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CD95 is a member of the TNF receptor superfamily that is ubiquitously
expressed in healthy and pathological tissues. Stimulation of CD95 by its
physiological ligand CD95L induces its oligomerization leading in turn to
the transduction of either apoptotic or nonapoptotic signals. CD95L can
exist as both membrane-anchored and soluble forms (sCD95L), the latter
resulting from the proteolytic cleavage of the former. Candidate proteases
able to achieve CD95L cleavage were identified as matrix metalloproteases
(MMP) due to their demonstrated ability to cleave other TNF superfamily
ligands. The main goal of this study was to systematically identify the
MMP family members capable of cleaving CD95L and subsequently deter-
mine the corresponding cleavage sites. By using different orthogonal bio-
chemical approaches and combining them with molecular modelling, we
confirmed data from the literature regarding CD95L cleavage by MMP-3
and MMP-7. Moreover, we found that MMP-2 and MMP-12 can cleave
CD95L and characterized their resulting cleavage sites. This study provides
a systematic approach to analyse the cleavage of CD95L, which until now
had only been poorly described.

Introduction

The death receptor CD95 and its cognate ligand
CD95L were first described for their implication in
extrinsic apoptotic signal transmission. This couple has
also been involved in the development of various dis-
eases. CD95 is a 319-amino acids (aa) type I trans-
membrane (TM) glycoprotein, which, similar to the
other members of the Tumour Necrosis Factor (TNF)
receptor superfamily (e.g. TNFRI), is ubiquitously
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expressed in both healthy and pathological tissues. Its
natural ligand CD95L, also called FasL or CDI178, is
a 281-aa type I TM protein mainly expressed at the
surface of cytotoxic T lymphocytes. The stimulation of
CD95 by its physiological ligand induces CD95
oligomerization and the recruitment, via its death
domain, of several proteins involved in the transduc-
tion of apoptotic signals [1].

ACN, acetonitrile; ADAM, A Disintegrin And Metalloprotease; CID, collision-induced dissociation; FDR, false discovery rate; FRET,
fluorescence resonance energy transfer; GST, Glutathione S-Transferase; HRP, Horseradish Peroxidase; KO, Knockout; LC, liquid
chromatography; MMP, matrix metalloproteinase; MS, mass spectrometry; PASEF, parallel accumulation-serial fragmentation; PDB, protein
data bank; QTOF, Quadrupole Time-Of-Flight; SLE, systemic lupus erythematosus; TBST, Tris-buffered saline with 0.1% Tween 20 Deter-
gent; THD, TNF homology domain; TIMS, trapped ion mobility spectrometry; TM, transmembrane; TMB, 3,3’ 5,5'-tetramethylbenzidine;

TNF, tumour necrosis factor; TOF, Time Of Flight; WT, wild-type.
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Mapping of MMP-mediated CD95L cleavage

Over the past 20 years, several studies reported non-
apoptotic signalling by the CD95L-CD95 system [2,3].
In some cases, the ability of CD95 to drive such non-
apoptotic signalling outcomes was attributed to its
binding to a soluble form of CD95L (sCD95L) to be
identified [4-11]. The extracellular domain of CD95L
shows a stalk region (aa 103—136) located between the
TM domain (aa 81-102) and the TNF homology
domain (THD) (aa 137-281), which can be proteolyti-
cally cleaved through the action of metalloproteases.
This cleavage gives rise to a 20-25 kDa sCD95L,
which adopts a trimeric conformation, suggesting that
the membrane-bound form is likely cleaved once the
self-assembly between three monomeric THDs is com-
plete [12]. A trimeric sCD95L, coupled to the pre-
assembled CD95 trimer, is sufficient to trigger the
nonapoptotic signalling cascade (e.g. NF-xkB, ERK or
PI3K/Akt pathways activation, see Risso et al. for
review) [13], while its membrane-bound counterpart
requires a greater oligomerization order (i.e. homohex-
amers) to induce apoptotic signals [14]. sCD95L is
released into the bloodstream [15-19]. High levels of
sCD95L have been quantified in the serum of patients
suffering from various types of pathologies including
cancer, autoimmune diseases and chronic inflamma-
tion, and has been correlated with disease progression,
but so far no causal association has been established
[9,11,20-25]. According to several studies, sCD95L
could be added to the diagnostic criteria of various
autoimmune diseases as a potential biomarker for dis-
ease severity and might be used in the follow-up of
these pathologies [26-29].

Although CD95L has been studied for the past
30 years, little is still known about the molecular and
physiological mechanisms involved in the release of
sCD95L. By analogy with the cleavage of other mem-
bers of the TNF ligand superfamily [30-39], metallo-
proteases might mediate the cleavage of CD95L.
Matrix metalloproteases (MMPs) are endopeptidases
belonging to a large family of 28 members in verte-
brates, 24 genes of which are found in human [40].
These proteases are for instance involved in the shed-
ding of cell surface receptors and membrane-anchored
proteins, the release of soluble ligands and the activa-
tion or inactivation of chemokines/cytokines. Further-
more, MMPs play an important role in tissue
remodelling associated with various physiological and
pathological processes, such as cell proliferation,
migration, differentiation, angiogenesis, apoptosis and
host defence against bacterial or viral infections [41—
46].

Individual studies carried out in the early 2000 s
revealed that a gelatinase (MMP-9) [18], a Stromelysin
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(MMP-3) [17], a Matrilysin (MMP-7) [15] and A Dis-
integrin And Metalloproteinase domain-containing
protein 10 (ADAM-10) [16,19], could all be responsi-
ble for CD95L cleavage. However, no systematic anal-
ysis of CD95L cleavage sites and the corresponding
MMP responsible has been reported so far. Owing to
the increasing evidence that targeting some of CD95L
cleavage products could be physiopathologically rele-
vant, the aim of this study was to determine, through
a combination of biochemical and MS-based
approaches, the exact MMP responsible for CD95L
cleavage and the corresponding sites.

