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Darier’s and Hailey-Hailey diseases 

are autosomally inherited skin  

diseases with incidence of about 

1:30 000. Hailey-Hailey disease is 

characterized by superficial blister­

ing of the epidermis, resulting in 

erosions mostly in flexural areas. 

Darier’s (or Darier-White disease, 

also known as dyskeratosis fol­

licularis) shows a more prominent 

differentiation defect leading to 

abnormal keratinisation, in addition 

to blister formation. Darier’s disease 

is localized in seborrheic areas and 

produces brownish red papules and 

plaques covered by crusty scurf 

(Fig. 1). Both diseases fluctuate with 

exacerbation by physical factors such 

as mechanical trauma, UV light, and 

warm atmospheres that cause sweat­

ing. Bacterial or yeast colonisation, 

or infection of the susceptible skin 

regions, may also be provocative or 

causative factors. Thus, epigenetic 

factors have a great impact on the 

expression of the disease. The se­

verity of the disease varies between 

families, and between individuals 

of the same family. Treatments of 

Hailey-Hailey disease include to­

pical antibacterials, antimycotics, 

corticosteroids, tacrolimus, calci­

triol, dermabrasion with CO
2
 laser, 

or cryotherapy. In Darier’s disease, 

oral isotretinoin and etretinate have 

been used, on their own as well as 

in addition to the above mentioned 

topical agents; 1 % fluorouracil cream 

and topical retinoids have also been 

applied. Some studies using photo­

dynamic therapy have also been 

published (1–4). The large spectrum 

of treatments reflects the fact that 

there are no treatments effective for 

every patient and situation.

Histology reveals superficial epider­

mal acantholysis in both diseases, in 

addition to the abnormal keratino­

cyte differentiation seen in Darier’s 

disease. This could suggest that the 

mutations for these diseases hide 

in structural genes. This educated 

guess, however, proved to be incor­

rect, when the causative genes for 

both diseases were found in the 

beginning of this century. It may 

seem surprising, but is indeed very 

reasonable that both diseases are 

caused by mutations in genes which 

regulate the concentration of intracel­

lular calcium ion (Ca2+).

Intracellular calcium pumps

Calcium is an important signalling 

molecule for cells in general, and for 

keratinocytes in particular. Calcium 

signalling is needed, for example, for 

the maintenance of the epidermal 

structure by intercellular junctions 

(5). Calcium has an essential role in 

formation of functional adherens 

junctions and desmosomes (6). Cal­

cium is also important in controlling 

the proliferation and differentiation 

of keratinocytes (7). Thus, the con­

centration of calcium in the cells 

needs to be under strict control. Cal­

cium pumps are located in different 

Fig.1. Keratotic papules of Darier’s disease.
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cellular compartments: plasma mem­

brane, endoplasmic reticulum and 

sarcoplasmic reticulum (8, 9). Cell 

organelles contain different calcium 

pump molecules. These pumps are 

ATPases, which are phosphorylated 

and dephosphorylated during the 

pumping process (8). 

Calcium pumps are mutated 

in Darier’s and Hailey-Hailey 

diseases

Darier’s disease is caused by a muta­

tion that affects the type 2 Ca-ATPase 

of the sarcoendoplasmic reticulum 

of the cell (SERCA2). SERCA2 has an 

important role in intracellular cal­

cium signalation. SERCA2 transports 

calcium from the cytosol of the cell 

to the lumen of endoplasmic reticu­

lum (10). It thus maintains calcium 

stores of the endoplasmic reticulum 

and creates calcium oscillations into 

the cytosol when the cell gets stimuli 

from its environment (11). The gene 

encoding SERCA2 is ATP2A2, located 

in chromosome12q23-24.1 (10). In 

Darier’s disease the mutation in the 

ATP2A2 disturbs the function of 

SERCA2 and this leads to the altera­

tion in the calcium concentration of 

the cytoplasm. 

In Hailey–Hailey disease the mutation 

affects SPCA1-pump which is Ca/Mn-

ATP-ase (11). SPCA1 transports man­

ganese and calcium into the lumen 

of the Golgi apparatus. SPCA1 has 

an important role in maintaining the 

calcium and manganese balance in 

the cytoplasm and inside the Golgi 

apparatus (6). In the Golgi apparatus, 

calcium and manganese are needed 

for the synthesis and modification 

of the proteins that are going to be 

secreted or placed on the cell mem­

brane (11). The “Hailey-Hailey” gene 

encoding SPCA1 is called ATP2C1 

and it is located in the chromosome 

3q21-24. 

