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Genotoxicity of multi-walled carbon nanotube 
reference materials in mammalian cells and 

animals



Lyon, 30 September – 7 October 2014

MWCNT-7: Group 2B 
(possibly carcinogenic)
“Long, thick, straight”

Other MWCNTs: Group 3
(not classifiable)

SWCNTs: Group 3



Green: positive association, Red: no association
Kuempel et al., Crit Rev Toxicol 47:1-58, 2017





L-MWNT-1020: “short, thin and curled”

(From NTP Tox 94, 2019; modified)

Inhalation
• 2 weeks
• 13 weeks
• 2 years



MWCNT-7 NM-400 NM-401

NM-402 NM-403 L-MWNT-1020*

*Note: different resolution for L-MWNT-1020
(From NTP Tox 94, 2019; modified)

Short, thin and curled vs. long, thick and straight



Measurement of DNA damage (comet assay)

Sample cells Repair enzyme
Fpg/hOgg1

Lysis

Electrophoresis

Staining

Agarose



OECD Guideline test (animal tissues) - protocols

Updated coming soon

(hopefully)



Associations (in this talk) are summarized from these papers:

Wils 2021 ”Inflammatory response, reactive oxygen species 
production and DNA damage in mice after intrapleural exposure 
to carbon nanotubes” Toxicol Sci 183: 184-194

Wils 2021 ”Reactive oxygen species production, genotoxicity and 
telomere length in FE1-Muta™Mouse lung epithelial cells exposed 
to carbon nanotubes” Nanotoxicology 15:661-672

Di Ianni 2021 ”In vitro-in vivo correlations of pulmonary 
inflammogenicity and genotoxicity of MWCNT” Part Fibre Toxicol 18:25

Møller 2021 ”Genotoxicity of multi-walled carbon nanotube 
reference materials in mammalian cells and animals” Mutat Res Rev 
788:109393

In this talk: genotoxicity = comet assay



Inflammation and ROS production in pleura lavage 
cells after exposure to intra-pleural injection in mice

Low dose = 0.2 µg; high dose = 5 µg

1-day post-exposure 90-days post-exposure



DNA damage in mesothelial cells after exposure to 
intra-pleural injection in mice

Low dose = 0.2 µg; high dose = 5 µg
Fpg-sensitive sites = oxidatively damaged DNA



MML lung epithelial cells: intra-cellular ROS production 
and DNA strand breaks (comet assay): 3 h exposure

Wils et al., Nanotoxicology 2021



A549 or activated THP-1a cells: DNA strand breaks 
(comet assay): 24 h exposure

Di Ianni et al., Part Fibre Toxicol 18:25, 2021

MWCNT-7
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Outcomes (in the database) – NB: more than one outcome per article

Mainly comet assay
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MWCNT-7 NM-401 NM-402

NM-403 NM-400
A

Meta-analysis (concentration-response relationship)

Based on concentration-response relationships in 13 publications
Review Manager 5.4 (mean and 95% CI)

DNA strand breaks (comet assay) – in vitro experiments



Summary and knowledge gaps – research needs

• Among the CNTs, MWCNT-7 is most consistently shown to 
be genotoxic (based mainly comet assay endpoints)

Knowledge gaps
• Oxidatively damaged DNA (using reliable assays)
• Irreversible genotoxic changes (especially other materials 

than MWCNT-7).
• Exposure in animal models, including measurements of 

genotoxicity in lung tissue, pleural mesothelial cells and 
other extra-pulmonary tissues. 

• MWCNT exposure in humans should be investigated. 
• Investigate causes of heterogeneity in genotoxic 

outcomes by the same MWCNTs (ring-trials).


