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INTRODUCTION

SUMMARY Netherton syndrome (NS) is a rare autosomal recessive disorder
caused by SPINK5 mutations, leading to LEKTI deficiency and skin barrier
dysfunction. It manifests as ichthyosis, trichorrhexis invaginata (bamboo
hair), and atopic diathesis, including food allergies, asthma, and elevated IgE
levels. Early genetic testing is key for accurate diagnosis and treatment. We
report a case of a two-year-old girl initially diagnosed with atopic dermatitis,
presenting with severe, persistent skin issues from infancy. The symptoms
included dry, scaly, and inflamed skin, along with elevated IgE levels and
polysensitization to food allergens. Trichorrhexis invaginata was identified,
and genetic testing confirmed NS. Despite treatments with corticosteroids
and emollients, the patient continued to experience flare-ups, leading to
the use of biological therapy, specifically secukinumab, due to persistent
skin barrier dysfunction. NS is often misdiagnosed due to its overlap with
atopic dermatitis, especially in early stages. Mutations in SPINK5 vary in
severity, influencing treatment outcomes. Current therapies, including
corticosteroids, emollients, and immunomodulators, provide limited relief.
New treatments like IVIG, retinoids, and biologics (e.g., secukinumab, dupil-
umab) show promise in managing inflammation and restoring the skin bar-
rier, with secukinumab targeting IL-17A showing significant improvements.
The psychosocial impact of NS affects the patient’s quality of life, causing
anxiety, social withdrawal, and family stress. Early genetic testing, targeted
therapies, and psychosocial support are crucial for managing NS. Future re-
search should focus on improving genetic testing accessibility, optimizing
combination therapies, and addressing psychosocial challenges.
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Netherton syndrome (NS) is a rare autosomal re-
cessive disorder affecting epidermal maturation and
keratinization [1]. It is characterized by ichthyosiform
dermatosis, a distinctive hair abnormality known as
trichorrhexis invaginata (“bamboo hair”), and atopic
diathesis, including food allergies, asthma, allergic
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rhinitis, eosinophilia, and elevated IgE levels [1-2]. The
syndrome results from pathogenic mutations in the
SPINKS5 gene, located on chromosome 5q31-32, lead-
ing to a loss of function in the serine protease inhibi-
tor Kazal type 5, which encodes the lymphoepithe-
lial Kazal-type related protease inhibitor (LEKTI). LEKTI
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inhibits kallikrein-associated peptidases and cathep-
sin G and is found in the thymus and epithelium. Loss
of LEKTI function disrupts skin barrier integrity, result-
ing in excessive desquamation, inflammation, and
increased susceptibility to infections [3-4]. Despite
advances in genetic screening, Netherton syndrome
remains underdiagnosed or misdiagnosed as severe
atopic dermatitis or ichthyosis linearis circumflexa, de-
laying appropriate management [5]. This review aims
to provide a comprehensive overview of diagnostic
challenges, therapeutic options, and future perspec-
tives in the management of Netherton syndrome.

CASE PRESENTATION

A two-year-old girl presented with severe, persis-
tent atopic dermatitis, characterized by widespread
dry, scaly, erythematous, and inflamed skin with in-
tense pruritus, significantly affecting her quality of
life (Figure 1). Symptoms began in early infancy as
erythema and desquamation on the hands. She has
a family history of atopic diseases on both sides,
and her mother has psoriasis. Initially diagnosed
with atopic dermatitis, she had IgE levels of 211 1U/
mL and polysensitization to multiple food allergens.
She showed temporary improvement with topical
corticosteroids and emollients. Her hair was short,
brittle, and thin, without growth or developmental
delays. Laboratory tests later revealed a significantly
elevated IgE level (9439 IU/mL) and polysensitiza-
tion to nutritional allergens, with mild sensitization
to inhalants. Immunophenotyping ruled out immu-
nodeficiency. Dermatoscopy identified trichorrhexis
invaginata, confirming Netherton syndrome. Genetic
testing detected two pathogenic SPINK5 variants:
c.891C>T, p.(Cys297=) and ¢.1431-12G>A. Skin biopsy
results are pending. The patient had been breastfed
until 18 months, and dietary elimination of allergens
improved her skin condition. Despite various treat-
ments, including emollients, corticosteroids, monte-
lukast, and antihistamines, severe skin exacerbations
persisted. Due to ongoing inflammation and skin bar-
rier dysfunction, biological therapy with secukinum-
ab, available in our healthcare system, is planned.
Multidisciplinary care is in place, and topical immu-
nomodulators were delayed due to her compromised
skin barrier. Genetic counseling was recommended
for her parents to assess hereditary risks.

