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What is a “Biomarker”?

• In 1998, the National Institutes of Health Biomarkers Definitions Working 
Group defined a biomarker as

• “a characteristic that is objectively measured and evaluated as an 
indicator of normal biological processes, pathogenic processes, or 
pharmacologic responses to a therapeutic intervention.”

(remember the crime scene)



What could a biomarker be?
• Metabolite
• Protein
• Nucleic acid (mutation or other molecular change)
• Enzyme
• Adhesion molecule
• Transcript
• Picture/slide, stained or unstained
• Symptom- like icterus or diarrhea
• Cell type or shape
• Imaging
• And anything else you can imagine



Biomarkers
• Some work for ALL patients with a disease process

• Myocardial infarction        Troponin increase
• Diabetes Mellitus               Hemoglobin A1c 

• Some work for a fraction of patients (disease 
subtype or severity)

• Some work for individual patients (specific 
phenotypes or genotypes) 
• Personalized biomarkers
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Where are biomarkers measured?
• Usually in blood serum/plasma but also 
in
• Urine
• Sputum
• Synovial fluid
• Seminal plasma
• Cerebrospinal fluid
• Tissues
• Other fluids                      SPIN



Biomarker performance

• Sensitivity (how many diseased patients are 
positive for the marker)- can be adjusted by cutoff 
levels

• Specificity (how many normal subjects are 
negative for the marker)-can be adjusted by cutoff 
levels

• Predictive value (what is your chance of having 
the disease if you are positive) and visa versa (PV 
depends on disease prevalence, in addition to 
sensitivity and specificity)



More Definitions

• True Positive: Have the disease and test is positive

• True Negative: Do not have the disease and test is negative

• False Positive: Do not have the disease but test is positive

• False Negative: Have the disease but the test is negative



INTRODUCTION TO 
PROTEOMICS 
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Definition of Proteomics
• Proteomics is the global study of proteins to 

examine how, when and where they are 
expressed and function

• Paradigm Shift: From studying one protein at a time to 
studying thousands of proteins at a time
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Proteomics and Mass Spectrometry

q The modern workhorse of proteomics is:           
Mass Spectrometry
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• Basis of MS: production of ions, that are 
subsequently separated according to their 
mass-to-charge (m/z) ratio and detected.  

• Like electrophoresis!! (only much more 
powerful)

• The  resulting mass spectrum is a plot of the 
(relative) abundance of the produced ions as 
a function of their m/z ratio.

Niessen, W. M. A.; Van der Greef, J., Liquid Chromatography–Mass Spectrometry: Principles and Applications, 1992, Marcel Dekker, Inc., New
York, p. 29.

What is Mass Spectrometry (MS)?
An amazing technique!



Part 1: Basic Components of a Mass Spectrometer

Ionization 
Source

Mass Analyzer Detector

Data AnalysisSample 
Introduction

Inlet

n An analytical technique that 
measures the mass-to-charge 
ratio (m/z) of an ion



Data Interpretation

qMS/MS spectrum is a fingerprint of the molecular 
structure
qCompare unknown MS/MS spectra to public  databases 

of spectra, to identify unknown compounds
qHow many of you use an app called SHAZAM?



qShazam listens to a song for few seconds 
and then identifies it

qEach song has a unique wave “spectrum” 
q Shazam compares the ‘spectrum” of a song with the 

spectrum in the database
qSimilar principles apply to MS spectrum 

identification

December 2018
Apple buys Shazam for $400 million



Mass Spectrum

q A plot of m/z
values of all ions 
that reached the 
detector versus 
their abundance

q One full MS 
spectrum can 
generate hundreds 
of MS/MS spectra

Li et al. 2013



Bottom Line
• With Mass Spectrometry:

• You can delineate composition of very complex 
protein mixtures

• Identify thousands of proteins in 1-2 days
• Quantify specific proteins or all proteins in a 
mixture

• Study post-translational modifications 
(glycation, phosphorylation etc.)

• And more
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RESEARCH IN PROTEIN 
BIOMARKERS OF 
ALZHEIMER’S DISEASE

Raise your hands: which disease you are most afraid of?

• Cardiovascular
• Cancer
• Alzheimer
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Alarming Statistics
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Alzheimer’s Disease (AD) (Alois Alzheimer 1906)

Characteristics:
• Progressive neurodegenerative 

disease

• Cognitive impairment; memory 
loss

• Pathological changes in the brain
• mostly affects individuals > 65 

years
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Pathogenesis
Pathological hallmarks:
• extracellular deposits- amyloid β (Aβ) plaques
• intracellular deposits- neurofibrillary tangles (NFT)
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Congdon et al. 2018



Treatment
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Preclinical AD
Mild cognitive 
impairment 
(MCI) due to AD

Dementia due 
to AD

ØSymptomatic

ØDisease-modifying treatments (clinical trials)

Ø99.6% failure rate for AD clinical trials

ØNeed more biomarkers to characterize AD

Clinical 
progression



DS Knopman. N Engl J Med 2019;380:1476-1478.

