Received: 24 January 2023 Accepted: 10 March 2023

'.) Check for updates

DOI: 10.1111/age.13319

SHORT COMMUNICATION

ANIMAL GENETICS RYVTRo%

SDRIC7 missense variant in a Chihuahua with non-epidermolytic

ichthyosis

Abstract

Ichthyoses represent a heterogeneous group of
cornification disorders that are associated with
skin barrier defects. We investigated a 9-month-
old Chihuahua showing excessive scale formation.
Clinical and histopathological examinations revealed
non-epidermolytic ichthyosis and a genetic defect
was suspected. We therefore sequenced the genome
of the affected dog and compared the data with 564
genetically diverse control genomes. Filtering for
private variants identified a homozygous missense
variant in SDR9C7, c454C>T or p.(Argl52Trp).
SDRYC?7 is a known candidate gene for ichthyosis in
humans and encodes the short-chain dehydrogenase/
reductase family 9C member 7. The enzyme is involved
in the production of a functional corneocyte lipid
envelope (CLE), a crucial component of the epidermal
barrier. Pathogenic variants in SDR9C7 have been
described in human patients with autosomal recessive
ichthyosis. We assume that the identified missense
variant in the affected Chihuahua of this study
impairs the normal enzymatic activity of SDRIC7
and thus prevents the formation of a functioning CLE,
resulting in a defective skin barrier. To the best of our
knowledge, this is the first report of a spontaneous
SDRIC7 variant in domestic animals.

Ichthyoses represent a group of genetic skin disorders
that are characterized by dry, thickened and scaly skin.
Various forms of ichthyosis have primary causes associ-
ated with skin barrier function (Akiyama, 2017; Akiyama
& Shimizu, 2008; Oji et al., 2010). The skin barrier is fun-
damental for protection from environmental insults and
maintaining body hydration (Mauldin & Elias, 2021).
During epidermal terminal differentiation transglutami-
nases crosslink protein products (e.g. loricrin, involucrin,
envoplacin, periplacin, small proline-rich protein fam-
ily) at the plasma membrane, resulting in the formation
of the cornified cell envelope. Subsequently, the inter-
cellular lipid bilayer, composed of ceramides, free fatty
acids, cholesterol, proteases and antimicrobial peptides,

forms. This lipid bilayer is connected to the cornified
envelope by the corneocyte lipid envelope (CLE), which
serves as a bond between these two structures. The CLE
is a monolayer mainly composed of acylceramides of
the EOS class (cerEOS), a combination of esterified w-
hydroxy ultra-long-chain fatty acids and sphingosines
(Akiyama, 2021).

A defective or absent CLE constitutes a prime struc-
tural defect in many diseases with impaired skin barrier
function (Akiyama, 2017; Elias et al., 2014). In human pa-
tients, several genes associated with either biosynthesis
or the processing of ceramides that form the CLE have
been described to cause different forms of ichthyosis
(Akiyama, 2021; Crumrine et al., 2019). Variants in two
of these genes, PNPLAI and A BHD5, have also been re-
ported in dogs with ichthyosis (Grall et al., 2012; Kiener
et al., 2022).

Next-generation sequencing technologies have seen
huge advances in recent years with concomitant de-
creases in sequencing costs. Whole genome sequencing,
with the ability to identify the underlying genetic de-
fect of inherited diseases, has become more accessible
in veterinary medicine (Leeb, Bannasch, et al., 2022a).
Together with clinical and histopathological examina-
tions, genetic investigations offer a unique opportunity
for a relatively fast and low-invasivity precise diagno-
sis, which in turn enables a more accurate prognosis
and potentially even targeted therapy (Leeb, Roosje,
etal., 2022b; Park et al., 2022). The objective of this study
was to clinically and histopathologically characterize a
cornification disorder in a Chihuahua and to investigate
a possible underlying genetic defect.

