Algerian Journal of Allergy and Clinical Immunology. Vol. 11 Num. 02 (2026) 2543-3555

[| P L]

Available online at:

ool pala e il Zsagsleni AS
SusLialivetits s owluad)

K > . Algerian Scientific
Académie Algérienne d'Allergologie

et dmmundlogie Cliricie https://www.asjp.cerist.dz/en/PresentationRevue/588

REVUE DE LA LITTERATURE
Hétérogénéité génétique des syndromes d’Hyper IgE
Genetic heterogeneity of Hyper IgE Syndromes

Lilya Meriem BERKANI*"* Reda DJIDJIK?P

®Faculté de pharmacie, Université des Sciences de la Santé,
Alger, Algérie

bService d’immunologie médicale, CHU Issaad Hassani, Alger,

Algérie
MOTS CLES Résumé

Introduction : Les syndromes hyper-IgE (HIES) sont des erreurs innées de
Syndromes d’hyper-IgE I'immunité rares caractérisées par une élévation marquée des IgE sériques,

un eczéma, des infections récurrentes et un large éventail de manifestations
g immunologiques et extra-immunologiques. Au cours des deux dernieres
Erreurs innées de décennies, I'identification de nouveaux génes responsables a profondément
modifié la compréhension de ces maladies et mis en évidence une
importante hétérogénéité génétique.
Hétérogénéité Méthodes : Les syndromes hyper-Igk (HIES) sont des erreurs innées de
I'immunité rares caractérisées par une élévation marquée des IgE sériques,
un eczéma, des infections récurrentes et un large éventail de manifestations
immunologiques et extra-immunologiques. Au cours des deux dernieres
décennies, I'identification de nouveaux génes responsables a profondément
modifié la compréhension de ces maladies et mis en évidence une
importante hétérogénéité génétique.
Résultats: Les HIES résultent d’anomalies affectant plusieurs voies
biologiques. Les altérations de I'axe IL-6/STAT3, impliquant notamment
STATS3, IL6R, IL6ST et ZNF341, représentent une part importante des cas et
sont associées a un déficit de I'immunité Th17. D’autres formes sont liées a
des anomalies de la signalisation TGF-f3, de l'activation de NF-xB, de
I'intégrité de la barriére épithéliale, de la glycosylation ou encore de
I'organisation du cytosquelette. Des découvertes récentes, telles que le
déficit en OSMR, ont élargi le spectre des affections associées a une hyper-
IgE. Malgré des manifestations cliniques communes, ces maladies different
par leur susceptibilité infectieuse, leurs manifestations allergiques, leurs
atteintes extra-immunitaires et leurs options thérapeutiques. Plusieurs
autres erreurs innées de 'immunité peuvent également s’accompagner
d’'une élévation importante des IgE et doivent étre envisagées dans le
diagnostic différentiel.
Conclusion : Les HIES constituent un groupe hétérogéne de maladies
monogéniques plutét qu’une entité unique. L’identification précise du
défaut génétique sous-jacent est essentielle pour le diagnostic, le conseil
génétique, 'évaluation pronostique et 'orientation thérapeutique.

I'immunité ;

génétique
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Abstract

Introduction : Hyper-IgE syndromes (HIES) are rare inborn errors of
immunity characterized by elevated serum IgE levels, eczema, recurrent
infections, and a broad spectrum of immunological and extra-
immunological manifestations. Over the past two decades, the
identification of new disease-causing genes has substantially changed our
understanding of these disorders and revealed considerable genetic
heterogeneity.

