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Abstract

Autoimmune disorders result from the immune system attacking and damaging its healthy cells because
of an acquired immune system malfunction. Vitiligo is an example of an autoimmune disorders. It is a
common depigmentation skin disorder with an estimated prevalence of 0.5-2% of the population
worldwide. It is shown by selective loss of melanocytes causing non- scaly, chalky-white macules.
Individuals with vitiligo often have other autoimmune disorders or first-degree relatives with at least
one other autoimmune disorder. This study aimed to identify genetic variants in selected genes in
individuals with vitiligo and their unaffected close relatives who have other autoimmune disorders.
Upon DNA extraction, whole exome sequencing was performed, and five non- major histocompatibility
complex (MHC) genes were analysed. Identified variants were annotated on Ensembl Variant Effect
Predictor (VEP)and compared between individuals with vitiligo and their close relatives with and
without autoimmune disorders in a family-specific manner. Eight variants were identified in two
families, however, the three missense variants in the NLRP1 gene (rs12150220, rs11651270, and
rs2301582) were observed between and across two families in individuals with autoimmune disorders.
SMOC?2 rs13208776, was identified as a risk locus for vitiligo in individuals from two Romanian isolate
villages with vitiligo and other autoimmune disorders. None of the genotyped individuals were
homozygous for the minor allele (A) and 2/12 individuals were heterozygous therefore it is unlikely
that rs13208776 has any role in the development of vitiligo or any of the autoimmune disorders present
in the two families. This study showed that NLRP1 gene variants segregated with vitiligo and

autoimmune disorders.
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Abstract

Autoimmune disorders result from the immune system attacking and damaging its healthy cells because
of an acquired immune system malfunction. Vitiligo is an example of an autoimmunedisorder. It is a
common depigmentation skin disorder with an estimated prevalence of 0.5-2% of the population
worldwide. It is shown by selective loss of melanocytes causing non- scaly, chalky-white macules.
Individuals with vitiligo often have other autoimmune disorders or first-degree relatives with at least
one other autoimmune disorder. This study aimed toidentify genetic variants in selected genes in
individuals with vitiligo and their unaffected close relatives who have other autoimmune disorders.
Upon DNA extraction, whole exome sequencing was performed, and five non- major histocompatibility
complex (MHC) genes were analysed. Identified variants were annotated on Ensembl Variant Effect
Predictor (VEP)and compared between individuals with vitiligo and their close relatives with and
without autoimmune disorders in a family-specific manner. Eight variants were identified in two
families, however, the three missense variants in the NLRP1 gene (rs12150220, rs11651270, and
rs2301582) were observed between and across two families in individuals with autoimmune disorders.
SMOC?2 rs13208776, was identified as a risk locus for vitiligo in individuals from two Romanian isolate
villages with vitiligo and other autoimmune disorders. None of the genotyped individuals were
homozygous for the minor allele (A) and 2/12 individuals were heterozygous therefore it is unlikely
that rs13208776 has any role in the development of vitiligo or any of the autoimmune disorders present
in the two families. This study showed that NLRP1 gene variants segregated with vitiligo and

autoimmune disorder.
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Introduction

Autoimmune disorders (AID’s) are caused by the immune system attacking and damaging its healthy
cells because of an acquired immune system malfunction (Frisoli et al., 2020). AID’s are caused by a
complex interaction of genetic and environmental factors (Narita et al., 2011). They are usually
identified by the presence of antibodies in the body, which attack specific self-cells by binding to their

receptors, resulting in cell lysis and, ultimately, disease pathogenesis (lannella et al., 2016).

AID’s include Hashimoto's disease, psoriasis, rheumatoid arthritis (RA), and vitiligo (Baldini et al.,
2017). Co-occurrence of at least two AID’s has been observed in people with an autoimmune disorder
and/or their first-degree relatives (Richard-Eaglin et al., 2018). This study revealed that at least 30% of
vitiligo patients have other AID’s, and many studies on vitiligo patients from various populations have
revealed a strong epidemiological link with several AIDs. Gopal and colleagues (2014) found
individuals with vitiligo often also had diabetes mellitus and/or hypothyroidism (thyroid dysfunction)
which are all AID’s. This implies that common genetic factors underlie the pathogenesis of AID’s, as
well as a common genetic background that predisposes them to autoimmunity (Gill et al., 2016). Most
AID’s have a genetic cause linked to genes in the major histocompatibility complex (MHC), but non-
MHC genes have also been strongly associated with AIDs susceptibility (lannella et al., 2016,
Patwardhan et al., 2013).

Vitiligo is a skin disorder caused by melanocyte loss, which results in skin depigmentation in the
affected areas (Ezzedine et al., 2011, Rajendiran et al., 2020). It is the most common disorder of the
skin with roughly 70 million people affected globally (lannella et al., 2016). Vitiligo has a worldwide
prevalence of approximately 0.5-2% in adults and children (lannella et al., 2016, Gopal et al 2014)
affecting all ethnic groups. Vitiligo’s average age of onset is usually before 30 years of age (Silverberg
etal., 2015).

Vitiligo is clinically classified into two main types: segmental vitiligo (SV) and non-segmental vitiligo
(NSV)) and an additional type called unclassified vitiligo (Baldini et al., 2017). NSV accounts for a
bulk of vitiligo cases and the depigmentation is bilateral, it spreads throughout the body (Ezzedine et
al., 2011), whilst SV has unilateral depigmentation that does not cross the midline (Baldini et al., 2017)

with earlier age of onset as compared to NSV (Ezzedine et al., 2011).

The complex interaction of genetic and environmental factors is the main cause of vitiligo (Frisoli et
al., 2020). The heritability of vitiligo is 50-75% across various populations (Alkhateeb et al., 2003). It
also shows a modest correlation in which patients' first-degree relatives have higher rates of vitiligo

and other AID’s than the general population (Alkhateeb et al., 2003). The concordance of vitiligo was



found to be 23% in identical twins (Czajkowski et al., 2014). Common genetic variants account for 70%
while rare genetic variants account for 30% of the genetic risk with the development of vitiligo (Spritz,
& Santorico, 2021).

Non-major histocompatibility complex (MHC) loci have been identified as risk factors amongthe
genetic factors involved in the development of the vitiligo immune response and they may also increase
the risk of various AlIDs (Garcia-Melendez et al., 2014). Five non-major histocompatibility complex
(non-MHC) genes were chosen and analyzed for mutations that could be the cause of vitiligo and other
AIDs in two families. Thus, this study aims to identify genetic variants in selected non-major
histocompatibility complex (MHC) genes of individuals with vitiligo and their unaffected close relatives

who have other autoimmune disorders.

Through findings of association studies and family studies, genetic factors are known to play important
roles in vitiligo (Shen et al., 2016). Genome-wide association studies (GWAS) haveidentified more than
40 robust susceptible loci associated with vitiligo (Shen etal., 2016). The SPARC Related Modular
Calcium Binding 2 (SMOC?2) gene on 6g27wssidentified as a risk locus for vitiligo in individuals with
vitiligo and other AIDs from two adjacent Romanian isolate villages (Alkhateeb et al., 2010). It encodes
the SMOC2 protein which is found in the epidermis' basal layer and promotes the attachment of primary
keratinocytes (Alkhateeb et al., 2010). The SMOC2 rs13208776 variant, located in intron 4 of the
SMOC2 gene (Shen et al., 2016) was found to be associated with vitiligo in Romanians. This association,
however, was not found in Jordanians (Shen et al., 2016). In Jordanian women, the rs13208776 SNP had a
marginal association with Hashimoto's disease (Alkhateeb, et al., 2013). Thus, SMOC2 rs13208776
SNP was genotyped in this study to determine if this variant is present in two South African families of

Indian descent affected by vitiligo and other autoimmune disorders.

The aim of this study was to identify genetic variants in selected non-MHC genes of individuals with
vitiligo and their unaffected close relatives who have other autoimmune disorders. The pedigrees for
Families 1 and 2 are suggestive of a shared mutations (mutation found in both families) that are probably
high impact, family-specific and show an autosomal dominant mode of inheritance with incomplete
penetrance and segregate insuccessive generations. The mutation/s are likely to be pleiotropic, but the

mutations could be the same in both families or be family specific.

