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Female, 3-year-old
Annulare epidermolytic ichthyosis
Hyperhidrosis ¢ itch  malodorous sweating

Dermatology

Congenital defects/diseases

Annular epidermolytic ichthyosis is a rare form of epidermolytic ichthyosis caused by specific pathogenic vari-
ants of KRT1 and KRT10. Classically, it manifests at birth with variable degrees of erythroderma and superficial
erosions, which subsequently improve with time. Later, it is characterized by a cyclic history of annular hyper-
keratotic erythematous plaques over the trunk and proximal extremities, with or without palmoplantar kera-
toderma. Greither syndrome, another autosomal dominant disorder of KRT1 mutation, is demonstrated by the
diffuse, thick, scaly yellow PPK with transgrediens and erythematous border extending up to the Achilles’ ten-
don, patchy hyperkeratotic plaques over the knees, shins, thighs, elbows, knuckles, and axillary folds. We de-
scribe a patient with clinical findings consistent with annular epidermolytic ichthyosis mimicking Greither dis-
ease with a likely associated pathogenic variant of KRT1.

A 3-year-old Saudi girl presented with a diffuse palmoplantar keratoderma (PPK) extending to the dorsal as-
pects of the hands and feet up to the Achilles’ tendon, first noticed at the age of 3 months, with a history of
recurrent coin-shaped erythematous crusted erosions over the trunk, which were spontaneously healed over
time, and an associated history of hyperhidrosis. Patchy hyperkeratotic plaques were noticed upon further ex-
amination over the bilateral elbows, axillary folds, and oral commissures.

The phenotype of our patient is consistent with the clinical features described for AEI, making the new K1 vari-
ant a likely pathogenic variant. When K1 mutation is the causative variant of the disease expression, pheno-
typically, it can present with Greither-like PPK.
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Background

Annular epidermolytic ichthyosis (cyclic ichthyosis with epider-
molytic hyperkeratosis [EHK] OMIM 607602) is a rare form of
epidermolytic ichthyosis that can be caused by heterozygous
pathogenic variants in KRT1 and KRT10 [1], with only 11 fam-
ilies reported [2]. Classically, it manifests at birth with variable
degrees of erythroderma and superficial erosions, which sub-
sequently improve with time. Later, it is characterized by a cy-
clic history of annular hyperkeratotic erythematous plaques
over the trunk and proximal extremities. Additionally, variable
clinical findings have been reported in several cases, including
hyperkeratotic plaques over the flexures, corrugated plaques
around the mouth, and PPK [1-3]. The diversity of clinical find-
ings may be related to the causative variant, as with the previ-
ously noticed association between the KRT1 mutation and the
presence of PPK. Most of the reported cases, as in our patient,
had a heterozygous mutation in the 2B segment of the KRT1
gene [4]. Histopathological findings of the AEl reveal hyperkera-
tosis, acanthosis, and a thickened vacuolated granular layer [2].

Case Report

A 3-year-old Saudi girl presented to the dermatology clinic
with a diffuse palmoplantar keratoderma (PPK) extending to
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the dorsal aspects of the hands and feet (Figure 1) up to the
Achilles’ tendon (Figure 2A), first seen at the age of 3 months,
with a history of recurrent coin-shaped erythematous crust-
ed erosions over the trunk, which spontaneously healed over
time (Figure 2B), and history of hyperhidrosis. The patient was
a product of consanguineous marriage, with full-term, nor-
mal spontaneous vaginal delivery with no perinatal complica-
tions. Her skin was normal at birth. There were no other af-
fected family members. Patchy hyperkeratotic plaques were
noticed upon further examination over the bilateral elbows,
axillary folds, and oral commissures (Figure 3A, 3B). The oral
examination also revealed excessive dental caries of the inci-
sors (Figure 4), which was noted by her mother to be unusu-
al compared to her siblings.

A swab was taken from the pyoderma lesions and revealed
hemolytic streptococcal infection, which was successfully treat-
ed with a topical antibiotic. A skin punch biopsy was taken for
Hematoxylin and Eosin (H & E) staining, showing compact hy-
perkeratosis, granular and vacuolar degeneration of the spi-
nous layer, and large irregular keratohyalin granules (Figure 4).
Genomic DNA analysis was performed for the candidate genes
CTSC, SERPINB7, TRPV3, and SMARCAD1 using enrichment
with specific capture probes and high-throughput sequenc-
ing on the Illumina platform (Centogene, Rostock, Germany).
A coverage of >20x was achieved for more than 98% of the

Figure 1. Palmer Keratoderma: diffuse palmer keratoderma extending to the dorsal hands, mild sclerodermatous changed of the dorsal
fingers along with pseudoainhum formation over the 5% fingers. Localized area of erosion is noticed over the right wrist.
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Figure 2. (A) Planter Keratoderma: the diffuse keratoderma is extending to the Achilles’ tendon mimicking the clinical picture
of Greither syndrome. (B) Trunk Epidermolytic Plaques: coin-shaped superficial crusted erosions, with several annulare
polycyclic scaly plaques over the upper left quadrant of the back.

