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Background: The identification of the molecular basis of disorders of keratinisation has significantly
advanced our understanding of skin biology, revealing new information on key structures in the skin, such
as the intermediate filaments, desmosomes, and gap junctions. Among these disorders, there is an
extraordinarily heterogeneous group known as palmoplantar keratodermas (PPK), for which only a few
molecular defects have been described. A particular form of PPK, known as punctate PPK, has been
described in a few large autosomal dominant pedigrees, but its genetic basis has yet to be identified.
Aim: Identification of the gene for punctate PPK.
Methods: Clinical examination and linkage analysis in three families with punctate PPK.
Results: A genomewide scan was performed on an extended autosomal dominant pedigree, and linkage
to chromosome 15q22–q24 was identified. With the addition of two new families with the same
phenotype, we confirmed the mapping of the locus for punctate PPK to a 9.98 cM interval, flanked by
markers D15S534 and D15S818 (maximum two point lod score of 4.93 at h= 0 for marker D15S988).
Conclusions: We report the clinical and genetic findings in three pedigrees with the punctate form of PPK.
We have mapped a genetic locus for this phenotype to chromosome 15q22–q24, which indicates the
identification of a new gene involved in skin integrity.

P
almoplantar keratodermas (PPKs) are a family of
diseases characterised by hyperkeratosis of the palms
and soles. Defects in different components of the

desmosomes and the keratin filaments have been described,
but many forms of the disease still have an unknown
molecular basis. PPK is clinically and genetically hetero-
geneous, and can be classified into three main categories
according to the affected area of the palms and soles: diffuse,
focal, and punctate.1 It can be inherited as an autosomal
recessive, autosomal dominant, mitochondrial, or possibly, X-
linked recessive trait. The autosomal dominant forms of PPK
represent one of the most common defects of keratinisation;2

however, their molecular basis remains largely unknown. The
clinical picture of PPKs can range from strict involvement of
the palms and soles, accompanied by epidermolysis (epider-
molytic and non-epidermolytic forms), to a wider ectodermal
defect (palmoplantar ectodermal dysplasias), or associated
with cardiomyopathy,3–5 deafness,6 7 or different forms of
cancer.1 Examples of the latter are tylosis (focal non-
epidermolytic PPK) with oesophageal cancer,8 Huriez syn-
drome (diffuse PPK associated with squamous cell carci-
noma),9 and punctate PPK, occasionally associated with
various types of malignancies.2 10 Association of epidermolytic
diffuse PPK with breast and ovarian cancer has also been
described in a large pedigree.11 Mutational analysis, however,
determined that the PPK phenotype was caused by a
mutation in the KRT9 gene, while the cancer phenotype
was the result of a mutation in the BRCA1 gene.12 13

As is the case for many other human inherited skin
diseases, PPKs exhibit extensive genetic heterogeneity. So far,
mutations in more than fifteen genes have been identified in
different forms of PPK.14 15 These genes code for components
of the intermediate filaments, such as keratin 1,16 keratin
6a,17 keratin 6b,18 keratin 9,19 20 keratin 16,21 and keratin
17;21 22 the desmosome, such as desmoglein 1,16 23 desmopla-
kin,4 24 25 and plakoglobin;3 26 gap junction channels, such as
connexin 26,27 connexin 30,28 29 and connexin 31;30 loricrin, a

major component of the cornified cell envelope;31 and a
diverse group comprising the proteolytic protein cathepsin
C,32 SLURP-1,33 and a mitochondrial transfer RNA for serine,
MTTS1.6

The molecular basis of a particular form of PPK, punctate
PPK (OMIM #148600), is still unknown. Punctate PPK can
be inherited as an autosomal dominant trait or it can present
as an acquired disease. Both the inherited and acquired forms
have been associated with malignancies, such as Hodgkin’s
disease, renal, breast, pancreatic, and colonic adenocarcino-
mas.2 10 The main clinical features include the presence of
multiple small keratotic lesions on the palms and soles, with
variable nail involvement.34 35 It is typical for these punctate
lesions to coalesce on the soles, which are subject to
continuous high pressure. The inherited form of punctate
PPK shows age dependent penetrance, with an estimated age
of onset between 10 and 33 years,1 10 35 and its molecular
basis remains unknown. In a previous study, the keratin gene
clusters on chromosomes 12 and 17 were excluded as the
disease causing genes.36

In the present study, we report the clinical and genetic
findings in three pedigrees with the punctate form of PPK
and the identification of the first locus for this phenotype, on
chromosome 15. The fact that there are no candidate known
genes in this chromosomal location suggests the presence of
a new gene with an important role in skin integrity.

