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ABSTRACT 

 
Multiple sclerosis (MS) stands out as one of the most prevalent demyelinating diseases of the central 
nervous system (CNS), for which no effective cure exists. A main hallmark of MS is the formation of 
demyelinating lesions in which infiltrated macrophages and CNS-resident microglia accumulate. 
While these phagocytes can exhibit neuroprotective features by clearing myelin debris, prolonged 
accumulation of myelin-derived lipids shifts them toward a disease-aggravating state. The underlying 
pathways governing this phenotypic shift in MS remain inadequately understood. Our recent 
findings have pinpointed disrupted fatty acid synthesis as a fundamental player in these phenotypic 
alterations. Specifically, the transcriptional levels of elongation of very long chain fatty acids proteins 
(Elovl)1 were significantly reduced after acute myelin exposure in macrophages. Therefore, this 
study aimed to elucidate the role of ELOVL1 in shaping the phagocyte phenotype in MS. Here, we 
show that inhibition of ELOVL1 alters the inflammatory and metabolic characteristics of 
macrophages. Specifically, we observed a reduced lipid load and increased abundance of lipid efflux 
transporter ABCA1 in myelin-loaded macrophages. In addition, ELOVL1 suppression and 
inflammatory activation altered the expression of Elovl2, 5, 6 and 7 in macrophages. Moreover, 
ELOVL1 inhibition appeared to promote remyelination in an ex vivo brain slice culture. These 
findings indicate that ELOVL1 inhibition in phagocytes may potentially be an effective strategy to 
promote remyelination in demyelinating disorders such as MS. 
 
Abbreviations: ABCA1: ATP Binding Cassette subfamily A member 1, ABCG1: ATP Binding Cassette subfamily G 
member 1, ARG1: Arginase 1, BMDM: Bone marrow-derived macrophage, BSC: Brain slice culture, CNS: Central 
nervous system, CNTF: Ciliary neurotrophic factor, ELOVL: Elongation of very long-chain fatty acids proteins, 
FA: Fatty acid, HMDM: Human monocyte-derived macrophage, IGF1: Insulin growth factor 1, IL: Interleukin, 
LCFA: Long-chain fatty acid, LD: Lipid droplet, LPS: Lipopolysaccharide, LRP1: Low-density lipoprotein receptor-
related protein 1, MBP: Myelin basic protein, MFI: Mean/Median fluorescent intensity, MS: Multiple sclerosis, 
MUFA: Mono-unsaturated fatty acid, NF: Neurofilament, NGF: Nerve growth factor, NO: Nitric oxide, NOS2: Nitric 
oxide synthase 2, OL: Oligodendrocyte, OPC: Oligodendrocyte precursor cell, ORO: Oil Red O, PPAR: Peroxisome 
proliferator-activated receptor, PUFA: Poly-unsaturated fatty acid, SCD1: Stearoyl-CoA desaturase-1, 
SFA: Saturated fatty acid, TGFβ1: Tumor growth factor β1, TNFα: Tumor necrosis factor α, VLCFA: Very long-
chain fatty acid. 
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INTRODUCTION 
Multiple sclerosis (MS) is a chronic 

demyelinating autoimmune disease of the central 
nervous system (CNS), affecting 2.8 million people 
globally (1, 2). MS stands out as the most prevalent 
cause of non-traumatic disability in young adults 
and predominately afflicts women (2, 3). This 
devastating disease is marked by demyelinated 
lesions appearing in both the white and grey matter 
(4-6). These arise from dysregulated immune 
responses, resulting in the destruction of the 
protective myelin sheaths surrounding the axons 
(4). Until now, the etiology of the disease remains 
still unclear. However, it is suggested that the 
disease onset is induced by a confluence of genetic 
predisposition and various environmental stimuli 
such as viral infections and lifestyle factors (2, 7). 
In the early stages of MS, demyelination triggers 
the activation of endogenous repair mechanisms, 
facilitating the restoration of myelin sheaths of 
demyelinated axons through remyelination (5). 
Oligodendrocytes (OLs), maturing from 
oligodendrocyte precursor cells (OPCs), play a 
pivotal role in generating these newly formed 
myelin sheaths (8-10). However, remyelination is 
limited since OPCs fail to differentiate into OLs as 
the disorder advances (9, 11). Clinical 
manifestations of MS include a variety of physical, 
neurological, and cognitive impairments such as 
forgetfulness, fatigue, and muscle spasms, 
drastically compromising the patient’s quality of 
life (12). Available disease-modifying therapies 
delay disease progression and limit symptoms in 
early disease stages, yet fall short in halting 
cognitive and neurologic decline as the disease 
progresses (3, 5). Therefore, there is an urgent need 
for novel therapies that are not only effective in the 
initial disease phase but also in the chronic 
progressive stage when endogenous repair 
mechanisms frequently fail, and neurodegeneration 
prevails. 

A main pathological hallmark of MS is the 
accumulation of infiltrated macrophages and CNS-
resident microglia in the demyelinating lesions (4). 
Initially, these phagocytes were predominantly 
perceived as contributors to the development of MS 
lesions, promoting demyelination and 
neuroinflammation through the release of 
inflammatory and toxic mediators (13, 14). 
However, recent insights have unveiled the highly 
dynamic nature of the phagocyte phenotype, 

enabling them to transition from a pro-
inflammatory, disease-promoting state to a disease-
resolving phenotype in MS (15, 16). These 
protective phagocytes actively clear lipid-rich 
myelin debris within the lesions while concurrently 
secreting anti-inflammatory and neurotrophic 
factors (15-17). These reparative functions are 
crucial for facilitating the remyelination of 
damaged myelin sheaths. While ingestion of 
myelin-derived lipids initially induces a reparative 
phenotype in phagocytes, excessive myelin 
accumulation eventually diminishes their 
protective characteristics, reverting them to a 
disease-promoting phenotype (18, 19). The 
underlying pathways governing this phenotype 
switch in MS remain inadequately understood.  

Our research group discovered that disturbed 
fatty acid (FA) metabolism underlies these 
phenotypic changes of macrophages and microglia 
in demyelinating conditions (19, 20). FA species 
that are endogenously synthesized or ingested 
through our diet can be further desaturated and 
elongated by members of the FA desaturase and 
elongase families (Fig. 1) (21, 22). Growing 
evidence suggests a close association between the 
activity of these enzymes and the inflammatory and 
metabolic characteristics of phagocytes (23-25). 
Our recent findings have revealed that stearoyl-
CoA desaturase-1 (SCD1), an enzyme involved in 
FA desaturation, triggers an inflammatory 
phenotypic shift of phagocytes following sustained 
exposure to myelin. This shift occurred due to 
impaired lipid efflux, resulting in intracellular 
accumulation of myelin-derived lipids. Notably, 
SCD1 inhibition restored the efflux ability of 
phagocytes, preventing inflammatory phenotypic 
shift and promoting remyelination in both ex vivo 
and in vivo MS models (19). Furthermore, our 
research group revealed the involvement of FA 
elongation in shaping the phagocyte phenotype 
(20). Elongation of very long-chain fatty acids 
proteins (ELOVLs), also referred to as elongases, 
are FA elongation enzymes located in the 
endoplasmatic reticulum. ELOVLs extend the 
carbon chain of FAs, forming both long-chain 
(LCFAs) and very long-chain FAs (VLCFAs). 
These FAs are important for the synthesis of 
various lipid molecules, such as triglycerides and 
phospholipids. Additionally, VLCFAs are also 
crucial for maintaining neuronal membrane 
integrity and facilitating myelination (26, 27). In 
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mammals, seven elongases (ELOVL1-7) have been 
identified, each exhibiting its substrate specificity. 
ELOVL1, 3, 6 and 7 are selective for saturated 
(SFAs) and mono-unsaturated FA (MUFAs) while 
ELOVL2, 4 and 5 elongate polyunsaturated FA 
(PUFAs) (21, 26). In terms of expression, Elovl1, 
Elovl5, and Elovl6 are expressed ubiquitously while 
Elovl2, Elovl3, Elovl4, and Elovl7 exhibit a tissue-
specific expression pattern (21). Our research group 
has shown that the expression of Elovl6, 
responsible for elongating C16 SFAs and MUFAs, 
was markedly elevated in macrophages after 
sustained myelin exposure (20). Furthermore, 
phagocyte-specific deficiency of ELOVL6 induced 
a reparative phenotype, stimulating remyelination 
in both ex vivo and in vivo MS models (20). These 
findings have highlighted the involvement of FA 
metabolism in shaping the phagocyte phenotype, 
underscoring its therapeutic implications in MS. 

