Results |

Part 1. The proapoptotic C16-ceramide—dependent
pathway requires the death-promoting factor Btf in colon
adenocarcinoma cells

1. Summary

It is now recognized that ceramide exert a wide range of biological functions in relation to
cellular signalling. The role of ceramide in the regulation of growth arrest, senescence, and/or
apoptosis has received special attention (Saddoughi et al. 2008). In fact, apoptosis can often
be induced in cancer cells by elevation of endogenous ceramide levels in response to a variety
of apoptotic stimuli such as cytokines (IL-1), death receptor ligands (Fas ligand), heat stress,
oxidative stress, chemotherapeutic agents, and ionizing or ultraviolet (UV) radiation (Pettus et
al. 2002; Ogretmen and Hannun 2004; Lin et al. 2006; Hannun and Obeid 2008; Bartke and
Hannun 2009). The use of exogenous cell-permeable short-chain ceramide particularly C2-
and C6-ceramides could also promote apoptotic pathways in cancer cells (Dobrowsky and
Hannun 1992; Dobrowsky et al. 1993; Obeid et al. 1993; Martin et al. 1995; Ogretmen and
Hannun 2001; Fillet et al. 2003; Fillet et al. 2005). Several studies have attempted to further
define the specific role of ceramide in cell death. However, the mechanisms by which
ceramide mediates antiproliferative pathways or inhibits prosurvival effects are not yet well-
defined (Lin et al. 2006). For all these reasons, we investigated the signalling pathways

triggered by exogenous long chain ceramide, especially C16-ceramide.

We showed that Cl6-ceramide induced a decrease in viability of adenocarcinoma cells,
partly due to apoptosis, as demonstrated by caspase-3 activation and poly (ADP-ribose)
polymerase (PARP) cleavage. To find new proteins involved in the ceramide signalling
pathway, we performed a two-dimensional differential in-gel electrophoresis (2D-DIGE). 51
proteins were found to be differentially expressed in Cl6-ceramide treated versus control
HCT116 cells. These proteins are notably involved in cell proliferation, apoptosis, protein
transport and transcriptional regulation. Among them, the cell death promoting factor Btf was,
for the first time, found to be implicated in the apoptotic signal triggered by ceramide. Indeed,
Btf-depleted colon cancer cells were found to be more resistant to death triggered by C16-
ceramide. Downstream targets and mechanisms of Btf-induced apoptosis remain poorly
understood. We discovered that the transfection of GFP-Btf expression plasmid up-regulated

p53 and BAX protein levels whereas pBcl-2 and Mdm2 expression were down-regulated.
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Moreover, we demonstrated that the cotransfection of MDM2-LUC plasmid and Btf siRNA
induced a significant increase in luciferase activity of the MDM2 promoter after C16-
ceramide treatment. All these results suggest that Btf plays an important role in the

proapoptotic ceramide-dependent signalling pathway.
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2. Article

The proapoptotic C16-ceramide—dependent pathway requires the
death-promoting factor Btf in colon adenocarcinoma cells
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Ceramides are central molecules in sphingolipid metabeolism. They are involved in the regulation of
cancer-cell growth, differentiation, senescence and apoptosis. To better understand how these secondary
messengers induce their biological effects, adenocarcinoma cells ([HCT116) were treated with exogenous
loeng-chain ceramides (C16-ceramide) in erder to mimic endogenous sphingolipids. This treatment
induced a decrease of cell viability partly due to apoptosis as shown by PARP cleavage and a decrease
of pro-caspase 3. Two-dimensional differential in-gel electrophoresis (2D-DIGE) revealed the differential
expression of 51 proteins in response to Cl6-ceramide. These proteins are notably involved in cell
proliferation, apoptosis, protein transport and transcriptional regulation. Among them, the cell death-
promoting factor Btf was found to be implicated in the apoptotic signal triggered by ceramide. In
adenocarcinoma cells, Btf regulates apoptosis related proteins such as Mdm2, p53, BAX and PBcl-2
and thus plays an important role in the ceramide mediated cell death. These findings bring new insight

into the proapoptotic ceramide-dependent signaling pathway.
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Introduction

Apoptosis, or programmed cell death, plays an essential role
in normal development and tissue homeostasis. Disruption of
regulated apoptotic processes leads to varlous physiological
abnormalitdes including cancer, autocimmune diseases, and
neurndegenerative disorders.’™? It is now recognized that
ceramides exert a wide range of biological functions in relation
to cellular signaling. The role of ceramides in the regulation of
growth arrest, senescence, and/or apoptosis has received
special attention.” However, the mechanisms by which cera-
mide mediates antiproliferative pathways or inhibits pro-
survival effects are not yet well-defined.?

Apoptosis can often be induced in cancer cells by elevation
of endogenous ceramide levels in response to a varlety of
apoptotic stimuli such as Fas ligand, TNF-o, oxidative stress,
chemotherapeutic agents, and ionizing or UV radiation.® Ce-
ramide can be produced in at least two distinct ways. It can
be generated through the de novo synthesis mediated by serine-
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palmitoyl transferase or through the hydrolysis of sphingomy-
elin.® The accumulation of ceramide can also be caused by
small molecules like B13, an inhibitor of acid ceramidase
(CDase).5 A number of downstream targets of ceramide have
been identified including phosphatases and kinases, such as
Akt, protein kinase C (PKC), kinase suppressor of Ras (KSR),
MAP kinases, phospholipase D and the ceramide-activated
protein phosphatases (CAPPs) including the serine/threonine
protein phosphatases PP1 and pp2za 37

Recently, Swanton et al. showed that down-regulation of a
ceramide transport protein, CERT, sensitizes cancer cells to
multiple cytotoxic agents, suggesting that the regulation of
sphingolipid metabolism by CERT might confer a survival
advantage to cancer cells.®

The use of ceramide analogues could also promote apoptotic
pathways in cancer cells.®?1" Bielawska et al. observed that
treatment with exogenous ceramides inhibited MCF7 cell
growth.® It should also be noted that treatment of cells with
exogenous ceramides may result in the generation of endog-
enous long-chain ceramide via the sphingosine recycling
pathway.® Sultan et al. showed that this alternative pathway
for the generation of endogenous long-chain ceramide in
response to exogenous Ci-ceramide is regulated by ROS and
seems to be important for the regulation of c-Myc in A549
cells. 1"

10.1021/pra005316 CCC: $4075 @ 2009 American Chamical Society

- 60 -



Cl6-ceramide-Dependent Pathways Involve Bif

Several studies have attempied to further define the specific
role of ceramide in cell death. The tumor suppressor protein
p53 and the Bel-2 proteins family are key components of the
tumor response to stress, and ceramide has been linked to each
of these mediators.!! In the absence of stress signals, the activity
of p53 is regulated to allow normal cell proliferation and to
maintain cell viability. Mdm2 (murine double minute) is crucial
for this process. Indeed, Mdm2 inhibits p53 activity, giving rise
to a negative feedback loop.!® In response to cellular stress,
such as DNA damage or oncogene activation, p53 is stabilized
and modulates the transcription of target genes involved in cell-
cycle control (Le., p21), DNA repair and synthesis ii.e., GADD4S)
and apoptesis (e, BAX, Puma, and Noxa)." Additionally,
Mdm2 can function in a p53-independent manner. Indeed,
Mdmz2 overexpression suppresses p21%etWall_induced growth
arrest in human p53~"~ and p53~"~/Rb~'" cells.'*!® [n this
study, p2l was found to be degraded by the proteasome
independently of ubiquitination and p53/Rb status. Further-
more, another group demonstrated that Mdmz2 overexpression
in the rhabdomyosarcoma cell line abrogates CG-ceramide-
mediated p21=PtWall induction, G2/M arrest and apoptosis.’™®

Some reports have demonstrated that p53 acts upstream of
ceramide in tumor stress responses. For example, Dbaibo et
al. showed that p53 is implicated in N-SMase activation and
ceramide formation in response to low concentrations of
actinomycin D or j-irradiation in Molt-4 cells.'” In other
studies, p53 is shown to be a downstream target of ceramide.
Indeed, inhibition of p53 expression with antisense oligonucle-
otides prevented the induction of caspase activity, the increase
of BAX and the decrease of Bcl-2 levels, suggesting that p53
acts upstream of Bcl-2, BAX and caspases in the proapoptotic
signaling pathway induced by ceramide.'® Still, other observa-
tions place ceramide and p53 in two separate and independent
pathways in the apoptotic process.'! For example, treatment
with a genotoxin generates ceramide in p53+'+cells (LM cells)
as well as in p53~'~ cells (LMEG)."® Taken together, it remains
unclear how ceramide and p53 are linked in programmed cell
death. Moreover, it seems to be cell type-dependent.'’

Finally, the position of ceramide with respect to Bel-2 is
variably reported. A number of groups have shown that
ceramide is upstream of Bel-2 in the apoptotic pathway, since
Bel-2 overexpression rescues cells from death induced by
ceramide®” or by ceramidase inhihitors.®! On the other hand,
other studies have demonstrated that Bel-2 and Bel-x, over-
expression prevent ceramide formation in response to etopo-
side, cisplatin and TWNF-g in C6 rat glioma and in human U&7
glioblastoma cells.** These observations were attributed to the
indirect inhibition of MN-SMase. Thus, Bcl-2 can also act
upstream of ceramide.

The main objective of the current study was to identify new
proteins involved in the apoptotic pathway triggered by cera-
mide. To achieve this goal, a 2D-DIGE proteomic approach was
chosen in order to compare the proteome of adenocarcinoma
cells treated or not with long-chain ceramide. Particular
attention was paid to proteins involved in the ceramide-p53
pathway to try to better understand the intracellular responses
to stress.

