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1 | BACKGROUND

Down syndrome (DS) is a chromosomal disorder associated with
intellectual disability.> Individuals with DS have an extra copy of chro-
mosome 21, leading to a lifelong overproduction of several genes
on this chromosome, including the amyloid precursor protein (APP)
gene. This genetic alteration results in increased production of amy-
loid beta (AB) plaques, one of the core neuropathological hallmarks of
Alzheimer’s disease (AD).2 Another hallmark of AD is the accumulation
of intracellular hyperphosphorylated tau tangles. DYRK1A (dual speci-
ficity tyrosine-phosphorylation-regulated kinase 1A), also located on
chromosome 21, is associated with tau phosphorylation and is upreg-
ulated in the DS-AD and AD post mortem brains.>* Individuals with DS
are at high risk of developing AD at an early age, typically around 40
years, due to the early accumulation of these AD pathologies.®
Positron emission tomography (PET) imaging and blood biomarkers
are recognized as reliable indicators for screening AD, with quanti-
tative tau-PET proving to be a particularly dependable marker for
clinical progression to dementia.®"® Plasma tau phosphorylated at
threonine 181 (p-tau181) and 217 (p-tau217), and total tau (t-tau)
are accurate blood-based biomarkers for both tau and Ag pathologi-
cal brain changes in DS.”10 |dentifying genetic variants associated with
these biomarkers through genome-wide association studies (GWASs)
in the DS population can provide valuable insights into deciphering the
genetic architecture of AD pathology in DS. To date, meta-analyses
of large GWASs identify > 95 genetic risk loci linked to AD.1%12
These genes are associated with AB production and clearance pro-

08). AD PRS was associated with higher concentrations of tau PET (8 = 0.30,
P = 6.57E-04), p-tau217 (3=0.11, P=4.10E-02), and t-tau (3 = 0.12, P = 3.60E-02).

DISCUSSION: These data indicate the presence of novel genetic loci in DS affecting
plasma tau biomarkers and that AD risk PRS may modify tau neuroimaging and plasma

Alzheimer’s disease, Down syndrome, genome-wide association study, novel genetic loci, tau
biomarkers, trisomy 21

* Four loci were linked to plasma total tau (t-tau) or phosphorylated tau (p-tau)181
with genome-wide significance.

» JHY/rs77264104 stays genome-wide significant for plasma t-tau in a meta genome-
wide association study (GWAS).

* Alzheimer’s disease (AD) polygenic risk score is associated with tau positron
emission tomography (PET), regardless of apolipoprotein E genotype and region.

» Tau-PET genes in Down syndrome (DS) are enriched in the cerebrospinal fluid
phosphorylated tau Alzheimer’s disease dementia GWAS catalog.

» T-tau genes in DS are enriched in a verbal memory GWAS catalog within a mild

cognitive impairment cohort.

cesses, lipid metabolism, immunomodulation, and synaptic function,
which are heavily influenced by AB and tau proteins. GWASs have
identified novel genetic loci for cerebrospinal fluid (CSF) tau and
tau-PET,%3-15 and recent data indicate that plasma tau also has sub-
stantial heritability.2¢17 Given the near-universal occurrence of AD
neuropathology in DS and the evidence that they have a genetic basis,
this study aimed to perform GWASs to identify unique loci associ-
ated with tau plasma (t-tau, p-tau181, p-tau217) and neuroimaging
(tau-PET) biomarkers in DS participants. By exploring these biomark-
ers, we sought to better understand the shared and unique genetic

underpinnings of tau pathology in DS.

2 | METHODS

2.1 | Study cohorts

The subjects were derived from two DS studies: the Alzheimer
Biomarkers Consortium-Down Syndrome (ABC-DS)*® and the Multi-

omic Studies of Alzheimer’s Disease in Adults with Down Syndrome
(omicsADDS).17-21

211 | ABC-DS

The ABC-DS is a multi-site, longitudinal observational study focused
on investigating AD-related biomarkers, along with clinical and genetic
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factors in adults with DS aged > 25.18 People were eligible for ABC-
DS enrollment if participants/their family members/correspondents
consented to participate. Each participant was at least 25 and had
genetic confirmation of DS. A total of 375 non-Hispanic White (NHW)
participants with DS were available for this study. Of 375 subjects,
genome-wide array data were available on 361 and apolipoprotein E
(APOE) genotype data on 370 for genetic analyses.

2.1.2 | omicsADDS

The omicsADDS includes a subset of participants from a larger,
single-site, longitudinal observational study of 612 adults with cytoge-
netically confirmed DS.17-2% Adults with DS were considered eligible if
(1) the participant was at least 30 years of age, (2) a family member or
correspondent provided informed consent, and (3) the participant pro-
vided assent. This study included 133 NHW DS individuals, for whom
only plasma t-tau was measured among the four aforementioned tau
biomarkers, and these subjects were not part of the ABC-DS cohort

(Table S1 in supporting information).

2.2 | Plasma tau biomarkers and processing

Measurement of plasma t-tau, obtained from both ABC-DS and omic-
sADDS, and p-tau181, obtained from ABC-DS, were conducted at the
University of North Texas Health Science Center using commercially
available single-molecule array (Simoa) technology on the HD-1 ana-
lyzer with commercial kits from Quanterix according to the manufac-
turer’s instructions.?? Pooled plasma control samples were included on
each Simoa plate. All assays were conducted in duplicate. Coefficients
of variance, lower limits of detection, and higher limits of detection
for each marker have been previously reported.® The biomarker mea-
sures from the earliest available blood sample for each participant
were selected for analysis.?? Plasma p-tau217 was measured using
immunoassays on a Meso Scale Discovery platform developed by Lily
Research Laboratories.'© Briefly, biotinylated-IBA493 was used as a
capture antibody and SULFO-TAG-4G10-E2 (anti-tau) as the detector,
and samples were diluted 1:2. The assay was calibrated with a synthetic

p-tau217 peptide.

2.3 | Tau PET imaging and processing

ABC-DS participants underwent tau-PET imaging using 18F-
flortaucipir (also known as 18F-AV1451), as previously described.1©
Derived outcome measures of standardized uptake volume ratio
(SUVR) were used to index tau burden in the brain. Brain regions
of interest were obtained from FreeSurfer (v5.3) parcellations
of the co-registered T1-weighted magnetic resonance imaging
(MRI). The tau SUVR index was then calculated from the PET data
by dividing the signal from the tau-specific regions (entorhinal

cortex, parahippocampal cortex, amygdala, middle- and inferior-
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RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the literature
on tau biomarkers in the Down syndrome (DS) population
via PubMed. While the pathophysiology of Alzheimer’s
disease (AD) in DS is less studied, recent publications
have addressed this topic. These relevant citations are
appropriately referenced.

2. Interpretation: Our genome-wide association study of
plasma and imaging tau biomarkers in the DS popula-
tion reveals several potential novel genetic risk factors,
highlighting the unique genetic architecture of AD pathol-
ogy in DS. The observed differences between DS and
non-DS cohorts emphasize the importance of conducting
population-specific analyses to investigate the distinct
mechanisms underlying AD pathology in DS.

3. Future directions: With the findings reported in this arti-
cle, future research of the DS cohort could investigate
(a) the genetic factors influencing longitudinal changes
in tau biomarkers, (b) shared genetic factors that con-
tribute to both amyloid beta and tau pathologies, and
(c) the genetic profile of DS-specific AD pathology by
incorporating additional biomarkers.

temporal cortex) by the cerebellar gray matter reference region

signal.23

2.4 | Genotyping, imputation, and quality control

Genome-wide microarray data were generated using the Illumina
Infinium Global Screen Array (GSA) version 2.0 and were obtained from
the Laboratory of Neurolmaging (LONI) website (https://ida.loni.usc.
edu/). Imputation was performed on autosomal chromosomes (exclud-
ing chromosome 21) using the TOPMed Imputation Server with the
TOPMed reference panel (version r2) to enhance the resolution of the
genomic information.2*-2¢ Variants with imputation quality scores (R2)
> 0.3 were retained, resulting in 22,466,993 variants. All variants were
mapped to the GRCh38 assembly.

For quality control (QC), participants with a call rate < 95% were
excluded, as were single nucleotide polymorphisms (SNPs) that were
not in Hardy-Weinberg equilibrium (HWE; P < 1E-05). SNPs with
an imputation quality score R2> 0.3, and a minor allele frequency
(MAF) > 1% were retained for downstream analyses.

Population stratification was evaluated using PLINK (version
1.9),27 focusing on common variants (MAF > 5%) that passed QC
(N = 6,160,269 SNPs). Principal components (PCs) were calculated
using a sliding window approach, with a window size of 2000 base pairs

and 200 variants.
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2.5 | Chr21 genotyping

Chromosome 21 variants were called as the copy number variations
(CNVs) using the cnvPartition CNV analysis (version 3.2.0, Illumina)
plug-in in GenomeStudio 2.0 with the Genotyping module. A total of
9785 and 8446 variants were called on GSAv2 and GSAV3, respec-
tively. Consistent with standard practice, the p-arm of chromosome 21
was excluded from analysis due to its highly heterochromatic nature,
which contains numerous repetitive sequences. This feature led to a
high frequency of disomic variant calls in individuals with DS in our
data and inconsistencies between duplicate samples in this region.
To ensure data accuracy and reliability, all genotyped variants on the

p-arm were omitted from the analysis.

2.6 | APOE genotyping

APOE genotypes for rs429358 (APOE4) and rs7412 (APOE2) SNPs
were determined using the KASP genotyping platform provided by
LGC Genomics.28 Of 375 subjects, APOE genotype data were available
on 370.

