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1  |   INTRODUCTION

Superficial epidermolytic ichthyosis (SEI), known as 
ichthyosis bullosa of Siemens (IBS; OMIM No. 146800) 
before, is a type of keratinopathic ichthyosis due to the 

KRT2 mutations (NM_000423.3). KRT2 encodes keratin 2, 
which constitutes the cytoskeleton and plays an important 
role in normal tissue structure and function (Hotz et al., 
2016). Distinct pairs of type I and type II keratins heterodi-
merize to form keratin intermediate filaments that increase 
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Abstract
Background: Superficial epidermolytic ichthyosis (SEI), known as ichthyosis bullosa 
of Siemens (IBS; OMIM No. 146800) before, is a type of keratinopathic ichthyosis 
due to the KRT2 mutations (NM_000423.3; OMIM No. 600194). Here, we report the 
first case of SEI caused by a KRT2 mosaic mutation.
Methods: We presented the clinical data of a 5-year-old Chinese boy who suffered 
from SEI. The histopathological examination and immunofluorescence were per-
formed to rule out immunobullous skin diseases and diseases with subepidermal blis-
ters. Genomic DNA samples were extracted from the lesion tissue and next-generation 
sequencing was performed. We also confirmed the variant allele frequency (VAF) in 
different tissues by an Ultra-Deep Sequencing technology.
Results: The patient presented with blisters on the lower extremities and linear, su-
perficially hyperkeratotic lesions. Immunofluorescence of IgG, IgA, IgM, C3, C4, 
and C1q were negative, and the histopathological results showed intraepidermal blis-
ters containing lymphocytes and eosinophils. A heterozygous missense mutation, 
c.G1459A (p. Glu487Lys), in exon 7 of the KRT2 gene was detected at a 31.17% allele 
frequency. The same mutation p. Glu487Lys has been described several times in the 
literature.
Conclusion: Thus, in our patient, the mosaic mutation explains the blaschkoid ichthy-
osiform phenotype. To our knowledge, this is the first case of SEI with a KRT2 mosaic 
mutation.
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the mechanical resilience of epithelial cells. Keratins are 
formed in a strict differentiation stage-dependent manner 
by keratinocytes. Expression of keratin 2 is restricted to 

the uppermost suprabasal layers of the epidermis where it 
colocalizes with keratin 10 (Fischer et al., 2014). The phe-
notype is often mild because the loss of function of keratin 

F I G U R E  1   (a,b) A small number of linear hyperkeratotic lesions on the trunk. (c,d) Greyish-brown linear hyperkeratotic lesions on the 
buttocks. (e) Hyperkeratotic plaques and focal areas of peeling (Mauserung phenomenon) on the left foot. (f,g) Pustules and blisters on the upper 
and lower extremities. (h) Lesion tissue from which DNA was extracted.
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2 can be partially compensated for by the up-regulation of 
keratin 1 expression.

Clinical features of SEI include mild epidermal hyperkera-
tosis over the flexural areas, blisters at birth, and the develop-
ment of superficial peeling of hyperkeratotic skin. Generally, 
lesions such as erythroderma regresses almost completely with 
age. Keratotic lichenification and focal areas of denudation 
may concentrate on the joint areas of arms and legs, showing 
the typical Mauserung phenomenon (Takeichi & Akiyama, 
2016). Herein, we report a case of a mosaic SEI caused by a 
somatic p.E487 K mutation of KRT2 with a severe phenotype.

2  |   MATERIALS AND METHODS

2.1  |  Ethical compliance

The patient's parents all signed informed consent before the 
study. This study was approved by the ethics committees of 
Shanghai Jiaotong University School of Medicine and con-
ducted in accordance with the principles of the Declaration 
of Helsinki.

2.2  |  atients

This study concerned the clinical and molecular study of an 
SEI patient presenting with blisters on the lower extremities 
and linear, superficially hyperkeratotic lesions (Figure 1).

2.3  |  Next-generation sequencing

To determine the lesion's genetic cause, genomic DNA sam-
ples were extracted from the lesion tissue after informed 
consent. We performed a next-generation sequencing-based 
multigene panel including 569 genetic loci of genoderma-
toses. Genomic DNA samples were extracted from the le-
sion tissue with standard methods (Qiagen Blood DNA 
Kit, Germany) and sent to Anbailong Biotech (China) for 
sequencing. The targeted exon was enriched and then se-
quenced on an Illumina NovaSeq platform (Illumina, USA) 
according to the manufacturer's instructions. We removed 
reads with mapping quality below 20 and potential dupli-
cates. An average of 1 GB of mappable sequences was ob-
tained with a mean coverage of 250×; 99% of the targeted 
bases were covered sufficiently for variant calling (>10×).

