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X-linked adrenoleukodystrophy (X-ALD) is caused by mutations in the ABCD1 gene
encoding the peroxisomal ABC transporter adrenoleukodystrophy protein (ALDP).
X-ALD is characterized by the accumulation of very long-chain fatty acids (VLCFA;
>C24) in plasma and tissues. In this manuscript we provide insight into the
pathway underlying the elevated levels of C26:0 in X-ALD. ALDP transports
VLCFacyl-CoA across the peroxisomal membrane. A deficiency in ALDP impairs
peroxisomal B-oxidation of VLCFA but also raises cytosolic levels of VLCFacyl-CoA
which are substrate for further elongation. We identify ELOVL1 (elongation of
very-long-chain-fatty acids) as the single elongase catalysing the synthesis of
both saturated VLCFA (C26:0) and mono-unsaturated VLCFA (C26:1). ELOVL1
expression is not increased in X-ALD fibroblasts suggesting that increased levels
of C26:0 result from increased substrate availability due to the primary deficiency
in ALDP. Importantly, ELOVL1 knockdown reduces elongation of C22:0 to C26:0
and lowers C26:0 levels in X-ALD fibroblasts. Given the likely pathogenic effects of
high C26:0 levels, our findings highlight the potential of modulating ELOVL1
activity in the treatment of X-ALD.

INTRODUCTION

X-linked adrenoleukodystrophy (X-ALD) has several clinically
distinct phenotypes including childhood cerebral ALD (CCALD),
adrenomyeloneuropathy (AMN) and primary adrenocortical
insufficiency (Moser et al, 2001). All X-ALD patients have
mutations in the ABCDI gene (Mosser et al, 1993) encoding the
peroxisomal ABC transporter ALDP. Mutations in ALDP impair
peroxisomal B-oxidation of very long-chain fatty acids (VLCFA)
(Fourcade et al, 2009; Singh et al, 1984) resulting in elevated
levels of VLCFA in plasma and tissues (Moser et al, 1999).
Plasma VLCFA levels do not correlate with phenotype.
However, myelin from CCALD patients contains higher levels of
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C26:0, C28:0 and C30:0 compared to myelin from AMN patients
(Asheuer et al, 2005), suggesting a correlation between VLCFA
levels in the cerebral white matter and expression of the cerebral
phenotype. Interestingly, C26:0 decreases the response of
adrenocortical cells to adrenocorticotropic hormone (ACTH)
stimulation (Whitcomb et al, 1988). A pathogenic role for C26:0
is further supported by its disruptive effects on the structure,
stability and function of cell membranes (Ho et al, 1995; Knazek
et al, 1983) and by its possible contribution to oxidative stress
(Fourcade et al, 2008; Powers et al, 2005).

VLCFA accumulating in X-ALD are partly absorbed from the
diet (Kishimoto et al, 1980) but mostly result from endogenous
synthesis through elongation of LCFA (Tsuji et al, 1981).

Treatment options for X-ALD are limited. Lorenzo’s oil
reduces plasma C26:0 but does not halt progression of the
disease (Aubourg et al, 1993). Lovastatin was considered a
possible treatment (Singh et al, 1998), but a recent placebo-
controlled trial revealed that it has no effect on VLCFA
in blood cells or low-density lipoprotein (LDL)-lipoprotein
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particles (Engelen et al, 2010). Haematopoietic stem cell
transplantation can halt or reverse clinical deterioration (Peters
et al, 2004). However, it is only effective in patients with the
earliest stage of CCALD. The recent breakthrough in gene
therapy is currently only applied to CCALD (Cartier et al, 2009).
We hypothesize that preventing or reducing the formation of
C26:0 could generate new treatment options for X-ALD.

