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Abstract
The SHARPIN (SHANK-associated RH domain interactor) Arg274Trp variant, which has been

associated with late-onset Alzheimer's Disease (LOAD) in the Japanese population, plays a

crucial role in mediating inflammatory responses through the regulation of the nuclear

factor-κB (NF-κB) pathway. Alterations in gene expression have been associated with the

pathogenesis of various diseases, including Alzheimer's disease (AD). SHARPIN has been linked

to AD through the regulation of amyloid-β (Aβ) phagocytosis and NLRP3 expression, resulting in

the accumulation of Aβ and neuron death. In this study, we analyzed the clinical, functional, and

biochemical consequences of the SHARPIN R274W variant in the ubiquitin-like domain (UBL)

and explored the regulatory regions of the gene. We also examined whether individuals carrying

the SHARPIN R274W variant also had the APOE Cys112Arg variant, which is the strongest risk

factor for the development of LOAD. Our preliminary analysis revealed that the SHARPIN

Arg274Trp mutation may play a role in Alzheimer's Disease independently of APOE e4. Further

analysis of LOAD patients across different populations may help to clarify the relationship

between these two variants in Alzheimer's Disease. Overall, our findings contribute to a better

understanding of the genetic risk factors for LOAD and may have important implications for the

development of future therapies.
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Introduction

Alzheimer's Disease
Alzheimer's disease (AD) is the most common type of dementia that affects a person's memory,

thinking, and behavior. There are two types of AD: early onset, where symptoms begin before

the age of 65, and late onset, where symptoms start after age 65. Late-onset Alzheimer's

Disease (LOAD) is the most common form of AD. The most common symptom is memory loss.

As things progress, individuals can develop symptoms such as having challenges with daily tasks,

solving problems, and even speaking or writing. They can also face difficulties with

understanding time or space and even suffer from changes in mood and behavior, leading to

withdrawal from activities and work [1, 16]. When the disease has progressed significantly,

individuals will show the most symptoms. These symptoms arise because neurons and cells in

the brain are being destroyed. This occurs when there is a buildup of beta-amyloid 42, a protein

found between neurons in the brain. The beta-amyloid 42 form is particularly toxic, and in

individuals with Alzheimer's disease, it can be produced in abnormal levels that clump together

and form plaques between neurons. The buildup of these plaques disrupts cell function. In

addition to the beta-amyloid 42 plaques, neurofibrillary tangles, and protein tau clumps form

inside the neurons that block the neuron's transport system [23]. When the neurons in the

brain can no longer communicate with each other, the symptoms of Alzheimer's become
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present. As the destruction of neurons progresses, they begin to destroy the rest of the brain,

and the symptoms of Alzheimer's get worse.

ApoE4
The apolipoprotein E type 4 (ApoE4) allele is one of three major apolipoprotein E types [21]

ApoE2 and ApoE4 have been associated with LOAD, while ApoE3 remains neutral [21] ApoE2

has been shown to be protective, while ApoE4 has been shown to increase the risk of

developing LOAD [20,21]. The difference between the three variants falls on two amino acids.

ApoE2 has the mutation Arg158Cys, ApoE3 has Cys112 and Arg158 and ApoE4 has the mutation

Cys112Arg [20,21,26]. This amino acid change has been linked to "two key properties, domain

interaction and reduced protein stability that likely contribute to ApoE4-associated

neuropathology" [20]. When the protein folds, the Arg-112 in the N-terminal domain ApoE4

causes the side chain Arg-61 in the same domain to bend away from the helix and interact with

Glu-255 of the C-terminal domain. This doesn't occur in ApoE2 or 3. This domain interaction has

been known to mediate the effects of ApoE4, such as increasing amyloid-beta production,

amyloid-beta-induced lysosomal leakage, and enhancing proteolytic cleavage in neurons, all of

which have been associated with LOAD [20,23]. Another study determined that individuals with

ApoE4 had reduced glucose metabolism in the same areas of the brain as individuals with

probable LOAD [27,30]. The full mechanism in which ApoE4 acts is not yet fully understood, but

it is apparent that having the ApoE4 allele increases one's risk of developing LOAD.

