
Abstract Transgressive palmoplantar keratoderma

(PPK) is the phenotypic hallmark of Mal de Meleda

(MDM, MIM 24300). It is characterized by erythema

and hyperkeratosis that extend to the dorsal face of the

hands and feet. The disease is distributed worldwide

and includes the Mediterranean population. The gene

responsible for MDM, ARS (component B) mapped on

chromosome 8qter, encodes for the SLURP-1 protein

(Ly-6/uPAR related protein-1). A variety of mutations

within the ARS gene have been shown to underlie

MDM in different populations. Genetic heterogeneity

of MDM is suspected. We have recently shown that

three different homozygous mutations (82delT, C77R,

C99Y) were responsible for MDM in 17 patients

from Northern Tunisia belonging to eight unrelated

consanguineous families. We report here a Tunisian

family with three siblings presenting with recessive

transgressive PPK closely resembling the MDM

phenotype that excludes linkage to the ARS gene.
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Introduction

Mal de Meleda (MDM, MIM 248300), also referred to

as ‘‘keratosis palmoplantaris transgrediens’’, is a rare

inherited skin disorder classified among recessive

transgressive forms of palmoplantar keratoderma

(PPK). Symptoms of the disease usually appear in early

infancy and are typically characterized by erythema

and hyperkeratosis of the palms and soles, with sharp

demarcation, that progress with age (known as prog-

rediens) and extend to the dorsal aspects of the hands

and feet (known as transgrediens) (Hovorka and Eh-

lers 1897; Schnyder et al. 1969). The palmoplantar

hyperkeratosis is usually yellowish accompanied by

hyperhidrosis, maceration, fetid odour, and painful

fissures. Some commonly associated findings include

nail abnormalities, keratotic plaques over the joints,

perioral erythema, brachydactyly, and pseudoainhum

(Bergman et al. 1993). No other organ is involved in

the pathologic process. Histopathologically, hyperker-

atosis, acanthosis, and foci of parakeratosis are seen

(Frenk et al. 1996). Different clinical presentations of

the disease have been described; these depend on the

ethnic background and geographic origins of the pa-

tients (Eckl et al. 2003). Although MDM is relatively

C. Charfeddine Æ C. Bouchlaka Æ S. Abdelhak (&)
‘‘Molecular Investigation of Genetic Orphan Diseases’’
Research Unit (MIGOD), Institut Pasteur de Tunis, BP 74,
13 Place Pasteur, 1002 Tunis, Belvédère, Tunisia
e-mail: sonia.abdelhak@pasteur.rns.tn

M. Mokni Æ H. Zribi
Service de Dermatologie, Hôpital de la Rabta de Tunis,
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rare in the general population, it occurs with a

relatively high frequency in some communities (Patel

et al. 2001; Bakija-Konsuo et al. 2002), particularly in

the Mediterranean area and the Middle East, where

endogamous marriages are culturally favoured (Zahaf

et al. 1987; Lestringant et al. 1997; Bouadjar et al.

2000).

MDM is inherited as an autosomal recessive trait

and has been mapped to a single genetic locus on

chromosome 8q24.3 by homozygosity mapping in sev-

eral extended families (Bouadjar et al. 2000; Fisher

et al. 2001; Marrakchi et al. 2003). Mutations within the

ARS (component B) gene (ARS) MDM have been

shown to be responsible for MDM. This gene encodes

a secreted Ly6/uPAR (lymphocyte antigen 6/uroki-

nase-type plasminogen activator receptor)-related

protein-1 (SLURP-1) (Fisher et al. 2001) which be-

longs to the Ly6/uPAR superfamily of receptor and

secreted proteins (Adermann et al. 1999). SLURP-1

may modulate the intracellular calcium content of

keratinocytes, thus acting as a signal in the normal

growth and development of palmoplantar keratino-

cytes (Chimienti et al. 2003).

We have previously confirmed linkage to the ARS

gene in eight unrelated consanguineous Tunisian fam-

ilies with MDM. Genotyping of these MDM families

with three microsatellite markers flanking the ARS

gene led to the detection of three different haplotypes,

which were associated with three homozygous muta-

tions (82delT, C77R, and C99Y) (Charfeddine et al.

2003). One of the three identified haplotypes was,

furthermore, identical with an ancestral haplotype

previously observed in families from Algeria and

Croatia, suggesting a founder effect (Marrakchi et al.

2003; Charfeddine et al. 2003).

A genetic heterogeneity has recently been suggested

for MDM (Lestringant et al. 2001; Van Steensel et al.

2002). Lestringant et al. (2001) reported five patients

belonging to three consanguineous families from the

United Arab Emirates who presented with an autoso-

mal recessive transgressive PPK that closely resembles

the MDM phenotype. Linkage analysis showed that

the gene responsible for this phenotype is not linked

either to the MDM interval or to a number of further

candidate regions for PPK. Van Steensel et al. (2002)

reported a Dutch MDM patient for whom no mutation

of the ARS gene could be found.