Interestingly, the expression of Elovl1, the 
elongase that follows Elovl6 by elongating C18, 
C20, C22, and C24 SFAs, diminishes in 
macrophages after acute myelin exposure (20). 
ELOVL1 has already been shown to be involved in 
the pathology of X-linked adrenoleukodystrophy 
(X-ALD), a demyelinating disease that involves the 

toxic accumulation of VLCFAs, especially C26:0 
FAs, in plasma and tissues (28). Furthermore, the 
accumulation of saturated VLCFAs has been linked 
to a pro-inflammatory phenotype in macrophages 
(29). This indicates that ELOVL1 could present an 
interesting target to drive the phagocyte phenotype. 
Nevertheless, the impact of ELOVL1 on phagocyte 
function and remyelination in the context of MS 
remains to be elucidated.  

Therefore, this study aimed to elucidate the 
role of ELOVL1 in shaping the phagocyte 
phenotype in MS. We hypothesize that modulating 
FA metabolism by inhibition of ELOVL1 can skew 
phagocytes to a disease-resolving phenotype, 
stimulating remyelination in MS. Our study 
demonstrated that the ELOVL1 suppression 
modulates the inflammatory and metabolic features 
of macrophages. Additionally, ELOVL1 inhibition 
was found to influence the transcriptional levels of 
other Elovls in inflammatory macrophages. 
Furthermore, ELOVL1 inhibition seemed to 
facilitate remyelination in an ex vivo brain slice 
demyelination model. Overall, our findings show 
that ELOVL1 influences the phagocyte phenotype, 
highlighting its potential therapeutic relevance in 
demyelinating disorders such as MS. 

 

 
Fig. 1 – Biosynthesis of long-chain and very long-chain fatty acids (FAs). Starting from palmitic acid 
(C16:0), saturated FAs and unsaturated FAs of omega 7 and omega 9 series can be synthetized by various 
elongation (green arrows) and desaturation (grey arrows) steps. Additionally, unsaturated FAs of 
omega 3 and omega 6 series are synthetized by precursor C18:2 and C18:3 FAs that are obtained from 
the diet. Figure modified from (21). 
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EXPERIMENTAL PROCEDURES 
Animals – Wild-type C57BL/6J mice were 

purchased from Envigo. Mice were housed on a 
12 h light/dark cycle with ad libitum access to water 
and a standard chow diet. All animal procedures 
were conducted in accordance with the institutional 
guidelines and approved by the Ethical Committee 
for Animal Experiments of Hasselt University. 

Cell isolation and culture – Mouse bone 
marrow-derived macrophages (BMDMs) were 
obtained as previously described (30). Briefly, 
macrophages were isolated from femoral and tibial 
bone marrow of 10-12-week-old female mice and 
cultured in RPMI 1640 medium supplemented with 
15% L929-conditioned medium (LCM, in-house 
production as described by Weischenfeldt et al. 
(31)), 10% fetal calf serum (FCS), and 0.5% 
penicillin/streptomycin. Cultures were maintained 
at 37°C in an atmosphere of 5% CO2 and 95% 
relative humidity for 7 days. Fresh medium was 
added on day 4. Afterward, BMDMs were collected 
using PBS/EDTA (10 mM) and plated at 
0.5 × 106 cells/ml in the described culture medium 
containing 5% LCM. In addition, human 
monocyte-derived macrophages (HMDMs) of 
healthy controls were isolated and cultured as 
described by Bogie et al. (19, 30). Primary mouse 
OPCs were isolated and cultured as described 
before (32, 33). The detailed explanation can be 
found in Supplementary Materials and Methods. 
All reagents used are listed in Table S1. 

Myelin isolation and stimulation – Myelin was 
isolated from post-mortem mouse and human brain 
tissue through density gradient centrifugation, as 
described previously (34). The BCA protein assay 
kit was used to measure the protein concentration, 
according to the manufacturer's instructions. 
BMDMs and HMDMs were treated daily with 
mouse (100 μg/ml) and human (10 μg/ml) myelin, 
respectively, for 24 h (acute) or 72 h (sustained) or 
left untreated. 

Pharmacological treatments and macrophage 
stimulation – BMDMs and cerebellar brain slices 
were pre-treated with 4 or 8 μM ELOVL1 inhibitor 
(ELOVL1-22 in 99% ethanol solution, 10 mg/ml) 
or vehicle (ethanol, 0.01%) for 30 min, followed by 
incubation with myelin. Cells undergoing ELOVL1 
inhibitor treatment for 24 h were treated once, 
while those treated for 72 h received the treatment 

every 24 h. For pro- and anti-inflammatory 
phenotyping, cells were stimulated with 
lipopolysaccharide (LPS, 100 ng/ml) or 
interleukin 4 (IL4, 20 ng/ml), respectively.  

Cerebellar brain slice culture (BSC) – 
Cerebellar slices were isolated and cultured as 
described previously (35, 36). The detailed 
explanation can be found in Supplementary 
Materials and Methods. Demyelination was 
induced with lysolecithin (0.5 mg/ml) for 18 h. 
After demyelination and one day of rest, slices were 
treated daily with ELOVL1 inhibitor or vehicle for 
7 days, followed by histological analysis. 

RNA extraction and quantitative PCR – 
BMDMs were lysed using QIAzol. Total RNA was 
extracted using the RNeasy mini kit. Concentration 
and quality were measured using the NanoDrop 
ND-1000 spectrophotometer (Thermo Fisher 
Scientific). Complementary DNA was synthesized 
using the qScriptTM cDNA SuperMix, according to 
the manufacturer’s instructions. Real-time 
quantitative PCR was conducted on a Step One Plus 
detection system (Applied Biosystems, Gaasbeek, 
Belgium). The reaction was conducted for 5 min at 
25°C, 30 min at 42°C, and 5 min at 85°C using 
T100 PCR Thermal Cycler (BioRad). Quantitative 
PCR was conducted on a StepOnePlus™ real-time 
PCR system (Applied Biosystems). The PCR 
reaction mixture contained SYBR green master 
mix, 10 µM of forward and reverse primers, 
nuclease-free water, and 12.5 ng template cDNA 
were added in a total reaction volume of 10 µL. 
Data was analyzed using the comparative Ct 
method and normalized to CycA, Tbp and Hprt. 
Primer sequences are depicted in Table S2. 

Phagocytosis assay – The ability and extent of 
myelin phagocytosis was assessed using myelin 
fluorescently labeled with 1,19-dioctadecyl-
3,3,39,39-tetramethylindocarbocyanine perchlorate 
(DiI). BMDMs were treated with DiI-myelin 
(100 μg/ml) for 1.5 h. The fluorescence intensity 
was measured by the LSRFortessa Flow Cytometer 
(BD Biosciences) and analysis was performed with 
FlowJo v10.10 CellQuest Software (Treestar). 

Nitric oxide (NO) determination and arginase 
activity assay – Release of NO was determined in 
culture supernatants of treated BMDMs stimulated 
with LPS for 18 h using Griess reagent system 
(2.5% H3PO4, 1% sulfanilamide, and 0.1%              
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N-(1-Naphthyl) ethylenediamine dihydrochloride). 
Optical density was measured with the 
CLARIOstar PLUS microplate reader (BMG 
Labtech) at 540 nm. Arginase activity was defined 
on cell lysates using 0.1% Triton X-100, 25 mM 
Tris-HCl (pH 7.5) and 1x protease inhibitor 
cocktail. Arginase was activated by adding 3.5 µL 
of 10 mM MnCl2 to 10 µL sample at 56°C for 
10 min. Next, samples were incubated with 0.5 M 
L-arginine (pH 9.7) for 60 min at 37°C. The 
reaction was stopped by adding 90 µL stop solution 
(96% H2SO4/85% H3PO4/H2O 1:3:7) and incubated 
with α-isonitrosopropiophenone (9%) for 30 min at 
95°C. Samples were left in the dark to cool down to 
room temperature (RT) until measurement of 
optical density at 540 nm. Enzymatic activity was 
calculated by the following equation: [Urea] × 
(total volume × 106) / (tested volume × 
Time(incubated at 37°C) × 1000). 