SHARPIN
The SHANK-associated RH domain interactor (SHARPIN) was initially found as a post-synaptic

protein that co-localizes with Shank family proteins (SHANK1) at excitatory synapses in mature

neurons [2,33]. The gene itself contains nine coding regions (Figure 1), while the C-terminus of

the Sharpin protein interacts with Shank, and the N-terminus mediates homomultimerization

[1]. Further information about the locations of the exons and introns of SHARPIN can be found

in Supplemental Table 3. The SHANK-associated RH domain interactor gene is part of the LUBAC

(linear ubiquitin chain assembly complex) along with RBCK1 (HOIL-1L) and RNF31 (HOIP) [2,33].
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Figure 1 The SHANK-associated RH domain interactor (SHARPIN) gene, located on the complementary strand of chromosome 8
(see arrow), contains 9 exons with 8 coding exons. mRNA transcript shows the boundaries of the 5' and 3' UTRs (indicated by the
gray color) and the coding region within the gene spanning 8 of the 9 exons

LUBAC is an E3 ubiquitin ligase responsible for targeting proteins for proteasomal degradation.

The C-terminal of SHARPIN contains the Ubiquitin-like domain (UBL) and the Npl4-zinc finger

domain (NZF). The UBL transfers linear ubiquitin chains to proteins and targets them for

proteasomal degradation, while the Npl4-zinc finger domain (NZF) interacts with LUBAC

subunits [35]. As part of LUBAC, SHARPIN is involved in protein polyubiquitination and

regulation of the nuclear factor-κB (NF-κB) pathway [33,38]. The polyubiquitination of NF-κB
Essential Modulator (NEMO/IKBKG) and RIPK1 activates signal transduction of the NF-κB
pathway and the JNK signaling pathway [33]. NF-κB is a transcription factor that regulates the

activation and differentiation of immune cells and plays a role in cellular growth and apoptosis.

The polyubiquitination of NEMO allows NF-κB to translocate to the nucleus through the

canonical NF-κB pathway [12]. The ubiquitination mediated by the LUBAC complex interferes

with TNF-induced cell death reducing inflammatory response [33] The JNK pathway is involved
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in cellular growth and apoptosis and is associated with neurodegeneration and tumor

progression [4]. SHARPIN is often upregulated in several cancer types and is associated with

melanoma progression by regulating Ras-associated protein-1(Rap1), which mediates the JNK

signaling pathway [41].

SHARPIN's primary role is associated with LUBAC, but it also functions independently of the

complex [17]. The pleckstrin homology domain (PH), located at the N-terminal, is associated

with the SHARPIN's functions independent of LUBAC. SHARPIN is thought to be associated with

lymphocyte migration by binding to lymphocyte-function-associated antigen-1 (LFA-1), resulting

in the inhibition of intercellular adhesion molecule-1 (ICAM-1)-mediated lymphocyte adhesion.

Additionally, SHARPIN is associated with platelet function by binding to integrin αIIbβ3 and

preventing the formation of blood clots [1].

SHARPIN is highly conserved across species and is crucial in mediating inflammatory responses

by interacting with different proteins and regulating signaling pathways. All variants identified

by NCBI and Ensembl can be seen in Supplemental Table 2. Alterations in SHARPIN expression

are associated with the pathogenesis of various diseases. One alteration is dbSNP rs77359862.

This SNP has been previously shown to increase the risk of LOAD, just as ApoE4 has been shown

to do [2]. Currently, there are two published studies based on an Asian population associating

the SNP of interest with LOAD and AD [2,29]. While studies have not explicitly looked at

whether this SHARPIN variant works with ApoE4, one study found that another SHARPIN

variant, specifically dbSNP rs572750141, works independently of ApoE4 [3]. We believe that if

one SHARPIN variant works independently of ApoE4, it is highly like that most, if not all,

including our variant, work independently of ApoE4.

The newly discovered SHARPIN variant dbSNP rs77359862 and the ApoE4 variant both have

been shown to increase a person's risk of getting LOAD, however, we believe they work

independently from each other. As such, we assume an individual with both mutations would

have a greater risk of developing LOAD.
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Materials & Methods

Biomart
A Biomart query for the SHARPIN gene (gene stable ID: ENSG00000179526) using the Ensembl

Variation 109 database and Human Short Variants (SNPs and indels excluding flagged variants)

(GRCh38.p13), filtered to the dbSNP database as a source, resulted in 2,339 results, 43 of which

are benign and the remaining 2,296 have no data. 2,292 SNPs had no associated phenotype,

and 11 were "ClinVar: phenotype not specified." Supplemental Table 1 includes a list of SNPs

identified to be associated with a phenotype, which consists of 36 results for 3 SNPs

(rs12550729 (2), rs34173062 (32), rs77359862 (2)).