Materials and Methods

Cell Culture, Biological Reagents, and Treatments. HCT-
116 human colon carcinoma cells (ATCC CCL 247) were
cultured in McCoy's 5A modified medium (Cambrex, Inc., IA)
supplemented with 10% fetal bovine serum, 1% L-glutamine
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(200 mM), 100 units/mL penicillin and 100 4g/mL streptomy-
cin. The cells were maintained at 37 °C in a 5% CO; atmo-
sphere. ClG-ceramide was obtained from Acros Organics (Geel,
Belgium) and dissolved in ethanol To allow the entrance of
long-chain ceramide in the cell, dodecan was added to the
medium {0.02%). For all experiments, an equal amount of
solvent (ethanol/doedecan) was added to control cultures (i.e.,
untreated cells) compared to the corresponding ceramide
treated conditions. For transfection experiments, control cells
were transfected with empty plasmid or GFP siRNA. Cell
treatments were performed with 12 @M Cl16-ceramide, except
in Figure 1B where various concentrations were used.
Protein Extraction and Western Blot Analysis. HCT116
cells were scraped and centrifuged at 1000g for 5 min. The
pellets were washed two times with ice-cold PBS. Proteins
exiracts were prepared by lysing the cells in sodium dodecyl
sulfate (SDS) 1%. The cells were vortexed and protein extracts
were obtained after 10 min of boiling (Figures 1D, 3, 5B—D,
6B, D,F). Protein concentrations were measured with the Micro
BCA protein assay reagent kit (Plerce, Rockford, IL). Proteins
were separated by sodium dodecyl sulfate (SDS]-polvacryla-
mide gel electrophoresis and transferred to polvwinylidene
difluoride membranes. After blocking, the membranes were
incubated with the monoclonal antl-PARP and anti-Btf anti-
bodies (BD Biosciences Pharmingen, CA). The anti-caspase 3
and anti-g-tubulin antibodies were from Alexis (Lausen, Swit-
zerland) and Sigma (5t. Louis, MO). Stratifin was detected with
a mouse monoclonal antibody from Abcam (Cambridge, 1K),
The anti-serine 70 phospho-Bcl-2 (PBel-2), ant-prohibitn, anti-
Mdm2, and anti-p53 antibodies were purchased from Santa
Cruz, whereas stathmin was revealed with rabbit polyclonal
antibody (Cell Signaling, Danvers, MA). The anti-BAX antibody
was purchased from Calbiochem (San Diego, CA). The mem-
branes were Incubated with 1:10 000 diluted peroxidase-
conjugated anti-mouse and anti-rabbit secondary antibodies
(GE Healthcare, Uppsala, Sweden). The reactions were revealed
with the enhanced chemiluminescence detection reagent (ECL
kit, Thermo Scientific, MA). Western blottings were performed
in triplicate and analyzed by densitometry (Supporting Infor-
mation Figure 52). The intensity of each band was measured
with the Quantity One Software (BioRad, Hercules, CA). To
normalize protein levels, the value of the band corresponding
to each protein level was divided by the intensity of the
corresponding a-tubulin used as an internal standard.
Determination of Apoptosis by Cytochemical Staining.
HCT116 cells were seeded at 2 »x 104 cells/chamber in eight
chamber slides for cytochemical staining and treated or not
with ClG-ceramide (12 M) for 6 h. After treatment, cells were
washed with PES and incubated for 15 min with propidium
iodide and Annexin-V (Annexin-V FLUOS Staining kit, Roche,
Germany). Cells were visualized with confocal microscopy.
Two-Dimensional Differential In-Gel Electrophoresis
(2D-DIGE). 1. CyDye Labeling. Proteins were extracted by
adding lysis buffer containing 50 mb Tris, pH 7.5, 100 mM
NaCl, 5 mM EDTA, 0.1% Triton X100, 7 M Urea, 4% CHAPS
(v/v), 50 mM DTT, and protease inhibitors (Complete, Roche),
followed by vortexing. Cellular debris was removed by cen-
trifugation for 15 min at 20 000g Total proteins were precipi-
tated using a 2D Clean-up kit (GE Healthcare, Sweden) in order
to remove the excess of Tris-HCI, NaCl, EDTA, and DTT that
interferes with Cy-labeling. The pH was adjusted to 8.5 with
100 mM NaOH after reconstitution in a minimal volume of
labeling buffer (7 M urea, 2 M thiourea, 2% (w/v) ASB 14, 30
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mM Tris-HCl, pH 8.5). Protein concentration was evaluated
with PlusONE 2-D Quant Kit from GE Healthcare.

To perform an accurate comparative proteomic analysis, the
2D-DIGE procedure, initially developed by Unlu et al. was
performed.® Twenty-five micrograms of protein extracts of
treated cells (12 pM Cl6-ceramide during 6 h) and of control
cells was labeled separately with 0.2 nmol of CyDye (Cy3, Cy5)
(GE Healthcare), vortexed, and incubated 30 min in the dark
The reaction was stopped with 10 mM lysine. A Cy2-stained
pooled sample composed of all individual preparations of total
proteins consttuted an internal standard used to match and
normalize gels as described previously.**** Experiments were
performed in triplicate (3 independent control and 3 indepen-
dent treated cell extracts). Gel multiplexing was obtained by
mixing 25 ug each of one Cy3- and one Cy5-stained sample
supplemented with 25 ug of Cy2-stained internal standard. The
volume of the combined labeled samples was adjusted to 450
uL with standard rehydration buffer (v M urea, 2 M thiourea,
2% (wiv) ASB 14 and 0.6% (v/v) pH 3—10 NL IPG buffer). The
mixed CyDye-labeled samples were used to rehydrate 24 em
IPG strips (pH 3—10 NL) for 12 h at 20 *C and under constant
voltage (50 V). Isoelectric focusing (IEF) was successively carried
outat200 Vfor 1 h,500Vfor 1 h, 1 kVforl hand 8 kvfor6 h
at 20 *C and a maximum current setting of 50 @A per strip in
an IPGphor isoelectric focusing unit (GE Healthcare). Prior to
second-dimension separation, the [PG strips were equilibrated
according to Gorg et al®® and then sealed with 0.5% agarose
in 5DS running buffer on top of 12% (w/v) acrylamide gels.
The gels were poured between low-fluorescence glass plates
to minimize background fluorescence during scanning. The
second-dimension electrophoresis was performed overnight at
20 °C in an Ettan Dalt II system (GE Healthecare) at 1 Wigel.
Each gel was then scanned with the Typhoon 9400 scanner (GE
Healthcare) at the wavelengths corresponding to each CyDvye.

2. Image Analysis. Images were analyzed with the DeCyder
software (GE Healthcare) according to the manufacturer. In
brief, the three CyDye-labeled forms of each spot were co-
detected within each gel and ratios between samples and
intemnal standard abundance were calculated for each spot with
the DIA (Differential In-gel Analysis) software module. An
average of 3000 spots was detected on each gel. Then, intergel
variability was corrected using the internal standard spot maps
by the BVA (Biological Variance Analysis) module of the
DeCyder software. Protein spots that showed a statistically
significant (p < 0.05) Student’s f test for an increase or decrease
in normalized spot volume were accepted as being differentially
expressed between the compared extracts. The validity of these
changes was then confirmed by visual inspection of the gels.
This led to the identification of 51 significant protein spot
changes between control and treated samples that were
subsequently submitted to sequencing by LC-MS/MS.

3. In-Gel Trypsin Digestion and M5-MS Analysis. Spots with
a significant variation in their abundance were automatically
excised from the gel with the Ettan Spot Picker (GE Healthcare)
and underwent tryptic digestion. Spots were washed and desalted
in 50 mM ammonium bicarbonate fmethanal (50% viv), followed
by acetonitrile ([75% v/v, ACN); spots were then digested with
Trypsin Gold (MS grade, Promega, WI, 10 mg-mL™" in 20 mM
ammenium bicarbonate) using the Ettan Digester robot (GE
Healthcare) from the Ettan Spot Handling workstation. Automated
spotting of the samples was carried out with the spotter of the
same Workstation (GE Healthcare). Peptides dissolved in 50%
ACN containing 0.5% TFA (0.7 uL) were spotted on MALDI-TOF
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disposable target plates (4800, Applied Biosystems, CA) prior to
the deposit of 0.7 uL of a-cyano-4-hydroxycinnamic acid (CHCA)
(7 mg/mL, 50% viv ACN, 0.1% v/v TFA, Sigma Aldrich, MO).
Peptide mass determinations were carried out using the Applied
Biosystems 4800 Proteomics Analyzer iApplied Blosystems, Foster
City, CA). Both PMF and MS/MS in reflectron mode analyses were
carried out with the samples. Calibration was carried out with
the peptide mass calibration kit for 4700 Proteomics Analyzer
(Applied Blosystems). Proteins were identified by searching
against the NCBI databases using MASCOT (Matrix Science,
www.matrixsclence.com, London, U.K.). All searches were caried
out using a mass window of 100 ppm and with “Homo sapiens”
as taxonomy in NCBInr database (hitp://www.ncblnlm.nih.gov!)
and 05 Da of tolerance on MS/MS fragments. The search
parameters allowed fixed modifications for cysteine (carboxya-
midomethylation) and methionine (oxidation) and variable modi-
fications on tryptophan (double oxidation or kynurenin) as well
as peptide N-terminal E or ) as pyroGlu. Two missed cleavages
were allowed and the peptide charge was set at +1. All the
identifications were manually verified and validated.

RNA Interference. For RNA interference, decreased Bif
expression was obtained by transfecting an ON-TARGETplus
SMARTpool siRNA (Dharmacon, CO) using lipofectamine
reagent according to the protocol provided by the manufacturer
(Invitrogen, CA).

