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Extrinsic apoptosis is initiated by recognition and clustering of the single-pass transmembrane pro-
teins Fas ligand and Fas expressed at the surface of closely apposed lymphocytes and target cells,
respectively. Since Fas-mediated death response was mainly studied with soluble antibodies, the
mobility constraints for receptor activation by a membrane embedded agonist is not well under-
stood. We explored this influence by stimulating apoptosis on functionalized supported lipid bilay-
ers, where we quantified agonist mobility by z-scan fluorescence correlation spectroscopy. Using
different lipid compositions, we show that the apoptotic response correlates with increased lateral
mobility of the agonist in the lipid bilayer.
� 2015 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.
1. Introduction synapse characterized by the lateral segregation of membrane
Programmed cell death (extrinsic apoptosis) is an active process
in which cells disintegrate in an orchestrated and regulated fashion
initiated by distinct signalling cascades. In particular Fas receptor
(CD95, Apo1) mediated apoptosis is important for tissue mainte-
nance and renewal, embryonic development, the control of cell
proliferation in epithelia and the immune system, as well as for
pathological situations such as viral infections, autoimmune and
neurodegenerative diseases [1–3]. Upon Fas activation, apoptotic
cells undergo global morphological changes such as chromatin
condensation, loss in cytoskeletal organization, and membrane
blebbing [4,5].

Extrinsic apoptosis is initiated by the interaction between the
extracellular domains of the single-pass transmembrane receptors
Fas and Fas ligand (FasL) differentially expressed at the surface of
target cells and natural killer lymphocytes, respectively. The speci-
fic cell–cell interaction triggers the formation of a cytotoxic
receptors and the subsequent concentration of various signalling
components at the contact site [6,7].

Fas is thought to preassemble in trimeric form in the target cell
membrane [8]. After binding of FasL or agonist antibodies, the
complexes rapidly form higher-order aggregates in the membrane
and recruit the Fas-associated protein (FADD) via the death
domain. Together with pro-caspase 8 and pro-caspase 10 these
proteins forms the Death-Inducing Signalling Complex (DISC) [9].
Following DISC formation, oligomerization of the receptor occurs
to form larger platforms of receptor aggregates called ‘‘caps”. Inter-
nalization of receptor clusters seems to play a quantitative role for
accumulating DISC components which in turn activate effector cas-
pases that lead the cell irreversibly to apoptosis [10].

The biophysical aspects of Fas mediated pathway activation are
complex. Different studies have demonstrated that (1) Fas is
recruited to lipid raft domains upon activation [11,12], (2) parti-
tioning of FasL into lipid rafts is relevant for apoptosis [13], and
(3) the activation of Fas depends crucially on the local lipid compo-
sition constituting the cell membrane [14]. For example, it was
shown that oligomerization within lipid rafts is facilitated by the
formation of ceramide [15,16], a specific lipid with an exception-
ally high melting temperature that promotes lateral segregation
in membranes [17]. In addition, the partitioning of Fas/FasL oligo-
mers into lipid rafts seems to be a prerequisite for the activation of
acid sphingomyelinase, an essential enzyme for producing
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ceramide [16]. Thus, several lipid-related mechanisms constitute
positive feedback loops that act in concert for successive DISC for-
mation and a stable activation of the Fas mediated death response.
However, due to their interdependence, not all of these processes
have been sufficiently characterized.

So far, apoptosis has mainly been studied with soluble inducers
such as recombinant extracellular domains or antibodies
[10,18,19]. However, inducing apoptosis in bulk solution does not
fully reproduce the dynamical aspects of the apposed plasmamem-
branes that constitute the physiological cytotoxic synapse. Recently,
supported lipid bilayers (SLBs) functionalized with Fas agonists
were introduced as a promising model system to study membrane
confined Fas activation mechanisms [20]. Using DOPC as a carrier,
these authors show that apoptosis triggered at the cell-SLB
interface requires a sustained formation of Fas microdomains.

