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Proteomics in Alzheimer’s Disease (AD) 
 
Specific Goal 
 

• Develop accurate and precise method to quantify proteins in 
brain tissue 

 
Ultimate goal: Can we use proteomics to better define pre-
clinical stages of AD and target key molecular pathways that 
associate with cognitive decline? 
 
 

 



Preclinical or Asymptomatic AD: The period between the first 
appearance of AD neuropathology and the onset of clinically detectable 
symptoms of disease.   
 

The Alzheimer’s Continuum 

(Jack CR et al 2010, Lancet Neurology)  
 

Tau  Aβ  



Evidence for Asymptomatic AD 
 

• Post-mortem neuropathological and in vivo PET imaging studies 
suggest that a substantial proportion of cognitively normal older 
individuals demonstrate evidence of Aβ and tau tangle 
accumulation, approximately 30%. 

  
• The distribution of amyloid deposition in these cognitively 

normal older individuals tends to occur in a pattern similar to 
that found in AD.  

 
• Summary: This suggests that Aβ and neurofibrillary pathologies 

are necessary, but not sufficient alone to explain the onset of 
cognitive decline.                 

                                      (Rowe et al. 2010, Mintum et al. 2006, Jack et al. 2008, Gomperts et al. 2008) 

 
 
 



Relevance of Asymptomatic AD 

Successful Drug 
Therapy for 

Prevention of AD 

Accurate 
Diagnosis of AD 
Prior to Onset of 

Symptoms 

Understanding of 
the 

Pathophysiology 
of Early AD 

Novel Biomarkers! 



1. Detect a fundamental feature of AD neuropathology. 

2. Be validated in autopsy-confirmed cases of the disease.  

3. Have a diagnostic specificity for distinguishing and sensitivity for 
detecting AD from other dementias.  

4. Diagnostic laboratory tests should be reliable, reproducible, non-
invasive and simple to perform. 

Biomarker Criteria in AD 

Brain CSF 
Orbitrap MS 

 
Trojanowski, J.Q. (2004) Practical Neurology, 3:30-34 
Frank RA, (2003) Neurobiol. Aging, 24:521-536  
 
 



Where do we first look for biomarkers in AD? 

Huntingtin 

β-amyloid 
Tau α-synuclein 

TDP-43 
SOD1 
FUS 

PrP 

1) Human brain tissue 
2) Detergent insoluble-fraction 

Soto C. (2003) Nature Reviews Neuroscience 4, 49-60  
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Hypothesis: 
 
Conserved sets of, yet unidentified, proteins are 
pathologically altered in AD and contribute to disease 
pathogenesis. 
 
Approach: 
 
Analysis of the detergent-resistant (i.e., insoluble) brain 
proteome from control and seven neurodegenerative 
disease sub-groups by quantitative MS-based proteomics 
 
 
 
 

Biomarker Discovery in AD 

Presenter
Presentation Notes
Determine Specificity



Homogenization buffer (low salt)  

1%  Sarkosyl buffer and high salt  (Homogenate (H)) 
( sonicate )  

Spin 200,000 g for 30  mins (Supernatant =( S)) 

Wash Pellet 

8 M Urea, 1% SDS, 50  mM Tris - HCl , pH 7.8 
 Urea soluble Pellet (U) 

H S U 

WB: Phospho-tau 

Urea 

WB: Tau 

AD Case 

Enriching for the detergent-resistant pathological proteins 

(Pre-frontal 
cortex) 
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Western blotting with phospho-Tau Ab 

A B 
Identifying AD specific markers in the insoluble proteome 

Brain Tissue (Pre-frontal cortex) was provided by the Emory ADRC Neuropath Core 



SDS-PAGE 

Detergent Insoluble Fractions 

A 
B 
C 
D 

In-gel trypsin digestion 

Proteomic Workflow 

Control MCI AD 

Orbitrap MS 



LC-MS/MS based proteomics  identify and quantify 

peptides  

Trypsin digest 

peptide identification 

protein quantitation 

protein identification 
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Identifying AD specific markers in the insoluble proteome 



U1 snRNP – structure and function 

Structure 
 
i.  U1 snRNA   
ii.  U1 proteins 

• U1-A 
• U1-70K 
• U1-C   

iii.     7 Sm proteins (SMN complex) 
 
Function 
 
i. Binds 5’ splice site of pre-mRNA 
 to initiate intron removal and 
  alternative splicing of 95% 
 of transcripts. 
ii.     Functional form localized to   
 nucleus 
 

U1 Small Nuclear Ribonucleoprotein Complex 
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U1 snRNP insolubility is highly specific to AD 

Bai et. al., Proc Natl Acad Sci U S A. (2013) 110:16562-7 



U1 snRNP is associated specifically with AD pathology 

Bai et. al., Proc Natl Acad Sci U S A. (2013) 110:16562-7 



U1 snRNP is associated specifically with AD pathology 

Bai et. al., Proc Natl Acad Sci U S A. (2013) 110:16562-7 



U1 snRNP is associated specifically with AD pathology 

Bai et. al., Proc Natl Acad Sci U S A. (2013) 110:16562-7 



Does U1 snRNP directly associated with NFTs in AD? 