Sites of Action of Failed Therapeutic Approaches to 
Alzheimer’s Disease.



April 11, 2019

BACE Inhibitor



BIOMARKERS FOR 
ALZHEIMER'S 
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Cerebrospinal fluid (CSF)
• Promising fluid for AD 

biomarker discovery
• In direct contact with brain 
• Reflects changes in the brain
• Source of brain-derived 

proteins
• Higher concentrations than 

in the blood
Kroksveen et al. J Proteomics, 2011.
Hladky and Barrand. Fluids Barriers CNS, 2014. 
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Blood Brain Barrier: Prevents 
substances in the blood from 
reaching the brain



Lumbar puncture
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• Needle is inserted between 
L3-L4, L4-L5, or L5-S1

• Cerebrospinal fluid is 
aspirated from the 
subarachnoid space 



Traditional AD biomarkers
• Imaging biomarkers
• Cerebrospinal fluid (CSF) biomarkers

Core AD biomarkers:
1. Aβ pathology

• CSF Aβ1-42 
• PET Aβ imaging

• Both biomarkers currently recommended ONLY for 
research purposes*
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2. Neuronal degeneration
• CSF t-tau, p-tau
• FDG-PET imaging
• Structural MRI

*McKhann et al. Alzheimers Dement, 2011



Utility of current CSF biomarkers
• Aβ1-42: decreased levels (2-fold)
• t-tau and p-tau: increased levels (2-3 fold)

• Diagnostic biomarkers
• Sensitivity, specificity: 

• 80-90% AD vs. cognitively healthy individuals 
• 70-90% AD vs. other types of dementia

• Prediction of progression MCI-AD
• Sensitivity, specificity: 40-95%

29



However…
• Limitation of current CSF biomarkers 

• The ability to differentiate MCI and dementia due to AD from 
other causes is limited

• Misdiagnosis rate in clinical trials can exceed 20%

• Lack of standardization (pre-analytical, analytical), cut-off 
values not universally established

• New biomarkers:
• Improve differential diagnosis 
• Predict the risk of disease progression: preclinical-MCI-AD
• Monitor disease progression
• Improve understanding of neuropathological changes
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Road to biomarker discovery
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Pavlov et al 2012



OUR  PROTEOMIC APPROACH

PHASE 1. DISCOVERY PHASE
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Rationale/Hypothesis
• CSF is a promising source of highly specific brain-related 

proteins
• Human Protein Atlas database can serve as a platform for 

selection of such brain-enriched proteins
• Mass spectrometry-based proteomics are valuable tools for 

preclinical evaluation of biomarkers

We hypothesized that brain-related proteins, found in the CSF, 
may serve as potential biomarkers of different stages of AD.
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Objectives
1) Create comprehensive CSF proteome and select 

tissue-enriched and group-enriched (secreted and/or 
membrane bound) proteins reliably identified in CSF

2) Develop mass spectrometry-based quantitative assays 
for simultaneous quantification of candidate proteins in 
CSF

3) Assess diagnostic potential of candidate proteins in the 
CSF samples of the Alzheimer’s disease patients

34



1. Selecting candidates

6 CSF samples Digestion SCX-HPLC

Trypsin

LC-MS, MS/MS

CSF 
proteome

Data analysis

Begcevic et al. Clinical Proteomics 2016 
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Tissue 
specific 
proteins

6 individual CSF proteomesBrain-enriched/group-
enriched proteins 
(secreted/membrane)

Criteria:
presence in at least 4/6 
samples

CSF 
proteomeCSF 

proteomeCSF 
proteomeCSF 

proteomeCSF 
proteome6 CSF 

proteomes
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Tissue 
specific 
proteins

6 individual CSF proteomesBrain-enriched/group-
enriched proteins 
(secreted/membrane)

Criteria:
presence in at least 4/6 
samples

CSF 
proteomeCSF 

proteomeCSF 
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334 tissue 
specific 
proteins

2615 CSF 
proteome

78 
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proteins
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Tissue 
specific 
proteins
ATLAS

6 individual CSF proteomesBrain-enriched/group-
enriched proteins 
(secreted/membrane)

Criteria:
presence in at least 4/6 
samples

CSF 
proteomeCSF 

proteomeCSF 
proteomeCSF 

proteomeCSF 
proteome6 CSF 

proteomes

334 tissue 
specific 
proteins

2615 CSF 
proteome

78 
candidate 
proteins



Objectives
1) Create comprehensive CSF proteome and select 

tissue-enriched and group-enriched (secreted and/or 
membrane bound) proteins reliably identified in CSF