Oil red O (ORO) staining – BMDMs were 
cultured on glass cover slides and fixed in 4% 
paraformaldehyde (PFA) for 15 min. To stain 
intracellular neutral lipids, BMDMs were incubated 
with 0.3% ORO for 10 min at RT. After the slides 
were washed with tap water, cells were 
counterstained with hematoxylin for 30 s and rinsed 
in running tap water for 5 min. Analysis was 
performed with Leica DM2000 LED microscope 
(Leica Microsystems, Wetzlar, Germany) and Fiji 
(ImageJ, version 2.14.0) software. 

Flow cytometry – Single-cell suspensions were 
blocked with 10% goat serum and subsequently 
stained with anti-ABCA1 primary antibody for 
45 min at 4°C. This was followed by incubation 
with the suitable secondary antibody for 45 min at 
4°C. An unstained and secondary antibody-only 
control was taken into account. To evaluate cellular 
viability, cells were treated with 7AAD. Lipid 
content assessment was conducted by staining cells 
with BODIPY for 15 min at 37°C. Unstained cells 
were used as a negative control. The LSRFortessa 
Flow Cytometer was used to quantify cellular 
fluorescence, and the median or mean fluorescence 
intensity (MFI) was adjusted for background MFI 
in FlowJo. All antibodies are depicted in Table S3. 

Immunofluorescence microscopy and image 
analysis – PFA fixed BMDMs on glass slides were 
permeabilized with 0.1% Triton X-100 in PBS for 
1 min at RT. Blocking was performed using 10% 

Dako protein block in PBS for 1 h at RT. Slides 
were incubated with anti-ABCA1 and nuclei were 
stained using 4,6′-diamidino-2-phenylindole 
(DAPI). Analysis was performed with Leica 
DM4000 B microscope (Leica Microsystems, 
Wetzlar, Germany) and Fiji software. PFA fixed 
cerebellar slices were blocked with blocking buffer 
(1x PBS + 5% horse serum + 0.3% Triton X-100). 
Subsequently, slices were incubated at 4°C 
overnight with anti-MBP and anti-NF antibodies 
diluted in blocking buffer. Next, slices were 
incubated with the appropriate secondary 
antibodies for 1 h at RT. Images were acquired 
using an LSM900 Airyscan 2 Confocal microscope 
(Zeiss, Zaventem, Belgium) and analyzed using Fiji 
software. 

Immunoblotting – BMDMs were lysed with 
radioimmunoprecipitation assay buffer (150 mM 
NaCl, 50 mM Tris, 1% SDS, 1% Triton X-100, 
0.5% sodium deoxycholate) containing protease 
inhibitor. Protein concentrations of the cell lysates 
were determined using a BCA Protein Assay kit. 
Samples were separated on an SDS-polyacrylamide 
gel (12% resolving gel, 4% stacking gel) by 
electrophoresis and transferred onto a 
polyvinylidene fluoride membrane. Subsequently, 
membranes were blocked with 5% dried skimmed 
milk powder in PBS with 0.1% Tween-20 for 1 h, 
followed by overnight incubation with anti-
ELOVL1 antibody at 4°C. Next, the membrane was 
incubated for 1 h with appropriate full HRP-
conjugated secondary antibody. The Amersham 
Imager 680 (GE Healthcare Life Sciences) was 
used to detect chemiluminescent signals, using the 
enhanced chemiluminescence Plus detection kit. 
Densitometry analysis was performed using ImageJ 
and normalized to Cy5 using the QuickStain 
Protein labeling kit. 

Statistical analysis – Data were statistically 
analyzed using GraphPad Prism V9 (La Jolla, CA, 
USA) and visualized as mean ± standard deviation 
(SD). The Shapiro-Wilk test was utilized to test for 
normal distribution. Normally distributed data was 
analyzed by a two-tailed unpaired Student’s t-test 
(with Welch’s correction if necessary) or an 
ANOVA (Tukey’s post hoc analysis). For non-
normally distributed data, Kruskal-Wallis or Mann-
Whitney analysis was applied. P values <0.05 are 
considered statistically significant (*, P < 0.05; 
**, P < 0.01; ***, P < 0.001; ****, P < 0.0001). 
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RESULTS
Acute myelin exposure diminishes both gene 

expression and protein abundance of ELOVL1 in 
murine BMDMs – Recently, our research group has 
revealed that myelin internalization alters the gene 
expression of Elovls in phagocytes (20). 
Specifically, acute myelin exposure resulted in a 
reduction in Elovl1 gene expression in 
macrophages (20). To investigate whether myelin 
uptake alters the protein abundance of ELOVL1 in 
phagocytes in the same manner, murine BMDMs 
were treated with myelin for acute (24 h) and 
sustained (72 h) periods, indicative of a reparative 
and inflammatory macrophage phenotype, 
respectively (19, 37). Protein expression was 
determined in cell lysates by western blot (Fig. S1). 
Following acute myelin exposure, we observed a 
trend toward a decreased ELOVL1 protein 
abundance in BMDMs (Fig. 2A). Consistent with 
our findings at the gene level (20), prolonged 
exposure to myelin resulted in an ELOVL1 
abundance comparable to the levels observed 
without myelin stimulation (Fig. 2A). To determine 
if these alterations are also evident for human 
ELOVL1, HMDMs were treated with human 
myelin. Remarkably, acute myelin exposure 
resulted in an upward trend of ELOVL1 protein 
abundance compared to unstimulated cells 
(Fig. 2B). In addition, sustained exposure to myelin 
caused a decreased abundance compared to acute 

exposure (Fig. 2B). These results suggest that 
myelin internalization alters ELOVL1 abundance 
in both murine and human macrophages; however, 
in a species-specific manner. 

 
Pharmacological inhibition of ELOVL1 

slightly alters the inflammatory phenotype of 
macrophages – Recent studies state that phagocytes 
contribute to remyelination through clearing 
damaged myelin and producing neurotrophic 
factors (37, 38). However, metabolic dysfunction 
caused by excessive lipid accumulation hinders 
their reparative features (19). To investigate the role 
of ELOVL1 in determining the inflammatory and 
metabolic macrophage phenotype, we utilized an 
established ELOVL1 inhibitor (39). This 
compound has been shown to reduce C24:0 and 
C26:0 synthesis levels (IC50 = 0.0004 μM in human 
HEK293 cells), consistent with the inhibition of 
ELOVL1, and is specific for ELOVL1 over 
ELOVL6 and ELOVL7, for which it has minimal 
activity (IC50 values > 50 μM for ELOVL6 and 7 in 
human HEK293 cells) (39). Pharmacological 
inhibition of ELOVL1 (4 and 8 μM) in BMDMs did 
not impact cell viability, as studied with a 7AAD 
viability staining (Fig. S2). Notably, exposure to 
myelin slightly decreased the percentage of live 
cells. A control without ethanol was included since 
this  solvent  was  used  for the  ELOVL1  inhibitor 

 

