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Abstract: Darier’s disease (DD) is a rare autosomal dominant genodermatosis caused by mutations in the ATP2A2 gene, which
encodes for the sarcoendoplasmic reticulum calcium ATPase type 2 isoform (SERCA2). In epidermal keratinocytes, the decrease in
SERCA2 inhibits the transportation of desmosomal proteins to the plasma membrane, resulting in acantholysis and dyskeratosis. We
present the first case of DD with a novel missense mutation in the ATP2A2 gene and successfully treated with calcipotriol/
betamethasone dipropionate two-compound ointment. A 34-year-old Japanese woman presented with erythema and scales on the
scalp and clusters of keratotic papules on the neck and groin. Similar symptoms were observed in her father, younger sister, and
daughter. Histopathological examination revealed corps ronds in the granular layer and grains in the horny layer of the epidermis and
acantholytic lacuna just above the basal layer. She was diagnosed with DD. A novel heterozygous missense mutation, c.616A>C (p.
Asn206His), was detected in the ATP2A2 gene in both the patient and her daughter. The patient was treated with calcipotriol/
betamethasone dipropionate two-compound ointment, which resulted in improvement of the skin eruption. This two-compound topical
ointment may be a promising therapeutic strategy in the treatment for DD.
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Introduction
Darier’s disease (DD) is a rare autosomal dominant genodermatosis characterized by multiple firm, greasy, and hyperker-
atotic papules that coalesce into plaques, and it mainly affects the seborrheic regions.1 Darier’s disease is caused by
a heterozygous mutation in the ATP2A2 gene on chromosome 12q23-24.1.2 The ATP2A2 gene encodes for the sarcoendo-
plasmic reticulum calcium ATPase type 2 isoform (SERCA2).3 The SERCA2 is a single-subunit integral membrane P-type
ATPase that mediates the ATP-driven transport of cytosolic Ca2+ against a concentration gradient into the Ca2+ releasable
store in the lumen of the endoplasmic reticulum (ER), and it plays an important role in intracellular Ca2+ signaling in
keratinocytes.4 The malfunction or decrease in SERCA2 prevents cell-to-cell adhesion and differentiation of epidermal
keratinocytes.4 There are no proven curative treatments for DD. A calcipotriol/betamethasone dipropionate two-compound
ointment (Dovobet) is used to treat psoriasis vulgaris.5 Herein we present a case of DD with a novel missense mutation in
ATP2A2 successfully treated with the calcipotriol/betamethasone dipropionate two-compound ointment.

Case Presentation
A 34-year-old Japanese woman with 10 years of recurrent erythema and scales on the scalp and brownish keratotic papules on
the neck and bilateral groin was referred to our department (Figure 1A and B). The patient was previously treated with topical
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steroids, but the treatment efficacy was inconsistent. Similar eruptions were observed in her father, younger sister, and
daughter. Pathological examination of the inguinal papules revealed dyskeratotic cells, such as corps ronds in the granular cell
layer and grains in the horny layer, and acantholytic lacuna just above the basal layer (Figure 2). She was diagnosed with DD.

After obtaining informed consent from the patient, genomic DNAwas extracted from her peripheral blood leukocytes,
and all of the exons of the ATP2A2 gene, including the intron-exon boundaries, were amplified by polymerase chain
reaction. The protocol was conducted in accordance with the principles of the Declaration of Helsinki and was approved
by the Hirosaki University Genetic Ethics Committee. Direct sequencing of ATP2A2 detected a heterozygous missense
mutation in exon 7, c.616A>C (p.Asn206His) (Figure 3), which was neither reported nor found in ethnically matched
controls. The same mutation was observed in the daughter of the patient.

Although DD is known to respond well to oral etretinate therapy,1 this treatment has teratogenic side effects and is
not appropriate for patients of a reproductive age. Thus, we selected a once-daily treatment with topical calcipotriol

Figure 1 Brown keratotic papules on the neck (A), and a cluster of papules on the groin (B). The improvement of the eruption on the neck after 3 months of treatment
with calcipotriol/betamethasone dipropionate two-compound ointment (C).
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(1,25-dihydroxyvitamin D3 analog)/betamethasone dipropionate (corticosteroid) two-compound ointment (LEO Pharma
K.K., Chiyoda-ku, Tokyo, Japan). After 3 months of treatment, the erythema and scales on the scalp were reduced, and
the papules on the neck and groin were flattened and decreased with mild residual pigmentation (Figure 1C).

Discussion
Darier’s disease is a relatively rare autosomal dominant genodermatosis, with a prevalence of 1 in 30,000 to 100,000
people and no gender difference.1,6 In addition to the manifestation of hyperkeratotic papules in seborrheic or inter-
triginous areas, DD manifests with warty papules on the dorsum of hands and feet, palmoplantar pits, and longitudinal
red or white stripes in the fingernails.6 These findings were not presented by the present case.

