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Abstract

nostic strategy for XLI.

misdiagnosis.

Introduction: X-linked recessive ichthyosis (XLI) is a genodermatosis, caused by a deficiency of the steroid sul-
phatase enzyme encoded by the STS gene (OMIM # 300,747). Adopted XLI molecular diagnosis approaches differ
from one laboratory to another depending on available technical facilities. Our work aims to figure out a sound diag-

Patients and methods: We collected 8 patients with XLI, all males, from 3 unrelated Tunisian families from central
Tunisia. Genetic diagnosis was conducted through a large panel of genetic techniques including: Sanger Sequencing,
haplotype analysis of STR markers, MLPA analysis, FISH and array CGH.

Results: Direct Sanger sequencing of the STS gene showed the same deletion of 13 base pairs within the exon 4 in
all patients resulting in a premature stop codon. However, all patients’mothers were not carriers of this variant and
no common haplotype flanking STS gene was shared between affected patients. Sequence alignment with reference
human genome revealed an unprocessed pseudogene of the STS gene located on the Y chromosome, on which the
13 bp deletion was actually located. STS MLPA analysis identified a deletion of the entire STS gene on X chromosome
for all affected patients. This deletion was confirmed by FISH and delineated by array CGH.

Conclusion: All our patients shared a deletion of the entire STS gene revealed by MLPA, confirmed by FISH and
improved by array CGH. Geneticists must be aware of the presence of pseudogenes that can lead to XLI genetic
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Introduction

X-linked ichthyosis (XLI) (OMIM # 308,100) is the sec-
ond most common type of ichthyosis after ichthyosis
vulgaris. The first cutaneous symptoms appear during
the first year of life. A slight appearance of a collodion
baby or fine scaling may be seen at birth. However, the

*Correspondence: dorrahmida@yahoo.fr

! Department of Cytogenetics, Molecular Genetic and Biology of Human
Reproduction, Farhat Hached of Sousse, Sousse, Tunisia
Full list of author information is available at the end of the article

B BMC

classic phenotype appears during early childhood [1].
This typical appearance of XLI is described generally as
large, dark, polygonal or "dirty brown" scales covering the
entire body and more prominent on the extensor legs [1].

XLI affects between 1/2000 and 1/6000 new born males
according to the geographic locations, racial and ethnic
background [2, 3]. It is caused by a deficiency of steroid
sulfatase activity due to mutations in or deletions of the
STS gene, located in the short arm of the X chromosome
at Xp22.3. STS deficiency causes retention hyperkeratosis
and impaired skin permeability [4].
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To date, more than 71 different STS gene mutations
have been reported in the XLI databases. Up to 90% of
XLI are caused by a deletion of the entire STS gene, the
remaining 10% result from partial deletions or point
mutations [5, 6]. STS locus is too close to the pseudo-
autosomal region on X chromosome. It shares high
sequence similarities with the pseudoautosomal locus on
the Y chromosome. High deletion rate of the STS gene
is due to the crossover between X and Y-chromosomes
during male meiosis [7, 8].

Adopted XLI molecular diagnosis approaches differ
between laboratories depending on the available tech-
nical facilities. Indeed, several molecular techniques
such as fluorescent in situ hybridization (FISH), PCR,
MLPA and array CGH enable the detection of STS gene
deletions.

Herein, we describe the clinical features and genetic
characteristics of 8 patients from 3 unrelated Tuni-
sian families with XLI, and we highlight the similarities
between the STS gene and its Y chromosome pseudogene
sequences.

Materials and methods

Informed consent was obtained from all the patients and
parents of patients below 16 years of age belonging to 3
unrelated families. The study was approved by the ethi-
cal committee of Farhat Hached University Hospital of
Sousse and was conducted following the Helsinki Decla-
ration. A genetic study was performed on eight patients.
The patient’s genomic DNA was isolated from periph-
eral blood leukocytes by standard techniques, followed
by molecular analysis of the extracted DNA by Sanger
sequencing, haplotype analysis of STR markers, MLPA
analysis, FISH and array CGH techniques.

Primers design

The primers were designed using Primer 3 software
(http://bioinfo.ut.ee/primer3-0.4.0/). All primer pairs
were confirmed to be specific for the STS gene on chro-
mosome X by database queries.