Methods : We reviewed the literature on the genetic causes of HIES and
HIES-like disorders, focusing on the molecular pathways involved,
genotype-phenotype relationships, and current diagnostic classification.
Both autosomal dominant and autosomal recessive forms were included.
Results : HIES are caused by defects affecting several biological pathways.
Alterations of the IL-6/STAT3 axis, involving STAT3, IL6R, IL6ST, and
ZNF341, account for a substantial proportion of cases and are associated
with impaired Th17 immunity. Other forms result from abnormalities in
TGF-f signaling, NF-kB activation, epithelial barrier function, glycosylation,
or cytoskeletal organization. Recent discoveries, including OSMR
deficiency, further expand the spectrum of disorders associated with
elevated IgE levels. Although these conditions share common clinical
features, important differences exist regarding infectious susceptibility,
allergic manifestations, connective tissue involvement, neurological
abnormalities, and treatment options. In addition, several other inborn
errors of immunity may present with marked IgE elevation and should be
considered in the differential diagnosis.

Conclusion : HIES representa diverse group of monogenic disorders rather
than a single disease entity. Recognition of the underlying genetic defect is
essential for accurate diagnosis, genetic counseling, prognostic evaluation,
and selection of the most appropriate therapeutic strategy.

© 2026 Algerian Journal of Allergy and Clinical Immunology. All rights reserved.
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Introduction

pathogenic variants in multiple genes involved in

Hyper IgE syndromes (HIES) are rare inborn errors
of immunity (IEI) defined by a classic triad:
markedly elevated serum IgE, recurrent infections
(especially staphylococcal), and eczema presenting
as "cold” cutaneous abscesses without typical
inflammatory signs. Dental, skeletal, and
connective tissue abnormalities are also common,
along with susceptibility to viral skin infections (1-
3). Normal adult serum IgE is generally below 140
Ul/mL, whereas HIES patients often show levels up
to ten-fold higher (1).

Recent advances in molecular genetics have
considerably expanded the spectrum of disorders

associated with the HIES phenotype. To date,

cytokine signaling, immune-cell differentiation,

epithelial barrier integrity, cytoskeletal
organization, and tissue homeostasis have been
identified, revealing marked genetic and
immunological heterogeneity (4-6). Although
these disorders share overlapping clinical features,
their underlying pathogenic mechanisms and
immunological profiles differ substantially. This
improved understanding has refined disease
classification, leading to the recognition of distinct
molecular subtypes and the reclassification of
some entities, such as DOCK8 deficiency, within the
broader category of combined

immunodeficiencies. Together, these discoveries
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have provided important insights into the
pathophysiology of HIES and underscore the
complexity of its molecular landscape, with a
clinical spectrum extending beyond infections to
incluode immunological and extra-hematopoietic

manifestations (5-7).

The review aims to distinguish the genetic basis of
autosomal dominant (AD) and autosomal recessive
(AR) forms of HIES to improve diagnosis, clinical

management, and targeted therapy.

Genetic classification

HIES arises from de novo or inherited variants,
following either AD or AR inheritance pattern (8).
Most AD-HIES are caused by mutations in STAT3,
whereas most AR-HIES cases involve DOCKS8
deficiency (2). The first gene associated with HIES
was identified in 2006 as AR TYK2 deficiency (9),
which highlighted the role of the JAK/STAT
pathway and paved the way for the discovery of
dominant-negative STAT3 mutations as the main
cause of AD-HIES in 2007 (10).

The most recent International Union of
Immunological Societies (IUIS) classification
recognizes thirteen genetic defects across ten
genes, including AD STAT3 loss-of-function (LOF),
AR IL6R, AR and AD IL6ST partial deficiency, AR
IL6ST complete deficiency, AR ZNF341, AD ERBIN,
AD TGFBR1/2, AR SPINKS5, AR PGM3, AD CARD11
LOF, and AD STAT6 gain-of-function (GOF) (7).

Although DOCKS deficiency is no longer classified
as HIES in the latest IUIS update, it is retained in
this review due to its well-established HIES-like
clinical phenotype. The currently recognized

genetic causes are summarized in Table 1.

Molecular and immunological basis of
hyper-IgE syndrome

Despite this heterogeneity, HIES converges on
shared pathogenic mechanisms that result in
elevated serum IgE levels, eczema, recurrent
infections, and allergic manifestations. The IL-
6/STAT3 signaling pathway represents the best-
characterized axis of HIES pathogenesis and is
marked by genetic heterogeneity at multiple levels
of the cascade, including ligand-receptor
interaction (IL6R), signal transduction (IL6ST), and
downstream transcriptional regulation (STAT3
and ZNF341). These defects ultimately converge on
impaired STAT3 activation, defective Th17-cell
differentiation, and compromised mucocutaneous

immunity (11).