Following this approach, we explore the relevance of membrane
fluidity on apoptosis. We functionalized supported lipid bilayers
(SLBs) of defined lipid compositions with a Fas antibody fragment
that acts as an agonist [21,22]. Using z-scan fluorescence correla-
tion spectroscopy (z-scan FCS) we determine the agonist mobility
in different SLBs, and show that the lateral mobility correlates with
its efficiency to induce apoptosis in HEK293 and derived cell lines.
These observations recapitulate the crucial role of lipid re-
organization and membrane fluidity for extrinsic Fas mediated
apoptosis.
2. Materials and methods

2.1. Preparation of functionalized SLBs

Bilayers of dioleoylphosphatidylcholine (DOPC), dipalmitoylpho
sphatidylcholine (DPPC) and DOPC:cholesterol (Chol) mixtures
(75:25) were prepared by the vesicle fusion method [23]. Briefly,
a 1 mM solution of lipids (Avanti Polar Lipids, Alabaster, AL, USA)
containing 0.25 mol% of biotinylated phosphatidylethanolamine
(PE-B), 2 mol% of brain phosphatidylserine (BrainPS), and 0.1% (cel-
lular imaging) or 0.01 mol% (z-scan FCS) of the fluorescent lipid
analogue 3,30-dilinoleyloxacarbocyanine perchlorate (DiO-C18)
(Life Technologies, Molecular Probes, Eugene, OR, USA) in chloro-
form: methanol (2:1) as a solvent was evaporated first under nitro-
gen and then under vacuum, each for 3 h. The formed lipid films
were re-hydrated in PBS to a final concentration of 1 mM, resus-
pended by vortexing, and sonicated to obtain small unilamellar
vesicles (SUVs). To prepare SLBs, 150 ll SUVs supplemented with
3 ll 0.1 M CaCl2 were precipitated for 15 min on glass in 8-well
Lab-Tek (Nunc, USA) or home-made chambers, and washed four
times with 400 ll PBS. Hydration, sonication, and liposome incuba-
tion steps were performed above the melting temperature of the
respective lipid: 25 �C for DOPC and DOPC:Chol, 50 �C for DPPC.

To functionalize SLBs, the surfaces were sequentially incubated
for 30 min with labelled streptavidin-AlexaFluor555 (SA⁄) (Molec-
ular Probes) and Fas agonist (aFas, biotinylated (Fab)2 fragment of
anti CD95 [DX3], AbCam, Cambridge, MA, USA); both proteins at
concentrations ranging from 0.01 to 1 lg/mL depending on well
size. After each step samples were washed twice with PBS. For
apoptosis quantification by AnnV, we followed the same protocol
except that we used non-labelled streptavidin (SA) (Molecular
Probes). Surface bound biotinylated aFas, was detected with
1 lg/mL secondary antibody ((Fab)2 fragment of anti-mouse IgG-
AlexaFluor546, Molecular Probes).

2.2. Imaging and FCS

Measurements were performed on a confocal laser scanning
microscope Olympus FV1000 using a 60X NA 1.4 oil-immersion
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objective. For 488 nm excitable dyes (GFP, DiO), a 510–540 nm
band pass filter was used for detection whereas 543 nm excitable
dyes (AlexaFluor555, AlexaFluor546, DiI) were detected using a
565–610 nm filter. For FCS, intensity traces (18–30 s) were
obtained using the pseudo-photon counting mode of the detector.
Autocorrelation curves were fitted with a single two-dimensional
diffusion model [24].

2.3. Z-scan FCS

To avoid positioning issues, we applied z-scan FCS [25–30] an
extension of classic FCS in which fluorescence autocorrelation
curves are measured at different positions along the optical axis
(5–8 steps of 0.3 lm). The diffusion coefficient can be obtained
from these data following the procedure described in [24]. Partic-
ularly, the residence times (sD) are related to the distance between
the sample plane and the beam waist w0 (DZ) as follows:� � !
orted lipid bilayer
sD ¼ w2
0

4D
1þ kDZ

pw2
0

2

ð1Þ
where k represents the excitation wavelength. At least fifteen curve
sets were evaluated for each type of SLB (Table 1).

2.4. Cell treatments

To generate a human cell line expressing FasR-eGFP, we used
Flp-recombinase mediated genome insertion into modified
HEK293 cells (ATCC, #CRL-1573) that contained a single landing
site (FlpIn system, Life technologies, Invitrogen, Carlsbad, CA,
USA). The Fas coding sequence was PCR amplified from phAPO-
1L (kindly donated by Peter Krammer, DKFZ Heidelberg) and intro-
duced into pcDNA5TM/FRT via the unique restriction sites KpnI and
ApaI. The insert was assembled by subcloning through intermedi-
ate vectors providing the required tags (EGFP, Flag-tag). The result-
ing open reading frame codes for 595 amino acids (aa #1–595),
comprised of an N-terminal Fas (#1–335; GI:329299085), a short
linker (#336–339, AAAR, single letter code), the EGFP (# 340–
577; GI:1377911), a short linker (# 578–587; PSTLDSSGSG), fol-
lowed by a Flag-tag (# 588–595; DYKDDDDK). Genome insertion
in 293 Flp-In cells was performed by transient co-expression of
pOG44 coding for the Flp-recombinase and subsequent Hygromy-
cin B (Invitrogen) selection. Single cell lines were isolated by dilu-
tion cloning.

