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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).
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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)
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Air pollution has effects throughout the whole body

neurodegenerative
diseases

impaired cognition
altered behaviour

depression

autoimmune diseases

stem cell alterations
liver toxicity
renal disease

metabolic syndrome
& diabetes

inflammatory bowel
disease

osteoperosis
decreased fertility

autoimmune
rheumatic diseases

peripheral artery
disease

stroke
olfactory deficits

myocardial infarction
coronary artery disease
arrhythmia

hypertension
rejection of transplants

asthma
COPD

respiratory infection
lung cancer

pre-eclampsia
spontaneous abortion
premature birth
low birth weights
epigenetic changes
congenital defects

detrimental health effects
in offspring

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 - NOZ)




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

Agriculture 2%

Industrial Energy production
processes 3% \ and distribution 21%

| /
\ Solvent and

Non-road
transport 7% / product use 0%
Energy use in
— industry 13%
Road - 9
transport 40% T~Waste 0%

Commercial
institutional and
households 14%

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



Annual mean NO,
concentrations observed
at traffic stations, 2015
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20 000 citizens from Flanders received NO, detectors

Levels measured for the first time at an individual scale
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troaen Dioxide Exrosure Enhances Asthmatic Reaction
led Allergen in Subjects with Asthma

Late Asthmatic
Response

air NO;
Asthma patients

OT! 30 min NO,, or air exposure
Allergen challenge

PEF, fall in %
n
o
§
n

-40 +

~50 = p=0.02 AM | RESPIR CRIT CARE MED 1997:155:881-887.
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NO, is related to increased cancer incidence “ C

International Journal of Cancer

Exposure to ambient air pollution and the incidence of lung
cancer and breast cancer in the Ontario Population Health and

Environment Cohort
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Int. J. Cancer: 00, 00-00 (2019)



Air pollution affects lung cancer survival

Air pollution affects lung cancer survival

Sandrah P Eckel," Myles Cockburn," Yu-Hsiang Shu, ' Huiyu Deng,’
Frederick W Lurmann,® Lihua Liu,' Frank D Gilliland'

« 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 NO,
« 26% greater for PM,
« 38% greater for PM, 5
* 4% greater for O;

Eckel, Thorax 2016
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High ozone concentration
Great smog 1952 =_—




Ozone warm season concentration

35

Di et al. NEJM 2019



Correlation with all-cause mortality

1.020+

1.0154

1.010+

Hazard Ratio

1.005

1.000

0.995

Exposure to ozone

Ozone (ppb)

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

50 55 60

Di et al. NETM 2019



Long-Term Exposure to Ozone and Cause-Specific Mortality Risk in
the United States

I Monitored CBSAs and rural counties that would be violating a 65 ppb standard
| Unmonitored areas that are anticipated to violate a 65 ppb standard based on spatial interpolation

American Journal of Respiratory and Critical Care Medicine Volume 200 Number 8 | October 15 2019



O; dose-response curves

Respiratory diseases mortality Cardiovascular diseases mortality
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Map 2. Number of days on which ozone concentrations exceeded the long-term objective
for the protection of human health during summer 2014 (provisional data)
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Ozone increases the responsiveness to allergens in asthmatics
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Ozone

Susceptible individuals
young, airways disease, female

Epithelial lining fluid v Generation of lipid peroxidation products, phospholipids, ROS

oor (1Lt

Mucus production

Defective epithelial barrier
u - 1 —

NF-xB, NLRP3, TLRs, p38 MAPK,
ROS/Nri2/mitochondrial dysregulation

Cytokines & other mediators Growth and remodelling factors
incl. 1L-1, IL-17, IL-33 & CXCL8 ? e.g. MMPs , metabolites
Systemic inflammation \
Innate immune cell :
. - AHR, remodelling, emph
recruitment and activation » . &, Smpysems

Neutrophils, Eosinophils, macrophages, T-cells

Lung attacks, hospitalization, QolL, healthcare costs Mumby et al. Front Inmunol 2019



