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Objective: To study the mutation spectrum and phe-
notype-genotype correlation of Darier disease (DD) in
Tunisian patients.

Design: Case series.

Setting: Referral center: Department of Dermatology (La
Rabta Hospital), Tunis, Tunisia.

Patients: Eight large Tunisian families with DD, with a
total of 23 patients and 9 unaffected family members.

Main Outcome Measure: Patients were investigated
at the clinical, histological, and genetic levels. Families
were genotyped with 5 microsatellite markers spanning
the ATP2A2 gene. Mutation screening was performed by
direct sequencing of the coding region and exon/intron
boundaries of the ATP2A2 gene.

Results: Typical clinical features of DD were constantly
present. Phenotypic variation within and between the stud-
ied families was observed. Different neuropsychiatric dis-
orders were seen in 5 families, and various cutaneous and
extracutaneous original clinical associations were ob-
served. The haplotype analysis led to the identification of
different haplotypes cosegregating with the disease in the
studied families. Mutation screening of the ATP2A2 gene
revealed 3 recurrent mutations (119-120delAG, R677X,
and D702N) and 4 novel variations: 2 missense muta-
tions (G217A and L900R), one microinsertion (2772-
2779 ins C), and one microdeletion (1747-1749 del 2T).

Conclusions: Our findings provide evidence for clini-
cal and mutational heterogeneity of Tunisian families with
DD. No obvious phenotype-genotype correlation was es-
tablished. To our knowledge, this is the first molecular
investigation of DD in the North African population.
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D ARIER DISEASE (DD; MIM
124200) is a rare domi-
nantly inherited disorder
that predominantly af-
fects the skin.1 It is char-

acterized by warty papules and plaques in
seborrheic areas, palmoplantar pits, and dis-
tinctive nail dystrophy.2 The DD locus has
been mapped to chromosome 12q23-
24.1; mutations within the ATP2A2 gene
have been shown to be responsible for DD.3

We report here clinical investigation
and mutation spectrum of 8 families with
DD and investigate phenotype-genotype
correlation.

METHODS

Eight Tunisian families with a total of 23 pa-
tients and 9 unaffected family members were
investigated. The diagnosis of DD was estab-
lished based on clinical examination and con-
firmed by histopathologic findings.

After obtaining informed consent, skin bi-
opsy and blood samples were collected from all
participating members. Haplotype analysis was
performed using microsatellite markers span-
ning the ATP2A2 region (D12S234, D12S1339,
D12S2257, D12S1343, and D12S2263). Muta-
tion screening of the ATP2A2 gene was per-
formed by direct sequencing.

RESULTS

The investigated families had the classi-
cal DD phenotype. Skin lesions had started
during early childhood and around pu-
berty. Keratotic papules were observed on
the face, neck, both axillae, and inframam-
mary regions. The severity of the disease
was not constant even among patients from
the same family (Table). One case was pre-
viously misdiagnosed as hidradenitis sup-
purativa, and several original clinical as-
sociations were observed. Among these,
one patient presented with DD and pem-
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phigus vulgaris and another with congenital ichthyosis,
diffuse alopecia, corneal opacity, mental retardation, and
ovarian cancer.

Neuropsychiatric disorders were recorded in 5 fami-
lies and included bipolar disorder type II, major depres-
sive disorder, mental retardation, auditory and visual hal-
lucinations, cyclothymic disorder, and social phobia.
Although the investigated patients were from different ge-
netic, environmental, and socioeconomic backgrounds,
constant association with neuropsychiatric disorders sug-
gests that the symptoms occur owing to a susceptibility
locus that co-segregates with ATP2A2.4 Linkage analysis
to the ATP2A2 gene showed a haplotype heterogeneity that
was confirmed by mutational screening. We identified 7
distinct mutations, among which 4 were novel (Table). For
only 1 family, no mutation was found; however, a rare vari-
ant of single nucleotide polymorphism (rs35235621) was
identified.

The mutation spectrum identified herein included 3
heterozygous missense mutations (G217A, D702N, and
L900R), one nonsense mutation (R677X), two frame-
shift deletions (1747-1749 del 2T and 119-120 delAG),
and one frame-shift insertion (2772-2779 ins C). No clus-
tering or mutation hot spots have been noted.

The novel missense mutations G217A and L900R re-
sult in nonconservative amino acid substitutions. The
novel frame-shift mutations 1747-1749 del 2T and 2772-
2779 ins C are expected to result in a loss of function.
The novel variations have not been found in the 50 Tu-
nisians of the control group.

COMMENT

Herein we report the results of our clinical and genetic in-
vestigation of DD in families of Tunisian national origin
(of a total population of 10 million). Phenotypic varia-
tion was observed within and between the families, but
none had severe DD. Mutational heterogeneity was also
observed, owing to the richness of the genetic back-
ground. No obvious genotype-phenotype correlation was
established. The neuropsychiatric disorders listed herein
were not associated with a specific type of mutation and
were not constant among affected members within the same
family.

In conclusion, this study, the first to our knowledge
regarding the incidence of DD in the North African popu-
lation, gives further evidence for the clinical and muta-
tional heterogeneity of DD worldwide. Differences in the
expression of DD could be explained not only by envi-
ronmental factors but also by modifier loci.
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Table. ATP2A2 Mutations and Their Phenotypic Expression in Tunisian Patients With Darier Disease

Family

Geographic
Origin in
Tunisia

Age at
Onset (No.)

Severitya

(No.)
Progression

(No.)

Mucosal
Lesions

(No.)
Neuropsychiatric
Disorders (No.)

