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Pulmonary Macrophage Phagocytosis and Chemotaxis in Animals Expose
Oxidant Air Pollutants

A.K. MadP, lA. Last!, K.E. Pinkertonl. lUniversity of California, Davis, D
CA.

Ambient air pollution is comprised of a mixture of gases arid particles. Thiss
was conducted to better understand how certain gaseous components of air poUlt
specifically ozone and nitrogen dioxide, may impact how pulmonary macroph:
(M0) clear particles from the lungs. M0 collected from Sprague Dawley rats, eXI
to filtered air (FA), 0.8 ppm ozone (03), or a combination of 14.4 ppm ofN02/O.8
0 3for 6 hr/day for 1, 2, 7d, 5 and 8 wks, were evaluated for phagocytic and chemo
activity. Control lavage supernatant incubated with zymosan particles served
chemotactant for the chemotaxis assays. M0 incubated with serum-coated 1 m
rescent microspheres were used to estimate phagocyctic activity. To evaluate VI.
changes in G- and F-actin patterns may serve as a marker for M0 dysfunction, ml
ament stains, Oregon-green labeled phalloidin for G-actin and rhodamine I,
DNase I for F-actin, were utilized. The migratory and phagocytic activity ofM0
Orexposed group did not change compared to FA, whereas M0 from the OiN
mals showed a dramatic increase in phagocytic activity and a decrease in c~e
Microfilaments in animals exposed to 0 3showed the same staining distributlOlJ.)
actin as FA, but a more abundant staining for F-actin. The 031N02 exposure
showed an entirely different G-actin microfilament staining arrangement comp
FA and 0 3, M0 showing the greatest alteration in microfilament patterns also
the most significant changes in phagocytic and chemotactic activity (03/N
gesting that oxidant gases may alter key cytoskeletal elements which impair pu
immune cell defense. These data suggest that exposures to a mixture of oXlda
affect the ability of M0 to engulf particles and migrate within the lungs andp
significant implications in how chemical mixtures of ambient air pollution 111
the clearance of particles from the lungs.
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T-Cadherin. Deficiency Enhances Ozone (03)-Induced Pulmonary Injury and
Inflammation

R.A. Johnstonl, E.S. Williamsl, A. Leel, L. Flyntl, C. Hug2,3, B. Ranscht4, S.A.
Shorel. lHarvard School of Public Health, Boston, MA; 2Whitehead Institute for BioS
medical Science, Cambridge, MA; 3Children's Hospital Boston, Boston, MA;
4Burnham Institute for Medical Research, La Jolla, CA. Email: rajohnst@utmb.edu

Obesity is a risk factor for the development of asthma, but the basis for this rela~

tionship is not known. The serum levels of adiponectin, an anti-inflammatory adi"
pokine, are decreased in obese individuals. The purpose ofthis study was to determiri
if diminished adiponectin binding results in increased pulmonary inflammation.'ll
that end, we exposed wildtype mice and mice deficient in T-cadherin, a receptor forth
high molecular weight form of adiponectin, to air or to 0 3 (2 ppm for 3 h). 0 3is
asthma trigger. Bronchoalveolar lavage (BAL) was performed 4 h after cessation
exposure. 0 3exposure increased BAL eotaxin, IL-6, KC, MIP-2, and protein as\¥
as the number of epithelial cells and neutrophils in both wildtype and T-cadher
deficient mice. However, these increases were greater in T-cadherin-deficient v~r
wildtype mice. Cyclooxygenase (COX)-derived products contribute to Orinduc
lung dysfunction, and 0rinduced increases in the pulmonary mRNA expression
COX-2 were greater in T-cadherin-deficient (6.2±0.8 fold) versus wildtype (3.1:t
fold) mice. Similar results were obtained in obese mice with reduced serum a
ponectin. Pulmonary mRNA expression of two other proposed adiponectin-binC
proteins, adipoRl and adipoR2 was reduced in T-cadherin-deficient mice, sugges
that all pulmonary adiponectin binding is impaired in these mice. The results of
study demonstrate that interruption ofadiponectin binding enhances pulmonary in.
and inflammation in response to 0 3, suggesting that diminished levels of adipone
in obesity may contribute to the development of asthma in this population.
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Maternal Particulate Matter (PM) Instillation & Postnatal Ozone(03) EXPOsure
Syngergistically Increase Airway Hyperresponsiveness in Postnatal Mice

