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Modulation of KVo.1D potassium channei level and Intracetiular potassium concentration in
158N murine oligodendrocytes and BV-2 murine microglial cells treated with 7-
ketocholesterol, 24S-hydroxycholester ol or tetracosanoic acid (C24:0)

Maryem Bezineet al.

ABSTRACT

Little is known about K* regulation playing major roles in the propagation of nerve impulses, as
well as in gpoptosis and inflammasome activation involved in neurodegeneration. As increased
levels of 7-ketocholesterol (7KC), 24S-hydroxycholesterol (24S-OHC) and tetracosanoic acid
(C24.0) have been observed in patients with neurodegenerative diseases, we studied the effect of
24 and/or 48 h of treatment with 7KC, 24S-OHC and C24:0 on Kv3.1b potassium channel level,
intracellular K* concentration, oxidative stress, mitochondrial dysfunction, and plasma membrane
permeability in 158N oligodendrocytes and BV-2 microglia cells. In 158N cells, whereas
increased level of Kv3.1b was only observed with 7KC and 24S-OHC but not with C24:0 at 24 h,
an intracellular accumulation of K™ was always detected. In BV-2 cells treated with 7KC, 24S-
OHC and C24:0, Kv3.1b level was only increased at 48 h; intracellular K™ accumulation was
found at 24 h with 7KC, 24S-OHC and C24:0, and only with C24:0 at 48 h. Positive correlations
between Kv3.1b level and intracellular K™ concentration were observed in 158N cells in the
presence of 7KC and 24S-OHC, and in 7KC-treated BV-2 cells at 48 h. Positive correlations
were also found between Kv3.1b or the intracellular K* concentration, overproduction of reactive
oxygen species, loss of transmembrane mitochondria potential and increased plasma membrane
permeability in 158N and BV-2 cells. Our data support that the lipid environment affects Kv3.1b
channel expression and/or functionality, and that the subsequent rupture of K* homeostasis is

relied with oligodendrocytes and microglia cells damages.
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well as in apoptosis and inflammasome activatioolved in neurodegeneration. As increased
levels of 7-ketocholesterol (7KC), 24S-hydroxyclstéeol (24S-OHC) and tetracosanoic acid
(C24:0) have been observed in patients with negreerative diseases, we studied the effect of
24 and/or 48 h of treatment with 7KC, 24S-OHC ar2d:0 on Kv3.1b potassium channel level,
intracellular K concentration, oxidative stress, mitochondrial dgsfion, and plasma membrane
permeability in 158N oligodendrocytes and BV-2 rogiral cells. In 158N cells, whereas
increased level of Kv3.1b was only observed wittC7&hd 24S-OHC but not with C24:0 at 24 h,
an intracellular accumulation of ‘Kvas always detected. In BV-2 cells treated withC7R4S-
OHC and C24:0, Kv3.1b level was only increased &th# intracellular K accumulation was
found at 24 h with 7KC, 24S-OHC and C24:0, and anityh C24:0 at 48 h. Positive correlations
between Kv3.1b level and intracellular Koncentration were observed in 158N cells in the
presence of 7KC and 24S-OHC, and in 7KC-treated2B&&lls at 48 h. Positive correlations
were also found between Kv3.1b or the intracellflaconcentration, overproduction of reactive
oxygen species, loss of transmembrane mitochonpotntial and increased plasma membrane
permeability in 158N and BV-2 cells. Our data supploat the lipid environment affects Kv3.1b
channel expression and/or functionality, and that subsequent rupture of Komeostasis is

relied with oligodendrocytes and microglial celEnuhges.

KEYWORDS: potassium, Kv3.1b, 7-ketocholesterol, 24S-hydroxyesterol, oxysterols,
tetracosanoic acid (C24:0), 158N cells, BV-2 cells

Abbreviations: 7KCy-ketocholesterol; 24S-OHC, 24S-hydroxycholeste@@4:0, tetracosanoic
acid; K', Potassium; AD, Alzheimer's disease; MS, MultiSlelerosis; CSF, cerebrospinal fluid;

X-ALD, X-linked adrenoleukodystrophy; VLCFA, veryrg chain fatty acid; ROS, reactive
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Pl, propidium iodide; [K];, intracellular potassium concentration; MFI, meffuorescence

intensity; AYm, transmembrane mitochondrial potential.

1. INTRODUCTION
Cumulative evidence suggests that the pathophysesie of major neurodegenerative diseases
are associated with abnormalities of lipid metadli which could favor the rupture of RedOx
homeostasis, activation of inflammation, and indurctof nerve cell dysfunctions, which are
considered hallmarks of neurodegeneratibr?]. There is evidence that cholesterol and some of
its derivatives may contribute to neurodegenerafidre brain is the most cholesterol-rich organ
in the body 8], about 70% of the cholesterol within the brairnisnyelin, the remaining 30% of
brain cholesterol is divided between glial cell®%2 and neurons (10%), mainly located in the
cellular membrane4]. In humans, the causal relationship between citedel and dementia
needs to be clarifiedb]. However, this does not exclude the possibiligttcholesterol transport
and metabolism probably play key roles in the dgwelent of Alzheimer’s disease (AD). Indeed,
the strongest genetic risk factor for AD APOEe4 [6]. Since oxysterols, which are oxygen
derivatives of cholesterol (formed enzymaticallyd@m by auto-oxidation)7], are thought to
reflect cerebral cholesterol turnover, there hanlgreat interest in the diagnostic and prognostic
value of these metabolites in neurodegenerativeades §]. The key role of oxysterols in AD
has been strongly supported by research pointingthwr involvement in modulating
neuroinflammation, A accumulation, and cell deat].[One cholesterol oxide derivative, 24(S)-
hydroxycholesterol (24S-OHC; also named cerebroBteould constitute a potential biomarker

of neurodegeneration, especially of ADJ[. 24S-OHC is synthesized in the brain via CYP46A1l



memory [L2]. Either decreased or increased concentration24&-OHC were found in the
plasma and cerebrospinal fluid (CSF) of patienth WD. Decreased 24S-OHC concentrations in
the plasma of AD patients were attributed to betnophy, which could be a consequence of the
decrease in metabolically active neurob8].[ On the other hand, a significant increase in-24S
OHC, correlating with an increase in the tau protevel, has been described in the CSF of
patients with mild cognitive impairment (MCI) andDA 14, 13. Higher plasma and CSF levels
of 24S-OHC have also been reported in AD patientsia patients with vascular demeni#,
17]. These data favor the hypothesis that 24S-OHClmay good marker of "brain health™ in old
age, and would be increased during the progressioAD and decrease in later stages. As
elevated concentrations of 24S-OHC induce cell d@atneuronal cells18, 19] it has been
suggested that 24S-OHC-induced lipotoxicity migbhtcibute to neurodegeneration and brain
atrophy. Among oxysterols, a variety of compoundsttare derived from cholesterol
autoxidation were also identified at increased lewe the frontal and occipital cortex. These
included 7-ketocholesterol (7KC; also named 7-oxtetterol), ‘é-hydroxycholesterol, @
hydroxycholesterol, & 6a-epoxycholesterol, andB5 63-epoxycholesterolZ0]. Increased levels
of 7KC were also identified in the plasma and/oFGf patients with major neurodegenerative
diseases such as multiple sclerosis (M) R3, X-linked adrenoleukodystrophy (X-ALDP],
and Niemann-Pick diseas?24], 29. As 7KC is a potent inducer of oxidative straaiammation
and cell death, which are major events associatddmajor ageing-related diseases, including
AD [2€], its contribution to neurodegeneration is widslyspected. In addition, 7KC has been
shown to trigger not only mitochondrial but alsaogesomal dysfunctions leading to increased
levels of very long chain fatty acids (VLCFA>22), which could favor brain damagea’].

