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Abstract

Introduction: Next generation sequencing technologies allow detection of very rare pathogenic gene variants and uncover cere-
bral palsy. Herein, we describe two siblings with cerebral palsy due to ELOVL1 splice site mutation in autosomal recessive manner.
ELOVL1 catalyzes fatty acid elongation to produce very long-chain fatty acids (VLCFAs; �C21), most of which are components of
sphingolipids such as ceramides and sphingomyelins. Ichthyotic keratoderma, spasticity, hypomyelination, and dysmorphic facies
(MIM: 618527) stem from ELOVL1 gene deficiency in human.

Methods: We have studied a consanguineous family with whole exome sequencing (WES) and performed in depth analysis of
cryptic splicing on the molecular level using RNA. Comprehensive analysis of ceramides in the skin stratum corneum of patients
using liquid chromatography-tandem mass spectrometry (LC–MS/MS). ELOVL1 protein structure was computationally modelled.

Results: The novel c.376-2A > G (ENST00000372458.8) homozygous variant in the affected siblings causes exon skipping. Com-
prehensive analysis of ceramides in the skin stratum corneum of patients using LC–MS/MS demonstrated significant shortening of
fatty acid moieties and severe reduction in the levels of acylceramides.
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Discussion: It has recently been shown that disease associated variants of ELOVL1 segregate in an autosomal dominant manner.
However, our study for the first time demonstrates an alternative autosomal recessive inheritance model for ELOVL1. In conclu-
sion, we suggest that in ultra-rare diseases, being able to identify the inheritance patterns of the disease-associated gene or genes can
be an important guide to identifying the molecular mechanism of genetic cerebral palsy.
� 2022 The Japanese Society of Child Neurology Published by Elsevier B.V. All rights reserved.
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1. Introduction

Very long-chain fatty acids (VLCFAs) contain 21 or
more carbons (�C21) and constitute a small part of the
total amount of fatty acids in the cell. Although
VLCFAs are less abundant than long-chain fatty acids
(LCFAs; C11–C20), they have important functions that
cannot be substituted by LCFAs. Different biological
membranes require different chain-lengths and degrees
of unsaturation of VLCFAs [1–4]. Saturated and
monounsaturated C22–C24 VLCFAs are the compo-
nents of sphingolipids (ceramides, sphingomyelins, gly-
cosphingolipids, etc), whereas polyunsaturated
VLCFAs such as docosahexaenoic acid (C22:6) are con-
stituents of glycerophospholipids [3,4]. The mammalian
fatty acid (FA) elongase family (ELongation Of
VLCFA; ELOVL1–7) proteins are responsible for the
synthesis of VLCFAs. ELOVL1, 5, and 6 are expressed
ubiquitously, and rest of the others (ELOVL2, 3, 4, and
7) are tissue specific [5]. ELOVL1 primarily catalyzes the
elongation of C20–C24 saturated and monounsaturated
VLCFAs [6]. Galactosylceramides are one of the most
abundant lipids in myelin in the white matter and pre-
dominantly contain C22 and C24 VLCFAs, which are
synthesized by ELOVL1 [3,4,7]. Therefore, ELOVL1 is
essential for the nervous system [1,2,7].

The sphingolipid backbone ceramides are composed
of a long-chain base and an FA. Ceramides with
�C26 VLCFAs synthesized by ELOVL1 and ELOVL4
constitute the extracellular lipid lamellae in the epider-
mal stratum corneum (SC) and are essential for epider-
mal permeability barrier (skin barrier) [8–10]. In the SC,
there are various ceramide classes differing in long-chain
base and FA moieties [11]. Of these, the epidermis-
specific x-O-acylceramides (acylceramides) and
protein-bound ceramides are especially important for
skin barrier function. Acylceramides have a unique three
hydrophobic chain structure, where an x-hydroxy C28–
C36 VLCFA is esterified with a linoleic acid. Some acyl-
ceramides are metabolized to protein-bound ceramides,
which are covalently bound to the cornified envelope
in corneocytes (enucleated dead keratinocytes in the
SC) [11,12]. Protein-bound ceramides are considered to
hold the extracellular lipid lamellae on the surface of
corneocytes. Whole body knockout (KO) of Elovl1