Transient Transfection and Luciferase Assays. For plasmid
transfection experiments (Figure 6C), HCT116 cells were seeded
in 6-well plates and transfected with MDM2 promoter-driven
luciferase or TP53 promoter-driven luciferase reporter con-
structs and GFP-Btf expression vector (a gift from Dr. T.
Haraguchi, Kansai Advanced Research Center, Kobe, Japan)
using lipofectamine reagent with a 1:2.5 DNA/lipofectamine
ratio, according to the manufacturer’s instructions. Plasmid
DA amounts were normalized with the corresponding empty
plasmids. Cells were harvested 24 h after transfection.

For Btf depletion experiments (Figure GE), colon cancer cells
were seeded in 6-well plates and cotransfected with MDM2
promoter-driven luciferase reporter construct together with
GFP siRNA or Bif siRNA and left untreated or treated with C16-
ceramide during 1, 3, or & h. Cells were harvested 48 h after
transfection.

For all those ransfection experiments, luciferase assays were
performed with a commercial kit (Roche) and luciferase activity
was measured in a luminescence microplate (Wallac Victor 2
multilabel counter plate, Perkin-Elmer, MA) and corrected for
the protein concentration in the sample by Bradford’s protein
determination.

Determination of Cell Viability. HCT116 cells were seeded
at 104 cells/well in flat-bottom 96 well plates (Greiner Bio-one,
Belgium). Cell viability was assessed by reduction of the yellow
tetrazollum salt (MTS) to the blue formazan product by
mitochondrial enzymes in viable cells (“Cell Titer 96 Aqueous”,
Promega, The Netherlands). At the end of the treatment peried,
20 xL of MTS/PMS solution was added to each well. The
reactions were incubated for 2 h at 37 °C in a humidified
atmosphere of 5% CO,. Absorbance was then measured at 432
nm with a spectrophotometer and the data were expressed as
a percentage of absorbance observed in untreated control cells
(Figure 14,B).

For plasmid transfection experiments (Figure 44), HCT116
cells were seeded in 96-well plates (1 x 104 cellsfwell) and
transfected with the GFP-Btf expression vector or with the
corresponding empty plasmid using lipofectamine reagent
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according to the manufacturer’s instructions. For Btf depletion
experiments (Figure 4B}, colon cancer cells were seeded in 96-
well plates (5000 cells/well) and transfected with GFP siRNA
or Btf siRNA using lipofectamine reagent. For all those trans-
fection experiments, viability was measured using the CellTiter-
Glo Luminescent Cell Viability Assay (Promega, Madison, WT),
according to the manufacturer’s instructions.

Caspases 3/7 Cleavage. HCT116 cells were seeded in 96-well
plates (5000 cells/well) and transfected with GFP siRNA or Bif
siRNA using lipofectamine reagent. Cells were left untreated
or treated with ClG-ceramide for 3 and 6 h. Apoptosis was
measured by quantification of both caspases 3 and 7 activities,
using the luminometric Caspase-Glo 3/7 assay (Promega,
Madison, WI), according to the manufacturer’s protocol.

Statistics. Statistical analysis was performed by i-test using
Prism 4.00 Software (Graph pad, San Diego, CA), with statistical
significance accepted at P < 0.05.

Results

Incorporating Cl6-ceramide in HCT116 Cells Decreases
Cell Viability., Short length ceramides are not constitutively
expressed in HCT116 cell lines.*” However, C16-, C20-, C22-
and C24-ceramides were detected by reverse-phase chroma-
tography coupled with tandem mass spectrometry.” Among
them, C16- and C24-ceramides appeared to be the predomi-
nant subtype found in HCT116.

To mimic the biological effect of endogenous ceramide,
HCT116 cells were stimulated with Cl6-ceramide in the pres-
ence of dodecan to allow the entrance of the lipid into the cells.
As shown in Figure 1A,B, cell viability strongly decreased in a
time- and concentration-dependent manner after Cl6-ceram-
ide treatment. About 60% of cells survived after 6 h of treatment
with 12 &M of ClG-ceramide. In these conditions, a 2-fold
increase of Cl6-ceramide cell content was measured by mass
spectrometry after 15 min of cell contact (data not shown).
Similarly C20-, C22- and C24-ceramides also decreased HCT116
cell viability {data not shown).

A double staining with Annexin V/propidium lodide con-
firmed the induction of apoptosis and necrosis as well as
morphological change of the cells after stimulation with C16-
ceramide (Figure 1C). As previously demonstrated with CB-
ceramide,®® the decrease in cell viability is partly due to
apoptosis. Indeed, our data showed that PARP cleavage in-
creased while pro-caspase 3 decreased after 2 and 6 h of C16-
ceramide treatment, respectively (Figure 1D).

2D-DIGE Analysis Allows the Identification of 51 Proteins
Differentially Expressed in Cl6-ceramide Treated versus Con-
trol HCT116 Cells. A differential proteomic analysis was un-
dertaken to identify the proteins involved in the C16-ceramide-
dependent pathways in the HCT116 adenocarcinoma cell line.
Proteins from contrel and Cl6-treated cells (12 uM, 6 h) were
extracted from six independent cultures (3 controls and 3
treated). Both control and treated cell extracts were labeled with
Cy3 and Cy5 to account for any protein-labeling bias. A Cy2-
stained pool of all samples was used as internal standard.

Following electrophoresis, spots were resolvable in images
generated from Cy2, Cy3 and Cy5 fluorescence of the labeled
proteins. The 2D-gels were highly reproducible and gave well-
resolved spots with little streaking (Supporting Information
Figure 51). It was found that out of approximately 3000
detectable spots, 73 underwent significant up- or down-
regulation after Cl6-ceramide stimulation, with control versus
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Figure 1. Incorporated Cl6-ceramide in HCT116 cells induced
toxicity. (A) HCT116 cells were seeded in S96-well plates in
triplicate and treated with 12 uM Cl16-ceramide during 1.5, 3, 4.5,
6, 16, 24, 30, and 48 h. Cell viability was estimated with MTS
reduction assay (n = 6). (B) HCT116 cells were seeded in 96-well
plates in triplicate and treated for 6 h with Cl6-ceramide at
different concentrations (2.5, 5, 10, 12, 20, 50 uM). Cell viability
was estimated with MTS reduction assay (n = &). (C) Double
staining with Annexin ¥V and propidium iodide from untreated
cells (2) or HCT116 cells treated with C16-ceramide (12 pM} during
& h(4). (1)and (3} are the corresponding phase contrast images.
Annexin-\ (green) is a marker of apoptosis and propidium iodide
(red) reflects the permeability of the cell membrane, thereby
serving as a marker of necrosis. Bar = 20 um. (D) Caspase-3
activation and PARP cleavage by Cl6-ceramide. HCT116 were
treated or not with ceramide (12 uM) for various time (1, 3, 6 h).
Twenty micrograrms of total cell lysates was separated on SDS-
polyacrylamide gels, and immunaoblotting was revealed with anti-
caspase 3 and PARP antibodies. Each membrane was probed
with anti-g-tubulin antibodies to ensure equal protein loading.

treated spot volume ratios of at least 1.5-fold within the 95th
confidence level (Student’s ¢ test, P < 0.05) (Figure 2J.

All the 73 protein spots were excised from the preparative
gel, digested with trypsin and analyzed using mass spectrom-
etry. Fifty-one out of 73 analyzed protein spots yielded unam-
biguous identifications using MASCOT database searching
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Figure 2. Two-dimensional preparative gel. 2D-DIGE revealed 72 protein spots differentially expressed in C16-ceramide treated or
untreated HCT116 cells. Labeled samples (25 ug of each Cy2, Cy3, and CyB) were loaded on 24 cm, 3—10 NL IPG-strips and subjected
to isoelectric focusing. Second-dimension was performed in 12% acrylamide gels. Gels were scanned and subsequent image analyses
were parformed. Proteins were identified from 51 spots that were found to vary significantly (p < 0,06, Student's t test) in treated cells

comparad 1o untreated cells.

program. Table 1 lists the proteins that were identified by M5/
MS (Supporting Information Table 51). Several functional
groups of proteins were affected, including regulators of
transcription and translation, proteins invelved in cytoskeleton
organization, metabolism and response to stress.

Confirmation of 2ZD-DIGE Results for Some Proteins
Involved in the p53 Pathway. As Cl6-ceramide is able to
induce apoptosis, proteins known to be involved in the p53
signaling pathway were studied. Western Blotting (\WWE) experi-
ments were performed to validate some of the data obtained
by 2D-DIGE analysis. As shown in Figure 3 and in Supporting
Information Figure S2, the levels of stratifin (2.77-fold, p <
0.0001) and stathmin (1.11-fold, p= 0.002) decreased after 6 h
of ceramide treatment as compared to untreated cells, whereas
the expression of prohibitin (1.48-fold, p= 0.002) and Btf (1.24-
fold, p = 0.0139) increased as shown by 2D-DIGE analysis
(Table 1).

Ceramide Induces Apoptosis through Btf. Among the
differentially expressed proteins after ceramide treatment, Btf
(Bcl-2-associated transcription factor) was of particular interest
as its level of expression was increased 1.85-fold by measure-
ment of spot abundance in 2D gels and this increase was
confirmed by WE after ceramide treatment (Figure 3D). Btf is
a newly discovered transcriptional repressor that induces cell
death upon overexpression.®

The transfection of GFP-Bif expression plasmid induced a
20% decrease in cell viability when compared to GFP empty
vector (p = 0.0045) (Figure 44). In addition, Bif-depleted cells
were found to be more resistant to death triggered by ceramide
(Figure 4B). Indeed, cell viability was increased (19.4% at 3 h

4314 Joumal of Protece Research » Vol 8 No. 10, 2008

and 13.8% at 6 h) for Bif-depleted cells compared to GFP siRNA
transfected cells after 3 and 6 h of C16-ceramide treatment (p
= 0.0188, & h).