Materials and Methods
Participants
This research project forms part of the umbrella project “The genetic aetiology of vitiligo in Africans”,

approved by the University of Witwatersrand Human Research Ethics Committee (HREC, M200504).



This is a sub-study of the umbrella project and was approved by the University of the Witwatersrand
Human Research Ethics Committee HREC (M200504, M220389, Appendix C).

Nine individuals of Indian descent from two families with vitiligo across multiple generationswere
included in the study. For Family 1 (Figure 1), six individuals were included in the study;a proband with
vitiligo 11-1 (VIT113) and other autoimmune disorders, her unaffected mother I1-2 (VIT113E), and
unaffected fraternal twin 111-2 (VIT113D), her unaffected cousin 111-12 (VIT113B whose father has
vitiligo) along with a sister (111-6 (VIT13C) ) who has psoriasis and rheumatoid arthritis (RA) and
another with eczema, cafe au lait spots and unclassified skin allergies I11-4 (VIT113G). A nuclear family
(Family 2) with a male proband VI-1 (VIT118) with vitiligo and Hashimoto disease, his mother V-2
(VIT118B) who has Hashimoto disease, and his father V-1 (VIT118A) who has alopecia were also
included. The nine individuals and an additional three individuals, 111-8 (VIT113F), VIT113l, and
VIT113H from Family 1 were also genotyped for the SMOC2 rs13208776 SNP.

DNA extraction

DNA was extracted from venous blood using the salting out method (Miller et al., 1988). The GenFind
V3 50 prep kit method (Seipp, et al., 2010) was also used to extract samples that had not been
successfully extracted with the salting out method (111-1(VIT113A), 111-6 (VIT113C).The DNA quality
was assessed using gel electrophoresis (0.8% agarose gel). The quality and quantity (concentration of
DNA per ul) of the DNA was assessed using the Nanodrop™2000 (ThermoFisher Scientific) to
determine the concentration and A260/A280 and A260/A230 ratios.
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Figure 1: Pedigree of Family 1. The probands’(II1-1) maternal side shows multigenerational tracking of vitiligo and various autoimmune diseases.
The individuals with a VIT ID shown by the red blocks are used in this study. Individuals 11-2 (VIT 113E), the proband I11-1 (VIT 113A), Il1I-4 (VIT
113G), 111-6 (VIT 113C), I11-12 (VIT113B) were used for exome sequencing, and in addition to these individuals, 111-2 (VIT113D), 111-8 (VIT113F)
VIT113D, VIT113H and VIT113I were genotyped for the SMOC2 rs13208776 SNP. The disorder key is indicated at the bottom of the image.
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Figure 2: Pedigree of Family 2. The probands’ (VI- 1) maternal side shows multigenerational tracking
of vitiligo. The individuals with a VIT ID are used in this study. Individuals V-1(VIT 18B), V-2 (VIT
118A), and the proband, VI-1 (VIT118) are used for exome sequencing and SMOC2 rs13208776.

Whole exome sequencing

DNA was quantified using the Qubit Broad Range assay on the Qubit 2.0 fluorometer (Thermofisher
Scientific). Samples were then diluted to 100ng/ul and quantified using the Qubit High Sensitivity assay
(Thermofisher Scientific). The libraries were then generated usingthe lon Exome AmpliSeq Exome
RDY kit (Thermofisher Scientific) according to the manufacturer’s instructions. Libraries were
guantified using the Tape Station (Thermofisher Scientific) or quantitative polymerase chain reaction
(gPCR) (TagMan, Quantistudio 3™, Thermofisher Scientific) and diluted to 100 ng/ul. The libraries
were templated using the lon Chef ™ system on 540 chips (Thermofisher Scientific). Two libraries
were loaded per chip. Exomes generated from templating were then sequenced using the lon Torrent S5

machine (Thermofisher Scientific).



Data analysis

After sequencing, the variant call format (VCFs) and the Binary Alignment/Map (BAM) files were
downloaded from the lon TorrentTM software (Thermorfisher Scientific). VCFs were uploaded and
annotated using the lon Torrent Reporter software (Thermorfisher Scientific). The lon Torrent Reporter
software filtered the variants according to the gene symbols of our interests which are PTPN22, CTLA4,
IKZF4, NLRP1, and TNFAIP3 (Table 1). The filtered VCFs were then downloaded from lon Torrent
Reporter (Thermofisher Scientific) and were uploaded and annotated on Ensembl Variant Effect
Predictor (VEP) ( GRCh37.p13). The annotated files from the VEP were downloaded in the TXT format
and opened using MicrosoftExcel. The variants were filtered down on Microsoft excel according to the
consequences (frameshift, nonsense, missense, and splice site mutations). The Integrative Genomics
Viewer (IGV) software were used to visualize reads using BAM files to confirm the variants and assess

the sequencing coverage and depth using the IGV 1.11.1 software.

Variants that met the filtering criteria were considered as those that could potentially lead to vitiligo
and other AIDs. The filtering criteria were as follows; 1. variants in one of the five non-MHC genes
(PTPN22, CTLA4, IKZF4, NLRP1, and TNFAIP3). 2. met the consequences criteria (frameshift,
nonsense, missense, and splice site mutations). 3. had allele frequencies of or less than 0.01 or was
novel. Variants were analyzed further to detect potentially functional variants and compared amongst

the family members and across two families.

Table 1: non-MHC genes associated with Vitiligo and other autoimmune
diseases analysed in this study

Non-MHC genes Function Reason References
Protein tyrosine Gives instructions for making a protein that |It has been associated |Huraib et al.,
phosphatase nonreceptor|belongs to the PTP (protein tyrosine with vitiligo, RA, T1D,|2020

type 22 phosphatases) family. SLE Garcia et al.
(PTPN22) 2014

IKARQOS family zinc
finger 4

(IKZF4)

It encodes the protein IKAROS that
negatively regulates the immune system.

Has been associated
with vitiligo and

Alopecia °

Tang et al., 2012

Tumor necrosis factor-
a—induced protein 3

(TNFAIP3)

Regulates crucial stages in immune cell

homeostasis, such as NF-xB activation and
apoptosis.

Has been associated

with vitiligo, RA, SLE,
and T1D

Martins et al.,
2020

Fung et al., 2009

cytotoxic T-lymphocyte-
associated protein 4
(CTLA4)

It functions as an immune checkpoint and
downregulates the immune responses.

Has been associated
with vitiligo and RA,
MS, SLE, T1D

Birlea et al.,
2009

NACHT leucine-rich-
repeat protein 1

(NLRP1)

It encodes a member of the Ced-4 family of
apoptosis proteins that help in protein-to-

protein interaction formation.

Has been associated

with vitiligo, psoriasis,
SLE, RA

Alkhateeb et al.,
2010

Jin et al., 2007

RA- rheumatoid arthritis; SLE- systemic lupus erythematosus; MS- multiple sclerosis; T1D- type 1 diabetes

6




SMOC2 rs13208776 genotyping

Samples from both families were quantified and normalized to 20 ng/pl. The samples were then
genotyped using TagMan Assay (Thermofisher scientific) for SPARC Related Modular Calcium
Binding 2 (SMOC2) SNP and were analyzed for genotypes using the Quantstudio 3 Software

(Thermofisher Scientific).

Results

The DNA integrity, quality, and quantity were within the expected ranges. Libraries were generated
and whole exome sequencing on nine DNA samples was successfully performed. The libraries were
sequenced separately, however, they all produced good data which can be reliable as shown in Appendix
A.

Thirty-eight variants from both Family 1 and 2 were found in the five selected genes (TNFAIP3, NLRP1,
PTPN22, CTLA4, and IKZF4). Of the 38 variants identified, six were missense variants, two were
frameshift variants, 16 were synonymous, four were intronic variants, two were 3- prime-UTR variants,
two were regulatory variants, two were upstream gene variants, and four were splice NMD-transcript

variant, further shown in Figure 3.