2) Develop mass spectrometry-based quantitative assays 
for simultaneous quantification of candidate proteins in 
CSF

1) Assess diagnostic potential of candidate proteins in the 
CSF samples of the Alzheimer’s disease patients
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2. Selected reaction monitoring (SRM) 
assay development 

Selection of best-intensity peptides and transitions

Quantification method
• Triple quadrupole mass spectrometer, TSQ Quantiva
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2. SRM assay development: final assay

• APLP1
• BCAN
• CADM2
• CBLN2
• CNDP1
• CNTN2
• DNER
• KLK6
• NCAN
• NPTXR
• NRCAM
• OLFM1
• OPCML
• PTPRZ1
• SCG2
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• SEZ6L
• SPP1
• VGF
• LRRC4B
• CADM3
• SCG3
• NPTX1
• FRRS1L
• SLITRK1
• SST
• MOG
• NPY
• RTN4RL2
• SERPINI1
• BAI2

30 candidates

Begcevic et al. J Proteome Res 2018 



Objectives
1) Create comprehensive CSF proteome and select 

tissue-enriched and group-enriched (secreted and/or 
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for simultaneous quantification of candidate proteins in 
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Objectives
3) Assess diagnostic potential of candidate proteins in the 

CSF samples of the Alzheimer’s disease patients

a) Cohort 1: cognitive healthy individuals (control), MCI and AD 
dementia group

b) Cohort 2: MCI, mild, moderate and severe AD dementia
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Cohort 2

Differential expression
Set 1

ü Difference in NPTXR 
between MCI vs. moderate 
and severe AD  (p<0.05*)

* p-value not corrected by multiple comparison
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Begcevic et al. J Proteome Res 2018 



Overall summary
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CSF 
proteome

Tissue 
specific 
proteins

78 candidates for 
SRM

SRM assay:
30 proteins

Discovery

APLP1, SPP1, 
CNTN2, NPTXR

Brain-
related 

proteins

Final 
candidates

HPA:
196 brain-enriched 
138 group-enriched 

2,615 proteins



PHASE 2. PRELIMINARY 
VERIFICATION OF NPTXR
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Validation
• ELISA

• Optimize assay for biomarker measurement
• More sensitive and specific to the analyte
• inexpensive

• Independent cohort
• Generalizability
• Cohort effect
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Verification in a small independent cohort
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AD (n=12)
MCI (n=21)
Controls (n=23)

ELISA with 
independent 
cohort show 
lower CSF 
NPTXR in AD 
compared to 
controls.

p = 0.004

Begcevic et al. F1000R 2018



PHASE 3. DETAILED 
VALIDATION
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1) Independent cohort
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Lim et al unpublished



1) Independent cohort
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n=108



1) CSF NPTXR levels decrease in parallel 
with disease severity 
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1) CSF NPTXR levels decrease in parallel 
with disease severity 

52

Severe
Moderate

Mild
MCI



Introduction to Clinic

• Assay reliability
• Sensitivity and specificity
• Standardization of pre-analytical and analytical 
protocols

• Generalizability
• Cost and actionability
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Make take years or, more likely, never

MUST SHOW EFFECTIVENESS AND IMPROVED PATIENT OUTCOMES



Conclusions
• Biomarkers can significantly improve 
clinical trial outcomes and improve patient 
management

• Time for biomarker from the bench to arrive 
at the bedside may take 10-15 years

• Failures are very common
• Most biomarkers do not make it to the clinic
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QUESTIONS

56



What is a true positive biomarker result?
The test is _________:

1. Positive in healthy individuals

2. Positive in individuals with the disease

3. Positive in both healthy individuals and those    
with the disease

4. Negative in individuals with the disease 
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Question 1 



What is a true positive biomarker result?
The test is _________:

• Positive in healthy individuals
• Positive in individuals with the disease
• Positive in both healthy individuals and those with 
the disease

• Negative in individuals with the disease 
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Question 1 



In Alzheimer disease, there is deposition 
of _____________

1. Amyloid only
2. Amyloid and tau
3. Tau only 
4. Amyloid, tau and BACE
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Question 2



In Alzheimer disease, there is deposition 
of _____________

• Amyloid only
• Amyloid and tau
• Tau only 
• Amyloid, tau and BACE
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Question 2



Question 3
Choose the correct statement about 
Alzheimer medication interventions: 

1. All interventions work
2. About 50% of interventions work
3. About 10% of interventions work
4. None of the interventions work
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Choose the correct statement about 
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