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ABSTRACT

Inflammasome activation induces caspase-l-depenskecrietion of the proinflammatory
cytokine IL-1B. In addition, caspase-1 activates gasdermin D (@8BPin immune cells
causing pyroptosis, a lytic type of cell deathcbmtrast, UVB irradiation of human primary
keratinocytes (HPKs) induces NLRP1 inflammasomaeavaiibn, cytokines secretion and
caspase-1-dependent apoptosis, rather than pymmptdsre, we addressed the molecular
mechanisms underlying the role of caspase-1 in U\dBiced cell death of HPKs. We show
that GSDMD is a poor substrate of caspase-1 in H&k& that its activation upon UVB
irradiation supports secretion of IlB1We screened for novel substrates of caspased by
mass spectrometry-based approach and identifiedpibeific cleavage of major vault protein
(MVP) at D441 by caspase-1 and -9. MVP is the ncamponent of vaults, highly conserved
ribonucleoprotein particles, whose functions arerfyounderstood. Cleavage of MVP is a
common event occurring in HPKs and fibroblasts ugoieg apoptosis induced by different
stimuli. In contrast, MVP cleavage could not beed&td in pyroptotic cells. Cleavage of
MVP by caspase-1/-9 inactivates this cytoprotecpir@ein. These results demonstrate a pro-
apoptotic activity of caspase-1 and a crosstalkh vdaspase-9 upon inactivation of the

cytoprotective MVP in apoptotic epithelial cells.



INTRODUCTION

Apoptosis is a type of programmed cell death regluior development and homeostasis of
multicellular organisms. Caspases, a group of és@aspecific cysteine proteases, play key
roles in the induction and execution of cell deathbluding apoptosis (Kaufmann and
Hengartner, 2001). They are initially expressedeasymatically inactive pro-proteins and
their activation is tightly regulated. In additidn cell death, several other functions of
caspases were identified (Bell and Megeney, 20BKajina and Kuranaga, 2017).
Caspase-1 is a central regulator of inflammatiorcldaves and thereby activates the pro-
inflammatory cytokines prointerleukin(lIL)land -18 which induce inflammation upon
release (Dinarello, 2009). Sensing of many diffedresses, including endogenous damage-
and exogenous pathogen-associated molecular atténduces assembly of protein
complexes termed inflammasomes (Broz and Dixit,620Canonical inflammasomes consist
of a sensor protein, such as NOD-like receptor (N#rin domain-containing-1 (NLRP1),
NLRP3 or absent in melanoma 2 (AIM2), the adappmpdosis-associated speck-like protein
containing a caspase recruitment domain (ASC) aspase-1. The latter is activated upon
inflammasome assembly (Broz and Dixit, 2016). Imitaasome activation plays a central role
in immunity but contributes also to numerous inflaatory diseases (Strowig et al., 2012). In
immune cells, inflammasome and caspase-1 activatiose a lytic pro-inflammatory type of
cell death termed pyroptosis. Pyroptosis is indugaoh cleavage and activation of gasdermin
D (GSDMD) by either caspase-1 or by the inflammaitaispase-4 and -5 (or caspase-11 in
mice) after non-canonical inflammasome activatisayagaki et al., 2015, Shi et al., 2015).
The N-terminal fragment of GSDMD oligomerizes arafnis pores in the extracellular
membrane, allowing release of II3-And -18 (Ding et al., 2016, Liu et al., 2016)abtdition,
GSDMD pores cause cell lysis by swelling and subsetjdisruption of the cell. Therefore,

in contrast to apoptotic caspases, activation @8anmmatory caspases in certain types of
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immune cells is linked to pyroptosis. However,he sbsence of GSDMD, caspase-1 can also
induce apoptosis (Taabazuing et al., 2017, Tsuadtiygh, 2019).

Keratinocytes are the main cell type of the epidernma stratified constantly renewing
epithelium, which exerts an essential barrier fiomctagainst exogenous insults (Fuchs and
Raghavan, 2002). UVB irradiation of cultured huntari not murine keratinocytes induces
NLRP1-dependent inflammasome activation and secredf IL-13 (Feldmeyer et al., 2007,
Fenini et al., 2018b, Sand et al., 2018), sugggstirat this process underlies sunburn
induction in human (Faustin and Reed, 2008). Régeatcritical role of NLRP1 in human
skin was indeed demonstrated (Grandemange etCd7, Zhong et al., 2016). Activating
mutations of NLRP1 cause inflammatory skin condisicand predispose to skin cancer
development (Zhong et al., 2016). In addition, SNP#e NLRP1 gene are associated with
major inflammatory and autoimmune diseases of kite such as psoriasis and vitiligo (Jin et
al., 2007a, Jin et al., 2007b, Levandowski et2413).

UVB-irradiated human primary keratinocytes (HPK®crete IL-B by an incompletely
understood process, termed unconventional proeareson, which is regulated by caspase-1
(Keller et al., 2008). UVB is a classical inducérapoptosis (Salucci et al., 2012) and HPKs
undergo UVB-induced apoptosis several hours afttammasome activation and cytokine
secretion in a caspase-1-dependent manner (Saibet@l., 2015). As skin cancer is mainly
caused by UVB radiation and antagonized by apoptabVB-induced apoptosis of HPKs is a
highly relevant process.

Here, we characterized the role of caspase-1 fctivi UVB-induced apoptosis of HPKs.
Although expressed, GSDMD is not efficiently acted by caspase-1 in these cells. Instead,
we identified the cytoprotective major vault prot¢MVP) (Steiner et al., 2006) as a substrate
of caspase-1 and -9 in UVB-irradiated HPKs, bub ats other epithelial cells undergoing
apoptosis. Our results suggest that caspase-dagemaetivation of MVP facilitates cell

death. These findings support the concept of aolvement of caspase-1 in apoptosis.
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RESULTS

GSDMD is not efficiently activated by caspase-1 in UVB-irradiated HPK s

As a possible role of GSDMD in HPKs has never baddressed, we analyzed GSDMD
expression and processing in this cell type (FiglkeGSDMD protein was expressed by
HPKs (Figure 1 a-c). When HPKs underwent apopt@dgishours after UVB irradiation
(Sollberger et al., 2015) or upon treatment witausbsporine, GSDMD was processed,
leading to generation of a fragment with a moleculaight between 30 and 53 kDa (Figure
la). This processing was also reported to occungdwapoptosis in other cell types and most
likely reflects inactivation of GSDMD (Taabazuing &., 2017). However, in contrast to
inflammasome-activated THP-1 cells, we detected/ dowwv amounts of the active pore-
forming N-terminal p30 fragment of GSDMD upon caspd activation by either UVB
radiation or treatment with talabostat, an antieumdrug activating the NLRP1
inflammasome (Okondo et al.,, 2017, Okondo et a0182 (Figure 1l1a). Furthermore,
transfection of LPS, which causes activation opeas-4 in human keratinocytes (Shi et al.,
2014), did not result in major GSDMD activation.divupon overexpression of wild-type
caspase-1 in HPKs (Figure 1b), we detected a stexhgrtion of the level of full-length (p53)
GSDMD which most likely represents its degradatiather than its activation. To further
determine the function of GSDMD in HPKs we knockddwn its expression upon
transfection of two different sSiRNAs (Figure 1c aBdpplementary Figure S10). In contrast
to control HPKs, mature ILfl accumulated in these cells 6 hours after UVB iatioh,
whereas the amounts of the cytokine in the supanhatere significantly lower at this time
point. In addition, we detected more cleaved cas8as GSDMD knockdown HPKs and less
LDH release. These experiments suggest a role OiMESIn unconventional secretion of IL-
1B by HPKSs. In immune cells, inflammatory caspasds/aie GSDMD and in turn induce

pyroptosis. In contrast, activation of caspaseHRKs results in formation of only low
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amounts of the pore-forming N-terminal fragment@$SDMD and/or in its degradation.
Furthermore, our findings confirm that living HPKscrete IL-§ upon UVB irradiation and

undergo apoptosis several hours after inflammasatieation (Sollberger et al., 2015).