Cancer Type Main Sites of Metastasis
Bladder Bone, Hvtv@
Breass Bone, brain, wcrm
Colon Uvefpeutor-eun\
Meotastasis

widney Adgrenal gland, bone, brain, sw-,
Lung Adrenal gland, bone, brain, ver, other lung
Melanama Bone, brain, INevskim muscle c spreads 1o

parts of the body
Panreas Liver PRITONeUMm ‘A/

Prostate

Nectal

Stomach

Thyroid

Utenn

Adrenal land, bone ltvm

Liver peritonrum

! N"mnﬂmmrum
Doiw, Ilvm

Do, llvm poritoneam, vaginag

Metastatic —
tumar

https://www.cancer.gov

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




TNFa
TGFB
MMP9
SDF1
P-Selectin
E-Selectin
CD44
LOX
VEGFA
PIGF

Tumour-associated

Psaila & Lyden, Nature Reviews 2010
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Nasser K. Altorki, 2019, nature reviews
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Nasser K. Altorki, 2019, nature reviews



BMJ Journals
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ORIGINAL ARTICLE

Ozone-primed neutrophils promote early steps of
tumour cell metastasis to lungs by enhancing their
NET production

Natacha Rocks,' Céline Vanwinge,' Coraline Radermecker,%? Silvia Blacher,'
Christine Gilles,' Raphael Marée,” Alison Gillard," Brigitte Evrard,” Christel Pequeux,’

Thomas Marichal,>*® Agnes Noel," Didier Cataldo"”’
¥ LIEGE W

universite REGION WALLONNE
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contre le Cancer
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Rocks et al, Thorax 2019



Development of a mouse model of pulmonary ozone exposure

Ozone injection

| | I I Ozone dilution

Inhalation O3 2 PPM

o S ——

(2

Os detector

L2




Ozone exposure induces lung neutrophilic inflammation
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Rocks N, et al. Thorax 2019
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Neutrophils depletion blocks breast cancer cell
dissemination in O;-exposed animals
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O;-exposed animals display NETs in vitro and in lung parenchyma
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Rocks N, et al. Thorax 2019



NETs inhibition decreases lung metastasis in

O;-exposed animals

Pad4 KO animals
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Thorax 2019 (IF 9.65)



Ozone increases lung
metastasis by NETs formation

Thorax 2019 (IF 9.65)

Ozone-induced NETs contribue to
sensitization to airborne allergens
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Particle Category Diameter (um) Size comparisons
(if the PM was 100,000 times bigger).

Coarse: PM,, 2.5-10.0 football (220 mm)
Fine: PM, ; <25

Ultrafine PM <0.1 large grain of sugar
(nanoparticles) (1-2 mm)

‘fine’ particle ‘ultrafine’ particles

same mass
[ l
00 ' Q,
l J
lower higher

surface area surface area
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Madeira Is. A 0

90.4 percentile of PM_,
concentration in 2012,
based on daily average
with percentage valid
measurements
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PM concentration gradient when approaching motorways

Near-highway pollutants in motor vehicle exhaust: A review of
epidemiologic evidence of cardiac and pulmonary health risks
Doug Brugge*!, John L Durant? and Christine Rioux3
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Environmental Health 2007, 6:23



London great smog - 1952
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PM 2.5 average concentration

Di et al. NEJM 2019



Correlations with all-cause mortality

Exposure to PM 2.5

1.10

1.08

Hazard Ratio

PMys (ug/m’)

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

Di et al. NETM 2019



Mechanisms of cardiovascular morbidi

Inhalation of particles

Unidentified bloodborne Neuroendocrine

Lung inflammation mediator activation

“ﬁj

Cardiovascular impairment

Heart Vasculature

« Arrhythmis « InCreased senaltivity 1o vasoconstriction
« Reduced heart rate variability « lImpared endothelial function

« Delayed L conductance « Increpsed anterial stiffness

/)

v

« Increased sensitivity to ischaemia

« Increased blood pressure

« Propensity for heart fallure « Exacerbation of atherosclerosis

Cardiovascular morbidity and mortality

Particle translocation

‘ ‘4 ( A2
Inflammatory /
mediators

Blood

Miller & Newby, Cardiovasc Res, 2019



How might PM
pollution induce
lung cancer?