ENSEMBL
The population allele frequencies associated with dbSNP rs77359862 were determined

according to the population genetics data available in Ensembl [7].

A total of 42 individuals containing the SHARPIN R274W mutation from the 1000 Genomes

Project Phase 3 were identified across various populations. Individuals were then

cross-referenced with the population genetics data for dbSNP rs429358 [6].

ENCODE
The Encyclopedia of DNA Elements (ENCODE) Project combines bioinformatic and laboratory

methods to provide information on DNA elements. Histone modifications, or histone marks, are

identified by chromatin immunoprecipitation followed by sequencing (ChIP-seq). The ENCODE

project includes data from various regulatory elements such as H3K4Me1, H3K4Me3, and

H3K27Ac. H3K4Me1 refers to the mono-methylation of lysine 4 of H3 histone, H3K4Me3 refers

to the tri-methylation of lysine 4 of H3 histone, and H3K27Ac refers to the acetylation of lysine

27 of the H3 histone protein [9].

NGS Analysis in Galaxy
Eight individuals were selected for sequencing analysis in Galaxy. Alignment files from low

coverage whole genome sequencing (WGS) data, sequenced as part of the 1000 Genomes on

GRCh38, were obtained from the International Genome Sample Resource (IGSR) [154and used

as input for the analysis. FreeBayes Bayesian, genetic variant detector, was used for calling the

variants, and the results were limited to the SNP positions (rs77359862 – chr8: 144099379,

rs429358 – chr19: 44908684); see Figure 2 for workflow [11,36,37].
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Overview of Galaxy Workflow

Figure 2 Overview of Galaxy workflow starting with the input data, conversion of CRAM to BAM file, and FreeBayes analysis

Data Visualization

UCSC Genome Browser

Layered H3K4Me1, H3K4Me3, and H3K27Ac data for 7 different cell lines are available in the

UCSC Genome Browser for visualization (Figure 7). The different cell lines include GM12878

(lymphoblastoid cell line), H1-hESC (The human Embryonic Stem Cell (hESC) line H1), HSMM

(Human Skeletal Muscle Myoblasts), HUVEC (Human umbilical vein endothelial cells (HUVEC),

K562 (K-562 are lymphoblast cells isolated from the bone marrow), NHEK (Normal Human

Epidermal Keratinocytes), and NHLF (Human Lung Fibroblasts) [9].

Integrative Genomics Viewer (IGV)

The H3K4Me1, H3K4Me3, and H3K27Ac data for HSMM, NHLF, NHEK, K562, H1-hESC,

GM12878, and HUVEC cells were exported from the UCSC Genome Browser, using the "Table

Browser" tool, and visualized in IGV (GRCh38) using annotations from RefSeq genes (Figure 7).

The BAM files generated in Galaxy, using the "Convert CRAM to BAM" tool, were exported and

visualized in IGV (GRCh38) using annotations from RefSeq genes and All SNPs 1.4.2 (Figures 9A

and 9B).

Results

SNP Geographical and Ethnic Expression
Overall, dbSNP rs77359862 has a MAF value of 0.01 [7]. According to almost all published

studies, the SHARPIN variant, dbSNP rs77359862, is primarily found in East Asia/Asia/Asian with

the highest alternate allele (G>A) frequency being 0.0492 [13,31]. Most studies separated East

Asia/Asian, but even then, typically, East Asia/Asian had the highest frequency. Across Asia, the

population in Kihn in Ho Chi Minh, Vietnam, has the highest allele frequency with a MAF of

0.0056. Only one study, the PAGE Study, showed another geographic area/ethnicity having a

7



higher frequency: Native Hawaiian, with a frequency of 0.0618 [31]. Given that East

Asians/Asians have the highest frequency of the missense variant, next-generation sequencing

data of the population allow researchers to further analyze the complications associated with

dbSNP rs77359862.

GWAS Studies Associated with SHARPIN R274W
GWAS studies, GCST90095658 and GCST90095659, involving 2,643 Korean ancestry individuals,

associate dbSNP rs77359862 with decreases in hippocampal volume and entorhinal cortical

thickness, respectively [24].

