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Particulate matter and neurogenic inflammation ...
oxidative stress-mediated toxicity

Bellina Veronesi
U5, Environmental Protection Agency
.\'é:t.:'rcnfoxic:u|ogy Division
Research Triangle Park, NC

veronesi.bellina@epa.gov

Target
Tissue

“Ruber et tumor cum
colore et dolore”

-Cornelius Cesus 35 B.C.

The Inflammatory
Soup
Circa 1986
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Neurogenic Inflammation (NGI)
*What is it?
*Where does it happen?

*Why does it happen?
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Cqal Fly Ash Diesel® "t 7 it STHeled
Particulate Matter (PM) . _ (T T I, gz
® A major concern of the US EPA ' e st "
® Epidemiologically assoclated with Increased respiratory " p . 3 .‘. o 8 e
symptoms and mortality, world-wide. ..cost burden L. B A A ke S
W Strong susceptible population (e.g. elderly, young, & _ G =4
pre-existing conditions like asthmatics, cardiopalmonary, smokets) Oil Fly Ash stous U W°°‘:9"°f" "
. . ‘ + 4 .
® Mult-source PM (Industtial emission, natutally occarting, . ; »
botanical, ambient) with different pollutants % . : :
" Uniform degree of mortality and morbidity ; . A
. g &
4 « .

Particle size and number
important

wSurface area
*Deposition

*Proximity
*C0,/0; interface
mvenous circulation
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Response of BEAS-2B and antagonist sensitivity
to multi-soutce PM
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In vivo and in vitro steain differences to ROFA Strain differences relates to VR1 receptors
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PM Research Summary 1999-2003 Particulate matter

PM airway inflammation and CNS neurodegenetation

=Non-neural cells have VR1 receptors oxidative stress ..a culpable mechanism

=PM toxicity is neurogenically mediated via VR1

=susceptible populations: genetic component,
VR1 mediated
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Particulate matter and CNS entry

Oberdorster G. and Utell M. (2002)
*UF in the Urban Air: to the Respiratory Tract...and
beyond”

=*CNS another of PM's target

*TiO3, Ag UF found throughout extra-pulmonary
organs

sLilian Calderon-Mexican studies

Particulate matter and CNS entry Pa rtif;'?;iﬁ?gﬂ;gliggi:”fw

*PM-UF can exit fh@gh CO2:02 barriers =small enough (<100 nm) to pass through biological barriers
*PM-UF travels via olfactory route =eq BBB and CO2:02 interface using caveolae

=Dense - enter CNS in significant quantities
=108/cm?.....20% L /day

*Charged ~ canty free radical activity on their sutface

=Above properties - central to PM toxicity

Pulmanary vasculature  Gifactory bulb-translocation = Could inkaled PM deliver Geustain) low levels of oxidative
stress to the CNS?
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“The perfect storm”
P = Oxidative stress and selective neurodegeneration

Caerebral cortex Striatum (Huntington's) Hippocampus

y !

=High energy demands (transmission, conduction)
=Low levels endogenous scavengers

*High lipid content

*Non-teplication of neurons

=Highly reactive cells (microglia)-differentially distributed |s:TL:?:;ks, A

-

Particulate matter
and CNS neurodegeneration

Oxidative stress
P

= ApoE-/- (KO) transgenic
mouse predisposed to OS
=concentrated NYC ambient air
*4-6 months exposure
shistopathology-special stains

Culpable CNS cell (e.g., microglia)
Selective néronal damage

PaN
Neuropathology

PN
PM pollutant
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Oxidative stress and selective neurodegeneration

Cerebral cortex Striatum (Huntington's)  Hippocampus

) T

+ sub-chronic exposure = damage.
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h Arterial occlusion
o ( )

ApoE-/- transgenic mouse Sibtania s

(Parkinson's) Spinal cord

pred lsposed to OS Also ALS, Picks, variants

DA metabolism produces free radicals Block etal., 7he FASEB Journal 18(13):1618-20 (2004).

Diesel produces ROS Diesel is neurotoxic
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. 11618- . Microglia-The NS =Oxidattve Burst
Block et al., The FASEB Jownal 18(13):1618-20 (2004) icroglia _ macm?hgge p Bt
Plesel is seleckively neurotoxdc  Microglia are critical _ 3 R
N i ' ROS RNS, INOS, NO
- ¥ o
E M tranacHpion Z: eg. APL
i | Relese of inifGameaatory
B B Chanate Impmuntty-
- - nearotoxic?
i i Gt proftféretion-clusten,
- i scaring
S . N e o = : ~ROS dimage o energy-
——— : e i
* (mes=pasphalic, SN, CAT?
MitochondHal Bioenergetics
MATERIALS AND METHODS e < AT rducton
*CAP;s collected on stte and ranked Chigh, low) NFkB increases . ,
Immortalized mouse CNS microglia (By2) Eg ™
E 10
*Exposed and assayed for immediate, delayed OS changes s n
CYtOkine Mlease & F o § R
Mitochondrial dep olarization
*Exposed and examined with TEM
*Universal (affymettix) mictoarray :
¥
=Bioinformatic E
e & % o =
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Scavenger response to CAPs
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Environmental chemicals
create oxidative stress
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Expgsure to Toxicity Pathway
OS£hemichl(s) of PM-CNS neurodegeneration

Cene, protein Fam”y
AN
Immortalized sing|e ce||’cype
AN
Target culture
AN
Biochemical, morp|’10|og|'ca|, functional changes

Pra sposing Factors O5-disease Normal vs “compromised” animal model

Epidemio|ogy—C| inical outbreaks

Colleagues

NYU-Stetling Forest (LC Chen etal., )
NIEHS-Pharmacology (J. Hong et al., )

Duke University-Neurobiclogy. Schoal of Medicine
(5. Simon, M. Oortgiesen etal,, )






