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Part I.  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 C16-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 C16-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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Supporting information related to the manuscript 
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(c)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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. (c) Scan-images of Cy3 control cells 
and Cy5 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. 
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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 α-tubulin band used as internal standard. 
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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 A1). Interestingly, short 

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

 

Figure A1. 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 et 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, C16-ceramide was at 

the highest level in the adenocarcinoma cell line HCT116, compared to other cell lines.  



Results I 

 - 84 -

 
 
 
 
 
 
 
 
 
 
Figure A2. C16-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 µg 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 et 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-, 

C16-, 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. 

 
 
 
 
 
 
 
 
 
 
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/µl, 0.05 ng/µl, 0.25 ng/µl, and 0.50 
ng/µl). 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 µg 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 (C16-ceramide, 12 µM). 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, C16-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 C16-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 et al. 2009). 

Moreover, four isoforms produced by alternative splicing have been described for Btf 

(isoform 1, 106 kDa; isoform 2, also known as BtfL, 105 kDa; isoform 3 also known as BtfS, 

100 kDa; isoform 4, 86 kDa) (from Protein knowledgebase, UniProt KB, Expasy Proteomics 

Server, accession no.Q9NYF8). Kasof et al. described the function of BtfS, which differs from 

BtfL in 49 amino acids in the C-terminal region (Kasof et 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 C16-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 et al. 

2009).  
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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 -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 et al. 1996; Chalfant et al. 2001; Pettus 

et al. 2002) (Figure A5). We observed that calyculin A, but not okadaic acid, inhibited the 

increase of Btf isoforms expression levels mediated by ceramide treatment (Figure A5). These 

results suggest that PP1 could mediate the C16-ceramide effect on the expression levels of Btf 

isoforms. 
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Figure A5. 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 µM 
C16-ceramide. Cytoplasmic and nuclear extracts were subjected to anti-Btf and --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 C16-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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