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Abstract

A 5-year-old boy presented with widespread asymptomatic hyperpigmented verrucous plaques since 3 months of age. The
lesions were distributed in a linear manner along Blaschko's lines on trunk and extremities and were accentuated in flexures
and around joints. There was no history of blistering or redness and no other family member was affected. Ichthyosis hystrix
(of Curth and Macklin) and generalized linear/mosaic epidermolytic hyperkeratosis (EHK) were considered in the differential
diagnosis. Biopsy from both trunk lesion and lesion on knee revealed characteristic epidermolytic hyperkeratosis, thereby
clinching the diagnosis of systematized linear EHK.

Introduction

Bullous congenital ichthyosiform erythroderma (BCIE) is a rare disorder caused by mutations affecting Keratins 1 or 10 (part
of cytoskeleton of suprabasal layers of epidermis) and is clinically characterized by erythroderma and blistering at birth and
verrucous plaques on flexures and around joints later on [1]. As the child grows, blistering and erythroderma subsides or even
disappears, but the verrucous plaques persist throughout life. The histopathological hallmark of this condition is
“epidermolytic hyperkeratosis (EHK)”, though EHK has been described in various congenital and acquired conditions too. In
fact, the term EHK is still being used as synonym for BCIE in the medical literature, unless otherwise specified [1, 2]

Apart from the classical presentation, various uncommon presentations are known. Annular and linear BCIE (EHK) are widely
recognized clinical variants [3, 4, 5]. Sybert et al have described an unusual “cyclic” variant of BCIE with recurrent explosive
erythroderma and migratory erythematous scaling plaques, similar to erythrokeratodermia variabilis, along with palmar and
plantar hyperkeratosis and mild ichthyotic changes of the flexures and scalp [6]. Linear BCIE may be unilateral or bilateral,
localized or generalized [4, 5]. We here report a case of systematized/ generalized linear BCIE in a 5-year-old boy.

Case synopsis

A 5-year-old boy, born of a non-consanguineous marriage, presented with asymptomatic widespread verrucous, hyperkeratotic
plagues in a linear distribution all over the body since 3 months of age. There was no history of widespread erythema or
development of bullous lesions at birth or thereafter. The plaques had been increasing in thickness and pigmentation with time.
Also, there was a history of summer aggravation. There were no systemic features and no other family members were affected
by a similar skin condition. On examination, multiple linear verrucous plaques in a Blaschkoid distribution were noted on the
trunk and extremities bilaterally, with accentuation of lesions in the flexures and on the skin around joints. The flexural lesions
and lesions around joints were characterized by hyperkeratotic ridges arranged in parallel. Scalp, face, palms, and soles were
spared (Figure 1a and 1b).

Samples for histopathology were collected by punch biopsy from two sites, one from the trunk and the other from the knee.
The histopathological findings from both these sites were similar and were notable for compact hyperkeratosis, perinuclear
vacuolization of keratinocytes of the upper dermis, and coarse keratohyaline granules of different sizes. The dermis was
unremarkable (Figures 2a, 2b, 3a and 3b). Histopathological findings were characteristic of epidermolytic hyperkeratosis
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(EH). Considering the clinical and histopathological findings, a diagnosis of systematized linear epidermolytic hyperkeratosis
was made. Electron microscopy and genetic analysis were not done owing to unavailability in our institute.

Figure 1a. Hyperpigmented verrucous plaques in Blaschkoid distribution on trunk and extremities. Note accentuation of lesions in flexures
and around joints. Note sparing of palms.

Figure 1b. Close-up of lesions on knee. Note “corrugated cardboard” appearance.

Figure 2a. Histopathology from knee lesion shows compact hyperkeratosis and suprabasal degeneration of epidermis. Note absence of
inflammatory cells. (H&E X100).

Figure 2b. Epidermolytic hyperkeratosis in sample from knee. (H&E X400).