Direct Sanger sequencing

Genomic DNA was extracted from peripheral blood
leukocytes using FlexiGene DNA Kit by QIAGEN. The
DNA was amplified by PCR of all exons and intron—exon
boundaries of the STS gene and directly sequenced by
Sanger method. The primers were designed to be specific
for the STS gene using primer3 plus tools. The amplifi-
cation conditions for the PCR consisted of one cycle of
94 °C for 5 min; denaturing at 94 °C for 30 s, anneal-
ing at 60 °C for 30 s, extension at 72 °C for 30 s, carried
out for 33 cycles; and 72 °C for 10 min for the terminal
extension. The sequencing products were separated by
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electrophoretic migration on the Applied Biosystems
3500 genetic analyzer. The sequencing results were sub-
sequently analysed using SeqScape Version 2.7 software
(AppliedBiosystems®).

Haplotype analysis

Genotyping of 7 polymorphic microsatellites, includ-
ing DXS1060, DXS8105, DXS996, DXS1223, DXS8051,
DXS7103 and DXS7108 flanking the STS gene (http://
genome.ucsc.edu/), was performed by fluorescent PCR
(primers and PCR conditions are available upon request).

Multiplex ligation-dependent probe amplification (MLPA)
Multiplex Ligation-dependent Probe Amplification
(MLPA) analysis, was performed using the commercial
SALSA MLPA P160 C1 kit (MRC-Holland, Amsterdam,
the Netherland) according to the manufacturer’s instruc-
tions. This probemix can also be used to detect STS dele-
tions or duplications that extend into the neighbouring
ANOS1 (KAL1) and NLGN4X genes. Seventy nanograms
of the genomic DNA were used for the MLPA reaction.
The amplification products are separated and quantified
on a genetic analyser (ABI 3500). The analysis and inter-
pretation of the electrophoretic profiles were performed
using GeneMarker® software. Thresholds to detect losses
of genetic material were set, respectively, at 0.65 for hete-
rozygous deletion in mothers and at 0.25 for hemizygous
deletion in male patients.

FISH procedure

The FISH procedure was performed using commercial
probes, MD STS (Xp22) (Green signal)/KAL (Xp22) (Red
signal)/SEX TC (Aqua signal) (Kreatech Diagnostics) on
metaphase chromosomes from peripheral blood cells of
one patient and his mother of each family. A drop of the
probe applied to metaphases slides and co-denaturized
for 7 min at 75 °C. After overnight hybridization at 37 °C,
the slide was washed with a detergent solution to remove
unspecific hybrids and unhybridized probes. Finally,
chromosomes were counterstained with a 4/,6-Diamid-
ino-2-Phenylindole (DAPI).

The analysis was carried out on an epifluorescence
microscope: Axioscopt Zeiss®. A triple specific filter set
appropriate for the fluorochromes available were used:
FITC (fluorescein isothiocyanate, the signal emitted is
green), rhodamine (the signal emitted is red), and chro-
mosomes counterstained with DAPI (4/-6’ diamino-
2-phenylindole), connected to a digital camera allowing
the digitalisation of the images captured and their pro-
cessing by an image analyser: Cytovision automated sys-
tem, APPLIED IMAGIN®.
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Array CGH
In this study, two patients from two unrelated families
underwent array CGH.

Agilent® 4X44K array was used according to the man-
ufacturer’s instructions (Feature Extraction 9.1, CGH
Analytics 4.5, Santa Clara, California, United States).
The average distance between two oligonucleotides
is 44 kb providing an average resolution of 75,000 pb.
The data extraction was performed using the Feature
Extraction software and result interpretation with the
CGH analytics 4.5 software. This software allows the
analysis of the data extracted by Feature Extraction and
gives the decimal log of the ratio between the fluores-
cence intensity of Cy5-labelled DNA and that of Cy3-
labelled DNA. Therefore, a consensus threshold for
recording an alteration was a copy number variation
involving at least three consecutive oligonucleotides
presenting an abnormal ratio greater than+0.58 for
duplications or lower than —0.75 for deletions. An in
silico analysis of the unbalanced region was made using
UCSC Genome Browser (https://genome.ucsc.edu), the
Database of Chromosome Imbalance and Phenotype in
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Humans using Ensemble Resources (https://www.decip
hergenomics.org/).