causes reduction in the amount of epidermal acylce-
ramides to about a quarter, leading to neonatal lethality
due to abnormal skin barrier in mice [10]. KO of Elovl1
in tissues other than the epidermis causes dry eye and
neurological phenotypes, such as startle epilepsy,
hypomyelination in large-diameter axons in the corpus
callosum, and poorer motor coordination [7,13]. In
human ELOVL1 heterozygous missense mutation (p.
Ser165Phe) causes an ultra-rare skin (ichthyosis) and
brain disease (OMIM 618527) [14,15], although the
exact pathomechanism, whether it is caused by haploin-
sufficiency or gain of function, has not been known yet.
In societies where rate of parental consanguinity is high,
including Turkey, there is increased probability of
observing ultra-rare diseases due to identical by descent
inheritance of rare pathogenic variants from the carrier
but unaffected parents. Herein, we aimed to elucidate
the variation in molecular and pathophysiological
aspects of ceramide composition in a consanguineous
family from Turkey triggered by the by the pathogenic
ELOVL1 mutation, which was shown to be inherited
recessively for the first time.

2. Material and Methods

2.1. Patients

Patient 1-a nine year old girl was evaluated in outpa-
tient cerebral palsy center of Spastic Children’s Founda-
tion of Turkey due to her movement difficulties. She was
born to unaffected parents who are first degree cousins.
Her past medical history was indicative of delayed
motor developmental milestones, which had been
accompanied by tremor. Her head control could be pos-
sible by the age of nine months and she could sit inde-
pendently at about 20 months of age. Her history as
reported by her parents was indicative of head tremor
with head control. The tremor accompanying voluntary
movements had spread to the whole body in accordance
with her motor development from upper to lower
extremities. She could never walk independently due to
her involuntary movements. Her mental development
milestones were normal. Intermittent urinary inconti-
nence was present. Parents also reported dry, scaly skin
problems especially in the first years after her birth.

In her clinical examination, titubation and tremor
were remarkable. She had phenotypic happy face with
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wide forehead, down slanting palpebral fissures, tubular
nose with anteverted nares, low-set ears, long philtrum,
and thin upper limp (Supplementary Fig. S1). Cranial
nerves were intact. She had horizontal high-frequency
low-amplitude nystagmus and prominent cerebellar dys-
arthria. There was extremity ataxia and high amplitude,
short lasting, arhythmic ataxic extremity tremor emerg-
ing throughout the body, which became more evident
with movement (Supplementary Video). Deep tendon
reflexes were brisk at the low extremities. Spontaneous
extensor toes were present. Mild ichthyotic skin was pre-
sent at her back and abdomen. There were dark, coarse
hyperkeratotic skin at her knees (Supplementary
Fig. S1). Spasticity at the lower extremities showed a
slight progression in the last four years.

Patient 2 was the 5-year-old brother of the patient 1.
He had a similar developmental history, phenotypic
appearance and neurological symptoms with his older
sister. (Supplementary Fig. S1). He also could never able
to walk even with assistance due to more prominent
Fig. 1. Brain MRI findings of the patients. (a) T2-weighted axial image of th
Basal ganglias and thalami are seen relatively hypointense due to hypomyle
section is nearly normal except delayed hyper-intensity in the white matter of
on T2-weighted axial image of the patient 1 at the age of six. (d) Diffuse white
image of the patient 2 at the age of three. (e) T1-weighted axial image of
subcortical white matter broadly. (f) Coronal cerebellar T2-weighted brain
medullary (red arrow). (For interpretation of the references to color in this
pyramidal involvement and mild flexion contractures
in his knees.

Both patients were screened for inborn errors of
metabolism and mitochondrial disorders with the results
being within normal limits. Motor and sensory nerve
conduction studies were also normal. There was sen-
sorineural hearing loss at high frequencies. In their brain
MRI, there was cerebral and cerebellar hypomyelination
(Fig. 1). The family had been recruited to this study
upon receiving written informed consents from or for
all family members in accordance with the Declaration
of Helsinki. The study protocol was approved by ethics
committees of Acibadem Mehmet Ali Aydinlar Univer-
sity (ATADEK 2019-15/9) and Hokkaido University
(permit no. 2019-005).

