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Abbreviations 

3D culture: Three dimension cell culture 

ABC: ATP-binding cassette 

ANOVA: analysis of variance 

AOBS: Acousto-Optical Beam Splitter 

APMA: amino-phenyl mercuric acetate 

BBB: blood brain barrier 

BSA: bovine serum albumin 

BTC: brain tumour cell  

CA9: carbonic anhydrase 9 

DMEM : Dulbecco's Modified Eagle Medium 

DTNB: 5,5'-dithio-bis-[2-nitrobenzoic acid] or Ellman reagent 

E-Cad: epithelial cadherin 

ECM: extracellular matrix  

EMT: epithelial to mesenchymal transition 

FACS: Fluorescence-activated cell sorting 

FCS: foetal calf serum 

FDA: Fluorescein Diacetate 

FITC: fluoresceine isothiocyanate 

GAPDH: glyceraldehyde 3-phosphate deshydrogenase  

GF: growth factor 

GSH: glutathione 

H3K9m2: dimethyl-histone-3-lysine-9 

HAT: histone acetyl transferase 

HDAC: histone deacetylase 

HDACi: histone deacetylase inhibitor 

HIF-1α: hypoxia inducible factor-1 alpha  

HPRT-1 hypoxanthine phosphoribosyltransferase-1 

IC50: 50% cell viability  

IC50sd: 50% decrease in spheroid diameter  

ICP-MS: Inductively coupled plasma mass spectrometry  

IHC: immunohistochemistry 

MCTS: multicellular tumor spheroid 

MGMT: O(6)-methyguanine-DNA-methyltransferase 
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MI: mitotic index  

MTP: mitochondrial trans-membrane potential  

N-Cad : N-cadherin 

PFA: paraformaldehyde 

PI: propidium iodide 

PS: penicillin-streptomycin 

RT: reverse transcription 

RPL27: ribosomal protein L27 

RPL32: ribosomal protein L32  

SDS: sodium dodecyl sulfate 

Se: selenium 

SeMet: seleno-L-methionine  

SEPW1: Selenoprotein W1 

SS: sodium selenite 

TNB: 2-nitro-5-thiobenzoate 

Tris-HCl: 2-Amino-2-( hydroxyméthyl)propane-1,3-diol hydrochloride 

TSA: Trichostatin A 

VPA: valproic acid 
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HIGHLIGHTS 

 

Sodium selenite is more cytotoxic than temozolomide in spheroid GBM cell lines  

Sodium selenite may act as an epigenetic modulator  

Sodium selenite restored apoptosis in GBM cell lines cultured in 3D 

Sodium selenite blocked GBM cell proliferation in S phase 

Sodium selenite inhibited GBM cell migration and invasion  
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Abstract  

 

Glioblastoma (GBM) is the most common type of primary tumour of the central nervous 

system with a poor prognosis, needing the development of new therapeutic drugs. Few studies 

focused on sodium selenite (SS) effects in cancer cells cultured as multicellular tumor 

spheroids (MCTS or 3D) closer to in vivo tumor. 

We investigated SS anticancer effects in three human GBM cell lines cultured in 3D: LN229, 

U87 (O(6)-methyguanine-DNA-methyltransferase (MGMT) negative) and T98G (MGMT 

positive). SS absorption was evaluated and the cytotoxicity of SS and temozolomide (TMZ), 

the standard drug used against GBM, were compared. SS impacts on proliferation, cell death, 

and invasiveness were evaluated as well as epigenetic modifications by focusing on histone 

deacetylase (HDAC) activity and dimethyl-histone-3-lysine-9 methylation (H3K9m2), after 

24h to 72h SS exposition. 

SS was absorbed by spheroids and was more cytotoxic than TMZ (i.e., for LN229, the IC50 

was 38 fold-more elevated for TMZ than SS, at 72h). SS induced a cell cycle arrest in the S 

phase and apoptosis via caspase-3. SS decreased carbonic anhydrase-9 (CA9) expression, 

invasion on a Matrigel matrix and modulated E- and N-Cadherin transcript expressions. SS 

decreased HDAC activity and modulated H3K9m2 levels. 

3D model provides a relevant strategy to screen new drugs and SS is a promising drug against 

GBM that should now be tested in GBM animal models. 

 

Keywords: glioblastoma human cells; spheroids; sodium selenite; anticancer drug; apoptosis; 

epigenetics. 
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Introduction  

 Glioblastoma represents the most common type of central nervous system primary 

tumour characterized by a poor prognosis with a 3-years survival rate of 16% (1). The 

standard treatment for GBM consists of surgery, radiotherapy and adjuvant temozolomide 

(TMZ) chemotherapy (2). TMZ methylates guanine and adenine which results in base 

mismatches at the next cell cycles and eventually strand breaks and apoptosis. However, 90% 

of patients are resistant to TMZ (1-3), mainly due to O(6)-methylguanine-DNA-

methyltransferase (MGMT) enzyme that removes the O6-methylated guanine from DNA. 

Also, high expression of the enzymes of the base excision repair pathway has been shown to 

confer resistance to TMZ (for review (4)). In this context, the development of new 

therapeutic drugs is urgently needed.  

Toxicity and safety of new anti-cancer drugs are mainly evaluated in vitro on cancer 

cells monolayers (2D) cultures whereas these models do not recapitulate the complexity, the 

physiology and the micro-environment of the tumor in the body. Indeed, tissue architecture 

and extracellular matrix (ECM) strongly influence tumor cell responses to micro-

environmental signals. In this context, the three-dimensional (3D) culture systems or 

multicellular tumor spheroid (MCTS) that mimic the in vivo tumor tissue, are of increasing 

interest in cancer research (for review (5)). Spheroids are spherical cell clusters obtained by 

self-assembly of cells, presenting two zones: the outside proliferation zone closely reflect the 

in vivo environment of proliferating tumor cells (expressing Ki67), and the inside zone of 

quiescent cells showing necrotic or apoptotic cells (necrotic core) as seen in growing solid 

tumors (6). In tumors, quiescent cells are distant from blood vessels and expressed carbonic 

anhydrase 9 (CA9) due to hypoxia and to the depletion of nutrients ultimately leading to 

necrosis (7). By recapitulating the principal features of solid tumors, MCTS is a better model 

than 2D cultures, especially for drug screening purposes (6,8).  