Consequences of the variants identified

42%

O Missense Frameshift synonymous
Intronic [ 3-prime UTR Regulatory
O Upstream @ Splice NMD transcript

Figure 3: Consequences of the variants identified on five selected genes. Thirty-eight
variants from all sequenced individuals in both Family 1 and 2 were identified before
filtering down according to the selected consequences (missense, nonsense, frameshift,

and splice site mutations).



The filtering criteria for the variants were: 1. variants in one of the five non-MHC genes (PTPN22,
CTLA4, IKZF4, NLRP1, and TNFAIP3). 2. met the consequences criteria (frameshift, nonsense,
missense, and splice site mutations). 3. had allele frequencies of less than 0.01 or was novel. Eight
variants that met our selection criteria of potential functional impact were seen in Family 1 and Family
2. Six were missense and two were frameshift variants (Figure 4). Of the selected five non-MHC genes,
only 4 genes had variants that met the filtering criteria: NLRP1, PTPN22, CTLA4, and IKZF4 (Table
2).

In Family 1, seven variants were identified in both affected and unaffected individuals. Six missense
variants (of the six variants, three were common missense variants identified in affected individuals)
and one frameshift variant was identified in unaffected individual of Family 1 (Figure 4a). Four variants
were identified in individuals of Family 2. Three were missense variants and one was a frameshift
variant seen on only the proband (Figure 4b). Three missense variants identified in affected individuals

of Family 1 are the same missense variants also seen in Family 2 (Table 3).

Consequences of variants in Family 1

M missense

B frameshift

(@)

Consequences of variants in Family 2

B missense

B frameshift

(b)

Figure 4: Consequences of variants identified in Family 1 and Family 2. Five out of eight
sequenced participants were from Family 1 and three from Family 2. (a) Six variants
seen in Family 1 were missense variants and one was a frameshift variant identified in an
unaffected individual. Of the six missense variants, three were shared in all affected
individuals and the other three missense variants were in unaffected individuals. (b) Four
variants were identified in Family 2. Three were missense variants and one was a frameshift
variant identified in only the proband.



Table 2: Variants, genotypes, and the consequences for individuals with and without autoimmune disorders of Family 1 and Family 2.

\VVariant Consequence |Genes [Co-ordinates [Family 1 Family 2

-1 11-12 11-6 -2 -2 -4 VI-1 /-1 \/-2

(VIT113A) |(VIT113B) [(VIT113C) |(VIT113D) |(VIT113E) |(VIT113G) [(VIT118) |(VIT118A) |(VIT118B)
rs11651270 Missense NLRP1 |17:5425077 [Y (CIT) N Y(CIT) N N Y(CIT) Y(C/T) [Y(CIT) Y(CI/T)
rs2301582 Missense NLRP1 [17:5436263 |Y(T/C) N Y(T/C) N N Y(T/C) Y(T/C) N Y(T/C)
rs12150220 Missense NLRP1 |17:5485367 [|Y(T/A) N Y(T/A) N N N Y(T/A) N Y(T/A)
rs114529583 Missense NLRP1 |17: 5467544 [N N N Y (G/A) N N N N N
rs231775 Missense CTLA4 |2:2047391235 [N N N N Y(A/T) N N N N
rs2476601 Missense PTPN22 [1:114377568 |N N N Y(CI/T) Y(CIT) N N N N
rs754906377 Frameshift PTPN22 [1:114391235 |N N N N N N Y (G/Delet [N N

ion)
ENST00000547791.1:c.317del [Frameshift IKZF4 12:56420725 [N Y (C/Deleti N N N N N N N
on)

Bolded are the individuals with no autoimmune disorders. Y- indicates that individuals have the variant, and N- indicates that individuals donot have the variant.

Table 3: Variants observed in both families

\Variant Consequence Gene Family 1 Family 2
rs11651270 Missense NLRP1 3/6 3/3
rs2301582 Missense NLRP1 3/6 2/3
rs12150220 Missense NLRP1 2/6 2/3




Variants identified in all affected individuals

Family 1

Individuals with vitiligo and /or autoimmune disorders (111-1 (VIT113A), 1l1-4 (VIT113G), and I11-6
(VIT113C) shared NLRP1 variants (rs12150220, rs11651270, and rs2301582) and those without any
autoimmune disorders did not have any variants that were seen in individuals with vitiligo and/or
autoimmune disorders. Individual 111-4 (VIT113G) has two variants, rs11651270 and rs2301582 and
individual 111-6 (VIT113C) has three variants, rs12150220, rs11651270, and rs2301582. These variants
(rs12150220, rs11651270, and rs2301582) were shared amongst individuals with various autoimmune

disorders including the proband. Genotypes for the variants are shown in the pedigree in Figure5.

Family 2

The proband VI-1 (VIT118) has four variants, rs754906377, rs11651270, rs2301582 and rs12150220.
The rs754906377 variant is in the PTPN22 gene and is frameshift variant. The proband’s mother V-2
(VIT118B) has rs11651270, rs2301582 and rs12150220 and the proband’s father V-1 (VIT118A) has
one variant, rs11651270 (Figure 5).

10
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Key:
i ﬂ Vitiligo E Hashimoto E Alopacia

b.
Figure 5: Family 1 and Family 2 pedigrees with genotypes in the four genes (NLRP1, PTPN22,

CTLA4, and IKZF4) that met the selection criteria. (a) Pedigree of Family 1 with all sequenced
individual’s genotypes in the four genes. (b) Pedigree of Family 2 with the proband and his parents with
genotypes in genes that met the selection criteria. NLRP1 variants, rs12150220, rs11651270,
rs114529583, and rs2301582, PTPN22 variants rs2476601 and rs754906377, CTLA4 variants rs231775
and IKZF4 variant ENST00000547791.1:c.317del genotypes are shown in both figures.. Genotypes are

shown under each individual.

Variants shared in both families
All identified variants that met the filtering criteria for a consequence are in Table 2. Three variants
(rs12150220, rs11651270 and rs2301582) in the NLRP1 gene were observed within both Family 1 and

Family 2 in individuals with vitiligo and/or autoimmune disorders (figure 5).
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Variants identified in Individuals without autoimmune disorders

The mother of Family 1°s proband 11-2 (VIT113E), the twin sister (non-identical, 111-2 (VIT113D), and
the cousin I11-12 (VIT113B) are all unaffected individuals. They do not harbour any of the variants seen
in any of the affected individuals (Figure 5a). The mother 11-2 (VIT113E) and the non-identical twin
sister have the rs2476601 variant located in the PTPN22 gene, both in the heterozygous state. In
addition, the mother also has the rs231775 variant located in the CTLA4 gene in the heterozygous state.
The probands cousin 111-12 (VIT113B), who has a father with vitiligo but is herself unaffected, has a
(novel) ENST00000547791.1:c.317del frameshift variant in the IKZF4 gene.

SMOC2 SNP genotyping results

All genotyped individuals of Family 1 (nine individuals) were homozygous (A/A) for the SNP. In Family
2, the proband VI-1 (VIT118) and his mother V-2 (VIT118B) were heterozygous (A/G) and the father
V-1 (VIT118A) was homozygous for allele 2 (A) as shown in Figure 6.

Allelic Discrimination Plot

an

Hllels 2

0.5

>

0.1 0.z 0.3 0.4 0.5 () 0.7 0.8
Allele 1

= Homozygous Allele 1/allele 1 ® Homozygous Allele 2/allele 2
s Heterozygous allele 1 /allele 2 >XUndetermined

Figure 6: Allele discrimination plot for rs13208776 for Family 1 and Family 2. All individuals of Family 1
and the father (I-1(VIT118A) from family 2 were homozygous (A/A, blue circle) for the rs13208776 SNP.
Individuals VI-1 (VIT118) and V-2 (VIT118B) were heterozygous (A/G, green circle (Allele 1/Allele 2).

