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Abstract

Background—Striate keratodermas (PPKS) are a group of rare autosomal dominant
palmoplantar keratodermas, characterized by a thickening of the skin on the palms and soles.
PPKS is characterized by hyperkeratosis extending along the length of each finger and on the palm
of the hand, as well as by patches of hyperkeratosis on the soles.

Objective—We report a four-generation Pakistani kindred in which eleven members were
affected with PPKS.

Methods—Based on previous reports of DSG1 mutations in PPKS, we performed direct DNA
sequencing analysis.

Results—Clinically, these patients presented with hyperkeratotic palms and with linear
hyperkeratosis on the fingers. Additionally, focal hyperkeratosis was seen on the sole of the toes
as well as the ball and heel of the foot. DNA sequencing analysis revealed a heterozygous G-to-T
transversion in the 3’ splice acceptor site of intron 11 of the DSG1 gene designated 1688 -1 G > T.
We predict that this mutation will lead to the skipping of exon 12 which is out of frame (134 nt),
subsequent degradation of the mutant mRNA by nonsense mediated RNA decay, and
haploinsufficiency for DSG1.

Conclusion—We report a novel splice site mutation in the DSG1 gene in PPKS, which further
underscores the significance of the desmoglein gene family in diseases of epidermal integrity.

Keywords
desmoglein 1; cell adhesion; palmoplantar keratoderma; desmosome; splice site mutation

Introduction

Palmoplantar keratodermas (PPK) are a genetically and phenotypically heterogeneous group
of genodermatoses characterized by hyperkeratosis on the palms of the hands and/or soles of
the feet. In some cases, this hyperkeratosis may be associated with other epidermal or extra-
epidermal disorders [1]. PPK is further sub-classified according to the pattern of
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hyperkeratosis of the lesions. The striate form of palmoplantar keratoderma (PPKS) is a rare
autosomal dominant disorder characterized by linear hyperkeratotic streaks along the volar
surfaces of fingers and focal keratoderma on the soles [2].

There are 12 reported cases of PPKS in the literature in which the molecular lesion has been
identified, and mutations can reside in at least three different genes: desmoglein 1,
desmoplakin, and keratin 1. PPKS1 and PPKS2 are associated with mutations in the genes
coding for the desmosomal proteins desmoglein 1 and desmoplakin, respectively [3,4,5]. A
third variant, PPKS3, has recently been reported in a large British kindred and is associated
with a frameshift mutation within the V2 domain of keratin 1 [6]. The skin lesions seen in
PPKS are thought to result from impaired desmosomal function at sites exposed to a high
degree of mechanical stress, such as palms and soles, where these cell-cell junctions are
critical for epidermal integrity [7,8].

Desmosomes are a type of anchoring junction that serve to anchor cells to one another via
the intermediate filament cytoskeleton network, thereby conferring an additional degree of
strength to tissues that undergo high levels of mechanical stress [9]. Desmosomes are
comprised of members from three protein families—the cadherin family, the armadillo
family, and the plakin family. The cadherin family is represented by desmogleins (DSG 1-4)
and desmocollins (DSC1-3), while the armadillo family is represented by plakoglobin (PG)
and plakophilins (PKP 1-3 and p0071), and the plakin family is represented by desmoplakin
(DP) [10,11,12]. Desmogleins and desmocollins play a critical role in the formation of
desmosomes. Extracellularly, desmogleins and desmocollins on opposing cells interact
heterophilically via their cadherin repeat domains in a calcium dependent manner.
Intracellularly, the cadherins bind to plakoglobin and plakophilin, which in turn bind to
desmoplakin. Desmoplakin then binds to intermediate filaments, thereby securing the entire
structure to the cytoskeleton. Interestingly, PKKS can result from a perturbation in either the
intermediate filament network, (K1), the desmosomal plaque (DP) or the transmembrane
cadherin (DSG1).