Figure 3a. Histopathology from trunk lesion shows compact hyperkeratosis and suprabasal degeneration of epidermis. (H&E X100)

Table 1: Congenital conditions characterized by Epidermolytic hyperkeratosis (EHK)

Figure 3b. Epidermolytic hyperkeratosis in sample from trunk. (H&E X400)

Features Bullous Ichthyosiform Ichthyosis Bullosa of Siemens | Epidermolytic PPK of
Erythroderma Vorner
Autosomal dominant
Inheritance (autosomal recessive and sporadic Autosomal dominant Autosomal dominant

cases too are known)

Gene mutation

Keratin 1 and 10

Keratin 2e

Keratin 9

Clinical
presentation

Erythroderma and flaccid
blisters at birth.

Recurrent blistering in
childhood- decreases with
age.

Ridged hyperkeratosis of
flexures- increases with
age.

Palmoplantar involvement-
variable.
Localized/generalized
disease following
Blaschko's lines is known.

e Erythroderma and
superficial blisters at
birth.

e Blistering in response to
trauma in infancy.

e Superficial peeling of
skin (Mauserung
phenomenon)

e Hyperkeratosis in
flexures

Yellowish thick
hyperkeratosis
involving palms
and soles.

Non-
transgradient

Histopathology

EH involving all layers of

epidermis

EH confined to superficial
epidermis with sparing of basal
and suprabasal layers

EH involving all layers

of epidermis.

Discussion




The term, epidermolytic hyperkeratosis (EH) refers to a distinctive set of histopathologic changes: compact hyperkeratosis,
perinuclear vacuolization of keratinocytes of the upper layers of epidermis, and coarse keratohyaline granules (the last two
findings together are called granular degeneration). Histopathologically, EH has been noted in a variety of conditions, both
acquired and congenital. Among acquired conditions, various benign (includes acanthoma, epidermoid cyst, infundibular cyst,
epidermal nevus, hidradenoma, nevus comedonicus, seborrheic keratosis, trichilemmal cyst), premalignant (includes actinic
keratosis, leukoplakia, atypical/dysplastic nevus), as well as malignant (includes basal cell carcinoma, melanoma, squamous
cell carcinoma) conditions have shown findings of EH on histopathology. The exact clinical significance of EH findings in
these conditions is largely unknown. EH in these conditions is considered to be incidental and is of no diagnostic value. Of
note, such EH findings generally occur in clinically normal skin adjacent to the primary lesion (they can occur in lesional skin
too), are restricted to a small area (often one rete ridge is involved), and are associated with prominent solar elastosis. On the
other hand, EH in congenital conditions (described later in this review) is considered to be pathognomic and is of diagnostic
value. Interestingly, EH in these congenital conditions involves the entire length of the epidermis, but the underlying dermis is
usually unremarkable [7, 8].

The congenital conditions, that show EH, include Bullous congenital ichthyosiform erythroderma of Brocq (BCIE), Ichthyosis
bullosa of Siemens (IBS), and Epidermolytic palmoplantar keratoderma of VVorner [6]. The key features have been
summarized in Table 1. IBS shows similar, but milder, clinical and histopathological findings to those in BCIE and hence, has
been considered as a milder variant by some authors. However, other authors consider IBS to be a separate entity and
distinguish IBS from BCIE by milder clinical manifestations, the absence of erythroderma, the presence of superficial denuded
areas over hyperkeratotic skin (the Mauserung phenomenon), and the absence of palmoplantar involvement. Histologically,
EH is confined to the granular and upper spinous layers with intracorneal blister formation. Mutations in gene KRT2E, coding
Keratin K2e present in the upper spinous and granular layers, are responsible for IBS [9]. Suzuki et al have described an
acquired condition “persistent actinic epidermolytic hyperkeratosis, which had light and electron microscopy findings similar
to those of the congenital one. Notably, solar elastosis was absent in these cases. Clinically, it was characterized by numerous
persistent flat keratotic depigmented papules limited to sun-exposed areas, intermingled with numerous pigmented macules
[10].