Results

Study of CD95L proteolysis by MIMIPS
responsible for TNFx shedding

An extensive literature search showed that four metal-
loproteases MMP-3 [17], MMP-7 [15], MMP-9 [1§]
and ADAM-10 [16,19] could be involved in CD95L
cleavage. However, these studies did not systematically
screen for metalloproteases cleaving CD95L. To com-
prehensively explore the metalloproteases involved in
CD95L cleavage, we built on the work carried out on
TNFa, the most characterized ligand of the TNF
superfamily. Indeed, the proteases previously described
to cleave CD95L (MMP-3, 7, 9, ADAM-10 and
ADAM-17) are among those involved in the cleavage
of TNFa [31,33-37,39,47-49]. Consequently, we sys-
tematically assessed the proteolytic activity of the 13
enzymes that belong to the large metalloprotease and
the associated ADAM families known to cleave TNFa
(ie., MMP-1, MMP-2, MMP-3, MMP-7, MMP-§,
MMP-9, MMP-12, MMP-13, MMP-14, MMP-15,
MMP-17, ADAM-10, ADAM-17). First, we deter-
mined the specific activity for each protease towards
CD95L. The extracellular domain of CD95L in fusion
with the Ig-like domain (Leukaemia Inhibitory Factor
receptor gpl90) [50], IgCDY95L, was overexpressed in
HEK 293 T cells. The Ig-Like domain of the protein
confers an aggregated conformation mimicking that
assumed by the membrane-bound CD95L. IgCD95L
was incubated in vitro with the 13 TNFa-processing
metalloproteinases. The proteases were used at concen-
trations that were calculated based on the specific
activity provided by the manufacturers (Fig. Sla). The
resulting proteolytic products were subsequently anal-
ysed by western blot (Fig. 1A, S1b). First, we identi-
fied a strong proteolytic activity of MMP-2, MMP-3,
MMP-7 and MMP-12. In addition, a weaker signal
was detected for MMP-1, MMP-13 and ADAM-17
even when using elevated amounts of proteases.
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Fig. 1. Metalloprotease-mediated IgCD95L ectodomain cleavage. (A) Anti CD95L western blot of the proteolytic digestion of 150 pg of
recombinant IgCD95L protein using increasing concentrations of metalloproteases. The concentration range indicated between brackets was
determined according to each metalloprotease-specific activity and (Fig. S1b). Undigested IgCD95L was used a negative control (left lane).
Undigested full-length protein (40 kDa — black arrow) and C terminus-cleaved fragment of IgCD95L (around 23 kDa - light arrow) are indi-
cated. One experiment representative of three is depicted. (B) Dot plot of the normalized quantity of IgCD95L cleaved calculated from the
immunoblot band densitometry, according to the quantity of metalloproteases (in Units). Results are expressed as mean SD of three inde-
pendent experiments. A nonlinear regression dose response model was fitted and a EC50 was calculated for each metalloprotease
(Table S1a).

Densitometry analysis of the blots allowed us to deter- were confirmed by performing in vitro cleavage on
mine an [gCDY95L-specific EC50 for 10 out of the 13 another CD95L substrate in fusion with Glutathione
metalloproteases (Fig. 1B, Table Sla). These results S-Transferase (GST) as described in Material and
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Fig. 2. Metalloprotease-mediated GST-CD95L ectodomain cleavage. (A) Anti CD95L western blot of the proteolytic digestion of recombinant
GST-CD95L (right) and 150 pg of IgCD95L (left) proteins using an optimized quantity of metalloproteases determined in Fig. 1B, undigested
recombinant proteins were used as negative control (left lane). Undigested full-length proteins (65 kDa: GST-CD95L, 40 kDa: IgCD95L —
black arrow) and C terminus-cleaved fragments (around 23 kDa — light arrow) are indicated. One experiment representative of three is
depicted. (B) Star plot representing the proteolysis of the two recombinant (Ig/GST) CD95L substrates. Relative proteolysis of the two sub-
strates was determined by optical densitometry of western blot analyses performed in triplicate (small dots) and the median was calculated
(large dots). To compare the proteolytic activity of the metalloproteases on the two substrates a regression line was fitted and a correlation
coefficient calculated. (C) Amino acid sequence alignment of CD95L (identifier P48023/103-157) and TNF (identifier P01375/57-99) ectodo-
mains. Bottom row indicated the sequence similarity score using Gonnet PAM 250 matrix. “*" indicates fully conserved residues, “:" indi-
cates conservation between groups of strongly similar properties (scoring > 0.5). “.” indicates conservation between groups of weakly
similar properties (scoring < 0.5).

Methods, using the CD95L-specific activity determined
on the IgCDY95L substrate (Table S1b). Western blot
analysis showed both GST-CD95L and IgCD95L were
effectively processed by MMP-3, MMP-7 as previously
reported [15,17]. Furthermore, two additional
endopeptidases MMP-2 and MMP-12 also exhibited a

proteolytic activity towards both Ig and GST-CD95L
as confirmed by the good correlation observed on the
two CD9SL substrates (Fig. 2A,B). Even though
CD9S5L shares approximately 25-30% sequence iden-
tity with TNFa, the ectodomains of CD95L and
TNFa are poorly conserved. This is illustrated by the
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low consensus between the cleavage regions, which can
explain the different role played by the selected TNFa
proteases in the two proteolytic processes (Fig. 2C).

The following step aimed at characterizing the cleav-
age sites on CD95L. First, we designed a series of
three peptides (A, B, C) spanning the cleavage sites
that were reported in previous studies [12,15,51]. Pep-
tides A, B and C covered distinct sections of the
amino acid sequence of the CD95L ectodomain, corre-
sponding to the juxtamembrane stalk region and the
first amino acids of the trimerization domain (THD)
(Fig. 3A). A model of the trimeric protein was devel-
oped using the partial crystal structure of CD95L and
the predicted structure from Alphafold V2.0 to visual-
ize the precise location and predicted conformation of
these peptides (Fig. 3A). To test the proteolytic activ-
ity of the selected proteases, we used an in vitro assay
monitoring the cleavage of molecular beacons built by
flanking each peptide substrate with a fluorophore
(Mca) on the N terminus and with a quencher (Dnp)
on the C terminus (Fig. 3B, Table Slc). MMP-
mediated cleavage of the peptides leads to the removal
of the quencher, allowing the fluorophore to emit
light. MMP-3, MMP-7, MMP-9 and ADAM-10, pre-
viously described to cleave CD95L, were used in the
presence or absence of the broad-spectrum metallopro-
tease inhibitor GM6001 and the resulting fluorescence
was measured (Fig. 3C). Fluorescence was detected
after incubating peptide A with MMP-3 and MMP-7
but not with MMP-9 and ADAM-10. No cleavage-
dependent fluorescence was detected for peptides B
and C. Taken together these observations pointed
towards the cleavage of CD95L by MMP-3 and
MMP-7 but not by MMP-9 and ADAM-10, whereas
the cleavage mediated by MMP-3 and MMP-7
occurred between position 107 and 117 of the protein
in accordance with previous knowledge [15].

