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Abstract

Background: Epidermolytic hyperkeratosis (EHK) formerly known as bullous ichthyosiform erythroderma, is a rare autosomal
dominant inheritance condition with a prevalence ranging from 1:200,000 to 1:300,000. The underlying etiology of which is a
mutation in the genes responsible for keratin proteins synthesis, primarily in KR7'1 and KRT'10 genes, cataloged under OMIM number
113800. The clinicopathological presentations include blistering during the neonatal period, followed by ichthyotic hyperkeratosis
in childhood and adolescence. This is characterized by hallmark features such as generalized dry skin, scaling, and hyperkeratosis,
and is often associated with erythroderma. EHK may present with or without palmoplantar keratoderma involvement, depending
on the keratin gene variant. Case report: A 24-year-old male of Arab descent was born with diffuse skin hyperkeratotic plates
featuring erythematous fissures, covering his entire body, resembling a collodion baby. His birth was full-term via cesarean section
without complications, although he later developed developmental dysplasia of the hip. By the time he started primary school, he
began experiencing severe thickening of the skin around his joints, reducing flexibility and leading to contractures and significant
disfigurement. He is undergoing treatment with acitretin. Genetic testing using Next-Generation Sequencing (NGS) was performed
to identify the responsible gene, revealing a novel heterozygous variant in the KR7/ gene (OMIM 139350), while no variant was
detected in the KRT10 gene. Conclusion: EHK type 1 manifests with a new heterozygous variant in the KRT] gene. This rare
disorder, associated with variant in genes related to keratin production such as KRT/ and KRT10, results in distinctive skin features
present from birth, as well as joint problems and fungal foot infections. Genetic testing has confirmed the presence of a variant in
the KRT1 gene.
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lI. Introduction guished by a significant mutation in the genes responsi-

ble for keratin proteins, particularly keratin 1 [KRT7] and
Epidermolytic hyperkeratosis (EHK), formerly referred  Keratin 10 [KRT10] [1]. Existing literature reports that
to as bullous congenital ichthyosiform erythroderma, is  the prevalence of EHK among infants is approximately 1
a rare autosomal dominant skin condition. It is distin- jn 200,000 infants [1]. Individuals affected by this condi-
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tion will exhibit symptoms such as redness, blisters, and
superficial erosions resulting from cytolysis (also known
as acanthokeratolysis) at birth. Over the course of a few
weeks, the initial presentation of erythroderma and blis-
ter formation tends to subside, accompanied by the emer-
gence of hyperkeratosis. This progression reflects the
natural evolution of the condition, with changes in the
skin’s appearance and texture occurring as part of the de-
velopmental process [2]. Over time, the erythroderma
and blisters gradually improve, although they may persist
throughout life. After a few months, verrucous hyperker-
atotic plaques become more noticeable in the joints, but
can also appear on the scalp, neck, and areas beneath the
buttocks. Approximately 60 percent of EHK patients ex-
perience involvement of the palms and soles, leading to
recurrent painful cracks and contractions that can hinder
normal movement [3]. Understanding the clinical fea-
tures and progression of Epidermolytic hyperkeratosis is
crucial for effective diagnosis and management, as well
as for providing targeted support to improve the quality
of life for affected individuals.

Case report

A 24-year-old male of Arab descent was born with
widespread skin hyperkeratotic plaques with reddened
cracks covering his entire body, presenting a collodion
baby-like appearance. His birth occurred without compli-
cations, albeit he was delivered via cesarean section and
later developed hip dysplasia. He was born to parents
who are distant cousins, and it is worth noting that there
exists no familial history of similar or any dermatological
issues among his siblings or other relatives. The patient
had widespread erythroderma affecting the full length of
his body, followed by hyperkeratosis [Figures 1-3].
Upon starting primary education, he began to expe-
rience significant thickening of the skin around his joints
due to frequent use during schoolwork and other daily
activities. This thickening has led to a reduction in flexi-
bility, limiting the patient’s range of motion. The develop-
ment of contracture in the affected joint led to a progres-
sive and significant disfigurement. The patient’s palm
displayed severe thickening of the skin and scaly plaques,
alongside the presence of yellow-brown lesions due to ex-
cessive keratin [Figure 4]. Examination of his feet reveals
a pattern of generalized redness, dryness, and skin peeling,
with areas of hyperkeratosis causing the formation of yel-
low and brown patches on the skin. Additionally, notable
signs of contracture and toe clawing are evident, indicat-
ing a more advanced stage of the condition [Figure 5].
Recent assessments also identified a fungal infection on
the patient’s foot, which has shown improvement with an-

