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Abstract 

The Bcl-xL apoptosis inhibitor plays a major role in vertebrate development. In addition to its effect 

on apoptosis, Bcl-xL is also involved in cell migration and mitochondrial metabolism. These effects 

may favor the onset and dissemination of metastasis. However, the underlying molecular 

mechanisms remain to be fully understood. Here we focus on the control of cell migration by Bcl-xL 

in the context of breast cancer cells. We show that Bcl-xL silencing led to migration defects in Hs578T 

and MDA-MB231 cells. These defects were rescued by re-expressing mitochondria-addressed, but 

not endoplasmic reticulum-addressed, Bcl-xL. The use of BH3 mimetics, such as ABT-737 and WEHI-

539 confirmed that the effect of Bcl-xL on migration did not depend on interactions with BH3-

containing death accelerators such as Bax or BH3-only proteins. In contrast, the use of a BH4 peptide 

that disrupts the Bcl-xL/VDAC1 complex supports that Bcl-xL by acting on VDAC1 permeability 

contributes to cell migration through the promotion of reactive oxygen species production by the 

electron transport chain. Collectively our data highlight the key role of Bcl-xL at the interface 

between cell metabolism, cell death, and cell migration, thus exposing the VDAC1/Bcl-xL interaction 

as a promising target for anti-tumour therapy in the context of metastatic breast cancer. 

Keywords: 
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Introduction 

Bcl-xL (also referred to as BCL2L1) is a key member of the Bcl-2 family of apoptosis regulators(1). 

These proteins are involved in a complex network of interactions that control cell fate upstream of 

the mitochondria by keeping in check death-inducing factors, such as Cytochrome c(2). 

In addition to the mitochondria pathway of apoptosis, some Bcl-2 proteins were reported to have 

additional “non-canonical” roles (3). For instance, the death accelerator Bcl-wav was found to control 

the migration of blastomeres in the early steps of zebrafish development through Ca2+-dependent 



 

 3

actin cytoskeleton remodeling, irrespective of apoptosis(4). Indeed, there is increasing evidence that 

Bcl-2 proteins play a critical role regarding Ca2+ trafficking by interacting with several Ca2+ channels, 

including at the level of the endoplasmic reticulum(5,6) and the mitochondria(7), a number of these 

interactions involving the N-terminus Bcl-2 homology domain referred to as BH4. Thus, in that way, 

Bcl-2 proteins may be considered as multi-functional proteins acting, among others, on cell 

bioenergetics(8) and Ca2+ homeostasis (9), beyond cell death.  

Bcl-xL is frequently overexpressed in cancers, including lung cancer(10), hepatocellular carcinoma(11) 

or breast cancer(12). Regarding breast cancer, Bcl-xL expression was correlated with enhanced 

metastatic potential rather than increased primary tumour growth(13,14), Moreover, in breast 

tumours, Bcl-xL was recently reported to be specifically overexpressed at the level of the invasive 

boundary (15). Bcl-xL was also reported to contribute to metastasis dissemination in glioma(16) and 

pancreatic cancer(17).  

In this work, we report that, contrary to bcl2,  bclx is over-expressed in breast tumours compared to 

normal tissue samples. We show that bclx silencing compromises the migration of Hs578T and MDA-

MB231 breast cancer cell lines, further supporting that bclx might contribute to metastasis 

dissemination. Mechanistically, we provide evidence that the Bcl-xL protein promotes cell migration 

by enhancing reactive oxygen species (ROS) production by the mitochondrial electron transport 

chain. Finally, our data support the notion that, during this process, Bcl-xL prevents mitochondrial 

Ca2+ overload through VDAC1-BH4 interactions. 
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Results 

Expression of bclx, but not bcl2, is of poor prognosis in breast cancers  

At the protein level, Bcl-xL is accumulated in breast cancer cell lines with respect to the non 

tumourigenic breast epithelial MCF10A cell line, suggesting that its expression could be correlated to 

neoplastic transformation (Figure 1). To further ascertain the involvement of the bclx gene in breast 

cancer, we analysed bclx expression in breast tumours compared to normal samples using data from 

the TCGA databank. As previously reported(12), we found that bclx was overexpressed in breast 

tumours, unlike bcl2 (Figure 2A).  

Next we assessed the expression of both genes within the breast tumour subtypes and found 

that bclx and bcl2 were both overexpressed in oestrogen receptor-alpha positive breast tumours 

(Figure 2B, C). However, the clinical outcome associated with overexpression was different between 

the two genes. Indeed, high bcl2 expression was associated with better overall survival (OS) in TCGA 

and KM plotted cohorts (Figure 2B), whereas high bclx expression was associated with a reduced OS 

in both cohorts (Figure 2C). Regarding bcl2 these results are consistent with previous findings linking 

bcl2 expression and good prognosis in breast cancer(18), thus validating the results obtained with 

both cohorts. Furthermore, tumors with invaded lymph nodes showed higher bclx expression levels, 

compared to non-invading samples whereas no difference was observed regarding bcl2 (Figure S1).  

Together, these data highlight that bclx expression in breast cancer is associated with poor 

OS, unlike bcl2, the expression of which is associated with good prognonosis. Therefore, we decided 

to focus on the role of the Bcl-xL protein, in tumour progression by assessing its role on cell migration 

and invasion in the context of metastatic breast cancer. 

Impaired bclx expression leads to migration defects 

To achieve this goal, we used the highly invasive basal mammary cancer cell line Hs578T(19) 

as a model and performed siRNA-mediated knockdown (KD) of bclx. As shown in Figure 3A, siRNAs 

(referred to as siRNA 1 and 2) targeting the 3’ UTR region of bclx mRNA efficiently reduced Bcl-xL 
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protein levels. To limit interference from other Bcl-xL functions such as apoptosis and 

proliferation(20), we measured the individual migration of bclx KD cells by single cell tracking 

experiments. Bcl-x KD cells covered shorter distances (295 ± 20 µm and 286 ± 16 µm for bclx siRNA 

treated cells vs 439  ± 12  µm for control cells, see Figure 3B) and displayed a reduced migration 

speed (0,205 ± 0,013 µm/min and 0,198 ± 0,011 µm/min for bclx siRNA treated cells vs 0,305 ± 0,009 

µm/min for control cells, see Figure 3C). We then performed a Boyden chamber assay, in which cells 

migrate towards increasing serum concentrations. Bclx KD cells consistently showed a reduced 

capacity to undergo directed migration in a serum gradient, the number of cells having crossed the 

membrane being 1.968 ± 134 and 1.656 ± 106 for bclx siRNA treated cells vs 2.459 ± 105 for controls 

cells (Figure 3D).  

To further confirm these observations, we invalidated the bclx gene using the CRISPR/Cas 9 

system(21) (Figure 3E). Indeed, Hs578T KO cells similarly exhibited slower migration, compared to 

the control cell line containing the empty vector (Figure 3F). In contrast, invalidation of bcl2 did not 

affect cell migration to the same extent (Figure S2). To test whether the effect of bclx invalidation 

was cell type-dependent, we similarly invalidated bclx in another mammary cancer cell line (MDA-

MB231) which also exhibits high migration capacities. Indeed, as shown in Figure 3E-F, MDA-MB231 

bclx KO cells showed a similar decrease in their migration capacities, compared to control MDA-

MB231 cells.  

Finally, we evaluated the impact of bclx KO on Hs578T invasion properties in vivo, using a 

zebrafish xenograft model(22). Equal amounts of fluorescently-labelled Hs578T control and KO cells 

were co-injected into the yolk of 24h-old zebrafish embryos. Successfully injected embryos were 

subsequently incubated at 30°C for two days. At the end of the incubation time, the number of cell 

foci having escaped the injection site and invaded the tail were quantified (Figure 3G). Remarkably, 

the number of foci from control cells was more than 50% higher than bclx KO Hs578T cells (Figure 

3H). Hence, the zebrafish model confirmed that bclx KO cells display impaired cell motility and 
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invasion in vivo. Altogether, these data highlight the involvement of Bcl-xL in promoting the 

migration of human breast cancer cells.  

