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Early evidence for PM2.5 related
health effects-1997

« PM Centers derived from uncertainties associated
with PM2.5 standard that arose from mechanism,
susceptibility, characterization of PM, statistical
Issues, epi uncertainties, and important components

» Purpose of this talk is to update you on the
advances in science from Southern California which
will strengthen arguments for standards and policy
innovation but also raise unresolved questions

* | will focus on the recent scientific findings and we
can discuss policy implications during question
period.




PM , ; impact-increase in relative risk in mortality
(recent review by Pope and Dockery, 2006

For every Increase of 10ug/m3

Short-term exposure and mortality:

0.4% to 1.5% increase in ris
Long-term exposure and mortality:

6% to 17% increase in risk
Cardiovascular mortality:
Short term exposure 0.6% to 1.8% increase in risk

1) There’s been progress evaluating PM effects for different time-
scales of exposure and 2) in the exploration of the shape of the
concentration-response function.

3)There is emerging evidence of PM-related cardiovascular health
effects and 4) a growing knowledge of mechanistic pathways

2008 California Air Resources Board Analysis-New
estimates of PM2.5 premature mortality relative ris  k

Summary of Proposed Revisions

Current Proposed
Increased Risk - o
per 10 ng/m?3 2 o
R f 7 t
Lowest level of effect 12 pg/m3 ange o o}
2.5 ug/m3

Air quality data Year 1999/2000 Year 2004-2006

Annual premature deaths
(ambient PM) 8,200 14,000 to 24,000

Benefit of attaining federal

Standard (15 Hg/ms) _ 5,500
Benefit of attaining State

Standard (12 pg/m3) _ 9,300
Primary diesel PM

premature deaths in 2000 2,200 3,900




Summary: Health effects
associated with PM exposure

Effects on CNS and autonomic nervous
system

Low birth weight/preterm babies

Increase in asthma and other respiratory
disease in children and adults

Decrease in lung development and
function in children

Atherosclerosis exacerbation in adults

Characteristics of the Los Angeles Basin
Airshed

Most polluted airshed in the nation, with complex,
persistent, unique PM

12,000 square miles, population projected at 19
million in 2020, vehicle numbers continue to
increase

Unique, well studied climatology and weather
patterns

Motor vehicles and associated road dusts

» 300,000 diesel trucks
» Nation’s largest marine port complex
* 10,000+ factories




Imports from Asia into California
Ports are Skyrocketing

Inside the containers:

Electronics
Toys
Furniture
Textiles
Clothing
Vehicles

U.S. Port Growth
Predictions

* Most U.S. ports will grow — Asian imports

» Los Angeles and Long Beach port complex
— largestin U.S.
— by 2020 2X — 3X as much
throughput expected




The California Air Resources Board
2006

» “Air pollution from international trade and goods
movement is a major public health concern at the
statewide, regional and community level.”

» “Adverse health impacts from the pollutants
associated with goods movement include but are
not limited to

— premature death, cancer risk, respiratory illnesses ,
and increased risk of heart disease....

— Adverse birth outcomes, effects on the immune
system, multiple respiratory effects, and neurotoxi city
are additional potential health effects.”

California Air Resources Board, Emission Reduction Plan, December 2005

Southern California Particle Center:
Overall Research Theme

Determine the physical and chemical properties of P M
emitted from different PM sources, including
secondary formation across LA Basin;

Evaluate how exposure to PM and the toxicity of PM from
these sources vary with respect to location, season ,
and particle size, and chemical components

Linkage of airborne concentrations, particle and va por
characteristics with toxicological assays

Develop roadmap from initial chemical interaction t o]
health effects as outcomes-multidisciplinary studie S




How small are these particles?
coarse: 2.5-10 um
fine: <2.5
ultrafine: <0.1
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Table 1. Particle number and particle surface
area for 10 pug/m?3 airborne particles (5).

Particle . Particle

. Particles/ml
diameter of air surface area
(um) (um2/ml of air)
2 2 30
0.5 153 120
0.02 2,390,000 3000

Nel et al., Science, 2006
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Figure 4. C omparison of decay of particle number concentrations
in summer and winter in the size

range of (2) 6-13 nm, (b) 12225 om,
(e) 25-50 nom, (<) 50-100 nm, and¢e) 100-200 nm near the 405 freew ay.