The synthesis of saturated VLCFA, mono-unsaturated
VLCFA and poly-unsaturated fatty acids (PUFA) involves
four sequential reactions. The first, rate-limiting step, is
carried out by one of seven mammalian elongases (designated
ELOVLI1-7) each with different fatty acid substrate preferences
(Jakobsson et al, 2006; Leonard et al, 2004). We set out to
(1) resolve the pathway underlying the elevated levels of C26:0
in X-ALD, (2) identify the human C26:0-specific elongase and
(3) investigate whether inhibition of this elongase reduces C26:0
levels.

RESULTS AND DISCUSSION

Ds-VLCFA levels in control and X-ALD fibroblasts

VLCFA levels are determined by the balance between degrada-
tion via peroxisomal B-oxidation and synthesis through
elongation of LCFA. X-ALD fibroblasts have residual degrada-
tion capacities of 25% for C22:0 and C24:0 and 15% for C26:0
(McGuinness et al, 2001). Surprisingly, only C26:0 levels are
increased in these cells, whereas C22:0 levels are decreased and
C24:0 levels are near-normal (Valianpour et al, 2003). These
data suggest elongation of C22:0 and C24:0 to C26:0. We
previously confirmed elongation of C24:0 to C26:0 in X-ALD
fibroblasts by measuring D3-C26:0 at 3 days of treatment with
D3-C24:0 (Kemp et al, 2005). In order to investigate the pathway
underlying the elevated levels of C26:0, we now measured
D;3-C26:0 in control and X-ALD fibroblasts at 3 days of treatment
with D3-C16:0, an LCFA. X-ALD fibroblasts had 20% lower
D;3-C22:0 levels, 7-fold higher D3;-C26:0 levels and a 9-fold
increase in D3-C26:0/D3-C22:0 ratio (Fig 1). No differences were
found for D;-C18:0, D3-C20:0 and D3-C24:0 (data not shown).
The differences observed in D3-VLCFA profiles between control
and X-ALD fibroblasts match the endogenous VLCFA profiles of
control and X-ALD fibroblasts (Valianpour et al, 2003) thus
validating this method for the study of VLCFA homeostasis in
whole cells.

C24:0-CoA and C26:0-CoA levels are elevated in X-ALD
fibroblasts

ALDP transports fatty acid-CoA across the peroxisomal
membrane in yeast (van Roermund et al, 2008). In order to
investigate whether ALDP deficiency raises cytosolic VLCFacyl-
CoA levels, we measured VLCFacyl-CoA in control and X-ALD
fibroblasts cultured with C24:0 for 24h. As a control, we
incubated the same cell lines with pristanic acid. No differences
were observed in pristanoyl-CoA levels between control and
X-ALD fibroblasts (Fig 2A) as expected based on the normal
pristanic acid oxidation in X-ALD (Kemp et al, 1998). After
incubation with C24:0, C24:0-CoA and C26:0-CoA levels
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Figure 1. D3-VLCFA levels in control and X-ALD fibroblasts.

A. D3-C22:0 levels in control versus X-ALD cell lines.

B. D3-C26:0 levels in control versus X-ALD cell lines.

C. D3-C26:0/D3-C22:0 ratio in control versus X-ALD cell lines.
Eight control and 25 X-ALD cell lines were cultured for 72 h with 50 uM
D3-C16:0. Fatty acids are in nmol/mg protein. Data are mean = SD.
*p <0.01, “*p < 0.001 by unpaired student’s t-test.

were, respectively, 8- and 14-fold higher in X-ALD fibroblasts
(Fig 2B, C). These data indicate that (1) ALDP is involved in the
transport of VLCFacyl-CoA into peroxisomes, (2) a defect in
ALDP results in increased levels of C24:0-CoA in the cytosol,
which then become available as a substrate for further elongation
to C26:0-CoA.