2.2. Molecular genetic studies of ELOVL1

DNA isolation from peripheral blood was performed
by using QIAamp DNA mini kit (Qiagen, Germany).
e parent 1 shows diffuse white matter hyper-intensity at the age of six.
lination of the white matter. (b) T1-weighted axial image of the same
the brain. (c) Cerebellar white matter hypo-intensities (red arrows) seen
matter hypo-intensity at the level of centrum semiovale seen on T2 axial
the centrum semiovale section shows decreased hyper-intensity in the

image shows hypo-intensity due to hypomyelination of the corpus
figure legend, the reader is referred to the web version of this article.)
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Whole exome sequencing (WES) was performed for the
affected sib pair. Exonic DNA was captured with the
xGen� Exome Research Panel v1.0 and sequenced on
the Illumina NovaSeq platform. Exome data analysis
was completed using our in-house pipeline (https://
github.com/AcuRARE/acugen). For recessive inheri-
tance analysis, all shared rare variants with a carrier fre-
quency expected for an ultra-rare recessive disorder
(alternative allele frequency; AAF < 0.14%) were filtered
[16]. For dominant inheritance model, all novel and
shared variants were filtered. These variants were then
re-annotated with ENSEMBL Variant Effector Predic-
tor Tool (VEP) for both detecting the consequence of
these variants on current transcript versions and retriev-
ing up-to-date population frequency data. Sequence val-
idation and segregation analyses were performed via
Sanger sequencing for the determined variant using
standard procedures.

For RNA based studies, RNA was isolated from
fresh blood samples of all family members manually
via the Trizol (Invitrogen) method. cDNA synthesis
was performed by using random hexamers (Roche Diag-
nostics, Mannheim, Germany) and MMLV reverse tran-
scriptase (MBI Fermentas, Lithuania) according to the
manufacturer’s protocol. Primer pairs residing on exon
4 (ENSE00003499131) and exon 7 (ENSE00003554824)
of ELOVL1 were designed to investigate the possibility
of cryptic splicing. Resulting amplicons derived from
cDNA were run on 2% agarose gels and Sanger
sequenced to detect the effect of detected variant on
ELOVL1 splicing.

For all ELOVL1 based annotations the MANE select
transcript (ENST00000372458.8; NM_022821.4) has
been used.

2.3. Epidermal SC ceramide analyses

The SC samples were collected from the forearms of
the patients and parents by tape stripping method, as
described previously [17]. Each tape strip was subjected
to lipid extraction, and ceramide and protein-bound cer-
amide species were measured through liquid chromatog-
raphy–tandem mass spectrometry (LC–MS/MS), as
described previously [17].

2.4. Computational modelling of ELOVL1

ELOVL1 protein structure was modelled via thread-
ing using the I-TASSER (Iterative Threading ASSEm-
bly Refinement) server [18]. Five models were
generated, and best model was selected based on com-
parison of C-score, TM-Score, and cluster densities.
Modelled protein structure was visualized with Visual
Molecular Dynamics (VMD) software and compared
to the crystal structure of human fatty acid elongase 7
(ELOVL7, PDB ID: 6Y7F) [19] as the closest and only
homologue deposited in the PDB database [20]. Possible
ligand binding sites/active site tunnels and tunnel form-
ing residues within the modelled enzyme structure were
predicted via Mole 2.0 and Caver3 tools [21,22].

3. Results

3.1. WES data analysis and detection of cryptic splicing in

ELOVL1

As a first step in the WES analysis, shared and
heterozygous variants were analyzed, as OMIM data-
base reports autosomal dominant inheritance for
ELOVL1 variants associated with ichthyotic kerato-
derma, spasticity, hypomyelination, and dysmorphic
facies (MIM: 618527). Then, WES data was examined
for possible autosomal recessive candidate variants.
These analyses revealed a shared, novel and homozy-
gous splice acceptor variant in the fifth intron of
ELOVL1 composed of seven exons
(ENST00000372458.8:c.376-2A > G). Segregation anal-
ysis with Sanger sequence both verified homozygosity in
the patients and showed carrier status for the parents
(Supplementary Figs. S2 and S3). The SpliceAI tool uti-
lized through Ensembl-VEP predicted high confidence
for both a potential splicing acceptor gain and loss effect
for this variant [23]. Therefore, we have performed in
depth analysis of cryptic splicing on the molecular level
using RNA extracted from freshly obtained peripheral
blood of all four family members. This analysis was sug-
gestive for loss of exon 6 as detected both in agarose gel
electrophoresis and Sanger sequencing providing evi-
dence for splice acceptor loss (Fig. 2).

