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SOATT missense variant in two cats with sebaceous gland dysplasia
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Abstract

Spontaneously arisen hereditary diseases in domestic animals provide an excellent opportunity to study the physiological
functions of the altered genes. We investigated two 4-month-old sibling domestic short haired kittens with dry dark debris
around the eyes, nose, and ears, dark crusting on the legs and a thin poor hair coat. Skin biopsies revealed abnormal sebaceous
gland morphology with lack of normal sebocyte arrangement and differentiation. Hair follicles had a distorted silhouette,
interpreted as a change secondary to the observed sebaceous gland dysplasia. Whole genome sequencing on both affected
kittens and 65 genetically diverse feline genomes was performed. Filtering for variants that were present in both kittens but
absent from the control genomes revealed a homozygous missense variant in SOAT], encoding sterol O-acyltransferase 1.
The protein is localized in the endoplasmic reticulum and catalyzes the formation of cholesteryl esters, an essential compo-
nent of sebum and meibum. The identified SOAT/:c.1531G > A variant is predicted to change a highly conserved glycine
residue within the last transmembrane domain of SOATT, p.Gly511Arg. In mice, variants in Soat/ or complete knockout of
the gene lead to the “hair interior defect” (hid) or abnormal Meibomian glands, respectively. SOAT1:c.1531G > A represents
a plausible candidate variant for the observed sebaceous gland dysplasia in both kittens of this study. The variant was not
present in 10 additional cats with a similar clinical and histopathological phenotype suggesting genetic heterogeneity. SOAT!
variants should be considered as potential cause in hereditary sebaceous gland dysplasias of humans and domestic animals.
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Introduction

Sebaceous glands are small exocrine glands and produce
sebum, which is a complex mixture of lipids. Sebum com-
position differs between species, most likely due to species-
specific functional requirements (Picardo et al. 2009). Most
sebaceous glands are associated with hair follicles where
they constitute a crucial component of the pilosebaceous
unit. Sebum is released by holocrine secretion into the fol-

Communicated by Joan Cerda.

< Tosso Leeb
tosso.leeb@unibe.ch

Institute of Genetics, Vetsuisse Faculty, University of Bern,
Bremgartenstrasse 109a, 3001 Bern, Switzerland

Dermfocus, University of Bern, 3001 Bern, Switzerland

Pathology Services, IDEXX Reference Laboratories Inc.,
Lander, WY 82520, USA

Department of Pathology, Microbiology, Immunology,
School of Veterinary Medicine, University California Davis,
Davis, CA 95616, USA

Institute of Animal Pathology, Vetsuisse Faculty, University
of Bern, 3001 Bern, Switzerland

Department of Pathobiology, Ontario Veterinary College,
University of Guelph, Guelph, ON N1G 2W1, Canada

School of Veterinary Science, University of Sydney, Sydney,
NSW 2006, Australia

Published online: 15 April 2023

licular canal (Montagna 1967; Geueke and Niemann 2021).
The secretion promotes skin barrier function, contributes
to proper hair follicle growth and homeostasis, serves as
hydrophobic shield for the hair coat, and plays a dynamic
role in thermoregulation (Zouboulis 2010; Shamloul and
Khachemoune 2021a; Zouboulis et al. 2022). Sebum fulfills
additional functions such as eccrine emulsification, synthe-
sis of cytokines, chemokines, interleukins, pheromone and
fatty acids, acid mantle formation, and hormone production
(Shamloul and Khachemoune 2021a). Glands are larger and
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more numerous on the face, external auditory canal, and
anogenital surfaces.

Meibomian glands are modified sebaceous glands on the
palpebral border, which secrete meibum into the tear fluid to
prevent its evaporation and protect the ocular surface (Mon-
tagna 1967; Shamloul and Khachemoune 2021a). Meibum
has a unique composition of neutral lipids different from
sebum (Butovich 2017).

Abnormal sebaceous gland activity has been implicated
in a number of medical conditions and defective sebaceous
glands have been linked to a variety of skin disorders (Sham-
loul and Khachemoune 2021b; Geueke and Niemann 2021).

