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Epidemiology of Darier’s Disease
in Slovenia

A. Godic, J. Miljkovic, A. Kansky and G. Vidmar

Aim: To present a retrospective and prospective epidemiological and clinical study on Darier disease
in Slovenia.
Results: Data on 77 DD patients was collected in the period 1973 to 2003 from the major dermatologi-
cal departments and outpatient units in Slovenia. The prevalence of Darier disease in Slovenia is calcu-
lated at 3.8/100000 inhabitants. The ratio of affected/unaffected family members is 0.355. The compari-
son of two groups of DD patients (younger and older than 19 years) for the onset of the disease did not
differ significantly although in two thirds of patients DD appeared for the first time before the age of 19
years.
Conclusion: The epidemiological and clinical data on Darier’s disease in Slovenia conform to similar
reports with the exception of the higher prevalence of the disease in Slovenia. UV radiation seems to be
an important triggering factor and therefore it is reasonable to advise DD patients to avoid sun expo-
sure.
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Introduction

Darier’s disease (dyskeratosis follicularis, DD) is an
autosomal dominant skin disorder, caused by mutations
of the ATP2A2 gene which encodes the sarco/endo-
plasmic reticulum Ca2+ ATPase isoform 2 (SERCA2) (1).
It is characterized by hyperkeratotic papules and
plaques primarily in seborrheic areas, palmo-plantar pits,
papules on the dorsum of the feet and hands, and bro-
ken papillary lines (Figure 1) (2). Hypopigmented
macules may be seen in black-colored patients (3). As-
sociated findings include whitish coats or papules of
the oral mucous membrane, nail abnormalities with dis-

tal v-shaped notches, and various neuropsychiatric ab-
normalities, from learning difficulties to affective psy-
chosis and schizophrenia (4,5). Salivatory stones and
cysts of the long bones have been described infre-
quently in DD patients (6). Eight cases of subungual
and scrotal squamous carcinomas, basal cell carcinomas,
melanomas, esophageal carcinoma, and lung carcinoma
have also been reported (7-12). Rare clinical variants of
DD include vesicobullous (13), cornifying (14), comedo-
like (15), acral (16,17), hemorrhagic (18), and lesions
in segmental configuration of the disease (19). Histo-
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logically, DD is characterized by suprabasal acantholy-
sis in the epidermis and with dyskeratotic cells: corps
ronds and grains (Figure 2). The onset of DD occurs in
about 70 % of cases during the first two decades of life.
The severity and course of the disease are unpredict-
able. The prevalence of the disease has been estimated
between 1 per 100000 and 3.3 per 100000 inhabitants.

Patients and methods

DD occurs in both familial and isolated cases through-
out Slovenia. Diagnosis is established through clinical
examination and in the majority of patients confirmed
by histopathology. On invitation we examined and in-
terviewed 28 patients, 11 males and 17 females. The
majority belonged to one of the 9 families, while 13
were isolated cases. Clinical manifestations were mild,
moderate or severe, according to the criteria established
by Sakuntabhai et al (23). We also recorded age at on-
set of the disease, educational level, exacerbating fac-
tors and concomitant diseases.

For statistical analyses, the StatXact-3 (Cytel Corp.,
1997) software package was used. We compared two
groups of patients (younger and older than 19 years)
for the onset of the disease, calculated the ratio of af-
fected patients/unaffected family members, and tested
for the autosomal dominant mode of inheritance.

Results

Statistical calculations

The prevalence of DD in Slovenia is calculated at 3.8/
100000 inhabitants. The ratio of affected patients/unaf-
fected family members is 0.355. This ratio differs signifi-
cantly from the expected 50 % (exact binomial test; p <
0.00001). The segregation ratio supported an autosomal
dominant mode of inheritance (p = 0.355). The compari-
son of two groups of patients (younger and older than 19
years) for the onset of the disease did not differ signifi-
cantly against  the presumption that patients are equally
distributed in the each of the compared groups (exact
binomial test; p = 0.122) (Table 1).

Clinical assessment of DD patients

Altogether 77 DD patients were registered in
Slovenia in the period from 1973 to 2003; 48 belonged
to families with two or more affected family members,
while 29 were isolated cases.

