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• The WHO Global Health Report estimated that silicosis 
causes > 10,000 deaths each year – significant 
underestimation

• Global Burden of Diseases 2017 Causes of Death,
Lancet 2018

• Several tens of millions of people in the world are 
currently exposed to silica dust at work

• 3-5 millions in Europe, ca. 2 millions in USA, 
11 millions in India, +20 millions in China

RCS is the leading cause of occupational 
respiratory disease worldwide

Cullinan et al., Lancet Respir Med, 2017
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Inflammation

Dostert et al. Science 2008
Hornung et al. Nat. Immunol. 2008
Cassel et al. PNAS 2008

Inflammasome activation

IL-1β release from macrophages

Phagolysosome membrane damage1
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Quartz damages membranes: 

the molecular initiating event (MIE)

Adapted from Pollard Front. Immunol. 2016
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• New synthetic approach delivers as-grown 
quartz with no membranolytic activity

• As-grown quartz crystals showed  
membranolytic effects after fracturing
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As-grown quartz

Silica model: as-grown α-quartz crystals in respirable size obtained 
by hydrothermal synthesis for toxicological tests
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400 nm

400 nm

400 nm

Pastero et al. Cryst Growth Des 2016 
Turci et al. Part Fibre Toxicol 2016

As-grown quartz

Membranolytic activity

Red blood cells as model of cell membranes

Mineral quartz dust
Min-U-Sil 5
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fracturing

Fractured quartz
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Fractured quartz

Fractured quartz damages cell membranes in RBC model
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HR-TEM

Fracturing silica: surface reconstruction and silanol formation

SEM
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Rimola et al. Chem Rev 2013
Pavan et al. Part Fibre Toxicol 2019

• Different silanol families 
exhibit different reactivity

• A peculiar family with 
inter-silanol distance 
between 4-6 Å was 
evidenced on fractured Qz

• Nearly Free Silanol (NFS)
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“Nearly-free silanols” trigger the toxicity of silica particles

• Fracturing induces the formation of a
peculiar silanol group, the NFS

• The quantitative variation of the NFS is
related to the activation of early toxic
responses
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In vitro and in vivo

Pavan C., Santalucia R., Linardi R., Fabbiani M., Yakoub Y., Uwambayinema F., Ugliengo P., Tomatis M., Martra G., Turci 
F., Lison D. & Fubini B., Proc. Natl. Acad. Sci. USA, 117 (45): 27836, 2020  

• NFS geometry maximizes the interaction energies with phosphate 
groups of cell membranes

• Causal relationship between NFS and membranolytic effect was 
proved for quartz, cristobalite, and amorphous silica
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100-nm DOPC liposomes

Cristina Pavan, Matthew J. Sydor, Chiara Bellomo, Riccardo Leinardi, Stefania Cananà, Rebekah L. Kendall, Erica Rebba, Marta 
Corno, Piero Ugliengo, Lorenzo Mino, Andrij Holian, and Francesco Turci, Colloids and Surfaces B: Biointerfaces, Submitted
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Molecular Recognition Energetics Between Membrane 
Epitopes and NFS Explain Liposome Selectivity
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• Fracturing quartz crystals upsets the long-range order of surface
silanols and introduces NFS.

• NFS-rich surfaces cause RBC membrane lysis, perturbed liposomes
and adsorbe PLS.

• Specific amino groups are proposed as recognition epitopes for
the interaction with NFS

• New perspectives for tailoring less toxic and improved silica
particles are envisaged

CONCLUSIONS
&

FUTURE 
CHALLENGES
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