3.2. Epidermal ceramide analyses

To investigate the effect of the recessive ELOVL1

mutation on VLCFA synthesis in the patients’ epider-
mis, we comprehensively analyzed the SC ceramides by
LC–MS/MS. There are five types of long-chain bases
(dihydrosphingosine [DS], sphingosine [S], phytosphin-
gosine [P], 6-hydroxy sphingosine [H], and 4,14-
sphingadiene [SD]) and five types of FAs (non-
hydroxy FA [N], a-hydroxy FA [A], x-hydroxy FA
[O], esterified x-hydroxy FA [EO], and protein-bound
x-hydoxy FA [P-O]) that constitute human ceramides
(Fig. 3a), resulting in 20 classes of non-protein-bound
ceramides and 5 classes of protein-bound ceramides
[11]. Each ceramide class is represented by a combina-
tion of long-chain base and FA abbreviations. All acyl-
ceramide classes (EOH, EOS, EOP, EODS, and EOSD)
were greatly reduced in the patients’ SCs compared to
the parents (Fig. 3b and Supplementary Tables S1,
S2). These lower quantities of acylceramides in the
patients than in the parents were observed irrespective
of FA chain-length (C26–C36), as shown in EOS

https://github.com/AcuRARE/acugen
https://github.com/AcuRARE/acugen


Fig. 2. (a) Agarose gel electrophoresis of amplicons derived via PCR of cDNAs obtained from family members and a control individual. Primers
within exon 5 and 7 result in a PCR product of 279 base pairs (bp) in the control individual (C). Amplicons for both patients (P1 and P2) are shorter
than expected, while there is heterozygosity for amplicons of parents (F and M). (b) The amplicon for each patient is Sanger sequenced which is
indicative for the loss of exon 6 in cDNA samples. (c) The exon–intron structure of ELOVL1 (ENST00000372458.8) is shown schematically on the
genome level (modified from Ensembl release 104 - May 2021). The position of the variation on the genome level is depicted with an asterisk. The
early stop codon encoded in exon 7 due to cryptic splicing is marked with a blue arrow. The potential amino acid sequences of the reference protein
(ENSP00000361536.3) and the predicted truncated protein of 133 amino acids are also given. Blue highlighting indicates alternating exons and red
highlighting indicates amino acids encoded across a splice junction as in CCDS database. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)
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(Fig. 3c), for example. In contrast, the amounts of most
non-acylated ceramides were similar between patients
and parents (Fig. 3b). Exceptionally, the amounts of
NH and ADS ceramides were slightly lower in patients
than in the parents. When the total FA composition of
non-protein-bound ceramide classes was compared
between the parents and patients’ SCs, ceramides with
�C25 fatty acid were reduced and those with �C23 were
Fig. 3. Changes in ceramide profile in the patients’ stratum corneum. (a) Stru
acids (left), long-chain bases (middle), and NDS ceramide (upper right). Nom
non-protein-bound ceramides (with N, A, O, or EO type fatty acid moiety
moiety). Each ceramide class is represented as a combination of the abbrev
Typically, ‘‘n” is 1–9 for ceramides with N or A type fatty acid moiety (total ca
(total carbon chain-length; 28–36). (b–e) Stratum corneum samples were co
From each tape strip, lipids were extracted and subjected to ceramide measur
Quantity of each non-protein-bound ceramide class. Inset is an enlarged graph
EOS class. (d) Total fatty acid composition of non-protein-bound ceramide
acids with the indicated chain-length. (e) Quantity of each protein-bound cer
the parents are indicated (** p < 0.01; * p < 0.05; Student’s t-test). Data for
increased (Fig. 3d), indicating that ELOVL1 is impor-
tant for the elongation of fatty acids from C23/C24 to
C25/C26 in the epidermis. In contrast to the large
decreases in acylceramides, the quantities of protein-
bound ceramide classes (P-OS, P-OH, P-OP, P-OSD,
and P-ODS) were comparable between the parents and
patients’ SCs (Fig. 3e and Supplementary Tables S3,
S4).
cture and nomenclature of ceramides. Shown are the structures of fatty
enclature of 25 ceramide classes (lower right), comprising 20 classes of
) and 5 classes of protein-bound ceramides (with P-O type fatty acid
iations corresponding to its fatty acid and long-chain base moieties.
rbon chain-length; 16–24) and 13–21 for those with O, EO, or P-O type
llected from two patients and their parents by tape stripping method.
ement through liquid chromatography–tandem mass spectrometry. (b)
of 5 EO type ceramides (acylceramides). (c) Fatty acid composition of

classes. Each bar is the sum of saturated and monounsaturated fatty
amide class. Values represent means ± SD. Significant differences from
all ceramides measured are provided in Supplementary Tables S1–S4.