Thus, in peroxisomal leukodystrophies, resultirafreither peroxisome biogenesis disorders or



C26:0, are observed in the plasma and tissuest@Enp& R8]. In the cortical region of patients
with AD at the stage V-VI of the disease, an acdatian of C22:0 as well as of C24:0 and
C26:0, which are substrates for peroxisofitakidation R9], have been found[). In addition,

the level of plasmalogens (etherphospholipids), ctvhneed intact peroxisomes for their
biosynthesis 31, 32] was decreased in severely affected tiss@8k Jupporting peroxisomal
dysfunctions 33. In the erythrocytes and plasma of patients Wil increased levels of C26:0
were also observed, thus suggesting that peroxisalysfunctions and/or alterations of
desaturase and elongase activities may contriloutegnitive dysfunctions3g, 35]. Moreover,
increased levels of VLCFA have also been describetthe relapsing remitting and secondary
progressive forms of MS3f.

At the moment, several data indicate that 7KC, @48 and C24:0 are potent inducers of
neurodegeneration, mainly via their ability to paimoverproduction of reactive oxygen species
(ROS) and mitochondrial dysfunction0] 25, 3T, which could subsequently contribute to
inflammation and cell deatl27, 3§. However, little is known about their ability thsturb ionic
homeostasis, which is involved in major biologipebcesses necessary for the proper functioning
of the central and peripheral nervous system, sscsignal transmission and the propagation of
nerve impulse. Depending on the cell type constler&C and 24S-OHC are able to modulate
or not intracellular C& level [39, 40, 4], and in human retinal cells, 7KC-induced toxiditgs
been reported to activate the P2X7 receptor wheeldd to Naand C&" influx, and K efflux
[42). Activation of P2X7 receptor triggers the fornmatiof large nonselective membranes pores
which results in inflammation through the inflammaee, oxidative stress and, ultimately, cell
death especially by apoptos#?]. In mitochondria of wild-type andbcdI’™ mice, it was also

described that C24:0-induced cytotoxicity diminighte mitochondrial G4 retention capacity



from rat hippocampus culture44]. These different effects suggest that C24:0-induced
cytotoxicity could be due to its dramatic effecta mitochondrial dysfunction and €a
deregulation. However, nothing is known about th@act of C24:0 on K homeostasis.
Additionally, in bone marrow derived-macrophagesifiAbcd1’™ C57BL/6 mice, glibenclamide
(a K efflux inhibitor) was able to block inflammasometigation and IL-B secretion, which is
thought to contribute to demyelination and braingateeration in patients with X-linked
adrenoleukodystrophy (X-ALD¥E]. ATP-sensitive potassium (KATP) channels localize the
plasma membrane and in the inner mitochondrial nmangbhave been shown to play important
roles in modulating neuronal excitability, cell gwal, and cerebral vascular tone. Interestingly,
diazoxide, which is a KATP activator, can amelieramolecular, cytopathological, and
behavioral alterations in 3xTg mice, which conséitea mouse model of AD4§]. As sustained-
release fampridine, a slow release formulation edndnopiridine (4-AP), is used for the
treatment of walking difficulties in MS, and is ®ered efficient for the symptomatic
management of this diseagd], it can be supposed that better understandirigeofegulation of
K" homeostasis in MS patients, and in patients wiih vkhere a potential role of'Ks suspected
[48], might lead to the identification of new therapeuargets and new treatments. It has thus
been thought that voltage-gated KKv) channels, mainly Kv3.1 designed for high-iiegcy
repetitive firing and expressed by different typ#snerve cells in the CN$49, 50, could
constitute new therapeutic targetS1][ This hypothesis is reinforced by the following
observations: in the neocortex of aged APPPS1 (aiteansgenic model of Alzheimer's disease),
Kv3.1 mRNA and protein levels were significantlyder compared to wild type, suggesting that
a decrease in Kv3 currents could play a role in ¢bgnitive symptoms of AD52];, 4-AP

modulation of an B(1-42)-induced I(K) (candidate channel Kv3.1) inmfan microglia could



splicing of the Kv3.1 gene gives rise to two isafsrthat differ only in their COOH-terminal
sequence, the last 18 amino acid sequences in &&Belreplaced by 84 amino acid residues in
Kv3.1b [b4, 55, 56 Interestingly, in the mature nervous system,Kki8.1b splice variant of this

channel predominateST].

As demyelinating and non-demyelinating neurodegainer diseases involve microglial
activation, which could have detrimental and bemaffieffects depending on the stage of the
diseasesH8], it was of important to determine the impact &7 24S-OHC and C24:0 on BV-2
murine microglial cells. In addition, as a deteatown of the white matter does not seem specific
to neurodegenerative demyelinating diseases, subhSaand peroxisomal leukodystrophies, and
has been reported in patients with demerif, it was of interest to determine the impact of
7KC, 24S-OHC and C24:0 on oligodendrocytes, whiol m@yelin synthetizing cells in the
central nervous systent(]. Indeed, there is now evidence that the breakdofvmyelin is
associated with AD. It is supposed that the vulliditg of oligodendrocytes in AD induces
myelin breakdown and the loss of the myelin sheathich might be the initiating step of the
changes in the earliest stage of AD, prior to appese of amyloid and tau pathologyl]. To
this end, 158N murine oligodendrocytes and BV-2imaumicroglial cells were cultured without
or with 7KC, 24S-OHC and C24:0, and the effectshefe lipids on Kv3.1b level, intracellular
K*concentration, ROS overproduction, mitochondrigivity, and plasma membrane integrity

were determined.

2. MATERIALS AND METHODS

2.1. Cells, cell cultures and treatments



Tabby male (Ta/Y) control mice 6], show several characteristics of differentiated
oligodendrocyte$63]. 158N cells were plated at a density of 34 X @@lls / cni in Dulbecco’s
modified Eagle medium with L-glutamine (Lonza, LBe®s, France) supplemented with 5%
heat-inactivated fetal bovine serum (FBS) (Pan &ibof Aidenbach, Germany) and 1%
antibiotics (100 U/mL penicillin, 100 mg/mL streptgcin) (Pan Biotech).

Murine microglial cells (BV-2) were from Banca-Baglica Cell Factory (IST Genoa, lItaly).
They were seeded at a density of 17 % d€lls / cnd in RPMI 1640 (Lonza, Amboise, France)
supplemented with 10%vV/{) heat-inactivated fetal bovine serum (FBS) (Parotdih,
Aidenbach, Germany) and 1% antibiotics (100 U/mhigdin, 100 mg/mL streptomycin) (Pan
Biotech).

