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Abstract

Abstract

X-linked inhibitor of apoptosis (XIAP) is a member of the inhibitors of apoptosis
proteins (IAPs) and it negatively regulates apoptosis via direct interaction and
inhibition of caspase activity. XIAP expression is highly increased in malignant
melanoma, thus XIAP was considered to mediate apoptosis resistance and therefore
promotes melanoma progression. In addition to XIAP anti-apoptotic function, XIAP is
involved in inflammatory responses and can induce NFkB activation. However, the
inflammatory function of XIAP is still not considered in cancer. Our data show that
XIAP supports melanoma tumour growth independently of its anti-apoptotic function.
Moreover, XIAP mediates chemokine secretion like IL8, which mediates neutrophil
chemo-attraction. Furthermore, our data reveal that XIAP forms a signalling complex
with  RIPK2 and TAB1. The XIAP-RIPK2-TAB1 complex mediates chemokine
secretion and intra-tumoural neutrophil infiltration. Finally, deficiency of XIAP-RIPK2-
TAB1 complex or depletion of neutrophils reduced melanoma growth in mice.
Collectively, our data revealed a major signalling pathway that mediates melanoma
growth and thus, identifies XIAP as a novel therapeutic target in cancer by targeting

its inflammatory function.



Introduction

1 Introduction

1.1 Cell death, pro-survival and pro-inflammatory signalling

Developmental processes, tissue homeostasis, immunity and many other cellular
mechanisms require functional cell death. Thus, deregulated cell death is associated
with multiple diseases and therefore becomes an interesting therapeutic target. The
first described form of cell death was apoptosis (Kerr et al., 1972). Apoptosis is
described by several morphological changes leading to DNA fragmentation and the
formation of apoptotic bodies (Kerr et al.,, 1972; Zakeri et al., 1993). Two main
pathways mediate apoptosis: the intrinsic and the extrinsic pathways (Figure 1.1).
The intrinsic pathway is initiated by internal signals like cellular stress leading to
mitochondrial outer membrane permeabilisation (MOMP), the release of cytochrome
c (Saelens et al.,, 2004) and the second mitochondria-derived activator of caspase
(SMAC or DIABLO) (Fulda et al., 2010). Cytochrome c induces the formation of the
apoptosome complex by binding to the apoptotic protease activating factor-1 (Apaf-1)
(Zou et al., 1997) and the initiator caspase-9. Within the apoptosome, caspase-9
becomes activated, which in turn activates downstream executioner caspases,
caspase-3 and -7 (P. Li et al., 1997). A key regulator of the intrinsic apoptosis is the B
cell lymphoma-2 (Bcl-2) proteins family. The Bcl-2 proteins are either pro-apoptotic
(like Bad, Bax or Bid), or anti-apoptotic (like Bcl-2 and Bcl-XL) (Ola et al., 2011).
Sensitivity of cells to apoptotic stimuli is dependent on the balance between the pro-
and anti-apoptotic Bcl-2 proteins (Siddiqui et al., 2015). In particular, MOMP is
dependent on Bax and Bak pro-apoptotic Bcl-2 proteins (Green & Kroemer, 2004).
Thus, abnormalities in Bcl-2 family function were described to be involved in various

diseases like cancer and autoimmune disorders (Siddiqui et al., 2015).

Extrinsic apoptosis is mediated by tumour necrosis factor (TNF) superfamily
members like TNF, Fas ligand (FasL) and TNF-related apoptosis-inducing ligand
(TRAIL). Interaction of TNF family members with their corresponding receptors leads
to the recruitment of Fas associated protein with death domain (FADD). FADD in turn
recruits caspase-8 and forms the death inducing signalling complex (DISC) (Medema
et al., 1997; Sayers, 2011). Caspase-8 activates itself by oligomerisation-dependent
autoproteolytic cleavage leading to the activation of caspase-3 and -7 (Stennicke et

al., 1998; Ashkenazi, 2008). Activated caspase-8 can also indirectly activate
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caspase-3 via BH3-interacting domain death agonist (BID) cleavage and stimulation
of MOMP (Ashkenazi, 2008). One major regulator of the extrinsic apoptosis is the
cellular FLICE (FADD like IL-18 converting enzyme)-inhibitory protein (c-FLIP). C-
FLIP mediates resistance to TNF, FasL and TRAIL induced apoptosis by forming an
apoptosis inhibitory complex (AIC) with FADD and/or caspase-8 or -10 and TRAIL
receptor 5 (DR5). Thus, preventing the formation of DISC and the subsequent
activation of the caspase cascade (Safa 2012).

In addition to cell death, members of the TNF family and their corresponding
receptors regulate other cellular processes like cell survival and inflammation by
activating the nuclear factor kappa-light-chain-enhancer of activated B cells (NFkB)
and mitogen-activated protein kinase (MAPK) signalling pathways. Binding of TNF to
TNF receptor 1 (TNFR1) (Bodmer et al., 2002; Wajant & Siegmund, 2019) leads to
the recruitment of the TNFR1 associated death domain (TRADD) protein to the
cytoplasmic region of the TNFR1 (Hsu et al.,, 1995). Subsequently, receptor
interacting serine/threonine protein kinase 1 (RIPK1) and TNF receptor associated
factor 2 (TRAF2) are recruited (Hsu, Huang, et al., 1996; Hsu, Shu, et al., 1996; Ting
et al., 1996). Next, cellular inhibitor of apoptosis protein 1 (clAP1) and cellular
inhibitor of apoptosis protein 2 (clAP2) (clAP1/2) are recruited to the TNFR1 complex
via interaction with TRAF2 (Shu et al., 1996; Vince et al., 2009). Following, clAP1/2
use their E3 ligase activity to mediate poly-ubiquitylation of RIPK1 and other proteins
within the TNFR1 complex (Park et al., 2004; Bertrand et al., 2009; Varfolomeev et
al., 2008). Thereby, facilitating the binding of the linear ubiquitin chain assembly
complex (LUBAC) (Haas et al., 2009; lkeda et al.,, 2011). The formed complex
consisting of TNFR1, TRADD, TRAF2, RIPK1, clAP1/2 and LUBAC was described
as complex | of the TNFR1 signalling cascade (Pasparakis & Vandenabeele, 2015).
LUBAC in turn mediates the formation of linear ubiquitin chains (M1) on several
components of complex | like TNFR1, RIPK1 and TRADD (Haas et al., 2009; Ikeda et
al., 2011). The formed poly-ubiquitin chain network enables the binding of two kinase
complexes: the IkB kinase (IKK) complex and the transforming growth factor 3
activated kinase 1 (TAK1) complex, which is composed of TAK1 binding protein 1, 2
and 3 (TAB1; TAB2; TAB3). The IKK complex consists of the kinases IKKa and IKK[3
in addition to the regulatory subunit IKKy/NEMO. TAK1 phosphorylates IKKp
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resulting in the activation of the IKKB kinase domain, which in turn phosphorylates
IkBa. Subsequently, IkBa is targeted for ubiquitylation and proteasomal degradation
leading to the release of NFkB dimers (p50/p65) that were retained in the cytoplasm.
Thus, enabling the NFkB dimers to translocate to the nucleus where these
transcription factors mediate the expression of various pro-inflammatory and pro-
survival genes (Oeckinghaus et al., 2011). This pathway is termed, the canonical
NFkB pathway. The NFkB transcription factor family includes five members in
mammals: NFkB1 (p105), NFkB2 (p100), RelA, RelB and cRel (Pahl, 1999; Hayden
&Ghosh, 2011). Additionally, TAK1 can activate the MAPK signalling pathway
through the extracellular-signal-regulated kinase 1/2 (ERK1/2), Jun N-terminal kinase
(INK), and p38 pathways (Z. Chen et al., 1995; Ghosh & Hayden, 2012; Sabio &
Davis, 2014). Besides, activation of NFKB members can be mediated via a non-
canonical NFkB pathway, in addition to the canonical pathway. The non-canonical
pathway induces the activation of a RelB/p52 NFkB complex by processing p100 into
p52 in an NFkB inducing kinase (NIK) dependent manner and thus enables the
translocation of RelB/p52 heterodimers to the nucleus (S. C. Sun, 2011; Coope et al.,
2002; Claudio et al., 2002). The non-canonical pathway was described to regulate
various biological functions like bone metabolism, B-cell survival and maturation, and

dendritic cell activation (Dejardin, 2006).
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Figure 1.1: Extrinsic and intrinsic apoptosis

Extrinsic apoptosis can be triggered via binding of TNF family ligands to their
receptors leading to activation of caspase-8, which in turn can activate caspase-3
and -7 resulting in apoptosis. Intrinsic apoptosis can be triggered via intracellular
stimuli like DNA damage leading to MOMP and cytochrome c release. Subsequently,
cytochrome c¢ binds to Apaf-1 leading to caspase-9 activation, which can activate
downstream executioner caspases-3 and -7, finally leading to apoptosis. XIAP can
inhibit caspase-3, -7 and -9 activities, thereby inhibiting apoptosis.

1.2 Inhibitors of apoptosis proteins (IAPs)

Apoptosis is regulated by various proteins including the inhibitors of apoptosis
proteins (IAPs) (Deveraux & Reed, 1999). Viruses have developed strategies to
maintain the survival of the infected cells and thus maintain their replication by
encoding IAP proteins and here the first IAPs were discovered in the genome of the
baculoviruses Cydia pomonella granulovirus (CpGV) and Orgyia pseudotsugata M
nucleopolyhedrovirus (OpMNPV) (Crook et al., 1993; Miller, 1999; Birnbaum et al.,
1994). IAP family proteins were found in all metazoans. In humans, eight IAP
proteins were discovered: XIAP (also known as inhibitor of apoptosis protein 3
(IAP3), baculoviral IAP repeat-containing protein 4 (BIRC4), and human IAPs like
protein (hILP)), neuronal apoptosis inhibitory protein (NAIP or BIRC1), clAP1 (or
BIRC2), clAP2 (or BIRC3), survivin (BIRC5), ubiquitin-conjugating BIR domain
enzyme apollon (BIRC6), melanoma IAP (ML-IAP or BIRC7), and IAP-like protein 2
(ILP2 or BIRCS8) (Birnbaum et al., 1994; Ndubaku et al., 2009) (Figure 1.2).

IAP proteins are characterised by the presence of one to three N-terminal Baculoviral
IAP Repeat (BIR) motifs, mediating protein-protein interaction between IAPs and
caspases, IAP antagonists or other proteins (Vaux & Silke, 2005). The BIR domain
has a fold consisting of one histidine and three cysteine residues that regulate a zinc
ion for stabilisation (Hinds et al.,, 1999). Most IAPs have a C-terminal really
interesting new gene (RING) domain, which has an E3 ligase activity mediating the
transfer of ubiquitin to a target substrate (Lorick et al., 1999). XIAP, clAP1/2 and ILP2
have additionally a ubiquitin associated domain (UBA) mediating the binding of IAP
to different ubiquitin chains, which is crucial for different signalling pathways (Gyrd-
Hansen et al., 2008; Blankenship et al., 2009). Only clAP1/2 have a caspase

recruitment domain (CARD) mediating protein-protein interactions (Rumble &
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Duckett, 2008). NAIP has in addition to the BIR domains, a nucleotide binding
oligomerisation domain (NOD) and a C-terminal leucine-rich repeat (LRR) domain,
which both regulate the interaction of NAIP-BIR domains with caspase-9 (Davoodi et
al.,, 2004). Survivin has a C-terminal coiled-coil domain that mediates survivin
functions in cell cycle (Conway et al., 2000). Whereas, apollon has a C-terminal

ubiquitin-conjugating enzyme domain (UBC) (Z. Chen et al., 1999).

Upon MOMP, the mitochondria releases several IAP binding motif (IBM)-containing
proteins like SMAC and the high temperature requirement protein A2 (HTRAZ2 or
OMI), which can bind and regulate the IAP family proteins (Du et al., 2000; Miguel
Martins et al., 2002). In addition to SMAC and OMI, there were other IAP binding
proteins identified like apoptosis-related protein in the TGFB signalling pathway
(ARTS) (Larisch et al.,, 2000) and XIAP-associated factor 1 (XAF1), which can
interact with several IAP proteins and not only XIAP (Liston et al., 2001; Arora et al.,
2007).
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Figure 1.2: Domains of human IAP proteins

Eight IAP proteins were found in humans: XIAP (also known as inhibitor of apoptosis
protein 3 (IAP3), baculoviral IAP repeat-containing protein 4 (BIRC4), and human
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IAPs like protein (hILP)), cellular IAP1 (c-IAP1 or BIRC2), cellular IAP2 (c-IAP2 or
BIRC3), neuronal apoptosis inhibitory protein (NAIP or BIRC1), IAP-like protein 2
(ILP2 or BIRCS), survivin (BIRC5), ubiquitin-conjugating BIR domain enzyme apollon
(BIRCG6), and melanoma IAP (ML-IAP or BIRC7). Baculoviral IAP repeat (BIR) is
conserved in all IAP proteins. XIAP, clAP1, clAP2, ILP2 and MLIAP contain a RING
domain that has an E3 ubiquitin ligase activity. clAP1 and clAP2 have a caspase
recruitment domain (CARD). XIAP, clAP1, clAP2 and ILP2 contain a ubiquitin
associated domain (UBA), which can bind mono-or poly-ubiquitin chains. Apollon has
an additional ubiquitin-conjugating domain (UBC). Survivin has a coiled-coil region.
NAIP also possesses a nucleotide binding and oligomerisation domain and a leucine
rich repeat (LRR) domain (Adapted from Fulda & Vucic, 2012).

1.3 E3 ubiquitin ligase activity

Ubiquitylation is one of the main post-translational protein modifications that regulate
protein half-life by targeting them for proteasomal degradation. However, some
ubiquitin modifications affect the protein activity instead of targeting them for
degradation (Deshaies & Joazeiro, 2009). Ubiquitylation is an enzymatic process
resulting in a covalent attachment of a ubiquitin (Ub), a highly conserved protein of 8
kDa, to a lysine (K) residue of target proteins. This process requires the presence of
three enzymes including an E1 enzyme mediating ubiquitin activation, an E2 enzyme
mediating ubiquitin conjugation and an E3 ubiquitin ligase mediating the transfer of
the ubiquitin from E2 to a lysine residue of the substrate (Schulman & Wade Harper,
2009; Deshaies & Joazeiro, 2009) (Figure 1.3). The key regulators of the
ubiquitylation reaction are the Ub ligases as they specify the timing and the substrate
selection of the reaction. Additionally, Ub signals are regulated by deubiquitinating
enzymes (DUBs) that can remove or dampen the signal (Hicke & Dunn, 2003).
Several Ub modifications can be formed leading to a variety of cellular functions. A
single Ub molecule can be attached to form a mono-ubiquitin chain, which was
described as a regulatory signal in different processes such as endocytosis and DNA
repair (Hicke, 2001; Hoege et al., 2002; Salghetti et al., 2001). Further, poly-ubiquitin
chains can be assembled on any of the ubiquitin lysine residues (K6, K11, K27, K29,
K33, K48 and K63) (Pickart & Fushman, 2004) or on the methionine at position-1
(M1). The best characterised poly-ubiquitin chains are the ones linked via K48 and
K63 (Hicke et al., 2005). Poly-ubiquitin chains assembled via K48 linkage are known

to target proteins for proteasomal degradation (Nath & Shadan, 2009), as well as the
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K11 (Baboshina & Haas, 1996; Matsumoto et al., 2010). However, other Ub linkages
such as K63 are involved in the regulation of different cellular processes including the
TNF signalling cascade and NFkB activation independently of proteolytic degradation
(Haglund & Dikic, 2005). Both K27 and K33 linkages could be assembled during
stress response (Hatakeyama et al., 2001). Besides, poly-ubiquitin chain assembled
via K29 was linked to lysosomal degradation (Chastagner et al., 2006). Poly-ubiquitin
chain linked via M1 also called linear ubiquitylation, is known to mediate immunity
and inflammatory signalling via TNFR1 and NOD1/2 receptors (Dittmar & Winklhofer,
2020).

Do~ . . .
) ® m“’) =

Figure 1.3: The ubiquitylation reaction

A ubiquitin is activated via an E1 enzyme, conjugated to an E2 enzyme and finally
transferred to a lysine residue of a substrate via an E3 ubiquitin ligase.

1.4 XIAP

The name X-linked inhibitor of apoptosis came from the discovery of XIAP after
applying a PCR method using IAP homologous sequences from the X chromosome
of Cydia pomonella granulovirus. The Xiap gene is located at chromosome Xq24-25
(Tu & Costa, 2020; Liston et al., 1996). XIAP is ubiquitously expressed in normal
tissues but has also been linked to various types of cancer (L. Li et al., 2004; Oost et
al., 2004). The structure of XIAP consists of three BIR (BIR 1-3) domains, which can
directly bind to and inhibit caspases; therefore it acts as a negative regulator of
apoptosis. XIAP can bind and inhibit caspase-3 and -7 via interaction of the XIAP
linker sequence between BIR1 and BIR2 with the substrate binding site of activated
caspase-3 or -7 (Y. Huang et al., 2001; Silke et al., 2001). By contrast, XIAP can
inhibit caspase-9 via interaction of its BIR3 domain with the caspase-9 IAP binding
sequence, thereby preventing caspase-9 homodimerisation (Deveraux et al., 1997,
Srinivasula et al., 2001; Shiozaki et al., 2003). Further, it was shown that the BIR1
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domain of XIAP binds to TAB1 (Lu et al., 2007) and the BIR2 domain binds to
receptor interacting serine/threonine kinase 2 (RIPK2) (Heim et al., 2020). Moreover,
XIAP and other IAP proteins such as clAP1 and clAP2 contain a C-terminal RING
domain, which provides an E3-Ubiquitin ligase activity mediating auto-ubiquitylation
or trans-ubiquitylation of corresponding substrates (Vaux & Silke, 2005; Vucic et al.,
2011). Additionally, XIAP and clAP1/2 possess an Ub-binding domain (UBA) that
recognises ubiquitylated proteins (Y. Yang et al., 2000; Gyrd-Hansen et al., 2008;
Blankenship et al., 2009; Eckelman et al., 2006).

