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GENE BIOLOGY AND BIOMARKERS 

• Biomarkers have been used in biomedical research and clinical 
practice for many years. 

 

 

• Increased knowledge of genes biology is generating promising new 
biomarkers for more accurate diagnosis, prognosis assessment, 
and therapeutic targeting.  

 

 

• Well-designed clinical trials for assessing the utility of markers are 
needed.  

 

 



GENOMIC BIOMARKERS 

 

• The concept of “Genomic Biomarker” (GB) → was 
introduced by regulatory agencies several years ago 
(CHMP/ICH/437986/ 2006) 

 

• GB is defined as a DNA or RNA characteristic that is 
→ an indicator of normal/pathogenic biologic 
processes, and/or response to therapeutic or other 
intervention 

 

Genetic tests and genomic biomarkers: regulation, qualification and validation 

Giuseppe Novelli, Cinzia Ciccacci, Paola Borgiani, Marisa Papaluca Amati, Eric Abadie 

Clin Cases Miner Bone Metab. 2008 May-Aug; 5(2): 149–154.  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2781197/


NEW TECHNOLOGIES (i.e. NGS) AND GENOMIC 
BIOMARKERS  

 
 

• New technologies emerged 

 

• Exome sequencing → several human genes can be analysed in a 
single genetic test 

• Types of exome sequencing: 

– whole genome sequencing – WGS → all human genome 

– whole exome sequencing – WES → all human genes  

– clinical exome sequencing → human monogenic disorders  



GENOMIC BIOMARKERS (DNA, RNA) 
DNA markers are:  
1. Single nucleotide polymorphisms (SNPs) – i.e. gene polymorphism 
2. Variability of short sequence repeats  
3. DNA modification, e.g. methylation  
4. Insertions  
5. Deletions 
6. Copy number variation 
7. Cytogenetic rearrangements, e.g. translocations, duplications, deletions or 

inversions 
 
RNA markers are:  
1. RNA sequence 
2. RNA expression levels 
3. RNA processing, e.g. splicing and editing  
4. MicroRNA levels 

 
 

PROTEIN BIOMARKERS 

MODEL 1 PROSTATE CANCER 

POTENTIAL NEW BIOMARKERS 



PERSONALIZED MEDICINE AND BIOMARKERS 
IN PROSTATE CANCER  

• Clinical exam → serum biomarker (prostate-specific antigen (PSA)) → ultrasound 

exam 

 

• In prostate cancer – the PSA changes is an accepted pre- clinical biomarker → far from 
perfect in terms of specificity and sensitivity.  

 

• Prostate  biopsies are invasive, must be performed repeatedly, and only sample a 
fraction of the prostate. 

 

 

 

 



• Online tools for Risk 
calculators that combine 
clinical factors to estimate 
the risk of biopsy-detectable 
(high-grade) PCa are 
available 
 

• Clinical factors include e.g. 
o Age 

o PSA level 

o DRE outcome 

o Family history 

o Race 

• Developed using screening 
populations 

 

Mottet N, et al. EAU 2019 guidelines on prostate cancer. http://uroweb.org/guideline/prostate-cancer 
 

EAU 2019 guidelines 

To avoid unnecessary biopsies, offer further 
risk-assessment to asymptomatic men with a 

normal DRE and a PSA 2-10 ng/ml prior to 
performing a biopsy.  

Use one of the following tools:  
• Risk calculator, 

• Imaging 
• An additional serum or urine-based 

test 



Additional 
diagnostic 
tools are 
needed: 

Dilemmas in prostate cancer diagnosis 

To identify men at increased risk of 

harbouring clinically significant cancer 

who may benefit from earlier diagnosis 

and treatment 

To reduce the risk of diagnosis of 

clinically insignificant cancer 

To avoid unnecessary biopsies with 

associated complications and costs 



What would be the ideal diagnostic 
tool? 

100% correct in 
differentiating men with 

and without clinically 
significant PCa 

0% risk of missing clinically 
significant PCa when the test 

is negative 

Reduces the performance of 
unnecessary biopsies by 100% 

100% accurate 

100% NPV 

100% avoidance of 
unnecessary biopsies 



Clinical application of diagnostic 
biomarker tests  

PCa: prostate cancer 

Suspicion of 
PCa 

Whom to 
biopsy? 

Perform diagnostic 
biomarker test 

(4Kscore, PHI, SelectMDx) 

No biopsy Biopsy 

Positive 
biopsy 

Negative 
biopsy 

Whom to re-
biopsy? 

Perform diagnostic biomarker test 
(4Kscore, ConfirmMDx, PCA3, PHI) 



What do the guidelines say? 

  Mottet N, et al. EAU 2019 guidelines on prostate cancer. http://uroweb.org/guideline/prostate-cancer 

*Section 5.2.2.5: The SelectMDx test is based on miRNA biomarker isolation from urine. The 

presence of HOXC6 and DLX1 mRNA levels is assessed to provide an estimate of the risk of 

both presence of PCa on biopsy as well as presence of high-risk cancer. 

EAU 2019 guidelines 

To avoid unnecessary biopsies, offer further risk-assessment to 
asymptomatic men with a normal digital rectal examination 

(DRE) and a PSA 2-10 ng/ml prior to performing a biopsy.  
Use one of the following tools:  

• Risk calculator 
• Imaging (MRI…) 

• An additional serum or urine-based test* 



Increasing number of tests on the 
market 

What about the 

situation in 2019? 



• Increased knowledge of genes biology is 
generating promising new biomarkers 
for more accurate diagnosis, prognosis 
assessment, and therapeutic targeting.  