DISCUSSION
Average Age of Diagnosis and Diagnostic
Delays

The age of NS diagnosis varies, ranging from in-
fancy to late childhood [2-9]. In neonates, it is often

identified due to severe complications such as failure
to thrive, feeding difficulties, hypernatremia, dehydra-
tion, and erythroderma with extensive desquamation
[9]. In our case, symptoms resembling atopic derma-
titis were present from birth, worsening after wean-
ing and the introduction of complementary feeding,
alongside significantly elevated IgE levels and poly-
sensitization. NS is frequently misdiagnosed as atopic
dermatitis due to overlapping eczematous lesions
and a family history of atopy. Additionally, distinctive
features such as ichthyosis linearis circumflexa, brittle
hair, and trichorrhexis invaginata may not appear un-
til later in childhood. Elevated serum IgE levels and
variable skin presentations further complicate differ-
entiation [5]. Some cases remain undiagnosed until
adulthood, as seen in two sisters initially treated for
ichthyosiform erythroderma but later diagnosed with
NS following genetic testing [8]. Concomitant SPINK5
and FLG2 mutations can further complicate clinical
presentation, mimicking severe atopic dermatitis
[10]. Delayed diagnosis increases the risk of malnutri-
tion, infections, and long-term skin barrier dysfunc-
tion [11]. Limited access to genetic testing in some
regions contributes to misdiagnosis and treatment
delays.

GENETIC VARIABILITY AND DISEASE
SEVERITY

In our case, genetic analysis confirmed the
clinical suspicion, revealing the mutations SPINK5
c.891C>T (p.Cys297=) and SPINK5 c.1431-12G>A in
heterozygosity, localized on chromosome 5g32. The
c.891C>T variant is a synonymous mutation close
to an exon-intron boundary and may potentially in-
terfere with RNA splicing. This variant has been ob-
served in several individuals affected by Netherton
syndrome [12-13]. Additionally, the c.1431-12G>A
variant, which also lies near an exon-intron bound-
ary, has been identified in individuals with NS and is
predicted to affect normal RNA splicing, though this
has not yet been confirmed by functional studies [14-

Figure 1. Dry, scaly and erythematous skin of our patient.
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16]. The synonymus genetic variant SPINK5 ¢.891C>T
(p.Cys297=) and intron variant SPINK5 c.1431-12G>A
is associated with conditions of erythroderma, ich-
tyosis linearis complexa and increased concentration
of circulating IgE [17-18]. Different SPINK5 mutations
have been associated with variable disease severity,
influencing treatment response [9]. Over 108 patho-
genic variants have been identified in NS, with over
80 being nonsense mutations and small deletions/
insertions, leading to truncated, nonfunctional pro-
teins. Splicing and missense mutations have also
been reported [4, 19]. SPINK5 mutations affect the
organ-specific expression of LEKTI isoforms, with up-
stream mutations generally causing more severe NS
phenotypes. Mutations occurring earlier in the LEKTI
gene result in a more severe phenotype compared to
those located closer to the 3' region [9]. Specific trun-
cating mutations may lead to more severe skin bar-
rier defects and increased infection risk, while mis-
sense mutations might result in a milder phenotype
[19]. This highlights the potential role of genotype-
phenotype correlations in predicting disease course
and therapeutic response [1].