To determine if Btf is involved in ceramide-dependent
apoptosis, HCT116 cells were transfected with GFP siRNA and
Btf siRNA, followed by treatment with ceramide. Our results
showed that knocking down Btf decreased caspases 3/7 activi-
ties (up to 60%) in colon cancer cells in response to 3 and 6 h
of Cl6-ceramide treatment (Figure 4C) (p < 0.0001, 6 h).

Cl6-ceramide and Bif Expression Up-Regulate p53 and
BAX Expression. Liu et al. provided evidence that disruption
of Btf-mediated TP53 gene transcription leads to suppression
of TP53-mediated apoptosis in response to DNA damage.® This
suggests that Bif induces apoptosis in a TP53-dependent
manner.

In our HCT116 model, Cl6-ceramide treatment generated a
significant increase (3-fold) in TP53 promoter activity as
measured by the luciferase reporter gene assay (Figure 5A). This
resulted in an early increase of p53 expression within 15 min
of C1B-ceramide treatment (p= 0.0178 at 15 min; p = 0.0049
at 30 min) as compared to HCT116 cells treated with actino-
mycin D used as positive control (Figure 5B). Actinomycin D
is a well-known inducer of p53 pathway. It binds DNA at the
transcription initiation complex and prevents elongation by
RNA polymerase.

To investigate whether Bif is implicated in the ceramide-
p53 dependent pathway, a GFP-Btf expression plasmid was
transfected in HCT116 cells and proteins involved in the p53
apoptotic pathway were quantified by WB. As shown in Figure
5 C, p53 and BAX protein levels increased (1.33-fold, p= 0.0057
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Flgure 3. Validation of the 2D-DIGE data by Western blotting of
HCT116 cells treated by Cl6-ceramide. HCT116 cells were left
untreated or stimulated with C18-ceramide {12 xM) during 1, 3,
and & h. Twenty micrograms of total cell lysates was separated
on SDS-PAGE gel, and immunoblottings were performed with
anti-stratifin (4), -stathmin (B}, -prohibitin (C), and -Btf (D)
antibodies together with anti-tubulin antibodies as loading
control. A representative Western blot is shown for each case.

and 1.28-fold, p= 0.0260, respectively), whereas phospho-Bel-2
level decreased (1.22-fold, p= 0.0141) after transfection of the
Bif expression plasmid. Moreover, in HCT116 cells, both
endogenous Btf and FBcl-2 are located in the nucleus in basal
conditions (Figure 534). After ceramide treatment (12 uM, 3 h,
Figure 53B), Bf and pBcl-2 localization remained in the
nucleus. This strengthens the hypothesis that they could
physically interact, even if this can only be demonstrated by
immunoprecipitation. This has been already tested without
success, maybe due to the poor Btf solubility in IP buffers.

As shown in Figure 5D, RNAi-mediated Btf depledon also
partially inhibited BAX expression after ceramide treatment
indicating that Btf could be an intermediate in the ceramide-
p53 pathway. All these data suggest that Bif acts as a proapo-
ptotic factor.

Cl6-ceramide Down-Regulates Mdm2 Expression via
Btf. Downstream targets and mechanisms of Bif-induced
apoptosis remain poorly understood. Since Btf was shown to
bind DNA™ we investigated whether it could modulate
transcription, as one report suggested that MDMZ2 could be a
Btf target gene.*® HCT116 cells were transfected with the
MDM2-LUC reporter plasmid containing 5 regulatory regions

4818 Journal of Proteome Research « Vol 8 Mo, 10, 2009
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Figure 4. Ceramide induces apoptosis through Bif. (A) Btf
averexprassion decreases cell viability. HCT116 cells were trans-
fected with GFP-vector or GFP-Btf (0.1 ug). Cell viability was
measurad 24 h post-transfection. (B) Down-regulation of endog-
enous Btf enhances cell viability. HCT116 cells were transfected
with GFP siRMA or Bif siRMA and were left untreated or treated
with C16-ceramide for 3 and & h. Cell viability was measured 48 h
post-transfection. {C) BIf silencing diminishes ceramide-induced
cell apoptosis in colon cancer cells. HCT116 cells were transfected
with GFP siRNA or Btf siRMA and were left untreated or treated
with Cl6-ceramide for 3 and & h. Cellular apoptosis was quanti-
fied 48 h post-transfection by assessing caspases 3/7 activities.

of the MDM2 gene. As shown in Figure 6A, after 6 h of C16-
ceramide (12 M) treatment, LUC activity decreased signifi-
cantly compared to untreated cells. Mdm2 protein expression
levels also decreased significantly after 6 h of Cl6-ceramide
treatment (1.85-fold, p= 0.0002) (Figure 6B). Altogether, these
data suggest that C16-ceramide could repress the MDM2 gene
transcription.

Moreover, the MDWM2-LUC plasmid was cotransfected with
Bif expression plasmid (Figure 6C). A significant decrease in
luciferase activity (40%) was observed. These data suggest that
MDM2 gene expression is negatively regulated by Bif family
members. Western blotting showed in parallel that Mdm2
protein expression decreased significantly after Btf plasmid
transfection (1.30-fold, p = 0.0022) (Figure 601).

HCT116 cells were cotransfected with the MDM2 promoter
reporter luciferase construct and the GFP siRNA or Bitf siRMNA.
Bif silencing increased the activity of the MDM2 promoter after
ceramide treatment (Figure 6E). This result demonstrates that
Bif negatively regulates Mdm2 expression. To further confirm
this finding, HCT116 cells were transfected with GFP siRNA or
Bif siRNA followed by treatment with ceramide. This result
demonsirated that, in the presence of Bif siRNA, Mdm?2 protein
expression was induced after 30 min and 1 h of ceramide
treatment (Figure 6F).
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Figure 5. C16-ceramide and Btf expression upregulate pb3 and
BAX expression. (A) Cl6-ceramide increases TPB3 promoter
activity after 30 min of treatment. HCT116 cells were transiently
transfected with 0.2 pg of TPE3-LUC and then left untreated or
treated with C16-ceramide for the indicated times. The luciferase
activity was measured 24 h post-transfection. (B) C16-ceramide
up-regulates pb3 expression. HCT116 cells were left untreated
or stimulated with C16-ceramide (12 M) for the indicated period
of times or with actinomycin D (Act-D) for 6 h. Protein extracts
were subjected to Western Blotting probed with anti-p532 and -u-
tubulin antibodies. (C) Btf overexpression increases the pba and
BAX protein expressions and decreases FBcl-2 in HCT116 cells.
HCT116 cells were transfected with GFP-vector or GFP-Bif (0.6
wa) during 24 h. Cell lysates were analyzed by immunoblotting
with anti-pb3, -FBcl-2, -Btf, and -BAX antibodies, as well as with
anti-tubulin as loading control. (D) Down-regulation of endog-
enous Btf modifies BAX expression in a time-dependent manner.
HCT116 cells were transfected with GFP siBNA or Btf siRMNA and
then stimulated with C16-cerarmide for 30 min, 1, 3, and & h. Cell
extracts were subjected to anti-BAX, -Btf and -u-tubulin antibod-
ies for Western blot analysis.
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Discussion

In this study, we report that ClG-ceramide, a lipid second
messenger, induces a decrease in viability of adenocarcinoma
cells (HCT116), partly due to apoptosis, as demonstrated by
PARP cleavage and caspase-3 activation. The molecular mech-
anisms involved in ceramide signaling pathway were investi-
gated using a 2D-DIGE proteomic analysis of cells reated with
the long-chain Cl6-ceramide. Among the 51 identified differ-
entially expressed proteins, some are thought to be involved
in p53 signaling pathway, namely, prohibitin, stratifin, stathmin
and Btf. The modulation of their expression by ceramide was
confirmed by Western blotting.

As far as we know, those proteins have not yet been reported
to be involved in the ceramide signaling pathway and are thus
discussed here in relation with the apoptosis observed after
cell ceramide treatment (Figure 7).

Our data showed that stathmin expression level decreased
after ceramide treatment. Stathmin (oncoprotein 18) is a
cytosolic protein that destabilizes microtubules through tubulin
sequestration and/or promotion of microtubule disruption.®
Johnsen and colleagues have identified stathmin as being
repressed by p53 in p53-mediated G2/M cell-cycle arrest.®®
Furthermore, knockdown of stathmin partially restored cell-
cycle regulation and activation of apoptosis.™® Singer et al. also
demonstrated that inhibition of stathmin expression leads to
reduced viability and migration of HCC cells.** In our 2D-DIGE
proteomic analysis and WE experiments, a decrease of stathmin
protein levels was observed after ClB-ceramide treatment
(Figure 7). This decrease correlated with the apoptosis observed
after ClG-ceramide treatment despite the fact that further
investigations should be undertaken to determine the role of
p53 in the stathmin signal triggered by ceramide.