Human ELOVL1 is the functional orthologue of yeast Elo3p

In yeast, there are three elongases: Elolp, Elo2p and Elo3p
(Oh et al, 1997; Toke & Martin, 1996). We confirmed that Elo3p
is the elongase primarily involved in the synthesis of C26:0
from C22:0 (Oh et al, 1997) (Supporting Information Fig S1).
To identify the human ELOVL involved in C26:0 synthesis,
we expressed the seven human ELOVL proteins in the yeast
Elo3p deletion strain. Protein expression was confirmed by
Western blot analysis (Supporting Information Fig S2A). No
significant changes in fatty acid levels were observed in
transformants expressing either ELOVL2 or ELOVL?7 (data not
shown). Transformants expressing ELOVL3 had increased
C22:1 and C24:1 (Table 1). Expression of ELOVL4 increased
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C22:0 (Table 1). Transformants expressing ELOVLS had
increased C18:1, C20:1 and C22:1 (Table 1). Expression of
ELOVLG6 decreased C16:0 and increased C18:1, C18:0 and C20:0
(Table 1). Only transformants expressing human ELOVLI1 or
yeast Elo3p had a 10-fold increase in C26:0 and C26:1 and a
strong reduction in C22:0 (Table 1). Based on these results, we
conclude that human ELOVLI is the functional orthologue of
yeast Elo3p. This is in line with previous findings on mouse
ELOVLI1 (Tvrdik et al, 2000).

Figure 2. VLCFacyl-CoA levels are increased in X-ALD fibroblasts.

A. Pristanoyl-CoA levels in control versus X-ALD cell lines.

B. C24:0-CoA levels in control versus X-ALD cell lines.

C. C26:0-CoA levels in control versus X-ALD cell lines.
Fatty acyl-CoAs are in pmol/mg protein. Data are mean & SD in 3 control
and 6 X-ALD cell lines.
***p < 0.001 by unpaired student’s t-test.

ELOVL1 expression in CHO cells increases VLCFA levels

To further investigate the function of the seven human ELOVL
proteins in VLCFA biosynthesis in higher eukaryotes, we stably
expressed them in Chinese hamster ovary (CHO) cells.
Expression was confirmed at the cDNA level by RT-PCR (data
not shown). CHO cells expressing ELOVL3, ELOVL4 or ELOVL?7
had the same fatty acid profiles as mock-transfected cells (data
not shown). CHO cells expressing ELOVL2 had reduced C22:5
and increased C24:4, C24:5 and C24:6 (Table 2), confirming
ELOVL2’s role in PUFA metabolism (Kobayashi et al, 2007).
CHO cells expressing ELOVLS5 had increased C20:1 and C22:1
(Table 2). CHO cells expressing ELOVLG6 had reduced C14:0 and
C16:0 and increased C18:0 (Table 2), confirming ELOVL6’s role
of LCFA elongase (Moon et al, 2001). CHO cells expressing
ELOVLI1 had markedly increased C26:1, C24:0, C26:0 and C28:0
along with reduced C20:1, C22:1 and C24:1 (Table 2). This
further supports our conclusion that ELOVLI is involved in
C26:0 synthesis and extrapolates our findings in yeast to
mammalian cells.

Increased C26:0 synthesis in CHO cells expressing ELOVL1

To establish whether human ELOVLI is the only elongase
synthesizing C26 fatty acids, we assessed VLCFA synthesis
using D;-C16:0. No differences with mock-transfected CHO
cells were observed for ELOVL2, ELOVL4 and ELOVL?7
(data not shown). CHO cells expressing ELOVL3 had increased
D3-C20:0 and D;3-C22:0 (Table 3), in line with previous findings
for mouse Elovl3 (Westerberg et al, 2004). CHO cells expressing
ELOVLS had increased D;-C20:1 and D3-C22:1 (Table 3), in
line with the results presented in Tables 1 and 2. CHO

Table 1. Fatty acid levels in Elo3p mutant yeast transformed with human ELOVL proteins and yeast Elo3p