158N and BV-2 cells were incubated at 37 °C in a 6@ humidified atmosphere in tissue
culture dishes (100 x 20 mm, FALCON, Corning, Teky, MA, USA) (with 10 mL of culture
medium), or per 12-wells plate (with 1 mL of cukumedium). After 24 h of culture, cells were
treated for 24 h with either oxysterols (7KC or Z8HC), or C24:0 used in a range of
concentrations from 2.5 to 2oM, and from 1 to 2QuM, respectively. Initial solutions of 7-
ketocholesterol (7KC) (Ref: C2394, Sigma-Aldrich, Quentin Fallavier, France) and 24S-
hydroxycholesterol (24S-OHC) (provided by Prof. Bamadi, Univ. Lorraine, Metz, France)
were prepared as previously described to obtainah €éoncentration of 2 mM6j, 63. Briefly,

to prepare the initial solution, 8Q@ of oxysterols (7KC or 24S-OHC) were dissolvedhulL

of absolute ethanol (EtOH), used as vehicle, an@ @5 of culture medium was added.
Tetracosanoic acid (C24:0) (Sigma-Aldrich) was pregd at 400 uM im-cyclodextrin (vehicle)
(Sigma-Aldrich). The maximal final concentration afsolute ethanol ar-cyclodextrin in the

culture medium was 0.05% and 1 uM, respectivély, b5, 66, 6]/ The concentrations of 7KC,



with 7KC and 24S-OHC, and 158N and SK-N-BE cebsited with C24:01[9, 41, 65, 66, 67]n

the heat inactivated FBS used the concentratidd24f0 was very low (682.20 nmol/L), and no
7KC and 24S-OHC were detecte®B]. 4-aminopyridine (4-AP: 4 mM) (Sigma-Aldrich) was
prepared as a stock solution at 800 mM and 200 mbulture medium, respectively. 4-AP was

incubated with the cells for 1h prior to incubatiwith 7KC, 24S-OHC and C24:0.

2.2. Measurement of transmembrane mitochondrial pantial with DiOCg(3)

Variations in the mitochondrial transmembrane poafA¥Ym) were measured with the cationic
lipophilic dye 3,3 dihexyloxacarbocyanine iodide (Di@@) (Life Technologies / Thermo
Fisher Scientific, Courtaboeuf, France). Cellstedaor not with 7KC, 24S-OHC (2.5 to 2/1)

or C24:0 (1 to 2QuM) for 24 h were pooled, and stained for 10 miB&tC with DIOG(3) used

at 40 nM; mitochondrial depolarization (loss &%'m) is indicated by a decrease in green
fluorescence measured by flow cytometry. Greenréiscence was collected through a 520 + 10
nm bandpass filter on a Galaxy flow cytometer @artMinster, Germany). A total of 10,000
cells were analyzed for each sample, and the fhoerg signals were measured on a logarithmic
scale. Data were analyzed with Flomax (Partec)low§o (Tree Star Inc., Ashland, OR, USA)

software.

2.3. Measurement of reactive oxygen species prodiat with dihydroethydium
Overproduction of superoxide anion ,{Q were detected with dihydroethidium (DHE; Life
Technologies)§9]. DHE, a non-fluorescent compound, diffuses thioegll membranes and is
rapidly oxidized in ethidium under the action oficdve oxygen species, mainly,0[69].

Control (untreated cells), 7KC, 24S-OHC (2.5 to®&8) or C24:0 (1 to 2QuM) -treated cells



DHE-stained cells were collected through a 520/20bandpass filter. Fluorescent signals were
measured on a logarithmic scale on a GALAXY flowtargeter (Partec); 10,000 cells were
acquired; data were analyzed with Flomax (PartedylowJo (Tree Star Inc.) software. Three

independent experiments carried out in triplicaszerperformed.

2.4. Quantification of cell death by staining withpropidium iodide

Control (untreated cells), 7KC, 24S-OHC (2.5 tou®%) or C24:0 (1 to 2@M) -treated cells

were pooled and stained for 10 min with propidiuadide (PI: 1pg/mL), a fluorescent
compound which enters dead cells or cells with dpdacytoplasmic membrane§(.
Membrane permeability was analyzed with a Galawyfcytometer (Partec) equipped with a
488-nm blue laser. Red fluorescence of Pl was ceitkon a logarithmic scale of fluorescence
using a 590 £ 10 nm bandpass filter and analyzed #liomax (Partec) or FlowJo (Tree Star

Inc.) software.

2.5. Measurement of intracellular potassium by flane photometry

Intracellular potassium [K; was measured using a Flame Photometer (Biocodel Hf¢F 108,
Biocode Hycel, Liege, Belgium) with a propane flarighium was used as an internal standard.
After 24 h of culture, cells were treated for 2#ith either oxysterols (7KC, 24S-OHC (2.5 to 25
Mm)) or C24:0 (1 to 2@M). Cells were washed with HBSS (pH=7.4), resuspended mL of
deionized water and lysed by repeated cycles ofzing and thawing. They were then

centrifuged at 3000 rpm for 10 min. The supernatead analyzed.



microscopy

Kv channels are pore-forming subunits of voltagpeselent potassium channels which can be
detected with the use of different antibodiég][ Identification and quantification of Kv3.1 were
performed on cell suspensions and deposits by figiwmetry and fluorescence microscopy,
respectively. Cells were collected, washed in PB%,BSA, 0.1% Nahl resuspended in PBS,
and fixed in freshly prepared 2% (w/v) p-formalddaydiluted in PBS (pH 7.4) (10 min; room
temperature). Cells were permeabilized with (PB85% saponin (Sigma—Aldrich), 10% FBS
(Pan Biotech)) for 20 min. After two washes in PB8lIs were incubated (1 h; 4°C) with the
primary antibody directed against Kv3.1 diluted1at00 in the permeabilizing buffer (rabbit
polyclonal (Abcam, Cambridge, UK); ref: ab101693,ouse monoclonal (Santa-Cruz
Biotechnology, Santa-Cruz, CA, USA); ref. sc-51458%use monoclonal (Sigma-Aldrich); ref:
SAB5200030 (anti-kv3.1b)). Cells were then washedd with PBS and incubated (1 h; room
temperature) with a 488-Alexa goat anti-rabbit (A3 or a goat anti-mouse (Invitrogen /
Thermo Fisher Scientific) used at 1/500. A conjadatontrol (without primary antibody) was
performed. Cells were washed and resuspended in &B5analyzed by flow cytometry on a
Galaxy flow cytometer (Partec). The green fluoreseeof 488-Alexa was collected with a
520/10 nm bandpass filter. For each sample, 10¢#I@ were acquired, and the data were
analyzed with Flomax (Partec) or FlowJo (FlowJo.)rsoftware. For fluorescence microscopy
analyses, nuclei were counterstained with Hoech3843 (Sigma—Aldrich) used at a
concentration of 2 pg/mL. After washing with PBSellcdeposits were obtained by
cytocentrifugation with a cytospin 4 centrifuge é8don, Cheshire, UK). Slides were mounted
and observed with an Axioskop Zeiss microscope,digtialized images were obtained with an

Axiocam Zeiss camera (Zeiss, Jena, Germany).