"
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3.3. Computational modelling of truncated ELOVL1

The splice-site mutation was predicted to affect splic-
ing both by in silico tools and functional analysis of
patient derived cDNA samples. Based on these points,
we have investigated that the homozygous splice site
mutation through a mutant transcript in the blood tissue
within the family. The loss of exon 6 causes a shorter
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protein product with the loss of 154 amino acids and an
addition of 8 new amino acids to the C terminus instead.
Effect of the splice site mutation on the protein structure
and function was further analyzed via computational
modelling of the ELOVL1 protein. I-TASSER was used
to model the protein structure. The closest and only
homologue of the ELOVL1 with a determined 3D struc-
ture was ELOVL7 (PDB ID: 6Y7F) [19]. I-TASSER
predicted the best model with a C-score of 0.52, a
TM-score of 0.78 ± 0.09. Structural alignment of
ELOVL7 with ELOVL1 were shown in Fig. 4a with
the OFN (�{S}-[2-[3-[[(2�{R})-4-[[[(2�{R},3�{S},4�
{R},5�{R})-5-(6-aminopurin-9-yl)-4-oxidanyl-3-phos
phonooxy-oxolan-2-yl]methoxy-oxidanyl-phosphoryl]o
xy-oxidanyl-phosphoryl]oxy-3,3-dimethyl-2-oxidanyl-b
utanoyl]amino]propanoylamino]ethyl] 3-oxidanylidene-
icosanethioate) ligand from 6Y7F to indicate the struc-
tural similarity of both proteins. Ribbon and surface
representation models of the ELOVL1 structure were
Fig. 4. a) Structural alignment of modelled ELOVL1 structure with ELOVL
ELOVL1 structure c) Surface representation models of the ELOVL1 struct
amino acids, Blue: OFN (�{S}-[2-[3-[[(2�{R})-4-[[[(2�{R},3�{S},4�{R},5
methoxy-oxidanyl-phosphoryl]oxy-oxidanyl-phosphoryl]oxy-3,3-dimethyl-2-o
icosanethioate) ligand obtained from the ELOVL7 (PDB ID: 6Y7F) struc
ELOVL1 without the deleted amino acids with the OFN substrate. (For inte
referred to the web version of this article.)
exhibited in Fig. 4b and 4c, respectively. Deleted resi-
dues of ELOVL1 was shown in red color and OFN
obtained from the ELOVL7 (PDB ID: 6Y7F) structure
was shown in blue color with ELOVL1 in order to pro-
ject the possible ligand binding sites. The splice site
mutation results in loss of the transmembrane helices
in close proximity to the active site tunnel, essentially
covering the active site thereby forming a possibly
non-functional enzyme even if folded properly (Fig. 4d
and 4e). Ligand tunnel and cavity analysis with Mole
2.0 and CAVER3 indicated possible active site tunnels
in ELOVL1. CAVER server predicts three main tunnels
whereas MOLE server predicts twenty tunnels. Fig. 5a
shows three tunnels and tunnel bottleneck forming resi-
dues. Fig. 5b exhibits the longest predicted tunnel (59 Å
long) as predicted by MOLE server. Residues between
125 and 279 were located in the vicinity of these pre-
dicted tunnels and cavities by both programs (Fig. 5a,
5b).
7 (PDB ID: 6Y7F) structure. b) Ribbon representation models of the
ure. All structural representations prepared with VMD. Red: Deleted
�{R})-5-(6-aminopurin-9-yl)-4-oxidanyl-3-phosphonooxy-oxolan-2-yl]
xidanyl-butanoyl]amino]propanoylamino]ethyl] 3-oxidanylidene-
ture with ELOVL1. d) Ribbon e) surface representation models of
rpretation of the references to color in this figure legend, the reader is



Fig. 5. a) Ligand binding tunnel predictions by CAVER. CAVER predicted 3 tunnels indicated with blue, green and red colors. Residues forming the
tunnel bottlenecks are shown on the right b) Longest ligand binding tunnel prediction by MOLE server. Purple: longest ligand binding tunnel
predicted. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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4. Discussion

Previously skin symptoms and spasticity weighted
neurological involvement secondary to central
hypomyelination due to ELOVL1 mutation with auto-
somal dominant inheritance pattern in two families
has been described [14,15]. Here, we report for the first
time involvement of a homozygous ELOVL1 splice site
mutation, which causes the similar symptoms to the pre-
vious one. Mainly skin findings and central nervous sys-
tem hypomyelination in our patients with the absence of
peripheral nerve involvement, hearing loss at high fre-
quencies, and pale viewing of the optic discs are the sim-
ilar features. However, the central nervous system
hypomyelination of the patients appears as diffuse cere-
bral and partially involves the cerebellum.