Exceptional
or Associated

Features Variation Location
Putative Altered
Protein Domain

DD-1 Gabès 10-20 y (1),
21-40 y (1),
�40 y (1),
ND (1)

Mild (2),
moderate (2)

Static (3),
worse (1)

Yes (1) Mild mental
retardation (2),
auditory
hallucinations (1)

Congenital
ichthyosis,
diffuse alopecia,
ovarian cancer,
corneal opacity

11376:G/A Intron 3 NA

DD-2 Tunis 10-20 y (1) Moderate (1) Worse (1) No Depression (1) NA G217A Exon 8 Transduction site
DD-3b Bizerte 10-20 y (2) Mild (1),

moderate (1)
Static (1),

worse (1)
Yes (1) ND NA 119-120

delAG
Exon 2 Upstream stalk

DD-4 Kalaat
Andalous

�10 y (1),
20-40 y (2)

Mild (1),
moderate (1)

Static (2),
worse (1)

Yes (3) Bipolar disorder
type II (1),
auditory and
visual
hallucinations (1),
depression (1)

Complete
arrhythmia with
auricular
fibrillation

1747-
1749
del 2T

Exon 13 ATP binding site

DD-5 Djerba 10-20 y (4),
21-40 y (3)

Mild (4),
moderate (3)

Static (4),
worse (3)

Yes (4) Depression (1),
bipolar disorder
type II (1),
cyclothymic
disorder (2),
social phobia (1)

NA 2772-
2779
ins C

Exon 19 M9 Transmembrane
domain

DD-6 Tunis 10-20 y (1) Moderate (1) Worse (1) Yes (1) Depression (1) NA L900R Exon 18 M8 Transmembrane
domain

DD-7b Sfax 10-20 y (3),
21-40 y (1)

Mild (2),
moderate (2)

Improve (3) Yes (2) ND NA D702N Exon 15 Hinge domain

DD-8b Mjez Elbab 10-20 y (1) Mild (1) Worse (1) Yes (1) ND Pemphigus vulgaris R677X Exon 14 ATP binding site

Abbreviations: ATP, adenosine triphosphate; NA, not applicable; ND, not determined; No., number of affected individuals in each family.
aMild indicates keratotic papules scattered sparsely over the trunk or flexures or disease limited to 1 or 2 areas; moderate, extensive keratotic papules or localized

verrucous papules; and severe, coalescent verrucous plaques involving most of the trunk or grossly hypertrophic flexured disease.
bFamilies whose mutations were reported previously in the literature.
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Notable Notes

Marie Antoinette Syndrome

Marie Antoinette syndrome designates the con-
dition in which scalp hair suddenly turns
white. The name alludes to the unhappy
Queen Marie Antoinette of France (1755-
1793), whose hair allegedly turned white the
night before her last walk to the guillotine
during the French Revolution. She was 38
years old when she died. Although the ac-
tual incidence is rare, this stigmatizing phe-
nomenon, which has captured storytellers’
imagination like few other afflictions, oc-
curs to protagonists as a sign of grave sor-
row in religious texts as early as the Tal-
mud. History also records that the hair of the
English martyr Sir Thomas More (1478-
1535) turned white overnight in the Tower
of London before his execution. More mod-
ern accounts refer to the turning white of hair
in survivors of bomb attacks during World
War II. In 1957, an American dermatolo-
gist witnessed a 63-year-old man’s hair turn white over several weeks after he had fallen down some stairs. The patient noticed
loss of hair but no bald patches and 17 months later had extensive vitiligo.1 The term canities subita has also been used for this
disorder.2,3 Today, the syndrome is interpreted as an acute episode of diffuse alopecia areata in which the very sudden “over-
night” graying is caused by the preferential loss of pigmented hair in this supposedly immune-mediated disorder.4 This obser-
vation has led some experts to hypothesize that the autoimmune target in alopecia areata may be related to the melanin pig-
ment system.5

A 54-year-old woman presented with a single circular hairless patch of alopecia areata (Figure, A, X) that had developed
shortly before the photograph shown in Figure, A, was taken. Although she was successfully treated with topical steroids
(betamethasone with dimethyl sulfoxide), her entire scalp hair suddenly turned white within a few weeks (Figure, B). She
was completely healthy, allegedly did not notice any loss of hair during the change of color, and underwent no frightful
experience. In conclusion, the mystery still shrouding this rare syndrome has yet to be explained.

X

A B

Figure. A, Singular patch of alopecia areata on the left parietal side (X) of the patient’s scalp.
B, Total canities. The time lapse between A and B was 6 months (normal photodocumentation
interval).

Alexander A. Navarini, MD, PhD
Stephan Nobbe, MD
Ralph M. Trüeb, MD

Contact Dr Navarini at alexander.navarini@usz.ch and Dr Trüeb at ralph.trueeb@usz.ch.

1. Ephraim A. On sudden or rapid whitening of the hair. AMA Arch Derm. 1959;79(2):228-236.
2. Hoffmann E. Sudden turning gray of the hair caused by fright, canities subita psychogenica. Z Haut Geschlechtskr. 1957;22(3):74-78.
3. Helm F, Milgrom H. Can scalp hair suddenly turn white? a case of canities subita. Arch Dermatol. 1970;102(1):102-103.
4. Tobin DJ, Paus R. Graying: gerontobiology of the hair follicle pigmentary unit. Exp Gerontol. 2001;36(1):29-54.
5. Paus R, Slominski A, Czarnetzki BM. Is alopecia areata an autoimmune-response against melanogenesis-related proteins, exposed by abnormal MHC class I

expression in the anagen hair bulb? Yale J Biol Med. 1993;66(6):541-554.

(REPRINTED) ARCH DERMATOL/ VOL 145 (NO. 6), JUNE 2009 WWW.ARCHDERMATOL.COM
656

©2009 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