2.7. Polyacrylamide gel electrophoresis and westebiotting

Cells washed in PBS were lysed in 10D of cold radio-immunoprecipitation assay buffer
(RIPA) (10 mM Tris—HCI, pH 7.2, 150 mM NacCl, 0.5%0nhidet NP40, 0.5% Na deoxycholate,
0.1% SDS, 2 mM EDTA and 50 mM NaF) containing 1[#btease inhibitor cocktail (Roche
Diagnostics Corporation, Meylan, France). Afterubation on ice for 30 min, samples were
centrifuged at 14,000xg in an Eppendorf microcérge for 15 min at 4°C, and the supernatant
was recovered. The protein concentration was medsun the supernatant using the
Bicinchoninic Acid Assay (Sigma-Aldrich). Seventyamgrams of protein were resolved in gel
loading buffer (125 mM Tris-HCI, pH 6.8, 4.6% S)% glycerol, 0.003% bromophenol blue)
and separated on a 10% sodium dodecyl sulfate-golganide gel then subsequently
transferred onto nitrocellulose membranes (Thermbdf Scientific). After blocking for 1 h with
5% BSA in PBST (0.1% Tween 20) (Sigma-Aldrich), nieenes were incubated overnight at
4°C with the primary antibody raised against Kv3.{r500 (mouse monoclonal; ref:
SAB5200030; Sigma-Aldrich)) diluted with PBST, 196R. Antibody directed againgtactin
(1:5000 (mouse monoclonal antibody; ref: A2228;nsagAldrich)) was used to detect reference
protein expression. The membrane was then washed tth PBST and incubated for 1 h at
room temperature with horseradish peroxidase-catgey goat anti-mouse antibody (Cell
Signaling Technology, Danvers, MA, USA) diluted &6,000. Immunopositive bands were
visualized by the enhanced chemiluminescence kitp€86 Signal West Femto Maximum
Sensitivity Substrate, Thermo Fisher Scientific) darChemidoc XRS (Santa Cruz
Biotechnology). Semi-quantification of Kv3.1b lurestence signal intensity versus actin was
determined by computer-assisted analyses of optieakity using Image Lab 4.0.1 software

(Bio-Rad, Marnes La Coquette, France).



Fifty uL of PBS was added to the cell pellet (abbwt 10 cells) followed by 1.05 mL absolute
ethanol while under sonication. Sonication was oot for a further 5 min. After a brief
vortex, the suspension was transferred to a miata@ege tube and centrifuged at 16,000 g at
4°C for 30 min. The supernatant was diluted to 70P&mtl by the addition of 0.4 mL of water.
Oxysterols were separated from cholesterol andratfezols of similar polarity in the resulting
solution by solid phase extraction (SPE) on a VéaBap-Pak tC18 column (200 mg) essentially
as described in Abdel-Khali&t al. [72]. In brief, after washing the SPE column with dbt®
ethanol (4 mL) followed by 70% ethanol (6 mL), tbell extract (1.5 mL, 70% ethanol) was
added to the column followed by a wash of 5.5 mRo7€thanol. Oxysterols elute in the flow-
through and column-wash (7 mL 70% ethanol), whielesterol remains on the column. The

oxysterol fraction was divided into two equal suéetions (A) and (B) and lyophilised.

2.9.0xysterol derivatisation

The derivatisation procedure was essentially asribesl in Abdel-Khaliket al. [72]. In brief,
each sub-fraction (A) and (B) was reconstitutegbiopan-2-ol (100 uL). Sub-fraction (A) was
incubated with 1 mL of phosphate buffer (50 mM, pHcontaining cholesterol oxidase (0.26 u)
from Streptomyces sp (Sigma Aldrich) for 1h at@7The reaction was quenched with methanol
(2 mL). Sub-fraction (B) was treated in an identitasshion but in the absence of cholesterol
oxidase.

Glacial acetic acid (150 puL) was added to both fsattions which were derivatised with the
Girard P (GP) reagent; (A) with [2H5]GP (190 mgeinide salt) 73] and (B) with [2HO]GP

(150 mg, chloride salt, TCI Europe) at room tempgeg overnight in the dark.



washing the column with methanol (6 mL), 10% methd6 mL) and 70% methanol (4 mL), the
derivatisation mixture (3.25 mL, 70% organic) waaded on the column followed by a wash
with 70% methanol (1 mL) and 35% methanol (1 mLheTlow-through and washes were
collected and diluted with water to give 35% metia® mL). This was re-cycled through the
column and the dilution procedure repeated to divé&s% methanol (19 mL) which was re-
cycled through the column once again. The efflwesd discarded. The column was then washed
with 10% methanol (6 mL). At this point all oxystés are bound to the column while

derivatisation reagent has been removed. Finakysterols were eluted with methanol (2 mL).

2.10. LC-MS(MSn) analysis

Sub-fraction (A) contains oxysterols derivatisedwi2H5]GP at position C-3 after treatment
with cholesterol oxidase. Sub-fraction (B) contamsysterols derivatised with [2HO|GP at
position C-7 in the absence of cholesterol oxid&s@r to LC-MS(MS)n analysis equal aliquots
of sub-fractions (A) and (B) were combined and tédlto 60% methanol. Analysis was
performed on an LTQ-Orbitrap Elite (Thermo Fisherestific) equipped with an electrospray
probe and an Ultimate 3000 LC system (Dionex, ndwerimo Fisher Scientific) as previously
described T3]. For each injection four scan events were peréatnfone high resolution scan

120,000 at m/z 400) and four multistage fragmeoad¢ivents in the LTQ linear ion trap.

2.11. Statistical analysis
Statistical analyses were carried out with GraphPasin 6.07 software. Data were expressed as

mean + SEM and statistical analyses were perforbyetivo-way ANOVA (Tukey’s test). The



values < 0.05 were considered statistically sigatif.

3. RESULTS

3.1. Evaluation of the expression of Kv3.1 proteinn 158N murine oligodendrocytes and
BV-2 murine microglial cells

The presence of Kv3.1 protein (Kv3.1la and/or Kv3ihbl58N and BV-2 cells was detected by

flow cytometry fFig. 1A) and immunofluorescence microscofyg. 1B). The levels of Kv3.1
protein were studied using either a mouse monotkmibody raised against amino acids 118-
179 (Santa Cruz antibody recognizing Kv3.1a and.KB a rabbit polyclonal antibody (Abcam
from unknown specificity regarding the a and b gpbtof Kv3.1), and a mouse monoclonal
antibody raised against a peptide correspondintheoC terminus (437-585) (Sigma-Aldrich
antibody recognizing Kv3.1b). With all antibodiesed, strong expression of Kv3.1 was
observed in both 158N and BV-2 cells: the percemtaigkv3.1 positive cells ranged from 90 to
98%, and the mean fluorescence intensity (MFI) aiagys stronger than that in conjugated
controls Fig. 1A). This high expression of kv3.1 was confirmed hyofescence microscopy
(Fig. 1B). Altogether, our data indicate that Kv3.1 is sgly expressed by 158N and BV-2 cells.
Further analyses were conducted by western bloitirayder to determine the specificity of the
antibodies used. In our hands, the Santa-Cruzahtilwas not suitable to perform western blot
analyses. As the specificity of the Abcam antibadys not provided by the manufacturer,
immunoblot analysis was not done. It is notewortihgt immunoblot analysis of total protein
extracts performed with the Sigma-Aldrich antibadyealed a single band at around 66 kDa

corresponding to the core Kv3.1@1] (Fig. 1C). For further analyses, the Sigma-Aldrich



expression.

