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Abstract: The accumulation of pinocytosed sucrose in lysosomes constitutes a convenient means to mimic a lysosomal 

storage and to study how such storage impacts the biology of the organelle and beyond. Several reports have shown that 

lysosomal storages can perturb the redistribution of lysosomal lipids, cholesterol in particular. Our goal was to analyse the 

effect of the intralysosomal accumulation of sucrose on the transcription factors Sterol Regulatory Element Binding 

Proteins (SREBPs): key actors of the regulation of lipid metabolism. We show that 143B cells grown in the presence of 

sucrose present a modified distribution of non-esterified cholesterol, which is associated with an increase in the activity of 

SREBPs. The activation of these transcription factors is associated with an increase in the expression of some of their 

target genes: HMG-CoA synthase and mevalonate kinase, and with an increase in total lipid biosynthesis. Finally, using 

siRNA interference we demonstrate that SREBP-2 but not SREBP-1a is responsible for the increase in the expression of 

the genes encoding these two enzymes. 

Keywords: Cholesterol, lysosome, SREBPs, sucrose. 

1. INTRODUCTION 

 The Lysosomal Storage Diseases (LSDs) result from an 
impaired processing of the material sequestrated in 
lysosomes during endocytosis or autophagy. The more than 
50 LSDs currently described are usually inherited as 
autosomal recessive traits and can result from defects in 
lysosomal hydrolases, in non-enzymatic lysosomal proteins 
or even in non-lysosomal proteins that alter lysosomal 
functions [1]. 

 The molecular mechanisms by which the lysosomal 
storage triggers cell dysfunction (and eventually cell death) 
have been the subject of extensive research during the last 
decade (reviewed in [2, 3]). They involve accumulation of 
secondary metabolites [4], ER stress [5], alteration of 
calcium homeostasis [6] and autophagy [7], generation of 
oxidative stress [8] but also perturbation of the lipid 
homeostasis (reviewed in [2]). 

 Sterol Regulatory Element Binding Proteins (SREBPs) 
are key actors of the molecular regulation of lipid 
metabolism. SREBPs are synthesized as precursors and 
threaded into the ER membrane. When the cellular supply of 
lipids is limiting, these proteins are translocated to the Golgi 
apparatus and cleaved through sequential actions of two 
membrane-bound proteases thereby releasing the soluble 
amino-terminal mature SREBP that can, in turn, activate the 
expression of genes encoding proteins required for lipid 
biosynthesis [9]. The SREBP family entails three members 
encoded by two genes: SREBP-1c, SREBP-1a and SREBP-
2. SREBP-1a and SREBP-1c are produced through the 
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alternative splicing of the exons 1a and 1c of the gene 
SREBF1, while the SREBP-2 isoform is the product of the 
gene SREBF2 [10]. Previous studies using transgenic mice 
that overexpress one of the SREBP isoforms suggested that 
both proteins encoded by the SREBF1 gene, SREBP-1a and 
SREBP-1c, preferentially target genes encoding enzymes 
involved in the fatty acid metabolism whereas SREBP-2 
preferentially activates the expression of genes of cholesterol 
metabolism [11-13]. 

 Even if skin fibroblasts derived from LSDs patients 
constitute a widely used experimental model for the study of 
the LSDs ([14, 15], a lysosomal storage can also be triggered 
experimentally by adding sucrose to the cell culture medium. 
Pinocytic uptake of the disaccharide will lead to its gross 
accumulation in invertase devoid lysosomes [16], mimicking 
a “lysosomal storage phenotype” [17, 18]. Such sucrose-
induced lysosomal storage has been shown to have numerous 
detrimental effects on the endo-lysosomal system by, for 
example, impairing the vesicular transport trafficking that 
exists between the endosomes and lysosomes [19, 20] and 
perturbing the biosynthetic maturation of several lysosomal 
hydrolases [21, 22]. Besides this defect in trafficking, the 
team of Karageorgos showed that the storage of sucrose in 
lysosomes led to an increased population of this organelle 
and to the over-expression of several genes encoding 
lysosomal proteins [17]. Interestingly, similar defect in the 
cathepsin B maturation [21] as well as an increase in 
lysosomal biogenesis [17] have been reported in skin 
fibroblasts derived from LSDs patients, suggesting that the 
lysosomal storage of sucrose is able to trigger cellular 
responses found in naturally occurring lysosome overloads. 
Another advantage of the sucrose model is the possibility it 
offers to study the putative transitory molecular events 
occurring at the setting up of the organelle overload. Finally, 
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the ease with which the storage can be prevented or reversed 
by incubating the cells in the presence of exogenously added 
invertase represents a convenient means to assess the 
causative effect of the storage itself in the various cellular 
responses triggered by the addition of sucrose in the 
medium. 

 In this study, we analyzed the effect of a sucrose-induced 
lysosomal storage on the intracellular cholesterol distribution 
and the activity of SREBPs. We show that the non-esterified 
cholesterol distribution is modified in 143B cells incubated 
with sucrose. We demonstrate that this aberrant free 
cholesterol distribution is associated with an increase in the 
activity of SREBPs. Moreover, we show that the activation 
of these transcription factors is associated with an increase in 
the expression of HMG-CoA synthase and mevalonate 
kinase, the products of two of their target genes, and with an 
increase in total lipid biosynthesis. Finally, using siRNA 
interference we demonstrate that SREBP-2 but not SREBP-
1a is responsible for the expression of the genes encoding 
these two enzymes. 

