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Abstract

Introduction: Netherton syndrome (NS) is a rare autosomal recessive genodermatosis in the
group of congenital ichthyosis. The clinical manifestations of the syndrome vary from a very
mild clinical manifestation occurring with the picture of ichthyosis linearis circumflexa to
exfoliative erythroderma. It can be fatal in the first days of a newborn’s life due to dehydration,
hypothermia, weight loss, respiratory infections, and sepsis. A specific anomaly of the hair
trichorrexis invaginata is considered pathognomonic for the syndrome. Genetic testing of
SPINK5 gene is key to confirming the diagnosis and starting early treatment. Case
Presentation: \We present a case report of NS in a 6-year-old boy who suffered from
generalized erythroderma and desquamation of the skin from birth. The patient has atopic
diathesis, recurrent skin infections, increased levels of IgE, and delayed physical development.
Two genetic variants in SPINK5 gene with clinical significance were identified. The first
detected variant is a nonsense mutation, predicted to cause loss of normal protein
function either by protein truncation or by nonsense-mediated mRNA decay. The second
variant is a likely pathogenic frameshift mutation that truncates the protein in 5 amino acids.
The child was treated with acitretin, without satisfactory effect. Conclusion: The genetic
variant we have described correlates with a severe clinical phenotype of NS. The second
genetic variant of the SPINK5 gene, inherited from the father in our case, is novel and has never
been published in the literature.
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Introduction

Netherton syndrome (NS) is a rare disease that often causes serious complications in the
neonatal period. It can be fatal in the first days of the newborn’s life due to dehydration,
hypothermia, weight loss, respiratory infections, and sepsis. The disease occurs in 1:200,000
newborns and predominantly affects females. The clinical manifestations of the syndrome
vary from a mild clinical manifestation occurring with the picture of ichthyosis linearis
circumflexa to exfoliative erythroderma. Other complications associated with the syndrome
are mental and physical retardation. The genetic variant leading to these clinical manifes-
tations is located in the SPINK5 gene on chromosome 5q32 [1, 2]. A case of NS with two genetic
variants in the SPINK5 gene with clinical significance here is presented. The first detected
variant is a nonsense mutation predicted to cause loss of normal protein function either by
protein truncation or nonsense-mediated mRNA decay, reported only once as a pathogenic
variant. The second variant, a likely pathogenic frameshift mutation that truncates the protein
in 5 amino acids, is novel and has never been published in the literature or population data.

Case Presentation

We present a 6-year-old boy, born at 37 weeks of gestation (weight 3,350 g and height
53 cm) after a second normal pregnancy. After birth, he was diagnosed with congenital
ichthyosiform erythroderma. On the fifth postnatal day, the child was admitted to the
neonatal intensive care unit with a neonatal infection and poor general health. Due to
aggravation of the condition, occurring as severe erythema, edema, and leakage of serous
exudate from the skin, he was treated intravenously with antibiotics, human albumin 200 g/
L solution, systemic antihistamines, and topical corticosteroids and emollients. Despite the
treatment, the skin remained red and very dry, covered with erosions and yellowish foul-
smelling scales, including areas of the capillitium and external auditory canals. After
discharge of the patient, daily topical therapy with emollients and follow-up was admin-
istered. At the age of six, the child was in good general health, with normal neuro-
psychological development and slightly delayed physical development, and he was 109.5 cm
tall and weighed 19 kg with a body mass index of 17. Cardiovascular and respiratory
systems were normal. The dermatological examination revealed pathological skin changes
on the scalp, face, thorax, and extremities, presented by diffuse erythema and lamellar
desquamation. Well-contoured, erythematosquamous plaques covered by large yellowish
scales on the extensor surface of the upper limbs, the thighs, and the posterior surface of the
lower legs were detected (Fig. 1a, b). Squamous crust plugs were found in the area of the
external auditory canals. Ectropion of both eyes was found. There were no pathological
changes on the nails. The child had fragile and brittle hair (Fig. 1c). Trichoscopy of the scalp
revealed hair shaft changes typical for trichorrhexis invaginata (TI) (Fig. 1d). Eyebrow hairs
and some eyelashes were missing. Complete blood count and biochemistry laboratory test
results were normal, except for 25-OH vitamin D serum deficiency (39.99 nmol/L), insulin-
like growth factor, thyroid-stimulating hormone, thyroxin-free, cortisol, and somatotropic
hormone showed values within normal ranges for his age. Immunological test results for
IgA, IgG, and IgM were normal, except for an increased IgE value above the upper reference
limit (173 IU/mL, average norm <90 IU/mL for individuals aged 6-9 years). Histopatho-
logical examination of the skin showed hyperkeratosis with parakeratosis and psoriasiform
epidermal hyperplasia (Fig. 2). Microbiological skin examination showed Proteus mirabilis.
A right palm and wrist radiograph showed evidence of delayed ossification. In addition, an
X-ray of the thoracic and lumbar vertebrae (face and profile) was taken to determine the bone
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Fig. 1. a, b Erythematosquamous plaques covered by large yellowish scales on the extensor surface of
the upper limbs, thorax, and thighs. ¢ Brittle hair and severe desquamation of the face and scalp.
d Trichoscopy: hair shafts changes type trichorrhexis invaginata (3Gen DermLite DL4, with polarized
light, magnification x10).