The selected FlpIn-FasR-eGFP clone was maintained in DMEM
with 10% fetal bovine serum, supplemented with Hygromycin B
(100 lg/mL), penicillin, and streptomycin under standard cell cul-
ture conditions (5% CO2, 37 �C) (cell culture material from Life
Technologies, Invitrogen). For apoptosis induction, 3 � 104 FasR-
eGFP cells per cm2 were plated on top of pre-formed, functional-
ized SLBs. In experiments involving the soluble agonist, aFas was
added in the absence of SLBs at the time of cell seeding, in cham-
bers pre-incubated (30 min at 37 �C) with 10 lg/mL human fibro-
nectin/PBS (Invitrogen). Cells were allowed to settle for at least
6 h prior to imaging.

2.5. Apoptosis detection

6 or 12 h post-stimulation, live cells in a 8-well chamber (Lab-
Tek) were stained for 15 min with 2 ll Annexin V-AlexaFluor568
conjugate (AnnV, Molecular Probes) solution in 100 ll proprietary
binding buffer, aspirated, and imaged immediately in fresh DMEM.
Washing steps were omitted to avoid a loss of apoptotic cells.
Images were background-corrected and contrast-enhanced using
specific software (ImageJ, NIH). FlpIn cells were counted by visual
inspection of fluorescent images. In the case of unlabelled HEK
s affects Fas mediated death response. FEBS Lett. (2015),
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cells, the nuclei probe DRAQ5 (Cell Signaling, Danvers, MA, USA)
was added to stain the cells. Conditions were tested at least in trip-
licate, (n > 200).

For immuno- and TUNEL-staining the stable FasR-eGFP cells
were plated on fibronectin coated coverslips, stimulated by soluble
aFas agonist for 6 h, and fixed with 4% (w/v) paraformaldehyde in
PBS (pH 7.4) for 30 min. at room temperature (RT). Cells were per-
meabilized with 0.2% Triton for 5 min. and incubated with 5% (v/v)
horse serum (Invitrogen) in PBS for 45 min. PARP staining was
done sequentially with primary antibody anti-Cleaved PARP (Cell
Signaling, Danvers, MA, USA) and an AlexaFluor568-labelled sec-
ondary antibody (Invitrogen), each at RT for 1 h. For TUNEL stain-
ing (Roche Applied Science, Mannheim, Germany), the reaction
mixture was applied to the fixed permeabilized cells for 1 h at
37 �C under light protection. Samples were washed with PBS after
each step. For cell imaging, cover slips were mounted on glass
slides with FluorSave mounting media (Merck, CalBiochem, Darm-
stadt, Germany).
Fig. 1. Design and characterization of functionalized supported lipid bilayers (SLBs). (A)
Streptavidin (SA), biotinylated PE (PE-B) and the lipidic dye DiO-C18. (B) Homogenous
DOPC bilayer with positions for FCS measurements (magenta crosses). (C) Z-scan FCS. A s
plane. Representative ACFs for DiO-C18. Note that the SLB plane is defined by highest
diffusion time (sD) with DZ allows the determination of the diffusion coefficients.
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3. Results and discussion

3.1. Functionalized SLBs for Fas mediated apoptosis

To mimic the membrane–membrane interface that triggers Fas-
mediated apoptosis, we developed a model system composed of
SLBs and adherent cells. To vary the SLB fluidity, we used either
pure unsaturated (DOPC) or a binary mixture of lipids (DOPC:c-
holesterol) that exhibits a higher viscosity while staying homoge-
neously mixed at RT. [31]. As an example for drastically impaired
diffusion, we further included SLBs of pure saturated phospholipids
(DPPC) that are in a quasi-static gel phase at RT in contrast to the
fluid SLBs mentioned before [17].

