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Tissue-Based Proteomic Biomarker Discovery

» Highly relevant — tissue microenvironment

> Proteomic networks exist within and outside the cell at the
tumor-host interface.

» The state of protein networks is dictated by the tissue context
of cells, and the local cell-cell or cell-matrix interactions.

» High concentration of disease-related molecules
» Focused analysis of discrete histologies & cell populations

» Enabled by recent advances in emergent methodologies




Tissue-Based Proteomic Biomarker Discovery

» Challenges:

v limited access to precious frozen tissue collections for “fishing expeditions”
v" morphology is poorly preserved in frozen/unfixed tissue
» Jloss of primary determinant for pathology-based diagnosis
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Significant Archives of FFPE Tissues
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The Challenge of Fixed Tissue
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Laser Microdissection

* Non-contact laser microdissection: UV-Laser

microdissection based on laser ablation to cut out 7
single cells or cell clusters with a focused pulsed PEN
UV laser directed along the contours of the area of

Glass Foil Slide

I

interest (Leica LMD).

* Section placed directly on to the polyethylene

naphthalate (PEN) foil anchored to slide.

* Areas cut by the laser are transferred to
microcentrifuge tubes by gravity alone, i.e.

without any mechanical contact and without the

application of additional physical forces.

* Result: extremely gentle specimen handling
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HGSOC Simple Case
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HGSOC Complex Case
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LC-MS Friendly Hybrid Heat-Induced / Enzyme-Mediated
“Antigen” Retrieval

ion: Hol Surtace

parallelized in thermal cycler

Peptide recovery from serial 7 um FFPE
osteosarcoma tissue

Heating Protocol Buffer System Average Recovery* (ug)
AmBic 22.1
95 °C 1hr/65°C2hr | AmBic / 20% MeCN 22.3
AmBic / 60% MeOH 19.3

*n=5



How does FFPE compare to Frozen Tissue?

Frozen

Heat
Induced/Trypsin
Mediated “Antigen”

i §
Retrieval ‘
=

Samble Unique Protein
P Peptides Entries

FFPE 1989 768

Frozen 2001 776

Percent

Percent

&0

1l...

binding catalytic signal transport
transduction

Molecular Function

(=]

structural  transcription motor anticxidant

&0

Cellular Localization
“ FFPE Tissue
Frozen Tissue
0 | I l:| —

Intracellular extracellular membrane cell fraction

cell surface unknown unlocalized
cellular

Hood BL, et al. (2005) Mol Cell Proteomics 4, 1561.



Prostate Cancer Tissue Proteomic Results

PCa

PSA - 2 peptides
PAP - 8 peptides
BPH PEBP - 4 peptides

GDF15 — 4 peptides

PSA - 3 peptides

PAP - 6 peptides
PEBP - 2 peptides
GDF15 — 0 peptides
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Stroma

PEBP - 1 peptide

PSA - 0 peptides

PAP - 0 peptides
GDF15 — 0 peptides

Hood BL et al. (2005) Mol. Cell. Proteomics 4, 1741.
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Fig 2. MIC-1 level in 70 serum samples. Individual MIC-1 concentration and average in each sample group
(panel A) and combined nonPCa and PCa group (panel B) is shown. Error bar represents standard deviation.
Asteriskindicates P<0.05 in two-tailed unpaired t-test when the PCa group is compared to nonPCa (normal
or Bx-ve group). Double asterisks indicates P<0.01 in the two-tailed unpaired t-test. Bx-ve: biopsy negative.

LiJ, et al. (2015) Macrophage Inhibitory Cytokine 1 Biomarker Serum Immunoassay in
Combination with PSA Is a More Specific Diagnostic Tool for Detection of Prostate
Cancer. PLoS ONE 10(4): e0122249



FFPE Tissue Proteomics

» Hood BL, et al. (2005) Proteomic analysis of formalin-fixed paraffin-
embedded prostate cancer tissue, Mo/ Cell Proteomics 4, 1561.

> 194 publications currently in PubMed
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Tissue Proteomics
Workflows and Tissue Requirements

"Bottom Up" Proteomics/Phosphoproteomics - requires 50
micrograms of protein, or “~50 mm? x 8 micron tissue, which

is sequentially consumed for:
- 45 micrograms protein for Tandem Mass Tagging
a.Quantitative proteomics and phosphoproteomics
- 5 micrograms protein for SWATH
a. Organ-specific spectral library generation (3 micrograms)
b. SWATH (2 micrograms)



Pressure Cycle Technology-assisted Lysis and Digestion




Pressure Cycle Technology-assisted Lysis and Digestion
(16 samples/1.5 h SOP/barocycler)

LMD into 10% MeCN/50 mM TEAB | T
Incubate at 99 °C for 1 h, then equilibrate to 50 °C