age; it corresponded to the age of 4. Genetic testing and counseling of the patient and his family
were performed. The pedigree (including 40 relatives from four generations) did not identify any
other affected relatives with a similar disease or skin manifestation as the proband. After ob-
taining written informed consent from the parents for DNA analysis, EDTA-anticoagulated venous
blood samples were collected from the patient, parents, and siblings. DNA extraction was done
using MagCore Genomic Whole Blood Kit following the manufacturer’s instructions. The genetic
testing was performed by next-generation sequencing. TruSight One Expanded Sequencing Panel
(Ilumina®©) containing oligo probes targeting exons and exon-intron boundaries of 6,699 genes
with clinical significance was used. Qualified libraries were sequenced on the Illumina NextSeq
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Fig. 2. Histopathological examination of the skin:
hyperkeratosis with parakeratosis and psoriasiform
epidermal hyperplasia (H&E, magnification x25).

550 platform with a 2 x 150 bp configuration. Reads were aligned to the reference human
genome hg19. Data output files (gVCF) were imported into BaseSpace Variant Interpreter (Il-
lumina®©), an analysis software, which uses tool GATK for variant calling. Custom filters (in-
cluding a minimum read depth of 20x per variant and excluding silent variants) were created to
improve variant annotation and interpretation. The five-tier terminology system of the American
College of Medical Genetics and Genomics (ACMG) was used (Richards et al. [3], 2015). The
variants automatically annotated by the software were manually checked in the main human
genome databases: ClinVar (www.ncbinlm.noh.gov/clinvar), dbSNP (www.ncbinlm.noh.gov/
projrct/SNP), and Ensembl (http://www.ensembl.org). The genetic testing of the proband re-
vealed two genetic variants with clinical significance in the SPINK5 gene. The first one was
pathogenic variant ¢.1530C>A (p.Cys510Ter) (NM_006846) and is shown in Figure 3a. The
second likely pathogenic c.420del (p.Ser141ProfsTer5) (NM_006846) is shown in Figure 3b.
Segregation analysis of the family confirmed that the first variant was inherited from the mother
and the second from the father. The proband’s elder unaffected brother was tested and confirmed
to be a heterozygous carrier of the father’s variant only - c.420del (p.Ser141ProfsTer5). Based on
the data from the medical history, dermatological status, paraclinical examinations, genetic
consultation, and DNA analysis, the NS diagnosis was accepted with two genetic variant with
clinical significance in the SPINK5 gene. Consultations: a pediatric endocrinologist revealed
growth retardation and bone maturation: height at the 10th percentile, body weight at the 25th
percentile. The child has discrete dysmorphic stigmata, including a large thumb, male genitalia,
normal penis size, and both testicles in the scrotum. An ophthalmologist found ectropion of both
eyes - the upper eyelids do not cover the eyeballs well (lagophthalmos). The right eye’s upper
eyelid had slight ptosis, and the lower eyelid was slightly retracted. Fluorescent staining revealed
keratitis: the right and left eye corneas had two paracentral defects in the area of the palpebral
fissure. Both eyes had transparent lenses and fundi without pathological changes. An otorhi-
nolaryngologist revealed otitis externa diffusa, attributable to the main disease. Treatment with
gentamycin 40 mg i.m./daily for 7 days, levocetirizine dihydrochloride sol. 2 x 5 drops/daily,
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Fig. 3. alntegrative Genomics Viewer (IGV) visualization of the pathogenic variant c.1530C>A
p.(Cys510Ter) (NM _006846) in the proband. b Integrative Genomics Viewer (IGV) visualization of the
likely pathogenic variant c.420del p.(Ser141ProfsTer5) (NM _006846) in the proband.

cholecalciferol oral drops solution 2,000 1U/daily was started. Systemic treatment with aci-
tretin at 0.5 mg/kg/day was initiated. Topical skincare was carried out with an emollient
cream prepared from 50:50 white soft paraffin and liquid paraffin, applied several times daily
to the face and whole body, and baths of the whole body with sodium bicarbonate twice a week.
Keratitis was treated with tobramycin eye drops solution, dexpanthenol 5% eye gel, and
artificial tears. The child was discharged with a slight improvement. A long-term course with
acitretin was recommended against the background of monitoring bone age, values of bio-
chemical tests, and complete blood count every 2 months. After 3 months of systemic therapy
with acitretin in the above dose, we found worsening with severe thinning and erosion of the
skin due to persistent erythroderma. The treatment with this medication was discontinued.
The child is followed up.
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Discussion