A mass spectrometry approach identifies major vault protein (MVP) as a substrate of

caspase-1

The fact that caspase-1 activity is required forBdvduced apoptosis of HPKs (Sollberger et
al., 2015) suggests the existence of unknown satbstrof the protease, involved in this
process. Overnight overexpression of wild-type (@&@3pase-1 in HPKs caused activation of
the well-established substrate prolg-hnd the release of the mature cytokine into the
medium (Figure 1b). In addition, cells died by ajosgs reflected by activation of caspase-3
(Figure 1b) without the need of an additional stusuFor the identification of novel caspase-
1 substrates, we used a mass spectrometry-basszhapptandem mass tag (TMT) terminal
amine isotopic labeling of substrates (TAILS) (Kéddl et al., 2010, Kleifeld et al., 2011) and
compared the N-terminomes of HPKs overexpressiranimducible manner either carboxy-
terminal FLAG-tagged wt caspase-1, the enzymayicalactive C285A mutant (mut) or
eGFP (used as a control) (Figure 2a). The idedtiNeterminal peptides were filtered for
those cleaved after an aspartate (D), the typi@dpase cleavage site. This led to
identification of the major vault protein (MVP) aspotential caspase-1 substrate (Figure 2b
and c), cleaved at position 441 (Figure 2d) in HRKen overexpression of wt caspase-1, but
not the inactive mutant or eGFP (Figure 2c).

MVP is an ubiquitously expressed 892 amino acidgono(Berger et al., 2009) and is the
main component of large ribonucleoprotein partidkssned vaults (van Zon et al., 2003).
These organelles have an open barrel-shaped s&uate evolutionary conserved and widely
expressed by different species (Kedersha et a00)19t has been suggested that vaults are

involved in transport processes, immunity, drugistesce of cancer cells, cell death
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susceptibility or/and act as signaling platformerdger et al., 2009, Kowalski et al., 2007,
Ryu et al., 2008, Scheffer et al., 2000, Teng .eCall7).

Cleavage of MVP in the cell lysates used for théeMrinome analysis was confirmed by
immunoblotting using two different MVP-specific @&mdies (Figure 2e), recognizing either
the amino-terminus afMVP (NT)) or the carboxy-terminusoa{MVP (CT)) of MVP
(Supplementary Figure S1). Both the N- and ther@iteal fragments of MVP (p53 and p54,

respectively) were detected (Figure 2e).

Caspase-1 and caspase-9 cleave MVP

In order to confirm cleavage of MVP by caspase-d t@st whether other caspases are able to
target the protein, we incubated recombinant pditMVP with active p20/p10 tetramer of
different apoptotic caspases, including caspadeiduife 3a). Caspase-1 was able to cleave
MVP, whereas caspase-3, caspase-7, caspase-8sedspand caspase-2 were ineffective.
Interestingly, also active recombinant caspasee@veld MVPin vitro (Figure 3a). Moreover,
MVP cleavage was also observed upon incubation mitombinant caspase-6 (Figure 3a);
however, the pattern of generated MVP fragmentsdiféerent compared to the one obtained
upon incubation with recombinant caspase-1 andTHus, caspase-1 and the apoptotic
initiator caspase-9 are able to process MVP innalai mannerin vitro. This finding was
confirmed upon overexpression of MVP and full-ldéngaspase-1 or -9 in HEK293T cells
(Figure 3b).

Furthermore, we tested whether other inflammatagpases are able to cleave MVP by
overexpressing either wild-type caspase-1, caspasmspase-5, or their enzymatically
inactive mutants, with MVP. As positive control féhe activity of the caspases, we
overexpressed prolLBL All wild-type caspases were able to cleave priffLand caspase-1
was the most efficient one. However, in contrastG@®8DMD, which is activated by all

inflammatory caspases (Shi et al., 2015), MVP wdg processed by caspase-1 (Figure 3c).
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Mass spectrometry analysis revealed D441 as thmasasleavage site of MVP (Figure 2d).
In order to confirm this finding, we co-expresseddwype MVP or two MVP mutants
lacking D441, MVP(D441A) and MVP(D441E), togethethwcaspase-1. In contrast to wild-
type MVP, both D441 mutants were cleavage-resistamnfirming this residue as MVP
specific cleavage site (Figure 3d).

In conclusion, caspase-1 and the apoptotic initiat@spase-9 are able to cleave MVP

specifically at D441n vitro and upon overexpression.

MV P cleavage in apoptotic keratinocytes and fibroblasts requires caspase-1/-9

Then, we analyzed MVP cleavage in human primargtkescytes (HPKs) upon induction of
apoptosis. UVB radiation as well as treatment with kinase inhibitor staurosporine are
inducers of apoptosis which is reflected by actorabf the executioner caspase-3, the release
of B-actin to the supernatant (Figure 4a and b) andDdfl (Supplementary Figure S2a). In
addition, MVP was cleaved under these condition§/PMcleavage and apoptosis were
inhibited by treatment of HPKs with the pan-caspadebitor zZVAD (Figure 4a and b),
demonstrating that both processes depend on caapi@dgy. To test, whether MVP cleavage
during cell death is a keratinocyte-specific eveve,analyzed this process in human primary
fibroblasts (HPFs). As these cells are very residia UVB radiation (Supplementary Figure
S2b), we induced apoptosis with staurosporine aedchemotherapeutic drug mitoxantrone
(Supplementary Figure S3 a and b). Comparablegodsults obtained with HPKs (Figure 4a
and b), MVP was cleaved in HPFs undergoing apopt@msi both processes were blocked by
inhibition of caspase activity (Supplementary Fegg&@3 a and b). In contrast, MVP cleavage
could not be detected in THP-1 cells undergoind debth induced by different stimuli
(Figure 4c and Supplementary Figure S2c). Thus, Md/Bleaved in a caspase-dependent
manner in HPKs and HPFs during apoptosis, but mofHP-1 cells, where activation of

GSDMD and pyroptosis occurs. Interestingly, cleavag MVP in GSDMD-knockdown
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HPKs in response to UVB irradiation occurs eardird to a greater extent when compared to
scrambled-transfected cells (Supplementary Figdje S

In order to investigate whether in HPKs cleavagemdogenous MVP in response to UVB
radiation and staurosporine requires caspase-1-@nde downregulated expression of the
proteases by transfection of specific SIRNAs (Sepntary Figure S10) and assessed MVP
cleavage. We observed a decrease in MVP processinged by different apoptotic stimuli
in caspase-1 and -9 siRNA-silenced HPKs (Figureadd)in caspase-9 siRNA-silenced HPFs
(Supplementary Figure S3c) compared to contros ¢athnsfected with scrambled siRNA).
Thus, both caspase-1 and caspase-9 are able tee d¥dP at the endogenous level in

response to different cell death-inducing stimuli.