In our study, prohibin protein level was found to be
increased after ceramide treatment (Figure 7) suggesting its
involvement in the ceramide-p53 signaling pathway by a
mechanism that remains to be characterized. In the literature,
prohibitin was found to physically interact with Rb as well as
E2F family members in mammalian cells.*® Furthermore,
studies showed that prohibitin could physically interact with
and enhance the transcriptional activity of p53.7® These results
suggested that prohibitin could regulate cell proliferation and
apoptosis by affecting the transcriptional activity of E2F1 and
p53.%%

Owr data also showed that stratifin expression level decreased
after ceramide treatment. Stratifin has been shown to have a
clear impact on Mdm2 activity and p53 stabilization.¥-** While
studying the molecular mechanism of this increased stabiliza-
tion of p53, it was found that stratifin antagonized the biological
functions of Mdm2 by blocking Mdm2-mediated p53 ubiquiti-
nation and nuclear export. In addition, stratifin could facilitate
the oligomerization of p53 and enhanced p53 transcriptional
activity. As a target gene of p53, stratifin appears to have a
positive feedback effect on p53 activity (Figure 7).37 The
decrease in stratifin expression obtained in this study after C16-
ceramide treatment is somewhat controversial, but confirms
our previous work with Of-ceramide.® In our model of colon
cancer cells, stratifin may play a minor role in the regulation
of p53.

In the present study, Btf was found, for the first time, to be
implicated in the apoptotic signal triggered by ceramide
(Figures 3D and 4C). This protein was found to be upstream
of well-known apoptosis-related proteins such as Mdm2, BAX
and Bcl-2 (Figures 5C and 6D).

Journal of Proteome Research « Vol 8 No. 10, 2009 4819

-69 -



research articles Rénert et al.

A s B MDME-LUC B C16 12 pM
z. 1 il
- o 1 3 6 (h
T o
®E
EE 0.5 — Mdm2
E []
C B GFP-vector
1.2 [ GFP-Bif
mg 0.5
22 06
n
%g 0.4
37 o0z
Q
MDM2-LUC
F 0 0.5 1 3 6 (h)
CIB{12pM) - - = 4 4+ & + 4+ + + +
BifsiRNA - - + - + - + - + - 4
GFFsiRNA - + - + - + - 4+ - + -
— Mdm2
E 5 O GFP siRNA
7 BIf SiRNA

=y

Luciferase activity
{fodd induction)

— Tublin
0 1 3 6 {h)
MONEZLUC
Figure 6. C16-ceramide and Bif expression down-regulate Mdm2 expression. (4) C16-ceramide decreases the MDM2 promoter activity.
HCT116 cells were transiently transfected with 0.5 ng of MDM2-LUC and then left untreated or treated with C16-ceramide for 30 min,
1, 3, and & h. The luciferase activity was measured 24 h post-transfection. The increase in luciferase activity is expressed in fold induction
relative to the activity obtained with cells transfected with empty vector. (B) Cl16-ceramide decreases Mdm2 protein levels in colon
cancer cells. These cells were left untreated or stimulated with C16-ceramide (12 gM) for 1, 3, and & h. Cell extracts were subjected to
imrmunoblot analysis with anti-Mdm2 or -g-tubulin. (C) Btf overexpression decreases the MDM2 promaoter activity. Colon cancer cells
were cotransfected with 0.6 pg of MDM2 promoter reporter construct together with 0.5 ug of GFP-vector or GFP-Etf. The luciferase
activity was measured 24 h post-transfection. (D) Bif overexpression decreases the Mdm2 protein expression in HCT116 cells. These
cells were transfected with GFP-vector or GFP-BIf {2 pg) during 24 h. Cell lysates were analyzed by immunoblotting with anti-Mdmz2,
-Btf, and -g-tubulin antibodies. (E) Down-regulation of endogenous Btf enhances the MDM2 promoter activity. HCT116 cells
cotransfected with 0.5 pg of MOM2 promaoter reporter construct and GFP siRNA or Btf siRNA were left untreated or treated with
Cl6-ceramide for 1, 3, or 6 h. The luciferase activity was measured 48 h post-transfection. (F) Down-regulation of endogenous Btf
modifies Mdm2 expression in a time-dependent manner. HCT116 cells were transfected with GFP siRMA or Btf siRNA and then
stimulated with C1&-ceramide for 20 min, 1, 2, and 6 h. Cell extracts were subjectad to anti-Mdm2, -Btf, and -g-tubulin antibodies
for Western blotting analysis.

Btf (Bel-2-associated transcription factor, also named BCLAF1)
is a nuclear protein that was originally identified in a yeast two-
hybrid screen against the adenoviral bel-2 homologue E1B19K
and was shown to interact with Bel-2 and Bel-x,.*® Btf was also
described to promote apoptosis when overexpressed in Hela
cells;®® the responsible mechanism being largely unknown.
However, in a recent study, Btf {or BCLAF1)-deficient thy-
mocytes and splenocytes exposed to gamma-irradiation or
etoposide failed to show any defect in cell death compared with
wild-rype cells. The authors showed that Btf is not required
for thymocyte development but is essential for homeostasis of

4820  Journal of Proteome Research « Vol 8 Mo, 10, 2009

T- and B-cells and activation-induced proliferation of T cells.*®
In another study, Liu et al. demonstrated that suppression of
transcriptional activation by Btf silencing diminished TP53-
dependent apoptosis, implying that regulation of Btf by PKC3
also has a critical role in determining cell fate with DNA
damage.®” Beside this, Kasof hypothesized, but never demon-
strated, that Btf may repress the transcription of survival genes;
one possible target being the p53 inhibitor, Mdm2.*® Mdm2 is
lnovwn to bind directly to the transactivation domain of p53,
and abrogates the transactivational activity of p53.4! Mdm2 also
promotes the degradaton of p53 via its ubiquitin E3 ligase
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Figure 7. Proteins involved in the apoptotic response to C16-
ceramide treatment. 2D-DIGE analysis revealed the involvernment
of Btf, prohibitin, stratifin and stathmin in the ceramide signaling
pathway. Cl6-ceramide was found to induce pb3 expression.
Ceramide also decreases Mdm2 expression via Btf up-regulation.
Maoreover, overexpression of Btf increases BAX and pb3 and
decreases phospho-Bel-2 expression. These regulations result in
increased apoptosis. Arrows in bold represent new interactions
suggested by our study; gray arrows represent known data
coming from the literature.

activity, which leads to degradation by the proteasome. Mdmz2
is furthermore a direct transcriptional target of p53 and is up-
regulated upon p53 activation, leading to a negative feedback
loop.42

Possible intermediates between ceramide and Bif are not vet
known. Btf contains more than 30 phosphorvlation sites
identified by mass-spectrometry,*® but little is known about
kinases that target this protein. Liu et al. demonsirated that
PKC-delta interacted with Bif to co-occupy CPE-TP53.*" An-
other study by Linding et al. identified Btf as a novel target of
GSE-3beta.* In our study, two kinases were investigated,
namely, PKC-delta and GSK-3beta but they were not found to
be involved in the ceramide-Bif pathway in our colon cancer
cell model (data not shown). Further investigations have to be
undertaken to determine which kinases are implicated in the
Bif signal triggered by ceramide.

The expression of Mdm?2 decreased significantly after cera-
mide treatment and after Btf overexpression in colon cancer
cells (Figures 6B,D and 7). Moreover, Bif silencing increases
MDM2 promoter activity in response to ClG-ceramide (Figure
6E). Thus, these results suggest that Bif is required for
transcriptional regulation of MDM2 gene. Our results also
indicate that Btf decreases the phosphorylated form of Bel-2.
Previous studies showed that Bcl-2 or Bel-xw, two antiapoptotic
members of the Bel-2 family, abrogated Bitf-mediated tran-
scriptional repression, probably by binding to and sequestering
Bif in the cytoplasm.® Thus, these studies, combined with our
report, may provide a feedback loop between Btf and Bel-2.

Taken together, our proteomic data demonstrate for the first
time the implication of Bif, and other proteins like prohibitin,
stratifin and stathmin, in the ceramide signaling pathway.
Ceramides are known to induce cell death, but the molecular
mechanism involved is still largely unclear. Our study showed
that those second messengers significantly decrease intracel-
lular levels of Mdm2 and phospho-Bcel-2 through the increase
of Btf expression, whereas levels of p53 and BAX were found
to be increased. Interestingly, Btf silencing leads to an increase
in resistance of cells to ceramide treatment indicating that Btf
plays an important role in the ceramide-mediated cell death.
All these results give new insights into the ceramide apoptosis
signaling pathway.

research articles

The better understanding of the complex network of sph-
ingolipid signaling is very important in cancer therapy. The
identification of all the components invelved in the ceramide
pathway may help to characterize new targets as well as
facilitate the development of novel strategies to face drug
resistance.

