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Abstract

INTRODUCTION: There is a need for early, objective markers of Alzheimer’s disease
(AD)-related synapse dysfunction in adults with Down syndrome (DS). The presynaptic
protein $-synuclein is elevated in the blood of adults with DS. This study evalu-
ates the positioning of these changes relative to changes in pathophysiological blood
biomarkers along the AD continuum.

METHODS: We quantified serum -synuclein using immunoprecipitation-mass spec-
trometry in a cross-sectional cohort (n = 131) spanning the AD continuum in adults
with DS (n = 88) and cognitively unimpaired euploid controls (n = 43).

RESULTS: B-synuclein levels were elevated in individuals with DS (p < 0.001), pre-
ceding symptom onset by two decades and changes in other blood biomarkers (tau
phosphorylated at threonine 217, neurofilament light, glial fibrillary acidic protein) by
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(p < 0.009).
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1 | BACKGROUND

Down syndrome (DS) is a priority population to study blood-based
biomarkers for Alzheimer’s disease (AD). Emerging blood biomarkers
of AD pathophysiology (tau protein phosphorylated at threonine 181
[pTau181] and threonine 217 [pTau217]), axonal degeneration (neu-
rofilament light chain [NfL]), astrogliosis (glial fibrillary acidic protein
[GFAP]) and synapse degeneration (8-synuclein) reflect AD-associated
alterations in DS and have shown good diagnostic performance to
diagnose symptomatic AD in people with DS.3-¢ The median age of pro-
dromal AD diagnosis (i.e., age at expected AD onset) in DS is 50 years,
with a median onset of dementia at 54 years.* Symptomatic AD preva-
lence increases with age, reaching 90%-100% in the seventh decade of
life.*

B-synuclein is a presynaptic protein that is highly expressed in
the temporal lobe’ and enriched in VGLUT1-positive glutamater-
gic synapses.8 While not specific to AD,? g-synuclein is reduced in
brains with AD pathology® and elevated in both CSF and blood of AD
patients.””11 -synuclein is a promising biomarker of early AD changes
in adults with DS.

When comparing across studies, a picture emerges whereby serum
levels of 8-synuclein increase in adults with DS at approximately 27
years.® This is followed by plasma NfL in the fourth decade of life,
later increases in plasma and cerebrospinal fluid (CSF) pTau181 in
the mid-to-late fourth decade and amyloid positron emission tomog-
raphy (PET) uptake in the late fourth and the fifth decade®3#. 18F-
fluorodeoxyglucose (FDG) PET uptake decreases linearly from the
beginning of the fourth decade, whereas hippocampal atrophy occurs
later in the fifth decade, closely followed by changes in cognition in
the fifth decade of life>3#. Thus, serum B-synuclein is one of the ear-
liest biomarkers, together with CSF A and plasma NfL, years before

several years. Higher 8-synuclein was associated with cortical atrophy (p < 0.001) and
hypometabolism (p < 0.001) in AD-vulnerable regions and reduced episodic memory

DISCUSSION: These findings consolidate S-synuclein as an early blood-based

biomarker of synaptic dysfunction and provide insight into early AD-related mecha-

Alzheimer’s disease, beta-synuclein, blood biomarkers, Down syndrome

* Serum -synuclein rises decades before AD symptoms in DS.

* B-synuclein changes precede pTau217, NfL, and GFAP alterations.

* Higher -synuclein associates with cortical atrophy and hypometabolism.
* f-synuclein levels correlate with reduced episodic memory performance.

* B-synucleinis an early blood marker of AD-related synaptic dysfunction.

changes in plasma or CSF pTau or amyloid PET uptake in DS. However,
adirect comparison of serum -synuclein with other biomarkers within
the same study across the whole AD continuum in DS is lacking.

