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Abstract
Particulate matter less than 10 μm (PM10) has been shown to be associated with aggravation of
asthma and respiratory and cardiopulmonary morbidity. There is also great interest in the potential
health effects of PM 2.5. Particulate matter (PM) varies in composition both spatially and temporally
depending on the source, location and seasonal condition. El Paso County which lies in the Paso del
Norte airshed is a unique location to study ambient air pollution due to three major points: the
geological land formation, the relatively large population and the various sources of PM. In this
study, dichotomous filters were collected from various sites in El Paso County every seven days for
a period of one year. The sampling sites were both distant and near border crossings, which are near
heavily populated areas with high traffic volume. Fine (PM2.5) and Coarse (PM10-2.5) PM filter
samples were extracted using dichloromethane and were assessed for biologic activity and polycyclic
aromatic (PAH) content. Three sets of marker genes human BEAS2B bronchial epithelial cells were
utilized to assess the effects of airborne PAHs on biologic activities associated with specific
biological pathways associated with airway diseases. These pathways included in inflammatory
cytokine production (IL-6, IL-8), oxidative stress (HMOX-1, NQO-1, ALDH3A1, AKR1C1), and
aryl hydrocarbon receptor (AhR)-dependent signaling (CYP1A1). Results demonstrated interesting
temporal and spatial patterns of gene induction for all pathways, particularly those associated with
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oxidative stress, and significant differences in the PAHs detected in the PM10-2.5 and PM 2.5
fractions. Temporally, the greatest effects on gene induction were observed in winter months, which
appeared to correlate with inversions that are common in the air basin. Spatially, the greatest gene
expression increases were seen in extracts collected from the central most areas of El Paso which are
also closest to highways and border crossings.
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INTRODUCTION
The incidence of asthma has been increasing for certain groups of children in the U.S. and
elsewhere for the past decade or more (Gilmour et al., 2006; Ginde et al., 2008). Exposure to
particulate matter (PM) from vehicle emissions and other sources appears to be important in
cardiopulmonary diseases (Delfino, 2002; Nel, 2007). Children living near highways and high
traffic areas have increased risk for asthma, and their asthma is less well-controlled (Brugge
2007; Jerrett et al., 2008; Meng et al., 2008). There appear to be numerous environmental and
genetic factors that play major roles in the incidence and exacerbation of asthma (Selgrade et
al., 2006). An important group of environmental chemicals that may be associated with asthma
exacerbation and bronchitis in children are the polycyclic aromatic hydrocarbons (PAHs)
(Hertz-Picciotto et al., 2007). PAHs are associated with the combustion of fossil fuels from
mobile and fixed sources, and are present in cigarette smoke (Bostrom et al., 2002; Lewtas,
2006).

Our previous studies (Arrieta et. al., 2003), have shown that chemical extracts from PM10
filters collected in the Paso del Norte airshed located on the U.S.-Mexico border between El
Paso, TX, U.S. and Cd. Juarez, Chihuahua, MX are rich in PAHs. The PAHs found in air
samples vary in size/mass based upon their number of fused aromatic rings. Small PAHs are
most prevalent in combustion emissions, but they are volatile and are not retained on high
volume or medium volume dichotomous air sampling filters, such as those used in the present
studies. Semi-volatile PAHs are retained on PM trapped on air filters and can be extracted with
organic solvents for chemical and biologic characterization. Previous work has suggested
important seasonal and regional variation in the amount and types of PAHs that are present in
ambient air samples. Therefore, the purpose of the present studies was to perform long term
monitoring of up to 10 sites in the Paso del Norte Air Basin to determine the nature of PAH
exposures that may play a role in the induction or exacerbation of asthma.

