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More stress?

Air pollution



Estimates for Canada:
• Over 15,000 premature deaths/year
• 2.7 million asthma symptom days and 35 million 

acute respiratory symptom days per year
• Economic costs of health burden estimated at 

$120 billion (2016)



Brain Cognitive decline, dementia, anxiety, depression, 
stroke, suicide

Lungs Reduced lung function, asthma, COPD, lung cancer
Heart Heart disease, changes to heart rhythm, 

atherosclerosis
Metabolism

Reproduction & 
development

Fertility, low birth weight, developmental 
programming

Metabolic dysfunction, obesity, diabetes

Air pollution health effects



Buzelli and Jerrett, Can J Reg Sci 30: 195-210 (2007)

Near-road exposures
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Thomson et al., Toxicol Sci 135: 169-181 (2013)

Surprise # 1: 
Every tissue was 
affected

PM

O3

PM/O3



Surprise # 2:

Air pollutants didn’t increase 
inflammatory signaling, they 
decreased it
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Surprise # 3: similarity of profiles across tissues
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Surprise # 3: similarity of profiles across tissues
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Surprise # 3: similarity of profiles across tissues



Hypothalamic-pituitary-adrenal (stress) axis

Stressors

Adapted from Kreek et al., Nat. Neurosci. 8(11): 1450-1457, 2005

Glucocorticoids:
• anti-inflammatory (acutely)
• metabolic effects
• oxidative stress
• immunosuppressive
• hypertension
• impaired cognitive ability
• depression

Chronic activation and 
dysfunction is implicated in 
many disease states.



Stress hormones drive systemic effects of pollutants

Thomson et al. Toxicol Sci 152: 17-28 (2016) 
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Air pollution effects reproduced with a shot of stress hormone

Thomson et al. Toxicol Sci 152: 17-28 (2016) 



Thomson et al., Environ Res 178 (2019)

What about effects in the brain?

r=0.96
p<0.001

SGK



Coherence of evidence

Exposure MortalityStress axis 
response

Tissue-level 
changes MorbidityDiesel exhaust

Does exposure to diesel exhaust increase stress hormone levels? 

Toxicology studies
Panel & Population studies



Panel study on acute effects of diesel exhaust

• Participants: N= 19; 14 with asthma (7 
females, 7 males), 5 without (3 females, 2 
males)

• Randomized double-blind crossover design

• Exposures: 3 exposure conditions

• Filtered air with placebo (FAP)

• Diesel exhaust with placebo (DEP)

• Diesel exhaust with N-acetylcysteine 
(DEN)

• Target concentration: 300 µg/m3 of PM2.5

• Minimum 2 week washout period between 
exposures

• Measures: Cortisol measured before and after 
each 2 h exposure

4’ (wide) x 6’ (deep) x 7’ (height) 
exposure booth

Birger et al., Inhal Tox 23:4 (2011)
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Cortisol response to diesel exhaust
Start End

• Diesel exhaust rapidly increased cortisol 
levels (compared to filtered air)

• N-acetylcysteine tended to reduce the effect

• Effects were transient

Exposure x Time interaction, p<0.0001
Thomson et al. EHP (2021)
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Stronger effects in individuals with 
doctor-diagnosed asthma…

Similar effects in 
females and males

… and with risk variants in 
antioxidant genes

Thomson et al. EHP (2021)

Individual differences in our health and genetic 
makeup contribute to sensitivity to pollutants

Stress 
response?

Answer: It depends…



Thomson, J Alzheimer’s Dis (2019)

• Direct and indirect pollutant effects

• Oxidative stress, inflammation: 
important for disease processes

• Early responses include “fight-or-flight” 
stress axis activation

• Air pollution, like stress, affects the 
whole body

• Chronic air pollution = chronic stressor

Mechanisms
Circulation

↑ GC

GC

Brain

Lungs & 
peripheral 
tissues

Pollutants

↑ ACTH

Ozone

Particles

GR

Gene 
expression

Neurotrophic factors
Inflammatory signaling
Apoptotic factors
Metabolism

↑Oxidative Stress

Impaired neurogenesis
Neurotoxicity
Glial  reactivity
Inflammation

Cognitive decline
Dementia
Depression

Metabolic dysfunction
Inflammation
Endothelial dysfunction
Insulin resistance

Cardiovascular disease
Metabolic syndrome
Type 2 diabetes
Reproductive and 
developmental disorders