tifungal treatment. The histological examination revealed
skin tissues that show hyperkeratosis, hypergranulosis,
spongiosis, and degenerated vacuolated granular layer.
Bulla formation is due to drops of keratocytes (epidermol-
ysis). Genetic testing using Next-Generation Sequenc-
ing (NGS) was performed to identify the causative gene.
This analysis revealed a novel heterozygous variant in the
KRTI gene (OMIM 139350) at position ¢.583A>T, pre-
dicting a pathogenic effect [Table 1]. No variant was de-
tected in the KRT'10 gene. The treatment regimen includes
acitretin 30 mg capsule, Betamethasone Scalp 0.1% Lo-
tion, celecoxib 200 mg Capsule, coal tar-salicylic acid top-
ical, emollient Creams, white soft paraffin topical cream,
and Urea 10% Cream.

2. Discussion

EHK represents a notably rare form of ichthyosis that
distinctly presents itself clinically at birth. This condi-
tion holds specific significance due to its relatively low
prevalence, affecting approximately 1 in 300,000 individ-
uals. The defining clinical features of EHK encompass
pronounced hyperkeratotic scaliness, marked by severe
blistering precipitated by cytolysis within the suprabasal
layer, alongside excessive cellular proliferation within the
basal layer. Additionally, the histological examination of
individuals with EHK reveals distinctive characteristics,
including increased thickness of the granular layer and
stratum corneum, along with enlarged cells with irregular
morphology within epidermal layers [4].

Moreover, EHK is associated with mutations occur-
ring in the highly conserved «-helical rod domains of ker-
atin 1 and keratin 10. Mutations within helix boundary se-
quence motifs have a significant impact on the processes
of helix initiation and termination, causing significant dis-
ruption in filament assembly and tonofilament aggrega-
tion. This ultimately leads to the manifestation of more
severe phenotypic outcomes [5]. The impaired epidermis
is prone to cytolysis and blister formation, disrupting the
skin barrier function, and resulting in increased trans epi-
dermal moisture loss and microbial overgrowth. Hyperk-
eratosis results from increased cell proliferation within the
basal layer, along with reduced desquamation [6].

EHK is evident at birth, characterized by general-
ized erythroderma. The fragility of the skin contributes
to the development of blisters, peeling or exfoliation, ero-
sions, and significant areas of denuded skin, even in re-
sponse to minimal trauma. Over the subsequent months,
the erythema and blistering decrease, while pronounced
hyperkeratosis emerges. In some cases, the fragility of
the skin may persist, resulting in the periodic shedding
of large segments of the superficial epidermis. In other
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Figure |: A 24-year-old male patient with EHK showed widespread Erythroderma of the face.

Table I: Showed Molecular genetic analysis for epidermolytic hyperkeratosis.

Phenotype MIM Number . . MAF . .
Gene (Isoform) (Mode of Inheritance) Variant Zygosity GnomAD [%] Classification
600962 (AD)
146590 (AD)
c.583A>T
KRTI 113800 (AD) . .
p-(1le195Phe) het. 0 likely pathogenic
(NM_006121.4) 23(7);‘5‘2 Eig; chr 12:53073550
620411 (AD)
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Figure 2: A 24-year-old male patient with EHK showed widespread erythroderma of trunk and flexures with hyperkeratosis (corrugated
cardboard-like) dark-brown dry pattern scales.
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Figure 3: A 24-year-old male patient with EHK showed widespread erythroderma of back with hyperkeratosis (corrugated cardboard-
like) dark-brown dry pattern scales.
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Figure 4: A 24-year-old male patient with EHK showed severe thickening, yellowish hyperkeratosis surrounding the hand'’s joints and
significant disfigurement and flexure contracture of fingers.
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Figure 5: A 24-year-old male patient with EHK showed severe thickening, yellowish hyperkeratosis and significant disfigurement of
feet with contractures and toes clawing.
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Figure 6: (a) Hematoxylin & eosin stain section showed hyperkeratosis, hypergranulosis (arrows) with degenerated vacuolated granular
layer, and spongiosis. Note bulla formation is due to drops of keratocytes (epidermolysis). X10. (b) Hematoxylin & eosin stain section
showed hyperkeratosis, hypergranulosis (arrows) with degenerated vacuolated granular layer, and spongiosis. Note bulla formation is
due to drops of keratocytes (epidermolysis). X40.
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Table 2: Showed differential diagnosis for Epidermolytic Hyperkeratosis (EHK).