Hypomyelination involving the whole cerebral hemi-
spheres and in the cerebellar white matter areas shows
more widespread and prominent involvement than the
previously reported patients (Fig. 1). The hypomyelina-
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tion did not change in the 2-year MRI follow-up. Cere-
bellar involvement is localized in corpus medullare in
both patients. Findings in the neurological phenotype
that occur in the patients show correlation with the
hypomyelination observed in the brain MRI. This cere-
bellar corpus medullare hypomyelination correlates with
extremity ataxia neuroanatomically, which is the main
cause of disability in patients. In Elovl1 KO mice, FA
moieties in brain sphingolipids including galactosylce-
ramides, which are one of the most abundant myelin
lipids, were significantly shortened: predominantly
C22–C24 in wild type but C18–C20 in Elovl1 KO mice
[7]. The similar changes in myelin lipids may occur in
the patients and associated with their neurological
phenotypes.

Although ELOVL1 exhibits a ubiquitous expression
pattern, epidermal involvement and central nervous sys-
tem hypomyelination dominantly from birth indicates
tissue specific tolerability of its gene defects. The
patients’ ichthyosis symptoms and lethal phenotype of
KO animal model indicate that ELOVL1 is extremely
vital for skin barrier formation. In the patients’ SCs,
acylceramides were nearly absent (Fig. 3), which sug-
gests that this reduction is likely responsible for the
pathogenesis of ichthyosis. On the other hand, the levels
of protein-bound ceramides, which are produced from
acylceramides and also essential for the skin permeabil-
ity barrier formation, little changed in the patients’ SC.
Although this lack of correlation between acylceramides
and protein-bound ceramides is unusual, the same
observation was reported in an ichthyosis patient with
a hypomorphic mutation in the epidermis-specific cera-
mide synthase gene CERS3 [24] and in mouse model
with gene disruption of the acyl-CoA synthetase Fatp4

[25]. The decrease in the levels of acylceramides may dis-
turb the structure of lipid lamellae, which causes the
residual acylceramides to diffuse more freely from the
lipid lamellae to the surface of corneocytes, where they
are converted to protein-bound ceramides until the sur-
face of corneocytes is fully covered by protein-bound
ceramides.

The splice-site variant predicted to affect splicing by
in silico tools was functionally shown to produced cryp-
tic splicing by removing exon 6 via our in depth RNA-
based studies. This loss of exon 6 possibly creates a pre-
mature stop codon (PTC) on the RNA level producing a
truncated protein of 134 amino acids. It is speculative if
this PTC activates nonsense mediated decay mechanism
or not as this PTC should potentially reside on the 7th
exon, which is the penultimate one. Transcripts with
PTCs on the last or penultimate exons may escape non-
sense mediated decay mechanism and be translated into
truncated protein products [26]. We therefore further
studied the effect of this possible truncation on the pro-
tein structure and function via computational modelling
of the ELOVL1 protein.
The homozygous c.376-2A > G found in this study
and the previously reported heterozygous c.494C > T
(p.Ser165Phe) mutation [14,15] leads to reduction
in > C24 VLCFAs. The effect of the homozygous reces-
sive mutations on the VLCFA production seems stron-
ger than that of the dominant heterozygous mutation.
Accordingly, the neurological findings in our patients
are more severe and early onset than those in patients
with a dominant mutation. The molecular pathophysiol-
ogy is unknown in the dominant inheritance. The enzy-
matic activity of the dominant, p.Ser165Phe mutant
protein is severely reduced [15], which may suggest the
haploinsufficiency. However, the parents harboring a
heterozygous c.376-2A > G mutation exhibit no skin
and neurological phenotypes, which suggests that the
dominant mutation is not a simple loss of function but
takes on the characteristics of gain of function. Skin
findings and central nervous system hypomyelination
are the key findings for ELOVL1 gene pathology that
compatible with life.
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