XIAP and IAP proteins have been frequently described to be highly expressed in
cancer (Fulda & Vucic, 2012; LaCasse et al.,, 1998). In particular, high XIAP
expression was correlated with diffuse large B cell ymphoma (Hussain et al., 2010),
clear-cell renal cell carcinoma (Ramp et al., 2004; Yan et al., 2004), colorectal cancer
(Xiang et al., 2009) and hepatocellular carcinoma (Augello et al., 2009). XIAP was
also found to be highly expressed in melanoma cell lines as well as, primary and
metastatic melanoma tissues (Kluger et al., 2007; Emanuel et al., 2008).
Furthermore, high XIAP levels were associated with tumour progression and
melanoma thickness. Thus, the anti-apoptotic functions of IAPs, in particular XIAP
and its contribution to chemo-resistance and disease progression have been
extensively studied (Hunter et al., 2007; Kashkar, 2010; Schiffmann, Gobel, et al.,
2019). In contrast, XIAP deficiency causes an immunodeficiency disease called X-
linked lymphoproliferative syndrome (XLP type 2/ XLP-2) (Rigaud et al., 2006;
Schmid et al.,, 2011). XLP-2 patients having XIAP mutations show symptoms like
fever, splenomegaly, colitis and cytopenia (Schmid et al., 2011). XIAP is known to be
an essential ubiquitin ligase in the nucleotide binding and oligomerisation domain
(NOD)-like receptors (NLR) such as NOD2-mediated inflammatory signalling.
Therefore, XLP-2 pathogenesis was linked to deregulations in the NOD2 signalling
(Damgaard et al., 2012).

1.4.1 XIAP in inflammatory signalling
The role of XIAP in the host innate immunity was identified after characterisation of

XIAP knock-out (KO) mice, which developed normally with no defects in apoptosis
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(Harlin et al., 2001). However, these mice could not mount immunity in response to
infection with Listeria monocytogenes (Pedersen et al.,, 2014), Shigella flexneri
(Andree et al., 2014), Chlamydophila pneumoniae pulmonary (Prakash et al., 2010)
or after treatment with a peptidoglycans derived from Gram positive or Gram negative

bacteria, such as muramyl dipeptide (MDP) (Vucic, 2018).

The inflammatory function of XIAP was described in several signalling pathways
including transforming growth factor beta (TGF@) and bone morphogenetic proteins
(BMPs) receptor signalling (Reffey et al., 2001), which were correlated with the role
of XIAP in developmental processes (Reffey et al., 2001; Yamaguchi et al., 1999).
TGFB and BMP are cytokines related to the TGFB superfamily, which mediates
various cellular functions (Wrana, 2000; Massague, 2000). In the BMP signalling
pathway, XIAP serves as a bridging molecule between the receptor and TAB1
(Yamaguchi et al., 1999). Oncogenic signalling by TGFB is mediated via the E3
ligase activity of XIAP. Upon binding of XIAP to the TGFB receptor, XIAP
ubiquitylates TAK1 and further facilitates NFkB activity (Neil et al., 2009; Reffey et al.,
2001; Lewis et al., 2004) (Figure 1.4).

TGFB/BMP
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Figure 1.4: XIAP in TGFB and BMP receptor signalling pathway
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Upon TGFB and BMP receptors activation, XIAP binds to TAB-TAK1 complex leading
to the activation of TAK1. TAK1 in turn can activate IKK complex leading to NFkB
activation (Adapted from Tu & Costa, 2020 and Oeckinghaus et al., 2011).

Additionally, XIAP can bind to RIPK2 via its BIR2 domain (Krieg et al., 2009;
Damgaard et al., 2012), which was shown to be essential for NLR signalling in vitro
and in vivo (Bauler et al., 2008; Krieg et al., 2009; Damgaard et al., 2012; Stafford et
al.,, 2018). NOD1 and NOD2 are cytosolic NLR family receptors, which mediate
pathogen recognition and are therefore essential factors in the host innate immunity
(Caruso et al., 2014; Franchi et al., 2009). Thus, deregulated NOD signalling is
associated with inflammatory disorders such as Crohn’s disease (Hugot et al., 2001;
Ogura et al., 2001). Activation of NOD1 and NOD2 upon bacterial infection or MDP
stimulation leads to NOD oligomerisation and recruitment of RIPK2, which gets
activated by subsequent auto-phosphorylation. Next, several E3 ligases such as
clAP1/2 and XIAP induce RIPK2 ubiquitylation (Witt & Vucic, 2017), where in deed
XIAP was shown to be the main E3 ligase mediating RIPK2 ubiquitylation (Bauler et
al., 2008; Damgaard et al., 2012; Goncharov et al., 2018) further recruiting the
LUBAC complex (Damgaard et al.,, 2012; Hasegawa et al., 2008). RIPK2
ubiquitylation is followed by recruitment and activation of TAK1 and IKK complexes
(Hasegawa et al., 2008; Inohara et al., 2000; Hrdinka & Gyrd-Hansen, 2017) and
finally leading to the activation of the NFkB as well as the MAPK signalling pathways
and the secretion of pro-inflammatory cytokines (Damgaard et al., 2012) (Figure 1.5).
Mutations in XIAP can impair NOD2 mediated inflammatory signalling and cause
various immune-deficient disorders such as XLP-2 and inflammatory bowel disease
(IBD) (Damgaard et al., 2012; Speckmann et al., 2013; Pedersen et al., 2014).

11
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Figure 1.5: XIAP in NOD2 signalling

MDP stimulation leads to NOD2 receptor activation and subsequent activation of
RIPK2. XIAP mediates RIPK2 ubiquitylation and recruitment of the LUBAC complex.
RIPK2 ubiquitylation can activate the TAK1 complex leading to induction of NFkB and
MAPK signalling activation (Adapted from Goncharov et al., 2018).

RIPK2 is a serine-threonine kinase (McCarthy et al., 1998a; Honjo et al., 2021) and
is composed of an N-terminal kinase domain (KD), an intermediate domain with
unknown function and a C-terminal caspase activation and recruitment domain
(CARD), which mediates the engagement with the NOD1/2 receptors through a
homotypic CARD-CARD interaction (Figure 1.6) (McCarthy et al., 1998b; Chen et al.,
2008; Inohara et al., 1998). Thus, RIPK2 acts as an essential adaptor protein for

NOD1/2 mediated inflammatory signalling.

RIPK2 is expressed by innate immune cells like antigen-presenting cells (APC)
(Chen et al., 2008; Philpott et al., 2014) but also by epithelial cells (G. Chen et al.,
2008). Deregulation of RIPK2 expression was shown to mediate IBD (Jun et al.,
2013; Garcia-Carbonell et al., 2019). Most RIPK2 inhibitors target the poly-
ubiquitylation of RIPK2 rather than the kinase activity by interfering with the
interaction between XIAP and RIPK2 such as ponatinib, GSK583 and CSLP37
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(Hrdinka et al., 2018; Suebsuwong et al., 2020). Additionally, regions around
residues 1212 and K209 on the C-lobe of the kinase domain were found to affect the
interaction between XIAP and RIPK2. Thus, mutations in 1212 or K209 residues can
block NOD mediated inflammatory signalling and thereby giving a therapeutic option

for diseases associated with excessive NOD signalling (Heim et al., 2020).

RIPK2 KD INTD CARD

Figure 1.6: RIPK2 structure

RIPK2 structure consists of an N-terminal kinase domain (KD), an intermediate
domain (INTD) and a C-terminal caspase activation and recruitment domain (CARD).
(Adapted from McCarthy et al., 1998).

1.4.2 Therapeutic targeting of XIAP

Resistance to cell death is one of the hallmarks of cancer (Hanahan & Weinberg,
2011a). Therefore, many efforts during the last decades have applied to target the
IAP protein family due to their elevated expression in tumour cells and inhibition of
apoptosis (Schimmer et al., 2006; Fulda & Vucic, 2012). Most IAP antagonists led to
clAP1 and clAP2 proteasomal degradation (Fulda & Vucic, 2012). More recently,
specific XIAP antagonists were designed but were not sufficient to induce apoptosis
in cancer cells (Fulda & Vucic, 2012; Goncharov et al.,, 2018). Other strategies
focused on targeting the physical interaction between the BIR2 domain of XIAP and
RIPK2 and thus disrupting NOD2 signalling and the production of inflammatory
cytokines by preventing RIPK2 ubiquitylation (Goncharov et al., 2018). Combined
treatment of chemo/radio-therapy with death ligands like TRAIL to treat melanoma

has faced resistance due to binding of XIAP to caspase-3 (Hornle et al., 2011).

Endogenously, XIAP is inhibited by SMAC, which is released from the mitochondria
upon intrinsic apoptosis. SMAC binds to XIAP through its amino-terminal amino acid
residues (Ala-Val-Pro-lle) (AVPI) preventing XIAP from binding to caspases and
accordingly promoting apoptosis (G. Wu et al., 2000; Elsayed et al., 2015). Inhibiting
the anti-apoptotic function of XIAP in cancer cells can be done either by targeting

XIAP expression through antisense oligonucleotides or by mimicking the IAP binding
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motif of SMAC to interrupt the protein-protein interactions using small molecules as
pro-apoptotic agents (Sun et al., 2006; Andersen et al., 2005; Schimmer et al., 2006).
The antisense oligonucleotide approach is based on 12-30 oligonucleotide stretches
of DNA that complement a target mMRNA and thus interfere with the translation of a
specific gene of interest (Hiscutt et al., 2010). Using antisense oligonucleotides in
combination with other cancer treatment showed effectiveness in vivo in xenograft
models (LaCasse et al., 2006; Shaw et al., 2008) but could not show efficacy Iin

clinical trials (Schimmer et al., 2011).

SMAC mimetics are composed of four amino terminal peptides AVPI derived from
SMAC. They can be monovalent having one AVPI motif, or bivalent having two AVPI
motifs and thus can bind to both BIR2 and BIR3 domains of XIAP (Ndubaku et al.,
2009; Gao et al.,, 2007; L. Li et al.,, 2004; Varfolomeev et al., 2007) thereby
preventing XIAP from binding to caspases and to SMAC. SMAC mimetic in
combination with other cancer treatments have shown efficacy in endorsing cell
death in cancer cells as well as in xenograft studies (Arnt et al.,, 2002; Vucic &
Fairbrother, 2007). Nevertheless, SMAC mimetics failed so far to develop as
therapeutic agents due to poor pharmacological properties (Vucic et al., 2002; Fulda
et al., 2002; Arnt et al.,, 2002; L. Yang et al., 2003). Additionally, SMAC mimetics
have more effects on CclAPs leading to their auto-ubiquitylation followed by
proteasomal degradation (Varfolomeev et al., 2007; Vince et al., 2007). Other
strategies based on using IAP antagonist in combination with other anti-cancer
treatments. For example, a combination of IAP antagonist with chemotherapy was
shown to be effective in endorsing apoptosis and thus sensitising different cancers
including skin cancer to chemotherapy (Loder et al., 2012; Probst et al., 2010).
Additionally, using IAP antagonist in melanoma was considered in combination with
death receptor agonist like TRAIL (Fulda & Vucic, 2012). Melanoma treatment is still
a challenge due to early metastasis and increasing drug resistance (Hornle et al.,
2011). Therefore, there is a need for the development of new therapeutic strategies

for melanoma treatment.
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1.5 Aim of the study

XIAP is highly expressed in melanomas and most studies focused on the role of
XIAP as an inhibitor of apoptosis. Thus, XIAP was considered to mediate chemo-
resistance mainly via its anti-apoptotic properties. As deregulated apoptosis is a
hallmark of cancer, many therapeutics approaches aimed to target XIAP. However,
recent studies showed that XIAP mediates not only inhibition of apoptosis, but also
inflammatory responses and NFkB activation. More specifically, XIAP induces TGF(
and BMP signalling pathways through interaction with TAB1. Additionally, XIAP is
crucial for NOD1/2 signalling via interaction and ubiquitylation of RIPK2. However,
the role of XIAP inflammatory function in cancer is still not been considered.
Therefore, the current study aimed to investigate the role of enhanced XIAP
expression in melanoma and whether its inflammatory function plays a role in this
context. We analysed the effect of XIAP, RIPK2 or TAB1 deficiency on melanoma
tumour growth in model cell lines, melanoma cells, tumour derived from melanoma
patients and two mouse melanoma models. Both apoptosis and inflammatory
signalling; via analysing cytokine/chemokine secretion and intra-tumoural immune
cells infiltration, were examined. Thus, this study would provide novel targeting
strategies for melanoma by deciphering one of the signalling pathways that mediate
melanoma growth.
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2 Materials and methods

2.1 Chemicals
All chemicals used were obtained from Roth, Sigma-Aldrich or Merck, unless
indicated elsewhere. TRAIL was purchased from Enzo, m-TNF from R&D, Birinapant

from Promocell and Sytox Green from Invitrogen. L18-MDP (MDP) was obtained

from Invivogen.

2.2 Antibodies

Table 1. Primary antibodies

Antibody Isotype Supplier
TAB1 (#3226) Rabbit, monoclonal Cell Signaling
TAB1 (#3387) Rabbit, polyclonal ProSci
RIPK2 (#4142) Rabbit, monoclonal Cell Signaling

XIAP (#610763)
XIAP (# M044-3)

Ly6G (#551459)

Mouse, monoclonal
Mouse, monoclonal

Rat, monoclonal

BD Biosciences

MBL

BD Pharmingen

Caspase-3 (#9665) Rabbit, monoclonal Cell Signaling
Caspase-9 (#ab2014) Rabbit, polyclonal Abcam
Caspase-8 (mouse specific) Rabbit, polyclonal Cell Signaling
(#4927)

c-IAP1 (#ALX-803-335) Rat, monoclonal Enzo

RIPK1 (#51-6559GR)

Mouse, monoclonal

BD Biosciences

B-Actin (#A5441) Mouse, monoclonal Sigma
c-Myc HRP (#abh62928) Mouse, monoclonal Abcam
Ubiquitin (#3936) Mouse, monoclonal Cell Signaling
Cleaved caspase-3 (Asp Rabbit, polyclonal Cell Signaling

175) (#9661)
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Table 2. Secondary antibodies

Antibody Isotype Supplier
anti-mouse conjugated to goat Sigma
HRP (#A4416)
Anti-mouse IgG light chain

goat
HRP (#115-035-174) Jackson ImmunoResearch
Anti-Rabbit IgG HRP linked goat Cell Signaling
(#7074)
Anti-rat 19G (H+L) HRP goat ThermoFisher Scientific
(#031470)
Anti-rat Alexa Fluor 488 , .

oat

(#A11006) g life technologies
anti-rabbit Alexa Fluor 594 goat life technologies
(#A11012)

2.3 DNA constructs

DNA constructs were provided by Dr. Pia Nora Broxtermann. The desired ORF were
amplified by PCR and cloned into a pcDNA 3.1+ vector having a myc-tag sequence
(Invitrogen) or into a pEGFP-C3 vector (Clontech).

Table 3: DNA constructs

Name ORF Vector

GFP - pEGFP-C3
GFP-XIAP XIAPwt pEGFP-C3
myc-XIAP XIAPwt pcDNA3.1+ myc
myc-XIAPABIRT XIAPABIR1 pcDNA3.1+ myc
myc-XIAPABIR?2 XIAPABIR2 pcDNA3.1+ myc
myc-XIAPABIR3 XIAPABIR3 pcDNA3.1+ myc

myc-XIAPARING XIAPARING pcDNAS3.1+ myc
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2.4 Generation of stable knock-out cell lines

Gene knock-out in cell lines was carried out by using CRISPR/Cas9 gene editing
(Ran et al., 2013). Cells were transfected with the desigend oligonucleotide sgRNAs
(purchased from Eurofins Genomics or designed and purchased from Sigma-Aldrich
as indicated in Table 4), cloned into the pSpCas9(BB)-2A-GFP (PX458) vector (a gift
from F. Zhang; Addgene plasmid 48138). Transfected cells, expressing GFP, were
sorted according to their expression with a BD Influx™ cell sorter (BD Biosciences).
GFP positive cells were cultured for 4 days, followed by diluting cells to a single cell
suspension plated on a 96-well plate. Next, the plated cells were grown in an

appropriate colony size and analysed via Western blot and sequencing.

Table 4: Oligonucleotide sgRNAs sequences

Targeted locus Sequence (5’-3’)
Mouse XIAP (sigma) CATCAACATTGGCGCGAGC
AAGCCAAGTGAAGACCCTT
Human XIAP (sigma) ATCAACACTGGCACGAGCAGGG
GACTCTATACACAGGTATTGG
Mouse TAB1 AACCGCAGCTACTCTGCTGA
GCGCCACAAAGTTGGTCACG
Human TAB1 TGCCATCAGCAGAGTAGCTG
AACCGCAGCTACTCTGCTGA
Mouse RIPK2 GGTCGGCGAGCTTGTGGTA
GCAGGATGCGGAATCTAA
Human RIPK2 GAATTTTTGGGAATAGTTAC
TTGAGATTTCGCATCCTGCA

2.5 Subcutaneous injection of B16 cell lines

BL/6 mice were recieved from the CECAD animal facility. At age of 8-12 weeks, mice
were subcutaneously injected into the flank region with 100 ul of 1 x 10~7 cells/ml of
B16 WT cells or in vitro generated B16 knock-out (KO) cells (This was done by Dr.
Jens Seeger). Tumour growth was measured in 2 dimensions every second day.
When reaching a tumour size of 15 mm in diameter, the mice were sacrificed.

Tumour volume was calculated as length x width? x 11/6 (Schiffmann et al., 2020; Witt
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et al.,, 2015). For in vivo experiments, the majority of analyses included at least 3
mice per group in a simple experiment. Mouse experiments were repeated in
independent experimental replicates. Sample size estimate was based on our
previous studies and the approval by the German Regulations for Welfare of

Laboratory Animals.

2.6 Intra-peritoneal injection (IP) of antibodies

IP injection of IgG2a (InVivo plus, clone C1.18.4) or Ly6G (InVivo plus, clone 1A8)
was performed 1 day prior to the injection of tumour cells until the end of the
experiment in a dose of 100 pg antibody in 100 ul PBS per mouse per day (Coffelt et
al., 2015; Schiffmann et al., 2019; Szczerba et al., 2019).

