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Editorial, thelancet:  388, August 6, 2016:
Lung cancer: despite advances, prevention is still best
Worldwide:  
No 1 ‐ 1∙8 million diagnosed – No 1 of all cancer deaths 
Norway :                                                                                                                     
No 2 ‐ 3080 diagnosed (~10%) – No 1 of all cancer deaths (~20%) 

Three main types of lung cancer
Non‐small cell lung cancer (NSCLC; 80% to 85% )                                                                     
– several subtypes (Squamous cell carcinoma, adenocarcinoma, and large cell carcinoma) 

Small cell lung cancer (SCLC; 10% to 15%) 
Lung Carcinoid Tumors (5%)

Various main type often different prognoses and treatment

Risk factors includes 
Genetic predisposition                                                                                                       
Increased age 
Environmental factors like cigarette smoke and air pollution – preventable 

Male incidence rates stabilized/ Female still increasing:                                                                     
Relative increases in adenocarcinomas and decreases in squamous‐cell carcinoma



Environmental risk factor for lung cancer 

Cigarette smoke (80%, complex mixture of chemical compounds bound to 
aerosol particles and/or are free in the gas phase) 

Radon – bound to particles

Air pollution and diesel exhaust particles
complex mixture of various particular matter (PM) and gas

Workplace asbestos, or certain other chemicals



Ambient air PM composition is complex

Sources: 
‐ Fine and UFP: combustion processes (e.g. traffic, heating)
‐ Coarse:  dust stirred up by vehicles on roads, biological

Deposition varies depending on size distribution and particle morphology

coarse (2.5‐10 µm) 
fine (<2.5 µm) 
ultrafine (UFP <100 nm)

PM10 (coarse, fine and UFP)
PM2.5 (fine and UFP)
UFP
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Outdoor air pollution and particular matter (PM):                                                       
cardiovascular diseases, chronic respiratory diseases and lung cancers 
Sources:                                                                                                                     
road dust and combustion of diesel, wood, coal, biomass, and crude oil 
Outdoor air pollution, outdoor air PM and diesel PM:                                          
classified as carcinogenic to human beings by WHO – (IARC, SCI PUB NO. 161 ‐ 2013)



IARC Group 1 carcinogen based on:
i) sufficient evidence of carcinogenicity in humans                                                  
ii) experimental animals 
iii) strong mechanistic evidence

Invivo

Invitro

IARC, The Lancet, Oncology, 14, (13): 1262–1263, 2013



Raaschou‐Nielsen O  et al., Lancet Oncol. 2013;14(9):813‐22

Hazard ratio (HR)



Hazard ratio (HR) at different exposure levels
‐ association is stronger for non‐smokers and people with low fruit intake



Levels of PM2.5 and PM10 in Norway

WHO in 2004:
smoking ‐ 5∙1 million deaths and 71% of lung cancer 
air pollution ‐ 1∙2 million deaths and 8% of lung cancer



Pinault LL et al, Environ Res., 2017 Pope CA 3rd et al JAMA, 2002

Mechanistisk understanding to support 
epidemiological studies are needed



PM properties related to cancer
PM as such as well as chemicals adsorbed (polycyclic aromatic hydrocarbons):    

reactive electrophilic metabolites, oxygen species, receptor binding

Reactive
Electropilic
Metabolites

Ahr ‐ binding



Effects of PM linked to: cancer initiation, promotion and micro-environment
Binding to various cellular receptors / ROS/REM reacting with macromolecules 

DNA damage /DDR - Mutation
ssDNAbreaks/ adducts 
Gene mutation 
Chromosomal aberrations/ SCE/MN – genetic instability

Cell death (apoptosis and/ or necrosis) – resistance towards cell death 
Cell cycle alteration 

Metabolic reprogramming 
increased glycolysis and upregulation of amino acid and lipid metabolism

Cellular interactions:
tight junction 
gap junction (GJIC) 
contact inhibition – proliferation

Cell migration and invasion

Inflammatory responses
Extracellular matrix (ECM)

Epithelial-to-mesenchymal transition (EMT)

