MEDICAL GENETICS Vavilovskii Zhurnal Genetiki i Selektsii
Original article Vavilov Journal of Genetics and Breeding. 2026;30(6):949-954

doi 10.18699/vjgb-26-95

A clinical case of X-linked hypohidrotic ectodermal dysplasia
caused by an Xq13.1 duplication affecting the EDA gene
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Abstract. X-linked hypohidrotic ectodermal dysplasia (XLHED; Christ-Siemens-Touraine syndrome, ICD-10: Q82.4) is
the most common type of ectodermal dysplasia, caused by genetic disorders of ectodermal derivatives. The condition
significantly impacts patients’ quality of life, presenting with a classic triad of hypohidrosis, hypotrichosis and hypodontia,
which creates a risk of impaired thermoregulation and necessitates complex dental rehabilitation. The molecular basis
of the disease lies in alterations of the EDA gene, which encodes ectodysplasin A. This protein belongs to the tumor
necrosis factor (TNF) family and plays a critical signaling role in ectodermal-mesenchymal interactions during embryonic
development. The present case report describes a boy with an XLHED phenotype caused by a previously unreported
structural rearrangement. Whole-genome sequencing (WGS) identified a ~397.3 kb microduplication at the Xq13.1
locus directly involving the EDA gene. Comprehensive bioinformatic analysis ruled out additional pathogenic or likely
pathogenic variants in other genes that could account for the patient’s phenotype. The Xq13.1 microduplication
was confirmed in both the proband and his mother using quantitative real-time PCR (qPCR). Androgen receptor (AR)
gene methylation analysis in the mother revealed a random X-chromosome inactivation (74/26 %), explaining her
asymptomatic carrier status. The proband’s clinical manifestations were also compared to those of literature-reported
patients with overlapping genomic rearrangements. Based on international and Russian guidelines for the interpretation
of massively parallel sequencing data, the identified variant was classified as pathogenic. Identification of this structural
rearrangement expands the known mutational spectrum of the EDA gene. Establishing a precise molecular genetic
diagnosis in this family is critical not only for disease verification but also for optimizing patient management through a
multidisciplinary approach. Furthermore, it enables comprehensive genetic counseling, identification of female carriers
among relatives and the development of timely primary and secondary prevention measures for the disease in this family.
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AHHOTaumA. X-cUennieHHasa FMNOrMapoTMYecKas SKToAepManbHaa ancnnasva (cuHgpom Kpucta-CumeHca-TypeHa,
MKB-10: Q82.4) npencTtaBnaeT coboi Hanbonee pacnpocTpaHeHHy popmy SKToAaepmManbHON AMNCMIa3um, BbI3BaHHON
HacneACTBEHHbIMY HaPYLLIEHUAMY Pa3BUTWA MPOU3BOAHBIX SKTOAEPMbI. 3a6oneBaHme CyLeCTBEHHO BMAET Ha KauyecTBO
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Clinical case of X-linked
hypohidrotic ectodermal dysplasia

