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Mechanistic basis of immune
response to particulate pollutants
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Figure 1. Conceptual overview of ainway oxidative stress sources and mechanisms in asthma. The figure captures the conceptual framework related to
airway oxidalive mechanisms ADMA = asymmetric GSH = reduced y = oxidized glutathione;
HDAC2 = ; NADPH = nicotinamide NF-kB = nuclear factor KB; Nif2 = nuclear factor (erythroid-
derived 2)like 2; PM2.5 = particulate mater < 2.5 um; SOD = superoxide dismutase.
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Oxidative Stress Mechanisms by which PM,

ETS and Biomass impact IgE production

S S "% . Initial studies show that DEP

associated with IgE production

Experimental evidence

indicates that DEP related ROS

from particles drive isotype

switch towards IgE

+ ROS derives from organic
oxidants derived from
polyaromatic hydrocarbons

+ PAHSs and related agents found
in most particles produced by
low combustion of organic
matter-diesel, tobacco smoke,
biomass fuel use




Innate Immune Responses to
Environmental Agents

Entanced pro-

Source: Jounal of Allrgy and Cliical Immunology 2012; 129:14:24 (DOL10.1016jaci 2011.11.004 )
‘Copyight ® 2012 American Acadermy of Alergy, Astima & Immanology

PM exposure enhances response to inhaled allergens
(diesel exhaust to the left, LPS to the  right)
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Epidemiological evidence of PM
influence in airway disease

Tobacco smoke

Particulate matter
Household air pollution




Coogan, PF et al "Active and Passive Smoking and the Incidence of
Asthma in the Black Women’s Health Study"”, American Journal of
Respiratory and Critical Care Medicine, Vol. 191, No. 2 (2015), pp. 168-176.

[rable 2. Smoking Status and Incidence of Asthma, Black Women's Health Study, 1995-2011

ic Model (Age and
Questionnaire Cycle) Multivariable Model

Smoking Status Cases. Person-Years [HR (35% CIj] [HR (35% CII*

lever active or passive 142 84,071 1.0 1.0
Passive only 677 284,103 1.36 (1.13-1.63) 1.21 (1.00-1.45)
Exposed before age 20 only 225 105,193 126 (1.02-156) 117 (094-1.45)
Exposed at age 20 or older only 180 72,745 1:39 (1:11-1.74) 124 099-156)
fxposed before and after 20 272 106,165 1.43 (1.16-1.75) 1.18 (0.96-1.46)
frormer smoker 423 139,885 1.71(1.41-2.08) 1.36 (1.11-1.67)
[Current smoker 281 85,741 1.72 (1.40-2.11) 1.43 (1.15-1.77)

AmJ Respir Ciit Care Med, 10800
Publshed in: Paticia F. Coogan; Nelsy Castro-Webb Jefrey Yo George T. O'Connor; Julie R. Palmer; Lym Roserberg; Am J Respir Crt Care Med 191, 168-176
DOl 10.1 1080C

Association between Residential Proximity to Fuel-Fired Power

Plants and Hospitalization Rate for Respiratory Diseases
Liu X, Lessner L, and Carpenter DO; Environmental Health Perspectives 120(6), 2012

Table 2. Crude hospital discharge rates for asthma, ARI, and COPD according to age and exposure after
excluding extremes of MHI status.

Hospitaldischarge ate per 100,000 (95% CI)
AR

Exposure. Person-years Asthma CoPD

Age <10 years
Clean 8,661,904 359 (355, 363) 404400, 409)
Fuel only 567,857 381 (365, 397) 214(397, 431)
Waste only 8939610 452 (448, 457) 474(470,479)
Fuel and wasle 3,355,019 509(501,517) 551 (544, 559)

Age> 10 years
Clean 56,609,900 512(510,513) 147 (146, 148) 1222(1,219,1,225)
Fuel only 3,962,094 570563, 578) 154151, 158 1390(1,379,1,407)
Waste only 60539925 599597, 601) 169168, 170} 1401 (1,398, 1,404)
Fuel and wasle 21,653,627 672669, 676) 192(191, 194) 1627 (1.622.1.633)

Table 3. Adjusted RR of hospital discharge for asthma, ARI, and COPD as a function of residence in ZIP coges with

sthm Al P

Ago <10 years Age > 10 yoars Age <10 years Ao 10 yoors Age=10years
Exposure FR(85%C)  pvale  RR[SS%CI pYalve [96% 01 pVae  RR(G%CI  pVale  RR(G%CI pVaue
Clean T00 00 00 T
Fuelonly 101(091,192) 085 1111021200 001 103[093,114) 056 115(105127) 0003 117106129 0002
Westconly  111(103,119) 0005 107(100,1.04) 004 1130105121 0001 109102117 00 116(108,1261  0.0001

fuelandwasie  113(111,128) <0001 108(111,126) <00001  124[115,130) <0001 1210013130 <00001  126(117.137 <0001

Indoor PM exposure in the US and where
biomass is used

a0  US-EPA standard

for ambient air
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Indoor A Poluon and Asthma in Chiien.  Palrick N,
Elizabeth C. Matsu; Arieno M. Butz: Nadia N. Hansel; Meredith C. McCormack; Proc Am
Thorac Soc 2010,7, 102-106.
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Exposure 1o biomass smoke as a cause for aiway
dsease in women and chidren.  Kodguie, Rahu; Salv,
‘Current Opiion in Alergy & Clinical

Immunology. 12(1):82-90, February 2012

Figure 1. Comparison of partculate matter (PM) concenirations simultaneously measured
indoors, immediately outdoors, and at a ceriral morioring site.