2.4  |  Ultra-Deep sequencing

To confirm the variant allele frequency (VAF) in differ-
ent tissues, an Ultra-Deep Sequencing was performed 

(NovaSeq, Illumina, USA). DNA was isolated from the 
patient's blood, oral mucosa, hair follicles, normal skin, 
and his parents’ blood using standard methods. Amplicon 
covering the disease-causing mutation c.G1459A/p.
Glu487Lys (NM_000423.3) in the KRT2 gene were de-
signed using Ion AmpliSeq Designer: forward PCR primer, 
AACAAGTTGAATGACCTGGA; reverse PCR primer, 
TGTCA GTTCTCAGTYGTCAG; primer binding sequences 
for the second round of PCR were added to 5'-end: forward 
PCR primer, ACACGACGCTCTTCCGATCTAACAA 
GTTGAATGACCTGGA; reverse PCR primer, TTCCTTG 
GCACCCGAGAATTCCA TGTCAGTTCTCAGTYG TC 
AG.The library was loaded onto the Illumina NovaSeq for 
initiation of cluster generation and a pair-end 150 cycle se-
quencing protocol. The sequencing depth varied from 4108 
to 182334 reads.

2.5  |  Sanger sequencing

Sanger sequencing was carried out for the tissue sample 
in order to see whether the variant was detectable by this 
method (ABI PRISM®3730). By comparing with the hg38 
human genome reference, repeated sequences and identified 
genetic variants were excluded.

3  |   RESULTS

3.1  |  Clinical data

A 5-year-old Chinese boy was referred to our outpatient 
department with blisters and linear, superficially hyper-
keratotic lesions following the lines of Blaschko in the 
lower extremities. The lesions were first noticed 40 days 
after birth. At the onset, lesions presented as symmetric, 
erythematous, hyperkeratotic plaques following the lines 
of Blaschko, and were situated mainly over the lower 
extremities and buttocks. A few lesions were distributed 
sporadically on the trunk. The lesions later changed into 
greyish-brown, linear, hyperkeratotic plaques, and focal 
areas of peeling (Mauserung phenomenon) could be ob-
served. No treatment had been provided. There was no 
definite history of blistering until 4 months prior. At that 
time, pea-sized pustules and blisters appeared continuously 
on the upper and lower extremities, with intense pruritus 
(Figure 1). Topical glucocorticoids were ineffective, while 
oral glucocorticoids had an immediate effect. However, the 
lesions would relapse after withdrawal of the treatment. 
Blisters could not be observed after mechanical trauma on 
normal skin. Neither of his parents had a similar pheno-
type. The patient has no siblings, and his family history is 
unremarkable. A biopsy was performed to rule out other 
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skin diseases. The histopathological results showed hyper-
keratosis, papillomatous epidermal hyperplasia, intra- and 
intercellular edema in the upper epidermis, and intraepi-
dermal blisters containing lymphocytes and eosinophils, 
thus ruling out diseases with subepidermal blisters, such 
as bullous pemphigoid and linear IgA bullous dermatosis 
(Figure 2). Immunofluorescence of IgG, IgA, IgM, C3, C4, 
and C1q were negative, ruling out immunobullous skin dis-
eases such as pemphigus.

3.2  |  Gene sequencing

NGS reveals a heterozygous missense mutation, c.G1459A, 
in exon 7 of the KRT2 gene. This G to A transition resulted 
in the change in glutamate to lysine at amino acid position 
487 (p. Glu487Lys). The same mutation p. Glu487Lys has 

been described several times in the literature. The transition 
appears to be a hot point mutation of KRT2, which is likely 
due to the deamination of 5-methyl cytosine to thymine at 
a CpGdi nucleotide in exon 7 (Whittock, Ashton, Griffiths, 
Eady, & McGrath, 2001). This missense mutation was con-
firmed by Sanger sequencing (Figure 3b). The resulting VAF 
values are shown in Figure 3. The proband displayed a VAF 
of 12.94% to 31.17%, with the highest VAF found in lesion 
tissues and the lowest in the patient's blood. The VAF of his 
parents’ blood was approximately that of the healthy controls 
(Figure 3a). The differences in mutation frequencies suggest 
that the KRT2 mutation is somatic, leading to postzygotic 
mosaicism in the affected skin, which explains the blaschkoid 
ichthyosiform erythrodermic phenotype. About 16% variant 
allele was detected in the normal skin. There is a possibility 
that the proportion of mutant cells in normal skin does not 
reach a pathogenic threshold, so the typical SEI phenotype 
did not appear.

