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Air pollution
—tress Can Make You Sick. Take

Steps to Reduce lt.
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Deaths by risk factor, World, 2021 Bol oo B,

The estimated annual number of deaths attributed to each risk factor’. Estimates come with wide uncertainties,
especially for countries with poor vital registration®.

High blood pressure | 10.9 million
Air pollution (outdoor & indoor) I 3.08 million Health Impacts of Air Pollution

Smoking I 6.18 million .
High blood sugar I 5.29 million in Canada
Outdoor particulate matter pollution I 4.72 million Estimates of premature deaths and
Obesity INIINENEGNN 3.71 million nonfatal outcomes
High cholesterol I 3.65 million
2021 Report

Indoor air pollution I 3.11 million
Diet high in sodium NN 1.86 million
Alcohol use [N 1.81 million
Diet low in fruits I 1.68 million
Diet low in whole grains I 1.55 million
Low birthweight I 1.54 million
Secondhand smoke I 1.29 million
Unsafe sex Il 901,000
Diet low in vegetables Il 861,000
Unsafe water source [l 802,000
Diet low in nuts and seeds Il 658,000
Low physical activity [l 658,000
Unsafe sanitation Il 595,000
Child wasting Il 494,000 Canada
Drug use Il 463,000
Low bone mineral density [l 460,000
No access to handwashing facility Il 446,000
Child stunting Il 311,000

| ‘ Estimates for Canada:
Data source: IHME, Global Burden of Disease (2024) OurWorldinData.org/causes-of-death | CC BY
Note: Risk factors® are not mutually exclusive. The sum of deaths attributed to each risk factor can exceed the total number of deaths. ° Ove r 1 5, OOO p remature d eath S/yea r
1. Risk factor A risk factor is a condition or behavior that increases the likelihood of developing a given disease or injury, or an outcome such as * 2 ° 7 m i ll'i O n a Sth m a Sym pto m d ays a n d 35 m i l'l'io n
et acute respiratory symptom days per year
 Economic costs of health burden estimated at
$120 billion (2016)
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Air pollution health effects

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

Lungs
9 Reduced lung function, asthma, COPD, lung cancer

Heart Heart disease, changes to heart rhythm,
atherosclerosis

Metabolism

Metabolic dysfunction, obesity, diabetes

Fertility, low birth weight, developmental

Reproduction & programming
development




Near-road exposures

Estlmates of neighbourhood
NO2 concentrations in
Toronto, ON

LEGEND

[ Toronto Census Tracts
NO2 Model (ppm)
¥ 0.000 - 0.018
7 0.018-0.033
0.033 - 0.048
0.048 - 0.052
Il 0.052 - 0.054 (EPA: 0.053)
W 0.054-0.075 -
M 0.075-0.106

Buzelli and Jerrett, Can J Reg Sci 30: 195-210 (2007)
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

N Engl ] Med 2007;357:2348-58.

Respiratory Effects of Exposure to Diesel
Traffic in Persons with Asthma

James McCreanor, M.R.C.P., Paul Cullinan, M.D., Mark J. Nieuwenhuijsen, Ph.D.,
James Stewart-Evans, M.Sc., Eleni Malliarou, M.Sc., Lars Jarup, Ph.D.,
Robert Harrington, M.S., Magnus Svartengren, M.D., In-Kyu Han, M.P.H.,
Pamela Ohman-Strickland, Ph.D., Kian Fan Chung, M.D.,
and Junfeng Zhang, Ph.D.

Living near major roads and the incidence of dementia,
Parkinson’s disease, and multiple sclerosis: v e
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Hong Chen, Jeffrey C Kwong, Ray Copes, Karen Tu, Paul ] Villeneuve, Aaron van Donkelaar, Perry Hystad, Randall V Martin, Brian | Murray,
Barry Jessiman, Andrew S Wilton, Alexander Kopp, Richard T Burnett
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Mapping pollutant
effects on the body

Surprise # 1:
Every tissue was
affected
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Thomson et al., Toxicol Sci 135: 169-181 (2013)



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
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Hypothalamic-pituitary-adrenal (stress) axis

Glucocorticoids:
« anti-inflammatory (acutely)
» metabolic effects

O,/ Hypothalamus® Stressors

* oxidative stress
* Immunosuppressive

CRF

Anterior

pituitary * hypertension

 impaired cognitive ability

B-endorphin » depression

Endogenous
opioids ACTH
() _ Chronic activation and

o pro : dysfunction is implicated in
uman, = .

rr_i;ﬂmnmi Fllgi Cortisol® 3 Glucocorticoids E many disease states.

OUSE, Tal | Corticosterone <

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



u

Stress hormones drive systemic effects of pollutants

Metabolic
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Thomson et al. Toxicol Sci 152: 17-28 (2016)
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Air pollution effects reproduced with a shot of stress hormone
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What about effects in the brain?