ELOVL1 ELOVL3 ELOVL4 ELOVL5 ELOVL6 ScELO3
C18:1 — — — 170%"" 170%""" —
C20:1 — — — 380%"" — —
C22:1 — 340%"" — 220%" — —
C24:1 810%"" >1000%""" — — — —
C26:1 830%"" — — — — >1000%"""
C16:0 — — — — 51%"" —
C18:0 — — — — 160%™ —
C20:0 — — — — 160%" 20%"
C22:0 45%" — 140%" — — 15%"""
C24:0 >1000%""" — — — — —
C26:0 >1000%""" — — — — >1000%"""
C28:0 — — — — — >1000%""

Data are presented only for those transformants for which the ANOVA p-value was <0.05. No significant changes were observed in transformants expressing
either ELOVL2 or ELOVL7. For each elongase, at least three independent clones were analysed. Results are expressed as percentage relative to the amount
measured in BY4742Aelo3 yeast. ‘p < 0.05, “'p < 0.01 and “p < 0.001 by ANOVA followed by Dunnett’s multiple comparison test compared with BY4742Aelo3.
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Table 2. Fatty acid levels in CHO clones expressing human ELOVL proteins

ELOVL1 ELOVL2 ELOVLS ELOVL6
C22:5 — 28%"" — —
C24:4 — >1000%""" — —
C24:5 — >1000%""" — —
C24:6 — 510% " — —
C20:1 39%"" — 150%™ —
C22:1 56%""" — 129%" —
C24:1 62%""" — — —
C26:1 >1000%""" — — —
C14:0 — — — 22%"
C16:0 164%"" — — 38%""
C18:0 147%™ — — 135%"
C24:0 239%""" — — —
C26:0 >1000%""" — — —
C28:0 >1000%""" — — —

Data are presented only for those transfectants for which the ANOVA
p-value was <0.05. CHO cells expressing ELOVL3, ELOVL4 or ELOVL7 had
the same fatty acid profiles as the mock-transfected CHO cells. For each
elongase, at least three independent clones were analysed. Results
are expressed as percentage relative to the amount measured in
mock-transfected CHO cells. “p < 0.05, “p < 0.01 and “*“p < 0.001 by ANOVA
followed by Dunnett's multiple comparison test compared with
mock-transfected CHO cells.

cells expressing ELOVL6 had increased D;-C18 fatty acids
(Table 3), confirming ELOVLG’s role of LCFA elongase (Moon
et al, 2001). Interestingly, CHO cells expressing ELOVLG also
had significantly increased D;-C20 and D;-C22 fatty acids
(Table 3), a previously unreported finding. Our data thus
indicate a broader substrate range for ELOVL6 than previously
recognized.

CHO cells expressing ELOVL1 had a 2-fold increase in
D3-C24:0 and a 10-fold increase in D;-C26:0, D3-C28:0 and

Table 3. Fatty acid synthesis in CHO clones expressing human ELOVL

proteins

ELOVL1 ELOVL3 ELOVL5 ELOVL6
D3-C18:1 — — — 145%"
D5-C20:1 29%"* — 180%" 150%""
D3-C22:1 33%"" — 160%™ 170%""
D5-C24:1 35%"" — — —
D3-C26:1 >1000%""" — — —
D5-C18:0 — — — 170%"*
D3-C20:0 200%"" 220%"" —_ 180%""
D5-C22:0 — 150%"" — 170%"
D3-C24:0 230%"" — — —
D5-C26:0 >1000%""" — — —
D3-C28:0 >1000%""" — — —

Data are presented only for those transfectants for which the ANOVA p-value
was <0.05. No differences with mock-transfected CHO cells were observed for
ELOVL2, ELOVL4 and ELOVL7. For each elongase, at least three independent
clones were analysed. Results are expressed as percentage relative to the
amount measured in mock-transfected CHO cells. “p <0.05, *p < 0.01 and
“*p<0.001 by ANOVA followed by Dunnett’s multiple comparison test
compared with mock-transfected CHO cells.
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D3-C26:1 (Table 3). These data provide convincing evidence in
favour of ELOVLI as the sole elongase involved in the
biosynthesis of both C26:0 and C26:1.