Other forms of HIES involve dysregulation of TGF-
B signaling (TGFBR1, TGFBR2, ERBIN), NF-xB
signaling (CARD11), or cytokine signaling due to
STAT®6 gain-of-function variants. DOCK8 deficiency
affects cytoskeletal dynamics and lymphocyte
survival, leading to impaired immune synapse
formation and combined immunodeficiency with a

HIES-like phenotype. In
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Figure 1. Signaling pathways and associated genes in hyper-IgE syndrome (6). (A) Cytokine signaling; (B) TGF-

B signaling; (C) antigen receptor signaling; and (D) cytoskeletal organization. This figure summarizes the major molecular pathways

implicated in hyper-IgE syndrome (HIES). Genes associated with HIES are highlighted in red, and phosphorylation events are indicated by

yellow circles. Together, these pathways illustrate the key mechanisms underlying the clinical manifestations of HIES: CARD11, caspase

recruitment domain-containing protein 11; ERBIN, ErbB2 interacting protein; IL, interleukin; JAK, Janus kinase; MALT1, mucosa-

associated lymphoid tissue lymphoma translocation protein 1; NF-xB, nuclear factor kappa B; PKC, protein kinase C; SMAD, mothers

against decapentaplegic homolog; STAT, signal transducer and activator of transcription; TAK1, TGF-f activated kinase 1; TCR, T cell

receptor; TGFBR, transforming growth factor beta receptor; TRAF6, TNF receptor-associated factor 6; ZNF, zinc finger.

addition, defects in glycosylation (PGM3) or
epithelial barrier integrity (SPINK5) may also
present with HIES-like phenotypes (11).
Collectively, these findings highlight how distinct
molecular pathways converge toward a shared
clinical phenotype, underscoring the central role of
cytokine signaling, Th17 immunity, and barrier

homeostasis in HIES (Figure 1).

Autosomal dominant HIES

AD-HIES STAT3 deficiency (Job's syndrome)
Autosomal dominant STAT3 deficiency (Online
Mendelian Inheritance in Man (OMIM) #147060),
also known as Job syndrome, represents the most
common form of hyper-IgE syndrome and accounts

for more than 90% of AD-HIES cases.

Since the identification of STAT3 as the causative
gene in 2007, more than 400 patients have been
reported worldwide (3,10,12). The disease results
from heterozygous dominant-negative (DN)
variants in STAT3, located on chromosome
17q921.2. Most pathogenic variants are missense
mutations affecting the DNA-binding and SH2
domains, emphasizing the critical role of these
regions in STAT3-mediated transcriptional activity

(Figure 2) (3,6).

STAT3 is a key mediator of signaling downstream
of IL-6, IL-21, and IL-23 and is essential for Th17-
cell differentiation. Consequently, patients exhibit
profoundly reduced Th17-cell numbers, often

representing less than 0.3% of circulating CD4+ T
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Figure 2. Structural domains of STAT3 (3). DBD, DNA-binding domain; LD, linker domain; NT, N-terminal; SH2, Src

homology 2; TA, transactivation

cells, leading to impaired neutrophil recruitment

and increased susceptibility to recurrent
Staphylococcus aureus and fungal infections. In
addition, abnormalities of memory B cells and
CD8+ T-cell function contribute to the broader
(13,14).

immunological Clinically,

phenotype
STAT3 deficiency is characterized by severe
eczema, recurrent skin and pulmonary infections,
chronic mucocutaneous candidiasis, eosinophilia,
and markedly elevated serum IgE levels. Extra-
hematopoietic manifestations are common and
include characteristic facial features, retained
primary teeth, scoliosis, osteoporosis, pathological
fractures, and vascular abnormalities such as
coronary artery ectasia and aneurysms (3,15-17).
Although genetic testing is the diagnostic gold
standard, the National Institutes of Health (NIH)
scoring system remains useful in identifying
patients with a typical clinical phenotype (18).
Management remains largely supportive; however,
emerging data suggest that hematopoietic stem cell
transplantation (HSCT) may improve immune

function and reduce infectious complications in

selected patients (19).

