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Jirg Tschopp not only made enormous contributions to the
fields of cell death and inflammation research, he also inspired
discoveries by others. This article is however not an obituary,
noris itin the strictest sense a review of the literature. What we
have tried to do is describe a continuing scientific story
that acknowledges Jirg’s direct and indirect influence with
particular reference to our own fields of research, TNF,
inhibitor of apoptosis proteins (IAPs) and inflammation.

My first real experiences of Jurg, which later led to James’
postdoc with him, was a short sabbatical in the European
summer of 2005 in the Department of Biochemistry,
Lausanne, Switzerland. With my puritanical upbringing I'd
always viewed sabbaticals as long holidays, but the experi-
ence in Jirg’s lab was so invigorating that | have completely
changed my stance and now see them as a catalyst of
scientific development.

I'd chosen Jirg's lab because he was an acknowledged
expert in the TNF signalling field. He first identified perforin'
and, at the same time as another group, characterised its role
in cytolytic T-cell mediated lysis.?* This earlier period of his
work is well reviewed in this tribute edition by Chris Bleackley®
and Joe Trapani.® But it was his demonstration that Fas
(CD95) also contributes to this process® that heralded the
beginning of his groundbreaking contributions to the TNF field,
reviewed in this issue by Thomas Kaufmann and Andreas
Strasser,” and Peter Krammer.® He subsequently identified
TNF superfamily (TNFSF) ligands and receptors involved in
lymphocyte homeostasis, haematological cancers and
auto-immune disease.®'® Over the years his laboratory also
examined how death and pattern recognition receptors (PRR)
signal apoptosis and activate NF-«B,""™'* and in two seminal
papers identified and characterised how viral FLICE-inhibitory
protein (vFLIP) and mammalian cFLIP prevent death receptor
killing by inhibiting caspase-8."%1¢

At the time, however, | was impressed by his dissection of
TNF receptor 1 (TNFR1) signalling. In 2003, his lab showed
that TNF ligation of TNFR1 results in the rapid formation
of a cell surface signalling complex (complex 1) containing
TNFR1/TRADD/TRAF2/RIPK1 and cellular inhibitor of apop-
tosis proteins (clAPs) that activates NF-xkB to induce the
transcription of cytokines and pro-survival genes.17 His insight
was to realise that complex 1 did not contain FADD or

caspase-8, and that a second death inducing complex
(complex 2) containing active caspase-8 formed in the cytosol
following TNFR1 internalisation. Similar findings from Stefan
Schiitze’s group demonstrated that TNFR1 complexes must
be endocytosed for TNFR1-induced killing to occur.®

Jirg’s lab therefore was an ideal place to begin exploring
what IAPs were doing at TNFSF receptors. Although clAP1
and CclAP2 had been identified binding indirectly
to TNFR2 through TRAF2,'® and TRAF2 was known, or
predicted, to bind to several TNFSF receptors, at this stage no
one had clearly identified what clAPs actually did within these
signalling complexes. Upon arriving in his lab | was lucky to
be on a bench next to Fabio Martinon and was able
to interrogate him about a new multimeric protein complex
he and Jurg had discovered. They had named it the
inflammasome, as it was required for caspase-1 cleavage of
the pro-inflammatory cytokines IL-18 and IL-18 into their
mature bioactive fragments.?° Jiirg’s pivotal contribution to
this field is nicely reviewed by Maya Saleh.?! | was also given
unlimited access to the phenomenal collection of reagents
that Pascal Schneider had assembled. Along with other
helpful lab mates like Margot Thome, Etienne Meylan, Antoine
Tinel and Sophie Janssens who have contributed a review on
the Piddosome to this edition,?? it was obvious that another of
Jurg’s talents was to assemble great scientists around him. |
was surprised to find that Jiirg regularly wandered into the lab,
not to check whether people were still at work, but to explore
some ‘crazy’ idea he’d just had. His previous crazy ideas
included the inflammasome, so it was worth listening to them.
Even if (by his own admittance) most of the ideas were unlikely
to hold up, the obvious enjoyment that Jiirg displayed for the
process of scientific discovery was infectious. At the time he
was also running two successful companies and to this day |
can’t work out he juggled it.