Figure 3. (A) Keratotic Joints’ Plaques: keratotic papillomatous plaques over the elbows. (B) Keratotic Flexural Plaques: keratotic
corrugated plaques over the axilla.
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Figure 4. Hematoxylin and Eosin (H&E) staining, 40 high-power
field: shows compact hyperkeratosis, granular and
vacuolar degeneration of the spinous layer, and large
irregular keratohyaline granules.

coding sequence. In addition, SLURP1 (NM_020427.3), KRT1
(NM_006121.3), and KRT9 (NM_000226.3) were analyzed by
Sanger sequencing of both DNA strands of the entire coding
region and the highly conserved exon-intron splice junctions
(Centogene, Rostock, Germany). The genetic analysis revealed
a heterozygous KRT1 missense variant c.1349C>A and a het-
erozygous variant in SLURP1, c¢.*68T>C. Both variants were
not identified in the Genome Aggregation Database (gnomAD;
gnomad.broadinstitute.org) and were initially classified as
variants of uncertain significance. The KRT1 variant is pre-
dicted to produce a missense mutation, p.(Ala450Asp), locat-
ed in the 2B segment of the keratin 1 rod domain. Prediction
of pathogenicity pointed to a disease-causing variant, as de-
termined using PolyPhen (genetics.bwh.harvard.edu/pph?2),
Align-GVGD (agvgd.hci.utah.edu), SIFT (provean.jcvi.org), and
MutationTaster (mutationtaster.org). No other variants were
identified in the candidate genes analyzed. Based on the ge-
netic analysis and the medical history, the patient was diag-
nosed with annular epidermolytic ichthyosis associated with
a likely pathogenic variant in KRT1.

A trial of topical treatments, including salicylic acid 3%/beta-
methasone 0.5% ointment, urea 20% cream, and topical tret-
inoin 0.05% cream, shows modest efficacy. She is planned to
start systemic retinoid treatment.
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Discussion

The KRT1 variant c.1349C>A in our patient caused an amino
acid change from alanine to aspartate at position 450. It af-
fects the keratin 1 2B domain, which is part of the central rod
domain. The variant p.(478lle>Thr) was described before in a
case with a similar phenotype [5]. The milder appearance of
our patient and the more prominent PPK phenotype might be
because our patient’s KRT1 variant affects a residue located
closer to the 5’ and outside the terminal part of the 2B do-
main, which is critical for intermediate filament assembly. The
rod domain’s initial and terminal parts are highly conserved
among keratins, and variants of these segments are thought
to lead to rather severe phenotypes involving epidermolytic
hyperkeratosis.

Transgrediens et progrediens palmoplantar keratoderma
(Greither syndrome) was initially described by Greither in
1952, is another autosomal dominant inherited entity of the
gene encoding keratin one filaments [6]. Clinically, our patient
presented with the classic disease as demonstrated by diffuse,
thick, scaly yellow PPK with transgrediens and erythematous
border extending up to the Achilles’ tendon, as well as patchy
hyperkeratotic plaques over the knees, shins, thighs, elbows,
knuckles, and axillary folds [6,7]. Hyperhidrosis is a common
feature of the syndrome as well. Greither PPK tends to develop
after 2 years of life and involutes after the 5% decade; howev-
er, earlier age of onset has been described. Severe cases may
be complicated with spontaneous autoamputation of the dig-
its. Greither syndrome has been described in association with
incontinentia pigmenti, acrocyanosis, and erythrokeratodermia
variabilis [6,8]. Additionally, 1 case of melanoma has been re-
ported over the keratotic plaque of Greither PPK [9].

Mal de Meleda is an autosomal recessive disorder caused by
a homozygous mutation in the SLURP-1 gene, the main dif-
ferential of Greither syndrome [8,10,11]. On the other hand,
it is characterized by transgrediens PPK and perioral keratot-
ic plaques, with a more severe mutilating course and earlier
age of onset [10].

Treatment of AEl is mainly based on case reports. Several mea-
sures have been tried, including topical medications such as
retinoids, calcipotriene, steroids, emollients, humectants, and
keratolytic agents, with modest to good responses. Several oth-
er reports show a good response to low doses of systemic vi-
tamin A derivatives, with a good tolerability profile. However,
the response to retinoids differs among patients depending
on their genotype/phenotype variations. Notably, the patients
with keratin 10 pathogenic variants have a favorable outcome
when treated with retinoids [2,12,13].
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Conclusions

In conclusion, the phenotype of our patient is consistent with
the clinical features described for AEl, making the new K1 vari-
ant a likely pathogenic variant. When K1 mutation is the caus-
ative variant of the disease expression, phenotypically, it can
present with Greither-like PPK.
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