2.7 Hgf-Cdk4™?*° mice

Xiap“® and Hgf-Cdk4™?*“ mice were described previously (Andree et al., 2014). For
carcinogen-induced tumour growth, neonates were treated with 160 nmol neonatal
carcinogen (7,12-dimethylbenz[aJanthracene (DMBA)) treatment in acetone 4 days
after birth. Development of melanocytic neoplasms and other skin tumours in both,
untreated and DMBA-treated animals was monitored weekly. Nevi and melanomas
were counted and tumour size was measured in two dimensions using a calliper
(tumour size is given in mm?). When a single tumour reached a size of approx. 1.5
cm, or the sum of tumours was exceeding 3.0 cm in diameter, the animals were
sacrificed (This analysis was done by Dr. Fabian Schorn). Animals were housed in
the animal care facility of the University of Cologne under standard pathogen-free
(SPF) conditions with a 12 h light/dark schedule and provided with food and water ad
libitum. Animal experiments were performed following German Regulations for
Welfare of Laboratory Animals and with approval by LANUV NRW (NRW
authorization for generation of the line 84-02.04.2015.A471 and 84-02.04.2016.A012

to analyse tumour development).
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2.8 Cell culture

HelLa, HEK293T, B16 cells were purchased from ATCC. HCT116 and HCT-XIAP®
were a kind gift from Prof. Dr. Mads Gyrd-Hansen (University of Oxford, Great Britan)
and have been previously described (Cummins et al., 2004). M5, BLM, Colo38 and
SK-Mel28 have been previously described (Zigrino et al., 2005). HeLa, HEK293T and
B16 cells were cultured in DMEM (Merck) supplemented with 10% FCS (Biowest),
100 pg/ml streptomycin and 100 unit/ml penicillin (Merck). HCT116 cells (human
colon cancer cell line) were cultured in McCoy’s 5A (Merck) supplemented with 10%
FCS (Biowest). M5, BLM, Colo38 and SK-Mel28 melanoma cells were cultured in
RPMI (Merck) supplemented with 10% FCS (Biowest), 100 ug/ml streptomycin, 100
unit/ml penicillin (Biochrom) and non-essential amino acids (Biochrom). Cells were
cultured at 37°C and a CO2 saturation of 5%. Cells were routinely tested for

mycoplasma contaminations by PCR.

2.9 Transfection
Cells were transfected with respective constructs for 16 h using Lipofectamine® 2000
(Invitrogen) or Polyethylenimin (PEI) (Polysciences Europe GmbH) according to the

manufacturer’s instructions.

2.10 RNA interference (siRNA)
Cells were transfected with 50 nM of the respective siRNA for 48 h using
Lipofectamine® RNAi MAX™  (Invitrogen) according to the manufacturer’s

instructions.

Table 5: siRNA sequences

SiRNA Sequence

siXIAP 5-GGAAUAAAUUGUUCCAUGCTT- 3
SiTAB1 5-GGAUGAGCUCUUCCGUCUUUU- 3’
SiRIPK2 5-GUAUGAUCUCUCUAAUAGA- 3

siScr 5-GGA UUA CUU GAU AAC GCU AUU- 3
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2.11 Enzyme-linked immunosorbent assay (ELISA)

Human melanoma cells were seeded on 12-well plates and transfected with SIRNA
either alone for 48 h or additionally treated with TNF 20 ng/ml (Biomol) for 8 h.
Medium was changed and collected after 48 h. HEK293T, HCT116-TAB1*° and
HCT116-RIPK2X° cells were seeded on 12-well plates and transfected with indicated
plasmids for 16 h. Medium was changed and collected after 24 h. HCT116 cells were
treated with MDP (1 pg/ml) for 24 h. Supernatant was collected and frozen at -20°C.
Human melanoma cells were treated with Birinapant 20 uM (Biozol), BV6 2 uM
(Universal Biologicals) or XB2d89 (d89) 2 uM (Genentech, USA). Analysis of
secreted IL8 was performed using human CXCL8/IL8 DuoSet ELISA (R&D Systems,
Minneapolis, USA) according to the manufacturer’s instructions.

2.12 RNA isolation

RNA was isolated using either RNeasy Kit (Qiagen) according to the manufacturer’s
instructions or standard phenol-chloroform-method (Chomczynski & Sacchi, 1987).
Cells were resuspended in TRIzol® (Ambion, Life Technologies) and afterwards
homogenised using QIAshredder columns (Qiagen). Chloroform was added to the
homogenate of cells, incubated on ice and centrifuged to separate the homogenate
into a lower organic layer containing DNA and proteins, an interphase and an upper
aqueous layer containing the RNA. Aqueous layer was collected; RNA was
precipitated by adding isopropanol, washed with 70% Ethanol and resolved in
nuclease free water. RNA was quantified by measuring at wavelength 260nm with a
spectral photometer (NanoDrop®) and stored at -80°C. To purify RNA from single-
and double-stranded DNA, RNA was digested with DNasel (Thermo Scientific)
according to the manufacturer’s instructions. Level of purity was checked by agarose
gel electrophoresis.

2.13 Reverse transcription and quantitative PCR (QRT-PCR)

RevertAid™ Premium First Strand cDNA Synthesis Kit (ThermoFisher) was used to
synthesis the cDNA from the RNA with oligo dT-primers according to the
manufacturer’s instructions. gRT-PCR was performed with specific primers.

LightCycler® SYBR-Green | Mix (Roche Applied Sciences) was used with a 96-well-
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plate Multicolor Real-Time PCR Detection System (iQTM5, BIO-RAD). Data were
further evaluated as previousely described (Schiffmann et al., 2020) and target gene

expression was normalised to the reference gene Actin.

Table 6: gqRT-PCR primers sequence

Primer Sequence

Fwd: AGTGCTGCCGTCATTTTCTG

Cxcl10

Rev: ATTCTCACTGGCCCGTCAT

Fwd: ACTGCACCCAAACCGAAGTC
Cxcll

Rev: TGGGGACACCTTTTAGCATCTT

Fwd: CTGAGAGGGAAATCGTGCGT
Actin

Rev: AACCGCTCGTTGCCAATAGT

Fwd: CTGCAAGAGACTTCCATCCAG
116

Rev: AGTGGTATAGACAGGTCTGTTGG

Fwd: CCTGAACTCAACTGTGAAATGC
11b

Rev: GATGTGCTGCTGCGAGATT

Fwd: TGGCCTCCCTCTCATCAGT
Tnf

Rev: CTTGGTGGTTTGCTACGACG

Fwd: AGATCTCTGCAGCTGCCCTCA
Ccl5

Rev: GGAGCACTTGCTGCTGGTGTAG

Fwd: TTCACCACACTAAGGGGCTA
Ccl19

Rev: GCCACAGAGAGATGGTGTTC

Fwd: CCTGGTGGACATCTTCCAGGAGTA
Vegfa

Rev: GAAGCTCATCTCTCCTATGTGCTGG

2.14 PrimePCR™ assay
To determine the transcription level of different cyto- and chemokine, Bio-Rad
PrimePCR™ Assay Plate Cytochemokine Tier 1 H96 or M96 were used. The assay
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was performed according to the manufacturer’s instructions. Data analysis was

carried out with Bio-Rad PrimePCR analysis software.

2.15 Western blot

Whole cell lysates were prepared using either CHAPS lysis buffer (10mM HEPES pH
7.4, 150 mM NacCl, 1% (w/v) CHAPS, protease inhibitor (complete Mini, Roche,
Germany)), or RIPA lysis buffer (1% Triton X100, 150 mM NaCl, 50 mM Tris pH 7.4,
0.1% SDS, 0.5% Na-deoxycholat, protease inhibitor (complete Mini, Roche,
Germany)). Collected cell pellets were resuspended in 1 pellet volume lysis buffer,
incubated for 20 min on ice, followed by centrifugation at 20,000xg for 20 min at 4°C.
Proteins concentrations of cell lysates were measured using a Pierce BCA Protein
Assay (Thermo Fisher Scientific, Waltham, U.S) according to the manufacturer’s
instructions. Proteins were separated by SDS-PAGE and transferred to a
nitrocellulose membrane (GE healthcare). Membranes were developed using a
ChemiDoc MP Imaging System (BioRad).

Table 7: Buffers for Western Blotting

Buffer Ingredients

25% glycerol
0.6 M Tris-HCI
144 mM SDS

0.1% brome phenol blue

Laemmli sample buffer (5x)

14.4% (w/v) Glycin
SDS Running buffer 3% (w/v) Tris Base
0.1% (w/v) SDS
25 mM Tris Base, pH 8.3
Transfer buffer (Blot) 192 mM Glycin
20% (v/v) Methanol

10 mM Tris-HCI, pH 7.4 - 7.6
Blocking buffer 150 mM NaCL
5% (w/v) Skim milk powder
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2% (w/v) BSA
0.1% (v/v) Tween-20
50 mM Tris-HCI, pH 7.5

Washing buffer 150 mM NacCl
Optional: +0,1% Tween for TBS-T buffer

2.16 Immunoprecipitation (IP)

HCT116 cells were transfected with respective constructs for 24 h. Cells were
collected and lysed using IP-lysis buffer from uMACS c-myc Isolation Kit (Miltenyi
Biotec), incubated 20 min on ice and centrifuged at 20,000xg for 20 min at 4°C.
Lysates were magnetically labeled with PMACS c-myc MicroBeads.
Immunoprecipitation was performed according to the manufacturer’s instructions and

analysed by Western blot.

2.17 Endogenous IP

Immunoprecipitation of endogenous proteins analysis was done as described
previously (Albert et al.,, 2020). In brief, cells were washed with chilled PBS and
centrifuged at 700xg for 3 min. The cell pellet was resuspended in lysis buffer
(Miltenyi Biotec) in addition to N-ethylmaleimide (NEM) (Sigma-Aldrich) and 1x
complete protease inhibitor cocktail (Roche) followed by 30 min incubation on ice and
centrifugation for 20 min at 20,000xg at 4°C. Supernatant was collected and
incubated first 1 h with a respective antibody against XIAP (#14334, Cell Signaling) at
4°C on a rotating wheel followed by overnight incubation with Protein A/G Plus
agarose beads (sc-2003, Santa Cruz). Beads were washed 3x with PBST
(PBS +0.1% Tween 20).

Immunoprecipitation of endogenous ubiquitylated RIPK2 was carried out as
described above. The cell pellet was resuspended in RIPA buffer (1% Triton, 150 mM
NaCl, 50 mM Tris, 1% SDS, 0.5% deoxycholate) in addition to N-ethylmaleimide
(NEM) (Sigma-Aldrich) and 1x complete protease inhibitor cocktail (Roche) followed
by 30 min incubation on ice and centrifugation for 20 min at 20,000xg at 4°C. SDS
concentration was diluted to 0.1% SDS prior to antibody incubation. Lysates were
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incubated first 1 h with a respective antibody against RIPK2 (#4142, Cell Signaling)
at 4°C on a rotating wheel followed by overnight incubation with Protein A/G Plus
agarose beads (sc-2003, Santa Cruz). Beads were washed 3x with PBST
(PBS +0.1% Tween 20).

2.18 In vitro cell free ubiquitylation assay

The following recombinant proteins were used: UBE1, His-UbcH7, ubiquitin (Boston
Biochem), flag-XIAP (BPS Bioscience) and GST-RIPK2 (technical novusbio).
Ubiquitin assay was performed in 10x E3 ubiquitin ligase buffer (Enzo) and 10x
activation buffer (Enzo) for 2 h at 37°C followed by 5 min on ice. The reaction was
done using 2 ug ubiquitin, 1 ug E2 (UbcH7), 0.4 ug E1 (UBE1), 0.5 ug substrate
(RIPK2), and 0.78 ug E3 (XIAP) in a total amount of 25 ul reaction.

2.19 Immunofluorescence (IF)

Immunofluorescence analysis was performed as described previously (Albert et al.,
2020). In brief, HCT116 or HelLa cells were seeded on coverslips in 12-well plate and
transfected with GFP-XIAP for 16 h. Cells were washed with PBS and subsequently
fixed with 3% paraformaldehyde in PBS for 20 min. Cells were blocked and
permeabilised with blocking buffer for 30 min and later incubated with primary
antibodies (Table 1) in a humid chamber overnight at 4°C. After incubation,
coverslips were washed with washing buffer three times and incubated with
secondary antibody (Table 2) for 1 h at room temperature. Subsequently, cells were
stained with 300 nM DAPI (Molecular Probes, Lifetechnologies) for 10 min and
washed three times and embedded with mowiol overnight. For imaging, Fluoview
FV1000 confocal microscope (Olympus GmbH) was used (objective: Olympus
PlanApo, 60x/1.40 oil, «/0.17).

Table 8: Buffers for immunoflourescence sample preparation

Buffer Ingredients
Washing buffer 0.1% Saponin in PBS
Blocking buffer 0.1% Saponin
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3% BSA in PBS

10% Mowiol

25% Glycerol

0.1 M Tris

2.5% DABCO in H20

Mowiol

2.20 Immunoflourecense of isolated mice tumours

Tumours were embedded in O.C.T. compound, Tissue-Tek, and stored at =80 °C. To
analyse neutrophils infiltration, cryosections (10 um) were fixed in aceton, washed
with PBS, blocked with 10% normal goat serum in addition to 5% BSA and stained
with a monoclonal rat anti-mouse Ly6G (Table 1). Secondary Alexa Fluor 488 goat
anti-rat antibody (Table 2) was used. To analyse active caspase-3, cryosections (10
pum) were fixed in 10% PFA, washed with PBS, blocked with 10% normal goat serum
and stained with a polyclonal rabbit anti-cleaved caspase-3 (Asp 175) (Table 1).
Secondary Alexa Fluor 594 goat anti-rabbit antibody (Table 2) were used (Guinther et
al., 2020). Immune cell phenotyping was performed using IHC Antibody Sampler Kit
(#37495, Cell Signaling). All antibodies were used in a 1:200 dilution. Secondary
Alexa Fluor 488 goat anti-rabbit antibody (1:1000, #A11008, life technologies) was
used. Tumour cells nuclei were stained with 4,6-diamidin-2-phenylindol (DAPI).
Imaging was conducted on a motorized inverted Olympus IX81 microscope (CellR
Imaging Software) or Fluoview FV1000 confocal microscope (Olympus GmbH) was
used (objective: Olympus PlanApo, 60x/1.40 oil, «/0.17). Cl-Caspase-3+ areas were
calculated using ImageJ software (http://imagej.nih.gov/ij). Number of Ly6G+

infiltrates were counted manually (L. M. Schiffmann et al., 2019).

2.21 H&E staining of isolated mice tumours

Cryosections from B16 tumours were incubated for 10 min in tap water, 3.5 min in
Hematoxylin, shortly washed with tap water followed by 15 min incubation with tap
water and then 1 min in demineralised water. Next, sections were incubated for 1 min
in Eosin followed by dehydration in a serial of ethanol dilutions and Xylol. Sections

were fixed with Entellan.
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2.22 Immunohistochemistry of isolated mice tumours (IHC)

Paraffin sections were deparaffinised in alcohol series, washed with demineralised
water followed by bleaching which was done as following: 20 min incubation with
30% H202 and 0,5% KOH at 37°C, 20 sec incubation with 1% acetic acid and
washed with demineralised water. Antigen unmasking was done using Citrate buffer
(pH 6) with 0.05% Tween 20, heated 4x in the microwave and cooled down at RT for
20 min. Next, blocking was done using 10% BSA in TBS for 30 min. After that,
sections were stained with a monoclonal rat anti-mouse Ly6G primary antibody
(1:500, #551459, BD Pharmingen) diluted in 1% BSA and TBS at 4°C overnight.
Chromogen staining was done as following: incubation with goat anti-rat biotin
conjugated secondary antibody (1:500, #112-065-003, JacksonimmunoResearch) for
45 min at RT, 3x washing with TBS for 5 min, 15 min incubation with Alkaline
phosphatase (Fa.DCS #ADO0OORP) followed by 3x washing with TBS. Sections were
incubated with Chromogen (Fast Red Substrate Pack, Fa. BioGenex #HK182-5KE)
for 5 min. Nuclear staining was done by incubating the sections with Hematoxylin for
1 min, followed by 3x washing in warm tap water and finally washed with

demineralised water.

2.23 Immunohistochemistry of human samples

Paraffin-embedded sections (7 um) of human melanoma specimens from patients
diagnosed at the University Hospital of Cologne were obtained using a Thermo
Shandon Finesse Microtome, collected on microscope slides (Gerhard Menzel
GmbH) and dried overnight at 37°C. Sections were deparaffinised by incubation of
the slides in xylene (20 min) followed by a graded alcohol series (1 min each):
isopropyl alcohol, 96% EtOH, 75% EtOH, distilled water.

Antigen retrieval was performed using Target Retrieval System pH 6.0 (TRS, Dako)
in a preheated water bath at 95°C for 20 min. Slides were cooled at RT before
immersing in wash buffer for the next step. Sections were washed three times in TBS
blocked for 1 h with 10% BSA in TBS. Primary antibodies diluted in TBS, 1% BSA
were added to the sections and incubated overnight at 4°C in a humidified chamber.
The following antibodies were used: rabbit-anti-CD177 (1:400, #PA5-83575,
Invitrogen) and rabbit-anti-XIAP (1:100, #ab21278, Abcam). After 2x5 min washes in
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TBS, bound antibodies were detected using the DAKO REAL kit (K5005) and fast red
(#HK182-5KE, Fa. BioGenex) as a substrate. Nuclei were counterstained with
hematoxylin solution for 1 min (Shandon). Stained sections were viewed and
recorded using Leica DM 4000B microscope (Leica) equipped with Diskus program
version 4.50.1638 - #393. Expression of XIAP and amount of CD177 positive cells
were qualitatively estimated according to the intensity of specific staining and were

arbitrarily set as the following: -, not expressed; +, low; ++, moderate; +++, strong.

2.24 Ethics approval

Human materials were obtained according to the study protocol confirmed to the
ethical guidelines of the 1975 Declaration of Helsinki and were approved by the
Ethics Committee of the Medical Faculty of the University of Cologne (Approval No.

21-1006). Informed consent has been obtained.

2.25 Cell death assay

20,000 cells were seeded on 96-well plate and treated with either 100 ng/ml TNF
(R&D), 50 ng/ml TRAIL (Enzo), DMSO (Roth) or 2 mM H,O, (Roth) for 24 h.
Treatments were done in the presence of 5 yM Sytox Green (Invitrogen). Analysis of
cell death was performed using an IncuCyte system (SARTORIUS). Scanning was
done every 1 or 2 h over 24 h with 20x magnification. Cell death was determined as

Sytox positive cells and quantified with the software supplied by the manufacturer.