SUBJECTS AND METHODS
We studied three different pedigrees with punctate PPK
(fig 1). The first two families were a Jewish family
originating from Syria (PPK1) and an Arab-Israeli family
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Abbreviations: ITGA11, integrin alpha 11 gene; LOXL1, lysyl oxidase-
like 1 gene; OMIM, Online Mendelian Inheritance in Man; PPK,
palmoplantar keratoderma
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(PPK2). They comprised 14 and 12 reported affected family
members over four generations (fig 1). Thirteen and three
affected individuals from pedigrees PPK1 and PPK2 respec-
tively and a number of unaffected individuals were available
for this study, and therese were interviewed and examined by
two physicians (A Z and L H). The third family, PPK3,
originated from Mexico, with 31 reported affected individuals
over four generations (fig 1). For this study, we had access to
samples from nine affected family members. The clinical
features of this pedigree have been reported previously.37

Genomewide scan
Blood samples from affected and unaffected family members
were collected following informed consent, and genomic
DNA was extracted using the PureGene DNA Isolation Kit
(Gentra Systems, Minneapolis, MN, USA). A genomewide
scan was performed on pedigree PPK1. Twelve affected and
16 initially unaffected individuals were included in the study.
The strategy for the genomewide scan has been described
elsewhere.38–40 Briefly, a panel of 324 microsatellite markers
was used, with an average marker spacing of 10 cM and a
semi-automated fluorescence based genotyping system. Most
of the markers were chosen from version 8.0 of the
Marshfield fluorescence labelled genome screening set.

Microsatellite markers used for the fine mapping of the
PPK locus on chromosome 15 were chosen from the
Marshfield genetic map,41 and PCR primer sequences were
obtained from The Genome Database and the Cooperative
Human Linkage Center. PCR products were resolved on 6%
non-denaturing polyacrylamide gel electrophoresis and
visualised by ethidium bromide staining.

Linkage analysis
Prior to embarking on a genomewide scan, we performed a
linkage power calculation on pedigree PPK1 using the SLINK
software.42 Power calculations were performed under the
assumption of an autosomal dominant trait with age-
dependent penetrance (age 0–10 years, 0.01; age 11–15 years,
0.30; age 16–25 years, 0.80; age 26 years or older, 0.96), 500
replications, and a disease frequency of 0.001.

Two-point and multipoint lod score analyses were per-
formed for all markers genotyped in the genomewide scan.
The linkage parameters used were the same as those
described above for the linkage power calculations. Lod score

values were calculated under two different scenarios in
which unaffected individuals under 20 and 35 years of age
were scored as unknown for linkage purposes. Two point
analyses were carried out using the MLINK program of the
FASTLINK suite of programs.43–45 Marker allele frequencies
were estimated from the data obtained using observed and
reconstructed genotypes of founders within the pedigrees.
The alleles for all markers were re-coded using the RECODE
program to avoid computational errors caused by observed
allele frequencies of 0.0.46 This re-coding program, which had
no effect on any of the analyses, insured that alleles were
numbered sequentially, and that every allelic frequency was
non-zero.

Multipoint analyses were performed using the SimWalk
program (version 2.6).47 This software employs a Markov
chain Monte Carlo approach, which allows for both a large
number of founders in a pedigree and multiple markers in
the computation of lod scores. Markers were chosen for the
multipoint analysis according to the following steps: (a) all
markers that showed 0.0 recombination fractions with other
markers according to the Marshfield genetic map41 were put
into distinct groups; and (b) among markers within the
distinct groups, those with the largest heterozygosity values
were chosen for multipoint analysis. This procedure was
followed because the method used in SimWalk has computa-
tional limitations for markers with 0.0 recombination
distances (E Sobel, personal communication). The order
and distance between the markers used in the multipoint
analysis were deduced from the Marshfield genetic map.41

Haplotypes for markers on chromosome 15 were recon-
structed using the SimWalk program,47 under the assumption
of minimal recombination events.