Nine participants from two unrelated families of Indian descent were sequenced in this study. A total of
eight variants that met our selection criteria were identified in both affected and unaffected individuals
of both families. Four variants were found on the NLRP1 gene, three were found in affected individuals

while one variant was found an unaffected individual, and they were all missense mutations. Two
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variants in affected and unaffected individuals were found in thePTPN22 gene. A missense variant on
the CTLA4 gene and one frameshift variant on the IKZF4 gene were also identified. A total of 12
individuals from two Indian families were genotyped for SMOC2 SNP. All individuals of Family 1 were
homozygous.

Discussion

This study aimed to identify genetic variants in selected non-MHC genes (NLRP1, IKZF4, CTLA4,
PTPN22, and TNFAIP3) in individuals of Indian descent with vitiligo and their close relatives who
have other autoimmune disorders or were unaffected using whole-exome sequencing. Most genetic
studies have been conducted in European and East Asian (Chinese and Japanese) populations, with very
few studies in Indian populations and none in African populations (Campbell et al., 2008, Popejoy et
al., 2016) hence little is known about the genetics of vitiligo and its’genetic interactions with other
autoimmune disorders in Indian and African populations. However, previous studies show that
individuals with vitiligo often have other autoimmune disorders or first-degree relatives with at least
one other autoimmune disorder (Alkhateeb et al., 2003, LaBerge et al., 2008). The pedigrees for
Families 1 and 2 are suggestive of a shared mutation or mutations that are probably family-specific and
show an autosomal dominant mode of inheritance with incomplete penetrance. The mutation/s is likely

to be pleiotropic in that the same mutations cause different disorders in different people.

NLRP1 gene variants in affected individuals of Family 1 and Family 2

NLRP1 missense variants, rs12150220, rs2301582, and rs11651270, were found in affected individuals
of both Family 1 and Family 2. NLRP1 rs12150220 is a deleterious missense mutation variant that has
been previously associated with vitiligo, systemic lupus erythematosus (SLE), and thyroid disease in a
Norwegian population (Magitta et al., 2009). NLRP1 rs12150220 was identified as a decreased risk
polymorphism for autoimmune disorders associated with vitiligo such as T1D and SLE in the Caucasian
population, in the United Statesby reducing the activity of the abnormal NLRP1 protein which could be
because of its genotype A/T (Li et al., 2017). This genotype was not found to be associated with
increased risks of developing vitiligo; however, the major allele A was found to be positively associated
with a high risk of vitiligo- associated autoimmune disorders such as T1D, and SLE while the rare minor
allele T is said to be protective against vitiligo (Li et al., 2017). The rs12150220 variant was found to
have an allele frequency of 0.03 in both the Southern Asian population (Indian population) and the

African population.
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Missense NLRP1 rs2301582 variant of mutation has a moderate impact and an allele frequency of 0.07
in the African population and 0.02 in the Asian (Indian) population. The rs2301582 variant was found
to be associated with vitiligo phenotype and T1D, RA, psoriasis, pernicious anaemia, and thyroid
disease (Hashimoto disease) in individuals of European descent from the United Kingdom and the
United States (Jin et al., 2007).

Missense variant rs11651270 has been associated with autoinflammatory arthritis, dyskeratosis
congenital (a rare telomere disease that results in bone marrow failure), and T1D in the Chinese Han
population (Sun et al., 2019). Moreover, rs11651270 was associated with asthma in the Brazilian
population (Leal etal., 2017). The rs11651270 variant was found with an allele frequency of 0.48 in the

African and 0.27 in the Indian population.

The NLRP1 gene is located on chromosome 17g13, consisting of 17 exons. It is considered a protein-
encoding member of the Ced-4 family of apoptosis proteins which serves as a structural framework for
protein-protein interaction formation (Alkhateeb et al., 2010). It is expressed at the highest level in the
brain however, also in the skin cells, keratinocytes which plays a role in repairing skin and controlling
cutaneous immune response (Kummer et al., 2007). NALP1 protein is also expressed at a high level in
immune cells, particularly T cells and Langerhans' cells, which is consistent with NALP1's involvement
in skin autoimmunity (Jin et al., 2007).

It consists of three domains (NACHT domain, six leucine-rich repeats (LRR) domains, and function-
to-find domain (FIIND), and two terminals (amino terminal PYD and carboxyterminal CARD)
(Kummeret al., 2007). NLRP1 gene also functions as an inflammasome, controlling the activation of
protease caspase-1 which stimulates macrophages and monocytes (Kummer et al., 2007). Stimulation
of macrophages and monocytes is associated with inflammatory responses which can result in various
autoimmune disorders (Kummer et al., 2007). NLRP1 variants found in affected individuals in this
current study may be inherited and segregate together as a haplotype and be co-associated with different

disorders. Moreover, they could be pleiotropic, causing different disorders in different individuals.
NLRP1 rs114529583 found on the unaffected individual of Family 1

NLRP1 rs114529583, a missense variant found in the unaffected twin sister (111-2(VI1T113D) of the
proband (111-1 (VIT113A) in Family 1 has not been associated with any phenotypes, however, it has an
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allele frequency of 0.01 in the African population and 0.0 in the Indian population. This shows that the

variant may be rare but not cause any disorder.

PTPN22 gene Variants found on the affected proband of Family 2 and unaffected individuals of
Family 1

The missense variant rs2476601 was found in non-affected individuals of Family 1 (the proband’s non-
identical twin sister, I11-2 (VIT113D), and their mother 11-2 (VIT113E). The variant changes the nucleic
acid cytosine to thymidine (C1858T) changing the amino acid Arginine to Tryptophan (Huraib et al.,
2020).

PTPN22 rs2476601 has been associated with RA, SLE, and T1D in the European population from the
United States and the United Kingdom (Saevarsdottir et al., 2020) and with vitiligo in individuals of
European descent from the United Kingdom (LaBerge et al., 2008). This variant, rs2476601 was also
found to be associated with vitiligo in the European population, United Kingdom, however, it was only
found as a risk factor for vitiligo in Romanian, North American, South Indian Tamin, and Mexican
populations but it was not found to be associated with vitiligo or as a risk factor for vitiligo in the Asian
population (Hurabet al., 2020). Furthermore, PTPN22 rs2476601 was not significantly associated with
vitiligo in Egyptian females (EImongy et al., 2013) and Jordanian (Alkhateeb et al., 2010), Turkish, and
Indian Gujarat populations (Laddha et al., 2008). These contradictions of the PTPN22 gene variant in
the literature indicate that ethnic groups play a role in the susceptibility (Huraibet al., 2020), yet it was

identified in unaffected individuals.

This rs2476601 variant is common in the Indian population with the allele frequency of 0.48. This adds
the knowledge that the rs2476601 variant is basically common in Indian populations. rs754906377, a
missense variant with an allele frequency of 0.27 in the Indian population was found in the affected

proband of Family 2 VI-1 (VIT118), however, it has not been associated with any phenotype.

The PTPN22 gene contributes to the genetic risk associated with autoimmune disorders including
vitiligo (LaBerge et al., 2008, Tizaoui et al., 2021) by negatively regulating the T cell receptor which
regulates the innate immune system (Bottini et al., 2014) through tyrosine phosphatase protein it
encodes. This protein increases the activity of the LYP protein which then inhibits the signaling of the

T Cell resulting in autoimmunity (Huraib et al., 2020). This protein is expressed by the cells of the
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immune system (lymphocytes -T cells and B cells) thus influencing the immune malfunction and
ultimately autoimmunity (Tizaoui et al., 2021). In Colombian families, the PTPN22 rs2476601 was
associated with T1D (Rodriguez et al., 2015). The PTPN22 gene is a convincing gene for the
contribution towards autoimmune disorders yet the variants identified in this gene were identified in

unaffected individuals.