All examined 28 patients displayed typical keratotic
papules, half of them also had hypertrophic plaques.
There were no hemorrhagic symptoms nor a segmen-
tal distribution of lesions. Involvement of the skin was
relatively mild in 12 patients (43 %), moderate in 9 (32
%), and severe in 7 (25 %). Nail abnormalities (white or
red longitudinal bands in the nail plate and v-shaped
notches at the free edge) were present in the majority
of our patients (in 77 %), while only a minority of them
(6 of 28) had white »cobblestone« papules of the oral
mucosa. Heat, sweating and poor personal hygiene
contributed to the exacerbation of the disease in the
majority of them, whereas stress, occasional infections,
surgical procedures or pregnancy had only a minor in-
fluence on the exacerbation of the disease; in 65 % of
patients skin symptoms were exacerbated after expo-
sure to UV.

Three patients were mentally retarded, two were
reported to have periodic epileptic seizures, one had a
history of affective psychosis in addition to an intracra-
nial hemangioma and to an obstructive hydrocephalus,
one had paresthesia of the upper extremities, and one
had suffered a cerebrovascular accident. Impairment
of memory and of the capacity to concentrate was
noted in the majority of patients. An evaluation of edu-
cational level showed that 17 (61 %) had finished a
primary or a vocational school (one of them finished
an adapted primary school for the mentally retarded),
five (18 %) had graduated from secondary school, and
only two (7 %) had finished college or reached higher
educational level. Four are still attending a school, one
a primary school, one a secondary school, and two a
college.

Three patients were reported to have primary hy-
pertension (one with ocular damage), two patients had
a history of perceptive deafness, one was affected by
bilateral ocular cataracta, one by intracranial heman-
gioma and an obstructive hydrocephalus, while one
female patient had a history of infertility and of chronic
renal failure.
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Table 1. Onset of the disease. Two groups of patients (younger and older than 19 years) were
compared with exact binomial test against the presumption that patients are equally distributed.

    study pat. aged up to number (%) sample p

Godic et al. 19 years 18 (67) 28 0.122
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Discussion

It has been established that ATP2A2 mutations cause
Darier’s disease by reducing calcium pump activity. To
date, many attempts have been made to describe a
phenotype-genotype correlation. The problem is not
simple and can not be deduced from the clinical de-
scription of the disease and the accompanying ATP2A2
mutation. One can only speculate on the potential im-
pact of specific mutations on the function of SERCA2

because the exact site-specific data on the mutation
has, to date, remained obscure. An alteration in SERCA2
pump function by overexpression in Chinese hamster
ovary cells (24) or by a partial deletion in mice (25)
lead to adaptation of the Ca2+ signaling pathways and
Ca2+   regulated cell functions. This is consistent with the
nearly normal physiological response of platelet and
heart function in DD-patients where SERCA is the ma-
jor pump in the endo/sarcoplasmic reticulum (26). On
the other hand, epidermal and neural cells are much
more susceptible to reduction in SERCA2 activity, lead-
ing to moderate or severe skin and neuropsychiatric
manifestations. From the high number of different
ATP2A2 mutations and the many isolated cases of DD
patients we can deduce that mutations arise de novo
and are family specific.

Sakuntabhay et al. previously suggested that muta-
tions in ATP2A2 produce a dominant DD phenotype
through haploinsufficiency (1). This by itself does not
explain the considerable interfamilial and intrafamilial
phenotypic variability of the disease as observed in our
investigation. The interaction of the wild type (WT)
and mutant SERCA2 in vivo provides a mechanism to
explain reduced Ca2+ pumping activity below the ex-
pected 50 % (27). Ahn et al. analyzed 12 DD-associ-
ated mutations of the ATP2A2b which encodes SERCA2b
and is expressed predominantly in the skin, to study
the underlying pathologic mechanism (27). Mutations
were selected from all domains of the Ca2+ pump. Some
of the mutants markedly affected pump activity be-
cause of reduced protein expression and/or enhanced
proteasome-mediated degradation. However, no obvi-
ous correlation between phenotype-genotype was
apparent. Ahn and his co-workers found that some
mutants which reduced the activity of the native pump
similarly inhibited the activity of the expressed WT
SERCA2b, indicating that the inhibition is linked to these
mutants (27). Co-immunoprecipitation experiments
showed that SERCA2b exists as a dimer and the mu-
tants, including those that are expressed at low levels,
interact with the WT pump to reduce its activity (27).
All potential mechanisms probably contribute to the
variability of the clinical phenotype, but are not suffi-
cient to account for all of the variability. It is also pos-
sible that some ATP2A2 mutations could act through
mechanisms distinct from haploinsufficiency (23). In
particular, some missense or in-frame ATP2A2 muta-
tions may have residual or abnormal function (23).
SERCA can interact with potential regulatory proteins
while some mutations of ATP2A2 might impair regula-
tion of the SERCA2 function because of these molecules
(22). Cytosolic Ca2+ oscillations may also influence the
regulation of gene transcription (1,28,29).