AD-IL6ST partial deficiency
IL6ST encodes GP130, the common signal-
transducing receptor subunit shared by several
members of the IL-6 cytokine family, including IL-
6, IL-11, IL-27, oncostatin M (OSM), and leukemia
inhibitory factor (LIF). Consequently, the clinical
manifestations of IL6ST deficiency depend on both
the nature of the genetic defect and the cytokine

pathways affected. Three distinct forms have been

described: complete biallelic LOF causing a severe

Stlive-Wiedemann-like syndrome, biallelic
hypomorphic variants causing AR HIES, and
heterozygous DN variants causing AD HIES (20).
An overview of the affected signaling pathways and
HIES-associated phenotypes is shown in Figure 3.
Autosomal dominant IL6ST deficiency (OMIM
#619752) was first reported in 2020 in 12 patients
from eight unrelated families and remains an
exceptionally rare cause of hyper-IgE syndrome.
All reported variants are heterozygous truncating
mutations, including nonsense, frameshift variants,
and small insertions/deletions, located in the
intracellular C-terminal region of GP130
downstream of the transmembrane domain. These
mutations remove the intracellular STAT3-binding
sites and receptor recycling motifs while
preserving cell-surface expression of the mutant
protein, thereby leading to a DN effect through
interference with signaling by the wild-type
receptor. As aresult, downstream STAT3 activation
is impaired. Signaling through IL-6 and IL-11 is
preferentially affected, whereas LIF responses are
relatively preserved. Clinically, affected individuals
present with a variable HIES phenotype closely
resembling DN STAT3 deficiency,

IgE,

including

elevated eosinophilia, eczema, recurrent
bacterial and fungal infections, and skeletal and
dental abnormalities such as scoliosis and retained
primary teeth. Defective signaling downstream of
IL-6 family cytokines

leads to impaired STAT3 activation and reduced
Th17-cell differentiation. ~However, unlike
disorders with profound impairment of IL-11
signaling, craniosynostosis is typically absent,

likely reflecting partial preservation of IL-11-
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dependent signaling. These findings support the
concept that upstream defects affecting the IL-
6/STAT3 pathway can reproduce many, but not all,
features of STAT3-HIES (6,20-23).

TGFBR deficiency (TGFBR1/TGFBR2)
Autosomal dominant Loeys-Dietz syndrome (LDS;
OMIM #609192, #610168) is caused by
heterozygous pathogenic variants in TGFBR1 or
TGFBR2, which encode the type I and type II
receptors of transforming growth factor-f (TGF-f3).
Reported variants are predominantly missense
mutations, most of which affect the intracellular
serine/threonine  kinase domains, although
nonsense, splice-site, and small insertion/deletion
variants have also been described, leading to
dysregulated downstream signaling. LDS is
characterized by aortic aneurysms, arterial
tortuosity, and craniofacial abnormalities,
including cleft palate (6,24,25).

Dysregulated TGF-f signaling drives Th2 skewing
and elevated serum IgE levels, resulting in allergic
features that can mimic STAT3-HIES in some
patients (26). This expands the phenotypic overlap
between connective tissue disorders and inborn
errors of immunity.

To date, more than fifty patients with LDS-
associated TGFBR1/2  variants presenting
immunological features have been reported in the

literature (6,24,25).

ERBIN deficiency

ERBIN (encoded by ERBB2IP, OMIM #606944) is a
scaffold protein involved in epithelial organization
and regulation of TGF-B/SMAD signaling.
Autosomal dominant ERBIN deficiency is caused by
heterozygous loss-of-function variants, including
nonsense and frameshift mutations, leading to
reduced protein expression and impaired control

of downstream signaling pathways (1,6,27).