CTLAA4 variant found in the unaffected individual in Family 1

CTLA4 had a missense rs231775 variant found in unaffected mother 11-2 (VIT113E) of the proband of
Family 1. VIT113E was heterozygous for the with the very rare T allele that has only been
observed in East Asian at a very frequency (5.442e-05) (Auton et al., 2015). This allele has not
been associated with any phenotypes as it is ultra-rare. However, the more common variant allele (G)
not found to be associated with any autoimmune disorder in individuals of European descent of the
United States (LaBerge et al., 2008) but found to be associated with Graves’ disease in Han Chinese
(Tuetal., 2017). The rs231775 T variant was found in an unaffected individual and not in any affected
individuals in this current study and there is no evidence of this very rare allele being associated with
any phenotypes thus it is unlikely to be involved in disease susceptibility in individuals of Indian

descent.

A novel variant found in the IKZF4 gene in an unaffected individual in Family 1

A novel frameshift mutation (ENST00000547791.1:¢c.317del) was identified an unaffected individual
(1-12 (VIT113B)) in Family 1 on the IKZF4 gene. This gene produces a transcription factor, EOS
protein acts as a T cell-negative regulator of the immune system (Miao et al., 2022). Variants in this
gene could lead to a lack of protein production which could result in autoimmunity (Miao et al., 2022).

IKZF4 was strongly associated with early childhood T1D (Lempainen et al., 2013).

No variant in the TNFAIP3 gene that met the filtering criteria

Variants in the TNFAIP3 gene in our participants did not meet the selection criteria consequences. This
gene encodes an enzyme that negatively regulates inflammation (Lodolce et al., 2010). Unregulated
inflammation leads to damaged cells which can resultin autoimmunity. Previously identified variants
in the TNFAIP3 gene, rs6920220 and rs1800972 are risk polymorphisms for vitiligo in Egyptian patients
(Saleh et al., 2022).

Major allele SMOC2 SNP found in most individuals
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The SMOC?2 gene encodes an extracellular calcium-binding glycoprotein with an unknown function
(Shen et al., 2016), however, the SMOC2 SNP rs13208776 has been linked with vitiligo in European
people of north Romania and it was also found to be associated with RA and T1D (Birlea et al., 2010).
From our study, we observed the minor allele of SMOC2 SNP in two individuals of the same family.
Thus, it is highly unlikely to contribute to the vitiligo phenotype or other immune disorders because all

the individuals that have vitiligo have not been tracked with this allele.

Autoimmune disorders are caused by both genetic and environmental components (LaBerge et al., 2008).
All variants are found on genes that respond to the immune system, and the genes are also shown to be
the common genetic loci for immune disorders (Martins et al., 2020). Moreover, we sequenced non-
identical twin sisters whom we assume grew up in the same environment but one (the proband) has
vitiligo and other autoimmune disorders while the twin sister does not have any autoimmune disorders.
This suggests that manifestation of the proband’s disorders was mainly influenced by her genetics,
which have been associated with vitiligo and other autoimmune disorders. Our results showed common
variants within family members with vitiligo and/or various autoimmune disorders. The variants could
be pleiotropic hence, the same variants can result in various autoimmune disorders in different

individuals, or the identified variants have nothing to do with the development of autoimmune disorders.

Limitations
The study only had nine participants which is a relatively small sample size. Thus, it is limited by the

study sample size. Noncoding regions were not sequenced because our study was only looking at coding
regions. Additionally, only five non-MHC genes were analysed and if variants in other genes were
present and contribute to disease, they were missed. Due to time constraints, variants were not validated
using Sanger sequencing. The SMOC2 SNP was genotyped using the TagMan genotyping assay.
Although this assay is very accurate, there is a small chance genotypes may be called incorrectly using

this protocol.

Haplotype analysis allows for grouping of a set of variants that are often inherited together. Three SNPs
in the NLRP1 gene found in all individuals with an autoimmune disorder in both families. These SNPs
may form haplotypes, but this was not assessed in this study. Thus, assessing the co-segregation of
haplotypes with autoimmune disorders could have been informative as to whether haplotypes in the

NRPL1 gene segregate with autoimmune disorders.
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Conclusion

We sequenced nine participants from two unrelated families of Indian descent. A total of eight variants
that met our selection criteria were identified in both affected and unaffected individuals of both
families. Four variants were found on the NLRP1 gene, three were found in affected individuals while
one variant was found on unaffected, and they were all missense mutations. Two variants in affected
and unaffected individuals were found in the PTPN22 gene. A missense variant on the CTLA4 gene

and one frameshift variant on the IKZF4 gene were also identified.

Variants that met our selection criteria were found in 4 out of 5 genes we had selected. The potentially
pathogenic variants in Family 1 were not passed down from the mother as we had hypothesized, but in
Family 2, they seem to have been passed from the parents to the child, suggesting that the mutations are
pleiotropic. This study showed that individuals with various autoimmune disorders have common
variantsinthe NLRP1 gene suggesting that the NLRP1 variants may have segregated with vitiligo and
other autoimmune disorders within family members. In SMOC2 SNP genotyping, we managed to
genotype and analyse individuals that are heterozygous and homozygous (A/A) for the SNP
rs13208776. The SMOC?2 effect allele was not passed down with vitiligo or autoimmune disease in
family 1 suggesting that it is unlikely to contribute to susceptibility for vitiligo in this Indian family,
however, further research in a larger Indian population is required as it will be more effective and

enhance the statistics data.

Only five genes were investigated in two families. However, exome sequencing was conducted in this
study therefore variant data from other genes is available for analysis. For future studies, other genes
could be analysed to identify any coding variants that segregate with the disorders in each or both

families. Additionally, more families could be added to the study to increase the size.
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Appendix A

A plugin summary showing the quality of the sequencing run of all samples (sequenced) and

the number of variants produced.

Sequencing plugin summary Table

ISP Usable
Run ] Polyclonal
VIT ID Variants | > Q20 loading sequence %)
no. ()
(%) (%)
-1(VIT113A)) |21,479 3,045,194,211
| 89 43 45
I1- 6(VIT113C) 26,324 6,718,923,558
2 11-2(VIT113E) 36,681 7,675,610,762 |92 68 27
1-4(VIT113G) 15,511 2,565,802,181
3 82 3 49
V-1(VIT118A) 25,425 4,001,626,653
4 I-12(VIT113B) | 33,125 879,015,184 81 4 33
5 VI-1(VIT118) 33,449 8,568,754,449 |78 45 29
I1-2(VIT113D) 33,577 7,347,185,930
6 94 56 39
V-2(VIT118B) 30,970 6,007,704,709
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YNOPSIS OF RESEARCH NTINUED

Autoimmune disorders result from the immune system attacking and damaging its own healthy cells because ofan acquired
immune system malfunction. Hashimoto’s disease, psoriasis, rheumatoid arthritis including vitiligo are examples of
autoimmune disorders. Vitiligo is a common depigmentation skin disorder with an estimated prevalence of 0.5-2% of the
population worldwide. The disease is characterized by the selective loss of melanocytes which results in non-scaly, chalky-
white macules and is classified into two types, nonsegmental vitiligo and segmental vitiligo based on the distribution of
vitiligo lesions across the body. All ethnic groups and both adults and children can be affected by vitiligo. Vitiligo results
from complex interactions between several genetic and environmental factors. Individuals with vitiligo or some first-degree

relatives often have at least oneother autoimmune disorder.

Genome-wide association studies (GWAS) identified 50 genetic loci that confer risk for vitiligo, and many of these loci are
associated with other autoimmune diseases. Polymorphisms in HLA-A confer the most significantgenetic risk of vitiligo and
other risk factors for vitiligo also relate to antigen presentation (HLA-DRB1/DQA1, CPVL). HLA genes directly present
antigen and CPVL is a peptidase involved in antigen processing. Genetic polymorphisms likely predispose patients to
autoimmune dysregulation, and melanocyte abnormalities, they initiate pathologic killing of melanocytes. Environmental
triggers then act upon genetically predisposed individuals to help initiate and amplify vitiligo. The aim of this study is to
identify genetic variants in selected genes in individuals with vitiligo and their unaffected close relatives who have other
autoimmune disorders. Fivenon-MHC genes are selected for analysis. DNA will be extracted. Exome sequencing will be
performed, and bioinformatics will be performed to annotate identified variants. Potential variants will be compared between

individuals with vitiligo and their close relatives with and without autoimmune disorders in a family-specific manner.
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1. Introduction
Autoimmune disorders result from the immune system attacking and damaging its healthy cells

because of an acquired immune system malfunction (Frisoli et al., 2020). Autoimmunedisorders are
caused by a complex interaction of genetic and environmental factors (Narita et al., 2011).
Autoimmune disorders are the 3™ most common disease category after heart diseases and cancer, they
have prevalence of 8% in the general population with a high incidence in women (Ezzedine et al.,
2015). The onset of autoimmune disorders is usually during childbearing years for women, which is
between 14 — 44 years (Ramos et al., 2015).