Results

Clinical analysis

This study reports 8 patients belonging to three unrelated
families from central Tunisia. All patients were male. The
clinical manifestations appeared at birth in 4 patients
of family F1 and during the first 3 months in patients of
family F2 and F3 (Fig. 1).

Age at the first consultation ranged from 4 to 66 years.
The clinical survey revealed the presence of cases of ich-
thyosis in the families of all our patients. All affected rela-
tives belonged to the maternal branch of the index cases
(Fig. 1).

All 8 patients were born at term. The appearance of the
skin at birth was normal in patients from families F2 and
F3. The 4 patients from family F1 were born as collodion
babies, however lacking ectropion and eclabion. Cutane-
ous examination showed thin and scaly skin in the 6 cases
from families F1 and F3 and thick skin in the two patients
from family F2 (Fig. 2a). The scales were polygonal and
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Fig. 1 Pedigrees of the 3 Families (F1, F2, and F3): Haplotype study was performed in the 8 patients and in three of their mothers. Genotyping
results for 7 microsatellites markers DXS1060, DXS8105, DXS996, DXS1223, DXS8051, DXS7103, and DXS7108 are shown. No common haplotype
was shared by the three families. (The numbers in the male and female symbols in family 3 correspond to the number of siblings in the same
generation. The red arrows correspond to patients who have undergone CGH array testing)
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Fig. 2 Dirty appearance of scales in patients from the three families' characteristic of X-linked recessive ichthyosis. A Thick skin; B polygonal,
adherent and large scales; C Prominent on the upper and lower limbs, thighs, and trunk

adherent in 7 patients and large in only one patient
from family F1 (Fig. 2b). The colour of the scales was
dark in 6 patients and brownish in 2 others of the fam-
ily F1. The lesions were diffuse over the whole body in
all cases. The lesions were prominent on the upper and
lower limbs and the trunk in all patients (Fig. 2c). How-
ever, the folds were partially affected in all cases. The
face and scalp were involved in 7 cases. Six patients had
atopy and complained of pruritis. Erythroderma, palmo-
plantar keratoderma and palmar hyperlinearity were not
observed in any of our 8 patients. One patient from fam-
ily F3 underwent surgery for cryptorchidism. We noted
an exacerbation of skin lesions during the winter season
in all patients. Six patients were prescribed emollients
and tropical urea with a favorable outcome.

Molecular analysis
Direct Sanger sequencing of all our patients with diag-
nostic orientation of XLI identified the same 13 bp

deletion c¢.353_365del:(p.F118X) within the exon 4,
resulting in a premature stop codon of all patients. Nev-
ertheless, this mutation does not segregate among moth-
ers. Indeed, sequencing of exon 4 in all mothers did not
reveal the presence of this mutation at heterozygous state
(Fig. 3), and no shared haplotype flanking STS gene was
noticed among affected patients (Figs. 1, 4).

FISH analysis revealed a deletion of STS gene on X
chromosome in all 8 patients. Unspecific hybridization
of STS probe on Y chromosome was detected (Fig. 5A).
FISH analysis of the mothers showing one copy dele-
tion of the STS gene (Figs. 5B, 6). In fact, STS exon 4
patients’ sequence alignment with reference human
genome revealed sequence homology with an ST'S unpro-
cessed pseudogene on the Y chromosome (Fig. 7). MLPA
analysis revealed a deletion of the entire STS gene for
all patients (Fig. 4) and a heterozygous deletion in their
mothers. STS entire deletion was best delineated by
array CGH in patient II1.10 from family F1 and patient
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Fig. 3 Sanger sequencing was performed in the 8 male patients and their respective mothers. The Sanger sequencing profile showed a deletion of
13 base pairs, in the 8 patients (P), that seems to be a new pathogen variant c.353_365del:(p.F118X) within the exon 4 of the STS gene resulting in
a premature stop codon compared to their mothers (M) and to a healthy control (C) whose didn't showed the deletion even at the heterozygous

IV.12 from family F2 (Fig. 6A and B respectively). Array
CGH experiments identified a 986.2 Kb interstitial dele-
tion in patient III10 from F1 family from oligonucleotide
A_14_P139110 to oligonucleotide A_14_P131856 (chrX:
6,969,478-7,955,687, hg38) and a 1.4 Mb interstitial dele-
tion in patient IV10 from F2 family from oligonucleotide
A_14_P120930 to oligonucleotide A_14_P100326 (chrX:
6,633,114-8,064,079, hg 38). The two deletions share
the same deleted OMIM genes: STS and PUDPI, VCX,
PNPLA4 (Fig. 6). The method used is the Dye Swap, com-
paring one patient against another. Each patient is taken
once as control and once as a patient. This method has
the advantage of the best attribution of the CNV, which
appears in a mirror image.