How do the calcium pump 

gene mutations affect keratino

cytes

The calcium oscillations of the cyto­

sol affect the gene expression and dif­

ferentation of the cells (11). The Hai­

ley-Hailey mutations in the ATP2C1 

gene lead to a decreased amount of 

SPCA1-pumps in keratinocytes, and 

disturb the intracellular maintenance 

of calcium and manganese balance. 

The insufficient amount of SPCA1 

leads to complications in keeping 

calcium and manganese balance in 

the Golgi apparatus (6, 11). It seems 

that the differentiation of keratinocy­

tes requires high ATP2C1 expression. 

Active production of SPCA1-pumps 

contributes to transportation of cel­

lular adhesive proteins via secretory 

pathways. The defects in expres­

sion may lead to the symptoms of  

Hailey–Hailey disease (12).

Various mutations of Darier’s disease 

alter SERCA2 synthesis, activity and 

degradation. Most of the mutations 

accelerate the proteasome mediated 

degradation of the SERCA2-pumps 

(10). Mutations can also cause comp­

lete loss of the synthesis of the 

SERCA2-pump, or synthesis of de­

fective pumps leading to reduced or 

abnormal function (11). The defective 

function of the pumps can affect the 

calcium signaling of the cell, post-

translational protein modification 

and chaperon mediated transporta­

tion (13). How the altered calcium 

concentration leads to acantholysis 

and dyskeratosis of the skin is not 

exactly known. One explanation for 

skin symptoms may be abnormal 

protein synthesis and modification of 

calcium dependent cadherins which 

in turn affects the epidermal cell 

junctions and leads to acantholysis 

and apoptosis of the epidermis (6, 

11, 14). 

It has been estimated that in normal 

conditions the epidermis can compen­

sate the missing SERCA2-pumps by 

adding the expression of ATP2A2-

gene or using other mechanisms (15). 

Without harmful epigenetic factors 

the reduced amount of functional cal­

cium pumps may be sufficient, while 

in stressful situations (for example 

mechanical irritation, sweat or UV-

light) one functional ATP2A2-gene 

or ATP2C1 is not able to maintain 

a calcium concentration that is high 

enough for normal formation of 

desmosomes. This results in exacerba­

tion of the skin symptoms of the 

disease. Another mechanism might 

also be that the stress downregulates 

the expression of the calcium pump 

genes (11, 15).

Abnormal calcium regulation 

manifests itself in intercellular 

junctions

Desmosomes and adherens junc­

tions are the adhering cell junction 

types in the epidermis while tight 

junctions participate in diffusion 
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barrier. Acantholysis is caused by 

desmosomal dispersion which is 

a consequence of faulty action of 

desmosomal proteins, plasminogen 

activation or reduced intercellular 

interaction of junction proteins. The 

reduced intercellular interaction is 

a result of either reduced calcium 

concentration or inhibition of a 

protein kinase C (16). Acantholytic 

cells of epidermis in Darier’s and 

Hailey-Hailey diseases show several 

abnormalities of junction proteins. 

It is possible that the abnormal ex­

pression of cadherins is a result of 

altered calcium concentration which 

is caused by mutations in the calcium 

pumps. The abnormal calcium con­

centration can cause defects in cad­

herin function, or abnormal cadherin 

expression because that is dependent 

on calcium ions (14). 

E-cadherin is expressed on the cell 

surfaces of all epidermal layers. It is 

situated in the intercellular space of 

desmosomes and adherens junctions 

(17, 18). E-cadherin is also needed in 

the tight junctions because it has an 

important role in localization of key 

tight junction proteins (18). The ex­

pression of E-cadherin on the surface 

of the acantholytic cell is significantly 

decreased or completely lost on the 

surface of some of the acantholytic 

cells (Fig. 2). 

The expression of P-cadherin in a 

damaged skin has also been empha­

sized (20). P-cadherin has a role in 

forming adherens junctions. In nor­

mal skin P-cadherin is only expressed 

in the basal layer of the epidermis 

while in lesional skin P-cadherin is 

also expressed in suprabasal cells. 