Clinical experience also suggests an association be-
tween various neuropsychiatric disorders and DD
(2,4,5). SERCA2b is highly expressed in the brain, es-
pecially in the Purkinje neurons of the cerebellum and
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Figure 2. Darier’s disease: suprabasal
acantholysis of the epidermis with dyskeratotic
cells, corps ronds and grains.

Figure 1. Darier’s disease: hyperkeratotic
papules in seborrheic area.
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the pyramidal cells of the hippocampus, while SERCA2a
shows co-expression in the Purkinje cells, but is weakly
expressed in other brain regions (30). Intracellular cal-
cium signaling in neurons is involved in neuronal excit-
ability, neurotransmission and synaptic plasticity (4).
Cadherins, a family of calcium-dependent adhesion pro-
teins, also play a central role in the formation of neu-
ronal connections and may contribute to neurite out-
growth and pathfinding, and to synaptic specificity in
the central nervous system (CNS) (31).

Jacobsen et al. reported that missense mutations in
the 3’ half of ATP2A2 correlate with the presence of
neuropsychiatric phenotypes, and more specifically that
the ATP-binding domain may have relevance in mood
disorders (5). In contrast, Ruiz-Perez et al. did not find
any association between neuropsychiatric features and
a specific class of mutation (4). These findings imply
that any predisposition to neuropsychiatric disorder in
DD is an inconsistent consequence of defective ATP2A2
expression which is not mutation specific. Neurological
deficiencies in DD patients could also be explained by
the aberrant function of cadherins in cells of CNS, given
that neuronal cells and keratinocytes are particularly
sensitive to endoplasmatic reticulum Ca2+ content (27).
The cause of cosegregation might also be genetic link-
age between the DD gene and a susceptibility gene for
bipolar disorder (5).

We calculated the prevalence of the disease in
Slovenia to be 3.8/100000 inhabitants assuming that
the Slovenian population amounts to roughly 2 million
inhabitants. This incidence of DD is much higher than it
is reported elsewhere. This is probably due to the well
organized primary health system and dermatological
service in Slovenia and also to a careful follow up of
Slovenian DD families and patients.

There are still some questions which should be ad-
dressed concerning the role of UV irradiation in the late
onset of the disease. It is interesting that the condition
appears rarely in childhood and usually later, which con-
trasts with the observation in photodermatoses. The

comparison of two groups of patients in our study
(younger and older than 19 years) for the onset of the
disease did not differ significantly although in two thirds
of patients DD appeared for the first time before 19
years of age (Tables 1 and 2). This may be explained
by the relatively small sample of patients included in
our study. Other similar studies showed a significant
difference between the two groups, and some showed
no difference whatsoever (Table 2).

It seems that UV radiation promotes the apoptosis
of keratinocytes which is a longer-lasting process. It
appears that it is at first well controlled by pro- and
antiapoptotic molecules and is responsible for the rela-
tively late onset in patients. Depletion of the endoplas-
mic reticulum (ER) Ca 2+ stores generate the pro-
apoptotic molecules caspase (33), and/or cause de-
crease in antiapoptotic proteins (Bcl-2 and Bcl-x) and
imbalance of the protein Bax (34). Such imbalance re-
sults in inadequate protein processing and in an accu-
mulation of unfolded proteins within the ER, leading to
two highly conserved stress responses: the “unfolded
protein response” (UPR) and/or the ER overload re-
sponse (EOR) (35).

Conclusion

In conclusion, our epidemiological and clinical data
on DD in Slovenia are in accordance with similar re-
ports on DD, except for a higher prevalence in com-
parison with other countries. In addition to inheritance,
UV radiation seems to be an important triggering factor
and therefore it is reasonable to advise DD patients to
avoid exposure to the sun in a similar way to other skin
diseases where UV radiation plays an important role as
a triggering factor. We believe that further epidemio-
logical studies linked to the investigation of molecular-
genetics would contribute to a better understanding of
the mechanism responsible for the development of skin
lesions in Darier disease.
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Table 2. Onset of the disease. Two groups of patients (younger and older than 19/20 years) were
compared with exact binomial test against the presumption that patients are equally distributed.

    reference pat. aged up to number (%) sample p

present study 19 18 (67) 28 0.122
32 19 15 (55) 28 0.851
20 19 34 (92) 37 < 0.001
2 20 119 (74) 161 < 0.001
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