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Objective(s) of the Research Project: 

Exposure to particulate matter (PM) is currently associated with development of various respiratory diseases such as lung cancer, COPD, and asthma. Hallmarks of asthma include airflow obstruction, bronchial hyper-responsiveness, and airway remodeling. Particulate matter less than 2.5 µm in diameter (PM2.5)  is derived mainly from industrial heating as well as the combustion of vehicle fuels and is considered to have clinical relevance since it deposits in the respiratory bronchioles of the lungs.  PM2.5  has been associated with premature mortality. Recent studies suggest an association between acute exposure to PM and daily mortality and morbidity, which was strongest for respiratory- and cardiovascular-related hospital admissions and cause of death in susceptible individuals. The specific objectives to be completed across the three phases of this Project are: 1.To characterize secretion of inflammatory cytokines/chemokines in human bronchial epithelial cells induced by PM; 2. To characterize airway inflammation in murine models of lung inflammation induced by bioavailable PMs; 3. To evaluate the role of ROS in PM-induced in vitro and in vivo airway inflammation and toxicity; 4. To link in vitro and in vivo gene expression patterns induced by PM with morbidity and mortality rates of the city where the sample was collected; 5. To link fluctuations in ambient bioavailable PM levels with relevant biomarkers (cytokines, epithelial/endothelial activation, peripheral blood mononuclear cell gene expression, exhaled breath condensates) in a panel of PM exposed human subjects; 6. To characterize signaling mechanisms of PM-induced secretion of inflammatory cytokines/chemokines and ROS burden in human bronchial epithelial cells.
Progress Summary/Accomplishments:  

A.  Project #3: Biological Assessment of Toxicity of PM and PM Components
Rationale. Despite numerous epidemiologic studies pointing to diverse adverse health effects of exposure to urban airborne particulate matter (PM), the physical and chemical characteristics of PM that contribute to cardiopulmonary toxicity and dysfunction remain poorly understood.  Further, relatively little is known regarding the molecular mechanism(s) of PM-induced airway inflammation and cardiovascular dysfunction, processes considered to play a critical role in cardiopulmonary morbidity and mortality. Elaboration of reactive oxygen species (ROS) and secretion of pro-inflammatory cytokines from airway epithelium exposed to urban PM may be involved not only in airway inflammation, but also in PM-mediated toxicity to cardiac tissue, distant from the lung. Project #3 studies are encompassed within 3 phases. In vitro and in vivo Phase I studies have been initiated to establish the models that will be used in carrying out bioassays with specimens collected in the various cities throughout the United States.  In Phase I, in developing the models, emphasis has been placed on  PM collected by cyclone-generated (single stage) extraction method for bulk PM collection from the roof of the School of Public Health (April-June 2005), yielding a PM sample in the size range of 0.1 to 10 microns (provided by Project #2 investigators: Drs. Patrick Breysse and Alison Geyh). Phase I studies have included both PM-induced changes in lung and cardiac tissue gene expression using the Baltimore PM.  Several manuscripts are in preparation. Similar studies using PM derived from specific US cities will be carried out subsequently under Phase II (murine asthma) and Phase III (murine dilated cardiomyopathy). As noted in the prior review of Project #3 studies, future studies will not be emphasizing in vitro approaches, which were evaluated in Phase I.

B.  Phase I: In vitro Toxicity Assessment of Baltimore PM.  
Overview and summary: These studies have utilized human bronchial epithelium and human lung endothelium with evaluation of cytokine secretion (GM-CSF, IL-6, IL-8, and IL-1β), generation of ROS, such as H2O2 and superoxide, and signaling mechanisms regulating cytokine/ROS production, cytotoxicity, and vascular/epithelial permeability. These in vitro effects of Baltimore PM on lung cell function evidence a “pro-inflammatory lung cell phenotype” with increases in epithelial and endothelial permeability in PM fraction-specific pathways. PM also induces elaboration ofROS, effect which is partially reversed by the anti-oxidant N-acetyl-L-cysteine (NAC). Reflective of the prior SAC review of Project #3 studies, future studies will not be emphasizing these in vitro approaches.

· Effects of Baltimore PM on human bronchial epithelium: These cells were exposed to increased doses of Baltimore PM which induced time- and dose-dependent increases in phospho-ERK and phospho-IKB- (key regulators of NF-(B, a pro-inflammatory DNA binding protein), GM-CSF, IL-1β, IL-6, as well as increases in the generation of ROS.

