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A heterozygous SERPINB7 mutation is a possible
modifying factor for epidermolytic
palmoplantar keratoderma

To the Editor

Recently, causative genes for the various types of palmoplantar
keratoderma (PPK) have been found, resulting in a need for a
genetic classification of PPK [1]. The most common type in the
Japanese population is Nagashima-type PPK (NPPK) caused by
loss-of-function mutations in SERPINB7, which encodes serpin B7, a
member of the serine protease inhibitor superfamily [2]. Serpin B7
is found in the stratum corneum, and its main function is to
regulate intercellular protease activity [3]. The clinical features of
NPPK include diffuse hyperkeratosis and erythema on the palms
and soles, and also on their dorsal aspects, known as transgrediens
[4]. The skin lesions in NPPK show a whitish spongy appearance
within 10 min of water exposure [3].

Epidermolytic PPK (EPPK) is an autosomal dominant genetic
disorder caused by mutations in KRT9, encoding keratin 9 (KRT9)
[5], or in KRT1. EPPK is characterized by diffuse yellowish
thickening of the palmoplantar skin. Histologically, EPPK lesions
show marked hyperkeratosis and thickening of epidermis,
clumped keratohyalin granules and acantholysis (granular degen-
eration). KRT9 expression is restricted to the palmoplantar regions.
Thus, the skin lesions do not spread around the palmoplantar area
in EPPK patients. The present report suggests the possibility that
the SERPINB7 mutation is a disease modifying factor for EPPK.

We analyzed two cases of EPPK from two independent
pedigrees. Case 1 was a 37-year-old male. Case 2 was a 23-year-
old female. Both patients had had longstanding pain and
hyperkeratosis on the palms and soles from soon after birth
(Fig. 1a–d). Notably, generalized erythema was seen on the dorsal
aspects of the fingers and toes only in case 2 (Fig. 1b and d). In
addition, the hyperkeratosis was more severe in case 2 than in case
1 (Fig. 1a and c). Only case 2 showed a whitish spongy change on
the hands after 10 min of water exposure, especially in the
hyperkeratotic, reddish area including the dorsal aspects of the
hands (Fig. 1e–h). A skin biopsy sample from the plantar lesion of
case 2 showed marked hyperkeratosis and thickening of the
epidermis. Keratohyalin granules of various sizes and acantholysis
were seen at high magnification (Fig. 2). Inflammatory cell
infiltration was obvious in the superficial dermis.

Ethical approval was obtained and all research was performed
in accordance with the principles of The Declaration of Helsinki. To
identify the pathogenetic mutation of the patients, whole-exome
sequencing was performed using DNA extracted from peripheral
blood from the patients by previously described methods with
slight modifications [6]. Whole-exome sequencing showed that
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case 1 and case 2 had the previously reported heterozygous
mutations c.488 G > A (p.Arg163Gln) and c.487C > T (p.Arg163Trp)
in KRT9, respectively [5]. The two mutations are different
substitution mutations in the identical amino acid Arg163.
Interestingly, case 2 also had a previously reported heterozygous
duplication mutation, c.522dupT (p.Val175Cysfs*46), in SERPINB7
[7], but we found no other potentially pathogenic mutations in any
genes associated with PPK. The identified mutations were verified
by subsequent Sanger sequencing (data not shown).

Next, immunohistochemical staining using a rabbit polyclonal
anti-serpin B7 antibody (HPA024200, Sigma-Aldrich, dilution
1:4000) was performed, as described elsewhere [8]. Immuno-
histochemically, plantar lesional skin biopsy samples from case 2
and our previously reported striate PPK patient (carrying a
causative DSG1 mutation and an additional heterozygous SER-
PINB7 mutation [9]) showed weaker anti-serpin B7 antibody
staining (Fig. 2e and f) than a control plantar skin sample (Fig. 2d).
A plantar hyperkeratotic skin sample from an epidermolytic
ichthyosis (EI) patient with a KRT1 mutation but without any
SERPINB7 mutation showed insignificantly reduced anti-serpin B7
antibody staining, and the staining was obviously stronger than
that seen in case 2 (data not shown). From these findings, we
speculate that serpin B7 expression in typical EPPK patients
without SERPINB7 mutations might be normal or only very mildly
reduced.