Mapping of CD95L cleavage sites

Potential CD95L cleavage sites were previously reported
in the literature [12,15,51]. The studies, however, con-
tained incomplete information primarily based on
immunoblotting, sequential deletions and mutagenesis
approaches on selected proteases, and remain to be con-
firmed. In addition, western blot profiles of CD95L
cleavage products showed bands of various sizes
(Fig. 2A). To systematically identify potential CD95L
cleavage sites within the region of interest, we used a
suite of proteolytic cleavage site prediction softwares
(i.e. SITEPREDICT, PROSPER, PROTEASIX and DEEPCLEAVE)
[52-55]. The amino acid sequence of the CD95L ectodo-
main (amino acids 103-281) was analysed. We

Mapping of MMP-mediated CD95L cleavage

hypothesized that cleavages occurring within the THD
would prevent CD95L trimerization. Consequently,
only the predicted cleavage sites in the Stalk region and
the beginning of the THD (amino acids 103-157), with a
specificity greater than 95%, were considered for the
present study. A confidence index was adopted to select
the physiologically most likely cleavage sites. All the
cleavage sites previously described in the literature
(110EL 111, 113EL114, 126SL127, 120KQ130, 142EL143) were
identified by at least one of the in silico tools, and addi-
tional sites were also predicted (putative cleavage sites
between each of the following amino acid
pairs: 103QL104, 106HL107, 120QM 121, 130Q1131, 138PE130,
139EK 140, 145K V146, 14sHL140) (Fig. 4A).

To identify the MMPs involved in the processing
of the predicted cleavage sites, two additional pep-
tide substrates were designed encompassing the cleav-
age region and the beginning of the THD (i.e.
Peptides D and E) (Fig. 4B). A trimeric membrane-
anchored CD95L model was used to visualize the
location and structure of these peptides. The five
peptides (i.e. Peptides A, B, C, D and E) were
designed to be used in a fluorescence-based assay as
described above and were processed in vitro to vali-
date the MMPs identified in Figs 1-3 as able to
cleave CD95L (i.e. MMP-2, MMP-3, MMP-7,
MMP-12). A strong proteolytic activity revealed by
an elevated fluorescence intensity was detected with
peptides A and E for all MMPs tested here. Fur-
thermore, a milder proteolytic signal was detected
when peptide B was incubated with MMP-2 and
MMP-12, and a moderate signal was detected when
peptide D was processed by MMP-7. No proteolytic
activity was detected towards peptide C (Fig. 4C).
This assay allowed us to restrict the localization of
the cleavage sites of CD95L and confirm the metal-
loproteases involved in the cleavage.

To further document the MMP-mediated cleavage
sites on CD95L, we relied on the high resolution of a
mass spectrometry (MS)-based approach. To this end,
a series of five peptides (MS1-MS5) were designed to
sequentially cover the entire stalk region and the
beginning of the THD between positions 103 and 157
(Fig. 5A). In the N-terminal position of the peptides, a
hexa-histidine tag was added and a spacer was interca-
lated between the tag and the sequence of interest
(Table S2a). The specific design of these peptides was
intended to obtain cleaved fragments of a size large
enough (between 15 and 25 amino acids) to be
detected by nanoLC-MS/MS. After MMP-mediated
proteolysis of the five peptides, the cleaned-up frag-
ments obtained were injected on either a Quadrupole
Time-of-Flight (QTOF) or a nanoLC-coupled
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Fig. 3. CD95L fluorescent peptide cleavage assay. (A) Sequence and localization of peptides spanning the CD95L region targeted by
metalloproteases previously described in the literature. Three peptides were designed and their sequence was highlighted on a trimeric
model of CD95L to simulate the conformation and localization of the corresponding amino acids on the TM protein model. The model was
rendered using the scHRODINGER software. (B) Schematic representation of the fluorescent peptide proteolysis assay. A quencher (Q; Dnp)
and a fluorophore (F; Mca) were coupled on opposite ends of the CD95L peptidic sequences. Proteolysis by metalloproteases lifts the
quenching of the fluorophore by allowing the release of the cleaved peptide coupled with the quencher. Fluorescence is detected on a
spectrofluorometer. (C) Proteolytic activity of the endopeptidases described in the literature (MMP-3, MMP-7, MMP-9 and ADAM-10) on
peptides A, B and C. A pan-metalloprotease cleavable peptide (OMNIMMP) was used as a positive control. Relative fluorescence intensities
were normalized to the baseline fluorescence of the corresponding undigested peptide. A parallel analysis was performed with the addition
of the broad-spectrum metalloprotease inhibitor (GM6001) showing a complete inhibition of cleavage by metalloprotease. Experiments were
conducted in triplicates.

TimsTOF Pro mass spectrometer, both coupled to a were extracted from identified ions (Fig. 5B, Fig. S2a,
nanoLC system. Cleavage site were detected by data- b). All cleavage fragments detected by the QTOF (cor-
base driven peptide identification and chromatograms responding to sites 19sHL197, 113EL114, 140EL143,
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1a8HL149) were confirmed by the TimsTOF Pro
(Fig. 5C, Fig. S2a, Table S2b). In addition, analyses
on the TimsTOF Pro allowed us to identify seven
additional fragments, corresponding to sites 193QLjo4,
104LF 105, 100KE110, 110EL111,  126SL127,  138PE130,
1390EK 140 (Fig. 5C, Table S2b). Chromatographic pro-
files of the samples obtained from MMP-treated or
untreated samples were compared, and the peaks
exclusively detected in MMP-treated sample profiles
were identified as resulting from MMP-mediated cleav-
age products. The five sites 1906HL107, 113EL114,
126SL127, 142EL143 and 148HL149 resulted in hlgh-
intensity peaks on the chromatograms (Fig. S2a),
whereas the remaining six sites (103QLjos4, 104LF 05,
100KE 110, 110EL111, 138PE130 and 130EK 149) were associ-
ated with low-intensity peaks. Overall, these fragments
are the result of a proteolytic process by MMPs and
describe the pair of amino acids corresponding to the
potential cleavage site on the ectodomain sequence of
CD95L. No fragmentation was detected for peptide
MS2, meaning that no cleavage occurred in this amino
acid region of CD95L ectodomain (Fig. S2b). The
whole set of fragments found by MS thus allowed the
mapping of CD95L cleavage region (Fig. 6). In conclu-
sion, we identified 11 cleavage sites in our study, only
4 of which were reported in the literature (Figs 4A,
5C).