The primary objective of this study was to assess the utility of -
synuclein as an early indicator of AD-related cognitive decline in adults
with DS and to examine its relationship with established biofluid and
neuroimaging biomarkers. We h assessed serum S-synuclein in the
Down Alzheimer Barcelona Neuroimaging Initiative (DABNI) cohort of
adults with DS,'2 which includes participants across the AD contin-
uum (preclinical, prodromal, and AD dementia stages) and cognitively
unimpaired controls. We compared 8-synuclein with established blood
biomarkers (pTau217, NfL, GFAP) reflecting AD pathology, axonal
degeneration, astrogliosis, and synaptic degeneration and showed a
correlation between B-synuclein and neuroimaging biomarkers (cor-
tical volume and glucose metabolism), as well as with cognitive per-
formance, across preclinical, prodromal, and dementia stages of AD in
DS. Our findings consolidate 8-synuclein as a promising early surrogate

blood-based biomarker of AD-related changes in this population.

2 | METHODS

2.1 | Study design

This is a single-center, cross-sectional study of serum levels of -
synuclein in adults with DS and cognitively unimpaired controls. The
study was approved by the Institutional Review Board at IR SANT PAU
and was conducted in accordance with the Declaration of Helsinki.
Euploid controls were selected from the Sant Pau Initiative in Neu-
rodegeneration (SPIN) cohort, a prospective longitudinal cohort at
Hospital Sant Pau, Barcelona, Spain.'® Adults with DS were selected
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RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the literature
using PubMed to identify studies investigating blood-
based biomarkers of AD in adults with DS. Previous
studies showed that S-synuclein was elevated in blood
and CSF in sporadic AD and in adults with DS. However,
direct comparisons between -synuclein and established
blood biomarkers across the full AD continuum within the
same DS cohort are limited.

2. Interpretation: Our findings demonstrate that serum
B-synuclein increases early in adults with DS, preced-
ing symptom onset and changes in established blood
biomarkers by several years. Associations with cortical
atrophy, hypometabolism, and reduced episodic mem-
ory further support -synuclein as an early marker of
AD-related synaptic dysfunction.

3. Future directions: Longitudinal studies are needed to
determine the prognostic utility of -synuclein for pre-
dicting cognitive decline and disease progression in DS.
Future work should also evaluate the specificity of S-
synuclein relative to other neurodegenerative conditions
and assess its utility as a pharmacodynamic biomarker in
clinical trials targeting early AD-related synaptic dysfunc-

tion.

from DABNI, a prospective longitudinal cohort, linked to a population-
based health plan in Catalonia, Spain, led by the Fundacié Catalana
Sindrome de Down and Hospital de Sant Pau.3412 Inclusion criteria
for controls required the absence of a cognitive or neurological disor-
der and normal CSF core AD biomarker (amyloid beta [ABl42/40 ratio,
total tau, pTau181) concentrations using our validated cut-offs for spo-
radic AD.* For adults with DS, inclusion criteria for participation in
the study required that all participants be over 18 years of age. Where
consent was given, participants received a comprehensive neurological
and neuropsychological evaluation and underwent a lumbar puncture
to assess CSF biomarkers. As in previous studies, participants with
DS were classified by neurologists and neuropsychologists, blind to
biomarker data, in a consensus meeting into asymptomatic AD (aDS),
prodromal AD (pDS), and AD dementia (dDS) according to previously
published criteria.®

2.2 | Neuropsychological assessment

The level of intellectual disability (ID) was categorized according
to the Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition, as mild, moderate, severe, or profound ID, based on carers’
reports of the individuals’ best-ever level of functioning.’® Neurologi-

cal and neuropsychological examination of individuals with DS included

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

the Cambridge Examination for Mental Disorders of Older People
with DS and others with intellectual disabilities (CAMDEX-DS), a semi-
structured clinical and informant-based questionnaire to assess the
presence of dementia symptoms, and the Cambridge Cognition Exami-
nation for Older Adults with Down syndrome (CAMCOG-DS) adapted
to evaluate multiple cognitive domains in individuals with DS, including
orientation, language, memory, attention, praxis, abstract thinking, and
perception. It serves as a key tool for identifying cognitive decline in
this population.'>~17 Declarative verbal memory was evaluated by the
modified Cued Recall Test immediate recall phase (mCRTi) and delayed

recall phase (nCRTd), as previously described.18

2.3 | Biofluid collection, biomarker assessment

Serum and plasma samples were collected as previously described®?
and stored at —80°C. Samples had not been thawed before analysis.
Commercially available fully automated immunoassays were used to
determine levels of plasma biomarkers: GFAP and NfL using Single
Molecule Array (Quanterix) and pTau217 using Lumipulse (Fujirebio).
B-synuclein levels were measured in serum with immunoprecipitation-
mass spectrometry (IP-MS), as recently described.? Because the

? we used

IP-MS assay was originally developed and validated in serum,
the same sample matrix for 8-synuclein to maintain methodological

consistency.