Autoimmune disorders are distinguished by the presence of antibodies that attack specific self-cells by
binding to their receptors, leading to cell lysis and, eventually, disease pathogenesis (lannella et al.,
2016). Antibody-mediated cell lysis also involves macrophages(Baldini et al., 2017). Macrophages are
long-lived cells that use phagocytosis to provide significant security against aggressive events (lannella
et al., 2016).

Hashimoto’s disease, psoriasis, rheumatoid arthritis, and vitiligo are examples of autoimmune
disorders (Baldini et al., 2017). Co-occurrence of at least two autoimmune disorders in people who
have an autoimmune disorder and/or their first-degree relatives (Richard-Eaglin et .al, 2018) has been
observed. For example, people with vitiligo, a skin depigmentation autoimmune disorder, usually have
another autoimmune disorder or their close relatives have one or more autoimmune disorders (Baldini
et al., 2017). This suggests that there are common genetic factors underlying the pathogenesis of

autoimmune disorders.

1.1 Genetics of autoimmune disorders
Autoimmune disorders have a common predisposing genetic background that leads to autoimmunity
(Gill et al., 2016). The genetic cause or susceptibly for many autoimmune disorders has been linked to
genes in the major histocompatibility complex (MHC) but non- MHC genes have also been implicated

in susceptibility for autoimmune disorders (lannella etal., 2016).

2. Vitiligo
Vitiligo is a skin disorder, caused by the loss of melanocytes which leads in depigmentation of the
affected areas of the skin (Ezzedine et al., 2011). Melanocytes are the skin cells that produce melanin
protein, that gives the skin colour (Frisoli et al., 2020). Despite the absenceof physical discomfort such
as pain, vitiligo can have a negative impact on patients causing mental health issues affecting their self-

esteem and affected individuals experiencing depression (Rasagna et al., 2019).
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Vitiligo is clinically classified into two main types, segmental vitiligo (SV) and non-segmental vitiligo
(NSV), based on the distribution of vitiligo lesions across the body (Baldini et al., 2017)and an
additional type called unclassified vitiligo. SV has unilateral depigmentation that doesnot cross the
midline of the body whereas NSV has bilateral depigmentation, it spreads all over the body (Ganapathy
etal., 2017). SV has an earlier age of onset as compared to NSV (Ezzedine et al., 2011). Each of these
types have subtypes. NSV, also called generalized vitiligo (the most common type of vitiligo) includes
vitiligo vulgaris, vitiligo universals, and acrofacial vitiligo (Ezzedine et al., 2011, Baldini et al., 2017).
SV includes focal vitiligo and mucosal vitiligo (Ezzedine et al., 2011, Baldini et al., 2017). The dermal
phenotypic expression difference between vitiligo subtypes is critical for prognosis and determining the
treatment approaches (Spritz & Santorico, 2021). Segmental vitiligo onset, natural course, and response

differ from non-segmental vitiligo (lannella et al., 2016).

Vitiligo is the most common skin disorder, affecting approximately 70 million people worldwide
(lannella et al., 2016). Vitiligo has a prevalence of approximately 0.5-2% of the population in adults
and children worldwide (lannella et al., 2016). Vitiligo affects all ethnicsgroups. The average age of

onset of vitiligo is 30 years of age (Narita et al., 2011).

2.1. Vitiligo and other autoimmune diseases

Patients' first-degree relatives have higher rates of vitiligo and autoimmune disorders than the general
population (Gill et al., 2016). At least 30% of patients with vitiligo were found to have other
autoimmune disorders (lannella et al., 2016). Several studies of vitiligo patients from different
populations have revealed a strong epidemiological association with several other autoimmune
disorders particularly autoimmune thyroid disease (Hashimoto’s disease),rheumatoid arthritis, adult-
onset type 1 diabetes mellitus, psoriasis, pernicious anaemia, and Addison’s diseases to name a few
(Gill et al., 2016; Narita et al., 2011).

2.2 Causes of vitiligo

Vitiligo results from selective loss of melanocytes which leads to depigmentation of skin withchalky
white macules (Frisoli et al., 2020). Melanocyte death in vitiligo is mainly caused by self-reactive
immune function (Frisoli et al., 2020). An autoimmune reaction is usually triggered or enhanced by the
abnormal T helper and incompetent regulatory T cells of innateimmunity and CD8+ cytotoxic T
lymphocytes eventually kill melanocytes, which result in vitiligo (Frisoli et al., 2020). This reaction is
triggered by environmental stimuli, but genetic factors are said to account for a larger proportion of the

risk of developing vitiligo (Roberts etal., 2019).
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Vitiligo is caused by the complex interplay between genetic and environmental factors.

Ultraviolet (UV) radiation, pollution, microorganisms together with metabolic and oxidative stress
and cell detachment abnormalities are examples of environmental causes (Frisoli etal., 2020).

2.2.1. Genetics of vitiligo

Vitiligo has a high heritability of 50-85% across different populations (Roberts et al., 2019). Italso has
a modest concordance where patients' first-degree relatives have higher rates of vitiligo and
autoimmune disorders with 6% in siblings and 23% in identical twins of Europeandescent (lannella et
al., 2016). Common genetic variants account for 70% of the genetic riskwith the development of vitiligo
while rare genetic variants account for 30% of the genetic risk with the development of vitiligo (Narita
etal., 2011).

2.2.1.1 Genome-wide linkage and candidate gene association studies

Autoimmune susceptibility loci (AlS) association with vitiligo have been linked with vitiligo
through genome-wide linkage analysis. AIS1 and AlIS2 are also involved T cell receptor repertoire
and immune cell associated apoptosis which indicates the critical effects of abnormal immune
system has in vitiligo pathogenesis (Chang et al., 2017).

2.2.1.2 Genome-wide association studies

Genetic polymorphisms likely predispose patients to autoimmune dysregulation, and melanocyte
abnormalities (Chen et al., 2021). Genome-wide association studies (GWAS) identified approximately
50 genetic loci that confer risk for vitiligo, and many of these loci areassociated with other autoimmune
diseases (Roberts et al., 2019). Polymorphisms in Humanleukocyte antigen A (HLA-A) confer the most
significant genetic risk of vitiligo and other risk factors for vitiligo also relate to antigen presentation
(Shen et al., 2016). Some of the MHC and non-MHC genes associated with vitiligo and other
autoimmune disorders identified by GWAS are shown in table 1 below.
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Table 1: Selected MHC and Non-MHC genes associated with autoimmune disorders.

Disorders MHC | Non-MHC | References
genes | genes

Rheumatoid Arthritis

Vitiligo, Systemic Lupus Erythematosus, | DDR1 | PTPN22 Silva et al., 2010 and Huraib et al.,2020

Vitiligo, rheumatoid arthritis, SLE XBP1 | NALP1 Birlea et al., 2011 and
Alkhateeb et al., 2010

Vitiligo, Gravesdisease, Systemic lupus | HLA | CTLA4 Xi et al.,, 2018 and
erythematosus, Type | diabetes, -A Birlea S et al., 2009
rheumatoid arthritis

2020 and Markovic et al., 2020

Vitiligo, Rheumatoid arthritis TSLP | TNFAIP3 Birlea et al., 2011, Martins et al.,

DDR1- discoidin domain receptor tyrosine kinase 1, PTPN22- Protein tyrosine phosphatasenon-
receptor type 22, XBP1- X-box binding protein 1, NALP1- NACHT leucine-rich-repeat protein 1,
HLA-A- human leukocyte antigens A, CTLA4- cytotoxic T-lymphocyte-associated protein 4, TSLP-
Thymic Stromal Lymphopoietin, TNFAIP3- TNF Alpha Induced Protein 3

2.2.1.3 Non-major histocompatibility complex genes to be analysed in this study
Five non-major histocompatibility complex (non-MHC) genes will be analysed for mutationsthat
might be causative for vitiligo and other autoimmune disorders present in the two families that will

be included in the current study.