Abbreviations: 2D-DIGE, two-dimensional differential in-
gel electrophoresis; ACN, acetonitrile; Bif, Bcl-2-associated
transcription factor; DTT, dithiothreitol; EDTA, ethylenedi-
aminetetraacetic acid; IEF, isoelectric focusing PG, immobi-
lized pH gradient; MALDI-TOF-MS, matrix-assisted laser de-
sorption/ionization-mass spectrometry; PBS, phosphate buffer
saline; PMF, peptide mass fingerprint: SDS, sodium dodecyl
sulfate; TOF, time-of-flight.
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Figure S1. 2D-DIGE experiment. Overlay of the two dye scan-images (Cy3 and Cy5) in triplicates. We
interchanged Cy3 and Cy5 labeling to avoid dye labeling-bias. (a) Scan-images of Cy3 control cells and Cy5
treated cells. (b) Scan-images of Cy5 control cells and Cy3 treated cells. (¢) Scan-images of Cy3 control cells
and Cys5 treated cells.
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Table S1. List of proteins identified by MS/MS with their sequenced peptide sequences, ion score and spot

number.
Functions/protein name Peptides sequences Ion score Spot
number
Protein transport
ADP-ribosylation factor 3 R.VNEAREELMR.M 20 43
K.NISFTVWDVGGQDK.I + DOUBLE Ox (W) 23
K.QDLPNAMNAAEITDKLGLHSLR.H 8
RHYFQNTQGLIFVVDSNDRER.V 12
Mannose-6-phosphate receptor binding protein 1 RIATSLDGFDVASVQQQR.Q 74 24
M.SADGAEADGSTQVTVEEPVQQPSVVDR.V + Acetyl (N-term) 30
Rab GDP dissociation inhibitor alpha R FQLLEGPPESMGR.G 3 14
R.MAGTAFDFENMKR.K 15
K.FLVFVANFDENDPK.T 64
K.SPYLYPLYGLGELPQGFAR.L 37
Cell proliferation/apoptosis
Prohibitin RFDAGELITQR.E 16 45
RILFRPVASQLPR.I 30
RIFTSIGEDYDER.V 17
R.KLEAAEDIAYQLSR.S 27
K. AAELIANSLATAGDGLIELR.K 24
14-3-3 protein sigma (stratifin) R.YLAEVATGDDKKR.I 45 39
K.SNEEGSEEKGPEVR.E 49
K.LAEQAERYEDMAAFMK.G 33
Annexin Al K.GVDEATIIDILTKR.N 57 37
K.GLGTDEDTLIEILASR.T 79
K.GTDVNVENTILTTR.S 8
Protein folding/response to stress
78 kDa glucose regulated-protein R.AKFEELNMDLFR.S 31 2 (a)
RITPSYVAFTPEGER.L 69
K. KSDIDEIVLVGGSTR.I 118
R.IINEPTAAATAYGLDKR.E 107
K. VTHAVVTVPAYFNDAQR.Q 112
K.DNHLLGTFDLTGIPPAPR.G 146
R.IEIESFYEGEDFSETLTR.A 158
K.VLEDSDLKKSDIDEIVLVGGSTR.I 168
78 kDa glucose regulated-protein R.AKFEELNMDLFR.S 32 2 (b)
RITPSYVAFTPEGER.L 25
R.IINEPTAAATAYGLDKR.E 48
K.NQLTSNPENTVFDAKR.L 49
K. VTHAVVTVPAYFNDAQR.Q 38
K.DNHLLGTFDLTGIPPAPR.G 35
R.IEIESFYEGEDFSETLTR.A 70
K.VLEDSDLKKSDIDEIVLVGGSTR.I 67
Calumenin R.EQFVEFR.D 13 23
K.TEREQFVEFR.D 16
RHLVYESDQNKDGK.L 51
K.TFDQLTPEESKER.L 47
Annexin A2 R.QDIAFAYQR.R 25 34
K.SLYYYIQQDTK.G 35
K.GVDEVTIVNILTNR.S 66
R.SNAQRQDIAFAYQR.R 32
KSLYYYIQQDTKGDYQK.A 42
R.RAEDGSVIDYELIDQDAR.D 38
K AYTNFDAERDALNIETAIK. T 25
T-complex protein 1 subunit delta R.SILKIDDVVNTR.- 23 18
K.GIHPTIISESFQK.A 93
K.GAYQDRDKPAQIR.F 32
R.ATLTAGGGAPEIELALR.L 26
R.AFADAMEVIPSTLAENAGLNPISTVTELR.N 45
Stress-70 protein. mitochondrial R.TTPSVVAFTADGER.L 105 4
K.LLGQFTLIGIPPAPR.G 47
K.NAVITVPAYFNDSQR.Q 29
K.STNGDTFLGGEDFDQALLR.H 136
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Stress-70 protein, mitochondrial

60 kDa heat shock protein. mitochondrial

Heat shock 70kDa protein 1

Heat shock 70kDa protein 8 isoform 1 variant

Heat shock protein 75 kDa. mitochondrial

Cytoskeleton
Stathmin

Adenyl cyclase-associated protein

Channel
Voltage-dependent anion selective channel protein 1

K.DAGQISGLNVLR.V
R.AQFEGIVTDLIR.R
K.SDIGEVILVGGMTR.M
R.AQFEGIVTDLIRR.T
K.LLGQFTLIGIPPAPR.G
K.NAVITVPAYFNDSQR.Q
K.STNGDTFLGGEDFDQALLR.H
K.AMQDAEVSKSDIGEVILVGGMTR.M

R.GYISPYFINTSK.G
K.ISSIQSIVPALEIANAHR.K
RIQEIEQLDVITSEYEKEK.L
K.LVODVANNTNEEAGDGTTTATVLAR.S

R.GYISPYFINTSK.G
R.AAVEEGIVLGGGCALLR.C
K.ISSIQSIVPALEIANAHR K
K.TLNDELEIIEGMKFDR.G
RILKVGLQVVAVKAPGFGDNR.K
RALMLQGVDLLADAVAVTMGPK.G
RIQEIIEQLDVTTSEYEKEK.L
R.KPLVIIAEDVDGEALSTLVLNR.L

R.AAVEEGIVLGGGCALLR.C
K.ISSIQSIVPALETANAHR K
K.TLNDELEIEGMKFDR.G
R.LKVGLQVVAVKAPGFGDNR.K
RIQEIIEQLDVTTSEYEKEK.L
R.KPLVIIAEDVDGEALSTLVLNR.L
K.LVQDVANNTNEEAGDGTTTATVLAR.S

R.GYISPYFINTSK.G
R.AAVEEGIVLGGGCALLR.C
RIQEIIEQLDVTTSEYEKEK.L

R.LVNHFVEEFKR.K
R.TTPSYVAFTDTER.L
R.IINEPTAAAIAYGLDR.T
K.QTQIFTTYSDNQPGVLIQVYEGER.A

R.TTPSYVAFTDTER.L
RIINEPTAAAIAYGLDKK.V

K. ITVINAVVTVPAYFNDSQR.Q
K.QTQTFTTYSDNQPGVLIQVYEGER.A

RTTPSYVAFTDTER.L
K.LLQDFFNGKELNK.S

K. STAGDTHLGGEDFDNR.M
R.IINEPTAAAIAYGLDKK.V
KNQVAMNPTNTVFDAKR.L
K.ITVINAVVTVPAYFNDSQR.Q
K.QTQTFTTYSDNQPGVLIQVYEGER A

R.AQLLQPTLEINPR.H
K.YSNFVSFPLYLNGR.R

K.FFEDYGLFMR.E
R.SLYSEKEVFIR.E
R.AQLLQPTLEINPR.H
R.YESSALPSGQLTSLSEYASR.M

R.ASGQAFELILSPR.S
R.SKESVPEFPLSPPK.K
R.SALFAQINQGESITHALK.H

KAGAAPYVQAFDSLLAGPVAEYLKI

R.VTQSNFAVGYK.T
R.GLKLTFDSSFSPNTGK.K

K KLETAVNLAWTAGNSNTR.F + DOUBLE Ox (W)

K. VNNSSLIGLGYTQTLKPGIK L
M.AVPPTYADLGK.S Acetyl (N-term)

R VTOSNFAVGYK.T

K.GYGFGLIKLDLK.T
R.GLKLTFDSSFSPNTGK.K
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70
35
29
53
80
156

29

13
19

48
98
33
43
42
84
83

20
123
132
91
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55
113
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48
51

21
49
36
56

51
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46
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~
2
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51
23

75
58
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16 (b)

16 (c)
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Voltage-dependent anion selective channel protein 2

Voltage-dependent anion selective channel protein 3

Enzymatic activity
Glycerol-3-phosphate dehydrogenase, mitochondrial

ATP synthase subunit alpha, mitochondrial

ATP synthase subunit alpha. mitochondrial

Citrate synthase, mitochondrial

Adenosylhomocysteinase

L-lactate dehydrogenase A chain

Hydroxyacyl-coenzyme A dehydrogenase. mitochondrial

Adenylate kinase isoenzyme 2 mitochondrial

K KLETAVNLAWTAGNSNTR.F + DOUBLE Ox (W)
K.VNNSSLIGLGYTQTLKPGIK.L

K. TDEFQLHINVNDGTEFGGSIYQK.V
M.AVPPTYADLGK.S Acetyl (N-term)

R.NNFAVGYR.T

K.YQLDPTASISAK.V
R.DIFNKGFGFGLVK.L
K.LTEDTTFSPNTGKK.S
K.SINAGGHKVGLALELEA -

R DIFNKGFGFGLVKLDVK.T

K. VNNSSLIGVGYTQTLRPGVK.L
R.TGDFQLHTNVNDGTEFGGSIYQK.V

K.LSQNNFALGYK.A
K.LTLDTIFVPNTGKK.S
K.VNNASLIGLGYTQTLRPGVK.L

K.GFITIVDVQR.V
K.AIMKLDIEQYR.M
R.LVSEFPYIEAEVK.Y
RILAFLNVQAAEEALPR.I

K.GIRPAINVGLSVSR.V
R.TGAIVDVPVGEELLGR.V

RISVREPMQTGIK.A
K.GIRPAINVGLSVSR.V
R.EAYPGDVFYLHSR.L
RILGADTSVDLEETGR.V
R.TGAIVDVPVGEELLGR.V
R.EVAAFAQFGSDLDAATQQLLSR.G

K. AHGGYSVFAGVGER.T
RFTQAGSEVSALLGRI
K.VALVYGQMNEPPGAR.A
RLVLEVAQHLGESTVR.T

K. VLDSGAPIKIPVGPETLGR.I

R.ATAELGIYPAVDPLDSTSR.I
R FLSQPFQVAEVFTGHMGK.L
RIPSAVGYQPTLATDMGTMQER.I

K. AHGGYSVFAGVGER.T
RFTQAGSEVSALLGRI

K. VALVYGQMNEPPGAR A
RLVLEVAQHLGESTVR.T
K.VLDSGAPIKIPVGPETLGR.I

R ATAELGIYPAVDPLDSTSR.I

R FLSQPFQVAEVFTGHMGK.L
RIPSAVGYQPTLATDMGTMQER.I

R.ALGFPLERPK.S

R.VVPGYGHAVLR. K
R.ALGVLAQLIWSR.A + DOUBLE Ox (W)
K.GLVYETSVLDPDEGIR.F
H.ASASSTNLKDILADLIPKEQAR.I

R.RIILLAEGR.L

K.YPQLLPGIR.G

K.VNIKPQVDR.Y
K.ALDIAENEMPGLMR.M

R KALDIAENEMPGLMR.M
K.DGPLNMILDDGGDLTNLIHTK.Y

K.LVITAGAR.Q
RFRYLMGERL

R.QQEGESRLNLVQR.N

RNVNIFKFIIPNVVK.Y
K.IVSGKDYNVTANSKLVIITAGAR.Q
M.ATLKDQLIYNLLKEEQTPQNK.I + Acetyl (N-term)