A 9-month-old Chihuahua was presented owing to
progressive abnormal scale formation since adoption at
3 months of age (Figure 1). On the first visit, the dog had
scales all over the haircoat, mild to moderate pruritus
associated with mild erythema and malodorous skin. A
trichogram did not show any Demodex spp. and a tape
test showed various Malassezia yeasts. Antiparasitic
treatment (Nexgard®, afoxolaner) and twice weekly
shampoos (Sebolytic® Zinc gluconate and Malaseb®,
miconazol) were prescribed. Fungal culture results were
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FIGURE 2 Histopathological findings. (a) Skin biopsy of the
affected dog. The epidermis is covered by a thick layer of compact
orthokeratotic keratin (arrow) which is extending into the follicular
ostia. The dermis is mildly edematous, the lymph vessels are dilated
and the number of mast cells is mildly increased in the superficial
dermis. (b) Skin biopsy of a control Chihuahua. The epidermis

is covered by basket-weave orthokeratotic keratin (arrow) which
represents the normal stratum corneum.

negative for dermatophytes and positive for Malassezia
pachydermatis (numerous colonies). A recheck was made
1 month later, when pruritus and erythema were absent,
but little improvement was noticed concerning the scale
formation.

Two 6mm skin punch biopsies were taken under
general anaesthesia and prepared for histopathological
examination. In both biopsies, the epidermis was multi-
focally mildly hyperplastic and covered by a thick layer
of mostly compact orthokeratotic keratin, which was
multifocally detaching from the epidermis. The compact

FIGURE 1 Clinical phenotype

of the Chihuahua affected with non-
epidermolytic ichthyosis. (a) The

dog presented with generalized scale
formation, clearly visible on the clipped
areas. (b) Scales were thick and large and
often adherent to the epidermis or the hair
shafts. Paw pads and claws were normal.
(c) Higher magnification of the clipped
area. The scales were white-gray, thick and
adhered to the hair coat. The edges were
often elevated.

keratin was extending into the follicular ostia. In addi-
tion, the superficial dermis was oedematous with ectac-
tic lymph vessels and a mildly increased number of mast
cells (Figure 2). These findings together with the clini-
cal history led to the diagnosis of a non-epidermolytic
ichthyosis.

Given the clinical and histopathological findings
together with the early age of the onset, an underlying
genetic defect was suspected. We therefore took EDTA
blood samples from the affected dog and its unaffected
full sibling and extracted genomic DNA with the Maxwell
RSC Whole Blood DNA Kit using a Maxwell RSC in-
strument (Promega). The affected dog's genome was se-
quenced at 25xcoverage on an Illumina Novaseq 6000
instrument. Mapping and variant calling with respect
to the UU_Cfam_GSD_1.0 reference genome assembly
were performed as described (Jagannathan et al., 2019).
Comparing the sequencing data with 564 canine control
genomes resulted in 143 heterozygous and eight homo-
zygous private protein changing variants (Tables S,
S2). Among these was a homozygous missense variant
in SDRYC7, which is a known functional candidate gene
for ichthyosis (Shigehara et al., 2016). The single nucle-
otide variant, Chrl0:1471341G>A (UU_Cfam_GSD_1.0)
or XM_038549505.1:c.454C>T, is predicted to change a
conserved arginine to a tryptophan, XP_038405433.1:p.
(Argl52Trp), removing a positive charge from the surface
of the protein (Figure S1). The amino acid exchange was
categorized as deleterious by the variant impact predic-
tors PROVEAN (Choi & Chan, 2015) and prREDICTSNP (Bendl
et al., 2014).

The genomic variant was located in a~14 Mb homozy-
gous segment (Chrl0:30014-13939246). Sanger sequenc-
ing confirmed the homozygous genotype in the affected
dog. The unaffected brother carried the mutant allele in
a heterozygous state and 38 control Chihuahuas from the
Vetsuisse Biobank were all homozygous wildtype.

Only recently, SDRY9C7 has been identified as
functional candidate gene for ichthyosis owing to its
essential role in the formation of the CLE. Several
causative variants in SDR9C7 have been reported in
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human patients with autosomal recessive congenital
ichthyosis (ARCI13; OMIM #617574; Hotz et al., 2018;
Karim et al., 2017; Mohamad et al., 2017; Mazereeuw-
Hautier et al., 2019; Seidl-Philipp et al., 2019;
Shigehara et al., 2016; Takeichiet al., 2017; Youssefian
et al., 2019). The clinical features described in these
human patients were characterized by silvery white
to brownish scales covering the entire body and in
some cases palmoplantar hyperkeratosis. In some
cases, the severity of the phenotype decreased with
age. Human patients with SDRY9C7 variants were
described to frequently suffer from recurrent fun-
gal infections and it was suggested that the dysfunc-
tional skin barrier facilitates this type of infection
(Takeichi et al., 2017).