Numerous mouse mutants with abnormal sebaceous
glands have been reported (Ehrmann and Schneider 2016).
However, it often remains unclear whether the observed
phenotypes are a direct consequence of aberrant sebaceous
gland development and/or sebaceous gland activity or rather
unspecific secondary changes of other more general skin and
hair follicle defects (Geueke and Niemann 2021).

In cats, reports about primary sebaceous gland disorders
are rare (Scott 1989; de Sepibus et al. 2004). Sebaceous
adenitis in cats is usually associated with mural folliculitis
and either of unknown cause or associated with an internal
malignancy (Scott et al. 1995; Pascal-Tenorio et al. 1997,
Gross et al. 2001; Rottenberg et al. 2004; Singh et al. 2010;
Linek et al. 2015; Kasabali et al. 2017).

Yager et al. reported ten kittens with a congenital der-
matosis and abnormal sebaceous gland morphology (Yager
et al. 2012). To the best of our knowledge, so far, no causal
genetic variants for sebaceous gland related pathologies
in domestic animals have been reported in the scientific
literature.

The aim of the present study was to characterize the clini-
cal and histopathological features of two cat siblings with
striking skin abnormalities and to investigate a possible
underlying genetic defect.

Materials and methods
Ethics statement

The cats in this study were privately owned and skin biopsies
and blood samples for diagnostic purposes were collected
with the consent of their owners. The collection of blood
samples was approved by the Cantonal Committee for Ani-
mal Experiments (Canton of Bern; permit BE71/19). All
animal experiments were done in accordance with local laws
and regulations.
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Clinical and histopathological examinations

A physical examination of the two index cases was performed
by the attending veterinarians. Two to four 4-6 mm skin
punch biopsies per cat were taken and routinely processed
for histopathology. Hematoxylin and eosin (H&E) stained
slides were reviewed by board certified veterinary patholo-
gists (B.G.M., VK.A,,J.A.Y.). A full necropsy was performed
after euthanasia.

Animal selection for genetic analyses

The study included a total of 728 cats. Two of them represent
the index cases for the sebaceous gland dysplasia phenotype
described in this study. During the course of this study, we
investigated samples from ten additional cats with similar clin-
ical and histopathological phenotypes. Information on all 12
cases diagnosed with sebaceous gland dysplasia is compiled
in Table S1. The remaining 716 cats represent a genetically
diverse convenience cohort from the Vetsuisse Biobank. No
consistent phenotype information on these cats is available and
they were considered population controls.

DNA extraction

Genomic DNA was extracted from EDTA blood, native tis-
sue samples, or formalin-fixed paraffin-embedded (FFPE) tis-
sue samples. Extractions were performed with the Maxwell®
RSC Whole Blood DNA Kit, Maxwell® RSC PureFood GMO
and Authentication Kit, or Maxwell® RSC DNA FFPE Kit,
respectively, on a Maxwell® RSC 48 instrument (Promega,
Diibendorf, Switzerland).

Whole genome sequencing and variant calling

The genome of both affected kittens was sequenced at 20 X cov-
erage using PCR free libraries on an Illumina NovaSeq 6000
instrument. The sequencing data was mapped to the genome
reference and variant calling was done as described before
(Jagannathan et al. 2019; Kiener et al. 2021). Here, we used
the cat genome reference assembly F.catus_Fcal26_mat1.0
and NCBI Annotation Release 105 (https://www.ncbi.nlm.nih.
gov/genome/annotation_euk/Felis_catus/105/). For the filter-
ing of private variants, we used previously obtained genome
sequences from 65 genetically diverse cats (Table S2). All
sequence data were deposited at the European Nucleotide
Archive and accession numbers are listed in Table S2.

Targeted genotyping

We used Sanger sequencing to genotype the candi-
date variant (XM_011291017.4:c.1531G> A). PCR
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amplification, subsequent sequencing and data analysis
was performed as described (Kiener et al. 2021). The
primer sequences used for this experiment are given in
Table S3.