2. MATERIAL AND METHODOLOGY 

2.1. Cell Cultures 

 The 143B cell line (human bone osteosarcoma cells) was 
kindly provided by Professor G. Attardi (Caltech, Pasadena, 
CA, USA). 143B cells (chosen as they have numerous 
lysosomes and high expression level of cathepsin B in 
response to mt-DNA-depletion [23]) were grown in DMEM 
(Dulbeccos’s Modified Eagle’s medium) high glucose 
supplemented with 10% (v/v) fetal calf serum). At 
confluence, cells were trypsinised using 0.25% trypsin-
EDTA (Gibco) and subcultured in 24-well, 12-well or 6-well 
plates or 25 cm

2
 culture flasks, according to the experimental 

needs or 75 cm
2
 culture flasks (Corning) for maintaining the 

cells in culture. For the different experiments, 8 h later, the 
medium was removed and cells were pre-incubated (IS) or 
not with 100 μg/ml invertase (I-4504, Sigma). Following 16 
h of incubation, cells were incubated (S or IS) or not (CTL) 
with 100 mM sucrose during the indicated times. 

2.2. Self-Formed Percoll Density Gradients 

 Self-formed percoll density gradients were performed as 
previously described [22]. The -galactosidase and -
hexosaminidase enzymatic activities were assayed in each 
fraction as described previously [24]. 

2.3. Filipin Staining 

 143B cells were seeded onto glass coverslips (VWR) in 
24-well culture plates (Corning). At the end of the incubation 
with sucrose, cells were fixed for 10 min with 4 % 
paraformaldehyde, permeabilized for 5 min with PBS/1 % 
Triton X-100, and then incubated for 2 h with 500 g/ l 
filipin (F-4767, Sigma) diluted in PBS at room temperature 
and processed for epifluorescence. 

2.4. Transient Transfection and Luciferase Reporter 
Gene Assay 

 143B cells were seeded in 12-well plates and 5 h later, 
cells were transiently co-transfected using the Superfect 
reagent (Qiagen) for 3 h at a 1:5 ratio, with a luciferase 
reporter construct (0.75 g/well) together with an expression 

plasmid encoding Escherichia coli -galactosidase (0.25 
g/well) under the control of a CMV promoter (pCMV-

LacZ; PlasmidFactory). We used different constructs in 
which the expression of the luciferase gene was respectively 
driven by either the authentic promoter of the human low 
density lipoprotein receptor (LDLr), 3-hydroxy-3-
methylglutaryl-coenzyme A (HMG-CoA) synthase, stearoyl-
CoA desaturase-2 (SCD-2) (kindly offered by the P. J-B. 
Demoulin, Faculté de Pharmacie et des Sciences 
Biomédicales (FASB) Université Catholique de Louvain, 
Belgium). At the end of this incubation, the medium was 
removed and cells were pre-incubated or not with 100 g/ml 
invertase. After 16 h of incubation, cell were incubated (S or 
IS) or not (CTL) for 24 h with 100 mM sucrose. At 36 h 
post-transfection, cells were lysed and the luciferase activity 
was determined using a luciferase reporter assay (Promega) 
as previously described [23]. 

2.5. Gene Expression and Real Time RT-qPCR 

 Total RNA was extracted from 143B cells using the 
QIAGEN RNeasy mini kit and the QIAcube machine 
(QIAGEN, USA) according to the manufacturer's 
instructions. One microgram of total RNA was reverse 
transcribed in cDNA using the Transcriptor first strand 
cDNA synthesis kit (Roche, USA). Specific primers for the 
HMG-CoA synthase, the LDLr, the Fatty Acid Synthase 
(FASN), Stearoyl-CoA Synthase 1 (SCD-1), mevalonate 
Kinase (MVK) and aldolase were designed using the Primer 
Express 1.5 software (Applied Biosystems). Real-time PCR 
was performed with the Abi-Prism 7000 Sequence Detection 
System (Applied Biosystems) and the data were subjected to 
relative quantification using gene encoding aldolase as 
endogenous reference gene for normalization. The Ct 
method was used to each sample in order to calculate the 
relative fold induction. Data calculation and normalization 
were performed according to de Longueville et al. [25]. 

2.6. Preparation of Clear Cell and Nuclear Lysates and 
Western Blot Analyses 

 The clear cell lysates were prepared as previously 
described [26]. For the preparation of clear nuclear lysates, 
143B cells were seeded in 75 cm