The affected Chihuahua initially presented with a
Malassezia dermatitis, which could be successfully con-
trolled by antifungal topical therapy. The dermal edema
and the increased number of mast cells in the superficial
dermis were also compatible with an impaired skin bar-
rier function.

SDRYC?7 is encoding the short-chain dehydrogenase/
reductase family 9C member 7, which is involved in the
production of a functional CLE. The SDR9C7 enzyme
generates a highly reactive epoxy-enone that facilitates
covalent binding of oxidized acylceramide to cornified
cell envelope proteins (Takeichi et al., 2020). Studies in
human patients demonstrated that a missense variant,
Arg276Cys, resulted either in lower transcription or in an
unstable protein that was degraded rapidly in the differ-
entiated keratinocytes (Takeichi et al., 2020). Expression
of SDRIC7 in the skin of patients with another mis-
sense variant, [1e200Thr, was significantly decreased
compared with normal skin (Shigehara et al., 2016). We
therefore hypothesize that the identified missense vari-
ant in the affected Chihuahua, Argl52Trp, also impairs
the proper enzymatic activity of SDR9C7 and thus pre-
vents the formation of a functioning CLE, resulting in
a defective skin barrier. Such defects are known to play
an important role in the pathogenesis of various types of
ichthyosis (Akiyama, 2017).

The unaffected brother of the affected Chihuahua
carried the mutant allele in a heterozygous state and was
clinically completely normal. These results are consis-
tent with an autosomal recessive mode of inheritance
and suggestive of a recent inbreeding event.

In conclusion, this study describes the clinical, his-
topathological and genetic details of a Chihuahua with
ichthyosis. The identified homozygous missense variant
in SDRYC7 represents a plausible candidate causative
variant. To the best of our knowledge, this is the first
report of a spontaneous SDR9YC7 variant in a domestic
animal.

KEYWORDS

animal model, Canis lupus familiaris, dermatology, dog,
genodermatosis, precision medicine, skin, veterinary
medicine

ANIMAL GENETICS RYVTEEE

ACKNOWLEDGEMENTS

The authors would like to thank the dog owner for do-
nating samples and information. The authors also wish
to thank the Next Generation Sequencing Platform of
the University of Bern for performing whole-genome se-
quencing experiments and the Interfaculty Bioinformatics
Unit for providing high-performance computing infra-
structure. We acknowledge the DBVDC consortium, the
Dogl0K genomes project and all researchers who depos-
ited dog or wolf whole genome sequencing data into pub-
lic databases. This study was funded by the Swiss National
Science Foundation, grant number 310030_200354. Open
access funding provided by Universitat Bern.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interests.

FUNDING INFORMATION

This study was funded by grant 310030_200354 from the
Swiss National Science Foundation. Open access fund-
ing provided by Universitat Bern.

ETHICS STATEMENT

The dogs in this study were privately owned and samples
were collected with the consent of their owners. The col-
lection of blood samples from control dogs was approved
by the ‘Cantonal Committee For Animal Experiments’
(Canton of Bern; permit 71/19; approval date 9 September
2019). The collection of samples from the affected dog
was performed for diagnostic or therapeutic reasons
and did not constitute an animal experiment in the legal
sense. The biopsy for the control dog also represented a
diagnostic sample from the tissue archive of the Institute
of Animal Pathology, Vetsuisse Faculty, University of
Bern.

DATA AVAILABILITY STATEMENT

All data are freely available. Accessions for the whole ge-
nome sequence data are given in Table S1.

Sarah Kiener'
Eloy Castilla®
Vidhya Jagannathanl’2
Monika Welle**
Tosso Leeb'?

Unstitute of Genetics, Vetsuisse Faculty, University
of Bern, Bern, Switzerland

2DermFocus, University of Bern, Bern, Switzerland
3VetLulry SA, SwissVetGroup, Lutry, Switzerland
*Institute of Animal Pathology, Vetsuisse Faculty,
University of Bern, Bern, Switzerland

Correspondence

Tosso Leeb, Institute of Genetics, Vetsuisse
Faculty, University of Bern, 3001 Bern,
Switzerland.