3.2. Effect of 7-ketocholesterol, 24S-hydroxycholesgol and tetracosanoic acid (C24:0)
on Kv3.1b channel level in 158N and BV-2 cells

Flow cytometric analyses associated or not withtaresblotting were performed to investigate
the effects of 7KC, 24S-OHC and C24:0 on Kv3.1lelem158N and BV-2 cells. To this end,
158N cells were cultured for 24 h without (contra) with 7KC (2.5 to 25 uM), 24S-OHC (2.5
to 25 uM) and C24:0 (1 to 20 uM), or with the diéfet vehicle (EtOH (0.005 to 0.05%w):
cyclodextrin (0.05 to InM)). After 24 h of treatment with 7KC (25 uM, 24&nd 24S-OHC (25
UM, 24h), no 7KC and 24S-OHC metabolites liste@upplementary Fig. 1A-Bwere detected
in 158N and BV2-treated cells as well as in contells and vehicle-treated cells. The level of
Kv3.1b was simultaneously analyzed by flow cytometnd western blotting. Under treatment
with 7KC and 24S-OHC, flow cytometric analyses shdvan increase in Kv3.1b level at 12.5
and 25 uM as compared with the corresponding Et@Bited cells Kig. 2A). No significant
difference was observed between untreated cellgr@d and EtOH-treated cells at 0.005% and
0.025% Fig. 2A). These data are in agreement with those obtdnyediestern blot analysis,
which also revealed a significant increase in Kig3uhder treatment with 7KC (2.5 puMFig.
2B). With C24:0, used in a range of concentratiomfrb to 20 uM, no modification of Kv3.1b
level was found by either flow cytometry or westéiot analysis; no difference was observed
between control and-cyclodextrin-treated cell$=(g. 2A and B).

In BV-2 cells, by flow cytometry, no significant molation of Kv3.1b level was revealed after

24 h of treatment with oxysterols (7KC or 24S-ORG to 25 pM) or C24:0 (1 to 20 pMFig.



and 24S-OHC (25 uM) and with C24:0 (10 puM)gd. 3B).

3.3. Effects of 7-ketocholesterol, 24S-hydroxychdterol and tetracosanoic acid (C24:0)
on the intracellular K™ level

The impact of 7KC (2.5 to 25 pM), 24S-OHC (2.5 ®2M) and C24:0 (1 to 20 uM) on [K
was determined in 158N and BV-2 cells by flame phwtry Eig. 4). 4-AP (4 mM), a universal
Kv channel blocker, was used as a positive comtrévor K accumulation.

In 158N cells, marked effects of 7KC and 24S-OHQ@endetected on [Ki. Significant increases
in [K']i were induced by 7KC and 24S-OHC from 2.5 to 2B jas compared with the
corresponding vehicle (EtOH) concentratidfig{ 4 A). Lower K accumulation was observed
with C24:0, even though significant increases vaEtected from 5 to 20 uMF(@. 4A). With the
vehicles, as compared with untreated cells, skdfeicts were detected with EtOH at 0.05% only
(Fig. 4A).

The result obtained for BV-2 cells, after 24 h wither 7KC, 24S-OHC or C24:0 showed a
slight effect on [K]i (Fig. 4B). After 48 h of treatment with 7KC or 24S-OHC,asnpared with
the corresponding vehicle (EtOH), no significarftedences were observelig. 4C). After 48 h

of treatment with C24:0, a slight but significantiease was observed at 20 uM omlig( 4C).

No difference was observed between control andcleeiEtOH ora-cyclodextrin) Fig. 4B and

Q).

3.4 Evaluation of the correlation between Kv3.1b el and intracellular potassium

concentration



7KC for 24 h (r = 0.83; p < 0.0001) and in BV-2Isdteated for 24 h (r = 0.65; p=0.056) and 48
h (r = 0.68; p < 0.013)Hg. 5). With 24S-OHC a significant correlation was obsehn 158N

only (r = 0.74; p = 0.0009)Fg. 5). No correlation was observed under treatment @Wi24:0

(Fig. 5).

3.5. Evaluation of the correlation between Kv3.1bdvel, intracellular potassium, and cell
damages

The correlation between Kv3.1b level,J[Kand cell damages induction was studied by taking
into account the percentage of Digd&)-negative cells, and DHE- and Pl-positive c€llables 1
and 2). The percentage of DiQ@3)-negative cells (cells with depolarized mitoctina), of
DHE-positive cells (cells which overproduce®® and Pl-positive cells (cells with damaged
plasma membrane and/or dead cells) among 158Ntoedited for 24 h with 7KC (2.5 to 25 uM),
24S-OHC (2.5 to 25 pM), and C24:0 (1 to 20 puM) stnewn inSupplementary Table 1 The
percentage of DiO&3)-negative cells, and of DHE- and PI-positivelcemong BV-2 cells
treated with 7KC (2.5 to 25 pM), 24S-OHC (2.5 to#4), and C24:0 (1 to 20 uM) for 24 and
48 h are shown iBupplementary Tables 2 and 3respectively.

In agreement with previous repof3-64, 158N cells treated with 7KC, 24S-OHC, and C24:0
for 24 h, showed a loss of transmembrane mitochangotential A¥Ym), revealed by an
increase in the percentage of Di§l®)-negative cells Supplementary Table 3. This was
associated with the overproduction of*Qrevealed by increased percentages of DHE-positive
cells, and with damaged plasma membranes andfodeaih induction, indicated by increased

percentages of Pl-positive celBupplementary Table J.



slight increases in DiO4&3)-negative cells, DHE-positive cells, and PIl-pe@si cells were
observed $upplementary Table 3. At 48 h, marked effects of 7KC were mainly found
(Supplementary Table 3.

In 158N cells (24 h), the analysis of the correlatbetween the Kv3.1b level (MFI measured by
flow cytometry) and DiOg3)-negative cells, DHE- and PI-positive cells, wbad a marked
positive correlation in cells treated with 7KC a2iS-OHC, and no significant correlation with
C24:0-treated cellsT@ble 1 and supplementary Fig. 2 A significant positive correlation was
observed between the Kv3.1b level and Di@3Enegative cells for BV-2 cells treated for 24
hours with 7KC and C24:0, and between the Kv3.1elland DiOG(3)-negative cells, DHE-
positive cells, and Pl-positive in BV-2 cells tredtwith 24S-OHCTable 1 and supplementary
Fig. 3). A significant positive correlation was also ohssl between the Kv3.1b level and
DiOCg(3)-negative cells, DHE-positive cells, and Pl-pesi cells in BV-2 cells treated with
7KC and 24S-OHC for 48 h whereas no correlationseweund with C24:0 Table 1 and
supplementary Fig. 4.

For 158N and BV-2 cells (24 h), the analysis of¢berelation between [Ki (measured by flame
photometry) and DiOg(3)-negative cells, DHE- and Pl-positive cells skeadvgignificant positive
correlations Table 2 and supplementary Fig. 5 and 6 In BV-2 cells (48 h), 7KC and C24.0
were associated with significant positive correlasi between [Ki, DiOCg(3)-negative cells,
DHE- and PI-positive cells; no correlations wereurfd with 24S-OHC Table 2 and

supplementary Fig. 7).



