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Heterozygous deletion of the NSDHL gene in an Appenzeller
Mountain Dog with verrucous epidermal keratinocytic nevi

BACKGROUND

Dermal mosaicism can result in skin disorders with spe-
cific distribution patterns of the lesions. The most com-
mon example is X-chromosomal functional mosaicism,
in which the distribution pattern results from random
X-chromosome inactivation (Lyonization) (Vreeburg &
van Steensel, 2012). Three different skin patterns have
been described, namely Blaschko lines, the checkerboard
pattern and lateralization (Happle, 2006). Verrucous
epidermal keratinocytic nevi (OMIA 002117) caused by
variants in the X-chromosomal NSDHL gene may pres-
ent with any of these patterns. The encoded NAD(P)
H steroid dehydrogenase-like protein is a C4 demethy-
lase involved in post-squalene cholesterol biosynthesis.
Pathogenic NSDHL variants result in disruption of an
essential step in cholesterol biosynthesis with a subse-
quent aggregation of toxic intermediates and a lack of
cholesterol in the skin (Caldas & Herman, 2003; Konig
et al.,, 2000). In heterozygous female dogs, this pres-
ents as a cornification disorder and is inherited as an
X-linked semidominant trait (Bauer et al., 2017; Christen
et al., 2020; Leuthard et al., 2019). NSDHL-associated
disorders in humans cause a more severe phenotype
involving congenital hemidysplasia with ichthyosi-
form nevus and limb defects (CHILD syndrome; Konig
et al., 2000). In hemizygous males, such variants have
been described as embryonic lethal (Happle et al., 1980).

ANALYSES

A 10-month-old female intact Appenzeller Mountain Dog
was presented with an 8 month history of severe, progres-
sive hyperkeratosis of the paw pads causing lameness and
a primarily left-sided multifocal hyperkeratosis of the
haired skin, causing alopecia and mild pruritus. The le-
sions began on the left inner pinna and hind paw pads and
slowly progressed to involve all four paws, although the
right front was only mildly affected. Stripes of alopecia
with hyperkeratosis were present on the lateral and caudal
left thigh, with multiple smaller areas on the left tarsus,
left lateral neck and left hip. Complete blood count, serum

biochemistry and skin cytology were within normal lim-
its and a fungal culture was negative. Multiple skin punch
biopsies were taken under sedation to further pursue a di-
agnosis. Based on these results the paw pads were treated
topically in an attempt to reduce cholesterol precursors in
the skin and therefore hyperkeratosis. Two-percent keto-
conazole cream and then 2% simvastatin ointment were
tried successively, without improvement. The lesions on
the haired skin then cleared completely with oral ketocon-
azole Smg/kg once daily but the paw pads remained quite
hyperkeratotic, requiring repeated trimming (Figure 1).
Histopathologically, skin biopsies showed moderate
to severe hyperplasia of the epidermis and infundibula
of the hair follicles, forming spiked fronds (Figure 2).
The infundibula of the hair follicles often showed strik-
ing compact parakeratotic hyperkeratosis (with retained
nuclei as a sign of delayed maturation of keratinocytes),
the epidermis showed orthokeratotic (with loss of nu-
clei as occurs in normal keratinocyte maturation) to
parakeratotic hyperkeratosis. The dermis showed mild
perivascular lymphoplasmacytic inflammation. The
histopathological alterations resembled the findings
described in Labrador Retrievers with NSDHL-related
congenital cornification disorder (Bauer et al., 2017).
We performed Sanger sequencing of all exons of the
NSDHL gene. The primer sequences are given in Table SI.
However, no variant was detected in the coding sequence
of NSDHL. We subsequently performed short-read whole-
genome sequencing of the affected dogat20x coverage using
[llumina TruSeq PCR-free DNA libraries with ~400bp
insert size. Data processing was performed, with respect
to the genome reference assembly UU_Cfam_GSD_1.0,
as previously described (Jagannathan et al., 2019). Visual
inspection of the short-read alignments at the position of
the NSDHL gene revealed a large heterozygous deletion
of >120kb comprising the entire NSDHL gene (Figure S1).
The deletion was not present in the dam of the affected
dog as a deletion-specific amplicon could not be generated
on genomic DNA isolated from blood leukocytes of the
dam (Table SI). Samples from the father were not avail-
able for genotyping. However, assuming that hemizygous
NSDHL variants cause lethality, it can be concluded that
the variant arose from a de novo mutation event, either in
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FIGURE 1 Clinical phenotype

of the affected Appenzeller Mountain
Dog. Lesions on the haired skin were
primarily left sided. (a) Severe multifocal
hyperkeratosis on the inner pinna, (b) the
tarsus, (c) the paw pads and (d) the lateral
hind limb.

control

FIGURE 2 Histopathologic findings. (a) Affected dog. Severe hyperplasia of the epidermis, extending to the follicular infundibulum,
with severe orthokeratotic (arrows) and parakeratotic (arrowheads) hyperkeratosis forming spiked fronds. (b) Normal control skin from an
unaffected dog. Hematoxylin and eosin, scale bars=100pum.

the germline of one of the parents or during the early em-
bryonic development of the affected dog.

CONCLUSIONS

We describe an Appenzeller Mountain Dog with clinical
signs suggestive of an NSDHL defect. This differential
diagnosis was further supported by the clear therapeutic
success of cholesterol precursor reduction. Genetic
investigation revealed a large heterozygous de novo

deletion spanning the entire NSDHL gene. These results
highlight the importance of advanced genomic analysis,
such as whole genome sequencing, in identifying
structural variants that are easily missed by Sanger
sequencing of targeted PCR amplicons.
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SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.
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