 
Fig. 2 – Murine macrophages showed a trend toward a reduced ELOVL1 protein abundance after 
acute myelin exposure, a change not observed in human macrophages. (A, B) Quantified protein 
ELOVL1 abundance after western blot analysis of (A) murine bone marrow-derived macrophages 
(BMDMs) and (B) human monocyte-derived macrophages (HMDMs) that were left untreated (0 h) or 
treated with acute (24 h) or sustained exposure (72 h) to 100 μg/ml murine and 10 μg/ml human myelin, 
respectively (n = 3 wells, for HMDMs: 3 persons). ELOVL1 protein abundance was normalized for total 
protein abundance by Cy5 staining. Data are represented as mean ± SD. **, P < 0.01; one-way ANOVA. 
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and served as the vehicle, demonstrating that 
ethanol itself did not influence viability (Fig. S2). 
To elucidate whether ELOVL1 inhibition impacts 
the inflammatory phenotype of macrophages, we 
examined the gene expression of inflammatory 
mediators in BMDMs. To this end, BMDMs were 
first pre-treated with 8 μM of ELOVL1 inhibitor or 
vehicle for 30 min and were subsequently treated 
with myelin for 24 h or left untreated. Considering 
that phagocytes encounter an inflammatory 
environment in MS lesions (18), the cells were 
subjected to the prototypical inflammatory stimulus 
LPS. Interestingly, ELOVL1 inhibition in the 
absence and presence of myelin stimulation did not 
alter the expression of the inflammatory genes in 
unstimulated cells (Fig. 3A-D). Following LPS 
induction, ELOVL1 inhibition reduced the Il1b 
expression and enhanced the Nos2 expression in 
BMDMs without myelin compared to the vehicle 
(Fig. 3A, C). Moreover, myelin exposure decreased 
the expression of all inflammatory genes in LPS-
stimulated cells compared to those that were not 
exposed to myelin (Fig. 3A-D), consistent with 
previous findings demonstrating that acute myelin 
exposure results in less inflammatory macrophage 
features (15, 16). Next, we investigated the gene 
expression of arginase 1 (Arg1) and neurotrophic 
factors in BMDMs treated with 8 μM of ELOVL1 
inhibitor or vehicle for 24 h, followed by IL4 
stimulation. Even though IL4 enhanced Arg1 
expression, its levels were unchanged after 
ELOVL1 inhibition with and without stimulation 
(Fig. 3E). In addition, ELOVL1 inhibition did not 
result in alterations in neurotrophic factors 
(Fig. 3F). Furthermore, we performed an NO and 
arginase assay in BMDMs treated with 8 μM of 
ELOVL1 inhibitor or vehicle and myelin for 24 h 
or 72 h to estimate L-arginine metabolism assay via 
NOS2/arginase (40). The arginase activity 
diminished after ELOVL1 inhibition with acute 
(P = 0.0931) and sustained myelin exposure but 
remained unchanged in the absence of myelin 
(Fig. 3G). In addition, ELOVL1 suppression did 
not alter NO2

- levels in LPS-stimulated 
macrophages (Fig. 3H). These results suggest that 
ELOVL1 is a possible important mediator of the 
inflammatory status of macrophages. 
 

ELOVL1 inhibition impacts the metabolic 
phenotype of macrophages – Since the ELOVL1 
expression is altered in myelin-stimulated 

macrophages, we examined whether ELOVL1 
inhibition impacts the metabolic phenotype of 
macrophages. Therefore, we evaluated the uptake, 
intracellular processing, and efflux of myelin-
derived lipids by BMDMs. ORO and BODIPY 
were used to stain neutral lipids, which are 
predominantly found in lipid droplets (LDs) (41). 
ORO staining showed a reduction in lipid load in 
BMDMs treated with ELOVL1 inhibitor and 
myelin for 72 h compared to the vehicle 
(Fig. 4A, B). Additionally, a downward trend in the 
number of LDs per cell was observed following 
24 h ELOVL1 inhibitor and myelin treatment 
compared to the vehicle (Fig. 4C). However, 
ELOVL1 inhibition did not alter the LD size 
(Fig. 4D). Noteworthy, due to the extensive 
foaminess of macrophages following sustained 
myelin exposure, quantification of the amount and 
size of the LDs is not reliable. Furthermore, the 
abundance of neutral lipids analyzed by BODIPY 
was unchanged after treatment with ELOVL1 
inhibitor and myelin compared to the vehicle 
(Fig. 4E).  

Given these findings on lipid metabolism, we 
further investigated the impact of ELOVL1 
inhibition on myelin internalization by 
macrophages. Accordingly, BMDMs were treated 
with ELOVL1 inhibitor or vehicle for 24 h and 
72 h, and subsequently exposed to fluorescently 
(DiI)-labeled myelin for 1.5 h to examine the 
uptake. ELOVL1 inhibition for 24 h augmented the 
percentage of phagocytosing BMDMs, while 72 h 
of treatment decreased it compared to the vehicle 
condition (Fig. 4F). Additionally, BMDMs that 
received 72 h ELOVL1 inhibitor treatment showed 
a significantly reduced MFI of DiI-myelin, 
indicating that the phagocytizing cells took up less 
myelin when compared to the vehicle (Fig. 4G). 
Furthermore, we evaluated the gene expression of 
low-density lipoprotein receptor-related protein 
(Lrp)1 and scavenger receptor Cd36 after ELOVL1 
inhibition. LRP1 has been shown to be an important 
receptor for the uptake of myelin in phagocytes 
(42). In addition, our research group showed that 
FA translocase CD36 is essential for clearing 
myelin debris by phagocytes in MS (43). 
Specifically, ELOVL1 inhibition of 24 h markedly 
reduced the expression of Cd36 and Lrp1 in the 
absence of myelin (Fig. 4H).  

Next, we investigated if ELOVL1 inhibition 
influences  the  efflux   of   lipids   by   macrophages. 
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Fig. 3 – ELOVL1 inhibition influences the inflammatory phenotype of macrophages. (A-D) Gene 
expression of inflammatory genes including (A) interleukin (Il)1b, (B) Il6, (C) nitric oxide synthase 2 
(Nos2), and (D) tumor necrosis factor α (Tnfa) in BMDMs pre-treated with 8 μM of ELOVL1 inhibitor 
(+) or  vehicle (–) for 30 min,  followed  by a  24 h myelin  exposure  and  subsequently  with or  without 
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Fig. 3 – Continued  
a 6 h lipopolysaccharide (LPS) induction (n = 3 wells). (E, F) Gene expression of (E) arginase 1 (Arg1) 
and (F) neurotrophic factors (insulin growth factor 1 [Igf1], tumor growth factor β [Tgfb1], ciliary 
neurotrophic factor [Cntf], nerve growth factor [Ngf]) in BMDMs treated with 8 μM of ELOVL1 
inhibitor (+) or vehicle (–) for 24 h, with or without a subsequent IL4 stimulation for 24 h (n = 3 wells). 
(G) Arginase activity in cell lysates from BMDMs treated with 8 μM of ELOVL1 inhibitor (+) or vehicle 
(–) and myelin for 24 h or 72 h, followed by 24 h stimulation with IL4 (n = 3-6 wells). (H) NO2

- levels 
in supernatants from BMDMs treated with 8 μM of ELOVL1 inhibitor (+) or vehicle (–) and myelin for 
24 h or 72 h, followed by LPS stimulation for 18 h (n = 5 wells). Data are represented as mean ± SD. 
*, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001; (A-F) one-way ANOVA, (G, H) Mann-
Whitney. 

 
The ATP Binding Cassette subfamily A member 1 
(ABCA1) and subfamily G member 1 (ABCG1)-
mediated cholesterol efflux has been shown to be 
important in controlling cholesterol load in 
phagocytes (44, 45). Therefore, we investigated the 
Abca1 and Abcg1 expression in macrophages 
treated with ELOVL1 inhibitor. In BMDMs 
without myelin stimulation, ELOVL1 inhibition 
significantly decreases Abca1 gene expression 
(Fig. 5A). This effect was absent after 24 h of 
myelin exposure (Fig. 5A). ELOVL1 inhibition did 
not reduce the Abcg1 expression without myelin 
stimulation (Fig. 5A). However, acute myelin 
exposure significantly increased its expression in 
ELOVL1 inhibitor treated BMDMs compared to 
the absence of myelin (Fig. 5A). In correspondence 
with our findings at gene level, flow cytometric 
analysis of surface ABCA1 showed a reduced 
abundance after both 24.5 h (P = 0.0690) and 
72.5 h treatment with the ELOVL1 inhibitor 
(Fig. 5B). Additionally, inhibition of ELOVL1 
resulted in a trend (P = 0.0987) toward an increased 
ABCA1 abundance following prolonged myelin 
exposure (Fig. 5B), suggesting an enhancement in 
lipid efflux after treatment with the ELOVL1 
inhibitor in foamy macrophages. Subsequently, 
ABCA1 staining was conducted on permeabilized 
BMDMs to visualize intracellular ABCA1. 
Notably, the nucleus exhibited strong staining for 
ABCA1 (Fig. 5C), resulting in its exclusion during 
quantification. Contradictory, the MFI of ABCA1 
was increased after the ELOVL1 inhibitor without 
myelin (Fig. 5D). These results suggest that the 
inhibition of ELOVL1 can induce alterations in 
lipid efflux, which are contingent upon the presence 
or absence of myelin stimulation. In conclusion, 
ELOVL1 seems to play a role in determining the 

metabolic phenotype of macrophages by altering 
the uptake and efflux of myelin. 