In this study, we report a novel splice site mutation in the DSG1 gene in a four-generation
Pakistani kindred in which eleven members were affected with PPKS. This further
underscores the significance of the desmoglein gene family in diseases of epidermal
integrity.

Materials and Methods

Polymerase chain reaction and DNA sequencing

Genomic DNA was isolated from peripheral blood lymphocytes following institutional
review board approval. Direct sequence analysis of the DSG1 gene was performed as
previously described [8,13]. PCR prod ucts were electrophoresed in 0.8% agarose gels, and
purified using a standard PCR purification protocol (Concert, Gibco BRL, Marlingen
Bioscience Inc., ljamsville, MD, USA) and sequenced using an ABI Prism 310 automated
sequencing system (PE-Applied Biosystems, Foster City, CA, USA) in both directions using
the same primers used for initial PCR. Sequence comparisons between patient samples and
controls were performed by visual inspection.

Mutation identification and confirmation by use of mismatch PCR

The tranversion mutation neither created nor destroyed a restriction site directly, therefore
we introduced a site using mismatch PCR. DSG1 ex12mutF1 primer (5'-
TACTATCCCTCCACCACTAGT-3') was used to introduce a G-to-T transversion at the
penultimate nucleotide (nt1666) directly upstream from the G-to-T transversion mutation
(nt1668), thereby creating a novel Bfal (CT/AG) restriction site only when the transversion
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mutation 1668-1 G—T was not present. After PCR amplification, the fragments were
digested by the restriction enzyme Bfal (New England Biolabs, Beverly, MA, USA) and
separated on a 1% agarose gel in the presence of ethidium bromide and visualized by UV
light.

Clinical features

We studied a four-generation Pakistani kindred in which eleven individuals were affected
with PPKS (Figure 1A). Clinically, these patients presented with hyperkeratosis on the palm
of the hands, with particular prominence on the creases of the palm, and linear
hyperkeratosis along the flexor aspect of the fingers. Additionally, focal hyperkeratosis was
seen on the sole of the toes as well as the ball and heel of the foot, areas that undergo a
particularly high degree of mechanical stress (Figure 1C-E). Affected individuals did not
have a history of blister formation, and no phenotypes other than the hyperkeratosis were
observed. Hair was normal in appearance and texture, with no evidence of woolly hair or
cardiac abnormalities reported by family members, although all family members were not
examined by a clinician.

Identification and confirmation of a novel mutation in DSG1

Direct sequence analysis of the intron 11/exon 12 splice junction region of DSG1 gene in
affected individuals revealed a heterozygous G-to-T transversion in the 3'-splice acceptor
site of intron 11 designated 1668-1 G—T (Figure 1B). In order to confirm the presence of
this mutation, we utilized mismatch PCR for DNA samples from affected and unaffected
family members. This analysis confirmed presence of the mutation 1668-1 G—T in all
affected individuals, and lack of the mutation in all of the unaffected individuals (data not
shown). These results suggest that the mutation 1668-1 G—T is indeed the pathogenic
mutation.

Discussion

We identified a novel heterozygous mutation in the DSG1 gene of a four-generation
Pakistani kindred with striate palmoplantar keratoderma. The mutation is a G-to-T
tranversion at the splice acceptor site of intron 11 of DSG1. We predict that this mutation
will lead to skipping of exon 12, which is out of frame (134 nt), leading to degradation of
the mutant mMRNA by nonsense mediated RNA decay, and subsequent haploinsufficiency.

In the literature to date, there are 12 reported cases of PPKS in which mutations have been
identified. Of these, 7 are in the DSGL1 gene, 4 are in the DP gene and 1 is in keratin 1
(Table 1). In all but one of the reported cases, PPKS is dominantly inherited.

The prevalence of mutations in DSG1 associated PPKS highlights the critical role of
desmoglein 1 in the desmosome. Interestingly, there has also been a heterozygous DSG1
mutation reported by Milingou et al. that results in focal, non-striated palmoplantar
keratoderma [1] (Table 1). Unlike previously reported DSG1 associated PPKS cases in
which the mutation is located either in an exon or splice site within the extracellular domain
of DSG1, the splice site mutation reported here affects exon 12 which encodes a portion of
the transmembrane domain and intracellular linker region of DSGL1.

