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Different pollutants



Ambient (outdoor air pollution) in both cities and rural areas was estimated
to cause 4.2 million premature deaths worldwide in 2016 (6% due to lung cancer).



Ambient (outdoor air pollution) in both cities and rural areas was estimated
to cause 4.2 million premature deaths worldwide in 2016 (6% due to lung cancer).

In addition to outdoor air pollution, indoor smoke is a serious health risk for 
some 3 billion people who cook and heat their homes with biomass, kerosene
fuels and coal.



Deaths attributable to air pollution by country (yearly)



Air pollution has effects throughout the whole body 

Miller & Newby, Cardiovasc Res, 2019



What are the main causes of death
after air pollution exposure? 



Deaths attributable to air pollution
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NOx (NO - NO2)



NOx emissions in the EU -share of emissions by sector group, 2011

Source - European Union emission inventory report 1990–2011 under the 
UNECE Convention on Long-range Trans-boundary Air Pollution (LRTAP)





20 000 citizens from Flanders received NO2 detectors 

Levels measured for the first time at an individual scale





Asthma patients

30 min NO2 or air exposure

Allergen challenge 



NO2 is related to increased cancer incidence 



• 352 053 patients with newly diagnosed lung cancer during 1988–2009 in California

• All-cause mortality recorded

• Air pollution exposure estimated - half of the study participants (45.4%) lived

more than 1500 metres away from a major interstate motorway

• Negative association between pollution and survival

• For patients with early stage disease, risk of death from any cause was 

• 30% greater for NO2

• 26% greater for PM10

• 38% greater for PM2.5

• 4% greater for O3

Eckel, Thorax 2016 

Air pollution affects lung cancer survival



O3



UV

UV



Great smog 1952

High ozone concentration



Ozone warm season concentration

Di et al. NEJM 2019



Correlation with all-cause mortality

Di et al. NEJM 2019 

Exposure to ozone

n =  60,925,443
460,310,521 person-year





O3 dose-response curves

Respiratory diseases mortality Cardiovascular diseases mortality





Ozone increases the responsiveness to allergens in asthmatics

Kehl JACI 1999



Mumby et al. Front Immunol 2019 



Lung metastasis

https://www.cancer.gov

Lungs are among the most frequent sites of metastatic 
growth from extra-thoracic malignancies



Psaila & Lyden, Nature Reviews 2010

Pre-metastatic niche



The lung metastatic niche and metastatic cascade

Nasser K. Altorki, 2019, nature reviews



The lung metastatic niche and metastatic cascade

Nasser K. Altorki, 2019, nature reviews



Rocks et al, Thorax 2019



Development of a mouse model of pulmonary ozone exposure

AIR

Ozone injection

Ozone dilution

Inhalation O3 2 PPM

PUMP
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O3

Ozone exposure induces lung neutrophilic inflammation 

BAL neutrophilsLung parenchyma neutrophils

O3 exposure system 



Ozone exposure triggers mouse breast and 
melanoma cancer cell dissemination

4T1
Breast

B16K1
Melanoma



Neutrophils depletion blocks breast cancer cell 
dissemination in O3-exposed animals

Anti-LY6G Ab Anti-LY6G Ab 

4T1
Breast

24 hours



O3-exposed animals display NETs in vitro and in lung parenchyma



NETs inhibition decreases lung metastasis in O3-exposed animals 

Pad4 KO animals

Similar results with Pad4 inhibitors or DNAse



O3

Metastasis

Ozone increases lung
metastasis by NETs formation

Thorax 2019 (IF 9.65) 



O3

Metastasis

Ozone increases lung
metastasis by NETs formation

Thorax 2019 (IF 9.65) 
Nature Immunology 2019 (IF 21.81)

Ozone-induced NETs contribue to 
sensitization to airborne allergens

Coll Thomas Marichal (GIGA-I3)
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PM concentration gradient when approaching motorways



London great smog - 1952 







PM 2.5 average concentration

Di et al. NEJM 2019



Correlations with all-cause mortality

Di et al. NEJM 2019 

Exposure to PM 2.5

n =  60,925,443
460,310,521 person-year
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How might PM 
pollution induce
lung cancer? 
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Can we avoid air pollution? 

Public information experiment : CityAir app (London) 

Allows to select low pollution routes 



And it works !

• 40 Healthy volunteers, 40 COPD, 40 Ischaemic heart disease

• 2 hours walking

• Oxford street versus Hyde park

• Measurements of black carbon, NO2 , PM2.5 , PM10



Pollutant levels

Odds ratio of getting worse symptoms in Oxford street



Lung function





Patients should be advised to

• Recognize the risk of short term exposure to air pollution 

• Use air pollution monitors (internet – or small devices)

• Be aware that indoor pollution is lower during peaks (O3 and PM)

• Avoid outdoor exercises during peaks

• Know that long term risks exist

• Revise house location if exposure is important 

• Change their lifestyle to be encline to active transport



What will be the solution(s) ?
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Backup slides 



PM10 composition 

Chan, AJP Lung 2019





In the ACS cohort study, lung cancer incidence increased by 
8% per 10 μg/m3 increase in PM2.5 levels, measured as 
between-city difference
In a Danish cohort study, lung cancer incidence increased by 
3.7% per 10 μg/m3 increase in NOx, used as a marker of 
exposure to traffic-related pollutants. Most importantly, 
particles – in particular those from diesel engines – are loaded 
with carcinogens. 

The Californian Environmental Protection Agency as well as the 
International Agency for Research on Cancer list diesel 
exhaust as an established carcinogen. ERS white book 