 

 

 
Diagnosis assessment→ miRNA →  urine 

Diagnosis assessment→ protein →  tissue 

Prognosis assessment→ ZNF154 →  urine 

Diagnosis assessment→ DNA →  blood (leukocytes) 

Prognosis assessment→ protein →  tissue 

Prognosis assessment→ epigenetic marker 

→  urine 



Single-nucleotide polymorphism (SNP) assays 

STHLM3 (Stockholm-3 model) 

• Predicts the presence of high-grade 
(ISUP grade ≥2 (Gleason score ≥7)) 
prostate cancer on biopsy 

• Available in Sweden only 

• Blood-based test  

• Stockholm-3 model combines:  

– 6 plasma protein biomarkers (PSA, 
free PSA, intact PSA, human 
kallikrein-2, MSMB, MIC-1) 

– Genetic markers (≥100 single-
nucleotide polymorphisms [SNPs]) 

– Clinical variables (age, family 
history, previous treatment, DRE, 
prostate volume) 

Grönberg H et al. Lancet Oncol 2015;16:1667-76 

- 32% 

NPV not 

reported 

AUC for 

predicting high-

grade prostate 

cancer 

0.74 

Of unnecessary  

biopsies avoided 

Risk of missing 

prostate cancer 

not reported 

- 



Semen MicroRNAs in exosomes as non-invasive biomarkers for Prostate Cancer  
 

1. Approximately 40% of semen is derived from prostatic tissue, so that its contents are 

most likely to contain prostate disease-specific derived molecules which can be 

potentially used as PCa-specific biomarkers. 

 

 

2. miRNAs are conserved small non-coding RNAs (19–22 nucleotide-long) → that mediate 

post-transcriptional regulation of gene expression → affecting mRNA stability and 

translation by binding complementary sites on target mRNAs.  
• miRNAs have critical roles in a variety of biological processes such as: cell proliferation, differentiation, 

apoptosis and carcinogenesis  

 

 

 



Semen MicroRNAs in exosomes as non-invasive biomarkers for Prostate Cancer  
 

Extracellular miRNAs in biofluids 

(specifically in semen) are → very 

stable and resistant to endogenous 

ribonuclease activity → due to 

their presentation in cell-derived 

extracellular vesicles (EVs) such 

as exosomes  

 

 



Semen MicroRNAs in exosomes as non-invasive biomarkers for Prostate Cancer  
 

Exosome miRNA levels in SP → are altered in 

benign prostate hyperplasia and malignant 

prostate tumour.  

Expression profiling, at the testing/validating stage, 

of the miRNAs in exosomes from semen of tested 

subjects. 

 

They compared:  
1. healthy controls (HCt) 

2. benign prostate hyperplasia-non vasectomised (BPH-noV) 

3. prostate cancer-non vasectomised (PCa-noV)  

4. prostate cancer from men successfully vasectomised (PCa-V).  

 

 

 



Semen MicroRNAs in exosomes as non-invasive biomarkers for Prostate Cancer  
 

1. The study shows semen exosome miRNA-based models 

as molecular biomarkers with the potential to improve 

PCa diagnosis/prognosis efficiency.  

2. As the next step, further prospective studies on larger 

cohorts of patients are required to validate the 

diagnostic and/or prognostic role of the miRNA panel 

before it could be adopted into clinical practice. 



Serum MicroRNAs as Early Diagnostic Biomarkers for 
Prostate Cancer  



PROSTATE CANCER – BIOMARKERS 
• Increased knowledge of genes biology is generating promising marker candidates 

for more accurate diagnosis, prognosis assessment, and therapeutic targeting.  

 

 

 

Prognosis assessment→ immunohistochemistry →  tissue 

Immuno-

histochemical 

staining for 

protein tyrosine 

phospatase non-

receptor 12 in 

tissue microarray 

(TIMA) → 

was designed to 

help in prognosis 

assessment 



PROSTATE CANCER – BIOMARKERS 
• Increased knowledge of genes biology is generating promising marker candidates 

for more accurate diagnosis, prognosis assessment, and therapeutic targeting.  

• .  

 

 

 
Immuno-

histochemical 

staining for 

protein tyrosine 

phospatase non-

receptor 12 in 

tissue microarray 

(TIMA) → 

was designed to 

help in prognosis 

assessment 



PROSTATE CANCER – BIOMARKERS 

High PTPN12 expression → independent 
prognostic marker 



PROSTATE CANCER – BIOMARKERS 
• Increased knowledge of genes biology is generating promising marker candidates 

for more accurate diagnosis, prognosis assessment, and therapeutic targeting.  

 

 

 

Prognosis assessment→ immunohistochemistry →  tissue 

Immunohistochemical 

staining for 

programmed cell 

death protein (PD-1) 

and ligand (PD-L1) in 

tissue microarray 

(TIMA) → 

was designed to help in 

prognosis assessment 



PROSTATE 
CANCER – 

BIOMARKERS 

Immunohistochemical staining 

for PD-1 and PD-L1 in tissue 

microarray (TIMA) → 

was found not to be very useful 

in prognosis assessment (i.e. 

tumor recurrence) 



GENOMIC BIOMARKERS (DNA, RNA) 
DNA markers are:  
1. Single nucleotide polymorphisms (SNPs) – i.e. gene polymorphisms 
2. Variability of short sequence repeats  
3. DNA modification, e.g. methylation  
4. Insertions  
5. Deletions 
6. Copy number variation 
7. Cytogenetic rearrangements, e.g. translocations, duplications, deletions or 

inversions 
 
RNA markers are:   
1. RNA sequence 
2. RNA expression levels 
3. RNA processing, e.g. splicing and editing  
4. MicroRNA levels 

 
 

PROTEIN BIOMARKERS 

MODEL 2 DIABETIC 

RETINOPATHY 



DIABETIC RETINOPATHY AND VEGF (VASCULAR ENDOTHELIAL GROWTH FACTOR) 

Our aim (aim 1) was to assess the association between VEGF-related rs10738760 and rs6921438 

polymorphisms and proliferative diabetic retinopathy (PDR) in Slovenian patients with type 2 diabetes 

mellitus (T2DM).  