We report here a consanguineous Tunisian family

with three siblings presenting with progredient and

transgressive PPK with classical findings of MDM that

did not carry a mutation in the ARS gene and exclude

linkage to the MDM interval.

Patients and methods

We studied a large consanguineous family from a city

in central Tunisia with three patients and four unaf-

fected family members. All available family members

underwent dermatological examination. Medical his-

tory was recorded, dermatologic examination was

performed by at least two dermatologists, and histo-

pathological evaluation of skin biopsy was conducted.

Blood samples were collected from each participant

family member after informed consent. DNA extrac-

tion from peripheral blood leucocytes was performed

by standard procedures. Genotype and haplotype

analysis were performed using the polymorphic mi-

crosatellite markers CNG003, D8S1751, and D8S1836

from centromere to telomere. Microsatellite markers

span a 1 cM interval that overlaps the MDM interval

as defined by Fisher et al. (2001). Linkage analysis was

performed by using the computer program Genehun-

ther v2.1 (Kruglyak et al. 1996), assuming autosomal

recessive inheritance, complete penetrance, a disease

frequency of 1 per 100,000 population, and equal allele

frequencies for the markers. Two-point and multipoint

parametric LOD scores were calculated and the hapl-

otypes of all the pedigree members were inferred using

Genehunther. An LOD score less than or equal to –2

was regarded as significant against linkage. Mutation

screening was performed by direct sequencing for af-

fected and nonaffected individuals using intronic oli-

gonucleotide primers (Charfeddine et al. 2003).

Results

Clinical data

Clinical characteristics of the three patients are sum-

marized in Table 1. For patients V-2 and V-3, twin

brothers 36 years old, and V-8, their sister, 23 years

old, the disease appeared in early infancy and was

characterized by erythema on the palms and soles,

rapidly followed by a diffuse yellowish hyperkeratosis

that progressed with age. The patients presented to the

dermatology department for evaluation of complaints

of severe diffuse yellowish, transgressive, and cracked

erythrodermic PPK (Fig. 1). On the last examination

the probands exhibited a thicker, irregular, rough, and

scaly PPK. The transgressiveness of keratoderma in-

cluded the elbows, knees, and the ulnar side of the

forearms. Palmoplantar keratoderma was outlined by

erythema. In all cases the sides of the feet and hands

were covered by circumscribed malodor pachyderma
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more pronounced in patients V-2 and V-3. Hypercon-

vexity of the nails and conical distal phalanges were

consistent features of the disease in the three patients.

Hyperkeratotic plaques were present on the knees and

elbows of all affected family members. A pseudoain-

hum resulting from constricting fibrous bands of the

digits was noted on the fingers of both hands of patient

V-2. Perioral erythema and a high arche palate were

seen in the three cases. An angular cheilitis was found

in patient V-8 only. Except for these symptoms, no

other physical finding was observed. Although affected

siblings of the reported family had similar clinical signs,

variability in presenting facultative features of the

disease with regard to the nail abnormalities and

pseudoainhum and perioral involvement was noted

among the patients (Table 1).

None of the parents or ancestors were affected or

reported affected. The genealogic tree of this family is

consistent with autosomal recessive inheritance of the

disorder.

Histopathological findings

After informed consent, skin biopsies were taken from

the margins of the extending lesions of the wrists of the

three patients. Histological examination revealed

hyperkeratosis with areas of parakeratosis, hyper-

granulosis, acanthosis, and moderate perivascular

inflammatory infiltration.

Mutation analysis and exclusion of linkage

to the ARS gene

On the basis of clinical features strongly suggesting the

MDM phenotype and because of the relatively small

size of ARS gene, molecular investigation was initiated

by screening one of the three affected individuals

Table 1 Clinical characteristics of patients of family JL

Patients’ characteristics V-2 V-3 V-8

Age (years) 36 36 23
Sex M M F
Diffuse hyperkeratosis ++ + ++
Characteristics of transgressiveness Dorsa of hands and feet Dorsa of hands and feet Glove and stocking
Palmoplantar hyperhidrosis ++ ++ ++
Malodor pachyderma +++ +++ ++
Nails
Hyperconvexity ++ ++ ++
Dystrophy + Hands, feet + Hands, feet ++ Feet
Pachyonychia – + +

Hyperkeratotic plaques Elbows, knees Elbows, knees Elbows, knees
Contractures of fingers Hands, feet Hands, feet Hands
Pseudoainhum Second, fifth fingers of both hands – –
Perioral erythema + + +
Angular cheilitis – – +
High arche palate + + +

+, patient positive for characteristic; ++, pronounced effect; –, characteristic not observed

Fig. 1 A Diffuse yellowish cracked palmar keratoderma with
transgrediens hyperkeratosis in patient V-8. B Diffuse yellowish
plantar keratoderma with well demarcated transgrediens ery-
thema in patient V-8
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(patient V-2) for mutations previously reported among

Tunisian MDM families. None of the previously re-

ported mutations or other mutations was observed in

exons 2 and 3 of patient V-2. Screening for mutations

in exon 1 of the ARS gene also failed to reveal se-

quence alteration. This result suggested the patient

could be mutated in the unexplored regulatory region

of the ARS gene or excluded linkage to this gene.