In the present studies we also utilized a set of cell-based biomarkers for genes which are
biomarkers of exposures. We examined seven genes expressed in a human bronchial epithelial
cell line that are associated with three biologic pathways: oxidative stress, inflammatory
cytokine production, and AhR-dependent signaling pathways. Arietta et al (2003) showed that
PAHs extracted from PM10 activate Ah receptor response elements, leading to activation of
genes including cytochrome P450 1A1 (CYP1A1). Our previous work has shown that PAH-
quinones formed environmentally or through cell metabolism are inducers of oxidant stress,
and that several marker genes are activated, including HMOX-1, NQO1, AKR1C1, and
ALDH3A1 (Burchiel et al.,2007). We also added two genes that are markers of inflammatory
pathways that are induced by epithelial cell-derived cytokines, IL-6 and IL-8 (Nel, 2005).

Results of these studies demonstrate significant spatial and temporal variation in the activity
of PM10-2.5 (Coarse) and PM 2.5 (Fine) filters extracts that is associated with the winter
months in the Paso del Norte airshed. Significant concentrations of PAHs were detected in
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both the PM10-2.5 and PM2.5 fractions. Sample extracts has significant gene induction activity
for CYP1A1, NQO1, ALDH3A1, AKR1C1, and HMOX-1. However, there was only marginal
activity noted for the induction of IL-6 and IL-8. These results suggest that the main action of
PAHs on human bronchial epithelial cells is the induction of oxidative stress.

MATERIALS AND METHODS
Air Monitoring and Analysis

Eight sites were selected in El Paso in accordance with the EPA guidelines (U.S. EPA 1997)
for collecting representative PM exposure concentrations for the 50 geographic strata identified
in the childhood asthma study. These sites are designated as “primary” sites in Figure 1. In
addition, four more sites were selected and designed as “secondary” sites for passive sampling
of NOx, O3 and VOCs for the study.

One dichotomous air sampler (Anderson Inst., 1990) was placed at each site and 1 additional
air sampler was used for duplicate samples among the eight sites. The air sampler’s inlet head
allows particles with aerodynamic diameter of 10-μm or less (PM10) to enter the sampling air
stream. The air stream then enters a virtual impactor where fine (PM2.5) and coarse (PM10-2.5)
particles are separated and collected on selected filter media.

Seven-days samples were collected on 37-mm-diameter ringed Teflon filters (Gelman Science
Inc., ID No. R2PJ037) at a flow rate of 1 m3/hr. Quality control was managed by following
EPA guidelines and procedures for particulate matter monitoring (U.S. EPA, 1994) and
gravimetric weighing (U.S. EPA, 1998). A mini-Buck bubble calibrator, Model M-30, a
primary standard calibration device traceable to NIST, was used to calibrate the rotameters on
the dichotomous samplers (A.P. Buck, 1987). One set of duplicate samples were collected at
one of the eight sites each week.

Filters were conditioned, pre-weighed, and stored in petri dishes prior to the deployment.
Loaded filters were carefully removed from the field and transported to the laboratory at the
University of Texas at El Paso (UTEP) for gravimetric analysis. A CAHN model C-33
microbalance, which has an accuracy of 2 μg and an ultimate precision of 1 μg was used in the
analysis (Orion Research, 1997). All samples were pre-conditioned to room temperature (25
± 3 °C) and humidity (30± 5 %) for at least twenty-four hours by storing them in a custom-
made storage cabinet in the laboratory prior to weighing. Mass concentrations were reported
as micrograms of PM per cubic meter of air (μg/m3), adjusted for the 10% of fine mass in the
coarse mass, due to the use of virtual impactor in the dichotomous samplers (Li et al 2001).

Extraction method
PM 2.5 and PM 10-2.5 Teflon filters were analyzed using the MarsX (CEM Corp.) microwave
accelerated solvent extraction system (MAE). Filters from the same site and of the same type
(either PM10-2.5 or PM 2.5) were combined into one composite sample. The Teflon ring on
each filter was cut on cleaned filter paper before being put into the extraction vessel. Forty mL
of dichloromethane was added to each vessel. The vessels were sealed, and placed into the
microwave. The MAE method was programmed as follows: energy at 600 W, initial
temperature 110 °C and hold for 14 min. The vessels were allowed to cool then the solvent
from each vessel was transferred to a K-D condenser individually. The filter samples were
extracted a second time with 40 mL of Acetone/Methanol (v:v 1:1) using the same MAE
program. Two extracts for the same sample were combined and condensed to 10mL. Each
extract was split into 2 aliquots for chemical and biological analysis respectively. For biological
analysis, the 5-mL extract was further condensed to 100 uL and solvent exchanged to 25 uL
in DMSO. We compared extraction efficiencies for several different PAH standards and found
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that extraction efficiencies ranged from 70–135% for different PAHs. We did not correct for
extraction efficiencies because we did not want to introduce additional bias into sample
analysis.

