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1 | INTRODUCTION

Palmoplantar keratoderma (PPK) is a group of heteroge-
nous genodermatoses characterized by hyperkeratotic skin
in the palms and soles, clinically grouped into four patterns:

Abstract

Background: Epidermolytic palmoplantar keratoderma (EPPK) is a rare skin disor-
der and its pathogenesis and inheritability are unknown.

Objective: To investigate the inheritance and pathogenesis of EPPK.

Methods: Two EPPK cases occurred in a three-generation Chinese family. Patient—
parents trio EPPK was carried out and the identified candidate variants were con-
firmed by Sanger sequencing.

Results: A heterozygous missense pathogenic variant, ¢.488G > A (p.Argl63Gln),
in the keratin (KRT) 9 gene was detected in the proband and his son via targeted
exome sequencing, and then validated by Sanger sequencing. This pathogenic vari-
ant cosegregated with the EPPK in extended family members, and was predicted to
be pathogenic by SIFT, PolyPhen2, PROVEAN, and Mutation Taster. This heterozy-
gous variation was not evident in 100 healthy controls.

Conclusion: This report describes a KRT9 ¢.488G > A (p.Argl63Gln) variant caus-
ing a diffuse phenotype of Chinese EPPK. The current results broaden the spectrum
of KRT9 pathogenic variants responsible for EPPK and have important implications

for molecular diagnosis, treatment, and genetic counseling for this family.

KEYWORDS

epidermolytic palmoplantar keratoderma, exome sequencing, Keratin 9

diffuse, striate, focal, and punctate (Fukunaga, Kubo, Sasaki,
Tsuruta, & Fukai, 2018; Knobel, O'Toole, & Smith, 2015;
Mao, Zhang, You, Xiao, & Zhao, 2018; Smith et al., 2018;
Wang et al., 2016; Xiao et al., 2018). Epidermolytic palmo-
plantar keratoderma (EPPK, OMIM144200) is a rare skin
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Splice acceptor-site or donor-site mutations.
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disorder with the main clinical feature of diffuse hyperkera-
totic skin in the palms and soles (Wang et al., 2016; Xiao et
al., 2018). Generally, no subjective symptoms accompany
the disorder except mild itching. Histopathologic features
of EPPK are dyskeratosis, epidermolytic hyperkeratosis,
pronounced perinuclear vacuolization of the keratinocytes,
and huge keratohyalin granules located in the upper stra-
tum spinosum (Endo, Hatamochi, & Shinkai, 1997; Reis,
Kiister, Eckardt, & Sperling, 1992). Ultrastructurally, EPPK
presents abnormal perinuclear tonofilament clumping and
the presence of large and distorted keratohyalin granules
(Szalai, Szalai, Becker, & Torok, 1999). The pathogene-
sis of PPK remains elusive. Other types of PPK, disorders
characterized by thickening of the skin on the palms of the
hands and soles of the feet, can be inherited but some are
acquired. The pathogenesis of this wide group of disorders
involves structural proteins (keratins), cornified envelope
(loricrin, transglutaminase), cohesion (plakophilin, des-
moplakin, desmogleinl), cell-to-cell communication (con-
nexins), and transmembrane signal transduction (cathepsin
C) proteins (Chen et al., 2018; Li, Han, Han, Zeng, Zhang,
& Ma, 2014; Li, Wen, et al., 2014). An autosomal domi-
nant inheritance is usually seen in EPPK (Fukunaga et al.,

FIGURE 1

2018; Knobel et al., 2015; Mao et al., 2018; Smith et al.,
2018; Wang et al., 2016; Xiao et al., 2018). The genetic
basis of EPPK has also been explored. Causal mutations
have been detected in the KRTI, KRT9, and KRT10 genes
(Has & Technau-Hafsi, 2016; Liang, Liu, Huang, & Zeng,
2014; Makino, Furuichi, Asano, & Shimizu, 2012; Terron-
Kwiatkowski et al.., 2006). We present our investigation of
two cases with EPPK from a three-generation Chinese fam-
ily consisting of nine members, which suggested to us that
the possibility of an autosomal dominant trait.