Five of the 11 identified sites were targeted by all
4 MMPs (MMP-2, MMP-3, MMP-7, MMP-12;
Fig. 5C, Table S2b). One of these sites was detected
using both proteomic approaches and was mapped
between positions Eq;3 and L;4 of the protein. There-
fore, we explored the possibility of blocking CD95L
cleavage following mutation of the 13EL; 4 site. Thus,
a mutated version of the molecular beacon peptide A
was synthesized (;;3EL;14 to 113AA[14 substitutions)
(Fig. 7A). In contrast to the wild-type peptide, no fluo-
rescence was detected upon incubation of the mutant
peptide by any of the four MMPs tested (Fig. 7B).
These results show that alteration of the peptide A
[wild-type (WT)] sequence (at position ;13EL;j4) can
prevent MMP-2, -3, -7and -12-mediated cleavage of
CD95L.

To further confirm the observations made in vitro,
we either overexpressed the wild-type CD951 or the
1|3EL114 to 113AA114 variant in CD95 knockout (KO)
HEK293T cells (Fig. 8A,B). Both forms were
expressed at comparable levels and treatment with the
protease inhibitor GM6001 prevented endogenous pro-
teolysis of CD95L. Next, we co-expressed wild-type or
variant CD95L with the soluble proteases identified
above. We confirmed that in their native forms MMP-
2, MMP-3, MMP-7, MMP-12 were able to cleave the

Mapping of MMP-mediated CD95L cleavage

membrane-bound CD95L and that the |3AA ;4 muta-
tion decreased the proteolytic efficiency of these pro-
teases (Fig. 8D,E). In addition, we overexpressed a
selection of membrane-type proteases (MMP-14,
MMP-15 and ADAM-17). Similarly, we showed that
in their membrane-bound form MMP-14, MMP-15
and ADAM-17 were able to cleave CD95L and that
the alanine mutant decreased the CD95L cleavage effi-
ciency.

Discussion

CDY95L/CD9Y5 signalling has long been recognized as a
key controller of tissue homeostasis. An increasing
amount of literature reports that soluble form(s) of
CD95L, accumulate in the bloodstream in various
pathological conditions, which favours auto-immune,
inflammatory diseases and cancers [12,17]. These
sCD95L forms are, in most cases, poor apoptosis
inducers but can drive nonapoptotic signalling out-
comes, such as cell migration, or gene expression
[8,56]. While this remains to be unequivocally proven
in each of these individual pathologies, the accumula-
tion of sCD95L has been suggested to contribute to
disease severity [57]. Therefore, therapeutical targeting
of sCD95L might be relevant in a broad range of
pathologies. However, the exact form(s) of sCD95L
which accumulates in the bloodstream of patients suf-
fering from these conditions has not been defined. Fur-
thermore, a systematic in vitro study of the MMPs
responsible for the cleavage of CD95L and corre-
sponding sites was never undertaken.

Herein, we used a combination of biochemical and
MS-based approaches and demonstrate that in such
conditions, both MMP-3 and MMP-7 systematically
cleave CD95L as previously reported [15,17]. However,
we could not detect CD9SL cleavage by the
membrane-tethered sheddase ADAM-10 previously
reported to be involved in CD95L proteolysis. The
in vitro approach used herein may not be the most
appropriate to detect proteolysis by membrane-
tethered proteases. This was confirmed by the observed
ADAM-17, MMP-14 and MMP-15-mediated proteoly-
sis of CD95L in a cellular system. We also provide
solid evidence that two additional MMPs (i.e. MMP-2
and MMP-12) are also implicated in CD95L cleavage,
an observation not reported before. The redundancy
of MMP-mediated cleavage has been described for
many substrates and may explain the absence of strong
phenotypes in individual MMP knock-out in mice [58].
Nonetheless, the observation that CD95L is cleaved by
many metalloproteases either soluble or membrane-
anchored may be indicative of key biological functions
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Fig. 4. Identification of new CD95L cleavage sites. (A) Weblogo representation of the frequency of the cleavage sites considered in the
study. The size of the letter represents the number of times the cleavage site was predicted herein, or described in the literature (the latter
shown with blue square). The cleavage sites targeted by MMP-2, MMP-3, MMP-7 and MMP-12, obtained from the proteolysis prediction
tools (PROTEASIX, SITE PREDICTION, PROSPER, DEEPCLEAVE) are marked with yellow squares. For each in silico tool, only the predicted cleavage sites
between amino acids 103-153 of the CD95L ectodomain were considered. (B) Design and localization of two additional peptides (Peptides
D violet and E dark green) covering the region adjacent to the trimerization domain of CD95L. Peptides A, B and C are also indicated. The
sequences of the five peptides are highlighted on a trimeric model of CD95L. The model was rendered using the scHRODINGER software. (C)
Proteolytic activity of the four endopeptidases cleaving IgCD95L and GST-CD95L (MMP-2, MMP-3, MMP-7, MMP-12) (Figs 1B, 2A) per-
formed on Peptides A, B, C, D and E. Relative fluorescence intensities were normalized to the baseline fluorescence of the corresponding
undigested peptide. A pan-metalloprotease cleavable peptide (OMNIMMP) was used as a positive control. Experiments were conducted

three times.

associated with cleaved CD95L. Increased levels of
sCD95L have been reported in the serum of Systemic
Lupus Erythematous (SLE) patients and patients with
various cancers [13]. In addition, cellular overexpres-
sion and elevated serum levels of these four endopepti-
dases were observed in a wide variety of pathologies in
which CD95/CD95L signalling has also been shown to
contribute. For instance, MMP-2/MMP-3/MMP-7
serum levels are significantly increased in SLE and
associated with disease activity, while elevated serum
levels of MMP-12 have been observed in other sys-
temic autoimmune diseases such as rheumatoid arthri-
tis and systemic scleroderma [59-62]. MMP-2, -3, -7
and -12 have been reported to be overexpressed and
associated with tumour propagation and poor cancer
prognosis [59-71]. Thus, MMP deregulation in diseases
might yield different forms of sCD95L, thereby result-
ing in abnormal CD95 signalling, which in turn could
produce undesirable effects associated with the disease
in question.