Clinical Consequences of SHARPIN R274W
SHARPIN is thought to play a role in Alzheimer's disease (AD) pathogenesis, regulating

amyloid-β (Aβ) phagocytosis and NLRP3 expression, which forms inflammasomes and activates

AD [16]. AD is associated with the accumulation of Aβ and activation of microglia and

macrophages as a response to inflammation. Macrophage polarization to an M1 phenotype is

characteristic of AD, which occurs in response to inflammation and is a process mediated by

NLRP3. Elevated Aβ is associated with a higher expression of SHARPIN, which polarizes

macrophages, activates an inflammatory response, and ultimately results in neuron death [18].

However, low expression of SHARPIN leads to defects in the (Aβ) phagocytosis, which also leads

to the accumulation of Aβ and causes neuron death [17].

Looking more specifically as to what within the SHARPIN gene leads to these defects, recent

studies have found several SNPs within the SHARPIN gene that have been linked to AD; one is

dbSNP rs77359862. Asanomi et al. (2019) reported the novel SHARPIN variant, dbSNP

rs77359862, and compared it to other SHARPIN variants, such as dbSNP rs572750141. The

novel SHARPIN variant (dbSNP: rs77359862) is a G > A single nucleotide variation, resulting in

the amino acid substitution Arg274Trp (Figure 3). The arginine residue is in SHARPIN's

Ubiquitin-like domain (UBL), which interacts with HOIP, a component of LUBAC. The UBL is

responsible for transferring ubiquitin linear chains to proteins and targeting them for

degradation [2]. In normal conditions, SHARPIN's polyubiquitination function is associated with

activating the nuclear factor-κB (NF-κB) pathway [38]. As such, the missense variant Arg274Trp

is associated with reduced activation of the NF-κB pathway and, therefore, changes in immune

responses. Additionally, under normal conditions, SHARPIN is associated with the degradation

of mutant Huntingtin, Ataxin-3, SOD1, and TDP-43, all of which are associated with

neurodegenerative disease [16]. Furthermore, The Arg274Trp causes SHARPIN to localize in

uneven granule clumps when compared to an even distribution associated with the wild type

[2]. As described by Asanomi et al. (2022), the changes in immune responses due to this

mutation are associated with an increased risk of late-onset Alzheimer's disease (LOAD). In a

separate study by Park et al. (2021), the SHARPIN rs77359862 variant has been associated with

entorhinal cortical thickness, hippocampal volume, and accumulation of amyloid-β, contributing
to brain damage associated with Alzheimer's disease (AD) [29].
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Figure 3 The SHANK-associated RH domain interactor (SHARPIN) mRNA transcript shows the boundaries of the 5' and 3' UTRs
(indicated by the gray color) and the coding region within the gene spanning 8 of the 9 exons. The single nucleotide variation is
located on the sixth exon at nucleotide 144,099,379 and amino acid 274. The figure shows the approximate location of the mutation,
indicated by a black line. The mutation causes a substitution from Arg > Trp, which has been classified as a non-synonymous
missense mutation. Comparisons between the DNA, mRNA, and protein sequences for the reference sequences and SNP can be
seen, with the mutation location highlighted in red

Asanomi et al. (2019), the authors who reported the novel SHARPIN variant, compare dbSNP

rs77359862 to dbSNP rs572750141, a previously reported SHARPIN variation also associated

with an increased risk of LOAD. The rs572750141 variant results in the amino acid substitution

Gly186Arg. The glycine residue at position 186 is highly conserved and is located near

SHARPIN's UBL. Similar to Arg274Trp, the Gly186Arg mutation leads to reduced activation of the

NF- κ B pathway and uneven granule clumps in the cytosol [3].

An additional SHARPIN variant (dbSNP: rs34173062) causing G/A/C allele changes has been

reported in several studies. Soheili-Nezhad et al. (2020) associates this variant with bilateral

entorhinal cortical thickness and heritability of AD. The mutation involves an amino acid change
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from serine to phenylalanine in the protein's N-terminal (Ser17Phe) and affects the β1-integrin
pathway [34]. The rs34173062 variant has also been studied by Olafsdottir et al. (2020), who

report it to be associated with an increased risk of asthma and higher eosinophil counts [25].

Furthermore, a study conducted by Seymore et al. (2007) associates SHARPIN homozygous loss

of function mutation with multiorgan inflammation, dysregulation of the immune system, and

dermatitis in mice [32].