Cell culture
Human bronchial epithelial cell line, BEAS2B were used for biological assay. The cells were
purchased from American Type Cell Culture (Marassas, VA) and cultured in LHC-9 media
(Gibco, Grand Island, NY). Cells were grown in a humidified incubator at 37°C with a 5%
CO2 atmosphere and subcultured weekly by dissociating with PET (Athena ES, Baltimore,
MD). Cells were plated in 6 well tissue culture plates that had be coated with FNC coating mix
(Athena ES, Baltimore, MD) at 5 × 103 cells per well. Cells were allowed to attach and grow
for 3 days at which time the media was removed and replaced with treatment media. BEAS2B
are a common model cell line that has been found to be useful for examining the effects of
environmental agents (Veranth et al., 2004, 2006). They are a human epithelial cell line that
responds to environmental stressors through the production of cytokines and are useful for
monitoring oxdative stress and AhR controlled genes. While our long term goal was to
understand the influence of environmental factors, and in particular airborne PM and PAHs,
on the incidence of asthma and children, BEAS2B cells are only one of the numerous types of
cells in the lung that contribute to asthma and therefore our findings are mostly for the purpose
of comparing the effects of air samples obtained from different areas at various times.

Treatment
A dose of 100 μg was calculated using the “Collected mass” total from each filter (Table 1)
and the volume of sample that was provided for analysis. Previous studies have shown that the
amount of PAH is correlated with the amount of mass collected at each site (Arrieta et al.,
2003). Therefore, we wanted to compare sample collected from different sites based on an
equal mass comparison. Treatments were made at 50 μg extracted mass per ml growth media,
two ml of treatment media was then added to each of 6 wells of a 6 well plate. Some samples
required > 0.1% DMSO, matching DMSO controls were run. In cases where the amount of
DMSO varied the highest concentration of DMSO was used. Each treatment was run in
duplicate. Following 18 hr exposure to treatment, RNA was isolated from each sample.

RNA isolation
Media was aspirated from cell culture wells and wells were rinsed one time with phosphate
buffered saline without calcium or magnesium (PBS−). Qiagen RNeasy Mini Kit ™ (Qiagen
Cat. No. 74104) and QIAshredder™ (Qiagen Cat. No. 79654) were used according to provided
instructions to isolate RNA. RNA was then quantified on an Agilent Nanodrop
spectrophotometer. All samples were stored at −20°C until assayed.

Real time polymerase chain reaction (PCR)
All reagents for real time PCR were purchased from Applied Biosystems (Foster City, CA)
unless otherwise noted. A reverse transcriptase (RT) reaction, 60 μL containing a minimum of
1,080 ng, was run on each sample using the High Capacity cDNA Reverse Transcription Kit.
We followed the incubation conditions provided: 25°C for 10 min, 37°C for 2 hr. Samples
were then diluted to 9 ng per μl with RNase, and DNase free water and were stored at −20°C.
Real time PCR reactions utilizing TaqMan® Universal PCR Master Mix were carried out in
384 well plates at 10 μL per reaction and 1 μL cDNA (9 ng total RNA) was added to each well.
NQ01 (Assay ID HS00168547_m1), HMOX1 (Assay ID HS00157965_m1), IL-6 (Assay ID
HS00174131_m1), IL-8 (Assay ID HS00174103_m1), ALDH3A1 (Assay ID
HS00167469_m1), AKR1C1 (Assay ID HS00413886_m1), and CYP1A1 (Assay ID
HS00153120_m1) were purchased as ready to use Assays on Demand and were added to the
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master mix prior to adding cDNA. PCR thermal cycling parameters used were AmpErase UNG
activation 2 min at 50°C, polymerase activation 10 min 95°C, melt 15 s at 95°C, anneal and
extend 1 min at 60°C (melt and anneal/extend for 40 cycles). Comparative CT (first
amplification cycle exceeding threshold) method was used for relative quantification. GADPH
was the endogenous reference and DMSO (or DMSO high) served as the calibrator. Real-time
PCR was run on Applied Biosystem’s 7900HT system with a standard 384 well block. To
calculate the comparative CT, briefly, we determined the difference in CT ( Δ CT) values
between target and endogenous control, then determined the fold difference in gene expression
(Δ Δ CT) and the Δ CT of the calibrator was subtracted from the Δ CT of the target (Δ CT target
- Δ CT calibrator). This calculation is described in detail by Applied Biosystems.

