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General information
The project entitled ”Proteomic and metabolomic 
strategy of searching for biomarkers of genital can-
cer diseases using mass spectrometry methods” was 
awarded a grant in the OPUS8 Competition organized 
by the Polish National Science Center (grant number: 
2014/15/B/NZ7/00964). The project is planned for 36 
months and it is run by the Department of Inorganic 
and Analytical Chemistry and the Gynecologic Oncol-
ogy Department, at Poznan University of Medical 
Sciences, Poland. The principal investigator is Pro-
fessor Zenon J. Kokot, Ph.D. The total grant value is 
798,590.00 Polish Zloty.

This project will provide new prospective charac-
terization of reproductive system cancers including 
ovarian and prostate cancers. Due to low specificity 
and sensitivity of diagnostics methods, this malignan-
cies often reach advanced stages, when the sufficient 
treatment become problematic. Today, diagnosis of 
prostate cancer is mainly based on per rectum exami-
nation and on measurement of Prostate Specific Anti-
gen (PSA) in blood [1]. While ovarian cancer diagnosis 
is conducted with the use of transvaginal ultrasound 
examination and estimation of two markers: cancer 
antigen 125 (CA 125) and human epididymis protein 
4 (HE 4)[2]. However, none of clinical tools provide 
early detection of these malignancies. If the proper 

ABSTrACT

The project entitled ”Proteomic and metabolomic strategy of searching for biomarkers of genital cancer diseases 
using mass spectrometry methods” is a study based on novel omics techniques. The main assumption of this 
research is the development of innovative model of searching of biomarkers in ovarian and prostate cancers 
using proteomics and metabolomics methodologies supported by bioinformatics analysis. The innovatory 
strategy based on the latest achievements in the field of mass spectrometry will allow for the implementation 
of the unique studies for discovery new biomarkers, which are useful in prediction, diagnosis and treatment of 
the genital cancers. To date, there is no comprehensive data including set of proteins and other endogenous 
compounds involved in the development and differentiation of these diseases. Therefore, the proposed approach 
may contribute to the discovery of biomarkers with high sensitivity and specificity, which will provide new 
information about genital cancers characterization.
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early diagnosis is made, cancers can be curable with 
standard therapies including surgery and chemother-
apy. Bearing in mind, that malignancies, which affect 
reproductive system, are serious worldwide problem 
[3, 4], this project will focus on finding new potential 
indicators of these pathologies. Better characteriza-
tion of diseases may contribute to understanding of 
tumorigenesis and to develop novel diagnostic and 
treatment approaches. Close cooperation between 
scientists and clinicians will allow for a thorough and 
complete insight into the subject.

Ethics
The project was approved by Bioethical Committee of 
Poznan University of Medical Sciences, Poland (Deci-
sion No. 165/16) on 4th February 2016.

research Project Objectives
The goal of this project is to develop innovative model 
of discriminatory indicators of selected reproductive 
system cancers using modern methods including mass 
spectrometry techniques: nanoLC‑MALDI‑TOF MS (nano 
liquid chromatography – matrix assisted laser desorp-
tion ionization – time of flight mass spectrometry), 
LC‑ESI‑QqQ‑MS/MS (liquid chromatography – elec-
trospray ionization‑triple quadrupole – tandem mass 
spectrometry) and advanced bioinformatics. recently, 
proteomics and metabolomics studies are widely used 
to characterize many diseases and pathologies like 
cancers [5–7]. Mass spectrometry coupled with liquid 
chromatography enables detection and identification 
of thousands endogenous molecules (e.g. amino acids, 
proteins, peptides) in body fluids. Therefore, this project 
is focused on complementary metabolomics and pro-
teomics characterization of serum and urine in order to 
identify compounds which may improve diagnostic and 
treatment of ovarian and prostate cancers. The term 
biomarker has been present in medical terminology for 
many years to define variable, which may be marked or 
measured in order to evaluate important physiological 
and pathophysiological processes. Biomarkers can play 
essential role in modern diagnostic methods [8] and 
also in undertaking therapeutic decisions [9]. Moreover, 
discovery of new potential disease indicators will pro-
vide knowledge about pathomechanisms. Currently, 
improvement of analytical methods led to increase of 
selectivity, resolution, precision, accuracy and specific-
ity. It result in more detailed analysis and enable deeper 
description of tumorigenesis. Therefore, in this proj-

ect, compilation of data derived from proteomics and 
metabolomics study based on advanced bioinformatics 
analysis will provide model of the most discriminative 
features describing reproductive system cancers. There 
are two main hypothesis in this project:

Determination of the qualitative and quantitative  –
correlation within a multiprotein/multipeptide pan-
els of markers of ovarian and prostate malignan-
cies will allow for development of rapid and non‑in-
vasive diagnostic methods.
Analysis of amino acid and other low molecular  –
components profiles can contribute to determina-
tion of the metabolomic differences between clini-
cal and histological types of ovarian and prostate 
cancers.

research Plan and Basic Concept
The main purpose of this project is to extend knowl-
edge about indicators in selected reproductive system 
malignancies. This goal will be reached with the use 
of low molecular compounds (including amino acids), 
peptides and protein analysis. Comparison of healthy 
control group samples and group of patients with can-
cer will be possible. Proteomic and metabolomic stud-
ies will enable detection of novel peptides, proteins 
and low molecular compounds as potential biomark-
ers, which can differentiate healthy individuals and 
oncology patients. Deep analysis of those molecules is 
essential from the point of view of the project's goal. 

In particular, the planned studies should allow for:
Development and implementation of new, selec- –
tive methods which will provide characterization of 
serum and urine biomarkers of ovarian and pros-
tate cancer using mass spectrometry techniques
Compilation data derived from proteomic and  –
metabolomic analysis. Determination of correla-
tion between them and health condition in patients, 
results of the routinely conducted diagnostic tests 
(CA125, PSA) and histopathological analysis. 
Creation of modern biomarker panel which may  –
evaluate the risk of reproductive system cancer 
development and contribute to early diagnosis, 
which will minimize invasive methods currently 
used in clinical trials.
Extension knowledge about tumorigenesis and  –
neoplasia at metabolomic as well as proteomic 
levels. Deep analysis of the studied diseases will 
provide tools not only for diagnostics but also for 
monitoring results of undertaken treatment and to 
evaluate its efficacy.
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research Methodology 
The project will be performed with the use of serum 
and urine samples collected from patients with ovarian 
and prostate malignancies. Moreover, samples from 
healthy individuals will be examined. The main analy-
sis will be conducted with the use of 2 tandem mass 
spectrometers coupled with liquid chromatography 
systems: LC‑ESI‑QqQ‑MS (4000 QTrAP, AB Sciex) and 
nanoLC‑MALDI‑TOF/TOF‑MS (UltrafleXtreme, Bruker). 
The project is planned for 3 years and contains the fol-
lowing stages:
Stage I Optimization of the method for determination 
of levels of 42 amino acids in both serum and urine. 
The novel analytical method will be performed using 
a set of LC‑ESI‑QqQ‑MS/MS. 

Selection and optimization of depletion and enrich- –
ment strategies for proteomics studies. Sample 
pretreatment which enables analysis of low abun-
dance proteins and peptides is crucial step in anal-
ysis. Different methods including combinatorial 
ligand library, immunodepletion, magnetic beads 
and solid phase extraction will be tested. 
Optimization of approach for protein‑peptide pro- –
filing of serum samples. Optimization of detection 
and identification of the most discriminative peaks 
using MALDI‑TOF/TOF‑MS. 

Stage II
Collection of serum and urine samples derived  –
from patients with ovarian (around 100 samples) 
and prostate (around 100 samples) malignancies. 
recruitment of healthy individuals to control group 
(around 200 samples). All participants of the study 
signed consent to publish their (anonymized) data 
for scientific purposes. Questionnaire was per-
formed among all participants. 
Measurement of 42 amino acids levels in urine and  –
serum samples using a LC‑ESI‑QqQ‑MS system. 
Protein‑peptide profiling of collected serum sam- –
ples using MALDI‑TOF‑MS. Analysis will be per-
formed in the mass range 1–10 kDa. Identifi-
cation of the most discriminative peaks using 
nanoLC‑MALDI‑TOF/TOF‑MS. Semi‑quantitative 
analysis of identified proteins and peptides based 
on isobaric labeling iTrAQ. 

Stage III
Statistical and chemometric analysis of the  –
obtained data using special software: Statistica, 
MetaboAnalyst, ClinPro Tools, MATLAB. Compari-
son and compilation of the results obtained from 
metabolomics, proteomic and clinical studies. 

Investigation of correlation between the results 
and patient’s health condition.

Measurable Effects and Expected 
results
The project combined proteomics and metabolomics 
studies to deep characterization of reproductive sys-
tem cancers. According to close collaboration between 
scientists and clinicians, we expect that the use nov-
el strategy will extend knowledge about these malig-
nancies. Compilation of the obtained data will allow 
for understanding pathomechanisms accompanying 
development of the diseases. Moreover, this project 
will provide new data on potential biomarkers, which 
can be further used as diagnostic tools. Broadening 
the knowledge about tumorigenesis might also con-
tribute to development of new targeted therapies. The 
improvement of unique advanced analytical strategies 
in the field of mass spectrometry will also allow for 
investigation other diseases in the future. 
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