· Effect of Baltimore PM on human lung endothelium: We determined that PM decreases trans-endothelial electrical resistance (TER), a reflection of loss of vascular integrity in dose-dependent and time-dependent fashion. Water–soluble PM supernatants, in contrast, enhance endothelial cell barrier function whereas the water–insoluble PM pellet produces endothelial cell barrier dysfunction. The presence of NAC partially reverses the PM effect on permeability and barrier dysfunction and induces stress fiber formation, a finding consistent with increased permeability.

C.  Phase I: In vivo Effects of PM exposure in a Murine Model of Asthma
Overview and summary: We have developed and characterized an experimental model of  murine asthma induced by ovalbumin (OVA) in the asthma-susceptible AJ mouse strain in order to evaluate PM effects. Briefly, 10-12 week old AJ mice received OVA (0.4 mg/kg i.p, day 0) followed by an intratracheal OVA challenge (30 mg/kg, day 14). Then PM (20 mg/kg) was administered through an intratracheal aspiration three days after OVA challenge. After 1 day, 4 days or 7 days post PM exposure, airway hyperresponsiveness (AHR) was determined via acetylcholine (1mg/kg) intravenous injection through the inferior vena cava and animals were sacrificed for BAL extraction and tissue harvesting. As noted below, these studies highlight the interaction between PM and lung inflammatory responses in the sensitized mouse--interactions which result in enhancement of airway hyperresponsiveness.  Key findings are highlighted below:
· Baltimore PM induces AHR. Reactivity of the airways was determined by the response to endogenous bronchoconstrictors, such as acetylcholine. Airway pressure change stimulated by exogenous infused acetylcholine was measured to represent airway responses. OVA challenge increased AHR. PM induced significant increases in AHR in both control AJ mice and asthmatic OVA challenged mice.

·      Baltimore PM induces protein leakage into airway. BAL protein level increase indicates vascular leakage and is a key parameter of inflammatory lung injury. PM, not OVA, increased protein levels in BAL an indication of disruption of epithelial/endothelial barriers.

·      Baltimore PM induces inflammatory leukocyte infiltration into the airways. PM induced inflammatory leukocyte infiltration into the alveolar and airway in both PBS control AJ mice and OVA challenged asthma mice. OVA challenge induced eosinophil and macrophage increases in BAL. Baltimore PM induced eosinophil and neutrophil infiltration in BAL.
· Baltimore PM induces TH1 and TH2 type cytokines in BAL. OVA challenge induced TH2 cytokine IL-4 and IL-5 secretion into BAL. PM induced not only TH2 cytokine IL-4 and IL-5 in asthma mice, and TH1 cytokine IL-6, IFN-( and TNF-( in BAL. 

· Baltimore PM-10 induces gene transcription signaling in murine asthmatic lung (pending). PM challenged murine lungs are being analyzed with microarray techniques to characterize gene transcription patterns which will elucidate a molecular signature of pulmonary toxicity induced by PM in both control (healthy) mice and OVA (asthmatic) mice. 
D. Phase I: In vivo Effects of PM exposure in a Murine Model of Cardiomyopathy
Overview and summary: Transgenic mice engineered to express a cardiac-specific dominant/ negative form of transcription factor CREB-(Ser-Ala)133, essential for cardiac muscle function were used as cardiomyopathy model for studying cardiac effects of PM. This model induces: progressive ventricular failure, cardiac dilatation, decreased systolic & diastolic pressures, hypertrophy and interstitial fibrosis. Measurements were obtained in 10- and 20-wk-old mice exposed to 1 mg/mouse of PM/mouse with evaluation 72 hours after PM challenge. Experimental groups (CD1-PBS, CD1-PM, CREB-PBS, and CREB-PM) were exposed to PM or PBS by tracheal instillation at 10 or 20 wks of age.  Continuous electrocardiograms were recorded prior to and for 36 hours following exposure.  Arrhythmia scores were based on the frequency of ventricular premature beats and episodes of ventricular tachycardia.  Cardiac function was assessed by cardiac ultrasound at baseline and following PM exposure.  cDNA microarray analyses were performed on the left ventricles of 20 wk groups.   In conclusion, this study is the first to demonstrate that PM exposure acutely increases ventricular arrhythmias in transgenic mice with severe cardiac dysfunction.  Genomic assessment revealed differential regulation of numerous genes some of which may be involved in the pathogenesis of PM triggered ventricular arrhythmias.  These results are consistent with epidemiologic studies that suggest that PM is more likely to trigger phenotypic changes in individuals with severe cardiac dysfunction. We currently are pursuing lung tissues, cardiac left ventricle, cardiac sinus atrium node, and carotid bodies in search for tissue- and PM-specific molecular signatures from our PM animal samples at the time points described here.  Key findings are highlighted below:
·      Baltimore PM induces reductions in baseline fractional shortening (FS) in the 20    wk CREB groups when compared to 10 wk CREB groups (18% vs 35%; p=0.04).
·      Baltimore PM induces ventricular arrhythmias in CREB mutant mice with CHF. CD1 mice at any age do not exhibit ventricular arrhythmias: either at baseline or within 36 hours of PM exposure. CREB mice 10 or 14 weeks of age do not have arrhythmias: either at baseline or following PM/PBS exposure mice. CREB mice at 20 wks demonstrate ventricular arrhythmias at baseline (arrhythmia score 2.0 vs. 1.8; p=0.77). CREB mice at 20 wks exhibit marked increases in ventricular arrhythmias following PM in conjunction with increased expression of genes involved in cardiac arrhythmias (arrhythmia score 5.5 vs. 2.2; p=0.02).
·     Baltimore PM induces left ventricular differential gene expression of several gene ontologies in CREB mice including inflammation, signal transduction, and ion channel regulation. LV RNA from control and 20 wk CREB-PM groups was utilized in Affymetrix arrays.