My time was soon over, but my head was different; it was full
of an excitement that the post-doc period had never killed but
had dimmed. My suitcase was also full of the generous gifts of
Pascal and Jurg, not Swiss chocolates, but a construct for
every TNFSF receptor and every TNFSF ligand. On my return
to Melbourne | got to work exploring how IAPs could regulate
TNFSF receptors. Soon after | returned, | was lucky to have
James join me for his postdoc and things kicked off.
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We wanted to work with endogenous TNFSF receptors, so
we screened every cell line we had with the ligands that
Pascal and Jirrg had, so generously, given me. Straightaway
we found something interesting; that TWEAK ligand bound to
every adherent cell line we could test. We showed that it was
binding Fn14 and hypothesised that the probable reason for
the ubiquitous expression of Fn14 was that many of the
growth factors able to stimulate Fn14 induction are present
in serum.23 As serum promotes wound responses in vivo and
in vitra®*?® this led us, and others, to propose that TWEAK/
Fn14 might be important in the wound response, tissue
remodelling and cancer.272°

We observed that TWEAK engagement of endogenous
Fn14 lead to the limited degradation of clAPs. At around the
same time we received a smac-mimetic compound from Mark
McKinlay, Srinivas Chunduru and Stephen Condon at
TetraLogic Pharmaceuticals. Like treatment with TWEAK,
smac-mimetic treatment of cells promoted clAP1 degradation
(more efficiently than TWEAK) and this led us to hypothesise
that smac-mimetics and TWEAK share downstream effects.
This hypothesis gave us a considerable advantage in
determining how smac-mimetics might work because there
was already some literature on TWEAK signalling. One of the
unexpected scientific seeds that Jirg’s lab planted for us was
a paper from Pascal Schneider®® who, together with Harald
Wajant’s group, showed that TWEAK induced TNF to kill
Kym1 cells. We therefore proposed that smac-mimetics
induced TNF to kill cancer cells. This notion turned out to be
correct as we were subsequently able to demonstrate that
smac-mimetics induced TNF to kill Kym1 cells, just like
TWEAK.?"%2 We went on to show that smac-mimetics
activated NF-xB and that NF-xB drove TNF production.
Although most cells are normally resistant to TNFR1-induced
killing, the loss of clAPs also sensitised tumour cells to death
receptor-induced apoptosis.®' It was gratifying for us that
similar findings were simultaneously made by groups using
independently developed smac-mimetics.®*® Even here
Jirg had an influence because he introduced us to one of
these groups headed by Leigh Zawel in Novartis and
encouraged us to share data and co-submit.

One of the open questions that remained was why smac-
mimetics sensitised cells to TNF killing. Several groups
working on this question demonstrated that clAPs ubiquitylate
RIPK1, a function that had previously been assigned to the
clAP-binding partner TRAF2. clAP ubiquitylation of RIPK1
in response to TNFR1 activation has two significant con-
sequences: (i) ubiquitylated RIPK1 promotes IxB kinase
complex recruitment, and activation and downstream NF-xB
signalling and (ii) ubiquitylated RIPK1 is limited in its
association with FADD and caspase-8.2%2 Hence, smac-
mimetic treatment sensitises cells to TNF killing by blocking
the TNFR1-induced canonical NF-xB pro-survival response
and simultaneously promoting the formation of a RIPK1/
FADD/caspase-8-killing complex. clAPs can also regulate the
formation of a similar RIPK1 containing death-inducing
complex from other receptors such as Fas.*3 clAP deletion
mimics smac-mimetic treatment and largely prevents TNFR1
from activating canonical NF-xB.** In addition to clAP
ubiquitylation of RIPK1, clAPs and their E3 activity are also
required for linear ubiquitin chain assembly complex (LUBAC)
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recruitment to TNFR1.*®* LUBAC activity increases
TNF-induced activation of NF-xB and also limits TNF-induced
killing.*5—4°