The SLBs were functionalized with a Fas specific antibody ago-
nist (aFas) making use of the strong biotin-streptavidin interaction
(Fig. 1A). To achieve reproducible agonist surface densities, we
administered both streptavidin (SA) and biotinylated agonist under
saturating conditions followed by extensive washing. Each of the
Schematic diagram of the aFas protein sandwich linked to SLBs containing DOPC,
distribution of DiO-C18 and fluorescently labelled streptavidin (SA-Alexa555) in a
et of autocorrelation functions is measured at different distances (DZ) from the SLB
amplitude and smallest diffusion time (red). (D) The parabolic dependence of the
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binding steps showed a high degree of specificity (Suppl. Fig. S1).
As such, the concentration of biotinylated phosphatidylethano-
lamine (PE-B) in the SLB is limiting and surface densities of SA
scaled well with the amount of introduced PE-B in the lipid mix-
ture (Suppl. Fig. S2). We additionally confirmed the homogeneous
spatial distribution of SA within SLBs, indicating the absence of
protein-mediated large scale aggregations prior to cellular Fas
binding (Fig. 1B).

The mobility of the streptavidin/agonist complex within these
lipid bilayers was precisely determined by z-scan FCS, a method
that overcomes the difficulty of accurately focusing the laser at
the SLB plane (Fig. 1C). Z-scan FCS measures the dependence of
the mean diffusion times with the axial position of the laser focus
(Fig. 1D). These data is then fitted with Eq. (1) to obtain the diffu-
sion coefficient of the protein complex. As a control, we also mea-
sured the diffusion coefficient of the membrane probe DiO-C18 in
the different bilayers and found that they agreed well with those
reported in the literature (Table 1) [32].

In DOPC, the diffusion coefficients of DiO, the complex of PE-B
with Alexa555-labelled streptavidin (SA⁄), and the complete pro-
tein sandwich containing the agonist aFas were �5.0 lm2/s
(Table 1); the order of magnitude agreed well with the literature
[26,33]. As expected, addition of cholesterol decreased the diffu-
sion coefficients by a factor of 4–5 [26,34]. In the presence of
cholesterol, binding of the agonist antibody to SA⁄ slightly
decreased the mobility, which may indicate weak interactions
between the protein and the lipid bilayer surface. In contrast, SLBs
composed of DPPC show such a high viscosity that photobleaching
Fig. 2. Confocal images of Flp-In cells stably expressing FasR-eGFP before and after stim
consisting of DOPC:BrainPS (98:2) doped with 0.25% PE-B to attach aFas. (A and C) n
membrane (inset). Regions of high intensity represent membrane ruffles (open arrow hea
in the plasma membrane (closed arrow heads). (D) The surface attachment of agonist re
above the bottom plane, scale bar 10 lm.

Table 1
Diffusion coefficients of DiO-C18 and the lipid anchored Fas agonist in SLBs of
different lipid compositions. Data represent the mean ± S.E.M.; nP 15.

Diffusion coefficient
[lm2/s]

DiO-C18 SA-Alexa555 SA-Alexa555/aFasR

DOPC 5.51 ± 0.18 5.19 ± 0.19 5.20 ± 0.28
DOPC:BrainPS (95:5) 5.35 ± 0.28 n.d. n.d.
DOPC:Chol (75:25) 1.34 ± 0.03 1.40 ± 0.04 1.06 ± 0.16
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and other issues related to the very long dwell times the fluores-
cent molecules spend within the illumination volume prevent
the application of FCS [26]. Thus, z-scan FCS showed that the sur-
face bound agonist aFas exhibits two-dimensional diffusion prop-
erties that are dominated by the lipid anchors.

3.2. Stimulation of Fas-mediated apoptosis

To generate a microscopic readout for apoptosis, we used a
HEK293 derived cell line stably expressing a GFP-tagged Fas con-
struct. This cell line allows monitoring of receptor agreggations
at a single cell level of the receptor aggregation induced during
apoptosis. Confocal images taken at the bottom plasma membrane
show large regions of homogeneously distributed receptors and
membrane ruffles, as typical features for adherent cells (Suppl.
Fig. S3A). The modified cells expressed most of the fluorescence
at the plasma membrane indicating efficient transport of FasR-
eGFP through the constitutive secretory pathway (Suppl.
Fig. S3B). Within the cell population, the expression levels of
GFP-tagged Fas varied by one order of magnitude (Suppl. Fig. S3C).