The present case demonstrates a novel missense mutation in exon 7 of the ATP2A2 gene, c.616A>C (p.Asn206His),
which was also inherited by her daughter. The Ca2+ pump SERCA2 encoded by ATP2A2 is composed of 11 transmem-
brane helices harboring Ca2+ binding sites and a large cytosolic head consisting of actuator, nucleotide-binding, and
phosphorylation domains.4 The patient’s mutation resides in the actuator domain facing the cytoplasm and might impair
the Ca2+ uptake and/or ATPase activities of SERCA2.4 The autosomal dominant inheritance of DD is mediated by
haploinsufficiency, wherein one copy of the ATP2A2 gene is inactivated or deleted, and the remaining functional copy of
the gene is not adequate to sufficiently produce the gene product, SERCA2, which is required to preserve normal
function.7 Certain ER stresses, such as wounds, infections, or UVexposure, to the keratinocytes of patients with DD may
downregulate ATP2A2 expression from the intact allele, leading to the reduction in SERCA2 proteins and resultant
depletion of the ER Ca2+ store.8 The depletion of the ER Ca2+ store leads to the decreased expression of sphingosine
kinase and its product, sphingosine 1-phosphate,9 and/or decreased activity of protein kinase Cα in the ER.10 The
suppression of these kinases impairs the distribution of desmoplakin, desmoglein 3, desmocollin 3, or E-cadherin to
plasma membranes, inducing acantholysis,9,10 or reduces late-differentiation proteins in keratinocytes, such as
involucrin,9 or survival proteins, such as Bcl-2,11 inducing abnormal differentiation and apoptosis, leading to
dyskeratosis.9

Darier’s disease is an intractable disease for which there are no proven curative treatments.1 It was recently reported
that a low dose (1–5 mg/d) of opioid receptor antagonist naltrexone improved the mild-to-moderate forms of the clinical
manifestation in patients with DD12 and may become a new treatment option by possibly affecting inflammation,
desmosomal adhesion, or migration of keratinocytes.13 According to the comprehensive review of the literature on
therapeutic options for DD,14 there was grade B evidence (weak recommendation; limited-quality, patient-oriented
evidence) supporting the efficacy of topical 1,25-dihydroxyvitamin D3 analogs, whereas there was grade C evidence
(weak recommendation; low-quality evidence) for the use of fluocinonide, a corticosteroid. Corticosteroids have been
reported to be useful in 33% of DD patients, not all patients.15

The two-compound ointment administered in this study contains 50 μg/g calcipotriol (1,25-dihydroxyvitamin D3
analog) and 0.5 mg/g betamethasone dipropionate (corticosteroid).5 This is the first report demonstrating the therapeutic

Figure 2 Histopathology showing dyskeratotic keratinocytes, including corps ronds in the granular layer (arrow) and grains in the horny layer (arrow, head) (A), and
acantholytic lacuna just above the basal layer (white arrow) (B). Hematoxylin-eosin staining, ×100.
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Figure 3 A heterozygous missense mutation in exon 7 of ATP2A2, c.616A>C (p.Asn206His), was detected in the patient. The reference sequence in the healthy controls is
shown below.
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efficacy of this two-compound ointment for DD. The direct effects of corticosteroids on Ca2+ homeostasis in keratino-
cytes have not been reported, although several studies have reported that corticosteroids decrease or increase the
intracellular Ca2+ concentration depending on the type of corticosteroid, concentration, and cell type.16 The corticoster-
oids suppressed the UVB-induced downregulation of ATP2A2 mRNA levels in normal human keratinocytes in vitro,
possibly via inhibition of UVB-induced interleukin-6 production in these cells,17,18 indicating that corticosteroid-
mediated restoration occurred from the decrease in SERCA2 induced by ER stress.

It has been reported that 1,25-dihydroxyvitamin D3 activates phospholipase C in keratinocytes and generates inositol
triphosphate and diacylglycerol; inositol triphosphate induces Ca2+ release from intracellular Ca2+ stores, and the
intracellular Ca2+ further opens Ca2+ channels through which Ca2+ enters the keratinocytes.19,20 The 1,25-
dihydroxyvitamin D3-induced Ca2+ signal and diacylglycerol promote the activity of protein kinase C, which further
enhances the expression of late-differentiation proteins in keratinocytes, such as involucrin,17 and stimulates the
assembly of adherens junction proteins in keratinocytes.21 Furthermore, 1,25-dihydroxyvitamin D3 protects human
keratinocytes from apoptosis by increasing the activity of sphingosine kinase.22 These reports indicate that 1,25-
dihydroxyvitamin D3 may rescue keratinocytes from dyskeratosis and acantholysis induced by ER stress. These effects
of corticosteroids and 1,25-dihydroxyvitamin D3 may additively or synergistically contribute to the therapeutic efficacy
of the topical calcipotriol/betamethasone dipropionate two-compound product in the present case with DD. It has been
reported that emollients improved symptoms, to some extent, in 29% of patients with DD.15 Since calcipotriol/
betamethasone dipropionate two-compound ointment contains white petrolatum, paraffin, and polyoxypropylene stearyl
ether, these vehicles may have improved the skin appearance in the present case, and this possibility should be further
examined. Short-term (less than 6 months) or intermittent use of the calcipotriol/betamethasone dipropionate two-
compound ointment is recommended for DD patients since calcipotriol ointment may cause skin irritation,23 and long-
term use of corticosteroid ointment may cause skin atrophy or telangiectasia.24

Conclusion
In conclusion, this is the first case of DD with a novel missense mutation in the ATP2A2 gene, c.616A>C (p.
Asn206His), which was successfully treated with a calcipotriol/betamethasone dipropionate two-compound ointment.
Future studies should clarify the precise mechanisms by which this mutation causes skin eruption of DD and how
topical corticosteroids and 1,25-dihydroxyvitamin D3 analogs additively or synergistically improve the symptoms of
patients with DD.
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