Psychosocial Impact and Quality of Life

Patients with Netherton syndrome experience
chronic pruritus, recurrent infections, and visible
skin lesions. These symptoms lead to psychosocial
distress and reduced quality of life. Children may de-
velop anxiety, social withdrawal, and school absen-
teeism due to persistent symptoms and visible skin
changes. Family burden is also significant, it requires
continuous medical care, dietary modifications, and
psychological support. Stigma and emotional dis-
tress related to severe skin manifestations further
contribute to diminished self-esteem and mental
health challenges [20].

Current and Emerging Therapeutic
Approaches

In our case, the available therapy was mostly
symptomatic, with a good response to local or intra-
venous corticosteroid administration but with occa-
sional exacerbations. There is no standardized pro-
tocol for the treatment nor ideal treatment, therapy
is mainly supportive. Current available treatments
include topical emollients, antihistamines, cortico-
steroids, and calcineurin inhibitors which provide
symptomatic relief but do not address the underlying
cause [4]. Systemic corticosteroids are not a primary
treatment for Netherton syndrome but may help dur-
ing flare-ups. Cyclosporine, used in autoimmune and
skin disorders, has shown no documented effective-
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ness in NS, with reported cases failing to demonstrate
improvement. Due to limited and inconclusive data,
its efficacy remains uncertain [1]. During exacerba-
tions antibiotics and intravenous immunoglobulins
(IVIG) can also be used. Intravenous immunoglobulin
acts on opsonization of bacteria and phagocytosis
and consequently reduces inflammation and inci-
dence of infections [4]. Immunoglobulin therapy has
shown clinical improvement in 13 out of 15 reported
NS patients, likely due to immunomodulatory effects
rather than IgG deficiency. Most treated patients
were children, experiencing reduced inflammation,
erythema, scaling, infections, and improved quality
of life, with some showing growth improvements.
Data on adults are limited, with only one case report-
ing mild improvement after six months of IVIG treat-
ment [1]. Retinoids, synthetic vitamin A analogs, have
shown mixed results in NS, primarily reducing scal-
ing through their anti-keratinizing effects. Some pa-
tients improved, while others worsened, suggesting
lower doses may be beneficial, though inconsistent
reporting limits conclusions. Their effectiveness may
depend on scaling severity versus erythroderma, but
no standardized assessments confirm this. Retinoids
remain a secondary treatment option compared to
immunoglobulins and biologics [1]. Oral retinoids,
acitretin and isotretinoin have been used, but their
efficacy is inconsistent, some patients experiance
worsening and side effects such as bone toxicity, tera-
togenicity, growth retardation and hepatotoxicity are
limiting their use and outweight the benefits of their
use [4]. The key challenge in NS is finding treatments
that restore the skin barrier and control chronic in-
flammation. Biologic therapies show promise as tar-
geted treatments, addressing Th2/Th17 pathway up-
regulation, high TNF-q, and elevated IgE levels. Seven
biologicals have been studied, with dupilumab and
secukinumab being the most frequently used [1].
Patients with NS exhibit increased IL-17A signaling,
making IL-17 blockade a potential therapeutic target.
Secukinumab, a monoclonal antibody that binds IL-
17A and prevents its interaction with its receptor, has
shown promising results in case reports, particularly
in pediatric patients. Studies have reported improve-
ments in skin condition, reduced pruritus, decreased
use of topical steroids, and, in some cases, enhanced
growth rates without significant adverse effects. By
targeting IL-17A, secukinumab helps modulate in-
flammation and may contribute to restoring the skin
barrier, making it a promising option for managing
NS [6]. Dupilumab is also effective in NS as it blocks
the IL-4 receptor alpha subunit, inhibiting IL-4 and IL-
13 signaling, which are key drivers of the TH2 inflam-
matory response. Case reports on dupilumab show
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improved skin condition, reduced pruritus, inflam-
mation, IgE, and eosinophil levels, along with lower
disease severity scores. Patients experienced better
ichthyosis, hair growth, and reduced need for immu-
noglobulin therapy. By targeting IL-4 and IL-13, dupil-
umab helps regulate immune dysregulation and may
aid in skin barrier restoration in Netherton syndrome
[21]. Infliximab, a chimeric antibody that blocks both
circulating and transmembrane TNF-a, was used in
one case report. Elevated TNF-a levels contribute to
disease severity in NS. A pediatric case showed sig-
nificant skin improvement after infliximab treatment,
with decreased disease severity during the use [22].
Ustekinumab is a monoclonal antibody that blocks
the p40 subunit shared by IL-12 and IL-23, inhibiting
both TH1 and TH17 immune responses involved in in-
flammation [21]. A case report of a 15-year-old patient
with uncontrolled skin lesions showed significant
improvement after the second dose, with sustained
remission after one year of treatment [23]. Biologi-
cal therapy appears to be a promising and generally
safe option for pediatric NS, though larger controlled
trials are needed for definitive conclusions. Given
its consistent clinical benefits, IL-17A blockade with
secukinumab or ixekizumab is the preferred choice
for patients with severe inflammatory and pruritic
skin manifestations. Dupilumab, targeting IL-4 and IL-
13, may be beneficial for patients with a strong Th2-
driven immune profile, while ustekinumab, which
inhibits IL-12 and IL-23, could be considered in cases
resembling psoriasis. TNF-a inhibitors like infliximab
have shown efficacy but carry a higher risk of serious
infections, requiring close monitoring. Regardless of
the chosen therapy, pre-treatment vaccination, infec-
tion surveillance, and individualized treatment plans
based on immune and clinical profiles are essential
for optimizing outcomes [21]. Additionally, emerging
therapies targeting IL-36 and Th9 pathways are cur-
rently being explored as additional treatment strate-
gies [24].