 

METHODS 

This case-control study enrolled 505 unrelated patients with T2DM: 143 diabetic patients with PDR as a 

study group, and 362 patients with T2DM of >10 years duration and with no clinical signs of PDR as a 

control group.  



DIABETIC RETINOPATHY AND VEGF (VASCULAR ENDOTHELIAL GROWTH FACTOR) 

Aim 2: We also investigated the effect of these 

polymorphisms on VEGF receptor 2 (VEGFR-2) 

expression in fibrovascular membranes (FVMs) from 

patients with PDR.  

 

METHODS 

Moreover, immunohistochemical analysis of 20 

fibrovascular membranes of patients with 

proliferative DR was performed. The number of 

positive (labelled) cells per area - numerical 

areal density of the VEGFR-2-positive cells (the 

number of positive cells/mm(2) ) - was calculated. 

 
 

 
 

 

 

Details in paper: Formalin-fixed paraffin-embedded (FFPE) tissue sections of FVMs 

were used for hematoxylin-eosin (HE) staining [18]. Consecutive 5-μm tissue sections 

were cut from each paraffin block and then mounted and dried on glass slides. Tissues 

were deparaffinized and dehydrated in graded alcohol solutions. Detection of VEGFR-2-

positive cells was performed with the Novoink Max Polymer Detection System (Leica 

Biosystems Newcastle Ltd, United Kingdom) following the manufacturer’s instructions. 

The slides were incubated with anti-VEGFR-2 monoclonal antibodies (diluted 1:100, 

ThermoFisher, USA) overnight at 4°C. Placental tissue was used as a positive and tonsils 

as a negative control.  

The cells were defined as VEGFR-2-positive/negative. The area with VEGFR-2-

positive cells was manually marked and numerical areal density of VEGFR-2-positive 

cells was calculated (the number of positive cells per mm2)  



DIABETIC RETINOPATHY AND VEGF (VASCULAR ENDOTHELIAL GROWTH FACTOR) 

Overall, our results suggest that 

VEGF-related rs10738760 and  

rs6921438  polymorphisms  do  not  

contribute  to  genetic  susceptibility   

to   PDR,   despite   the   effect   of   

rs6921438   on   VEGFR-2 

expression.  

Due to the aforementioned 

limitations, further studies with a 

larger sample size should be carried 

out to clarify the role of VEGF-

related SNPs in PDR 



 

 

 

Transcriptome profiles of PDR samples differed 

from nonproliferative samples.  

  

From: Induced Expression of VEGFC, ANGPT, and EFNB2 and Their 

Receptors Characterizes Neovascularization in Proliferative Diabetic 

Retinopathy  Invest. Ophthalmol. Vis. Sci.. 2019;60(13):4084-4096. 

doi:10.1167/iovs.19-26767 



Date of download: 10/31/2019 The Association for Research in Vision and Ophthalmology Copyright © 2019. All rights reserved. 

From: Induced Expression of VEGFC, ANGPT, and EFNB2 and Their 

Receptors Characterizes Neovascularization in Proliferative Diabetic 

Retinopathy  Invest. Ophthalmol. Vis. Sci.. 2019;60(13):4084-4096. 

doi:10.1167/iovs.19-26767 

Figure Legend:  

  Expression levels of three gene families were mainly elevated 

in neovascular membranes.  

 

(A)Box plot showing the gene expression level changes 
between the NVMs and the retinas. Three family genes of vascular 

growth factors (top) and their receptors (bottom) were presented.  

VEGFA pathway was repressed in NVM samples.  

VEGFC and its receptor gene, VEGFR-3 (FLT4), exhibited an 

increased expression  

 

 

(A)  In situ hybridization validation for the expression and location 

of VEGF family genes. Upper: presentation for P_II_N sample; 

bottom: for P_II_VA_OD sample. Arrows in the figures represent the 

locations of target probe signal (dark brown regions). Control: treatment 

without target probes.  

 

 

 

 

 

 

(B)Western blotting results showing the protein level of VEGFC 

in different kinds of NVMs from patients. 

(C)   



Date of download: 10/31/2019 The Association for Research in Vision and Ophthalmology Copyright © 2019. All rights reserved. 

   

Functions of genes co-expressed 

with VEGFA and their expression 

patterns.  

(A, B) The dot plot represents the co-

expression relationship between HMGA1 

(A), ANGPT2 (B), and VEGFA. 

  

(C) The bar plot of enriched biological 

process (glycolysis and glucose metabolic 

processes) terms by genes positively co-

expressed with VEGFA.  

 

 

 

  

 

(D) The bar plot of enriched biological 

process (apoptotic process, protein 

phosphorylation, coagulation) terms by genes 

negatively co-expressed with VEGFA.  

  

(E) A heat map presentation of the genes 

belonging to the VEGF signaling pathway. 

Two group gene sets of the VEGF signaling 

pathway were labeled by blue and red colors. 

  

Functions of genes co-expressed 

with VEGFA 



Date of download: 10/31/2019 The Association for Research in Vision and Ophthalmology Copyright © 2019. All rights reserved. 

  ETS TFs (erythroblast transformation-specific 

family of transcription factors) promote the 

progression of neovascularization and PDR.  

 

(A)Correlation presentation of the four ETS TF genes with 

VEGFA and VEGFC. VEGFA was negatively coexpressed 

with these four genes, but VEGFC was positively co-

expressed.  

(B) Hierarchical clustering heat map of the ETS TF family 

genes. Two distinct clusters emerged.  

