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Further delineation of KIDAR syndrome: Two new cases with
novel variants, functional analysis of the variants and a

comprehensive review
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The syndrome known as KIDAR (keratitis, ichthyosis, deafness, autosomal recessive) is extremely rare. It is caused by biallelic
mutations in AP1B1, encoding adaptor-related protein complex, beta-1 subunit. AP1 complex takes part in the formation of vesicles
and the selection of cargo proteins in the trans-golgi network. It also contributes to vesicular transport of ATP7A and ATP7B.
Accordingly, KIDAR has been defined as both an adaptinopathy and a copper metabolism disorder. Eleven cases have been
reported to date. We report two new KIDAR cases with novel splice site variants—c.1796+1 G > T and ¢.1796+1 G > C—in APIB1
(NM_001127.4) gene. Functional analysis of the first variant revealed that this mutation disrupts the normal splicing process,
resulting in the creation of a cryptic donor site 150 base pairs downstream of the canonical donor site which introduces a
premature stop codon into the transcript. We also present a review of previously reported KIDAR cases and genetic disorders
involving altering copper metabolism and highlight our patients’ new clinical features, which may broaden the recognized
phenotype. A detailed study of these cases may contribute to the ongoing genetic and clinical characterization of KIDAR syndrome.

Journal of Human Genetics; https://doi.org/10.1038/s10038-026-01476-9

INTRODUCTION

The adaptor protein (AP) complex is composed of heterotetra-
meric proteins that mediate intracellular membrane trafficking
and play a pivotal role in maintaining cellular homeostasis
through vesicle formation and cargo selection. The structure of
the AP-1 complex highlights the unique and essential role of the
31 subunit (AP1B1). The complex can change its function by using
different p subunits; for example, u1A1 works in general sorting,
while 1 is responsible for basolateral targeting in epithelial cells.
However, 31 remains conserved across all AP-1 complexes and is
the only beta-adaptin they use, with its primary role is to
recruitment of clathrin. As a result, all AP-1 dependent pathways,
including basolateral sorting, rely on 1. This shows that (31 is
critical for maintaining proper cell polarity. This feature sets AP-1
apart from other adaptor complexes. AP-2 uses a different beta
subunit, B2 for endocytosis at the plasma membrane. AP-3 has
tissue-specific B and W subunits, which provides more functional
flexibility [1, 2].

Biallelic pathogenic variants in AP1B1 cause autosomal recessive
keratitis ichthyosis deafness (KIDAR) syndrome (MIM#242150), an
extremely rare phenotype characterized by keratitis, ichthyosis,
and sensorineural hearing loss. Failure to thrive, global develop-
mental delay, photophobia, low plasma ceruloplasmin and copper
levels may accompany keratitis, ichthyosis, and sensorineural
hearing loss [3].

We report below two KIDAR cases, with functional analysis of
the mutation in the splice region. To date, only eleven cases of this
ultra-rare syndrome have been reported. These new cases will
contribute to the clinical and genetic characterization of KIDAR
syndrome.

CASE REPORTS
Case 1
The proband was a 13-year-old male, born to consanguineous
parents, referred to the outpatient medical genetics department
for developmental delay, hearing loss, ichthyosis, and palmoplan-
tar keratoderma. He was born by vaginal delivery at 37 weeks of
gestation. His birth weight was 2850 g. His medical history was
remarkable for developmental delay, with holding his head
unsupported at 1 year, unsupported sitting at 18 months, and
independent walking at 3 years. At 1 year of age, he was
diagnosed with profound bilateral sensorineural hearing loss and
received cochlear implants at 3 years old. He had delayed speech,
barely speaking 10 words at age 13. At three months of age, he
developed exfoliative erythroderma, slowly progressed over years,
and was diagnosed with ichthyosis.

Clinical examination revealed an intellectual disability. He had
mild facial dysmorphism with a high anterior hairline, sparse
eyebrows, microphthalmia, and inward strabismus on the right. He
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Fig. 1 Skin findings of cases. A: Skin findings of the case 1 showing scarring alopecia, palmoplantar keratoderma, dysplastic nails, generalized
ichthyosis and scaly skin. B: Skin findings of the case 2 showing sparse hair with partial alopecia, scaly skin, and palmoplantar keratoderma

had generalized ichthyosis and palmoplantar keratoderma, scaly
skin, and scarring alopecia. He also had hypoplastic teeth and
dysplastic nails (Fig. 1A). He had photophobia and corneal
scarring. His walk was broad-based, and deep tendon reflexes
increased. He had mild mitral regurgitation and patent foramen
ovale. Values reported in a complete blood count (CBC), routine
biochemical analysis, and very long chain fatty acids were within
normal limits.