R.L. Autenl, S.N. Masonl, E.N. Potts l, W.M. Fosterl. lDuke Univ. Med. Ctr
Durham, NC. Email: auten@duke.edu '

Rationale: Prenatal exposure to 0 3 & PM are associated with low birthweight &
childhood asthma. Prenatal inflammatory challenges from combined air pollutants
may alter fetal and postnatal airway development. Method: We instilled St. Louis par­
ticle 1648 (PM) or saline via the posterior pharynx in time-mated C57BL/6 mice 2x1
week, x 3 weeks after mating. Litters from unexposed, saline & PM treated dams were
exposed to 1 ppm 0 33h/day, 3x/week. At 4 weeks, pups were tracheostomized, con­
nected to a ventilator(FlexiVent), & given methacholine(aerosol) challenge. Resitance
± methacholine was measured by forced oscillometry. Results: Mean±SD. Prenatal
PM/saline did not impair birthweight or postnatal growth (not shown). 0 3and 0 3+PM
exposure impaired body weight gain. At 4 weeks, 0 3 + prenatal PM > 0 3 alone
increased AHR v. air and saline con- 12

troIs. Mean±SEM.*p<.05 v. air, 10

+p<.05 V.03 only. Conclusion: Pre­
natal PM exposure exacerbates post­
natal Orinduced AHR. Chronic 0 3 i 6

impairs postnatal growth. ~
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Effects of Antioxidant Enzyme Polymorphisms on Lung Function Changes
Related to Chronic Exposure to Ozone

M. Arjomandil, C.L. Chen2, LB. Tager2, N. Holland2, lR. Balmesl,2. 1University of
California, San Francisco, CA; 2University of California, Berkeley, CA. Email:
mehrdad.arjomandi@ucsf.edu

Rationale Chronic exposure to 0 3 can lead to changes in lung function that may
reflect remodeling of the small airways. Antioxidant enzyme function likely plays a
role in determining susceptibility to chronic effects of 0 3. Objective To determine
whether polymorphisms in antioxidant enzyme (GSTM1, GSTP1, and NQ01) genes
affect the risk of lung function changes related to chronic exposure to 0 3. Methods We
genotyped 210 young adults (ages 17-20; 90 males; 104 Asian/Pacific Islanders, 67
Caucasians, 19 Hispanics) who participated in a previous study in which we had
observed a relationship between lifetime exposure to 0 3and decreased lung function
(FEF25-75 and FEF75). We used multivariable linear regression to model sex-specific
associations between genotypes and Orrelated lung function changes, adjusting for
height, weight (in males only), lifetime cumulative exposure to N02, PMlO, and self­
identified race/ethnicity. Main Results GSTM1 null status was not significantly asso­
ciated with any Orrelated changes in lung function. The GSTM1 nullINQ01
Pro187Pro-combination genotype was significantly associated with increased risk of
an Orrelated decrease in FEF25-75 in females [parameter estimate (SE): -0.075 (0.038)
L/s], while the GSTP1 variant allele (Vall 05) was significantly associated with greater
risk of an Orrelated decrease in FEF75 in males [-0.081 (0.033) L/s]. Conclusions
These results suggest that the effects of antioxidant enzyme gene polymorphisms on
risk of decreased lung function related to chronic exposure to 0 3may be modified by
sex-specific factors.
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The Effects of Exposure to Fine Particle Species on Hospital Admissions in
California