KM3HU NaLMEHTOB, NPOABNAACH KNlacCMYeCKoM TPragon CMMNTOMOB: TMMOTrMAPO30M, TMMOTPUXO030M U TMMOAOHTUEN, UTO
CO3/aeT PUCKN HapyLLEHUA TePMOPEerynaLum 1 TpebyeT CNOXHOWM CTOMaTONOrMyYeckon peabunutaummn. MonekynapHoi
OCHOBOW MaToONOrMy Cny»at HapylleHna B reHe EDA, OTBETCTBEHHOM 3a CUHTe3 3KToAMCMNa3uHa-A. [aHHbin 6enok
NPVHaANEeXuUT K cemenctsy daktopa Hekpo3sa onyxonn (TNF) n urpaet KpuTMYeCKylo CUrHasbHylo ponb B mpoLecce
JKTOAePMaslbHO-Me3eHXMMalbHbIX B3aVIMOAENCTBUIA BO BpPeMs 3MOPMOHaNbHOrO pas3Butus. B HacToswen pabote
ONUCaH KIMHMYECKNA CAlyyail manbumka ¢ GeHOTMNOM X-CLenneHHOWN rMnornapoTMYeckon SKTogepManbHOM Ancnna-
31K, 06YCNOBNEHHDBIV paHee He OMWCAHHOW CTPYKTYPHOW NepecTpoiikoin. MeTogomM NOIHOFrEHOMHOTO CEKBEHMPOBaHNUA
(WGS) 6bina BblsiBNeHa MUKpoaynnvKauma nokyca Xq13.1 pasmepom npubnusutenbHo 397.3 K6, HenocpeacTBEHHO
3aTparuBatowwan reH EDA. KomnnekcHbli 6ronHbopmaTMyecKnin aHanm3 noaTBepAun OTCYTCTBUE AOMONHUTENbHbIX
NaToreHHbIX UM BEPOATHO NaTOreHHbIX BapUAHTOB B APYrIX reHax, KoTopble Morv obycnoBnmBaTb GeHOTVN NaumeHTa.
Mukpogynnukaumsa Xq13.1 noaTBepxpeHa y npobaHfha 1 ero mMatepyi METOAOM KOJIMYECTBEHHOW MoNvMmepasHomn
LEMHON peakunn B pekKume peanbHOro BpemMeHn. AHanvM3 MeTunupoBaHuA reHa AR nMpofaeMoHCTpUpoBan y matepum
PaBHOBEPOATHYIO WHAKTMBaUMIO X-XPOMOCOMbI (74/26 %), uTo O0ODBACHAET ee 6GECCMMNTOMHOE HOCUTENbCTBO.
MpoBefeHO cpaBHEHNE KNVHUYECKNX NPOABNEHUA NpobaHaa C ONMCaHHbIMU B NiUTepaType nauueHTamu, MeLnumMm
651M3KMe No KOOpAMHaTaM CTPYKTYpPHble NepecTporikin. Ha 0CHOBaHMM MeXAyHapOAHbIX U POCCUINCKMX PYKOBOLCTB MO
VHTeprpeTauumy AaHHbIX MacCOBOrO MapasseslbHOro CeKBEHUPOBAHUA OOHAPYXXEHHbI BapuaHT KnaccudpuumpoBaH
KaK naToreHHbln. MipeHTdMKaLma 3Tor CTPYKTYPHON NepecTponKy pacluMpAeT N3BECTHbIA MyTaLMOHHbIN CNEKTP reHa
EDA. YTOUHeHre MOoneKynApHO-reHeTMYeCKOro AnarHo3a B ONMCaHHON CEMbe NMEeT KPUTNYECKOE 3HaUYeHMe He TONbKO
ana BepnduKaumMm HO30MOMMW, HO U ANA KOPPEeKUUM TaKTUKU BeAEHUA NauMeHTa, BKUYas MeXAVNCUMNINHAPHLIN
noaxof K neyeHuto. Kpome Toro, 3To No3BonAeT NPOBECTV KayeCTBEHHOE MeANKO-TeHeTMYeCKoe KOHCYNbTMPOBaHUe,
BbIABUTb HOCUTENbCTBO Y POACTBEHHMKOB XKEHCKOrO nona 1 pa3paboTaTb 3dPeKTUBHbIE MePbl TEPBUYHOW 11 BTOPUYHON
npodunakTMKn 3aboneBaHnA B faHHON ceMbe.

KnioueBble cnoBa: sKkTofepManbHasa AUCNA3na; rTMNorMapoTnyeckas gucnnasus; cuHigpom Kpncrta—Cnumenca-TypeHa;

EDA; Bapuauun yncna konui yyactkos [IHK (CNV); maccoBoe napannenbHoe cekBeHnpoBaHue (MIMC)

Introduction

Ectodermal dysplasia is a genetically and clinically heteroge-
neous group of disorders characterized by defects in two or
more ectodermal derivatives, including sweat glands, hair, and
teeth (Visinoni et al., 2009). Hypohidrotic ectodermal dyspla-
sia is a subgroup of ectodermal dysplasias, whose characteristic
clinical feature is reduced sweat gland function, leading to
impaired thermoregulation (Anbouba et al., 2020; Wohlfart et
al., 2020). Pathogenic variants in four genes account for ap-
proximately 90 % of hypohidrotic ectodermal dysplasia cases:
EDA (X-linked forms), EDAR and EDARADD (responsible
for both autosomal dominant and autosomal recessive forms),
and WNTI0A (autosomal recessive forms) (Cluzeau et al.,
2011).