Figure 3. Comparison of US-EPA standard for ambient air
and lovels measured ai in homes exposed fo biomass.
‘Smoke P10, PM2 §:and CO. Levels expressed as.
megimd3 x 10 for PM10, megim3 for PM2.5 and ppm for
co.




Exposure to Household Air Pollution and Lower Respiratory

Tract Infection
SmithKR, et al, Lancet. 2011 Nov 12;378(9804):1717-26

A nce

Forest plot showing risk of chronic obstructive pulmonary disease (COPD) in populations
exposed to solid fuel smoke.

Studies separated by diagnosis criteria OR(@%C)  Weight%
COPD: lung function

Kz et al. [65] 2003 Tukey  Biomass ——%—— 2890(71-95%) 43
Dosswootal (66 1994  SaudiArabia Wood . 17.40(1055-28.70) 621
Oozco-Lew ot al. [67) 2006 Spain

Dowsetal(68) 1996 Colmbia  Wood ——— 390(167-910) 531
Lwetal. (69] 2007 China Biomass. - 310(163-5%) 58
Lo etal.69] 2007 China Coal 433
Excretal. 70] 2005 Tukey  Biomass - 250(156400) 627
Crsmscnoetal [11) 2008 Columbia  Wood - 240(199-290) 673
Orozco-Lew ot al. 167] 1996 Spain Wood 180(054-600) 433
Luetal. (69] 2007 China Biomass. - 170(120240) 652
Lwetal. (69] 2007 China Goal e 160080320, 573
Recuwooolal [33] 2006 Mexco  Biomass ———— 150052430, 473
Orozco-Lew et al. [67] 2006 Spain Charcoal 150049460 455
Zwwsetal[12) 2007 China - 140(131-150) 681
‘Sublotal (2291 8%; p<0.001) 2920143) 7618
COPD: doctor diagnosed

Seanetal[7 2004 Tukey ~ Biomass e 660(216-2020) 455
Cucwnetal 14 2005 China Coal 520(474-570) 680
Xuetal. [75] 2007 China Coal e 1300772200 615
Xyetal [75] 2007 China Frowoodistaw  —-{ 070(045-110) 631
‘Sublota (12296.9%; p<0.001) — 220070752 282
Overal (12297.3%; p<0.001) 280(185423) 10000

Log of odds ratio
Om P. Kummi et al. Eur Respir J 2012;40:239-254

©2012 by European Respiatory Society

Summary of Epidemiology

+ Particulate matter from organic biomass
burning similar across several sources
» Low temperature combustion with polyaromatic
hydrocarbons
» Endotoxins
» Similar in tobacco smoke, much ambient PM (coal,
diesel), and biomass burning
» PM associated with:
» LRTI
» COPD
» Asthma
+ Markedly increased levels in indoor
environments
» Seen inUS
» Much greater where biomass is used
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Oxidative Stress Genes

GSTM1

Effect of glutathione-S-transferase M1 genotypes on allergen induced
responses to diesel exhaust and secondhand smoke
Gilliland FD, Li Y-F, Diaz-Sanchez D. Lancet 2004 (363) 9403, 119-125
Gilliland FD, Li Y-F, Gong H, Diaz-Sanchez D. Am J Respir Crit Care Med 2006, 174, 1335-1341
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Figure 1. Nasal allergen-specifc IgE response 96 after
Fhure . Nosal allergen spectic g reaporse 0 clean i plus allergen and secondhand smake (SHS)
Jus allergen by GSTHL genaype. Aserisk, GSTHIL
‘exhaust particles for- 11 absent (upper) and ol
present (lower) genotypes Y axs is log scale of {FN: cpen diccles, GSTM1 preseat
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p r
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D 3000+ p=0.005
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Dillon M A et al. Occup Environ Med
doi:10.1136/0em. 2010.061747
©2011 by BMJ Publishing Group Ltd
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Dual GSTM1/GSTP1 genotype and peak expiratory flow in teenagers and
young adults with asthma.

110+ P =.001
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Palmer C N et al. Pediatrics 2006;118:710-716
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Interventions

Focused on Indoor Interventions

Interventions focused on the
environmental causes of disease

+ Antioxidant
» NRF2 based interventions
» Specific radical scavengers

» Results of early studies mixed, yet to see

significant phase lll type studies
+ Avoidance of PM

» Strong evidence that policy measures to
decrease ambient air PM related to better
health outcomes

» Indoor biomass use of better cookstove
ventilation being studied

» Decrease of active smoking and second hand
tobacco smoke exposure works




DAILY HOSPITAL ADMISSIONS FOR ASTHMA AMONG CHILDREN BETWEEN JANUARY 2000

Asthma Admissions (no./day)

Upper 95% Cl boundary
Smoothed hospitalizations
Lower 95% Cl boundary

MACKAY D ET AL. N ENGL J MED 2010;