The NS (S. Syndroma Comel-Netherton OMIM 256500) was first described by Comel in
1949 and subsequently by Netherton in 1958 as a rare autosomal recessive genodermatosis
in the group of congenital ichthyoses [1]. Clinically, the syndrome is characterized by
congenital ichthyosiform erythroderma, an atopic diathesis presenting with food allergies
and asthma, recurrent skin infections, increased levels of IgE, and delayed physical de-
velopment. Congenital erythroderma occurs immediately after birth and presents with
generalized diffuse erythema and desquamation [2]. Some babies are born wrapped in a
cellophane-like membrane (collodion baby). Over time, erythroderma evolves into ich-
thyosis linearis circumflexa, represented by transient serpiginous double-contoured er-
ythematosquamous plaques. Itching is a constant accompanying sign of the disease. A
specific abnormality of hairs in the capillitium TI (also called bamboo hair) is considered
pathognomonic for the syndrome. TI presents as an infolding of the distal part of the hair
shaft toward its proximal part, giving a “ball in a hoop” appearance [4]. Visualization of TI by
dermatoscopy of hair shafts (trichoscopy) facilitates the diagnosis, as in our case [5]. Single
cases of pilli torti and trichorrhexis nodosa also have been described in the literature in
combination with NS. As a result of a genetic variant located in the SPINK5 gene in NS, the
activity of the protein named lymphoepithelial Kazal-type-related inhibitor (LEKTI) is lost
[1, 6]. Normally, LEKTI is expressed in the outermost layers of the skin and plays an essential
role in regulating a family of proteolytic enzymes, kallikreins, by inhibiting them [7].
Premature degradation of corneodesmosomes in the process of epidermal desquamation is
observed. More recent studies have shown that LEKTI indirectly inhibits elastase 2 - a
protease enzyme that forms profilaggrin. The lack of LEKTI, damages the skin’s protective
function, facilitating the penetration of bacterial, fungal, and toxic agents and allergens. This
causes atopic diathesis and chronic skin inflammation characteristic of the syndrome [8].
The exact mechanism of immunological dysfunction in NS is not fully understood. Patients
with this syndrome have higher than normal levels of IgE and IgG4, low numbers of natural
Kkiller cells, and increased levels of proinflammatory cytokines (IL-1f, IL-12, TNFq, IL-2, IL-19)
in the serum and skin [9]. All this makes patients with NS susceptible to recurrent in-
fections. The differential diagnosis of NS includes the Omenn syndrome, nonbullous
ichthyosiform erythroderma, generalized seborrheic dermatitis, erythrodermic psoriasis,
severe atopic dermatitis, staphylococcal scalded skin syndrome, and hyper-IgE syndrome.
The diagnosis of NS can be verified by identifying a SPINK5 genetic variants, by DNA
sequencing - 92 pathogenic/likely pathogenic variants have been found in the SPINK5
gene in NS patients [3]. Most of the genetic variant described so far is associated with
premature termination, consistent with the variants discovered in our proband [1]. The
first variant detected in our case - c.1530C>A p.(Cys510Ter) inherited from the mother,
has been published only once as a pathogenic variant in a 15-year-old male with NS and
acute lymphoblastic leukemia [10]. The variant is a nonsense mutation predicted to cause
loss of normal protein function either by protein truncation or nonsense-mediated mRNA
decay. The second detected variant in the proband - a likely pathogenic frameshift
mutation - c.420del p.(Ser141ProfsTer5), inherited from the father, is novel and has never
been published in the literature or population data [11]. It is a frameshift variant that
truncates the protein in 5 amino acids. There is no causal treatment for NS. Therapeutic
possibilities include applying local corticosteroids and calcineurin inhibitors, local reti-
noids, Narrowband ultraviolet B therapy, psoralens, and ultraviolet A therapy. In more
severe cases, systemic acitretin has been used with variable success. In some cases,
significant improvements in erythema and desquamation have been described [12]. Other
authors found a worsening skin condition in patients with NS on the background of
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treatment with oral acitretin, similar to the case we described [13]. New therapeutic options in
cases of very severe NS are treatment with intravenous immunoglobulin and anti-TNF-a in-
hibitors. Fontao et al. [14] found that infusion of recombinant humanized monoclonal anti-TNF-
alpha antibody in patients with NS reduced the expression of IL-6 and IL-8 in the skin with
remarkable sustained improvement in skin lesions and hair growth, possibly in association with
a Th2 to Th1 shift in the systemic immune response. The atopic eczematous lesions and pruritus
in NS improved remarkably during treatment with dupilumab, ixekizumab, and anakinra,
dramatically improving the patient’s quality of life [15].

Conclusion

With the presentation of the characteristic skin signs, atopic diathesis, and TI, diagnosing
NS is easy. When clinical signs are atypical or absent, it may be delayed. Genetic testing of the
SPINKS5 gene is key to confirming the diagnosis and starting early treatment. The genetic
variants we have described correlate with a severe clinical phenotype of NS in our patient. The
second genetic variant of the SPINKS gene, inherited from the father in our case, is novel and
has never been published in the literature. The CARE Checklist has been completed by the
authors for this case report, attached as online supplementary material (for all online suppl.
material, see https://doi.org/10.1159/000536083).
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