2.7 | Statistical analyses
2.7.1 | Phenotype construction

We applied rank-based inverse normal transformation (INT) to all
tau biomarkers in R (version 4.4.0) to ensure normality. Covariates
included age at the biomarker collection, sex, baseline dementia sta-
tus, and ancestry’s top four PCs. For both ABC-DS and omicsADDS
participants, clinical dementia status was determined through a clinical
consensus process involving expert DS clinicians, study coordinators,
and highly trained and experienced staff. This process used medical,
clinical, and cognitive testing data. The consensus conference team was
unaware of any biomarker or genetic findings. The consensus diag-
nosis was based on cognitive and functional status, categorized as
cognitively stable (no decline, CS), mild cognitive impairment (decline
beyond healthy aging but not meeting dementia criteria, MCI-DS),
and dementia (persistent memory loss and functional decline with
no other mimicking causes, AD-DS). Those without a clear diagnosis
were labeled “unable to determine.” For analysis, we combined MCI-
DS and AD-DS cases as “dementia” cases and excluded five participants

without a valid diagnosis.18

2.7.2 | Association of the APOE polymorphism

Of the 370 participants with APOE genotyping available, participants
were categorized into six APOE genotypes (2/2, 2/3, 2/4, 3/3, 3/4, and
4/4), defined by APOE2, APOE3, and APOE4 alleles. Nine participants
with the APOE 2/4 genotypes were excluded from the analysis because
of the opposite effects of these alleles on AD risk and biomarkers.

Based on biomarker availability, linear regression analyses were per-
formed to estimate the dosage effects of the APOE2 and APOE4 alleles
on biomarker levels, including 270 subjects with plasma p-tau181, 269
with p-tau217, 283 with t-tau, and 128 with tau-PET neuroimaging
data. Models were adjusted for sex, age at the biomarker collection, and
baseline dementia status.

2.7.3 | Single-trait biomarker GWAS

We conducted single-trait association tests for four inverse rank-
normalized tau phenotypes using an additive model in PLINK (version
1.9)27. Chromosome 21 SNPs were analyzed using MatrixEQTL (ver-
sion 2.3)27 with an additive effect model to account for trisomy 21,
in which each SNP can have up to four genotype calls. The analysis
included the same covariates used in the APOE polymorphism associ-
ations, with the addition of the top four PCs. Sample sizes varied based
on genome-wide genotype and biomarkers data, including 261 individ-
uals for plasma p-tau181, 259 for p-tau217, 275 for t-tau, and 126 for
tau-PET neuroimaging. Manhattan and QQ plots were generated after
combining GWAS outputs from all chromosomes using the R pack-
ages qgman (version 0.1.9)3° and Haplin (version 7.3.2).3! Variant-level

visualization was performed using LDlinkR package (version 1.4.0).32

2.7.4 | Multi-trait biomarker GWAS

A multi-trait GWAS was performed with GEMMA software (version
0.94)%3 on a subset of 76 individuals with complete data for four tau
biomarkers. The analysis employed a linear mixed model with default
parameters, incorporating a centered relatedness matrix to account for
relatedness. The same covariates used in the single-trait GWAS were
also applied here.

2.7.5 | Meta-analysis

A meta-analysis of plasma t-tau levels was conducted on 408 indi-
viduals on overlapping variants across the ABC-DS and omicsADDS
cohorts using METAL (version 2011-03-25) with a standard error-

based weighted model adjusted for the genomic inflation factors.

2.7.6 | Dementia status GWAS in ABC-DS

We performed a logistic regression analysis between 92 dementia
cases and 238 cognitively stable controls with DS in the ABC-DS
cohort using PLINK (version 1.9).2” Demographic details are presented
in Table S2 in supporting information. The group with dementia had
a mean age of 53.74 years, while the cognitively stable group had
a mean age of 41.83. Both groups exhibited a higher proportion of
males, with 60.87% in the dementia group and 52.10% in the cogni-

tively stable group. The analysis adjusted for sex, age at the biomarker
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collection, and the top four PCs. Chr21 was excluded from the analy-
sis due to technical problems in performing logistic regression on CNV.
Top variants identified for tau biomarkers in DS were assessed for their
associations with dementia risk in the DS cohort.

2.7.7 | Polygenic risk score analysis

To examine the association of reported AD risk variants with tau
biomarkers in the DS population, we used PRSice-23* to calculate the
AD polygenic risk score (PRS) from the largest clinical NHW AD case-
control study (N = 788,898).12 The PRS was calculated as the weighted
sum of the risk alleles overlapped in our DS cohort. We applied
the standard clumping and P value thresholding (C+T) approach on
genome-wide significant (GWS) variants. We calculated PRS for the
GWS variants on the linkage disequilibrium (LD) clumped SNPs after
excluding the variants on chromosome 21. LD clumping excludes vari-
ants with R2> 0.1 in a 250 kb window and keeps the variants with the
most significant P values in the region. The PRS is standardized to the
mean of the population.

We applied linear regression adjusting for key covariates, includ-
ing age at the biomarker collection, sex, and PCs 1 to 4 to account
for population stratification. Additionally, adjustments were made
for the APOE4 and APOE2 carrier status, which are well-established
genetic modifiers of AD risk in non-DS populations. Last, we excluded
the APOE region (GRCh38, Chr19:43,907,927-45,908,821) to examine
the contribution of AD-associated non-APOE genome to tau biomark-
ers in DS. By incorporating these adjustments, we aimed to isolate
the contribution of other genetic variants to tau phenotypes while
minimizing confounding effects from these known risk factors and
demographic variables.

2.7.8 | Comparison of tau-associated variants in DS
with non-DS populations

We assessed the tau-associated variants in DS at P < 1E-03 with the
summary statistics of the following non-DS data sets: (1) the largest
clinically NHW AD case-control data in non-DS,2 (2) the reported 99
top AD-associated SNPs in non-DS,1112 (3) plasma p-tau181 in 1186
subjects and plasma t-tau in 563 subjects,®> and (4) tau-PET in 1446

participants from seven cohorts.3¢

2.7.9 | Functional annotations

SNPs with available rsIDs which achieved suggestive significance (P <
1E-05) were annotated using FUMA-GWAS (https://fuma.ctglab.nl/).
Lead SNPs were defined further from these independent significant
SNPs if pairwise SNPs had RZ < 0.1. Genomic risk loci were identi-
fied in which SNPs were in LD (R2 > 0.6) with independent significant
SNPs. The maximum distance for merging LD blocks into a genomic
locus was 250 kb. SNPs in LD with independent significant SNPs were

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

defined as tagged SNPs. The genetic data of European populations in
the 1000 Genomes phase 3 dataset were used as reference data for
LD analyses. FUMA-identified candidate SNPs were functionally anno-
tated with their Combined Annotation Dependent Deletion (CADD)
scores, RegulomeDB (RDB) ranks, and chromatin states. GWS variants
were further queried with QTLBase for additional quantitative trait loci
(QTL) information.”

Additionally, variants surpassing the suggestive threshold (P < 1E-
05) or those in LD (R2 > 0.6) with independent variants were mapped
to genes using positional (up to 10 kb), expression QTL (eQTL; with
brain datasets as reference), chromatin mapping in FUMA, default false
discovery rate (FDR) is applied. Gene-set enrichment analysis was per-
formed using the GENE2FUNC function in FUMA, with gene sets from
the Molecular Signatures Database (MSigDB) and the GWAS catalog.
The Benjamini-Hochberg®® method was used for multiple corrections,
and an adjusted FDR of 0.05 was used as the significance threshold.
A minimum of two input genes overlapping with predefined gene sets

was required for gene-enrichment analysis.

3 | RESULTS
3.1 | Participant demographics

The 375 ABC-DS participants included in the analyses are NHWs aged
25 to 81 (54% male; Table 1). Of the 375, 69% were cognitively sta-
ble, and 26% had dementia at the time of the blood collection. APOE4
carriers were more prevalent in the dementia group compared to the
cognitively stable group (36.08% vs. 19.69%; P = 0.001). Genome-
wide genotype data were available on 330 subjects. The number of
participants with available baseline plasma tau biomarker data also
varied among genome-wide genotyped subjects, ranging from 126
with tau-PET to 275 with plasma t-tau. Only 76 subjects had all four
biomarkers and genotypes available in this study cohort. The levels of
tau biomarkers were significantly higher in ABC-DS participants having
dementia versus no dementia (P, o181 = 1.93E-17, Pypau217 = 1.46E-
14, Piq,, = 3.53E-08, P, .per= 4.40E-05; Figure S1 in supporting
information). A replication sample of 133 DS participants (4% with
dementia) having only plasma t-tau was derived from the omicsADDS

cohort.

3.2 | Associations of APOE polymorphisms

We assessed the relationship between APOE2 and APOE4 alleles and
tau biomarkers in 361 DS participants after excluding 9 APOE 2/4
participants (Table 2). While APOE4 was not associated with any
biomarker, APOE2 showed the expected association with a lower con-
centration of plasma p-tau217 (P = 0.023, 8 = —0.31), which remained
significant after the additional adjustment for PCs in genome-wide
association (GWA) analysis (P=0.011, 3= —0.34). The borderline asso-
ciation of APOE2 with tau-PET became significant in GWA analysis
after the additional adjustment for PCs (P=0.015, 3= —0.55).
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TABLE 1 Demographic characteristics of the ABC-DS participants with DS.