B.D. Ostrol, L.A. Rothl, R. Broadwinl, M.l Lipsett2. lCalifornia Office ofEnviron­
mental Health Hazard Assessment, Oakland, CA; 2University of California, San Fran­
cisco, CA. Email: bostro@oehha.ca.gov

Introduction: Epidemiological studies have demonstrated an association between
daily mortality and airborne particulate matter less than 2.5 microns (PM2.5). Little is
known, however, about the relative impacts of the specific constituents of the particle
mix on hospital admissions. We examined associations between 19 components of
PM2.5 and hospitalizations in six California counties. Methods: We obtained daily
counts of hospitalizations for cardiovascular and respiratory diseases from 1999
through 2003, as well as daily data on PM2.5 and its constituents, including elemental
and organic carbon (EC and OC), nitrates, sulfates, and several metals. Relationships
of these constituents with daily hospitalization counts were examined for several res­
piratory and cardiovascular disease-specific outcomes and diabetes. Poisson multiple
regression models incorporating natural splines were used to control for time-varying
covariates (e.g., seasonality, weather) that could affect daily hospital admissions.
Results: Concentrations of PM2.5, OC, EC, nitrates, zinc, potassium and iron were
associated with hospitalizations for myocardial infarction (MI), ischemia and dia­
betes, but not stroke or dysrhythmias. The same pollutants were associated with hos­
pital admissions for asthma among those under 18 years of age, bronchitis and pneu­
monia. For example, an interquartile increase of 5 mg/m3in OC was associated with
increases in hospitalizations for MI, asthma for those under age 18, and pneumonia of
3%,7%, and 3%, respectively. Conclusions: This multi-county analysis provides new
evidence of adverse effects of specific components of particulate matter air pollution.
Many of the components associated with hospital admissions are associated with
sources of combustion, including motor vehicles and woodstoves.
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Association between Coarse Particles and Asthma Emergency Department (ED)
Visits in New York City

K. Itol, G.D. Thurstonl, R.A. Silverman2. lNelson Institute of Environmental Med­
icine, NYU School of Medicine, Tuxedo, NY; 2Department of Emergency Medicine,
Long Island Jewish Medical Center, New. Hyde Park, NY. Email: kaz@env.med.
nyu.edu

RATIONALE: Particulate matter (PM) has been associated with adverse respira­
tory health effects, including asthma morbidity. However, the relative roles of PM size
fractions are not certain. Coarse particles (PM10-2.5) preferentially deposit in the
upper respiratory tract, and therefore may contribute to asthma exacerbation.
METHODS: Daily coarse particle concentrations were estimated by subtracting
PM2.5 from PM10 at five monitoring sites where both size fractions were measured
using continuous monitors within New York City. Daily average values across the sites
were tested for their associations with asthma ED visits from the 11 municipal hospi­
tals for the years 1999-2002. The data were analyzed for the full-year period (excluding
September and October to avoid the influence of the fall peaks in asthma ED visits), as
well as for warm (April-August) and cold (November-March) season subsets. A total of
167,900 asthma ED visits were analyzed for the four-year period. A Poisson General­
ized Linear Model was used to estimate the impact of the average of 0- and I-day lags
of PM2.5 and PM10-2.5 on the asthma ED visits, adjusting for weather effects, tem­
poral trends, and day-of-week. RESULTS: Both PM2.5 (RR = 1.11; 95%CI: 1.04,
1.18, per 5th-to-95th percentile increment) and PM10-2.5 (RR = 1.12; 95°tloCI: 1.06,
1.18) were associated with asthma ED visits in the full-year data. In the warm season,
the risk estimate for PM10-2.5 (RR = 1.25; 95%CI: 1.15, 1.36) was somewhat higher
than that for PM2.5 (RR = 1.15; 95%CI: 1.03, 1.27). In the cold season, PM10-2.5 was
not associated with asthma ED visits and PM2.5 was only weakly associated. CON­
CLUSION: Coarse summertime particles may be an important component of PM that
exacerbates asthma in New York City.
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