We showed that Se, an essential trace element for humans, has antagonistic effects in 

its SS chemical form (9): at low concentration (<1µM) SS protected skin cells against 

oxidative stress whereas it displayed pro-oxidant activity at higher (>5µM) concentrations 

(9,10). We and others reported antitumor effects of SS in brain tumor cells (11-13), by 

induction of apoptosis (11,13) and autophagy (14,15). Moreover, SS on 24h, was about two-

fold more cytotoxic in glioma cells than in normal astrocytes (12,13). Most importantly, SS 

has been shown to cross the blood brain barrier (BBB) in humans (16). 

  Invasion and metastasis are two sequential processes of tumor cells associated to a loss 

of growth control implying different processes. During epithelial-to-mesenchymal transition 
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(EMT), the loss of E-cadherin is a critical molecular event behind cell-cell contact dissolution 

parallel to the induction of mesenchymal markers such as N-cadherin (17). As mesenchymal 

GBM are the most aggressive tumors, targeting EMT mechanisms may be of great clinical 

relevance in GBM (18). Moreover, hypoxia regulation via carbonic anhydrases (CA), 

particularly CA9, plays an important role in tumor progression and metastasis (19,20), and in 

tumor cell survival in the hypoxic region through the regulation of intra-cellular pH (21). In 

GBM, tumor cells expressed a high degree of intra-tumoral hypoxia contributing to CA9 

activation through the hypoxia inducible factor-1 alpha (HIF1α) pathway (21). Moreover, 

CA9, absent in normal brain, is an independent poor prognostic factor in GBM (22) and may 

be a therapeutic target.  

Glioblastoma pathogenesis may be partly due to epigenetic aberrations (23). The 

transcription process is regulated by chromatin packaging which is partially controlled by 

HDAC and histone acetyl transferases (HATs). DNA methylation and histone modifications 

regulated by HATs/HDACs are affected in GBM (24). As HDACs are implicated in 

numerous cellular activities involving transcriptional regulation, cell cycle, autophagy, 

apoptosis and DNA damage repair (25), HDAC inhibitors (HDACi), such as valproic acid 

(VPA) are nowadays the objective of cancer researches with VPA associated to reduction of 

cell invasiveness (26,27). Other levels of epigenic regulations are the post-translational 

modifications of histones (28). The methylation of H3K9 is a sign of condensed, inactive 

chromatin whereas methylation of H3K4 is a mark of open chromatin (29). The 

comprehension of epigenetic modifications induced by a drug in chromatin remodelling 

leading to the re-expression of tumor suppressor genes is of interest. 

Herein, we show the pertinence of the 3D model mimic tumor for the evaluation of 

drug toxicity. We exhibit the anticancer properties of SS (compared to TMZ) in three 

different human glioblastoma cell lines cultured in spheroids. SS affected cell proliferation, 

HDAC activities, CA9 and H3K9m2 expressions, invasiveness leading to cell death. 

 

Materials and methods  

 

Maintenance of the cells in 2D cultures  

GBM cell lines LN229, T98G and U87 were obtained from ATCC (Molsheim, 

France) and were maintained in RPMI 1640 medium containing 10% (v/v) fetal calf serum 

(FCS), penicillin 100IU/mL, streptomycin 100µg/mL, and L-glutamine (2mM) (Life 

Technologies, Saint Aubin, France). 
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3D cultures 

GBM cells were cultured in 96-well tissue culture plate uncoated U-bottom (#650185; 

Greiner Cellstar®, Courtaboeuf, France) to allow the formation of one spheroid/well. 3000 

cells/well were loaded, in the same medium than used in 2D but enriched with 0.225g/100 

mL of methylcellulose (Methocel®MC, #64605, Sigma, St Quentin Fallavier, France). Each 

plate was centrifuged at 500g, 5 min, RT and then incubated in a humidified incubator (37°C, 

5% CO2) for 72h before the addition of SS (Sigma). The formation of spheroids was assessed 

by light microscope visualization. The spheroids were treated with SS for 24 to 216 hours, 

collected, pelleted, washed twice with PBS (#18912-014, Gibco) and adequately prepared for 

subsequent analysis.  

 

Selenium absorption  

Spheroids were treated with SS for 72h. Medium were kept and spheroids (two 96-

well plate/condition) were subjected to five thaw-frozen cycles in sterile water. Se content 

was determined both in cell lysates and medium, using ICP-MS (X series II, Thermo Fisher 

Scientific, Bremen, Germany) as previously described (30). The percentage of Se in cell 

lysates versus Se added to the medium was calculated. The Se recovery was determined by 

adding the percentage of Se found in the medium and the lysates. Se measured in nM in cell 

lysates was normalized by total protein (g/L) and expressed in nmoles/g prot. 

 

MTT assay  

Cell survival was assayed by a MTT test according to the method adapted to 

spheroids (31). LN229, T98G and U87 were SS-treated for 24, 48h and 72h (one 96-well 

plate/condition) and MTT (5 mg/mL) was added to each well, for 4h, in the incubator (37°C, 

5% CO2). Each spheroid was then transferred to a new flat bottom 96-well plate and 

centrifuged (1000g, 5 min). The remaining medium was aspirated, 100 µL DMSO/well was 

added and the absorbance was recorded at 570 nm.  

In parallel, a MTT assay was performed with TMZ (Temodal, MSD). TMZ was 

dissolved in DMSO at 10mg/mL (51.5 µM), as recommended. All cell lines were TMZ-

treated at different concentrations until 1mM (194µg/mL) for 72h, or with DMSO alone 

(vehicle). As the IC50 was not reached, a “long term” TMZ protocol was led: spheroids were 

TMZ-treated for 72h at 0, 100, 200, 300, 400µM and another 72h at 0, 33.3, 66.6, 100, 

133.3µM, by adding 100µL/well of fresh medium. SS and TMZ concentrations resulted IC50 
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were determined using GraphPad Prism via a non-linear regression (curve-fit) analysis. 

 

Flow cytometry analysis 

Spheroids were treated with SS at 2.5, 5 and 10µM (two 96-well plate/condition) at 

different endpoints, harvested with medium, centrifuged 3min, 360g, RT and dissociated in 

100µL Accutase® with a gentle flushing for 10min, RT. Then, cells were rinsed twice with 

PBS.  

Apoptosis and the cell-cycle were evaluated with the FITC/Annexin V Apoptosis 

Detection kit I and the Cycle test Plus DNA reagent kit (BD Biosciences, San Jose, CA) as 

recommended. The subG0G1 phase was used to determine DNA fragmentation. 

For H3K9m2 analysis, 106 cells were fixed 30 min in paraformaldehyde (PFA) 1% on 

ice and then permeabilized with 0.1% Triton X100 in PBS, 30 min on ice. Cells were washed 

in PBS/BSA 1% twice before adding 1µL of the rabbit monoclonal antibody anti-dimethyl-

H3K9 (Millipore clone, MC554, 04-768, dilution 1/200) for 45 min. The protein methylation 

was revealed by a (FITC)-conjugated F(ab)’2 fragment goat anti-rabbit IgG(H+L) (Beckman 

Coulter) for 30min on ice. 