Case 2

The patient was a ten-year-old male who was referred to the
outpatient clinic for congenital ichthyosis. After an uncomplicated
pregnancy, he was born at the 36th week via caesarean section.
He was admitted to the newborn intensive care unit for
aganglionic megacolon and congenital ichthyosis after birth.
Developmental milestones were delayed with independent
walking at 3 and speech at 5 years of age. During evaluations
for delayed language development at the age of 4, bilateral
sensorineural hearing loss was noted. On physical examination, he
had a high anterior hairline, sparse eyebrows, sparse hair with
partial alopecia, scaly skin, and palmoplantar keratoderma (Fig. 1B).
He also had central corneal opacity and photophobia. His CBC and
biochemistry values were normal. The patient was born to third-
degree consanguineous parents. A brother had died due to
aganglionic megacolon shortly after birth. The brother also had
congenital ichthyosis.

METHODS

Ethics approval and informed consent

Written informed consents for genetic investigation and publication were
obtained from the parents of the patients. Ethics approval for this study
was granted by Ankara University Faculty of Medicine Human Research
Ethics Committee (Decision numbers: i07-508-23, i11-835-24).

Sample collection and preparation

Peripheral blood samples were obtained from both patients. Genomic was
extraxted using standard laboratory protocols. Total RNA was isolated from
peripheral blood of case 1 for transcript analysis. DNA and RNA extraction
procedures were performed according to standart laboratory protocols.

Next-generation sequencing (NGS) and whole-exome
sequencing (WES)

For case 1, whole exome sequencing was performed using the QlAseq
Targeted DNA Custom Panel kit (Qiagen), and the sequencing was carried
out on the lllumina MiSeq® platform with corresponding reagent kits.
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For case 2, whole-exome sequencing libraries were prepared using the
TWIST 36 Mb Human Core Exome Capture Kit following the manufacturer’s
recommendations, and sequencing was conducted on the MGl DNBSEQ-
G400 system. More than 98% and 97% of targeted exonic regions achieved
>20x coverage for cases respectively.

Bioinformatic analysis focused on genes associated with congenital
ichthyosis. Variant filtering excluded alleles with a minor allele frequency
(MAF) = 1% in population databases. Priority was given to rare homo-
zygous variants consistent with the suspected autosomal recessive
inheritance pattern. Identified candidate variants were evaluated using
standard ACMG pathogenicity criteria and relevant databases.

Sanger sequencing confirmation and segregation analysis
Candidate variants in AP1B7 (NM_001127.4) were validated by Sanger
sequencing. PCR amplification was performed using AP1B1-specific primers
(forward: 5-GGCGGTTGGGAGTAGAGAC-3’; and reverse: 5-CACCTGAA-
GAATGGGGACATTT-3). PCR reactions were prepeared with Amplitaq
Gold™360 Master Mix (Thermo Fishes Scientific). Sequencing reactions
were carried out using the BigDye™ Terminator v3.1 Cycle Sequencing Kit,
and electrophoresis was performed on Applied Biosystems® 3130 and
3500 Genetic Analyzers following the manufacturer’s protocols. Segrega-
tion analyses were completed for available family members.

Transcript analysis (RT-PCR)

For case 1, reverse transcription PCR (RT-PCR) was performed to assess the
effect of the AP1B7 splice-site variant on mRNA processing. As the variant
affects the canonical +1 splice donor site of exon 13, primers were design
to detect exon 13 skipping and/or intron 13 retentiton. cDNA synthesis and
amplification were conducted using the HiScript® Il One Step RT-PCR Kit.
RT-PCR amplification was performed using AP1B1 primers targeting the
exon 12-13 junction (forward: 5- GGCCACTCAGGACTCAGATA-3'; reverse:
5'-GCTGTGGACCTTCTTGGCGGT -3'). RT-PCR products were purified and
sequenced by Sanger sequencing.

RESULTS

Targeted analysis of rare homozygous variants in the genes
associated with congenital ichthyosis revealed homozygous
c.1796+1G>T (case 1) and ¢.1796+1 G > C (case 2) variants in
the AP1B7 (NM_001127.4) gene.

The variants were not previously reported in the literature or in
ClinVar in patients, to our knowledge. c.1796+1G>A was
reported three times as heterozygous state in the gnomAD
database, but it has not been reported as homozygous form in
population databases (the genome aggregation database (gno-
mAD), dbSNP, 1000 genomes, NHLBI Exome Sequencing Project
(ESP) cohort, and EXAC consortium). c.1796+1G>C was not
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Fig. 2 Pedigree of the families and partial electropherograms of the individuals. A: The father and mother are heterozygous for the
¢.1796+1 G > T mutation; the proband is (case 1) homozygous for the mutated allele (arrows). B: The father and mother are heterozygous for
the c.1796+1 G > A mutation; the proband is (case 2) homozygous for the mutated allele (arrows)

reported as heterozygous or homozygous state in population
databases.