 
ELOVL1 inhibition and LPS inflammatory 

stimulus influence the expression of Elovl1, Elovl2, 
Elovl5, Elovl6 and Elovl7 – As a next step, we 
aimed to elucidate the influence of inflammatory 
stimulation with LPS and the ELOVL1 inhibitor on 
the gene expression of all Elovls in BMDMs. To 
this end, BMDMs were either pre-treated with 
ELOVL1 inhibitor or vehicle and exposed to 
myelin for 24 h or left untreated. Subsequently, 
cells were incubated with or without LPS and gene 
expression of all Elovls was analyzed. As observed 
previously (20), the transcript levels of Elovl3 and 
Elovl4 were on the lower limit of detection and 
were, therefore, not included. 

In macrophages that were not inflammatory 
activated, the expression of Elovl1 and Elovl7 was 
unchanged while Elovl6 expression was reduced 
upon myelin exposure compared to cells without 
myelin (Fig. 6A-C). Following LPS stimulation, 
Elovl1 expression increased in the absence of 
myelin but decreased again after myelin exposure 
(Fig. 6A). Elovl6 expression did not seem to change 
by LPS induction (Fig. 6B). In addition, LPS 
stimulation markedly reduced the expression of 
Elovl7 (Fig. 6C). Myelin exposure slightly 
increased the Elovl7 levels after ELOVL1 inhibitor 
in LPS-stimulated BMDMs compared to cells 
without myelin stimulation (Fig. 6C). When 
comparing the ELOVL1 inhibitor with the vehicle, 
ELOVL1 inhibition did not alter Elovl1 levels, as 
expected (Fig. 6A). Interestingly, ELOVL1 
inhibition significantly lowered Elovl6 levels 
compared to the vehicle in LPS-stimulated 
BMDMs (Fig. 6B). Nevertheless, myelin 
stimulation  diminishes  its  expression  for  both the 
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Fig. 4 – ELOVL1 inhibition impacts the metabolic phenotype of macrophages. (A) Oil red O (ORO) 
staining for neutral lipids of BMDMs treated with 8 μM of ELOVL1 inhibitor or vehicle (pre-treatment 
for 30 min) and myelin for 24 h or 72 h (Scale bar: 25 μm). (B-D) Quantification of (B) area of lipids 
per cell, (C) amount of lipid droplets (LDs) per cell, and (D) LD size based on ORO staining 
(n = 3 coverslips, 2-3 pictures per coverslip). The unit of pixel2 corresponds to 0.071 μm2. (E) Flow 
cytometry analysis of BODIPY median fluorescent  intensity (MFI) in  BMDMs  treated  with 4 μM  of  
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Fig. 4 – Continued  
ELOVL1 inhibitor (+) or vehicle (–) and myelin for 24 h or 72 h (n = 3 wells). (F, G) Phagocytosis assay 
on BMDMs treated with 8 μM of ELOVL1 inhibitor (+) or vehicle (–) for 24 h or 72 h, followed by 
exposure to DiI-labelled myelin for 1.5 h. Flow cytometric analysis of (F) the amount of myelin 
phagocytosing cells and (G) the mean fluorescent intensity (MFI) of DiI-myelin indicating the extent of 
myelin internalization in (n = 5 wells). (H) Gene expression of low-density lipoprotein receptor-related 
protein (Lrp)1 and Cd36 in BMDMs treated with 8 μM of ELOVL1 inhibitor or vehicle for 24 h 
(n = 3 wells). Data are represented as mean ± SD. *, P < 0.05; **, P < 0.01; ***, P < 0.001; (B, E) one-
way ANOVA, (C, D, F-H) unpaired Student’s t-test. 
 

 

 
 

Fig. 5 – ELOVL1 inhibition alters ABCA1 expression in BMDMs. (A) Gene expression of Abca1 
and Abcg1 in BMDMs pre-treated with 8 μM of ELOVL1 inhibitor (+) or vehicle (–) for 30 min, 
followed by a 24 h myelin exposure. (B) Flow cytometric analysis of surface ABCA1 abundance in 
BMDMs treated with 8 μM of ELOVL1 inhibitor (+) or vehicle (–) (30 min pre-treated) and myelin for 
24 h or 72 h (n = 3 wells). (C) Representative images of intracellular ABCA1 staining of BMDMs treated 
with 8 μM of ELOVL1 inhibitor or vehicle (30 min pre-treated) and myelin for 24 h (Scale bar: 25 μm). 
(D) Quantification of intracellular ABCA1 mean fluorescent intensity (MFI) per cell based on ABCA1 
fluorescent staining (n = 3 coverslips, 2 pictures per coverslip). Data are represented as mean ± SD. 
*, P < 0.05; **, P < 0.01; (A, B) one-way ANOVA, (D) unpaired Student’s t-test. 
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ELOVL1 inhibitor and the vehicle, bringing it to a 
level similar to the vehicle condition without 
myelin (Fig. 6B). Furthermore, ELOVL1 inhibition 
did not impact the expression of Elovl7 (Fig. 6C). 

On the other hand, the expression of Elovls 
involved in the elongation of PUFAs was also 
altered. LPS stimulation significantly enhanced 
Elovl2 expression (Fig. 6D). Remarkably, LPS-
stimulated cells treated with ELOVL1 inhibitor 
without myelin showed a markedly elevated Elovl2 
expression (Fig. 6D). In addition, no significant 
alterations in Elovl5 levels were detected, with only 
a downward trend (P = 0.0569) apparent after 
treatment with ELOVL1 inhibitor in LPS-
stimulated cells (Fig. 6E). In conclusion, ELOVL1 
inhibition seems to mainly affect the expression of 
Elovls after inflammatory stimulation in 
macrophages. Interestingly, not only the elongation 
of SFAs and MUFAs, in which ELOVL1 is 
involved, was impacted, but the expression of 
Elovls responsible for PUFA elongation was also 
altered. 

 
Gene expression of Elovl5, but not Elovl1, is 

altered in OLs – In progressive MS, remyelination 
is limited as OPCs fail to differentiate into mature 
OLs (46). Hence, OPC differentiation and viability 
are essential for efficient remyelination. To 
elucidate if ELOVLs are altered OPCs and OLs, we 
investigated the expression of selected Elovls in 
OPCs (day 0 of differentiation), committed OLs 
(day 3), and mature OLs (day 6). The expression of 
myelin basic protein (Mbp) was significantly 
elevated in mature OLs (Fig. S3), indicating that 
OPC differentiation took successfully place. Gene 
expression analysis showed a slight trend toward 
lowered Elovl1 levels in committed and mature 
OLs compared to OPCs (Fig. 7A). Notably, the 
expression of Elovl5 diminished in both committed 
OPCs and mature OLs (P = 0.0551) compared to 
immature OPCs (Fig. 7A), indicating that ELOVL5 
might play a role during OPC differentiation. 

 
ELOVL1 inhibition stimulates ex vivo 

remyelination – Next, we aimed to elucidate the 
impact of ELOVL1 inhibition on remyelination in 
an ex vivo cerebellar BSC. This organotypic BSC 
model has demonstrated high fidelity in modeling 
the in vivo situation (47, 48). After lysolecithin-
induced demyelination, brain slices were treated 
with ELOVL1 inhibitor or vehicle for 7 days, and 

remyelination was assessed by immunofluorescent 
staining for MBP and neurofilament (NF). Brain 
slices that received the ELOVL1 inhibitor showed 
a trend (P = 0.0708) toward a higher colocalization 
of MBP and axons (NF) compared to the vehicle 
(Fig. 7B, C). This indicates that ELOVL1 
inhibition may potentially enhance remyelination 
upon lysolecithin-induced demyelination. 
 