Age (mean + SD)
Sex (N, %)
Male
Female
APOE genotype (N, %)
2/2
2/3
2/4
3/3
3/4
4/4
Not available
Dementia status® (N, %)
Cognitively stable
APOE4 carriers (N, %)
Dementia
APOEA4 carriers (N, %)

Not available

Total
(N =375)
45.13 +9.89

204 (54.40%)
171 (45.60%)

2(0.53%)
47 (12.50%)
9(2.40%)
232(61.90%)
73(19.47%)
7(1.87%)
5(1.33%)

259 (69.07%)
51(19.69%)
97 (25.87%)
35 (36.08%)
19 (5.07%)

FAN ET AL.
All tau
p-tau181 p-tau217 t-tau Tau-PET biomarkers®
(N=261) (N =259) (N =275) (N =126) (N=76)
45.25 + 9.65 44.97 + 9.80 44.96 + 9.84 38.59+7.89 40.37 +7.97
138 (52.87%) 138 (53.28%) 148 (53.82%) 64 (50.79%) 35 (46.05%)
123 (47.13%) 121 (46.72%) 127 (46.18%) 62 (49.21%) 41 (53.95%)
2(0.77%) 2(0.77%) 2(0.73%) 2(1.59%) 2(2.63%)
38 (14.56%) 33(12.74%) 37(13.45%) 16 (12.70%) 13(17.11%)
7 (2.68%) 6(2.32%) 7 (2.55%) 2(1.59%) 1(1.32%)
155 (59.39%) 163 (62.93%) 170(61.82%) 80 (63.49%) 47 (61.84%)
53(20.31%) 50(19.31%) 53(19.27%) 21(16.67%) 12 (15.79%)
6(2.30%) 5(1.93%) 6(2.18%) 5(3.97%) 1(1.32%)
192 (73.56%) 192 (74.13%) 204 (74.18%) 116 (92.06%) 69 (90.79%)
39(20.31%) 36(18.75%) 40(19.61%) 25(21.55%) 12 (17.39%)
69 (26.44%) 67 (25.87%) 71(25.82%) 10 (7.94%) 7(9.21%)
27 (39.13%) 25 (37.31%) 26 (36.62%) 3(30.0%) 2(28.57%)

Abbreviations: ABC-DS, Alzheimer’s Biomarker Consortium-Down Syndrome; APOE, apolipoprotein E; p-tau181, plasma tau phosphorylated at threonine
181; p-tau217, plasma tau phosphorylated at threonine 217; SD, standard deviation; t-tau, plasma total tau.

2Dementia categories were determined through clinical consensus by a team that included a psychologist, physician, and at least two other specialists in
Alzheimer’s disease dementia in Down syndrome (DS), based on medical, clinical, and cognitive testing data. Participants with DS were classified as cognitively
stable (CS; “cognitively stable”), having a mild cognitive impairment (MCI-DS) or dementia; MCI-DS and dementia were combined as “dementia.” Cases in

which a diagnosis could not be determined were included as “not available.”

bTotal 76 DS subjects with all four tau biomarkers available.

TABLE 2 Association of APOE2 (rs7412) and APOE4 (rs429358) polymorphisms and tau biomarkers in a DS population.

AD biomarker
p-tau181
p-tau217
t-tau

Tau-PET

Summary statistics
(Mean + SD)

3.83+26
0.73+0.6
265+18
1.17+0.2

N

270
269
283
128

APOE4 (rs429358) APOE2 (rs7412)

B P B P
0.03 0.758 -0.10 0.420
0.03 0.821 -0.31 0.023*

-0.07 0.561 -0.04 0.779
0.02 0.923 —-0.38 0.079°

Note: P-value was obtained using an additive model adjusted for sex and age at biomarker collection; *P < 0.05.

Abbreviations: APOE, apolipoprotein E; GWA, genome-wide association; PC, principal component; p-tau181, plasma tau phosphorylated at threonine 181;
p-Tau217, plasma tau phosphorylated at threonine 217; SD, standard deviation; tau PET, brain phosphorylated tau measured through positron emission
tomography scan; t-tau, plasma total tau.
N = Total number of participants with the APOE genotype and tau biomarkers data.
*P=0.011,3=-0.34in GWA analysis after the additional adjustments for PCs
TP=0.015, 8=—0.55 in GWA analysis after the additional adjustments for PCs.

3.3 | Single-trait GWAS

We conducted individual single-trait GWAS analyses on all four tau
biomarkers. Chr21 was analyzed separately with the same model

assuming additive effect and then combined with other chromo-

somes for visualization. No genomic inflation was detected (Figures
S$2-S3 in supporting information). Tables S3-S6 in supporting infor-
mation detail suggestive SNPs with P < 1E-05 for each tau biomarker,
respectively. Four GWS signals were identified, including three for p-
tau181 and one for t-tau (Figures 1-2, Table 3). Notably, one GWS
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FIGURE 1 Manhattan plot and regional plots of inverse-normalized p-tau181. A, Manhattan plot showing the P values in the single-trait
GWAS. The blue and red lines represent the suggestive (P = 1E-06) and genome-wide significant thresholds (P = 5E-08), respectively. Variants that
reached the genome-wide threshold are displayed in the plot; (B-D) regional plots for genome-wide significant variants located in the Chr2, Chr5,
and Chr21. The relative location of genes and the direction of transcription are shown in the lower portion of the regional plot. GWAS,
genome-wide association study; p-tau, phosphorylated tau.

association of p-tau181 was observed on Chr21 in the tubulin alpha ITCH/rs145727609 on Chr20 (P, = 9.35E-07, B = 1.27), and
pseudogene 1 (TUBAP1/rs76523946, MAF = 0.042, P = 2.21E-08, CBX7/rs117125511 on Chr22 (Ppetq = 9.93E-07, 8 = —0.99). Those

B = 0.61). Carriers of the effect allele of this SNP also showed suggestive variants also show consistent directional effect in the
the same trend of association with tau-PET, although it did not replication cohort (Table S7).
reach the nominal significant threshold (P = 0.068, 3 = 0.19). For p-tau217, the top signal in an intron of MRC1 on Chr10

The next two loci associated with p-tau1l81 are located on Chr3 achieved nearly genome-wide significance (rs692025, MAF = 0.068,
(CLSTN2/rs112448655, MAF = 0.012, P = 3.04E-08, 8 = —3.99) and P =5.65E-08, 8 = —0.77; Figure 3). For tau-PET, four suggestive asso-
Chr5 (CTNND2/rs142510573, MAF = 0.010, P = 3.04E-08, 3 = —3.99). ciations were observed with a P range from 7.83E-07 to 3.14E-07
The top signal for t-tau was detected in an intron of JHY on Chr11l (Figure 4). Interestingly, one suggestive signal for tau-PET on Chr7
(rs77264104, MAF = 0.017, P = 1.75E-08, 8 = —1.52). Although (CRYGN,RHEB/rs12538040, MAF = 0.196, P = 3.80E-07, 8 = —0.84)
this SNP was not statistically significant in the replication omic- was also nominally significant with the same direction for p-tau217
sADDS cohort having the t-tau data, it showed the same directional (P=0.032,3=-0.21).

association (MAF = 0.015, P = 0417, 8§ = —-0.42), and the meta-

P is slightly improved (Ppetq= 2.91E-08, f = —1.29, Table S7 in

supporting information). JHY/rs77264104 also demonstrated near- 3.4 | Mult-trait GWAS

nominal association with p-tau217 in the same direction (P = 0.060,

B = —0.45). The meta-analysis of plasma t-tau also identified four sug- Multi-trait GWAS was performed on a subset of 76 participants from
gestive associations: TBLXR1/rs113681535 on Chr3 (P et = 4.91E-07, ABC-DS with all four tau biomarker measurements available, aiming
B =-0.81), MTUS1/rs3930694 on Chr8 (Ppets = 6.23E-07, f = —0.41), to identify pleiotropic loci that simultaneously contribute to all tau
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FIGURE 2 Manhattan plot and regional plots of inverse-normalized t-tau. A, Manhattan plot showing the P values in the single-trait GWAS.
The blue and red lines represent the suggestive (P = 1E-06) and genome-wide significant thresholds (P = 5E-08), respectively. Variant that reached
genome-wide threshold of P = 5E-08 is displayed in the plot; (B) regional plot for the top SNP on Chr11. The relative location of genes and the
direction of transcription are shown in the lower portion of the regional plot. GWAS, genome-wide association study; SNP, single-nucleotide

polymorphism; t-tau, total tau.

biomarkers. There was a relatively high positive correlation between
p-taul81 and p-tau217 (Pearson r = 0.65, P < 2E-16) followed by
a moderate to low correlation of tau-PET with p-taul81 (Pearson
r = 0.44, P = 3.88E-06) and p-tau217 (Pearson r = 0.38, P = 3.26E-
05), respectively (Figure S4 in supporting information). In contrast,
t-tau showed a relatively weaker correlation with p-tau181 (Pearson
r=0.33,P =4.66E-07), p-tau217 (Pearson r = 0.35, P = 4.43E-08), and
tau-PET (Pearson r = 0.24, P = 7.54E-03) (Figure S4). The multi-trait
GWAS on four tau biomarkers identified 37 suggestive associations
at P < 1E-05 (Table S8 in supporting information), but none over-
lapped with the top SNPs for individual biomarkers. Among the top
six variants (P range from 3.96E-07 to 1.04E-07), three linked com-
mon variants (rs3106346, rs369963387, rs1849188; MAF = 0.329,
P = 3.96E-07) define a locus on Chr17 near the ARL17A and NSF

genes, a region previously implicated in protecting against the risk of
AD among non-APOE4 carriers.?40 A fourth common missense SNP
(rs1863115, p.Phe1141leu; MAF = 0.303, P = 4.13E-06) located in
a nearby LRRC37A2 gene, which is in LD with the above-mentioned
three variants (R2 = 0.858 to 0.874, Table S9a in supporting informa-
tion), is also part of this association and may be a functional variant
(Figure 5). However, the association of these SNPs with tau biomark-
ers is independent of the reported AD association with NSF/rs199533
(R? = 0.045 to 0.047, Table S9a). These significant SNPs are ~ 500 to
600 kb downstream from the MAPT gene that codes for tau found in
neurofibrillary tangles.