The increase of P-cadherin expression 

is not as remarkable in a lesional skin 

of Darier’s disease than in a lesional 

skin of Hailey-Hailey disease (14). 

One explanation may be higher pro­

liferative activity in lesional skin, or 

that the differentation of suprabasal 

cells is delayed which results in ex­

pression of P-cadherin in suprabasal 

cells. 

Intracellular effects of the 

mutations in the calcium 

pumps – lessons learned from 

experimental models 

Many research groups have studied 

the wide effects of the mutations 

of SERCA2 and SPCA1 using dif­

ferent cell types or mouse models. 

The studies have revealed detailed 

information of the effects of certain 

mutations in the expression of the 

calcium pumps. For example, it has 

been shown that SERCA2b has a very 

significant role in calcium signal­

ling. Thus, 50% decrease in its func­

tion leads to acantholysis (21). The 

analysis of the protein expression 

revealed that the mutation causing 

Darier’s disease has wide effects on 

protein expression. 

Inactivation of one SERCA2 allele in 

mice causes exocytosis to become 

ten times more sensitive to calcium 

than in normal mice. However, there 

is considerable adaptation in calcium 

signaling and calcium dependant cell 

Fig. 2. E-cadherin in epidermis with Hailey-Hailey disease. Clefts formed by acantholysis 

are marked by red arrows. Scale bar 50 µm.
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functions (22). The mouse model 

helps explaining why most of the 

organ systems of people with Darier’s 

disease function quite normally.

Genotype – phenotype corre-

lations in Darier’s and Hailey-

Hailey diseases 

Being able to correlate the genotype 

of a patient to the phenotype would 

be fascinating in many inherited 

diseases. Especially patients whose 

disease manifests later in life would 

be eager to know how their or their 

children’s disease will develop. The 

same question is of course interes­

ting from the point of view of pre­

natal diagnosis. However, predicting 

the phenotype based on genotype has 

proved to be complicated in many 

diseases. Several research groups 

have studied the effects of genotype 

on patients’ phenotype in Darier’s 

disease and in Hailey-Hailey disease. 

It has been shown that in Darier’s 

disease the mutations causing neuro­

psychiatric symptoms were usually at 

the 3’ end of the ATP2A2 gene. Most 

of the mutations were missense type. 

The results support the hypothesis 

that ATP2A2 gene has pleiotropic 

effects in brain and that mutations 

in SERCA2 have a role in the patho­

genesis of neuropsychiatric disorders 

(23). Variant cutaneous phenotypes 

were caused by point mutations in 

which the change of one nucleotide 

to other caused that the codon coded 

different amino acid than before the 

mutation. Most of the mutations 

caused nonsense-mediated RNA 

decay (24).

Over 82 different mutations causing 

Hailey–Hailey disease are known 

(6). Clear genotype phenotype cor­

relations on the classic form on 

Hailey-Hailey disease have not been 

published while post-zygotic forms 

of Hailey–Hailey disease which cause 

segmental Hailey–Hailey disease have 

been investigated. These segmental 

diseases can be divided into types 1 

and 2. In the type 1 the mutation oc­

curs during the early embryogenesis 

and leads to the presence of the 

mutation in part of the body. The 

skin lesions within the affected areas 

show similar degree of severity to 

that of non-segmental disease cau­

sed by a germline mutation. Outside 

those lesional areas the skin is both 

clinically and genetically normal. In 

the type 2 segmental disease, the em­

bryo with segmental mutation later 

develops nonsegmental diffuse skin 

lesions. A reason for this could be a 

new “second hit” mutation (25). 

Future perspectives

Darier’s and Hailey-Hailey diseases 

are chronic diseases which cause 

pain, itch, infections, aesthetic pro­

blems, difficulties in being able 

to work or became employed, and 

extra trouble in finding comfortable 

clothes. The topical treatments take 

patience and time, and trying to find 

potent treatments and being ready 

to look for new ones asks doctor 

endurance. Although the diseases 

are not common, the individual’s 

suffering raises the need for new 

treatment modalities. Understanding 

the molecular mechanisms behind 

the diseases could provide new ways 

to develop treatments that target the 

dysfunction of cells. 
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