Desert Research Institute Analysis of PAHs
Desert Research Institute, Nevada, performed the analysis of the extracts using a gas
chromatography/mass spectrometry (GC/MS) method. Mass spectrometry provided definitive
identification of PAHs. Briefly, the samples were analyzed by the electron impact (EI) GC/
MS technique, using a Varian CP-3800 GC equipped with a CP8400 autosampler and
interfaced to a Varian 4000 Ion Trap mass spectrometer. Injections were 1μl in size in the
splitless mode onto a 30 m long 5% phenylmethylsilicone fused-silica capillary column
(DB-5ms, J&W Scientific, 30m × 0.25 mm ×0.25 μm).

Quantification of the individual compounds is obtained by selective ion storage (SIS)
technique, monitoring the molecular (or the most characteristic) ion of each compound of
interest and the corresponding deuterated internal standard. Calibration curves for the GC/MS
quantification are made for the most abundant and characteristic ion peaks of the compounds
of interest using the deuterated species most closely matched in volatility and retention
characteristics as internal standards. National Institute of Standards and Technology (NIST)
Standard Reference Material (SRM) 1647 (certified PAH) with the addition of deuterated
internal standards and of those compounds not present in the SRM, is used to make calibration
solutions. A six- to eight-level calibration are performed for each compound of interest and
the calibration check (using median calibration standards) is run every 10 samples to check for
accuracy of analyses. If the relative accuracy of measurement (defined as a percentage
difference from the standard value) is less than 20%, the instrument is recalibrated.

Correlation analysis
Pearson correlation coefficients were computed for each combination of gene expression level
and PAH compound. Separate analyses were performed for the two filter sizes (PM10-2.5, PM
2.5) on the data collected in October 2006. The correlations were based on available data at
the eight sites. The matrix of pairwise correlations was summarized as a heat map. Calculations
were performed in a commercial software package (Matlab, version 7.0.4, The MathWorks
Inc., Natick, MA, 2005). Correlations that exceeded 0.76 and 0.82 were considered statistically
significant at the 5% level for the PM 2.5 and PM 10-2.5 data, respectively. Correlations that
were less than zero were represented as zero on the heat map.

RESULTS
Temporal and Spatial Gravimetric Analysis of PM10-2.5 and PM 2.5 Filters

Teflon filters collected weekly from up to 12 different sites (labeled sites A-L) in El Paso
County (Figure 1). Filter weights determined over a one year’s period revealed significant
differences between the sample collection sites (Figure 2). For combined seasons, the
PM10-2.5-2.5 filters (3.3 mg/filter) demonstrated higher overall masses than the PM 2.5 filters
(1.5 mg/filter). The highest masses were found near highways, with the highest total masses
for all seasons combined being observed at the H and J sites for PM10-2.5 and A and J sites
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for PM 2.5. The A site is located near highly populated area of El Paso, near Interstate Highway
10 and busy railroad tracks, and west of the Franklin Mountains where air pollutants have
previously been shown to accumulate. The H and J sites are in the South Valley of El Paso
along the Rio Grande near industry (H) and border farming areas (J).