Increased levels of 7KC, 24S-OHC and/or C24:0 Hmean reported in major neurodegenerative
diseases: ADJ7, 25, 20, 7475, MS [22, 76, 77, 7B Parkinson’s diseas@ 9], X-ALD [ 23],
Huntington's disease3(, 81, and Niemann-Pick diseas24], 25 82]. It is therefore suspected
that 7KC, 24S-OHC and C24:0, which are known tagalimportant cell dysfunctions including
oxidative stress on nerve cells in vit&b| 64, could contribute to favor neurodegeneration.itAs
has been reported that modulation of ¢ghannel activities by oxidative stress can comstit
significant determinant in aging and neurodegenaratiseases8@ - 849, and as modifications
of [K+]i can contribute to inflammation8B] and to cell death inductior6®, 89, which are
hallmark of brain degeneration, the impact of 7K4S-OHC and C24:0 was simultaneously
studied on Kv3.1b channel level and'TKon oligodendrocytes and microglial cells invavia
neurodegenerative disease80,] 91] Altogether, our data obtained on 158N murine
oligodendrocytes and on murine microglial BV-2 sabnfirm that the lipotoxicity of 7KC, 24S-
OHC and C24:0 favors a rupture of Komeostasia leading to increased]{K68], and they
establish that intracellular ‘K accumulation is associated with more or less prooed
modulations of Kv3.1b level.

In the present study, we described for the firgetithe presence of Kv3.1b protein in both 158N
and BV-2 cells. It is known that Kv3.1b channel eegsion is widespread in the nervous system;
in adult brain, Kv3.1b mRNA is far more abundanarththe Kv3.1la transcript, with both
transcripts strongly expressed in neuronal sub@tijoms of the olfactory bulb, neocortex,
hippocampus, basal nuclei, thalamus, brainstem,carebellum %6, 92]. Our attention focused
on Kv3.1b channel because it was identified thaB.Kvis expressed in significant quantities in
oligodendrocyte cells and plays important role heit structure and functiorD§]. Notably, a

reduction in myelin thickness and a decrease imtimber of large-diameter axons was observed



IS up-regulated in microglia activation and couédulate the production of pro-inflammatory
signaling molecules such as II3;1L-6, TNFo and nitric oxide $3, 94]. A rapid modulation of
the expression of Kv3.1 channel has also been wetat A3, 4-treated microgliag3).

Our study also shows that 7KC, 24S-OHC and C24duda ROS overproduction and cell
damages (loss of transmembrane mitochondrial gatenhcreased permeability of plasma
membrane) on 158N murine oligodendrocytes and B¥i&oglial cells. However, the possible
interaction of these compounds with Kv channelsaieed obscure, especially the impact of
voltage-gated K(Kv) on cell damages. As 7KC is known to modifymieane fluidity P5 - 97]
and as several membrane properties are modifiazkysterols, which are oxidized either on the
steroid nucleus or on the side cha®T][ we can suppose that 7KC and 24S-OHC can execute
important functions via interactions with plasmamieane components including Kv3.1 channel
and P2X7 receptor, leading to modifications of tlzativities. In the presence of C24:0, which
could modify the phospholipid composition and capsntly plasma membrane properties (as
reported for other fatty acids®§], we can also suppose an effect of C24:0 on thehyisical
membrane characteristics which could further imp#net properties of several membrane
components. The present data underline that the imp®rtant up-regulation of Kv3.1b occurs
on 158N cells under treatment with 7KC and 24S-OHli@] are less important mainly on BV-2
cells treated with 7KC. We found an dose-dependeriteased of Kv3.1b level along with
increasing percentage of damaged cells revealedidher percentages of DiQ@) negative
cells (cells with depolarized mitochondria), DHEsjiive cells (cells overproducing,O) and PI
positive cells (cells with damaged plasma membearddor dead cells), indicating that K3.1b is
associates to cell damages involved in cell deattudtion. These data underline that the

modulation of Kv3.1b level depends on the type efve considered. To better explore this



level was associated or not with marked and chamatt cytotoxic effects of 7KC, 24S-OHC
and C24:0. Notably, on 158N cells, there was a stdhrgorrelation between Kv3.1b and the
mitochondrial depolarization, £ overproduction and plasma membrane damages under
treatment with 7KC and 24S-OHC; with C24:0, in thesence of modulation of Kv3.1, no
significant correlations have been shown. In BV&lscafter 24 h, whatever the compound
considered no significant modulation of Kv3.1b lewas detected. However, with 24S-OHC, a
significant positive correlation was observed bew&v3.1b level and the different parameters
analyzed (percentage of Di@@) negative cells, DHE positive cells, and PI pesicells); with
7KC and C24:0 a positive correlation was only folmetiveen Kv3.1b leveland the percentage of
DIOCs (3) negative cells. On BV-2 cells, after 48 h, mtondrial depolarization, £
overproduction and cell death are strongly coreglatith Kv3.1b level in presence of 7KC and
24S-OHC. Altogether, these findings may providedemce for a mechanistic link between
Kv3.1b level was detected. However, with 24S-OHCsignificant positive correlation was
observed between Kv3.1b level and the differenaipaters analyzed (percentage of D3¢
negative cells, DHE positive cells, and Pl positegls); with 7KC and C24:0 a positive
correlation was only found between Kv3.1b level #m&lpercentage of DiQE3) negative cells.
On BV-2 cells, after 48 h, mitochondrial depolatian, G;* overproduction and cell death are
strongly correlated with Kv3.1b level in presende7&KC and 24S-OHC. Altogether, these
findings may provide evidence for a mechanistik lipetween Kv3.1lblevel, mitochondrial
depolarization and oxidative stress in 158N oligatitecyte in the presence of 7KC and 24S-
OHC, and in BV-2 microglial cells in presence ofysterols (7KC and 24S-OHC) and C24:0.
The idea that Kchannels play an important role in the ionic ragjoh of cell death has already

been reported9P, 10Q. It has been described that modulation of ¢ghannel activities by



84]. It has also been reported that"@verproduction can reduce Kv channel activi®g,[ 87,
101]. In addition, it was documented that oxysterdispending on the nature and location of the
oxygen substitution, have distinct impacts on tloplysical properties of membranes, including
the formation of liquid ordered domaind0p]. This supports the notion that the effects of
oxysterols on the biophysical properties of thespla membrane could explain, at least in part,
some of their biological activities on Kv3.1b. Itas/ reported that at least 14 species 6f K
channels are involved in apoptosis of various 8. An increase in the integral permeability
of K channels is conventionally associated with the nome of channels leading to
hyperpolarization of apoptotic cells, whereas dapphtion was mostly observed(o0 103
104. Perturbation of cellular Khomeostasis could be a common motif in apoptasisease of
intracellular K level, induced by valinomycin, have also been @issed with autophagy in BV-

2 cells [LOY. Studies, which describe the mode of valinomyoduced cell death, report cell
shrinkage 106,107], chromatin condensatiod(7], fragmentation of the nucleu$qg, pyknotic
nuclei [LOg, internucleosomal DNA fragmentation in severalveecell lines (BV-2, C6 rat
glioma cells) and in primary mouse astrocytes andraglia cells. Currently, the cytotoxic
effects of 7KC and 24S-OHC are associated withpoptophagy (OXldation, APOPTOsis, and
autoPHAGY) in 158N and BV-2 cell$§, 109. Depending on the cell line, oxiapoptophagy is
associated or not with modulation of®C&omeostasis4ll, 11Q. However, the impact of 7KC,
24S-OHC and C24:0 on the intracellulai Komeostasis is unknown. Our data establish that
these compounds increased’iKin a dose-dependent manner in 158N and BV-2scdhe
highest intracellular Klevels were detected on 158N cells in presenceKd, 24S-OHC and
C24:0 cells and is positively correlated with mhoadrial depolarization, excessive production

of O,* and increased plasma membrane permeability whelassociated with lipotoxicity. This



cytotoxic effects. Noteworthy, significant positieerrelation between [Hi and Kv3.1b level
have been also observed suggesting that regulafisfi homeostasis in oligodendrocytes and

microglial cells could involve Kv3.1b.