Cell fluorescence was detected with FACSCantoII (Becton Dickinson) and analysed 

with FACS Diva Software.  

 

Confocal microscopy analysis  

Spheroids were SS-treated for 24h and 72h, harvested, set on glass bottom Petri 

(35x10, Greiner, Courtaboeuf, France) and incubated with 5µM of Fluorescein Diacetate 

(FDA, Thermofisher Scientific, Courtaboeuf, France), 1µM Hoechst 33342 and 10mg/ml 

Propidium Iodide (PI) (Interchim, Montluçon, France) in an incubator (37°C, 5% CO2) for 20 

min. After staining, spheroids were mounted in the microscope incubation chamber (37°C, 

5% CO2) (POC Chamber, Pecom, Erbach, Germany). Images were collected with a Leica 

TCS SP2 AOBS (Acoustico Optical Beam Splitter) inverted laser scanning confocal 

microscope equipped with an x63 oil immersion objective (HCX PL APO 63.0x1.40). Laser 

fluorescence excitation and emission were 351-364/425-485 nm for Hoechst, 488/500-540nm 

for FDA and 543/600-650nm for PI. Confocal pinhole (Airy units) was 1 for all channels. 

Each experiment was performed on a randomly chosen field. 3D reconstructions were 

performed with Volocity software from 1µm z-step optical sections through a thickness of 

20µm at the top of every spheroid. Videos are available in SD1. 
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Caspase-3 assay  

Spheroids not treated or SS-treated for 72h at 5µM (two 96-well plate/condition), 

were harvested and lysed in 50 µL Caspase-3 lysis buffer (#K105, Fluorometric Assay, 

BioVision, Mountain View, CA). The protein content was determined and the caspase-3 

activity was measured as previously described (32).  

 

SS effects on GBM cell growth 

Spheroids were treated with SS at 2.5, 5, 10, 20 and 30µM/well (one 96-well 

plate/condition). Cell growth was determined by measuring the spheroid diameter (µm) until 

96h, using a graduated calibrated inverted microscope (CK2, Olympus, Japan). The 

corresponding IC50sd (SS concentration necessary to decrease spheroid diameter by 50%) 

was obtained by compiling the values in GraphPad Prism via a non-linear regression (curve-

fit) analysis. 

 

Thiols groups and glutathione measurements 

Spheroids were treated with SS, 2.5 and 5µM for 24h, harvested and lysed in sterile 

water by five thaw-frozen cycles, to obtain cell lysates.  

Protein oxidation was evaluated by measuring thiol group concentrations as previously 

described (10). The thiol groups were expressed as micromoles/g total proteins and in 

percentage of the control cells. 

 Glutathione (GSH) was measured in 400µL of cell lysates treated with 3.6 mL of 

metaphosphoric acid (#20632.0236, Prolabo). After centrifugation (4000g, 10min, 4°C), GSH 

was determined enzymatically in the acidic protein-free-supernatant, as previously described 

(33). 

 

Spheroid migration on Matrigel coated-Petri dishes 

Spheroids were prepared as described and ten were deposited on BD Matrigel™ 

Basement Membrane Matrix (#354248, Corning)-coated dishes. Matrigel™ was dissolved 

(1:32) in a serum-free medium (Dulbecco's Modified Eagle Medium (DMEM-F12 medium, 

#31765-027, Life Technologies), enriched with 20 ng/mL human epidermal growth factor 

(EGF, #130-093-825), human fibroblast growth factor-2 (FGF-2, #130-093-564), and 1X 

MACS NeuroBrew-21 (#130-093-566) all from Miltenyi Biotec (Bergirsch Gladbach, 

Germany), and supplemented with 1% penicillin-streptomycin (Life Technologies). The 

medium was put in excess (2mL) in 10cm-Petri dishes, placed in the incubator (1h). The 
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unbound Matrigel™ was removed by aspiration before spheroids deposition. Serum-free 

medium (10mL) was then added in each Petri-dish. SS was added in the Matrigel™ or in the 

medium, both at 5µM. The spheroid grow was followed until 192h. The spheroid diameter 

was measured using a graduated scale placed into the microscope objective and pictures were 

taken. Results were compared to the control. Scale bar=500µm. 

 

Real time PCR  

Spheroids were SS-treated for 24 or 72h (excepted for MGMT status) and transcript 

expression was evaluated by reverse transcription (RT)-q-PCR, as previously described (10) 

and by using the comparative threshold cycle (Ct) method (34). The primer (Life 

Technologies) sequences  were: CA9 Forward (F)-TTT GCC AGA GTT GAC GAG GC, 

Reverse (R)-GCT CAT AGG CAC TGT TTT CTT CC, E-Cad: (F)-ATT TTT CCC TCG 

ACA CCC GAT, (R)-TCC CAG GCG TAG ACC AAG A, N-Cad: (F)-TCA GGC TGT GGA 

CAT AGA AAC C, (R)-GCT GTA AAC GAC TCT GGC ACT, MGMT: (F)-ACC GTT 

TGC GAC TTG GTA CTT (R)-GGA GCT TTA TTT CGT GCA GAC C, HPRT1: (F)-CTC 

ATG GAC TGA TTA TGG ACA GGA C, (R)-GCA GGT CAG CAA AGA ACT TAT AGC 

C, RPL27: (F)-TGA TGG CAC CTC AGA TCG C, (R)-AGA GTA CCT TGT GGG CAT 

TAG G and RPL32: (F)-TTA AGC GTA ACT GGC GGA AAC, (R)-GAG CGA TCT CGG 

CAC AGT AA (all 400nM, 60°C). The amount of target gene was normalized to 

housekeeping genes (HPRT1, RPL27, RPL32) and expressed relative to the control cells (not 

SS treated).  

 

Immunohistochemistry of CA9  

A cytoblock was performed using the Shandon Cytoblock kit (Thermo scientific), 

which was paraffin embedded. Sections were deparaffined and incubated with the rabbit 

primary polyclonal CA9 antibody (ab15086, Abcam, d1:1000) for 1h, RT. A standard three-

stage indirect immunoperoxidase technic was performed on a Benchmark XT Ventana 

staining module using an XT UltraView DAB kit; antigen retrieving was performed with the 

Cell Conditioning buffer CC1 (Tris/Boric acid/EDTA pH8.0) for 30min, according to the 

manufacturer’s instructions (Ventana, Tucson, AZ, USA). No signal amplification was 

required. Pictures were captured using a digital camera Canon EOS400 on an inverted 

microscope. 