MV P cleavage by caspase-1/-9 causesitsinactivation rather than its activation

GSDMD, prolL-18 and prolL-18 are well established caspase-1 satlstwhich gain activity
upon processing by the protease. As MVP cleavagedspase-1/-9 is associated with
apoptosis and generates two fragments, p53 MVP NI b4 MVP CT (Figure 2e), we
tested whether their overexpression has any effattsell death. We therefore transfected
HEK293T cells (Supplementary Figure S5a) and HP&spplementary Figure S5b) with
plasmids encoding either full-length MVP, MVP NT,MRA CT or a combination of both
fragments. Overexpression of neither of the cleayagducts led to change in cell lysis when
compared to transfection of cells with an emptyteecrhen, we generated stably genetically
modified HPFs allowing inducible overexpression ether MVP NT or MVP CT
(Supplementary Figure S5c) and, after inductiomexie expression, we triggered cell death
by treatment with staurosporine. Neither overexqpoesof MVP NT nor MVP CT influenced
cell lysis compared to control cells in responsehis stimulus. These results suggest that
MVP-derived fragments do not have a major roleah death and that MVP is not activated

upon cleavage.



MVP downregulation has been associated with relefsaultidrug resistance of cancer cells
(Han et al., 2012, Herlevsen et al., 2007) and ecdth sensitivity to cell death (Pasillas et al.,
2015, Ryu et al., 2008). Therefore, we analyzedrtie of full-length MVP in HPKs in
response to different apoptosis-inducing stimule Wdwnregulated MVP expression in HPKs
using two different specific SiRNAs (Supplement&igure S10) and induced cell death by
UVB irradiation (Figure 5a) or treatment with stasporine (Figure 5b). Cells with reduced
MVP expression displayed increased cell death comdpto control cells (cells transfected
with scrambled siRNA), as reflected by the amoung-actin in the supernatant and LDH
release, cleaved caspase-3 positive and propididide (PI) positive cells (Figure 5a and b).
These effects were also observed in MVP-knockdovat$1in response to treatment with
staurosporine (Supplementary Figure S6a) or mitbgar (Supplementary Figure S6b). On
the other hand, downregulation of MVP expressioflRKs did not influence IL{1release
nor GSDMD activation (p30) upon UVB irradiation (§uementary Figure S7).

As caspase-1/-9 cleaved MVP in response to diffeapaptosis-inducing stimuli in epithelial
cells and as its downregulation supported cell Ideate hypothesized that this cleavage
reflects a reduction in the total amount of fultdggh MVP. Indeed, the levels of full-length
MVP were reduced in HPKs undergoing apoptosis upgviB irradiation or staurosporine
treatment (Figure 5c¢) and in HPFs treated withrstsporine or mitoxantrone (Supplementary
Figure S6¢). Furthermore, MVP mRNA levels were alsduced upon UVB-irradiation of
HPKs (Supplementary Figure S8).

Taken together, these results confirm a role of MPcytoprotection. In addition, the
caspase-1/-9-dependent processing of MVP causastiaal of the amount of the full-length

protein. In turn, a decrease of the cellular l@fdlll-length MVP might support cell death.
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Cleavage-resistant M VP protects from cell death

In order to test, whether the specific cleavagddP at D441 is functionally relevant, we
analyzed the consequences of overexpression of ¥R Meavage-resistant mutant in
epithelial cells in the context of cell death. Wengrated HPKs (Figure 5d) and HPFs
(Supplementary Figure S9) allowing inducible ove@mession of either wt MVP, cleavage-
resistant MVP(D441E) or eGFP. We induced overexgioesof these proteins followed by
induction of cell death by UVB irradiation (Figubel), treatment with staurosporine (Figure
5d and Supplementary Figure S9) or with mitoxargraisupplementary Figure S9).
Overexpression of cleavage-resistant MVP(D441E)iRKs and HPFs conferred protection
against cell death (Figure 5d and Supplementaryr€i§9). These experiments demonstrate
that cleavage-resistant MVP is cytoprotective ahdrefore, the functional relevance of the

specific cleavage at D441.

DISCUSSION

Caspase-1 plays a central role in inflammation biyvating and regulating the secretion
or/and release of the proinflammatory cytokinesllipd3 and -18 (Dinarello, 2009).
Furthermore, caspase-1 activity is required foromwentional secretion of at least some
leaderless proteins in various cell types (Kelteslle 2008). Caspase-1 can induce a lytic type
of cell death, termed pyroptosis, which is maindgctibed in immune cells and is induced by
several different stimuli (Miao et al., 2011). Théscaused by pore formation by the amino-
terminal GSDMD fragment generated upon GSDMD atitva by caspase-1 or other
inflammatory caspases (Kayagaki et al., 2015, $hale 2015). GSDMD-mediated pore
formation allows release of ILBland -18 from pyroptotic cells.

UVB-irradiated HPKs secrete ILB1-18 after about 5 hours (Faustin and Reed, 2008,
Feldmeyer et al., 2007, Fenini et al., 2018b). Homvethese cells do not undergo pyroptosis,

but die by apoptosis several hours later (Solllreegal., 2015). Our experiments demonstrate
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that GSDMD, although expressed by HPKs, is onlyoaraspase-1 substrate in HPKs in
contrast to inflammasome-activated THP-1 cellstelad, GSDMD is degraded in apoptotic
HPKs, as reflected by appearance of a band fovetet&SDMD with a different molecular
weight than the active N-terminal p30 fragment. sTdifferent processing is most likely
mediated by caspase-3 (Taabazuing et al., 201#®rektingly, a knockdown of GSDMD
expression revealed that the low levels of prockssel active GSDMD in UVB-irradiated
HPKs contributed to secretion of Il3,lsuggesting a role of GSDMD in the unconventional
secretion pathway. A recent report demonstratetdddsspase-1 initiates caspase-3-dependent
apoptosis in GSDMD-deficient macrophages (Tsucktyal., 2019). Indeed, UVB-irradiated
GSDMD-knockdown HPKs are characterized by more vedacaspase-3 suggesting more
apoptosis although the release of LDH was also celu These data suggest that
inflammasome-induced GSDMD pores act like a vabrerélease/secretion of caspase-1 and
other proapoptotic proteins (Keller et al., 200Bgrefore withholding caspase-1-dependent
apoptosis. 24 hours after UVB irradiation, apoptdBSDMD-knockdown HPKs released
similar amounts of IL-f as control cells. This release might be mediatgdcdspase-3-
induced activation of GSDME and formation of GSDMé&res, as GSDME is activated by
caspase-3 in HPKs (Wang et al., 2017). In conclysiompared to inflammasome-activated
immune cells, caspase-1 activates only low amoahtSSDMD in UVB-irradiated HPKSs.
This is not sufficient to induce pyroptosis at garine points in these cells. However, this
activation supports unconventional secretion oflfLand prevents caspase-3 activation,
which occurs only at late time points in UVB-irratkd HPKSs.