These findings provide compelling evidences thatimwtion of Kv3.1b, and intracellular 'K
level are critically linked to various cytotoxicfefts triggered by oxysterols (7KC, 24S-OHC)
and C24:0 including oxidative stress, mitochondiiggfunctions and plasma membrane damages
on 158N oligodendrocytes and BV-2 microglial c€fsg. 6). This may provide a mechanistic
link to better understand the relationships betw&énhomeostasis, Kv3.1b level, oxidative
stress, mitochondrial activity, and plasma membidaraages in oligodendrocyte and microglial
cells which are affected in numerous neurodegeneraliseases. These data also support the
notion that the lipid environment could affect khannel functionality, and they suggest that
increased levels of 7KC, 24S-OHC, and C24:0, wlaoh often found in the body fluids and
brain of patients with neurodegenerative diseaealdcimpact nerve impulses and nerve cell
functions. Therefore, it can be supposed that ¢gelation of K homeostasis, could constitute a

new pharmacological target to prevent neurodegénara
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FIGURE LEGENDS
Fig. 1. Analysis of the expression of the Kv3.1 valge-gated potassium channel in 158N

murine oligodendrocytes and BV-2 murine microglialcells. A Flow cytometric analysis of
the expression of Kv3.1 on 158N and BV-2 ceBs;immunofluorescence microscopy; Kv3.1
expression (green); the nuclei were counterstaimigiadl Hoechst 33342 (blue)g: analysis of
Kv3.1b protein expression by Western blot in 158 8V-2 cells; a single band at around 66

kDa corresponding to the core Kv3.1b was detected.

Fig. 2. Analysis of Kv3.1b level in 158N murine ojjodendrocytes treated with 7KC, 24S-
OHC and C24:0.Subconfluent 158N cells (previously cultured fort24were further incubated
for 24 h without or with 7KC (2.5 to 25 uM), 24S-QH2.5 to 25 uM), and C24:0 (1 to 20 uM)
as well as with EtOH (0.005 to 0.05%; used as VeHhior 7KC and 24S-OHC) and wittr
cyclodextrin (0.05 to inM; used as vehicle for C24:0). Kv3.1b level wasleated by flow
cytometry (data were expressed as % of controrated cells))A) and western blotting (data
were normalized t@-actin used as reference protein and expressed asn¥#ol) B). Data

shown are mean + SD from three independent expetean&tatistical analyses were realized



oxysterols or tetracosanoic acid / vehicle.

Fig. 3. Analysis of Kv3.1b level in BV-2 murine mimglial cells treated with 7KC, 24S-OHC
and C24:0.BV-2 cells previously cultured for 24 h were funthaecubated for 24 and 48 h
without or with 7KC (2.5 to 25 pM), 24S-OHC (2.526 uM) and C24:0 (1 to 20 uM) as well as
with EtOH (0.005 to 0.05%; used as vehicle for 7@ 24S-OHC) and with-cyclodextrin
(0.05 to ImM; used as vehicle for C24:0). Kv3.1b level (Mias evaluated by flow cytometry
after 24 h A) and 48 hB). Data are expressed as % of control (untreatis).cBata shown are
mean + SD from three independent experiments.s8tati analyses were realized with ANOVA
(Tukey's multiple comparisons test): B < 0.05 vehicle / control; P < 0.05 oxysterols or

tetracosanoic acid / vehicle.

Fig. 4. Effects of 7KC, 24S-OHC and C24:0 on intraglular K* concentration ([K']i)
evaluated with flame photometry 158N and BV-2 cells previously cultured for 24 hreve
further cultured without or with 7KC (2.5 to 25 pM)4S-OHC (2.5 to 25 uM), and C24.0 (1 to
20 pM) as well as with EtOH (0.005 to 0.05%; ussed/ehicle for 7KC and 24S-OHC) and with
a-cyclodextrin (0.05 to InM; used as vehicle for C24:0). 4-AP was used a&stige control to
induce intracellular K+ accumulation. K was measured by flame photometry after 24 h of
treatment in 158N cellsA(, or after 24 hB) and 48 h of treatmenC] in BV-2 cells. Data are
expressed as % of control (untreated cells). Valaes mean + SD of three independent
experiments. Statistical analyses were realizedh WiNOVA (Tukey’s multiple comparisons
test). Significant differences are indicated a® # 0.05 vehicle (or 4-AP) / control; P < 0.05,

vehicle / 7TKC, 24S-OHC or C24:0.



([K™]i) evaluated in 158 N murine oligodendrocytes andBV-2 murine microglial cells
treated with 7KC, 24S-OHC or C24:0.158N @-c) and BV-2 (I-i) cells previously cultured for
24 h were further cultured (for 24 h (158N) or &l (BV-2)) without or with 7KC (2.5 to 25
uM), 24S-OHC (2.5 to 25 uM), and C24:0 (1 to 20 ped)well as with EtOH (0.005 to 0.05 %;
used as vehicle for 7KC and 24S-OHC) and wityclodextrin (0.05 to inM; used as vehicle
for C24:0). Kv3.1b levellevel was evaluated by flowtometry (MFI) and [K]i was determined
by flame photometry. Data are expressed as % dfalquntreated cells). The correlations were

calculated with the Pearson’s correlation test.

Fig. 6. Shematic representation of the contribution of Kv3l in 7KC -, 24S-OHC - and
C24:0 - induced cell deathUnder treatment with 7KC, 24S-OHC and C24:0, angased of the
intracellular K concentration [K]i is observed associated with plasma membranegasaiR0OS
overproduction and loss of transmembrane mitochahpotential AYm). Under treatment with
7KC and 24S-OHC, an overpression of Kv3.1, thatdtset up to prevent the increase of [K+]i,
is observed. However, in the presence of C24:0na®ase of Kv3.1 level occurs. This finding
provides evidence for a potential link between KvRvel (mainly Kv3.1b), intracellular K
accumulation and cell death induction in the presesf 7KC, 24S-OHC and C24.0. However,
our data also show that 7KC, 24S-OHC and C24:0 Isameiously activate P2X7 receptor which
leads to Naand C&" influx, and K efflux. It is therefore questionable whether thereased
[K™]i under the action of 7KC, 24S-OHC and C24:0 cdwgdthe resultant of several concomitant

activities of these molecules on different target®lved in the control of Khomeostasis.
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Supplementary Figure 2: Pearson’s correlation betwen Kv3.1b level, the percentage of

DiOCg(3)-negative cells, and DHE- and PI-positive cellsy 158N murine oligodendrocytes
treated for 24 h with 7-ketocholesterol, 24S-hydroycholesterol or C24:0.Sub-confluent
158N cells (previously cultured for 24 h) were hat incubated for 24 h without or with 7KC
(2.5 to 25 uM), 24S-OHC (2.5 to 25 uM), and C24Laq 20 uM) as well as with EtOH (0.005
to 0.05%; used as vehicle for 7KC and 24S-OHC) witk a-cyclodextrin (0.05 to inM; used
as vehicle for C24:0). Kv3.1b level (MFI) as wedl the percentage DiQ(3)-negative cells, and
DHE- and PI-positive cells were evaluated by floytometry. The correlations were calculated

with the Pearson’s correlation test.

