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Materials and Methods
A total of 578 matched plasma and CSF samples from 110 participants 
from the BIOCARD study (Figure 1) were analyzed using Biognosys’ parti-
cle-based P2 (plasma) and P1 (CSF) enrichment workflows.

Mass Spectrometry Outperforms Affinity Platform in CSF Proteome Profiling
The same CSF samples were also analyzed using an affinity-based platform (Olink HT). Comparison revealed 
substantially greater proteome coverage by MS, with an average of ~3,900 CSF proteins quantified per sam-
ple, compared to approximately ~1,100 proteins quantified from the 5.4k Olink panel (Figure 4).

Introduction
Aging is the strongest risk factor for Alzheimer’s disease (AD), yet the mo-
lecular processes that differentiate healthy aging from pathological aging 
remain poorly understood. There is a critical need for biomarkers capable 
of detecting the earliest disease-associated changes, ideally before cog-
nitive symptoms and even prior to amyloid conversion, which is currently 
assessed using Aβ42/Aβ40 ratios in blood or cerebrospinal fluid (CSF). To 
address this need, we applied a quantitative mass spectrometry–based 
proteomics workflow to matched CSF and plasma samples collected longi-
tudinally over a 20-year period. 

Variance Partition Analysis
Variance partition analysis revealed that CSF and plasma differ in their sus-
ceptibility to technical sources of variation (Figure 5).

Results

Identification of Proteins Exhibiting Age-Independent Longitudinal Changes 
Using age-adjusted linear mixed-effects models, we identified proteins in both CSF and plasma that diverged 
between converters and non-converters at early time points, preceding changes in established clinical bio-
markers associated with A+T+ status (Figure 3). 
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Conclusion
•	MS-based proteomics is robust across decades of biobanked material: 

workflow incorporating established enrichment strategies enables deep, 
reproducible proteome profiling of longitudinal CSF and plasma samples 
with storage times exceeding 30 years, demonstrating its suitability for 
large-scale retrospective cohort studies.

•	CSF proteomics enables sensitive early detection of AD-related molecu-
lar changes, while plasma provides a complementary, minimally invasive 
matrix for longitudinal monitoring. This combined strategy supports the 
development of plasma-based surrogate biomarkers for tracking disease 
progression and therapeutic response.

•	Ongoing analyses leverage the unique capability of MS platform to ex-
plore CSF–plasma concordance, PTMs, and proteoforms.
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Plasma Contamination Analysis
Estimated contamination from blood cell components was consistently low 
across plasma samples (Figure 6).

Samples underwent particle-based pre-treatment, enzymatic digestion, 
and quantitative DIA-MS analysis using an Evosep One–timsTOF HT plat-
form at 40 samples per day throughput resulting in more than 6,500 pro-
teins per plasma sample on average and over 10,000 proteins across the 
plasma cohort, as well as approximately 3,900 proteins per CSF sample 
and more than 5,000 proteins across the CSF cohort (Figure 2). 

B. Detected in >50% of samples

Figure 1: BIOCARD longitudinal cohort overview. CSF and plasma samples have been collect-
ed and clinical biomarkers analyzed from a total of 359 participants between 1995 and 2025. 

Figure 6: Plasma contamination analysis. (A) Platelets, (B) erythrocytes, (C) PBMCs contami-
nation indices (Korff et al. 2025).

Figure 4: Comparison of CSF proteome 
coverage between mass spectrometry 
(MS) and Olink HT platforms. Venn dia-
grams show proteins detected in at least 
one sample (A), >50% samples (B), and 
100% of samples (C).

Figure 3: Protein abundance trajectories divergence. Volcano plot (time x amyloid conversion group interaction from LMM) for (A) CSF, 
(B) plasma; estimated divergence time for diverging proteins in (C) CSF, (E) plasma; example protein abundance trajectories in (D) CSF, 
(F) plasma. 

Figure 2: Study overview. Schematic overview of plasma and CSF sample processing, LC-MS 
analysis, and data analysis (A); protein identifications in plasma (B) and CSF (C).

Figure 5: Variance partition analysis in (A) CSF, (B) plasma.
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