Functional Consequences of SHARPIN R274W

SHARPIN Domains
SHARPIN contains three domains that are crucial in understanding its implications in disease

(Figure 4). At the N-terminal is the PH domain that is involved in integrin and tumor regulation

but is not implicated with the dbSNP rs77359862. At the C-terminal is the NZF domain which

can bind ubiquitin, but its structures are not yet understood. In the center is the UBL domain,

which is key to understanding the functional consequences of dbSNP rs77359862. Located from

219-288, the UBL domain is involved in the formation of the LUBAC and can recognize the UBA

domain of HOIP of LUBAC.
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Figure 4 Interaction between the UBL domain of SHARPIN, UBA domain of HOIP, and UBL domain of HOIL-1 for the formation of
the LUBAC complex. The effects resulting from the R274W variant located in the UBL domain of SHARPIN are demonstrated in
grey on the right of the figure

Reduced interactions with the HOIP UBA domain
The reduction in interactions with the HOIL-1 interacting protein (HOIP) UBA domain has been

determined to be a resulting factor of the amino acid change within the dbSNP rs77359862.

This variant is located within the SHARPIN UBL domain, which mediates the binding of SHARPIN

to HOIP. When the polar amino acid arginine is substituted with a hydrophobic tryptophan, the

chemical properties of the change in amino acid affect the binding capability of the SHARPIN

UBL domain. Park et al. (2021) determined that the interaction in the wild-type

HOIPUBA-SHARPINUBL complex was made from ten hydrogen bonds and seven salt bridges.

When they looked at the interaction in the mutant HOIPUBA-SHARPINUBL complex, they saw a

reduction to four hydrogen bonds and zero salt bridges [29]. The introduction of a hydrophobic

amino acid leads to a reduction in hydrogen bonds and salt bridges, ultimately leading to a

weaker interaction. In addition to reducing interactions with the HOIP UBA domain, the dbSNP
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rs77359862 could potentially impact the activation of HOIP. When alone, HOIP stays in an

autoinhibited state (not activated). It isn't until the LUBAC complex is formed between HOIL-1L,

SHARPIN, and HOIP that the autoinhibited state is released (becomes activated) [40]. The

variant is in the UBL domain, which is required for SHARPIN's interaction with HOIP, and,

therefore, could affect the release of HOIP's autoinhibition [40].

Unstable LUBAC complex
The stability of the linear ubiquitin chain assembly complex (LUBAC) depends on the interaction

of SHARPIN, HOIP, and HOIL-1L. The interaction of the SHARPIN UBL domain, HOIP UBA domain,

and HOIL-1L UBL domain form the ternary complex structure of LUBAC. Studies of this ternary

complex structure found LUBAC-tethering motifs (LTMs) present between the HOIL-1L and

SHARPIN subunits. These LTMs, when heterodimerized, cause the HOIL-1L and SHARPIN to form

a spherical structure that helps maintain the stability of the HOIL-1L UBL and SHARPIN UBL

domains, which in turn helps maintain the stability of the HOIP UBA domain. Maintaining the

stability of all three domains individually helps maintain the stability of the ternary LUBAC

structure and, thus, the LUBAC as a whole. One of the domains is altered, and that alteration

affects the stability of that domain, the stability of the LUBAC is diminished [3].

Predicted Biochemical Consequences of the Arg to Trp Mutation
Our mutation of interest has been classified as an Arginine to Tryptophan transition on the 274

amino acid. Arginine (R) is an essential polar amino acid with a positively charged guanidino

group. Tryptophan (W) is a non-polar amino acid with a large aromatic side chain. The

difference between the two amino acid natures could explain the results seen in the paper by