Results
Clinical history

Five kittens born from a feral mother were presented at
a shelter for first examination at approximately 4 months
of age. Two Kkittens, one male and one female, had similar
skin lesions of dry dark brown to black debris around
ears, eyes, nares and dark crusting along legs associated
with partial alopecia (Fig. 1A). The remaining hair coat
was thin, in poor condition, and easily epilated. Other
skin surface areas were covered with the same brown
material to a lesser degree. The lesions persisted, pro-
gressed and failed to completely resolve over a time
period of 4 months despite multiple attempted treatments
(shampoo bathing, antibiotics, food trial, olive oil bath-
ing, Revoluti0n®, Convenia®, terramycin, terbinafine,
famciclovir). Shampoo bathing and famciclovir seemed
to have helped the most, but still resulted in very little
improvement. Concurrent dermatophytosis (M. canis)
developed and was treated when skin biopsy was elected.
Both affected kittens were euthanized due to persistent
skin problems and unlikelihood of adoption. The mother
and the other littermates did not have skin lesions.

Fig. 1 Clinical phenotype of
affected kittens. A Case 2,
bilateral symmetrical scaling
with black debris, hair clumping
and hypotrichosis periocular
and surrounding the nostrils and
legs. B Case 1, similar changes
to case 2, however, less florid.
Insert top right: note easily
epilated clump of hairs with
scaling and black debris

Histopathological examination

The main pattern observed was the generalized abnormal
sebaceous gland morphology identified in both primary
skin biopsies and post mortem samples of skin (Fig. 2A, B).
Some glands were proliferative with reserve cell predomi-
nance, increased mitotic activity and apoptosis (Fig. 2B).
The apoptosis was not associated with satellitosis. There
was an almost total absence of normal differentiation from
reserve cells to mature lipid laden sebocytes. The number
of mature sebocytes was decreased. Peri-isthmus lympho-
cytic infiltrates were present around some sebaceous glands
with minimal to absent follicular mural involvement. Most
hair follicles were in anagen phase. There was evidence of
follicular dysplasia with wavy contours and few misshapen
anagen bulbs. Dark brown to black discoloration of follicu-
lar keratin was visible, as well as frequent misshapen and
malacic hair shafts, some of which were mineralized. Super-
ficial perivascular inflammation was very minimal to absent
and likely secondary to superficial infections. The epidermis
showed moderate to marked orthokeratotic hyperkeratosis
and was variably acanthotic. These findings led to a final
diagnosis of diffuse sebaceous gland dysplasia with folli-
cular dysplasia, hair shaft malacia, and moderate to marked
hyperkeratosis.

Genetic analysis

We performed whole genome sequencing on both affected
kittens and compared the data to 65 genomes from geneti-
cally diverse cats. Hierarchical filtering steps were applied
to identify a candidate causative variant for the sebaceous
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Fig. 2 Histopathological phenotype of an affected kitten (case 2). A
Case 2, variably prominent sebaceous glands with abnormal mor-
phology, follicular dysplasia and basket weave hyperkeratosis, H&E
20x. B Case 2, abnormal sebaceous gland arrangement and differen-
tiation characterized by increased number of reserve cells (asterisk),

gland dysplasia phenotype. Of all variants present in both
kittens, we filtered for shared private variants, i.e. vari-
ants that were present in both kittens but absent in the
65 control genomes that we used. We subsequently fil-
tered these for protein-changing variants with a SnpEff
impact of “high” or “moderate.” The final step prioritized
the variants for functional candidate genes. These filter-
ing steps identified a clear top candidate variant that can
be designated as ChrF1:20,914,140G > A with respect to
the F.catus_Fcal26_mat1.0 genome reference assembly
(Table 1, Tables S2, S4).

The identified variant represented a missense variant in
the SOATI gene, XM_011291017.4:c.1531G > A. It is pre-
dicted to change an evolutionarily conserved glycine residue
in the last transmembrane domain of sterol O-acyltransferase
1, XP_011289319.1:p.(Gly511Arg) (Fig. 3). The effect of
the amino acid exchange was classified as deleterious or
pathogenic by the variant impact predictors PredictSNP
(87% probability, Bendl et al. 2014), Provean (score — 6.610,

apoptotic cells (arrow) and mitotic activity (arrowhead), H&E 400x.
C Age matched control, normal pilosebaceous morphology with
well differentiated sebaceous glands at the isthmus level, H&E 20x.
D Normal sebaceous gland maturation from reserve cell (asterisk) to
mature sebocytes, H&E 400x

Choi and Chan 2015), and MutPred2 (score 0.767, Pejaver
et al. 2020).

