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Abstract

Background: Chanarin-Dorfman syndrome (CDS; OMIM # 275630) is a rare neutral lipid storage disorder caused by
mutation in ABHD5 (a/b hydrolase domain containing 5”) a cofactor for adipose triglyceride lipase (ATGL) resulting

in intracellular accumulation of triacylglycerol (TG) in numerous body tissues. It is an autosomal recessive disorder
mutation in ABHD5 that causes the partial or total loss of ATGL activation, leading to the accumulation of TG inside
lipid droplets. We aim to assess the clinical and biochemical manifestations, diagnosis, follow-up and genotype-phe-
notype correlations in six Pakistani pediatric patients with CDS.

Results: Six male patients with mean age 15 months (9—24 months) diagnosed as CDS on the basis of non-bullous
ichthyosiform erythroderma, hepatomegaly and Jordans bodies in peripheral smear. We identified two novel muta-
tions in ABHD5 gene (c.338G>T and ¢.730_731insA). These mutations have a pathogenic and damaging influence on
the ABHD5 protein structure and function. During the 2 year clinical follow-up one patient died of severe chest infec-
tion; he had severe phenotype. There is no genotype—phenotype correlation in CDS. Therapy with low fat diet, MCT
oil, Vit E and ursodeoxycholic acid has promising results in CDS.

Conclusion: Non-bullous ichthyosiform erythroderma, steatohepatitis and Jordan's anomaly are consistent find-
ings in all cases of CDS. It is suggested that an accurate diagnosis of CDS should be based on combination of clinical
features and pathognomonic ABHD5 mutations. More studies should be carried out to identify population-specific
genetic mutations for the rapid and cost-effective diagnosis of CDS.
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Background

Chanarin—-Dorfman syndrome (CDS; OMIM # 275630)
is a rare neutral lipid storage disorder characterized by
intracellular accumulation of triacylglycerol (TG) in
numerous tissues like skin, liver, central nervous sys-
tem, ears, eyes and skeletal muscle [1]. It is an autosomal
recessive disorder caused by mutation in ABHDS (a/p
hydrolase domain 5), a cofactor for adipose triglyceride
lipase (ATGL). Mutations in ABHDS5 cause the partial or
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total loss of ATGL activation, leading to the accumulation
of TG inside lipid droplets. These neutral lipid droplets
are highly dynamic cellular organelles of eukaryotic cells
that provide a rapidly mobilized lipid source for numer-
ous biochemical processes [2].

Clinical symptoms of Chanarin—Dorfman syndrome
(CDS) arise from the storage of excess triglycerides
including non-bullous ichthyosiform erythroderma,
hearing loss, mental retardation, hepatomegaly and
myopathy. Non-bullous ichthyosiform erythroderma is
the most noticeable finding of the CDS, is thought to be
due to the impairment of ABDH5 function to activate
PNPLA1, which catalyzes the final step of ®—O—-acylcera-
mide production, an essential lipid for the permeability
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of skin barrier [3]. Diagnosis of CDS is based on clini-
cal findings and the presence of lipid vacuoles in granu-
locytes in Giemsa staining of peripheral blood smear
known as Jordan’s anomaly [4]. Out of one hundred and
twenty-eight CDS reported patients only 85 of them have
been confirmed by ABHDS genetic analysis [5].

We present the clinical presentation, diagnosis, treat-
ment and follow-up of six Pakistani CDS patients
along their molecular analysis. We observed two novel
homozygous pathogenic mutations in our cohort.

Methods

This study was performed in accordance with institu-
tional review board standards. All patients were included
in the study, with non-bullous congenital ichthyosiform
erythroderma syndrome and diagnosed on the basis of
clinical symptoms and biochemical parameters of CDS.
Their data are shown in Table 1. The written informed
consent was taken from patient’s parents.

Molecular analysis

Blood samples of affected children were drawn in EDTA
vials and stored at —4 °C until used for further process.
For genomic analysis DNA extraction was carried out by
using modified phenol chloroform method [6]. Double
stranded DNA was used to enrich target regions from
fragmented genomic DNA with the Twist Human Core
Exome Plus kit. The generated library is sequenced on an
lumina platform to obtain at least 20x coverage depth
for>98% of the targeted bases. The ABHDS sequence
was taken from ENSEMBL Database, and primers were
designed using Primer 3 v. 0.4.0. An inhouse bioinfor-
matics pipeline, including read alignment to GRCh37/
hg19 genome assembly, variant calling (single nucleotide
and small deletion/insertion variants), annotation and
comprehensive variant filtering were applied. The inves-
tigations for relevant variants were focused on coding
exons and flanking £ 20 intronic nucleotides of genes.