Because the family was potentially informative for

linkage analysis, all available family members were

genotyped using microsatellite markers overlapping

the ARS gene.

Haplotype analysis showed the three affected sib-

lings were heterozygous for the two closest markers to

the ARS gene (Fig. 2). This is not consistent with the

notion that in rare recessive inherited diseases affected

children from consanguineous families are expected to

be homozygous for the defective allele inherited from a

common ancestor and for the genetic interval encom-

passing the causative gene (Lander and Botstein 1987).

Affected individuals V-2 and V-3 did not, furthermore,

share a common disease haplotype with their affected

sister V-8, and this haplotype was shared by their

clinically unaffected brother V-5. Patient V-8 also had

the same disease haplotype as her healthy sister V-6.

Haplotype analysis revealed several recombinations

between the tested markers and the MDM locus within

this family.

Multipoint parametric LOD scores were calculated

for the JL family between the ARS gene and the

markers overlapping the ARS region. Multipoint

analysis clearly ruled out linkage of the studied family

to the MDM interval (Table 2). Two-point linkage

analysis using the LINKAGE program (Lathrop and

Lalouel 1984) also confirms exclusion of the region

around marker D8S1836 (LOD=–2.41 at h=0.001).

Discussion

In this paper we report patients with early-onset,

transgressive, and progrediens keratoderma associated

with nail abnormalities, pseudoainhum, and perioral

involvement. Taking into account common clinical

features of these patients and the recessive mode of

inheritance of this transgressive PPK, MDM was

diagnosed. Genetic analysis excluded linkage to the

ARS gene. Transgressive PPK is observed in other

autosomal recessive PPKs with clinical properties

similar to those of MDM, for example Naxos disease

(ND, MIM 601214) and Papillon-Lefèvre syndrome

(PLS, MIM 248300). These can be distinguished on the

basis of associated findings, i.e. cardiac abnormalities

for ND and periodontopathia for PLS. Another, less

severe, autosomal recessive palmoplantar erythroke-

ratoderma of the Gamborg Nielsen type, also known as

PPK Norbotton recessive type (MIM 244850), has been

reported as a possible subtle variant of MDM with no

hyperkeratosis and lack of anomalies associated with

MDM (Gamborg Nielsen 1985). Most other known

diffuse PPK are, furthermore, inherited as an autoso-

mal dominant trait; this was not so for the family

reported here. Autosomal dominant diffuse

epidermolytic PPK of Vorner (MIM 144200) and the

nonepidermolytic form (Thost-Unna type) (MIM

144200) share similar clinical features but do not pro-

gress to the glove-and-socking distribution observed in

MDM patients. Dermatological findings for our pa-

tients were cracked, not waxy yellow, keratoderma;

these differ slightly from those of classical MDM . On

the basis of differential diagnosis, the phenotype de-

scribed for this family is probably closer to classical

findings of MDM than to any other transgressive PPK.

Fig. 2 Pedigree and haplotype analysis of family JL. The
affected individuals are the offspring of a consanguineous
marriage. Markers CNG003, D8S1751, and D8S1836 are listed
from the centromere to the telomere (top to bottom). Haplotypes
for markers overlapping the ARS gene were derived from
genotyping data and confirmed using Genehunter. The allele size
of each marker is given in the base pair. The CNG003 marker
was not informative for this family. Haplotype analysis revealed
exclusion of linkage to the MDM interval by lack of homozy-
gosity and several recombinations between tested markers and
the ARS gene

Table 2 Multipoint parametric LOD scores between the ARS
gene and the three closest markers for the JL family

Markers LOD scores

CNG003 –1.810686
D8S1751 –2.420535
D8S1836 –4.155805

For the D8S1751 and D8S1836 markers closely linked to the
ARS gene, the JL family had a LOD score below –2, which
excludes involvement of the corresponding gene as the cause of
the MDM phenotype in the three affected individuals studied
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Facultative clinical signs typical of MDM are also ob-

served among our patients with intrafamilial variabil-

ity. Clinical features observed in the patients examined

also overlap those reported by Lestringant et al. (2001)

for autosomal recessive transgressive PPK in patients

in the United Arab Emirates.

In conclusion, this family is probably suffering from

a new autosomal recessive transgressive and progred-

iens PPK similar to MDM, thus providing further evi-

dence of the clinical and genetic heterogeneity of the

MDM phenotype. A genome scan of this family is in

progress; this will enable identification of the gene in-

volved in this MDM-like phenotype.
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