The variants are splice site variants predicted to cause loss of
function. Segregation analysis of the variants confirmed auto-
somal recessive inheritance (Fig. 2A, B).

Briefly, the variants were classified as pathogenic (PVS1, PM2,
PP4) according to ACMG 2015 guidelines [4].

Sanger sequencing of the RT-PCR product of case 1 revealed
retention of the first 150 bp of intronic region in the mature mRNA
(Fig. 3).

DISCUSSION

Overview and relevance of copper in human physiology
Copper is an essential trace element required for proper
functioning of metabolic pathways and for the development
and maintenance of central nervous system development. The
copper-transporting ATPases ATP7A and ATP7B coordinate copper
absorption, cellular uptake, intracellular trafficking, and excretion
[5].

Journal of Human Genetics

Adaptor protein complexes, including AP-1, involved in
vesicular trafficking and are required for correct intracellular
localization of ATP7A and ATP7B. Disruption of AP-1 function
therefore affects both vesicular trafficking and copper metabolism,
and this mechanistic link underlies the clinical features shared
among AP-1-related disorders [6].

Genetic disorders related to copper metabolism

The spectrum of copper metabolism disorders includes a range of
clinical entities, primarily affecting hepatic and neurologic systems
due to disturbed copper levels. Menkes disease (MIM #309400)
and Wilson disease (MIM #277900) represent the best-established
copper related conditions. Menkes disease, caused by ATP7A
mutations, is an X-linked disorder leading to severe copper
deficiency and progressive neurodegeneration. A milder allelic
condition, Occipital Horn Syndrome (MIM #304150), and an
ATP7A-related distal motor neuropathy (MIM #300489) have also
been described [7]. Wilson disease conversely, is an autosomal
recessive disorder caused by ATP7B mutations, resulting in copper

SPRINGER NATURE
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Fig. 3 RNA analysis of case. A: Gel image, B: Electropherogram of the control, C: Electropherogram of case 1 showing intronic retention

accumulation in the liver and brain manifesting with hepatic and
neurologic findings [8].

Among copper-metabolism disorders beyond ATP7A- and
ATP7B-related diseases, the AP-complex-associated conditions
MEDNIK and KIDAR syndromes are particularly notable, MEDNIK
syndrome (MIM #609313), caused by biallelic pathogenic variants
in AP1S1, exemplifies a prototypical adaptinopathy, presenting
with combined clinical and biochemical features reminiscent of
both Menkes and Wilson diseases [9]. KIDAR Syndrome (MIM #
242150), caused by biallelic AP1BT mutations, has basic common-
alities with MEDNIK [3]. Although limited in number, reported
patients with KIDAR syndrome exhibit features including ichthyo-
sis, developmental delay, sensorineural hearing loss, and altera-
tions in copper and ceruloplasmin levels (Table 1).

Identified genetic variants and their functional impact

This report presents two novel APT1B1 homozygous variants at the
same position (c.1796+1 G > A and ¢.1796+1 G > T; NM_001127.4)
both affecting the donor splice site. Bioinformatic prediction tools
GeneSplicer and VarSEAK indicated a deleterious effect. RNA
analysis showed mutations abolish the authentic splice donor site
and promote activation of a cryptic donor site 150 bp down-
stream, resulting in partial intronic retention within the mature
mRNA.

The retained intronic sequence disrupts the reading frame and
introduces an early premature termination codon (TGA), predicted
to produce a truncated, non-functional AP1B1 protein or trigger
nonsense-mediated decay. These findings provide strong mole-
cular evidence of a loss-of-function mechanism consistent with
the established pathophysiology of KIDAR syndrome.

Genotype-phenotype correlation in KIDAR syndrome

The clinical manifestations observed in our patients align closely
with the phenotypic spectrum reported in all previously described
KIDAR cases. Both of our patients exhibited the characteristic
KIDAR phenotype, including generalized ichthyosis, erythroderma,
bilateral sensorineural hearing loss, and global developmental
delay, all of which have been consistently reported in previously
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published cases [3, 10-16] as summarized in Table 1. Furthermore,
photophobia and corneal scarring, delineated in detail by Boyden
et al. [10] Meric et al. [13] and Faghihi et al. [14] were also present
in our cases.

Dysmorphic features demonstrate notable heterogeneity across
published reports, with findings such as high anterior hairline,
frontal bossing, and ectropion recurrently described [2, 11, 15, 16].
The mild dysmorphic traits identified in our patients are consistent
with this phenotypic variability.

