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Mesothelioma is the 

hallmark tumour of 

asbestos exposure

ÇStructural similarities between 
Carbon Nanotubes (CNT) and 
asbestos fibres

ÇPathogenicity of asbestos is related 
to length

ÇFibre Pathogenicity Paradigm (FPP)
ÁThin (< 3µm)
ÁLong (~15µm)
ÁBiopersistent

ÇDo CNT conform to the FPP?
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Manchester 

[Dr. I. Kinloch]

Diameter (nm) 14 25.7± 1.6 14.84 ± 0.05 10.4 0 ± 0.32 84.89 ± 1.9 165.02 ± 4.68

Length (µm) - 1-2 1-5 5-20 Mean 13 Mean36

% fibre greater 
than 15 µm

ϟ ϟ ϟ ϟ 24.04 84.26



Acute Inflammatory Response

ÇDose: 5µg/ mouse
ÇTimepoint: 24 hours

Asbestos-like length-dependent inflammatory response

n=5 mice
Significance versus vehicle control ** indicates p<0.001, *** indicates p<0.0001 Murphy et al Am J Path 2011



Ç4, 12, 24 weeks post injection

ÇParitelpleura; site of mesothelioma development

Lesion Formation and Progressive Fibrosis
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Lesion Formation and Progressive Fibrosis

4 weeks 12 weeks 24 weeks

NTtang1 NTlong2
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5µg/mouse
Scale bar: 20µm

Murphy et al Am J Path 2011



SEM view of lesion development
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Mechanism of length-dependent pathogenicity
4 weeks 12 weeks 24 weeks

Selective retention of long but 
not short fibres leads to 
sustained inflammatory/fibrotic 
response

ÇClearance from the pleural space is 
drainage into the lymph

ÇPleural fluid drains through stomata (3-
10µm in diameter) in the parietal pleura 
into lymphatic capillaries to the mediastinal 
lymph nodes

Any particle that is deposited in the 
pleural space that is too big to negotiate 
the stomata (>8µm diam) should be 
retained and be inflammogenic 

n=3
*** indicates p<0.001

20 µm20 µm20 µm

Murphy et al Am J Path 2011



Differential Clearance of Nickel Nanowires from 
the pleural space

ÇHigh aspect ratio particles 
composed of nickel

ÇAdvantages over CNT:
ÁManufactured in tight size 
categories
ÁEasily visualised in tissue 
sections
ÁLength-dependent 
inflammogenicity

NiNW courtesy of Dr. Adriele Prina-Mello 
and Fiona Byrne, Trinity College Dublin
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n=3



Summary

Ç Particles that enter the pleural space are
drawn by the flow of the pleural fluid towards
the stomata.

Ç Smallparticlesandshort fibrespassthroughto
the lymphatic capillaries,whereaslong fibres
accumulatedue to the small calibre of the
stomatalopening.

Ç Retention of long fibres leads to frustrated
phagocytosis and the release of pro-
inflammatoryfactorse.g.IL-1 .̡

Ç Long term retention of long fibres leads to
extensivelesionformation andfibrosis.

Ç Mesothelioma?
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