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Abstract
Background: Chanarin-Dorfman Syndrome (CDS) is a rare autosomal recessive type of Non-bullous
Congenital Ichthyosiform Erythroderma (NCIE) caused by mutations in the ABHD5.

Methods: Whole-exome sequencing (WES) was performed on a 4-year-old boy born to a non-
consanguineous marriage. This boy had developed skin dryness and scaling. Two other individuals from
a related family with non-consanguineous marriage also shared the same clinical manifestations. DNAs
were extracted from the blood samples of all the three affected individuals and subjected to PCR-Sanger
sequencing to con�rm the WES results.

Results: WES data analysis identi�ed a single nucleotide (C) insertion at the position of 594 (c.594dup) at
exon 4 of the ABHD5 gene in homozygous state. This mutation, disturbing the vital domain (α/β
hydrolase fold domain) of the encoded protein and also not being observed in our control population nor
being reported in any other population database, is classi�ed as a pathogenic mutation. PCR-Sanger
sequencing data analysis con�rmed the WES result and also showed that the two other affected
individuals carried the same mutation in homozygous state. Parents were carriers for the mutation.

Conclusions: An insertion (c.594dup) mutation resulting in a frameshift and creating an early stop codon
at the ABHD5 gene and ultimately removing an essential domain of the encoded protein, is associated
with dry skin, hepatomegaly, subsequent elevations in liver enzymes, and the buildup of lipid vacuoles in
white blood cells. Observed different clinical manifestations in two studied-family members could be due
to modi�er genes and/or the gender impact.

Background
The epidermis is in constant touch with the external environment, posing a danger of infection to
organisms. However, it has a strong permeability barrier, which signi�cantly inhibits the entry of external
pathogens, allergies, and other hazardous substances and inhibits internal water transpiration. Since
these physiological functions are crucial, alterations in this permeability barrier can result in various skin
diseases, including ichthyosis and atopic dermatitis [1, 2].

The strong hydrophobicity of lipids makes them ideal for use in permeable barriers. Indeed, the
multilayered structure of lipids (lipid lamellae) seen in the epidermis's outermost cell layer, the stratum
corneum, is critical for creating the skin's permeability barrier. Ceramides, cholesterol, and free fatty acids
are the primary components of lipid lamellae. Ceramides are abundant in the epidermis; among them,
omoega-O-acylceramide (acylceramide), an epidermis-speci�c ceramide species, is required to establish a
skin permeability barrier [1–3].

The production of acylceramide requires several steps, including fatty acid elongation, hydroxylation, and
formation of an amide bond between long-chain base and esteri�cation, which are controlled by serval
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genes like CYP4F22, CERS3, and PNPLA1 genes. Mutations in these genes cause autosomal recessive
congenital ichthyoses [4–6].

Chanarin-Dorfman Syndrome (CDS)(OMIM 275630), an extremely rare autosomal recessive variant
disease, is caused by mutations in the Alpha-Beta-Hydrolase Domain-Containing-5 (ABHD5) gene, also
known as Comparative Gene Identi�cation-58 (CGI-58) [7]. This gene encodes a protein that functions as
an acyltransferase in the production of phosphatidic acid and as a coactivator for adipocyte triglyceride
lipase (ATGL or PNPLA2). De�ciencies in the function of this protein results in ichthyosis and lipid
storage disorder characterized by the accumulation of lipid vacuoles in neutrophils which was described
initially by Dorfman in 1974 [8, 9].

A recent study demonstrated that the mutations in ABHD5 gene identi�ed in patients with Chanarin–
Dorfman syndrome impaired ABHD5's ability to enhance PNPLA1-dependent acylceramide synthesis [10].

Here we report a homozygous variant in the gene ABHD5 in two related families with non-
consanguineous marriage, with the accumulation of lipid vacuoles in white blood cells (Jordan's
Syndrome) and widespread and persistent thick and dry skin.