 

(C)  A Venn diagram shows the co-expression genes with the 

four ETS TF genes.  

(D)  A bar plot of the enriched biological process 

(angiogenesis, vasculogenesis) terms for genes co-

expressed with ETS1.  

 

 

(E) A Venn diagram showing the overlapped genes that were co-

expressed with ETS1 and bound by ETS1.  

(F) Regulatory schema plot shows the co-expression 

relationships between ETS family genes and VEGF family 

genes. The interactions in this network were generated by 

Reactom FI application from Cytoscape 

(https://cytoscape.org, in the public domain). 

(G)   

Functions of genes co-expressed 

with ECT TFs  



Date of download: 10/31/2019 

Figure Legend:  

  WGCNA analysis of the varied genes revealed 

distinct expression pattern modules.  

 

(A–D) A bar plot showing the eigengene value 

(left) and the top 10 enriched biological processes 

(right) of retinal related modules. Samples were 

sorted by sample ID order.  

 

 

 

 

 

 

 

 

 

(E) A heat map presentation showing the top 

10 enriched biological processes terms for 

genes in the retina-related modules. Enrichment 

scores (−log10 P value) were normalized by terms for 

the presentation. 

  

Top 10 enriched biological 

processes in PDR 



Transcriptome profiles of PDR  in comparison with 

nonproliferative samples  

 

Transcriptome profiles of PDR samples differed 

from nonproliferative samples.  

  

From: Induced Expression of VEGFC, ANGPT, and EFNB2 and Their 

Receptors Characterizes Neovascularization in Proliferative Diabetic 

Retinopathy  Invest. Ophthalmol. Vis. Sci.. 2019;60(13):4084-4096. 

doi:10.1167/iovs.19-26767 



GENOMIC BIOMARKERS (DNA, RNA) 
DNA markers are:  
1. Single nucleotide polymorphisms (SNPs) – i.e. gene polymorphism 
2. Variability of short sequence repeats  
3. DNA modification, e.g. methylation  
4. Insertions  
5. Deletions 
6. Copy number variation 
7. Cytogenetic rearrangements, e.g. translocations, duplications, deletions or 

inversions 
 
RNA markers are:   
1. RNA sequence 
2. RNA expression levels 
3. RNA processing, e.g. splicing and editing  
4. MicroRNA levels 

 
 

PROTEIN BIOMARKERS 

MODEL 2 DIABETIC 

RETINOPATHY 



PROTEOMIC BIOMARKERS OF INFLAMMATION IN DIABETIC RETINOPATHY 



PROTEOMIC BIOMARKERS OF INFLAMMATION IN DIABETIC RETINOPATHY 



GENE BIOLOGY AND BIOMARKERS 

• Increased knowledge of genes biology 
is generating promising new 
biomarkers for more accurate 
diagnosis assessment, prognosis 
assessment, and therapeutic 
targeting.  

 

• Well-designed clinical trials for 
assessing the utility of markers are 
needed.  

 

 

 DIABETIC RETINOPATHY AND 
POTENTIAL BIOMARKER ROMO-1  



The aim of this study was to examine the role of the rs6060566 polymorphism of the reactive oxygen 

species modulator 1 (Romo-1) gene in the development of diabetic retinopathy (DR) in Caucasians 

with type 2 diabetes (T2DM).  

METHODS:  

A total of 806 subjects with T2DM were enrolled in cross-sectional case-control study: 278 patients with 

DR and 528 subjects without clinical signs of DR.  

Moreover, immunohistochemical analysis of 40 fibrovascular membranes of patients with 

proliferative DR was performed. The number of positive (labelled) cells per area - numerical areal 

density of the Romo-1-positive cells (the number of positive cells/mm(2) ) - was calculated. 

DIABETIC RETINOPATHY AND 
POTENTIAL BIOMARKER ROMO-1  



DIABETIC RETINOPATHY AND POTENTIAL BIOMARKER ROMO-1  

Immunohistochemical analysis of 40 fibrovascular 

membranes  →  Romo-1 C allele was found to effect 

Romo-1 expression in fibrovascular membranes of 

patients with proliferative DR. 

 

 

CONCLUSIONS:  

The rs6060566 polymorphism of the Romo-1 gene 

was found to be an independent risk factor for DR in 

Caucasians with T2DM.  

Moreover, the rs6060566 is most probably functional 

and its effect might be mediated through the increased 

expression of Romo-1 in the retina. 



GENOMIC BIOMARKERS (DNA, RNA) 
DNA markers are:  
1. Single nucleotide polymorphisms (SNPs) – i.e. gene polymorphism 
2. Variability of short sequence repeats  
3. DNA modification, e.g. methylation  
4. Insertions  
5. Deletions 
6. Copy number variation 
7. Cytogenetic rearrangements, e.g. translocations, duplications, deletions or 

inversions 
 
RNA markers are:   
1. RNA sequence 
2. RNA expression levels 
3. RNA processing, e.g. splicing and editing  
4. MicroRNA levels 

 
 

PROTEIN BIOMARKERS 

MODEL 3 – CAROTID 

ATHEROSCLEROSIS 



CAROTID ATHEROSCLEROSIS 
Endarteriectomy sequester  

Normal CAROTID ARTERY 



2 MAIN TYPES OF GENETIC STUDIES WITH 
REGARD TO MARKER IDENTIFICATION (DNA)  

 

• CANDIDATE GENE APPROACH 
– we choose potential candidate genes and select potential genetic markers 

(SNPs)  according to “a priori” hypothesis → gene/protein may or may not be 

confirmed as biomarker for disorder → test whether some polymorphism is 

functional (increased expression in blood, tissue) 

 

• GENOME WIDE ASSOCIATION STUDIES  
– Scanning of the whole genome without “a priori” hypotnesis → test whether 

some polymorphism is functional (increased expression in blood, tissue) 