 

HDAC activity 
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Spheroids were treated for 72h with 2.5 µM and 5µM SS (two 96-well 

plate/condition), harvested, rinsed twice in PBS and submitted to five thaw-frozen cycles in 

400µL sterile water. In parallel, SS or Trichostatin A (TSA), both at 20µM, were directly 

added into not treated spheroids cell lysates. Samples were kept to determine protein 

concentration and HDAC activity was determined in cell lysates from 50µg total protein using 

Fluorometric Assay (#K330, BioVision, CA) as described by the manufacturer.  

 

BCA assay  

Total protein concentration was determined using the BCA assay (Interchim, 

Montluçon, France) as previously described (9). The absorption at 562nm was measured 

using the Varioskan Flash (Thermo Fisher Scientific) associated to the SkanIt Software for 

the quantification. 

 

Statistical analysis 

Results are expressed as meansSD for the number of experiments indicated. All 

statistical analysis of data was computed using StatView® (SAS Institute, CA). The sources 

of variation for multiple comparisons were assessed by one-way analysis of variance 

ANOVA. The differences were considered statistically significant at p<0.05. 

 

Results 

SS is absorbed in spheroids 

Firstly, we wanted to evaluate the absorption of SS by spheroids. Se uptake and 

recovery were established both in cell lysates and medium by ICP-MS (Table 1). Se was 

absorbed by all cell lines with a maximum of 1.23% in T98G (Table 1A). The percentage of 

Se recovery, obtained by adding nmoles of Se in the medium and in the lysates, almost 

reached 100% with a tendency to decrease depended on SS concentration (Table 1A).  

The quantity of absorbed Se (nmoles/g prot) augmented with increasing concentrations 

of SS for T98G whereas maximal absorption was obtained with 10µM in LN229 and U87. 

T98G exhibited the highest quantity of Se absorbed with more than 2 and 4 times more Se 

absorbed than in LN229 and U87 at 10 and 15µM respectively (Table 1B).  

 

SS triggered apoptosis and necrosis via DNA fragmentation and caspase-3 

activation 
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MGMT status was verified by real time-PCR in the three cell line to estimate whether 

it is linked to SS and TMZ responses. As known, LN229 and U87 were MGMT negative (No 

Ct, real-time PCR assay) whereas T98G was positive (Ct=26.11). MTT assay showed that SS 

was cytotoxic depended on concentrations and duration of treatment: IC50 significantly 

decreased between 24 and 72h SS-treatment (Fig.1A) and was comparable between LN229 

and U87 whereas T98G was significantly more sensitive to SS than LN229 and U87 at 48h 

and 72h (p<0.05), which is interesting as T98G is MGMT negative.  

In all cell lines, TMZ was not cytotoxic until 1mM-72h (data not shown), then we 

performed a TMZ long term treatment consisted in 72h treatment followed by another 72h. 

TMZ was cytotoxic only in LN229 and U87 (Fig.1B) whereas IC50 was not reached in T98G, 

in accordance to its MGMT status. The TMZ IC50 values are much more important than 

those obtained after SS treatment at 72h (6.7µM vs 252.5µM in LN229 and 46.0µM vs 

72.5µM in U87). 

T98G did not tolerate the Accutase® treatment to dissociate cells from the spheroids 

explaining the high percentage of apoptotic cells (Q4) in the control that is why we presented 

only 24h T98G results (idem for cell cycle analysis).  

SS slightly (but significantly) increased the DNA fragmentation in T98G at 10µM-24h 

and 5µM-72h in U87 and 10µM-72h in LN229 (Fig.2B). 

SS significantly induced both necrosis and apoptosis (Fig.1C) in T98G and U87 at 24h 

and in LN229 at 72h, confirmed by confocal analysis in all cell lines (Fig.1D). The 3D 

images and videos (SD1) showed that SS increased the number of dead cells (PI positive and 

FDA negative) depended on doses and time and was cell line dependant. Indeed, LN229 

seemed more resistant as 10µM-72h of SS was required to induce cell death, whereas this 

process was initiated at 5µM-24h of SS in T98G and U87 (Fig.1D). 

Finally, the apoptotic cell death was confirmed by significant increase of caspase-3 

activity in all cell lines treated by 5µM-72h of SS (Fig.1E).  

 

SS decreased cell proliferation and modulated cell cycle 

 Cell proliferation was evaluated by using different methods (Fig.2). 

The spheroid diameter decreased with SS treatment in a time- and dose-dependent 

manner (Fig.2A). The IC50sd values decreased significantly with time and T98G was 

significantly more sensitive than LN229 and U87, and were close to the IC50 obtained after 

the MTT assay (Fig.1A). The diameter decrease can be linked to proliferation deceleration, 

checked by cell cycle analysis. 
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The cell cycle analysis 24h and 72h after SS treatment at 2.5, 5 and 10µM (Fig.2B) 

showed that SS affected significantly the cell cycle at 24h at 10µM, for LN229 and U87. 

After 72h SS-treatment, U87 cell cycle was perturbed at 5µM whereas 10µM are required to 

alter the cell cycle of LN229. U87 seemed more sensitive to SS. T98G cell line were also 

tested but its sensitivity to Accutase compromised the results at 72h treatment. Nevertheless, 

in all the cell lines, the cell cycle was blocked in the S phase.  

 

Thiols groups and glutathione measurements 

In order to understand whether an oxidative stress would be responsible for SS 

cytotoxicity, we measured thiol groups and GSH in the spheroid cell lysates, which were not 

modulated in LN229 and U87 (data not shown) but significantly decreased in T98G. The 

mean±SD (percentage vs control (referred as 100%), n=3 independent experiments) of 1) 

thiol groups were: 54.1%±10.8 at 5µM (p=0.002) and 28.6%±15.2 at 10µM (p<0.0001) and 

2) GSH were: 25.5%±14.8 at 5µM (p=0.0007) and 25.9%±35.2 at 10µM (p=0.0012), 

suggesting an oxidative stress. 

 

SS altered invasion potential of GBM 

Spheroids from all cell lines were able to attach and migrate on a Matrigel™ matrix 

(Fig. 3). If this process was weakly inhibited at 2.5 µM (data not shown), it was clear at 5µM 

SS in the medium. Indeed, the cell migration from the spheroid was significantly inhibited at 

48h in U87, 72h in T98G and 96h in LN229 (Fig.3A). SS had no effect on cell detachment 

and migration when added into Matrigel™.  