To determine whether Bcl-X expression affected metastasis formation, 4T1 control-shRNA or bclx-

shRNA cells were injected into the tail veins of BALB/c mice, and their lungs were examined for 

metastases 21 days later. As shown in Figure 4A-B, the average number of visible metastatic nodules 

was markedly reduced in mice injected with Hs578T bclx-shRNA cells relative to that of mice 

harboring 4T1 control-shRNA cells. Moreover, histological analyses confirmed that the number of 

micrometastatic lesions was reduced in the lungs of mice with 4T1 bclx-shRNA cells (Figure 4C). Thus 

the results from zebrafish and mouse models indicate that Bcl-xL promotes both cell invasion and 

metastasis formation in vivo. 

The control of cell migration by Bcl-xL is independent of its anti-apoptotic activity 

Next, we investigated whether the effect of Bcl-xL on cell migration was related to its anti-

apoptotic activity. First, we noticed that bclx silencing using siRNAs induced minimal caspase 

activation as measured using  a fluorescence emission-based assay (1,15 ± 0,24 AU and 2,90 ± 0,4 AU 

for bclx siRNA treated cells vs 2.459 ± 105 for controls cells, see Figure 5A). However, as expected, 

bclx silencing strongly sensitized cells to staurosporine-induced cell death (Figure S3A). To definitely 

rule out that cell migration defects were related to cell death induction, we repeated the initial 

experiments in the presence of zVAD-fmk, a pan-caspase inhibitor (Figure S3A). Indeed bclx silenced 

cells displayed reduced migration capacities compared to control, even when caspase-dependent cell 

death was inhibited using zVAD-fmk (Figure 5B). As a control, we showed that zVAD-fmk treatment 

reduces staurosporine-induced cell death in Hs578T cells (Figure S3A). Together these results reveal 

that, the migration defects observed upon bclx silencing, were not linked to an activation of the 

caspases.   

Then, we reasoned that if this assertion was true, the sole inhibition of the anti-apoptotic 

function of Bcl-xL should not impact cell migration. Indeed, the anti-apoptotic effect of Bcl-xL mainly 

relies on the binding of apoptosis accelerators, including BH3 only proteins, to the hydrophobic 
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pocket of Bcl-xL(1), this binding being efficiently targeted by BH3-mimetics(2). We thus treated 

Hs578T cells either with ABT737 or ABT263 (targeting both Bcl-xL and Bcl-2)(23) or with WEHI539 

(targeting Bcl-xL only)(24), and measured migration at the single-cell level, as described above. 

Interestingly, no migration defect could be observed with either of these BH3-mimetics, compared to 

control cells treated with vehicle (Figures 5C-D). Importantly, we confirmed that all three strongly 

sensitized Hs578T cells to apoptosis in stressful conditions (Figure S3B). Therefore, the control of cell 

migration by Bcl-xL does not appear to rely on interactions with pro-apoptotic Bcl-2 family members 

at the level of its hydrophobic pocket.  

Mitochondria-targeted but not endoplasmic reticulum-targeted Bcl-xL rescues cell migration 

Bcl-xL has been reported to have different effects, depending on its subcellular 

localisation(25). In Hs578T cells, subcellular fractionation experiments showed that, although Bcl-xL 

was mainly present in the mitochondrial compartment, a significant fraction of the protein was found 

in the microsomal fraction, containing the endoplasmic reticulum (ER), see Figure S4. To further 

investigate the relative contributions of both Bcl-xL pools in cell migration, we designed plasmid 

constructs targeting Bcl-xL in either one of the compartments. To this end, we replaced the original 

Bcl-xL transmembrane membrane (TM) domain with that of either the ActA (mitochondria-

addressed) or the Cytochrome B5 (ER-addressed) proteins, as previously described(26). Both 

chimeric Bcl-xL proteins were localised subcellularly as expected, according to immunofluorescence 

staining (Figure 6A-B). For rescue experiments, we used the ProteoTuner inducible system 

(ClonTech). In this system, the protein of interest is fused to a destabilisation domain (DD) that 

targets the protein for proteasomal degradation in the absence of ligand(27). Conversely, in presence 

of the DD ligand (referred to as shield1), the protein accumulates. Indeed, as shown in Figure 6C, 

shield1 successfully induced the accumulation of Flag-tagged wild type (WT) Bcl-xL, as well as 

mitochondria- or ER-targeted Bcl-xL in Hs578T KO cells. We then performed single-cell tracking 

experiments and demonstrated that WT Bcl-xL and mitochondria-addressed Bcl-xL were both able to 

restore cell migration, while ER-targeted Bcl-xL, despite high expression levels, was unable to do so 
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(Figure 6D). We also confirmed that mitochondria-targeted Bcl-xL was more efficient that ER-

targeted Bcl-xL in promoting  cell invasion in zebrafish (Figure 7). Together these results highlight that 

the mitochondrial pool of Bcl-xL, but not that of the ER, is critical for controlling cell migration.  

Control of cell migration by Bcl-xL depends on its interaction with VDAC1  

As reported above, cell migration is not affected by BH3 mimetics, suggesting that the 

hydrophobic pocket of Bcl-xL does not contribute to the control of cell migration by Bcl-xL, at least 

directly (Figure 5C-D). Besides interacting with the other Bcl-2 family members at the mitochondria, 

Bcl-xL was reported to bind to the VDAC1 channel and hence regulate mitochondrial Ca2+ 

uptake(7,8). We thus investigated whether VDAC1 could be involved in the observed effect of Bcl-xL 

on the migration of Hs578T breast cancer cells. It was previously demonstrated that the BH4 domain 

of Bcl-xL, located at the N-terminus end outside the hydrophobic pocket, mediates Bcl-xL interaction 

with VDAC1(28,29). Moreover, BH4-derived peptides were reported to disrupt the Bcl-xL/VDAC1 

complex(30). Thus, to test whether the BH4 domain could contribute to the effect of Bcl-xL on cell 

migration, we used a similar disrupting peptide based on the formerly described Bcl-xL BH4 

sequence(28) (Figure 8A). This BH4 peptide was fused to an HIV-derived TAT sequence, to enable 

entry into the cells, and coupled to a TAMRA fluorophore, to allow tracking under the microscope 

(Figure 8B).  

Single-cell tracking experiments were performed using Hs578T cells loaded with either TAT 

BH4 or negative control (TAT scr BH4). Contrary to cells loaded with TAT scr BH4,  Hs578T cells 

loaded with the TAT BH4 disrupting peptide showed a reduced motility and speed of migration 

(Figure 8C), mimicking the effect of bclx silencing. These results suggested that the TAT BH4 

disrupting peptide inhibits cell migration by competing with endogenous Bcl-xL for VDAC1 binding. 

Furthermore, in a VDAC1-null context, cell migration was impaired irrespective of bclx expression, 

indicating that Bcl-xL is unable to promote cell migration in the absence of VDAC1 (Figure S5). 

Collectively the above data support the idea that Bcl-xL acts on cell migration at the level of the 

mitochondria, by interacting with VDAC1 through its BH4 domain. 
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Bcl-xL fosters electron transport chain activity and mitochondrial ROS production 

Cytoskeleton remodeling is critical for cell migration(31,32) and closely depends on 

intracellular levels of ROS, which are mainly produced by the electron transport chain (ETC)(33–36). 

Importantly, Bcl-xL was reported to promote the activity of the ETC by acting at least partly on 

VDAC1 permeability and /or on the activity of the ETC complex V(8,37–39). These observations 

prompted us to investigate the consequences of bclx silencing on ETC activity and cellular ROS levels. 