In previous reports, a lack of serpin B7 immunostaining was
observed in the stratum corneum (SC) of hyperkeratotic plantar
skin from NPPK patients with homozygous or compound
heterozygous SERPINB7 mutations [3,10]. In the present study,
decreased serpin B7 expression was seen in the stratum
granulosum and SC of the epidermis in case 2. There have been
no reports of EPPK patients showing transgrediens. Furthermore,
case 2 showed a unique whitish spongy appearance of the
eruptions after water exposure.

Reddish hyperkeratotic lesions extending to the dorsal aspects
of the hands and feet (transgrediens) and a whitish spongy
appearance of the eruptions after water exposure are characteristic
features of NPPK caused by SERPINB7 mutations. Thus, there is the
possibility that the present heterozygous SERPINB7 duplication
mutation modified the EPPK phenotype in case 2. A plantar
hyperkeratotic skin sample from an EI patient with a KRT1
mutation but without any SERPINB7 mutation showed only
minimal inflammatory cell infiltration in the superficial dermis
(data not shown). Thus, we speculate that significant inflammatory
cell infiltration in the superficial dermis of case 2 might be
associated with the additional SERPINB7 mutation. Our present
findings suggest that the concurrent dysfunction of the two
different molecules, KRT9 and serpin B7, may result in the
complicated phenotype and mixed clinical features of EPPK and
NPPK.
ier B.V. All rights reserved.
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Fig. 1. Clinical features of the present two patients with EPPK.
(a–d) Although both case 1 (heterozygous KRT9 mutation) and case 2 (heterozygous KRT9 and SERPINB7 mutations) have hyperkeratosis on the palms, the hyperkeratosis is
more severe in case 2 (b) than in case 1 (a). Generalized erythema is seen on the wrists and dorsal aspects of the toes in case 2 (b and d, yellow arrowheads), but not in case 1 (a
and c). (e–h) The left hand before water exposure (e and g) and after water exposure (f and h) in case 2. A whitish spongy appearance is observed on the hands after 10 min of
water exposure, especially in the reddish hyperkeratotic areas including the wrist and dorsal aspects of the hands (f and h).
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Fig. 2. Histological features and immunostaining for serpin B7 in the plantar lesions.
(a) The plantar lesion in case 2 shows severe hyperkeratosis and acanthosis with inflammatory cell infiltration in the superficial dermis (original magnification, �100). (b)
Keratohyalin granules of various sizes and acantholysis are seen in a high-magnification view of the plantar lesion in case 2 (original magnification, �200). (c) Significant
inflammatory cell infiltration is observed in the superficial dermis in case 2 (original magnification, �200). (d–f) Immunohistochemical staining for serpin B7 reveals that
serpin B7 immunoreactivity is lower in the patients’ plantar skin lesions (e, case 2, the EPPK patient carrying the causative KRT9 mutation and the heterozygous SERPINB7
mutation; f, a previously reported striate PPK patient carrying a causative DSG1 mutation and an additional heterozygous SERPINB7 mutation [9]) than in a control skin sample
(d).
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We previously reportedapatient with autosomal dominantstriate
PPK carrying a causative DSG1 mutation and an additional SERPINB7
mutation [9]. The striate PPK case also showed transgrediens [9].
AlthoughheterozygousSERPINB7mutationcarriershaveneverbeen
symptomatic of NPPK, our findings suggest that heterozygous
SERPINB7 mutations might be a possible modifying factor for
patients with not only striate PPK, but also EPPK. The carrier rate of
the SERPINB7 founder mutant allele c.796C > T is estimated as 0.9%
from our screening data in the Japanese population and the Human
Genome Variation Database (HGVD; http://www.genome.med.
kyoto-u.ac.jp/SnpDB/index.html) [9]. The c.796C > T mutation in
Please cite this article in press as: T. Yoshikawa, et al., A heterozygous S
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SERPINB7 is also reported in approximately 2.8% of Asian individuals
in the 1000 Genomes Database [3]. Thus, we cannot exclude the
possibility that undetected, unsearched for, hidden SERPINB7mu-
tations, such as the founder mutations in our cases, might modify
clinical features of other cases with various types of PPK.
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