2
 culture flasks. Following 

the sucrose treatment, cells were washed thrice with ice-cold 
PBS and incubated with a hypotonic buffer (20 mM Hepes; 
pH 7.9, 50 mM sodium fluoride, 1 mM sodium molybdate, 1 
mM EDTA). After 5 min, cells were scraped from the 
culture flasks and incubated for 5 min in 500 l of lysis 
buffer (10 mM Tris-HCl; pH 7.4, 3 mM magnesium 
chloride, 10 mM sodium chloride, and 0.5% Nonidet P-40). 
Finally, the nuclei were separated from the cytosol by brief 
centrifugation and resuspended in RIPA (Radioimmuno-
precipitation Assay) buffer (50 mM Tris-HCl; pH 7.4, 1 % 
Nonidet P-40, 0.25 % sodium deoxycholate, 150 mM 
sodium chloride, 1 mM EDTA, 1 mM sodium fluoride, 1 
mM sodium orthovanadate, and a protease inhibitor cocktail 
(cOmplete, Roche Applied Science). After incubation on ice 
for 30 min, cell lysates were centrifuged for 10 min at 
13,000 RPM (4°C) and the supernatants were collected 
(clear nuclear lysates). Protein concentration was determined 
using the Pierce 660 nm Protein Assay kit (Thermo 
Scientific). 
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 Amounts corresponding to 40 g of total proteins were 
resolved on 3-8 % or 12 % bis-Tris gels (NuPage, 
Invitrogen). Western blot analysis was performed as 
previously described [27] with primary antibodies against 
either human SREBP-1 (# 557036 concentration: 0.1 g/ml, 
Pharmingen), human SREBP-2 (# 557037, concentration: 
0.1 g/ml, Pharmingen) human SCD-1 (SC-81776, 
concentration: 0.2 g/ml, Santa Cruz Biotechnology), human 
FASN (C20G5, concentration: 0.1 g/ml, Cell Signaling) 
human mevalonate kinase (ab90888, concentration: 1 g/ml, 
Abcam) or HMG-CoA synthase (ab87246, concentration: 1 

g/ml, Abcam), human LDLr (ab134998, concentration: 1 
g/ml Abcam) incubated for 16 h at 4°C. Western Blot 

analysis was performed either by chemiluminescence (ECL 
advanced, Amersham Biosciences) in the case of SREBP-1 
and SREBP-2 or by infrared fluorescence (Odyssey Scanner, 
Li-Cor). For ECL detection, a horseradish peroxidase-
conjugated antibody (Amersham Biosciences) was used as a 
secondary antibody at a concentration of 0.01 g/ml. For the 
Western Blot in fluorescence, a secondary antibody coupled 
to infrared dyes (Li-Cor) was used at a concentration of 0.02 

g/ml. The correct protein loading was determined by the 
immuno-detection of either the -tubulin for the clear cell 
lysates or of the Lamin B (SC-6216, concentration: 0.04 

g/ml, Santa Cruz Biotechnology) for the nuclear lysates. 

2.7. Silencing of SREBP-1 and SREBP-2 Expression and 
siRNA 

 siRNA transfection experiments were performed using 
double stranded RNA (SMARTpool, Dharmacon). ON-
TARGET plus non-targeting pool was used as a control. 
143B cells were transfected with 25 nM siRNA for SREBP-
1 (# L-006891-00, Dharmacon) or SREBP-2 (# L-009549-
00) and with the DharmaFECT1 transfection reagent 
(Dharmacon, T-2001, Lafayette USA) according to the 
manufacturer's instructions. Silencing was checked 24 h 
post-transfection by reverse transcription of total extracted 
RNA followed by real time RT-qPCR. For Western Blotting 
analysis, cells were lysed 24 h post-transfection in lysis 
buffer (7 M urea, 2 M thiourea, pH 8.5, CHAPS 4 % (v/v), 
60 mM dithiotreitol, 1 mM sodium orthovanadate, 10 mM 
para-nitrophenylphosphate, 10 mM -glycero-phosphate, 5 
mM sodium fluoride and protease inhibitor cocktail (Roche 
Applied Science)). 

2.8. Incorporation of [
3
H] Acetate into Cholesterol and 

Fatty Acids 

 143B cells were seeded in 6-well plates (Corning). 
During the 24 h last hours of the incubation with 100 mM 
sucrose, [

3
H]-acetate (2 Ci, Perkin Elmer) was added to the 

culture medium to monitor the cellular synthesis of 
cholesterol and fatty acids. The assessment of [

3
H]-labelled 

total cholesterol (including free cholesterol and cholesterol 
moiety in cholesterol esters) and [

3
H]-labelled fatty acids 

was conducted according to the protocol of Bligh and Dyer 
[28]. Lipids were extracted and lipid radioactivity was 
counted in an aliquot with a scintillation fluid (Lipoluma; 
Lumac). The results were normalized by total protein content 
determined by the BCA (bicinchoninic acid) kit (Pierce). 

 

 

3. RESULTS 

3.1. The Sucrose Model 

 Lysosomal storage was generated by 143B cell 
incubation in the presence of 100 mM sucrose. When the 
ultrastructure of the cells is analysed by electron 
transmission microscopy, horseradish peroxidase (HRP)-
loaded and containing lysosomes in control cells appear as 
electron dense spherical vesicles. However, in sucrose-
treated cells, lysosomes display heterogeneous and dilated 
forms and sizes and contain heterogeneous material (and 
some residual HRP) (data not shown). As a control, 143B 
cells were pre-incubated for 16 h with 100 g/ml invertase, a 
hydrolase active in lysosomes after its endocytosis, 
catalysing the breakdown of sucrose into two membrane 
permeable monosaccharides, thereby preventing the 
accumulation of sucrose [16]. In order to assess the extent of 
the storage through its impact on the organelle density, the 
sedimentable fraction of a post nuclear supernatant prepared 
from 143B cells incubated for 48 h with 100 mM sucrose 
was analyzed by isopycnic centrifugation on a self-formed 
isotonic percoll density gradient. As seen in Fig. (1), 
incubation of the cells with sucrose induced a decrease in the 
density of lysosomes as shown by the shift of the distribution 
of the marker enzymes, -galactosidase and -
hexosaminidase, from the high to the low-density zone of the 
gradient. Such a decrease in the density of the lysosomes 
could be prevented when cells were pre-incubated for 16 h 
with 100 g/ml of invertase. Similar results have been 
obtained with HepG2 cells (data not shown). 