Cell adhesion onto SLBs requires either micro-structured fibro-
nectin support [35] or trace amounts of anionic lipids [36]. There-
fore we supplemented the SLB mixtures with 2% of
phosphatidylserine (PS), which had negligible effect on the viscos-
ity of the lipid mixture (Table 1). The morphology of the Flp-In
FasR-eGFP cells growing on SLBs were indistinguishable from those
growing on fibronectin coated glass (Fig. 2A and C).

Stimulation of apoptosis from bulk solution with aFas produced
the expected Fas receptor aggregation in the plasma membrane of
cells plated on fibronectin coated coverslips. The morphology of
the cells was typical of apoptosis, showing blebbing, receptor inter-
nalization and rounded shapes. Patches of GFP-tagged Fas were
irregularly distributed all over the cell surface and could therefore
be imaged in cross-sections of the cell at any distance from the
glass surface (Fig. 2B). In contrast, stimulating cells growing on
top of SLBs doped with aFas, the Fas receptor aggregations were
largely confined to the bottom membrane proximal to the support
(Fig. 2D). Thus, functionalized SLBs indeed mimic the situation in
ulation. (A and B) Cells growing on fibronectin-coated glass or (C and D) on SLBs
on-stimulated cells show homogeneous distribution of FasR-eGFP in the plasma
ds). (B) Stimulation with aFas for 6 h leads to large scale aggregations of FasR-eGFP
stricts Fas aggregations to the bottom membrane. Centre planes were imaged 4 lm

orted lipid bilayers affects Fas mediated death response. FEBS Lett. (2015),
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Fig. 3. Apoptosis detection by Annexin V. (A-C) Confocal images of stable FasR-eGFP expressing Flp-In cells growing for 6 h on supported bilayers (SLBs) supplemented with
2% Brain-PS and 0.25% PE-B composed of (A) DOPC, (B) DOPC:Chol (75:25), or (C) DPPC Upper images show control cells, lower images show treated cells. SLBs where
functionalized with aFas as indicated. Scale bar 10 lm. (D) Representative images of apoptotic HEK293 cells growing for 12 h on aFas functionalized SLBs containing 0.125%
PE-B. Nuclei were stained with the fluorescent probe DRAQ5. (E) Quantification of the number of AnnV positive HEK293 cells. The apoptosis levels increase with both agonist
concentrations and fluidity of the SLB.
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which apoptosis is induced from tightly apposed membranes. We
further confirmed by PARP and TUNEL staining that the death sig-
nalling cascade in these cells progressed towards DNA degradation
(Suppl. Fig. S4).

3.3. Apoptosis induced by functionalized SLBs composed of different
lipids

We explored the relevance of membrane fluidity on extrinsic
apoptosis by measuring apoptosis induction efficiency in cells pla-
ted onto SLBs composed of different lipid mixtures also containing
anchored aFas.

Recent works using soluble agonist showed that the surface
density of aFas should be higher than a threshold (4000 antibod-
ies/cell) for productive signalling in HEK293T cells [19]. Assuming
that biotinylated PE binds agonists in a 1:1 relation, the surface
density of aFas would be �3300 molecules/lm2 in our experimen-
tal conditions. Thus, for a contact area of 10–50 lm2 we would
exceed this threshold by more than an order of magnitude.

Because the SLB surfaces are relatively small (�1 cm2) and pre-
vent the use of detergents for immunostaining, we quantified
apoptosis by detecting surface exposed phosphatidylserine (PS)
headgroups with fluorescently labelled AnnV [37,38].

Flp-In cells stimulated with the soluble aFas presented about
24.2% AnnV positive cells after 6 h, whereas the amount of apop-
totic cells growing on functionalized SLBs was significantly
reduced (8–15%). Importantly, the number of apoptotic cells was
significantly higher in the assayed condition with respect to the
corresponding non-treated controls (�5%), suggesting that aFas
protein induces cell death in a significant fraction of cells (Suppl.
Fig. S5). Visual discrimination of AnnV positive cells from non-
stained cells was obvious, despite the diverse cell morphologies
Please cite this article in press as: Sánchez, M.F., et al. Agonist mobility on supp
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associated with the progression of apoptosis: rounded homoge-
neously stained plasma membranes (Fig. 3A and B), blebs, or
patches. Interestingly, none of the cells growing on gel-like DPPC
bilayers showed a homogeneous staining; the AnnV signal was
concentrated in speckles at the cell periphery that seem to be
excluded from FasR-eGFP aggregates (Fig. 3C). These data also sug-
gest that the agonist mobility plays a role in apoptosis induction
since this process was more efficient in DOPC bilayers in compar-
ison to DOPC:Chol or DPPC.