First, using the fluorescent dye nonyl acridine orange (NANO) we found that bclx silencing did not 

affect the overall mitochondrial mass, suggesting that the number of mitochondria was unchanged  

(Figure S6). Still, bclx silencing resulted in a decrease in the oxygen consumption rate (OCR) and in 

the coupling efficiency (total basal OCR minus OCR value as measured after oligomycin addition), 

demontrating the contribution of Bcl-xL in the regulation of oxidative metabolism and ETC activity in 

Hs578T breast cancer cells (Figure 9A-D). However ATP levels were not significantly affected (Figure 

7E) whereas the OCR vs extracellular acidification ratio (OCR/ECAR) decreased by 32% (drop from 

5.18 to 3.55, p= 0.011, see Figure 9D). In fact, glycolysis, which is already very active in native Hs578T 

cells, was further enhanced upon bclx KO, presumably allowing the cells to compensate for a 

decrease in mitochondrial ATP production (Figure 9F). Hence, these data show that impaired motility 

in bclx KO cells is not due to a drop in intracellular ATP levels and highlight the role of Bcl-xL as a 

promoter of oxidative metabolism and oxygen consumption by the ETC. It should be noted that bclx 

invalidation resulted in a similar decrease in ETC activity in MDA-MB231 cells, indicating that this 

effect is not restricted to a single breast cancer cell line (see supplementary Figure S7). 

Mitochondrial ETC is the main contributor to production of ROS. The fact that the ETC 

appears to be slowed down upon bclx silencing, suggests that ROS production could also be affected, 

thus impacting cell motility. Indeed, the effect of bclx silencing on cell motility was replicated using 

the mitochondrial ROS scavenger MitoTempo (Figure 10A-B). Consistently, bclx silencing resulted in a 

decrease in overall ROS levels (Figure 10C) whereas mitochondrial ROS levels remained unchanged 

(Figure S8), indicating that the decrease in overall ROS levels is presumably due to a decline in 
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mitochondrial ROS turnover impacting thus ROS output from the mitochondria. Of note, overall ROS 

levels were fully restored by overexpressing the mitochondria-addressed Bcl-xL protein (Figure 10D).  

Bclx silencing alters calcium trafficking in Hs578T cells.  

Ca2+ is known to directly contribute to many cell migration processes(40,41). Moreover, the 

activity of the ETC is in part dependent on mitochondrial Ca2+ levels(42,43), suggesting that the 

observed alterations in oxidative metabolism and ROS production in bclx KO cells could be linked to 

modifications in intracellular Ca2+ fluxes.  

Since VDAC1 is a key player regarding mitochondria Ca2+ uptake, we investigated whether Ca2+ 

fluxes could be affected by bclx silencing or disrupting the Bcl-xL/VDAC1 complex. Following 

histamine treatment, which indirectly enhances mitochondrial Ca2+ uptake by promoting ER Ca2+ 

release through the IP3R channels, we observed a significantly higher increase in mitochondrial Ca2+ 

levels in bclx KO Hs578T cells, compared to control cells (Figure 11A-B). Ca2+ uptake increased 

similarly in isolated mitochondria from bclx KO cells, compared to controls (Figure 11C-D). Together, 

these data indicate that bclx silencing fosters mitochondrial Ca2+ uptake in Hs578T breast cancer 

cells. We thus verified the effect of Bcl-xL/VDAC1 complex disruption on mitochondrial Ca2+ by cells 

loaded with the Bcl-xL TAT BH4 peptide, known to target and disrupt the Bcl-xL/VDAC1 complex(28). 

As shown in Figure 11E-F, the TAT BH4 peptide, but not theTATscrBH4 negative control, significantly 

increased mitochondrial Ca2+ uptake, following histamine treatment. Overall, these data suggest that 

Bcl-xL may dampen mitochondrial Ca2+ uptake, presumably by acting on VDAC1 Ca2+ permeability. 

Furthermore, it should be noted that complementary experiments performed on whole cells 

revealed that cytosolic and ER Ca2+ fluxes were also modified upon bclx silencing. In effect, ER Ca2+ 

release and subsequent cytosolic Ca2+ accumulation following histamine treatment were enhanced in 

bclx KO cells, compared to controls (Figure S9).  

To further evaluate the contribution of VDAC1 permeability to cell migraton, we used the VDAC1 

inhibitor DIDS, which is know to lower ETC activity and ROS production (44). Indeed, DIDS treatment 
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mimicked the effet of bclx silencing regarding cell migration, whereas mitochondrial Ca2+uptake was 

not significantly affected (Figure S10). Together these data suggest that the observed effect on 

migration following bclx invalidation mainly relies on ETC activity and subsequent decline in ROS 

production.    

Finally, our data highlight a key role for mitochondrial Bcl-xL in controlling cell migration. They 

also suggest that this effect is correlated with modifications in ROS production and intracellular Ca2+ 

fluxes and depend at least in part on the formation  of  the Bcl-xL/VDAC1 complex. Collectively, our 

data support the notion that the observed cell migration impairment following bclx silencing is 

mainly due to changes in VDAC1 permeability, which subsequently impact ETC activity and ROS 

production. 
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Discussion 

In cancer cells, whereas the pro- and anti-apoptotic roles played by proteins belonging to the 

Bcl-2 family have been extensively documented, emerging evidence suggests that Bcl-2 proteins also 

affect the metabolic profile and the migration capacities of cells, which may impact the formation of 

metastases. Indeed, in a murine model of breast cancer, the Bcl-2 homolog Bcl-xL was reported to 

favour metastases, independently of its anti-apoptotic effect(45). Moreover, the expression of bclx in 

breast cancer patients was of poor prognosis, unlike that of bcl2(13,14,18). Thus, depending on the 

context, the roles of Bcl-2 family members may be different, or even antagonistic, which may impact 

their choice as therapeutic targets in a personalized medicine approach. For example, clinical trials 

testing BH3 mimetics targeting Bcl-xL were prematurely interrupted due to their unexpected side 

effects on platelets(46). Hence, to minimize undesirable side effects, it is essential to draw a detailed 

picture of their mechanisms of action before developing strategies focusing on these proteins. Here, 

using the highly glycolytic Hs578T human cell line as a model of triple negative breast cancer, we 

investigated the contribution of the Bcl-xL protein to cell migration and metastatic dissemination.   

In mammals, bclx is ubiquitously expressed in embryos and adults(47). It is important during 

development, as illustrated by embryonic lethality in bcl-x deficient mice(48). This lethality was 

correlated with massive apoptosis in the nervous system and neural tube closure defects. At the 

molecular level, Bcl-xL counteracts Bax death-inducing effects at the level of the mitochondria and 

maintains cytochrome C in check(49). In addition to its mitochondrial localisation, Bcl-xL is also 

present in the nucleus and ER (reviewed by (50)). There is for example convincing evidence that Bcl-

xL interacts with the ER-resident IP3R Ca2+ channels and lowers IP3R Ca2+ permeability(51). On the 

other hand, Bcl-xL was reported to lower ER Ca2+ levels by increasing ER Ca2+ leak, thus preventing 

Ca2+ overload by stress-inducers and subsequent cell death (reviewed in(3)). Furthermore, it was 

suggested that Bcl-xL may sustain mitochondrial metabolism by fostering mitochondrial Ca2+ 

uptake(6). The fact that, according to its localisation, Bcl-xL appears to have distinct roles, was 
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further confirmed by White and colleagues who reported that in mouse embryo fibroblasts, contrary 

to Mito-addressed Bcl-xL, ER-addressed Bcl-xL is unable to prevent cell death induced by a number of 

agents, such as doxorubicin and staurosporine(25).  

Here, using a loss of function approach, we report that, in the context of breast cancer, Bcl-xL 

is required for the optimal migration of HS578T cells. We show that, in steady-state conditions, bclx 

silencing compromises cell migration. Rescue experiments showed that mitochondria-addressed Bcl-

xL, but not ER-addressed Bcl-xL, partly restores these migration defects.  