Loss of ERBIN results in dysregulated TGF-f
signaling, enhanced Th2 cytokine responses,
elevated serum IgE levels, and a severe allergic
phenotype, often associated with eosinophilic
gastrointestinal disease. Only a few unrelated
patients have been reported, highlighting the
extreme rarity of this entity. This condition
expands the HIES-like spectrum by linking
epithelial homeostasis and immune dysregulation
through altered TGF-B-dependent signaling
networks and contributes to clinical overlap with
STAT3 deficiency-associated HIES phenotypes
(1,6,27).

Clinically, some patients have shown marked
improvement with IL-4 receptor blockade
(dupilumab), supporting the central role of Th2-

driven inflammation (28).

CARD11 deficiency

CARD11-associated atopy with  dominant
interference of NF-kB signaling (CADINS) is caused
by heterozygous DN variants in CARD11 (OMIM
#617638), a key scaffold protein required for
antigen receptor-induced NF-kB activation in
lymphocytes. Most reported variants affect the
coiled-coil or CARD domains and impair
signalosome assembly, resulting in defective
downstream NF-xB signaling (1,6,29).

To date, approximately 60 patients carrying more
than 15 distinct CARD11 variants have been
reported. The clinical phenotype is characterized

recurrent infections,

by atopy,
hypogammaglobulinemia, and variable cytopenias,
reflecting combined B- and T-cell dysfunction
(1,6,29).

Serum IgE levels are frequently elevated but are
generally lower than those observed in STAT3
deficiency, helping to distinguish CADINS from
classic STAT3  deficiency-associated  HIES

(1,6,27,29).
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STAT6 GOF
Gain-of-function variants in STAT6 (OMIM
#620532) result in constitutive activation of IL-
4/1L-13-dependent signaling, leading to enhanced
Th2 differentiation and increased IgE class-switch
recombination. Most reported variants affect the
DNA-binding or SH2 domains, consistent with a
gain-of-function mechanism that amplifies
cytokine-driven

(6,30,31).

transcriptional programs
To date, approximately 20 patients carrying STAT6
GOF variants have been described (11). The clinical
phenotype is dominated by severe early-onset
allergic disease, including atopic dermatitis,
anaphylaxis, eosinophilic gastrointestinal
disorders, and, in some cases, lymphoproliferative
complications such as follicular lymphoma has

been reported (32).

Autosomal recessive HIES

DOCKS8 deficiency

DOCKS8 deficiency (OMIM #243700) is the most
common AR form of hyper-IgE syndrome and is
caused by biallelic loss-of-function variants in
DOCKS8. Pathogenic variants include nonsense,
frameshift, splice-site mutations, as well as large
intragenic and whole-exon deletions, many of
which result in absent or severely reduced protein
expression. About 250 patients have been reported
worldwide, making DOCK8 deficiency one of the
best-characterized monogenic causes of elevated
IgE (6,33-35).

DOCK8 encodes a guanine nucleotide exchange
factor involved in actin cytoskeleton remodeling,
lymphocyte migration, immune synapse formation,
and the survival of T, B, and NK cells. Consistent
with its role in adaptive immunity, DOCKS8
deficiency was reclassified by the 2022 IUIS update
as a combined immunodeficiency with low T-cell

numbers rather than a classical HIES (4).

Clinically, patients present with severe eczema,
marked eosinophilia, extremely elevated IgE levels,
recurrent bacterial infections, chronic viral skin
infections, severe food allergies, and an increased
risk of malignancy. Unlike STAT3 deficiency,
skeletal and connective tissue abnormalities are
generally absent (6,33-35). HSCT remains the
treatment of choice and substantially improves

survival and clinical outcomes (36).