Pictures showed that cell detachment and migration patterns seemed similar between 

all cell lines by forming a cell ring around the spheroid (Fig.3B). SS in the medium reduced 

the spheroid diameter and inhibited cell dissemination and invasion. T98G and U87 spheroids 

were often detached (floating) after 168h of SS treatment.   

 

E and N-cadherin transcript expressions 

To go deeper into invasiness, two actors of EMT, E- and N-Cad transcript expressions 

were evaluated (Fig.3D). Interestingly, E-Cad was not detected at baseline in LN229, T98G 

and U87 but SS at 72h-10µM restored significantly E-Cad transcript expression in LN229 and 

U87 and as a tendency in T98G, because of high response amplitudes. N-Cad transcript was 

expressed in all cell lines but SS significantly decreased N-Cad only in LN229 at 72h-10µM.    
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SS decreased CA9 expression  

SS at 5 µM-24h decreased CA9 at the transcript level (Fig.4A) and at the protein level 

at 48h (Fig.4B). IHC staining showed CA9 protein localisation into the spheroid inside zone 

and an expression more intense in T98G than LN229 and U87, confirmed by real-time PCR 

(Ct=26.5±0.5 in T98G vs 33.6±3.8 in LN229 (p<0.002) and vs 33.1±2.7 in U87 (p<0.001)). 

 

SS acts as an epigenetic modulator  

SS decreased HDAC activity when added 72h in the medium, significantly at 10µM in 

LN229 and U87 and at all studied concentrations in T98G (Fig.5A). When SS at 20µM was 

added directly into cell lysates, HDAC activity was not altered, whereas TSA (positive 

control) at 20µM decreased HDAC activity for about 90% (Fig.5B). This suggests that SS is 

not a specific pharmacological inhibitor and affects HDAC activity by another way. 

Dimethyl H3K9 level was studied in spheroids treated 24h with SS using flow 

cytometry (Fig.5C). The distribution of H3K9m2 labelling was not homogenous as two 

populations appeared with SS treatment: one population less methylated (named P2) and one 

more methylated (named P3). Consequently, we analysed the data taking into consideration 

these two populations. In LN229, SS at 2.5µM decreased the percentage of methylated cells, 

whereas it was similar to control cells at 5 and 10µM. In U87, SS did not significantly impact 

the percentage of unmethylated and methylated cells but significantly increased methylation 

levels at 10µM-24h. In T98G, these experiments were not performed as the Accutase 

dissociation was deleterious. 

 

Discussion 

 Glioblastomas are highly aggressive tumours showing diffuse invasiveness and 

vascularity. Their treatment is extremely challenging due to their resistance to current 

treatments and to the tumor recurrence (1). Monolayer model cultures are extensively used for 

new drug testing, but they did not adequately represent the tissue function with its extensive 

cell-cell and cell-ECM interactions, which bias drug penetration, absorption and then drug 

toxicity. In this context, spheroid models (3D) provide a relevant link between monolayers 

and animal models. Therefore, based on the pioneering work of Friedrich team (8) and our 

previous results which describe the effect of SS on GBM cultured in 2D (11), we 

hypothesized that SS would exhibit anti-cancer effects in GBM cell lines cultured in 3D, in a 

model we developed.  
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The percentage of SS absorbed was quite constant whatever its concentration in 

LN229 and U87, whereas it increased regularly in T98G suggesting a passive process, i.e., a 

simple diffusion through cell membranes. T98G absorbed significantly more SS than LN229 

and U87, which may explain why SS was more cytotoxic in T98G. Globally, the fact that 

T98G responsiveness to SS was quite different may be partly due its MGMT positive status, 

also correlated to TMZ resistance (1). We hypothesize that SS activity is independent from 

MGMT status, which would be an added value compared to TMZ. This needs further 

investigations by inhibiting MGMT in T98G with O-6 benzylguanine.  

Absorption and toxicity of SS may be linked. Compared to 2D, SS absorption was 

lower (in 2D, 72h, 2.5µM=1.3%±0.4, 0.8%±0.5 and 1.1%±0.3 in LN229, T98G and U87 

respectively) and IC50 was higher (in 2D, 24h=3.8±0.3µM, 6.1±0.5µM and 4.6±0.2 in 

LN229, T98G and U87 respectively) (11). This suggests that SS permeation through spheroid 

and drug delivery process decreased in 3D, maybe due to the volume of the spheroids and to 

more cell-cell interactions (6), mimicking what happens in tumors. However, methylselenol, a 

metabolite of SS, by decreasing β1 integrin expression, altered cell-cell adhesion and induced 

apoptosis (35). This suggests that SS could be a valuable chemopreventive drug, or used as a 

potentiation agent of TMZ, to facilitate cell death. 

The quantity of Se measured in both lysates and cell culture medium did not allow to recover 

100% of Se added, with a negative trend between the quantity added and recovery, suggesting 

that SS metabolism lead to the formation of volatile Se such as methylselenol, 

hydrogenselenide and dimethylselenide (for review (36)). A range of volatile Se-trapping 

methods showed that the chemical form and the matrix influenced strongly the formation of 

volatile Se. Indeed, only 12% of the dosed selenium was recovered in Jurkat cells incubated 

with methylseninic acid (37) and we did not observe this loss of recovery neither in human 

fibroblasts nor in HaCaT cells suggesting a specific SS metabolism in GBM cells, particularly 

in T98G. Moreover, only T98G displayed a depletion of GSH and thiol group pools after SS 

treatment, which may be due to glutathione oxidation concomitant with selenide formation 

and measurable at 24h. Indeed, selenite is transformed to selenide via reduction by 

glutathione and by thioredoxin reductases which is subsequently methylated to methylselenol, 

dimethylselenide and trimethylselenonium (36). It is possible that it occurred earlier in LN229 

and U87.  