2.4 | Brain imaging

A subset of participants with DS underwent a 3 Tesla (3T) magnetic
resonance imaging (MRI) (n = 60; aDS = 26; pDS = 13; dDS = 21)
and/or 18FDG-PET (n = 42; aDS = 16; pDS = 8; dDS = 18). All partic-
ipants who underwent 8FDG-PET also underwent MRI. T1-weighted
images were acquired on a 3T Philips-Achieva scanner at Hospital del
Mar (Barcelona, Spain) or a 3T Siemens Prisma scanner at Hospital
Clinic (Barcelona, Spain). 18FDG-PET scans were acquired on an inte-
grated PET-computed tomography (CT) system at Hospital de la Santa
Creu i Sant Pau (Barcelona, Spain) on a Philips Gemini TF or Vereos
scanner. Both 18FDG-PET and MRI scans were conducted within a
maximum interval of 1 year. The Computational Anatomy Toolbox??
(CAT12) for the Statistical Parametric Mapping 12 (SPM12) toolbox
was used to preprocess the structural T1-weighted images and extract
total intracranial volumes (TIV). Modulated and normalized gray mat-
ter maps were smoothed using an 8-mm full-width at half-maximum
(FWHM) Gaussian kernel. 28FDG-PET images were spatially normal-
ized to an 18FDG-PET template, intensity-scaled by the gray matter

cerebellum, and smoothed using an 8-mm FWHM Gaussian kernel.

2.5 | Statistical analysis

All statistical analyses were performed in R. Group comparisons were

performed using x? test for categorical variables and linear models
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for continuous variables. Pairwise comparisons were performed using
estimated marginal means with Benjamini-Hochberg correction for
multiple testing. Continuous plasma biomarker measures (pTau217,
NfL, GFAP, and -synuclein) were standardized using z-score transfor-
mation (mean = 0, SD = 1) to place all biomarkers on a common scale.
To study the correlation between biomarkers and age, locally estimated
scatterplot smoothing (LOESS) was used to account for the non-linear
trajectory of these measurements. We defined biomarker change as
the age at which the curves diverge visually (i.e., the lower age at which
the 95% confidence intervals of groups did not overlap). The Spearman
method was used to determine the correlation between $-synuclein
and other continuous variables. Associations between -synuclein and
cognitive scores were assessed using linear regression models adjusted
for ID severity and were restricted to individuals with mild or mod-
erate ID. Statistical significance for all tests was set at 5% (p < 0.05).
For the neuroimaging analysis, we used voxel-wise multiple regressions
to assess the association between g-synuclein and both gray matter
volume and glucose metabolism in the whole DS cohort, but also in
aDS and symptomatic DS (sDS), comprising pDS and dDS. Analyses
were performed in a mask that excluded non-gray matter voxels, and
the statistical models were corrected for TIV for models including
gray matter volume. Voxel-wise results are presented at an uncor-
rected threshold p < 0.001 together with a cluster size k > 100 mm?3.
This uncorrected threshold was applied given the small sample size
of the cohort, particularly for the analyses stratified by clinical status,
which involved smaller subgroups and were not powered for formal

inference. Voxel-wise findings are therefore considered exploratory.

3 | RESULTS

3.1 | Demographics

Table 1 shows the demographic and clinical data for the participants
included in the study. We included 88 participants with DS and 43 cog-
nitively unimpaired controls. The percentage of females was higher in
controls compared to DS (y2 = 10.62, p = 0.001). Compared to controls,
the mean age was lower in aDS (Z = —3.88, p = 0.006), comparable in
pDS (Z=-0.73,p=1.0) and indDS (Z = -1.85, p = 0.3). There were dif-
ferences in the level of ID across DS groups (p = 0.4). Apolipoprotein E
(APOE) 4 status was similar across groups (y2 = 18.3,p=0.11).