R.LLVPYLMEAIR.L
K.FAENPKAGDEFVEK.T
R.FAGLHFFNPVPVMK.L

KNGFLLDGFPR.T
R AVLLGPPGAGKGTQAPR.L
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Mitochondrial-processing peptidase subunit beta

Glucose-6-phosphate 1 dehydrogenase

Transription/Translation

Elongation factor 1-beta

Elongation factor 1- gamma

Elongation factor 1-delta

Bcl-2-associated transcription factor 1(Btf)

ATP-dependent DNA helicase 2, subunit 1

Histone-binding protein RBBP7

Ribonucleoprotein

Heterogeneous nuclear ribonucleoprotein G

Heterogeneous nuclear ribonucleoprotein K

40S ribosomal protein S3

Ubiquitination

268 proteasome non-ATPase regulatory subunit 12

Calcyclin-binding protein

Ubiquilin-1

M.APSVPAAEPEYPKGIR.A
RLQAYHTQTTPLIEYYR.K
K.EKLDSVIEFSIPDSLLIR R
R.SYHEEFNPPKEPMKDDITGEPLIR.R

R RIPIPELEAR.I
R.STQAATQVVLNVPETR.V
R.AVEILADIIQNSTLGEAEIERER.G
K.DLVDYITTHYKGPR.I
RIVLAAAGGVSHDELLDLAK.F

R.IIVEKPFGR.D
K.LKLEDFFAR.N
R.DGLLPENTFIVGYAR.S
RINSYVAGQYDDAASYQR.L

K.LVPVGYGIK.K
K.LVPVGYGIKK.L
K.SPAGLQVLNDYLADK.S

K.AKDPFAHLPK.S
K.STFVLDEFKR.K

K. ALIAAQYSGAQVR.V
K.QATENAKEEVRR.I

RLRQYAEKK

K. YDDAERRF

KLVPVGYGIRK

RFYEQMNGPVAGASR.Q

RRFYEQMNGPVAGASR.Q
K.SLAGSSGPGASSGTSGDHGELVVR.I
R.ATAPQTQHVSPMRQVEPPAK K phosphorylation sur le S
M.ATNFLAHEK I+ Acetyl (N-term)

T.IAPQNAP.R
S.SFYPDGGDQETAK

K.KPGGFDISLFYR.D

R.SDSFENPVLQQHFR.N
R.ILELDQFKGQQGQKR.F
K.IISSDRDLLAVVFYGTEK.D

K.TVALWDLR.N + kynurenin (W)

K. TVALWDLR.N + DOUBLE Ox (W)
R.RLNVWDLSK.I + kynurenin (W)
RYMPQNPHIIATK.T
M.ASKEMFEDTVEER.V + Acetyl (N-term)

KDYALHWLVLGTHTSDEQNHLVVAR.V + DOUBLE Ox (W)

K.IGEEQSAEDAEDGPPELLFIHGGHTAK I

R.GFAFVTFESPADAK.D
K.AIKVEQATKPSFESGR.R
R.GFAFVTFESPADAKDAARD

R .NLPLPPPPPPR.G
R.TDYNASVSVPDSSGPER.I

R.VIPTRTEIILATR.T
R.FGFPEGSVELYAEK.V
R.ELAEDGYSGVEVR.V

R FGFPEGSVELYAEKVATR.G

R.VEFILEQMR.L
R.LAGIINFQRPK.D
R.LQEVIETLLSLEK.Q

K. AELLDNEKPAAVVAPITTGYTVK.I
K.KAELLDNEKPAAVVAPITTGYTVK.I
K.IYITLTGVHQVPTENVQVHFTER.S

R.ALSNLESIPGGYNALR.R

R FKSHTDQLVLIFAGK.I
R.ALSNLESIPGGYNALRR.M
R.QLIMANPQMQQLIQR.N
R.QQLPTFLQQMQNPDTLSAMSNPR.A
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K EKEEFAVPENSSVQQFKEEISKR.F 34
Signaling
Serine/threonine-protein phosphatase 2A 56 kDa regulatory K .LSTIALALGVER.T 19 9
subunit beta isoform K.VLVMANDPNYLHR.M 1
K.SEIVPLFTSLASDEQDSVR.L 3
K.IGPILDTNALQGEVKPVLQK.L 47
R.QISQEHTPVALEAYFVPLVKR.L N
Serine/threonine-protein phosphatase 2A 65 kDa regulatory K.LSTIALALGVER.T 33 12
subunit A alpha isoform K KLSTIALALGVER.T 28
R.YMVADKFTELQK.A 29
K.SEIIPMFSNLASDEQDSVR.L 32
K.IGPILDNSTLQSEVKPILEK.L 84
K. VLELDNVKSEIIPMFSNLASDEQDSVR.L 2
K.LSTIALALGVER.T 48 13
RYMVADKFTELQK.A 27
R.LNIISNLDCVNEVIGIR.Q 24
K.SEIIPMFSNLASDEQDSVR.L 35
K.IGPILDNSTLQSEVKPILEK.L 94
R.AISHEHSPSDLEAHFVPLVK.R 74
K.VLELDNVKSEIIPMFSNLASDEQDSVR.L 36
K LSTIALALGVER.T 21 14
R.YMVADKFTELQK.A 10
K.IGPILDNSTLQSEVKPILEK.L 44
Ras-GTPase activating protein binding protein 1 K.VLSNRPIMFR.G 6 11
K.NLPPSGAVPVTGIPPHVVK.V 63
K .LPNFGFVVFDDSEPVQK.V 90
K.NSSYVHGGLDSNGKPADAVYGQK.E 60
K.VPASQPRPESKPESQIPPQRPQR.D 8
K.SSSPAPADIAQTVQEDLR.T Phospho (STY) 104
Ran-specific GTPase-activating protein R.FLNAENAQK.F 48 41
R.FASENDLPEWKER.G + kynurenin (W) 26
R.FASENDLPEWKER.G + DOUBLE Ox (W) 34
K. TLEEDEEELFKMR.A 17
Others
NSFL1 (P97) cofactor (P47) K.EANLLNAVIVQR.L 38 24
R.SYQDPSNAQFLESIR.R 32
K.ASSSILINESEPTTNIQIR.L 67
Membrane-associated progesterone receptor component 1 K.FYGPEGPYGVFAGR.D 50 42
R.KFYGPEGPYGVFAGR.D 30
Annexin A5 K.GLGTDEESILTLLTSR.S 30 35
R.SIPAYLAETLYYAMK.G 12
K.WGTDEEKFITIFGTR.S + kynurenin (W) 50
R.GTVTDFPGFDERADAETLR.K 18
Actin, cytoplasmic 2 R.GYSFTTTAER.E 28 26
R.AVFPSIVGRPR.H 23
K.QEYDESGPSIVHR.K 52
K. SYELPDGQVITIGNER.F 71
R.VAPEEHPVLLTEAPLNPK.A 78
R.AVFPSIVGRPR.H 23 28
K.SYELPDGQVITIGNER.F 39
R.VAPEEHPVLLTEAPLNPK.A 18

Proteins were identified by searching against the NCBI databases using MASCOT (Matrix Science, www.matrixscience.com. London, UK). All searches were carried out using a mass
window of 100 ppm and with “Homo sapiens™ as taxonomy in NCBInr database (http://www.ncbi.nlm.nih. gov/) and 0.5 Da of tolerance on MS/MS fragments. The search parameters
allowed fixed modifications for cysteine (carboxyamidomethylation) and methionine (oxidation) and variable modifications on tryptophan (double oxidation or kynurenin) as well as
peptide N-terminal E or Q as pyroGlu. Two missed cleavages were allowed.
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Figure S2. Western blottings were performed in triplicate and analysed by densitometry (Western blots
Figures 3, 5 and 6 of the article). The intensity of each band was measured with the Quantity One Software
(Biorad, Hercules, CA). To normalize protein levels, the value of the band corresponding to each protein was

divided by the intensity of the corresponding a-tubulin band used as internal standard.
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Fig. 5
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Fig. 6

B

1,2 7

0,8 1
0,6
0,4 4
0,2 1

0 T T T 1

0 1 3 6 (h)
C16 (12pM)

(1

Fold repression

D

& M
é 0,8 1 -
@- 0,6
% 04 A
L

0,2 A

0 T 1
GFP-vector GFP-Btf

Oh

3h

"Bd-2 Merge

Figure S3. Endogenous Btf is expressed in HCT116 cells and co-localizes with pBcl-2 in the nucleus.
HCT116 cells untreated or treated with C16-ceramide during 3 h were stained with both anti-Btf and pBcl-2
antibodies and analysed with confocal microscopy (Leica). The primary antibodies were used as follows: anti-
Btf was used in a 1:50 dilution (BD Biosciences Pharmingen, San Diego, CA) and anti-pBcl-2 was used in a
1:50 dilution (Santa Cruz, CA). Bound antibodies were detected by using FITC- or TRITC-conjugated anti-
mouse or anti-rabbit secondary antibodies in a 1:500 dilution (Jackson Immunoresearch Laboratories, West
Grove, PA).
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3. Annexe

Some of the experiments performed in the first part of this work have not all been included

in our article in Journal of Proteome Research. These results are presented here.

