
3,3′,4,4′-
Tetrachloroazobenzene 

Benzene 

Hydrazine 
N,N-Dimethylformamide 

Furfuryl alcohol 

Pentachlorophenol 
Styrene 

Styrene-7,8-oxide 

Diazinon 

Glyphosate 

Malathion 

3-Chloro-2-
methylpropene, 
technical grade Benzene 

Hydrazine 

Pentachlorophenol 
Quinoline 

ortho-Pheynylenediamine 
and ortho-phenylenediamine 
dihydrochloride 

Styrene 
Styrene-7,8-oxide 

Glycidyl methacrylate 

Benzene 

Diazinon Glyphosate 

Malathion 

1-Bromopropane 

2,4-Dichlorophenoxyacetic acid 

Benzene 
DDT 

Hydrazine 

Lindane 

N,N-Dimethylformamide 

TBBPA 

Pentachlorophenol 

Malathion 

1-Bromopropane 

1-Bromopropane 

Ethyl acrylate 

Melamine 
Indium tin oxide 

Welding fumes 

Night shift 
work 

1-Bromopropane 

DDT 

Lindane 

TBBPA 

Welding fumes 

Malathion 

Benzene 

DDT 
TBBPA 

3,3′,4,4′-Tetrachloroazobenzene 

Pentachlorophenol 

Styrene Malathion 
Hydrazine 

N,N-Dimethylformamide 

3,3′,4,4′-Tetrachloroazobenzene 

Ethyl acrylate 

Pentachlorophenol 

Styrene 

Styrene-7,8-oxide 

I-Bromo-3-chloropropane 
1-Butyl glycidyl ether 

Glycidyl methacrylate Night shift work 

Night shift work 

Benzene 

Human 
carcinogens 

Electrophilic reactivity 

The Key Characteristics of Human Carcinogens 
K. Z. Guyton, IARC–WHO, Lyon, France, and M. T. Smith, University of California, Berkeley (CA), USA 

Protein adducts 

DNA adducts 

Mutation/single nucleotide variants 
Structural chromosome 
alterations/DNA strand breaks 
(clastogenicity); aneugenicity  

Copy Number Variations (Duplications, 
Deletions, Amplifications, Insertions) 

Inter-/intra chromosomal translocations 

Microsatellite instability 

DNA repair capacity 

Increased expression of activation-
induced cytidine deaminase (AID) 

Global and locus-specific 
DNA methylation 

Histone modifications 

Chromatin remodelling 

Changes in non-coding RNAs 

Oxidative damage to DNA 

Reactive oxygen species 
(ROS) formation 

Nrf2-ARE-dependent gene 
expression response 

Inflammatory signalling  

Haematology 

Tissue inflammation 

Immunophenotyping of T-cells 
and NK-cells 

Cytotoxic T-lymphocyte (CTL) 

Cytotoxic T-lymphocyte (CTL) 
activity 

Natural killer cell activity 

Systems immunology 

Generation of antigen-specific 
CD8+ T-cells 

Activates or antagonizes 
receptors 

Alters receptor expression 

Interacts with receptors 

Receptor activation 
Alters ligand synthesis 

Alters ligand synthesis, 
clearance, distribution, or levels 

Alters in vitro transformation 
activity 

Alters cellular senescence 
markers 

Telomere length and telomerase 
activity Alterations in stem cell 

genes 

Proliferation/hyperplasia 

Cell proliferation 

Evasion or reduction of apoptosis 

Angiogenesis Glycolytic 
(Warburg) shift 
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Key characteristics 
1. Is electrophilic or metabolically activated 
2. Is genotoxic 
3. Alters DNA repair or causes genomic instability 
4. Induces epigenetic alterations 
5. Induces oxidative stress 
6. Induces chronic inflammation 
7. Is immunosuppressive 
8. Modulates Receptor-mediated Effects 
9. Causes immortalization 
10. Alters cell proliferation, cell death, or nutrient 

supply 
Agents recently classified by IARC, v112-v125 

Yellow assays in exp. systems in vivo 

Orange assays in exp. systems in vivo and in 
humans in vitro 

Green assays in exp. systems in vivo and in vitro 

Purple assays in exp. systems in vivo, in vitro, and  
in humans in vitro 

Bold assays in humans in vivo 

Bold yellow assays in exp. systems and in 
humans in vivo 
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