Asanomi et al. (2022), with the mutant protein organizing into uneven granule clumps in the

cell's cytosol [2]. The mutant nature of clumping may be due to the difference in the

hydrophobic-hydrophilic forces of the amino acids on the protein chain. In biological proteins,

the hydrophobic effect has the greatest influence on protein stability and folding patterns in the

cell. The hydrophobic effect, which causes non-polar substances to minimize their contact with

water, is the major determinant of the native protein structure. The aggregation of non-polar

side chains into the interior of a protein is favored because of the entropy of the water

molecules to organize bonds around non-polar side chains. The hydrophobic residues tend to

sequester together into the protein's interior during protein folding because this is the lowest

energy state, thus, very stable. Arginine is a hydrophilic, polar side chain, and its nature as a

hydrophilic amino acid affects protein folding, so it can interact with the cytosol. In contrast,

tryptophan has a hydrophobic nature and tends to be on the inside of the protein. This

hydrophobic interaction in the improper position may lead to the association and granule

formation Asamomi et al. (2022) saw in the mutant protein [2]. Protein clumping and

aggregation may be due to the tryptophan amino acids associated with each other forming a

quaternary structure that acts to lower the energy state of the protein and imitate the interior

protein environment for the tryptophan.
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Arginine is also well-designed to bind the phosphate anion and is often found in the active

centers of proteins that bind phosphorylated substrates. As a cation, arginine also could play a

role in maintaining the overall charge balance of the protein. The activity of the arginine within

the ubiquitin-like domain of the protein may stabilize the interaction with the LUBAC complex.

Besides the possible change in the folding activity of the mutant protein, tryptophan could also

be too large with its non-polar aromatic side chain to allow for proper interaction with the

complex.

Reduced activation of the NF-κB pathway
The activation of the nuclear factor (NF)-κB pathway depends on linear ubiquitin chain

conjugation. Reduction in the activation of the NF-κB pathway occurs as a direct consequence

of substrate deficiency. SHARPIN is not able to produce linearized ubiquitin modifications, but it

can activate LUBAC by binding to HOIP. The LUBAC complex plays a key role in conjugating linear

ubiquitin chains to substrates. Deficiency in the substrates leads to a reduction of LUBAC in the

NF-κB pathway. This prevents SHARPIN-mediated linear ubiquitination. Similarly, deficiency of

SHARPIN can lead to inhibition of LUBAC-mediated linear polyubiquitination of substrates [3].

Regulation Regions of SHARPIN
The SHANK-associated RH domain interactor (SHARPIN) gene, located on the complementary

strand of chromosome 8, has multiple regulatory regions identified by Ensembl (Figure 5A and

Supplementary Figure 1). First, Ensembl identified a large promoter region with flanking

promoter regions. The entire region is 6,597 bps long and located from CDS location

144,106,595 – 144,099,998. The identified promoter also has the transcription start site within

its region located at 144,103,753 – 144,103,755. There are two enhancer regions identified

between the 4th and 7th exon of the SHARPIN gene, each being about 200 bps long. The last

regulatory region is the CTCF binding located downstream of SHARPIN, encompassing the 8th

and 9th exons. The regulatory regions in the SHARPIN SNP rs77359882 can be seen in Figure B,

which shows the expanded exon 5 through exon 7 region with the approximate location of the

R274W mutation on exon 6. Below the gene is the enhancer and miRNA identified by Ensembl

with the approximate location in association with the SHARPIN gene. The first is an enhancer

located at CDS location 144,099,201 – 144,099,400, located within the site of rs77359862

mutation. The second is miRNA-3661 or has-miR-3661, located at the end of exon 6 at CDS

location 144,099,273 – 144,099,298.

13



Figure 5a Graphical representation of the regulatory regions within the SHARPIN gene from ENSEMBL (ENSG00000179526) [5]
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Figure 5b Graphical representation of the regulatory regions within the SHARPIN rs77359862 from ENSEMBL [7]

Histone Acetylation and Methylation in SHARPIN
Chemical modifications to histones, such as acetylation and methylation, regulate gene

expression by opening and closing chromatin. Histone acetylation modulators include histone

acetylases (HATs), which add acetyl groups to lysine residues in histone tails, and histone

deacetylases (HDACs), which remove acetyl groups. The addition of an acetyl group to lysine

neutralizes the positively charged lysine, and as DNA is negatively charged, this results in the

opening of chromatin and activates transcription [14] Histone methylation adds one, two, or

three methyl groups to lysine or arginine amino acid residues in histones. In general, histone

methylation leads to transcription suppression but can result in transcription activation

depending on which lysine or arginine gets methylated [39].