Analysis of CYP1A1 Gene Induction PM10-2.5 and PM 2.5 Extracts in BEAS2B Cells
Pilot studies showed that biologic activity of dichloromethane extracts of PM filters could be
detected using real time PCR assays of various marker genes. CYP1A1 (Figure 3) was used
as a marker of Ah receptor activity, usually indicative of high molecular weight PAHs and
halogenated aromatic compounds (Note: we did not detect and halogenated aromatic
hydrocarbons in our samples.). Significant CYP1A1 induction was detected in all samples
ranging from 0–800 fold in PM10-2.5 extracts and 0–700 fold in PM 2.5 extracts. The highest
levels of gene induction were seen in the A and H site filters during the month of January 2007
for the PM10-2.5 extracts and in the site F and D sites for January 2007 PM 2.5 filter extracts.

Analysis of Oxidative Stress Genes Induced by PM10-2.5 and PM 2.5 Extracts
Since it is well known that PM extracts can induce oxidative stress in cells (Risom et al.,
2005; Li et al., 2008), we analyzed several different marker genes that are activated via different
mechanisms. Hemeoxygenase-1 (HMOX-1) has been used a marker for oxidative stress in cells
(Chahine et al, 2007). It’s mechanism of induction is quite complicated and can involve several
signaling pathways. The activation of antioxidant receptor element (ARE) signally pathways
is associated with the induction of a number of Phase 2 enzymes, including aldehyde
dehydrogenase 3A1 (ALDH3A1) and N-quinone oxidoreductase (NQO1) (Kong et al.,
2001). Recently, the aldoketoreducatse 1C (AKR1C) family of enzymes (Penning et al.,
2007) has also been shown to be induced by ARE signaling pathways (Lou et al., 2006). We
have found that PAHs increase the expression of all four of the above genes in mammary
epithelial cells (Burchiel et al, 2007). Therefore, all four genes were included in the oxidative
stress analysis of PM10 and PM 2.5 extracts on BEAS2B cells. Results showed that ALDH3A1
gene was induced more that 30 fold by site A January 2007 PM10 extracts, and by October
and January extracts of PM 2.5 obtained from site F (Figure 4). This is a similar pattern for
that observed with the induction of NQO1 (Figure 5) and HMOX-1 (Figure 6), with the
exception that the fold changes were lower for both of these genes. Interestingly, the AKR1C1
gene was induced 80 fold primarily in the October F site PM 2.5 samples (Figure 7). PM10
extracts induced AKR1C1 by 20 fold, mainly in Jan samples obtained from site A. Collectively,
these results demonstrate that oxidative stress genes have mixed properties of induction that
have some commonalities within the group and that may overlap pathways associated with
CYP1A1 induction.

Analysis of Inflammatory Cytokine Gene Expression
Two cytokines that have been associated with inflammatory lung diseases induced by PM are
interleukin-6 (IL-6) and interleukin-8 (IL-8) (Becker et al., 2005; Zhao et al, 2008). The August/
Sept 2006 PM10 and PM 2.5 demonstrated small increases in IL-6 (Figure 8) and IL-8 (Figure
9) gene induction. PM extracts from other months demonstrated minimal activity for IL-6 and
IL-8 induction. Thus, it appears that the PAHs present in the PM10-2.5 and 2.5 fractions have
minimal pro-inflammatory activities.

PAH Analyses of October 2006 and January 2007 Sites
Dichloromethane extracts of two PM 10-2.5 and PM 2.5 filters from each of the sites for the
months of October 2006 and January 2007 samples were analyzed for 150 PAHs by the Desert
Research Institute (Reno, NV). These months were chosen for detailed analysis because of the
strong gene induction profiles that were seen in these samples. As shown in Figure 9, the top
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20 PAHs were compared for their spatial distributions at 10 sites in El Paso. Results are
expressed on a ug/mg of total PM mass basis. October 2006 PM samples had overall greater
amounts of PAHs than did January 2007 samples. Anthrone, pyrene, fluoranthene, and m-
fluorene, were detected in highest amounts in October PM2.5 samples. Anthrone was also the
predominant PAH detected in January PM10-2.5 samples.

