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Abstract
Assessment of ten Egyptian patients with Sjögren–Larsson syndrome (SLS) detected; unusual clinical manifestations, a first 
report of brain atrophy in SLS, some patients exhibited neither retinal dots nor white matter changes previously reported 
as essential manifestations. We identified five mutations in ALDH3A2 gene including a novel one and suggest a founder 
effect. Sjögren–Larsson syndrome is a rare autosomal recessive inborn error of lipid metabolism caused by mutations in 
the ALDH3A2 gene that codes for fatty aldehyde dehydrogenase and result in a triad of ichthyosis, spasticity, and mental 
retardation. Clinical, radiological, biochemical, and neurophysiological evaluation in ten SLS patients descending from 
seven unrelated Egyptian pedigrees was followed by Sanger sequencing of ALDH3A2 performed by ABI 3500. All patients 
presented with SLS triad; ichthyosis, spasticity of four limbs and hyperreflexia with an intelligent quotient (IQ) ranging from 
(39 to 69). Other manifestations were dysmorphic features, seizures, and skeletal and ophthalmological affection. Muta-
tional analysis of ALDH3A2 gene revealed three missense, one splice site, and one novel stop codon mutation; c.991G>T 
(p.E331X). Biochemical studies showed decrease of fatty aldehyde dehydrogenase activity. Our results reinforce the distinct 
clinical, radiological, and biochemical features of ALDH3A2-related SLS which are the clue for targeted molecular test-
ing. Moreover, we present additional unreported clinical findings and a novel mutation thus expanding the phenotypic and 
mutational spectrum of this rare disorder.

Keywords  ALDH3A2 gene · ALDH activity · Novel mutation · Sjögren–Larsson syndrome

Introduction

Sjögren–Larsson syndrome (SLS) (MIM 270200) [1] is a 
rare inborn error of lipid metabolism caused by mutation 
of ALDH3A2 at 17p11.2 encoding fatty aldehyde dehy-
drogenase (FALDH). Dysfunctional FALDH affects proper 

oxidation of long-chain aliphatic alcohols to fatty acid, 
resulting in buildup of fatty alcohols in the brain and skin, 
which debilitates the cell membrane integrity that disturbs 
the barrier function of both skin and white matter of the 
brain [2–4]. FALDH enzyme activity in leukocytes is a 
specific marker and reliable biochemical diagnostic test for 
SLS [5]. Sjögren and Larsson first described the autosomal 
recessive syndrome in 1957, as the clinical triad of ichthyo-
sis, intellectual disability, and spastic diplegia or tetraple-
gia [3, 6]. Ichthyosis being the earliest manifestation of the 
disease, which is associated with prominent pruritus when 
generalized [7]. There is no accurate prevalence estimate for 
SLS worldwide and the prevalence probably differs through-
out the world, in Sweden, and the estimated prevalence of 
Sjögren–Larsson syndrome is 0.4 per 100,000 individuals 
[8]. However, it is estimated that SLS is to be observed in 
1 in every 1000 patients with mental retardation and in 1 in 
every 2500 pediatric dermatologic patients [6]. Patients also 
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present with short stature, white matter demyelination, and 
unusual lipid peak in myelin, speech disorders, epilepsy, and 
retinal abnormalities [9, 10].

Clinical heterogeneity makes clinical phenotype not usu-
ally sufficient for SLS diagnosis without molecular confir-
mation [10]. FLADH has three transcripts with different 
lengths due to differences in polyadenylation sites. The gene 
consists of 11 exons, numbered 1–10 with an additional exon 
(exon 9′ to be distinguished from exon 9) situated between 
exons 9 and 10, spanning about 30.5 kb, and the coding 
region encompasses 1458 bp and encodes a protein of 485 
amino acids [11, 12]. Splicing of the gene at alternative sites 
results in two transcripts that encode proteins differing in 
the C-terminal region and results in a minor transcript that 
includes an additional sequence of (exon 9) which leads to 
a larger protein of 508 amino acids [12].

Several mutations were identified in patients from differ-
ent ethnic backgrounds [13–17], and haplotype studies sug-
gested a possible founder effects and inbreeding. However, 
several mutations were frequently detected in SLS patients 
such as c.1297_1298delGA in European patients [18] and 
c.943C>T, particularly in Swedish patients [19].

Herein, we highlight the molecular and biochemical 
findings and impact on clinical phenotype in ten Egyptian 
patients diagnosed as Sjögren–Larsson syndrome.