2.26 Cell Proliferation assay
Cell proliferation assay of generated CRISPR/Cas9 cell lines was assessed in vitro

by using Incucyte Live-Cell-Analsis according to the manufacturer’s instructions.

2.27 Statistical analysis

Data are presented as mean £ SD or + s.e.m. In vitro experiments were repeated at
least two times. The respective tests or analyses are listed in the figure’s legend.
Significances were indicated as *P < 0.05, *P < 0.01, **P < 0.001, ****P < 0.0001,
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and ns, not significant. GraphPad Prism 7.0 and Excel were used to analyse the data

in this study.
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3 Results

3.1 XIAP deficiency in B16 mouse melanoma cells reduces tumour growth
independently of its anti-apoptotic function

XIAP is highly expressed in melanoma patients and was described to be associated
with melanoma progression (Emanuel et al., 2008). Therefore, to understand the
exact mechanism how XIAP is involved in melanoma tumour growth, XIAP knock-out
(XIAP¥®) B16 mouse melanoma cell lines were generated using CRISPR/Cas9. Two
independent single guide RNAs (sgRNAs) targeting the Xiap gene at different sites
were used (Table 4). Western blot analysis showed the successful deletion of XIAP
in two different cell clones (clone 1 and 2) (Figure 3.1A). Expression levels of other
proteins were not affected in both XIAPX® lines (Figure 3.1A). Next, we employed a
syngenic melanoma mouse model involving immune-competent mice bearing
cutaneous B16 melanomas (Schiffmann et al.,, 2020; Witt et al.,, 2015). Two
independent clones of B16-XIAPX°
subcutaneously injected in BL/6 mice. Both WT and XIAPX® B16 cells formed

or B16 wild type (WT) melanoma cells were

palpable tumours and the tumours volume was measured over 14 days. The tumour

PKO

volume was significantly reduced in the XIA tumours (Figure 3.1B), indicating a

crucial role for XIAP in melanoma tumour growth.
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Figure 3.1: XIAP deficiency in B16 mouse melanoma cells reduces tumour
growth

A Western blot analysis of B16 WT and two independent XIAPX® cell lines. Actin was
used as a loading control. B Subcutaneous melanoma growth in BL/6 WT mice (n=5)
using B16 WT and XIAP*® (clonel and 2) cells. Data are presented as mean + s.e.m.
Two-way analysis of variance (ANOVA) followed by Dunnett’s post-analysis. ****P <
0.0001 (this analysis was done by Dr. Pia Nora Broxtermann).
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Various melanoma cells overexpress XIAP to resist apoptosis (Hartman & Czyz,
2013). To examine whether the reduced tumour volume in XIAP*® melanomas was
due to a higher susceptibility towards apoptotic cell death, we analysed the activation
of the apoptotic machinery in B16 WT and XIAPX® tumours. A staining for cleaved
caspase-3 (cl-caspase-3) showed no differences in both B16 WT and XIAPXC
tumours (Figure 3.2A). Next, the apoptotic properties of B16-XIAPX® cells were
analysed in vitro in response to various cell death-inducing stimuli. Incucyte analysis
was performed after treating B16 WT and XIAPX® cells with TNF or TRAIL. Both, B16
WT and XIAP*® melanoma cells were resistant towards cell death induced by TNF
treatment in addition to TRAIL (Figure 3.2B and C), which was previously described
(Zeise et al., 2004). Additionally, there was no difference in proliferation in both B16
WT and XIAP*® cells (Figure 3D). Taken together, these data suggest that cell death
is not the underlying mechanism behind the reduced tumour volume in the B16-

XIAPK® melanomas.
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Figure 3.2: XIAP deficiency in B16 mouse melanoma cells reduces tumour
growth independently of its anti-apoptotic function

A Representative H&E (scale bar 50 um) and fluorescent (Scale bar 100 pm) images
of cl-Caspase-3 staining in B16 WT and XIAPX® tumours (left panel). Nuclei were
stained with DAPI (blue). Quantification thereof (right panel). Dots represent
individual mice (n=5). Data are presented as mean * s.e.m. Mann-Whitney, two-
tailed test analysis. B Representative Incucyte images and cell death measurements
using Sytox Green in B16 WT and XIAPX® (clone 1 and 2) cells after 24 h treatment
with 100 ng/ml TNF. DMSO was used as a negative control. Scale bar 200 um. 2 mM
H,O, was used as a positive control. Scale bar 400 um. C Incucyte cell death
measurements using Sytox Green in B16 WT and XIAPX® (clone 1 and 2) cells after
24 h treatment with 50 ng/ml TRAIL. DMSO was used as a negative control. 2 mM
H,O, was used as a positive control. D Cell proliferation analysis of B16 WT and
XIAPK® CRISPR/Cas9 clones using Incucyte Live-Cell-Analysis. In B, C and D, data
are presented as mean + s.e.m; two-way analysis of variance (ANOVA) followed by
Tukey’s post-analysis. Data derived from three individual biological replicates. ****P <
0.0001 and ns, not significant.

3.2 XIAP promotes IL8 secretion in melanoma

XIAP was shown to be crucial for inflammatory signalling and cytokine secretion
(Damgaard et al., 2012, Goncharove 2018). To investigate whether the inflammatory
function of XIAP was involved in melanoma tumour progression, different cytokines

and chemokines were analysed in B16-XIAPX®

versus WT cell lines. Transcripts of
C-X-C motif chemokine ligands (CXCL) including CXCL1 (also called keratinocytes-
derived chemokine (KC) in mice) and CXCL10 were downregulated in B16-XIAP*®

melanoma cells (Figure 3.3A) (also see Appendix Table 1 and 2).

Serum levels of Interleukin-8 (IL8), a member of the CXCL chemokine family, were

reported to be increased in patients with melanoma metastases indicating a role for
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IL8 in melanoma progression and metastasis (Bar-Eli, 1999). CXCL1 was also
described to be involved in melanoma progression and tumour growth (Dhawan &
Richmond, 2002). To further examine the association between XIAP and IL8
secretion in human melanoma cells, IL8 secretion was measured in different
melanoma cell lines after XIAP knock-down (Figure 3.3B). Efficient knock-down of
XIAP using specific SIRNAs (Table 5) (J. M. Seeger et al., 2010a; J. M. Seeger et al.,
2010b) was confirmed by Western blot analysis (Figure 3.3B lower panel).
Compared to the negative control (siScr), IL8 secretion was reduced when XIAP was
knocked-down in all tested melanoma cell lines. Additionally, we generated different
human melanoma cell lines with a knock-out of XIAP. Human colorectal cancer cell
line HCT116 and HCT-XIAPX® were a kind gift from Prof. Dr. Mads Gyrd-Hansen and
have been previously described (Cummins et al., 2004). Western blot analysis was
performed to confirm the deletion of XIAP (Figure 3.3C). IL8 secretion was measured
in WT and XIAP"® cells. The secretion of IL8 was significantly reduced in all tested
XIAP"® cell lines (Figure 3.3D). In addition to analysing IL8 secretion under steady
state conditions (Figure 3.3B and D), human melanoma cells BLM, SK-Mel28 and
M5 were exposed to inflammatory conditions by TNF administration (Abreu-Martin et
al., 1995) after XIAP knock-down or knock-out (Figure 3.3E and F). Both, XIAP
knock-down and knock-out could reduce the IL8 secretion induced by TNF but could
not completeley block it. Thus, IL8 secretion induced by TNF is probably not
completely dependent on XIAP. Collectively, these data indicate that XIAP
expression is crucial for inflammation mediated by CXCL family members and that

inflammatory conditions within the tumour environement could enhance the IL8

secretion.
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Figure 3.3: XIAP mediates IL8 secretion in melanoma

A QgRT-PCR analysis (PrimePCR™ Assay) of different cytokine/chemokine
transcripts in B16 WT cells plotted vs B16-XIAPX® cells (clonel and 2). Samples that
are at least 2-fold up-regulated are shown in red, samples that are at least 2-fold
down-regulated are shown in green (Done by Dr. Pia Nora Broxtermann). B IL8
measurement in the supernatant of the indicated cell lines after 48 h transfection with
siScr (control) or siXIAP and Western blot analysis of the corresponding cell lysates
(bottom). One-way analysis of variance (ANOVA) followed by Dunnett's post-
analysis. C Western blot analysis of cell lysates of BLM WT, XIAPX®, SK-Mel28 WT,
SK-Mel28-XIAP*®, Colo38 WT, Colo38-XIAPX®, HCT116 WT and HCT116-XIAPX®
after CRISPR/Cas9 gene editing. D IL8 measurement in the supernatant of the
indicated cell lines after 24 h of seeding the cells. Unpaired t test, two-tailed analysis.
E and F IL8 measurement in the supernatant of SK-Mel28 and M5 after 48 h siRNA
transfection (E) or after 24 h of seeding BLM, BLM-XIAP*®, SK-Mel28, and SK-
Mel28-XIAPK® cells (F). Cells were treated with 20 ng/ml TNF for 8 h. In E and F,
data are presented as mean + SD. One-way analysis of variance (ANOVA) followed
by Dunnett’'s post-analysis. In B, C, E and F, dots represent individual biological
replicates. *P < 0.05; **P < 0.01; **P < 0.001; ***P < 0.0001 and ns, not significant.
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3.3 RIPK2 and TAB1 act as downstream targets of XIAP

To investigate other target proteins which might be involved in XIAP mediated
inflammatory response in melanoma, IL8 secretion was measured in human
embryonic kidney 293 cells containing SV40 T-antigen (HEK293T) after ectopically
expressing myc-XIAP full length or single domain deletion variants (Figure 3.4A).
Ectopic myc-XIAP expression as well as myc-XIAP*®'R3 could induce 1L8 secretion. In
contrast, ectopically expressing myc-XIAP2BR!  myc-XIAP*®R2 and myc-XIAPARING
could not induce IL8 secretion (Figure 3.4B). These data indicate an important role
of BIR1 and BIR2 domains in XIAP mediated inflammatory signalling in addition to its

E3 ligase activity.

Previous studies have shown that XIAP-BIR1 and -BIR2 domains are required for the
interaction with TAB1 and RIPK2, respectively, which can result in NFkB activation
(Lu et al., 2007; Yamaguchi et al., 1999). To investigate the role of TAB1 and RIPK2
in XIAP mediated inflammatory response in melanoma, we first studied the
interaction between XIAP, TAB1 and RIPK2. Immunoprecipitation (IP) analysis
showed that ectopically expressed myc-XIAP in HCT116 cell lines (Figure 3.4C) or
endogenous XIAP in BLM human melanoma cell line (Figure 3.4D) can directly
interact with TAB1 and RIPK2. Moreover, immunoflourescence (IF) analysis showed
that ectopically expressed GFP-XIAP in HCT116 cells (Figure 3.4E) and in HelLa
cells (Figure 3.4F) co-localises with TAB1 and RIPK2. The co-localisation of GFP-
XIAP with TAB1 was BIR1 dependent (Lu et al., 2007; Yamaguchi et al., 1999),
whereas the co-localisation of GFP-XIAP with RIPK2 was BIR2 dependent (Ramp et
al., 2004, Krieg et al., 2009) (Figure 3.4F).
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GFP-XIAPaBIR2 GFP-XIAP © GFP-XIAPBIR1 GFP-XIAP:8IR2

Figure 3.4: XIAP interacts and co-localises with RIPK2 and TAB1

A lllustration of XIAP full length and single domain deletion constracts. Tag
represents myc or GFP. B IL8 measurement in the supernatant of transfected
HEK293T cells after 24 h. Western blot analysis of cell lysates of HEK293T cells
transfected with the indicated plasmids (bottom). Data are presented as mean + SD.
One-way analysis of variance (ANOVA) followed by Dunnett's post-analysis. Dots
represent individual biological replicates. C Western blot analysis of cell lysates
(input) and myc-IP of HCT116 cells transfected with pcDNA as a negative control or
myc-XIAP for 24 h. D Western blot analysis of cell lysates of BLM and BLM-XIAP®
cells (input) and XIAP-IP. E Confocal microscopic analysis of transfected HCT116
cells with GFP-XIAP for 16 h and stained for TAB1 or RIPK2 (red). Nuclei were
stained with DAPI (blue). Scale bar 20 um. F Confocal microscopic analysis of HeLa
cells transfected with the indicated plasmids for 16 h and stained for TAB1 or RIPK2
(red). Nuclei were stained with DAPI (blue). Scale bar 20 um. *P < 0.01; ****P <
0.0001 and ns, not significant.

XIAP E3 ligase activity was shown to be essential for RIPK2 ubiquitylation during
NOD1 and NOD?2 signalling (Goncharov, Hedayati, Mulvihill, Izrael-Tomasevic, et al.,
2018). However, whether the enhanced XIAP expression in melanoma cells can
induce RIPK2 ubiquitylation has not been studied. To analyse the ability of XIAP to
ubiquitylate RIPK2 indepentendly of an upstream signal, we first performed a cell-free
ubiquitylation assay using recombinant proteins required for the ubiquitylation
reaction (Albert et al., 2020). The ubiquitylation reaction was performed using a

ubiquitin, an E1 enzyme (UBE1) to mediate the ubiquitin activation, an E2 enzyme
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(His-UbcH7) to mediate the ubiquitin conjucation, and flag-XIAP as the E3 ubiquitin
ligase to mediate the transfer of ubiquitin from E2 to a lysine residue of a substrate,
here GST-RIPK2 was used (Figure 3.5A). This assay clearly showed that XIAP can
auto-ubiquitylate itself in addition to RIPK2. To analyse whether XIAP alone in
melanoma cells can ubiquitylate RIPK2, RIPK2 IP was performed in human BLM,
SK-Mel28 melanoma cells and in murine B16 WT vs XIAP*° melanoma cells.
Enhanced XIAP expression in human and mouse melanoma cell lines induced RIPK2

ubiquitylation and XIAP"®

could effeciently diminish ubiquitylation of RIPK2 (Figure
3.5B). Taken together, enhanced XIAP expression in melanoma cells without any

further upstream stimuli can mediate the ubiquitylation of itself in addition to RIPK2.
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Figure 3.5: XIAP ubiquitylates RIPK2

A Cell-free ubiquitylation assay of recombinant GST-RIPK2 by Flag-XIAP after
addition of respective E1/E2 and recombinant ubiquitin. Poly-ubiquitylated RIPK2 and
XIAP were detected by Western blotting. B Western blot analysis of cell lysates of
BLM, BLM-XIAPX®, SK-Mel28, SK-Mel28-XIAPX®, B16, and B16-XIAPX® cells (input)
and RIPK2-IP. Poly-ubiquitin was detected using anti-ubiquitin antibody.
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3.4 XIAP driven IL8 secretion in melanoma is dependent on interaction with
RIPK2 and TAB1

As RIPK2 and TAB1 are down-stream targets of XIAP, we analysed whether they
play a role in XIAP mediated inflammation and IL8 secretion. Using CRISPR/Cas9
technology, we generated HCT116 cell lines lacking either TAB1 or RIPK2. IL8
secretion was measured following ectopic expression of myc-XIAP in HCT116 WT,
XIAPKC RIPK2"° and TAB1° cell lines. Ectopically expressed myc-XIAP could
induce IL8 secretion in HCT116 WT and XIAPX® cell lines (Figure 3.6A). In contrast,
there was no difference in IL8 secretion upon overexpressing myc-XIAP or the empty
vector pcDNA in both RIPK2%° and TAB1"° cell lines. Ectopically expressing HA-
RIPK2 together with an empty vector pcDNA or with myc-XIAP in HCT116-RIPK2"°
cells could induce IL8 secretion (Figure 3.6B). Similarly, TAB1-HA overexpression
together with an empty vector pcDNA or with myc-XIAP in HCT116-TAB1° cells
could induce IL8 secretion (Figure 3.6C). To further study the role of RIPK2 and
TAB1 in XIAP mediated IL8 secretion in melanoma, IL8 secretion was measured in
BLM and SK-Mel28 melanoma cells after specific knock-down of TAB1 or RIPK2
(Figure 3.6D). TAB1 and RIPK2 knock-down was confirmed by Western blot analysis
(Figure 3.6D lower panel). IL8 secretion was efficiently reduced after knock-down of
TAB1 or RIPK2 similar to XIAP (Figure 3.6D upper panel). Taken together, these
data indicate that TAB1 and RIPK2 are crucial for XIAP mediated inflammatory

signalling and IL8 secretion in melanoma cells.

In order to block IL8 secretion mediated by XIAP, we used different XIAP inhibitors,
which were previously described (Goncharov et al., 2018). Compound XB2d89 (d89),
which specifically targets the XIAP-RIPK2 interaction (Goncharov et al., 2018), could
efficiently reduce IL8 secretion in BLM and SK-Mel28 human melanoma cells (Figure
3.6E). Additionally, other XIAP inhibitors such as Birinapant (Bir) and BV6, both
targeting the BIR3 domain of XIAP, were tested. However, both Birinapant and BV6
could not reduce and even induced higher levels of IL8 secretion (Figure 3.6F). This
further indicate that XIAP-RIPK2 interaction is essential for XIAP mediated IL8

secretion.
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Figure 3.6: XIAP mediates IL8 secretion via interaction with RIPK2 and TAB1

A IL8 measurement in the supernatant of transfected HCT116 WT, XIAP®, RIPK2"°
and TAB1K° cells after 24 h. One-way analysis of variance (ANOVA) followed by
Sidak’s post-analysis. Western blot analysis of cell lysates of the respective cell lines
transfected with the indicated plasmids (bottom). B and C IL8 measurement in the
supernatant of transfected HCT-RIPK2® (B) or HCT-TAB1X? (C) cells after 24 h.
Western blot analysis of cell lysates of HCT-RIPK2X® and HCT-TAB1*° cells
transfected with the indicated plasmids (bottom). D IL8 measurement in the
supernatant of transfected BLM (left panel) or SK-Mel28 (right panel) cells with siScr
(control), siXIAP, siTAB1 or siRIPK2 after 48 h. Western blot analysis of the
respective cell lysates of BLM cells (left bottom) or SK-Mel28 cells (right bottom)
transfected with the indicated siRNA. E IL8 measurement in the supernatant of BLM
or SK-Mel28 treated with 2 uM d89 (BIR2 antagonist) or DMSO as a negative control
for 24 h. Unpaired t test, two-tailed test analysis. F IL8 measurement in the
supernatant of BLM or SK-Mel28 treated with 20 pM birinapant (Bir), 2 uM BV6 (both
BIR3 antagonist) or DMSO as a negative control for 24 h. In A, B, C, D, E and F,
data are presented as mean + SD. In B, C, D and F, one-way analysis of variance
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(ANOVA) followed by Dunnett’s post-analysis. In A, B, C, D, E and F, dots represent
individual biological replicates. *P < 0.05; *P < 0.01; **P < 0.001; ****P < 0.0001
and ns, not significant.