3.2. 143B Cells Incubated with Sucrose Show an 
Aberrant Intracellular Distribution of Non-Esterified 

Cholesterol 

 Accumulation of free cholesterol inside the endosomes 
and the lysosomes has been frequently observed in various 
LSDs [29-31]. We used filipin in order to determine the 
putative effect of a sucrose-induced lysosomal storage on the 
intracellular cholesterol distribution of 143B cells. Fig. (2) 
shows that the filipin staining observed in 143B cells 
incubated for 48 h with sucrose was more intense and 
concentrated in vesicular structures. This peculiar staining 
was no longer observed in 143B cells pre-incubated with 
invertase (Fig. 2). 

3.3. SREBP Target Genes are Activated in 143B Cells 
Incubated with Sucrose 

 The observation of a modified distribution of cholesterol 
in cells incubated with 100 mM sucrose, prompted us to 
analyze the activity of the SREBP transcription factors in 
response to the intra-lysosomal storage of sucrose. To this 
aim, cells were transiently transfected with luciferase 
reporter constructs under the control of the authentic 
promoters of three SREBP target genes, encoding the LDL 
receptor, the HMG-CoA synthase and the stearoyl-CoA 
desaturase-2, respectively. Fig. (3A) shows that the activities 
of these reporters were significantly increased in 143B cells 
incubated with sucrose. Importantly, pre-incubation for 16 h 
with invertase significantly prevented the observed  
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activation for the HMG-CoA synthase and SCD-2 reporters 
demonstrating that the SREBP-mediated transcriptional 
activation is the consequence of the lysosomal storage of 
sucrose. In this set of experiments, the prevention of the 
LDLr reporter activation by invertase could also be obtained 
but did not reach statistical significance (Fig. 3A). Similar 
results were obtained in HepG2 cells (data not shown). 

 

Fig. (1). Effect of lysosomal sucrose storage on the density of the 

lysosomes. -galactosidase and -hexosaminidase activities 

distribution in self-formed Percoll density gradients. MLP fractions 

were prepared from 143B cells incubated for 48 h with or without 

100 mM sucrose (respectively dark grey and white columns). Cells 

first pre-incubated for 16 h with 100 g/ml invertase and then with 

sucrose were used as controls (black columns). Briefly the MLP 

fractions, prepared by differential centrifugation, were fractioned on 

an isotonic Percoll density gradient as described in the Material and 

Methods section. Ten fractions were collected from the top to the 

bottom of the gradient and enzymatic activities were assayed by 

fluorescence. The pools I, II and III correspond to the fractions 1-4, 

5-8 and 9-10, respectively. Results were calculated as arbitrary 

fluorescence units and are expressed in percentages of the total 

activity found in each gradient. 

 Next, we monitored by Western blotting the nuclear 
abundance of SREBP-2. As a positive control, 143B cells 
were incubated for 24 h in lipid-depleted medium (without 
serum) a condition that is known to trigger the nuclear 

translocation of this transcription factor [32]. Moreover, 
knowing that the nuclear form of SREBP-2 is rapidly 
degraded by the ubiquitin proteasome pathway [33], MG-
132, a well-known proteasome inhibitor, was added for 5 h. 
As expected, the nuclear amount of SREBP-2 was increased 
in these conditions (Fig. 3B). But more interestingly, it was 
also significantly increased in 143B cells incubated for 24 h  
with sucrose (Fig. 3B, C). This increase in the abundance of 
SREBP-2 is no longer observed in cells that had been pre-
incubated with invertase, showing that the increased 
transcriptional activity is correlated with an increased 
abundance of SREBP-2 in the nuclei of sucrose-treated cells. 

 

Fig. (2). Effect of lysosomal sucrose storage on the distribution 

of the non-esterified cholesterol. Representative epifluorescence 

images of the non-esterified cholesterol distribution in 143B cells 

incubated for 48 h in absence (CTL) or in presence of 100 mM 

sucrose (S and IS) and stained with 0.5 mg/ml filipin. In (I/S), cells 

were first pre-incubated for 16 h with 100 g/ml invertase. Right 

upper panels show magnified details of selected areas (boxes) in the 

left panels. Scale bars represent 10 m.

3.4. Expression of Several Genes Involved in Cholesterol 
and Fatty Acid Biosynthesis are Increased in 143B Cells 

Incubated with 100 mM Sucrose 

 SREBP activated gene products predominantly belong to 
lipid metabolism pathways including fatty acid and 
phospholipid synthesis and cholesterogenesis [34]. Our first 
results suggesting that the transcription factors SREBPs are 
activated in 143B cells incubated with sucrose, we analyzed 
the transcriptional expression of HMG-CoA synthase, LDLr, 
fatty acid synthase, SCD-1 and mevalonate kinase in cells 
incubated for 48 h with 100 mM sucrose. As seen in Fig. 
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(4A), sucrose led to a significant increase in the mRNA 
abundance for HMG-CoA synthase, MVK and the FASN. 
The over-expression was prevented by cell pre-incubation 
with invertase. Surprisingly, neither the expression of LDLr 
nor SCD-1 was increased at this point. Suspecting a kinetics 
difference in the time course of expression for these genes,  
 

we therefore examined the expression of these two genes in 
143B cells incubated with 100 mM sucrose for increasing 
periods of time. As shown in Fig. (4B), the sucrose treatment 
led to a marked but transient increase in the mRNA relative 
abundances of LDLr and SCD-1 between 8 h and 16 h of 
incubation. These sucrose-induced over-expressions were 
also observed at the protein level (Fig. 5). Indeed, the 

