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| ntroduction

o Particulate air pollution is an issue of global health
Importance (outdoor and Indoor environments,
undevel oped and devel oped regions)

 Epidemiology: Increased particulate levels are
associated with iIncreased human cardiorespiratory
morbidity and mortality

o Specifically, particulate air pollution has been
associated with negative health effects pertaining to
respiratory disease, including asthma



| ntroduction

« Ambient air pollution Is a combination of particles and
gases

o Particles:
— Inflammation: mechanical presence or chemical composition
— Epithelia cells, macrophages, neutrophils
— Carbon (C); main constituent of many ambient particles

— Ammonium-nitrate (AN); high in coastal or urban areas
e (Gases:

— Inflammation: oxidation
— Ozone (O5); major ambient gaseous toxin



| ntroduction

e Individuals with asthma could be particularly susceptible
to the respiratory health effects of particulate air pollution,
due to the arway Iinflammation and hyper-reactivity
components of the disease

e Currently the mechanisms controlling particle-induced
arway Iinflammation In asthma are incompletely
understood



Hypothesis

This project was designed to test the hypothesis that:

Airway Inflammation would be Increased, and
spirometric pulmonary function would be decreased as a
function of a single particle exposure, and to a larger
degree, as a function of a combined particle and ozone
exposure and a serial particle exposure, compared to
filter air exposure



Design
» Two controlled human exposure experiments
» Single-blind, repeated-measures, counter-balanced
» Subjects:
» Asthma (meth. PC,, <10 mg ml); allergic
e Experiment One: N = 15; 9 females 6 males; Age =
36.8 £ 9.6 yr
« Experiment Two: N = 10; 6 females 4 males; Age =
38.7 = 10.2 yr
« Medications controlled; asthma, allergy, anti-
Inflammatory



EXposur e System
e Exposure Chamber (Airflow = 300 cfm)
e Particles:
» Suspension of C and AN
» Series of five air-based nebulisers
o Particles; 95% < 1.0 nmm; MMAD = 0.61 nm;
e C =91.6% mass; AN = 8.6% mass
e Ozone:
e Oxygen (10%) argon mix
« Corona discharge ozone generator



Design: Experiment One
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Design: Experiment Two
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Bronchoscopy

Oropharynx
Epiglottis

Esophagus
Trachea

Right : q g
bronchus il A Left
- - bronchus

Right T Ly Left
lung il g lung

i [
Lavage (Bfx amd BAL): Cells and proteins
Brushes. Epithelial cells
Biopsy: In vitro allergen exposure



L eukocvytes (Differential

@] ExposureCodtion

FA = PO

Bfx BAL Bfx BAL Bfx BAL
Maorooheges(%0)
Median ps5h p4® 916 %1 728"¢  g3"
5 TFrae 04-9B5 892-%60 8&9-%4 S40-%B8 666-7B8  774-%60
Neutraphils (%)
Median 45" 37 395 29 1728 B4
5 TFrate 25-54  15-53  24-56  12-52 107-238 19-94
Lymphooytes ()
Medan 274 28 198 41 7778 45
5 13/orae 00-36 03-55 00-59 00-86 03-89 03-84
Eosnophils(%0)
Medan 03 00” 06 06 17 134
5 TFrae 00-03 00-03 03-24 03-19 06-38 03-23
Enithdid Cdls(%6)
Medan 168 48 105 48 103 0]
25 TFrate 03-268 18-90 90-29 25-128 70-175 20-55




Protan

RaEn Expoare Codiion

FA P FO

Bfx BAL Bfx BAL Bfx BAL
Taid Pratgn (hgm)
Medan & 1588 B_C 174 216AC 1798
513 /orae 46- 160 125- 169 0-188 15-174 114-319 138-240
IL-8 (pg )
Median 242 81 B4 137 243 189
513/ orae 84-448 53-168 22-893 101-277 160-472 55-303
GMCT-(gr)
Medan 07 41 06" 33 16" 37
513/orae 04-11 37-45 02-09 29-41 15-18 13-69
CRP(hgm)
Medan 010028 50100053 0100% 50100063 010058 50100053
513 /orae 0001-0003 0001-0003 0004-0006




Gene Expression

Gae Expoare Codtion

FA = FO

Bx BAL EBHi Bx BAL H Bix BAL Hi
IL-1p
Memn 71 57 72 57 69 60
+F 03 08 07 07 07 10
IL6
Men 126 104 112 108 119 105
+F 03 06 08 01 05 05
IL-8
Men 89" 08 93 96® 77 85 75°B 83 86
+F 03 15 03 05 07 10 05 08 11
IL-10
Memn 158" 155 153 160° 141 145 144"B 140 151
+F 04 14 05 04 02 05 04 10 02
HIN-1
Memn 177 109 54 164 83 50 181 105 59
+F 20 23 28 12 06 25 25 13 27