RESULTS
The punctate PPK phenotype
The age of onset of the disease in families PPK1 and PPK 2
(fig 1) ranged from 10 to 30 years old, although it was
usually reported as later, as the lesions were mildly punctate
and barely noticeable during the first years. Some of the
lesions only became noticeable following water immersion.
Keratotic lesions developed initially on the soles and within
2–3 years they progressed to involve the palms. Although the
exact clinical involvement is sometimes difficult to docu-
ment, as patients usually apply local treatments, there was a

Figure 1 Pedigrees of families with punctate PPK. Affected and unaffected individuals, and those of unknown phenotype are denoted by black, white,
and grey symbols, respectively. Most of the living individuals from family PPK1 were available for this study. Available DNA samples from families
PPK2 and PPK3 are indicated by an asterisk (*).
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clear progression and worsening with time. The lesions
became keratotic and increased in number during the
patients’ early 20s and the involvement was very severe in
older affected family members. The punctate component was
more noticeable in the central part of the palms and soles,
mainly on the palms, ranging from 30 to over 100 lesions
(fig 2A). On the soles, the clinical picture was generally less
specific, with large hyperkeratotic plaques in pressure areas
(fig 2B), as seen with other keratodermas.48 There was also
involvement of the lateral aspect and the tips of some fingers,
with small wart-like hyperkeratotic lesions (fig 2C). There
was no involvement of the dorsal aspects of the hands or legs,
nor was there any involvement of the knees or elbows.
Finally, there were no nail abnormalities.

Previous groups had reported association of punctate PPK
with different types of malignancy.2 10 However, we did not
observe an increased prevalence of malignancy in either of
the first two families. The only case was that of an affected
patient who died from breast cancer at the age of 94 years.
The clinical findings in family PPK3 have been reported
previously.37 Briefly, the proband (II:1) was an 83 year old
male, presenting with multiple keratotic papules in his hands
and feet, which progressed slowly. Histologically, the lesions
displayed marked hyperkeratosis and hypergranulosis. As
seen in pedigrees PPK1 and PPK2, he did not show any nail
involvement. The proband died from pancreatic carcinoma
and some of his siblings died from unknown types of cancer,
according to their relatives.

Genetic mapping of the locus for punctate PPK on
chromosome 15
Linkage power calculations on pedigree PPK1 were per-
formed to calculate the maximum theoretical lod score in the
pedigree and the probability to achieve a lod score .3. We
obtained lod score values of 5.73, 5.27, and 4.78 at
recombination fraction of 0.00, 0.05, and 0.1, respectively,
and a probability of 89.4% for a lod score .3.

Given these highly positive values, we proceeded with the
genomewide scan in pedigree PPK1. Two genetic loci yielded
an initial two-point lod score .1, corresponding to three
adjacent microsatellite markers on chromosome 15,
D15S1507 (Z = 2.92), D15S653 (Z = 2.72), and D15S643
(Z = 1.04), and one single marker on chromosome 21,
D21S1437 (Z = 1.77). Multipoint analysis with markers in
the region of chromosome 21 suggested that this was a
spurious positive lod score. This result, together with the fact
that the three markers on chromosome 15 were consecutive,
pointed to this region as the more likely location for the PPK
gene in this family. Interestingly, none of the chromosomal
regions containing genes previously involved in phenotypes
of abnormal keratinisation achieved a promising positive lod
score in the genomewide scan.

To confirm the identification of the locus for punctate PPK
on chromosome 15, we genotyped 19 additional markers in

the region in all available individuals. Lod score values were
calculated under two different assumptions, scoring as
unknown those unaffected individuals under the ages of 20
and 35 years. Maximum two-point lod scores of 4.70
(20 years of age) and 4.93 (35 years of age) were obtained
for marker D15S988 at h= 0, confirming the initial results
from the genomewide scan (table 1). A maximum multipoint
lod score of 5.22 supported the most likely location of the
disease gene to be around marker D15S988.

To determine the most likely critical linkage interval, we
reconstructed the haplotypes for markers in the region. Two
key recombination events (fig 3A) in individuals III:7
(centromeric), and II:13 and III:1 (telomeric) placed the
disease locus to a 9.98 cM interval on 15q22–q24, flanked by
markers D15S534 and D15S818. These observations were
supported by additional recombination events observed in
individuals II:2 and II:4.