Patients and methods

The study included ten patients descending from seven unre-
lated Egyptian families. Patients were referred to the Clinical 
Genetics and Genodermatoses Clinics, National Research 
Centre (NRC), Cairo, Egypt, for diagnosis and counseling. 
All patients were first diagnosed clinically, and then, bio-
chemical and mutational analyses were performed. Written 
informed consents were obtained from parents after explain-
ing the aim of the study. All patients’ data were confidential, 
neither the data nor the collected samples were used in any 
other research. Ten healthy children of matching age and 
sex served as controls for the estimation of the aldehyde 
dehydrogenase.

Clinical assessment

Each patient was subjected to complete medical history tak-
ing, three-generation pedigree construction, clinical exami-
nation, and anthropometric measurements in addition to 
intelligent quotient (IQ) assessment using Wechsler intel-
ligence scales [20].

Electroencephalogram (EEG), complete eye evaluation 
including electroretinogram (ERG), and magnetic resonance 
imaging (MRI) of the brain were also assessed in all patients. 

Patients were followed regularly for growth parameters and 
musculoskeletal symptoms.

Biochemical assessment

The Aldehyde Dehydrogenase Activity Colorimetric Assay 
kit (Sigma-Aldrich Catalog Number MAK 082, UDA) was 
used to determine the ALDH activity in serum by a coupled 
enzyme assay in which acetaldehyde is oxidized by ALDH 
generating NADH and reacts with a probe generating a col-
orimetric (450 nm) product proportional to the ALDH activ-
ity present. One unit of ALDH is the amount of enzyme that 
will generate 1.0 nmole of NADH per minute at pH 8.0 at 
room temperature. ALDH activity was estimated as nmole/
min/ml and expressed as percentage of normal mean enzyme 
activity [21].

Mutation analysis

The whole FALDH gene was amplified in all patients and 
their available parents using primer pairs according to 
Rizzo et al. [13]. Purified PCR products were sequenced 
in both direction and analyzed on an ABI 3500 sequencer. 
Human Genome Variation Society (HGVS) nomenclature 
was used throughout for cDNA and protein numbering. 
For nucleotide numbering, the A nucleotide of the ATG 
start codon was designated + 1 and is based on an FALDH 
splice form (cDNA FLADH GenBank accession numbers 
NM_000382.2). Amino acid numbering corresponds to the 
initiating Met with signal peptide included http://www.ncbi.
nlm.nih.gov/OmimG​enBan​k-EMBL:

http://www.ncbi.nlm.nih.gov/Genba​nk/index​.html 
HUGO-Gene Nomenclature.

Committee: http://www.gene.ucl.ac.uk/nomen​clatu​re/. 
Functional prediction of the identified mutation was per-
formed using the Mutation Taster algorithm, SIFT, and 
Polyphen2.

Haplotype analysis was defined in all families carried 
either private or recurrent mutation.

Results

The clinical, radiological, and biochemical findings of our 
patients are summarized in Table 1.

Clinical and biochemical analysis

The ten studied patients were descending from seven unre-
lated families referred from different governorates in Egypt. 
Parental consanguinity was positive in 80% of studied fami-
lies (Fig. 1). The patients were five females and five males 
whose ages at presentation ranged from 2 to 14 years (mean 

http://www.ncbi.nlm.nih.gov/OmimGenBank-EMBL
http://www.ncbi.nlm.nih.gov/OmimGenBank-EMBL
http://www.ncbi.nlm.nih.gov/Genbank/index.html
http://www.gene.ucl.ac.uk/nomenclature/
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6.4 ± 2.2). Similarly, affected sibs were detected in three 
families (families 4, 5, and 7) [Fig. 1]. All patients exhibited 
global developmental delay. Phenotypic manifestations are 
shown in Table 1, and Figs. 2 and 3. All ten patients had ich-
thyosis with scaly lesions mostly on upper and lower limbs 
and abdomen, and four of them (40%) suffered marked pru-
ritis. All patients presented also with spasticity of four limbs 

and hyperreflexia. Seven patients had dysmorphic features 
in the form of recession of anterior hairline, long lashes, 
synophrys, long philtrum, and large low set ears. Skeletal 
affection was detected in the form of short stature in 4 (40%) 
patients and microcephaly in one patient.