ELOVL3 expression is restricted to brown adipose tissue, liver
and skin (Tvrdik et al, 2000). ELOVL4 is involved in the
synthesis of >C28 fatty acids and C28-C38 VLC-PUFAs (Agbaga
et al, 2008; Vasireddy et al, 2007). It is expressed predominantly
in retina, brain and sperm (Tvrdik et al, 2000; Vasireddy et al,
2007; Zhang et al, 2001). Considering the omnipresence of
saturated and mono-unsaturated VLCFA and the ubiquitous
expression pattern of both ELOVL1 (Tvrdik et al, 2000) and
ELOVL6 (Moon et al, 2001), we conclude that VLCFA are
synthesized from LCFA via the concerted action of ELOVLG6
(C18:0-C22:0) and ELOVL1 (C24:0-C26:0).

ELOVL1 expression is not elevated in X-ALD fibroblasts

To rule out that the increase in C26:0 is caused by elevated
expression of ELOVLI1, we analysed ELOVL1 expression in
control and X-ALD fibroblasts at mRNA and protein level.
ELOVLI mRNA was 20% lower in X-ALD fibroblasts (Fig 3A).
However, this was not statistically significant. Overall ELOVL1
protein was not increased in X-ALD fibroblasts (Fig 3B). Some
X-ALD cell lines even had markedly lower ELOVL1 expression.

ELOVL1 knockdown reduces C26:0 levels in X-ALD fibroblasts
We investigated the effect of ELOVL1 knockdown on C26:0
levels using siRNA. The efficacy of ELOVLI siRNA was assessed
by Western blot analysis. ELOVL1 protein expression was
reduced by 80% at 6 days of treatment (Fig 4A). Treatment with
control siRNA did not affect ELOVLI expression (Fig 4B). The
potential cytotoxic effect of ELOVL1 knockdown was analysed
by comparing the effect of control and ELOVL1 siRNA on cell
proliferation. ELOVL1 knockdown reduced cell proliferation by
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Figure 3. ELOVL1 expression is not increased in X-ALD fibroblasts.

A. ELOVL1 mRNA expression in 6 control and 9 X-ALD cell lines. Data are
mean £ SD.

B. ELOVL1 protein expression in control and X-ALD cell lines. (+) positive
control: CHO cells expressing ELOVLI.
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Figure 4. ELOVL1 knockdown reduces C26:0 levels in X-ALD fibroblasts.

A. ELOVL1 expression in X-ALD fibroblasts cultured for 3, 4, 5 or 6 days in
medium devoid of (=) or supplemented with (+) ELOVL1 siRNA.

B. ELOVL1 expression in X-ALD fibroblasts which were untransfected (—) or
transfected (+) with siRNA targeting either cyclophilin-B (control) or
ELOVLI.

C. Effect of control siRNA (white bars) or ELOVL1 siRNA (grey bars) on cell
proliferation in comparison with untransfected cells (black bars).

D. D3-C26:0 levels in ELOVL1 siRNA transfected (grey bars) versus
untransfected (black bars) X-ALD fibroblasts.

E. C26:0 levels in control and X-ALD fibroblasts which were untransfected
(black bars) and in X-ALD fibroblasts which were transfected with either
control siRNA (white bars) or ELOVL1 siRNA (grey bars). Fatty acids are in
nmol/mg protein. Data are mean = SD. ***p < 0.001 by unpaired student’s
t-test.
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10% at 6 days of treatment (Fig 4C). The effect of ELOVL1
knockdown on C26:0 synthesis was determined by culturing 3
different X-ALD cell lines for 7 days with ELOVLI siRNA, adding
D5-C22:0 at day 5. ELOVLI1 knockdown reduced D;-C26:0
levels by, respectively, 40, 32 and 35% (Fig 4D). Finally,
the effect of ELOVL1 knockdown on endogenous C26:0 levels
was determined at 10 days of ELOVLI1 siRNA treatment. C26:0
levels were reduced by 36, 25 and 38% in the three X-ALD
cell lines transfected with ELOVL1 siRNA (Fig 4E). These
experiments demonstrate that ELOVL1 knockdown reduces
elongation from C22:0 to C26:0 and lowers C26:0 levels in
X-ALD fibroblasts. However, it should be noted that these levels
are still twice as high as in untransfected control fibroblasts
(Fig 4E).