Recent studies have shown that XIAP is essential for the activation of NFkB upon
inflammatory responses mediated by NOD2/RIPK2 signalling (Andree et al., 2014;
Krieg et al., 2009). Therefore, the impact of RIPK2 on XIAP inflammatory function
upon NOD2 stimulation was analysed. HCT116 cells were transfected with siScr,
SITAB1, siRIPK2 or siXIAP for 48 h and treated with L18-muramyl dipeptide (MDP,
NOD?2 ligand) for 24 h. MDP treatment could induce IL8 secretion. XIAP or RIPK2
knock-down could significantly moderate the IL8 secretion as expected. Interestingly,
TAB1 knock-down could also reduce the IL8 secretion (Figure 3.7A), indicating an
essential role of TAB1 downstream XIAP-RIPK2 in mediating IL8 secretion. Analysis
of IL8 mMRNA level (Figure 3.7B) additionally confirmed that IL8 is transcriptionally
down-regulated upon XIAP, RIPK2 or TAB1 knock-down. These results concealed
that IL8 secretion upon MDP treatment was dependent on the expression of XIAP,
RIPK2 and TAB1.
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Figure 3.7: XIAP mediates IL8 secretion upon MDP stimulation

A IL8 measurement in the supernatant of HCT116 cells transfected with the indicated
SiRNA for 48 h and treated with DMSO (control) or MDP for 24 h. Western blot
analysis of cell lysates of HCT116 cells (bottom). B mRNA expression level of 118 in
HCT116 cells transfected with the indicated siRNA for 48 h and treated with DMSO
(control) or MDP for 24 h. In A and B, dots represent individual biological replicates.
Data are presented as mean + SD. One-way analysis of variance (ANOVA) followed
by Dunnett’s post-analysis. ****P < 0.0001.

3.5 XIAP supports melanoma growth via XIAP-RIPK2-TAB1 signalling complex

To study the involvement of RIPK2 and TAB1 in melanoma tumour growth, we
generated B16 melanoma cell lines lacking RIPK2 (RIPK2X®) or TAB1 (TAB1K°)
using CRISPR/Cas9 technology. Western blot analysis showed the successful
deletion of RIPK2 and TAB1 in these cells (Figure 3.8A). The RIPK2"° and TAB1X®
did not affect the expression level of other proteins (Figure 3.8A). Next, B16 WT,
XIAPKC RIPK2XC or TAB1X® melanoma cells were subcutaneously injected into BL/6
mice. All B16 melanoma cell lines formed palpable tumours. However, RIPK2%° or
TAB1X? could significantly reduce B16 melanoma tumour growth in mice similar to
XIAPX® (Figure 3.8B). Together indicating that XIAP forms a signalling complex with
RIPK2 and TABL1 that supports melanoma tumour growth.
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Fig 3.8: XIAP supports melanoma tumour growth via XIAP-RIPK2-TAB1
signalling complex

A Western blot analysis of cell lysates of B16 WT, B16-XIAP*? (clone 1 and 2), B16-
TAB1C and B16-RIPK2X° (clone 1 and 2) after CRISPR—Cas9 gene editing. B B16
WT, B16-XIAPK® (clone 1 and 2), B16-TAB1X® and B16-RIPK2X° (clone 1 and 2)
subcutaneous melanoma tumour growth in BL/6 WT mice (n=5 each genotype). This
analysis was done in association with Dr. Jens Seeger. Data are presented as mean

+ s.e.m; two-way analysis of variance (ANOVA) followed by Dunnett’s post-analysis.
P < 0.0001.

To examine whether the reduced tumour volume in RIPK2X° or TAB1X® was due to
changes in apoptosis, we analysed the activation of apoptosis in the B16 tumours
isolated from the mice. There was no difference in cl-Caspase-3 staining in B16
RIPK2X? or TAB1X® tumours similar to B16 WT and XIAPX® tumours (Figure 3.9A).
Next, we analysed the apoptotic propensity of RIPK2"° or TAB1*° B16 cells in
culture. Incucyte analysis was performed after treating the cells with TNF. Similar to
our observation in XIAPX® (Figure 3.2B and D), RIPK2X® and TAB1X® melanoma
cells were resistant to cell death induced by TNF treatment and the apoptotic
propensity of RIPK2"° or TAB1X® B16 cells was similar to WT (Figure 3.9B).
Additionally, there was no difference in proliferation in both RIPK2"° and TAB1"°
compare to B16 WT (Figure 3.9C). Thus, apoptosis is not the underlying molecular
mechanism behind the reduced tumour volume in TAB1X® or RIPK2*® tumours
similar to XIAP"C.
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Figure 3.9: XIAP, RIPK2 or TAB1 deficiency in B16 mouse melanoma cells
reduces tumour growth independently of apoptosis

A Representative fluorescent images of cl-Caspase-3+ cells in B16 WT, XIAPX®,
TAB1C or RIPK2X® melanoma tumours. Nuclei were stained with DAPI (blue). Scale
bar 100 um. Quantification thereof (right panel). Dots represent individual mice (n=5).
Data are presented as mean = s.e.m. One-way analysis of variance (ANOVA)
followed by Dunnett’s post-analysis. B Cell death measurement of B16 WT, TAB1X°
and RIPK2"° (clone 1 and 2) cells using Incucyte analysis after 24 h treatment with
DMSO as a negative control or 100 ng/ml TNF. H,O, treatment serves as a positive
control. Scale bar 200 um. C Proliferation assay using Incucyte Live-Cell-Analysis
assay. In B and C, data are presented as mean * s.e.m; two-way analysis of
variance (ANOVA) followed by Tukey’s post-analysis. Data derived from three
individual biological replicates. ****P < 0.0001 and ns, not significant.

3.6 XIAP supports melanoma growth by inducing neutrophil infiltration

Previews studies have shown increased IL8 serum level, a neutrophil chemo-
attractant, in patients with melanoma metastases providing a role of IL8 in melanoma
progression and metastasis (Bar-Eli, 1999; Payne & Cornelius, 2002b). Together with
our observation that inflammatory responses mediated CXCL family secretion is
dependent on XIAP expression, we examined the correlation between XIAP
expression and neutrophils intra-tumour infiltration. First, the correlation was
analysed by co-staining XIAP and CD177 (a neutrophil marker) in tumour samples
derived from melanoma patients (Figure 3.10A, B and Appendix Table 3). The
signal intensity of XIAP and CD177 staining showed that increased XIAP expression

in tumour cells was tightly associated with intra-tumoural neutrophil infiltration.
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Figure 3.10: Increased XIAP expression in melanoma patient’s tissues is
correlated with intra-tumoural neutrophil infiltration

A Intensities of CD177 and XIAP immunostainings in tumour sections from 55
patients were visually scored. The numbers of melanomas with different intensities
were plotted into the table as a percentage of the total. Specific staining intensity for
XIAP and CD177, corresponding to relative amounts of infiltrated neutrophils, was
arbitrarily set as the following: -, not expressed; +, low; ++, moderate; and +++,
strong expression. B Representative IHC pictures from A. Scale bar 100 um. A and
B were done by Dr. Paola Zigrino.

Next, the correlation between XIAP, RIPK2, TAB1 expression and intra-tumoural
neutrophil infiltration in murine B16 melanoma tumours was studied. Different
cytokines and chemokines were analysed in B16 tumours isolated from mice after
injection of different B16 mouse melanoma cells (Figure 3.11A). Cxcll and Cxcl10
were significantly reduced in RIPK2° and TAB1X® B16 tumours similar to XIAP®.
Additionally, IHC staining (Figure 3.11B) or IF staining (Figure 3.11C) of the B16
tumours was performed using Ly6G (a neutrophil marker). The number of intra-

tumoural Ly6G+ was quantified (Figure 3.11C right panel). Taken together, lack of
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XIAP, RIPK2 or TAB1 could sufficiently reduce neutrophil infiltration in B16 tumours.
To exclude a correlation between XIAP, RIPK2, TAB1 expression and infiltration of
other immune cells in the B16 melanoma tumours, we performed an
immunophenotyping of B16 tumours (WT, XIAPX®, RIPK2X®, and TAB1X®) by using
specific antibodies detecting different immune cells (Figure 3.11D). CD3 (cluster of
differentiation 3), a T cells marker (Kuhns et al., 2006); CD4 (cluster of differentiation
4), a marker for T helper cells, regulatory T cells, monocyte, macrophages and
dendritic cells (DC) (Zamoyska, 1994); CD8 (cluster of differentiation 8), a marker for
cytotoxic T cells and subsets of DC (Zamoyska, 1994; Shortman & Heath, 2010);
F4/80, a marker for macrophages (McKnight et al., 1996); CD11c, a marker for DC,
activated natural killer (NK) cells, subsets of B and T cells, monocyte, granulocyte,
and some B cell malignancies (Kohrgruber et al., 1999; Qualai et al., 2016); CD19, a
B cell marker (Tedder et al., 1997; Scheuermann & Racila, 1995); FoxP3 (Forkhead
box P3), a marker for regulatory T cells (Ochs et al., 2007) and Granzyme B, a
marker for CD8+ cytotoxic T cells and NK cells (Trapani, 2001). Immunophenotyping
of B16 tumours revealed that lack of XIAP, RIPK2 or TAB1 could sufficiently reduce

neutrophil infiltration in B16 tumours but did not affect the infiltration of other tested

immune cells.
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Figure 3.11: XIAP supports melanoma growth in B16 tumours by inducing

neutophil infiltration

A gRT-PCR analysis of different cytokines/chemokines in the indicated melanoma
tumours in mice. Dots represent individual mice (n=3). Data are presented as mean *
SD. One-way analysis of variance (ANOVA) followed by Dunnett’'s post-analysis. B
Representative IHC staining of neutrophil in B16 tumours. Scale bar 50 um (Done by
Dr. Paola Zigrino). C Representative IF (neutrophil staining) in B16 WT, XIAPK®,
TAB1C or RIPK2X® tumours (Scale bar 50 pm) and quantification of Ly6G+ cells.
The sum of Ly6G+ cells from 5 randomly selected areas of the tumour (5 mice per
genotype) were represented. Dots represent individual mice (n=5). Data are
presented as mean = s.e.m. One-way analysis of variance (ANOVA) followed by
Dunnett’s post-analysis. D Representative fluorescent images (Scale bar: 100 pm)
and quantification of different immune cells in B16 melanoma tumours as indicated
by using specific antibodies. Dots represent individual mice (n=3). Data are
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presented as mean = s.e.m. One-way analysis of variance (ANOVA) followed by
Dunnett’s post-analysis. **P < 0.01; ***P < 0.001 and ns, not significant.

To investigate whether the reduced tumour growth in B16-XIAP® melanoma
tumours was due to the reduction in neutrophils infiltration, neutrophils were
experimentally depleted in mice using Ly6G specific antibodies (Figure 3.12A and
B). WT or XIAPX® B16 melanoma cells were subcutaneously injected into BL/6 mice.
The mice were treated with either IgG antibodies as a negative control or with Ly6G
antibodies. Neutralizing the neutophils in B16 WT tumours could significantly reduce
the tumour growth. In contrast, there was no difference in tumour growth between
B16-XIAPX® tumours treated with IgG or B16-XIAPX® tumours treated with Ly6G
neutralizing antibodies (Figure 3.12A). Depletion of the neutrophils after treatment
was tested by IHC staining (Figure 3.12B) or IF staining (Figure 3.12C) using Ly6G
antibody. Quantification of the number of intra-tumoural Ly6G+ (Figure 3.12C right
panel) showed that depletion of neutrophils could sufficiently reduce neutrophil
infiltration in B16 WT tumours similar to XIAP*®. Taken together, these data indicate
that XIAP promotes melanoma tumour growth by activating a down-stream signalling

cascade resulting in intra-tumoural neutrophil infiltration.
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Figure 3.12: Neutrophil depletion reduces B16 tumour growth

A B16 WT, XIAP® (clone 2) subcutaneous melanoma tumour growth in BL/6 WT
mice (n=5). Mice were intra-peritoneal injected with IgG antibody as a negative
control or Ly6G antibody 1 day prior to the subcutaneous injection of the B16 WT or
XIAPK® cells. Data are presented as mean + s.e.m. Two-way analysis of variance
(ANOVA) followed by Dunnett’s post-analysis (Done by Dr. Pia Nora Broxtermann). B
Representative IHC staining of neutrophil in B16 tumours derived from mice treated
either with control IgG or Lys6G antibodies. Scale bar 100 um (upper panel) and 10
pm (lower panel) (Done by Dr. Paola Zigrino). C Representative IF (neutrophil) scale
bar 50 um and quantification of Ly6G+ cells in tumours from A. The sum of Ly6G+
cells from 5 randomly selected areas of the tumour (4 mice per genotype) was
represented. Dots represent individual mice (n=4). Data are presented as mean *
s.e.m. One-way analysis of variance (ANOVA) followed by Dunnett’'s post-analysis.
****P < 0.0001 and ns, not significant.

3.7 XIAP supports tumour growth in Hgf-Cdk4"?*“ mouse melanoma model by
mediating neutrophil infiltration

In order to support our data obtained in B16 melanoma, we used another mouse
melanoma model called Hgf-Cdk4"*¢. This mouse model overexpresses the
hepatocyte growth factor (Hgf) and has knock-in mutation in the cycline dependent
kinase 4. The Hgf-Cdk4"**¢ mouse model is known to develop spontaneous
melanomas that match melanoma development in humans (Tormo et al., 2006;
Giebeler et al., 2017). To study the impact of XIAP on melanoma development in the
Hgf-Cdk4"?*¢ mouse model, Hgf-Cdk4"?*¢ mice were crossed with Xiap“® mice
(described in Andree et al., 2014). Hgf-Cdk4®?*“Xiap"™ mice were used as controls.
In addition to the spontaneous tumour model and in order to promote rapid
melanoma growth, some neonates were treated with carcinogen (7,12-
dimethylbenz[a]anthracene (DMBA)). DMBA treatment is known to induce primary
melanomas in the skin during the first 3 months of life in Hgf-Cdk4R?4¢
melanoma model (Tormo et al., 2006). Both Hgf-Cdk4"**“Xiap"™ and Hgf-

Cdk4"#“Xiap“°® mice developed melanomas on the back skin (Figure 3.13A),

mouse

however the tumour size was markedly reduced in the Hgf-Cdk4™?*“Xiap“° mice
(Figure 3.13A and B), indicating a role of XIAP in melanoma tumour growth. Analysis
of cl-Caspase-3 activation revealed that Xiap*® tumours have similar apoptosis

activation level compared to the control mice Hgf-Cdk4™?*“Xiap™ (Figure 3.13C).

50



Results

Moreover, we analysed the transcription of different cytokines/chemokines in Hgf-
Cdk4aR?CXiap" vs Hgf-Cdk4®?*“Xiapk® mice. Transcripts of the CXCL chemokine
family members like Cxcll and Cxcl10 were down-regulated in the Xiap“® tumours

(Figure 3.13D and Appendix Table 4, 5, 6).

To investigate the correlation between XIAP expression and intra-tumoural neutrophil
infiltration in the Hgf-Cdk4™?*“ mouse melanoma model, IHC and IF staining of Ly6G
in small and large tumours from Hgf-Cdk4"**“Xiap™" and Hgf-Cdk4"**“Xiap*°® mice
was performed. Lack of XIAP could sufficiently reduce neutrophil infiltration not only
in early small tumours (Figure 3.13E and F) but also in large melanomas at later
stages (Figure 3.13G and H). Thus, XIAP supports melanoma tumour growth in Hgf-
Cdk4™?*“ mouse model by mediating intra-tumoural neutrophil infiltration similar to

B16 mouse model.
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Figure 3.13: XIAP supports tumour growth in Hgf-Cdk mouse melanoma

model by mediating neutrophil infiltration

A Representative images of back skin from the DMBA-treated Hgf-Cdk4R**“Xiap™"
and Hgf-Cdk4"**“Xiap*® mice at 8 weeks of age. Arrows indicate individual tumour.
Scale bar 5 mm. B Tumour size in the DMBA-treated Hgf-Cdk4®?*“Xiap"" and Hgf-
Cdk4™?*“Xiap"° mice at 8 weeks of age (n=3). Dots represent an individual tumour.
Data are presented as mean £ SD. Mann-Whitney, two-tailed test analysis. (A and B
were done by Dr. Fabian Schorn). C Representative IF staining (Scale bar 100 pum)
and quantification of cl-Caspase-3+ cells within the melanoma tumours in DMBA-
treated mice (n=3). The average of cl-Caspase-3+ cells from 5 randomly selected
areas of the tumour (3 mice per genotype) was represented. D qRT-PCR analysis
(PrimePCR™ Assay) of different cytokine/chemokine transcripts in Hgf-
CdkaR?*“Xiap"™ mice plotted vs 3 independent Hgf-Cdk4R**“Xiap“® mice. Samples
that are at least 2-fold up-regulated are shown in red, samples that are at least 2-fold
down-regulated are shown in green. E and G Representative IHC staining of
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neutrophil in small (early time points) (E) and large (late time points) (G) tumours.
Scale bar 100 um (upper panel) and 10 um (lower panel). Arrows show neutrophil
(Done by Dr. Paola Zigrino). F and H Representative IF (neutrophils) staining and
guantification of intra-tumoural neutrophil in small (early time points) (F) and large
(late time points) (H) tumours. Scale bar 100 um. In F, the average of Ly6G+ cells
from 5 randomly selected areas of the tumour (3 mice per genotype) was
represented. In H, the sum of Ly6G+ cells from 5 randomly selected areas of the
tumour (3 mice per genotype) was represented. In C, F and H, dots represent
individual tumour (3 mice per genotype) and data are presented as mean = SD;
Mann Whitney, two-tailed test analysis. *P < 0.05; **P < 0.01; ***P < 0.0001 and ns,
not significant.
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4 Discussion

XIAP is highly expressed in various cancer entities (Kashkar, 2010; Fulda & Vucic,
2012) and many studies aimed to investigate the role of XIAP in this context. Hence,
resistance to apoptosis is a hallmark of cancer as it facilitates tumour growth and
metastasis (Hanahan & Weinberg, 2011a), most studies focused on the role of XIAP
as an efficient inhibitor of apoptosis (Takahashi et al., 1998; Silke et al., 2002),
identifying XIAP as a potential therapeutic target for cancer treatment. Accumulating
body of evidence showed that XIAP has in addition to its anti-apoptotic function, a
crucial role in innate immunity and inflammatory responses (Bauler et al., 2008; Krieg
et al., 2009). However, the inflammatory function of XIAP has not yet been

considered in tumourgenesis.