Email: tosso.leeb@unibe.ch

B5UB017 SUOWILIOD BAIERID B|deot|dde 8U AG peueA0h 88 S3olie O ‘88N JO S3|NJ 0 A%iq 1T BUIIUO AB]I/M UO (SUOIPUOD-PUR-SLLIBY WD A8 | 1M Afe.d)[ou{UO//SdRY) SUORIPUOD pue W L 84} 885 *[£202/60/82] Uo ARiqIT8ullUO AB]IM ‘Ueg eysiBAIuN Ag 6TEET 9Be/TTTT OT/I0P/W0D A8 | AReiq1Bul UO//SdNY WO14 papeo|umoq ‘0 ‘250259ET


https://orcid.org/0000-0002-2714-2370
https://orcid.org/0000-0002-9386-3045
https://orcid.org/0000-0002-8155-0041
https://orcid.org/0000-0002-4876-5112
mailto:
https://orcid.org/0000-0003-0553-4880
mailto:tosso.leeb@unibe.ch

KIENER ET AL.

u—WlLEY ANIMAL GENETICS

ORCID

Sarah Kiener (© https://orcid.org/0000-0002-2714-2370

Eloy Castilla ‘© https://orcid.org/0000-0002-9386-3045
Vidhya Jagannathan © https://orcid.
org/0000-0002-8155-0041

Monika Welle (© https://orcid.org/0000-0002-4876-5112
Tosso Leeb (© https://orcid.org/0000-0003-0553-4880

REFERENCES

Akiyama, M. (2017) Corneocyte lipid envelope (CLE), the key struc-
ture for skin barrier function and ichthyosis pathogenesis.
Journal of Dermatological Science, 88, 3-9. Available from:
https://doi.org/10.1016/J.JDERMSCI.2017.06.002

Akiyama, M. (2021) Acylceramide is a key player in skin bar-
rier function: insight into the molecular mechanisms of
skin barrier formation and ichthyosis pathogenesis. The
FEBS Journal, 288, 2119-2130. Available from: https://doi.
org/10.1111/FEBS.15497

Akiyama, M. & Shimizu, H. (2008) An update on molecu-
lar aspects of the non-syndromic ichthyoses. Experimental
Dermatology, 17, 373-382. Available from: https:/doi.
org/10.1111/5.1600-0625.2007.00691.x

Bendl, J., Stourac, J.,, Salanda, O., Pavelka, A., Wieben, E.D.,
Zendulka, J. et al. (2014) PredictSNP: robust and accurate con-
sensus classifier for prediction of disease-related mutations.
PLoS Computational Biology, 10, €1003440.

Choi, Y. & Chan, A.P. (2015) PROVEAN web server: a tool to pre-
dict the functional effect of amino acid substitutions and indels.
Bioinformatics, 31, 2745-2747.

Crumrine, D., Khnykin, D., Krieg, P., Man, M.-Q., Celli, A., Mauro,
T.M. et al. (2019) Mutations in recessive congenital ichthyo-
ses illuminate the origin and functions of the corneocyte lipid
envelope. Journal of Investigative Dermatology, 139, 760-768.
Available from: https://doi.org/10.1016/j.jid.2018.11.005

Elias, P.M., Gruber, R., Crumrine, D., Menon, G., Williams, M.L.,
Wakefield, J.S. et al. (2014) Formation and functions of the
corneocyte lipid envelope (CLE). Biochimica et Biophysica
Acta, 1841, 314-318. Available from: https://doi.org/10.1016/J.
BBALIP.2013.09.011

Grall, A., Guaguere, E., Planchais, S., Grond, S., Bourrat, E.,
Hausser, 1. et al. (2012) PNPLA1 mutations cause autosomal
recessive congenital ichthyosis in golden retriever dogs and hu-
mans. Nature Genetics, 44, 140-147. Available from: https://doi.
org/10.1038/ng.1056

Hotz, A., Fagerberg, C., Vahlquist, A., Bygum, A., Térmi, H.,
Rauschendorf, M.-A. et al. (2018) Identification of mutations
in SDRIC7 in six families with autosomal recessive congen-
ital ichthyosis. British Journal of Dermatology, 178, ¢207-e2009.
Available from: https://doi.org/10.1111/bjd.15994