Next, we examined if genetic variation in MAPT is associated with
tau biomarkers and dementia risk in DS. As shown in Table S9b, six

intronic SNPs in MAPT are nominally associated with lowering levels
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FIGURE 3 Manhattan plot and regional plots of inverse-normalized p-tau217. A, Manhattan plot showing the P values in the single-trait
GWAS. Variant that reached subthreshold genome-wide threshold of P = 5E-08 is displayed in the plot; (B) regional plot for the top SNP on Chr10.
The relative location of genes and the direction of transcription are shown in the lower portion of the regional plot. GWAS, genome-wide
association study; SNP, single-nucleotide polymorphism; p-tau, phosphorylated tau.

of p-tau181 or tau-PET and reduced risk against dementia in DS and
they are not in LD with the above four SNPs. However, four of six
MAPT SNPs (rs8078967,rs1001945,rs9904290, rs8080903) are in LD
(R2=0.992 to 0.998, Table S9c) and thus represent a single associa-
tion with a lowering effect on p-tau181 and reduced risk of dementia.
The other two SNPs, MAPT/rs8067056 and MAPT/rs2435203, are
independently associated with lower tau-PET levels in the brain and
correspondingly lower dementia risk in DS (Table S9c).

3.5 | Comparison of DS tau-associated SNPs with
non-DS populations

To explore the potential overlapping and differential genetic underpin-

nings of tau biomarkers in DS and non-DS populations, we compared

tau-associated variants in DS (P < 1E-03) to the GWAS summary statis-
tics of the corresponding tau biomarkers in non-DS and vice versa.3>3¢
We only found one overlapping variant for t-tau and another three for
p-tau181 (Table S10 in supporting information). The limited overlap
indicates that while some genetic factors may be shared, the genetic
architecture driving tau pathology may differ significantly between DS
and non-DS populations.

Furthermore, we examined the top tau-associated variants in DS
with AD risk in both DS and non-DS populations (Table S11 in sup-
porting information). Seven intronic SNPs in NOVA1 are associated
with elevating plasma p-tau217 levels and represent a single associa-
tion on Chr14 due to LD between them; they are also risk factors for
dementia in DS (odds ratio [OR] = 1.70; P = 3.80E-02). On the other
hand, three intergenic SNPs on Chr18, which also represent a single

association and lower p-tau217, are protective against dementia in DS
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FIGURE 4 Manhattan plot and regional plots of inverse-normalized tau-PET. (A) Manhattan plot showing the P values in the single-trait

GWAS. The blue and red lines represent the suggestive (P = 1E-06) and genome-wide significance thresholds (P = 5E-08), respectively. Variant that

reached genome-wide suggestive threshold of P = 1E-06 is displayed in the plot; (B)-(E) regional plot for the top SNP on Chré, Chr9, Chr11, and
Chr17. The relative location of genes and the direction of transcription are shown in the lower portion of the regional plot. GWAS, genome-wide
association study; PET, positron emission tomography; SNP, single-nucleotide polymorphism.
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FIGURE 5 Manhattan plot and regional plots of multi-trait GWAS on all tau biomarkers. A, Manhattan plot showing the P values in the
single-trait GWAS. The blue and red lines represent the suggestive (P = 1E-06) and genome-wide significant thresholds (P = 5E-08), respectively.
Variant that reached genome-wide suggestive threshold of P = 1E-06 is displayed in the plot; (B) quantile-quantile plot for the multi-trait GWAS

results on all four tau biomarkers; (

C)-(D) regional plot for the top SNP on Chr12 and Chr17. The relative location of genes and the direction of

transcription are shown in the lower portion of the regional plot. GWAS, genome-wide association study; SNP, single-nucleotide polymorphism.

(OR =0.62; P = 3.30E-02). A similar lowering effect of SNPs on Chr22
for p-tau217 and on Chr1 for t-tau are associated with protection
against dementia in DS. However, this correlation of tau markers in DS
did not extend to AD risk in non-DS. On the other hand, three additional
loci of tau biomarkers demonstrated a correlation with AD in non-
DS that was not observed in DS: LINCO1170,ZNF608/rs183445515
on Chr5 that was associated with a lower concentration of p-tau181,
also showed protection against AD risk (OR = 0.93, P = 1.03E-
02); GSTTP2/rs5760072 that is part of four linked SNPs on Chr22
and associated with higher concentration p-taul81, also increased
AD risk (OR = 1.02, P = 4.88E-02); and ZNF608/rs183445515
that lowered p-tau217 also lowered the AD risk (OR = 0.93,
P=1.03E-02).

Of the 99 previously reported AD risk variants, 77 were present
in our DS cohort, and 7 of them showed nominal associations with
the same directional effects (Table S12 in supporting information),
including one for p-tau181 (WWOX, MAF/rs450674: P =9.53E-03), two
for p-tau217 (ABCA1/rs1800978: P = 3.46E-02; TSPAN14/rs1878036:
P = 2.16E-02), one for t-tau (SLC24A4/rs10498633: P = 1.25E-
02), and three for tau-PET (DOC2A/rs1140239: P = 9.89E-03;

LOC107984208,ECHDC3/rs7920721: P = 3.89E-02; CLU/rs9331896:
P=3.89E-02).

3.6 | PRS analysis

The PRS for AD was positively associated with tau-PET, p-tau217,
and t-tau, with the highest association with tau-PET (P = 6.57E-04),
which remained significant after additional adjustments for APOE4 and
APOE2 or excluding the APOE region (Table S13 in supporting infor-
mation). The AD-PRS was negatively associated with dementia in DS
(OR = 0.37), which remained significant after adjusting for APOE2 but
became non-significant when additional adjustments were made for
APOE4 or excluding the APOE region.

3.7 | Functional annotations

Two SNPs for the Chr17 suggestive signal in the multi-trait anal-
ysis have RDB rank of 1d (ARL17A-NSF/rs1849188) and 2b
(LRRC37A2/rs1863115, p.Phel141Leu), indicating they can affect
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transcription binding and expression of a gene target. The missense
variant also has a CADD score of 14.74, indicating it is potentially
pathogenic. While LRRC37A2/rs1863115 is cis-eQTL for ARL17A,
ARL17B, and NSFP1 in the brain, ARL17A-NSF/rs1849188 is cis-eQTL
for ARL17B in blood (Table S14a in supporting information). Five of the
six MAPT SNPs showing nominal associations with tau biomarkers have
aRDB rank of 1f, indicating a high degree of evidence for being aregula-
tory variant that can affect transcription binding and gene expression.
All six MAPT SNPs are eQTLs for multiple genes in this region of Chr17
(Table S14b).

Among the GWS signals, we found two potential mQTLs in blood
using QTLBase. The index variant for p-tau181, TUBAP1/rs76523946,
showed evidence of negatively influencing DNA methylation levels
near SMIM20 (effect size = —0.67, P = 9.38E-08). On the other hand,
the lead SNP for t-tau, JHY/rs77264104, demonstrated evidence of
positively influencing DNA methylation levels near AKAP11 (effect
size=0.78, P = 2.36E-08).

The mapped genes from FUMA were included in enrichment anal-
ysis for specific biological functions through MSigDB, which included
Kyoto Encyclopedia of Genes and Genomes (KEGG)-, Gene Ontology
(GO)-, and GWAS Catalog-reported genes (Table S15 in supporting
information). For p-tau181 and tau-PET, two immune-related genes,
CXCL14 and IL9, were enriched in “Cerebrospinal fluid p-Tau lev-
els in Alzheimer’s disease dementia” (FDR = 5.00E-04) process from
the GWAS Catalog (https://www.ebi.ac.uk/gwas/home), which directly
linked our findings to AD-associated tau pathology. Additionally, five
genes, including two associated with synaptic plasticity (CAPN12 and
HNRNPL) and three immune-associated genes (LGALS7, LGALS7B, and
LGALS4), were enriched in “Logical memory (immediate recall) in the
mild cognitive impairment” process for t-tau. In addition, we also
observed several pathways of interest, including triglyceride levels
and sleep duration, that are directly associated with AD and path-
ways associated with intermediate filaments, which have been shown
in neurofibrillary tangles (NFTs), indirectly associated with AD.**

4 | DISCUSSION

Using single-trait and multi-trait GWAS approaches, we investigated
genetic associations with tau biomarkers in two cohorts with DS. The
analyses were adjusted for dementia status, given that tau biomarker
levels differ significantly in their means between dementia cases and
cognitively stable DS participants. GWS associations were observed
for t-tau and p-tau181, and suggestive association (P < 1E-06) for
tau-PET and in multi-trait analysis.

The Chr21 variant TUBAP1/rs76523946 is linked to higher p-
tau181 levels and may increase AD risk in individuals with DS. The
extra copy of TUBAP1 and other Chr21 genes could affect microtubule
dynamics. TUBAP1, a pseudogene related to tubulin alpha, is a key pro-
tein of cytoskeleton,*? which affects microtubule stability and motor
protein function and can severely impair axonal transport, leading to
synaptic integrity deterioration, a hallmark of AD pathology.*® In AD,

disruptions in TUBAP1 function can destabilize microtubules, impairing
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intracellular transport. This, in turn, leads to abnormal tau protein
phosphorylation, which promotes tau aggregation and the formation
of NFTs, a hallmark of AD pathology.**

We observed two additional GWS variants for p-tau181:
CLSTN2/rs112448655 on Chr3 and CTNND2/rs142510573 on
Chr5. CLSTN2 (calsyntenin 2) positively regulates synapse assembly
and synaptic transmission, which are essential for maintaining neu-
ronal communication, synaptic plasticity, learning, and memory.*>
Synaptic dysfunction, an early hallmark of AD, precedes other more
obvious signs of neurodegeneration, such as neuronal death, and
strongly correlates with the severity of cognitive decline.*¢*” Because
CLSTN2 is involved in both synapse formation and function,*® any
disruptions in its activity could exacerbate synaptic loss, contributing
to the early stages of AD. CTNND2 encodes delta-catenin 2, a protein
crucial for neuronal signaling and synaptic function.*? It disrupts E
cadherin-based adherend junctions, favoring cell expansion when
stimulated by hepatocyte growth factor. Alterations in CTNND2
impact synaptic stability, connectivity, neuronal development, and
critical learning and memory processes.’%-2 These alterations have
been previously implicated in neurodevelopmental diseases such as
autism and attention hyperactivity.’! Interestingly, elevated levels of
delta-catenin have been reported in supranuclear cataracts in both
DS and AD patients due to abnormal amyloid deposition in the lens.>3
In vitro cell-based studies have also shown that delta-catenin could
regulate APP processing by interacting with PS1.5%