ZNF 341 deficiency

ZNF341 deficiency (OMIM #618282) is caused by
biallelic LOF variants in ZNF341, a zinc-finger
transcription factor that regulates both basal and
inducible STAT3 expression. Most reported
pathogenic variants are nonsense, frameshift, or
splice-site  mutations generating truncated
proteins and resulting in complete loss of ZNF341
function. To date, approximately 20 genetically
confirmed patients have been reported worldwide,
highlighting the rarity of this condition (6,37,38).
By impairing STAT3 transcription and
autoinduction, ZNF341 deficiency produces a
clinical and immunological phenotype closely
resembling STAT3-HIES. Patients typically exhibit
elevated IgE levels, eosinophilia, recurrent
bacterial and fungal infections, and defective Th17-
cell differentiation. However, extra-immunological
manifestations are generally less pronounced than
in STAT3 deficiency, whereas low NK-cell counts
appear to be a distinctive feature (37,38). These
findings identify ZNF341 deficiency as a genetic
phenocopy of STAT3-HIES and highlight the central
role of the ZNF341-STAT3 pathway in the
pathogenesis of HIES.

IL6R deficiency

IL6R deficiency (OMIM #618944) is a rare AR IEI
caused by biallelic LOF variants in IL6R, including
nonsense, frameshift, and splice-site mutations

leading to absent or severely reduced expression of
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the interleukin-6 receptor. Fewer than 15 patients
have been reported to date, highlighting the
extreme rarity of this condition (6,20,39).

IL6R encodes the membrane-bound a-chain of the
IL-6 receptor complex, which is essential for
classical IL-6 signaling and downstream STAT3
activation. Accordingly, IL6R deficiency results in
impaired acute-phase responses, defective B-cell
differentiation, and susceptibility to recurrent
bacterial infections (20,39).

Clinically, patients present with eczema, recurrent
skin and respiratory infections, and a blunted
inflammatory response, with a phenotype partially
overlapping with hyper-IgE syndromes but lacking
the full connective tissue manifestations of STAT3
deficiency-associated HIES (20,39).
Immunoglobulin  replacement therapy and
infection prophylaxis represent the main

therapeutic approaches (40).

IL6ST-partial LOF

Autosomal recessive HIES caused by biallelic
hypomorphic IL6ST variants (OMIM #618523) was
first described in 2021 (23). Most reported
variants are missense substitutions affecting
membrane-proximal extracellular domains of
GP130, occasionally in compound heterozygosity,
resulting in hypomorphic receptor function with
cytokine-selective signaling defects (6,20,23,44).
These variants selectively impair signaling
downstream of IL-6, IL-11, IL-27, and OSM while
largely preserving LIF responses. Clinically,
affected individuals present with a milder HIES
phenotype characterized by elevated serum IgE,
eosinophilia, recurrent skin and pulmonary
infections and eczema. Skeletal and dental
abnormalities include scoliosis, retained primary
teeth, and craniosynostosis resembling STAT3

deficiency-associated HIES. Impaired signaling

through IL-6 family cytokines results in defective
STAT3 activation, reduced Th17-cell
differentiation, and increased susceptibility to

bacterial and fungal infections (6,20,23,41).

IL6ST complete deficiency

Complete biallelic IL6ST deficiency was first
reported in 2020 in five patients from three
unrelated families (42). The reported variants are
biallelic loss-of-function alleles (OMIM #619751),
including nonsense and canonical splice-site
mutations, resulting in complete absence of GP130
function. These variants abolish signaling by all
GP130-dependent cytokines, including LIF,
resulting in a severe multisystem disorder
overlapping extended Stiive-Wiedemann
syndrome. Clinical manifestations include
profound skeletal dysplasia, dysautonomia,
respiratory complications, thrombocytopenia, and
high early mortality. The marked phenotypic
divergence from HIES highlights the critical role of
residual GP130 signaling, particularly through the

LIF pathway (20,41,42).

