JID: NBA [mNS;June 9, 2021;19:48]

Neurobiology of Aging XXX (XXXX) XXX

Contents lists available at ScienceDirect

Neurobiology of Aging

NECROBIOLOGY

 AGING

journal homepage: www.elsevier.com/locate/neuaging.org

Negative Results
A genome-wide association study of plasma phosphorylated tau181

Jodie Lord? Anna Zettergren® Nicholas J. Ashton“%¢f Thomas K. Karikari®,

Andrea L. Benedet¢, Joel Simrén®", the Alzheimer’s Disease Neuroimaging Initiative?, for
the AddNeuroMed consortium; Abdul Hye®"¢ Dag Aarsland®¢, Kaj Blennow ",

Henrik Zetterberg©'1* Petroula Proitsi®!*

2 Department of Basic and Clinical Neuroscience, Institute of Psychiatry, Psychology and Neuroscience, King's College London, London, UK

b Neuropsychiatric Epidemiology Unit, Department of Psychiatry and Neurochemistry, Institute of Neuroscience and Physiology, the Sahlgrenska Academy,
Centre for Ageing and Health (AGECA,P) at the University of Gothenburg, Gothenburg, Sweden

¢ Department of Psychiatry and Neurochemistry, Institute of Neuroscience & Physiology, the Sahlgrenska Academy at the University of Gothenburg, Maélndal,
Sweden

dWallenberg Centre for Molecular and Translational Medicine, University of Gothenburg, Gothenburg, Sweden

¢ Department of Old Age Psychiatry, Institute of Psychiatry, Psychology and Neuroscience, King's College London, London, UK

fNIHR Biomedical Research Centre for Mental Health & Biomedical Research Unit for Dementia at South London & Maudsley NHS Foundation, London, UK
& Centre for Age Related Research, Stavanger University Hospital, Stavanger, Norway

" Clinical Neurochemistry Laboratory, Sahlgrenska University Hospital, Mélndal, Sweden

i Department of Neurodegenerative Disease, UCL Institute of Neurology, Queen Square, London, UK

JUK Dementia Research Institute at UCL, London, UK

ARTICLE INFO ABSTRACT

Article history:

Received 25 February 2021
Accepted 21 April 2021
Available online xxx

Plasma phosphorylated tau at threonine-181 (P-taul81) demonstrates promise as an accessible blood-
based biomarker specific to Alzheimer’s Disease (AD), with levels recently demonstrating high predictive
accuracy for AD-relevant pathology. The genetic underpinnings of P-tau181 levels, however, remain elu-
sive. This study presents the first genome-wide association study of plasma P-taul81 in a total sample

Keywords: of 1153 participants from 2 independent cohorts. No loci, other than those within the APOE genomic re-
Plasma phosphorylated tau181 gion (lead variant = rs429358, beta = 0.32, p =8.44 x 10-%°) demonstrated association with P-tau181 at
P-tau181 genome-wide significance (p < 5 x 1079), though rs60872856 on chromosome 2 came close (beta = -

Plasma biomarkers
Genome wide association study

0.28, p = 3.23 x 107%, nearest gene=CYTIP). As the APOE ¢4 allele is already a well-established genetic
variant associated with AD, this study found no evidence of novel genetic associations relevant to plasma
P-tau181, though presents rs60872856 on chromosome 2 as a candidate locus to be further evaluated in
future larger size GWAS.

© 2021 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

1. Introduction

Plasma phosphorylated taul81 (P-taul81) is a promising
blood-based biomarker that is highly specific for Alzheimer’s
disease (AD) pathology. It correlates with cerebral A8 and tau

pathology (Karikari et al., 2020), is specifically associated with
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Zetterberg),

AD neuropathology (Lantero-Rodriguez et al., 2020) and predicts
future cognitive decline (Karikari et al., 2021). It therefore has
great potential for the diagnostic and prognostic evaluation of
AD. Identifying genetic loci associated with plasma P-taul81
could help enhance understanding of specific components of AD
pathophysiology; in particular, tau-associated pathology. To date, 2
GWAS on AD-relevant CSF endophenotypes (Cruchaga et al., 2013;
Deming et al., 2017) have identified 5 loci, including APOE, to be
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Table 1

Lead SNPs for loci associated with P-tau181 at p < 5 x 10-97 within fixed-effects meta-analysis