Moreover, we mapped two main proteolytic cleav-
age regions in CD95L located in the juxtamembrane
region (aa 103-114) with six cleavage sites identified,
and in the N-terminal region of the trimerization
domain (aa 138-149) with four sites identified respec-
tively (Fig. 6, Table S2b). Our results show that most
of the sites are targeted by all four metalloproteases.
The variety of cleavage sites identified might partici-
pate in the production of multiple isoforms of soluble
CD95L. Homotrimers of each of these forms could
differentially affect the cellular response. Furthermore,
the heterogeneity of the monomers might impact the
CD95L hetero-oligomer stability. Since some of the
sites we identified are cleaved by a reduced number of
endopeptidases, some isoforms may preferentially be
released under specific pathological contexts where
these metalloproteases are overexpressed. Since the
oligomerization status of CD95L impacts its biological
activity, the heterogeneity of the cleavage sites might
thus also affect the biological activity of the different
isoforms.

Materials and methods

Cell lines and plasmids

HEK 239 T cells were obtained from ATCC (LGC Stan-
dards, Molsheim, France) and cultured in DMEM (Gibco™;
Life Technologies, NY, USA) supplemented with 8% v/v
heat-inactivated (56 °C for 30 min) FBS (Sigma Life Science,
St. Louis, USA) and 2 mm L-glutamine at 37 °C in a 5%
CO2 incubator. CD95 KO HEK?293T cells were generated as
described previously [72]. Since the KO was not complete
cells were labelled with an anti-CD95_PE antibody (clone
DX2 BD Biosciences, Le Pont de Claix, France). CD95-
negative cells were enriched using a BD FACSAria Fusion
cell sorter (BD Biosciences). Recombinant CD95L constructs
encoding the amino acids 103 to 281 from the soluble CD951
in tandem with either the GST (pcDNA3.1(+)-GST-
CD95L 03 281) or the Ig-like domain of the gp190 receptor
for the Leukaemia Inhibitory Factor (LIF) (pEDr-
[1gCD95L¢5-281) [50] were used for the soluble recombinant
proteins production. The pcDNA3.1(+) empty vector was
purchased from Life Technologies (Carlsbad, CA, USA).
Constructs encoding the full length CD9SL (pcDNA3.1(+)-
CD95L), the |13AA 14 mutant (pcDNA3.1(+)-CD95L mut
113AA114) and the FLAG-tagged (pcDNA3.1(+)-(protease)-
FLAG) soluble MMP-2, MMP-3, MMP-7, MMP-12 and
membrane-bound MMP-14, MMP-15, ADAM-17 were pur-
chased from GenScript Biotech (Rijswijk, the Netherlands).

Recombinant CD95L production in mammalian
cells

Both GST and Ig recombinant CD95L were produced by
transient overexpression in HEK 293 T cells. The transfec-
tion was carried out using the Calcium Phosphate method as
described previously [73] using 3 pg of DNA. Cells were
seeded at 1 milion cells in 100 mm cell culture dish on Day 0,
transfected on Day 1 and the culture medium was replaced
with serum-free Opti-MEM supplemented with 2 mm L-
glutamine on Day 2. Supernatants were collected 6 days after
transfection (Day 7) and concentrated by centrifugation
(4000 g/15 min/15 mL) using Amicon™ Ultra-15 Centrifugal
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Fig. 5. Mass spectrometry-based characterization of the MMP-mediated cleavage of CD95L. (A) Sequence and localization of peptides
intended for MS detection, spanning the region of CD95L where cleavage was detected by fluorometric assay. The five peptides (MS1-red,
MS2-blue, MS3-light green, MS4-violet and MS5-yellow) are highlighted on a trimeric model of CD95L to simulate the conformation and
localization of the corresponding amino acids on the TM protein. The model was rendered using the ScHRODINGER software. (B) Overlap of
the LC chromatographic profiles extracted from uncleaved or MMP-2-digested peptide MS1 signal analysed by nanoLC-Tims TOF Pro. Peaks
corresponding to undigested (black arrows) or MMP-2-cleaved fragments (light arrows) are indicated. (C) Venn Diagram representation of
the cleavage sites detected using the two MS approaches (TimsTOF — blue, QTOF — orange) after digestion of peptides MS 1 to 5 with the
four endopeptidases (MMP-2 — red, MMP-3 — blue, MMP-7 — orange and MMP-12 — grey). Most cleavage sites are identified in intersection
areas as being targeted by more than one or all four metalloproteases. Only one cleavage site (10sHL107) is targeted by a single metallopro-
tease (MMP-12). All cleavage sites identified by the QTOF spectrometer are equally identified by the TimsTOF spectrometer.
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Mapping of MMP-mediated CD95L cleavage
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Fig. 6. Schematic representation of the CD95L ectodomain with the identified cleavage sites. (A) Localization of all cleavage sites detected
by MS. The yellow square indicates the endopeptidase activity. The juxtamembrane and the THD domains are indicated. (B) Localization of
all cleavage sites detected by MS mapped onto a monomeric model of CD95L. The first amino acid (P1 position) of each detected cleavage

site is highlighted in the 3D model using the SCHRODINGER software.

Filter Units (Merck Millipore, Molsheim, France). Super-
natant of HEK 293 T cells transfected with the pcDNA3.1(+)
empty vector was used as a negative control. Recombinant
GST-CD95L 0308, and I1g-CD95L o5 25 were quantified by
ELISA using the Human CD178 ELISA KIT from Diaclone
(Besancon, France). The samples were incubated for 2 h at
R.T. in the wells of the microtitre strip plate, coated with a
highly specific antibody for CD95L. Once binding between
CD95L and capture antibody was complete, any excess com-
ponent was removed by several washes. The biotinylated sec-
ondary anti-CD95L antibody was then added and the system
was incubated for 1 h. Excess of unbound secondary anti-
body to CD95L was removed by three washes. The Strepta-
vidin—Horseradish Peroxidase (HRP) conjugate solution was
then added to each well and incubated for 30 min at R.T.
Additional washing removed the excess conjugate. The

chromogen substrate TMB was added to the wells and a
short incubation of 10-15 min protected from light was per-
formed. H2SO4 was used as a stop reagent by turning the
resulting final product yellow. The absorbance was measured
by microtiter plate reader (TECAN Infinite F200 PRO) at
the fixed 450 and 600 nm wavelengths. ODs generated for
each standard were adopted to form a standard curve, allow-
ing us to determine CD95L concentrations in each sample
(GST-CD95L103,281: 1 ugmLfl, Ig-CD95L105,281:
10 pg-mL ™).

