Brain high-throughput multi-omics data reveal molecular heterogeneity in Alzheimer’s disease
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Background: 
Alzheimer's disease (AD) is a complex neurodegenerative disorder marked by cognitive decline and significant pathological changes, including amyloid-beta plaques and tau tangles. Current research indicates that differences in age at onset, cognitive status, disease duration, and cerebrospinal fluid (CSF) biomarker level influence AD progression and neuropathological staging. However, using single-omic methods to study AD molecular profiles may overlook important biological hubs, as each omics layer operates independently. Thus, aggregating multiple modalities of omics (cross omics) can improve the cons, also it has been proven as a powerful approach to identifying molecular subtypes for complex human diseases. The lack of studies on the investigation of molecular heterogeneity of these AD omics data poses an additional hurdle to thoroughly understanding the molecular heterogeneity of AD.

[bookmark: _Hlk166513513]Objective/Hypothesis: To evaluate whether subtle molecular differences among sporadic AD omics can provide hints for granular staging of the disease.

Results: 
The authors leverage three omics data in Knight Alzheimer Disease Research Center(Knight-ADRC) for the discovery cohort. After quality control and filtering, cross-omic analysis(iclusterBayes) was conducted to integrate multi-omic data and identify molecular profiles. They compiled transcriptomic data of 60,0754 features, proteomic data of 1,092 proteins, and metabolomics data of 627 metabolites from 278 participants, including 255 sporadic AD cases and 23 controls. Subsequently, the author performed multiple clinical and molecular association analyses to characterize AD molecular profiles. The findings was validated through replication tests in the Mount Sinai Brain Bank (MSBB) study and the Religious Orders Study and Memory and Aging Project (ROSMAP) cohort. Additionally, they stratified AD cases into early and late-stage AD to identify the magnitude of dysregulation of genes in distinct AD stages through differential expression and co-expression network analyses. Furthermore, survival analysis was applied to evaluate the synaptic gene in CSF from Knight ADRC participants could be potential biomarkers for staging AD pathology and monitoring disease progression.

Conclusion: 
The study highlights the importance of cross-omics integration in revealing critical molecular insights into AD heterogeneity. The identified molecular profiles not only enhance understanding of the disease mechanisms but also offer potential biomarkers for monitoring AD progression and cognitive decline, paving the way for more targeted therapeutic approaches in the future.