Supplementary Figure 3: Pearson’s correlation betwen Kv3.1b level, the percentage of

DiOCg(3)-negative cells, and DHE- and Pl-positive cellgn BV-2 murine microglial cells
treated for 24 h with 7-ketocholesterol, 24S-hydroycholesterol or C24:0. BV-2 cells
(previously cultured for 24 h) were further incudztfor 24 h without or with 7KC (2.5 to 25
UM), 24S-OHC (2.5 to 25 pM), and C24:0 (1 to 20 pad)well as with EtOH (0.005 to 0.05%;
used as vehicle for 7KC and 24S-OHC) and wityclodextrin (0.05 to inM; used as vehicle
for C24:0). Kv3.1b level (MFI) as well as the peartage of DiOG(3)-negative cells, and DHE-
and Pl-positive cells were evaluated by flow cyttnmeThe correlations were calculated with the

Pearson’s correlation test.



DiOCg(3)-negative cells, and DHE- and Pl-positive cellgn BV-2 murine microglial cells
cultured for 48 h with 7-ketocholesterol, 24S-hydrgycholesterol or C24:0.BV-2 cells
(previously cultured for 24 h) were further cultdrer 48 h without or with 7KC (2.5 to 25 pM),
24S-OHC (2.5 to 25 uM), and C24:0 (1 to 20 uM) a&# as with EtOH (0.005 to 0.05%; used as
vehicle for 7KC and 24S-OHC) and witlicyclodextrin (0.05 to InM; used as vehicle for
C24:0). Kv3.1b level (MFI) as well as the perceret&@3OG(3)-negative cells, and DHE- and PI-
positive cells were evaluated by flow cytometryeTdorrelations were calculated with Pearson’s

correlation test.

Supplementary Figure 5: Pearson’s correlation betwen intracellular K™ concentration

([K™i), the percentage of DIOG(3)-negative cells, and DHE- and Pl-positive cell® 158 N
murine oligodendrocytes cultured for 24 h with 7-kéocholesterol, 24S-hydroxycholesterol
or C24:0. Subconfluent 158N cells (previously cultured for®4were further cultured for 24 h
without or with 7KC (2.5 to 25 uM), 24S-OHC (2.526 uM), and C24:0 (1 to 20 puM) as well
as with EtOH (0.005 to 0.05%; used as vehicle € and 24S-OHC) and witl-cyclodextrin
(0.05 to ImM; used as vehicle for C24:0). JK was determined by flame photometry; the
percentages of DiIO3)-negative cells, and DHE- and PI-positive cellre evaluated by flow

cytometry. The correlations were calculated witarBen’s correlation test.

Supplementary Figure 6: Pearson’s correlation betwen intracellular K™ concentration

([K i), the percentage of DiOG(3)-negative cells, and DHE- and PI-positive cells BV-2
murine microglial cells treated for 24 h with 7-kebcholesterol, 24S-hydroxycholesterol or

C24:0.BV-2 cells (previously cultured for 24 h) were het cultured for 24 h without or with



(0.005 to 0.05%; used as vehicle for 7KC and 243:=p&hd witha-cyclodextrin (0.05 to InM;
used as vehicle for C24:0). TK was determined by flame photometry; the perogesaof
DiOCy(3)-negative cells, and DHE- and PI-positive caleye evaluated by flow cytometry. The

correlations were calculated with Pearson’s cotimidest.

Supplementary Figure 7: Pearson’s correlation betwen intracellular K™ concentration

([K i), the percentage of DiOG(3)-negative cells, and DHE- and PI-positive cells BV-2
murine microglial cells treated for 48 h with 7-kebcholesterol, 24S-hydroxycholesterol or
C24:0.BV-2 cells (previously cultured for 24 h) were het cultured for 48 h without or with
7KC (2.5 to 25 pM), 24S-OHC (2.5 to 25 uM), and @2d@ to 20 uM) as well as with EtOH
(0.005 to 0.05%; used as vehicle for 7KC and 243Epa&hd witha-cyclodextrin (0.05 to InM;
used as vehicle for C24:0). TK was determined by flame photometry; the perogegaof
DiOCg(3)-negative cells, and DHE- and Pl-positive celise evaluated by flow cytometry. The

correlations were calculated with Pearson’s cotimiaest.

Graphical abstract

Our data establish that 7KC, 24S-OHC and C24:Ceas® intracellular Kconcentration ([K]i)

in both 158N and BV-2 cells. The highest'Tkwere detected on 158N cells. Increased level of
Kv3.1b was shown on 158N cells under treatment WKIC and 24S-OHC but not with C24:0.
This effect was less important on BV-2 cells. Huesitcorrelations between Kv3.1b level and
[K']i were observed. In addition, the TK and the level of Kv3.1b along with increasing

percentage cells with depolarized mitochondria, R@&producing cells and dead cells.



7KC 0.8 0.0002 091 <0.0001 0.75 0.0007
158N (24 h) 24 S-OHC 0.95 <0.0001 0.85 <0.0001 0.9 <0.0001
C24:0 0.2 NS -0.05 NS 0.11 NS
7KC 0.73 0.0013 0.42 NS 0.4 NS
BV-2 (24 h) 24 S-OHC 0.55 0.02 0.71 0.0019 0.63 0.0087
C24:0 057 0.007 0.41 NS 0.31 NS
7KC 0.6 0.01 0.72 0.0015 0.7 0.002
BV-2 (48 h) 24 S-OHC 0.79 0.0002 0.79 0.0002 0.7 0.0015
C24:0 0.2 NS -0.24 NS 0.032 NS

Table 1: Pearson’s correlation between Kv3.1b expssion, percentage of DiOgL3)

negative cells, and percentage of DHE and PI posig cells.

Bezine M et al.




. T Led negative cels positve Cells POSIlve Cells
and times of treatment
r P r P r P

7KC 0.92 <0.0001 0.94 <0.0001 0.81 <0.0001
158N (24 h) 24 S-OHC 0.83 <0.0001 0.86 <0.0001 0.86 <0.0001
C24:0 0.89 <0.0001 0.8 <0.0001 0.8 0.0002
7KC 0.73 0.012 0.92 0.0018 0.85 <0.0001
BV-2 (24 h) 24 S-OHC 0.86 0.0003 0.71 0.0018 0.89 <0.0001
C24:0 0.81 0.001 0.64 0.0019 0.84 0.0002

7KC 0.49 0.04 0.5 0.03 0.61 0.011

BV-2 (48 h) 24 S-OHC 0.06 NS -0.14 NS 0.03 NS
C24:0 0.75 <0.0001 0.47 0.033 0.8 <0.0001

Table 2: Pearson’s correlation between intracellula potassium concentration [K+]i,

percentage of DIOG(3) negative cells, and percentage of DHE and PI pitive cells.

Bezine M et al.
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“Modulation of Kv3.1b potassium channel level and ntracellular potassium concentration in
158N murine oligodendrocytes and BV-2 murine microligl cells treated with 7-ketocholesterol,

24S-hydroxycholesterol or tetracosanoicacid (C24:0)y Maryem Bezine et al.

* Nerve cells, 158N and BV-2, express Kv3.1b potassium channel

* 7-ketocholesterol, 24S-hydroxycholesterol, and C24:0 modulate Kv3.1b level

« 7-ketocholesterol, 24S-hydroxycholesterol, and C24:0 modulate intracel lular K™ concentration

« Positive correlations between Kv3.1b level, and K* accumulation with cell death dysfunctions