Full length WT and mutant CD95L coexpression
with proteases in mammalian cells

Briefly, (2 x 10%) CD95KO HEK?293T cells were cotrans-
fected with 500 ng of WT or mutant full-length CD95L and
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Fig. 7. Specific site mutagenesis impairs MMP-mediated cleavage of CD95L. (A) 3D modelling of the amino acid sequence 107-117 located
in the ectodomain of CD95L and corresponding to the amino acid sequence used for the quenched fluorescent peptide A. In the upper left
(WT 113EL414/peptide A) the pair of amino acids targeted by the metalloproteases MMP-2, MMP-3, MMP-7 and MMP-12 is highlighted in
green, while in the upper right (Mut 113AA+14) the same pair of amino acids is replaced by two alanine residues highlighted in red. Below
the alpha helices are the corresponding electrostatic surfaces of the two peptides, also illustrating the changes in topology. 3D models were
created using the scHRODINGER software. (B) Proteolytic activity of the endopeptidases cleaving IgCD95L and GST-CD95L (MMP-2, MMP-3,
MMP-7 and MMP-12) (Figs 1B, 2A) on mutated peptide 113AA114 versus its progenitor WTq13EL 14 (Fig. 7A). Relative fluorescence intensi-
ties were normalized to the baseline fluorescence of the corresponding undigested peptide. Experiments were performed in triplicate. The
analysis performed with the addition of the broad-spectrum metalloprotease inhibitor (GM6001) was used as negative control while a pan-
metalloprotease cleavable peptide (OMNIMMP) was used as a positive control.
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Fig. 8. /n cellulo CD95L metalloprotease-mediated cleavage. (A) schematic representation of the experimental design. Full-length CD95L WT
or 113AA 114 mutant was overexpressed in CD95 KO HEK293T cells with or without soluble (MMP-2, MMP-3, MMP-7, MMP-12) or
membrane-bound proteases (MMP-14, MMP-15 and ADAM-17). (B) HEK293T CD95 KO cells membrane expression of CD95 before and
after sorting was evaluated by flow cytometry after labelling with the mouse anti-human CD95-PE monoclonal antibody (clone DX2). Mouse
IgG1-PE was used as an isotype control. (C) Lysates from CD95 KO HEK293T cells transfected with the WT or 113AA;14 mutant CD95L plas-
mid in the presence or absence of 1 mm GM6001 protease inhibitor were analysed by western blot using the indicated antibodies. HSC70
was used as a loading control. One experiment representative of three is shown. (D) Lysates from CD95 KO HEK293T cells cotransfected
with the WT (left panel) or 113AA 114 mutant (right panel) CD95L plasmid and the indicated FLAG-tagged proteases encoding plasmids were
analysed by western blot using the anti-CD95L or anti-FLAG antibodies. (E) CD95L surface expression from CD95 KO HEK293T cells
cotransfected with the WT (black bars) or 113AA114 mutant (grey bars) CD95L plasmid and the indicated FLAG-tagged proteases encoding
plasmids was quantified by flow cytometry. Results are expressed as mean fluorescence intensity + SD normalized to the mock trans-
fected control of four independent experiments.
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Mapping of MMP-mediated CD95L cleavage

500 ng of FLAG-tagged protease encoding plasmids in 6-
well plates using the Calcium Phosphate method as described
previously [72]. After 48 h cells were harvested and recombi-
nant CD95L and metalloprotease expressions were assessed
by immunoblotting on 20 pg of total protein. Membrane-
bound CD95L expression was assessed by Flow cytometry.

Metalloproteases and CD95L proteolysis assay

Metalloproteases were obtained from Merck Millipore
(Molsheim, France) for MMP-2, MMP-3, MMP-7, MMP-
8, MMP-9, MMP-13, ENZO Life Sciences (Villeurbanne,
France) for MMP-1, MMP-12 and R&D Systems Europe
— BIO TECHNE (Rennes, France) for MMP-14, MMP-
15, MMP-17 ADAM-10 and ADAM-17. All enzymes
were selected as active recombinant human form, consist-
ing of the catalytic domain. The concentration of MMP
used for the proteolysis of CD9SL was customized as a
function of the specific activity of each MMP for the sub-
strate (Fig. Sla). To determine the optimal quantity of
metalloproteases to be used for the proteolysis of recombi-
nant soluble substrates, 150 pg of IgCD95L was digested
with an increasing range (in units) of metalloproteases.
Western blot analyses of proteolysis reactions were per-
formed and image densitometry was used to estimate the
quantity of cleaved IgCD95L (iMaGEJ software) (Fig. 1A,
B, Fig. S1b). A nonlinear regression dose response model
was fitted and EC50 ratios (MMP-2, MMP-3, MMP-12
and ADAM-10) or absolute IC50s (MMP-7, MMP-8,
MMP-9, MMP -13, MMP-15 and MMP -17) were deter-
mined using GRAPHPAD PRISM 9.0.2 (Table Sla). These con-
centrations were maintained in the following immunoblot
analyses. As for the substrates intended for fluorescence
(10 pg) and MS (15 pg) analyses, the quantity of metallo-
proteases used for digestion was adapted as shown in
Table S1b. The preparation of the samples was carried
out at 4 °C to avoid the proteolytic preactivation of the
MMPs on substrates. Then, the reaction was carried out
at 37 °C for 1 h.

Western blot analyses

Sample migration was performed using a 10% Tris-Glycine
gel or 12% (cotransfection experiment) at 110 V for about
2 h, followed by a transfer on a nitrocellulose membrane
using the Trans-Blot Turbo Transfer System (Bio-
Rad, Hercules, CA, USA) or a liquid transfer (30 V, over-
night) for the anti-FLAG immunoblot. The membrane was
blocked for 30 min with TBST (50 mm Tris, 160 mm NaCl,
0.05% Tween 20, pH 7.8) containing 5% w/v skimmed
milk powder or BSA (co-transfection experiment) and then
incubated with an anti-CD95L primary antibody (clone
DINSE, rabbit mAb, Cell Signalling Technology, 1/2000 in
BSA) an anti-FLAG antibody (DYKDDDDK Tag, rabbit
mAD, Cell Signalling Technology, 1/2000 in BSA) or an
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anti-HSC70 (B-6, mouse mAb, Santa Cruz Technology, 1/
1000 in BSA) at 4 °C overnight. The membrane was
washed twice with TBST and a HRP-conjugated Goat
Anti-Rabbit secondary antibody (SouthernBiotech, Birm-
ingham, USA) diluted to 1/4000 or Goat Anti-Rabbit sec-
ondary antibody (Dako) diluted to 1/7000 (cotransfection
experiment) in TBST-BSA was added for 1 h. The signal
was detected using the Intense Chemiluminescence Sub-
strate Kit (ECL RevelBIOt Intense, Ozyme) or the ECL
(SignalFire ECL Reagent, Cell Signalling Technology) (co-
transfection experiment) on a G:Box Chemi XX6 imager
from Syngene (Cambridge, UK).

