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Introduction – Prostate cancer (Pca) screening

• „Prostate cancer has been described as the par excellence example of 
overdiagnosis... „

• „The test’s popularity has led to a hugely expensive public health
disaster. It’s an issue I am painfully familiar with – I discovered PSA in 
1970. . . .“

Chapman S, Barratt A, Stockler M. Let sleeping dogs lie? What men should know before getting tested for prostate
cancer. Sydney: Sydney University Press, 2010: p25
Ablin RJ. The great prostate mistake. New York Times, 10 March 2010.



Introduction – Prostate cancer (Pca) screening

• PSA levels <1.0 ng/ml virtually rule out a prostate cancer (for a patient< 50yrs) 
• 1068 men had to be screened and 48 men had to have curative treatment in 

order to save one man’s life

Holmström et al, BMJ. 2009; 339: b3537 , Schröder et al, N Engl J Med 2009; 360:1320-1328
Prostate Cancer Risk Management Programme (PCRMP) sheet – courtesy of the NHS, Micromachines 2018, 9(8), 397



What else is there to utilize and how?

Hypothesis: The 3D-iTRAQ-LC-MS Methodology (Garbis et al, 2008, Al-Dhagri et al, 2014) protocol 
is selective, sensitive and specific enough to reveal novel and clinically relevant 

biomarkers that can stage Pca progression.
PoC



Materials and Methods
Which Patient Cohorts/Samples?
Group PSA Value Number of pts
Pca Null <1 ng/ml 20

Putative Benign Disease (BPH,
prostatitis, PIN, inflammation, 
atrophy)

4.7–12 ng/ml 15

T1-T2 stage Pca 3.9–4.8 ng/ml 20

T3-T4 stage Pca 6.7–17.65 ng/ml 20

COHORT 1
Discovery

Experiment
(MS)

Group PSA Value Number of pts
Pca Null Same 20

Putative Benign Disease (BPH,
prostatitis, PIN, inflammation, 
atrophy)

Same 20

T1-T2 stage Pca 0.7–31 ng/ml 20

T3-T4 stage Pca 0.5–1400 ng/ml 20

COHORT 2
Validation

Experiment
(ELISA)

Prof. Pandha SUN Study

Prof. Clarke ProMPT Study



Depletion Strategies

Eliminate high abundance proteins  (Albumin, Igs) which 
mask low abundance proteins

but
Inevitable loss -sweep away (eg exosomal, proteins bound 

to albumin)

VS

Depletion-FREE Strategy

Preservation through iTRAQ Labeling 
and SuPrE-SEC

😞

😊

Determines mass-to-charge ratio, 
converts into molecular mass



How to best identify the proteome?

o Solubilize fresh neat serum (6M Gua/10% MeOH)

o SEC protein separation/purification 

o Trypsin digestionà Peptides

o iTRAQ labeling

o Pooling

o Offline peptide fractionation with HILIC and on-line RP 
LC-MS 

o Statistical Analysis

o Literature and Network Analysis-Bioinformatics (STRING 
Database)



S1: High MW Proteome
S2: Ig Proteome
S3: Albumin
S4: Low MW Proteome



Mass Spectrometry (MS)

Qualitative Data
Quantitave Data



Qualitative 
Spectrum Analysis

(peptide level)

Quantitative 
Spectrum Analysis

(protein level)

Results-What did the MS output look like?

KLK3 
(PSA)

Precursor 
ion



Results-Statistical Analysis

Regulation Score:



o Heat Map of top 40
overabundant proteins(P<0.05)
sorted by regulation score,

across BPH, T1–T2 and T3–T4 samples 
relative to healthy serum.

o 7 proteins shortlisted to undergo 
ELISA validation 

TSR1
VWA5B2

KLK3
SAA2
SRC

SGCD
CST3



Results-Summary Workflow Map

1. Discovery Experiment

2. Validation Experiment



KLK3: Benign average=0,73, T1-2 average=0,961, T3-4 average=3,519
SAA: Benign average=0,287, T1-2 average=0,37, T3-4 average=2,078
TSR1: Benign average=0,216 T1-2 average=-0,51, T3-4 average=4,66

How much different is the expression 
profile at the 3 different stages?



What is the interactome of the selected markers?

STRING database

KLK3, SRC, SAA1 having most of the interactions

activation
inhibition

possible interaction



Expression profile of the selected markers in ELISA

MS: medium, low, high
ELISA: low, medium, medium

2 proteins  KLK3, SAA showed different expression profile
at the different Prostate Cancer stages

*

*

MS: low, medium, high
ELISA: low, medium, high

MS: low, medium, high
ELISA: medium, low, high

Why do you think ELISA for TSR1 has failed here?



Sensitivity & specificity analysis

KLK3+SAA-1 might be another promising combination



Literature review



Limitations (proof of concept paper)

• Small sample size
• Protein inference issue 
• PCa heterogeneity -> low validation rate
• ELISA validation: intact interaction between an epitope and antigen is 

a must 
• Literature review Vs systematic review 



Conclusions

• PSA screening remains controversial and limited however still the gold
standard as a predictive marker for follow-up
• Serum proteomics discovery pipeline is feasible in prostate cancer
• SAA and TSR1  can add to the predictability of KLK3 (KLK3: 0.679 TSR1 

+ KLK3: 0.727)

Pre-rRNA-processing protein TSR1 homolog                                                  Serum amyloid A-1 protein
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