Discussion

X-linked recessive ichthyosis (XLI) (OMIM # 308,100)
is the second most common type of ichthyosis after ich-
thyosis vulgaris. It affects approximately 1 in 6000 new
born males from different ethnic groups and different
geographic locations [2, 3]. In our report, we described
8 male patients from 3 unrelated Tunisian families. All
patients showed a classical XLI phenotype, characterized
by generalized, thick, dark and polygonal scales. Palms
and soles are typically spared, which allows clinicians

to distinguish XLI from ichthyosis vulgaris. Extracuta-
neous manifestations such as corneal opacity, mental
retardation and gonadal alterations have been described
in patients with XLI. One patient of our cohort has
cryptorchidism.

STS gene is located on Xp22.3 close to the pseudoau-
tosomal region. STS locus has the highest ratio of chro-
mosomal deletion among all genetic disorders loci [5,
8]. Up to 90% of XLI patients display a large deletion of
the entire STS gene. It is often deleted in XLI patients by
unequal crossing-over. The presence of a high number of
Low Copy Repetitive Elements (LCR), such as the hyper-
variable locus called (CRI232), flanking the STS and
contiguous genes increases unequal crossing-over dur-
ing female meiosis [5, 8]. Large deletions on Xp22.3 can
spread to STS neighbouring genes and cause associated
phenotypic abnormalities such as mental retardation,
short stature and endocrine diseases [9, 10].

Patient II1.10 from the F1 family and patient IV.12 from
the F2 family showed two interstitial microdeletions in
the Xp22.31 region of 986.2 Kb and 1.4 Mb, respectively.
STS gene microdeletions are considered classic when the
size ranges from 1.35 Mb to 1.6 Mb [9]. Regardless of dif-
ferent deletion breakpoints between the two patients, the
latter share the same number of deleted OMIM genes
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Fig. 4 STS MLPA analysis; a: revealed a deletion of the entire STS gene for all patients of the three families, b: Mothers of the patients carrying
the deletion in the heterozygous state. Thresholds to detect losses of genetic material were set, respectively, at 0.65 for heterozygous deletion in

mothers and at 0.25 for hemizygous deletion in male patients

Fig. 5 Metaphase fluorescence in-situ hybridization: (A, B) FISH analysis using STS probe (green signal), KAL1 probe (red signal) and centromere X
probe (aqua signal); A FISH analysis of the proband I11.10 from F1 family, showing STS gene deletion (green arrow) B FISH analysis of the mother’s
patient I1.10., showing one copy deletion of the STS gene (green arrow). The proximity of the STS (green) and KAL (red) probes makes the presence
of the two probes on an X chromosome in metaphase of the mother of patient I1.10 of F1, is seen with yellow/orange coloration. A nonspecific

hybridization of the STS probe (green) is also observed on the patient’s Y chromosome (red arrow)
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that span the STS gene and PUDP1, VCX, PNPLA4
contiguous genes responsible for roughly similar clini-
cal manifestations. In a previous Tunisian study, array
CGH performed on one XLI patient showed an about
2 Mb deletion on Xp22.3 encompasses 6 OMIM genes
including VCX3A, HDHDIA, STS, VCX, PNPLA4 and
VCX2. Deletion of VCX3A has been reported in associa-
tion with an abnormal neurocognitive phenotype [10]. It
was demonstrated by Van Esch et al. [11] that Deletion
breakpoints are due to the presence of a high number of
the CRI-S$232 LCR sequence flanking the STS gene, each
harbouring a member of the VCX gene containing sev-
eral repeat units (RU2) located at the 3’ end of the gene
served as recombination sites. These findings may explain
the different deletion breakpoints in our two patients.