The layered H3K4Me1, H3K4Me3, and H3K27Ac tracks for GM12878, H1-hESC, HSMM, HUVEC,

K562, NHEK, and NHLF associated with histone modifications in SHARPIN are seen in Figure 6.
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Figure 6 Layered histone modification data in seven cell lines from ENCODE tracks displayed in the UCSC Genome Browser

The H3K4Me1, H3K4Me3, and H3K27Ac tracks demonstrate areas associated with

promoters/transcription start sites (TSS) and regulatory elements, such as enhancers. The TSS

regions are denoted by enrichment in H3K27Ac and H3K4Me3, and regulatory regions are

denoted by enrichment in H3K27Ac and H3K4Me1 (Figure 7) [8]. Regulatory regions around

exon 6, where dbSNP rs77359862, are seen in H1-hESC cells.

Figure 7 SHARPIN TSS and regulatory regions in HSMM, NHLF, NHEK, K562, H1-hESC, GM12878, and HUVEC cells displayed in
IGV. RE = Regulatory element
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Individuals containing only the SHARPIN Arg274Trp (rs77359862) mutation or both
SHARPIN Arg274Trp (rs77359862) and APOE Cys112Arg(rs429358) mutations
A total of 42 individuals from the 1000 Genomes Projects Phase 3 contain the G>A mutation in

SHARPIN, 40 of which are of East Asian ancestry, 1 of European ancestry, and 1 of American

ancestry. Of the 42 individuals, 8 also contain the T>C mutation in APOE. A summary of these

results is graphically represented in Figure 8. Figure 9 contains the list of individuals and their

genotypes at positions chr8:144099379 and chr19:44908684.

Figure 8 Summary of the number of individuals containing only the SHARPIN Arg274Trp (rs77359862) mutation or both SHARPIN
Arg274Trp (rs77359862) and APOE Cys112Arg(rs429358) mutations separated by population
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Figure 9 List of individuals and their corresponding genotype at positions chr8:144099379 and chr19:44908684 separated by
population. All selected individuals have the SHARPIN Arg274Trp variation. An allele change of T > C at chr19:44908684 is
indicative of the APOE Cys112Arg mutation

NGS Analysis
Figure 10 contains the list of individuals, and their genotypes, selected for further NGS analysis

in Galaxy. BAM files were uploaded into IGV for visualization. Figures 11A and 11B demonstrate

position 144099379 on chromosome 8 and position 44908684 on chromosome 19, respectively,

for the eight individuals in Figure 10. Allele changes were as expected.
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Figure 10 List of 8 individuals selected for NGS analysis. Four individuals contain only the SHARPIN Arg274Trp mutation, and four
individuals contain both the SHARPIN Arg274Trp and the APOE Cys112Arg mutations
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BAM File Visualization in IGV – chr8: 144099379

Figure 11a Visualization of BAM files in IGV demonstrating position 144099379 on chromosome 8 (rs77359862)
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BAM File Visualization in IGV – chr19:44908684

Figure 11b Visualization of BAM files in IGV demonstrating position 44908684 on chromosome 19 (rs429358)

The FreeBayes Bayesian genetic variant detector allows for the detection of haplotypes from

short DNA sequences. FreeBayes identified variants in each sample that were supported by at

least 2 observations by at least 20% of the reads [11]. Table 1 demonstrates the results using

the BAM files above as input, the reference genome GRCh38, and the SNP positions

(rs77359862 – chr8: 144099379, rs429358 – chr19: 44908684) filter. As expected, the variants

detected were supported by the low-coverage WGS data from the 1000 Genomes on GRCh38.

The sample's allele frequencies are represented by the column AF, which demonstrates

heterozygosity with a value of 0.5. The total read depth for each individual is represented by the

column DP. The Phred quality scores for the reference and alternate alleles are shown in

columns QR and QA, respectively. The mean mapping quality for the reference and alternate

alleles, denoted by columns MQM and MQMR, is 60 for all individuals. The mapping quality
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distribution is calculated using Q=-log10(P), where Q represents the Phred score, and P

represents the probability that the read is in the incorrect location. A score of 60 is associated

with high mapping quality [22].