X-linked hypohidrotic ectodermal dysplasia (Christ—Sie-
mens—Touraine syndrome, XLHED) (OMIM: #305100) is a
hereditary disorder affecting structures of ectodermal origin,
such as hair, teeth, nails, and sweat glands. The disease is
caused by pathogenic variants in the EDA gene, responsible
for the synthesis of the protein ectodysplasin A. This protein
belongs to the tumor necrosis factor (TNF) family of ligands
and plays an important role in the formation of ectoderm-
derived structures during embryogenesis (Kere et al., 1996;
Mikkola, Thesleff, 2003). According to the literature, X-linked
hypohidrotic ectodermal dysplasia is the most common form
of hypohidrotic ectodermal dysplasia worldwide (Lamartine,
2003). The prevalence of this disease is estimated to range
from 1 to 22 per 100,000 individuals (Cafiueto et al., 2011;
Nguyen-Nielsen et al., 2013). The clinical presentation of
this disease involves various combinations of the following
features: hypohidrosis, hypotrichosis, and hypodontia (Itin,
Fistarol, 2004; Bagdey et al., 2022). This paper presents a
clinical case involving an Xql3.1 duplication not described
hitherto.

Materials and methods

A family with a suspected case of ectodermal dysplasia in the
son was enrolled in this study. The research was conducted
in compliance with ethical standards as outlined in the World
Medical Association’s Declaration of Helsinki. Written in-
formed consent was obtained from all participating family
members. The study protocol was approved by the Biomedi-
cal Ethics Committee of the Research Institute of Medical
Genetics, Tomsk National Research Medical Center (Protocol
No. 10, dated January 20, 2021).

Peripheral blood samples were collected from the patient
and his parents into EDTA-containing tubes for molecular
genetic analysis. Genomic DNA was extracted from whole
blood using the standard phenol-chloroform method.

Whole-genome sequencing of the proband was performed
within the collaborative research program with the National
Genetic Initiative “100,000+Me” at Biotech Campus Company.
Whole-genome sequencing was carried out on DNBSEQ-T7
platforms (MGI) using the MGIEasy FS PCR-Free Library
Prep Set (MGI) for library preparation, producing 2 x 150 bp
paired-end reads. The bioinformatics pipeline included
adapter trimming and quality filtering of raw data, followed
by alignment of reads to the GRCh38 reference genome using
BWA-MEM v0.7.17 (http://bio-bwa.sourceforge.net/). Dupli-
cate reads were marked using GATK MarkDuplicates v4.3.0.0
(McKenna et al., 2010). Single nucleotide variants and small
indels were called using Deep Variant v4.0.0. For each sample,
the fraction of reads with a quality score of at least Q30 was
>90 % of the total reads obtained by sequencing.

Variant annotation was performed using Annovar (Wang
et al., 2010). The clinical relevance of identified variants was
assessed using the OMIM (http://www.omim.org/), ClinVar
(https://www.ncbi.nlm.nih.gov/clinvar/), gnomAD v4.1.0
exomes (https://gnomad.broadinstitute.org/), HPO (https://
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hpo.jax.org/), and Decipher (https://www.deciphergenomics.
org/) databases, as well as data from the scientific literature.

To validate the Xql3.1 microduplication, quantitative
real-time PCR was performed on DNA from the proband
and his parents using the following primer pairs (Syntol,
Russia): targeting exon 2 of the EDA gene (F: 5'-TGGCT
ATGACTGAGTGGGGT-3"; R: 5-GCTTCTTTTATTGC
GGCGAAC-3') and targeting intron 1 of the EDA gene
(F: 5'-GTGGGATGTTGGAGGAACT-3"; R: 5'-TGCGAAC
TTTGGTGAAGAAGC-3").

Primers were designed using the Primer-BLAST resource
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/). Selected
primer sequences were tested for the formation of hairpins,
self- and heterodimers using the OligoAnalyzer tool (https://
eu.idtdna.com/calc/analyzer).

The X-chromosome inactivation status was determined by
amplifying a highly polymorphic CAG repeat in the first exon
of the androgen receptor gene (4R, Xql2) after DNA hydro-
lysis with the methylation-sensitive restriction endonuclease
Hpall. PCR products were separated using fragment analysis.
An inactivation skewing of less than 80 % was considered
a random pattern of X-chromosome inactivation, whereas
a skewing of more than 80 % was regarded as indicative of
skewed (asymmetric) X-chromosome inactivation (sXCI)
(Allen et al., 1992).

Results
Clinical case report. The proband, a 14-year-old male, was
examined at the Genetic Clinic of the Research Institute of
Medical Genetics, Tomsk National Research Medical Center,
due to suspected anhidrotic ectodermal dysplasia. His medical
history was significant for congenital absence of sweating and
impaired thermoregulation. At the age of two months, he was
diagnosed with atopic dermatitis and subsequently followed
up for this condition, which was characterized by recurrent
episodes of acute allergic manifestations, including atopic
dermatitis and urticaria, requiring numerous hospitalizations
in early childhood. His primary dentition erupted at 8 months
of age and was notable for conical (awl-shaped) teeth.