Mechanistically, we showed that this effect on cell migration was independent of (i) the 

mitochondrial apoptosis pathway, since bcl-x silencing did not appear to affect caspase activity, and 

(ii) the ability of Bcl-xL to bind and inhibit death accelerators with BH3 domains, such as Bax or BH3 

only proteins, as BH3 mimetics, including the Bcl-xL-specific inhibitor WEHI-539, had no effect on cell 

migration. Of note, in a  different context, BH3 mimetics targeting Bcl-xL were in contrast reported to 

suppress the stimulating effect of CD95 on cell migration(52), suggesting that, in these latter 

conditions, the effects of Bcl-xL on cell migration may be an indirect consequence of the inhibition of 

mitochondrial apoptosis.  

Using a gain of function approach, Choi and colleagues recently reported also that Bcl-xL promoted 

cell migration and metastastic potential of pancreatic cancer cells, independently of Bax-dependent 

apoptosis(45). In this particular model, this effect might be the consequence of Bcl-xL activity at the 

level of the nucleus, at least in part. It would thus be of interest to evaluate the contribution of Bcl-

xL/VDAC1 interactions to pancreatic cancer metastases. 

Overall, our data highlight the role of the Bcl-xL mitochondrial pool on cell migration. 

Furthermore, the use of the previously designed TAT-BH4-Bcl-x disrupting peptide, derived from the 

BH4 domain of Bcl-xL, which recapitulated the effects of bcl-x silencing both on migration and 

mitochondrial Ca2+ uptake, suggests that these effects are VDAC1-dependent (see (28)).  



 

 14

The actual effect of Bcl-xL on VDAC1 permeability is still a matter of debate. Initial studies using 

purified recombinant proteins claimed that Bcl-xL maintains a «closed» conformation of VDAC1 

based on the measurement of sucrose uptake by liposomes(53). Structural and electrophysiological 

studies subsequently showed that VDAC1 is a barrel-shaped porin-like channel that allows ions (Ca2+, 

Na+...), nucleotides (ATP, ADP...), certain metabolites (Creatine, Phospho-Creatine-...), as well as ROS, 

to cross the outer mitochondrial membrane. According to these studies, larger molecules such as 

cytochrome C are unable to cross the channel due to steric hindrance(54). Interestingly, 

electrophysiological measurements showed that the «closed» conformation of the channel (with low 

permeability for nucleotides and metabolites) exhibits, maximum Ca2+ permeability(55). However, in 

FL5.12 cells, during apoptosis induced by Interleukin-2 withdrawal, Vander Heiden and 

colleagues(37) observed a decrease in Creatine/Phospho-Creatine exchanges presumably due to 

VDAC1 conformational change. According to this model, such a conformational change would 

therefore allow massive entry of Ca2+ into the mitochondria, further promoting membrane 

permeability transition and swelling of the mitochondria, leading to the release of cytochrome C and 

other pro-apoptotic factors. 

Bcl-xL may thus maintain VDAC1 high permeability for metabolites in order to fuel the ETC, and 

at the same time prevent excessive mitochondrial Ca2+ uptake. Consistently, the TAT-BH4-Bcl-x 

peptide, known to disrupt the VDAC1/Bcl-xL interaction, increased mitochondrial Ca2+ uptake in 

MEFs(28). However, this model seems to contradict previous findings in permeabilized MEFs, in 

which invalidation of bcl-x results in a decrease in mitochondrial Ca2+ uptake(7).  

Thus in some instances Bcl-xL may promote mitochondrial uptake while in others it appears to 

have paradoxical effects. These apparent contradictions may be due to the use of different cellular 

models and Ca2+ flux measurement methods, they may also have some biological significance. Indeed 

depending on the context, Bcl-xL may play opposite roles with regards to mitochondrial Ca2+ uptake, 

as described for Bcl-xL/IP3R1 interactions(51). On the one hand, when the cellular priority is to 

support mitochondrial metabolism (ATP production via the ETC), Bcl-xL may contribute to 
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maintaining the basal rate of Ca2+ uptake and the activity of Krebs cycle dehydrogenases that fuel the 

ETC. On the other hand, during Ca2+ stress, Bcl-xL may prevent excessive Ca2+ entry into the 

mitochondria, thus avoiding metabolic dysfunction and subsequent cell death. According to this 

hypothesis, the metabolic profile of cells would determine the actual effect of Bcl-xL (and possibly 

other Bcl-2 homologs) on mitochondrial Ca2+ trafficking. In particular, in highly glycolytic contexts 

(embryonic cells, tumour cells) with low ATP production via the ETC, Bcl-xL may ensure basal ETC 

activity by maintaining metabolite shuttles between the mitochondrial matrix and the cytosol 

(including ADP/ADP and Creatine/Phospho-Creatine) and thus sufficient ROS production for 

cytoskeleton dynamics and cell movements(41). Accordingly, the decrease in ETC activity and ROS 

production after bclx silencing may be the consequence of VDAC1 conformational change, leading to 

both a drop in metabolite permeability and an increase in Ca2+ permeability, as we observed when 

monitoring isolated mitochondrial Ca2+ uptake in HS578T cells. 

Finally, we also established that bcl-x silencing impacts ER Ca2+ trafficking, since Ca2+ release via 

IP3R channels increased in bclx KO cells following histamine treatment. Indeed, the effect of Bcl-xL on 

ER Ca2+ release may indirectly affect the mitochondrial uptake of Ca2+ at the level of the ER-

mitochondria contact sites. An indirect contribution of the Bcl-xL reticular pool to cell migration, via 

the control of ER Ca2+ fluxes, should therefore be considered. Interestingly, the zebrafish Bcl-2 

homolog Nrz was show to control migration in this way(26,56). Regarding Bcl-xL, such a contribution 

can only be incidental, as the reticular Bcl-xL protein alone is unable to restore normal migration of 

bclx KO cells. Collectively our data highlight the key role of Bcl-xL at the interface between cell 

metabolism, cell death and cell migration, thus exposing the VDAC1/Bcl-xL interaction as a promising 

target for anti-tumour therapy in the context of metastatic breast cancer.  
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Materials and Methods 

Cell culture and antibodies 

The 4T1 mouse adenocarcinoma cell line was from ATCC (ref CRL-2539).  

Regarding human cell lines, Cal51 and MDA-MB468 were from DSMZ GmbH, whereas HS578T, 

MCF10A, T47D, MCF-7, CAMA-1 , MDA-MB231 and MDA-MB157  were from ATCC. All human cell 

lines (including bclx KO cells) were authenticated by single nucleotide polymorphism profiling 

(Multiplexion GmbH). Cell lines were routinely tested for mycoplasma contamination using 

Mycoalert kit (Lonza).  

Hs578T and MDA-MB231 human mammary cancer cell lines were cultured in DMEM 

Glutamax (Gibco) supplemented with 10% fetal bovine serum and 1% penicillin/streptomycin, at 

37°C under a 5% CO2 damp atmosphere. 

The following antibodies were used: Bcl-xL (B22630-050, BD), Tubulin (SC-32293, Santa Cruz), 

Vinculin (SC-55465, Santa Cruz), mouse Flag (F3165, Sigma), rabbit Flag (F7425, Sigma), Calnexin 

(2679, Cell Signaling), F0F1 ATPase (612518, BD Biosciences), and Bcl-2 (Ab194583, Abcam). 

Plasmid DNA constructs  

For the CRISPR/Cas9-induced Bcl-xL knockout (KO), single guide RNA targeting Bcl-xL was 

designed using the MIT CRISPR design tool (http://crispr.mit.edu/). The following guide sequences 

(5’-CACCGGCAGACAGCCCCGCGGTGAA-3’) and (5’-GAGAACAGGGTACGATAACCGGG-3’) for bclx and 

bcl2 respectively were cloned in the plentiCRISPRV2 vector(21). Hs578T and MD-MBA231 KO cell 

lines were generated upon infection with recombinant lentivirus particle containing 

plentiCRISPRV2_bclx or plentiCRISPRV2_bcl2 guide. Empty vectors served as controls. Cells were 

selected using 1µg/mL puromycin.   