Diagnosis Clinical Findings Genetic Basis Key Differentiators
. . Hyperkeratogls, erythro.dern.la, Mutations in KRTI or Autosomal domma.nt.lnh?rltance;
Epidermolytic blistering, thickened skin with KRT10 genes early onset; distinctive
Hyperkeratosis (EHK) verrucous plaques; symptoms (OMIM 1%3 800) histological features including
typically present at birth. ’ epidermal hyperkeratosis.
. . Dw, scaly skin, primarily Mutations in the More Q1fﬁlse sca@mg; onset
Ichthyosis Vulgaris affecting extensor surfaces; often FLG sene usually in early childhood; not
less severe than EHK. gene. associated with blistering.
. . Extremely severe
Severe, thick, plate-like scales . . . . L .
Harlequin Ichthyosis covering most of the body: Mutations in the life-threatening; associated with

severe at birth.

a characteristic thickened skin
appearance and tight skin.

ABCAI2 gene.

Bullous Congenital Redness, blistering, and erosions

Similar early presentation to

Mutations in EHK but different underlying

Ichthyosiform at birth, follgwed Py scaling and TGM1 gene. genetic cause; usually resolves
Erythroderma thickening. .
somewhat with age.
Thick, brown, plate-like scales; Scaling tends to be more
Lamellar Tchthyosis often more generalized skin Mutations in the TGM1 uniform: associated with a

involvement; less severe
blistering.

or ABCAI2 genes. distinct lamellar scale pattern.

Localized thickened skin lesions;
may present as warty or
verrucous plaques.

Keratinocytic Epidermal
Nevus

Lesions are usually localized and
not widespread; usually presents
later in life.

Not typically associated
with a specific
genetic mutation.

instances, severe involvement of the scalp and neck is ob-
served, leading to encasement of hair shafts and alopecia.
Bacterial colonization of the degraded scales results in
a distinctive and foul odor. The literature indicates that
commonly associated symptoms include xerosis, pruri-
tus, painful fissuring, anhidrosis, and reduced joint mo-
bility [7,8]. Our patient had widespread erythroderma
affecting the full length of his body, followed by hyperk-
eratosis, thickening of the skin surrounding the joints, and
significant disfigurement and hyperkeratosis with flexure
contractures of fingers and toes clawing.

Several phenotypic variations of EHK have been
identified by investigators. Through their study in 1994,
DiGiovanna and Bale outlined two main clinical cate-
gories: with palmoplantar keratoderma and without pal-
moplantar keratoderma [6]. Each category encompasses
three subtypes presenting with differing degrees of ery-
throderma, blistering, scaling (non-palmoplantar type),
and truncal involvement (palmoplantar type) [6]. Pal-
moplantar involvement can result in digital contractures,
leading to functional impairment. The case report details
the palmoplantar type of ichthyosis, characterized by sig-
nificant flexure contractures in the fingers and toes, which
present as clawing. This suggests a more advanced stage
of the condition. The diagnosis of EHK is established
based on clinical criteria [9]. However, only one clini-

cal scoring framework has been proposed so far, which
incorporates light-dim scaling, keratosis pilaris, and ex-
panded palmoplantar markings for the diagnosis of EHK.
Hyperkeratosis can present with varying severity, often
being more pronounced over joints and in flexural re-
gions, with the scales characterized by a corrugated or
cardboard-like appearance [10]. Joint contractures may
also develop in certain patients. Moreover, hair, nails,
and teeth are usually not affected, and ectropion is gen-
erally not observed [10]. The prevalence of superficial
bacterial infections is notable, often accompanied by a
distinctive foul odor of the skin. Key symptoms relevant
to prognosis include xerosis, pruritus, painful fissures of
the thickened skin, erythema, anhidrosis, ectropion, and
limited joint mobility [11].

Examination of the histopathological samples of
EHK revealed the presence of orthokeratosis hyperker-
atosis, papillomatosis, hypergranulosis, acanthosis, vac-
uolization of granulosa and Malpighian cells, and ker-
atohyalin granules dispersed in the vacuolated granular
layer [12,13].

This condition is attributable to mutations in keratin
1 (KRTI) and 10 (KRT10), encoded by genes located on
chromosomes 12q13.3 and 17q21.2. Keratins constitute
a structural network within the cell, providing support
and facilitating the three-dimensional organization of ker-
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atinocytes. In the basal layer, keratinocytes express ker-
atins 5 and 14, while in the spinous and granular layers,
they express keratins 1 and 10. Consequently, mutations
in keratins 1 and/or 10 compromise the integrity of ker-
atinocytes within upper layers of the epidermis, leading
to the vacuolar appearance characteristic of this condi-
tion [14].