The initial diagnosis of Christ—Siemens—Touraine syndrome
with an X-linked recessive inheritance pattern was established
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at the age of 1 year and 5 months following a consultation
by a clinical geneticist, based on the characteristic clinical
presentation.

At the age of 2 years, the patient developed phimosis with
the formation of synechiae. At 6 years, the proband was
admitted to a surgical hospital with a diagnosis of acute bala-
noposthitis and preputial synechiae. From the age of 7 years,
he has been followed up by a neurologist for an obsessive-
compulsive disorder and a localized motor tic involving the
periorbital musculature.

During a follow-up examination by a clinical geneticist at
the age of 14, the following phenotypic features were noted:
hypodontia of the upper jaw with conical teeth, anodontia of
the lower jaw, hypotrichosis, periorbital hyperpigmentation,
and palmoplantar keratoderma. The patient was subsequently
referred for molecular genetic confirmation of the diagnosis.

Whole-genome sequencing identified a hemizygous
~397.3 kb duplication on chromosome X, spanning approxi-
mate coordinates chrX:69,620,777—-70,018,072 and affecting
the disease-associated £EDA gene (Fig. 1).

The Xq13.1 microduplication was confirmed in the proband
and his mother by quantitative real-time PCR (Fig. 2). Neither
of the proband’s parents exhibited any clinical manifestations
of the disease.

The proband’s parents showed no clinical manifestations of
the disease. Analysis of the X-chromosome inactivation status
in the proband’s mother demonstrated random X-chromosome
inactivation (74/26 %).

Discussion
The EDA gene spans 419 kb, comprises eight exons, and en-
codes ectodysplasin A, a signaling ligand of the tumor necrosis
factor (TNF) family, which plays a key role in the formation of
ectodermal structures during embryogenesis. The function of
ectodysplasin A is to transmit a positive signal supporting cell
survival, proliferation, and differentiation during epithelial-
mesenchymal interactions, particularly in the development of
hair follicles (Laurikkala et al., 2002).

According to the literature, hypohidrotic ectodermal dys-
plasia is frequently associated with atopic conditions, includ-
ing atopic dermatitis, allergic rhinitis, and bronchial asthma
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Fig. 1. Proband NGS sequencing (IGV browser).
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Comparison of clinical features of the proband with literature data

Clinical case of X-linked
hypohidrotic ectodermal dysplasia

Clinical feature

Skin changes

Superficial dry scaling skin at birth
Dry and often hypopigmented skin

Dermatitis resembling atopic skin disease

Impaired sweat gland function

Absence or reduction of sweating

Hyperthermia under warm condition

Abnormalities in hair follicles

Sparse, curly, and fair hair
Alopecia because of hypotrichosis or increased hair fragility

Eyebrows or eyelashes absent/sparse or malformed

Nail changes

Leukonychia

Dystrophic and malformed nails

Dental changes

Hypodontia or anodontia
Malformed teeth with cone- or pegshaped aspect

Prone to caries because of enamel defect
or salivary gland malfunction with xerostomia

Facial changes

Dysmorphic features

Numerous facial malformations

Proband Patient-12 Patient-2° Patient-3¢
+ N/A + +
+ N/A + +
+ N/A - -
+ + + +
+ + + +
+ + + +
+ + + +
+ + + +
+ N/A + +
+ N/A + +
+ N/A N/A +

Eye abnormalities

Corneal dysplasias
Cataract
Displaced or stenotic lacrimal puncta

Defective or decreased lacrimation

Note. Sources: 2 (Hayashi et al., 2013); b (Li et al., 2008); © (Al Marzougi et al., 2014); N/A - Not Assessed.

351
301 = EDAint1
25¢ W EDAex2
20
1.5¢
1.0F
0
Male Proband Mother Father
control

Fig. 2. Copy number analysis of the Xq13.1 region in the proband
and his parents. Results of real-time PCR assays targeting intron 1
and exon 2 of the EDA gene.

The X-axis represents the male control sample, proband, mother, and
father; the Y-axis shows the relative DNA copy number change.

952

(Stein, 2007). This association may be explained by impaired
barrier function of the skin and mucous membranes, leading
to xerosis (dry skin), as well as by thermoregulatory dysfun-
ction resulting from sweat gland abnormalities. Dysfunction of
bronchial glands has also been reported, which may predispose
individuals to recurrent respiratory infections and bronchitis. In
our clinical case, the patient showed signs of atopic dermatitis
from the first months of life, requiring medical management.