BCIE is a rare congenital disorder of keratinization with an estimated prevalence of 1:200,000 [11]. It is usually transmitted in
an autosomal dominant manner. However, lethal autosomal recessive transmission has been reported [12]. It results from
mutations affecting keratin genes KRT1 or KRT10. These mutations cause defective aggregation of keratin, resulting in
disruption of the keratin cytoskeleton or abnormal clumping of keratin filaments. Such changes result in less resilient epithelial
cells, manifesting as blistering-prone skin even with minor trauma [1, 13].

BCIE typically presents at birth with fragile skin and a mild generalized erythroderma. Skin fragility causes flaccid blisters,
peeling, and superficial erosions, even with mild trauma, within the first few hours of birth. Such neonates are at risk of
developing sepsis, dehydration, and electrolyte imbalances because of the disruption of the epithelial barrier. As the neonate
grows older, the erythroderma and blistering usually improves gradually, although these features can persist throughout life.
After a few months, verrucous hyperkeratotic plaques become prominent in the flexures, but can also appear on the scalp, neck
and infra-gluteal folds. The surface of lesions is notable for parallel hyperkeratotic ridges, especially in flexures and around
joints, mimicking corrugated cardboard [1, 2, 14]. There may be a distinct foul odor owing to secondary bacterial colonization.
Di Giovanna and Bale described two main clinical categories of BCIE- one type involves the palms and soles (PS), and the
second spares the palms and soles (NPS) [1, 2]. Palm and sole involvement may be noted in about 60% of patients and
presents with recurrent painful fissures and contractures. BCIE patients with K1 mutations are more likely to have palm/sole
involvement. [1, 2]

Annular epidermolytic ichthyosis (AEI) and linear BCIE are two well-recognized, but uncommon clinical variants [3, 4, 5].
AEl is characterized by recurring, migrating, annular, and polycyclic plaques. Sheth et al have identified a KRT 10 mutation in
the annular variant and have reported clinical worsening in pregnancy [3].

Linear BCIE is related to a postzygotic, spontaneous mutation in KRT 1 or KRT 10 keratin genes, thus generating genetic
mosaicism. It presents as linear hyperkeratosis distributed in streaks along Blaschko lines and may be unilateral or bilateral,
localized or generalized, in distribution [4, 5]. Such linear BCIE cases are notable for the absence of blistering, unlike classical
BCIE, as evident in our case. Clinically, it might be indistinguishable from verrucous epidermal nevus, but it shows
characteristic histopathological changes of EH. However, the histopathological findings of EH are not as pronounced and
widespread as seen in classical BCIE. It is not inherited unless a post-zygotic mutation occurs in the germ line [4, 5].

In the neonatal period, BCIE should be differentiated from epidermolysis bullosa, cutaneous mastocytosis, staphylococcal
scalded syndrome, and incontinentia pigmenti with the help of histology and microbiological assessments. In older children,
the differential diagnosis may include Ichthyosis bullosa of Siemens and Ichthyosis hystrix of Curth and Macklin. Ichthyosis
bullosa of Siemens can be differentiated from BCIE because the epidermal fragility is very superficial and hyperkeratosis and
vacuolization are confined to the granular layer in the later. Ichthyosis hystrix of Curth and Macklin presents with extensive
and very severe, spiky or verrucous hyperkeratosis without blisters. In addition, the hyperkeratosis is more prominent over the
extensor surfaces of the arms and legs [1, 2, 9].



Management is usually for symptomatic relief. In neonates, the goal is to prevent secondary infections, sepsis, dehydration,
and electrolyte imbalances. In childhood and adulthood, antibacterial cleansers can control the malodor associated with
bacterial overgrowth. Topical emollients such as creams containing glycerine, lactic acid, urea, and a-hydroxy acids have been
demonstrated to improve the appearance of hyperkeratotic scaly skin [1, 10, 15]. For more severe cases, oral and topical
retinoids have also been shown to improve patients with EHK, although retinoids may promote desquamation and exacerbate
blistering. Apparently, individuals with keratin 10 mutations, as opposed to those with keratin 1 mutations, respond better to
topical or systemic retinoid therapy [16, 17].
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