We confirmed the presence of the ¢.1531G > A variant in
genomic DNA of both affected kittens by Sanger sequenc-
ing. Both kittens were homozygous for the mutant allele,
consistent with an autosomal recessive mode of inheritance.
We further genotyped archived samples from 10 additional
cats with a similar clinical and histopathological pheno-
type, as well as 716 genetically diverse population controls
from the Vetsuisse Biobank, all of which were homozygous
wildtype (Table 2).

Discussion

The two kittens investigated in this study displayed a dis-
tinct phenotype, which we refer to as sebaceous gland
dysplasia. This unique constellation of clinical and his-
topathological changes was initially described in ten

Table 1 Summary of the variant

filtering steps in both Kittens Filtering step Homozygous Heterozygous
affected with sebaceous gland Shared variants in both affected Kittens 3,944,823 3,181,925
dysplasia Shared private variants in both affected kittens 4006 34,891
Shared private and protein-changing variants 16 157
In plausible functional candidate genes 1 0
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Fig.3 Details of the SOATI: c.1531G> A, p.Gly511Arg variant. A
Electropherograms with the amino acid translations of two cats with
different genotypes. The arrow indicates the single nucleotide change.
B Multi-species sequence alignment of the last transmembrane

Table 2 Genotype—phenotype association at the SOATI:c.1531G> A
variant with sebaceous gland dysplasia

Cats G/G G/A A/A

Affected kittens (littermates), index - - 2
cases (n=2)

Unrelated affected cats (n=10) 10 - -

Unrelated control cats (n=716) 716 - -

unrelated kittens (Yager et al. 2012). In accordance with
this initial study, lesions developed at a very young age
pointing towards a congenital disorder. Interestingly, a
clinical presentation of progressive hypotrichosis/alopecia
rather than scale was the predominant feature in the previ-
ously reported kittens (Yager et al. 2012). In addition to
hypotrichosis/alopecia, the two index cases of the present
study had a bold black debris covering the skin surface,
which we interpreted as adherent oxidized sebum and
keratin. Histopathological findings were unique with dif-
fusely abnormal sebaceous gland morphology. The charac-
teristic histopathology included disrupted sebaceous gland
maturation with reduction of mature sebocytes, increased

ER luminal

domain of SOAT1 harboring the p.Gly511Arg variant. C Structural
model of a SOAT1 dimer in side view (left image) and the topologi-
cal model of SOAT1 (right image). The full functional enzyme con-
sists of a dimer of dimers (images from Guan et al. 2020)

number of undifferentiated reserve cells and presence
of apoptotic cells. In contrast to the ten cases reported
previously (Yager et al. 2012), sebaceous glands looked
proliferative in some areas and vacuolated sebocytes with
prominent eosinophilic globules were not as obvious.
The pedigree with two out of five littermates being
affected, the early onset and the phenotypic characteristics
suggested a genetic cause. We therefore, investigated the
genomes of the affected kittens and searched for plausible
candidate variants. The whole-genome sequencing data of
both kittens identified 173 protein-changing variants that
were exclusively present and shared in these 2 cats, but
absent from 65 control genomes. We prioritized genes based
on the clinical and histologic findings, and one variant was
of particular interest. It was a homozygous missense variant
in SOAT I, encoding sterol O-acyltransferase 1. This intracel-
lular protein is localized in the membrane of the endoplas-
mic reticulum, where it catalyzes the formation of choles-
teryl esters from cholesterol and long chain fatty acyl-CoA.
It thus maintains the ratio of free cholesterol and cholesteryl
esters in the cells (Wu et al. 2010). Cholesteryl esters are
stored in lipid droplets within the cell or transported to other
tissues (Guan et al. 2020). They are important components
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of sebum and meibum and fulfill essential functions in the
lipid envelope of the epidermis (Butovich 2017).