2 | MATERIALS AND METHODS

2.1 | Ethics statement

Human samples used in this study were obtained in ac-
cordance with the principles expressed in the Declaration
of Helsinki, and were approved by the Institutional Review
Board from Nanfang Hospital, Southern Medical University.
Blood and skin biopsy sample collection procedures used
were in accordance with the institutional and national ethi-
cal standards of human experimentation and all participants
provided written informed consent.

Family Pedigree and Clinical Phenotype of the Proband with EPPK. (a) Pedigree was constructed for the nine-member family

with EPPK. Squares and circles indicate males and females, respectively. Filled symbols indicate affected individuals. Arrow indicates the proband.

“+” in pedigree indicates those who are subjected to exome sequencing. (b,c) Lesions of EPPK on proband. Hyperkeratosis yellow thickening

plaques on the palms and soles. (d) Biopsy from the proband was hematoxylin and eosin (e,f) stained and visualized under light field microscopy

(magnitude: x100). Observed features included epidermal basket-weave hyperkeratosis, acanthosis, a large number of keratohyalin granules in the

upper part of the spinous cell layer, and superficial ectatic capillaries and perivascular infiltration with a few lymphocytes in the dermal layer
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2.2 | Clinical material 3 | RESULTS

The proband (II1) (Figure 1a) was a 35-year-old man, who 3.1 | Exome sequencing

was presented with yellow thickening of the palms and soles
with an erythematous margin for 35 years. At 1 month of age,
he developed symmetrical erythematous on the palms and
soles. At the age of 2 years, hyperkeratotic plaques appeared.
Cutaneous examination showed hyperkeratosis yellow thick-
ening plaques on the palms and soles (Figure 1b,c). Oral
mucosa, teeth, and nails remained unchanged. The histologi-
cal examination of the proband's lesion revealed epidermal
basket-weave hyperkeratosis, acanthosis, a large number of
keratohyalin granules in the upper part of the spinous cell
layer, and superficial ectatic capillaries and perivascular in-
filtration with a few lymphocytes in the dermal layer (Figure
1d). His elder (IIT1) (Figure 1a) son had similar symptoms on
the palms and soles (Figure le,f). The electron microscopy
revealed that the epidermis was acanthotic and thickened,
and the compact stratum corneum. The stratum corneum was
compact and regular distribution. The keratin filaments were
remarkably clumped or aggregated and irregularly distrib-
uted in the stratum corneum.

2.3 | Exome sequencing and
sequence analysis

Exome sequencing was then performed. The data for this
study were generated by Illumina Hiseq2500 (Illumina,
USA). The sequence reads were aligned to the NCBI ref-
erence genome (hgl9/GRCh37). We used various tools
including Inheritance State Consistency Analysis (ISCA)
for sequence alignment analysis, ANNOVAR for single-
nucleotide polymorphism (SNP) annotation, and GERP
for substitution analysis to analyze the genome sequenc-
ing results. After annotation of variants, we focused only
on nonsynonymous variants (NSVs), splice acceptor-site
or donor-site mutations (SSMs), and insertions/deletions
(indels) that were more likely to be pathogenic than other
variants.

2.4 | Validation of pathogenic variant by
Sanger sequencing

The Sanger sequencing approach was used to validate the
EPPK pathogenic variant in the KR79 gene. PCR was per-
formed around the candidate pathogenic variant positions
according to standard techniques. The PCR products were
purified using QIAquick PCR purification kit from Qiagen
(Germantown, MD) and sequenced by ABI Dye Terminator
Cycle Sequencing on an ABI 3730XL DNA analyzer (Life
Technologies, Carlsbad, CA). Sequence trace files were ana-
lyzed by Sequencer software version 4.5 (GeneCodes, Ann
Arbor, MI).

Family members, 11, 12, ll1, and 1111 underwent sequencing
to examine a genetic cause for the disorder independently.
An average of 10.8 billion bases of sequence was produced
per individual as paired-end, 90-bp reads. After mapping to
the human reference genome (NCBI Build 36.3, hgl9), we
achieved ~5.5 Gb of map able, targeted exome sequences
with a mean coverage of 107.7-fold. On average, 99.2% of
the exomes were covered at least fourfold.