DISCUSSION 

Both infiltrated macrophages and CNS-
resident microglia play a pivotal role in MS 
pathology. These phagocytes can promote 
remyelination and CNS repair by producing 
neurotrophic factors and clearing myelin debris 
while also contributing to neurodegeneration and 
neuroinflammation by releasing inflammatory 
mediators (18). Understanding their dual roles is 
pivotal for developing effective MS therapies. In 
this study, we showed that inhibition of ELOVL1 
alters the inflammatory and metabolic 
characteristics of macrophages. In addition, 
ELOVL1 suppression altered the expression of 
other Elovls in inflammatory-stimulated 
macrophages. Moreover, ELOVL1 inhibition 
appeared to promote remyelination in an ex vivo 
BSC model. Hereby, our findings present 
phagocyte-specific ELOVL1 inhibition as a 
potential strategy to promote remyelination in 
demyelinating disorders. 

SFAs have been associated with increasing the 
inflammatory status of phagocytes (49, 50). 
Consequently, inhibiting ELOVL1 appears to be an 
interesting strategy to skew these phagocytes 
towards a less inflammatory phenotype. We 
observed that ELOVL1 inhibition lowered Il1b 
expression but enhanced Nos2 expression in 
inflammatory-stimulated macrophages. However, 
24 h of myelin stimulation reversed the higher Nos2 
levels, aligning with the described less 
inflammatory phenotype following acute myelin 
exposure (17). Further elucidation through studying 
the effects following sustained myelin exposure 
would provide valuable insights. In addition, 
emerging evidence suggests that phagocytes can 
promote remyelination by secreting neurotrophic 
mediators such as IGF1, TGF-β and CNTF, as they 
can stimulate OL survival and OPC differentiation 
(38, 51, 52). In this study, no alterations in the 
expression of these factors were detected in 
macrophages after ELOVL1 inhibition. 
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Fig. 6 – ELOVL1 inhibition and inflammatory stimulus influences the expression of Elovl1, Elovl2, 
Elovl6 and Elovl7. BMDMs were pre-treated with 8 μM of ELOVL1 inhibitor (+) or vehicle (–) for 
30 min, and subsequently treated with or without a 24 h myelin exposure and 6 h lipopolysaccharide 
(LPS) induction (n = 3 wells). (A-C) Gene expression of Elovls involved in the elongation of saturated 
(SFAs) and mono-unsaturated fatty acids (MUFAs), including (A) Elovl1, (B) Elovl6, and (C) Elovl7. 
(D, E) Gene expression of Elovls involved in the elongation of poly-unsaturated fatty acids (PUFAs), 
including (D) Elovl2 and (E) Elovl5. Data are represented as mean ± SD. *, P < 0.05; **, P < 0.01; 
***, P < 0.001; ****, P < 0.0001; one-way ANOVA. 
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Fig. 7 – The expression of Elovl5, but not Elovl1, is altered in oligodendrocytes (OLs); ELOVL1 
inhibition stimulates ex vivo remyelination. (A) Gene expression of Elovl1, 2, 5, and 7 in 
oligodendrocyte precursor cells (OPCs; day 0), committed oligodendrocytes (OLs; day 3) and mature 
OLs (day 6) (n = 3 wells). (B) Brain slice cultures (BSCs) were demyelinated, treated daily with 4 μM 
ELOVL1 inhibitor or vehicle for 7 days and stained for myelin basic protein (MBP) and neurofilament 
(NF). Percentage of MBP+NF+ axons out of total NF+ axons (n = 5 slices, 3 pictures per slice) was 
determined. (C) Representative immunofluorescence images of MBP/NF staining in BSCs (Scale bar: 
50 μm). The images presented have been digitally enhanced under consistent settings. Data are 
represented as mean ± SD. *, P < 0.05; (A) one-way ANOVA and (B) unpaired Student’s t-test. 
 

 
Nonetheless, we observed that ELOVL1 inhibition 
led to a reduction in arginase activity in myelin-
loaded macrophages, while levels of NO remained 
unaltered. These results indicate that ELOVL1 
suppression has a modest effect on the 
inflammatory macrophage phenotype, favoring 
more pro-inflammatory features over less 
inflammatory ones. Nevertheless, further research 
on the impact of ELOVL1 on the inflammatory 

phagocyte features is necessary to draw definitive 
conclusions. 

Given that sustained myelin internalization 
induces a shift in phagocytes towards an 
inflammatory phenotype, thereby impeding CNS 
repair (19), and recognizing that altered FA 
metabolism underlies this phenotypic shift (19, 20), 
we further elucidate the association between the 
elongation of SFAs by ELOVL1 and the metabolic 
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characteristics of macrophages. After prolonged 
myelin exposure, the administration of the 
ELOVL1 inhibitor resulted in reduced lipid load 
and myelin phagocytosis within macrophages. 
Additionally, we noted a decline in the expression 
of Lrp1 and Cd36, crucial for myelin uptake, after 
ELOVL1 inhibition in macrophages lacking 
myelin. It would be of interest to delve deeper into 
the role of ELOVL1 in altering LRP1 and CD36, 
especially in myelin-loaded phagocytes. 
Furthermore, we show that macrophages treated 
with the ELOVL1 inhibitor had both a lower Abca1 
gene expression and ABCA1 abundance, 
suggesting that ELOVL1 inhibition hinders lipid 
efflux in the absence of myelin. It has been shown 
that ABCA1 deficiency can induce a pro-
angiogenic phenotype in nonlipid-loaded 
macrophages by lowering the expression of 
inflammatory mediators (53). This suggests that 
ELOVL1 inhibition might potentially induce a less 
inflammatory phenotype through the modulation of 
ABCA1 levels. In addition, following ELOVL1 
inhibitor treatment, ABCA1 abundance was 
enhanced after sustained myelin exposure. These 
results suggest that it stimulates the efflux of lipids 
in foamy macrophages. This increased ABCA1 
abundance in macrophages was also observed after 
Elovl6 depletion (20). Recent findings have 
demonstrated that a diminished capacity to 
eliminate cholesterol derived from internalized 
myelin via ABCA1 triggers an inflammatory 
phagocyte phenotype that hampers CNS repair 
(19). Therefore, ELOVL1 suppression seems to be 
beneficial by improving lipid efflux and reducing 
lipid load in macrophages. 

FA elongation plays a crucial role in shaping 
the cellular lipidome, influencing both homeostasis 
and disease states (54). We demonstrated that the 
expression of other Elovls is influenced by 
inflammatory stimulation and ELOVL1 inhibition. 
Some studies have identified links between immune 
responses and the activities of the ELOVL family, 
suggesting that ELOVLs play an important role in 
regulating the macrophage function. For instance, 
Elovl6 deficiency reduced the expression of 
inflammatory genes while it increased the 
expression of various neurotrophic factors in 
macrophages stimulated with LPS, representing a 
less inflammatory macrophage phenotype (20). 
Specifically, we found that ELOVL1 inhibition 
downregulated the Elovl6 expression in LPS-

stimulated macrophages, implying a potential shift 
towards a less inflammatory phenotype as a 
consequence of the ELOVL1 inhibition. On the 
other hand, knockout of ELOVL2 induced a more 
inflammatory phenotype in M1 macrophages that 
were activated with LPS and IFNγ while M2 
macrophages exhibited diminished protective 
effects (55). Therefore, the observed increase in 
Elovl2 expression following ELOVL1 inhibition in 
inflammatory-stimulated macrophages also 
suggests a potential modulation towards a less 
inflammatory phenotype mediated by the 
inhibition. Furthermore, ELOVL7 has been shown 
to be upregulated in M1 macrophages and is 
associated with the enhanced production of 
inflammatory cytokines (56). Here, no alterations in 
Elovl7 expression were observed after ELOVL1 
inhibition. This observation suggests that ELOVL7 
may not compensate for the ELOVL1 suppression. 
In contrast, it is noteworthy that the stimulation 
with LPS led to an overall downregulation of Elovl7 
expression. Additional studies focusing on the 
impact of ELOVL1 inhibition and inflammatory 
activation in macrophages are necessary to clarify 
observed effects. 