Consequently to its absorption, SS triggered anti-cancer effects, at least in part via 

epigenetic modifications, by modulating HDAC activity and H3K9m2 levels, although it is 

not a specific pharmacological HDACi as TSA or VPA. Both epigenetic modifications may 



18/27 

interferes with transcript regulation (via chromatin condensation for example (29)) which in 

turn can lead to growth arrest and cell death (25,26). Indeed, SS inhibited cell proliferation in 

all GBM cell lines parallel to an apoptosis induction via caspase-3, but also a necrotic and a 

DNA fragmentation processes. Autophagy process was also reported in malignant glioma 

cells SS-treated (12). SS also blocked all the cell lines in the S phase, whereas we observed 

this blockage in G2 in the same cell lines cultured in 2D (11), implying that cellular 

organization within the spheroids influence SS effects. The spheroid model has been 

characterized by homocellular cell-cell interactions, leading to the formation of a spherical 

cell-cluster (38), that may lead to a higher activation of PI3K/Akt pathway, implied in 

mediated survival signals (39). It is then possible that signaling cascades activated lead to a 

specific cell growth arrest. The exact function of gap junctions, described to mediate 

homocellular GBM interactions (40) in GBM drug resistance, need to be explored, but 

Westhoff et al., proposed that by blocking gap junction formation, diminishing cell-cell 

interactions, GBM cell lines are sensitized to apoptosis (41). Even H3K9m2 levels were 

differently modulated whether SS treatment occurred in 2D (data not shown) or in 3D, with a 

clear increase in 2D and more nuanced effect in 3D. It could be interesting to evaluate 

whether the two populations corresponded to a cell position in the cluster and to determine 

whether it is linked to a biological effect, such as apoptosis and expression of tumor 

suppressor genes. Some studies proposed that SS may activate apoptosis through ROS-

mediated mitochondrial dysfunctions (12,14).  

In the EMT process, the overexpression of N-cadherin lead to cell-to-cell contact loss 

and increased invasiveness (17), whereas the re-expression of E-Cadherin suppressed tumor 

cell growth and invasion (42). Our results confirmed that E-cadherin transcript was not 

detected in all cell lines, as reported previously in GBM (17,43). We showed that SS blocked 

invasion maybe through down-regulation of N-Cad and upregulation of E-Cad in all cell lines. 

Attacking N-Cad and CA9 may be a good anti-invasiveness strategy. Srivastava et al. 

reported that MS-275 inhibited tumor cell proliferation, angiogenesis and reverse EMT in 

vivo in a breast cancer xenograft model, by triggering cadherin shift (44).  

 The extensive cell-cell interactions induced a hypoxic process as shown in tumoral 

tissue from glioblastoma (22), confirming that spheroids mimic tumoral tissue. CA9 over-

expression has been associated to tumor cell growth, survival, metastatic process and 

invasion, all decreased by CA9 inhibitors (45,46). Our results showed that SS inhibited CA9 

transcript expression at doses (5µM-24h) that did not induce cell death, whereas at higher 

dose (10µM-24h), its inhibition was concomitant with the apoptotic process, in agreement 
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with studies demonstrating that CA9 inhibitors trigger apoptosis process through mediation 

of ceramide synthesis (45,47). The CA9 loss expression may also be linked to cell invasion 

and MMP2 and MMP9 activity inhibitions (48). 

 

Conclusion 

In conclusion, we showed that spheroids are a good model to screen new anticancer 

drugs (here SS) before launching animal tests. SS was able to target cell death, proliferation, 

migration and invasion at least partly via an epigenetic modification. SS is a good candidate 

to be added to the list of GBM potential drug, especially because of its ability to cross human 

BBB (16). Further studies in GBM rat models are now necessary to investigate the SS 

penetration in the brain, tumor growth and toxic-side effects. 
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Table 

Table 1. Sodium selenite absorption  

LN229, T98G and U87 cells were cultured in 3D for 72h before the addition of increasing 

doses of sodium selenite for 72h. Medium and cell were harvested and cells were lysed by 

repeated thaw-frozen cycles. Selenium was determined in cell lysates and medium using ICP-

MS. Results are expressed in percentage of Se measured in each fraction, compared to Se 

added (A) and in nmoles of Se/g prot found in the cell lysates (B). Results are mean±SD of 

four independent experiments. 
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A. 

 

Se measured in percentage 

 

Lysate  Medium  Total  

Sodium selenite (µM) LN229 

2.5 0.11 ± 0.06 94.2 ± 15.50 94.32 ± 15.51 

5 0.12 ± 0.06 97.99 ± 11.44 98.11 ± 11.47 

10 0.14 ± 0.05 84.66 ± 18.72 84.79 ± 18.69 

15 0.14 ± 0.09 91.71 ± 10.89 91.85 ± 10.84 

20 0.11 ± 0.04 76.68 ± 9.58 76.79 ± 9.62 

Sodium selenite (µM) T98G 

2.5 0.14 ± 0.12 89.00 ± 18.50 89.14 ± 18.61 

5 0.30 ± 0.20 92.09 ± 12.74 92.39 ± 12.9 

10 0.85 ± 0.24 69.855 ± 10.61 70.70 ± 10.8 

15 1.23 ± 0.14 78.7 ± 5.99 79.93 ± 6.12 

20 1.00 ± 0.12 78.4 ± 0.07 79.40 ± 0.19 

Sodium selenite (µM) U87 

2.5 0.18 ± 0.03 98.75 ± 20.24 98.92 ± 20.27 

5 0.14 ± 0.06 94.88 ± 8.58 95.02 ± 8.6 

10 0.23 ± 0.08 81.26 ± 15.03 81.49 ± 14.95 

15 0.21 ± 0.12 83.02 ± 12.6 83.23 ± 12.67 

20 0.17 ± 0.05 77.2 ± 11.36 77.44 ± 11.40 

 

 

 

 

B. 

 

 

 
         

 

Se measured in nmoles/g prot 

Sodium selenite (µM) LN229 T98G U87 

2.5 192.58 ± 33.01 565.28 ± 84.46 259.27 ± 64.93 

5 1392.09 ± 1049.08 2142.45 ± 76.67 585.65 ± 259.24 

10 6562.42 ± 6250.73 11274.35 ± 5024.59 5372.36 ± 733.73 

15 7577.39 ± 4766.98 32231.82 ± 10703.03 5018.33 ± 3072.71 

20 4794.64 ± 2338.56 43410.00 ± 20209.11 8338.21 ± 3332.63 
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Figure legends 

Figure 1. Cell death process characterization.  

LN229, T98G and U87 GBM cell lines were seeded in 96-well plate 72h before the addition 

of SS, to form spheroids.  

A MTT assay was performed after  

A. 24h, 48h and 72h SS  

B. 72h TMZ treatment and then fresh medium was added for another 72h of treatment.  

To avoid overloading MTT graphs, statistical items were informed when the first statistical 

significance was reached and for the last concentration studied. Results are means ±SD of 

three independent experiments, with *p<0.05, **p<0.005, $p<0.0001 versus the control 

(untreated cells). A recapitulative table presents IC50 for each cell line SS (significance given 

versus 24h SS-treatment) or TMZ-treated. 