MLPA and FISH analysis showed that the mothers of
our patients are carriers of the same STS deletions. The
mothers show no XLI clinical manifestations, confirming
that the STS gene faces the "Lyonisation” theory in which
it escapes X chromosome inactivation and maintains the
enzymatic activity of STS in carriers’ mothers.

The high-sequence similarity; around 94% for exons;
[12] between STS gene and the unprocessed pseudo-
gene located on Yql1.2 (so-called STSPI) could mislead
genetic analysis results (Fig. 7).

Herein, direct Sanger sequencing was performed for all
our patients and revealed a 13 bp deletion within exon 4
of the X-chromosome STS gene. No common haplotype
for the affected patients was detected around the X-chro-
mosome ST'S gene, and no mother carried this mutation.
In fact, instead of amplifying the STS gene sequences,
the primers were amplified on the exon 2 of the STSP1
pseudogene on the Y chromosome. The partial homology
of the STS and STSPI genes (Fig. 7) explains the unsta-
ble amplification of exon 4 in our patients [13, 14]. The
non-amplification of exons 1, 7, 8 and 10 in our patients
is explained by their weak homology on Y chromosome.

Conclusion

In this study, the clinical presentation and distribution of
scales were identical in all 8 male patients. All patients
have a large deletion that encompasses the entire STS
gene with clear phenotype-genotype correlation. As the
STS locus on Xp22.3 is considered to have the highest
rate of chromosomal deletions of all genetic disorders,
genetic diagnosis priority should be given to deletions
that often cover the entire STS gene.

Geneticists must be aware of the presence of STSPI
pseudogenes that can lead to misdiagnosis. Pseudogenes
sequence similarities with the gene of interest must be
taken into account when designing primers for sequenc-
ing and performing FISH analysis to avoid mistaken
results.
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According to our results, the appropriate diagnostic
methods for XLI analysis are to start with large deletions
using FISH, MLPA and CGH array techniques to elimi-
nate 90% of possible large deletions, followed by Sanger
sequencing to detect point mutations.

Acknowledgements
We thank the patients and their families for their participation into the study.

Author contributions

HC carried out the molecular genetic studies, participated in the sequence
alignment and drafted the manuscript. SS conceived the study, and partici-
pated in its design and coordination and helped to draft the manuscript. SD
participated in the design of the study and performed the statistical analysis.
NGF participated in the design and coordination and helped to draft the
manuscript. AB participated in performing cytogenetic manipulations. RG
participated in patient’s data collection. HEM participated in the sequence
alignment. AS participated in the revision of the manuscript. MD contributed
to final approval of the version to be published. All authors read and approved
the final manuscript. DH conceived of the study, and participated in its design
and coordination and helped to draft the manuscript and contributed to final
approval of the version to be published.

Funding
None.

Availability of data and materials

The datasets generated or analyzed during the current study are included in
this published article and its related files. Data supporting the manuscript can
be requested from the corresponding author. The temporary deposition link
for the data analysed during the current study: https://submit.ncbi.nlm.nih.
gov/subs/variation_clinvar/SUB11350689/.

Declarations

Ethics approval and consent to participate

The study was approved by the ethical committee of Farhat Hached
University Hospital of Sousse and was conducted in accordance with the
Helsinki Declaration. Committee reference number: IRB provided by OHRP: IRB
00008931. Written informed consent was obtained from all the participants or
from their guardians on behalf of minors or child participants.

Consent for publication

Written informed consent was obtained from all the participants or from
their guardians on behalf of minors or child participants for publication of the
images.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Cytogenetics, Molecular Genetic and Biology of Human
Reproduction, Farhat Hached of Sousse, Sousse, Tunisia. 2Higher Institute

of Biotechnology of Monastir, Monastir, Tunisia. >Faculty of Medicine of Sousse,
Sousse, Tunisia. 4Departmem of Dermatology, Farhat Hached, Sousse, Tunisia.

Received: 8 April 2022 Accepted: 18 July 2022
Published online: 26 July 2022

References

1. Traupe H, Happle R. Clinical spectrum of steroid sulfatase deficiency:
X-linked recessive ichthyosis, birth complications and cryptorchidism. Eur
J Pediatr. 1983;140(1):19-21. https://doi.org/10.1007/BF00661898.