In 2009, several groups demonstrated that in the absence
of caspase function, death receptors could induce pro-
grammed necrosis, termed necroptosis, that was mediated
by RIPK1 and RIPK3.5%-%2 Furthermore, the deletion of RIPK3
in mice limited inflammatory responses in cerulein-induced
pancreatitis and viral infection.®%2%* | oss of RIPK1 ubiqui-
tylation following smac-mimetic treatment facilitates the
formation of RIPK1/FADD/caspase-8/cFLIP complexes that
are capable of signalling apoptosis or RIPK1/RIPK3-depen-
dent necroptosis.*3®1:55:56 Both FADD and caspase-8 nega-
tively regulate RIPK1/RIPK3-induced cell death, probably
via proteolytic cleavage of RIPK1 and/or RIPK3,5"7%° and
recent studies show that the death of FADD and/or caspase-8
knockout T-cells and epithelial cells, and embryonic lethality
is rescued by the codeletion of RIPK3.5°%® The essential
downstream substrates of RIPK3 required for necroptosis are
still unknown, but mitochondrial dysfunction and the genera-
tion of reactive oxygen species (ROS) are believed to be
important.®3648% Again Jiirg was ahead of the field having
described the requirement for FADD, RIPK1 and RIPK1
kinase activity in a necrotic signalling program mediated
by death receptor engagement in 2000.%¢ Jiirg certainly found
the new findings not only gratifying, because they validated
his earlier study, but also exciting, and the excitement of this
new area of cell death research is captured in the reviews by
Marie Lise Gougeon,®” Nele Vanlangenakker and Peter
Vandenabeele,®® and Pascal Meier and Maurice Darding.®°

His current work suggested that ROS production may be a
modulator of NLRP3/caspase-1 inflammasome formation,”®
but the source of ROS remained unclear. His lab, and other
groups, had recently ruled out NADPH oxidase induced ROS
in NLRP3 activation, and his theory was that mitochondrial
ROS participated in NLRP3 inflammasome assembly.”’
Being a lateral thinker Jurg immediately saw the potential link
between RIPK3, mitochondrial ROS and NLRP3 function.
Although RIPK3 turned out not to regulate known activators of
NLRPS3 function, it did fit with Jiirg’s theory that mitochondrial
metabolism might hold the key to host innate immune
responses and be involved in many disease states, such as
type |l diabetes, Alzheimer’s and Parkinson’s, that harbour an
underlying inflammatory state. These theories stemmed from
studies linking these diseases to defective mitochondrial
metabolism and inflammation, and some of these ideas were
put forward in one of the the last reviews he wrote.”?

Of course, back in 2005 Jirg’s group, along with several
others, had already linked innate immune signalling to the
mitochondria through the identification of CARDIF (also
known as MAVS/IPS-1/VISA)."®737® CARDIF is a down-
stream signal transducer of the cytosolic RNA helicase RIG-I,
which detects and responds to viral RNA products to induce
NF-«xB and type | interferon responses. Quite unexpectedly,
CARDIF was found tethered by a transmembrane domain to
the cytosolic face of the mitochondria and could recruit
activated RIG-I through homotypic CARD—-CARD domain
interactions. Although the reason has not been clearly
established, the localisation of CARDIF to the mitochondria
is essential for its activation of NF-xB and type | interferon.”



However, in line with Jurg’s prescient ideas, mitochondrial
ROS generation has recently been implicated in the signalling
of several PRR, including TLR1, TLR2, TLR4 and RIG-I,
and has been linked to enhanced cytokine production in
patients suffering from TNFR1-associated periodic fever
syndrome.”%~78

Many of the components involved in innate immune
signalling were initially identified as being required for NF-xB
and apoptosis signalling elicited from TNFSF receptors such
as TNFR1. CARDIF is a prime example because, together
with RIG-I, it has been suggested to form a large signalling
platform comprising RIPK1, TRADD, FADD, TANK, TRAF2,
TRAF3, TRAF6, TRIM25, clAPs, LUBAC, IRF3 and IRF7. In
2009, when James joined Jurg’s lab, it therefore made sense
for him to pursue the potential role of IAPs in PRR signalling.