C. Effects of SS on cell death triggered in GBM cell lines cultured in spheroids were studied 

using flow cytometry, with FITC and PI staining. LN229, T98G and U87 spheroids were 

treated for 24h, 48h and 72h with 2.5, 5 and 10µM of SS before dissociation with Accutase. 

Cells in Q3 are considered as viable cells, in Q1 as necrotic cells, in Q4 as apoptotic cells and 

in Q2 as both apoptotic and necrotic. Results are mean ±SD of cell percentage in each phase.  

D. Confocal analysis of SS-triggered cell death in spheroids. Spheroids were SS-treated for 

24h, 48h and 72h, harvested and set on glass bottom Petri incubated with FDA (green signal), 

Hoechst 33342 (blue signal) and PI (red signal) at 37°C in a 5% CO2 incubator. After 

staining, spheroids were installed on the microscope incubation chamber with controlled 

atmosphere. Images were collected with a Leica TCS SP2 AOBS inverted laser scanning 

confocal microscope equipped with an x63 oil immersion objective. Each experiment was 

performed on a randomly chosen field and the images are representative of two or three-

independent experiments. 3D reconstructions were performed with Volocity software from 1 

µm z-step optical sections through a thickness about 20µm at the top of every spheroid. Scale 

bar 24µm. 

E. Caspase-3 activity was determined after 72h SS treatment at 5µM. Spheroids were washed 

twice in PBS 1X and the lysates were then used to determine caspase-3 activity using 

fluorometric assay kit (BioVision) as described by the manufacturer.  

Results, expressed in percentage versus the control (not treated), are mean±SD of three 

independent experiments with *p<0.05, **p<0.005, $p<0.0001 versus the control (not treated 

cells). 
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Figure 2. Effect of sodium selenite on LN229, T98G and U87 proliferation and cell cycle. 

Cells were cultured in specific 96 well plates (3000 cells/well) and were treated with SS.   

A. The diameter of the spheroids was measured at different times (24, 48, 72 and 96h) after 

the addition of SS at increasing doses (0, 2.5, 5, 10, 20 and 30 µM). Results are representative 

of one out of four independent experiments.  

IC50sd (SS concentration necessary to decrease the spheroid diameter by 50%, µM) indicated 

in the associated table are mean±SD of four independent experiments with $p<0.0001 vs 24h. 

B. Effects of sodium selenite on the cell cycle. Spheroids were prepared as described in the 

material and method section (3000 cells/well), cultured for 72h before the addition of SS. 

After 24h and 72h of SS treatment, spheroids were harvested, washed twice in PBS 1X then 

used for cell cycle determination by flow cytometry. Data expressed in percentage of positive 

cells, are mean±SD of three independent experiments and p value are indicated when 

significant versus control.  

 

Figure 3. Anti invasiness properties of sodium selenite  

A. Detachment and migration of cells from spheroids were followed after deposition of 

spheroids on Matrigel coated Petri-dishes. The size of spheroids was measured until 192h 

after the deposit. 

Results are mean diameter (µm) ±SD of three independent experiments, with *p<0.05, 

**p<0.005 vs control at 24h. 

B. Pictures (X4) were taken after each measurement and are illustrative of three independent 

experiments. Scale bar =500µm. 

C. E-cadherin and N-cadherin transcript expressions were evaluated by RT-q-PCR. LN229, 

T98G and U87 in 3D were treated 72h with SS. Results are mean ±SD of three independent 

experiments, with tp=0.07, *p<0.05, **p<0.005 vs control at 24h. 

 

Figure 4. Sodium selenite decreased CA9 expression. 

CA9 expression was evaluated both  

A. At the transcriptional level (real time PCR), 24h after SS treatment. Results are mean±SD 

of four independent experiments, expressed by fold change vs the control (not treated) with 

***p<0.0005 and $p<0.001 vs control. 

B. At the protein level, by immunohistochemistry. Pictures were performed at a magnification 

X400 and were representative of three independent experiments. 
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Figure 5. Sodium selenite is an epigenetic modulator  

HDAC activity was evaluated by using a fluorometric method in  

A. lysates from LN229, T98G and U87 cells cultivated in 3D for 72h and treated 72h with SS 

at 2.5, 5µM and 10µM. Results expressed in Relative Fluorescence Units/µg prot (% vs 

control) are mean±SD of three independent experiments with *p<0.05 and **p<0.005 versus 

the control (not treated cells).  

B. TSA or SS (both at 20µM) were directly added into the lysates and HDAC activity was 

determined.  

Results expressed in Relative Fluorescence Units/µg prot (% vs control) are mean±SD of 

three independent experiments with $p<0.0001 versus the control (not treated cells).  

C. Dimethyl H3K9 level was evaluated in LN229 and U87 cultivated in 3D. Spheroids were 

prepared as described, treated 24h with SS and dissociated with Accutase to be analyzed by 

flow cytometry. Left histograms represent the percentage of labelled cells versus non labelled 

cells and right histogram the mean fluorescence of labelled cells in P3. Results are mean±SD 

of three independent experiments with *p<0.05 and **p<0.005 versus the control (not treated 

cells).  

 



Figure 1. Cell death process characterization.  
LN229, T98G and U87 GBM cell lines were seeded in 96‐well plate 72h before the addition of SS, to form 
spheroids.  
A MTT assay was performed after A. 24h, 48h and 72h SS B. 72h TMZ treatment, and then fresh medium 
was added for another 72h of treatment.  
To avoid overloading MTT graphs, statistical items were informed when the first statistical significance was 
reached and for the last concentration studied. Results  are means ±SD  of three independent experiments, 
with *p<0.05, **p<0.005, $p<0.0001 versus the control (untreated cells). A  recapitulative table presents 
IC50 for each cell line SS (significance given versus 24h SS‐treatment)  or TMZ‐treated. 

