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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.  

 

 



COMPLEX TRAITS AND DEVELOPMENT 
OF NEW BIOMARKERS 

• Complex disorders such as atherosclerosis (CAD, carotid disease), diabetes 
with micro- /macrovascular complications → caused by multiple genetic and 
environmental factors 
 

• Difficulties in developing biomarkers for complex traits are: 
– phenotypic heterogeneity of disorder 
– understanding the role of the genetic factors in the pathophysiology of the 

disease 
– Differences in environmental factors (in adulthood and during early human 

development) →  epigenetic effect 
– Interaction among factors involved in the development of disorder 

 
• The identification of candidate genes influencing complex traits 

– may help predict the individuals who are predisposed to disease 
– may lead to new drug targets 

 
 



COMPLEX DISORDERS AND DEVELOPMENT OF 
GENOMIC BIOMARKERS 

• Phenotypic and etiologic heterogeneity of 
complex disorders influences the ability: 

• to discover a biomarker and  

• to prove the clinical utility of the biomarker once 
identified.  

 

• Very importantly, a specific polymorphism may 
have utility in one but not in another population 
→ studies in a variety of populations are 
needed 

 

 



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. 

 

  

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


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 PROSTATIC 

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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PROSTATIC CANCER – BIOMARKERS versus 
GENETIC BIOMARKERS 



PERSONALIZED MEDICINE AND BIOMARKERS 
IN PROSTATIC CANCER  

• In prostate cancer - the prostate-specific antigen (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. 
 

• Several new potential GBs with potentially better 
specificity and sensitivity than PSA have been discovered 
and published.  
– These include specific gene mutations (e.g., HPC1, RNase-L) 

and combination of SNPs 

 
 



PERSONALIZED MEDICINE AND BIOMARKERS 
EMPLOYING GENE EXPRESSION PROFILING PBMCs  

• An increasing number of clinical studies are 
employing gene expression profiling PBMCs 
for the identification of novel transcriptional 
biomarkers of disease and markers predictive 
of clinical outcomes.  

 



PROSTATIC CANCER AND POTENTIAL BIOMARKERS  

• Oligoarray (“AndroChip 2”) containing 
190 genes → was selected on the basis 
of their proved or potential role in 
prostate cancerogenesis related to 
androgen signalling  

 

• Multiple genes were identified 
exhibiting differential expression  
– in androgen-dependent and androgen-

independent cells.  

– during drug treatment. 

 

• All genes on the “Androchip 2” show a 
detectable expression levels in 
peripheral blood cells (PBMC).  

 



PROSTATIC CANCER AND POTENTIAL NEW BIOMARKERS  
Classification of prostate cancer using a protease activity 

nanosensor library. 
 
 

Proteases are an important class of enzymes that play a role in every hallmark of 
cancer; their activities could be leveraged as biomarkers.  

 
• Panel of prostate cancer proteases through transcriptomic and proteomic 

analysis.  
 

• This activity-based nanosensor library could be useful throughout clinical 
management of prostate cancer, with both diagnostic and prognostic utility. 

 

 
Dudani JS, Ibrahim M, Kirkpatrick J, Warren AD, Bhatia SN. Classification of prostate cancer using 
a protease activity nanosensor library  Proc Natl Acad Sci U S A. 2018 Sep 4;115(36):8954-8959. 

doi: 10.1073/pnas.1805337115. Epub 2018 Aug 20. 
 

https://www.ncbi.nlm.nih.gov/pubmed/30126988
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2 MAIN TYPES OF GENETIC STUDIES WITH 
REGARD TO MARKERS 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 2 DIABETIC 

RETINOPATHY 

 

 

• 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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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  
RESULTS:  

A significantly higher frequency of the CC genotype of the rs6060566 polymorphism of the Romo-1 gene 

was found in subjects with T2DM with DR compared to those without DR (odds ratio=3.3, 95% confidence 

interval=1.1-8.8; p = 0.024).  

Moreover, the 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. 



2 MAIN TYPES OF GENETIC STUDIES WITH 
REGARD TO MARKERS 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 3 – CAROTID 

ATHEROSCLEROSIS 

 

 

• GENOME WIDE ASSOCIATION STUDIES  

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

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

 

 
17 



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 



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 

 



UB Slovenj Gradec 

UB Murska Sobota  

UKC  Maribor 

UKC Ljubljana 

Medicor d.o.o. 

MC Medicor 
d.d. 

SB Izola 

700 cases 

Doppler exams are 
available 

 

300 cases 

Doppler exams - are 
ongoing (2018) 

 



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. 

 

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



Vascular endothelial growth factor (VEGF) - rs2010963 

Receptor for VEGF (KDR) - rs2071559 
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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) 



Polymorphisms of the PPAR-γ - rs1801282 



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. 

 



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) 
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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) 

..... 





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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http://www.ncbi.nlm.nih.gov/pubmed?term="Stalenhoef AF"[Author]


UB Slovenj Gradec UKC  Maribor 

UB Murska Sobota  

Medicor d.o.o. 

 
Jana Makuc MD, PhD 
Andreja Vujkovac MD 

 
 

Matej Završnik MD, 
PhD 

Assist. Prof. Marija Šantl Letonja MD, PhD 
Dražen Popović MD, PhD 

Maja Šeruga MD, PhD 
 

Assist. dr. Ines Cilenšek DVM, PhD 
Assist. professor Sara Mankoč MD, PhD 
Jovana Nikolajević Starčević MD, PhD 

 
 

Sebastjan Merlo, MD, PhD 
Nataša Gorkič MD 

Hrvoje Reschner MD, PhD 
Aleš Pleskovič MD, PhD 

UB Ptuj 

Assist. Prof. Mitja Letonja MD, PhD 

UB Izola 

 
Assist. professor Stojan Kariž MD, PhD 

 

RESEARCH AND PhD STUDENTS 
AND MD STUDENTS 



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] 

Pleskovič A, Letonja MŠ, Vujkovac AC, Nikolajević Starčević J, Gazdikova K, Caprnda M, Gaspar L, Kruzliak P, Petrovič D. C-reactive protein 

as a marker of progression of carotid atherosclerosis in subjects with type 2 diabetes mellitus. 

Vasa. 2017 May;46(3):187-192.  

Popović D, Nikolajević Starčević J, Šantl Letonja M, Makuc J, Cokan Vujkovac A, Reschner H, Bregar D, Petrovič D. PECAM-1 gene 

polymorphism (rs668) and subclinical markers of carotid atherosclerosis in patients with type 2 diabetes mellitus. Balkan J Med Genet. 2016 

Aug 2;19(1):63-70. eCollection 2016 Jul 1. 

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. 

 

Pleskovič A, Šantl Letonja M, Cokan Vujkovac A, Kruzliak P, Petrovič D. SOX6 gene polymorphism (rs16933090) and markers of subclinical 

atherosclerosis in patients with type 2 diabetes mellitus. Int Angiol. 2016 Dec;35(6):552-556. Epub 2016 Feb 11. 

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. 

 

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.  
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STUDENTS FROM ABROAD 
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