A recent gene duplication event created the clAP1 clAP2
locus and, given the proteins also share 52% identity, it has
been assumed that these |APs overlap in function. The lack of
a strong phenotype in clAP1, clAP2 and XIAP single-knockout
mice re-enforced these ideas. Generating clAP1 and clAP2
double-knockout mice from the single-knockout mice is
practically impossible because clAP1 and clAP2 are only
separated by 17kb. Smac-mimetics have overcome this
technical problem, and provide specific and potent tools to
antagonise clAP1, clAP2 and XIAP function simultaneously.
However, several groups have access to these new tools and
no sooner would James generate some interesting prelimin-
ary data on IAP regulation of PRR than another group would
publish similar findings! These studies indicated that clAPs
regulate cytokine production mediated by TLR2 and TLR4
through the degradative ubiquitylation of TRAF3, and thereby
stimulate MAP kinase activation and cytokine production.”®
In contrast, it has been proposed that clAP-mediated non-
degradative ubiquitylation of TRAF3 and TRAF®6 is required
for CARDIF-mediated NF-«xB and Type | interferon
responses.®° Similar to their capacity to ubiquitylate RIPK1
and promote TNFR1-induced NF-xB, clAPs, and potentially
XIAP, ubiquitylate RIP2 to promote NOD1- and NOD2-
dependent inflammatory responses following NOD detection
of bacterial peptidoglycans.?'-83

clAPs constitutively target NF-xB inducing kinase
for proteasomal degradation and therefore smac-mimetic
treatment of cells induces a strong non-canonical NF-xB
response.®'*5 Jirg’s lab had shown that TNFSF receptors
that induce a strong non-canonical NF-xB response, such
as CD40, could block inflammasome assembly and IL-15
secretion.8* James therefore set out to test the hypothesis
that inhibition of IAPs and the resulting non-canonical NF-xB
could block inflammasome function. However, smac-mimetic
treatment actually caused the activation and cellular secretion
of both caspase-1 and IL-1, and enhanced the inflammasome
activity of cells cotreated with smac-mimetic and known
NLRPS3 inflammasome activators. A few knockout mice down
the line, including analysis of XIAP, clAP1 and clAP2 triple-
knockout macrophages and a year or so later, James has now
shown that the loss of all IAP function specifically activates the
NLRPS3 inflammasome (submitted).

Surprisingly, however, NLRP3 signalling does not account
for all of the bioactive IL-1/ secreted into the cell supernatant
following smac-mimetic treatment, because NLRP3 and
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caspase-1-knockout cells still secrete significant amounts of
mature IL-1/ despite a complete lack of caspase-1 activity.
This was of significant interest to Jirg because in 1995 he had
identified alternate proteases, such as Granzyme A, capable
of cleaving precursor IL-14,%% and caspase-1-independent
IL-1p activation has been shown to occur in vivo following
Mycobacterium tuberculosis infection and during joint inflam-
mation or tissue damage.®® This is now an area of intense
investigation in our lab.

Unfortunately, Jiirg passed away before the conclusion of
this story but there is no doubt that he left an indelible
impression on our work and all who knew him. This article is
not an obituary, nor is it a review. It is a personal perspective
on our research with reference to, and recognition of,
the enormous influence that Jirg and his lab had on it. His
influence was not always recorded in shared authorship of our
papers, even though it was offered to him, because Jiirg
considered that he ‘hadn’t done much’. Whatever his own
assessment, Jirg's achievements are humbling. Moreover,
his respect for scientific values, his generous and open spirit
despite the competitive environment, his encouragement of
young scientists and his scientific imagination are a bright
legacy for future generations of scientists to aspire to.

Our tribute is part of a wider tribute from authors who work in
areas that Jurg contributed to. Some of the reviews have
already been highlighted at an appropriate place in this
editorial but it is a testament to the breadth of Jurg’s influence
that there wasn’t space to discuss his role in other areas that
are also reviewed here, such as the bcl-2 family reviewed by
Meike Vogler,®” caspase-2 reviewed by Doug Green and Lisa
Bouchier-Hayes,®® and autophagy reviewed by Sharad
Kumar et al.®°
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