 

 

CAROTID ATHEROSCLEROSIS AND 
POTENTIAL DNA BIOMARKERS 



 

• The design of the study was cross-sectional 
with follow-up for up to 4 years 

• consecutive patients with type 2 diabetes 
from different General hospitals in Slovenia 
were enrolled 

 Inclusion criteria for 
cases: 

Caucasians above >50 
years 

 

with DM 2 

  

  

 

 

 

 

 

Exclusion criteria: 

Evident CAD (history of 
myocardial infarction) 

 

CV stroke 

 

SUBJECTS WITH T2DM AND CAROTID ATHEROSCLEROSIS – 
SLOVENIAN STUDY 

CAROTID ATHEROSCLEROSIS AND 
POTENTIAL DNA BIOMARKERS 



Patients examination  

• Doppler examinations of 
carotid arteries 

– Morphological data 

– Functional data 

 
     

   

CIMT 
• Cut-off> 75 percentile 

Plaque type 

• No plaque (0) 

• Unstable plaque (1,2,3)+ plaque thickness 

• Stable plaque (4,5)+ plaque thickness 

Plaque 
score 

• Number of affected arteries (CCA, bifurcation, ICA) 

• (0,1,2) 

• (3,4,5,6) 

ICA=1 

BIF. =1 

CCA=1 

ICA=1 
ICA=1 

ICA=1 

ACC=1 

 

 
 

BIFF=1 

 

 
 

ACI=1 

 

 
 

• CT angio of coronary arteries 

– Coronary calcium score 

 



WE EVALUATED GENE POLYMORPHISMS OF DIFFERENT 
PATHOGENETIC SYSTEMS (OXIDATIVE STRESS, INFLAMMATORY, 

GROWTH FACTORS etc.)  
  

…as genetic markers of carotid atherosclerosis in type 2 DM 
 
 
 

We wanted to learn if there are any differences in CIMT and presence of 

carotid plaques according to genotypes (risk genotyes vs. non-risk 

genotypes). 

 

 
Ramus SM, Petrovic D. Genetic variations and subclinical markers of carotid atherosclerosis in patients with 

type 2 diabetes mellitus. Curr Vasc Pharmacol. 2018 Feb 5.  

 

Tibaut M, Caprnda M, Kubatka P, Sinkovič A, Valentova V, Filipova S, Gazdikova K, Gaspar L, Mozos I, 

Egom EE, Rodrigo L, Kruzliak P, Petrovič D. Markers of Atherosclerosis: Part 2-Genetic and Imaging 

Markers. Heart Lung Circ. 2018 Sep 29. pii: S1443-9506(18)31914-0. doi: 10.1016/j.hlc.2018.09.006. [Epub 

ahead of print] Review. 

 

CAROTID ATHEROSCLEROSIS AND 
POTENTIAL DNA BIOMARKERS 

https://www.ncbi.nlm.nih.gov/pubmed/30318392
https://www.ncbi.nlm.nih.gov/pubmed/30318392
https://www.ncbi.nlm.nih.gov/pubmed/30318392
https://www.ncbi.nlm.nih.gov/pubmed/30318392


CAROTID 
ATHEROSCLEROSIS 

AND POTENTIAL DNA 
BIOMARKERS 



54 

We found an association between the rs2071559 (KDR) and 

either CIMT or sum of plaque thickness in subjects with T2DM. 

Vascular endothelial growth factor (VEGF) - rs2010963 

Receptor for VEGF (KDR) - rs2071559 

CAROTID 
ATHEROSCLEROSIS 

AND POTENTIAL DNA 
BIOMARKERS 



Vascular endothelial growth factor (VEGF) - rs2010963 

Receptor for VEGF (KDR) - rs2071559 

55 

Higher serum levels of VEGF were found 

in subjects with the CC genotypes of both 

polymorphisms (rs2010963, rs2071559) in 

comparison with subjects with other 

genotypes 

Increased expression of VEGF receptor 

was found in atherosclerotic plaques 

(endarteriectomy sequester) 

CAROTID ATHEROSCLEROSIS AND 
POTENTIAL DNA BIOMARKERS 



ECHO markers of 
subclinical carotid 

atherosclerosis in T2DM 

ASSOCIATION 

CIMT 

rs2071559 KDR 

rs4646994 ACE 

rs3802278 ALOX5AP 

rs275651, rs931490 
AT1R 

MMP3 (rs3025058) 

SUM OF PLAQUE 
THICKNESS  

rs2071559 KDR 

rs4646994 ACE 

rs699 AGT 

IL-1α (rs1800587) 

IL-1β (rs1143634) 

PPARγ (rs1801282) 

SPP1 (rs4754) 

OPG (rs2073618) 

PLAQUE PROGRESSION 

IL-1β (rs1143634) 

PPARGC1A (rs8192678) 

CAROTID 
ATHEROSCLEROSIS 

AND POTENTIAL DNA 
BIOMARKERS 



ECHO markers of 
subclinical carotid 
atherosclerosis –  

NO ASSOCIATION 

CIMT 

MMP3 (rs3025058) 

IL-1α (rs1800587) 

IL-1β (rs1143634) 

PPARγ (rs1801282) 

SPP1 (rs4754) 

OPG (rs2073618) 

AGT (rs47629 AGT1R 
(rs275561, rs931490 

rs5182)  

ALOX5 (ss12762303) 

..... 

SUM OF PLAQUE 
THICKNESS  

MMP3 (rs3025058) 

IL-1α (rs1800587) 

IL-1β (rs1143634) 

PPARγ (rs1801282) 

SPP1 (rs4754) 

OPG (rs2073618) 

AGT (rs47629 AGT1R 
(rs275561, rs931490 

rs5182)  

ALOX5 (ss12762303) 

..... 

