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Impact of Head Injury in the U.S.

Annual U.S. traumatic brain injury (TBI) statistics
2 million TBI cases
500,000 hospitalizations
100,000 deaths
70,000-90,000 people with long-term disabilities
2,000 survive in permanent vegetative state
Medical costs of over $48 Billion annually in US
Costly MRI ($1,100-1,500) or CT ($700-1,000) scans
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Need for Diagnostic Biochemical
Markers

Diagnostic markers could improve TBI
patient management and outcome
today

-Objective, quantative index of mild TBI
-Acute patient management: admit vs. discharge:

further diagnostics
Biomarkers are necessary for the
development and introduction of
new TBI therapy

* Reduce costs/risks of clinical trials — surrogate marker
» Early assessment of treatment efficacy

Need for Diagnostic Biochemical
Markers

< New proteomic-based technologies
are making possible rapid discovery
exciting and unanticipated
diagnostic markers




Neuronal injury biomarkers are also highly
relevant to other acute CNS injuries and
psychiatric diseases

Acute CNSinjuries

Neurodegenerative diseases

Psychiatric disorders

Fate of brain injury biomarkers
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Rat model of TBI: Controlled Cortical
Impact (CClI)
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Integrated Proteomic Approach to TBI
Biomarker Discovery

(a) Differential 2D-gel electrophoresis

(b) 1D-Gel Electrophoresis-
LC-MS/MS

(c) Liquid Chromatography/ 1D-Gel
Electrophoresis-MS/MS

(d) Degradomics and High Throughput
Immunoblotting (HTPI) System




What IS Neuroproteomics”

Neuroproteomics is the application of multiple proteomic
techniques to elucidate protein level changes,
posttrandational modifications and protein-protein
Interactions and protein pathways/networks of the nervous
system at an organism-wide scale.

Human neuroproteomics encompasses the central nervous
system (CNS) (i.e. brain and spinal cord) and the
peripheral nervous system (PNS).

Neuroproteomics studies also have important significance
in biochemical mechanism elucidation, diagnosis and
therapy development for various neural diseases.

Separations

Why Separate?

> 10,000 proteins encoded in humans

» Multitude of Post-Translational Modifications
* 7-Order Dynamic Range in Concentration

* Proteins Mix Together In Biological Samples

1ID-SDS/PAGE




2-D Differential In gel electrophoresis
(DIGE)

More and More Separations
2D-PAGE

DIGE of 325ug of Cerebellum (Cy3, Green) and of Cortex
(Cy5, Red) Protein Extract with 18cm pH 3-10NL PG Strip
for |IEF and Pre-cast 8-16% Tris-HCI gel in Tris-Glycine
Running Buffer for SDSPAGE




Differential Expression Analysis

eTotal protein difference: 320
eUnmatched proteins:7
(3cerebellum vs 4 cortex)

*More than 2 fold increase in
cerebellum: 42

*More than 2 fold increase in
cortex: 33

«238 protein spots differ by
less than 2 fold
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1D-Gel Electrophoresis-
LC-MS/MS

From Samples to 1D-DIGE to CLC/ MS/MS

Naive and TBI rT cortex samples
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Putative protein biomarker identification




Putative Biomarkers Revealed by
Fluorescence Line Plot Ratios:
InjuredCy3 (I) HC Vs. HC

Gel Slices
Containing
Putative
Biomarkers

|

Fluorescence
Intensity
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Proof-of -Principle: -Distinct pesks can be identified and quantified

1D-Differential In Gel Electrophoresis (1D-DIGE)
Images:

Injured-Cy3 (1) HC Vs.
M I NI+ M | N I+N M | N I+N

Combined Cy3+Cy5 Copmassi eblue
labeled (yellow) image stain image

-Individua unlabeled (TBI, Naive) and Combined Cy3-Cy5 labeled samples run on 1D-GE




Capillary LC separation of tryptic peptides
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Representative CLC chromatogram of tryptic peptides from
the unlabeled injured (1) samplein gel dice 19.

1st-ranked Tryptic Peptide MS-MS analysis in Gel Slice 22
(Synaptojanin): Injured-Cy3 (I) HC

Tryptic peptide ID: TPGPLSSQGAPVDTQPAAQ
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Tryptic Peptides Observed in the 15t-ranked protein
(Synaptojanin) in Gel Slice 22: Injured-Cy3 (1) HC
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Putative TBI Biomarkers

Unique proteins I dentified in rat hippocampus
Found in both Injured and Naivetissue

Found only in Injured tissue

Found only in Naivetissue

Contaminants (ker atins, hemoglobin, and trypsin)
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Liquid Chromatography/ 1D-Gel
Electrophoresis-MS/MS

Tandem Liquid Chromatography/ 1D-Gel Electrophoresis
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Cerebellum tissue Chromatograms — even protein
distribution, low runr-to-run variability
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Chromatograms Overlay from Cortex and Cerebellum Brain Samples
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Side-by-Side Cerebellum (1st) and Cortex (2nd) Fraction comparison by 1D-SDS-PAGE
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Differential protein analysis by lane overlay with pseudo-color

MKR 1 2 3 4 5 6 7 8 MKR 9 1011 12 13 14 1516 MKR 1718 19 20 21 22 232425

Information to Maintain Steps to Identification
« Fraction (time) Number  Excise Bands of Interest

» Mass at Band Location * Digest Protein with Enzymes

« Color Shift Value * Perform Mass Spectrometry

» Band Intensity « Search Protein Database

14



The Mass Spec Approach: What’s Involved

Myoglobin
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10,000
Proteins

1,000,000
Tryptic
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Mass Spectrometers
MALDI /7 MS
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Mass Spectrometers
NanoLC-ESI / MSMS
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Protein Identification
Searching the Database
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More Data
More Numbers

MKR 1 2 3 4 5 6 7

MKR 9 10 11 12 13 14 1516

MKR 1718 19 20 21 22 232425
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TBI Degradomics

TBI “Degradome’: A unique biomarker
opportunity
TBI Degradome- The complete set of protein substratesthat

are subjected to protease degradation during and after
traumatic brain injury

“Degradomics’ Overal et al., Nature Reviews 3:509 (2002)
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(a) TBI Proteolytic Markers

Protease over-activation isa
major themein traumatic and
ischemic brain injury

Protein fragments become
markersfor brain injury

all-SPECTRIN BREAKDOWN PRODUCTS (SBDPs)
AS A PROTOTYPICAL BIOCHEMICAL MARKER
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TBI Degradomic Markers: What's Next

*TBI degradomic markers identified :
* Provide not only surrogate endpoints but mechanistic
analysis of injury, but also powerful insight into
subcellular localization of injury

e Next:

*“Fragment-specific” Antibodies
» Sandwich ELISA for CSF and blood sample analysis

High Throughput Immunoblotting
(HTPI) System
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*Protein samples subjected to a set of 5 blots

*Each blot has 39 usable lanes (manifold system)

*Each lane is developed with 5-6 different monoclonal
antibodies (toward antigen with nonoverlapping molecular
weight)

*Total: probed with >1,000 monoclonal antibodies

shdp145

sbdp120
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% Hits Rate :

Protein name

Template
+ Lane

Swiss Pro ID

M.W.
(kDa)

Caspase-3
degraded

TBI degraded
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Anti-BIl-Spectrin
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