This indicates that low levels of ELOVLI can still account for
considerable C26:0 synthesis. It remains to be determined
whether pharmacological inhibition of ELOVLI could be more
effective. Hence, future research should focus on the identifica-
tion of a specific ELOVLI1 inhibitor. Further experiments in
X-ALD mice will be necessary to investigate the in vivo potential
of ELOVLI inhibition on VLCFA levels in tissues.

Concluding remarks

ALDP transports VLCFacyl-CoA across the peroxisomal mem-
brane. A deficiency in ALDP impairs peroxisomal B-oxidation of
VLCFA but also raises cytosolic levels of VLCFacyl-CoA which
are then further elongated by ELOVLI, the human C26-specific
elongase. ELOVL1 expression is not increased in X-ALD
fibroblasts. Thus, increased substrate availability caused by
the primary deficiency in ALDP appears to underlie the elevated
C26 levels in X-ALD. Importantly, ELOVL1 knockdown reduces
elongation of C22:0 to C26:0 and lowers C26:0 levels in X-ALD
fibroblasts. Given the apparent harmful effects of high C26:0
levels, further research is now warranted to investigate
ELOVL1’s therapeutic potential for X-ALD.

MATERIALS AND METHODS

Chemicals

A polyclonal antibody against C-terminal amino acids of human
ELOVL1 (LQQNGAPGIAKVKAN) was generated by Eurogentec (Liege,
Belgium).

Measurement of C24:0-CoA, C26:0-CoA and pristanoyl-CoA
levels

Analysis of VLCFacyl-CoA esters was performed using MS/MS. Control
and X-ALD fibroblasts were cultured for 24 h with either 15 uM C24:0
or 25 M pristanic acid. For each CoA measurement, cells from 4x
T162 flasks were harvested, pooled, washed with cold PBS, snap
frozen and stored at 80°C. Acyl-CoA measurements were done as
described (van Roermund et al, 2008). Quantification was based on
monitoring typical MS/MS fragment ions: m/z 508.5 —m/z 79.0 for
C17-CoA (internal standard), m/z 529.5 — 79.0 for pristanoyl-CoA, m/z
557.5—m/z 79.0 for C24:0-CoA and m/z 571.5—m/z 79.0 for
C26:0-CoA.

EMBO Mol Med 2, 90-97 www.embomolmed.org
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PROBLEM:

X-linked adrenoleukodystrophy (X-ALD) is a demyelinating
disease caused by mutations in the ABCD1 gene encoding the
peroxisomal membrane protein ALDP. Peroxisomal beta-
oxidation of very long-chain fatty acids (VLCFA, >22 carbons) is
thereby impaired in these patients resulting in high VLCFA levels
in plasma and tissues. Treatment options are limited.

RESULTS:

The authors postulate that preventing or reducing the formation
of VLCFAs (e.g. C26:0) could represent an interesting therapeutic
approach to this disease. They demonstrate that C24:0-CoA and
C26:0-CoA are elevated in patient cells and identify ELOVL1 as

Cloning of the seven human elongases and yeast ELO3

The complete open reading frame (ORF) of the seven human elongases
were PCR amplified from cDNA from HepG2 cells (ELOVLI, 2, 3, 5 and
6), fibroblasts (ELOVL4) or NCI-H295R cells (ELOVL7, kindly provided by
Dr A. Pujol). Yeast ELO3 ORF was amplified from BY4247 cDNA.
Restriction site-tagged primers were used for sub-cloning of the ORFs
(Supporting Information Table S1). Amplicons purified from agarose
gel were cloned in pGEM-T and sequenced. N-terminal and C-terminal
FLAG-tagged ELOVL proteins were generated using specific primers
(Supporting Information Table S1).