Jagannathan, V., Drégemiiller, C., Leeb, T. Dog Biomedical Variant
Database Consortium (DBVDC). (2019) A comprehensive bio-
medical variant catalogue based on whole genome sequences
of 582 dogs and eight wolves. Animal Genetics, 50, 695-704.
Available from: https://doi.org/10.1111/age.12834

Karim, N., Murtaza, G. & Naeem, M. (2017) Whole-exome sequenc-
ing identified a novel frameshift mutation in SDR9C7 under-
lying autosomal recessive congenital ichthyosis in a Pakistani
family. British Journal of Dermatology, 177, e191-e192. Available
from: https://doi.org/10.1111/bjd.15535

Kiener, S., Wiener, D.J., Hopke, K., Diesel, A.B., Jagannathan, V.,
Mauldin, E.A. et al. (2022) ABHDS5 frameshift deletion in
Golden retrievers with ichthyosis. G3 Genes|Genomes|Genetics,
12, jkab397. Available from: https://doi.org/10.1093/g3journal/
jkab397

Leeb, T., Bannasch, D. & Schoenebeck, J.J. (2022a) Identification of
genetic risk factors for monogenic and complex canine diseases.
Annual Reviews of Animal Biosciences, 11, 183-205. Available
from: https://doi.org/10.1146/annurev-animal-050622-055534

Leeb, T., Roosje, P. & Welle, M. (2022b) Genetics of inherited skin
disorders in dogs. The Veterinary Journal, 279, 105782. Available
from: https://doi.org/10.1016/j.tvjl.2021.105782

Mauldin, E.A. & Elias, P.M. (2021) Ichthyosis and hereditary cornifi-
cation disorders in dogs. Veterinary Dermatology, 32, 567-el154.
Available from: https://doi.org/10.1111/VDE.13033

Mazereeuw-Hautier, J., Severino-Freire, M., Gaston, V., Texier, H.,
Vincent, M., Aubert, H. et al. (2019) Identification of mutations
in SDRIC7 in three patients with autosomal recessive congeni-
tal ichthyosis. Acta Dermato Venereologica, 100, 1-2. Available
from: https://doi.org/10.2340/00015555-3359

Mohamad, J., Malchin, N., Shalev, S., Sarig, O. & Sprecher, E. (2017)
ARCI7 revisited and repositioned. Journal of Investigative
Dermatology, 137, 970-972. Available from: https://doi.
org/10.1016/j.jid.2016.12.008

Oji, V., Tadini, G., Akiyama, M., Blanchet, B.C., Bodemer, C.,
Bourrat, E. et al. (2010) Revised nomenclature and classifi-
cation of inherited ichthyoses: results of the first ichthyosis
consensus conference in Soréze 2009. Journal of the American
Academy of Dermatology, 63, 607-641. Available from: https://
doi.org/10.1016/j.jaad.2009.11.020

Park, J.S., Saeidian, A.H., Youssefian, L., Kondratuk, K.E., Pride,
H.B., Vahidnezhad, H. et al. (2022) Inherited ichthyosis as a
paradigm of rare skin disorders: genomic medicine, pathogen-
esis, and management. Journal of the American Academy of
Dermatology. S0190-9622(22)02444-6. Available from: https://
doi.org/10.1016/j.jaad.2022.08.012. Online ahead of print.

Seidl-Philipp, M., Schossig, A.S., Moosbrugger-Martinz, V., Zschocke,
J., Schmuth, M. & Gruber, R. (2019) Impaired epidermal barrier
in autosomal recessive congenital ichthyosis (ARCI) caused by
missense mutations in SDR9C7 in two Austrian sisters. JDDG:
Journal Der Deutschen Dermatologischen Gesellschaft, 17, 742—
745. Available from: https://doi.org/10.1111/ddg.13843

Shigehara, Y., Okuda, S., Nemer, G., Chedraoui, A., Hayashi, R.,
Bitar, F. et al. (2016) Mutations in SDR9C7 gene encoding an
enzyme for vitamin a metabolism underlie autosomal recessive
congenital ichthyosis. Human Molecular Genetics, 25, 4484—
4493. Available from: https://doi.org/10.1093/hmg/ddw277

Takeichi, T., Nomura, T., Takama, H., Kono, M., Sugiura, K.,
Watanabe, D. et al. (2017) Deficient stratum corneum intercel-
lular lipid in a Japanese patient with lamellar ichthyosis with
a homozygous deletion mutation in SDRIC7. British Journal
of Dermatology, 177, e62-e64. Available from: https:/doi.
org/10.1111/BJD.15315