Methods
A 4-year-old patient with NBCIE disease was referred to the Medical Genetics Lab for a genetic study
using whole-exome sequencing (WES). Pedigree analysis showed that there were two other members in
the relatives of this family affected with the same disease. All patients were born to non-consanguineous
families. Upon written consent, blood samples were taken from all affected members of the families on
EDTA tubes. DNA of proband (the four-year-old Iranian-Azeri Turkish boy) was extracted, quanti�ed, and
subjected to WES analysis as described previously [11, 12]. In brief, Agilent SureSelect Human All Exon V7
Target Enrichment kit was used to perform library preparation. The enriched library was sequenced on an
Illumina NovaSeq 6000 platform.

The FastQC tool was used to verify the quality of the Fastq �les. Burrows-Wheeler Aligner (BWA-mem)
was used to map paired-end 150-bp sequencing reads to the UCSC human reference genome
(GRCh37/hg19 and GRCh38/hg38 assembly) [13]. The Picard and Trimmomatics V0.39 tools were used
to eliminate duplicates and low-quality bases (Qbase 20) [14]. For sorting and indexing bam �les,
Samtools was utilized [15]. Parallel identi�cation of single nucleotide variations (SNVs) and tiny
insertions or deletions (Indels) was performed using the Genome Analysis Toolkit (GATK-version 40205.0)
[16] and DeepVariant 1.1.0 [17]. The Wannovar and SnpEff tool were used to annotate the variants [18,
19].

A variant �ltering work�ow developed in-house was used to identify disease-causing variations in
accordance with ACMG and Sherloc standards [20]. Variations were initially �ltered according to their
minor allele frequency (MAF) in several population databases (dbSNP, 1000 Genomes, ExAc database,
gnomAD, and Iranome database). MAF > 0.05 was used to exclude common variations. The exon �anking
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regions were retained while the deep intronic, upstream/downstream synonymous variations were
eliminated. The remaining variants were then prioritized based on their functional consequences, Clinvar
results, and numerous lines of bioinformatics predictions to assess the effect of the mutations.

After identifying the disease-causing mutation in the proband, Sanger sequencing was undertaken on the
patient and two other affected members of the related family using speci�c primers designed for ABHD5
on ABI 3500 Genetic Analyzer to validate the result (Applied Biosystems, Foster City, CA, United States).

The NCBI reference sequence for the human ABHD5 protein (NP 001342115.1) was used to determine the
effect of the identi�ed mutation on ABHD5 function. I-Tasser, an in silico protein modeling tool
(https://zhanggroup.org/), was used to construct 3D models of ABHD5 wild-type and ABHD5 (c.594dupC)
[21]. The secondary structure and the Pfam domain of the wild-type and mutant proteins were predicted
by CLC genomic workbench version 21.

Results
Case presentation

The proband was born to a non-consanguineous family (Figure 1). He was delivered at 39 weeks
gestation with normal pregnancy history. At birth he was covered with a taut shiny membrane but in a
few days this membrane gradually dried and peeled off and mild dryness and scaling left behind. Skin
dryness and scaling were detected at four months, which gradually intensi�ed. He was hospitalized for a
high fever at six months after taking Tetanus vaccine, diphtheria, pertussis, hepatitis B, Hemophilus
in�uenzae, and Polio vaccines. During his hospitalization, his hepatosplenomegaly was recognized. He
was evaluated for storage disease such as Niemann-Pick disease, Gaucher disease, pompe disease, and
rheumatologic disease. But no positive �ndings were found in favor of these diseases. Following a
diagnosis of elevated liver enzymes and hepatosplenomegaly on ultrasound, the patient underwent liver
biopsy and was diagnosed with micronodular cirrhosis with mild macrovesicular steatosis (25 %). His
liver AST and ALT enzyme levels were two to three times of the normal limit. However, ALP and bilirubin
levels were normal. The patient's neuromuscular development was normal, and no muscle weakness was
noticed. The blood CPK and Aldolase levels were slightly elevated. At the age of two, he had EMG-NCV
with no myopathic or neuropathic indications. At this age the eye and heart examinations were normal.
Other blood cholesterol, Triglyceride, and renal function tests were normal. He was diagnosed with
apparent ichthyosis at age four, characterized by generalized scaly skin, particularly on the palm (Figure
2).