3.2 | Cross-sectional age associations suggest
serum B-synuclein diverges earlier than other
blood-based biomarkers in adults with DS

Figure 1A-D shows the median levels of serum g-synuclein and
other blood-based biomarkers (pTau217, NfL, GFAP) in controls and
adults with DS across the AD continuum. Compared to controls,
serum B-synuclein was higher in the aDS (1.83-fold, p < 0.001) group
and sequentially higher with advancing AD stages (pDS; 2.82-fold,
p < 0.001, dDS; 3.67-fold, p < 0.001 vs controls). We observed a

similar pattern for plasma NfL with higher levels in aDS (1.65-fold,
p < 0.001), pDS (3.15-fold, p < 0.001), and dDS (5.04-fold, p < 0.001)
compared to controls. Plasma pTau217 and GFAP were higher in pDS
(pTau217; 8.86-fold, p < 0.001, GFAP; 2.28-fold, p < 0.001) and dDS
(pTau217; 14.79-fold, p < 0.001, GFAP; 3.90-fold, p < 0.001) compared
to controls. In a subanalysis, serum -synuclein and plasma NfL were
the only biomarkers that were already elevated (1.75-fold, p < 0.001;
1.46-fold p = 0.01, respectively) in aDS individuals who were nega-
tive for CSF AB4/49 ratio (aDS AB—) compared with controls (Figure
S1). Figure 1E-H shows the association of the blood-based biomarkers
with age in DS and controls. Serum $-synuclein was elevated in adults
with DS compared to controls, with confidence intervals diverging from
the third decade of life, 21 years before the average prodromal AD
diagnosis in this cohort.* g-synuclein continued to increase with age
with a mild inflection point of pronounced elevation that was appar-
ent at age 40, 10 years before average symptom onset. In comparison,
while confidence intervals for plasma pTau217, NfL, and GFAP in DS
did not diverge from controls until the late fourth to early fifth decade,
an inflection point of pronounced elevation at age 40 was apparent
for all biomarkers. Figure 2 shows that -synuclein correlated most
strongly with pTau217 (rho = 0.84), followed by NfL (0 = 0.74) and
GFAP (0 =0.72) in DS and with GFAP (o = 0.85), followed by pTau217
(0 =0.55) and NfL (p = 0.44) in controls. Figure S2 shows that serum
B-synuclein was comparable across male and female participants in
the control (p = 0.30) and DS (p = 0.22) groups and between APOE 4

carriers and non-carriers in controls (p = 0.57) and DS (p = 0.66).

3.3 | Serum B-synuclein is associated with
cognitive performance in adults with DS

We next explored the relationship between serum g-synuclein and
the presence of dementia symptoms using the Cambridge Cognition
Examination for Older Adults with Down syndrome (CAMCOG-DS)
and measures of declarative verbal memory, evaluated by the modi-
fied Cued Recall Test (MCRT) immediate recall phase (mCRTi) score
and mCRT delayed recall phase (mCRTd) score, in adults with DS (see
Methods). We performed regression analysis of serum p-synuclein
and cognitive performance, including the level of ID as a covariate to
account for its influence on baseline cognitive performance (Figure 3).
Analyses were restricted to individuals with mild to moderate ID, as
the CAMCOG-DS and mCRT are most interpretable and reliable in this
population. In adults with DS, serum -synuclein showed modest but
significant associations with CAMCOG-DS (adj. r2 = 0.28, p < 0.001),
mCRTi(adj.r2 =0.13,p=0.009), and mCRTd (adj.r2 =0.18, p = 0.002).
Figure S3 shows that when associations were tested separately within
the aDS, pDS, and dDS groups, significant associations between serum
B-synuclein levels and CAMCOG-DS scores were observed in aDS (adj.
r2 = 0.34, p = 0.002) and pDS (adj. r2 = 0.52, p = 0.007) but not dDS
(adj. r2 = —0.08, p = 0.8). When the DS group was further divided
according to the severity of ID (mild or moderate ID), associations
with CAMCOG-DS and mCRTi were maintained only in participants
with mild ID: CAMCOG-DS (adj. r2 = 0.18, p = 0.03), mCRTi (adj.
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TABLE 1 Demographics, clinical, and biomarker data for study participants.