The clinical presentation in the proband is consistent with
the classical phenotype of X-linked hypohidrotic ectodermal
dysplasia (Itin, Fistarol, 2004). In addition, the clinical fea-
tures are similar to previously reported cases associated with
pathogenic copy number variations (CNVs) affecting the EDA
gene, including both deletions (Patient-1, Patient-2) and a
duplication (Patient-3) (see the Table).

According to the literature and genomic databases, three
cases of intragenic copy number variations (CNVs) have been
described to date: two microdeletions and one microduplica-
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Proband (our case)

Decipher Patient (Patient:289747)
_—_—_—

Patient-1 (Hayashi et al., 2013)

Patient-2 (Li et al., 2008)

Patient-3 (Al Marzougqi et al., 2014)

Fig. 3. Schematic scale-fitted representation of rearrangements in previously reported patients with duplications (blue
bars), deletions (red bars), and the proband within the EDA gene.

tion. All of these cases were reported in patients presenting
with a pronounced clinical picture consistent with the specific
disease phenotype.

In Patient-1 (Hayashi et al., 2013), a deletion was identified
and designated as NC_000023.11(NM_001399.5):¢.397-
1589 502+13848del. This rearrangement corresponds to an
intragenic deletion within the Xq13.1 region, spanning ge-
nomic coordinates chrX:69955438-69970980 and involving
exon 2 of the EDA gene. In Patient-2 (Li et al., 2008), a 22-bp
intragenic deletion was identified within exon 8 of the EDA
gene, resulting in a frameshift. In Patient-3 (Al Marzougqi et al.,
2014), an intragenic duplication of EDA exon 2 was reported.
In addition, a duplication with similar coordinates is registered
in the Decipher database (Patient:289747) and classified as
pathogenic (Fig. 3).

Structural variants with similar coordinates are not ob-
served in the population frequency databases gnomAD CNVs/
SVs v4.1.0.

According to the ACMG criteria established for the as-
sessment of CNV pathogenicity, this rearrangement is classi-
fied as pathogenic, receiving a score of 1.0 (criteria 1A, 2A,
3A) (Riggs et al., 2020). Based on the refined ACMG/AMP
criteria adapted for the evaluation of monogenic CNVs, this
rearrangement is also classified as pathogenic (PVS1, PM2,
PP4) (Brandt et al., 2020).

X-linked hypohidrotic ectodermal dysplasia is known to
exhibit incomplete penetrance in female carriers due to its
X-linked recessive inheritance pattern (Munoz et al., 1997,
Cambiaghi et al., 2000). The identified variant was inherited
from the mother, who is a heterozygous asymptomatic car-
rier. Clinical manifestations of X-linked recessive disorders
in women may be absent due to the heterozygous state of the
X chromosome and random X-chromosome inactivation (Vin-
centetal., 2001). However, if skewed X-chromosome inactiva-
tion is present, female carriers may exhibit clinical symptoms

when the homologue carrying the pathogenic variant remains
active. In this case, we found random X-chromosome inac-
tivation in the proband’s mother, which explains the absence
of clinical manifestations of the disease. This rearrangement
is assessed as pathogenic based on a combination of clinical
data, pathogenicity criteria, and literature reports.

An important aspect of the presented clinical case is the
utilization of whole-genome sequencing for the diagnosis
of this disease. Verifying an intragenic microduplication on
the X chromosome in a male patient using standard NGS ap-
proaches (such as targeted gene sequencing or whole-exome
sequencing) is extremely challenging. In a male, the hemi-
zygous state of the X chromosome, combined with a copy
number gain in a specific region, could be misinterpreted as
increased gene coverage, potentially leading to a false nega-
tive diagnosis. Furthermore, methods designed to determine
DNA copy number, such as MLPA, array CGH, or real-time
PCR, are not routinely used in the diagnosis of Christ—Sie-
mens—Touraine syndrome, because pathogenic variants are
represented by various single nucleotide variants (SNVs) in
up to 90 % of cases.

Conclusion

This report presents a clinical case of X-linked hypohi-
drotic ectodermal dysplasia caused by a previously unre-
ported ~397.3 kb duplication at Xql3.1, affecting the EDA
gene. The duplication breakpoints map to approximately
chrX:69,620,777-70,018,072. The diagnosis was established
based on the characteristic clinical presentation. Molecular
genetic confirmation allowed us to clarify the etiology and
identify carrier status in the asymptomatic mother with random
X-chromosome inactivation. This finding enables preconcep-
tion and prenatal diagnostic options for future pregnancies
in this family, given the potential for transmission by female
carriers.
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