Correlation of PAH Levels with Gene Expression in October 2006 and January 2007 Samples
Calculation of Pearson correlation coefficients for individual PAHs from PM10-2.5 samples
and compared to marker gene expression cross all sites examined revealed that the top 20 PAHs
detected in October 2006 and January 2007 PM10 samples correlated roughly with the
induction of oxidative stress genes NQO1 and AKR1C1 and the presence of fluoranthene in
sample extracts. Not surprisingly, initial experiments with pure fluoranthene could not replicate
the gene expression finding in relevant concentration ranges (nm-μm concentrations). Thus,
current studies are underway to examine various combinations of pure PAHs in an attempt to
replicate the findings obatained with sample extracts.

DISCUSSION
The Paso del Norte airshed is shared by two cities, El Paso, Texas, USA and Ciudad Juarez,
Chihuahua, Mexico. About 2.2 million people live in the area with approximately 700,000
residing in El Paso. Over the past decades, increases in population have also led to increases
in pollution. Both cities have failed to meet air quality standards for three pollutants; ozone,
carbon monoxide, and particulate matter less than 10 μm in diameter (PM10). Some of the
highest levels of PM10 are experienced during the winter months when temperature inversions
trap PM10 in the ambient air. Industries including electronics, transportation, textile, and
machinery, open burning, and the surrounding desert are major sources for the area’s pollution.
Unregulated, least controlled open burnings, kilns for making bricks in particular, are reported
to burn toxic waste fuels such as tires or used motor oil and considered one of the major
contributors to PM10 pollution in the region.

Inhaled PM presents a major health concern due to its association with adverse effects on the
respiratory system and cardiovascular disease as well as exacerbations of allergies, asthma,
chronic bronchitis and respiratory infections (Delfino et al., 2002 Delfino et al., 2005; Gilmour
et al., 2008; Nel, 2008). Atmospheric PM is found in urban air as a mixture of liquid and solid
particles with various composition and dimension. PM may be composed of mixtures
containing thousands of various compounds. Diesel exhaust particles (DEP) could be
composed of up to 18,000 different high-molecular-weight organic compounds. Polycyclic
aromatic hydrocarbons (PAHs) are reported to exist in significantly quantities in DEP and
urban PM due to their adsorption to the carbon surfaces of PM (Risom et al., 2005).

The present studies were designed to provide environmental information on the variation in
PM and PAHs in various regions and during different seasons in El Paso. These studies were
conducted as part of a multifactorial analysis of environmental exposures in the Paso del Norte
airshed combined with the development of a cohort of children who are being tracked for
asthma conditions. Although PAHs have been well characterized for their carcinogenic effects
(Lewtas, 2007), only recently have they been implicated in the induction of inflammation and
oxidative stress seen in many animal models (Li et al, 2006). Oxidative stress by PAHs has
previously been attributed to redox-cycling quinones (Li et al., 2002), which can form from
numerous PAHs in the presence of u.v. light or cellular peroxidases (Reed et al., 2004).
Oxidative stress produced by PM has previous also been attributed to the presence of metals
(Risom et al., 2004). In the present studies, we extracted our PM samples with dichorlomethane,
which is not effective in removing metals from PM, and our analysis demonstrated little (sub
ppm levels) metal contamination. However, we cannot rule out the possibility that low levels
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of metals may contribute to our findings and that there may be important interaction with PAHs.
In addition, there are other factors associated with PM, such as crustal silicates that are likely
present in our samples, as well as endotoxin that may bind to PM and may contribute to our
results.