Control aDS pDS dDS
Variable N=43* N =35 N=18 N =35 p°
Age 46.3(12.0,23.0t0 65.0) 38.6(9.1,21.0t0 56.0) 50.4(4.1,46.0 to 60.0) 51.9(5.1,42.0t0 62.0) <0.001
Percentage female 81 49 56 49 0.007
APOE &4 carriers 12 (28%) 3(8.6%) 4(22%) 5(13.9%) 0.10
Percentage NA 88 83 74% 0.4
mild/moderate ID
CAMCOG-DS NA 71.7 (15.8,39.0to 95.0) 64.9 (16.0,28.0 to 85.0) 44.1(17.2,15.0t0 80.0) <0.001
mCRTi NA 17.9(5.5,0.0 to 27.0) 10.8 (3.6, 6.0to 17.0) 4.6 (3.8,0.0to 14.0) <0.001
mCRTd NA 11.4(1.0,8.0t0 12.0) 7.6(3.6,0.0to0 12.0) 2.5(2.6,0.0t09.0) <0.001
Plasma pTau217 (pg/mL)  0.1(0.2,0.1to 1.0) 0.2(0.2,0.1t0 1.1) 1.2(0.7,0.2t0 2.7) 1.9(1.1,0.2t0 4.8) <0.001
Plasma GFAP (pg/mL) 100.7 (74.9,22.8 to 108.2(43.3,45.5 to 229.8(66.9,94.6 to 393.2(243.2,134.9to <0.001
332.6) 196.9) 347.4) 1,365.1)
Plasma NfL (pg/mL) 6.4(4.2,1.4t027.2) 10.6 (7.8, 3.4 to 37.0) 20.2(7.7,10.0t0 32.2) 32.4(21.6,10.3t0128.7) <0.001
Serum g-synuclein 55(2.2,2.8t013.8) 10.1(4.3,4.0t0 23.3) 15.6(6.8,8.5t036.7) 20.3(8.7,9.6 t042.3) <0.001

2Mean (SD, min-max); n (%).
bKruskal-Wallis rank-sum test, Pearson’s chi-squared test, Fisher’s exact test.
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FIGURE 1 Levels of serum -synuclein and blood-based biomarkers in euploid controls and adults with DS across the AD continuum. (A-F)
Box plots show z-score distribution (mean + standard error of the mean) of the biomarkers quantified in blood for non-trisomic cognitively normal
subjects (controls) and adults with DS across AD stages: asymptomatic AD (aDS), prodromal AD (pDS), or AD dementia (dDS); *p < 0.05, **p < 0.01,
***p < 0.001 (pairwise comparisons from linear models with BH correction). (G-L) Age at analysis (years) is plotted against each biomarker z-score
in controls and adults with DS, symptomatic and asymptomatic for AD. LOESS regression lines are shown for each group (see legends). Shaded
areas represent the standard error of the regression lines. The vertical gray shaded area represents the interval between the ages at which the
regression lines diverge and the expected age of symptom onset (e.g., the median age of prodromal AD diagnosis).



soi0 | Alzheimer’s &Dementia

CERVANTES GONZALEZ eT AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

—
Z
w

=

] (
50 = Control
= DS

[&}]
o

= Control
= DS

IS
o
o
o

w
o
w
o

201

N
o

101

Serum Beta synuclein (pg/mL)
]

Serum Beta synuclein (pg/mL)

—

@]

N
o
S

= Control
= DS

Plasma pTau217 z-score

Plasma NfL z-score

)

£

40

2

£

[

S 30

=]

c

@

« 20

©

o

€10

@ o °

§ | A= p:0.85; p=0.002
0 p:0.72; p<0.001

- 0 7 2 3 2

Plasma GFAP z-score

FIGURE 2 Relationship between serum -synuclein and blood-based biomarkers in controls and adults with DS. Linear regression lines,
coefficients (p), and p values are shown for each association, and shaded regions represent the standard error of the regression lines.