Cutaneous melanoma is an aggressive form of skin cancer, which causes high death
rates worldwide. Melanoma can be surgically treated leading to a favourable
prognosis but only if detected early (Soengas & Lowe, 2003). Nevertheless, patients
might develop resistance to chemotherapy or immunotherapy leading to a disease
progression and metastasis (Ayachi et al., 2019). Most chemotherapies are based on
inducing apoptosis in the malignant cells, thus defects in apoptosis signalling lead to
chemo-resistance (Emanuel et al., 2008; Hiscutt et al., 2010). One major apoptotic
defect in melanoma is elevated XIAP expression, which was described to be
associated with melanoma thickness and tumour progression (Emanuel et al., 2008).
The present study investigated the mechanism underlying enhanced melanoma
growth mediated by elevated XIAP expression. Our data demonstrate for the first
time that XIAP supports melanoma tumour growth through interaction with RIPK2
and TAB1. The XIAP-RIPK2-TAB1 signalling complex induces the expression and
secretion of chemokines, especially the CXCL family members such as IL8, which
mediates intra-tumoural neutrophil infiltration and thus supports melanoma
progression. These results reveal one of the main signalling pathways that mediate
melanoma tumour growth and thus shed additional light on XIAP as a novel

therapeutic target in cancer by targeting its inflammatory function.
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4.1 XIAP supports melanoma growth independently of its anti-apoptotic
function

In this study, we analysed the contribution of XIAP in supporting melanoma tumour
growth. Our data revealed that tumour volumes were significantly reduced in B16-
XIAPK® tumours compared to B16 WT tumours (Figure 3.1). Although, XIAP was
previously described to promote tumour growth and survival when it is highly
expressed due to enhanced cell death resistance of the malignant cells (Deveraux &
Reed, 1999), we were not able to detect any difference in apoptosis in both WT and
XIAPK® B16 tumours (Figure 3.2A). Nevertheless, in other types of cancer like acute
pancreatitis, XIAP deletion was shown to moderate the severity of acute pancreatitis
due to increased caspase activity and elevated apoptosis in addition to reduced
NFkB activation and inflammation (Liu et al., 2017). Different apoptosis level in
different tumours is not surprising as cancer cells can use different mechanisms to
escape apoptosis through affecting the transcription, translation or post-translation
modifications of different apoptotic pathways (Fulda et al., 2010; Goldar et al., 2015).
Thus, although XIAP was deleted, melanoma cells might escape apoptosis by
mechanisms other than direct inhibition through XIAP. One example could be the
disbalanced expression of pro- and anti-apoptotic BCL-2 proteins, which was
previously shown to induce cancer cell survival (Kang & Reynolds, 2009; Galluzzi et
al., 2010). In addition, deletion of XIAP alone might not be sufficient to promote
apoptosis, as clAP1 and clAP2 are still present. This can be further addressed by

analysing the effect of clAP1/2 knock-out on melanoma tumour growth.

Moreover, B16 WT and XIAP*® melanoma cells showed similar proliferation and
were both resistant to TNF and TRAIL induced cell death (Figure 3.2 B and C).
Resistance against TRAIL induced apoptosis has already been described for many
human melanoma cell lines such as IGR-37, IPC-298, SK-Mel-30, WM-9, and WM-
902B (Zeise et al., 2004). Furthermore, human melanoma cells with resistance to
TRAIL were shown to have a cross-resistance to different apoptotic stimuli like FasL
(X. D. Zhang et al., 2006). Melanoma resistance to members of the TNF receptor
superfamily like TNF, FasL and TRAIL was linked to genetic alterations of protein
kinases like Ras and B-Raf in addition to their corresponding transcription factors like

c-Jun and NFkB (lvanov et al., 2003). Although XIAP was mainly considered to

55



Discussion

exhibit apoptosis resistance when being highly expressed in tumour tissues
(Kashkar, 2010), our data revealed that XIAP promotes melanoma growth
independently of its anti-apoptotic function. This suggests an additional function of

XIAP that contributes to melanoma tumour growth.

4.2 XIAP mediates IL8 secretion in melanoma

CXCLS8 (interleukine-8, IL8) is expressed by several cell types and mainly triggers
neutrophil chemo-attraction and activation (Teijeira et al., 2021; Kulke et al., 1998;
David et al., 2016). IL8 produced by melanoma cells can promote tumour growth and
progression, as IL8 can facilitate angiogenesis and induce epithelial to mesenchymal
transition (EMT) phenotypic switch in the tumour cells. EMT in turn can enhance
metastasis and resistance to immune responses (Schaider et al., 2003; RM et al.,
1995; David et al., 2016; Holzel & Tuting, 2016). Besides, neutralizing IL8 or CXCL1
was shown to decrease melanoma cells proliferation in vitro suggesting a role of
these chemokines in melanoma growth (Schadendorf et al., 1993; Fujisawa et al.,
1999). Therefore, we analysed whether XIAP can induce inflammation and
cytokine/chemokine secretion in melanoma that could contribute to XIAP mediated
tumour growth. Our data showed that members of the C-X-C chemokine ligands
(CXCL) family, mainly Cxcl1 (or KC in mice which is homologue to human IL8) and

Cxcl10 expression were dependent on XIAP in B16 melanoma cells (Figure 3.3A).

XIAP knock-down using siRNA was previously shown to reduce NFkB activation
following NOD1 or NOD2 stimulation in different cell lines. In particular, IL8 secretion
upon MDP stimulation in THP1 cells was diminished when XIAP was silenced (Bielig
et al., 2014). In line with previous studies indicating that elevated XIAP expression
alone can induce cytokine secretion without further stimulation (Hofer-Warbinek et
al., 2000), our data clearly showed that XIAP knock-down or knock-out in human
cancer cells could markedly abolished IL8 secretion under steady state conditions
(Figure 3.3B and D). To analyse the potential involvement of additional extrinsic
stimuli within the tumour microenvironment that might additionally enhance cytokine
secretion, we treated human melanoma cells with TNF (Figure 3.3E and F). Our data
indicated that TNF could promote higher IL8 secretion levels and showed that XIAP

knock-down or knock-out could not completely block TNF mediated IL8 secretion.
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Thus, TNF can promote IL8 secretion in human melanoma cells but not solely
through XIAP dependent signalling pathways. This is in line with previous studies
indicating that cancer cells facilitate proliferation by inducing inflammation in the
tumour microenvironment. This can be achieved by producing TNF, which in turn can
activate NFkB transcription factors to induce gene transcription that promotes cell
survival and proliferation (Waters et al., 2013). These data can also help to explain
the resistance of melanoma cells to TNF induced cell death. It was previously
described that TNF mediated NFkB activation drives c-FLIP overexpression and thus
inhibits apoptosis induced by TNFR1, Fas and TRAIL receptors (Micheau et al.,
2001; Travert et al., 2008). Furthermore, TNF induced IL8 secretion opens the
guestion whether there is an upstream signal of XIAP that could be involved in XIAP
mediated IL8 secretion. To address this question, further investigations need to be
done like analysing the effect of TNF or TRAIL receptor knock-out on melanoma

tumour growth and IL8 secretion.

4.3 XIAP mediated IL8 secretion in melanoma is dependent on direct
interaction with RIPK2 and TAB1

Our data showed that enhanced XIAP expression induced increased IL8 secretion
(Figure 3.4B). XIAP mediated IL8 secretion was dependent on its BIR1, BIR2 and
RING domains but not the BIR3 domain. The importance of these XIAP domains in
mediating inflammatory responses was described previously. XIAP-TAB1 interaction
through the binding of TAB1 to the BIR1 domain of XIAP is crucial for TGFf
signalling and NFkB activation (Lu et al., 2007; Yamaguchi et al., 1999). In addition,
interaction of RIPK2 to the BIR2 domain of XIAP was described to mediate NFkB
activation upon NOD1/2 stimulation (Krieg et al., 2009; Damgaard et al., 2012).
Furthermore, the E3 ligase activity of XIAP was shown to be indispensable for XIAP
mediated IL8 secretion (Goncharov et al., 2018). In this study, we were able to
reproduce these data and could show that ectopically expressed XIAP or
endogenous XIAP can directly interact with TAB1 and RIPK2 (Figure 3.4C and D).
Additionally, XIAP driven IL8 secretion was dependent on both TAB1 and RIPK2
(Figure 3.6A, B, C and D).
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Next, we analysed whether the direct interaction between XIAP and RIPK2 is
followed by RIPK2 ubiquitylation. The crucial role of RIPK2 poly-ubiquitylation
mediated by XIAP in NOD2 signalling was extensively studied using different
approaches by applying either specific inhibitors or by mutating critical lysine
residues of RIPK2, which were shown to be major sites of XIAP-mediated
ubiquitylation (Goncharov et al., 2018). Studies using site directed mutagenesis in the
RIPK2 kinase domain could block RIPK2 ubiquitylation through interfering with the
XIAP-RIPK2 interaction (Heim et al., 2020). In line with these studies, our data
revealed that enhanced XIAP expression in human and mouse melanoma cells could
promote RIPK2 ubiquitylation (Figure 3.5 A and B). This further strengthens the
theory that enhanced XIAP expression in melanoma can induce RIPK2 ubiquitylation

and subsequent IL8 secretion.

As previously described, NOD1/2 stimulation leads to RIPK2 auto-phosphorylation
and subsequent ubiquitylation via different E3 ligases like XIAP and clAP1/2
(Bertrand et al., 2009). XIAP was shown to be the main E3 ligase (Heim et al., 2020;
Krieg et al., 2009; Damgaard et al., 2012; Goncharov et al., 2018; Nachbur et al.,
2015) mediating K63 poly-ubiquitylation and recruitment of the LUBAC complex
(Damgaard et al., 2012). The ubiquitin chains on RIPK2 facilitate the interaction with
IKK and TAK1 complexes, which eventually results in NFkB activation and IL8
secretion (Heim et al., 2020; Hofer-Warbinek et al., 2000; Hasegawa et al., 2008). In
line with these studies, our data showed that MDP mediated IL8 expression and
secretion was dependent not only on XIAP and RIPK2 expression but also on TAB1
(Figure 3.7A and B). This further supports our hypothesis that XIAP mediated 1L8
secretion in melanoma is dependent on RIPK2 ubiquitylation and subsequent

interaction with TAK1 complex through TAB1, which finally leads to NFkB activation.

To further address that XIAP induced IL8 secretion in melanoma cells is mediated by
XIAP-RIPK2 signalling, we used d89, an antagonist that was described to specifically
target the BIR2 domain of XIAP and thus disrupts the interaction between XIAP and
RIPK2 (Goncharov et al.,, 2018). Our data showed that d89 antagonist could
sufficiently block IL8 secretion in melanoma cells (Figure 3.6E), unlike antagonists
targeting the BIR3 domain of XIAP like Birinapant and BV6, which could not block IL8
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secretion but instead induced even higher level of IL8 (Figure 3.6E). Increased IL8
levels upon TNF treatment (Figure 3.3E and F), which might be due to the
inflammatory microenvironment in melanoma that potentially boosted the effect of
exogenous TNF (Coussens & Werb, 2002; Balkwill, 2002), could be induced by TNF-
driven NFKB activation through TNFR signalling. Although, SMAC mimetics were
described to switch the TNF receptor signalling cascade from NFkB activation and
cell survival to apoptosis by mediating clAP1/2 degradation (Gyrd-Hansen & Meier,
2010; Dueber, 2011; Feltham et al., 2011; Gaither et al., 2007), our data showed
that SMAC mimetics induced higher level of IL8 secretion. A potential explanation
could be the activation of the non-canonical NFkB signalling pathway due to clAP1/2
degradation upon treatment with SMAC mimetics (Goncharov et al.,, 2018;
Varfolomeev & Vucic, 2008) resulting in NIK accumulation (S. C. Sun, 2011). This
could be further investigated by analysing the processing of pl00 into p52.
Collectively, our data show a promising therapeutic strategy for targeting melanomas
by abrogating the XIAP-RIPK2 axis.

4.4 XIAP supports melanoma growth via interaction with RIPK2 and TAB1

Tumour progression in different cancers including colon adenocarcinoma, lung
squamous cell carcinoma, breast invasive carcinoma and cutaneous melanomas was
shown to be associated with high RIPK2 expression levels, which was accompanied
by an increased infiltration of the tumour tissues with different immune cell types such
as T cells or cancer associated fibroblasts (H. Zhang et al., 2022). Additionally,
RIPK2 expression in colorectal cancer was shown to be positively associated with IL8
expression (R. F. Jaafar et al., 2021). The role of RIPK2 in different malignant
tumours was linked to different signalling pathways such as NOD and NFkB
signalling pathways in addition to other binding proteins like ubiquitin ligases (H.
Zhang et al., 2022).

Based on our data showing the involvement of RIPK2 and TAB1 in XIAP mediated
IL8 secretion, we further analysed whether the reduced tumour volume in the B16-

XIAPK® tumours was also dependent on RIPK2 and TAB1. Our data revealed that
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RIPK2C and TAB1X° could also reduce melanoma growth in mice (Figure 3.8B).
This is in line with other studies showing reduced tumour volume in a RIPK2 knock-
out background in a breast cancer mouse model (R. Jaafar et al., 2018). Additionally,
RIPK2 was described to enhance tumour cell progression in triple negative breast
cancer by activating NFkB pathway (Singel et al., 2014). The involvement of RIPK2 in
tumour growth via activation of the NFkB pathway was also described in gastric
cancers (Maloney et al., 2020). Collectively, RIPK2-NFkB signalling was shown to be
associated with different malignant tumours suggesting RIPK2 as a promising target
for cancer therapy. Furthermore, TAB1 was also described to be involved in cancer
development. Reduced tumour growth of 4T1 breast cancer in syngeneic BALB/c
mice was found upon expression of truncated TAB1. The role of TAB1 in mediating
progression of breast cancer was linked to the activation of NFKB mediated by TGFf
via the TAB1, TAK1, IKKf signalling (Neil & Schiemann, 2008). In non-small cell lung
carcinoma (NSCLC), TAB1 was shown to be highly expressed in addition to TAK1.
However, the enhanced protein expression of TAK1 and TAB1 in NSCLC tissues was
not correlated with tumour size but was rather related to patient prognosis and
metastasis. This suggested TAK1 and TAB1 as therapeutic targets for NSCLC (Zhu
et al., 2015). In this study, we could show that there were no differences in apoptosis
in both RIPK2"° and TAB1® B16 tumours in addition to cultured cells similar to
XIAPK® (Figure 3.9). Our data indicated for the first time that XIAP forms a signalling
complex with RIPK2 and TABL1 that initiates inflammation by inducing the expression
and secretion of IL8. Thus, XIAP-RIPK2-TAB1 complex supports melanoma tumour
growth via activation of the NFkB pathway and independently of the anti-apoptotic
function of XIAP.

4.5 XIAP supports melanoma growth in B16 and Hgf-Cdk4"**“ mouse melanoma
models by inducing neutrophil infiltration

Accumulating studies focused on the association between inflammation and tumour
progression. Tumour cells make use of the innate immune cells, chemokines and
their corresponding receptors to support their microenvironment (Coussens & Werb,
2002). One of the major tumour promoting inflammatory cells are neutrophils (Coffelt
et al.,, 2010; DeNardo et al.,, 2010; Egeblad et al., 2010; Murdoch et al., 2008;
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Emanuel et al., 2008; De Palma et al., 2007). Neutrophils are chemo-attracted to the
tumour sites through chemokines produced by the tumour cells (Coussens & Werb,
2002; Gregory & Houghton, 2011). Chemokines are chemotactic molecules, which
have a specific role in leukocyte chemo-attraction and initiation of the inflammatory
response (Payne & Cornelius, 2002a; Sherwood & Toliver-Kinsky, 2004).
Chemokines were shown to be associated with tumour progression and metastasis in
addition to tumour growth, cell proliferation and angiogenesis (Payne and Cornelius,
2002). Melanoma cells produce chemokines like CXCL1 and IL8 to recruit immune
cells like neutrophils. Additionally, melanoma cells use their secreted chemokines to
promote tumour growth and proliferation (Schaider et al., 2003; Payne & Cornelius,
2002a). Besides, poor prognosis in primary melanoma is associated with intra-
tumoural neutrophil infiltration (Jensen et al., 2012). Targeting neutrophils for cancer
therapy was previously proposed (Keane et al., 2004) but faced several difficulties as
neutrophil depletion might disrupt the host defence (Fulda & Vucic, 2012). Hence,
other approaches were studied like targeting the CXCL8 axis or targeting specific
substrates that mediate tumour growth (Gregory & Houghton, 2011). Together,
neutrophil infiltration is an important tumour biomarker (Masucci et al., 2019).
Therfore, we analysed whether melanoma growth is associated with neutrophils not

4R24C

only in B16 mouse melanoma model but also in Hgf-Cdk mouse melanoma

model.