0.8 -

o SGK
s 0.7 * Midbrain
>
S 0.6 - -
g 0.5 Fr[:ntallnaﬁg}ﬂS =t
%b 0.4 - Cerebellum
S Olfactory bulb
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=
L
z 027 r=0.96
=
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0 | | | |
0.6 0.8 1 12

Ozone-exposed group (log2(FC))

Thomson et al., Environ Res 178 (2019)
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Coherence of evidence

Toxicology studies , _
Panel & Population studies

(< N N N € N € N
. Stress axis Tissue-level w” :
Diesel exhaust Morbidity Mortality
response changes
L\ J X ) \ J X J X J

—

Does exposure to diesel exhaust increase stress hormone levels?
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Panel study on acute effects of diesel exhaust

5
Bypass to 18 '/\‘ —~ .
8\ 6 Exhaust to
AirBlender 12 10 7 GCompressed| | Atmosphere
14w L\ o | wAr,
P < [s ~ X
Qi | 11

DILUTION ELEMENTS

Engine O
16 -

C—3 FA Line
= PM-rich Line
<+ Flow Direction

® Valve

Exposure Chamber

| el

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

Birger et al., Inhal Tox 23:4 (2011)

1 Exhaust line from engine

2 Main engine exhaust line

3 2" insulated transfer line

4 | 1/2" insulated transfer line

5 | Primary PM bypass line

6 | 1/4” Eductor Inlet

7 Compressed air line (eductor)
8 Stage 1 diluted exhaust line
9 Compressed air line (mixing)
10 | Stage 1a diluted exhaust line
11 | Secondary bypass line

12 | Stage 1 diluted exhaust

13 | Filtered air line from in-line fan
14 | Stage 2 dilution

15 | Bypass filter

16 | Exposure chamber

17 | Exhaust line to fan

18 | Main APEL 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 pug/m3 of PM, .

Minimum 2 week washout period between
exposures

Measures: Cortisol measured before and after
each 2 h exposure
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Cortisol response to diesel exhaust

Start

End

160

140

120

100

80

Cortisol (ng/mL)

60+

40+

201

p=0.04

1]

p=0.06

C_1FAP
1 DEP
BN DEN

-18

Exposure x Time interaction, p<0.0001

2
Time (h)

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

N-acetylcysteine tended to reduce the effect

Effects were transient

Thomson et al. EHP (2021)
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Stronger effects in individuals with
doctor-diagnosed asthma... ... and with risk variants in
antioxidant genes

35 Similar effects in
3.0 females and males
;_‘\:1\2.5 l
s 20 || Individual differences in our health and genetic
: s || makeup contribute to sensitivity to pollutants
0.5
Stress 0.0
, °9 §I755 13:% 9888 ZoZst
responser 2 88 3z3: 2222 850
°©g %2 93g: ZRER 93909
T = T o 209 = s = z mEOZ
v =z § O

Answer: It depends...

Thomson et al. EHP (2021)
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Neurotrophic factors
Gene Inflammatory signaling
expression Apoptotic factors
Metabolism

Impaired neurogenesis
Neurotoxicity

Glial reactivity
Inflammation

Mechanisms

Cognitive decline
Dementia
Depression

|Circulation

Direct and indirect pollutant effects

M Oxidative Stress

2

Oxidative stress, inflammation:
important for disease processes

Pollutants

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

Air pollution, like stress, affects the
whole body

/M Oxidative Stress

Cardiovascular disease
Metabolic syndrome

t Type 2 diabetes
Reproductive and
developmental disorders

Metabolic dysfunction
Inflammation N
Endothelial dysfunction
Insulin resistance

Lungs &
peripheral
tissues

Chronic air pollution = chronic stressor

Thomson, J Alzheimer’s Dis (2019)



An ex vivo model of pollutant effects on the brain

ozone
inhalation

effects on peripheral systems

changesin
circulating
e factors

ex vivo model

plasma g

collection

~brain cell
57 cultures

v

brain tissue

transcriptional

responses

ex vivo model

Ex vivo :&L

Rose and Thomson, Toxicology, 2025

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

EXPOSURE TOXICITY DATA REDUCTION AND INTEGRATION

@ Viability

123 45 6°7 8 91011129

: :_:\_/' A @ Metabolic activity £ 200
': - 5 1] C . c) 150
L} i i [ C
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F |

; ‘ Inflammatory response =

*
*
100 *
| A=A
0 | ....’..-
HB MA MC SR SW

WO pg/cm? W30 pg/cm? @100 pg/cm? M300 pg/cm?

‘ MRNA response

Tools to assess PM, gases, mixtures * Multiple biological endpoints * Relate potency to constituents
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In vitro exposure methods

Gases Particles
.;:‘.& 0%0®
Conventional

Relatively high-throughput
Less technically challenging

Uncertain dosimetry, especially for
nano/UFP

Potential modification of the test agent in
the media

Gases Particles
B

ALI culture

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



Broader exposure

context
* Airpollutants
* Noise

* |ndividual characteristics
e (Contextual factors

Complex pollutant mix

 Traffic
Ambient

Specific
pollutant
 Brake wear
 Tire wear
Diesel
Ozone

Disentangling cumulative effects on
health of near-road exposures

Population studies (HC, ISGlobal)

Collection and characterisation (HC, ECCC)
Inhalation toxicology (HC)

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

Panel study (UBC)



Exposures to freshly-
generated brake wear

[ g e S

10555 11555 12555 13555 14555 15555
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Sources and emissions Toxicological database Potency benchmarks

* |ndustrial sites

* Traffic

* Residential

. Subway Assessment across Relate toxicity to Data.to Su.p.por.t

e Brake wear multiple biological physicochemical h?zard identification,
targets characteristics risk assessment, and

e Tire wear
* Microplastics
e Wildfire smoke

risk management
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