Carbon Black,
Titanium Dioxide, Talc,
Coal Dust, Volcanic Ash

Impaired
Clearance

Macrophage

Cytokines,
Growth Factors,
Proteases

Inflammation,
Neutrophil Recruitment,
Cell Injury,

Cell Proliferation,

Inhalation
Deposition

DOMINANT PATHWAY OF

LUNG OVERLOAD

/

Breathed In

Airborne Particulates | Diesel Exhaust

Particulate Matter

POSSIBLE ALTERNATIVE
PATHWAY FOR DIESEL

Desorption of
OrganlcChemlcals

Oxygen Species
\‘v

Activation of Proto-Oncogenes
Inactivation of Tumor Suppressor Genes
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Can we avoid air pollution?

Public information experiment : CityAir app (London)

Allows to select low pollution routes
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And it works |

Respiratory and cardiovascular responses to walking down a
traffic-polluted road compared with walking in a traffic-free
area in participants aged 60 years and older with chronic
lung or heart disease and age-matched healthy controls:

a randomised, crossover study

Rudy Sinharay*, Jicheng Gong*, Benjamin Barratt, Pamela Ohman-Strickland, Sabine Ernst, Frank ] Kelly, Junfeng (Jim) Zhang, Peter Collins,
Paul Cullinan, Kian Fan Chung
# = ‘: AL P R

* 40 Healthy volunteers, 40 COPD, 40 Ischaemic heart disease
2 hours walking
Oxford street versus Hyde park
Measurements of black carbon, NO, , PM, 5 , PM,,

Lancet 2018;391:339-49



Black carbon (pg/m?)

Pollutant levels
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Lung function

Change in FEV, (% pred)

Change in FVC (% pred)
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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 (O; 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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PMIO CompOSition

3 3

pg/m pg/m
PM; mass 22.61£1.26 Ammonium 0.16+0.03
Organic Carbon (OC) 4.1940.20 Barium 0.08+0.003
Sulfate 4.00+£0.34 Zinc 0.08+0.01
Elemental Carbon (EC) 3.26+0.17 Copper 0.04+0.03
Chloride 2.5240.41 Titanium 0.02+0.004
Nitrate 1.92+0.13 Manganese 0.02+0.002
Iron 0.85£0.04 Lead 0.02+0.002
Calcium 0.43+0.03 Vanadium 0.01+0.002
Silicon 0.35£0.02 Chromium 0.01£0.001
Aluminium 0.17£0.02  Nickel 0.01+0.001

Chan, AJP Lung 2019



Air pollution and lung cancer incidence in 17 European
cohorts: prospective analyses from the European Study of
Cohorts for Air Pollution Effects (ESCAPE)
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Figure 3: Risk for lung cancer according to concentration of particulate matter in each cohort study



In the ACS cohort study, lung cancer incidence increased by
8% per 10 ug/m3 increase in PM, 5 levels, measured as
between-city difference

In a Danish cohort study, lung cancer incidence increased by
3.7% per 10 ug/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



International Agency for Research on Cancer

World Health
Organization

PRESS RELEASE
N® 213

12 June 2012
IARC: DIESEL ENGINE EXHAUST CARCINOGENIC

Lyon, France, June 12, 2012 - After a week-long meeting of international experts, the International
Agency for Research on Cancer (IARC), which is part of the World Health Organization (WHO), today

classified diesel engine exhaust as carcinogenic to humans (Group 1), based on sufficient evidence
that exposure is associated with an increased risk for lung cancer.

This category is used when there is sufficient evidence of carcinogenicity in humans. Exceptionally, an
agent may be placed in this category when evidence of carcinogenicity in humans is less than sufficient
but there is sufficient evidence of carcinogenicity in experimental animals and strong evidence in exposed
humans that the agent acts through a relevant mechanism of carcinogenicity.



