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Ichthyoses are a genetically heterogeneous group of skin
disorders characterized by a disturbed skin permeability
barrier leading to an abnormal desquamation over the
whole body. One of the major functions of the human skin
is to protect the body against dehydration; therefore the
water barrier of the skin strictly regulates transepidermal
water loss (TEWL). The latest nomenclature of Oji et al.
(1) distinguishes between syndromic and non-syndromic
forms of ichthyoses; syndromic ichthyoses are relatively
easy to diagnose due to their association with typical
additional symptoms like hair abnormalities or neurolo-
gical defects. The group of non-syndromic ichthyoses is
divided into 3 subgroups: (i) common ichthyosis, such
as ichthyosis vulgaris and X-linked recessive ichthyoses,
which are mostly not present at birth; (i7) keratinopathic
ichthyosis, which are caused by mutations in the genes
KRTI1, KRT2 or KRT10; and (7ii) autosomal congenital
recessive ichthyosis (ARCI), for which mutations in
8 disease-associated genes are known to date: TGM1,
ABCAI12, ALOXE3, ALOXI12B, CYP4F22, NIPAL4
(reviewed in Traupe et al. 2014 (2)), PNPLAI (3) and
CERS3 (4). Additionally mutations in L/IPN were des-
cribed for a clinically similar non-congenital ichthyosis
by Israeli et al. (5).

Using single nucleotide polymorphism (SNP)-genoty-
ping and whole-exome-sequencing (WES) we identified
a deletion of 2 base pairs (bp) (c.462_463delCA) in the
gene Caspase 14 (CASP14) in 3 patients with a mild form
of generalized ichthyosis from 2 Algerian families (Fig.
Sla, b'). The mutation is predicted to lead to a frame
shift, resulting in a truncated protein.

To date, 11 functional human caspases (cysteinyl-
aspartate specific protease) are known (caspase 1-10 and
caspasel4). Most of them play a central role in apoptosis
or inflammation and are ubiquitously expressed. They
are synthesized as inactive zymogens and have to be
processed to become activated. The zymogens consist
of an N-terminal pro-domain, a large catalytic (p17)
subunit and a small non-catalytic (p11) subunit. In
contrast with other caspases CASP14 is not involved in
apoptosis or inflammation and is mainly expressed in all
suprabasal layers of the epidermis (6). A strong increase
in CASP14 expression and activation has been observed
during keratinocyte differentiation (7). After proteolytic
maturation in the stratum granulosum, CASP14 degrades
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filaggrin (FLG) monomers in the stratum corneum to free
hygroscopic amino acids (aa), the natural moisturizing
factors (NMF) of the skin (8). /LG mutations are known
to cause ichthyosis vulgaris (IV) (9). An additional
function of CASP14 is the activation of mesotrypsin,
which is necessary for the maturation of saposin A, a
sphingolipid activator involved in the formation of the
permeability barrier of the skin (10). Recently, Jung et
al. (11) described a decreased CASP14 expression in
patients with atopic dermatitis (AD) that correlates with
an impaired skin barrier function.

METHODS

Blood samples were obtained from the 2 families with ichthyosis,
and DNA was extracted from whole blood according to standard
procedures, after obtaining written informed consent from all
participants in the study. The study was approved by the medical
ethics committee of AFM/Généthon. To identify causative mu-
tations we performed homozygosity mapping by genome-wide
SNP genotyping with a human SNP array (Illumina 370k Quad,
San Diego, CA, USA) and additionally in selected cases, whole
exome sequencing (WES) with a SureSelectHuman All Exon
50Mb Exome Enrichment Kit (Agilent, Santa Clara, CA, USA)
on an [llumina Hiseq instrument (Illumina, San Diego, CA, USA).
Sanger sequencing primers for CASP14 (ENST00000427043)
were designed with primer3 50 bp upstream and downstream of
the coding exons (http://primer3.ut.ee/). Both DNA strands from
all subjects and controls were sequenced using standard protocols.