A 100 adj.r, 0.28; p<0.001 (B) 3]

mCRTi

CAMCOG-DS

40 . .‘ ®

20

adj.r,: 0.13; p=0.009 (©) 20

adj.r,: 0.18; p=0.002

10 20 30 10
Serum Beta synuclein (pg/mL)

20 30 10 20 30
Serum Beta synuclein (pg/mL)

Serum Beta synuclein (pg/mL)

FIGURE 3 Relationship between serum -synuclein and measures of cognitive performance in DS. Serum 3-synuclein levels in adults with DS
with mild/moderate intellectual disability are plotted against (A) CAMCOG-DS, (B) modified cued immediate recall test (mCRTi), and (C) modified
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r2 = 0.28, p = 0.01), but not in those with moderate ID (CAMCOG-DS:
adj. r2 = —0.01, p = 0.40; mCRTi: adj. r2 = 0.04, p = 0.12). Serum g-
synuclein was associated with mCRTd in the DS group with mild (adj.
2 =0.23,p = 0.01) and moderate ID (adj.r? = 0.14, p = 0.01).

3.4 | Elevated serum g-synuclein is associated with
reduced cortical volume and glucose metabolism in
core AD regions

We investigated voxel-wise associations between serum f-synuclein
and both gray matter volume and glucose metabolism in the DS pop-
ulation with available neuroimaging. The pDS and dDS groups were
pooled into one symptomatic group (sDS) due to reduced numbers
when analyzed separately (see Methods). Increased serum $-synuclein
levels were associated with lower gray matter volume and metabolism

in brain regions typically involved in AD, including the medial and lat-

eral temporo-parietal regions, as well as the prefrontal lobe (Figure 4).
When stratifying the DS cohort by clinical status, associations with gray
matter were limited to the fusiform gyrus in aDS and to the thalamus
and left lateral temporal regions in sDS. For 28FDG-PET, no significant
associations were found in aDS. In sDS, serum S-synuclein levels were
related to glucose metabolism in the posterior cingulate and the medial
and lateral temporal structures.

4 | DISCUSSION

The main finding of this study was that serum -synuclein is elevated
in adults with DS compared to cognitively unimpaired controls by the
third decade of life and gradually increases throughout the fourth, fifth,
and sixth decades. Cross-sectional age associations suggested that
changes in serum -synuclein were detectable before changes in CSF

amyloid markers, with an estimated divergence approximately 21 years
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FIGURE 4 Relationship between serum -synuclein and neurodegeneration in Down syndrome. Brain representations show the results of the
voxel-wise regression models between either gray matter volume (left) and glucose metabolism (right), negatively associated with serum
B-synuclein in (A and B) the whole DS cohort and (C and D) aDS and (E and F) sDS. The significance of the result (T-values) is showing an
uncorrected threshold (p < 0.001, k > 100 mm?®). Adjacent scatterplots display the correlation between -synuclein within the corresponding
regional gray matter volume (left) and glucose metabolism (right) where voxel-wise p < 0.05. The points represent individual patients, and the color
indicates their clinical diagnosis (aDS in orange and sDS in blue). Shaded areas represent 95% confidence interval. DS; Down syndrome;

aDS, asymptomatic DS; sDS, symptomatic DS (sDS).

before prodromal AD and more than 7 years before other blood-based
biomarkers (pTau217, NfL, and GFAP). 8-synuclein was associated with
mCRT, a test of episodic memory typically related to medial tempo-
ral lobe damage,?2 and was associated with reduced cortical volume
and glucose metabolism in regions involved in AD pathology. Taken
together, we propose that early changes in serum g-synuclein reflect
underlying AD pathophysiology in adults with DS, consistent with
studies that show that synaptic alterations are one of the earliest AD-
related events in DS.2% The early increase in -synuclein observed in
asymptomatic, AB— adults with DS may reflect trisomy 21-associated
neurobiology, early AD-related synaptic dysfunction, or both. While
our study cannot distinguish between these possibilities, the asso-
ciations of B-synuclein with established AD biomarkers, cognition,
cortical volume, and glucose metabolism support the hypothesis that
AD-related synaptic dysfunction contributes to the observed early
changes.

Previous studies in CSF and blood had already highlighted the
potential of 8-synuclein as an early synaptic marker of AD,?11:20.23-25
showing already an increase in the preclinical stages of the
disease.202627 |n CSF, g-synuclein is unaltered in other neurodegen-
erative dementias, including frontotemporal dementia, amyotrophic
lateral sclerosis, Parkinson’s disease, and Lewy body dementia,8?27
and can discriminate between patients with and without AD patho-
physiological markers in patients with Lewy body dementia with
good diagnostic accuracy.?” Thus, CSF studies further support -
synuclein as a surrogate biomarker of synapse loss people with AD
pathophysiology.

