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• individuals can often differ markedly in their qualitative and quantitative responses 

to chemical/ environmantal exposure

• Such interindividual differences can be genetically mediated, or can be the result of 

some environmental stressor, lifestyle, disease process or other epigenetic factor. 

• These mey lead to different levels of expression of genotypic variations in at risk

phenotype

• these interindividual differences can also be usefully employed as biomarkers of 

individual susceptibility to xenobiotics

• Susceptibility markers are useful because they can partially explain 

interindividual variation inherent in the general population, and thus

provide a biological rationale for investigation of inherent vulnerability prior 

to exposure to environmental hazards

1st HBM4EU Training School, Ljubljana, June 18-22, 2018 3

Interindividual variability of susceptibility

Franko et al., J Biomed Biotechnol, 2009
Franko et al., J Arh Hig Rada Toksikol, 2008
Franko et al., J Biomed Biotechnol, 2011
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Interindividual variability of susceptibility
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Molecular basis of genetic variability
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Genetic polymorphisms
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Functional consequences of genetic variability
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Epigenetics contributes to variability
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Chromatin structure influences gene expression
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Non-coding RNA (ncRNAs)

Structural RNA: 
• transfer –tRNA
• ribosomal – rRNA
• small nuclear RNAs (snRNAs)

Regulatory RNAs:
• long (>200 nt) or small (<200 nt) ncRNAs
• only a subset has clearly defined functions
• telomeric ncTNAs (TelRNAs)
• micro RNAs post-transcriptional regulation
• short interfering RNAs (siRNAs) of gene expression
•
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micro RNA (miRNAs) 18-25 nt
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Circulating miRNA as biomarker
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Circulating miRNA –
noninvasive early diagnostic cancer biomarker

Kosaka N et al. Cancer Sci 2010; 101:2087
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Is information on genetic variability important? 

• Genetic variability influences individuals‘ characteristics

Genes?
Environment?
Both?

• phenotype
• disease risk
• treatment response
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Is information on genetic variability important? 

Disease-Marker Association

A marker locus is associated with a disease if the distribution of 
genotypes at the marker locus in disease-affected individuals 
differs from the distribution in the general population

A specific allele/haplotype may be: 

• positively associated (over-represented in affected) or

• negatively associated (under-represented)
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Is information on genetic variability important? 
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Xenobiotic exposure and carcinogenesis
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Biotrasformation: detoxification vs toxification
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Xenobiotic metabolism
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Biotrasformation: Human cytochromes P450
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CYP1A1
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CYP1A1 and carcinogenesis

DNA adducts

Mutagenesis
G>T transversions

induction
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CYP1A1 polymorphisms and human cancer



In addition to enzymes involved in biotransformation of
xenobiotics (XME), other potential susceptibility biomarkers 
have been explored or proposed in human and animal studies:

• antioxidative defence systems

• DNA repair enzymes

• nuclear and cytoplasmic receptor proteins

• oncogenes and corresponding gene products

• tumor suppressor genes

• humoral and cellular immune system components.
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Biomarkers of susceptibility beyond XME



Genetically / epigenetically determined variability in interindividual and 
interethnic susceptibilities may be related to

• individual expression of clinical signs of chemical toxicity

• biological monitoring data in exposed workers, and

• interpretation of the results of epidemiological or molecular 
epidemiological studies

However:

• for environmental and occupational fields, the research so far has not led 
to any routinely usable biomarkers

• genetic based methods cannot easily identify all individuals at risk in a 
hazardous environment, due to a lack of understanding of the interaction 
of compensatory genetic and cellular mechanisms and complex 
environmental influences

• studies of genetic variations associated with hazardous exposures can 
predict population vulnerability
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Conclusions



This project has received funding 
from the European Union’s 
Horizon 2020 research and 
innovation programme under 
grant agreement No 733032.

Contact
vita.dolzan[at]mf.uni-lj.si

Speaker’s information

Vita Dolžan, MD PhD, spec.med.lab.genet., works as a 
full professor of Medical biochemistry and molecular
genetics at the University of Ljubljana, Faculty of
Medicine (UL MF) and is the head of the
Pharamacogenetics laboratory at the Institute of
Biochemistry UL MF.  Her main areas of research
interest are pharmacogenetics, molecular genetics and
molecular epidemiology. She is collaborating with
members of HBM4EU WP2.

Contributers
• Assoc Prof Alenka Franko, MD, PhD

• Assistant Katja Goricar, PhD 