Cell transformation 
Epigenetic changes 



Early events
membrane / receptors/ channels  /------------/ nucleophilic sites on proteins/ DNA

USB and SB ROS and REM 

1. Mechanisms involved
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PM is linked to chronic inflammation: 
a milieu for cancer development

Adapted from Davies and Holgate 2002



Iselin Rynning et al., Tox Sci 2018, submitted

Exposure of human bronchial epithelial cells (HBEC3) to DEP led to “cellular transformation” 

DEP (NIST SRM2975) ‐ transformed cells (T2‐HBEC3): mesenchymal/fibroblast‐like morphology, 
reduced CDH1 and enhanced CDH2 and VIM  



Differences between HBEC3 and T2‐HBEC3 regarding steady‐state levels and DEP‐induced 
changes of particularly CYP1A1, IL‐1β, PGE2 and PGF2α may have implications for acute 
inflammation and carcinogenesis. 

Deregulated genes between HBEC3 and T2‐HBEC3 baseline

Gene expression profiling:  
429 genes (224(↑) and (205↓)) were found to be significantly deregulated between HBEC3 and T2‐HBEC3. 

Genes were identified as being involved in regulation of cell migration and lung carcinogenesis: 
DNER(↑), FBLN1(↑), HBEGF(↓), IGFBP3(↑), LAMA4(↑), PROS1(↑), RAB25(↓), SPOCK1(↑), ST14(↓), 
TGFBR3(↑), TP53INP1(↑), CD9(↓), CLDN1(↓), DUSP6(↓), EPCAM(↓), EPHA1(↓), FOXA2(↓), HAS3(↓), 
HTRA1(↑), MUC1(↑), PMEPA1(↑), TIMP2(↑), (EGR1(↓), EPHA1(↓), IL1B(↓), and VIM(↑). 

Four pathways were commonly deregulated in both HBEC3 and T2‐HBEC3 in the short‐term 
DEP‐exposure experiments: “Tryptophan metabolism”, “Valine, leucine and isoleucine degradation”, 
“Terpenoid backbone biosynthesis” and “Steroid biosynthesis”. Three pathways were significantly
deregulated in HBEC3, only: “Metabolism of xenobiotics by cytochrome p450”, “Phagosome” and 
“Aldosterone‐regulated sodium reabsorption”. In T2‐HBEC3, several pathways associated with
inflammatory responses were identified in addition to “Synthesis and degradation of ketone bodies”, 
“Butanoate metabolism” and “Pyruvate metabolism”.

Deregulated genes between HBEC3 and T2‐HBEC3 after short term DEP exposure



Inflammatory responses of DEP (MAPCEL soot) in BEAS‐2B

Increased expression and release: 

IL-6: pro-inflammatory cytokine

IL-8/CXCL8: chemokine

N Bach et al, Tox Lett 2015

Role of  ROS/ REM

DEP via PAR-2, regulate matrix metalloproteinase-1 
(MMP-1) and calcium influx through TRPV4-
channels (Lie et al, Environ. Health Perspect 2011)

Role of  PAR-2 
(protein activated receptor-2)



Proinflammatory responses: 
mainly due to extractable organic compounds



Inflammatory responses of extracts of DEP in BEAS-2B cells 

N Bach et al, Tox Lett 2015

Non-polar Highly polar



1-NP-induced IL-8/ CXCL8: β2-adrenergic receptor (AR) linked Ca2+ release

A Mayati / J Øvrevik et al, Toxicol In Vitro, 2014



Inflammatory trigging points

?
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Lung Cancer Development
initiation, formation and progression, 
matrix remodeling, intravasation, extravasation and metastasis

Yao Yuan, et al 
Oncology Reports 2016

EMT: epithelial‐to‐
mesenchymal‐transition
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1-NP-induced IL-8/ CXCL8:  Role of TACE/ TGFα/ EGFR

J Øvrevik et al, Eur Respir J. ,2011; and Env Tox Pharmacol.  2013

TNF‐α‐converting enzyme (TACE) 