In silico cleavage predictions

Four different in silico tools (SitePrediction [52] https://
www.dmbr.ugent.be/prx/bioit2-public/SitePrediction/,
PROSPER [53] https://prosper.erc.monash.edu.au/, Protea-
six [54] http://proteasix.cs.man.ac.uk/tool.html, DeepCleave
[55] https://deepcleave.erc.monash.edu.au/) were used to
predict cleavage sites on the extracellular CD95L amino
acid sequence (i.e. aa 103-281). The FASTA sequence
(UniProt-P48023|103-281) of the extracellular domain was
used as an input for each of the four proteolytic prediction
sites. Only human metalloproteases (h(MMP-2, hMMP-3,
hMMP-7, hMMP-12) were selected for cleavage prediction.
The predicted cleavage sites included in the ectodomain
region between residues 103 and 153 were selected. For
SitePrediction, the only predicted sites with a confidence
> 95%, recognized around a sequence comprising six amino
acids (P4 to P2') were selected. P1 and P1’ positions corre-
spond to the pair of amino acids between which the cleav-
age occurs. For DeepCleave, on the other hand, the
threshold was set at 90% confidence, since this in silico tool
performs more sensitive predictions including 8 amino acids
around the cleavage site (P4 to P4’). The PROSPER instru-
ment offers a general overview of the predicted cleavages
for the metalloprotease family. Finally, Proteasix summa-
rizes the cleavage sites described to date in the MEROPS
peptidase database [74]. All this information has been
added and the selection of 13 sites chosen for this study
has been made (103QL1o4> 106HL107, 110EL111, 113EL114,
120QMi21, 1265L127, 120KQ130, 130QL1315 138PE 139, 130EK 140,
122EL 143, 145K V146, 148HL149).

Sequence alignment

Sequences alignment of CD95L (UniProt-P48023) and
TNF (UniProt-P01375) ectodomains was performed using
the cLusTAL OoMEGA 1.2.4 software. The similarity scores
were calculated according to the Gonnet PAM 250 matrix.
The “*” indicates fully conserved residues, the “:” indicates
conservation between groups of strongly similar properties
(scoring > 0.5). The “.” indicates conservation between
groups of weakly similar properties (scoring < 0.5).
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Peptide synthesis

Peptides were synthesized by two different providers
SynPeptide (Shanghai, China) and Genscript (Leiden, the
Netherlands) with a purity of greater than 95%. The
quenched fluorescent peptides (FRET) series consists of six
peptides, LQKELAELRES (Pept.A-WT;3EL;4/SynPep-
tide), LQKELAAARES (Pept.A-Mut;;3AA4/SynPeptide),
TASSLEKQIGH (Pept.B/SynPeptide), EKKELRKVAH
(Pept.C/SynPeptide), PSPPPEKKELR (Pept.D/Genscript),
RKVAHLTGKS (Pept.E/Genscript). These peptides were
coupled with a C-Terminal quencher/acceptor Dnp (2,4-
dinitrophenyl) and a N-terminal fluorophore/donor Mca
(7-Methoxycoumarin-4-yl) acetyl (Table Slc). For MS anal-
yses, a series of five peptides including an N-terminal his-
tidine tag and a Linker/spacer interposed between the
6xHis Tag and the amino acid sequence, specifically chosen
for each peptide sequence, were designed (MS1, MS2,
MS3, MS4, MS5) (Table S2a) in order to obtain a post-
cleavage fragment large enough to be detected by the mass
spectrometer (between 15 and 25 residues). All of these
peptides were synthesized by Genscript.

Molecular beacon assay

After MMP-mediated proteolysis, the processed samples
were exposed to radiation with controlled Excitation (Ex)
and Emission (Em) wavelengths. The proteolytic process was
carried out directly in black 96-well flat-bottom microplates
(Greiner-Bio CELLSTAR). The functionality of the
monochromators and the sensitivity of the filters of the
Tecan Spark plate reader were chosen according to the char-
acteristics of the control peptide (Ex: 328 nm; Em: 393 nm;
optimal gain: 78). This control peptide can be cleaved by all
MMPs (ENZO Life Sciences — OMNIMMP® fluorogenic
substrate, BML-P126-0001). The cleavage of OMNIMMP
by the different MMPs studied (MMP-2, MMP-3, MMP-7,
MMP-12) takes place between the Glycine and Leucine on its
consensus sequence Mca-P-L-G-L-Dpa-A-R-NH2.AcOH
(Mca: 7-methoxycoumarin-4-yl) acetyl; Dpa: N-3-(2,4-
dinitrophenyl)-L-a,3 diaminopropionyl. For the fluorescence
assay 10 pg (2 pL) of the sample peptides, as well as the con-
trol peptide, were subjected to the proteolytic reaction. Three
fluorescence intensity readings were made in each experiment
and the average is reported. For each sample, the fluores-
cence intensity was measured both in basal conditions and in
MMP-dependent cleavage conditions. Experiments were car-
ried out in triplicates. A ratio of relative fluorescence intensi-
ties was calculated between the fluorescence intensity after
the cleavage and the basal fluorescence intensity.

Mass spectrometry analyses

Two MS systems were used to analyse the fragments
obtained from the MMP-dependent cleavage of CD9SL.