Zhu et al., 2002

Tunnel studies: PM mass decreases; particle
number increases over time

Bore 1 (Mixed
HDV,LDV

PM10 (ug/m3)
PM2.5 (ug/m3)
PN (particles/cm3)

Bore 2 (LDV only)
PM10 (ug/m3)
PM2.5 (ug/m3)
PN (particles/cm3)

Kirchstetter
Study (1997)

130.0
115.7
340,000

40.0
40.9
185,000

PM
Center
(2004)

37.2
36.7
550,000

19.4
15.3
450,000
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What is the effect of ultrafine particles
on atherosclerosis?

Hypothesis: PM synergizes with known
proatherogenic stimuli and mediators in their
ability to elicit oxidative stress and promote
atherosclerosis.

Most of the proatherogenic potential resides in
the ultrafine particles fraction, highly enriched
in redox cycling or electrophilic PM chemicals

Araujo et al, 2008
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Experimental Design: apoE 7 on chow
diet

@-Week-old male

Chow Exposures: 5 hours/session
3x/week for5 weeks

Non-exposed Filtered air PM, 5 PMg .,
(NE) (FA) (FP) (UFP)

* Aortic atherosclerosis assessment
* Lipid profile, plasma hydroperoxides, tissue gex@ression

PM Composition

Simultaneous with this
characterization-DTT assay for
ROS, DHBA for hydroxyl radical
Unknown and GAPDH for electrophilic

Organic Carbon 5% Metals chemistry, heme-oxygenase
e 25%

PM, . Composition

Elemental PM, , Composition
Carbon Ni '
a0t itrates
Sulfates 23%
19% Unknown Metals
9% 17%

Nitrates
9%

Sulfates
3%
Organic Carbon Elemental Carbon
52% 10%
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Aortic atherosclerotic
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Summary

PM, ;-exposed mice develop greater
atherosclerotic lesions than all other
mice (NE, FA, FP)

The ultrafine particles fraction
concentrates the air pollution-related
proatherogenic effects.

Childrens’ Health Study: Abnormally Low Lung
Function is More Likely in a High PM Community

Children aged 10 followed 8 years
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Gauderman et al [USC], NEJM, 2004

Results: More asthma within 150 m of major roads

Children aged 5-7-lifetime asthma, prevalent asthma, and wheeze
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McConnell, et. al. AJRCCM 2005;2:A522
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Gauderman, 2007
testimony

Gauderman, 2007
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Inflammatory mediators in the brain

Speculations that non-familial neurodegenerative
diseases are related to exposures to environmental
toxins

Labeled ultrafine particles are translocated to the lung
and to specific regions of the brain, where they

stimulate brains cells to produce pro-inflammatory
markers

Brains of mice exposed to PM have increased markers
of inflammation.

Effects are seen 2 weeks after the last PM exposure

Recently confirmed by
other studies

ng 13C/g organ
per mg/m?3
=
[9)]

g Lung
2 10
r%) c
- 30,5 Olfactory
Bo
0 Cerebrum
0510 24 05 10 24 0070 1 2 3 4 5 6 7
Hours after Exposure Days after Exposure
Brain Inflammation Markers
Tissue from Mice Exposed at BH2 2002
Control UF F+UF
TNFa (ng/mL) 2.0+0.1 2.2+0.1 2.5+0.2
IL-1a (ng/mL) 1.6+0.2 2.7+0.3 2.0£0.4°
NFB (units x 10°) 8.5+4.4 11.0+1.6° 10.7+3.0°
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Mechanistic Hypotheses for Studying PM Toxicity

- Air pollutant toxicity is based on chemical
reactivity-ROS or covalent bonds

PM contains pro-oxidative chemicals

- Organic chemicals and metals located on the
PM matrix are responsible for toxicity

PM generates ROS and electrophilic
chemistry  oxidative stress including impact
on cell signaling pathways

- Oxidative stress Pro-inflammatory effects

Mechanistic Hypotheses for Studying PM Toxicity

Inflammation affects pathophysiology of
asthma, cardiovascular disease and other
endpoints

Failure in antioxidant defense plays a role in
susceptibility to PM-induced adverse health
impact

- Susceptibility: Genetic factors play an
important role in toxicity; key area for study

Irreversible chemical reactions result in
chronic toxicity as a result of steady state
exposure and dependent on resynthesis of
protein and effects will be cumulative
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Key oxygenated model organics on PM and vapor
phase: Quinones as surrogates of reactive
components of PM

» Capable of electron transfer from antioxidants
such as dithiotheritol (DTT) and ascorbate to
oxygen to generate superoxide and hydrogen
peroxide.

e Also

» Quinones and other reactive carbonyls are
capable of forming irreversible covalent bonds
and inhibiting key enzymes that result in
inflammatory processes and downstream
disease, asthma and CHD
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Fundamental Assays developed and used

Assays:

1.