The Chr11 signal, rs77264104, for t-tau is in the JHY gene that
codes for junctional cadherin complex regulator protein involved in
axoneme assembly and brain development. Axoneme assembly refers
to the formation of the axoneme, the structural core of cilia and flag-
ella, composed of highly organized microtubules, which is critical for
the movement of cilia on astrocytes for neuronal signaling.> In animal
models, overexpression of APP causes alterations in primary cilia, and
inhibition of primary cilia causes increased AD neuropathology.’>’
The functional annotation also indicated that this variant might
affect tDNA methylation patterns of AKAP11 and SMIM20. Loss-of-
function mutations in AKAP11 disrupt endolysosomal homeostasis
within neurons.>® This can lead to impaired endosomal trafficking
of AB42, typically followed by lysosomal degradation and autophagic
clearance of abnormal proteins. Understanding AKAP11’s specific
molecular mechanisms may pave the way for targeted therapies to
alleviate A8 pathology.>? Although the role of SMIM20 in tau pathol-
ogy or dementia remains largely unexplored, a previous study reported
its associations with paired helical filament tau,’® highlighting its
potential role in tau pathology.

Meta-analysis on t-tau identified additional suggestive signals rel-
evant to AD pathology in DS. For example, mutations in TBL1XR1 on
Chr3 (P =4.91E-07) that codes for TBL1X/Y related 1, disrupt the bal-
ance of neuronal progenitor cells, reducing proliferation and increasing
differentiation.t This imbalance alters cortex neuron types and den-
dritic arborization.®® Such dendritic abnormalities are significant, as
they are present in DS and contribute to the intellectual disabili-
ties associated with the condition.®? Dysregulation of ITCH on Chr20
(P = 9.35E-07) that codes for itchy E3 ubiquitin-protein ligase can
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lead to aberrant cell cycle re-entry and neuronal apoptosis, a process
observed in AD and other neurodegenerative disorders.®®

A subthreshold GWS signal rs692025 (P = 5.65E-08) for p-tau217
on Chr10 is located in MRC1 that encodes a mannose receptor pri-
marily associated with the M2-like activation state of microglia, which
is characterized by anti-inflammatory and tissue-repair functions.®*
Impaired function or altered expression of MRC1 could reduce the
capacity of microglia to clear AB,°® leading to plaque accumulation and
neurodegeneration.

Multi-trait analysis identified a suggestive locus on Chr 17 that
may contribute to all tau biomarkers simultaneously. Multiple sig-
nificant variants (P = 3.96E-07) define this locus and implicate the
LRRC37A2, ARL17A, and NSF genes. However, this locus is indepen-
dent of the previously implicated locus for AD in or near NSF.3%° Two
nearby independent signals on Chr17g21.31 seem due to their loca-
tions in a complex genomic region containing a 900 kb inversion®®
containing two extended haplotypes (H1 and H2) which are near com-
plete LD with the inversion phases, and SNPs for the two signals are
likely to be located on opposite haplotypes. Future studies on these
two extended haplotypes may help to provide the answer. These top
variants did not overlap with single-trait GWA results, which may stem
from several factors. While previous studies suggest that multi-trait
GWAS enhances power in detecting associations among highly cor-
related phenotypes,®7¢¢ the sample size is limited.®? Moreover, the
top variants identified in single-trait GWA analyses had MAF of ~
1%, indicating a small number of minor allele carriers among the 76
samples. Furthermore, multi-trait GWAS aims to identify variants with
pleiotropic effects, whereas all four tau biomarkers complement each
other in AD diagnosis and monitoring. For example, p-tau181 showed
lower diagnostic accuracy than p-tau 217, particularly in distinguish-
ing AD from other tau pathologies.”®’* Plasma t-tau, which showed
less correlation with the other tau biomarkers in our study, is a neu-
rodegeneration biomarker.”2 The different correlation patterns in our
study (Figure S4) and prior findings on tau and other plasma biomarkers
highlight the potential for leveraging different combinations in future
multi-trait GWAS analyses.”374

We also compared our GWAS findings of tau biomarkers to
the summary statistics from recently published large-scale non-DS
GWASs.353¢ Although no variants overlapped at a genome-wide sug-
gestive threshold (P < 1E-05), a few variants were nominally significant
in both DS and non-DS populations. While DS and non-DS individuals
exhibit tau pathology, particularly the spread of misfolded phospho-
rylated tau, factors like age-of-onset suggest that underlying disease
mechanisms may not fully overlap.** Although our sample size is lim-
ited, some genetic variants identified in our DS cohort may represent
DS-specific loci, reflecting the unique genetic architecture of trisomy
21.Moreover, we compared our APOE findings in DS to summary statis-
tics in non-DS, aiming to provide further insight into the potential
differences and similarities in AD mechanisms across DS and non-DS
populations. Previous studies in non-DS showed a significant associ-
ation of APOE4 with tau-PET, independent of amyloid,'314 and CSF
p-tau (P = 9.59E-59).1° In our AD case-control analysis in DS, APOE4

showed only a modest association with dementia (P = 5.76E-04) and

was not the top SNP, which differs from non-DS studies where it is
always the top significant SNP. The AD PRS was also not associated
with dementia risk in DS; rather it was protective (OR = 0.37). In
our DS cohort, APOE4 was not associated with any tau biomarkers.
One non-DS study reported a GWS signal for MAPT/rs242557 asso-
ciated with higher plasma t-tau levels (P = 4.85E-09)7> that, although
it showed a directional trend in our DS cohort, was not even nom-
inally significant (P = 0.076). Further, we intended to examine two
AD-associated top variants located on Chr21,1* ADAMTS1/rs2830500
and APP/rs48170900, but these two and those in high LD variants were
absent in our genotyped panel. With the upcoming whole-genome
sequencing data in DS, we aim to address this question.

Our findings suggest that AD mechanisms may differ between DS
and non-DS populations and that DS may have specific genetic variants
contributing to dementia. The main limitation of this study is the small
sample size, especially for the multi-trait GWAS approach. Recruiting a
large cohort of people with DS for research studies is challenging due to
therelatively low prevalence of DS in the general population, variability
in health-care access, and the need for informed consent through care-
givers. However, our study represents one of the largest DS cohorts.
Additionally, for variant-level QC, we applied a MAF threshold of 1%,
which may not fully account for the power needed in this small cohort,
as it is based on population frequency rather than the actual number
of alleles in the study sample. A possible solution for further analyses
could be combining MAF with minor allele count criteria to improve
the reliability of variant selection. Despite these limitations, our GWAS
of plasma and imaging tau biomarkers in the DS population highlights
several potential genetic risk factors, emphasizing the distinct genetic
architecture in DS. The observed differences between DS and non-
DS cohorts underscore the need for population-specific analyses to
explore AD-related mechanisms unique to DS.

ACKNOWLEDGMENTS

The Alzheimer’s Biomarkers Consortium-Down Syndrome (ABC-DS)
is funded by the National Institute on Aging and the National Institute
for Child Health and Human Development (U01 AG051406, UO1
AG051412, U19 AG068054). Partial support for data analyses was
from NIA grant AG064877. The work contained in this publication
was also supported through the following National Institutes of Health
programs: The Alzheimer’s Disease Research Centers Program (P50
AGO008702, P30 AG062421, P50 AG16537, P50 AG0O05133, P50
AGO005681, P30 AG062715, and P30 AG066519), the Eunice Kennedy
Shriver Intellectual and Developmental Disabilities Research Centers
Program (U54 HD090256, U54 HD087011, and P50 HD105353), the
National Center for Advancing Translational Sciences (UL1 TR001873,
UL1TR002373,UL1 TR001414, UL1 TRO01857, UL1 TR002345), the
National Centralized Repository for Alzheimer Disease and Related
Dementias (U24 AG21886), and DS-Connect (The Down Syndrome
Registry) supported by the Eunice Kennedy Shriver National Institute
of Child Health and Human Development (NICHD). In Cambridge,
UK this research was supported by the NIHR Cambridge Biomedical
Research Centre and the Windsor Research Unit, CPFT, Fulbourn
Hospital Cambridge, UK. The authors are grateful to the ABC-DS

85U8017 SUOLILLOD BATe810 3cedldde ayy Aq pauseno ae ssppiie YO ‘8sn JO s3I0} AreIqi8UljUQ AB|IAN LD (SUONIPUOD-PUR-SLLIBY/LID"AB|IM AeIq 1 U1 UO//:SANY) SUORIPUOD pUe SWiB | 8L 88S *[9202/T0/60] U0 Aiq1T8UlUO A8|IM ‘'Sekelq ! AISRAIUN eIquIN(0D AQ 86E0. Z[B/200T OT/I0P/W0D A8 |imArIq 1 Ul jUO'S [UINO -z [e//SANY WOl papeo|umod ‘. ‘SZ0Z ‘6.2525ST



FANET AL.