In all cases where DSG1 mutations have been reported in PPKS, there is evidence that
haploinsufficiency for the affected protein leads to the disease phenotype (Table 1). In most
cases, the DSG1 mutation leads to the formation of a premature termination codon, however
an in-frame deletion has also been observed [14]. The mutations resulting in a premature
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termination codon are expected to trigger nonsense mediated MRNA decay (NMRD) leading
to the degradation of the mutant transcript [15,16]. In the case of the in-frame deletion, the
mutation results in the excision of exon 3, thereby removing a portion of the pro-sequence,
the mature protein cleavage site, and part of the first extracellular domain of DSG1. While
activation of the NMRD pathway is not the likely cause of haploinsufficiency, Rickman et
al. report that haploinsufficiency is most likely due to an insufficient amount of wild-type
DSG1 protein synthesis [14].

Similar to DSG1 associated PPKS, a dominantly inherited mutation resulting in the
formation of a premature termination codon is responsible for the majority of desmoplakin
(DP) associated PPKS cases. Again, the introduction of a premature termination codon is
expected to trigger NMRD and subsequent haploinsufficiency. The only exception being in
a case reported by Norgett et al. where a homozygous recessive mutation in exon 24 of DP
results in a PTC, but the resulting truncated protein is synthesized [17]. In this case the
disease is a result of impaired protein function. Recently, Norgett et al. reported another case
of DP associated PPKS in which the disease results from a 30 base pair in-frame insertion.
This mutation causes an insertion of 10 amino acids in the N-terminus of the protein, and the
authors speculate that the resulting pathogenicity may be due to either haploinsufficiency or
a dominant negative effect of the mutant protein [18]. Interestingly, in the latter two cases
reported by Norgett et al. woolly hair and cardiomyopathy are observed in addition to PPKS,
suggesting phenotypic overlap with Naxos disease.

While PPKS is most often associated with DSG1 or DP mutations, there is one case in
which Kkeratin 1 (K1) is associated with PPKS [6]. In this case, an out-of-frame deletion
results in the formation of a mutant protein that lacks a portion of a glycine loop motif in the
V2 domain and gains 70 amino acids. The authors stated that pathogenicity is due to a
dominant negative effect caused by the loss of the V2 domain which inhibits proper
formation of the intermediate filament cytoskeleton, however since the mutation is out-of-
frame, NMRD may also be possible.

In contrast to other dominantly inherited keratodermas, where dominant negative
interference is suspected and RNAI could be used therapeutically, the same is not true of
PPKS, where haploinsufficiency seems to be the predominant mechanism [19] (Table 1). In
our present study we report a novel desmoglein 1 splice site mutation which results in PPKS.
This finding adds to the body of desmosomal mutations known to cause epidermal disease,
thereby enhancing our understanding of the significance of desmosomes in epidermal
integrity.
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DSG1 human desmoglein 1 gene/protein
PPKS striate palmoplantar keratoderma
DP desmoplakin gene/protein

K1 keratin 1 gene/protein
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Figure 1.

Pedigree, sequence analysis, and clinical features of PKKS family. A) Pedigree reveals
autosomal dominant inheritance with 11 affected members in 4 generations. Filled circles
and squares represent affected females and males respectively. B) Sequence analysis of
intron 11 of an affected individual (1\V-7) and control. The arrows indicate the heterozygous
G-to-T transversion in the 3'-splice acceptor site of intron 11 of the DSG1 gene. The
sequence is shown in reverse orientation (antisense strand). C-E) Clinical presentation of
focal hyperkeratosis on the toes, ball, and heel of the foot of an affected individual. Clinical
presentation of hyperkeratosis on the palms of the hands, most prominently in creases of the
palm, and in linear streaks along the flexor aspect of the fingers of two affected individuals.
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