Spirometric Pulmonary Function

BExposreCondition

FA P 20)

RebBp RetbBp Re-18 PebBp PdBp  Rod18 FebBp PdBEp  PRod18
FVC()
Meden 350 346" 356° 34 3¢ 350° 361F 3BACF  323BDEF
SFprage 2B-3B 29-391 2H-3%6 2B-3R  2PV-401 290-38% 3R-38 277-376 286-378
FEV. ()
Medan 260 263" 2678 264 253 257¢ 256° 231AP 2578¢
S3rage 220-315 207-316 210-312 206-314 211-312 2R-312 20-310 190-2% 191-333
P (9
Meden 223 2318 223 204 lec 197 228 1615 187

SPprange  19H-297/ 148-3283 15/-36 15/-310 1A-29 161-294 152-287/ 146-2R2 13H6-2/5




Method: Tissue

Allows simultaneous investigation of allergy effects

IN-vivo response
— No culture

In-vitro allergen exposure
— 24 hr exposure
— Allergen; subject specific
— No alergen (Neg. control)
—  PMA (Pos. control; internal)

Quantitative Real-Time RT-PCR
— Twelve cytokines involved in inflammation



Tissue IL-12 mMRNA
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Tissue: IL-15 mRNA
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Tissue: IL-10 mRNA
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Design: Experiment Two

FA

Filtered-Air
Bronch.

P

Cc+ AN
[288 ng 1]

abr | 1800 |

C+AN C+AN
[274 ng m¥] # /_ [255 ng ]

4 hr |20hr| ane loonel ane | 18n0r |




L eukocvytes (Differential

Cdl Exposure Condition

FA P P3

Bfx BAL Bfx BAL Bfx BAL
Maorgoheges (%)
Medan %2 R.6 916 89.0 %.3 30
25-TP0range R25-%1 892-975 864-%4 T794-HB8 9N.7-971 839-978
Neutraphils (%)
Medan 2.6 36 39 2.6 2.7 24
25-1Forange 22-45 15-45 24-53 12-52 10-58 08-4.7
Lymphocytes (%)
Median 11° 28 19° 41 00" 03
25-TP0range 00-36 03-55 03-59 00-86 00-04 00-08
Eoanophils (%)
Medan 00 0.0 06 06 1.0 11
25-T5%0range 00-03 00-03 00-10 04-13 00-21 08-14
Epithdid Cdls(%0)
Medan 9.8 38 17.3 55 12.3 75
25- TP range 85-23 18-53 98-275 43-153 103-275 38-88




Protan

Paan Expoare Condition

FA P P

Bfx BAL Bfx BAL Bfx BAL
Taod Raen (ng )
Medan 106 158 113 174 111 156
5 Forage 61- 160 125- 169 30-188 115-231 63-133 133-177
IL-8 (pgm)
Medan RS 6.6 b4 28 125 90
5 1Foraxe 84-448 52-239 22-803 90-284 69-323 65-123
GVICS-(pgm)
Medan 09 42 0.7 35 06 32
5 Foraxe 05-11 38-45 06-09 32-41 04-24 30-39
CRP(ngmi)
Medan 0[007 <0000H 0007 <0000H 0[007 <0000%H
5 Forage 0001-004 0001- 00083 (010018401005}




Spirometric Pulmonary Function

Exposure Condition

P3Exp-1 P3Exp-2 P3Exp-3

Pre-EXp Pog-Exp PreEXp Pog-Exp PreEXp Pog-Exp Pog-18
FVC ()
Median 378 384 38 381 386 379 374
5 7%rage 306-386 303-386 311-405 308-403 323-396 316-395 284-403
FEV. (1)
Median 263 273 267 20 273" 261° 257ABC
5 TPhrage  219-297 209-294 220-329 216-321 223-302 228-297 211-288
FEFs (19
Median 177 167 2397 1918 187 174 16348

BTPorage  158-298 148-277 196-294 168-298 155-265 168-246 148-238




Discussion

e The results of this project indicate that in individuals
with asthma, both single and serial exposures to carbon
and ammonium nitrate particles results in:

e Decreases in spirometric pulmonary function

« No changes in inflammatory cells (neutrophils,

macrophages)

* No changes in cytokine protein or gene expression

e The absence of particle-induced inflammation could be
due to the chemical composition of the particles (metals,
acids)



Discussion

« Combined exposure to particles and ozone resulted In:

ncreases in several inflammatory associated cells
ncreases in protein and gene expression

Decreases In spirometric pulmonary function

e It Is expected that for the combined exposure these
changes are due, at least primarily, to the ozone
component of the exposure



Future Directions

Healthy subjects

Other susceptible individuals

Particle chemical composition (metals, acids)
Ozone-only exposures
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