For rescue experiments, pMX DD Flag Bcl-xL vectors were designed, either containing full 

length human Bcl-xL sequence (Bcl-xL WT), Bcl-xL fused to ActA or Cytochrome B5 transmembrane 

domain. All constructs contain silent mutations in order to be insensitive to Cas9-mediated Bcl-xL KO. 
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Hs578T Bcl-xL KO cell lines were stably infected with pMX DD Bcl-xL constructs and selected using 

1µg/mL puromycin and 5µg/mL blasticidin, concomitantly. Expression of the constructs was assessed 

by Western blot, following an overnight treatment with 0.1 µM DD ligand shield1 (Clontech). 

siRNA and transfection 

siRNA1 (5’-ACCAGGAGAACCACTACATGCAGCC-3’) and siRNA2 (5’-

GTTCCAGCTCTTTGAAATAGTCTGT-3’) both targeting Bcl-xL were purchased from IDT (Coralville, USA). 

Scrambled siRNA (AllStars negative control) was obtained from Qiagen. Forty eight hours before 

experiments, siRNA were transfected at a final concentration of 5nM using lipofectamine RNAimax 

reagent (Life technologies), according to the manufacturer’s instructions. 

Single cell tracking experiments 

Twenty four hours prior to performing the experiment, cells were seeded onto a 24-well 

Essen image lock plate (Essen Bioscience). Before incubation in the Incucyte Zoom device, the culture 

medium was replaced by fresh medium containing additional reagents when appropriate. Cells were 

scanned every 30 min. for 24h, providing 2 images per well per scan. In some instances the cells were 

incubated in presence of 100μM Mitotempo (Sigma) or 100µM DIDS (D3514, Sigma). Movie were 

generated using the Incucyte software whereas cells were individually hand-tracked with ImageJ 

using a in-house plugin. 



 

 18

Boyden chamber assay 

Cells were grown overnight in 1% FBS medium. The next day, 12,500 cells per well were 

seeded in a serum-free media on the top compartment of a 96-well 8µm pore Fluoroblock plate (BD 

Biosciences). 200 µL of 10% FBS medium was added in the bottom compartment of the plate. Each 

condition was performed in duplicate. Plates were subsequently incubated for 7 h and 30 min. At the 

end of incubation time, medium of the lower compartment was replaced by a calcein-containing 

medium for 20min. Fluorescent cells at the bottom of the membrane were pictured using an inverted 

microscope. The number of cells on each picture was counted with an in-house ImageJ plugin. 

Zebrafish invasion assay 

Zebrafish (crosses between AB and TU strains) were raised according to standard procedures. 

Hs578T empty or Bcl-xL KO cell lines were trypsinised from a confluent petri dish. Cells were 

centrifuged and subsequently washed three times with PBS. Cells were then diluted in PBS to a final 

concentration of 1 million cells per mL. Next, 500µL of each cellular suspension were incubated at 

37°C with 1µL of either DiI (red) or DiO (green) Vybrant dye (Thermofisher Scientific) for 30 min. Cells 

were regularly mixed during incubation to favor complete labelling of the cell suspension. Labelled 

cells were finally washed three times with PBS and red and green cell suspensions were pooled 

during the second washing step. Cells were resuspended to a final volume of 50 µL in culture 

medium. 24 h-old dechorionated zebrafish embryos were microinjected into the yolk with the freshly 

prepared cell suspension. Tricaine (Sigma) was used to anaesthetize embryos during the injection.  

Successful microinjection was visualised under a fluorescent microscope. Injected zebrafish embryos 

were incubated for two days at 30°C in E3 medium (5 mM NaCl, 0.17 mM KCl, 0.33 mM CaCl2, 0.33 

mM MgSO4, pH 7.6) supplemented with 30µg/mL 1-phenyl-thiourea (Sigma), in order to inhibit 

melanin synthesis. Forty eight hours post-injection, the number of foci that had escaped the injection 

site were counted under an inverted confocal microscope Zeiss LSM 780, for each injected fish. 

Metastasis formation assay 
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4T1 cells, adenocarcinoma cell line derived from the mammary glands of Balb/c mice,  were cultured 

and maintained in α-MEM supplemented with 10% fetal bovine serum, 1 mM 

Penicillin/Streptomycin, and 1 mM sodium pyruvate at 37°C in 5% CO2 and 95% humidity. Stably 

knocked down 4T1 cells were generated by lentiviral infection with Bcl-X MISSION shRNA Lentiviral 

Clone (PLKO.1 ; Sigma-Aldrich). Stably infected cell populations were generated following Puromycin 

selection (1 mg/ml). Bcl-X expression levels were assessed by western blotting. 

Experiments using mouse xenograft models were carried out by LMT (Laboratoire des Modèles 

Tumoraux, Centre Léon Bérard, Lyon, France). For tail-vein injection, 1,5x105  cells suspended in 100 

μl PBS were injected into the tail vein of 7-week-old female BALBc mice. Lungs were collected for 

histological analysis 21 days after tail-vein injection. All animal studies were conducted in accordance 

with European Union guidelines and approved by the local ethics committee.  

Immunofluorescence 

Cells were transfected with an ER-targeting GFP and seeded onto a glass coverslip. Cells were 

then incubated with Mitotracker deep red (Life technologies) for 20min in the incubator, followed by 

a 20min wash with culture medium in the incubator. Cells were fixed with 4% paraformaldehyde 

(PFA, EMS) for 20min at 37°C. After 3 washes with PBS, cells were permeabilised and saturated in a 

0.1% Triton 0.3% BSA PBS solution for 20 min. Cells were subsequently incubated for 1 h with 

primary antibody and 1h with Alexa fluor 563 coupled secondary antibody. Each incubation with the 

antibodies was followed by three washes with a 0.1% Triton PBS solution. Coverslips were mounted 

with a Dako mounting medium. Images were acquired using an inverted Zeiss LSM 780 confocal 

microscope. 

Apoptosis assay 

3,000 cells per well were seeded onto a 96-well plate, each condition was prepared in 

triplicate. The next morning, medium was replaced with fresh medium, containing Incucyte 

Caspase3/7 reagent (Essen Bioscience) and 1 µM staurosporine (Sigma) or DMSO. The plate was then 

incubated in the Incucyte Zoom imaging system and scanned every hour for 24h, scanning one field 
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per well. Images were analysed using the Incucyte zoom software and caspase activation was 

calculated by dividing the number of green counts per image by the cell confluence mask. 

Subcellular fractionation 

Hs578T cells were harvested by trypsinisation and homogenized in MB buffer (210mM 

mannitol, 70mM sucrose, 1mM EDTA and 10mM HEPES (pH 7.4) containing protease inhibitors), by 

shearing with a 1mL syringe and a 26G 5/8 needle 20 times. Actual homogenization was visually 

assessed under the microscope. All steps were carried out at 4°C. Cell extracts were centrifuged 3 

times 10 min at 1,500 g to remove the nuclear fraction (grey). Supernatants were then centrifuged 3 

times 10min at 10,600 g. After the third round of centrifugation, yellowish MAM upper pellet 

(yellowish) and pure mitochondria lower pellet (brownish) were carefully collected with a 

micropipette and resuspended in MB buffer, whereas the supernatant was centrifuged again for 1h 

at 100,000 g. After this last round of centrifugation, the obtained microsome pellet was resuspended 

in RIPA buffer. The purity of obtained fractions was assessed by Western blot. 

Measurement of oxygen consumption rate (OCR) and OCR/ECAR ratio  

OCR and OCR/ECAR ratio were measured using the Seahorse Bioscience XF24 Extracellular 

Flux Analyser (Seahorse Bioscience, North Billerica, MA) according to the manufacturer’s protocol. 

