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• Frustrated phagocytosis → ROS → TNFα (p32, Blake 1998).
– TNFα + LPS are primers in human alveolar macrophages for many 

other cytokines (IL-1β, IL-6, etc.)
• Asbestos fibers induce antioxidant defense enzymes, increases in

glutathione synthesis repair, DNA repair enzymes, and iron mobilization.
• Asbestos fibers interact with membrane receptors and integrins (add to 

1.6.4.3.2 membrane interactions.)
• Asbestos stimulates the inflammasome, chemokine production and 

inflammation.
• Asbestos stimulates proto-oncogene expression in vivo and other gene 

expression after inhalation.
• Apoptosis, necrosis, and autophagy vs. “membranolytic” toxicity.
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FRAMEWORK FOR RESEARCHFRAMEWORK FOR RESEARCH
• Develop a broader understanding of the 

important determinants  of toxicity for 
mineral fibers and other EMPs [2.2].
– Conduct in vitro studies to ascertain what 

physical, chemical, and surface properties 
influence the toxicity of mineral fibers and 
other EMPs [2.2.1].*
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SUGGESTIONSSUGGESTIONS

• Focus on molecular mechanisms of 
compensatory cell proliferation and 
transformation to malignancy rather that 
toxicity – dead cells don’t give rise to 
cancers and fibrosis.

• Mechanisms of nonlethal DNA damage and 
repair.
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SUGGESTIONSSUGGESTIONS
• Epigenetic changes
• Cell defense mechanisms
• Individual susceptibility factors/co-factors 

(smoking, infection)
• Genomics, proteomics, and RNA interference
• Human telomerase immortalized cell lines 

(hSAEC, and LP9-TERT) if primary cells are 
unavailable
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ADDITIONAL SUGGESTIONS 2.2.1ADDITIONAL SUGGESTIONS 2.2.1
1) Less focus on genotoxicity, but more on inflammation and 

proliferation as prerequisites to fibroproliferative diseases and 
cancers – co-cultures, 3D, or in vitro/in vivo models.

2) Studies to verify whether fibers interact directly with genetic 
material in vivo.

3) Amounts of EMPs added to cells in culture cannot be extrapolated 
to inhalation exposures in man, but trends in responses should 
correlate with rodent and epidemiologic studies.

4) Dose response studies may produce different endpoints (ROS) and 
are necessary.

5) An interdisciplinary team of investigators including mineralogists to 
characterize reference samples prior to experiments is imperative!
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