To test this hypothesis under more physiological Fas expression
levels we seeded HEK293 cells [1,19] onto the different SLBs for
12 h and stained with AnnV as described before. Fig. 3D shows that
the staining produced patchy signals associated with a distinct
subpopulation of cells for all three types of SLBs. Quantification
yielded slightly reduced apoptosis levels of about 6–14% above a
background level of only 2% (Fig. 3E), presumably reflecting the
much lower Fas expression levels. However, in agreement with
the Flp-In cells, the apoptosis response in native HEK293 cells
clearly correlated with the fluidity of the SLB and hence the lateral,
two-dimensional mobility of aFas (Table 1) in a concentration
dependent manner.
4. Conclusions

To mimic cell–cell mediated extrinsic apoptosis, we have gener-
ated supported lipid bilayers of different lipid composition that
were functionalized with a surface attached Fas-specific antibody.
Applying z-scan FCS we showed that the biotinylated lipid anchor
conveys the dynamic properties of the membrane to the
streptavidin-linked agonist. For example, reducing membrane flu-
idity by addition of cholesterol reduced the diffusion coefficients of
orted lipid bilayers affects Fas mediated death response. FEBS Lett. (2015),
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lipid and protein to the same degree. Thus, streptavidin or agonist
binding has, if at all, only a small effect on mobility, which can be
explained by the negligible hydrodynamic drag introduced by the
protruding protein domains in the aqueous phase [26,39].

We showed that a significant fraction of membrane-anchored
agonist remains biologically functional since cells expressing
GFP-tagged Fas construct showed the expected DISC formation
and large-scale aggregations that correlated with an increased
response towards classic apoptosis markers (PARP, TUNEL, AnnV).
Moreover, quantification of the fraction of apoptotic cells revealed
a striking dependence on the fluidity of the membrane support for
both Fas overexpressing Flp-In cells and HEK293 cells.

Our observations are in line with the canonical model that pro-
poses aggregation of trimeric Fas/FasL complexes as a stringent
prerequisite for extrinsic apoptosis. Using Jurkat cells interacting
with functionalized SLBs, Zhang et al. recently showed that Fas/
FasL microdomains form as early as 10 min after seeding the cells
[20]. These microdomains were stably maintained for at least an
hour, the time at which AnnV signals started to emerge. Shifting
the approach to later time points, we can confirm a strong correla-
tion between large scale Fas aggregations in the plasma membrane
and AnnV signals in Flp-In and HEK293 cells. While it may be
expected that such aggregation phenomena depend on transloca-
tion of the membrane spanning Fas/FasL complexes, and hence dif-
fusion within the plasma membrane, we are not sure at this point
why decisions towards apoptosis should be kinetically controlled
also for longer stimulation times (6–12 h). One possible scenario
is that an increased lateral diffusion could act as a mechanism to
concentrate SLB-linked agonists at the cell-bilayer-contact site.
Thus, Fas molecules would be continually engaged at times after
the initial contact of the cells with the membrane.

Our knowledge about the time evolution of Fas-mediated sig-
nalling is still rather incomplete. The superposition of molecular
processes involves many factors and spans time scales ranging
from seconds to hours [9]. For example, Fas association of cytoplas-
mic DISC components, e.g. caspase-8 fragments, can be detected as
early as one second after Fas crosslinking [40]. A cellular decision
between extrinsic apoptosis or, in contrary, activation of the
growth promoting NFjB pathway in HeLa cells seems to takes
place in the first hour post-stimulation [41]. Therefore it is likely
that the quantified apoptosis response observed in our work routes
back to a sensitive initial phase after seeding. Since we kept the
cells under continuous stimulation, it is surprising that membrane
fluidity has such dramatic effects in the number of apoptotic cells;
for cells that are stimulated for long periods of time (6–12 h) there
seems to be sufficient time to potentially assemble a functional
DISC. Thus, our data point towards the existence of more complex
long-term regulatory cues.

Taken together, we show here that membrane fluidity plays an
important role for the regulation of Fas-mediated extrinsic apopto-
sis, an intriguing mechanism that has been recently proposed also
for other important immunological signalling pathways [42,43].
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the online version, at http://dx.doi.org/10.1016/j.febslet.2015.10.
009.
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