In the case report, the analysis of DNA within the
KRTI gene revealed a specific alteration at position
¢.583A>T, resulting in the substitution of Isoleucine with
Phenylalanine at amino acid position 195 in the corre-
sponding protein [Table 1]. Computational predictions
suggest a potential detrimental impact on protein function,
albeit lacking mention in current literature [15]. Compa-
rable changes at this gene locus have been documented
in individuals with epidermolytic ichthyosis, indicating a
plausible association between this genetic variation and
skin disorders. This novel genetic finding, observed in
a heterozygous state within the patient, has been classi-
fied as likely pathogenic due to its association with skin-
related mutations linked to epidermolytic hyperkeratosis
type 1 (EHK1). In addition to the autosomal dominant
inheritance pattern characteristic of Epidermolytic Hyper-
keratosis (EHK), it is noteworthy that the patient’s parents
are distant cousins. This consanguinity could potentially
increase the likelihood of inheriting genetic mutations
from a common ancestor. Constructing a detailed family
genealogy would provide more specific insights into the
inheritance dynamics and enhance our understanding of
how consanguinity might affect the presentation of EHK
in this case. A distinctive heterozygous variant of the
KRTI gene was identified through genetic analysis, cor-
responding with the clinical manifestations observed in
the patient. This variant likely correlates with the ob-
served skin condition. To further validate the diagnosis
and assess the inheritance pattern, parental genetic testing
is recommended. If confirmed as the causal factor, this
variant implies a 50% chance of inheritance by the pa-
tient’s offspring. However, disease manifestation may be
influenced by factors such as incomplete penetrance and
variable expressivity.

There is presently no cure for EHK. Treatment pri-
marily focuses on managing symptoms by considering
three key factors: the patient’s age, gender, the specific
type of disease—whether it manifests as xerotic, scaley,
or accompanied by fissures—and finally, assessing the
degree and location of skin lesions [11,15]. For xerotic
lesions mainly the treatment is based on emollients con-
taining NaCl, glycerol, urea, lipids, petroleum-like alpha-
hydroxy acids, and propylene glycol, which aim to hy-
drate the skin [12]. Thick scaly lesions require kera-
tolytic agents like tazarotene [13], N-acetylcysteine [14],

liarozole, and calcipotriol [15]. However, employing ex-
cessively potent keratolytic treatments may exacerbate
the condition by further compromising the skin’s protec-
tive barrier. This can increase the risk of painful blis-
ters and susceptible skin breakdown, leading to potential
infections. In instances where patients suffer from fis-
sures, crevices, or erosions, keratolytics are avoided and
instead treated with antimicrobials until the affected ar-
eas are healed. These antimicrobials typically involve
retinoids and calcipotriol. Topical treatments comprise
the primary approach for managing hyperkeratosis as ge-
netic therapy remains ineffective [14,15]. In severe cases,
oral retinoids are used, exerting a keratolytic effect that
helps remove scales from the skin’s surface and prevents
excessive thickening. This treatment restores a more nor-
mal thickness and improves the function of the outer layer,
known as the stratum corneum [16]. The differential diag-
nosis of EHK encompasses various conditions that present
with erythroderma, bullae/blisters, or exfoliation: Super-
ficial epidermolytic ichthyosis, Lamellar ichthyosis, Con-
genital ichthyosiform erythroderma, Pityriasis rubra pi-
laris; Vesiculobullous and erosive disorders in childhood:
Epidermolysis bullosa, Staphylococcal scalded skin syn-
drome, Bullous impetigo, Herpes simplex, Congenital ero-
sive and vesicular dermatosis, Autoimmune blistering dis-
eases; Genodermatoses: Sjogren-Larsson syndrome, Neu-
tral lipid storage disease, Trichothiodystrophy, Netherton
syndrome, Steroid sulfatase deficiency, Peeling skin syn-
dromes, Conradi-Hunermann-Happle syndrome, CHILD
syndrome, KID syndrome [17,18].

In this particular report, the patient received treat-
ment using topical emollients and keratolytics. However,
substantial progress in skin thickness and increased hand
functionality was reported upon the commencement of
oral retinoids.

3. Conclusions

EHK type 1 manifests with a new heterozygous mutation
inthe KRT1 gene confirmed by genetic analysis. This vari-
ant has not been reported in the literature to the best of our
knowledge. Epidermolytic hyperkeratosis is a rare disor-
der with a challenging differential diagnosis. Despite this,
it is important for clinicians to be able to identify the dis-
ease in the earliest stages in order to reduce the risk of
morbidity and mortality.

4. List of Abbreviations

EHK: Epidermolytic hyperkeratosis;
KRT-1: Keratin 1 gene;
KRT-10: Keratin 10 gene;
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e  NGS: Next-Generation Sequencing.
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