The Protein tyrosine phosphatase non-receptor type 22 (PTPN22) gene is located on chromosome 1p13
and provides instructions for making a protein that belongs to the PTP (protein tyrosine phosphatases)
family (Huraib et al., 2020). PTP protein regulates the cell signals (Huraib et al., 2020). PTPN22 SNP
rs2476601 has been associated with the development of vitiligo with GWAS in individuals of European
descent and has been reportedto have a strong association with graves’ disease, psoriasis, rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), diabetes type 1 and Hashimoto’s disease (Garcia et
al.,2014). IKAROS family zinc finger 4 (IKZF4) gene located in 12q13 chromosome which encodes
the lkaros protein that regulates the development of the immune cells (Tang et al., 2012). IKZF4 has
been associated with vitiligo in Chinese Han population and GWAS found rs10876864 SNP to be
strongly associated with type 1 diabetes and alopecia (Tang et al., 2012).

Tumor necrosis factor-a—induced protein 3 (TNFAIP3) located on chromosome 12q24, regulates
crucial stages in immune cell homeostasis, such as necrosis factor kB (NF-kB) activation and apoptosis
(Martins et al., 2020). TNFAIP3 is associated with vitiligo, RA, SLE, T1D locus (Fung et al., 2009).
The cytotoxic T-lymphocyte-associated protein 4 (CTLA4) located at 2q33 chromosome functions as
an immune checkpoint and downregulates immune responses (Birlea, S et al., 2009). CTLA4 rs231775

SNP has been associated with
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thyroid disease, psoriasis, SLE, alopecia and T1D (Birlea, et al., 2009). A meta-analysisshowed
that that rs231775 SNP is associated with vitiligo in individuals with other autoimmune disorders
(Birlea, et al., 2009).

The NACHT leucine-rich repeat protein 1 (NALP1) gene is located on chromosome 17g13 and encodes
a member of the Ced-4 family of apoptosis proteins which serves a structural framework for protein-
protein interaction formation (Alkhateeb et al., 2010). NALP1 gene is associated with RA, psoriasis,
pernicious anaemia, SLE and Addison disease (Jin et al., 2007). NALP1 was found to have association
with the development of vitiligo in individuals ofEuropean descent (Jin et al., 2007). The rs1008588
SNP, located on the promoter region of the NALP1 gene was also found to be associated with vitiligo
in Jordanians (Jin et al., 2007).

2.2.1.4 SMOC?2 gene association with vitiligo

SPARC Related Modular Calcium Binding 2 (SMOC?2), a gene located on 6927, was identified as a
risk locus for vitiligo in a GWAS in individuals from two adjacent Romanian isolate villages with
vitiligo and other autoimmune disorders (Birlea, et al., 2010). The SMOC?2 protein is localised in the
basement layer of the epidermis, and it stimulates the attachment of primary keratinocytes (Birlea, et
al., 2010). The SMOC2 rs13208776 variant, located in intron 4 of the SMOC2 gene (Shen et al., 2016),
was associated with vitiligo in Romanians (Birlea, et al., 2010). However, this association was not
replicated in Jordanians(Shen et al., 2016). The rs13208776 SNP showed marginal association with

Hashimoto’s disease in Jordanian women (Alkhateeb, et al., 2013).

3. Aims and Objectives
The aim of study is to identify genetic variants in selected non-MHC genes of individuals withvitiligo
and their unaffected close relatives who have other autoimmune disorders. This will beachieved through

the following objectives:

1. Extract DNA from venous blood samples of eight individuals
2. Perform exome sequencing
2.1. Perform bioinformatics analysis to annotate identified variants
2.2. Identify potential variants in the exome, present in affected individuals (vitiligo and other
autoimmune disorders)
3. Genotype the SMOC2 rs13208776 SNP using the TagMan assay to determine if this variantin present

in our South African families of Indian descent affected by vitiligo and other autoimmune disorders.
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4. Methods
4.1 Study participants
Eight individuals of Indian descent will be subjected to whole exome sequencing. The study iscomprised

of eight participants from two families with vitiligo across multiple generations.

Five individuals from Family 1 (Figure 2.1, complete pedigree in appendix A), one with vitiligo
individual (VIT113A, proband), her unaffected mother (VIT113E), cousin (VIT113B), her fatherhas
vitiligo) along with her two sisters, one who has psoriasis and rheumatoid arthritis (VIT13C) and the
other with eczema, cafe au lait spots and unclassified skin allergies (VIT113G). A nuclear family
(Family 2) with a male proband with vitiligo and Hashimoto disease, his mother who has Hashimoto
disease and his father who has alopecia will also beincluded. The eight individuals and an additional
three individuals from family 1 will be genotyped for the SMOC2 rs13208776 SNP.

4.2. DNA extraction

Venous blood was collected from each participant. DNA will be extracted using the salting out method
(Miller et al., 1988). The Genfind V3 50 prep kit method (Seipp, et al., 2010) will be used to extract
samples that would not have been successfully extracted with salting out. The DNA quality will be
assessed using gel electrophoresis (low percentage gel, 0.8%). Thequality and quantity (concentration
of DNA per pl) of the DNA will be analysed using the Nanodrop™2000 (ThermoFisher Scientific), to
determine the A260/A280 and A260/A230 ratios to determine levels of protein and RNA

contamination, respectively.
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Figure 1: Pedigree of family 1. The probands’ maternal side shows multigenerational tracking of vitiligo and various autoimmune diseases. The individuals
with a VIT ID within the red blocks will be used in this study. Individuals 11-2 (VIT 113E), I1I-1 (VIT 113A), l111-4 (VIT 113G), 111-6 (VIT 113C), 111-12 (VIT
113B) will be used for exome sequencing and in addition to these individuals, 111-2 (VIT113D), 111-8 (VIT113F) will be genotyped for the SMOC2 rs13208776

SNP.
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Figure 2: Pedigree of family 2. The probands’ maternal side shows multigenerational tracking of
vitiligo. The individuals with a VIT ID will be used in this study. Individuals V-1 (VIT18B), V-2 (VIT
118A), VI-1 (VIT118) will be used for exome sequencing and SMOC2rs13208776 SNP genotyping.
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4.3 Whole exome sequencing

Whole exome sequencing (WES) is an application of the next generation sequence technology that
sequences in the coding regions (exons) genome (Chang et al., 2017). When generatingthe libraries, the
genomic DNA is fragmented into smaller fragments. Adaptors and barcodesare added to the fragmented
DNA. Exons are then selected through target selection. The exonlibraries are then sequenced. Library
preparation for WES will be done using lon Exome AmpliSeq Exome RDY kit. Exomes will then be
sequenced for the individuals listed in section4.1, using lon Torrent S5 (in-house) and analyse the

sequence using bioinformatics tool.

4.3.1. Non-MHC genes to be analysed tabulated

Table 2 below shows the selected non-MHC genes associated with vitiligo and other autoimmune
disorders; the selected genes will be analysed for variants causing autoimmunedisorders. Due to time
restriction, the entire exome will not be analysed in this project, and we have opted to anlayse non-
MHC genes because the MHC may be poorly sequenced dueto the genetic complexity (high number of
repeats) and difficulty in sequencing the region. A literature search has been conducted to select at least
five appropriate genes that have beenassociated with vitiligo and other autoimmune disorders. Due to
the difficulty of sequencing the MHC region, only non-MHC genes were selected for analysis.

