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Introduction

1. Current diagnostic and prognostic protocols (PSA, DRE, 
biopsy) are inaccurate in predicting patients’ risk

2. Molecular biomarkers and/or imaging approaches could 
improve the decision process

3. Molecular profiling of prostate cancer tissues and proximal 
fluids (post-DRE urine & dEPS) at the level of DNA, RNA and 
protein

4. Biomarkers for early detection of aggressive disease



Direct EPS post-DRE-urine

Proteins & cells shed 
by the gland

Prostatic secretions in 
urine (DRE)

Rich source of
prostate biomarkers

Can be collected 
frequently -
longitudinal

Collected prior to RP Applicable to routine 
collection

http://www.usrf.org/news/PCA3

Kim Y, et al. Nat Commun. 2016
Principe S, et al. Proteomics. 2013 
Kim Y, et al. Mol Cell Proteomics. 2012
Principe S, et al. J Proteome Res. 2012
Drake RR, et al. J Proteome Res. 2010

Prostate Proximal Fluids



Proteomics Profiling of Prostate Proximal Fluids
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Optimization of Sample Processing

3KDa - TFE

Kim Y, et al. Nat Commun. 2016
Kim Y, et al. Mol Cell Proteomics. 2012

Concentration

MeOH precipitation

TFE solubilization

Trypsin digestion

LC-MS

Previous

C8 beads
Berger et al. MCP 2015
MStern

Tested



MStern Protocol

• 10 – 20 µg of protein
• short enzymatic digestion (4 h)

• Multiplexed sample preparation

Solid Phase Extraction 
• in-house made stage tips

• Large-scale format

Vacuum Manifold
• Binding to PVDF membrane

• 200 uL input



MStern Protocol

• 10 – 20 µg of protein
• short enzymatic digestion (4 h)

• Multiplexed sample preparation



Prostate Cancer Program
Post-DRE urine

MStern EVs

n~350

Andrew Macklin Amanda Khoo

Vlad Ignatchenko

dEPS

MStern

N=209
148 Toronto
115 EVMS

Katharina Fritsch Joe Otto

Tissue

N~250

Ankit Sinha Amanda Khoo Lydia Liu

n=76 n=40 tumor
n=40 adj. normal N~100

Sinha et al. Cancer Cell 2019

Cell lines

Natalie Kurganovs

Amanda Khoo



Direct EPS - Discovery

direct-EPS

N=209

148 patients
GG1

n = 51
GG2

n = 47
GG3

n = 40
GG4

n = 10

115 patients
OC

n = 59
EC

n = 56

Eastern Virginia Medical Centre

GG = ISUP grade groups

59 are overlapping

Analyzed in Toronto

Analyzed in Virginia



Post-DRE Urine - Discovery

Post-DRE urine

N=241 75 patients
OC

n = 38
EC

n = 37

Eastern Virginia Medical Centre

166 patients

GG1
n = 49

GG2
n = 22

GG3
n = 20

GG4
n = 6

Normal
n = 20

BPH
n = 20

Sunnybrook Cancer Centre

GG5
n = 14

10 patients: pre- and post-DRE
5 patients: longitudinal AS

148 patients
GG1

n = 51
GG2

n = 47
GG3

n = 40
GG4

n = 10



Post-DRE Urine – Extracellular Vesicles

Post-DRE urine

N=150

Sunnybrook Cancer Centre

GG1
n = 50

GG2
n = 22

GG3
n = 22

GG4
n = 8

BPH
n=25

GG5
n = 13

5 patients: pre- and post-DRE
5 patients: longitudinal AS

RWPE1
normal

PC3
AR-

DU145
AR-

LNCaP
AR+

22Rv1
AR+

Cancer cell lines

OVCAR3 OVCAR433

OVCAR5SKOV3

Primary Fibroblasts
4x CAFs 4x NAFs

Sinha et al. BBRC 2014

Principe et al. JPR 2018



pDRE-urine – pre vs. post-DRE



pDRE-urine - Longitudinal Samples



dEPS Patient Cohort

5.4 years median follow-up



Direct-EPS (15ug/200ul)

2 pmol SUC2 (yeast)

Reduce & Alkylate

Trypsin-LysC
(25ul ABiC-5% ACN)

Collect peptides &
C18 StageTips
iRT peptides

Load aliquot

4 hrs

Sample preparation & Data evaluation
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sample preparation as well as mass spectrometric analysis, whereas iRT variation is only due 

to the latter. 

  
Figure 25: Intensity of SUC2 invertase in 148 samples plotted per risk group. 

 Overall, thorough analysis of both internal standards revealed the quality of this dataset 

through all 148 runs with no significant changes between risk groups for both iRT peptides 

(BH adjusted p values of 0.65-0.87) and SUC2 (BH adjusted p values of 0.15-0.95) and a 

standard error below 10% (0.7% for iRT peptides and 6.85% for SUC2). 

3.3.2 Comparison to previously published datasets 

Next, I compared the proteomics results obtained as part of this study to previously published 

direct EPS proteomes84,85. Both Drake et al. (n = 9) and Kim et al. (n = 16) used a different 

approach for sample preparation (mass weight filter) and data acquisition (9-step MudPIT 



Direct-EPS (15ug/200ul)

2 pmol SUC2 (yeast)

Reduce & Alkylate

Trypsin-LysC
(25ul ABiC-5% ACN)

Collect peptides &
C18 StageTips
iRT peptides

Load aliquot

4 hrs

Sample preparation & Data evaluation
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Figure 22: Intensity of all 11 iRT peptides in 148 samples. 

 

Figure 23: Intensity of all 11 iRT peptides in 148 samples plotted per risk group. 



Direct-EPS (15ug/200ul)

2 pmol SUC2 (yeast)

Reduce & Alkylate

Trypsin-LysC
(25ul ABiC-5% ACN)

Collect peptides &
C18 StageTips
iRT peptides

Load aliquot

4 hrs

Sample preparation & Data evaluation



Direct-EPS (15ug/200ul)

2 pmol SUC2 (yeast)
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C18 StageTips
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Technology Advances
Drake et al. 2010 Kim et al. 2012 Fritsch 2019 (unpublished)

Input material 100 ug 100 ug 15 ug

Sample processing (hrs) 27 27 6.5

Gradient length 9x120 min (18 hrs) 9x120 min (18 hrs) 135 min

Proteins detected 916 624 2852

Proteins/sample 366 +/- 127 166 +/- 47 1915 +/- 292



Differentially Expressed Peptides

61 
 

Analysis of 1271 (865 decreasing and 406 increasing) peptides 

The fold change of these 1271 peptides between the two designated risk-group categories 

(low vs. combined intermediate and high) yields a range of -6.23 to +6.86, however most 

peptides show a change of around 2.5-fold (Figure 34 upper panel). Peptide HEQVYIR of 

 
Figure 34: Upper panel shows the fold change (intermediate + high over low risk group: 

downregulated peptides on the left and upregulated peptides towards the right of the plot) of 1403 

quantotypic peptides that remain after applying filters and testing for significance. The colour indicates 

peptides that are detected in all (blue) or only some (grey) of the 148 samples. The lower panel shows 

the exact number of samples each peptide got detected (peptide sequences are mapped to the upper 

panel). 

Enriched in prostate specific proteins

Enriched in immune and iron metabolism



Prostate Cancer Database



Summary

Proteomics of prostate cancer

A. Markers of aggressive disease

B. Integration of tissues and fluids

C. Combination of complementary biomolecules

D. Relational database
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