Future Directions and Research Recom-
mendations

By increasing availability and affordability of ge-
netic testing, more patients could be accurately diag-
nosed at an earlier stage, allowing for timely medical
intervention and potentially better clinical outcomes
[4]. Further research should explore the potential of
combination therapy strategies, particularly the con-
current use of IL-17 and IL-4/IL-13 inhibitors. Current
reports suggest that some patients respond well to
secukinumab, while others benefit more from du-
pilumab, raising the possibility that a combined ap-
proach could yield better disease control [4]. Long-

term studies on the safety, efficacy, and accessibility
of biologic treatments are essential. Given that NS is
a lifelong condition, assessing the sustained benefits
and risks of biologic agents in pediatric and adult
populations is necessary. Prospective trials and real-
world evidence could provide valuable data to guide
clinical decision-making, particularly in determining
which patients are most likely to benefit from specific
biologic therapies [25]. Beyond treatment, address-
ing the psychosocial burden of Netherton syndrome
is crucial. Future research should focus on psycho-
logical counseling, social support programs, and
caregiver education to enhance patient and family
well-being [20].

CONCLUSION

Netherton syndrome is a severe dermatologi-
cal disorder requiring early diagnosis, multidisci-
plinary management, and personalized treatment
approaches. Genetic testing is crucial for accurate
diagnosis and intervention. Advances in biological
therapies such as secukinumab and dupilumab offer
new hope, though accessibility remains a challenge.
This case underscores the need for improved genetic
screening, early intervention, and a holistic approach
to care. Future research should focus on optimizing
treatment strategies, improving genetic testing ac-
cess, and addressing the psychosocial burden of
Netherton syndrome.

Parental Consent

Written informed consent was obtained from the
patient’s parents for the publication of this case re-
port, in accordance with ethical guidelines.
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