In this study we investigated the PAH of composition PM2.5 and PM10-2.5 extracts and
compared these finding to marker gene induction in human bronchial epithelial cells to
determine possible associations with the activation biological signaling pathways. The results
of the present studies demonstrated significant temporal and spatial variation in the amounts
and compositions of PAH mixtures in El Paso air. As reported previously (Arietta et al., 2004),
we found evidence that there are Ah receptor ligands present in air samples, as evidenced by
the induction of CYP1A1 in BEAS2B cells. Based on these earlier studies we believe that the
concentrations of PAHs obtained from air PM samples are representative of those that can be
experienced in highly polluted areas near traffic and other sources. Nearly all samples obtained
from all sites produced some level of CYP1A1 induction, but it was striking that some samples
produced greater than 800-fold induction during certain time periods (January 2007). The
reason for this peak in activity is unclear, but likely results from unique atmospheric and
meteorologic conditions leading to higher PAHs in PM samples. It is a concern that certain air
samples contain high levels of AhR ligand activity as the agents that bind and activate these
receptors have been linked to lung cancer (Bostrom et al., 2002; Bock and Kohle, 2006).
Induction of AhR activity has also been linked to oxidative stress in human cells (Dalton et al.,
2002). The specific PAH responsible for the induction of CYP1A1 in our samples has not
definitively identified in the present studies, but several candidate PAHs are currently under
investigation.

We found that PM extracts induced several markers of oxidative stress (ALDH3A1, NQO1,
AKR1C1, and HMOX-1) in human lung epithelial cells. We believe that oxidative stress is
associated with the activation of both the Ah receptors and subsequent binding to xenobiotic
response elements (XRE), as well as activation of antioxidant response elements (ARE) and
Nrf-2 signaling pathways (Kong et al., 2001; Risom et al., 2005; Li and Nel, 2006). Both
pathways are important in the gene regulation of the most highly induced marker genes
observed in this study ALDH3A1, NQO1, and AKR1C1 (Kohle and Bock, 2007). Previous
studies in one of our labs have shown that benzo(a)pyrene quinones (BPQs) induce a similar
battery of genes (Burchiel et al., 2007). In support of recent epidemiologic studies (Hertz-
Picciotto et al., 2007), our continuing working hypothesis is environmental PAHs may play a
role in producing oxidative stress that could be associated with the exacerbation of asthma.

The HMOX-1 gene was also induced in BEAS2B cells by PM extracts. The HMOX-1 gene is
induced by carbon monoxide and nitric oxide in many cells, and also is under the control of
numerous pathways, including the XRE and ARE pathways (Ryter et al., 2006). HMOX-1 is
an important marker of environmental oxidative stress in many tissues (Na and Surh, 2007),
and has been used in animal studies (Rouse et al., 2008) and epidemiologic studies as a marker
of PM-induced oxidative stress (Chahine et al., 2007). In the present studies, we found that
HMOX-1 was induced by both PM10-2.5 and PM2.5 extracts containing PAHs. The induction
of HMOX-1 in BEAS2B cells appeared to correlate better with the PAHs present in October
PM 2.5 samples rather than PM10-2.5. Further studies are necessary to determine the
mechanism(s) of HMOX-1 activation by complex mixtures of PAHs.

The induction of lung inflammation is associated with asthma (Becker et al., 2005). Although
we found a small but significant association of PAHs and the induction of IL-6, we were
somewhat surprised to determine that PAHs extracted from ambient PM had minimal effects
on the induction of inflammatory cytokines (IL-6 and IL-8) in bronchial epithelial cells.
Previous studies that have examined PM extracts in cultured airway epithelial cells have found
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that IL-8 is induced (Becker et al., 2005; Duvall et al., 2008). Additionally, we have reported
that redox-cycling quinones can induce histamine degranulation and IL-4 production in human
peripheral blood basophils, and presumably similar pathways are activated in lung mast cells,
that could contribute to atopic asthma (Kepley et al., 2004).

The geographic distribution of the activity of the extracts suggests that exposure to the causative
agents varies significantly across neighborhoods. In Figures 3–9, Sites K and L generally
exhibit the lowest fold changes, and Sites F and A, the highest. These relative activities of the
PM extracts is consistent with the location of Site L in a rural desert, K in a residential and
farming area proximal to the Rio Grande, and F in the urban core zone. The reasons for the
high activity at Site A (suburban, commercial) call for further study.