In silico analysis

To ascertain the potential biological impact of the
observed missense variant on Abhd5 function, four
widely used online predictors were employed: SIFT
(http://sift.jcvi.org/), Polyphen-2 (http://genetics.bwh.
harvard.edu/pph2/), Mutation taster (http://www.mutat
iontaster.org/), PROVEAN (http://provean.jcvi.org/)
and Mutation Assessor Release 2 (www.mutationasses-
sor.org/). Multiple sequence alignment (MSA) was per-
formed using theMEGA7 software [7]. The protein model
was made using the iTaser server for protein prediction
structure and function prediction to estimate the crystal
structure of human ABHDD5 protein bound with ligands.
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Results

Demographic and clinical data

Case 1

A 9-month-old boy presented with progressive abdom-
inal distension for 3 months. He was born at term
through uneventful vaginal delivery. He achieved gross
motor and fine motor milestones in the form of eye
to eye contact, social smile, neck holding, sitting and
standing with support appropriately. He was also hav-
ing dry scaly skin and was on dermatologist follow-
up. His clinical examination at the time of diagnosis is
shown in Table 1. Now he is 2.5 years of age doing well
on low fat diet, Medium chain triglyceride (MCT) oil,
ursodeoxycholic acid, and Vitamin E and skin emol-
lients (Fig. 2 for pedigree).

Case2

He was born preterm (34 weeks) via vaginal delivery
with low birth weight at private clinic of lady health
worker (no record available); at birth he had ichthy-
otic skin over hands and dorsum of feet. He neither
achieved his fine motor skills in the form of eye to eye
contact, social smile nor gross motor skills like neck
holding and sitting. At 5 months of age he developed
generalized ichthyosis over face, limbs, abdomen and
back. At 11 months of age he presented to pediat-
ric gastrointestinal clinic for his chronic diarrhea and
failure to thrive. He had global developmental delay,
bilateral convergent squint, hypotonia and microceph-
aly. His liver histopathology and peripheral smear is
shown in Fig. la—c. He expired at 18 months of age due
to severe lower respiratory tract infection (Fig. 2 for
pedigree).

Case 3

A 13-month-old male child presented with Ichthyosis
since 7th day of life. Progressive abdominal distension
noticed by parents since 9 months of life. He achieved
all his fine motor and gross motor milestones appropri-
ately like neck holding at 4 months of age, sitting with
support at 8 months of age, standing at 13 months. He
can walk independently, has achieved one sentence
speech and is partial toilet trained. His skin manifesta-
tions are shown in Fig. 3a and b He is now 2 years and
7 months of age and spending healthy life. He is taking
low fat diet, Medium chain triglyceride (MCT oil, urso-
deoxycholic acid, Vitamin E and skin emollients (Fig. 2
for pedigree).

Case 4
A 16-month-old boy born by consanguineous parents
(consanguinity for all patients is drawn in Fig. 2) was
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Table 1 Biochemical parameters and ABHD5 genotype