Cells were seeded in standard growth medium 24 h before measurement at a density of 3x104 cells 

for Hs578T wild type (WT) cells and 3.5x104 per well for Bcl-xL KO Hs578T cells. The assay was 

performed in DMEM high glucose medium without sodium bicarbonate (Gibco) supplemented with 

10% FBS at pH 7.4. Cells were washed twice and pre-incubated in this medium for 1 h before 

measurement at 37°C in a damp atmosphere without CO2. 0.5 µM Oligomycin D (Enzo life sciences, 

USA), 1 µM FCCP (Sigma-Aldrich, USA), 0.5 µM rotenone (Sigma-Aldrich, USA), 0.5 µM antimycin A 

(Sigma-Aldrich, USA) were used to evaluate mitochondrial respiratory capacity and glycolytic 

capacity. The data were normalised against the amount of protein present in the control wells. The 

final protein content of each well was typically 18-24 µg. Data were represented as the mean +/- SD 
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of 4 independent biological experiments in which OCR and ECAR were measured in 5 or more 

Seahorse microplate wells.  

ATP measurements 

Intracellular ATP levels in Hs578t WT and Bcl-xL KO cells were assessed using ATP Assay Kit 

(Abcam) following manufacturer’s instructions. A Clariostar microplate reader (BMG Labtech) was 

used to measure fluorescence (Ex/Em=535/587nm).  

ATP production rate was calculated from the conversion of Oxygen consumption rate (OCR) and 

extracellular acidification rate (ECAR) measured in the Seahorse Bioscience XF24 Extracellular Flux 

Analyzer. A simple spreadsheet to calculate glycolytic and oxidative ATP production rates from raw 

extracellular acidification and respiration data is provided by Mookerjee et al (57).  

In each well, oligomycin, and rotenone/Antimycin were added stepwise, and ECAR and OCR 

at each step were measured. As measured in Mookerjee et al (57), cells were assayed at 37 °C at pH 

7.4 with a buffering power of 0.045 mpH/pmol of H+. At pH 7.4, the combined hydration/dissociation 

constant of CO2 to HCO-
3+H+ is 6.093. We assumed similar pH, buffering power and 

hydration/dissociation constant for our experiments 

ROS measurements 

The oxidative stress detection of Hs578t WT versus Bcl-xL KO cells and Hs578t Bcl-xL KO 

versus Bcl-xL KO rescue Acta were performed with CellROX green reagent (ThermoFisher Scientific), 

or MitoSOX (ThermoFisher Scientific) for mitochondrial ROS. Cells were seeded at 40% confluence in 

6-well plates and the grown overnight. 5µM of CellROX (life Technologies) was added for 30 minutes 

at 37°C and after 2 washes, cells were observed under the microscope. Images were acquired using a 

Zeiss 780 confocal microscope. Regarding MitoSOX, cells were seeded at 40% confluence in 6-well 

plates and grown overnight. MitoSOX was added for 30 minutes at 37°C (final concentration 1µM), 

cells were then centrifuged and resuspended in 300µL PBS. Fluorescence was measured by flow 

cytometry with a FACSCANTOII (BD) apparatus. 
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Mitochondrial mass 

Mitochondrial mass was measured using acridine orange 10-nonyl bromide (NAO, Sigma). Cells were 

seeded at 40% confluence in 6-well plates and grown overnight. NAO was added for 30 minutes at 

37°C (final concentration 10nM). The cells were centrifuged and resuspended in 300µL of PBS. The 

fluorescence was analysed by flow cytometry with a FACSCANTOII (BD) apparatus. 

Intracellular calcium measurements 

For mitochondrial Ca2+ measurements of KO cell lines, pure mitochondria were collected as 

described above and resuspended in KCl buffer (125mM KCl, 2mM K2HPO4, 1mM MgCl2 and 20mM 

HEPES, pH 7) containing 5 µM Oregon green 5N probe. Fluorescence was measured using the 

Clariostar plate reader, following 20 µM CaCl2 injection. Mitochondrial Ca2+ uptake was evaluated as 

the decreasing slope of the fluorescence signal.  

For mitochondrial Ca2+ measurements of cells loaded with peptides or ER Ca2+ 

measurements, cells were transfected with cepia-2-mt or Rcepia 1-ER(58) probes, respectively, 48 h 

before starting the experiment. Cells were seeded in Labtech chambers and incubated with EM 

buffer (121mM NaCl; 5.4mM KCl, 2.6 mM MgCl2 hexahydrate, 6 mM NaHCO3, 5 mM D-Glucose, 25 

mM HEPES pH 7.3). Fluorescence was quantified with a Zeiss LSM 780 confocal microscope, following 

100µM histamine injection. 

For cytosolic Ca2+ measurements, 30,000 cells per well were seeded onto a 96-well plate the 

day before the experiment. The next day, cells were loaded with 5 µM Fluoforte dye (Enzo) in EM 

buffer for 45min at 37°C. Fluoforte was washed once with EM buffer and fluorescence was measured 

using the Clariostar plate reader, following 100 µM histamine injection. 

Peptides  

Peptides were obtained from Covalab (Lyon, France) and resuspended in sterile distilled 

water to a final concentration of 1mM. TAT peptides were diluted at 100µM and incubated overnight 

at room temperature. On the day of the experiment, cells were washed once with EM buffer and 
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incubated with EM-diluted peptides for 1h in the incubator. Cells were then washed once with 

culture medium and were used for subsequent experiments. 

The sequences of the peptides are as follows: 

Peptide BH4 Bcl-xL : 

1-CKRKKRRQRRRGGSGGMSQSNRELVVDFLSYKLSQKGYSW-40 

Peptide scrBH4 Bcl-xL : 

1-CKRKKRRQRRRGGSGGWYSKQRSLSGLVMYVLEDKNSQFS-40 

Both peptides were covalently labelled with rhodamine (TAMRA flurorophore) at the level of 

the lysine residue at position 2 (bold), df-TAT sequence is in blue, linker is in red. 

Gene expression 

Gene expression was extracted from data generated by the TCGA Research 

Network: http://cancergenome.nih.gov/ or from the KM plotter database. Considering the TCGA 

database, the RSEM normalised expression values were analysed for BCL2 (herein referred to as bcl2) 

and BCL2L1 (herein referred to as bclx). Data were available for 1093 breast tumours and 98 adjacent 

healthy tissues. 806 patients were positive for oestrogen receptor while 237 were negative. 

Statistical analyses 

Regarding the genomic analysis, non-parametric tests were run to determine the p-value 

(either Wilcoxon or ANOVA). Kaplan Meier representation of the overall survival was plotted and a 

LogRank test was run to determine the p-value. Regarding all other experiments, Student t-tests 

were performed when comparing two means and ANOVA was used for comparison of three means 

or more. 
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Figure legends 

Figure 1. Bcl-xL protein levels in human breast epithelial cell lines 

Western blotting showing Bcl-xL protein levels in breast cancer cell lines. In the non tumorigenic 

breast epithelial cell line, MCF10A, Bcl-xL levels are low, with respect to breast cancer cell lines. 

Calnexin was used for calibration purposes. 

Figure 2. High bclx gene expression level is of poor prognosis in oestrogen receptor-positive 

patients 

A. Boxplot representating  bclx (left) and bcl2 (right) expression values (RSEM) in breast tumours of 

the TCGA database (logarithmic values). The expression of bclx is higher in tumours (N=1093) than 

adjacent healthy tissues (N=98) (left). 

B. Left panel: bcl2 expression levels in estrogen receptor (ER)-positive tumours (N=806 ER+, N=237 

ER-).  Right panels: plots (TCGA, KM) showing that bcl2 expression is indicative of  better prognosis in 

ER-positive patients. 

C.  Left panel: bclx expression levels in estrogen receptor (ER)-positive tumours (N=806 ER+, N=237 

ER-).  Right panels: plots (TCGA, KM) showing that bclx expression is indicative of a poorer prognosis 

in ER-positive patients. Corresponding  p values are indicated for each plots. NS stands for non-

significant. 