RESULTS AND DISCUSSION

In a consanguineous Algerian family with 2 affected and
2 unaffected daughters (family A, Fig. Sla') WES of 2
affected daughters (patient 1, patient 2) and their parents
revealed 13 variants that are heterozygous in the parents
and homozygous in the patients. Of these, only 6 are
located in homozygous regions on chromosome 22 (22
Mb) and chromosome 19 (2.8 Mb). Only one variant
lies in a gene listed in the ORESTES database of genes
that are expressed in human granular keratinocytes (12).
We therefore considered this gene, CASP14, as the most
promising candidate gene. In both patients of family A we
identified a deletion of 2 bp in exon 5 (c.462_463delCA)
(Fig. S1d"), leading to a frame shift and a premature
stop codon at aa position 180 (p.Aspl54GlufsTer27)
(Fig. Slc'). Sanger sequencing of all family members
revealed segregation of the mutation with the disease in
a recessive manner.
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Re-analysis of the genotyping data revealed 11 patients
with homozygous haplotypes around CASP14 with a
size from 180 kb to 31 Mb. Sanger sequencing of these
patients identified an additional Algerian patient (patient
3) with the same mutation that also segregates with the
disease in this family without known consanguinity.
Patient 3 is the only affected individual in this family
and was born without a collodion membrane (family
B; Fig. S1b'). He showed fine whitish scales over the
whole body without erythema. No other symptoms, such
as palmoplantar keratoderma, nail-, hair-, or teeth- ano-
malies, were observed. The mild phenotype of patient 3
was primarily diagnosed as ichthyosis vulgaris without
the mention of AD-like lesions and treated with Vaseline
containing 5% acetylsalicylate. As both families are
from the same geographical region and share the same
haplotype and mutation, a common origin is very likely.
Unfortunately no further clinical data, biopsies or photos
are available from these Algerian families. Interestingly,
patient 3 defined the smallest common homozygous
interval of the 3 patients by a region of 0.6 Mb. This
small region was not detected by homozygosity map-
ping. Obviously there was only a distant kinship degree
between the parents, since they did not indicate a known
consanguinity.

The deletion leads to a frame shift located at the second
aa of the p11 subunit (Fig. S1c'), which is highly conser-
ved in mammals (homology 70.9-98.7%) and essential
for the formation of active CASP14 (6). In combination
with the resulting premature stop codon at aa 180 the
caspase activity is most likely strongly disturbed or
completely abolished. The premature stop codon would
result in a mRNA predicted to be degraded by nonsense
mediated decay (13). “MutationTaster” calculated patho-
genicity with a result score of 1.0 (www.mutationtaster.
org/ accessed 10 November 2015). The ExAC-database
lists this variation 25 times, but exclusively in a hetero-
zygous status (allele frequency: 0.0002059). No other
homozygous or compound heterozygous stop or frame
shift mutations in CASP14 are reported in the EXAC-
database or in the literature (http://exac.broadinstitute.
org/about). Furthermore, procaspase-14 has to be proces-
sed by the chymotrypsin-like serine protease kallikrein-
related peptidase-7 (KLK?7) to produce an intermediate
form that is essential for the activation of procaspase-14.
The lack of the KLK7 recognition and cleaving site in
our patients precludes this process (14). Summing up a
complete lack of CASP14-activity is very likely. The
functions of CASP14 in the skin and the consequences
of'its deficiency in mice are well known and described in
detail in the literature (15—18). The resulting disturbance
of the skin permeability barrier, xerosis, an increased
TEWL and hyperlinearity are symptomatic in patients
with autosomal recessive ichthyoses (2), IV and patients
with AD (11) and are also present in caspase-14-knockout
mice (17, 18). Caspase-14 activated mesotrypsin proces-
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ses prosaposin to produce saposin A, which is important
for maintenance of the skin barrier. The lack of active
mesotrypsin due to a CASP14 deficiency would result
in an impaired permeability barrier (10), a main feature
of autosomal recessive ichthyoses and AD. The mild
phenotype of patient 3, which was first diagnosed as IV,
allowed no distinct clinical classification. It demonstra-
tes a clinical grey-zone of phenotypes between patients
with lipid-processing disturbances, as seen in autosomal
recessive congenital ichthyoses and patients with FLG
defects observed in IV and AD, and in our patients with
an intermediate phenotype with CASP14 defects. The
involvement of FLG and CASP14 in the NMF-pathway
may explain the very similar phenotypes of our patients
and subjects with ichthyosis vulgaris.

In conclusion we suppose that mutations in human
CASP14 lead to a disturbed skin barrier and are causative
for the skin phenotype in our 3 patients.
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