Mapping of MMP-mediated CD95L cleavage

Both QTOF MS and Trapped Ion Mobility Spectrometry
(TIMS) Time-Of-Flight (TOF) technologies were adopted
for analysis of samples under basal condition and cleavage-
dependent conditions. The peptide samples MS1, MS2,
MS3, MS4, MSS5 (15 pg corresponding to 15 pL) were pro-
cessed with MMP-2, MMP-3, MMP-7 and MMP-12 for
1 h at 37 °C. In order to eliminate the large molecular
weight contaminants, present in the postproteolysis final
solution each sample was filtered through a 10-kDa mem-
brane (Merck Amicon Ultra-0.5, Membrane Ultracel-10,
PMNL 10 kDa) at 14 000 g for 35 min at 4 °C. Samples
intended for analysis by TimsTOF underwent purification
using a C18 reversed-phase chromatography Micro Spin
Column (Harvard Apparatus, Cambridge, MA, USA)
according to manufacturer’s instructions. This phase was
crucial to eliminate any saline contaminants, detergents and
metalloprotease fragments derived from the proteolytic pro-
cess. A Speed-Vac was then used to evaporate all the sol-
vent containing acetonitrile (ACN) and obtain the dry
product (45 °C/3 h). The dry final product was then resus-
pended in an liquid chromatography (LC) LOAD solution
to the final concentration 1 mg-mL™'. Peptide mixtures
were separated on a 75 pum x 250 mm IonOpticks Aurora
2 C18 column (Ion Opticks Pty Ltd., Bundoora, Australia).
A gradient of basic reversed-phase buffers (Buffer A: 0.1%
FA, 98% H20 MilliQ, 2% ACN; Buffer B: 0.1% FA,
100% ACN) was run on a NanoElute HPLC System
(Bruker Daltonik GmbH, Bremen, Germany) at a flow rate
of 300 nL-min~" at 50 °C. The LC run lasted for 40 min
(2-11% of buffer B during 19 min; up to 16% at 26 min;
up to 25% at 30 min; up to 85% at 33 min and finally
85% for 7 min to wash the column). The column was cou-
pled online with a TIMS TOF Pro (Bruker Daltonik
GmbH, Bremen, Germany) with a Captive Spray ion
source (Bruker Daltonik). The temperature of the ion
transfer capillary was set at 180 °C. Ions were accumulated
for 114 ms, and mobility separation was achieved by ramp-
ing the entrance potential from —160 V to —20 V within
114 ms. The acquisition of the MS and MS/MS mass spec-
tra was done with average resolutions of 60 000 and 50 000
full widths at half maximum (mass range 100-1700 m/z)
respectively. To enable the parallel accumulation-serial
fragmentation (PASEF) method, precursor m/z and mobil-
ity information was first derived from full scan TIMS-MS
experiments (with a mass range of m/z 100-1700). The
quadrupole isolation width was set to 2 and 3 Th and, for
fragmentation, the collision energies varied between 31 and
52 eV depending on the precursor mass and charge. TIMS,
MS operation and PASEF were controlled and synchro-
nized using the control instrument software OTOFCONTROL
5.1 (Bruker Daltonik). LC-MS/MS data were acquired
using the PASEF method with a total cycle time of 1.31 s,
including 1 TIMS MS scan and 10 PASEF MS/MA scans.
The 10 PASEF scans (100 ms each) contain, on average, 12
MS/MS scans per PASEF scan. Ion mobility-resolved mass
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spectra, nested ion mobility versus m/z distributions, as
well as summed fragment ion intensities were extracted
from the raw data file with DataAnalysis 5.1 (Bruker Dal-
tonik GmbH, Bremen, Germany). Generated spectra were
analysed with the Mascot database search engine (v2.5.1;
http://www.matrixscience.com) for peptide identification,
using its automatic decoy database search to estimate a
false discovery rate (FDR) and calculate the threshold at
which the e-values of the identified peptides were valid.
According to the samples, the spectra were queried against
a database containing the 5 peptides sequences (MS1, MS2,
MS3, MS4, MS5). Mass tolerance for MS and MS/MS was
set at 15 ppm and 0.05 Da respectively. No enzyme was
selected. Identified peptides are validated with a score > 30
at peptide spectrum match level, using PROLINE STUDIO
v2.0.1 software [75] and chromatograms were extracted in
Skyline-daily version 21.1.1.223 (University of Washing-
ton). Samples intended for analysis by QTOF underwent
first a lyophilization step for 48 h. Processed samples were
quickly frozen using liquid nitrogen and placed in the
Alpha 2-4 LSC basic freeze dryer (Martin Christ
Gefriertrocknungsanlagen GmbH, Germany) with the con-
denser previously set at —85 °C. The drying program was
then inserted for 48 h with the application of vacuum
(1 mbar). Samples were then analysed using an Acquity LC
chromatographic system coupled in line with Xevo G2-XS
QTOF mass spectrometer via an electrospray source
(Waters, Milford, Massachusetts). Samples were dissolved
in 50 pL 0.1% trifluoroacetic acid and 1 pL was injected
on a C18 Hypersil Gold column (150 x 1 mm, ThermoSci-
entific, San Jose, California) at 50 pL-min~'. After 1 min
at 2% ACN, 0.1% FA, a linear gradient from 2 to 20%
ACN in 0.1% FA was applied in 19 min. The regeneration
step and equilibration were performed in the next 10 min.
The oven temperature was kept constant at 37.5 °C. The
mass spectrometer was operated in positive ionization
mode and data-dependent acquisition with a survey scan
from m/z 300-2000. The three most intense multicharged
ions from the survey scans were selected and fragmented
with CID (Collision-Induced Dissociation). Raw data were
first transformed in mgf files using PLGS 3.0.0 (Waters)
and peptides were identified by database searching using
SequestHT (Thermo Fisher Scientific) with PROTEOME DIs-
COVERER 2.4 software (Thermo Fisher Scientific). Precursor
and fragment mass tolerances were set at 15 ppm and 0.05
Da, respectively, and no enzyme specificity was selected.
Oxidation (+15.995, M) was set as variable modification.
Peptides were filtered with a 1% FDR.

CD95L modelling

The extracellular human CD95L structure was obtained by
homology modelling using YASARA version 19.9.17 [76]
using default settings, in order to resolve the noncrystal-
lized region and thus generate a complete protein model.

V. Risso et al.

The CD9SL trimer (PDB: 4MSV) and the predicted struc-
ture from AlphaFold V2.0 (P48023) were used as templates.
The obtained structure was prepared using Protein prepara-
tion wizard implemented in SCHRODINGER (Schrodinger
Release 2021-3: Maestro, Schrodinger, LLC, New York,
NY, 2021) and the membrane model (POPC, phosphatidyl-
choline) was set up between the amino acid 81 and 103.

Membrane-bound CD95L flow cytometry
detection

CD95L surface expression was determined by cell staining
with anti-CD95L or isotype control antibodies. Briefly,
48 h post-transfection, (2.10%) CD95 KO HEK293T cells
were washed twice in PBS, blocked in ice-cold PBS with
2% SVEF. Cells were then incubated for 30 min at 4 °C
with an anti-CD95L-PE (NOK-1, mouse mAb), or the cor-
responding mouse IgG1-PE isotype antibody (BD Bio-
sciences, Le pont de claix, France) in PBS-SVF buffer.
Cells were then washed twice and resuspended in 50 pL of
PBS-SVF-BSA buffer. CD95L expression was assessed
using an ACEA Novocyte 3000 flow cytometer (Agilent
Technologies, Santa Clara, CA, USA).
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