The intelligent quotient (IQ) evaluation in the stud-
ied patients ranged from (39 to 69) indicating intellectual 

a the pedigree of patient 1
(family 1)

b the pedigree of patient 2
(family 2)

c the pedigree of patient 3
(family 3)

d the pedigree of patient 4 & 5
(family 4)

e the pedigree of patients 6 & 7
(family 5)

f the pedigree of patient 8
(family 6)
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(family 7)

Fig. 1   Pedigrees of studied patients

Fig. 2   Clinical phenotype 
of patients: a and b Faces of 
patient 3 and 4 (brother and 
sister); the brother a showed 
high anterior hair line, squint, 
depressed nasal bridge, pear 
shaped nose, long flat philtrum 
and low set ears, whereas the 
sister, b displayed less features. 
c, d, e Legs, upper limb, and 
hands showing ichthyosis and 
scales



725Archives of Dermatological Research (2019) 311:721–730	

1 3

disability. Seizures with multifocal epileptogenic dysfunc-
tion in the EEG were detected in 3 (30%) patients. Oph-
thalmological examination revealed squint and nystagmus 
in 2 (20%) patients; however, glistening spots could not be 
detected during fundus examination. Brain magnetic reso-
nance imaging in the studied patients revealed white matter 
demyelination, brain atrophy, and hypogenesis of corpus cal-
losum in five (50%) patients (Fig. 3).

All patients were deficient in FALDH activity, which 
ranged from 4 to 14% of mean control (Table 1).

Molecular results

Mutational analysis of the ALDH3A2 gene revealed 
five mutations in intron 2, exon 4, and exon 7 (Fig.  4 
and Table 2). The mutations identified were splice site 
c386-6A>G, missense mutations; c551C>G (p.T184R), 
c.563C>T (p.A188V), c.1094C>T (p.S365L), and nonsense 
c.991G>T (p.E331X). Of them, the c.991G>T stop codon 
novel pathogenic mutation was detected in both heterozy-
gous and homozygous alleles in three families (families 4, 
5, and 6) representing 8/20 (40%) alleles.

Mutations were found in homozygous (eight patients) or 
compound heterozygous (two patients). Patients’ respective 
parents were heterozygous confirming the recessive mode 
of inheritance of the disorder. The novel mutation was not 
found in the dbSNP, 1000G, and ExAC and its pathogenic-
ity was predicted by Polyphen2, Mutation Taster, and SIFT. 
Both c.386-6A>G and 563C>T mutations were described 
in ExAC database in few heterozygous alleles and were pre-
dicted as being possibly damaging or disease causing using 
either Polyphene2 prediction or Mutation Taster tools. All 
families harboring c.991G>T mutation shared the haplotype 
pattern of having 3 polymorphisms (rs4646793, rs1800869, 
and rs7216). Neither the novel c.991G>T nor the rare c.386-
6A>G and 563C>T mutations were detected in 100 normal 
chromosomes of Egyptian origin.

Discussion

Reviewing the literature to date, patients from about 160 
unrelated families with SLS have been described. The 
majority of reported patients were from Europe and Asia 

Fig. 3   Brain MRI showing; a white matter demyelination in patient 2, and b and c coronal and sagittal sections showing increased signal of 
white matter and hypogenesis of corpus callosum in patient 9
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with few sporadic cases from Turkey and North Africa 
[13, 22]. Herein, we report on the clinical, biochemical, 
and first molecular study of Egyptian patients with SLS. 
More than 105 mutations of the ALDH3A2 gene have been 
reported for SLS [23]. The commonest reported mutations 
were missense comprising approximately 38.1% followed 
by splice mutation 11.4% and then nonsense mutations 
representing 5.7% of reported mutations [23].

In the current study, we detected five different vari-
ants in the ALDH3A2 gene. Of them, c.991G>T stop 
codon novel pathogenic mutation was recurrent in five 
out of ten unrelated patients who also shared a similar 
haplotype consisting of some intronic and coding variants 
[rs4646793, rs1004491, rs1800869, and rs7216], suggest-
ing a founder effect.

Few nonsense mutations were reported in SLS patients, 
a total of six nonsense homozygous mutations were previ-
ously reported according to Davis et al. [17] and HGMD 
[23]. Our novel nonsense mutation was identified in two 
forms; heterozygous state in patients 4 and 5 (Family 4) and 
in homozygous state in patients 6 (Family 5), and 7 and 8 
(Family 6). The mutation resulted in severely truncated pro-
tein including domain essential for catalytic enzyme activity.