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Age at diagnosis 9 months 11 months 13 months 16 months 17 months 24 months
Sex M M M M M M
FOC 46 cm 42.cm 49cm 47 cm 49 cm 49cm
Height 58 cm 62 cm 73 cm 80 cm 84 cm 85
Weight 9kg 8kg 12 kg 10kg 12kg 14 kg
Liver 4cm BCM 7 cm BCM 5cm BCM 4cm BCM 4 cm BCM 4 cm BCM
Liver span 10cm 13.5¢cm 12cm 11cm 10cm 11 cm
Biochemical parameters
TG (75-160) 548 mg/dL 230 mg/dL 946 mg/dL 543 mg/dL 331 mg/dL 221 mg/dL
Cholesterol (90-200) 110 mg/dL 231 mg/dL 160 mg/dL 210 mg/dL 157 mg/dL 130 mg/dL
VLDL (60-160) 72 mg/dL 86 mg/dL 66 mg/dL 86 mg/dL 66 mg/dL 82 mg/dL
LDL Cholesterol <110 110 mg/dL 92 mg/dL 106 mg/dL 110 mg/dL 96 mg/dL 96 mg/dL
HDL Cholesterol > 40 42 36 30 mg/dL 40 mg/dL 36 mg/dL 46 mg/dL
Total bilirubin(0.1-0.9) 04 mg/dL 3.0 mg/dL 1.2 mg/dL 0.9 mg/dL 0.14 mg/dL 0.9 mg/dL
Direct bilirubin (0.1-0.2) 03 1.5 mg/dL 0.8 mg/dL 0.6 mg/dL 0.03 mg/dL 0.4 mg/dL
Indirect bilirubin (0.1-1) 0.1 1.5 04 mg/dL 0.3 mg/dL 0.11 mg/dL 0.5 mg/dL
ALT (25-55) 351U/L 691 1U/L 28 1U/L 11210/L 154 1U/L 127 1U/L
AST (20-40) 25 I1U/L 331 1U/L 321U/L 76 1U/L 1101U/L 88 IU/L
ALP (<200) 439 1U/L 852 1U/L 252 1U/L 252 1U/L 184 1U/L 252 1U/L
GGT (25-60) 22 1U/L 86 1U/L 351U/L 65 1U/L 54 1U/L 86 1U/L
CPK (60-120) 131 1U/L 352 1U/L 86 1U/L 102 1U/L 72 1U/L 145 1U/L
Urea(20-40) 19 mg/dL 14 mg/dL 20 mg/dL 18 mg/dL 18 mg/dL 20 mg/dL
Creatinine (0.1-0.9) 0.3 mg/dL 0.3 mg/dL 0.2 mg/dL 0.2 mg/dL 0.1 mg/dL 0.2 mg/dL
Albumin (3.5-4.5) 3.1 g/dL 294g/L 38g/L 34q/L 43g/L 4.19/L
TLC/ul(4000-11,000) 9100 14,000 12,000 8300 9900 8300
Hb (10.5-13.5) 13.5g/dL 12,5 g/dL 13.1g/dL 10.9 g/dL 11.9 g/dL 128 g/dL
Platelets/ul (150,000-450,000) 259,000 445,000 560,000 334,000 793,000 352,000
HCT (28-45) 32% 35% 38.2% 25% 373% 28%
MCV(fl) (75-90) 82 77 71 74 72.3 80
MCH(pg) (22-33) 24 28 23 32 23.1 33
N% 62 45 48 44 41 52%
L% 38 55 52 46 52 46%
CNS Manifestations No Yes No No No No
Skin Manifestation Yes Yes Yes Yes Yes Yes
Jordan anomaly Present Present Present Present Present Present
Mutation ¢.730-731insA ¢.730-731insA €.730-731TinsA ¢.730-731insA €.730-731insA €338G>T
Current age 2 years,2 months  Expired at 18 months 2 years, 7 months 3 years 3.5Years 3 years
Follow-up ALT 22 1U/L 78 IU/L 25 1U/L 551U/L 351U/L 56 1U/L
Follow-up AST 251U/L 331U/L 321U/L 36 1U/L 40 IU/L 381U/L
Follow-up TG 148 mg/dL 130 mg/dL 246 mg/dL 143 mg/dL 131 mg/dL 121 mg/dL
Follow-up liver 2 cm BCM - 3 cm BCM 3cm BCM 2 cm BCM 2 cm BCM
Liver span 9cm - 9cm 9.5cm 8.5cm 9cm

referred to pediatric liver clinic for his hepatomeg-
aly and deranged liver functions tests. He was found
to have generalized ichthyosis. He was clinically diag-
nosed as Chanarin—-Dorfman syndrome by the presence

of Jordan anomaly. His liver biopsy revealed steatohep-
atitis. Currently he is 3 years of age, and his liver func-
tions are improved by using low fat diet, Medium chain
triglyceride (MCT) oil, ursodeoxycholic acid and Vita-

min E.
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Fig. 1 Liver histology and Jordan’s anomaly in a CDS patient (case 2). (a) Liver parenchyma (H&E) shows distorted lobular architecture and
expanded portal areas. Trichrome stain reveals portal and periportal fibrosis along with many thin fibrous septa suggestive of steatohepatitis
with fibrosis. (b) Higher magnification shows hepatocytes are enlarged with compressed sinusoids and severe pan lobular steatosis. (c)
Microphotographs of May-Grinwald-Giemsa buffy coats showing Jordan’s anomaly

Case5

A one-and-half-year-old male child presented with
hepatomegaly at liver clinic at children hospital and the
institute of child health Lahore. He was first born child
of consanguineous (Fig. 2 for pedigree) parents and was
found to have ichthyosis since birth (Fig. 3c, d). For which
he was on follow-up of a dermatologist. He was develop-
mentally normal vaccinated child.