 

Fig. (3). Effect of a lysosomal sucrose storage on SREBPs activity. (A) 143B cells incubated for 24 h with (grey and black columns) or 

without (white columns) 100 mM sucrose were transiently co-transfected with a reporter plasmid in which the expression of the luciferase 

gene was controlled by the authentic promoter of the LDLr, HMG-CoA synthase or SCD-2 along with the pCMV-lacZ plasmid for 

normalization. Cells first pre-incubated for 16 h with 100 μg/ml invertase were used as controls (black columns). The activities of both 

luciferase and -galactosidase were determined 36 h after transfection on cell lysates as described in the Material and Methods section. 

Results are expressed in percentages of the activity found in CTL cells as means ± SD (n = 3) ***, **, *: Significantly different from CTL 

cells with respectively P<0.001, P<0.01 or P<0.05. #, ##: Significantly different from 143B cells incubated with sucrose with P<0.05 and 

P<0.01, respectively, as determined by an ANOVA-1 followed by a Dunnett's test. NS: non significantly different from 143B cells incubated 

with sucrose. (B) The nuclear abundance of SREBP-2 was analyzed by Western Blotting performed on 40 g of proteins from clear nuclear 

lysates proteins prepared from 143B cells incubated for 24 h with (S), (IS) or without (CTL) 100 mM sucrose. In (IS), cells were first pre-

incubated for 16 h with 100 g/ml invertase. Equal protein loading was controlled by the immuno-detection of the lamin B. As positive 

control (CTL +), DMEM without serum  and for 5 h with 10 M of the cell-permeable proteasome inhibitor MG-132. The asterisk denotes a 

nonspecific and uncharacterized band. (C) Quantification of the nuclear abundance of SREBP-2. Results are calculated as O.D. normalized 

for lamin B, expressed in percentages of CTL cells and represent means ± SD (n = 3) ***: Significantly different from CTL cells with 

P<0.001, #: Significantly different from 143B cells incubated with sucrose with P<0.05 as determined by an ANOVA-1 followed by a 

Dunnett's test. For a clearer presentation, one nonessential condition in which cells have been incubated with the invertase alone has been 

sliced from the original blot. Band cut is indicated by the black line. 
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abundance of the LDLr was increased in 143B cells 
incubated with sucrose in a time-dependent manner. The 
abundance of SCD-1 was transiently increased in 143B 
incubated for 24h with sucrose. However, this effect was no 
longer observed after 48 and 72 h of treatment. Finally, the 
abundance of the MVK was modestly increased after 72 h of 
treatment. These increased abundances were no longer 
observed in 143B cells pre-incubated for 16 h with 100 

g/ml of invertase (Fig. 5). 

3.5. The Lipid Biosynthesis is Increased in 143B Cells 
Incubated with Sucrose 

 Having seen that the expression of several actors of lipid 
metabolism was increased when lysosomes are allowed to 
store sucrose, we wanted to compare the global synthesis of 
lipids in control and sucrose-treated cells. To this aim, cells 
were incubated for 24 h with 2 Ci [

3
H]-acetate and 

radioactivity associated with lipids was measured [28]. Fig. 

 

Fig. (4). Effects of a lysosomal sucrose storage on the expression of some well-known SREBPs target genes. (A) 143B cells were 

incubated for 48 h with (grey and black columns) or without (white columns) 100 mM sucrose. Cells first pre-incubated for 16 h with 100 

g/ml invertase were used as controls (black columns). Total RNA was extracted, reverse transcribed and amplified by real time RT-qPCR in 

the presence of the HMG-CoA synthase, FASN, LDLr, MVK, or SCD-1 primers and SYBR green. Aldolase was used as reference gene for 

data normalization. Results are expressed in fold induction of the mRNA abundance found in CTL cells and represent means ± SD (n = 3) 

***, **: Significantly different from CTL cells with P<0.001, P<0.01, respectively. #, ##: Significantly different from cells incubated with 

sucrose with P<0.05 and P<0.01, respectively, as determined by an ANOVA-1 followed by a Dunnett's test. NS, ns: non significantly 

different from CTL cells or 143B cells incubated with sucrose, respectively. (B) 143B cells were incubated for increasing periods of time 

with or without 100 mM sucrose. The mRNA relative abundance of LDLr and of SCD-1 was determined as in A. Results are expressed in 

fold induction of the mRNA abundance found in CTL cells and represent means ± SD (n = 3) *: significantly different from CTL cells with 

P<0.05 as determined by a Student’s t-test. NS: not significantly different from CTL cells. 
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(6) shows that the incorporation of radiolabelled acetate was 
significantly increased in cells incubated for 48 h (but not 24 
h) with 100 mM sucrose and that this effect could be 
prevented by invertase. 