In an attempt to determine whether punctate PPK is a
genetically heterogeneous phenotype, pedigrees PPK2 and
PPK3 were also genotyped for markers on chromosome 15.
Haplotype analyses were consistent with cosegregation of the
disease phenotype in these two pedigrees and the locus on
chromosome 15 identified in pedigree PPK1 (fig 3B, C).

DISCUSSION
According to one of the more accurate clinical classifications
proposed so far,1 there are seven different sub-types of
punctate PPK, including four acquired and three inherited
forms. Based on the characteristic features for each of them,
we have classified the families reported in this study as type I
punctate PPK or Buschke-Fischer-Brauer disease, with the
keratoses distributed over the entire palmoplantar surfaces

Figure 2 Clinical presentation of the PPK phenotype. (A) Palmar punctate lesions (PPK1); (B) plantar keratoderma involving pressure areas of heels,
proximal soles, and the big toes (PPK2); and (C) involvement of the lateral aspects and tips of fingers (PPK2).

Table 1 Two-point lod scores for markers on 15q22–
q24 in pedigree PPK1

Marker
Position
(cM)

Lod score* at h =

0 0.01 0.05 0.1 0.2 0.3 0.4

D15S643 52.33 20.14 0.75 1.40 1.56 1.39 0.94 0.35
D15S1036 57.37 20.45 0.53 1.30 1.51 1.37 0.93 0.33
D15S1507 60.17 20.15 0.81 1.56 1.74 1.56 1.06 0.40
D15S1009 61.28 20.74 0.25 1.04 1.27 1.19 0.80 0.27
D15S651 61.84 21.22 20.23 0.56 0.80 0.74 0.44 0.11
D15S534 61.84 2.17 2.28 2.40 2.30 1.85 1.20 0.43
D15S125 64.20 2.08 2.04 1.86 1.63 1.15 0.65 0.20
D15S988 66.90 4.93 4.84 4.51 4.08 3.13 2.06 0.86
D15S1000 67.85 1.04 1.02 0.92 0.78 0.51 0.25 0.06
D15S650 70.73 4.33 4.26 3.97 3.59 2.76 1.80 0.72
D15S818 71.82 2.36 2.38 2.35 2.17 1.64 0.97 0.32
D15S653 78.92 1.85 1.97 2.18 2.19 1.85 1.25 0.49
D15S655 82.84 20.49 20.34 0.02 0.21 0.29 0.21 0.09

*Results shown for unaffected individuals under the age of 35 years
scored as unknown for linkage purposes.
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and coalescing into a more diffuse pattern over the pressure
points of the sole.

In the present study, we have identified the locus for type I
punctate PPK on chromosome 15q22–q24. The analysis of the
disease-associated haplotype in pedigree PPK1 revealed the
presence of three asymptomatic carriers, III:12, III:18, and
IV:6 (fig 3A), aged 31, 20, and 14 years at the time of the
study, respectively. The most likely explanation for this is the

characteristic age dependent penetrance in this form of PPK,
especially for III:18 and IV:6. In fact, previous reports on
families with inherited punctate PPK gave an estimated age
of onset between 10 and 33 years old.1 10 35 Moreover, IV:6
was suspected to present lesions on his palms after clinical
evaluation, and previous to any genetic study. Two other
unaffected individuals, II:13 and III:1, were shown to carry a
partial disease-associated haplotype, representing recombi-

Figure 3 Simplified pedigrees for families PPK1, PPK2 and PPK3 showing the haplotypes for markers on chromosome 15q22–q24. The age at the
time of the study is shown and markers analysed are indicated in each panel. The disease associated-chromosome is shaded. Key recombination events
(II:13, III:1 and III:7 in PPK1) are indicated by arrows. A question mark indicates that the genotype was not available.
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nation events (fig 3A). Although their ages, 53 and 45 years
old, respectively, were above the age of onset in the family
(10–30 years of age), the possibility of reduced penetrance
cannot be ruled out, and thus, these recombination events
must be considered with caution. The analysis of markers
within the identified critical linkage interval in pedigrees
PPK2 and PPK3 also showed co-segregation with the disease
phenotype (fig 3B, C), suggesting genetic homogeneity
among the three punctate PPK families studied here. As the
number of available samples from these two pedigrees was
small, the analysis both of additional family members and of
new families with the same PPK phenotype will be necessary
to evaluate the possibility of locus heterogeneity in punctate
PPK.