UVB radiation is the most important risk factor foon-melanoma skin cancer (Leiter et al.,
2014). UVB-induced apoptosis of keratinocytes is/velevant for skin cancer development,
as cell death of damaged tumor cell precursorsgantaes cancer initiation. There is
increasing evidence of a function of caspase-optosis, including UVB-induced apoptosis

of HPKs (Denes et al., 2012, Sollberger et al.,52@un and Scott, 2016, Tsuchiya et al.,
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2019). However, the downstream pathways and suestraf caspase-1 mediating these
processes are poorly described. By a proteomieescwe identified MVP as a substrate of
caspase-1, cleaved at the D441 residue. In additaspase-9 is also able to cleave MVP in a
similar manner as caspase-1l. Caspase-9 is an isiséblinitiator apoptotic caspase
(Kaufmann and Hengartner, 2001, Wurstle et al.,22@hd our results suggest a crosstalk
with caspase-1 in the context of apoptosis, alsditned by a recent publication (Tsuchiya et
al., 2019). Indeed, both proteases contribute tptmsis and MVP processing in HPKs. Our
results confirm earlier reports of an involvemeitcaspase-9 in UVB-induced apoptosis
(Sitailo et al., 2002, Takahashi et al., 2001) anpgport the concept of a role of caspase-1 in
apoptosis, which is becoming increasingly evid&gnes et al., 2012, Sun and Scott, 2016,
Tsuchiya et al., 2019).

MVP is a highly conserved protein and the main congmt of vaults, which are the biggest
ribonucleoprotein particles of the cell (Bergerakt 2009). These organelles are believed to
be involved in several processes, including celtlleresistance (Herlevsen et al., 2007,
Kowalski et al., 2007, Pasillas et al., 2015, Ryale 2008, Scheffer et al., 2000, Teng et al.,
2017). However, the exact molecular mechanismschvhinderlie the role of MVP in
cytoprotection are not known. Our experiments destrate a specific cleavage of MVP at
the D441 residue by caspase-1 and -9 in apoptelie iaducing a reduction in the amounts of
full-length protein. MVP is a very stable proteiittwa half-life of 3 days (Zheng et al., 2005).
Therefore, a rapid downregulation of the full-lamgorm is only possible upon specific
processing and our results suggest that caspase-t9aare involved in this process by
cleaving MVP at residue D441. Downregulation of M\&Rpression sensitizes cells to
apoptosis and, most importantly, overexpressiorcleavage-resistant MVP protects cells
from cell death, demonstrating a functional roletted caspase-specific cleavage. Moreover,
in GSDMD-knockdown UVB-irradiated HPKSs, cleavageW¥/P and caspase-3 occurs earlier

than in control cells, further supporting that MgRcessing is an event related to apoptosis.
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Cleavage of MVP has never been described before.r€aults demonstrate a crosstalk of
MVP with caspase-1/-9 and a negative regulatiorthe cytoprotective protein by these
caspases. As caspase-dependent inactivation of bt¢Rrs during apoptosis induced by
several treatments in epithelial cells, this migétresent a more general event occurring in
apoptotic cells. However, more efforts are neededoider to elucidate the molecular
mechanisms underlying the cytoprotective functibMyP.

MVP cleavage by caspase-1/-9 could be detectedPiisHand HPFs, but not in THP-1 cells.
Instead, the levels of cleaved GSDMD upon caspasetivation were low in HPKs
compared to pyroptotic THP-1 cells and pyroptosisid not be demonstrated in HPKs. This
suggests a certain cell type-specificity for GSDMiadiated pyroptosis. This event seems to
be associated more with inflammasome-activated inamcells than with keratinocytes.
Keratinocytes in the epidermis represent an indisakle barrier and pyroptosis might be
incompatible with this essential function. Howevhgw caspase-1 discriminates between
MVP and GSDMD (and possibly other substrates) es¢hdifferent cell types remains an
open question. The factors, which regulate sulesspécificity of the protease, are not fully
elucidated. It has been suggested that posttraorsdéhtmodifications or binding proteins of
GSDMD determine how efficiently it is cleaved, aetied or degraded (Aglietti and Dueber,
2017). This might be also the case for other casfitasubstrates and even for the protease

itself.
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MATERIALSAND METHODS

Culture and treatment of primary cells

Isolation and culture of human primary keratinosy(elPKs) was performed as described
previously (Fenini et al., 2018a). HPKs were groimnserum-free keratinocyte medium
(KSFM, Thermo Fisher Scientific, Waltham, US-MA)pglemented with epidermal growth
factor (EGF) and bovine pituitary extract (BPE).lI€avere harvested in trypsin/EDTA
solution (0.05%/0.02% w/v) (Thermo Fisher Scienjifand cultured for at least 48 h before
experiments. Cells were pre-treated with i pan-caspase inhibitor zVAD (Enzo Life
Sciences, New York, US-NY) for 1 h before stimwati HPKs were stimulated with either a
dose of 1.75 J/cm UVA, 0.0875 J/crh of UVB (UV802L; Waldmann, Villingen-
Schwenningen, Germany), O staurosporine (Sigma-Aldrich, St.Louis, US-MO)u®I
talabostat (Selleckchem, Houston, US-TX) or tractsi@ with ultra-pure LPS (upLPS,
InvivoGen, San Diego, US-CA). Prior transfectionthmupLPS, cells were treated overnight
with 20 ng/ml interferory (IFNy, Peprotech, Rocky Hill, US-NJ). Transfection wilug/ml
upLPS was performed using Mirus TransIT-X2 (Mirugo BLC, Madison, US-WI) as
transfection reagent. For siRNA-mediated knockdowslls were transfected with 10 nM
SsiRNAs (Sigma-Aldrich, Supplementary Table 1) usingpgrferin (Polyplus, llikirch, France)
as a transfection reagent.

Human primary fibroblasts (HPFs) were isolated froaman dermis upon incubation with a
solution of 1 mg/ml collagenase (Sigma-Aldrich) &h@5 mM CaClin PBS for 2 h at 37 °C.
A single cell suspension was obtained by passiagc#ils through a 100m cell strainer in
DMEM (Thermo Fisher Scientific) containing 25% FB®&AN-Biotech, Aidenbach,
Germany) and 1% antibiotic/antimycotic (A/A, Therasher Scientific). HPFs were grown
in DMEM supplemented with 10% FBS and 1% A/A, hated in trypsin/EDTA solution

(0.05%/0.02% w/v) and cultured for at least 48 folmeexperiments. Cells were pre-treated
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with 10 uM pan-caspase inhibitor zVAD for 1 h before stintigia. For siRNA-mediated
knockdown, cells were transfected as describedealddi?Fs were treated with either Qg
staurosporine, the indicated dose of mitoxantr@ignga-Aldrich), exposed to a dose of 1.75

Jicnf UVA or 0.0875 J/crhof UVB.