On examination he was found to have generalized dry
scaly skin (Fig. 3). Abdomen was soft, distended with
normal umbilicus. Liver was palpable 4 cm below right
subcostal margin, total span 10 ¢cm firm in consistency
and rounded margins. Spleen was not palpable. No evi-
dence of free fluid in peritoneum was observed. All other
systemic examination including cardiovascular, respira-
tory and central nervous system was normal. His labo-
ratory data are shown in Table 1. His bufty coat smear
confirms Jordan anomaly (Fig. 1c). Currently he is three

and half years old, doing well on low fat diet, Medium
chain triglyceride (MCT) oil, ursodeoxycholic acid, and
Vitamin E and skin emollients.

Case 6

A 2-year-old boy was brought by his mother for his dry
scaly skin involving lower limbs only. She was concerned
for his nutritional status. He was found to have hepa-
tomegaly and deranged lipid profile. He was clinically
diagnosed as CDS by presence of Jordan anomaly on
peripheral blood smear (Fig. 2 for pedigree).

Sequencing of ABHD5 gene

Sequencing of ABHDS gene led to the identification
of two homozygous novel mutations. Genetic analy-
sis of patient 6 revealed a novel substitution of G into
T at ¢.338 nucleotide position in exon 3. Both parents
were heterozygous (carrier) for this variation. The
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Fig. 3 Dermatological characterization of CDS patients. Lamellar ichthyosis affecting facial region, trunk and extremities of Case 3 (a, b), Case 5 (¢, d)

homozygous substitution replaced a codon GGA for
Glycine (G) with a valine (V) GTA at 113 codon. The
novel missense variant (c.338G>T or p.113G>V) was
found to be probably damaging, as predicted by Poly-
Phen-2 and other tools (Tables 2 and 3). Different
online in silico tools were used to determine the evo-
lutionary conservation of the wild amino acid (glycine),
three dimensional structures and to predict the effect
that mutation has on the protein confirmation.
Sequence analysis of patients 1,2,3,4 and 5 revealed
an insertion of A at position 730 in exon 5. ¢.730_731
Ins A (p.T244Nfs*10) resulted in replacement of a
codon ACT for threonine to AAC for asparagine amino

acid at codon 244. As a consequence of frameshift, a
premature stop codon appears in the translated region
and causes shortening of the protein from the normal
349-253 amino acids. The resulting truncated protein
is susceptible to non-sense-mediated decay (Table 2).
Both parents of all patients (casel-5) were found to be
heterozygous (carrier) for this variant.

The ¢.338G > T missense mutation and ¢.730_731 Ins
A insertion variation was identified as a novel mutation
upon confirmation in the general population. For this
purpose, 100 healthy controls were taken from the gen-
eral population and were sequenced for both of these
variants. Sequence analysis showed that no such varia-
tions were observed in a single control.



Waheed et al. Egypt ] Med Hum Genet (2021) 22:69

Page 7 of 10

Table 2 Pathogenicity prediction for mutations identified in ABHD5 gene by using online in silico prediction tools

Coding region  Amino acid substitution  SIFT? Mutation taster® Polyphen-2¢ PROVEANY Mutation Assessor®

€338G>T p.113G>V Deleterious  Disease causing Probably dam- ~ —8.685 High functional (FI score 3.83)
aging Score
(1.00)

¢.730_731insA p.T244Nfs*10 Deleterious  Disease causing - —3.273 Medium functional (FI score 2.125)

2 SIFT classify substitutions as damaging (SIFTscore: <0.05) or tolerant (SIFTscore: >0.05)

b Evaluate DNA sequence variants for their disease-causing potential

€ PolyPhen-2 appraises a mutation qualitatively, as benign, possibly damaging or probably damaging based on pairs of false positive rate (FPR) thresholds

4 PROVEAN (Protein Variation Effect Analyzer) v1.1: classify substitutions as BdeleteriousA (PROVEAN score is equal to or below a predefined threshold —2.5), and If
the PROVEAN score is above the threshold, the variant is predicted to have a neutral effect

€ Mutation Assessor gives substitutions as high functional (FI score: 3.50-5.50), medium functional (Fl score: 2.00-3.50), low non-functional (FI score: 1.00-2.00) or

neutral non-functional (Fl score: < 1.00)