4  |   DISCUSSION

To our knowledge, the mosaic SEI caused by a somatic mu-
tation has not before been reported. The term mosaic is used 
in medicine to define organisms composed of at least two 
different genetic populations originating from a homogene-
ous zygote (Prieto-Barrios et al., 2018). Mosaicism manifests 
in cutaneous disease via two primary mechanisms. Type 1 
segmental mosaicism results from a dominant, heterozygous, 
early postzygotic mutation in an otherwise healthy embryo, 
and manifests as a stripe or patch of affected skin. Type 2 
segmental mosaicism originates in a heterozygous embryo 
and reflects the early postzygotic loss of the corresponding 
wild-type allele, generating areas of more severely affected 
skin (Happle., 2016). In our case, the patient belongs to type 1  
segmental mosaicism.

The mosaic phenotype would depend on several factors, 
the type of mutation, the moment during embryogenesis at 
which the mutation occurs, the differentiation potential of 
the mutated progenitor cell, and the distribution of the mu-
tated cells (Prieto-Barrios et al., 2018). Generally, the phe-
notype will not be inherited unless germ cells are affected. 
Therefore, the DNA sequence of sperm should be determined 
for the patient before he marries, avoiding germline transmis-
sion in his offspring. Genetic counseling and prenatal diag-
nosis are necessary.

As mentioned above, SEI is characterized by mild clinical 
manifestations. Symptoms usually improve with age and the 
phenotype should be milder as a mosaic SEI. However, this 
patient's symptoms are severe. The continuous pustules and 
blisters will not subside unless oral glucocorticoids are ap-
plied. We reviewed the literature to determine the correlation 
between genotype and phenotype.

F I G U R E  2   (a) Intraepidermal blisters containing lymphocytes 
and eosinophils (original magnification, ×50). (b,c) the intercellular 
separation (original magnification, ×250, ×500).
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As with all intermediate filament proteins, keratins were 
composed of four α-helical regions (1A, 1B, 2A and 2B), each 
possessing a repeating heptad amino acid motif (a–b–c–d–e–
f–g)n (Whittock et al., 2001). The p. Glu487Lys is located at the 
end of the 2B domain of keratin 2, which represents the highly 
conserved helix termination peptide (Rothnagel et al., 1994). 
This mutation was located in position d as well. Therefore, 
the nonconservative glutamic acid-to-lysine substitution may 
lead to a severe alteration in forming the heterodimer in the 
region of the tail domain of the rod (Suga et al., 2000). In addi-
tion, the substitution changes the charge of the side chain and 
presumably affects the function of the 2B domain, resulting 
in the instability of filament. Early studies of epidermolytic 
ichthyosis cases have suggested that substitutions in the H1 
domain of keratin 1 bring about a less-severe clinical presen-
tation than those located at the beginning of the 1A or at the 
end of the 2B rod domains (Nishizawa et al., 2007). Mutations 
in the KRT1 gene affecting positions a and d were associated 

with a severe phenotype (Akasaka et al., 2015). Nevertheless, 
there are no previous reports of SEI that demonstrate variety 
in clinical phenotype associated with the heptad amino acid 
position. A severe phenotype caused by a germline mutation 
at this position has been reported (Shimada et al., 2018). The 
phenotype and histology of a patient's biopsy in Shimada et al. 
show a lot of similarities compared to the patient presented in 
this manuscript. But our patient's lesions are distributed along 
the Blaschko lines while theirs did not show. A postzygotic 
mutation may happen at the early time during embryogenesis 
if they were mosaicism.

We hypothesize that mutations affecting position d are as-
sociated with a severe phenotype. Nonetheless, phenotypic 
heterogeneity has been reported in patients with the same 
p. Glu487Lys mutation (formerly p. Glu493Lys; Whittock 
et al., 2001). Further functional studies on the p. Glu487Lys 
mutant may be necessary to understand the correlation be-
tween genotype and phenotype in SEI patients.

F I G U R E  3   (a) The variant allele frequencies in different samples. (b) Direct sequencing of the probands showing a heterozygous mutation of 
c.G1459A in exon 7 of the KRT2 gene.
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