PLAQUE PROGRESSION 

MMP3 (rs3025058) 

IL-1α (rs1800587) 

IL-1β (rs1143634) 

PPARγ (rs1801282) 

SPP1 (rs4754) 

OPG (rs2073618) 

AGT (rs47629 AGT1R 
(rs275561, rs931490 

rs5182)  

ALOX5 (ss12762303) 

..... 

CAROTID 
ATHEROSCLEROSIS 

AND POTENTIAL DNA 
BIOMARKERS 



2 MAIN TYPES OF GENETIC STUDIES WITH 
REGARD TO MARKER IDENTIFICATION (DNA)  

 

• CANDIDATE GENE APPROACH 
– we choose potential candidate genes and select potential genetic markers 

(SNPs)  according to “a priori” hypothesis → gene/protein may or may not be 

confirmed as biomarker for disorder → test whether some polymorphism is 

functional (increased expression in blood, tissue) 

 

• GENOME WIDE ASSOCIATION STUDIES  

– Scanning of the whole genome without “a priori” hypotnesis → test whether 

some polymorphism is functional (increased expression in blood, tissue) 

 

 

5 



GWAS AND CAD 

• GWAS studies have identified 58 independent loci 
associated with CAD contributing 13.3% to CAD heritability.  

 

• Most identified loci have low allele frequency (<5%) with 
minor contributions to CAD development.  

 

• Their exact function →  is known only for some of them →  

and is related to inflammatory response, oxidative stress 
regulation, lipid function, transportation, endothelial 
dysfunction and other pathogenic processes involved in 
atherosclerosis.  

 

Tibaut M, Caprnda M, Kubatka P, Sinkovič A, Valentova V, Filipova S, 

Gazdikova K, Gaspar L, Mozos I, Egom EE, Rodrigo L, Kruzliak P, Petrovič D. 

Markers of Atherosclerosis: Part 2-Genetic and Imaging Markers. Heart Lung 

Circ. 2018 Sep 29. pii: S1443-9506(18)31914-0. doi: 10.1016/j.hlc.2018.09.006. 

[Epub ahead of print] Review. 
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NEW BIOMARKERS AND ATHEROSCLEROSIS 
Some new promising serologic and genetic biomarkers that provide 

significant diagnostic and prognostic information about cardiovascular risk 

prediction and atherosclerosis have so far been reported. 
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DIABETES AND CHRONIC COMPLICATIONS 
• Recently several gene polymorphisms of oxidative stress, inflammatory, growth 

factors and RAS genes have been reported to be associated with macrovascular 
complications (MI, carotid atherosclerosis) in pts with type 2 diabetes 

 Pleskovič A, Ramuš SM, Pražnikar ZJ, Šantl Letonja M, Vujkovac AC, Gazdikova K, Caprnda M, Gaspar L, Kruzliak P, Petrovič D. 

Polymorphism rs2073618 of the osteoprotegerin gene as a potential marker of subclinical carotid atherosclerosis in Caucasians with type 2 

diabetes mellitus.Vasa. 2017 Jun 8:1-8.  

Pleskovič A, Letonja MŠ, Vujkovac AC, Nikolajević Starčević J, Caprnda M, Curilla E, Mozos I, Kruzliak P, Prosecky R, Petrovič D. 

Matrix metalloproteinase-3 gene polymorphism (rs3025058) affects markers atherosclerosis in type 2 diabetes mellitus. 

Vasa. 2017 May 19:1-7. doi: 10.1024/0301-1526/a000637. [Epub ahead of print] 

Završnik M, Kariž S, Makuc J, Šeruga M, Cilenšek I, Petrovič D PECAM-1 Leu125Val (rs688) Polymorphism and Diabetic Nephropathy in 

Caucasians with Type 2 Diabetes Mellitus. Anal Cell Pathol (Amst). 2016;2016:3152967. doi: 10.1155/2016/3152967. Epub 2016 Dec 28. 

Sajovic J, Cilenšek I, Mankoč S, Tajnšek Š, Kunej T, Petrovič D, Globočnik Petrovič M. Vascular endothelial growth factor (VEGF)-related 

polymorphisms rs10738760 and rs6921438 are not risk factors for proliferative diabetic retinopathy (PDR) in patients with type 2 diabetes 

mellitus (T2DM). Bosn J Basic Med Sci. 2019 Feb 12;19(1):94-100. doi: 10.17305/bjbms.2018.3519. 

Merlo S, Novák J, Tkáčová N, Nikolajević Starčević J, Šantl Letonja M, Makuc J, Cokan Vujkovac A, Letonja J, Bregar D, Zorc M, Rojko M, 

Mankoč S, Kruzliak P, Petrovič D. Association of the ACE rs4646994 and rs4341 polymorphisms with the progression of carotid atherosclerosis 

in slovenian patients with type 2 diabetes mellitus. Balkan J Med Genet. 2016 Jul 9;18(2):37-42. eCollection 2015 Dec 1. 

 

Kariž S, Nikolajević Starčević J, Petrovič D. Association of manganese superoxide dismutase and glutathione S-transferases genotypes with 

myocardial infarction in patients with type 2 diabetes mellitus. Diabetes Res Clin Pract. 2012 Jul 31.  

 

Popović D, Starčević JN, Letonja MŠ, Makuc J, Vujkovac AC, Pleskovič RZ, Gaspar L, Kruzliak P, Petrovič D. 

Polymorphism rs5498 of the ICAM-1 gene affects the progression of carotid atherosclerosis in patients with type 2 diabetes mellitus. Lipids 

Health Dis. 2016 Apr 18;15(1):79.  