Two other members of the related family were also diagnosed with the same disease (Figure 1, Family II).
They were a 20-year old girl and her 13-year old brother, born to a family with non-consanguineous
marriage. The second case (20-year-old girl) diagnosed with ichthyosis after being born with congenital
widespread skin dryness. No further clinical manifestations were noted throughout childhood. Neuronal
development was normal, and there was no evidence of hypotonia. She exhibits a little ectropion. This
exposes and irritates the inner eyelid surface. The levels of the AST and ALT enzymes were two to three
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times those found in healthy persons, although this was controlled. A slight increase in blood bilirubin
was also seen. On ultrasound, the liver was normal in size but the echogenicity was relatively coarse. The
patient did not undergo a liver biopsy for further investigation. Jordan's anomaly was also validated by
accumulating lipid vacuoles in white blood cells (Figure 3). 

The third case was the younger brother of the second case. He was 13 years old when he was diagnosed.
At birth he had a slight scaling on the scalp, but it was less severe than the second case. Afterward, his
skin dryness began to spread to other areas of the body (Figure 4). Additionally, he was diagnosed with
ichthyosis and began using emollient creams. Similar to the �rst case, there was a signi�cant rise in liver
enzymes (AST and hepatomegaly and increased liver echogenicity on ultrasound). The patient underwent
liver biopsy for additional study due to mild hepatomegaly. Steatosis was shown in around 70% of
parenchymal cells, most of which were macrovascular. There were no signs of interface hepatitis or
con�uent necrosis (liver steatosis). Neither Ectropion nor entropion was seen in this case and
neuromuscular examinations were normal (Table 1).

Table 1

Clinical data and molecular analysis of the patients with CDS 

No. Age Gender Phenotype AST/ALT Levels of Ch,TG, WBC anomaly

1 4y Male NLSD 3 x normal Normal Jordan´s anomaly

2 20y Female NLSD AST: 28 U/L

ALT: 30 U/L

Normal Jordan´s anomaly

3 13y Male* NLSD AST: 97 U/L

ALT: 124 U/L

Normal Not tested

 AST; aspartate aminotransferase, ALT; alanine aminotransferase

Genetic investigation

WES analysis revealed a homozygous C insertion in exon 4 of the ABHD5 gene (c.594dupC), causing a
frameshift and premature termination at amino acid 209 (p.Arg119Glnfs*11) (Figure 5). Primers were
designed from the region of interest, and the mutation was veri�ed using Sanger sequencing (Figure 5).
The un-relative parents were heterozygous for the mutation. Sanger sequencing of two other patients
(cases number 2 and 3) using the designed primers, revealed that these patients carrying homozygous
mutations in ABHD5 gene.

The ABHD5 gene contains seven exons and is located on chromosome 3. This gene codes for a 349
amino acid protein. The molecular weight of the wild-type protein is 39.095 KD. The Pfam domain search
for this protein discovered an alpha/beta hydrolase fold domain that begins at amino acid 76 and ends
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at amino acid 334. This domain contains two amino acid residues involved in the interaction between
ATGL and perilipin (Q130 and E206). ABHD5 activates PNPLA1 during the epidermal barrier development,
hence determining the generation of O-acylceramide from hydroxyceramide. ABHD5 acts as an ATGL
coactivator in various organs such as the liver, muscle, and immune cells, including TAG hydrolysis. The
mutant protein contains 208 amino acids and has a molecular weight of 23.292 KD. This mutation alters
the alpha/beta hydrolase fold domain, which is required for the enzyme to operate correctly (Figure 6).