The mature SOAT1 protein contains nine transmembrane
domains and is incorporated into the ER membrane as a
dimer of dimers. The central cavity is formed by the six
transmembrane helices 4-9, and the transmembrane heli-
ces 1, 6 and 9 are involved in dimer assembly (Guan et al.
2020; Long et al. 2020). The identified variant in the affected
kittens from this study is predicted to change a highly con-
served glycine residue in the ninth and last transmembrane
domain, p.Gly511Arg. We hypothesize that this compro-
mises the enzymatic activity.

In a genetically engineered Soat/-null mouse model
(Meiner et al. 1996), the predominant phenotype is Meibo-
mian gland dysfunction. Soar™~ mice had notably smaller
eye openings and very thick meibum with lipid-like debris
around the eye openings. The Meibomian lipids showed
cholesterol instead of cholesteryl esters as the dominant
lipid. Abnormalities in their skin and fur coat were not vis-
ible (Butovich et al. 2021). However, the spontaneous "hair
interior defect" (hid) caused by a 6.8 kb deletion in Soatl
was reported in the AKR/J mouse (Trigg 1972; Wu et al.
2010). Characteristics of the hid-phenotype included hair
with deficiency in projections of cortex cells and low levels
of trichohyalin (Wu et al. 2010).

In the affected kittens from this study, the Meibomian
glands were not examined. However, on clinical pictures, the
eye openings were very small, possibly due to ocular sur-
face irritation, similar to those of SoatI-null mice (Butovich
et al. 2021). The results of both mouse models support our
hypothesis that the identified feline SOAT] variant might
cause the observed phenotype through a direct impact of
defective SOAT1 on sebaceous gland development and/or
function. Alternatively, an additional indirect effect of this
variant has to be considered, as in vitro studies of SOATI-
knockdown cells showed a reduced expression of cholesterol
metabolism genes and fatty acid biosynthesis genes (Zhu
et al. 2021). Deficiency of Scd! encoding stearoyl-coenzyme
A desaturase 1 also results in aberrant sebaceous and/or
Meibomian glands in mice (Ehrmann and Schneider 2016).

Unfortunately, both kittens from our study were eutha-
nized shortly after presentation and before the genetic inves-
tigations were completed. Therefore, no suitable samples for
functional follow-up such as an analysis of the lipid content
of the skin and tear fluid were available.

Since the clinical and histopathological features of the
cat siblings from this study were similar to those described
by Yager et al. (2012), we genotyped ten additional cases
with similar phenotypic changes including one cat from the
Yager et al. (2012) study for the identified variant. All ten
additional cats were homozygous for the wildtype allele at
the SOATI:c.1531G > A variant. As already previously pro-
posed, the term sebaceous gland dysplasia does not represent
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a homogeneous condition, but rather the phenotypic expres-
sion of more than one disorder of sebaceous gland develop-
ment (Yager et al. 2012). Our genotyping results support
this statement and suggest genetic heterogeneity of this
phenotype.

In conclusion, we describe the clinical and histopatho-
logical findings of two kittens with sebaceous gland dys-
plasia. Whole-genome sequencing revealed a homozygous
candidate variant in SOATI, p.Gly511Arg, as a potential
and highly plausible underlying defect. Further studies are
required to evaluate the exact functional impact of the vari-
ant. Our results propose a new candidate gene for sebaceous
gland dysplasia phenotypes, which might be relevant for
future unsolved cases in veterinary and human medicine.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00438-023-02020-6.

Acknowledgements We would like to acknowledge all cat owners for
sample donation. We are very thankful for the sharing of samples and
data by pathologists (Dr. Mark E Robarge and Dr. Danielle R. Desjar-
dins—IDEXX Reference Laboratories, USA; Dr. Charles W. Bradley,
University of Pennsylvania School of Veterinary Medicine, USA) and
clinicians (Dr. Gloria Esbensen, USA, and Dr. Allison Gleadhill, UK).
We thank the Next Generation Sequencing Platform for performing the
WGS experiments and the Interfaculty Bioinformatics for providing
high performance computing infrastructure.