Expression of human ELOVL in yeast

Wild type yeast (BY4742), Elolp (BY4742Aelol), Elop2 (BY4742Ael02)
and Elo3p (BY4742Aelo3) deletion strains were from the EUROSCARF
library. The seven human ELOVL ORFs were cloned into the yeast pYC2/
CT expression vector and transformed in the BY4742Aelo3 strain
using the lithium acetate procedure. In pYC2/CT, expression is under
the control of the GALI promoter: inactive under glucose conditions
and activated when galactose is added to the medium. After 24 h, the
ODg0o of the different cultures was determined. For VLCFA analysis an
amount of cells equivalent to an ODggp of 1.0 was used.

Expression of human ELOVL in CHO cells

CHO cells stably expressing human ELOVL proteins were generated
with the Flp-In™ system (Invitrogen). ORFs were cloned into the
pcDNAS/FRT vector. Transfection and selection of three independent
clones per ELOVL were performed according to the manufacturer’s
manual.

Fibroblasts and culture conditions

Human skin fibroblasts were obtained from X-ALD patients (aged 23—
63) through the Neurology Outpatient Clinic of the Academic Medical
Center. Written informed consent was received from each patient.
X-ALD diagnosis was confirmed by VLCFA and ABCD1 mutation
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the single elongase catalysing the synthesis of both saturated
VLCFA (C26:0) and mono-unsaturated VLCFA (C26:1). Finally,
they show that ELOVL1 knockdown reduces elongation of C22:0
to C26:0 and lowers C26:0 levels in X-ALD fibroblasts.

IMPACT:

As the authors discuss, ALDP deficiency in X-ALD has two major
effects: itimpairs peroxisomal beta-oxidation of VLCFA and at the
same time provides the substrate for further elongation. Given
the apparent harmful effects of high C26:0 levels, further
research is now warranted to investigate ELOVL1’s therapeutic
potential for X-ALD.

analysis. Control fibroblasts were from male anonymous volunteers
(aged 20-50). Cells were grown in HAMF10 supplemented with 10%
foetal calf serum, 25mM HEPES, 100U/ml penicillin, 100 U/ml
streptomycin and 2mM glutamine. Cell lines were used between
passage numbers 6 and 20.

Synthesis and analysis of VLCFA

Synthesis of D3-VLCFA in whole cells was measured using
Ds-palmitate (D3-C16:0; Cambridge Isotope Laboratories). A
12.5 mM stock solution in dimethyl sulfoxide (DMSO) was prepared.
Cells were seeded at 40% confluency in T75 flasks. The next day, medium
was refreshed and 50 uM D3-C16:0 was added. After 72 h, cells were
harvested and VLCFA analysed as described (Valianpour et al, 2003).

Quantitative RT-PCR of ELOVL1 mRNA levels

ELOVLI mRNA levels in control and X-ALD fibroblasts growing in log
phase were determined as described (Engelen et al, 2008) with primer
sets (ELOVL1-31F and 330R) and (36B4-F and 36B4-R) (Supporting
Information Table S1).

ELOVL1 knockdown using siRNA

Target sequences for the human-specific ELOVL1 Accell SMARTpool
SiRNA mixture (Dharmacon) were GCAUCAUGGCUAAUCGGAA,
CGUGGCUUCAUGAUUGUCU, CUAUGAGUUCCUGAUGUCG and
CGUGCAUGUCAUAAUGUAC. siRNA targeting cyclophilin B was used
as a control. Fibroblasts were transfected with siRNA (1 wM) following
the manufacturer’s instructions.

Assessment of cell proliferation

Fibroblasts were seeded at 5000 cells per well in a 48-well plate. The
next day, siRNA was added to the medium. Cells were cultured with
SiRNA for 3 and 6 days. Proliferation was measured with a CellTiter 96
AQ assay kit (Promega).
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