 

Figure 3. Bclx silencing impairs migration of mammary cancer cell lines 

A. siRNA-mediated knockdown of bclx in Hs578T cells as assessed by Western blot analysis. Tubulin 

was used as a loading control. 

B. Representative trajectories of individual Hs578T cells during a 24h single cell tracking experiment. 

Cells were incubated for 48h in the presence of either scrambled siRNA (scr) or siRNA targeting bclx 

transcripts (siRNA1, 2), and subsequently seeded on an Essen lock 24-well plate. The plate was 

transferred to the Incucyte Zoom device and one picture was taken every 30 min for 24 h. Each 

coloured line represents the path of one individual cell. Each panel displays superimposed paths of 

twenty individual cells. Representative results from three independent experiments. 

C. Quantification of the single-cell tracking results displayed in B. Error bars represent the SEM of 

three independent experiments. 

D. Measurement of cell invasiveness (Boyden chamber assay). Corresponding cells were seeded in 

the upper compartment (1% serum) while the lower compartment was filled with the same medium 
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containing 10% serum. The number of cells having reached the lower compartment was measured 

after 7 h and 30 min incubation (membrane bottom). Each experimental measurement was 

performed in duplicate. Error bars represent the SEM of three independent experiments.  

E. Successful CRISPR-Cas9-mediated KO of bclx was assessed by Western blot in Hs578T cells (upper 

panel) and MDA-MB231 cells (lower panel). KO and control cell lines were generated by infecting 

cells with a vector expressing or not the bclx sgRNA, respectively. Tubulin and Vinculin were used as 

loading controls. 

F. Hs578T (dotted bars) or MDA-MB231 (solid bars) cell lines were subjected to single-cell tracking 

experiments and cell speed was quantified. Each KO cell line speed was compared to the 

corresponding empty vector control cell line. In all experiments, measurements were systematically 

performed in duplicate. Error bars represent the SEM of three independent experiments.  

G. Representative images of the zebrafish invasion assay. At t0, equal amounts of control (Ctl, red) 

and bclx KO Hs578T (KO, green) cells were injected into the yolk of 24 h-old zebrafish embryos. 

Embryos were then incubated at 30°C for 48 h before the fluorescent cell foci that had escaped the 

injection site were counted under a fluorescent microscope. Invading cell foci were mostly observed 

in the tail. Scale bar: 100 µm, except for the enlarged picture were scale bar represents 500 µm. 

H. Mean number of cell foci that escaped the injection site. Error bars represent the SEM of four 

independent experiments. 

 

Figure 4. Bclx silencing inhibits the ability of 4T1cells to metastasize to the lung 

A. Immunoblotting of the expression of Bcl-xL in 4T1 control-shRNA and bclx-shRNA cells. 

B. Total number of lung metastatic nodules in each mouse in each group (n=7 for 4T1 controlshRNA 

cells and n=10 for 4T1 bclx-shRNA cells) were counted using a dissection scope. Data were expressed 

as the means ± standard deviations and then compared among groups by analysis of variance 

(ANOVA). 

C. Representative images and H&E staining sections of mouse lung lobes 21 days after tail vein 

injection of 4T1 control-shRNA or bclx-shRNA cells. Scale bar : 200 μm. N, Normal lung tissue; M, 

metastatic nodule. 

 

Figure 5. Bcl-xL controls cell migration independently of its anti-apoptotic activity 

A. Caspase activation was measured in Hs578T cells transfected with siRNA control (scr) or siRNAs 

targeting bcl-x transcripts. Transfected cells were incubated with the Caspase 3/7 probe (Essen) 

which emits green fluorescence when caspases are activated. Cells were incubated in an Incucyte 

Zoom device and mean caspase activation was quantified using the Incucyte software after 9 h 
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incubation. Cells transfected with control siRNA and incubated with 1µM staurosporine (STS) were 

used as a positive control. Each experimental measurement was performed in triplicate. Error bars 

represent the SEM of three independent experiments. 

B. Hs578T cells transfected with siRNA control (scr) or siRNAs targeting Bcl-xL were subjected to 

single cell tracking experiments in the presence (zVAD 10 µM) or in the absence (no zVAD) of the 

pan-caspase inhibitor zVAD-FMK (10 µM). Mean cell speed was quantified for each condition. All 

experimental measurements were performed in duplicate. Error bars represent the SEM of three 

independent experiments. 

C: Representative trajectories of individual Hs578T cells during a 24 h cell tracking experiment. 

Hs578T cells were seeded on an Essen lock 24-well plate. Before incubating the plate in the IncuCyte 

Zoom device, cells were treated with 10 µM of BH3-mimetics (ABT-737, ABT-263 and WEHI539) or 

with vehicle (DMSO). Each colored line represents the path of one individual cell. Each panel displays 

superimposed paths of twenty individual cells. Representative results from three independent 

experiments are shown. 

D: Mean speed of Hs578T cells treated with 10µM BH3-mimetics (ABT737, ABT263 and wehi539) or 

with vehicle (DMSO). Cells were subjected to single-cell tracking to quantify cell speed. All 

measurements were performed in duplicate. Error bars represent the SEM of three independent 

experiments. 

Figure 6. Mitochondrial-, but not ER-targeted Bcl-xL, rescues cell migration 

A. Immunofluorescence detection of recombinant Bcl-xL-Acta and Bcl-xL-Cb5 in Hs578T cells.  First, 

the expression of DD-Bcl-xL ActA (mitochondrial) or DD-Bcl-xL CB5 (ER-targeted) was induced 

overnight using 0,1 µM shield1 ligand. Cells were then immune-stained using an anti-Bcl-xL antibody. 

Mitochondria and ER were visualised with Mitotracker deep red and transfected ER-targeted GFP, 

respectively. Scale bar: 10 µm. 

B. Profile plot calculated from fluorescence signals. Using ImageJ software, segments were drawn 

that virtually crossed cells from side to side (white dashes, merge panels, Fig. 4B). Fluorescence 

intensity along segments was quantified with ImageJ. 

C. Left panel. Bcl-xL expression in bclx KO HT578 cells stably transfected with empty vector or 

expression vectors for Bcl-xL, Bcl-xL-Acta and Bcl-xL-Cb5. Expression of DD-Flag-Bcl-xL constructs was 

induced in each cell line by treating the cells with 0,1 µM shield1 ligand overnight. The next morning, 

cell lysates were collected and subjected to Western blotting. Tubulin was used as a loading control. 

Right panel. Principle of the ProteoTuner inducible system. The protein of interest is fused to a 

destabilisation domain (DD). In the absence of the shield1 ligand, the protein is targeted to the 
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proteasome via the DD, and rapidly degraded. Upon ligand of the addition, the protein of interest is 

stabilised and accumulates. 

D: Rescue experiments. Corresponding Hs578T cell lines were subjected to single-cell tracking 

experiments, with or without treatment with 0,1 µM shield1 ligand. For cell speed quantification 

each measurement was performed in duplicate. For each cell line, migration rescue percentage was 

calculated as the variation of cell speed between cells treated with the ligand (e.g. expressing the 

corresponding Bcl-xL protein) and untreated cells from the same cell line (e.g. no Bcl-xL protein 

expression). The calculated percentage was then compared to the control cell line (bclx KO + empty 

vector, yellow). 

 

Figure 7. Mito-Bcl-xL forsters cell migration contrary to ER-Bcl-xL 

A. Representative images of the zebrafish invasion assay (ProteoTuner inducible system). Phase 

contrast images are shown on the left. At t=0, equal amounts of Hs578T expressing mitochondria-

addressed Bcl-xL (ActA, red) or ER-addressed Bcl-xL (CB5, green) were injected into the yolk of 48 h-

old zebrafish embryos (top panels). Embryos were then incubated at 30°C for 24 h before the 

fluorescent cells that had escaped the injection site were counted under the microscope. Invading 

cell foci were observed in the tail (bottom panels, white arrowheads). Scale bar: 100 μm. 