PGM3 deficiency

PGM3 deficiency (OMIM #615816) is caused by
biallelic hypomorphic variants in PGM3, which
encodes phosphoglucomutase 3, a key enzyme
involved in the biosynthesis of UDP-N-
acetylglucosamine and protein glycosylation.
Reported pathogenic variants include
predominantly missense mutations, although
splice-site variants and compound heterozygous
genotypes have also been described. To date,

approximately 40 patients from fewer than 20

families have been reported worldwide (6,27,43).
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Oncostatin M

Unlike the classical forms of HIES, PGM3 deficiency
combines immunodeficiency with multisystem
manifestations resulting  from defective
glycosylation. Patients typically present with
elevated IgE levels, eczema, recurrent infections,
eosinophilia, and variable immune dysregulation,
often accompanied by neurodevelopmental
abnormalities, hypomyelination, developmental
delay, and skeletal involvement. The presence of
neurological manifestations is a particularly useful
feature for distinguishing PGM3 deficiency from
STAT3- and DOCK8-related disease (6,27,43).
Preliminary studies have suggested that N-
acetylglucosamine supplementation may partially
clinical

restore enzymatic activity, although

experience remains limited (44).

Table 1. Genetic classification of hyper-IgE syndromes

SPINK5
syndrome)
SPINKS deficiency (OMIM #256500), the molecular

deficiency (Comel-Netherton

basis of Netherton syndrome, is caused by biallelic
loss-of-function variants in SPINKS5, which encodes
the serine protease inhibitor LEKTI. Reported
pathogenic variants include predominantly
nonsense, frameshift, and splice-site mutations
that result in absent or severely reduced LEKTI
expression. More than 200 patients have been
described worldwide, making SPINK5 deficiency
one of the best-characterized inherited disorders
associated with elevated IgE (45,46,6).

Loss of LEKTI disrupts epidermal barrier integrity
and promotes excessive protease activity, leading
to chronic skin inflammation and marked Th2

skewing. Clinically, patients present with
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Gene

STAT3

ZNF341

IL6ST

IL6R

TGFBR1/2

ERBB2IP

CARD11

DOCKS8

PGM3

STAT6

SPINKS5S

congenital

trichorrhexis invaginata (“bamboo hair”), severe

atopic manifestations, and elevated serum IgE

Inheritance

AD

AR

AD

AR

AR

AD

AD

AR

AR

AD

AR

ichthyosiform

Variant type

DN LOF

LOF

DN LOF

Hypomorphic
LOF

Complete LOF

Pathway

IL-6 / STAT3 signaling

STATS3 transcriptional

regulation

IL-6 family signaling
(GP130)

LOF IL-6 signaling
LOF TGF-p signaling
TGF-f / epithelial-
LOF B/ep
immune regulation
DN LOF NF-xB signaling
Cytoskeletal dynamics
LOF yt y /
immune synapse
hypomorphic
Glycosylation pathwa
LOF ycosy p y
GOF IL-4 / IL-13 signaling
Epithelial barrier
LOF
integrity
erythroderma,

levels. In addition to barrier dysfunction,

Key clinical features
Eczema, recurrent bacterial and
fungal infections, skeletal and dental

abnormalities, pneumatoceles

STAT3-HIES-like phenotype

STAT3-HIES-like phenotype,

absence of craniosynostosis

Craniosynostosis, skeletal
abnormalities, eczema, recurrent
infections
Stiive-Wiedemann-like syndrome,
severe developmental abnormalities
Recurrent bacterial infections,
impaired acute-phase response,
eczema
Aortic aneurysms, arterial
tortuosity, craniofacial
abnormalities, allergic

manifestations

Atopy with STAT3-HIES-like

manifestations

Severe atopy, food allergy, eczema,
asthma
Severe viral skin infections, allergy,
malignancy risk, CID
Neurodevelopmental abnormalities,
atopy, skeletal involvement
Severe allergic disease, eosinophilia,
food allergy, anaphylaxis
Netherton syndrome, bamboo hair,

severe skin barrier defect

immunological abnormalities including reduced
memory B cells, impaired NK-cell cytotoxicity, and

suboptimal vaccine responses have been reported

(45,46). Recent studies suggest that biologic
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therapies such as dupilumab may provide clinical

benefit in selected patients (46).