Alzheimer’s &Dementia® | isor1r

study participants, their families, and care providers, and the ABC-DS
research and support staff for their contributions to this study. This
manuscript has been reviewed by ABC-DS investigators for scien-
tific content and consistency of data interpretation with previous
ABC-DS study publications. The content is solely the responsibility
of the authors and does not necessarily represent the official views
of the NIH, the CPFT, the NIHR or the UK Department of Health
and Social Care. National Institute on Aging (NIA), Grant/Award
Number: U01 AG051406, U01 AG051412, RO1 AG064877, U19
AG068054; The Alzheimer’s Disease Research Centers, Grant/Award
Numbers: P50 AG008702, P30 AG062421, P50 AG16537, P50
AG005133, P50 AG005681, P30 AG062715, P30 AG066519; Eunice
Kennedy Shriver Intellectual and Developmental Disabilities Research
Centers, Grant/Award Numbers: U54 HD090256, U54 HD087011,
P50 HD105353; National Center for Advancing Translational Sci-
ences, Grant/Award Numbers: UL1 TR001873, UL1 TR002373, UL1
TR0O01414, UL1 TR0O01857, UL1 TR002345; Alzheimer’s Disease and
Related Dementias, Grant/Award Number: U24 AG21886.

CONFLICT OF INTEREST STATEMENT

Bradley Christian receives PET precursor and compounds from Avid
Radiopharmaceuticals Inc and equipment from Cerveau Technologies.
Benjamin Handen receives funding from National Institute of Child
Health and Human Development, Autism Speaks, Roche Pharmaceu-
ticals, and Patient-Centered Outcomes Research Institute (PCORI).
Mark Mapstone is an inventor on patents related to biomarkers of
neurodegenerative diseases owned by Georgetown University and the
University of Rochester. The other authors declare no conflict of inter-
est. Author disclosures are availaible in the Supporting Information.

CONSENT STATEMENT

All participants in the ABC-DS cohort provided informed consent
as required by the grant proposal and approved by the relevant
institutional review board. All study procedures were performed in
accordance with the Declaration of Helsinki ethical principles. Data
obtained from publicly available resources did not require consent,
as these datasets contain no personal information and are limited to

summary statistics.

ORCID
Ruyu Shi &) https://orcid.org/0009-0004-3230-2625
REFERENCES

1. Antonarakis SE, Skotko BG, Rafii MS, et al. Down syndrome. Nat Rev
Dis Primer. 2020;6:9. doi:10.1038/s41572-019-0143-7

2. Mumford P, Tosh J, Anderle S, et al. Genetic mapping of APP
and amyloid-8 biology modulation by trisomy 21. J Neurosci.
2022;42:6453-6468. doi:10.1523/JNEUROSCI.0521-22.2022

3. Dowjat WK, Adayev T, Kuchna |, et al. Trisomy-driven overexpres-
sion of DYRK1A kinase in the brain of subjects with Down syndrome.
Neurosci Lett. 2007;413:77-81.doi:10.1016/j.neulet.2006.11.02

4. Branca C, Shaw DM, Belfiore R, et al. Dyrk1 inhibition improves
Alzheimer’s disease-like pathology. Aging Cell. 2017;16:1146-1154.
doi:10.1111/acel. 12648

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

. Lott IT, Head E. Dementia in Down syndrome: unique insights for

Alzheimer disease research. Nat Rev Neurol. 2019;15:135-147. doi:10.
1038/s41582-018-0132-6

. Startin CM, Ashton NJ, Hamburg S, et al. Plasma biomarkers for amy-

loid, tau, and cytokines in Down syndrome and sporadic Alzheimer’s
disease. Alzheimers Res Ther.2019;11:1-12.d0i:10.1186/s13195-019-
0477-0

. Karikari TK, Pascoal TA, Ashton NJ, et al. Blood phosphorylated tau

181 as a biomarker for Alzheimer’s disease: a diagnostic perfor-
mance and prediction modelling study using data from four prospec-
tive cohorts. Lancet Neurol. 2020;19:422-433. doi:10.1016/51474-
4422(20)30071-5

. Groot C, Smith R, Collij LE, et al. Tau positron emission tomography

for predicting dementia in individuals with mild cognitive impairment.
JAMA Neurol. 2024,;81:845-856.doi:10.1001/jamaneurol.2024.1612

. Lled A, Zetterberg H, Pegueroles J, et al. Phosphorylated tau181 in

plasma as a potential biomarker for Alzheimer’s disease in adults with
Down syndrome. Nat Commun. 2021;12:4304. doi:10.1038/s41467-
021-24319-x

Janelidze S, Christian BT, Price J, et al. Detection of brain tau
pathology in Down syndrome using plasma biomarkers. JAMA Neurol.
2022;79:797-807.doi:10.1001/jamaneurol.2022.1740

Kamboh MI. Genomics and functional genomics of Alzheimer’s dis-
ease. Neurotherapeutics. 2022;19:152-172. doi:10.1007/s13311-021-
01152-0

Bellenguez C, Kugtikali F, Jansen IE, et al. New insights into the genetic
etiology of Alzheimer’s disease and related dementias. Nat Genet.
2022;54:412-436.d0i:10.1038/541588-022-01024-2

Neitzel J, Franzmeier N, Rubinski A, et al. ApoE4 associated with higher
tau accumulation independent of amyloid burden. Alzheimers Dement.
2020;16:e046206.doi:10.1002/alz.046206

Young CB, Johns E, Kennedy G, et al. APOE effects on regional tau in
preclinical Alzheimer’s disease. Mol Neurodegener. 2023;18:1. doi:10.
1186/513024-022-00590-4

Jansen IE, vander Lee SJ, Gomez-Fonseca D, et al. Genome-wide meta-
analysis for Alzheimer’s disease cerebrospinal fluid biomarkers. Acta
Neuropathol. 2022;144:821-842.doi:10.1007/s00401-022-02454-z
Gillespie NA, Elman JA, McKenzie RE, et al. The heritability of
blood-based biomarkers related to risk of Alzheimer’s disease in a
population-based sample of early old-age men. Alzheimers Dement.
2024;20:356-365.d0i:10.1002/alz.13407

Saari TT, Palviainen T, Hiltunen M, et al. Cross-sectional study
of plasma phosphorylated Tau 217 in persons without demen-
tia. Alzheimers Dement. 2025;17:€70107. doi:10.1101/2024.05.17.
24307528

Handen BL, Lott IT, Christian BT, et al. The Alzheimer’s Biomarker
Consortium-Down syndrome: rationale and methodology. Alzheimers
Dement. 2020;12:12065. doi:10.1002/dad2.12065

Krinsky-McHale SJ, Zigman WB, Lee JH, et al. Promising outcome mea-
sures of early Alzheimer’s dementia in adults with Down syndrome.
Alzheimers Dement. 2020;12:e12044. doi:10.1002/dad2.12044

Lee JH, Lee AJ, Dang LH, et al. Candidate gene analysis for Alzheimer’s
disease in adults with Down syndrome. Neurobiol Aging. 2017;56:150-
158.d0i:10.1016/j.neurobiolaging.2017.04.018

Schupf N, Lee A, Park N, et al. Candidate genes for Alzheimer’s dis-
ease are associated with individual differences in plasma levels of
beta amyloid peptides in adults with Down syndrome. Neurobiol Aging.
2015;36:2907.e1-10.d0i:10.1016/j.neurobiolaging.2015.06.020
Petersen ME, Rafii MS, Zhang F, et al. Plasma total-tau and neuro-
filament light chain as diagnostic biomarkers of Alzheimer’s disease
dementia and mild cognitive impairment in adults with Down syn-
drome. J Alzheimers Dis. 2021;79:671-681. doi:10.3233/JAD-201167
Zammit MD, Tudorascu DL, Laymon CM, et al. Neurofibrillary tau
depositions emerge with subthreshold cerebral beta-amyloidosis in

85U8017 SUOLILLOD BATe810 3cedldde ayy Aq pauseno ae ssppiie YO ‘8sn JO s3I0} AreIqi8UljUQ AB|IAN LD (SUONIPUOD-PUR-SLLIBY/LID"AB|IM AeIq 1 U1 UO//:SANY) SUORIPUOD pUe SWiB | 8L 88S *[9202/T0/60] U0 Aiq1T8UlUO A8|IM ‘'Sekelq ! AISRAIUN eIquIN(0D AQ 86E0. Z[B/200T OT/I0P/W0D A8 |imArIq 1 Ul jUO'S [UINO -z [e//SANY WOl papeo|umod ‘. ‘SZ0Z ‘6.2525ST


https://orcid.org/0009-0004-3230-2625
https://orcid.org/0009-0004-3230-2625
https://doi.org/10.1038/s41572-019-0143-7
https://doi.org/10.1523/JNEUROSCI.0521-22.2022
https://doi.org/10.1016/j.neulet.2006.11.02
https://doi.org/10.1111/acel.12648
https://doi.org/10.1038/s41582-018-0132-6
https://doi.org/10.1038/s41582-018-0132-6
https://doi.org/10.1186/s13195-019-0477-0
https://doi.org/10.1186/s13195-019-0477-0
https://doi.org/10.1016/S1474-4422(20)30071-5
https://doi.org/10.1016/S1474-4422(20)30071-5
https://doi.org/10.1001/jamaneurol.2024.1612
https://doi.org/10.1038/s41467-021-24319-x
https://doi.org/10.1038/s41467-021-24319-x
https://doi.org/10.1001/jamaneurol.2022.1740
https://doi.org/10.1007/s13311-021-01152-0
https://doi.org/10.1007/s13311-021-01152-0
https://doi.org/10.1038/s41588-022-01024-z
https://doi.org/10.1002/alz.046206
https://doi.org/10.1186/s13024-022-00590-4
https://doi.org/10.1186/s13024-022-00590-4
https://doi.org/10.1007/s00401-022-02454-z
https://doi.org/10.1002/alz.13407
https://doi.org/10.1101/2024.05.17.24307528
https://doi.org/10.1101/2024.05.17.24307528
https://doi.org/10.1002/dad2.12065
https://doi.org/10.1002/dad2.12044
https://doi.org/10.1016/j.neurobiolaging.2017.04.018
https://doi.org/10.1016/j.neurobiolaging.2015.06.020
https://doi.org/10.3233/JAD-201167

woir | Alzheimer’s & Dementia’

24,
25.
26.
27.
28.
29.
30.
31
32.
33.
34.
35.

36.

37.

38.

39.
40.

41.