DTT: Redox activity of organic and metals, based
on consumption of DTT through electron transfer
catalyzed by sample.

DHBA: Redox activity of metals; based on capacity
to catalyze formation of hydroxyl radical. Salicylic
acid is oxidized to dihydroxy benzoic acid (DHBA)

GAPDH: Electrophile content, based on ability to
inactivate glyceraldehyde-3-phosphate
dehydrogenase by covalent attachment to thiol
function of enzyme.

PTP1B: A protein tyrosine phosphatase associated
with the regulation of the epidermal growth factor
receptor.

Redox activity/my
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Results....DTT activity

Sample Particle fraction Volatile fraction Ratio
(Vapor/particle)
(nmoles DTT/min/m 3) | (nmoles DTT/min/m 3)

RIV041607 No data” 0.155
RIV042507 0.514 0.160 0.59
RIV102507 1.239 0.159 0.13
RIV111307 0.683 0.147 0.21
RIV112607 0.565 0.106 0.19

Particulate fraction activity based on an aqueaspansion (both organic and inorganic).
Volatile fraction based on DCM extract (only thgg@nic components)

 Particle fraction is more active than volatile fradion

*These assays may be used to characterize any and al

sources of air pollution on a quatitative basis. Esential to
understand mechanism and potency of PM and vapors.

Results.....GAPDH activity

Sample Particle fraction Volatile fraction Ratio
(Vapor/particle)
NEM equivalents/m 3 | NEM equivalents/m 3

RIV041607 No data” 1.355

RIV042507 0.112 1.406 12
RIV102507 0.358 4.441 12
RIV111307 0.151 2.677 18
RIV112607 0.086 1.363 16

Particulate fraction activity based on an aqueaspension (both organic and inorganic).
Volatile fraction based on DCM extract (only thg@nic components)

« Significant electrophilic activity on volatile fraction

 Vapor-phase ~15 times more active; found potency
over 200 times that of particles
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Polycyclic aromatic hydrocarbons in the LA
Basin

Eiguren-Fernandez et al., 2004

Summary and conclusionsPhysical and
chemical properties

Particles show higher redox activity than vapor-phae as
measured by ROS formation

Volatile fraction shows higher capacity for irreversible
covalent bonding than particle-phase

Oxygenated compounds on patrticles, e.g., Quinonesd
guinone-like compounds are important contributors D toxicity

The observed redox activity in particles may leadd responses,
and the irreversible inhibition of proteins by oxygenated organics
may result in cumulative events leading to chronitealth effects.
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Outline

» Effects on the EGFR system

— Interaction with PTP1B, a thiol enzyme and a
negative regulator of the EGFR.

— Interaction with A431 (human epidermal
carcinoma) cells.
» Effects on the Nrf2/EpRE system

— Interaction with keap1l, a thiol protein and
negative regulator of Nrf2.

— Interaction with Raw 264.7 (macrophage)
cells.

Epidermal growth factor receptor (EGFR) and
protein tyrosine phosphatases (PTPs)

* EGFR activation through phosphorylation
associated
— Goblet cell metaplasia in lungs, with

mucous secretion. Lung “remodeling”
changes associated with asthma

* PTPs are thiolate enzymes, with an
nucleophilic thiolate that reacts with
electrophiles such as 1,2-naphthoquinone

* PTPs inactivate EGFR by dephosphorylation
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Epidermal growth factor receptor (EGFR) and protein
tyrosine phosphatases (PTPs)

Summary: Cellular effects of vapor-
phase samples

» The vapor-phase constituents exhibited both redox
and electrophilic properties.

 Electrophilic properties were demonstrated by
covalent bond formation with PTP1B and keap-1.

* The vapor-phase components did not activate the
EGFR, but increased levels of Phos-ERK1/2 in
A431 cells.

» The constituents of the vapor phase caused both
proliferative and protective cellular effects
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Effect of reductive acetylation of vapor-phase

components
RIV-102507-XAD Control Reductive
acetyraton
DTT activity 0.159 0.00
nmoles/min/m ° nmoles/min/m °
RIV-102507-XAD Control Reductive
acetylation
EC;, GAPDH 0.168 m3 158 m3
mhibhiticon

* Total loss of redox activity
» Significant reduction on GAPDH inhibition

* Quinones and quinone-like compounds contribute to
vapor-phase toxicity