Human biopsies

The skin biopsies were collected with informed tent consent upon approval from Local

Ethical Committees and were conducted accordingegdeclaration of Helsinki Principles.
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FIGURE LEGENDS

Figure 1. Gasdermin D is not efficiently activated by caspase-l in human primary
keratinocytes (HPKS).

(a, left panel) Immunoblot analysis of human prim&sratinocytes (HPKs) either UVB-
irradiated (0.0875 J/cfj) treated with staurosporine (0.5 pM), with talstad (3 pM),
transfected with upLPS (2 pg/ml), or left untreatmad harvested after 5 h or 24 h as
indicated. b, left panel) Immunoblot analysis of stably geraticmodified HPKs (Fenini et
al., 2018a) either untreated or treated 20 h watkydycline (1ug/ml) to induce expression of
eGFP or caspase-1 (wt)-FLAG. Untransduced keraytesc(-) served as controla éndb,
right panels) Immunoblot analysis of HPKs (treatsddescribed ia andb, left panels), side
by side with differentiated and primed (upLPS Qd/ml, 16 h) THP-1 cells treated with
nigericin (5uM) for 2.5 h, after pre-treatment with either DMS@\JAD) or zVAD (10 uM)

for 1 h. €) Immunoblot analysis (left panel), analyses of LBdtease (upper right panel) and
of IL-1B release in the supernatant by ELISA (lower righnhgl) of HPKs 48 h after
transfection with scrambled siRNA (ctr.) or GSDMBrdgeting siRNAs (GSDMD #1 and
GSDMD #2) subjected to UVB irradiation (0.0875 J#ifior 6 and 24 h or without treatment.
Graph bars represent mean + SEMmoE 4 independent experiments with HPKs from
different donors with one-way ANOVA with Dunnet’suttiple-comparison test (*p<0.05,

**p<0.01). One representative Western blot froneghexperiments is shown.

Figure 2. Caspase-l cleaves major vault protein (MVP) after D441 in human
keratinocytes.
(@) 10-plex TMT-labelling scheme for TAILS shotgunofgomics analysis of genetically

modified human primary keratinocytes (HPKSs) treatgth 1 pg/ml doxycycline for 20 h to
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induce expression of the indicated proteins: eGEdpase-1 (wt)-FLAG and caspase-1
(mut)-FLAG. Peptides were identified by MS/MS andaqtified by SPS-MS/MS/MS b}
MS/MS spectrum of TAKSLQPLAPR, the neo-N-terminapgide of the cleavage product of
MVP identified by TAILS. €) Peptide abundance (normalized), peptide abund@mnoaped)
and peptide abundance ratio (log2)/eGFP of theigeptorresponding to cleaved MVP
identified by TMT-TAILS in the lysate of HPKs oveqaressing eGFP, caspase-1 (wt)-FLAG
and caspase-1 (mut)-FLAG. Graph bars represent meald of n = 3 biological replicates
with one-way ANOVA with Dunnet’s multiple-comparisdest (****p<0.0001).(d) Caspase
cleavage site (D441) in the MVP protein identifieg TMT-TAILS. *Represents TMT-
labelled residuege) Confirmation of MVP cleavage by immunoblotting lgfates of HPKs
overexpressing eGFP, caspase-1 (wt)-FLAG and casbdmut)-FLAG using antibodies

targeting either MVP N-term (NT) or MVP C-term (CT)

Figure 3. MVP iscleaved by caspase-1 and caspase-9 after D441.

(@) Coomassie blue stained SDS-polyacrylamide gelsv@band immunoblot analysis
(below) of recombinant amino-terminal GST-tagged RMGST-MVP) incubated without (-)
or with active p20/p10 tetramers of the indicatedombinant caspases (rCASP9)) (
Immunoblot analysis of HEK293T cells 24 h aftenstection with plasmids encoding MVP
in combination with either an empty vector (-) ¢agmids encoding wild-type caspase-1 (wt)
or wild-type FLAG-caspase-9 (wt)c)(Immunoblot analysis of HEK293T cells 24 h after
transfection with plasmids encoding MVP and profl,-th combination with either an empty
vector (-) or plasmids encoding wild-type caspage), caspase-1 inactive mutant C285A
(mut), wild-type caspase-4 (wt)-myc, caspase-4timaanutant C258A (mut) -myc or wild-
type caspase-5 (wt) -myd)(Immunoblot analysis of HEK293T cells 24 h aftemisfection

with either an empty vector (-) or a plasmid enogdiwild-type caspase-1 (wt), in
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combination with either an empty vector (-) or phds encoding wild-type MVP (MVP) or
MVP mutants (D441A or D441E). Experiments were q@eried at least twice.
Abbreviations: GST-MVP NT: GST-tagged amino-ternhifi@gment of MVP; MVP CT:
carboxy-terminal fragment of MVP; CT: targeting tbarboxy-terminal part; NT: targeting

the amino-terminal part.

Figure 4. MVP is cleaved by caspase-1/-9 in human primary keratinocytes (HPKs) but

not in THP-1 cells.

(a andb) Immunoblot analysis (above) and quantificationtled band corresponding to the
cleaved MVP fragment (p54) normalizedffactin (below) of HPKs either untreated, UVB-
irradiated (0.0875 J/cth (a) or treated with staurosporine (QuM) (b) for 20 h, after pre-
treatment with DMSO (-) or zZVAD (1aM) for 1 h. Graph bars ira(@ndb) represent mean +
SD of n = 3 independent experiments) (mmunoblot analysis of differentiated and primed
(upLPS 0.1ug/ml, 16 h) THP-1 cells stimulated with either migan (5 uM), UVB (0.0875
J/cnf), staurosporine (0.8M) or left untreated (-), and harvested at the iaigid time points.
(d) Immunoblot analysis (above) and quantificatiorthed band corresponding to the cleaved
MVP fragment (p54) normalized tp-actin (below) of HPKs 48 h after transfection with
scrambled siRNA (ctr.) or caspase-l1 and caspasa@eting siRNAs, with either no
treatment, UVB irradiation (0.0875 J/&nor treatment with staurosporine (@8) for 20 h.
Graph bars represent mean + SDnof 4 independent experiments with one-way ANOVA
with Dunnet’s multiple-comparison test (*p<0.05)n®representative Western blot from
three experiments is shown.

Abbreviations: CT: targeting the carboxy-terminaftp

Figure5. MVP isacytoprotective protein in human primary keratinocytes (HPKs).
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(a andb) Immunoblot analysis (above left), analysis of LDélease (above right), FACS
analysis of cleaved caspase-3 positive (%; beldvdad PI positive cells (%; below right) of
HPKs 48 h after transfection with scrambled siRNA&.J or MVP targeting siRNAs (MVP
#1 and MVP #2) subjected either to UVB irradiati@0875 J/crf) (a) or treatment with
staurosporine (0.pM) (b) for 20 h. Graph bars ira(@ndb) represent mean = SEM of= 3
independent experiments with one-way ANOVA with Datis multiple-comparison test
(*p<0.05, **p<0.01). €) Immunoblot analysis (above) of HPKs either unida UVB-
irradiated (0.0875 J/cthor treated with staurosporine (QB1) for 20 h and quantification of
the band corresponding to full-length MVP normatize p-actin and relative to untreated
cells (below). Error bars represent mean + SD ®f3 independent experiments with one-way
ANOVA with Dunnet’s multiple-comparison test (**=0<01). @) Immunoblot analysis (left)
and analysis of LDH release (right) of stably geradty modified HPKs treated 20 h with
doxycycline (1ug/ml) to induce expression of eGFP, MVP or MVP (DB and subjected
either to UVB irradiation (0.0875 J/én treatment with staurosporine (Qu) for 20 h or
left untreated. Graph bars represent mean + SEM-08 independent experiments with two-
way ANOVA with Turkey's multiple-comparison test H<0.05). One representative
Western blot from three experiments is shown.