A key genetic abnormality usually observed in melanoma patients is the insufficient
control of the G1 phase in the cell cycle. This could be due to loss of function of the
cyclin-dependent kinase inhibitor or CDK4 gain of function (Chudnovsky et al., 2005;
Chin, 2003; Curtin et al., 2005). Depletion of the cyclin-dependent kinase inhibitor
(Paul Krimpenfort et al., 2011; Sharpless et al., 2001) or mutation in the CDK4 gene
mainly the CDK4"?*® promotes melanoma development in mice. Additionally,
CDK4R?4¢ mutation was detected in some rare melanoma cases (Wolfel et al., 1995;
Zuo et al., 1996). Mice overexpressing Hgf serve as suitable mouse model as the
resulting melanomas spread in the skin in a way similar to human which is not found
in other mouse melanoma models (Noonan et al.,, 2001). Taken together, the Hgf-
Cdk4™?*“ mouse melanoma model represents an experimental mouse model that can

be used to study the biology of melanoma, as it closely resembles melanoma
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development in humans. We used this mouse model in addition to the B16 mouse
model to study the impact of XIAP in a more close resembled model to the melanoma
development in humans. Similar to B16 mouse model, tumour volume was markedly
reduced in the Hgf-Cdk4™?* XIAPX® mouse model (Figure 3.13A and B).
Additionally, in line with XIAPX®, RIPK2X® or TAB1X® B16 mouse melanoma tumours
(Figure 3.11A), we could detect reduction in the expression levels of Cxcll and
Cxcl10 in tumours isolated from the Hgf-Cdk4™?* XIAP® mouse model (Figure
3.13D). Thus, XIAP mediates chemokines secretion and supports melanoma growth

in Hgf-Cdk4"**“ mouse model similar to the B16 mouse model.

Our data showed an association between neutrophil infiltration and enhanced XIAP
expression in tumour samples derived from melanoma patients (Figure 3.10).
Leucocyte infiltration in various tumour tissues was previously described (Vakkila &
Lotze, 2004; Hanahan & Weinberg, 2011b). The tumour can promote its growth by
releasing chemokines and cytokines that recruit leukocyte to the tumour
microinvironment. Recruited leucocyte in turn increase the production of different
components that promote tumour growth by secreting growth factors and angeogenic
factors (Arenberg et al., 2000; Mantovani et al., 2002; Vakkila & Lotze, 2004). Human
and mouse chemokines like IL8 and KC (Cxcl1) can attract and activate neutrophils
(Opdenakker & Van Damme, 2004; Gijsbers et al., 2005). Thus, we investigated
whether XIAP-RIPK2-TAB1 complex mediated chemokine secretion is important for
neutrophils infiltration first in B16 melanoma tumours. Our data revealed for the first
time that depletion of XIAP, RIPK2 or TAB1 in B16 tumours resulted in reduced
neutrophil infiltration (Figure 3.11B and C) but did not affect other immune cells (Fig
3.11D). Reduced neutrophil infiltration was also found in tumours isolated from the
Hgf-Cdk4R?*¢ XIAPX°® mouse model (Figure 3.13E, F, G and H). Monocytes were
also described to be attracted to the tumour tissues via chemokines released from
the tumour. The monocytes can be differentiated into macrophages, which in turn can
promote tumour growth (Vakkila & Lotze, 2004; Jerrells et al., 1979; Mantovani et al.,
1979). In contrast, infiltration of other immune cells like T cells, natural killer cells or
myeloid dentritic cells into tumour tissues was described to induce an immunological
response and thus improve patients prognosis (Vakkila & Lotze, 2004) in ovarian

cancer (L. Zhang et al., 2003) and gastric cancer (Ishigami et al., 2000). This further
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showing that in melanoma, neutrophil infiltration was the main factor involving tumour
growth as there were no differences in other immune cells like macrophages, T cells
or dentritic cells (Figure 3.11D).

To further investigate whether neutrophils are the main dirver of melanoma growth in
our mouse model, we depleted neutrophils experimentally using a Ly6G specific
antibody, which was previously described (Lakritz et al., 2015). Indeed, neutrophil
depletion resulted in reduced tumour volume in B16 WT melanoma to the same level
as XIAPX® melanoma tumours (Figure 3.12). This indicates that the reduced tumour
growth in B16-XIAP*® melanomas was mediated by reduced neutrophil recruitment
(Figure 3.1). Taken together, our data could show for the first time that the XIAP-
RIPK2-TAB1 complex stimulates the expression and secretion of chemokines that
are responsible for intra-tumoural neutrophil infiltration and therby facilitates tumour
growth. Thus, disrupting the signalling cascade might present an additional strategy

to therapeutically target melanomas in the future.
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4.6 Conclusion

XIAP was mainly studied as an inhibitor of apoptosis protein due to its ability to
directly interact and block caspase activity. In line, resistance to apoptosis in cancer
was considered as a result of enhanced XIAP expression in tumour tissues (Kashkar,
2010). However, accumulating evidence indicated that XIAP plays a crucial role in
inflammatory signalling. The involvement of XIAP in inflammation was shown in the
TGFB/BMP signalling pathway through interaction with TAB1l. Moreover, XIAP
interaction with RIPK2 is essential for RIPK2 ubiquitylation and NOD1/2 signalling
leading to NFkB activation and cytokine secretion (Heim et al., 2020; Krieg et al.,
2009). Therefore, XIAP is considered as a therapeutic target in immune diseases and
recently developed small molecules could successfully disrupt the XIAP-RIPK2
interaction and thus abrogate the inflammatory signalling (Goncharov et al., 2018;
Hrdinka et al., 2018; Nachbur et al., 2015).

By using human melanoma cell lines, model cell lines, tumour tissues derived from
patients and two mouse melanoma models, our study conclusively demonstrates that
XIAP supports melanoma tumour growth through interaction with RIPK2 and TAB1.
The XIAP-RIPK2-TAB1 signalling complex in turn induced the expression and
secretion of chemokines, especially the CXCL members including IL8, which
mediates intra-tumoural neutrophil infiltration and thus supports melanoma

progression (Figure 4.1).

Targeting neutrophils in cancer was previously described either by blocking the IL8
receptor axis or by blocking neutrophil derived substances (Masucci et al., 2019;
Gregory & Houghton, 2011). In our study, we observed that XIAP-RIPK2-TAB1
signalling complex mediated tumour neutrophil infiltration and melanoma tumour
growth. Thus, XIAP-RIPK2-TAB1 complex represents a novel and valuable
therapeutic target for cancer therapies.
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Melanoma neutrophil
infiltration
Tumour growth

Figure 4.1: XIAP supports melanoma tumour growth through interaction with
RIPK2 and TAB1

Enhanced XIAP expression in melanoma can form a complex with RIPK2 and TABL1.
XIAP-RIPK2-TAB1 signalling complex induces the expression and secretion of
chemokines, especially the CXCL family like IL8, which mediates intra-tumoural
neutrophil infiltration and thus supports melanoma progression.
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6 Appendix

6.1 Appendix Table

XIAPK® (clone 1)

The table shows all
Unchanged Cytokine/chemokine
Cytokine/chemokine transcripts, which showed 2-fold up-regulation were plotted as
red dots. Cytokine/chemokine transcripts, which showed 2-fold down-regulation were

plotted as green dots.

B16 XIAPKO B16 WT Ilfng NIA NIA NIA Mo change
Target (clone 1) Normalized B16 WT Compared to 1110 MiA INIA INIA Mo change
Normaliz_ed Expression Regulation | Regulation Threshold 11 MNIA MNIA MNIA No change
_ Expression 12a MIA MIA MIA Mo change
|_Adipog M/A M/A M/A Mo change 113 NIA NIA NIA Mo change
|_Areg N/A N/A N/A No change 15 0.00053 0.00058 | 1.09331 No change
| Bmp2 it it it No change 17a N/A N/A N/A No _change
ﬂp‘; IN/A, IN/A, IN/A, E” change M7t NIA NIA NIA No change
—%3-:’1 H-;-: H-;-: H-;-: Lo E;ﬁgﬁ-ﬂ-g 118 0.00472 0.00411_| -1.14901 No change
ande a NI NI N/A No change
Ccl12 IiA IiA IiA Mo change
IMb MiA MiA MiA Mo change
Ccli7 A A A Mo change
Ccl20 A A A No o 112 IiA IiA IiA Mo change
Ccl2ic A A A No change 121 NIA NIA NiA No change
Ccl22 A A A No change li23a 0.00023 0.00231 | 2.87043 Up regulated
Ccl4 NIA NJA NI No change 3 NIA NIA NIA MNo change |
Ccl5 0.05087 0.19657 3.8641 Up regulated li4 MNIA MNIA MNIA Mo change
Cd40lg MIA MIA MIA Mo change 5 MiA MiA MiA Mo change
Cntf 0.00025 000077 | 304209 Up requlated 6 MNIA MNIA MNIA Mo change
Csf1 0.00024 NIA NIA Mo change 7 A A A Mo change
Csf2 IIA IIA IIA Mo change 19 MNIA MNIA MNIA Mo change
Csf3 I I I Mo change Kitl MiA MiA MiA Mo change
Cx3cll INiA INiA INiA Mo change Lep MNiA MNiA MNiA Mo change
Cxcl1 000708 0.00116 -6.1298 Down regulated Lif 0.00036 0.00118 3.2704 Up regulated
Cxcli0 0.02612 001029 | -253831 Down regulated Lta 0.00041 0.00116 | 2.83778 Up regulated
Cxcl12 MIA MIA MIA Mo change Mif 0.43959 0.3781 -1.16264 Mo change
Cxcl3 IIA IIA IIA Mo change Mstn MIA MIA MIA, Mo change
Cxcld IIA, IIA, IIA, Mo change Nrg1 0.00042 NIA NIA Mo change
|_Edn1 NIA NIA NIA Mo change Osm NIA NIA NIA No change
Fasl N/A N/A N/A No change PCR 2531 5.4409 1.9219 No change
| Faf2 N/ N/ N/ No change Pfa NIA N/A NIA No change
|-Gapdh IN/A, IN/A, IN/A, Mo change Ppb NIA NIA NIA No change
Gdf10 NIA NIA NIA Mo change 1D A
lange
—carie A A A N chonee RQ1 0.00172 0.0044 2 56236 Up regulated
ande RQ2 NIA NIA NIA No change
_QDNA LA LA LA Mo change RT NIA NIA NIA No change
Gm12597 DA DA DA Mo change 4
Gm13280 N/A N/A N/A No change Scq2 N/A N/A N/A Nochange |
Gpit 0.6667 173443 | 260153 Up requlated Sectmia NIA NIA NIA No change
Gm 0.00021 0.00078 | 368691 Up regqulated Slurp1 N/A N/A N/A No change
[ Hmani 000453 0.01352 | 292388 Up requiated Spp1 0.00089 0.00053 | -1.68551 Mo change
Hprt MIA MIA MIA Mo change Thp 0.00084 0.00154 1.82148 Mo change
lfnal MIA MIA MIA Mo change Tgfb2 0.0009 0.00085 -1.05287 Mo change
Ifnat2 IIA A A Mo change Thpo MIA MIA MIA Mo change
fnal3 A A A Mo change Tnf MNiA MNiA MNiA Mo change
Ifnal4d IIA IIA IIA Mo change Tnfrsf11b INIA INIA INIA Mo change
lina2 IIA i i Mo change Tnfsf10 INIA INIA INIA Mo change
lfnab MIA MIA MIA Mo change Tnfsf11 NIA NIA NIA No change
|_Ifna7 DA DA DA Mo change Tnfsf13b 0.00047 0.00113 24113 Up regulated
Ifnad NA NA NA Mo change Vegfa 0.10353 038516 | 372034 Up regulated
linab 0.00184 INIA INIA Mo change Wnt1 MIA MIA MIA No change
Ifnb1 I/A I/A I/A Mo change Whit5a A A A Mo change

transcripts

were

plotted as

1: Cytokine/chemokine transcripts in B16 WT vs B16-

the cytokines and chemokine presented in Figure 3.3A.
black dots.
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B16 XIAPKC ling Mo change
Target | (clone 2 s T, | B16 wr | Compared fo 10 No change
Normahz_ed Expression Regulation Th:eshold i Mo change
Expression I112a Mo change
Adipoq Mo change 113 Mo change
Areg Mo change 15 0.00186 0.00058 [-3.17238 | Down regulated
Bmp2 Mo change 117a Mo change
Bmp4 Mo change M7f Mo change
Bmp7? Mo change g 0.00233 0.00411 1.76196 Mo change
Ccl11 Mo change Ma Mo change
Ccl12 Mo change b No change
Cclh7 Mo change n2 No change
Ccl20 Mo change 121 Mo change
Cel2ic No change | 123a 0.00213 | 0.00281 | 1.32442 | No change
Ccl22 Mo change 3 No change
Ccl4 Mo change I No change
Ccls 0.00268 0.19657 73.38654 Up regulated 5 No change
Cd40ig Mo change 16 No change
Cntf 0.00144 0.00077 -1.87539 Mo change 7 No chanae
Csi1 Mo change g
Csf2 Mo change ”_g Mo change
Csf3 No change Kitl Mo change
Cx3cl No change Lep Mo change
Cxcll 0.00329 0.00116 -2 84641 |Down regulated Lif 0.00119 Mo change
Cxcl10 0.01976 0.01029 -1.92035 No change Lta 0.00105 0.00116 | 1.09702 Mo change
Cxcl12 Mo change Mif 0.39175 037810 -1.03612 Mo change
Cxcl3 Mo change Mstn Mo change
Cxcl9 Mo change Nrg1 0.00110 Mo change
Edn1 Mo change Osm Mo change
Fasl Mo change PCR 7.97213 544090 |-1.46522 No change
Fgf2 Mo change PfA No change
Gapdh Mo change Ppbp No change
Gdf10 No change RQ1 0.00146_| 0.00440 | 3.01870 | Up regulated
GdfM5 Mo change RQ2 Mo change
gDONA Mo change RT No change
Gm12597 0.00070 Mo change
Gm13280 No change Sco2 No change
Gpit 0.40120 173443 | 432312 | Up regulated Sectmia Mo change
Gm 0.00007 No change Slurp1 0.00058 Mo change
Hmgb1 0.00440 0.01352 207307 | Up regulated Spp1 000114 | 000053 |-216586 | Down regulated
Hprt No change Thp 0.00137 Mo change
Ifnal No change Tafb2 0.00348 0.00085 -4.08559 | Down regulated
lfna12 Mo change Thpo Mo change
Ifna13 No change Tnf Mo change
Ifnald Mo change Tnfrsf11b Mo change
Ifna2 Mo change Tnfsf10 Mo change
Iinaé Mo change Tnfsi11 Mo change
Ifna7 No change Tnfsf13b 0.00145 0.00113 -1.28486 Mo change
linad Mo change Vegfa 0.18454 0.38516 2.08711 Up regulated
Ifnab 0.00083 Mo change Wni1 Mo change
Ifnb1 Mo change | Whnt5a No change

6.2 Appendix Table 2: Cytokine/chemokine transcripts in B16 WT vs B16-
XIAPK® (clone 2)

The table shows all the cytokines and chemokine presented in Figure 3.3A.
Unchanged Cytokine/chemokine transcripts were plotted as black dots.
Cytokine/chemokine transcripts, which showed 2-fold up-regulation were plotted as
red dots. Cytokine/chemokine transcripts, which showed 2-fold down-regulation were
plotted as green dots.
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No. Sex M(1)F(0) Age (Y) Localisation TD in mm XIAP CD177
1 0 80 foot - + -
2 0 78 foot 0.49 - -
3 1 69 n.i. 1.71 ++ -
4 1 70 torso - - -
5 0 71 leg 4.55 + -
6 0 72 n.i. - ++ +
7 0 73 foot 3.91 ++ -
8 0 84 head - ++ +
9 1 75 hand 37 ++ +
10 1 74 n.i. 1.1 ++ +
11 1 44 leg 1.46 +H+ +
12 1 70 torso 9.6 +++ +
14 1 74 foot 6.8 +++ +++
15 1 B84 head 11 ++ +
18 0 46 torso 1.75 +++ ++
19 0 72 leg 2 ++ -

20 1 87 head 46 ++ -

22 1 76 torso 3 +++ -

23 1 67 torso 1.1 ++ -

24 1 50 torso 6.75 +++ -

25 1 58 torso 1.67 +++ -

26 0 70 leg 54 + -

27 0 85 head - ++ -

29 1 i7 torso 6.2 +++ +++

30 1 65 torso 57 +++ +

31 1 77 head 2.28 ++ ++

32 1 46 torso 1.1 +++ ++

33 0 69 head 25 ++ +++

34 0 67 arm 22 ++++ +

35 1 82 head 4 +++ ++

36 1 82 arm 29 +++ -

T 1 75 torso 26 ++ ++

338 0 91 torso 36 ++ -

39 1 74 head 45 ++ ++

40 1 76 arm 4 +++ ++

41 1 82 head 34 ++ ++

42 1 81 arm 48 ++ ++

43 1 76 leg 11 +++ -

44 1 69 arm 25 ++++ +

46 1 73 torso 1.5 ++++ +++

47 0 72 torso 1.2 +++ +

48 1 46 torso 29 +++ ++

49 1 52 foot 3.97 ++ -

50 1 80 leg 2 +++ +++

51 1 80 torso 32 +++ ++++

52 0 37 neck 45 +++ +H++

53 1 72 torso 1.3 +++ ++

54 1 45 head 21 +++ ++

55 0 82 foot 6.5 ++ +++

6.3 Appendix Table 3: Intensities of CD177 and
tumour samples derived from melanoma patients

XIAP immunostainings in

The table shows detailed patients data used in Figure 3.10. Intensities of CD177 and
XIAP immunostainings were qualitatively estimated in the same human melanoma.
Specific staining intensity for XIAP and CD177, corresponding to relative amounts of
infiltrated neutrophils, was arbitrarily set as the following: -, not expressed; +, low; ++,
moderate; and +++, strong expression. The sex, age, localization and the thickness
(TD) of the tumour are shown for every patient.