B. Number of cell foci per fish that escaped the injection site. Error bars represent the SEM of three 

independent experiments. 

C. Volume of tumor cell mass injected in the yolk and measure 24 hours post injection. Error bars 

represent the SEM of three independent experiments. 

 

Figure 8. Bcl-xL controls cell migration via its BH4 domain 

A. Table recapitulating the sequences of the TAT peptides used in this study. 

B. Hs578T cells were loaded with 5 µM of either TAT BH4 or TAT scrBH4 fluorescent peptides. 

Penetrance of the peptides was assessed by visualising fluorescent cells (red, false colours). Scale 

bars = 200 µm. 

C. Hs578T cells loaded with 5 µM of either TAT BH4 or TAT scrBH4 fluorescent peptides were 

subjected to single-cell tracking experiment. For cell speed quantification experiments, all 

measurements were performed in duplicate. Error bars represent the SEM of three independent 

experiments. 
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Figure 9. Bclx silencing alters mitochondrial ATP generation 

A. Representative diagram of oxygen consumption rate (OCR) as analysed by a Seahorse Bioscience 

XF24 Extracellular Flux Analyser in Hs578t control cells (WT) and Hs578t bclx KO cells. OCR was 

measured continuously throughout the experiment, before (baseline) and after addition of the 

indicated drugs. A: Oligomycin D (0.5 µM), B: FCCP (1 µM); C: Antimycin A (0.5 µM) + Rotenone (0.5 

µM).  

B. Basal OCR as calculated from the mean of 8 baseline readings (mean +/- SD of N = 4 independent 

experiments). Data were normalised for each experiment against the mean obtained in control cells 

(WT).  

C. Coupling efficiency of Hs578t control (WT) and bclx KO cells as calculated from the difference 

between OCR values measured before (basal) and after oligomycin addition (mean +/- SD of N = 4 

independent experiments). For each experiment, data were normalised against the mean obtained in 

WT cells.  

D. OCR to ECAR ratio analysed by a Seahorse Bioscience XF24 Extracellular Flux Analyser in Hs578t 

WT cells and Hs578t bclx KO cells. OCR to ECAR ratio was calculated using the mean of 8 baseline 

readings (mean +/- SD of n = 4 independent experiments). For each experiment, data were 

normalised to the mean obtained in WT cells.  

E. Direct ATP measurement. Total ATP levels in Hs578t WT and bclx KO cells (mean ± SD of n = 3 

independent experiments).  

F. Percentage of ATP production rate from glycolysis (ATPglyc) or oxidative phosphorylation (ATPox) 

of Hs578t WT and bcl-x KO cells (mean +/- SD of N = 4 independent experiments). Statistical test: 

two-tailed Student test. *** P<0.005, ** P<0.01, *P<0.05, N.S.: non-significant.  
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Figure 10. Cell motility alterations and drop in ROS production are closely correlated 

A. Mean movement speed (µm/min) of Hs578T cells treated or not with 100 µM Mitotempo ROS 

scavenger for 24h. Error bars represent the SEM from forty independent tracking of individual cells.  

B. Representative behavior of Hs578T cells treated with or without 100 µM Mitotempo for 24h. Each 

line represents the path of one individual cell. Superimposed paths from forty individual cells are 

displayed in each panel.  

C. ROS measurement in control or bcl-x KO Hs578T cells, using CellROX dye. Values obtained from 

bclx KO cells were arbitrarily set at 100 % for calibration purposes. Error bars represent SEM from 

three independent experiments. 

D. ROS measurements from Hs578T bclx KO cells transfected or not with Bcl-xL-acta expression 

vector, using CellROX dye. Values obtained from control cells were arbitrarily set at  100% for 

calibration purposes. Error bars represent SEM from four independent experiments.  

Figure 11. Bclx silencing compromises calcium homeostasis 

A. Ca2+ uptake by isolated mitochondria. Mitochondria from control or bclx KO Hs578T cells were 

isolated by subcellular fractionation. Isolated mitochondria were then incubated in an Oregon green 

5N-containing medium in multi well microplates. Vertical axis corresponds to fluorescence intensity 

(arbitrary units) as measured in a BMG Labtech microplate reader before and after addition of CaCl2 

into the medium.  Representative results from three independent experiments. 

B. Ca2+ uptake by mitochondria from control or bclx KO Hs578T cells calculated from the slope of 

fluorescence intensity decrease in the extramitochondrial medium (see Fig. 8A). Values obtained 

from the control cell line were arbitrarily set at 1 for calibration purposes. Error bar represents the 

SEM of three independent experiments.  

C: Representative response curve of Hs578T cells loaded with 5µM of either TAT BH4 or TAT scr BH4 

peptides. 48 h before starting experiments, cells were transfected with the fluorescent mitochondrial 

probe Cepia 2 MT. Fluorescence was measured under a confocal microscope before and after 

histamine injection. 

D. Maximal mitochondrial fluorescence signal relative to control from Hs578T cells loaded with TAT 

BH4 or TAT scr BH4 peptides (5 µM) and transfected with mitochondrial probe Cepia 2 MT. 

Measurements were performed on at least forty cells per condition. Error bars represent the SEM of 

three independent experiments. 

 











M
e

a
n

 s
p

e
e

d
 (

µ
m

/m
in

)

0.0

0.1

0.2

0.3

DMSO

ABT737 10µM

ABT263 10µM

wehi 539 10µM

Hs578T 
DMSO ABT737 10µM

ABT263 10µM wehi539 10µM

A

B

C

D

C
a

s
p

a
s

e
 a

c
ti

v
a

ti
o

n
 (

A
U

)

0

1 0

2 0

3 0

4 0

siRNA scr

siRNA 1 bclx

siRNA 2 bclx

siRNA scr + STS

**

***

Hs578T 

M
e

a
n

 s
p

e
e

d
 (

µ
m

/m
in

)

0.0

0.1

0.2

0.3

0.4

+ zVAD 10µM

no zVAD

Hs578T 

siRNA scr siRNA 1 bclx siRNA 2 bclx

***

***



A B

C

Bcl-xL ActA

Bcl-xL CB5

MitotrackerBcl-xL

ER GFP

Merge

Bcl-xL Merge

0

50

100

150

200

0 50 100 150 200 250 300 350Fl
uo

re
sc

en
ce

 in
te

ns
ity

Distance (pixel)

0

10
20
30

40
50
60

70

0 100 200 300 400 500 600Fl
uo

re
sc

en
ce

 in
te

ns
ity

Distance (pixel)

empty Bcl-xL WT
Bcl-xL ActA

Bcl-xL CB5

Flag

Tubulin
shield1 ligand- + - + - + - +

proteasomal degradation protein stabilized

Mitochondrial Bcl-xL

ER- Bcl-xL

Bcl-xL WT

+ ligandno ligand

DD Bcl-xL TM

DD Bcl-xL TM

DD Flag Bcl-xL TM

DD ActAFlag Bcl-xL

DD CB5Flag Bcl-xL

0

20

40

60

80

100

120

140

Empty Bcl-xL WT Bcl-xL ActA Bcl-xL CB5

N
or

m
al

is
ed

 c
el

l s
pe

ed
 (%

) **
*

NS

D

55 kDa

35 kDa





M
ea

n 
ce

ll 
sp

ee
d 

(µ
m

/m
in

)

0.0

0.1

0.2

0.3

0.4

**

TAT scrBH4 xL
TAT BH4 xL

scale bar: 200µm

Hs578T + TAT scrBH4 Hs578T + TAT BH4

Peptide 
name

Sequence

BH4 TAT-MSQSNRELVVDFLSYKLSQKGYSW

Scr TAT-WYSKQRSLSGLVMYVLEDKNSQFS

A B

C








	Article File
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11