EM of immunogold-labeled U1-70K aggregates in 
cytoplasm 

 
 Hales et. al., (2014) Mol. Neurodegeneration (In press) 



2,2,7-trimethylguanosine cap of U1 
snRNA evident in tangles 

 
 Hales et. al., (2014) Brain Pathol. In press 

Y 

Control 

AD 

Is U1-70K aggregation dependent on RNA? 



Are there defects in RNA maturation in AD brain? 



AD 

Control 

Are there defects in RNA maturation in AD brain? 

Bai et. al., Proc Natl Acad Sci. (2013) 110:16562-7 

Intron 

Intron 

RNA-seq 



Pre-RNA 

Mature-RNA 

Are there defects in RNA maturation in AD brain? 

Bai et. al., Proc Natl Acad Sci. (2013) 110:16562-7 

Intron 
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Proteomics at the Emory ADRC 

Proteomics 

Synapse-rich Pathological Aggregates 

Plasma/Platelets Cerebral Spinal Fluid (CSF) 

Individual 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Oz5gjpNIQtyLJM&tbnid=fX-jmeImEn8vvM:&ved=0CAUQjRw&url=http://danisfoundation.org/2011/11/23/mit-cancer-biologists-determine-how-platelets-in-the-bloodstream-help-cancer-cells-form-new-tumors/&ei=qqtNUriVLYKQ9gTtgoHQAw&bvm=bv.53537100,d.eWU&psig=AFQjCNE1m4v8nYF8sZnj-iYeQUI5SARtxw&ust=1380908290813750�


Allan Levey 
Jim Lah 

Chad Hales 
William Hu  
Tom Kukar 

Thomas Wingo  
Jon Glass 

Marla Gearing 
John Hanfelt  

Hao Wu 
Peng Jin 

Dan Geschwind 
Giovanni Coppola 

Tom Montine 

Josh Schulman 

Phil De Jager 

Brittany Dugger 
Tom Beach 

Juan Troncoso 

David Bennett 

NIA U01 Proteomics Discovery in AD 

ADC Collaborations 

Donna  Willcock 

Proteomics Collaborators at Emory ADRC 

John Trojanowski 

http://en.wikipedia.org/wiki/File:Bcm_logo.gif�
http://hms.harvard.edu/�
https://www.google.com/imgres?imgurl&imgrefurl=http://www.chrisdraftfamilyfoundation.org/community/events?id=0260&h=0&w=0&tbnid=T_WGVhOfOdTi6M&zoom=1&tbnh=172&tbnw=293&docid=SZ0jj3NT8ajp6M&tbm=isch&ei=Im1ZU_aLGITS2QWzzoGwBA&ved=0CAsQsCUoAw�
http://www.uky.edu/coa/�


Acknowledgements 

Funding:  
 

Allan Levey 
Jim Lah 
Eric Dammer 
Ian Diner 
Duc Duong 
Isaac Bishof 
Jason Fritz 
Marla Gearing 
Jonathan Glass 
Criag Heilman 
Zoe White 
Thomas Wingo 
Deborah Cooper 
Hong Yi 
Junmin Peng 
Bing Bai 
 

Emory ADRC 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=cntrWwOqM28o5M&tbnid=DhumyVGk3PAkhM:&ved=0CAUQjRw&url=http://diabetes.niddk.nih.gov/about/newsletter.aspx&ei=CKxZU7DEIsi_8QGf5YGYCw&bvm=bv.65397613,d.b2U&psig=AFQjCNFImLP5YNU8j4LHN7qv9Ekuq68P6Q&ust=1398472014501177�
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=cntrWwOqM28o5M&tbnid=DhumyVGk3PAkhM:&ved=0CAUQjRw&url=http://diabetes.niddk.nih.gov/about/newsletter.aspx&ei=CKxZU7DEIsi_8QGf5YGYCw&bvm=bv.65397613,d.b2U&psig=AFQjCNFImLP5YNU8j4LHN7qv9Ekuq68P6Q&ust=1398472014501177�

	Early Changes in the Brain Proteome Associated with Alzheimer's Disease Risk
	Slide Number 2
	Proteomics in Alzheimer’s Disease (AD)
	The Alzheimer’s Continuum
	Evidence for Asymptomatic AD
	Relevance of Asymptomatic AD
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Acknowledgements