Blood-based biomarkers are of great clinical relevance for the study
of AD pathology in adults with DS, given that blood is a more acces-
sible biofluid that allows larger longitudinal clinical studies in this
population, and will be essential for screening, disease, and treat-

ment monitoring in future clinical trials. The development of more
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sensitive techniques for the quantification of 3-synuclein, such as IP-
MS, ! has allowed the detection of 8-synuclein in blood. Immunoassays
for detecting 8-synuclein have been developed, although their appli-
cation has primarily been restricted to CSF.828 A Single Molecule
Array-based assay enabled its detection in blood at the higher con-
centrations observed in conditions such as Creutzfeldt-Jakob disease
and stroke?62%; however, its sensitivity remains limited at the lower
concentrations typically observed in AD. To date, there has been little
success in validating other synaptic blood biomarkers due to con-
tamination of peripheral tissues. However, 8-synuclein is a promising
candidate due to the specificity of expression that is limited to the brain
and retina.®% This specificity has given rise to multiple studies investi-
gating blood 8-synuclein in different neurodegenerative conditions. In
sporadic AD, serum S-synuclein is increased in mild cognitive impair-
ment and AD dementia compared to controls,12331 correlates with
temporal brain atrophy and cognitive impairment, and is related to Aj
and tau PET markers.3! This study builds on previous reports of ele-
vated serum g-synuclein in adults with DS at symptomatic compared
to asymptomatic AD stages in an independent cohort.? It is also the
first study of 8-synuclein that (a) makes a clear differentiation between
the symptomatic stages of AD (prodromal and dementia) in DS, show-
ing changes at all AD stages compared to controls, and (b) compares
B-synuclein to biofluid and neuroimaging biomarkers and measures
of cognitive performance. Other studies have reported an associa-
tion of serum B-synuclein with cognitive impairment in sporadic AD?3
and in adults with DS and symptomatic AD compared to controls, but
not in asymptomatic individuals, and did not stratify dementia versus
prodromal stages.®

The association in our study of S-synuclein with cognitive scores
and with atrophy of the fusiform gyrus in adults with DS prior
to AD symptom onset suggests that this marker could be useful
in clinical trials as an additional neurodegeneration marker closely
associated with cognitive decline. The strength of association with cog-
nition was mild as could be expected when comparing an objective
quantitative assay to a more subjective informant-based question-
naire. Inclusion of -synuclein in AD clinical trials for people with
DS and in patients receiving anti-amyloid therapies could provide
further invaluable insight into the clinical utility of this blood-based
biomarker.

A limitation of this study is its cross-sectional design, which can-
not provide information on the trajectory of the biomarkers over time.
Longitudinal studies of S-synuclein in DS are needed to better under-
stand the evolution of these biomarkers through the timeline of the
disease. We used LOESS regression to estimate the age at which these
biomarkers diverge in DS compared to controls. However, the exact age
at which the groups diverge depends on many factors, such as the sen-
sitivity of the assay or the sample size. In this regard, the platforms
used for each biofluid marker (IP-MS for g-synuclein, immunoassays
for pTau217, NfL, and GFAP) have demonstrated high sensitivity in
blood.#>1132 g-synuclein was measured in serum, whereas pTau217,
NfL, and GFAP were measured in plasma. Recent preliminary data sug-
gest that serum and plasma measurements of p-tau, NfL, and GFAP

are highly correlated.®® Therefore, we do not expect the matrix to be

a contributing factor to the differences we report for these biomark-
ers across the AD continuum in DS. In addition, the voxel-wise analyses
were thresholded without correction for multiple comparisons and
are therefore exploratory, with the stratified analyses in particular
requiring replication in larger cohorts.

In conclusion, this study supports 8-synuclein as a synaptic marker
in blood that reflects early synaptic changes in AD pathophysiology
in DS, and the early changes observed highlight the added value of
B-synuclein over the existing panel of blood-based biomarkers in DS
before the appearance of clinical AD.
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