Author contributions Conceptualization, VKA and TL; investigation,
SK, BM and VKA; data curation, VJ; writing—original draft, SK, BM,
VKA and TL; writing—review and editing, SK, BM, VKA, MW, JAY,
VIJ and TL; supervision, TL All authors have read and agreed to the
published version of the manuscript.

Funding Open access funding provided by University of Bern. This
research was funded by the Swiss National Science Foundation, grant
number 310030_200354.

Data availability The genome sequence data were submitted to the
European Nucleotide Archive (ENA). All accession numbers are listed
in Table S2.

Declarations
Conflict of interest The authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


https://doi.org/10.1007/s00438-023-02020-6
http://creativecommons.org/licenses/by/4.0/

Molecular Genetics and Genomics

References

Bendl J, Stourac J, Salanda O, Pavelka A, Wieben ED, Zendulka J,
Brezovsky J, Damborsky J (2014) PredictSNP: robust and accu-
rate consensus classifier for prediction of disease-related muta-
tions. PLoS Comput Biol 10:¢1003440. https://doi.org/10.1371/
journal.pcbi. 1003440

Butovich IA (2017) Meibomian glands, meibum, and meibogenesis.
Exp Eye Res 163:2-16. https://doi.org/10.1371/journal.pcbi.
100344010.1016/j.exer.2017.06.020

Butovich IA, Wilkerson A, Yuksel S (2021) Depletion of cholesteryl
esters causes Meibomian gland dysfunction-like symptoms in a
Soatl-null mouse model. Int J Mol Sci 22:1583. https://doi.org/
10.3390/ijms22041583

Choi Y, Chan AP (2015) PROVEAN web server: a tool to predict the
functional effect of amino acid substitutions and indels. Bioin-
formatics 31:2745-2747. https://doi.org/10.1093/bioinformatics/
btv195

de Sepibus M, Biihler I, Hauser B, Meier D (2004) Feline idiopathische
murale Follikulitis mit einer Sebadenitis. Schweiz Arch Tierheilkd
146:89-91. https://doi.org/10.1024/0036-7281.146.2.89

Ehrmann C, Schneider MR (2016) Genetically modified laboratory
mice with sebaceous glands abnormalities. Cell Mol Life Sci
73:4623-4642. https://doi.org/10.1007/s00018-016-2312-0

Geueke A, Niemann C (2021) Stem and progenitor cells in sebaceous
gland development, homeostasis and pathologies. Exp Dermatol
30:588-597. https://doi.org/10.1111/exd.14303

Gross TL, Olivry T, Vitale CB, Power HT (2001) Degenerative muci-
notic mural folliculitis in cats. Vet Dermatol 12:279-283. https://
doi.org/10.1046/j.0959-4493.2001.00229.x

Guan C, Niu Y, Chen SC, Kang Y, Wu JX, Nishi K, Chang CCY,
Chang TY, Luo T, Chen L (2020) Structural insights into the
inhibition mechanism of human sterol O-acyltransferase 1 by a
competitive inhibitor. Nat Commun 11:2478. https://doi.org/10.
1038/541467-020-16288-4

Jagannathan V, Drogemiiller C, Leeb T, Dog Biomedical Variant Data-
base Consortium (DBVDC) (2019) A comprehensive biomedical
variant catalogue based on whole genome sequences of 582 dogs
and eight wolves. Anim Genet 50:695-704. https://doi.org/10.
1111/age.12834

Kasabalis DM, Mylonakis E, Patsikas MN, Petanides T, Koutinas AF
(2017) Paraneoplastic exfoliative erythroderma in a cat with thy-
moma. J Hell Vet Med Soc 62:229-234. https://doi.org/10.12681/
jhvms.14854 .

