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Neurodegeneration 

Goal: Identify Pathophysiological Processes Linked to Asymptomatic 
AD, Dementia Symptoms, and Progressive Neurodegeneration 

Molecular Networks 



AMP-AD: Integrative Proteomics for Novel Target and Biomarker Discovery 

4. 

Fusion-Orbitrap 
Multiplex (TMT) 

QE-Orbitrap 
Label-free 

“single shot” 

 

~11-12,000 proteins 

n=80 tissues 

~3,000 proteins 

n=1,000 tissues 
CSF/Plasma 

~1800 Cases 



A Multi-network Approach Identifies Protein-Specific Co-expression in AD 

Seyfried NT, et al (2017) Cell Systems 4:60-72  

• 129 human cortical tissues 
 

• 64,938 peptides mapped  to 5,130 proteins 
 

• Network analysis  ( ~2500 proteins identified in 

>90% of cases) showed 16 modules of co-

expressed proteins 
 

• Modules associated with brain cell types 

overlapped in protein and RNA networks 
 

• 10 protein modules correlated with cognition and 

Alzheimer’s disease (AD) pathology 
 

• Many protein-based modules were distinct from 

those in RNA-directed networks 
 

• AD risk loci converged in glial-related modules in 

the proteome and transcriptome 



AMP-AD Proteomics of Human Postmortem Brain  

Data is publically available: 

www.synapse.org/ampad 

 

http://www.synapse.org/ampad


Consensus Networks Reveal Modules & Key Drivers Linked to AD Phenotypes 

Astrocytes Microglia 

Gene Ontologies 

• Highly significant across all cohorts 
• AD GWAS enriched (APOE, MAPT, CLU, C4A, +more) 
• Validation of hub proteins in Drosophila models and human brain pathology 



• TMT-MS quantified ~4-fold more proteins 

(11-12,000 proteins equivalent to ~65% 

of expressed brain transcripts) with no 

missing values across cases. 

 

• Modules associated with brain cell types 

and pathophysiologies 

 

• The TMT-MS network identified ~3-fold 

more modules, including new modules 

associated with AD phenotypes while 

detecting all modules identified in LFQ-

MS networks  

 

• Only ~40-50% of modules overlap with 

the brain transcriptome 

 

 

 

Enhancing the depth and throughput of the AD proteome  
with multiplex tandem mass tags (TMT) 

Protein Co-expression Network Analysis 

Microglia 



CERAD Cognitive Function 

CERAD Cognitive Function 

TMT-MS of the ROS/MAP cohort validates AD specific immune-related  
modules strongly associated with cognitive dysfunction 



Cross-validation of AMP-AD key drivers in Drosophila and human AD brain 

Validation of AMP-AD key drivers in Drosophila Moesin (MSN) associates with AD pathology 

Josh Shulman 

Baylor 

Drivers genetically modify Tau toxicity 

Consortium Targets 

Mayo/UF 

Rush/Broad 

Emory 



Phosphoproteomics reveals disease associated signaling networks in AD  

AD brain phosphoproteome  

n=31,136 

Phosphoproteome Network Analysis 



Validating AMP-AD nominated targets by TMT-MS 

>2 fold more targets with TMT-MS 



Control AD FTLD-TDP ALS CBD PSP MSA PD Other PDD 

n=114 cases and 9 pooled 

standards across 3 separate 

batched randomized by 

diagnosis 

n=14 

Prefrontal Cortex (DLPC) 

Assessing Disease Specificity Across the UPenn Cohort  

n=16 n=7 n=11 

300 Top Targets 

+Aβ and (phospho)Tau 

1-3 peptides/target 

= 720 peptides 

n=16 n=9 n=13 n=17 n=5 n=6 

Maotian Zhou 

PRM Validation  
UPenn Cohort 

 
 
 

Wingo T et. al., J Proteome Res. 2017 16:3336-3347 



Top AD Protein Targets in UPENN Brain Quantified by PRM Across Diseases  

PRM Validation  
UPenn Cohort 

 
 
 



Comprehensive and Integrated Analysis of the Human Brain and CSF Proteome in AD 

Relate to biological function 

and processes 

 

Assess Module-phenotype 

Relationships 

 

To CSF 

Communities 

of Proteins 

 

Module-Based 

Biomarkers 

 

From Brain 



Quantification of AD biomarkers (Aβ and Tau) in CSF by Mass Spectrometry (MS) 

*** t-test p-value <0.001 

Targeted MS 



Discovery of AD Biomarkers in CSF (Individual) by TMT-MS 

1171/1737 Peptides and 329/533 Gene Products 

DEX CSF 
n=533 

Microtubules Microglia 



Quantification of AD Brain Networks in Human CSF by MS 

*** t-test p<0.001 

25 proteins  



From Brain to Plasma: Proteomic Biomarker Discovery and Validation in the US and UK 

Simon Lovestone 

Allan Levey, Ihab Hajjar 

 & Nick Seyfried 

Rima Kaddurah-Daouk 
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Control 
(pool 1) 

Control 
(pool 2) 

Control 
(pool 3) 

Control 
(pool 4) 

AD 
(pool 1) 

AD 
(pool 2) 

AD 
(pool 3) 

AD 
(pool 4) 

Uniprot database search 

 

CSF Pools: 30796 peptides mapping to 3,678 protein groups 

 

 

 

30 nanoLC-MS/MS runs (2 hr gradient) 

30 fractions 

High pH  

Fractionation 

Comprehensive Quantification of the CSF Proteome by TMT 

Orbitrap Fusion 

Approximately 

~72% of proteins 

in CSF were also 

found in brain 

CSF (130 uL) 



Discovery of AD Biomarkers in CSF (Individual) by TMT-MS 

Total Peptides (n= 26,252) 
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Validation of AD Biomarkers in CSF: Parallel Reaction Monitoring (PRM) 

Wingo T et. al., J Proteome Res. 2017 16:3336-3347 

n=40 AD  

n=40 non-AD controls 
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** t-test p-value <0.05, *** t-test p-value <0.001 

Targeted PRM  

** 

Validation of AD Biomarkers in CSF by PRM 
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SMOC1 Validation: Brain and CSF 





Top AD Protein Targets in UPENN Brain Quantified by PRM Across Diseases  

PRM Validation  
UPenn Cohort 

 
 
 



PRM Validation  
UPenn Cohort 

 
 
 

Top AD Protein Targets in UPENN Brain Quantified by PRM Across Diseases  