The other four variants identified in the current study are; 
splice site c386-6A>G and missense mutations; c551C>G 
(p.T184R), c.563C>T (p.A188V), and c.1094C>T 
(p.S365L). Mutations detected in the ALDH3A2 gene 
appeared to be randomly distributed; in our patients, 
mutations were located in intron 2, exon 4, and exon 7 of 
ALDH3A2 gene.

Approximately 55% of SLS patients are homozygous for 
their ALDH3A2 allele [24]; however, only two of our cohort 
patients (20%) belonging to family 4 harbored compound 
heterozygous alleles.

The c386-6A>G mutation involving splice-acceptor 
site, was identified in patient 1 (family 1) and predicted 
to be disease causing although it was found in ExAC with 
rs117330764 as likely benign allele by Illumina laboratory 
service in SLS patients. It is worth noting that all 12 detected 
splice mutations in SLS patients were predicted to result in 
multiple ALDH3A2 transcript abnormalities as reported in 
SLS patients of different ethnic populations [13, 25–28].

In the literature, the c551C>G variant detected in patients 
2 and 3 (family 2) has been previously associated with clas-
sic SLS phenotype. The mutation gives rise to two different 
base changes (551C>G and 551C>T) leading to substitution 

Fig. 4   Part of the sequencing electropherograms showing the five ALDH3A2 mutations identified in the studied patients
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of Thr184 by Arg or Met, respectively. The conversion 
Thr184 to Methionine was reported in one German and two 
other European SLS patients [13]. However, the missense 
mutation Thr184Arg identified in our SLS patients was pre-
viously reported in one Tunisian patient, which might raise 
speculations about being a Mediterranean or North African 
mutation or probably has arisen from common ancestors; 
as was the case in previous reports [29]. It is worth noting 
that c.551C>G was detected in two SLS families descend-
ing from different governorates of Egypt who were asso-
ciated with two different haplotypes while sharing three 
homozygous polymorphisms (Table 2). The c551C>G vari-
ant results in reduction to 1–9% of normal catalytic activity 
of FALDH protein [14]. In our studied cases, the mutation 
resulted in 8–9% reduction in enzyme activity.

There is a confliction about the variant c.563C>T co-
inherited in patients (4 and 5) belonging to family 4 which 
is registered as possibly causative variant in polyphene2, 
still due to the controversy among prediction tools in few 
heterozygous alleles, using the ExAC database prediction 
tool, the c.563C>T was found to be predicted as a damaging 
variant. The FALDH is considered a safeguarding enzyme 
expressed in almost all cells and tissues. The SJL heterozy-
gotes patient 4 and 5 revealed partial deficiency in FALDH 
activity (12% of the mean normal activity) consistent with 
this enzyme being the primary genetic defect in SLS. Rizzo 
and Craft declared that the mean FALDH activity in the 
heterozygous SJL patients was 8% of mean normal activity 
[30].

Also of note is, sequence analysis could identify about 
95% of mutations in each allele of ALDH3A2 [31]. Hence 
following the ExAC prediction, there might be another 
mutation possibly located in an intronic region far from the 
splicing sites or in a regulatory element located far from 
the transcription unit. Another explanation might be a large 
genomic deletion, which could not be detected due to selec-
tive amplification of the other allele only. The state of the 
presence of one allele carrying only one pathogenic variant 
was also reported previously where it was suggested that 
clinical phenotype may originate from the deleted contigu-
ous genes [32].

The missense mutation c.1094C>T (p.S365L) identified 
in patients 9 and 10 (family 7) was previously reported in 
several SLS patients of German ancestry [13, 19] and Italian 
ancestry, and found to be associated with different haplotype 
owing to the difference in genetic background [13, 15, 19]. 
Interestingly, this mutation has never been reported in non-
Caucasians, such as the Japanese population [15, 33].

Expression studies have shown that the S365L mutant 
FALDH results in reduction of enzyme activity to only 3% 
residual activity [13]. However, in our patients, the S365L 
mutation resulted in reduction of FALDH enzyme activity to 
12–14%; possibly due to different evaluation methodologies 

as the enzyme level was estimated in plasma instead of fibro-
blasts. Moreover, all detected private variants in this study 
were associated with different haplotypes supporting the 
suggestion that the mutation arose independently on differ-
ent genetic backgrounds.