IC50 (µM)  24h  48h  72h 

LN229  13.7±1.1  7.1±0.3*  6.7±0.5** 

T98G  17.9±2.7  4.6±0.4$  4.6±0.5$ 

U87  12.1±0.6  7.0±0.3**  6.0±0.2$ 

Fig. 1A 



LN229  T98G  U87 

IC50 (µM)  252.5±67.5  Not reached  72.5±10.6 

Fig. 1B 
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  6.9±3.5 

  9.0±2.1 

82.6±2.7 
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28.7±1.3 

13.2±4.9 p=0.036 
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45.6±14.7 

48.0±16.7 

  7.4±3.7 p=0.02 

  0.9±0.6 

28.5±8.9 

59.7±9.7 

  7.7±3.3 p=0.02 

  4.1±2.1 

Fig. 1C  
Effects of SS on cell death triggered in GBM cell lines cultured in spheroids were studied using flow 
cytometry, with FITC and PI staining. LN229, T98G and U87 spheroids were treated for  24h, 48h and 72h 
with  2.5, 5 and 10µM of SS before dissociation with Accutase. Cells in Q3 are considered as viable cells, in 
Q1 as necrotic cells, in Q4 as apoptotic cells and in Q2 as both apoptotic and necrotic. Results are mean ±SD 
of cell percentage in each phase.  
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Q4  IP-FITC+ 

11.6±6.5 
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41.9±2.3 p<0.0001 
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16.2±10.9 
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12.8±0.6 p<0.0001  
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12.2±6.3 
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80.9±2.8 

  1.0±0.7 

11.3±6.1 

  8.5±5.8 

78.7±3.4 

  1.4±1.1 

10.5±3.7 

40.6±7.0 p=0.02 

48.0±9.9 p=0.01 

  0.9±0.6 

Fig. 1C (followed…)  



Fig. 1D 
 Confocal analysis of SS‐triggered cell death  in spheroids. Spheroids were SS‐treated for 24h, 48h and 
72h, harvested and set on glass bottom Petri incubated with FDA (green signal), Hoechst 33342 (blue 
signal) and PI (red signal) at 37°C in a 5% CO2 incubator. After staining, spheroids were installed on the 
microscope  incubation chamber with controlled atmosphere.  Images were collected with a Leica TCS 
SP2 AOBS inverted laser scanning confocal microscope equipped with an x63 oil immersion objective. 
Each experiment was performed on a randomly chosen field and the images are representative of two 
or three‐independent experiments. 3D reconstructions were performed with Volocity software from 1 
µm  z‐step optical  sections  through a  thickness  about 20µm at  the  top of every  spheroid.  Scale bar 
24µm. 
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Fig. 1D 



Fig. 1E 
 Caspase‐3 activity was determined after 72h SS treatment at 5µM. Spheroids were washed twice in 
PBS 1X and the lysates were then used to determine caspase‐3 activity using fluorometric assay kit 
(BioVision) as described by the manufacturer.  
Results, expressed in percentage versus the control (not treated), are mean±SD of three independent 
experiments with *p<0.05, **p<0.005, $p<0.0001 versus the control (not treated cells). 



Figure 2. Effect of sodium selenite on LN229, T98G and U87 proliferation and cell cycle. 
Cells were cultured in specific 96 well plates (3000 cells/well) and were treated with SS.   

Fig. 2A 
 The diameter of the spheroids was measured at different times (24, 48, 72 and 96h) after the addition of SS 
at increasing doses (0, 2.5, 5, 10, 20 and 30 µM). Results are representative of one out of four independent 
experiments.  
IC50sd (SS concentration necessary to decrease the spheroid diameter by 50%, µM) indicated in the 
associated table are mean±SD of four independent experiments with $p<0.0001 vs 24h. 

280

330

380

430

480

0 24 48 72 96
Time (h)

Si
ze

 (µ
m

)

0
2,5
5
10
20
30

LN229
SS 
in 
µM

T98G

280

330

380

430

480

0 24 48 72 96
Time (h)

Si
ze

 (µ
m

)

U87

280

330

380

430

480

0 24 48 72 96
Time (h)

Si
ze

 (µ
m

)

IC50sd (µM)  24h  48h  72h  96h 

LN229  10.1±0.2  9.8±0.4  4.9±0.3$  4.5±0.2$ 

T98G  10.3±0.3  2.9±0.2$  3.1±0.1$  2.8±0.2$ 

U87  9.6±0.3  5.1±0.2$  4.8±0.1$  4.7±0.2$ 
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Fig. 2B 
 Effects of sodium selenite on the cell cycle. Spheroids were prepared as described in the material and 
method section (3000 cells/well), cultured for 72h before the addition of SS. After 24h and 72h of SS 
treatment, spheroids were harvested, washed twice in PBS 1X then used for cell cycle determination by 
flow cytometry. Data expressed in percentage of positive cells, are mean±SD of three independent 
experiments and p value are indicated when  significant versus control.  
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Fig. 2B (followed…) 



Figure 3. Anti invasiness properties of sodium selenite  

Fig. 3A 
Detachment and migration of cells from spheroids were followed after deposition of spheroids on Matrigel 
coated Petri‐dishes. The size of spheroids was measured until 192h after the deposit. 
Results are mean diameter (µm) ±SD of three independent experiments, with *p<0.05, **p<0.005 vs 
control at 24h. 



Fig. 3B 
Pictures (X4) were taken after each measurement and are illustrative of three independent experiments.  



Fig. 3C 
 E‐cadherin and N‐cadherin transcript expressions  were evaluated by  RT‐q‐PCR. LN229, T98G and U87 in 
3D were treated  72h with SS. Results are mean ±SD of three independent experiments, with tp=0.07, 
*p<0.05, **p<0.005 vs control at 24h. 
 

Not detected  Not detected 



Figure 4. Sodium selenite decreased CA9 expression. 
CA9 expression was evaluated both: 

Fig. 4A 
 at the transcriptional level (real time PCR), 24h after SS treatment. Results are mean±SD of four 
independent experiments, expressed by fold change vs the control (not treated) with ***p<0.0005 and  
$p<0.001 vs control. 
 

A 



Fig. 4B 
 At the protein level, by immunohistochemistry. Pictures were performed at a magnification X400 and 
were representative of three independent experiments. 
 



Figure 5. Sodium selenite is an epigenetic modulator.  
HDAC activity was evaluated  using a fluorometric method    

Fig. 5A 
 lysates from LN229, T98G and U87 cells cultivated in 3D for 72h  and treated 72h with SS at 2.5, 5µM and 
10µM. Results expressed in Relative Fluorescence Units/µg of protein (% vs control) are mean±SD of three 
independent experiments with *p<0.05 and **p<0.005 versus the control (not treated cells).  

Fig. 5B 
 TSA or SS (both at 20µM) were directly added into the lysates and HDAC activity was determined.  
Results expressed in Relative Fluorescence Units/µg prot (% vs control) are mean±SD of three independent 
experiments with $p<0.0001 versus the control (not treated cells).  
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Fig. 5C Dimethyl H3K9 level was evaluated in LN229 and U87 cultivated in 3D. Spheroids were prepared 
as described, treated 24h with SS and dissociated with Accutase to be analyzed by flow cytometry. Left 
histograms represent the percentage of labelled cells versus non labelled cells and right histogram the 
mean fluorescence of labelled cells in P3. Results are mean±SD of three independent experiments with 
*p<0.05 and **p<0.005 versus the control (not treated cells).  