Kiener S, Cikota R, Welle M, Jagannathan V, Ahman S, Leeb T (2021)
A missense variant in SLC39A4 in a litter of Turkish Van cats
with acrodermatitis enteropathica. Genes (basel) 12:1309. https://
doi.org/10.3390/genes12091309

Linek M, Riifenacht S, Brachelente C, von Tscharner C, Favrot C, Wil-
helm S, Nett C, Mueller RS, Mayer U, Welle M (2015) Nonthy-
moma-associated exfoliative dermatitis in 18 cats. Vet Dermatol
26:40-e13. https://doi.org/10.1111/vde.12169

Long T, Sun Y, Hassan A, Qi X, Li X (2020) Structure of nevanimibe-
bound tetrameric human ACAT1. Nature 581:339-343. https://
doi.org/10.1038/541586-020-2295-8

Meiner VL, Cases S, Myers HM, Sande ER, Bellosta S, Schambelan M,
Pitas RE, McGuire J, Herz J, Farese RV Jr (1996) Disruption of
the acyl-CoA:cholesterol acyltransferase gene in mice: evidence
suggesting multiple cholesterol esterification enzymes in mam-
mals. Proc Natl Acad Sci 93:14041-14046. https://doi.org/10.
1073/pnas.93.24.14041

Montagna W (1967) Comparative anatomy and physiology of the skin.
Arch Dermatol 96:357-363

Pascal-Tenorio A, Olivry T, Gross TL, Atlee BA, Thrke PJ (1997) Para-
neoplastic alopecia associated with internal malignancies in the
cat. Vet Dermatol 8:47-52. https://doi.org/10.1111/j.1365-3164.
1997.tb00263.x

Pejaver V, Urresti J, Lugo-Martinez J, Pagel KA, Lin GN, Nam HJ,
Mort M, Cooper DN, Sebat J, Iakoucheva LM, Mooney SD, Radi-
vojac P (2020) Inferring the molecular and phenotypic impact
of amino acid variants with MutPred2. Nat Commun 11:5918.
https://doi.org/10.1038/s41467-020-19669-x

Picardo M, Ottaviani M, Camera E, Mastrofrancesco A (2009) Seba-
ceous Gland Lipids. Dermatoendocrinol 1:68-71. https://doi.org/
10.4161/derm.1.2.8472

Rottenberg S, von Tscharner C, Roosje PJ (2004) Thymoma-associated
exfoliative dermatitis in cats. Vet Pathol 41:429-433. https://doi.
org/10.1354/vp.41-4-429

Scott DW (1989) Adenite sebacée pyogranulomateuse sterile chez un
chat. Point Vet 21:7-11

Scott DW, Yager JA, Johnston KM (1995) Exfoliative dermatitis in
association with thymoma in three cats. Feline Pract 23:8-13

Shamloul G, Khachemoune A (2021a) An updated review of the seba-
ceous gland and its role in health and diseases Part 1: embryology,
evolution, structure, and function of sebaceous glands. Dermatol
Ther 34:e14695. https://doi.org/10.1111/dth.14695

Shamloul G, Khachemoune A (2021b) An updated review of the seba-
ceous gland and its role in health and diseases Part 2: pathophysi-
ological clinical disorders of sebaceous glands. Dermatol Ther
34:e14862. https://doi.org/10.1111/dth.14862

Singh A, Boston SE, Poma R (2010) Thymoma-associated exfoliative
dermatitis with post-thymectomy myasthenia gravis in a cat. Can
Vet J 51:757-760

Trigg MJ (1972) Hair growth in mouse mutants affecting coat texture.
J Zool 168:165-198. https://doi.org/10.1111/j.1469-7998.1972.
tb01346.x

Wu B, Potter CS, Silva KA, Liang Y, Reinholdt LG, Alley LM, Rowe
LB, Roopenian DC, Awgulewitsch A, Sundberg JP (2010) Muta-
tions in sterol O-acyltransferase 1 (Soatl) result in hair interior
defects in AKR/J mice. J Invest Dermatol 130:2666-2668. https://
doi.org/10.1038/jid.2010.168

Yager JA, Gross TL, Shearer D, Rothstein E, Power H, Sinke JD, Kraus
H, Gram D, Cowper E, Foster A, Welle M (2012) Abnormal seba-
ceous gland differentiation in 10 kittens (‘sebaceous gland dys-
plasia’) associated with generalized hypotrichosis and scaling.
Vet Dermatol 23:136-e30. https://doi.org/10.1111/j.1365-3164.
2011.01029.x