Nikolajević-Starčević J, Pleskovič A, Santl Letonja M, Jenko Pražnikar Z, Petrovič D. Polymorphisms +45T&gt;G and +276G&gt;T of the 

adiponectin gene does not affect plasma adiponectin level and carotid intima-media thickness in patients with diabetes mellitus type 2. Int 

Angiol. 2014 Oct;33(5):434-40. 

Letonja MS, Nikolajević-Starčević J, Batista DC, Osredkar J, Petrovič D.Association of the C242T polymorphism in the NADPH oxidase p22 

phox gene with carotid atherosclerosis in Slovenian patients with type 2 diabetes. Mol Biol Rep. 2012 Dec;39(12):10121-30. 
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Glutathione S- transferases (M1, T1) null alleles and ischemic 
vascular disease 

  

 

  

• In meta-analysis including almost 20.000 cases with IVD (ischemic heart disease or 

ischemic stroke) and almost 50.000 controls in general population, GST (M1, T1) 

deletion genotypes did not associate with risk of IVD or with markers of 

inflammation (Norskov et al., 2011).  

 

• In our study in diabetics, smokers with GSTM1 null genotype (deletion) had 

increased CIMT in comparison with smokers without null genotype (1.18 vs. 1.11 

mm) - epigenetic effect (interaction between genetic and environmental factors) 

 

• Smokers with GSTM1 null genotype were shown to have a greater CIMT as well 

as a higher 2-year progression rate of CIMT in general population (De Waart. 2001). 

 

Nørskov MS, Frikke-Schmidt R, Loft S, Sillesen H, Grande P, Nordestgaard BG, Tybjaerg-Hansen A. Copy number 

variation in glutathione S-transferases M1 and T1 and ischemic vascular disease: four studies and meta-analyses. Circ 

Cardiovasc Genet. 2011;4(4):418-28.  

de Waart, F.G.; Kok, F.J.; Smilde, T.J.; Hijmans, A.; Wollersheim, H.; Stalenhoef, A.F. Effect of glutathione S-transferase 

M1 genotype on progression of atherosclerosis in lifelong male smokers. Atherosclerosis, 2001, 158(1), 227–231.  
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ALOX5 (arachidonate 5- lipoxygenase) - rs12762303,  

ALOX5AP - rs3802278 

In our study, we found an asociation between the rs12762303 and coronary 

calcium score in subjects with T2DM. 

Moreover, we found an asociation between the rs3802278 and CIMT in 

subjects with T2DM. 

 



SUBJECTS WITH T2DM AND CAROTID ATHEROSCLEROSIS – 
SLOVENIAN STUDY 

 

• The design of the study was cross-sectional with follow-up for up to 4 years 

• consecutive patients with type 2 diabetes from different General hospitals in 
Slovenia were enrolled 

 

Inclusion criteria for 
cases: 

Caucasians above >50 
years 

 

with DM 2 

  

  

 

 

 

 

 

Exclusion criteria: 

Evident CAD (history of 
myocardial infarction) 

 

CV stroke 

 

DNA 
extraction 

Combine 
sample with 
TaqMan SNP 
Genotyping 

Assay 

Run on real-
time PCR 
System 

Analyze data 



PERSONALIZED MEDICINE AND BIOMARKERS 
IN PROSTATE CANCER  

• Clinical exam → serum biomarker (prostate-specific antigen (PSA)) → ultrasound 

exam 

 

• In prostate cancer – the PSA changes is an accepted pre- clinical biomarker → far from 
perfect in terms of specificity and sensitivity.  

 

• Prostate  biopsies are invasive, must be performed repeatedly, and only sample a 
fraction of the prostate. 

 

 

 

 

Immunohistochemical analysis of 

prostate  →  PSA-positive cells 



Dilemmas in prostate cancer diagnosis 

1. Hendriks RJ et al. Prostate Cancer Prostatic Dis 2016;20:12-9; 2. Schröder FH et al. N Engl J Med 2009;360:1320-8;  

3. Hamdy FC et al. N Engl J Med 2016;375:1415-24; 4. Heidenreich A et al. Eur Urol 2008;53:68-80;  

5. Loeb S et al. Eur Urol 2013;64:876-92; 6. Wade J et al. J Clin Oncol 2013;31:4235-41; 7. Borghesi M et al. Eur Urol 

2017;71:353-65 

Dilemma 1: 
OVERDETECTION 

Dilemma 2: 
UNNECESSARY 

BIOPSIES 

Dilemma 3: 
BURDEN OF 

BIOPSY 

• The positive predictive 
value of PSA (4-10 
ng/mL) is low (25-

40%)1 

• ~50% and ~70% of 
newly diagnosed 

cancers are cT1 and 
Gleason score ≤6, 
resp1,2; these are 

unlikely to benefit from 
early treatment3 

• 65-75% of initial and 
10-35% of repeat 

biopsies are negative1,4  

• Fear of missing 
significant cancer often 

results in a repeat 
biopsy, which may be 

negative 

• Prostate biopsy may 
be associated with 
pain, anxiety and 
complications5-7 



Increasing number of tests on the 
market 

1980 1990 2000 2010 2017 

PSA 
PCA3 

PHI 

MiPS 

4Kscore 

ConfirmMDx 

SelectMDx 
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Additional diagnostic tools in prostate 
cancer 

• ERSPC risk 

calculator 

• PCPT risk 

calculator 

• … 

• SelectMDx 

• 4Kscore 

• PCA3 

• PHI 

• ConfirmMDx 

• … 

ERSPC: European Randomized Study of Screening for Prostate Cancer; PCPT: Prostate 

Cancer Prevention Trial 

Biomarker 
tests 

MRI Risk 
calculators 



‘Old generation’ vs ‘new generation’ 
diagnostic biomarker tests 

OLD GENERATION NEW GENERATION 

• Generally consist of 
biomarkers only 

• Predict presence of overall 
prostate cancer on biopsy 

• e.g. PCA3, PHI 

• Usually risk score based on 
biomarkers and clinical 

variables 

• Predict presence of overall and 
clinically significant prostate 

cancer on biopsy 

• e.g. SelectMDx, 4Kscore, 
ConfirmMDx 



• Prostate cancer (PCa) incidence has been rising in Chinese population. Current PSA-based biopsy 
has limited positive rate.  