Clearance of myelin debris by phagocytes 
plays a pivotal role in facilitating the remyelination 
process, as it fosters OPC maturation and induces a 
shift in phagocytes towards a reparative phenotype. 
Here, we observed that inhibiting ELOVL1 seemed 
to ameliorate lysolecithin-induced demyelination in 
ex vivo brain slice culture. In contrast, Elovl1 
knockout mice exhibited mild myelin thinning in 
the corpus callosum (57). In addition, patients with 
an ELOVL1 mutation present with 
hypomyelination (28, 58). However, ELOVL1 
suppression in phagocytes specifically may indeed 
be beneficial for promoting remyelination. 
Nevertheless, it remains uncertain whether the 
observed effect is attributed to alterations in 
phagocytes, as the improvement may potentially 
involve other cell types. For instance, ELOVL1 has 
been positively associated with the inflammatory 
status of astrocytes in X-ALD (59). In addition, 
OLs of X-ALD patients exhibit pronounced 
expression of ELOVL1 and this elongase has been 
pinpointed to be accountable for catalyzing the 
detrimental buildup of VLCFAs (60, 61). 
Nevertheless, further research should be conducted 
to unravel the role of ELOVL1 in other CNS cell 
types.  
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Future research directions could focus on 
elucidating the specific alterations in lipid 
metabolism induced by ELOVL1 inhibition. To 
address this, innovative lipidomic analyses could be 
employed to identify changes in FA species 
following treatment with the ELOVL1 inhibitor in 
macrophages. Additionally, investigations into 
potential shifts in the pathway toward increased 
elongation of PUFAs or MUFAs could provide 
further insights. Furthermore, considering the 
evidence suggesting that Elovl6 deficiency altered 
the balance in the desaturation index of various 
lipid species (20), it is relevant to assess potential 
differences in desaturation through ELOVL1 
inhibition. Another aspect of future research could 
involve unraveling the underlying pathways altered 
by ELOVL1 inhibition. Our research group has 
previously demonstrated that Elovl6 depletion in 
macrophages enhances peroxisome proliferator-
activated receptor (PPAR)γ activity, and that the 
decrease in ABCA1 abundance is regulated by 
PPARγ (20). Activation of PPARγ has been shown 
to reduce the activation of innate immune cells and 
inhibit foam cell formation while promoting 
macrophage polarization towards an anti-
inflammatory phenotype (37, 62-64). Given our 
observation of reduced ABCA1 abundance 
following ELOVL1 inhibition, it is plausible that 
ELOVL1 inhibition may also trigger the activation 
of PPARγ. In addition, activation of PPARα has 
been shown to modulate the expression of ELOVL1 
and ELOVL6 (26). Considering that PPARα 
activation shares similar anti-inflammatory effects 
on macrophages as PPARγ and can elevate ABCA1 
expression (64-66), exploration of its role in 
modulating ELOVL1 in the context of MS presents 
another intriguing avenue for investigation. In 
summary, unraveling these potential lipidome and 
pathway alterations could provide valuable insights 
into the molecular mechanism resulting from 
ELOVL1 inhibition and its impact on macrophage 
function, inflammation and remyelination. 
 
CONCLUSION 

In conclusion, this study provides initial 
insights into the involvement of ELOVL1 in 
shaping the inflammatory and metabolic phenotype 
of macrophages in the context of MS. Further 
studies are necessary to deepen our understanding. 
Nevertheless, the findings of this study suggest that 
modulating FA metabolism through ELOVL 

inhibition in phagocytes can present a promising 
strategy to enhance remyelination in demyelinating 
diseases such as MS. 
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SUPPLEMENTARY MATERIALS AND METHODS 
 
Cerebellar brain slices isolation – Cerebellar brains were obtained from wild‐type C57BL/6J mouse pups 
at postnatal day 10 and 200- 300 μm sagittal slices were made, as described previously (35, 36). Brain slices 
were cultured in MEM medium supplemented with 25% horse serum, 25% Hank's balanced salt solution, 
50 U/mL penicillin/streptomycin, 1% glutamax, 12.5 mM HEPES and 1.45 g/L glucose.  
 
Primary mouse OPCs – Primary mouse OPCs were isolated from postnatal day 0 to 2 C57BL/6J pups using 
the orbital shake-off method. Briefly, cerebral cortices were enzymatically dissociated for 20 min at 37°C 
with papain (3 U/mL; diluted in DMEM and supplemented with 1 mM L-cysteine) and 20 µg/mL DNase 
I. Subsequently, the isolated mixed glial cells were cultured in DMEM supplemented with 10% FCS, 
50 U/mL penicillin/streptomycin in Poly-L-lysine (PLL, 50 µg/mL)-coated T75 culture flasks in an 
atmosphere of 37°C and 8.5% CO2. On days 4, 7, and 11, medium was changed, and starting from day 7, 
bovine insulin (5 µg/mL) was added to the cultures. On day 14, the shake-off was performed: cultures were 
first shaken at 75 rpm and 37°C for 45 min to detach microglia, followed by shaking at 250 rpm and 37°C 
for 16 h to detach OPCs. The OPC-containing supernatant was then incubated on a petri dish for 20 min at 
37°C and centrifuged at 300 g. Next, OPCs were seeded in PLL-coated wells at a density of 3 x 105 cells/ml, 
maintained in SATO proliferation medium (DMEM supplemented with 50 U/mL penicillin/streptomycin, 
2% horse serum, 0.1 mM putrescine, 0.3 mM transferrin, 0.2 µM sodium selenite, 0.5 mM L‐thyroxin, 
0.02 mM progesterone, 0.8 mM bovine insulin, 0.5 µM triiodothyronine, 2% B27 supplement, 5 ng/µL 
platelet‐derived growth factor α (PDGFα) and 5 ng/µL fibroblast growth factor (FGF)) for 2 days. Next, 
OPCs were cultured in differentiation medium (SATO medium lacking PDGFα and FGF) for 6 days. 
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Table S1 – List of reagents 

Reagents Supplier 

α-isonitrosopropiophenone Sigma-Aldrich, Bornem, Belgium 
B27 supplement In house production as described by Chen et al. 
Bovine insulin Sigma-Aldrich, Bornem, Belgium 
DAPI Invitrogen, Merelbeke, Belgium 
DiI Sigma-Aldrich, Bornem, Belgium 
DMEM high glucose medium Sigma-Aldrich, Bornem, Belgium 
Dried skimmed milk powder  Marvel, Dublin, Ireland 
EDTA Lonza, Vervier, Belgium 
ELOVL1-22 GLPBio, Montclair, USA (cat. GC49897) 
Enhanced chemiluminescence Plus detection kit Thermo Fisher Scientific, Erembodegem, Belgium 
FCS Biowest, Nuaillé, France  
FGF Peprotech, Hamburg, Germany 
Glucose  Sigma-Aldrich, Bornem, Belgium 
Glutamax Thermo Fisher Scientific, Erembodegem, Belgium 
H2SO4 Merck, Darmstadt, Germany 
H3PO4 Merck, Darmstadt, Germany 
Hank's balanced salt solution Sigma-Aldrich, Bornem, Belgium 
Hematoxylin Mayer via Sigma-Aldrich, Bornem, Belgium 
HEPES Thermo Fisher Scientific, Erembodegem, Belgium 
Horse serum Sigma-Aldrich, Bornem, Belgium 
IL4 Peprotech, Hamburg, Germany 
L-arginine Fluka, Buchs, Switzerland 
L‐thyroxin Sigma-Aldrich, Bornem, Belgium 
LPS Sigma-Aldrich, Bornem, Belgium 
Lysolecithin Sigma-Aldrich, Bornem, Belgium 
MEM medium Thermo Fisher Scientific, Erembodegem, Belgium 
MnCl2 Sigma-Aldrich, Bornem, Belgium 
N-(1-Naphthyl)ethylenediamine dihydrochloride Sigma-Aldrich, Bornem, Belgium 
ORO Sigma-Aldrich, Bornem, Belgium 
Papain Sigma-Aldrich, Bornem, Belgium 
PDGFα Peprotech, Hamburg, Germany 
Penicillin/streptomycin Sigma-Aldrich, Bornem, Belgium 
Pierce BCA protein assay kit Thermo Fisher Scientific, Erembodegem, Belgium 
Progesterone Sigma-Aldrich, Bornem, Belgium 
Protease inhibitor cocktail Roche, Mannheim, Germany 
Putrescine Sigma-Aldrich, Bornem, Belgium 
QIAzol Qiagen, Venlo, The Netherlands 
qScriptTM cDNA SuperMix Quanta Biosciences, Gaithersburg, USA 
QuickStain Protein labeling kit Amersham, Buckinghamshire, UK 
RNeasy mini kit Qiagen, Venlo, The Netherlands 
RPMI 1640 medium Gibco, Merelbeke, Belgium 
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Sodium selenite Sigma-Aldrich, Bornem, Belgium 
Sulfanilamide Sigma-Aldrich, Bornem, Belgium 
SYBR green master mix Applied Biosystems, Gaasbeek, Belgium 
Transferrin Sigma-Aldrich, Bornem, Belgium 
Triiodothyronine Sigma-Aldrich, Bornem, Belgium 
Tris-HCl Sigma-Aldrich, Bornem, Belgium 
Triton X-100 Sigma-Aldrich, Bornem, Belgium 
Tween-20 Thermo Fisher Scientific, Erembodegem, Belgium 
  