Table 1 Summary of VCF file outputs from FreeBayes Bayesian genetic variant detector was used for calling the

variants filtered to positions chr8: 144099379 and chr19: 44908684

SAMPLE CHRM POS REF ALT QUAL AF DP QR QA MQM MQMR

HG00437 chr8 144099379 G A 16.7047 0.5 17 368 136 60 60

HG01031 chr8 144099379 G A 23.8308 0.5 6 42 78 60 60

HG01863
chr8 144099379 G A 135.713 0.5 19 312 264 60 60

chr19 44908684 T C 12.4782 0.5 8 121 93 60 60

HG02164
chr8 144099379 G A 17.1513 0.5 7 92 82 60 60

chr19 44908684 T C 22.5523 0.5 7 126 93 60 60

NA18629 chr8 144099379 G A 101.008 0.5 10 114 196 60 60

NA18943 chr8 144099379 G A 53.7698 0.5 7 82 126 60 60

NA18944
chr8 144099379 G A 10.3443 0.5 10 171 88 60 60

chr19 44908684 T C 13.8267 0.5 5 66 76 60 60

HG01944
chr8 144099379 G A 125.985 0.5 13 136 246 60 60

chr19 44908684 T C 18.8615 0.5 10 120 98 60 60

Discussion
Our investigations suggest that the SHARPIN Arg274Trp variant functions independently of

APOE4 in association with the development of LOAD. The activation of immune cells, such as

microglia and macrophages, in response to inflammatory responses, along with the

accumulation of Aβ, are characteristic of Alzheimer's disease. SHARPIN plays a role in mediating

inflammatory responses through the regulation of the NF-κB pathway as part of the LUBAC. The

changes in immune response, as a result of the mutation, have been attributed to the

development of LOAD by Asanomi et al. (2019). Furthermore, the regulation of Aβ phagocytosis

is thought to be associated with varying levels of SHARPIN expression. According to

observations by Park et al. (2021), brain damage associated with AD, including cortical

thickness, hippocampal volume, and accumulation of amyloid-β, has been attributed to the

mutation.

Investigations of the functional consequences of the SHARPIN R274W variant demonstrate the

mutation leads to LUBAC instability and reduced activation of the NF-κB pathway. The SHARPIN
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R274W variant is in the UBL domain, which is required for the interaction with the HOIP UBA

domain for the formation of LUBAC. Additionally, the Arginine residue in the UBL domain may

play a role in the overall charge balance and stabilization of the complex.

Among the forty-two individuals with the SHARPIN Arg274Trp from the 1000 Genomes Project,

forty are from East Asia, the continental region with the highest prevalence of this SNP. Only

eight of these individuals have the ApoE4 Cys112Arg, suggesting that there is a high percentage

of people who are at risk of developing LOAD solely because of the SHARPIN Arg274Trp

mutation. The two individuals who are not of East Asian descent that have the SHARPIN

Arg274Trp variant also have the ApoE4 Cys112Arg mutation. However, because there are so few

individuals from the 1000 Genomes Project who are not of East Asian descent, it is challenging

to determine the distribution of the SHARPIN Arg274Trp variant alone versus with ApoE4

Cys112Arg within ethnic groups. Obtaining more genomes of individuals who are not of East

Asian descent but have the SHARPIN variant would allow for a better understanding of the

prevalence of the variant as well as the prevalence of the variant when ApoE4 is also present,

ultimately providing a clearer picture of the relationship between the two variants as it pertains

to ethnicity.

Further analysis of LOAD patients across different populations may elucidate the relationship

between these two variants in Alzheimer's Disease. Understanding who develops LOAD, at what

age, and how fast the progression is could help to unravel the relationship between the most

common indicator of increased risk (APOE4) and the novel SHARPIN Arg274Trp SNP.

Additionally, it's important to remember that the presence of a genetic variant associated with a

disease does not necessarily mean that the individual will develop the disease. Many factors,

including environmental and lifestyle factors, can also play a role in disease development. Given

the limited data, we do not know whether the individuals analyzed had developed LOAD, and

we acknowledge the limitations of our analysis. In the future, it would be useful to conduct a

longitudinal study of individuals with the SHARPIN R274W variant alone and of individuals with

both the SHARPIN R274W variant and the ApoE4 Cys112Arg variant to investigate whether they

have an increased risk of developing LOAD.

We also investigated the regulatory regions of SHARPIN and found enrichment in H3K27Ac and

H3K4Me1 associated with the SNP position in H1-hESC cells. Embryonic stem cells are capable

of producing all types of cells in the body. The use of these pluripotent cells could be combined

with organ-on-a-chip (OoC) technology to create disease models and understand the

pathophysiology of LOAD based on a patient's genetic background. This approach could be

further enhanced by using induced pluripotent stem cells (iPSC) in combination with CRISPR to

study specific genes or variations. [10,28].
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