2. Scot G. Clinical Features of autosomal dominant and sex-linked ichthyosis
in an english population. Br Med J. 1966;1(5493):947.


https://submit.ncbi.nlm.nih.gov/subs/variation_clinvar/SUB11350689/
https://submit.ncbi.nlm.nih.gov/subs/variation_clinvar/SUB11350689/
https://doi.org/10.1007/BF00661898

Chouk et al. BMC Medical Genomics

L

(2022) 15:165

Craig WY, Roberson M, Palomaki GE, Shackleton CHL, Marcos J, Haddow
JE. Prevalence of steroid sulfatase deficiency in California according to
race and ethnicity. Prenat Diagn. 2010;30(9):893-8.

Wang X, Tan L, Shen N, LuY, Zhang Y. Exacerbation of ichthyosis vulgaris
phenotype by co-inheritance of STS and FLG mutations in a Chinese fam-
ily with ichthyosis: a case report. BMC Med Genet. 2018. https://doi.org/
10.1186/512881-018-0642-5.

Herna A. X-linked ichthyosis: an update. Br J Dermatol. 1999;142:617-27.
Diociaiuti A, et al. Next generation sequencing uncovers a rare case of
X-linked ichthyosis in an adopted girl homozygous for a novel nonsense
mutation in the STS gene. Acta Derm Venereol. 2019;99(9):828-30.
https://doi.org/10.2340/00015555-3162.

Ballabio A, et al. Isolation and characterization of a steroid sulfatase
cDNA clone: genomic deletions in patients with X-chromosome-linked
ichthyosis. Proc Natl Acad Sci U S A. 1987;84(13):4519-23. https://doi.org/
10.1073/pnas.84.13.4519.

Yen PH, Li XM, Tsai SP, Johnson C, Mohandas T, Shapiro LJ. Frequent dele-
tions of the human X chromosome distal short arm result from recom-
bination between low copy repetitive elements. Cell. 1990;61(4):603-10.
https://doi.org/10.1016/0092-8674(90)90472-Q.

Diociaiuti A. X-linked ichthyosis: clinical and molecular findings in 35 Ital-
ian patients. Exp Dermatol. 2018. https://doi.org/10.1111/exd.13667.

Ben Khelifa H, et al. Xp223 interstitial deletion: a recognizable chromo-
somal abnormality encompassing VCX3A and STS genes in a patient with
X-linked ichthyosis and mental retardation. Gene. 2013;527(2):578-83.
https://doi.org/10.1016/j.gene.2013.06.018.

. Van Esch H, et al. Deletion of VCX-A due to NAHR plays a major role in

the occurrence of mental retardation in patients with X-linked ichthyosis.
Hum Mol Genet. 2005;14(13):1795-803. https://doi.org/10.1093/hmg/
ddi186.

del Castillo I. Structure of the X-linked Kallmann syndrome gene

and its homologous pseudogene on the Y chromosome. Nat Genet.
1992;2(4):305-10.

Genet H, Honke K, Makrta A, Pcr T. Steroid sulfatase deficiency in Japa-
nese patients: characterization of X-linked ichthyosis by using polymer-
ase chain reaction. Jpn J Hum Genet. 1993;38(4):421-8.

An lIU, Shengxiang XIA, Shengshun TAN, Xiaobing E. STS gene in a
pedigree with X-linked ichthyosis. J Huazhong Univ Sci Technol Med Sci.
2005;25(4):468-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1186/s12881-018-0642-5
https://doi.org/10.1186/s12881-018-0642-5
https://doi.org/10.2340/00015555-3162
https://doi.org/10.1073/pnas.84.13.4519
https://doi.org/10.1073/pnas.84.13.4519
https://doi.org/10.1016/0092-8674(90)90472-Q
https://doi.org/10.1111/exd.13667
https://doi.org/10.1016/j.gene.2013.06.018
https://doi.org/10.1093/hmg/ddi186
https://doi.org/10.1093/hmg/ddi186

	X-linked recessive ichthyosis in 8 Tunisian patients: awareness of misdiagnosis due to the technical trap of the STS pseudogene
	Abstract 
	Introduction: 
	Patients and methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Primers design
	Direct Sanger sequencing
	Haplotype analysis
	Multiplex ligation-dependent probe amplification (MLPA)
	FISH procedure
	Array CGH

	Results
	Clinical analysis
	Molecular analysis

	Discussion
	Conclusion
	Acknowledgements
	References