GC

↑Oxidative Stress

GR



Rose and Thomson, Toxicology, 2025

An ex vivo model of pollutant effects on the brain

Now translated to human participants to study effects of diesel exhaust on the brain



• Tools to assess PM, gases, mixtures

EXPOSURE

• Multiple biological endpoints

TOXICITY DATA REDUCTION AND INTEGRATION

• Relate potency to constituents

Viability

Metabolic activity

Oxidative stress

Inflammatory response

mRNA response

Screening for toxicity determinants 



Gases Particles Gases Particles

• Relatively high-throughput

• Less technically challenging

• Uncertain dosimetry, especially for 
nano/UFP

• Potential modification of the test agent in 
the media

• Physiologically-relevant exposures

• Exposure to the actual atmospheres to 
which people are exposed

• Dose: we measure what the cells “see”

• More human-relevant data in support of 
regulatory needs

In vitro exposure methods



Disentangling cumulative effects on 
health of near-road exposures

• Air pollutants
• Noise
• Individual characteristics
• Contextual factors

• Traffic
• Ambient

Materials procurement and fleet characterisation (TC)
Emission generation, collection, characterisation (HC, 
ECCC)

Panel study (UBC)

Collection and characterisation (HC, ECCC)

Population studies (HC, ISGlobal)

Inhalation toxicology (HC)

• Brake wear
• Tire wear
• Diesel
• Ozone

Specific 
pollutant

Complex pollutant mix

Broader exposure 
context



Exposures to freshly-
generated brake wear



• Industrial sites
• Traffic
• Residential
• Subway
• Brake wear
• Tire wear
• Microplastics
• Wildfire smoke
• …

Assessment across 
multiple biological 

targets

Relate toxicity to 
physicochemical 
characteristics

Sources and emissions Toxicological database Potency benchmarks

Data to support 
hazard identification, 
risk assessment, and 

risk management



Team
Inhalation Toxicology Laboratory
Dalibor Breznan
Kevin Curtin
Alain Filiatreault
Marjolaine Godbout-Cheliak
Josée Guénette
Andres Henriquez
Miranda Jordens
Shinjini Pilon
Jith Thomas
Renaud Vincent
Djordje Vladisavljevic

Environmental Health Science 
and Research Bureau
Ella Atlas
Rick Burnett
Harun Kalayci
Prem Kumarathasan
Brittany Halverson-Duncan
Mietek Szyskowicz
Mike Wade
Mike Walker
Andrew Williams

Water and Air Quality 
Bureau

Gary Mallach
Keith Van Ryswyk

Environment and Climate 
Change Canada

Jeff Brook (now UofT)
Valbona Celo
Eva Dabek-Zlotorzynska
Elisabeth Galarneau
Debbie Rosenblatt
Jonah Veenendaal

Statistics Canada
Tanya Christidis
Lauren Pinault
Mike Tjepkema

University of British Columbia
Chris Carlsten
Chris Rider

University of Ottawa
Steffany Bennett
Ian Colman

McMaster University
Alison Holloway

University of New Brunswick
Dan Crouse (now HEI)

University of Toronto
Greg Evans
Nicole Trieu

ISGlobal (Barcelona)
Mònica Guxens
Yuchan Mou

Students
Cheuk Kei Yeung
Chanele Polenz
Kunal Patel
Sidonie Ward
Caroline Illman
Michael MacLeod
Milaan Thirukumaran
Nivetha Srikanthan
Joel Bennoit
Avril Metcalfe-Roach
Nathan Bullen
Mercedes Rose
Tristan Woo
Marie-Claire Wasson
Linda Chan
Arunemathi Shanmugam
Thushani Chandrakumar
Julia Loftus
Ipshita Tomar
Fady Ghattas
Tara Ferguson
Michelle Miller
Sathana Sivasegaran
Jaya Kapur
Vanessa Cen
Katie MacDonald

Funding
Clean Air Regulatory Agenda
Addressing Air Pollution Horizontal Initiative
Air Quality Program


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Hypothalamic-pituitary-adrenal (stress) axis
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Mechanisms
	An ex vivo model of pollutant effects on the brain
	Screening for toxicity determinants 
	Slide Number 22
	Slide Number 23
	Exposures to freshly-generated brake wear
	Slide Number 25
	Slide Number 26