 

Fig. (6). Effect of a lysosomal sucrose storage on the [
3
H]-

acetate incorporation. 143B cells were incubated for 24 h (white 

columns) or 48 h (grey columns) with (S) (IS) or without (CTL) 

100 mM sucrose. In (IS), cells were pre-incubated for 16 h with 100 

g/ml invertase. 24 h before the end of the incubation with sucrose, 

11.6 Ci of [
3
H]-acetate was added in the culture medium. 

Following this incubation, cells were scrapped, rinsed with PBS and 

lipids were extracted using the classical Bligh and Dyer’s method 

as described in the Material and Methods section. Incorporation of 

[
3
H]-acetate into lipids was quantified after lipid extraction (CPM) 

and normalized for total protein content. Results are expressed in 

percentages of the [
3
H]-acetate in CTL cells as means ± SD (n = 4) 

**: Significantly different from CTL cells with P<0.05 as 

determined by a Student’s t-test. #: Significantly different from 

143B cells incubated for 48 h with sucrose with P<0.05. NS, ns: not 

significantly different from CTL cells and 143B cells incubated for 

24 h with sucrose, respectively. 

3.6. SREBP-2 is Responsible for the Increase in the 
Expression of the HMG-CoA Synthase and Mevalonate 
Kinase 

 In order to identify which isoform(s) of SREBPs is/are 
responsible for the observed increase in the expression of 

HMG-CoA synthase and MVK in response to sucrose, we 
analyzed the expression of genes encoding these two  
enzymes in cells incubated for 48 h with 100 mM sucrose and 
after the silencing of the expression of SREBP-1 or SREBP-2 
isoforms using RNA interference. Real time RT-qPCR revealed 
an important decrease in the SREBP-1 and 2 transcripts 24 h 
after the transfection with siRNA (results not shown). Western 
Blot analysis confirmed these results, since 24 h after the 
transfection with the siRNA against one or the other SREBP 
isoform, the level of SREBP-1 and 2 was greatly reduced and 
barely detectable in our conditions (Fig. 7A). It should be 
noticed that silencing the expression of one isoform had no 
effect on the abundance of the other one, demonstrating that 
there is no cross-reactivity between the siRNA used. In addition, 
the SREBP-1 had no impact on  the basal expression level of the 
HMG-CoA synthase and the MVK, and did not prevent the 
sucrose mediated overexpression of these genes. By contrast, 
the silencing of SREBP-2 not only decreased the relative 
abundance of the transcripts coding for these two enzymes at 
the basal state but it also prevented their increase in response to 
sucrose, suggesting that SREBP-2, but not SREBP-1a, is 
involved in the up-regulation of these genes in 143B cells 
allowed to store sucrose in their lysosomes (Fig. 7B, C). 

3.7. SREBP-2 is Not Involved in the Increase in the 
Expression of LC3 in 143B Cells Incubated with Sucrose 

 Recently, several studies demonstrated that the SREBPs 
play essential roles in various physiological processes 
including the innate immune response, apoptosis or 
autophagy [9]. Seo and colleagues showed that upon 
cholesterol depletion, SREBP-2 could transactivate the 
promoters of some autophagic genes such as the gene 
encoding the protein microtubule-associated protein 1-light 
chain 3 beta (MAP1-LC3beta/LC3), an essential component 
of the autophagosome formation [32]. Interestingly, 
cholesterol depletion has been shown to induce autophagy in 
human skin fibroblasts [35]. Based on these premises, we 
decided to analyze the putative role of the transcription 
factor SREBP-2 on the expression of LC3, when 143B cells  
 

 

 

Fig. (5). Effects of a lysosomal sucrose storage on the abundance of the SCD-1, the LDLr and the MVK. The abundance of SCD-1, 

LDLr and MVK was analyzed by Western Blotting performed on 40 g of proteins from clear lysates prepared from 143B cells incubated for 

the indicated time with (S), (IS) or without (CTL) 100 mM sucrose. In (IS), cells were pre-incubated for 16 h with 100 g/ml invertase. 

Equal protein loading was controlled by the immuno-detection of the -tubulin. 
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Fig. (7). Effects of a depletion of SREBP-1 or SREBP-2 on the expression of genes coding for the MVK and the HMG-CoA synthase. 

(A) Efficiency of siRNA-mediated knock-down for SREBP-1 or SREBP-2. The abundance of SREBP-1 or SREBP-2 was analyzed by 

Western Blotting performed on 40 g of proteins from clear lysates prepared from 143B cells incubated for 48h with [(IS) and (S)] or 

without 100 mM sucrose. In (IS), cells were first pre-incubated for 16 h with 100 g/ml invertase. During the last 24 h, cells were transfected 

with a pool of four specific siRNAs targeting SREBP-1 (siSREBP-1), SREBP-2 (siSREBP-2) or with a control pool siRNA (siCTL). Equal 

protein loading was controlled by the immuno-detection of lamin B. For a clearer presentation, two nonessential conditions in which cells 

have been incubated with invertase alone or with sucrose and invertase have been sliced from the original blot. Bands cut are indicated by the 

black lines. The expression of the MVK (B) and the HMG-CoA synthase (C) was analyzed in 143B cells incubated for 48h with 100 mM 

sucrose or not (grey columns and white columns, respectively) and transfected either with a control siRNA (siCTL) or with a pool of four 

specific siRNA targeting SREBP-1 (siSREBP-1) or SREBP-2 (siSREBP-2). Total RNA was extracted, reverse transcribed and amplified by 

real time RT-qPCR in the presence of MVK (B) or the HMG-CoA synthase (C) primers and SYBR green. Aldolase was used as a reference 

gene for data normalization. Results are expressed in fold change of the mRNA abundance found in CTL cells as means ± SD (n = 3) *, **: 

significantly different from CTL cells incubated with the siCTL with P<0.05 and P<0.01, respectively as determined by a Student’s t-test. 