Oncostatin M deficiency

OSMR deficiency has recently been proposed as a
novel AR form of HIES-like disease, clinically
resembling STAT3-HIES but primarily arising from
stromal rather than hematopoietic dysfunction
(47). This was illustrated by a patient presenting
with elevated IgE, eczema, recurrent infections,
chronic pulmonary aspergillosis, and bone
fractures, who carried a homozygous missense
variant in OSMR (V436D). The variant leads to
reduced cell-surface expression of OSMR and
impaired oncostatin M-induced STAT3 activation.
Immunological studies revealed alterations in B-
and T-cell compartments consistent with a
germinal center defect driven by a non-
hematopoietic, fibroblast-intrinsic abnormality.
Importantly, functional rescue experiments
confirmed that reconstitution of OSMR in patient

fibroblasts restores the cellular phenotype (47).

Differential diagnosis of high IgE disorders
Beyond classical HIES, several inborn errors of
immunity (IEI) may present with elevated serum
IgE, making differential diagnosis particularly
challenging. Omenn syndrome, Wiskott-Aldrich
syndrome, WIP deficiency, and ARPC1B deficiency
are characterized by increased IgE levels
associated with eosinophilia and allergic
manifestations, although each displays a distinct
immunological and hematological profile. IPEX
syndrome, caused by FOXP3 loss-of-function
mutations, is marked by profound regulatory T cell
deficiency and often results in markedly elevated
IgE in the context of severe multiorgan
autoimmunity rather than recurrent infections.
STATS5Db deficiency disrupts signaling downstream

of multiple cytokines and growth hormone, leading

to growth failure, immune dysregulation, and
increased IgE levels (48).

Defects affecting lymphocyte activation, such as
STK4 and MALT1 deficiencies, may also present
with hyper-IgE phenotypes accompanied by
variable immune dysfunction. Similarly, IL21
deficiency impairs T cell help for B cell
differentiation and has been associated with
elevated IgE and defective humoral immunity. In
addition, 22q11.2 deletion syndrome (DiGeorge
syndrome), characterized by thymic hypoplasia
and T cell lymphopenia, may occasionally present
with elevated IgE and eczema-like skin
involvement (48).

Beyond IE], disorders affecting epithelial barrier
integrity, such as filaggrin deficiency and
epidermolysis bullosa, can also mimic HIES by
inducing secondary IgE elevation due to increased
allergen exposure through a disrupted skin barrier
rather than a primary immune defect (6,11).
Because of this broad overlap, accurate diagnosis
relies on integrated clinical evaluation,
immunophenotyping, and genetic testing to
identify the underlying defect and guide

appropriate management.

Conclusion

Hyper-IgE syndromes represent a genetically
heterogeneous group of inborn errors of immunity
resulting from disruption of multiple molecular
pathways, including cytokine signaling, antigen
receptor signaling, epithelial barrier function, and
immune homeostasis. This expanding genetic
landscape  highlights  that  IgE-associated
phenotypes arise from distinct but converging
molecular mechanisms rather than a single unified
disease entity, and that a proportion of patients
with a typical HIES phenotype still lack an

identifiable genetic cause, suggesting that

additional disease genes remain to be discovered.
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Accurate molecular diagnosis using next-
generation sequencing approaches, including
targeted gene panels and whole-exome
sequencing, is therefore essential for precise
classification, early diagnosis, and improved
patient management. Beyond confirming the
diagnosis, genetic characterization provides key
insights into disease mechanisms and supports risk
stratification and therapeutic decision-making.
From a therapeutic perspective, allogeneic
hematopoietic stem cell transplantation remains a
genotype-driven intervention with proven benefit
in selected disorders such as DOCK8 deficiency,
while emerging gene-based and targeted
immunomodulatory approaches are reshaping
future management strategies.

Overall, the integration of clinical, immunological,
and genetic data continues to refine the definition
of HIES and reinforces the central role of molecular

diagnosis in improving patient outcomes.
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