According to the physical maps at NCBI, UCSC (build
#33), and deCODE Genetics,49 the critical linkage interval
identified here corresponds to a region of 7.5 Mb (fig 4).
Among both known and predicted genes, we identified one
promising candidate, locus LOC123396, highly homologous to
keratin 8. Considering the role of keratins in different forms
of PPK,16–18 20–22 this novel gene appeared to be an excellent
candidate for the punctate PPK phenotype studied here. The
predicted gene encompasses a genomic region of 1398 bp,
with three exons, supported by the alignment with eight EST
clones. The encoded predicted protein would be 403 amino
acids long, with high homology to different keratin proteins,
such as keratin 8 (74% identity at the amino acid level);
keratin 1 (51%), mutated in non-epidermolytic PPK;16

keratins 6a and 6b (59%), mutated in pachyonychia
congenita, a nail abnormality that presents with PPK;17 18

and keratin 5 (59%), mutated in epidermolysis bullosa
simplex.50 Sequencing of the genomic region containing locus
LOC123396 in the three PPK pedigrees studied here, however,
did not reveal any pathogenetic mutations. We detected two
missense substitutions, A358T and R392C (accession
#XP_063639), that were also present in control individuals.
In addition, pairwise sequence alignment between LOC123396
and KRT8 suggested that LOC123396 could represent a
processed pseudogene. In this regard, Hesse et al51 have
recently performed a thorough search for novel intermediate
filament genes in the draft sequence of the human genome.
As a result, they have described a ‘‘surprisingly high number
of pseudogenes’’ related to KRT8.51

It is worth mentioning the presence of two additional
positional candidate genes within the linkage interval,
integrin alpha 11 (ITGA11) and lysyl oxidase-like 1 (LOXL1)
genes. Integrins constitute a family of proteins that mediate
the interaction between different cell types and the extra-
cellular matrix. ITGA11, in particular, has been hypothesised
to play a role in areas of highly organised interstitial collagen
networks,52 such as cartilage, intervertebral disc, and corneal
organogenesis. Although there is no information on the
expression of ITGA11 in skin, the proven role of adhesion
molecules in PPK, such as desmosomal components,15 makes
ITGA11 a candidate gene for the disease in our families.
LOXL1, on the other hand, is a new member of the lysyl
oxidase protein family of cross-linking enzymes for extra-
cellular matrix proteins such as collagen and elastin. Human
LOXL1 mRNA has been identified in a wide variety of tissues,
but no information is available regarding its expression in

Figure 4 Schematic representation of
chromosome 15 showing the position of
markers used in this study and the
linkage intervals identified. Markers
defining the locus for punctate PPK are
indicated in bold. The critical linkage
interval defined by recombination
events in affected individuals only (dark
bar), and affected and unaffected
individuals over the age of 40 years
(light bar) are indicated. Genetic
distances (cM) are based on the maps
at Marshfield41 and deCODE
Genetics;49 physical positions (Mb) have
been obtained from NCBI, UCSC (build
#33), and the integrated map at
deCODE genetics.49
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skin. Mouse Loxl1 protein, on the other hand, has been
detected in mouse epidermis and hair follicle, as well as
heart, liver, and kidney.53 Finally, the syntenic region on
mouse chromosome 9 does not harbour any candidate gene
for the punctate PPK phenotype.

In summary, we have identified a locus for punctate PPK,
on chromosome 15q22–q24, which indicates the identifica-
tion of a novel gene involved in skin integrity. The study of
multigenerational pedigrees with inherited diseases, such as
those reported here, provides us with an excellent opportu-
nity for the identification of new genes and pathways, and for
the study of their function in both normal and diseased
individuals. When these diseases are associated with a more
systemic clinical picture, the identification of disease genes
may give new insights into the aetiology of other pathologies,
such as the cardiomyopathy associated with PPK in Naxos
disease. Moreover, as is the case for some skin disorders, such
as Netherton syndrome and atopic dermatitis,54 55 the knowl-
edge gathered from rare Mendelian disorders such as PPK
could produce important clues for more common complex
traits characterised by abnormal keratinisation, such as
psoriasis.14
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