CHR  BP Lead SNP Al BETA META  SE META  PMETA Nearest Gene  Functional relevance
2 158320559 rs60872856 G -0.280 0.055 3.23E-07 CYTIP Regulation of immune response
19 45411941 rs429358 C 0.281 0.027 2.54E-25 APOE Lipid metabolism

SNPs associated with P-tau181 at p < 5 x 107% . in boia-

associated with CSF P-tau181. Recently, we investigated the relation
between AD polygenic risk scores (AD-PRS) and plasma P-taul81
(Zettergren et al., 2021). No GWAS on plasma P-tau181 levels have
yet, however, been performed. Here, we present the first plasma
P-tau181 GWAS, aiming to identify genetic loci associated with
plasma P-tau181 levels and in turn, tau-associated pathology.

2. Materials and methods

932 participants from the Alzheimer’s Disease Neuroimaging
initiative (ADNI) (http://www.adni-inof.org) and 228 participants
from the European based AddNeuroMed (ANM) study (Lovestone
et al,, 2009) with available plasma P-taul81 and genotype data
were utilised. Plasma P-tau181, for both ADNI and ANM cohorts,
was measured using the Single-molecule array (Simoa) technol-
ogy on an HD-X Analyzer (Quanterix, Billerica, MA) (Karikari et al.,
2021; Simrén et al, 2021). ADNI participants were genotyped
across 3 genotyping platforms (Human610-Quad, HumanOniEx-
press and Omni 2.5M platforms). ANM participants were geno-
typed using the Human610-Quad genotyping platform. All chips
underwent full quality control (QC), principal components (PCs)
extraction and imputation in accordance with matched pipelines
outlined within Supplementary Methods. Following QC, data across
ADNI's 3 genotyping platforms were merged, resulting in 2 cohorts
of data - 1 from ADNI and 1 from ANM.

To maximise sample power, ADNI and ANM were each analysed
separately before combining into a fixed-effects meta-analysis with
betas weighted by the inverse of their variance. Plasma P-taul81
data was log;y transformed to approximate a normal distribution,
and age, sex, and the first 7 PCs were controlled for within each
study (Supplementary Methods). To correct for multiple testing,
loci demonstrating evidence of an association at p < 5 x 10798
were considered to show evidence of an association with P-tau181.

3. Results

Following QC, 932 ADNI and 221 ANM participants were re-
tained (Supplementary Table 1). Meta-analysed results demon-
strated a genome-wide significant association between plasma
P-tau1l81 and the APOE genomic region (lead SNP: rs429358
(beta = 0.281, p = 2.54 x 10725) (Table 1, Supplementary Fig-
ure 1, Supplementary Table 4). No other loci reached genome-wide
significance, though 1 chromosome 2 SNP within the CYTIP re-
gion (rs60872856) demonstrated an association at p < 5 x 1097
(beta = 0.280, p = 3.23 x 10797) (Table 1, Supplementary Figures
1-2, Supplementary Table 4).

4. Discussion

Here, we present the first GWAS of plasma P-taul81, in a sam-
ple of 1,153 individuals from ADNI and ANM. rs429358 within
the APOE genomic region demonstrated evidence of a genome-
wide significant association with plasma P-taul81 (beta = 0.281,
SE =0.027, p = 2.54 x 1025). No other loci reached genome-
wide significance, though rs60872856 on chromosome 2 came
close with a p-value of 3.23 x 1097, This chromosome 2 vari-
ant is located nearest to the cytohesin-interacting protein CYTIP

region, a region involved in the regulation of immune response.
None of the SNPs previously associated with CSF P-taul81 levels
(Cruchaga et al.,, 2013; Deming et al., 2017) showed associations
with plasma P-tau181 levels in this study.

The APOE ¢4 allele is a well-established AD-associated ge-
netic variant. Moreover, it has previously been shown to asso-
ciate with AD-relevant pathology such as amyloid deposition, an
event which is a precursor of elevated P-taul81 levels in the
blood (Karikari et al., 2021). This study therefore identifies no ev-
idence of novel genetic associations relevant to plasma P-taul81.
It does, however, present rs60872856 on chromosome 2 as a can-
didate which may show promise in future, well-powered GWAS
(Supplementary Results). As blood P-tau181 is an easily accessible
and scalable blood biomarker, large-scale GWAs studies exceeding
those of CSF biomarkers will be soon feasible.
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