Abbreviations: NT: targeting the amino-terminal tpaCT: targeting the carboxy-terminal

part; ns: not significant.
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SUPPLEMENTARY MATERIAL

Supplementary M ethods

Culture and treatment of cell lines

HEK293T cells (ATCC CRL-3216, Manassas, US-VA) weoeltured in DMEM
supplemented with 10% FBS and 1% A/A and harvestgti trypsin/EDTA solution
(0.05%/0.02% wiv).

THP-1 cells (ATCC TIB-202) were cultured in RPMI 46 (Thermo Fisher Scientific)
supplemented with 10% FBS, 1% A/A, 1 mM Sodyum Rgte (Thermo Fisher Scientific)
and 1% GlutaMax (Thermo Fisher Scientific). Befesgperiments, cells were differentiated
with 15 ng/ml phorbol 12-myristate 13-acetate (PMBigma-Aldrich) for 3 days and primed
with 0.1 pg/ml upLPS for 16 h. One h before experiments ntleelium was replaced by Opti-
MEM (Thermo Fisher Scientific) and cells were exgbdo a dose of 1.75 J/EnuVA,
0.0875 J/crhUVB, treated with 0.;uM staurosporine or with M nigericin (Selleckchem).

All cells were grown at 37 °C in 5% G@nd 95% humidity.

Manipulation of cells

Plasmid transfection of HEK293T cells and HPKsduerexpression was performed in Opti-
MEM (Thermo Fisher Scientific) and KSFM respectivelking the TransIT-X2 (Mirus Bio
LLC) transfection system according to manufactwremstructions. Cell lysate and
supernatant were harvested 24 h after transfection.

Stably genetically modified human primary keratiyies (HPKs) and fibroblasts (HPFs)
were generated by transduction of cells with lenises encoding for the gene of interest
under the control of an inducible promoter (pLeDiVtight Puro DEST; Addgene, #26430)
and lentiviruses encoding the reverse tetracyaomrolled transactivator 3 (rtTA3) (pLenti
CMV rtTA3 Blast; Addgene, #26429). Lentiviruses weproduced as described previously

(Fenini et al.,, 2018). After transduction, cellsreveselected with 2.5ug/ml puromycin
1



(Sigma-Aldrich) and 2.5ug/ml blasticidin (Sigma-Aldrich). Transduction assélection of
HPKs was performed in co-culture with antibiotiesistant 3T3-J2 feeder cells as described
previously (Fenini et al., 2018). Overexpressiortha protein of interest was induced upon

overnight (20 h) treatment of cells withu@)/ml doxycycline (Sigma-Aldrich).

In vitro MVP cleavage by recombinant caspases

For cleavage by the p20/p10 tetramers of activepases 3.5 pg of recombinant amino-
terminal GST-tagged MVP (Abnova H00009961-P01, Baiywvere incubated with 1 unit of
caspase-1, -3, -7, -9, -8, -10, -2 and -6 in al3®action containing 50 mM HEPES (pH 7.5),
3 mM EDTA, 150 mM NacCl, 0.005% (v/v) Tween-20 and M DTT. The reaction was
incubated for 5 h at 37 °C. Reaction samples weparated on SDS-PAGE gels and cleavage
of MVP was examined by Coomassie Brilliant Bluerstay (Thermo Fisher Scientific) and

immunoblotting.

| mmunaoblotting

Cell culture supernatants were precipitated by ragld.5 volumes of acetone (100% w/v,
Sigma-Aldrich), overnight incubation at -20°C arehtrifugation for 2 h (4000 x g, 4°C).
Proteins were separated by SDS-PAGE and analyzednbynoblotting as previously
described (Fenini et al., 2018). The primary ardibs used are anfractin (A5441) and anti-
FLAG M2 (F1804) from Sigma-Aldrich, anti-cleaved spase-3 (#9661L) from Cell
Signaling Technology (Danvers, US-MA), anti-casphs€sc622) and anti-caspase-9
(sc133109) from Santa Cruz Biotechnology (SantazCtiS-CA), anti-IL-B (MAB201)
from R&D Systems (Minneapolis, US-MN), anti-myc g4206) from Clontech Laboratories
(Mountain View, US-CA), anti-MVP (NT) (ab14562) amati-MVP (CT) (ab175239) from
Abcam (Cambridge, UK), and anti-gasdermin D (NBB222) from Novus Biologicals

(Centennial, US-CO).



Analysis of cell death

Cell lysis was assessed by measuring the releasectaite dehydrogenase (LDH) in the
supernatants by using the CytoTox 96 non-radioactdytotoxicity assay (Promega,
Fitchburg, US-WI) according to manufacturer’s iastions. Results are shown as percentage
LDH release (LDH in the supernatant/total LDH x 100

For flow cytometry analysis, adherent cells werkected upon incubation with accutase (GE
Healthcare Bio-Sciences, Pasching, Austria) anghesdawith 0.05 mg/ml propidium iodide
(PD). Alternatively, collected cells were fixed wit2% paraformaldehyde (PFA) (Sigma-
Aldrich), permeabilized with saponin, and incubateith anti-cleaved caspase-3 (#39661L)
primary antibody followed by APC-conjugated antolod 1gG (#711-136-152; Jackson, West

Grove, US-PA) secondary antibody at room tempeedtur45 minutes each.

ELISA

Release of human ILBLin the supernatant was measured by ELISA (R&D &ys)
according to manufacturer’'s instructions. Corresiog cell lysates were lysed for 30

minutes in 10% Triton X-100, centrifuged and supg&ants used for the assay.

TMT-TAILS

TMT-TAILS was performed as described by (Kockmamrale 2016) with minor changes.
Briefly, 100 ug of each protein sample diluted in TAILS buffet52M GnHCI, 250 mM
HEPES pH 7.8) were denaturated, reduced and atkllafMT10plex Isobaric Labels
(Thermo Fisher Scientific) diluted in DMSO werenséerred to the corresponding sample,
incubated for 1 h at room temperature and reactroere subsequently quenched with 1 M
ammonium bicarbonate solution. TMT-labeled samp¥ese combined, and proteins were

precipitated with 8 volumes of ice-cold acetone analume of ice-cold methanol for 2 h at -
3



80 °C. Protein pellet was obtained by centrifugatmashed with ice-cold methanol and the
precipitate collected again by centrifugation. Tnetein pellet was dried and resuspended in
0.1 M NaOH solution. The dissolved proteins weretdd in ddHO and HEPES (pH 7.8).
Labeled proteins were digested with Sequencing &iddified Trypsin (Promega) (ratio
trypsin to total protein 1:50 w/w) overnight at 3€. The pH of the peptide solution was
adjusted to 6.5-7 and the samples were incubatéd WPG-ALD polymer (obtained from:
Flintbox Innovation Network, (http://www.flintboxoen/public/project/1948)) and sodium
borohydride solution (Sigma-Aldrich) overnight at 3C with gentle shaking. The free
unbound peptides were filtered with a 30 kDa Amiditter (Millipore, Billerica, US-MA)
and the filtrate collected and subjected to C18tidepcleanup using Finisterre C18 SPE
Columns (Teknokroma, Barcelona, Spain).