Low serum copper and ceruloplasmin levels, reported in several
studies [3, 12, 15, 16], could not be evaluated in our patients
because irregular follow-up prevented appropriate laboratory
testing. In contrast, mildly elevated VLCFA levels, as described by
Alsaif et al. [3] were not detected in our patients. Collectively,
these observations confirm that our cases exhibit the core
phenotype characteristic of KIDAR syndrome.

Novel clinical findings and potential phenotypic expansion
In addition to the canonical KIDAR phenotype, our patients
displayed atypical and previously unreported manifestations.
Case 1 had mild mitral regurgitation, patent foramen ovale, a
broad-based gait pattern, and increased deep tendon reflexes;
while case 2 had histopathologically confirmed aganglionic
megacolon. Case 2 and his deceased sibling had aganglionic
megacolon in addition to congenital ichthyosis. Whole exome
sequencing did not reveal any findings associated with
aganglionic megacolon in case 2. Furthermore, chromosomal
microarray analysis, despite being performed under low QC
metrics due to poor DNA quality, did not reveal any gross
genetic abnormality. It is possible that the siblings have a
second genetic anomaly at an as yet unidentified locus
associated with aganglionic megacolon. On the other hand, it
is noteworthy to report the co-occurance of aganglionic
megacolon and KIDAR phenotype in both siblings for enteric
nervous system involvement may be an emerging, previously
unrecognized component of KIDAR syndrome. Additional
studies will be essential to determine whether this association
is consistent.

Journal of Human Genetics
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splice-site variants (green), missense variants (red), and large deletions (orange). A promoter and exon 1-2 deletion is also indicated. Reported
mutations include large deletions affecting the promoter and exon 1-2 [3, 15], splice-site variant c.38-1 G > A [3], nonsense variants including
c.2374G>T (p.Glu792*) [10], c.1852C>T (p.GIn618*) [12], and ¢.2577 C> T (p.GIn893*) [12], frameshift variants c.2335delC (p.Leu779Serfs*26)
[10], c.667delC (p.Leu223Trp*fsTer38) [16], missense variants c.430T>C (p.Cys144Arg) [10], c.1263C>A (p.Thr421*) [14], c.668T>C
(p.Leu223Pro) [13], and ¢.322C>T (p.Arg108Trp) [11] have been described. Also splice site variants ¢.1796+1G>T / ¢.1796+1 G > A from

present study indicated

Evolutionary conservation and potential mutational hotspots
Multiple alignments of 99 vertebrate genomes demonstrate that
the affected splice region is highly conserved (Phylo100way
score:7.905), supporting its functional importance. Among the
eleven previously reported AP1B]1 variants, only one splice site
mutation has been described (Fig. 4).

While no mutational hotspots have been definitively identified
in APIB1 to date, the presence of two different pathogenic
variants at the same splice position in unrelated families raises the
possibility that this site may be particularly vulnerable to
disruption. Further variant accumulation will be necessary to
determine whether this region represents a recurrent hotspot.

CONCLUSION

This study reports two previously unreported splice-disrupting
AP1B1 variants and providing transcript-level evidence for
aberrant splicing with cryptic donor-site activation. The integra-
tion of clinical, molecular, and RNA-level data strengthens the
causal inference between AP1B1 loss of function and the
multisystem phenotype, while the observation of enteric nervous
system involvement offers a biologically plausible extension of the
disease mechanism that has not been previously emphasized in
the literature.

Despite these advances, certain constraints should be acknowl-
edged. The absence of biochemical copper parameters, due to
inconsistency in clinical follow-up, limits direct correlation of the
observed genotype with copper metabolism profiles. In addition,
although aberrant splicing was demonstrated at the transcript
level, the study lacks protein-level validation and downstream
assays capable of interrogating AP-1-mediated trafficking defects
at a cellular or subcellular resolution. Future research directives
should include longitudinal clinical surveillance, systematic
phenotyping across organ systems, and functional characteriza-
tion of AP1B1 deficiency using cellular models or patient-derived
tissues. High-resolution imaging of vesicular dynamics, coupled
with proteomic and transcriptomic analyses, would be particularly
informative for refining mechanistic understanding and establish-
ing more robust genotype—phenotype correlations.

In summary, the identification of two novel pathogenic splice-
site variants in APIB1 provides compelling evidence for an
expanded mutational spectrum in KIDAR syndrome and highlights
a potential mechanistic link between AP-1 dysfunction and
impaired enteric neural crest development. The delineation of
aganglionic megacolon as a possible syndromic component
further underscores the systemic impact of AP1B1 deficiency
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and raises important considerations for clinical evaluation,
surveillance, and genetic counseling. Collectively, these findings
enhance diagnostic precision, extend the recognized phenotypic
boundaries of the disorder, and offer new insights into the
molecular pathology underlying AP-1-related adaptinopathies.
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