Takeichi, T., Hirabayashi, T., Miyasaka, Y., Kawamoto, A., Okuno,
Y., Taguchi, S. et al. (2020) SDRIC7 catalyzes critical dehydro-
genation of acylceramides for skin barrier formation. Journal of
Clinical Investigation, 130, 890-903. Available from: https://doi.
org/10.1172/JCI1130675

Youssefian, L., Vahidnezhad, H., Saeidian, A.H., Touati, A.,
Sotoudeh, S., Mahmoudi, H. et al. (2019) Autosomal reces-
sive congenital ichthyosis: genomic landscape and phenotypic
spectrum in a cohort of 125 consanguineous families. Human
Mutation, 40, 288-298. Available from: https://doi.org/10.1002/
humu.23695

SUPPORTING INFORMATION

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

B5UB017 SUOWILIOD BAIERID B|deot|dde 8U AG peueA0h 88 S3olie O ‘88N JO S3|NJ 0 A%iq 1T BUIIUO AB]I/M UO (SUOIPUOD-PUR-SLLIBY WD A8 | 1M Afe.d)[ou{UO//SdRY) SUORIPUOD pue W L 84} 885 *[£202/60/82] Uo ARiqIT8ullUO AB]IM ‘Ueg eysiBAIuN Ag 6TEET 9Be/TTTT OT/I0P/W0D A8 | AReiq1Bul UO//SdNY WO14 papeo|umoq ‘0 ‘250259ET


https://orcid.org/0000-0002-2714-2370
https://orcid.org/0000-0002-2714-2370
https://orcid.org/0000-0002-9386-3045
https://orcid.org/0000-0002-9386-3045
https://orcid.org/0000-0002-8155-0041
https://orcid.org/0000-0002-8155-0041
https://orcid.org/0000-0002-8155-0041
https://orcid.org/0000-0002-4876-5112
https://orcid.org/0000-0002-4876-5112
https://orcid.org/0000-0003-0553-4880
https://orcid.org/0000-0003-0553-4880
https://doi.org/10.1016/J.JDERMSCI.2017.06.002
https://doi.org/10.1111/FEBS.15497
https://doi.org/10.1111/FEBS.15497
https://doi.org/10.1111/j.1600-0625.2007.00691.x
https://doi.org/10.1111/j.1600-0625.2007.00691.x
https://doi.org/10.1016/j.jid.2018.11.005
https://doi.org/10.1016/J.BBALIP.2013.09.011
https://doi.org/10.1016/J.BBALIP.2013.09.011
https://doi.org/10.1038/ng.1056
https://doi.org/10.1038/ng.1056
https://doi.org/10.1111/bjd.15994
https://doi.org/10.1111/age.12834
https://doi.org/10.1111/bjd.15535
https://doi.org/10.1093/g3journal/jkab397
https://doi.org/10.1093/g3journal/jkab397
https://doi.org/10.1146/annurev-animal-050622-055534
https://doi.org/10.1016/j.tvjl.2021.105782
https://doi.org/10.1111/VDE.13033
https://doi.org/10.2340/00015555-3359
https://doi.org/10.1016/j.jid.2016.12.008
https://doi.org/10.1016/j.jid.2016.12.008
https://doi.org/10.1016/j.jaad.2009.11.020
https://doi.org/10.1016/j.jaad.2009.11.020
https://doi.org/10.1016/j.jaad.2022.08.012
https://doi.org/10.1016/j.jaad.2022.08.012
https://doi.org/10.1111/ddg.13843
https://doi.org/10.1093/hmg/ddw277
https://doi.org/10.1111/BJD.15315
https://doi.org/10.1111/BJD.15315
https://doi.org/10.1172/JCI130675
https://doi.org/10.1172/JCI130675
https://doi.org/10.1002/humu.23695
https://doi.org/10.1002/humu.23695

	SDR9C7 missense variant in a Chihuahua with non-­epidermolytic ichthyosis
	Abstract
	ACKNO​WLE​DGE​MENTS
	CONFLICT OF INTEREST STATEMENT
	FUNDING INFORMATION
	ETHICS STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