Peptides were dried, dissolved in LC-MS solutiofi (acetonitrile, 0.1% formic acid) and
analyzed by LC-MS/MS using a nano-flow UHPLC systéBEASY-NIc 1200 System,
Thermo Fisher Scientific) coupled to an Orbitragsiba Tribid mass spectrometer (Thermo
Fisher Scientific). Peptides were eluted by grdguatreasing acetonitrile from 0 to 37% in
60 min (flow rate 250 nl/min), ions accumulatedattarget value of 5 x £0and full scan MS
acquired with a resolution of 60000 at 350-1250 swan range. The 15 most intense signals
above a threshold of 1000 were subjected to cofliisnduced dissociation (CID) to record
MS/MS spectra in a data-dependent manner in thetregm using a normalized collision
energy of 35% and an activation time of 10 ms. €oord TMT report ions, the same
precursors were fragmented using higher collisiahs$ociation (HCD) with a normalized
collision energy of 35% recording spectra at a lteggm of 60000 at 100 m/z. Single charge
states were rejected, charge state screening ehahl an exclusion window of 20 ppm
applied. Precursor masses already selected for I8Site excluded for further selection for

45 s.



Peak lists were extracted from raw files and c@wasing CID/HCD spectra pairs merged
using Proteome Discoverer v2.1 (Thermo Fisher $iéien Proteome Discoverer v2.1 was
used to search peak lists (mgf) against human OtkIBr database (taxonomy 9606; release
2016_6; 71579 entries), to which reversed decoyestes as well as sequences from
common contaminants had been added. Searches srévenped setting Trypsin-R (semi) for
enzyme specificity (O missed cleavage), carbamidoyh€) as fixed modification, TMT(K),
TMT(N-term) and oxidation(M) as dynamic modificat® for the peptides, and acetyl(N-
term), Met-loss(N-term) and Met-loss+Acetyl(N-terag dynamic modifications for proteins.
Parent mass error and fragment mass error weratséd ppm and 0.8 Da respectively.
Differentially abundant N-termini (TAILS) were deteined for all channels using Proteome
Discoverer 2.1 by extracting only N-terminally l#bd peptides or naturally blocked
semitryptic peptides. Then, the union of peptidesnf all experiments was formed and
intensity weighted abundance ratios were calculdtedh all spectra per peptide. The
experimental variation was derived from the ratistrtbution of natural N-termini. Log2
ratios of abundances (log2(caspase-1 wt/eGFP) ag@(daspase-1 mut/eGFP)) were
calculated and peptides with log2 ratios of > I.Ze1.2 were considered to be significantly

increased or decreased in abundance respectivelyazed to the eGFP control.

Real-time PCR

Levels of caspase-1, caspase-9, GSDMD and MVP mRi# determinded by quantitative
real-time PCR using a LightCycler 480 instrumenb¢Re, Rotkreuz, Switzerland) and
LightCycler 480 SYBR Green Master (Roche). mRNAelsvwere normalized to RPL27.

Primers were purchased from Microsynth (BalgachiZniand) (Supplementary Table 2).



Statistical analysis

All data were statistically analyzed using GraphPadm 7.02 software (GraphPad Software,
Inc., La Jolla, US-CA). Comparison of three or mgreups was performed using either one-
way or two-way ANOVA, with Dunnett’s correction dll groups were compared to one
control group, or with Tukey’s correction, if seaegroups were compared to other groups.
Differences were considered significant when P-eslwere below 0 (****p<0.0001,

**p<0.01, *p<0.05). All data are displayed as meaastandard error of mean (SEM) of three

independent experiments, unless otherwise stated.



Supplementary Tables

Target Gsyerr:)ol Sense siRNA sequence Antisense SSRNA sequence

control (ctr.) - (UUCUCCGAACGUGUCACGU)(dT)(dT) (dA)Y(ACGUGACACGUUCGGAGAA)
caspase-1 CASP1| (AAGAGAUCCUUCUGUAAAGGU)T)(T] (dA)(HACCUUUACAGAAGGAUCUCUU)
caspase-9 CASP9 (CGCUAAUGCUGUUUCGGUG)(dT)(dT) (dA)(dAGAUUACGACAAAGCCAC)
MVP #1 MVP (CGAGAAAGCUCGCAAGGAA)(AT)(dT) (dA)(dA)(UUCCUWGCGAGCUUUCUCG)
MVP #2 MVP (CUGUGAUUGGAAGCACCUA)(dT)(dT) (dA)(dA)(UAGEGCUUCCAAUCACAG)
GSDMD #1 GSDMD| CUCUGACUUGGACGUCCUU(T)(dT) (dA)(dA)(CUCWEUUGGACGUCCUU)
GSDMD #2 GSDMD| GUGUCAACCUGUCUAUCAA(T)(dT) (dA)(dA)(CBAGUUGGACAGAUAGUU)

Supplementary Table S1.

Sense and antisense sequences of the siRNAs ukegl ih 4, 5 and Supplementary Fig. 3, 4,

6 and 7.
Genes Forward primer Reverse primer
Human caspase-1 5°- AGTGCAGGACAACCCAGCTA -3° 5°- AGATAATGAGAGCAAGACGTGTG -3’
Human caspase-9 5- CTTCGTTTCTGCGAACTAACAGG -3’ | 5- GCACCACTGGGGTAAGGTTT -3’
Human GSDMD 5- GTGTGTCAACCTGTCTATCAAGG -3’ | 5- CATGGCATCGTAGAAGTGGAAG -3’
Human MVP 5- TACATCCGGCAGGACAATGAG -3’ 5- CTGTGCAGTAGTGACGTGGG -3’
Human RPL27 5- ATCGCCAAGAGATCAAAGATAA -3’ 5'- TCTGAAGACATCCTTATTGACG -3’

Supplementary Table S2.

List of real-time PCR primers used in Supplemenkigy 8 and 10.




Supplementary Figures
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Supplementary Figure S1. MVP antibodies specificity.

Immunoblot analysis of HEK293T cells 24 h aftemsfection with plasmids encoding either

wild-type MVP (MVP), the amino-terminal fragment MVP (MVP NT) or the carboxy-

terminal fragment (MVP CT) of MVP.

Abbreviations: NT: targeting the amino-terminal tpaCT: targeting the carboxy-terminal

part.
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Supplementary Figure S2. Response of human primary Kkeratinocytes (HPKS),
fibroblasts (HPFs) and THP-1 cellsto different cell death-inducing stimuli.