Table 3 Disease-linked haplotypes for 4 intragenic single nucleotide polymorphisms and 14 flanking microsatellite markers from

chromosome 3p22.3-3p21.1

Marker Mapping (Mb)® Distance (Mb) Haplotypeb

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
D3S1277 3461 9.101 272 272 278 278 266 266 276 276 274 274
D351298 38.01 5.708 208 208 214 214 214 214 216 216 210 210
D3S3522 40.75 2.967 116 116 116 116 116 116 116 116 116 116
D3S3563 42.21 1513 226 226 226 226 226 226 226 226 226 226
D3S3559 4265 1.068 180 180 180 180 180 180 180 180 180 180
D3S3678 43.39 0328 259 259 259 259 259 259 259 259 259 259
D3S3647 43.54 0.177 222 222 222 222 222 222 222 222 222 222
rs59993156 43.69 0.023 C @ @ C C @ C C @ @
1s3774792 43.71 0.009 G G G G G G G G G G
Mutation ¢ 43.71 0 dupA dupA dupA dupA dupA dupA dupA dupA dupA dupA
rs34048061 43.72 0.005 G G G G G G G G G G
rs758729 43.72 0.007 A A A A A A A A A A
D353597 43.92 0.207 265 265 265 265 265 265 265 265 265 265
D3S3624 44.57 0.857 142 142 142 142 142 142 142 142 142 142
D353582 4535 1.628 232 232 232 232 232 232 232 232 232 232
D3S1581 48.56 4.845 86 86 90 90 92 92 86 86 86 86
D3S3667 49.99 6.279 177 177 173 173 171 171 179 179 177 177
D3S3615 5061 6.887 132 132 132 132 136 136 128 128 128 128
D3S1578 53.67 9.958 152 152 158 158 160 160 152 152 152 152

@ Based on chromosome 3p22.3-3p21.1 physical map (GRCh38.p12 assembly; Genome Data Viewer, National Center for Biotechnology Information; www.ncbi.nlm.

nih.gov/genome/gdv/)

b Genotyped subjects are indicated by their position in the pedigree drawings of the respective families (Fig. 2). Marker alleles are reported as the base symbol (single
nucleotide polymorphisms) or the amplicon size (microsatellites). Homozygous regions that segregate with the disease phenotype in the four Pakistani children with

Chanarin-Dorfman syndrome are highlighted by a box on haplotypes

Discussion
All of our patients had major clinical symptoms of
Chanarin—Dorfman syndrome (CDS) [8] including non-
bullous congenital ichthyosiform erythroderma, hepato-
megaly, liver steatosis and Jordan’s bodies.

Serum lipid profile was deranged in all of our patients
but the level of serum triglycerides (TGs) had been
inconsistent with clinical manifestation. Case 2 had

mildly elevated TGs but severe disease with markedly
elevated liver transaminases, severe steatohepatitis,
CNS involvement and myopathy. Other patients had
markedly elevated triglyceride levels and very low-
density lipoproteins with mild clinical manifestation.
Sano et al. demonstrated that the severity of ichthyo-
sis positively correlates with TG level in the scales from
patients [9].
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Hepatic involvement is variable in CDS, ranging
from hepatomegaly and liver steatosis to cirrhosis [10].
Although two of our patients (1 and 3) had liver func-
tion tests within normal range, liver biopsy showed
steatohepatitis in all patients, and case 2 had bridging
fibrosis too. This is consistent with the literature report-
ing that liver of 64% cases is clinically affected and histo-
logical steatohepatitis is found in the 100% CDS patients
[11]. Myopathy was present in one of our patients (Case
2), electromyographic examination (EMG) revealed a
myopathic pattern and elevation in CPK levels even at
11 month of age contradicting reports that reveal it usu-
ally appears late [12]. Same patient has global develop-
mental delay, bilateral convergent squint and pale optic
disks but his hearing was normal.