Add 1 ug SMART trypsin for every 50 mm? tissue

Cap with micropestle
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Pressure cycle:

45,000 psi A
50 seconds @ 45,000 psi L

10 seconds @ atmospheric pressure

30 cycles Air
50° C

Remove pestle and rinse with 20 uL water

Buffer ——

Dry until ~10 pL
Bring volume up with 100 mM TEAB

Tissue

Quantify recovery by colorimetric assay



Establishment of Optimal Digestion Conditions

Untreated Std SOP PCT PCT SOP Std SOP
no PCT no PCT No Enzyme SMART trypsin no PCT
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PCT- vs Thermocycler-assisted Digestion

Total | Miscleavage | Miscleavage | Miscleavage 1/0 2/0
PSM (0) (1) (2)
FFPE Ovarian 4096 3652 412 32 11.3 0.9
Thermocycler
FFPE Ovarian
beT 7831 6936 839 56 12.1 0.8
Frozen Ovarian 5428 3363 1620 445 48.2 13.2
Thermocycler
Frozeg é?lyarlan 9467 7857 1446 164 18.4 2.1

Percent Increase PSM with PCT (FFPE): 191%

Percent Increase PSM with PCT (frozen): 174%




PCT Peptide Recovery

Prepared MSPE samples in 10% ACN/AmBic
Final volume 30 puL, removed 6 for BCA
Pressure treated 1 hr 45kpsi

Removed 6 uL for BCA
Rinsed pestle with 18 pL

Lyophilized and resuspended in 18 uL 10% ACN/AmBic
BCA 5 uL each (with BSA standards)

Measured Final | Measured Final Percent
Sample Conc BEFORE Conc AFTER  |Recovered AFTER
Pressure (ug/mL) |Pressure (ug/mL) Pressure
1 546 544 96%
2 918 910 99%
3 867 874 100%




Quantitative Proteomics/Phosphoproteomics (TMT-10) Workflow
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Quantitative proteomic analysis of APOLLO-1 pilot samples from normal (n=5)
and tumor (n=4) lung tissues collected by laser microdissection.
Two 10 micron slides per sample

Pre-LMD Post-LMD




Unsupervised Hierarchical cluster analysis of 7,463 quantified proteins

Pre-LMD

Post-LMD
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Correlation of 3,439 co-quantified proteins from APOLLO-1
proteomics vs Li et al
(Pearson correlation = 0.75)

Normal lung Primary tumour and patient-derived xenograft

LogRatio Tumor vs Normal
(LiLetal, 2014)

-10

LogRatio Tumor vs Normal
(LCBRN PILOT)

Low<« normalized —high
expression

4,030 proteins quantified
Li L. et al. (2014) Nat. Commun. 5, 54609.



APOLLO-2
Pilot SWATH® Acquisition of Ovarian Cancer

n Ratio Histograms 17} Post-Mormalization Ratio Histograms

c2
‘.

« SWATH acquisition of primary (n=3) and metastatic (n=3) ovarian cancer tissue

digests & analyses against the PAN-HUMAN spectral library yielded 3,194 proteins
quantified across all 6 samples.

« Samples normalized using Assembler (OneOmics); PCA shows grouping of
replicate analyses and stratification of primary and metastatic disease.
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Pilot SWATH® Acquisition of Ovarian Cancer
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Significantly altered proteins (63 total) prioritized by 75% FC confidence/ = 2 PSMs.

Pathway analyses (iPathwayGuide) revealed modulation of pathways including
Antigen Processing and Presentation — Loss of TAP1/2 and MHC proteins in

metastatic disease, bearings on metastatic tumor cell immunogenicity.



Clinical Problem: Triple Negative Breast Cancer Recurrence

 TNBC — most aggressive form of breast cancer with high recurrence and death rate.
* 30% of patients will recur, of which ~80% will die.

* Predicting recurrence will help stratify patients to appropriate therapy

e Understanding factors that underlie recurrence may help guide new therapy

Diseases and Bio Functions A TAP1/TNBC
100
]
2 80-
) ] [} r.IJ
. & & o 60
migration of cells o 404
cell mc-wemen:c o p = 2.3e-06
necrosis of epithelial tissue 20{HR = 0.29
cell death of epithelial cells Cl = 0_:| 7-0.50
migration of tumor cell lines 0 0 2'0 4:0 6'0 BID 1'00 1'20
ATRg Enesls Time (Months)
apoptosis Number at risk
: Low 152 109 69 36 20 12 6
EEEEEEE EREEEC E High a7 86 61 38 24 12 4

Over 5000 Proteins Identified from TNBC Primary Tumor
Archival Tissue (19 Non-recurrent and 15 Recurrent)

5 ug input/specimen

Pedersen et al. (2017) Oncoimmunology, in press.



Antigen Transporter 1
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Transporter Associated with Antigen Presentation 1
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