Analysis of LDH releasea(- ¢) of HPKs @), HPFs b) and of differentiated and upLPS-
primed (0.1ug/ml, 16 h) THP-1 cellsc] left untreated (-) or treated as indicated: UMA76
Jlcnt, 20 h), UVB (0.0875 J/cm 20 h), staurosporine (0iBVI, 20 h), mitoxantrone (2pM,
20 h) and nigericin (uM, 2.5 h). Graph bars represent mean =+ SD of teahnéplicates

from a single experimenn & 1).
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Supplementary Figure S3. Cell death induces MVP cleavage in human primary
fibroblasts (HPFs) dependent on caspase-9 expression.

(a andb) Immunoblot analysis (above) and quantificationtled band corresponding to the
cleaved MVP fragment (p54) normalizedp@ctin (below) of HPFs either untreated, treated
with staurosporine (0.pM) (a) or with mitoxantrone (2fam) (b) for 20 h, after pre-treatment
with DMSO (-) or zVAD (10uM) for 1 h. Graph bars ira(@ndb) represent mean + SD pf=

2 independent experiments) (mmunoblot analysis (above) and quantificationtted band
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corresponding to the cleaved MVP fragment (p54)madized top-actin (below) of HPFs 48

h after transfection with scrambled siRNA (ctr.)oaspase-1 and caspase-9 targeting siRNAs,
with either no treatment, treatment with staurospo(0.5uM) or with mitoxantrone (25 M)

for 20 h. Graph bars represent mean + S ef 3 independent experiments with one-way
analysis of variance (ANOVA) with Dunnet's multippemparison test (*p<0.05). One
representative Western blot from three experimesnggown.

Abbreviations: CT: targeting the carboxy-terminattpns: not significant.
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Supplementary Figure S4. Knockdown of GSDMD expression promotes apoptosis and
MVP cleavage upon UVB irradiation.

Immunoblot analysis of HPKs (from the same expenitmeshown in Fig. 1c) 48 h after
transfection with scrambled siRNA (ctr.) or GSDMBxrdgeting siRNAs (GSDMD #1 and
GSDMD #2) subjected to UVB irradiation (0.0875 JAifor 6 and 24 h or without treatment
(n=2).

Abbreviations: CT: targeting the carboxy-terminaftp
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Supplementary Figure S5. Overexpression of MVP fragments does not influence cell
death.

Immunoblot analysis (above) and analysis of LDHask (below) of HEK293T cellga)(and
HPKs () 24 h after transfection with plasmids encodingpesi an empty vector (-), or wild-
type MVP (MVP), MVP N-terminal fragment (MVP NT), WP C-terminal fragment (MVP
CT) or a combination of the latterc)(Immunoblot analysis (above) and analysis of LDH
release (below) of stably genetically modified HRfested 20 h with doxycycline dg/ml)
to induce expression of either eGFP, MVP N-termiftagment (MVP NT) or MVP C-
terminal fragment (MVP CT) without or with treatmemith staurosporine (0.pM) for 20 h.
Graph bars ing — c) represent mean + SD of a representative expetirfresr 2). One
representative Western blot from two experimenghisvn.

Abbreviations: NT: targeting the amino-terminal tpaCT: targeting the carboxy-terminal

part; ns: not significant.
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Supplementary Figure S6. MVP is a cytoprotective protein in human primary
fibroblasts (HPFs) and itsamount isreduced upon induction of apoptosis.

(a and b) Immunoblot analysis (left) and analysis of LDHewse of HPFs 48 h after
transfection with scrambled siRNA (ctr.) or MVPgating siRNAs (MVP #1 and MVP #2)
with either treatment with staurosporine (@) (a) or with mitoxantrone (12.5M) (b) for
20 h. Graph bars im(andb) represent mean + SEM af= 3 independent experiments with
one-way analysis of variance (ANOVA) with Dunnetfailtiple-comparison test (*p<0.05,
**p<0.01). () Immunoblot analysis (left) and quantification thle band corresponding to
full-length MVP normalized t@-actin and compared to untreated cells (right) BFH either
untreated, treated with staurosporine (@49 or with mitoxantrone (12.5M) for 20 h. Error
bars represent mean + SD of= 3 independent experiments with one-way analgsis
variance (ANOVA) with Dunnet’s multiple-comparisaest (*=p<0.05). One representative
Western blot from three experiments is shown.

Abbreviations: NT: targeting the amino-terminaltpas: not significant.
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Supplementary Figure S7. MVP expression isnot required for inflammasome activation.
Immunoblot analysisa ¢) and analysis of IL{l release in the supernatant by ELISA ¢f
HPKs 48 h after transfection with scrambled siRNA.J or caspase-1 and MVP targeting
siRNAs (MVP #1 and MVP #2) and 6 h after exposurdJVB radiation (0.0875 J/cth
Percentage of IL{1release was calculated according to the followorghula: IL-13 in the
supernatant / (IL1in the supernatant + ILBlin the lysate) x 100. Error bars represent mean
+ SEM ofn = 3 independent experiments with one-way analysisadance (ANOVA) with
Dunnet’'s multiple-comparison test (****=p<0.0001).

Abbreviations: NT: targeting the amino-terminaltpas: not significant.

16



0.05+

0.04

0.03

0.02

0.014

0.00- I 1 I M
-+ +

uvB

2M(-dCY)

1hr 3hrs 6hrs

Supplementary Figure S8. MVP mRNA isdownregulated upon UVB irradiation.
Quantitative real-time PCR analysis of MVP mRNA egsion (normalized to RLP27) in
HPKs either UVB-irradiated (0.0875 J/@nor left untreated, and harvested at the indicated
time points. Graph bars represent mean £ SD ohieahreplicates from a single experiment

(n=1).

17



staurosporine

m w —_
33 £ 151
= =) © ns
o a
stable inducible = & L o0 & & @
overexpression @ 2 2 @ 2 2 ks 10 s
o e St ~— e | _ -l GtN (99) g 5- :
a-MVP (CT)| — — . g8
Mlasd - p53 5
Al Tulul SHEE

a-B-actin|— — — _pa2 QQ QQ K
S PF IR E I
Lysate Q

staurosporine mitoxantrone

Supplementary Figure S9. Cleavage resistant MV P protects human primary fibroblasts
(HPFs) from cell death.

Immunoblot analysis (left) and analysis of LDH eede (right) of stably genetically modified
HPFs treated for 20 h with doxycycline (@/ml) to induce expression of eGFP, MVP or
MVP (D441E) and subjected to either treatment wgidurosporine (0.nM), mitoxantrone
(6.25uM) for 20 h or left untreated. Graph bars represeeain £ SEM of = 3 independent
experiments with two-way analysis of variance (AN&V with Turkey’'s multiple-
comparison test (*=p<0.05).

Abbreviations: CT: targeting the carboxy-terminattpns: not significant.
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Supplementary Figure S10. Knockdown efficiency of used sRNAsin HPKs.

HPKs were transfected for 48 h with the indicat@N#As. mMRNA and proteins were isolated

and analyzed for expression of the indicated géyeguantitative real-time PCR normalized
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