Interestingly, it was found that most of these nucleotide 
changes involve CpG dinucleotides and might represent 
mutational hotspots in the gene [15]. The three-dimensional 
structure of the crystallized FALDH has been analyzed 
allowing the structural location of most of the reported 
missense mutations mapped in the functional domains of 
the protein, and in turn help detailed predictions of their 
effects on protein catalysis, dimerization, and folding [34]. 
The reported mutations located in exon 9 are related to the 
C-terminal alpha helix thereon, a coding locus and protein 
misfolding is observed for most exons except for exon 8, 
which has only been found to cause an altered dimer inter-
face [6, 13].

Patients with Sjögren–Larsson Syndrome (SLS), an 
inborn error of lipid metabolism, usually suffer from the 
triad of ichthyosis, mild to profound intellectual disability, 
and spastic diplegia or tetraplegia [3, 6, 35]. All patients in 
our study presented with early developmental delay, ich-
thyosis, spasticity, and mental disability (IQ ranging from 
39 to 70).

Biochemical analyses of the ten studied patients showed 
deficiency of fatty aldehyde dehydrogenase enzyme activ-
ity in serum, which is considered a housekeeping enzyme 
expressed in almost all cells and tissues [36] and the result-
ing excessive fatty aldehydes in SLS patients is thought to 
be the cause of the cutaneous and neurologic symptoms [14, 
37].

Willemsen et al. [22] reported FALDH enzyme activity 
in cultured fibroblasts and leukocytes as specific marker and 
reliable biochemical diagnostic test for SLS. Furthermore, 
they suggested that there is no phenotype biochemical corre-
lation in the SJL patients. FALDH enzyme is required to oxi-
dize fatty alcohol to fatty acid [26, 34, 38], and lipid profile 
disturbances, accumulation of long-chain fatty alcohols, and 
modification of macromolecules by the excess fatty alde-
hydes are thought to be the pathophysiologic mechanisms 
underlying the clinical manifestations where fatty acids are 
incorporated into brain lipid fractions, including phospho-
lipids, proteolipids, and myelin [27].

Among our studied patients, fatty aldehyde dehydro-
genase activity was decreased which is in agreement with 
the aforementioned studies. However, our study confirmed 
the correlation between the degree of reduction in FALDH 
enzyme activity and underlying molecular pathology; severe 
mutations such as the novel detected mutation c.991G>T 
resulted in marked reduction in enzyme activity to around 
4% in the homozygous patients who almost all manifested 
with the same degree of clinical severity.



729Archives of Dermatological Research (2019) 311:721–730	

1 3

Accumulation of long-chain fatty alcohols and modifi-
cation of macromolecules by an excess of fatty aldehydes 
may lead to alteration of the epidermal water barrier and 
increased trans-epidermal water loss, subsequently leading 
to ichthyosis [17]. Pruritus, a prominent feature that is not 
found in other types of ichthyosis [39], was present only in 
3/10 (30%) studied patients. Seizures were present in 2/10 
(20%) studied patients, while Rizzo [39] reported seizures 
in about 30–50% of SLS patients.

Ophthalmologic findings previously reported comprise 
shining white dots in the retina, however; our patients did not 
display this finding instead of 2/10 (20%) patients presented 
with squint; this might be attributed to the young age of 
studied patients [22]. Anthropometric studies revealed short 
stature, which coincides with the finding of El-Bassyouni 
et al. [40].

Brain MRI studies revealed demyelination in 3/10 (30%) 
patients, which again can be due to the accretion of fatty 
aldehydes and fatty alcohols in the brain [41].

Brain atrophy was also detected in patients 3, 7, 8, and 9, 
and hypogenesis of corpus callosum was detected in patient 
9; to our knowledge, this was not previously reported. This 
might be due to the variability of the disease; moreover, 
some of these changes could be due to physiological and dif-
ferent genetic causes not related with the specific mutation.

Although the biochemical mechanisms for SLS are delin-
eated, more approaches concerning the biochemical patho-
genesis are being investigated [10]. It is of importance to 
evaluate the impact of the biomarkers on the end phenotypic 
aspects of SLS this might lead to novel effective therapies.

In conclusion, our patients shared the distinguishing 
clinical and radiological features of the syndrome with 
additional unreported MRI findings. However, unusual to 
SLS, some patients exhibited neither retinal dots nor white 
matter changes, previously reported as essential manifesta-
tions. Molecular studies revealed a novel pathogenic vari-
ant in the ALDH3A2 gene including one novel mutation 
and suggested a founder effect. A clear phenotype–genotype 
correlation was noted regarding enzyme activity. Genetic 
testing helps in providing proper counseling to families with 
Sjögren–Larsen syndrome including prenatal diagnosis.
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