The �nal models for the wild-type and mutant protein were predicted by the I-TASSER tool. Each model's
con�dence is quanti�ed using a C-score generated from the importance of threading template alignments
and the convergence parameters of structure assembly simulations. The C-score is typically between (-5,
2), with a higher C-score indicating a more con�dent model and vice versa. Figure 6, D illustrates the �rst
model with the highest C-score for each WT and mutant protein. Eliminating the ligand-binding site
residues (266, 300, 301, 327, 328) and alpha/beta hydrolase fold domain altered the protein's structure.

Discussion
CDS is a neutral lipid disorder that impacts the skin, eyes, central nervous system, skeletal muscle, liver,
and bone marrow. While the extracutaneous manifestations vary in appearance and severity,
ichthyosiform erythroderma is often present in all patients, beginning at birth [10]. Ichthyosis is
characterized by widespread scaly lesions with an erythematous background in CDS. However, CDS can
mimic other skin diseases with erythema and scales [1]. A case of erythrokeratodermia variabilis-like CDS
with normal skin patches alternating with erythematous scaly patches has been reported.

Due to the variable clinical appearance of the skin, it took a long time to get an accurate diagnosis. Liver
involvement and hyperlipemia are frequent �ndings in CDS, occurring in more than 80% of patients.
Currently, no speci�c treatment exists for CDS. However, a low-fat diet supplemented with medium-chain
triglycerides (MCT) has been shown to reduce hepatomegaly and normalize liver enzymes, especially
when initiated early and combined with vitamin E and ursodeoxycholic acid [22].

Ohno et al. explored the molecular mechanism underlying the Chanarin-Dorfman syndrome's ichthyosis
pathology. The ABHD5 promotes acylceramide synthesis mediated by PNPLA1 [11]. It has been recently
shown that mono-allelic mutations in the ABHD5 gene causes non-alcoholic fatty liver disease (NAFLD)
and emphasize the critical need for additional research on the involvement of LD problems in liver
pathology [23].

In sum, an insertion mutation was found in the gene in two related and non-consanguineous families.
The proband was diagnosed with CDS, and genetic testing was recommended to the second family due
to the clinical similarities. Two members of the second family were also diagnosed with CDS due to the
same mutation. This mutation (c.594dupC) in the ABHD5 gene results in a frameshift and a premature
stop codon (p.Arg119Glnfs*11). Based on ACMG/AMP variant classi�cation, this variant is absent from
controls (PM2). A reputable source reports the variant as pathogenic (PP5) [7]. The ABHD5 protein has
two main domains: hydrophobic motif and α/β hydrolase fold domain. This mutation disrupts the α/β
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hydrolase fold domain, which is crucial for the proper activity of the protein. Different clinical
manifestations of this mutation in a�icted family members may be due to modi�er genes or gender
differences.

Conclusions
Observing two families with non-consanguineous marriage harboring the same mutation, indicates the
possibility of higher frequency of the mutation in the region these families reside.
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Figure 1

Pedigree of two linked families with Iranian Azeri-Turkish origin who have a bi-allelic ABHD5 mutation.
Note the lack of consanguineous marriages in these families. Proband was a four-year-old member of the
family I. Two twenty-year-old daughter and her thirteen-year-old brother tested positive for the same
mutation in the family II.

Figure 2

Clinical presentation of the �rst case. Intracytoplasmic vacuoles (Jordan’s bodies) in neutrophil of the
peripheral blood smear (May-Grunwald-Giemsa). 

Figure 3

Clinical presentation of the second case. Intracytoplasmic vacuoles (Jordan’s bodies) in neutrophil of the
peripheral blood smear (May-Grunwald-Giemsa).
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Figure 4

Clinical presentation of the third case. This patient, had a slight scaling on the scalp, but it was less
severe than the second case. His skin dryness began to spread to other areas of the body
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Figure 5

Exome sequencing identi�ed a novel homozygous insertion mutation (c.594dupC) in ABHD5 gene. The
frameshift starts at codon Arg199 and the new frame ends in a STOP codon at position 11
(p.Arg199Glnfs*11) (top �gure).

Sanger sequencing was utilized to con�rm the result obtained from WES experiment (bottom �gure).