• Our research focused on development of serum markers for the diagnosis of PCa in patients with 
elevated PSA.  

• miRNAs are found to be aberrantly expressed in many types of cancer and are readily detectable in 
plasma and serum.  

• Currently, miRNAs are being evaluated as potential prognostic and diagnostic tools for many types 
of cancer.  

• We first profiled global serum miRNAs in a pilot set of PCa and benign prostatic hyperplasia (BPH) 
cases undergoing TRUS-guided prostate biopsy due to elevated PSA levels. A total of 20 
differentially expressed miRNAs were discovered by high throughput microarray for further testing 
using qRT-PCR. In the training phase with 78 PCa and 77 BPH cases, miR-365a-3p, miR-4286, miR-
424-5p, miR-27a-3p, and miR-29b-3p were found to have potential diagnostic value.  

• The Logistics regression equation was established by 5 parameters including PSA, prostate volume, 
miR-4286, miR-27a-3p, and miR-29b-3p and ROC analysis of this model was made with AUC up to 
0.892 (95% CI: 0.832-0.937, sensitivity 78.95%, and specificity 92.21%).  

• The panel had excellent diagnostic performance and its significance was confirmed in 100 serum 
samples in the validation cohort. 

• Overall, we found a panel of serum microRNAs that have considerable clinical significance in 
detecting early-stage prostate cancer. When combined with PSA and prostate volume, these 
microRNAs exhibit favorable diagnostic potency.  
 



PROSTATE CANCER – BIOMARKERS 
• Increased knowledge of genes biology is generating promising marker candidates 

for more accurate diagnosis, prognosis assessment, and therapeutic targeting.  

 

 

 

immunohistochemistry →  tissue → Prognosis assessment 
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2 MAIN TYPES OF GENETIC STUDIES WITH 
REGARD TO MARKER IDENTIFICATION  

 

• CANDIDATE GENE APPROACH 
– we choose potential candidate genes and select potential genetic markers 

(SNPs)  according to “a priori” hypothesis → gene/protein may or may not be 

confirmed as biomarker for disorder → test whether some polymorphism is 

functional (increased expression in blood, tissue) 

 

• GENOME WIDE ASSOCIATION STUDIES  

– Scanning of the whole genome without “a priori” hypotnesis → test whether 

some polymorphism is functional (increased expression in blood, tissue) 
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GWAS AND CAD 

• GWAS studies have identified 58 independent loci 
associated with CAD contributing 13.3% to CAD heritability.  

 

• Most identified loci have low allele frequency (<5%) with 
minor contributions to CAD development.  

 

• Their exact function →  is known only for some of them →  

and is related to inflammatory response, oxidative stress 
regulation, lipid function, transportation, endothelial 
dysfunction and other pathogenic processes involved in 
atherosclerosis.  

 

Tibaut M, Caprnda M, Kubatka P, Sinkovič A, Valentova V, Filipova S, 

Gazdikova K, Gaspar L, Mozos I, Egom EE, Rodrigo L, Kruzliak P, Petrovič D. 

Markers of Atherosclerosis: Part 2-Genetic and Imaging Markers. Heart Lung 

Circ. 2018 Sep 29. pii: S1443-9506(18)31914-0. doi: 10.1016/j.hlc.2018.09.006. 

[Epub ahead of print] Review. 
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NEW BIOMARKERS AND ATHEROSCLEROSIS 
Some new promising serologic and genetic biomarkers that provide 

significant diagnostic and prognostic information about cardiovascular risk 

prediction and atherosclerosis have so far been reported. 
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2 MAIN TYPES OF GENETIC STUDIES WITH 
REGARD TO MARKER IDENTIFICATION  

 

• CANDIDATE GENE APPROACH 
– we choose potential candidate genes and select potential genetic markers 

(SNPs)  according to “a priori” hypothesis → gene/protein may or may not be 

confirmed as biomarker for disorder → test whether some polymorphism is 

functional (increased expression in blood, tissue) MODEL 1 PROSTATE 

CANCER 

 

• GENOME WIDE ASSOCIATION STUDIES  
– Scanning of the whole genome without “a priori” hypotnesis → test whether 

some polymorphism is functional (increased expression in blood, tissue) 
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GENE BIOLOGY AND BIOMARKERS 

• Increased knowledge of genes biology is generating promising marker 
candidates for more accurate diagnosis, prognosis assessment, and therapeutic 
targeting.  

 

• Well-designed clinical trials for assessing the utility of markers are needed.  

 

• Ideally, the population studied should be one: 

–  in which knowledge of the marker would have substantial clinical relevance 
and  

– where the feasibility of obtaining appropriate specimens is established.  

 

 



GENOMIC BIOMARKERS (DNA, RNA) 
DNA markers are:   
1. Single nucleotide polymorphisms (SNPs) – i.e. gene polymorphism 
2. Variability of short sequence repeats  
3. DNA modification, e.g. methylation  
4. Insertions  
5. Deletions 
6. Copy number variation 
7. Cytogenetic rearrangements, e.g. translocations, duplications, deletions or 

inversions 
 
RNA markers are:   
1. RNA sequence 
2. RNA expression levels 
3. RNA processing, e.g. splicing and editing  
4. MicroRNA levels 

 
 

PROTEIN BIOMARKERS 