To date more than 42 mutations have been reported
in HGMD Professional 2019.4 (http://www.hgmd.cf.ac.
uk/ac/gene.php?gene=ABHD5). We found two Novel
¢.338G>T (p.G113V) and ¢.730_731insA (p.T244Nfs*10)
mutations in the ABHDS gene. Both of these mutations
were detected in the heterozygous state in both parents
of all patients.
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To confirm the missense mutation and insertion in
ABHDS, reported in this study, different in-silico tools
were used to evaluate the effects of these variants on
the ABHD5 protein structure and function. Pathogenic-
ity predictions by SIFT, PolyPhen-2, Mutation Taster,
Provean and Mutation Assessor programs unanimously
indicated that these variants are deleterious. It has been
established that highly conserved amino acid sequences
have functional value and are important for the protein
structure, which suggests that they play a key role in
determining the conformation of different domains of a
protein. Multiple sequence alignment of ABHDS5 ortho-
logues and phylogenetic tree analysis showed that the
amino acid glycine at position 113 and threonine at 244
in the ABHD?5 protein are highly conserved across spe-
cies, from human to Zebra fish. The evolutionary con-
servation of this amino acid shows its importance in the
structure of the ABHD5 protein (Fig. 4a, b), indicating
that amino acid change at this position will significantly
affect the ABHD5 protein structure and function. The
predicted effects of these variants agree well with the
clinical condition/outcome observed in these patients.

B

1. Homo_sapein
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3. Mus_Musculus
4. Takifugu
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Fig.4 a Phylogenetic tree shows the conservation of Abhd5 protein in other orthologs (across different species).The evolutionary history was
inferred using the Neighbor—Joining method [1]. The optimal tree with the sum of branch length =1.01547038 is shown. The evolutionary distances
were computed using the Poisson correction method. b Multiple sequence alignment of Abhd5 protein showing high conservation of amino acids
across the mutated region of ¢.730-731insA (p.Thr244Asnfs*10) variation among different species. Mutation position marked in black box
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The ¢.338G>T (p.G113V) mutation is located within
a domain, annotated in UniProt as AB hydrolase-1. The
mutation introduces an amino acid with different proper-
ties, which can disturb this domain and abolish its func-
tion. The wild-type residue is a glycine, the most flexible
of all residues. This flexibility might be necessary for
the protein’s function. Mutation of glycine at this posi-
tion can abolish ABHD5 protein function. The glycine
at 113th position is located on the surface of the protein;
mutation of this residue can disturb interactions with
other molecules or other parts of the protein. The tor-
sion angles for this residue are unusual. Only glycine is
flexible enough to make these torsion angles; mutation
into another residue will force the local backbone into an
incorrect conformation and will disturb the local struc-
ture (Fig. 5a, b).

The ¢.730_731InsA  (p.Thr244Asnfs*10) insertion
resulted in replacement of threonine to asparagine amino
acid at codon 244. As a consequence, a premature stop
codon appears in the translated region and causes short-
ening of the protein from the normal 349-253 amino
acids. The resulting truncated protein is susceptible to
non-sense-mediated decay (Fig. 5¢).

No genotype phenotype correlation has been docu-
mented in CDS in literature [13]. This is confirmed
in our study; five of our patients (1, 2, 3, 4 and 5) had
same novel homozygous mutation (c.730_731insA

G113

v113

Fig.5 Structure of protein Comparison of the structure of Abhd5
normal protein (a) with mutated protein (b)
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(p-T244Nfs*10)) in the ABHDS. The patient (case2) had a
severe phenotype with markedly elevated transaminases
and liver fibrosis, myopathy and Central nervous system
involvement.

We followed up our patients for 2 years on fat restricted
diet, MCT oil, vitamin E and ursodeoxycholic acid. Five
of our patients (1, 3, 4, 5, and 6) showed improvement in
serum TGs, liver transaminases, liver span and growth
centiles. They did not develop any new symptoms like
muscle or central nervous system involvement. The skin
manifestation required skin emollients and the scaly ich-
thyotic changes still persisting. We hypothesize that skin
manifestation may take longer to revert back and need
long-term follow-up.

Conclusion
In conclusion, we describe two novel mutations in
ABHDS gene (c.338G >T and ¢.730-731insA) in six Paki-
stani families along with 2 year follow-up. These muta-
tions have a pathogenic and damaging influence on the
ABHDS5 protein structure and function. Non-bullous
ichthyosiform erythroderma, steatohepatitis and Jordan’s
anomaly are consistent findings in all cases of CDS.
There is no genotype—phenotype correlation in CDS.
Therapy with low fat diet, MCT oil, Vit E and ursode-
oxycholic acid has promising results in CDS. It is sug-
gested that an accurate diagnosis of CDS should be based
on combination of clinical features and pathognomonic
ABHDS5 mutations. More studies should be carried out
to identify population-specific genetic mutations for the
rapid and cost-effective diagnosis of CDS.
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genome database project; EDTA: Ethylene diamine tetra acetic acid; GGT:
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