 

DAPI: 4,6′-diamidino-2-phenylindole, DiI: 3,3,39,39-tetramethylindocarbocyanine perchlorate, ELOVL: 
Elongation of very long-chain fatty acids proteins, FCS: Fetal calf serum, FGF: fibroblast growth factor, 
IL: Interleukin, LPS: lipopolysaccharide, ORO: Oil Red O, PDGFα: Platelet‐derived growth factor α. 
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Table S2 – List of primer sequences for quantitative PCR 

 Forward primer (5’ à 3’) Reverse primer (5’ à 3’) 

Abca1 CCCAGAGCAAAAAGCGACTC GGTCATCATCACTTTGGTCCTTG 
Abcg1 CAAGACCCTTTTGAAAGGGATCTC GCCAGAATATTCATGAGTGTGGAC 
Arg1 GTGAAGAACCCACGGTCTGT GCCAGAGATGCTTCCAACTG 
Cd36 GGACATTGAGATTCTTTTCCTCTG GCAAAGGCATTGGCTGGAAGAAC 
Cntf AGAGAGTGCATTTCACCCCG TCTGTTCCAGAAGCGCCATT 
CycA (HK) GCGTCTCCTTCGAGCTGTT AAGTCACCACCCTGGCA 
Elovl1 TTGGCTGAGTACCTACACCTG CTCGAACCATCCGAAGTGCTT 
Elovl2 CACGTACCTGCTCTCGATATGG TGTGATTGCGAGGTTATACAAGG 
Elovl3 TTCTCACGCGGGTTAAAAATGG GGCCAACAACGATGAGCAAC 
Elovl4 GTCCTGAACGCGATGTCCA GAGATAGAGCGTGCTTATGCTT 
Elovl5 GAACATTTCGATGCGTCACTCA GGAGGAACCATCCTTTGACTCTT 
Elovl6 GAAAAGCAGTTCAACGAGAACG AGATGCCGACCACCAAAGATA 
Elovl7 CATCGAGGACTGTGCGTTTTT GCCCAGGATGATGGTTTGTG 
Hprt1 (HK) CTCATGGACTGATTATGGACAGGAC GCAGGTCAGCAAAGAACTTATAGCC 
Igf1 TACTTCAACAAGCCCACAGGC ATAGAGCGGGCTGCTTTTGT 
Il1b GAAATGCCACCTTTTGACAGT TGGATGCTCTCATCAGCACA 
Il6 TGTCTATACCACTTCACAAGTCGGAG GCACAACTCTTTTCTCATTTCCAC 
Nos2 GGCAGCCTGTGAGACCTTTG GCATTGGAAGTGAAGCGTTTC 
Lrp1 TCAGACGAGCCTCCAGACTGT ACAGATGAAGGCAGGGTTGGT 
Ngf GGAGCGCATCGAGTTTTGG TCCTTGGCAAAACCTTTATTGGG 
Tbp (HK) ATGGTGTGCACAGGAGCCAAG TCATAGCTACTGAACTGCTG 
Tgfb1 GGGCTACCATGCCAACTTCTG GAGGGCAAGGACCTTGCTGTA 
Tnfa CCAGACCCTCACACTCAG CACTTGGTGGTTTGCTACGAC 
   

Abca1: ATP binding cassette subfamily A member 1, Abcg1: ATP binding cassette subfamily G member 1, 
Arg1: Arginase 1, Cntf: Ciliary neurotrophic factor, CycA: Cyclin A, Elovl: Elongation of very long-chain 
fatty acids proteins, HK: Housekeeping gene, Hprt1: Hypoxanthine phosphoribosyltransferase 1, 
Igf1: Insulin-like growth factor 1, Il: Interleukin, Nos2: Nitric oxide synthase 2, Lrp1: Low density lipoprotein 
receptor-related protein 1, Ngf: Nerve growth factor, Tbp: TATA-box binding protein, Tgfb1: Transforming 
growth factor beta 1, Tnfa: Tumor necrosis factor α. 



Senior internship- 2nd master BMW 

 24 

 

Table S3 – List of antibodies 

Antibody Supplier, cat. number, concentration Secondary antibody 
(Supplier, cat. number, concentration) Use 

7AAD Thermo Fisher Scientific, 00-6993-50, 
0.5 μg/ml 

-  
 

FACS 

BODIPY 
493/503 

Thermo Fisher Scientific, D3922, 2 μM -  
 

FACS 

Anti-ABCA1 Novus Biologicals, NB400-132, 1:400 Goat anti-rabbit Alexa Fluor 488  
(Invitrogen, A11008, 1:300) 

FACS 

Abcam, Ab18180, 1:500 Goat anti-mouse Alexa Fluor 555 
(Invitrogen, A28180, 1:500) 

ICC 

Anti-MBP Millipore, MAB386, 1:250 Goat anti-rabbit Alexa Fluor 488  
(Invitrogen, A11008, 1:500) 

IHC 

Anti-NF Abcam, Ab8135, 1:1000 Goat anti-rat Alexa Fluor 555  
(Invitrogen, A21434, 1:500) 

IHC 

Anti-ELOVL1 Sigma, SAB4300768, 1:2000 Goat anti-rabbit Immunoglobulins/HRP 
(Dako, P0448, 1:5000) 
 

WB 

7AAD: 7-Aminoactinomycin D, ABCA1: ATP binding cassette subfamily A member 1, ELOVL: Elongation 
of very long-chain fatty acids proteins, FACS: Fluorescence-activated cell sorting, ICC: Immunocytochemistry, 
IHC: Immunohistochemistry, MBP: Myelin basic protein, NF: Neurofilament, WB: Western blot. 
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SUPPLEMENTARY RESULTS 
 

 

 
 

Fig. S1 – Representative images of western blot analysis of ELOVL1 in murine and human 
macrophages. (A) Murine bone marrow-derived macrophages (BMDMs) and (B) human monocyte-
derived macrophages (HMDMs) that were left untreated (0 h) or treated with acute exposure (24 h) or 
with sustained exposure (72 h) to 100 μg/ml murine and 10 μg/ml human myelin, respectively (n = 3 
wells). Protein abundance of ELOVL1 was normalized for total protein by Cy5. 
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Fig. S2 – A concentration of 4 and 8 μM ELOVL1 inhibitor does not affect the viability of BMDMs. 
BMDMs were pre-treated with 4 or 8 μM ELOVL1 inhibitor or vehicle for 30 min and were subsequently 
exposed to myelin for 24 h or 72 h or left untreated. Cell viability was measured by 7AAD staining 
(n = 2-3 wells). A no-ethanol control was taken into account to assess the potential effects of ethanol. 
Data are represented as mean ± SD. *, P < 0.05; **, P < 0.01; ****, P < 0.0001; one-way ANOVA. 
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Fig. S3 – Validation of oligodendrocyte precursor cell (OPC) differentiation by myelin basic 
protein (Mbp) expression. Mbp expression was analyzed at day 0, 3, and 6 of OPC differentiation (n = 3 
wells). High Mbp expression corresponds to mature oligodendrocytes. Data are represented as 
mean ± SD. ***, P < 0.001; one-way ANOVA. 

 