42.

43.

FAN ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

down syndrome. Neurolmage Clin. 2021;31:102740. doi:10.1016/j.nicl.
2021.102740

Das S, Forer L, Schénherr S, et al. Next-generation genotype imputa-
tion service and methods. Nat Genet. 2016;48(10):1284-1287. doi:10.
1038/ng.3656

Fuchsberger C, Abecasis GR, Hinds DA. minimac2: faster genotype
imputation. Bioinformatics. 2014;31:782. doi:10.1093/bioinformatics/
btu704

Taliun D, Harris DN, Kessler MD, et al. Sequencing of 53,831 diverse
genomes from the NHLBI TOPMed program. Nature. 2021;590:290-
299.doi:10.1038/s41586-021-03205-y

Chang CC, Chow CC, Tellier LC, Vattikuti S, Purcell SM, Lee JJ. Second-
generation PLINK: rising to the challenge of larger and richer datasets.
GigaScience. 2015;4:7.d0i:10.1186/s13742-015-0047-8

Henson RL, Doran E, Christian BT, et al. Cerebrospinal fluid biomark-
ers of Alzheimer’s disease in a cohort of adults with Down syndrome.
Alzheimers Dement. 2020;12:€12057. doi:10.1002/dad2.12057
Shabalin  AA. Matrix eQTL: ultra fast eQTL analysis via
large matrix operations. Bioinformatics. 2012;28:1353-1358.
doi:10.1093/bioinformatics/bts163

Turner SD. ggman: an R package for visualizing GWAS results using
Q-Q and Manhattan plots. J Open Source Softw. 2018;3:731. doi:10.
21105/joss.00731

Gjessing HK, Lie RT. Case-parent triads: estimating single- and double-
dose effects of fetal and maternal disease gene haplotypes. Ann Hum
Genet. 2006;70:382-396. doi:10.1111/j.1529-8817.2005.00218.x
Myers TA, Chanock SJ, Machiela MJ. LDIinkR: an R package for rapidly
calculating linkage disequilibrium statistics in diverse populations.
Front Genet. 2020;11:157. doi:10.3389/fgene.2020.00157

Zhou X, Stephens M. Efficient multivariate linear mixed model
algorithms for genome-wide association studies. Nat Methods.
2014;11:407-409.d0i:10.1038/nmeth.2848

Choi SW, O'Reilly PF. PRSice-2: polygenic risk score software
for biobank-scale data. GigaScience. 2019;8:giz082. doi:10.1093/
gigascience/giz082

Bradley J, Gorijala P, Schindler SE, et al. Genetic architecture of plasma
Alzheimer disease biomarkers. Hum Mol Genet. 2023;32:2532-2543.
doi:10.1093/hmg/ddad087

Nho K, Risacher SL, Apostolova LG, et al. CYP1B1-RMDN2
Alzheimer’s disease endophenotype locus identified for cerebral
tau PET. Nat Commun. 2024;15:1-14. doi:10.1038/s41467-024-
52298-2

Huang D, Feng X, Yang H, et al. QTLbase2: an enhanced catalog
of human quantitative trait loci on extensive molecular phenotypes.
Nucleic Acids Res. 2023;51:D1122-D1128. doi:10.1093/nar/gkac1020
Benjamini Y, Hochberg Y. Controlling the false discovery rate: a
practical and powerful approach to multiple testing. J R Stat Soc
Ser B Methodol. 1995;57:289-300. doi:10.1111/j.2517-6161.1995.
tb02031.x

Jun G, Ibrahim-Verbaas CA, Vronskaya M, et al. A novel Alzheimer dis-
ease locus located near the gene encoding tau protein. Mol Psychiatry.
2016;21:108-117.d0i:10.1038/mp.2015.23

Fan KH, Feingold E, Rosenthal SL, et al. Whole-exome sequencing anal-
ysis of Alzheimer’s disease in non-APOE*4 carriers. J Alzheimers Dis.
2020;76:1553-1565. doi:10.3233/JAD-200037

Rudrabhatla P, Jaffe H, Pant HC. Direct evidence of phospho-
rylated neuronal intermediate filament proteins in neurofibrillary
tangles (NFTs): phosphoproteomics of Alzheimer's NFTs. FASEB J.
2011;25:3896-3905. doi: 10.1096/f}.11-181297

Ohi R, Strothman C, Zanic M. Impact of the ‘tubulin economy’ on the
formation and function of the microtubule cytoskeleton. Curr Opin Cell
Biol. 2021;68:81-89.d0i:10.1016/j.ceb.2020.09.005

Berth SH, Lloyd TE. Disruption of axonal transport in neurodegenera-
tion. J Clin Invest. 2023;133:e168554. doi:10.1172/JC1168554

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

58.

59.

60.

61.

. Granholm AC, Hamlett ED. The role of tau pathology in Alzheimer’s

disease and Down syndrome. J Clin Med. 2024;13:1338. doi:10.3390/
jcm13051338

Ranneva SV, Maksimov VF, Korostyshevskaja IM, Lipina TV. Lack
of synaptic protein, calsyntenin-2, impairs morphology of synaptic
complexes in mice. Synapse. 2020;74:€22132. doi:10.1002/syn.22132
Terry RD, Masliah E, Salmon DP, et al. Physical basis of cognitive alter-
ations in Alzheimer’s disease: synapse loss is the major correlate of
cognitive impairment. Ann Neurol. 1991;30:572-580. doi: 10.1002/ana.
410300410

Meftah S, Gan J. Alzheimer’s disease as a synaptopathy: evidence
for dysfunction of synapses during disease progression. Front Synaptic
Neurosci. 2023;15:1129036. doi: 10.3389/fnsyn.2023.1129036

Mori K, Koebis M, Nakao K, et al. Loss of calsyntenin paralogs disrupts
interneuron stability and mouse behavior. Mol Brain. 2022;15(1):23.
doi:10.1186/s13041-022-00909-8

Arikkath J, Peng IF, Ng YG, et al. Delta-catenin regulates spine and
synapse morphogenesis and function in hippocampal neurons during
development. J Neurosci Off J Soc Neurosci. 2009;29:5435-5442. doi: 10.
1523/JNEUROSCI.0835-09.2009

Wang X, Xu M, Xu Q, et al. Rictor is involved in Ctnnd2 deletion-
induced impairment of spatial learning and memory but not
autism-like behaviors. Front Biosci-Landmark. 2021;26:335-346.
doi:10.52586/4947

Assendorp N, Fossati M, Libé-Philippot B, et al. CTNND2 moder-
ates the pace of synaptic maturation and links human evolution
to synaptic neoteny. Cell Rep. 2024;43:114797. doi:10.1016/j.celrep.
2024.114797

Vaz R, Edwards S, Duefnas-Rey A, Hofmeister W, Lindstrand A.
Loss of ctnnd2b affects neuronal differentiation and behavior in
zebrafish. Front Neurosci. 2023;17:1205653. doi:10.3389/fnins.2023.
1205653

Moncaster JA, Pineda R, Moir RD, et al. Alzheimer’s disease amyloid-
B links lens and brain pathology in Down syndrome. PLoS ONE.
2010;5:10659.doi:10.1371/journal.pone.0010659

Dai W, Ryu T, Kim H, Jin YH, Cho YC, Kim K. Effects of §-Catenin
on APP by its interaction with Presenilin-1. Mol Cells. 2019;42:36-44.
doi:10.14348/molcells.2018.0273

Kasahara K, Miyoshi K, Murakami S, Miyazaki I, Asanuma M. Visual-
ization of astrocytic primary cilia in the mouse brain by immunoflu-
orescent analysis using the cilia marker Arl13b. Acta Med Okayama.
2014;68:317-322.d0i:10.18926/AMO/53020

. Kobayashi Y, Kohbuchi S, Koganezawa N, et al. Impairment of ciliary

dynamics in an APP knock-in mouse model of Alzheimer’s disease.
Biochem Biophys Res Commun. 2022;610:85-91. doi:10.1016/j.bbrc.
2022.04.050

. Yeo S, Jang J, Jung HJ, Lee H, Choe Y. Primary cilia-mediated regu-

lation of microglial secretion in Alzheimer’s disease. Front Mol Biosci.
2023;10:1250335.doi:10.3389/fmolb.2023.1250335

Song BJ, Ge Y, Nicolella A, et al. Elevated synaptic PKA activity and
abnormal striatal dopamine signaling in Akap11 mutant mice, a genetic
model of schizophrenia and bipolar disorder. bioRxiv. 2024; 614783.
doi:10.1101/2024.09.24.614783

Pasternak SH, Callahan JW, Mahuran DJ. The role of the endoso-
mal/lysosomal system in amyloid-beta production and the pathophys-
iology of Alzheimer’s disease: reexamining the spatial paradox from
a lysosomal perspective. J Alzheimers Dis. 2004;6:53-65. doi:10.3233/
jad-2004-6107

Wang H, Yang J, Schneider JA, De Jager PL, Bennett DA, Zhang
HY. Genome-wide interaction analysis of pathological hallmarks in
Alzheimer’s disease. Neurobiol Aging. 2020;93:61-68. doi:10.1016/j.
neurobiolaging.2020.04.025

Mastrototaro G, Zaghi M, Massimino L, et al. TBL1XR1 ensures
balanced neural development through NCOR complex-mediated reg-

