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Darier’s disease (DD, OMIM 124200) is an autosomal 
dominant genodermatosis [1, 2] characterized by warty 
papules and plaques in seborrheic areas, such as the cen-
tral trunk, flexures, scalp and forehead. The palms and 
soles show punctuate keratoses, and nail involvement 
includes subungual hyperkeratosis, fragility and trian-
gular nicking of the free edges. Heat and sweating may 
exacerbate the disease [3]. Acrokeratosis verruciformis of 
Hopf (AKV, OMIM 101900) is a localized disorder of kerati-
nization affecting the distal extremities, and the dorsa of 
the hands are affected first and most conspicuously. Re-
cently, more and more articles have maintained that DD 
and AKV are variable expressions of the same disease. 
Genetic studies found that both diseases have the same 
defective gene, the ATP2A2 gene, encoding the sarco(en-
do)plasmic reticulum Ca2+-ATPase2 pump (SERCA2). In 
this study, we report a severe DD patient who had warty 
lesions on the dorsa of the hands resembling AKV.

A 37-year-old Chinese man presented with a 26 years’ 
history of the skin lesion. He was born at full term and 
the neonatal period was uneventful. He developed dis-
crete, keratotic papules on the face at the age of 11. The 
keratotic papules gradually increased and involved the 
trunk and extremities. The lesion became prominent in 
summer, while fainter in winter. His parents were asymp-
tomatic. Physical examination demonstrated that the pa-
tient had normal intellectual ability, without any neuro-
psychiatric disorder or behavior problems. Skin-colored, 
yellow or yellow-brown, harsh, firm, greasy papules were 
widely distributed on the body (Figure 1 A). Some scat-
tered lesions expanded and merged into warty papules 
and plaques. It was interesting that verruca-like lesions 
were noted on patient’s dorsum aspects of the hands, 
which were similar with AKV (Figure 1 B). Punctuate ker-
atoses were seen on the palms and soles. The nails were 
normal. And no abnormal manifestations were detected 
in the oral cavity. 

Biopsy was taken from the right forearm of the pa-
tient, and processed for routine histopathology and step 
sectioned consecutively. A well-developed basal layer 
with projections (“villi”) was in the acantholytic cleft, and 
hyperkeratosis and parakeratosis with rounded grains 
and suprabasal corps ronds (Figure 1 C).

After written informed consent, according to a proto-
col previously approved by the local Helsinki Committee, 
was obtained from the patient, and the study was ap-
proved by the Institutional Ethical Review Boards of the 
Peking Union Medical College, we performed a mutation 
analysis of the ATP2A2 gene in our patient. DNA was ex-
tracted from peripheral blood leukocytes. Genomic DNA 
was amplified by polymerase chain reaction (PCR) using 
primers spanning the entire coding sequence and the in-
tron-exon boundaries of the ATP2A2 gene as previously 
described [4].

The patient was found to carry a heterozygous mis-
sense c.1484C>T mutation in exon 12 of the ATP2A2 gene. 
The mutation leads to the substitution of serine (TCG) 
at position 495 to leucine (TTG), which was not found in 
the patient’s healthy parents, neither in 100 unrelated 
control individuals (Figure 2 B) indicating that it does not 
represent common polymorphisms (Figure 2 A).

Darier’s disease, also known as Darier-White disease 
and keratosis follicularis, is a progressive, autosomal 
dominant genodermatosis with peculiar keratinization 
of the epidermis mostly over seborrheic areas [1]. Our 
patient presented generalized keratotic papules with 
AKV-like lesions on dorsa of the hands. The relationship 
between AKV and Darier’s disease remains controversial. 
The supports for links between these conditions include 
the clinical similarity between AKV and the acral warty 
lesions affecting 50% of patients with Darier disease, and 
few reports of families containing both individuals with 
AKV and individuals with Darier disease, as well as the 
same gene responsible for both diseases [2, 5]. Therefore, 
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more and more researchers agree that DD and AKV are 
variable expressions of the same disease, with the latter 
being a mild expression of the former. Whereas others 
maintain that AKV and DD are distinct entities on the 
basis of the difference in clinical, histological features 
and genetic locus [6–8].

The gene ATP2A2 encodes sarco(endo)plasmic retic-
ulum Ca2+-ATPase 2 (SERCA2), which catalyzes Ca2+ trans-
port coupled with ATP hydrolysis and plays an essential 
role in maintaining Ca2+ homeostasis in the cytoplasm 
and endoplasmic reticulum lumen of cells [9, 10]. Search-
ing for SERCA2 homologous proteins in GENBANK (http://

www.ncbi.nlm.nih.gov/GenBank), CDD (Conserved Do-
main Database: http://www.ncbi.nlm.nih.gov/Structure/
cdd), and ProtoNet (http://www.protonet.cs.huji.ac.il), 
we found that Val474-Cys498, located in the ATP binding 
pocket on the nucleotide binding domain (N domain), is 
absolutely conserved in human, chimpanzees, dog, cat-
tle, mouse, rat, fowl, and zebrafish. We speculate that 
Leu495 is required at very high concentrations of ATP and 
is important for the activity of the enzyme. In reported 
cases, the patient with F487S showed severe DD [11], and 
patients with M494L or M494I showed moderate to se-
vere DD [12]. This may support the theory that N domain 

Figure 1. The proband’s skin eruptions and histopathology. 
A – The skin-colored, yellow or yellow-brown, harsh, firm, 
greasy papules widely distributed on the proband’s body.  
B – Verruca-like lesions on the patient’s dorsum of the 
hands. C – Histopathology of the patient’s right forearm. 
Staining: H + E, magnification 400×
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Figure 2. Mutation of ATP2A2 gene. A – The patient’s ATP2A2 genomic sequence coding base numbers 1477-1491, which 
showed c.1484C>T heterozygous mutation. B – The equivalent of ATP2A2 in a normal individual

is important for the activity of the enzyme and may be 
related with the phenotype of DD.

In summary, we have demonstrated a sporadic se-
vere DD patient with AKV-like lesion on the dorsa of the 
hands. Based on previously published reports, we con-
firm that most mutations in that gene are private and the  
ATP2A2 gene mutation could occur in almost every motif 
without hotspots.
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