In conclusion, we found that there is both temporal and spatial variation in the amount and
nature of PAHs that are present in the Paso del Norte Air Basin, with the highest levels being
measured during winter months. PM extracts were found to induce genes which are known
markers of AhR ligand activity and oxidative stress. There were important differences between
the activities detected in the PM10-2.5 extracts compared to the PM 2.5 extracts. We believe
that the oxidative stress induction may play important roles in the exacerbation of asthma in
especially children living in high exposure sites. Current studies are aimed at measuring asthma
rates in these areas and then performing a multifactorial analysis to determine if PAHs, VOCs,
ozone, and/or NOx levels are correlated with the incidence of asthma in children based on land
use regression models and exposure source algorithms (Mukerjee et al., 2004; Gonzales et al.,
2005; Smith et al., 2006).
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Figure 1.
Geologic map of the land areas that represent the Paso del Norte airshed located in El Paso,
TX, U.S., Cd. Juarez, Chihuahua, MX, and the Sunland Park region of southern New Mexico,
U.S.. El Paso City-County was divided into 50 equally populated strata (approximately 13,000
people per strata in the year 2000) and air monitors were located at various times in these strata
for up to one year, with dichotomous PM10-2.5 and PM2.5 filters being collected continually
and retrieved on a weekly basis for analysis. Some of the dichotomous air samplers were co-
located at sites monitored by the State of Texas Commission on Environmental Quality (TCEQ)
air samplers to allow for comparison of results.
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Figure 2.
Gravimetric results for air filters obtained from various sites in El Paso, TX during the time
period August 2006 through June 2007 for Sites A, D, E, H, I, J, K, and L shown on the map
in Figure 1. Because individual filters did not usually contain sufficient amounts of PAHs for
chemical analysis, extracts were made from 4 pooled filters using the one week filter collection
from each site for the months listed. Descriptions of these sites are included in the text.
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Figure 3.
Analysis of CYP1A1 expression in BEAS2B cell treated for 18 hrs with dichloromethane
extracts of PM10-2.5 (shown as PM10) or PM2.5 filters obtained from filters pooled from 2
weeks during Aug/Sept 2006, Oct 2006, Jan 2007, or 3 weeks during March/May/June 2007.
Results shown are for the fold induction of gene expression determined using RT-PCR for
three replicate cell treatments (Mean + SD) compared to DMSO solvent controls.
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Figure 4.
Analysis of ALDH3A1 gene expression in BEAS2B cells, as described in Figure 3.
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Figure 5.
Analysis of NQO1 gene expression in BEAS2B cells, as described in Figure 3.
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Figure 6.
Analysis of HMOX-1 gene expression in BEAS2B cells, as described in Figure 3.
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Figure 7.
Analysis of AKR1C1 gene expression in BEAS2B cells, as described in Figure 3.
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Figure 8.
Analysis of IL-6 gene expression in BEAS2B cells, as described in Figure 3.
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Figure 9.
Analysis of IL-8 gene expression in BEAS2B cells, as described in Figure 3.
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Figure 10.
The levels of the top 20 PAHs detected in PM10-2.5 and PM2.5 filter extracts for each of the
Paso del Norte airshed sampling sites measured during Oct 2006 and January 2007. Results
shown are the mean for duplicate determinations of each PAH compared to reference samples
expressed on a ug/mg total PM mass measured on each filter.
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Figure 11.
Correlation of top 20 PAHs measured during October 2006 and January 2007 at all sites with
the fold induction for each of the target genes measured at the various sites. In the top graph,
the correlations for individual PAHs and genes are shown for both October 2006 and January
2007 samples. The PAH that showed significant correlation for both samples sets was
fluoranthene. In the lower graph, the averaged correlations for all zones for the January and
October samples are shown for the top ten PAHs as a function of the marker gene expression.
Light colors indicate the highest positive correlations using Pearson correlation coefficients
(highest correlation = 1.0 on y axis). Dark colors indicate either no correlation (correlation =
0) or negative correlations also shown as 0 on y axis.
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