NS, ns: not significantly different from CTL cells incubated with the siCTL or 143B cells incubated with the siSREBP, respectively. 
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are allowed to store sucrose in their lysosomal compartment. 
As seen in Fig. (8A), sucrose led to a marked increase in the 
abundance of LC3-I/II which could be prevented by 
invertase. However, the siRNA-mediated SREBP-2 silencing 

could not prevent the over-expression of LC3, suggesting 
that this transcription factor is not directly responsible for the 
increased abundance of LC3 observed in sucrose-treated 
cells (Fig 8B, C). 

 

Fig. (8). Effect of a SREBP-2 silencing on the abundance of LC3. (A) The abundance of LC-3 was analyzed by Western Blotting 

performed on 20 g of proteins from clear cell lysates prepared from 143B cells incubated for the indicated time with (S), (IS) or without 

(CTL) 100 mM sucrose. In (IS), cells were pre-incubated for 16 h with 100 g/ml invertase. Equal protein loading was controlled by the 

immuno-detection of the -tubulin. (B) The abundance of LC3 was analyzed by Western Blotting performed on 20 g of clear lysates 

prepared from 143B cells incubated for 48 h with (S) or without (CTL) 100 mM sucrose and transfected either with a control siRNA (siCTL) 

or with a pool of four specific siRNA targeting SREBP-2 (siSREBP-2) (representative blot of 3 experiments). Equal protein loading was 

controlled by the immuno-detection of the -tubulin. (C) Quantification of the Western Blot presented in B. Results are calculated as 

fluorescence intensity normalized for -tubulin and expressed as means ± SD (n = 3). **, * Significantly different from 143B cells loaded 

with sucrose with P< 0.01 and P< 0.05, respectively as determined by a Student’s t-test. NS: not significantly different from 143B cells 

loaded with sucrose and incubated with the siCTL. 
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4. DISCUSSION 

 We show that an experimentally induced lysosomal 
storage consisting in the accumulation of sucrose in 
lysosomes triggers the activation of SREBP-2, its 
translocation to the nucleus, the up-regulation of genes 
encoding lipogenic proteins and an increased synthesis of 
lipids. 

 Accumulation of lipids (and most particularly 
cholesterol) inside the endo-lysosomal system has been 
described in a wide range of LSDs including the Niemann-
Pick Disease C (NPC) but also in GM1 and GM2 
gangliosidosis, multiple mucopolysaccharidosis, -
mannosidosis, LINCL (CLN6 form) or mucolipidosis 4 [29-
31, 36]. So far, the molecular mechanisms underlying these 
defects in the cholesterol trafficking in these LSDs remain 
elusive. However, according to the “cholesterol-trapping 
hypothesis” it would result from its tight association with 
other lipids in late endosome lipid rafts [37]. This hypothesis 
is supported by the work of Thomas and colleagues which 
showed that the cholesterol accumulation in NPC1 skin 
fibroblasts was partially dependent on the inhibition of the 
activity of the acid sphingomyelinase (SMase) [38]. 
Increasing the SMase activity in NPC1 deficient cells also 
leads to a decrease in cholesterol sequestration, suggesting, 
that the sphingomyelin accumulation could affect the 
cholesterol traffic inside the endo-lysosomal system [39]. 

 Interestingly, this impaired cholesterol escape from the 
endo-lysosomal system to the endoplasmic reticulum in 
NPC-deficient cells has been described to cause an up-
regulation of cholesterol synthesis and of the LDLr 
expression, suggesting that the storage has a major effect on 
the cellular lipid homeostasis [40-42]. Our results show that 
the lysosomal storage of sucrose induces a modification of 
the intracellular distribution of non-esterified cholesterol. 
The more punctuated labelling pattern observed in sucrose-
treated cells suggests a defect in cholesterol egress out of the 
lysosomes and consequently an impaired redistribution of 
cholesterol to the other intracellular compartments, ER in 
particular. It can be therefore hypothesized that as in NPC 
models, the activity of the transcription factors SREBPs is 
increased due to insufficient lipoprotein-derived cholesterol 
being able to reach the cholesterol homeostatic pool [43]. 
SREBP-2 would thus, in turn, activate the expression of 
some of its target genes including HMG-CoA synthase and 
mevalonate kinase, resulting, in fine, in an increase in lipids 
synthesis as determined by [

3
H]-acetate incorporation. An 

increase in the expression of genes involved in cholesterol 
biosynthesis and fatty acid metabolism was previously 
reported in a sucrose-induced storage model [44]. 
Unfortunately, the experimental design of this interesting 
precursor study did not include the invertase control required 
to avoid the possible confounding effects of the high sucrose 
concentration present in the cell culture medium. 