Under the assumption of autosomal dominant inheri-
tance with full penetrance, heterozygous variants that were
present in all the affected individuals, but not in unaffected
participants, were selected as possible candidates. As a
result, we detected 21 NSVs, SSMs, or indels in 20 can-
didate genes. We then used ANNOVAR and GERP to as-
sess these variants for their probable functional impact. We
focused on one heterozygous variant that we considered
to be a likely candidate of the 21 possible variants. This
was in KRT9 (¢c.488G > A) located within chromosome 17.
Therefore, we selected KRT9 as a EPPK candidate gene for
further studies.

3.2 | Sequencing KRT9

To investigate whether the pathogenic variant was inher-
ited, all nine family members underwent sequencing of
KRT9. A missense mutation encoding a c¢.488G > A al-
teration (p.Argl63Gln) in the first exon of the KRT9 was
found in two affected individuals (Figure 2a), and was
absent in the seven unaffected family members (Figure
2b). We first tested for cosegregation of the pathogenic
variant (c.488G > A) with the EPPK phenotype in the ex-
tended pedigree of the family. We further sequenced KRT9
(c.488G > A) in 100 healthy controls and did not find a
KRT9 pathogenic variant.

4 | DISCUSSION

PPK comprise a diverse group of acquired and hereditary
disorders marked by excessive thickening of the epider-
mis of palms and soles (Has & Technau-Hafsi, 2016).
While PPKs may represent the sole or dominant clini-
cal feature, they may also be associated with other ecto-
dermal defects or extracutaneous manifestations (Has &
Technau-Hafsi, 2016). The exact morphological evalu-
ation of keratoderma—diffuse, striate, focal, and punc-
tate—is diagnostically helpful (Austin, 2016; Guo, Shi, &
Tan, 2014; Has & Technau-Hafsi, 2016; Ke et al., 2014;
Mao et al., 2018). The degree of severity may vary in the
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FIGURE 2 Mutant sequence in the KRT9 gene. (a) Sanger
sequencing showed a KRT9 (c.488G > A) heterozygous mutationin
the affected individuals (II:1 and III:1) in the pedigree. (b) While other
members of family showed wild-type sequences

same family or among individuals bearing similar patho-
genic variants. The proband and his son were presented
with yellowish, compact hyperkeratoses, surrounded by
erythematous margins, and cover the entire surface of the
palms and soles. Histopathology of the proband showed
epidermolytic hyperkeratosis. The clinical feature and his-
topathology confirmed to the diagnosis of EPPK. Early
onset and positive family history of the proband and his
son suggest a genetic cause. Previous studies showed that
similar clinical pictures of PPK may result from patho-
genic variants in different genes. Therefore, pathogenic
variant analysis was required to determine the precise type
of these patients. By exome sequencing, a heterozygous
missense pathogenic variant, ¢.488G > A (p.Argl63Gln),
in the KRT9 gene was detected in the proband and his son,
and then validated by Sanger sequencing. Usually caused
by pathogenic variants in the KRT9 gene, this is the most
common form of EPPK. KR79¢.488G > A (p.Argl63Gln)
pathogenic variant showed autosomal dominant inherit-
ance and perfectly cosegregated with the EPPK phenotype
in all family members. This heterozygous variation was

not evident in the proband's parents and 100 healthy con-
trols, which suggested that KRT9 p.Arg163Gln pathogenic
variant was a de novo pathogenic variant in the proband
and the pathogenic variant of his elder son was inherited
from the proband. Keratin 9, expressed in suprabasal cells
of the epidermis of palm and sole, where it contributes to
reinforcing the skin in these regions to greater stress, is
the source of several pathogenic variants causing EPPK
(Austin et al., 2016).

In conclusion, we have identified a pathogenic variant
in KRT9 gene in two patients from one family. Our finding
expands the mutant spectrum of KR7T9 gene. Identification
of more individuals carrying new variants in KRT9 gene is
needed to fully characterize the full phenotypic spectrum as-
sociated with EPPK.
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