Table 2: non-MHC genes associated with Vitiligo and other autoimmune diseases tobe analysed

in this study
Location | Non-MHC genes Function Disorder  associated | References
with gene

1p13.2 Protein  tyrosine provides instructions  for | It has been associated | Huraib et al.,
phosphatase  non making a protein that belongs | with vitiligo, RA, T1D, | 2020
receptor type 22 to the PTP (protein tyrosine | SLE Garcia et al.,
(PTPN22) phosphatases) 2014

family.

12913.2 IKAROS family Encodes protein IKAROS Has been associated Tang et al.,
zinc finger 4 with vitiligo and 2012
IKZF4 Alopecia

12924.13 | Tumor  necrosis regulates crucial stages in Has been associated | Martins et al.,
factor-a—induced immune cell homeostasis, with vitiligo, RA, SLE, | 2020 and Fung
protein 3 such as NF-kB activation and T1D et
(TNFAIP3) and apoptosis al.,2009

2033.2 cytotoxic T- | functions as an immune Has been associated | Birlea, S et al.,
lymphocyte- checkpoint and with vitiligo and RA, | 2009
associated protein downregulates immune MS, SLE, T1D
4(CTLA4) responses.

17p13 NACHT leucine- This gene encodes a Has been associated Alkhateeb et
rich-repeat proteinl | member of the Ced-4 familyof | with vitiligo, psoriasis, | al., 2010 and Jin
(NALP1) apoptosis proteins SLE, RA et al., 2007

SLE- Systemic Lupus Erythematosus; RA- Rheumatoid Arthritis; T1D- Type 1 Diabetes; MS-Multiple

Sclerosis




4.3.2 Analysis strategy

Vitiligo and other autoimmune disorders are multifactorial disorders with many genes accounting for
the large portion of the genetic cause for the disorders. However, the pedigreesfor Families 1 and 2 are
suggestive of a common mutation or mutations that are probably family-specific, show an autosomal

dominant mode of inheritance with incomplete penetrance.

The mutation/s is likely to be pleiotropic in that the same mutations causes different disordersin different
people. This mode of inheritance is hypothesised in these two families and will beused to initially filter

variants.

Variants in the selected genes will be extracted with the lon Reporter tool that is available onthe
sequencing platform. Variants will be identified, annotated, and analysed. Variant annotation will be
done using Ensembl’s Variant Effect Predictor (VEP) and the annotation file will be filtered for a variant
consequence where frameshift, nonsense, missense, and splice site variants will be prioritised.
Additionally, variants will be filtered by allele frequency in Indianpopulations from the 1000 Genome
Project and only rare variants with a frequency of <0.01 will be analysed further (rare variants). Vitiligo
and autoimmune disorders are individually common, but the co-occurrence of these disorders is not
common. The variants with a frequency of <0.01 are deemed to be rare, and since the phenotype is
relatively rare within the population, the variant is also likely to be rare. Of the prioritized variants, the
variants (in the selected genes) that are common amongst participants with vitiligo and other autoimmune
disorders will be compared to the variants identified in unaffected family members (Family 1: probands

unaffected mother, and her cousin, Family 2: proband and his parents).

4.3.3. Bioinformatics and filtering

Modern and user-friendly bioinformatics tools for analysis and interpretation of genomics data become
essential during the analysis of sequenced data (Karabayev et al., 2021). Exome sequencing will
produce large raw data in the form of a BAM files, index files and processed user-ready file in the form
of variant call files (VCF). A VCF is the output of a bioinformatics pipeline that stores information on
variants present in the tested individual with respect to the reference genome (build 37). A VCF will
be uploaded in Ensembl’s Variant Effect Predictor (VEP) and will annotate the variants according to
the type of consequence, further shown in figure 3 below. The Integrative genomics viewer (IGV) will

then be used to visualise reads to confirm the variants and assess the sequencing coverageand d
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Annotation with ensembles varianteffect
predictor(VEP)

Separate variants according to consequence
and allele frequency

Identify variants in all affected
individuals (vitiligo) and compare with
family members wth autoimmune
disorders or unaffected)

Separate variants according to
consequence and allele frequency

AN
Identify variants in all affected
individuals (vitiligo) and compare with
family members with autoimmune
disorders or unaffected)

Figure 3: Flow chart showing data analysis strategy for exome sequencing dataanalysis

5.Genotyping the SMOC?2 rs13208776 SNP

SMOC2 rs13208776 was significantly associated with vitiligo in a large Romanian family withvitiligo
and autoimmune disorders (Birlea, et al., 2010). However, rs1320876 was not significantly associated
with vitiligo or autoimmune disorders in a Jordanian cohort with vitiligo and other autoimmune
disorders (Alkhateeb, et al., 2010). Although the association ofthis SNP was found in a founder
population, the families that will investigated in this study have a diseases background where vitiligo
and other autoimmune disorders are found in the families across multiple generations. Although we
have access to two families with vitiligo (multi generations) and at least one autoimmune disorder, we
cannot perform an associationstudy. It would be informative to determine whether this SNP is present
in these families thathave a similar disorder pattern to those seen in the families used for the Romanian

and Jordanian association studies. The SNP will be genotyped using the TagMan assay.

TagMan genotyping assays are used to amplify and detect specific alleles in genomic DNA (gDNA).
The TagMan genotyping assay is a PCR-based assay for genotyping single nucleotide polymorphisms
(SNPs). The region flanking the SNP is amplified in the presenceof two allele-specific fluorescent
probes. The probes do not emit fluoresce in solution because of a quencher at the 3’ ends that inhibit

flourescence emission while the quencher
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is in close proximity to the flouropore. The presence of two probes allows the detection of both alleles
in a single tube. Genotyping will be performed on the Quantstudio 3 (in-house)using a pre-designed

Thermofisher rs13208776 TagMan assay.

6. Timing
An estimation of how much time will be allocated throughout the proposed research project toachieve the aim

and objectives of the study is shown in Table 3.

Table 3: Gantt chart representing how time will be allocated throughout the study

Feb  Mar  Apr May Jun Jul Aug Sep Oct Nov

Writing proposal

DNA Extraction,
WES, genotyping

Data analysis

Report writing

Submission

7. Funding
This research project will be funded by the NRF Thuthuka grant of Dr. T. Ngcungcu. All reagents

required for this study have already been purchased except for the Tagman SNPgenotyping reagents.

Table 4. indicates the budget for this study.
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Table 4: Budget for the study

Tagman SNP genotyping Assay and Mastermix R17,952.77

General consumables R2,000.00

lon Ampliseq Exome RDY kit R32,048.00

lon 540 chip Kit(each) R24,780.00

lon 540 KIT-chef 8RXNS R13,780.00

Total amount R90560.77
8. Ethics

This research project forms part of the umbrella project “The genetic of actiology of vitiligo in Africans”
(M200504). This is a Sub study and Ethics application has been approved by the University of
Witwatersrand Human Research Ethics Committee (HREC, subject to protocolapproval). Protocol no
is M220389. Both certificates are attached in appendix B.

9. Limitations

e The sample size is small. Should a mutation be identified, we will not know if the mutation
is limited to the study samples or if the variant is found in other individualswith similar
phenotypes.

¢ Noncoding variants will not be sequenced because of WES.

e Only five non-MHC will be analysed, if some mutations are in the MHC or other non-MHC
genes, they will be missed.

e Due to time constraints, potential causal variants will not be validated with Sanger

sequencing, which is commonly done to validate next generation sequencing findings.
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11 Appendices

Appendix A: Complete pedigree of family 1

Numbering of individuals in figure 1 is not the same as numbering in appendix A below, as figure 1 is a zoomed-in part of the complete pedigree of family 1
as shown with appendix A. However, individuals with a WIT ID in appendix A are the same as those with a VIT ID in figurel.
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Figure Al: Pedigree of family 1. The probands (VIT113A) maternal side shows multigenerational tracking of vitiligo and various autoimmunediseases. The individuals

with an VIT ID will be used in this study.
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