98



Appendix

XIAP®® mouse 1| Xx1aP™ XIAP™ Compared to o Mo change
Target Normalized Normalized Regulation Regulation 11 0.00054 [ 0.00125 231267 Up regulated
Expression Expression Threshold l112a Mo change
Adipog Mo change 113 Mo change
Areg 0.01460 0.00684 | -2.13474 | Down regulated 15 0.00718 | 0.00753 | 1.04774 Mo change
Bmp2 Mo change 117a Mo change
Bmp4 Mo change M7f Mo change
Bmp7 Mo change g 0.01914 | 0.00433 -4.41623 | Down regulated
Ccl11 0.00281 0.00113 -2.43004 | Down regulated I1a 0.01563 | 0.00703 -2.22401 Down regulated
Ccl12 0.00404 0.00207 -1.95010 No change 11b 0.03223 | 0.00672 -4.79254 Down regulated
Ccl7 0.00540 0.00366 | -147544 Mo change 2 No change
Ccl20 0.00142 0.00111 | -1.28127 Mo change 21 No change
Ccl21c 0.92999 0.10778 -8.62779 | Down regulated I23a 0.00404 | 0.00344 117416 Mo change
Ccl22 0.00127 Mo change 3 000353 No change
Ccld Mo change m No change
Ccls 0.00545 0.00160 -4.02320 Down regulated 5 No change
Cd40ig Mo change 16 N
Cntf 0.00437 0.00557 | 127384 No change 0 change
Csf1 Mo change 7 No change
Csf2 Mo change ns Mo change
Csf3 Mo change Kitl Mo change
Cx3ct Mo change Lep Mo change
Cxcll 0.19287 0.06391 -3.01766 | Down regulated Lif 0.01450 | 0.01363 -1.06420 Mo change
Cxcl10 0.00333 0.00098 -3.39250 | Down regulated Lta 0.02236 | 0.00664 -3.3R8F0 Down regulated
Cxcl12 0.00612 0.00952 1.55695 No change Mif 037555 | 0.08553 -4.39108 Down regulated
Cxcl3 Mo change Mstn | 0.00680 | 0.01188 | 1.74730 No change
Cxclg No change Nrg1 | 0.00376 | 0.00552 | 146714 No change
EF‘;ZT HE EE:ESE osm__| 0.00273 No change
Fafz 0.00095 No change PCR 13.03694 | 18.64120 1.42988 Mo change
_g-Ga ih No change Pi4 0.03025 | 0.01151 -2.62801 Down regulated
Gdf10 Mo change Ppbp 0.00764 | 001282 1.67832 Mo change
Gdf15 No change RQ1 0.00348 | 0.00425 1.21926 Mo change
gDNA Mo change RQ2 Mo change
Gm12597 0.00144 0.00099 -1.45817 Mo change RT No change
Gm13280 Mo change Scg2 Mo change
Gpil 0.46971 0.60460 1.28716 Mo change Sectmia | 0.00783 | 0.00226 -3.46252 Down regulated
Grn No change Slurp1 0.03191 0.00189 | -16.91603 | Down regulated
Hmgb1 0.09846 0.08009 | -1.22950 Mo change Spp1 | 0.03558 | 0.00837 | -4.26279 | Down regulated
Hprt 0.00338 0.00525 1.55023 Mo change Thp 0.00080 Mo change
Iinal 0.00353 0.01084 307321 Up regulated Tafb2 0.01168 | D.00812 428002 No change
Ifna12 0.00169 No change Thpo | 0.00139 | 0.00172 | 123952 | Mo change
Ifna13 0.00081 Mo change Tn 0.00095 No change
Ifnal4 0.00055 0.01068 | 19.34575 Up regulated -
Ifna2 0.00133 0.00370 | 2.84406 Up regulated Tnfrsfi1b No change
a6 0.00066 0.01102_| 16.72450 | Up regulated Tnfsf10 No change
Ifna7 Mo change Tnfsf11 Mo change
Ifnag Mo change Tnfsf13b | 0.00157 | 0.00157 -1.00015 Mo change
Ifnab 0.00958 0.01159 1.20939 Mo change Vegfa 0.75780 | 070239 -1.07889 No change
Ifnb1 Mo change Wnt1 0.00081 0.00622 766397 Up regulated
ling Mo change Whnit5a Mo change

6.4 Appendix Table 4: Cytokine/chemokine transcripts in Hgf-Cdk4®?*¢ Xiap®

(mouse 1) vs Hgf-Cdk4"?*¢ Xiap""

The table shows all the cytokines and chemokine presented in Figure 3.13D.
Unchanged Cytokine/chemokine
Cytokine/chemokine transcripts, which showed 2-fold up-regulation were plotted as
red dots. Cytokine/chemokine transcripts, which showed 2-fold down-regulation were

plotted as green dots.

transcripts were plotted as

black dots.
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o 110 Mo change
r:;ﬁ:: o | xmP™ | pnn | Compared to M1 0.00115 | 0.00125 | 1.08755 | No change
Target . Normalized . Regulation
Normalized Expression Regulation Threshold 112a Mo change
Expression 13 Mo change
Adipog Mo change 115 0.00254 0.00753 [ 2.96019 | Up regulated
Areg 0.01203 | 0.00684 | 176012 | Mo change i17a Mo change
Bmp2 No change 7t Mo change
Bmp4 Mo change 18 0.01238 0.00433 | -2.85668 |Down regulated
Bmp7 Mo change
Ccli 0.00084 0.00113 1.34025 Mo change l1a 0.00311 0.00703 225699 Up regulated
Ccl12 0.00241 0.00207 116423 No change b 0.00081 0.00672 8.32979 | Up regulated
Ccl7 0.00184 0.00366 1.08856 No change li2 Mo change
Ccl20 0.00193 0.00111 -1.74113 No change 21 No change
Ccl21c 020904 | 010779 | -1.93937 Mo change 1238 0.00415 0.00344 | -120643 | Mo change
Ccl22 Mo change I3 0.00224 0.00353 1.57567 Mo change
Ccla Mo change 4 Mo change
Ccls 0.00078 0.00160 2.04868 Up regulated s Mo change
Cd40lg Mo change 103 Mo change
Cnti 0.00274 | 000557 | 202957 | Up regulated 7 Mo change
Csf Mo change [E] Mo change
Csf2 Mo change Kitl No change
Csf3 Mo change Lep Mo change
Cx3cl Mo change Lif 0.00614 0.01363 [ 221882 | Up regulated
Cxcll 0.03907 0.06391 1.63578 Mo change Lta 0.00551 0.00664 1.20530 Mo change
Cxcl10 0.00306 0.00098 -3.11356 |Down regulated Mif 0.18045 0.08553 -2.10985 |Down regulated
Cxcl12 0.00311 0.00952 3.06271__ | Up regulated Mstn 000712 0.01185 | 166936 | No change
Cxcl3 Mo change | Nrg1 0.00552 No change
Cxcl9 Mo change | Osm 0.00103 No change
Edn1 No change | PCR 1418229 | 1864120 | 1.31440 | No change
Ifafz' H” C:—g—a” e P4 0.00506 | 0.01151 | 227531 | Up regulated
—Q-Ga . NE Eh—g—:; : Ppbp 0.00082_ | 0.01282 |15.71206| Up regulated
_£GUT10 o Ch—g—ange RQ1 0.00144 0.00425 | 2.95247 | Up regulated
Gdf15 No change RQ2 No change
gDONA Mo change RT No change
Gm12597 0.00099 No change Scg2 No change
Gm13280 Mo change Sectmia 0.00268 0.00226 -1.18549 Mo change
Gpi1 0.21809 | 0.60460 | 277225 | Up regulated Slurp1 0.04966 0.00189 |-26.32911|Down regulated
Grn Mo change
Hmgb1 0.04569 | 0.08009 | 175272 No change Spp1 0.00557 0.00837 | 150158 | Mo change
Hprt 0.00215 | 0.00525 | 244017 | Up regulated Tbp 0.00030 Mo change
Ifna1 0.00811 | 0.01084 | 133703 No change Tofb2 0.00713 0.00812 | 1.27856 | Mo change
Ifna12 0.00059 0.00159 287717 Up regulated Thpo 0.00096 0.00172 | 1.78615 | Mo change
Ifna13 0.00081 No change Tnf Mo change
lfna14 0.00786_| 0.01068 1.35339 Mo change Tnfrsf11b Mo change
lfna2 000150 | 000379 | 252254 | Up regulated Tnfsf10 Mo change
lfnab 0.01591 001102 | -1.44273 No change Tnfsf11 Mo change
Ifna7 No change Tnfsf13b | 0.00321 0.00157 | -2.04405 |Down regulated
Ifna9 Mo change
lfnab 000655 | 0.01159 176856 Mo change Vegfa 0.26227 070239 | 267807 | Up regulated
Ifnb1 0.00090 Mo change Wnt1 0.00264 0.00622 235159 | Up regulated
Ifing Mo change Whnt5a Mo change

6.5 Appendix Table 5: Cytokine/chemokine transcripts in Hgf-Cdk4®?*¢ Xiap"
(mouse 2) vs Hgf-Cdk4"#*¢ Xiap""

The table shows all the cytokines and chemokine presented in Figure 3.13D.

Unchanged Cytokine/chemokine

plotted as green dots.

transcripts were plotted as
Cytokine/chemokine transcripts, which showed 2-fold up-regulation were plotted as
red dots. Cytokine/chemokine transcripts, which showed 2-fold down-regulation were

black dots.
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+]
r:;ﬁ:: R XIAP™ o Compared to 1§ 1] Mo change
Target | halizeq |Normalized Regulation Regulation 11 0.03002 0.00878 | -3.42096 | Down regulated
Expression | *Pression Threshold I2a 0.00918 Mo change
Adi 0.82939 | 028074 | -2.95428 |Down regulated "3 0.00308 No change
—m‘éﬁq 0.35451 | 0.04815 | -7.36222 |Down regulated ns 002225 | 005300 | 228137 | Up reguiated
Bmp2 Mo change IIII:-;? ED c;ange
o change
%pd' p7 EE Eﬂﬁg—gg I8 0.16634 0.03052 | -5.45046 | Down regulated
Ccl11 0.03503 0.00797 | -4.39573 |Down regulated a 0.07070 0.04949 | -1.42867 | Mo change
Ccl2 0.04376 | 0.01460 | -2.99759 |Down regulated I1b 0.00611 0.04736 | 7.74876 | Up regulated
Ccl17 0.06833 0.02576 -2.65262 |Down regulated 12 Mo change
Ccl20 0.01510 0.00782 -1.93051 Mo change 21 Mo change
Ccl21c 296278 0.75912 -3.80292 |Down regulated n23a 0.05475 0.02423 -2.25912 | Down regulated
Ccl22 0.00895 Mo change | I3 0.03091 0.02488 | -1.24263 | No change
Ccl4 Mo change | 14 No change
Ccls 0.00974 | 0.01129 1.15929 No change 5 No change
Cd4dig Mo change 16 Mo change
((::nfl:lf 0.04942 | 0.03923 | -1.25979 ED c::ange 7 No change
g 0 change
Csi2 No changs | 9 No change
Csf3 Mo change Kitl Mo change
Cx3cl1 Mo change Lep Mo change
Cxcll 058693 | 045011 | -1.30397 No change Lif 0.10747 0.09598 |-1.11970 | Mo change
Cxcl10 0.03417 | 000691 | -494106 |Down regulated Lta 0.16616 0.04674 | -3.55500 |Down regulated
Cxcl12 0.07292 | 0.06708 | -1.08705 Mo change Mif 2.03607 0.60233 | -3.38033 | Down regulated
Cxcl3 Mo change Mstn 021373 0.08366 |-2.55477 | Down regulated
Cxcl9 Mo change Nrg1 0.01166 003884 | 333174 | Up regulated
Edn1 Mo change Osm Mo change
Fasl Mo change | PCR 77.52858 | 131.28207 | 1.69334 | Mo change
—G';ggjh 0.00809 Hg ER%EE— P4 0.06715 | 0.08106 | 1.20703 | Mo change
Gdr10 No chanas Ppbp 0.03270 0.09031 | 276174 | Up regulated
Gdi5 No ch_g_an . RQ1 0.01926 0.02991 | 155279 | Mo change
gDNA Mo change RQ2 No change
Gm12597 | 002155 | 0.00695 | -3.10240 |Down regulated RT Mo change
Gm13280 | 0.00469 Mo change Scg2 Mo change
Gpi1 3225818 425791 1.315898 No change Sectmia 0.09634 0.01593 -6.04653 | Down regulated
Grn Mo change Slurp1 0.36167 0.01328 |-27.22643|Down regulated
Hmgb1 054320 | 0.56401 1.03813 Mo change Spp1 0.08312 0.05892 [-1.41054 | Mo change
Hprt 0.02512 | 0.03696 1.47142 Mo change Thp No change
Ifnal 0.16540 0.07637 -2.16577 |Down regulated Tgfb2 0.08505 0.06424 -1.32397 No change
Ifna12 0.00956 | 0.01187 1.24123 No change Thpo 0.02046 0.01211 | 1.68867 | Mo change
iatd 041714 | 00704 | 47712 | No chance - No change
na L | K 0 change
ifnaz 0.04135 | 0.02660 | 154948 | No change Tnirsf11b No change
Ifnat 0.21176 | 0.07764 | 272738 |Down regulated Tnisf10 No change
Ifna7 No change Tnfsf11 Mo change
ifnad 000729 No ch_g_ange Tnfsf13b | 0.03105 0.01107 | -2.80601 | Down regulated
lfnab 0.14092 | 0.08160 | -1.72702 Mo change Vegfa 7.05005 484660 |-142523 | Mo change
Ifnb1 0.00885 Mo change wnt1 0.04710 0.04380 [-1.07542 | Mo change
Ifng Mo change Wht5a Mo change

6.6 Appendix Table 6: Cytokine/chemokine transcripts in Hgf-Cdk4®?*¢ Xiap®
(mouse 3) vs Hgf-Cdk4"?*¢ Xiap""

The table shows all the cytokines and chemokine presented in Figure 3.13D.
Unchanged Cytokine/chemokine

plotted as green dots.

transcripts were plotted as
Cytokine/chemokine transcripts, which showed 2-fold up-regulation were plotted as
red dots. Cytokine/chemokine transcripts, which showed 2-fold down-regulation were

black dots.
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7 Abbreviation

°C Degree Celsius DNA Deoxyribonucleic acid
Mg Microgram EDTA Ethylenediamine-tetraacetic acid
I Microliter et al. et alteri /-a /-um (and others)
MM Micromolar FCS fetal calf serum
BSA Bovine serum albumin GFP Enhanced greeq fluorescent
protein
clAP Cellular IAP IAP Inhibitors of apoptosis protein
kDa Kilodalton IBM IAP-binding motif
DMSO Dimethylsulfoxid IF Immunofluorescence
IP Immunoprecipitation L18-MDP L18- Muramyl dipeptide
NFkB Nuclear Factor kB MAPK Mitogen activated protein Kinase
Mitochondrial outer
MOMP membrane PBS Phosphate buffered saline
permeabilisation
Polymerase chain .
PCR reaction pH potential hydrogen (lat.)
Receptor-interacting
RIPK serine/threonine-protein rpm Revolutions per minute
kinase
RT Room temperature SD standard deviation
SDS Sodium dodecylsulfate SEM Standard error of the mean
Second mitochondrial
SMAC derived activator of TNF Tumour necrosis factor
caspases
WB Western Blot XIAP X-linked inhibitor of apoptosis
% . - .
Percent sign ANOVA One-way analysis of variance
min Minute(s) H&E Haematoxylin&Eosin
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Abstract

Elevated expression of the X-linked inhibitor of apoptosis protein
(MIAP) has been frequently reported in malignant melanoma
suggesting that XIAP rend ers apoptosis resistance and thereby sup-
ports melanoma progression. Independent of its anti-apoptotic
function, XIAP mediates cellular inflammatory signalling and pro-
motes immunity against bacterial infection. The pro-inflammatory
function of XIAP has not yet been considered in cancer. By provid-
ing detailed in witro analyses, utilising two independent mouse
melanoma models and including human melanoma samples, we
show here that XIAP is an important mediator of melanoma
neutrophil infiltration. Meutrophils represent a major driver of
melanoma progression and are increasingly considered as a valu-
able therapeutic target in solid cancer. Our data reveal that XIAP
ubiguitylates RIPK2, involve TABL/RIPK2 complex and induce the
transcriptional up-regulation and secretion of chemokines such
as IL8, that are responsible for intra-tumour neutrophil accumula-
tion. Aleration of the XIAP-RIPK2-TABL inflammatory axis or the
depletion of neutrophils in mice reduced melanoma growth., Our
data shed new light on how XIAP contributes to tumour growth
and provides important insights for novel XIAP targeting strategies
in cancer.

Keywords melanoma; neutrophil; RIPKZ; TABL XIAP

Subject Categories Cancer; Immunology, Signal Trensiuction
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2022 | Accepted 31 March 2022

EMBO Reports (2022) e 53608

Introduction

Cutaneous melanoma is a devastatingly aggressive malignancy aris-
ing through the transformation of melanocytes. If detected early,
surgical excision with appropriate margins yields a favourable prog-
nosis. Undetected twmour lesions however can grow and progress (o
invasive disease with a much less favourable course. Genetic, func-
tional and biochemical studies suggested apoptosis resistance as one
of the major drivers of melanoma progression (Soengas & Lowe,
2003). Elevated expression of the ¥-linked inhibitor of apoptosis
protein (XIAP) has been frequently associated with melanoma pro-
gression in patients (Emanuel et al, 2008; Hiscutt et al, 2010; Ayachi
et al, 20019) and several previous studies indicated that XIAP
targeting can promote susceptibility o apoptosis in melanoma cells
(Lecis et al, 2000; Seeger et al, 2010b; Hornle et al, 2011). Together,
these studies highlighted the therapeutic value of XIAP targeting
strategies in melanoma treatments,

X-linked inhibitor of apoptosis proteln consists of three Baculo-
virus IAP Repeat (BIR 1-3) motifs promoting protein—protein inter-
action and a Really Interesting New Gene (RING) domain (Liston
et al, 1996; Uren et al, 1996; Farahanl et al, 1997) which confers
ubiquitin ligase (E3] activity (Yang & al, 2000; Makatani et al,
2013). Inital studies identified BIR2, BIR3 and the linker element
between BIR1 and BIR2 domains as the responsible caspase bind-
ing/inhibitory elements of XIAP rendering apoptosis resistance
(Eckelman & al, 2006). Independently, XIAP has been long known
to induce NFxB activation and MAP kinase signalling by involving
TGFp-activated kinase 1 (TAK1) (Yamaguchi et al, 1999) upon
direct interaction with the TAK] binding protein (TAB1]) via its BIR1
domain (Lu et al, 2007) . Further studies showed that XIAP interacts
via its BIR? domain with the kinase domain of the receptor-
interacting protein kinase 2 (RIPKZ), an adaptor of the NOD
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