85U8017 SUOLILLOD BATe810 3cedldde ayy Aq pauseno ae ssppiie YO ‘8sn JO s3I0} AreIqi8UljUQ AB|IAN LD (SUONIPUOD-PUR-SLLIBY/LID"AB|IM AeIq 1 U1 UO//:SANY) SUORIPUOD pUe SWiB | 8L 88S *[9202/T0/60] U0 Aiq1T8UlUO A8|IM ‘'Sekelq ! AISRAIUN eIquIN(0D AQ 86E0. Z[B/200T OT/I0P/W0D A8 |imArIq 1 Ul jUO'S [UINO -z [e//SANY WOl papeo|umod ‘. ‘SZ0Z ‘6.2525ST


https://doi.org/10.1016/j.nicl.2021.102740
https://doi.org/10.1016/j.nicl.2021.102740
https://doi.org/10.1038/ng.3656
https://doi.org/10.1038/ng.3656
https://doi.org/10.1093/bioinformatics/btu704
https://doi.org/10.1093/bioinformatics/btu704
https://doi.org/10.1038/s41586-021-03205-y
https://doi.org/10.1186/s13742-015-0047-8
https://doi.org/10.1002/dad2.12057
https://doi.org/10.1093/bioinformatics/bts163
https://doi.org/10.21105/joss.00731
https://doi.org/10.21105/joss.00731
https://doi.org/10.1111/j.1529-8817.2005.00218.x
https://doi.org/10.3389/fgene.2020.00157
https://doi.org/10.1038/nmeth.2848
https://doi.org/10.1093/gigascience/giz082
https://doi.org/10.1093/gigascience/giz082
https://doi.org/10.1093/hmg/ddad087
https://doi.org/10.1038/s41467-024-52298-2
https://doi.org/10.1038/s41467-024-52298-2
https://doi.org/10.1093/nar/gkac1020
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1038/mp.2015.23
https://doi.org/10.3233/JAD-200037
https://doi.org/10.1096/fj.11-181297
https://doi.org/10.1016/j.ceb.2020.09.005
https://doi.org/10.1172/JCI168554
https://doi.org/10.3390/jcm13051338
https://doi.org/10.3390/jcm13051338
https://doi.org/10.1002/syn.22132
https://doi.org/10.1002/ana.410300410
https://doi.org/10.1002/ana.410300410
https://doi.org/10.3389/fnsyn.2023.1129036
https://doi.org/10.1186/s13041-022-00909-8
https://doi.org/10.1523/JNEUROSCI.0835-09.2009
https://doi.org/10.1523/JNEUROSCI.0835-09.2009
https://doi.org/10.52586/4947
https://doi.org/10.1016/j.celrep.2024.114797
https://doi.org/10.1016/j.celrep.2024.114797
https://doi.org/10.3389/fnins.2023.1205653
https://doi.org/10.3389/fnins.2023.1205653
https://doi.org/10.1371/journal.pone.0010659
https://doi.org/10.14348/molcells.2018.0273
https://doi.org/10.18926/AMO/53020
https://doi.org/10.1016/j.bbrc.2022.04.050
https://doi.org/10.1016/j.bbrc.2022.04.050
https://doi.org/10.3389/fmolb.2023.1250335
https://doi.org/10.1101/2024.09.24.614783
https://doi.org/10.3233/jad-2004-6107
https://doi.org/10.3233/jad-2004-6107
https://doi.org/10.1016/j.neurobiolaging.2020.04.025
https://doi.org/10.1016/j.neurobiolaging.2020.04.025

FANET AL.

Alzheimer’s &Dementia® | 17017

62.

63.

64.

65.

66.

67.

68.

69.

70.

ulation of the MAPK pathway. Front Cell Dev Biol. 2021;9:641410.
doi:10.3389/fcell.2021.641410

Uguagliati B, Al-Absi AR, Stagni F, et al. Early appearance of devel-
opmental alterations in the dendritic tree of the hippocampal gran-
ule cells in the Ts65Dn model of Down syndrome. Hippocampus.
2021;31:435-447.doi:10.1002/hipo.23303

Chauhan M, Modi PK, Sharma P. Aberrant activation of neuronal cell
cycle caused by dysregulation of ubiquitin ligase ltch results in neu-
rodegeneration. Cell Death Dis. 2020;11:1-13. doi:10.1038/s41419-
020-2647-1

Von Ehr A, Attaai A, Neidert N, et al. Inhibition of microglial TGFS sig-
naling increases expression of Mrc1. Front Cell Neurosci. 2020;14:66.
doi:10.3389/fncel.2020.00066

Feng W, Zhang Y, Wang Z, et al. Microglia prevent beta-amyloid
plaque formation in the early stage of an Alzheimer’s disease mouse
model with suppression of glymphatic clearance. Alzheimers Res Ther.
2020;12:125.doi:10.1186/s13195-020-00688- 1

Boettger LM, Handsaker RE, Zody MC, McCarroll SA. Structural hap-
lotypes and recent evolution of the human 17q21.31 region. Nat Genet.
2012;44:881-885.d0i:10.1038/ng.2334

Galesloot TE, van Steen K, Kiemeney LALM, Janss LL, Vermeulen SH.
A comparison of multivariate genome-wide association methods. PLoS
ONE. 2014;9:€95923.d0i:10.1371/journal.pone.0095923

Turchin MC, Stephens M. Bayesian multivariate reanalysis of large
genetic studies identifies many new associations. PLoS Genet.
2019;15:e1008431. doi:10.1371/journal.pgen.1008431

Hong EP, Park JW. Sample size and statistical power calculation
in genetic association studies. Genomics Inform. 2012;10:117-122.
doi:10.5808/GI1.2012.10.2.117

Mendes AJ, Ribaldi F, Lathuiliere A, et al. Head-to-head study of
diagnostic accuracy of plasma and cerebrospinal fluid p-tau217 ver-

71.

72.

73.

74.

75.

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

sus p-taul81 and p-tau231 in a memory clinic cohort. J Neurol.
2024;271:2053-2066.d0i:10.1007/s00415-023-12148-5

Yu L, Boyle PA, Janelidze S, et al. Plasma p-tau181 and p-tau217 in dis-
criminating PART, AD and other key neuropathologies in older adults.
Acta Neuropathol. 2023;146:1-11. doi:10.1007/s00401-023-02570-4
Chenna A, Jeromin A, Yee B, et al. Analytical and clinical assessment
of plasma phospho-tau isoforms in Alzheimer’s disease. Neurology.
2023;100:3239. d0i:10.1212/WNL.0000000000203126

Brum WS, Cullen NC, Therriault J, et al. A blood-based biomarker
workflow for optimal tau-PET referral in memory clinic settings. Nat
Commun. 2024;15:2311.d0i:10.1038/s41467-024-46603-2

Koychev |, Jansen K, Dette A, Shi L, Holling H. Blood-based ATN
biomarkers of Alzheimer’s disease: a meta-analysis. J Alzheimers Dis.
2021;79:177-195.d0i:10.3233/JAD-200900

Chen J, Yu JT, Wojta K, et al. Genome-wide association study iden-
tifies MAPT locus influencing human plasma tau levels. Neurology.
2017;88:669-676.d0i:10.1212/WNL.0000000000003615

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing

Information section at the end of this article.

How to cite this article: Fan K-H, Shi R, Cheema AN, et al.
Genome-wide association of tau neuroimaging and plasma
biomarkers in adults with Down syndrome. Alzheimer’s Dement.
2025;21:€70398. https://doi.org/10.1002/alz.70398

85U8017 SUOLILLOD BATe810 3cedldde ayy Aq pauseno ae ssppiie YO ‘8sn JO s3I0} AreIqi8UljUQ AB|IAN LD (SUONIPUOD-PUR-SLLIBY/LID"AB|IM AeIq 1 U1 UO//:SANY) SUORIPUOD pUe SWiB | 8L 88S *[9202/T0/60] U0 Aiq1T8UlUO A8|IM ‘'Sekelq ! AISRAIUN eIquIN(0D AQ 86E0. Z[B/200T OT/I0P/W0D A8 |imArIq 1 Ul jUO'S [UINO -z [e//SANY WOl papeo|umod ‘. ‘SZ0Z ‘6.2525ST


https://doi.org/10.3389/fcell.2021.641410
https://doi.org/10.1002/hipo.23303
https://doi.org/10.1038/s41419-020-2647-1
https://doi.org/10.1038/s41419-020-2647-1
https://doi.org/10.3389/fncel.2020.00066
https://doi.org/10.1186/s13195-020-00688-1
https://doi.org/10.1038/ng.2334
https://doi.org/10.1371/journal.pone.0095923
https://doi.org/10.1371/journal.pgen.1008431
https://doi.org/10.5808/GI.2012.10.2.117
https://doi.org/10.1007/s00415-023-12148-5
https://doi.org/10.1007/s00401-023-02570-4
https://doi.org/10.1212/WNL.0000000000203126
https://doi.org/10.1038/s41467-024-46603-2
https://doi.org/10.3233/JAD-200900
https://doi.org/10.1212/WNL.0000000000003615
https://doi.org/10.1002/alz.70398

	Genome-wide association of tau neuroimaging and plasma biomarkers in adults with Down syndrome
	Abstract
	1 | BACKGROUND
	2 | METHODS
	2.1 | Study cohorts
	2.1.1 | ABC-DS
	2.1.2 | omicsADDS

	2.2 | Plasma tau biomarkers and processing
	2.3 | Tau PET imaging and processing
	2.4 | Genotyping, imputation, and quality control
	2.5 | Chr21 genotyping
	2.6 | APOE genotyping
	2.7 | Statistical analyses
	2.7.1 | Phenotype construction
	2.7.2 | Association of the APOE polymorphism
	2.7.3 | Single-trait biomarker GWAS
	2.7.4 | Multi-trait biomarker GWAS
	2.7.5 | Meta-analysis
	2.7.6 | Dementia status GWAS in ABC-DS
	2.7.7 | Polygenic risk score analysis
	2.7.8 | Comparison of tau-associated variants in DS with non-DS populations
	2.7.9 | Functional annotations


	3 | RESULTS
	3.1 | Participant demographics
	3.2 | Associations of APOE polymorphisms
	3.3 | Single-trait GWAS
	3.4 | Mult-trait GWAS
	3.5 | Comparison of DS tau-associated SNPs with non-DS populations
	3.6 | PRS analysis
	3.7 | Functional annotations

	4 | DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