Comparison of the ceramide levels observed in different cell lines

As many studies have shown that exogenous short length ceramides (mainly C2- and C6-
ceramides) induce apoptosis, we first investigated which kind of endogenous ceramides are
present in four cancer cell lines. Using a previously developed LC-MS-MS method (Fillet et
al. 2002), C16-, C18-, C20-, C22-, and C24-ceramides were found to be constitutively present
in four cell lines (HCT116, MCF7 A/Z, U937 and Ovcar) (Figure Al). Interestingly, short

length ceramides (below C16-ceramide) are not constitutively expressed in those cell lines.

HCT comp mim MRAM of 8 Channals ES+

C16 1.00a8

c22
C24
cig S0
et HET116
B PP S— |
MCFT A/Z
_J W‘\

| U937
b Owvear
M| e e e T

- "'E"'_""""'r'“"'r""'"r'""'l"""'r""""l"""\' T T T T T T T 5 T
EI{I}I 1200 14.00 16.00 1800 2000 ol 24.00

Figure Al. Multiple reaction monitoring (MRM) chromatogram of endogenous ceramides by LC-ESI-
MS-MS in four cancer cell lines, HCT116 (colon), MCF7 A/Z (breast), U937 (lymphoid), Ovcar (ovarian).
Time scale in minutes (Fillet e al. 2002).

We decided to compare C16-ceramide endogenous level in six cell lines in basal conditions:
HCT116 and HT-29 (human colon adenocarcinoma cells), COS-1 (immortalized monkey
kidney cells), HL-60 (human promyelocytic leukaemia cells), U937 (human lymphoma cells),
K562 (human myeloid leukaemia cells). As can be seen in Figure A2, Cl6-ceramide was at

the highest level in the adenocarcinoma cell line HCT116, compared to other cell lines.
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C16 peak area/
internal standard peak area

Alaalla

HCT-116 COS HL-60 U937 HT-29 K562

Figure A2. Cl16-ceramide was detected in different cell lines by reverse-phase chromatography coupled
with tandem mass spectrometry (LC-ESI-MS-MS). Cell lysates (corresponding to 500 pg of proteins) of
these six cell lines were spiked with a constant amount of internal standard (10 ng of C12-ceramide). The lipid
extraction was performed according to the procedure described in Fillet ez al., 2002. We calculated a ratio of the
peak area of C16-ceramide to that of the internal standard (C12-ceramide).

Then, we measured the endogenous levels of several long chain ceramides species (C14-,
Cl6-, C18-, C20-, and C24-ceramides) in HCT116 cells. As shown in Figure A3, C16- and
C24-ceramides appeared to be the predominant subtypes found in HCT116.

[ Cer]
(ng/mg of total proteins)

0
C14 C16 C18 Cc20 C24

Figure A3. C16- and C24-ceramides appeared to be predominant subtypes found in HCT116. To calculate
the concentration of C14-, C16-, C18-, C20-, and C24-ceramides in HCT116 control cells, a calibration curve for
each ceramide was established with increasing amounts of each (0.025 ng/ul, 0.05 ng/ul, 0.25 ng/ul, and 0.50
ng/ul). A constant amount of internal standard (10 ng of C12-ceramide) was added to each calibration solution
and also to cell lysate corresponding to 500 pg of proteins of untreated HCT116 cells. The lipid extraction was
performed according to the procedure described in Fillet et al., 2002. The level of each ceramide was measured
by ESI-LC-MS/MS. Result is representative of three independent experiments.

Incorporation of C16-ceramide into HCT116 cells

To mimic the biological effect of endogenous ceramide and because exogenous short-chain
ceramide can not mimic endogenous ceramide (van Blitterswijk et al. 2003), HCT116 cells
were stimulated with exogenous long chain ceramide (Cl6-ceramide, 12 pM). On the
contrary to synthetic short chain ceramide that are water-soluble and membrane-permeable,
the extracellular long chain fatty acid ceramide fail to get inside the cell (Ji et al. 1995; Fillet
et al. 2003; van Blitterswijk et al. 2003).
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However, Ji and its collaborators found that a solvent mixture consisting of ethanol and
dodecane (2% v/v) could solubilize ceramide and help the dispersion of natural bovine brain
ceramide that they used, into aqueous solution (Ji et al. 1995). Therefore, this strategy was
adapted and tested in our model of colon cancer cell line. Briefly, Cl6-ceramide was
dissolved in ethanol at 37 °C. Then, dodecane (0.02% of culture medium volume) was added
to the ethanolic solution, mixed and incorporated in the culture medium. It is noteworthy that
for all following experiments, an equal amount of solvent (ethanol/dodecane) was added to

control cultures (untreated cells) compared to the corresponding ceramide treated conditions.

To examine whether this vehicle (dodecane) can deliver exogenous chain C16-ceramide
into cells, we verified the cellular incorporation of this ceramide in HCT116 cells by tandem
mass spectrometry. A 2-fold increase of Cl6-ceramide cell content was measured by mass

spectrometry after 15 min of cell contact (data not shown).

Btf isoforms and localization

In the present study, Btf was found, for the first time, to be implicated in the apoptotic
signal triggered by ceramide. This protein was found to be upstream of well-known apoptosis-

related proteins such as Mdm2, BAX and Bcl-2 (Renert ef al. 2009).

Moreover, four isoforms produced by alternative splicing have been described for Btf
(isoform 1, 106 kDa; isoform 2, also known as Btf;, 105 kDa; isoform 3 also known as Btfs,
100 kDa; isoform 4, 86 kDa) (from Protein knowledgebase, UniProt KB, Expasy Proteomics
Server, accession n0.QINYFS). Kasof et al. described the function of Btfs, which differs from

Btfy in 49 amino acids in the C-terminal region (Kasof ez al. 1999).

We checked whether all Btf isoforms expression is modified in response to C16-ceramide
treatment (Figure A4). We observed that the expression of the different known isoforms of
Btf was increased in a time-dependent manner after Cl16-ceramide treatment. However, as
shown in Figure A4, the antibody recognized a band in the nuclear fraction of HCT116 cells,
with a mass of approximatively 150 kDa. This is consistent with that reported by Haraguchi et
al. (Haraguchi et al. 2004). Moreover, this band seemed to be specific, because like all the
bands corresponding to different known isoforms, it disappeared after a Btf siRNA
transfection. The same Btf band was observed in total extracts of HCT116 cells (Renert ef al.

2009).
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0 3 6 (h)
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Figure A4. Btf expression is increased after C16-ceramide treatment. HCT116 cells were transfected with
GFPsiRNA or Btf siRNA and subsequently left untreated or stimulated with C16-ceramide for 3 and 6 h.
Cytoplasmic and nuclear extracts were separated on SDS-polyacrylamide gels, and immunoblotting was revealed
with anti-Btf, -NBS1, and a-tubulin antibodies.

De novo generated ceramide and exogenous C6-ceramide have been shown to regulate the
alternative splicing of caspases-9 and Bcl-x pre-mRNA. This mechanism has been shown to
be mediated by protein phosphatase 1 (PP1) (Pettus et al 2002). Previously, the
dephosphorylation of SR proteins in response to the de novo generation of endogenous
ceramide was found to be dependent on PP1, a ceramide activated protein phosphatase

(Chalfant et al. 2001).

Therefore, to establish whether a ceramide-activated protein phosphatase (CAPP) played a
role in regulating the Btf expression, we first pretreated HCT116 for 2 h with 25 nM calyculin
A, an inhibitor of both PP1 and PP2A. Secondly, HCT116 cells were pretreated for 2 h with
10 nM okadaic acid, a selective PP2A inhibitor (Lee ef al. 1996; Chalfant et al. 2001; Pettus
et al. 2002) (Figure AS). We observed that calyculin A, but not okadaic acid, inhibited the
increase of Btf isoforms expression levels mediated by ceramide treatment (Figure AS5). These
results suggest that PP1 could mediate the C16-ceramide effect on the expression levels of Btf

isoforms.
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Figure AS. Effects of inhibitors of serine/threonine protein phosphatases, PP1 and PP2A. HCT116 cells
pretreated 2 h with either 10 nM okadaic acid or 25 nM calyculin A followed or not by 6 h treatment with 12 pM
Cl6-ceramide. Cytoplasmic and nuclear extracts were subjected to anti-Btf and -o-tubulin antibodies for
Western blot analysis. Data are representative of three independent experiments.

4. Conclusion

In this first part of our work, we showed that exogenously-supplied natural long chain
ceramide (C16-ceramide) induced a decrease in viability of adenocarcinoma cells (HCT116),
partly due to apoptosis. Using 2D-DIGE approach, we then identified new proteins involved
in the apoptotic pathway triggered by exogenous Cl6-ceramide. Especially, we found that
ceramide up-regulated Btf, a transcriptional repressor. Furthermore, we have identified a new
signalling pathway specifically induced by C16-ceramide, depending on Btf and leading to
down-regulation of the Mdm2 protein expression. We have not yet determined the link
between ceramide and Btf. Nevertheless, this study constitutes the first demonstration of an
implication of the death promoting factor, Btf, in the proapoptotic ceramide dependent

signalling pathway.
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