Zhu T, Wang Z, Zou T, Xu L, Zhang S, Chen Y, Chen C, Zhang W,
Wang S, Ding Q, Xu G (2021) SOAT1 promotes gastric cancer
lymph node metastasis through lipid synthesis. Front Pharmacol
12:769647. https://doi.org/10.3389/fphar.2021.769647

Zouboulis CC (2010) Die Talgdriise. Hautarzt 61:467—477. https://doi.
org/10.1007/s00105-009-1894-y

Zouboulis CC, Coenye T, He L, Kabashima K, Kobayashi T, Niemann
C, Nomura T, Olah A, Picardo M, Quist SR, Sasano H, Schnei-
der MR, Tor6csik D, Wong SY (2022) Sebaceous immunobiol-
ogy - skin homeostasis, pathophysiology, coordination of innate
immunity and inflammatory response and disease associations.
Front Immunol 13:1029818. https://doi.org/10.3389/fimmu.2022.
1029818

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1371/journal.pcbi.1003440
https://doi.org/10.1371/journal.pcbi.1003440
https://doi.org/10.1371/journal.pcbi.100344010.1016/j.exer.2017.06.020
https://doi.org/10.1371/journal.pcbi.100344010.1016/j.exer.2017.06.020
https://doi.org/10.3390/ijms22041583
https://doi.org/10.3390/ijms22041583
https://doi.org/10.1093/bioinformatics/btv195
https://doi.org/10.1093/bioinformatics/btv195
https://doi.org/10.1024/0036-7281.146.2.89
https://doi.org/10.1007/s00018-016-2312-0
https://doi.org/10.1111/exd.14303
https://doi.org/10.1046/j.0959-4493.2001.00229.x
https://doi.org/10.1046/j.0959-4493.2001.00229.x
https://doi.org/10.1038/s41467-020-16288-4
https://doi.org/10.1038/s41467-020-16288-4
https://doi.org/10.1111/age.12834
https://doi.org/10.1111/age.12834
https://doi.org/10.12681/jhvms.14854
https://doi.org/10.12681/jhvms.14854
https://doi.org/10.3390/genes12091309
https://doi.org/10.3390/genes12091309
https://doi.org/10.1111/vde.12169
https://doi.org/10.1038/s41586-020-2295-8
https://doi.org/10.1038/s41586-020-2295-8
https://doi.org/10.1073/pnas.93.24.14041
https://doi.org/10.1073/pnas.93.24.14041
https://doi.org/10.1111/j.1365-3164.1997.tb00263.x
https://doi.org/10.1111/j.1365-3164.1997.tb00263.x
https://doi.org/10.1038/s41467-020-19669-x
https://doi.org/10.4161/derm.1.2.8472
https://doi.org/10.4161/derm.1.2.8472
https://doi.org/10.1354/vp.41-4-429
https://doi.org/10.1354/vp.41-4-429
https://doi.org/10.1111/dth.14695
https://doi.org/10.1111/dth.14862
https://doi.org/10.1111/j.1469-7998.1972.tb01346.x
https://doi.org/10.1111/j.1469-7998.1972.tb01346.x
https://doi.org/10.1038/jid.2010.168
https://doi.org/10.1038/jid.2010.168
https://doi.org/10.1111/j.1365-3164.2011.01029.x
https://doi.org/10.1111/j.1365-3164.2011.01029.x
https://doi.org/10.3389/fphar.2021.769647
https://doi.org/10.1007/s00105-009-1894-y
https://doi.org/10.1007/s00105-009-1894-y
https://doi.org/10.3389/fimmu.2022.1029818
https://doi.org/10.3389/fimmu.2022.1029818

	SOAT1 missense variant in two cats with sebaceous gland dysplasia
	Abstract
	Introduction
	Materials and methods
	Ethics statement
	Clinical and histopathological examinations
	Animal selection for genetic analyses
	DNA extraction
	Whole genome sequencing and variant calling
	Targeted genotyping

	Results
	Clinical history
	Histopathological examination
	Genetic analysis

	Discussion
	Anchor 16
	Acknowledgements 
	References