·     Baltimore PM induces severe respiratory pattern disturbances in CREB mice but not in control CD-1 mice. CD -1 mice were unaffected by PM or by exposure to the combination of 12 % hypoxia and PM. In contrast, CREB mice had predictably higher respiratory rates which accelerated with exposure to 12 % hypoxia. Exposure of CREB mice to PM results in Cheyne-Stoke breathing and disturbed respiratory synchrony the frequency of which was increased by the combination of hypoxia and PM. This persisted even after 5 minutes of normoxia.  Lung, atrial tissues and carotid body tissues have been retrieved for microarray analyses.
E. Studies proposed for Year 3: 
As noted above, we have completed all planned in vitro experiments. In Year 3 we will revise our current manuscripts as needed for publication and concentrate on Phase II and Phase III studies focused on screening the cardiopulmonary toxicity of the new, characterized PM samples collected by Project #2 personnel. We will continue to use toxicogenomic approaches in the evaluation of PM effects in the model of OVA-induced murine asthma and mice with dilated cardiomyopathy.
QA/QC
The investigators, along with the Center PI and the Quality Assurance Manager of the Center have collaborated to develop the Project Quality Assurance Project Plan for Project 3.  The Plan was developed and submitted to the PI and QAM in spring 2007.  The Quality Assurance Manager also conducted a site visit to the University of Chicago in February 2007 to do a separate internal assessment of procedures, review the policy/procedures forms and to give an update on EPA requirements to the team. The QAPP is being implemented at this time, and the investigators have systems in place to review, identify and correct any QA/QC issues.
Publications/Presentations:  
Goonewadena S, Moreno L, Natarajan V, Svensson C, Moitra J, Lang R, Collins K, Spannahake EW, Breysee P, Geyh A, Samet JM, Garcia JGN. Cardio-pulmonary effects of PM exposure in a mouse model of cardiomyopathy. (to be submitted JCI 2007).

Gorshkova I, Spannhake E. Wm, Moreno L, Breysee P, Geyh A, Samet JM, Garcia JGN, and Natarajan, V. Release of Interleukin-6 and Reactive Oxygen Species by Particulate Matter in submerged and air-liquid interface human bronchial epithelial cells (To be submitted to American J. Physiology, 2007).

Moreno L, Grabavoy A, Goonewardena S, Sammani S, Natarajan V, Breysee P, Geyh A, Samet JM, Garcia JGN. Biological Effect of PM exposure in a susceptible murine strain (Abstract submitted to EPA conference Oct 12th 06).

Parinandi NL, Spannhake E. Wm, Moreno L, Samet JM, Garcia JGN, and Natarajan V. Particulate matter-induced phospholipase D activation regulates IL-8 secretion in bronchial epithelial cells (To be submitted to Cell signaling, 2007).

Wang T, Moreno L, Breysee P, Geyh A, Samet JM, Natarajan V, Garcia JGN. Effect of Baltimore particulate matter on human lung endothelial cell barrier properties. (To be submitted to Microvascular Research, 2007).
Wang T, Moreno L, Goonewardena S, Sammani S, Grabavoy A, Natarajan V, Breysse P, Geyh A, Samet JM, Garcia JGN. Toxicogenomic assessment of Baltimore PM exposure in murine model of asthma. (To be submitted to American J Physiology: Lung Cell Molec Phys, 2007).
Supplemental Keywords:  Differentiated and non-differentiated airway cells; ROS; particulate matter, murine models; cardiopulmonary functions; cytotoxicity; cytokines.
Relevant Web Sites
JHPMRC Progress Rpt Yr 2
7/31/2007
Project 3: Spannhake/Garcia