 Previous studies performed using mice overexpressing 
one particular SREBP isoform suggested that the two 
proteins expressed from the SREBF1 gene, SREBP-1a and 
SREBP-1c, preferentially target genes of fatty acid 
metabolism whereas the singular SREBF2 encoded protein 
preferentially activates genes of cholesterol metabolism [11-
13]. However, Amemiya-Kudo and colleagues showed, 
using luciferase-reporter gene assays in HepG2 cells that 

cholesterogenic genes containing classic sterol response 
elements (SREs) in their promoters are strongly and 
efficiently activated by both SREBP-1a and SREBP-2 
suggesting that these isoforms could have overlapping 
functions [45]. Our siRNA interference experiments indicate 
that the SREBP-2 isoform is the main regulator of 
mevalonate kinase and HMG-CoA synthase expression in 
143B cells incubated for 48 h with 100 mM sucrose. 

 Besides the proteolytic activation of SREBPs triggered 
by selective starvation of cholesterol [40], one cannot 
exclude that other stimuli, not related to the intracellular 
distribution of free cholesterol could be involved. For 
example, an increase in SREBP processing and activation 
has been described as occurring in response to the activation 
of the unfolded protein response, shear stress and 
phagocytosis [46-48]. The storage of sucrose has been 
shown to affect the intracellular trafficking to and from 
lysosomes, leading to the accumulation of endo-lysosomal 
"hybrid organelles" [19, 20] as well with a perturbation in 
the maturation of several lysosomal hydrolases [21, 22]. The 
accumulation of cholesterol inside the lysosomes has been 
shown to alter the activity of several Rab GTPases 
(including Rab7, Rab4, Rab11 or Rab9) that are essential to 
the vesicular trafficking inside the endo-lysosomal system, 
and also to induce the sequestration of the SNARE proteins 
VAMP7, Vti1b and syntaxin 7 leading, in fine, to abnormal 
membrane trafficking along the endosomal system and 
perturbation of the endosome and lysosome motility [7, 49-
51]. The altered endo-lysosomal trafficking in cells dealing 
with a lysosomal storage disorder might signal a "need for 
lysosomes" triggering a cellular response leading to the 
coordinated synthesis of membrane and increased lysosomal 
biogenesis. Interestingly SREBPs have been identified as 
key regulators of membrane biogenesis in response to the 
stimulation of phagocytosis, which might signal a 
requirement for membrane synthesis in order to 
accommodate the sequestration of membranes in 
phagolysosomes [48]. The storage of sucrose has been 
shown to lead to some increase in lysosomal biogenesis [17]. 
The transcription factor EB (TFEB), a member of the 
microphthalmia-transcription factor E MiT/TFE subfamily 
of bHLH transcription factors, was recently described as 
being a master regulator of lysosomal biogenesis [52]. TFEB 
activity is activated in response to conditions known to 
stimulate the accumulation of lysosomes such as in HeLa 
cells incubated with sucrose but also in embryonic 
fibroblasts from mouse models for the 
mucopolysaccharidosis II and IIIA and the Multiple 
Sulfatase Deficiency [52]. 

 It has been recently shown that SREBP-2 could 
transactivate the promoter of the gene encoding LC3 (an 
essential component of the autophagosome formation) in 
response to cholesterol depletion [32]. Moreover, the 
SREBP-2 activation during lipid activation was essential to 
the autophagosome formation and lipid droplet association 
with LC3 [32]. Knowing that an activation of the autophagic 
machinery has also been described in several lysosomal 
storage models [53, 54] and that the increase in the 
autophagic activity observed in the Purkinje cells of the 
brain of NPC1 

-/-
 mice was associated with a co-localisation 

of the LC3+ granules with the cholesterol clusters [53], we 
were interested to know whether this transcription factor 
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could play a role or not in the activation of the autophagy in 
our experimental model. Our results clearly indicate that 
even if the expression of LC3 is increased upon lysosomal 
dysfunction, SREBP-2 is not involved. The involvement of 
TFEB in the regulation of the expression of some key genes 
of the macroautophagy such as Beclin 1 and UV radiation 
resistance associated gene (UVRAG), two proteins that are 
essential to the autophagosome formation [55], makes this 
transcription factor a likely candidate for the observed effect 
of sucrose on the autophagic machinery. 

 Today, even if the relevance of the sucrosome model in 
the study of the effects of a lysosomal storage is widely 
accepted, the question is to know whether this model is a 
good model to study the molecular mechanisms by which the 
lysosomal storage triggers broader cellular dysfunctions is 
still unclear. Our results confirm that the sucrosome model is 
relevant for the study of the effects of a lysosome 
vacuolization on the biogenesis of this organelle. This 
experimental model presents some assets such as its perfect 
reversibility when cells are pre-incubated with the invertase 
and the possibility to study the putative transitory molecular 
events occurring at the early onset of the lysosomal overload. 

ABBREVIATIONS 

FASN = Fatty acid synthase 

HMG-CoA synthase = 3-hydroxy-3-methylglutaryl- 
   Coenzyme A synthase 

LDLr = Low density lipoprotein receptor 

LSDs = Lysosomal storage diseases 

MAP1-LC3beta/LC3 = Microtubule-associated protein 1- 
   light chain 3 beta 

MVK = Mevalonate kinase 

SCD-1/2 = Stearoyl-CoA desaturase 1/2 

SREBPs = Sterol Regulatory Element Binding  
   Proteins 
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