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Mitochondrial regulation of lung development, injury and

repair.

The acute respiratory distress syndrome (ARDS) is a life-threatening lung condition, leading to low oxygen levels in blood, that commonly develops after pneumonia and influenza infections. Scientists have recently discovered that mitochondria, small organelles in most living cells that were previously known for energy generation, play an important role in regulating how stem cells develop into different cell types. This study seeks to better understand the mechanisms behind how mitochondria influence stem cells and their differentiation in the lungs, and eventually lead to new therapeutic targets to promote lung repair by stimulating stem cells in lung tissue damaged by ARDS.

Mentor:  Navdeep S. Chandel, PhD

Institution:  Northwestern University

Rebecca F. Hough, MD PhD 
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Mitochondrial mechanisms underlying alveolar-capillary barrier

Regulation
The Acute Respiratory Distress Syndrome (ARDS) can be fatal to both children and adults, but its molecular mechanisms are not understood. This proposal uses advanced imaging techniques to further the understanding of the cell-cell communication that underlies ARDS, with a long-term goal of leading to the development of specific therapies for this devastating syndrome. Public Health Relevance: Supportive treatments for ARDS have improved outcomes in adults and children, but morbidity and mortality rates remain high. This basic mechanistic research could lead to the creation of novel, specific therapies that will improve patient outcomes.
Mentor:  Jahar Bhattacharya, MD PhD
Institution:  Trustees of Columbia University in City of NY
Nicholas G. Jendzjowsky, PhD
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A novel neuronal mechanism of asthmatic Bronchoconstriction

Asthmatic airways are sensitive to allergens which induce acute lung inflammation, thereby activating a poorly understood neuronal pathway that causes airway narrowing. We discovered that an inflammatory

chemical, lysophosphatidic acid (LPA), is circulated throughout the body and triggers a neuronal reflex pathway to narrow airways. This novel pathway involves LPA activation of the carotid bodies (nerve

clusters). Moreover, pharmacological disruption of this pathway in a rodent model of asthma dramatically reduces airway narrowing. Therefore, we believe that carotid body stimulation by LPA may significantly contribute to asthmatic symptoms. This observation lead to three important questions: 1) Where does the increased LPA come from? 2) How do the receptors which sense LPA prime the carotid body to increase neuronal activity? 3) Does chronic suppression of this pathway improve asthma symptoms? This proposal aims to identify novel targets to improve asthma treatment and prevent asthma-related morbidity.
Mentor:  Richard J. A. Wilson, PhD

Institution:  University of Calgary 
Jeremy B. Katzen, MD
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Understanding the role of the distal lung epithelium in pulmonary

Fibrosis Idiopathic Pulmonary Fibrosis (IPF) is an incurable lung disease with a median survival of 5 years. A major barrier to discovering effective therapies for IPF are gaps in our understanding of how the disease develops. We have generated a robust and exciting murine model of IPF based on a disease-associated human mutation in the Surfactant Protein C gene (SFTPC). Expression of the mutation causes alveolar type 2 (AT2) cell dysfunction and lung pathology that resembles IPF. The mechanistic link between AT2 cell dysfunction and lung fibrosis is a fundamental gap in our understanding of IPF pathogenesis, and this project will meld epithelial cell biology and regenerative biology to fill this gap, and generate novel insights into IPF.

Finally, this project will prepare Dr. Katzen for an independent physician-scientist career.
Mentor:  Michael F. Beers, MD
Institution:  University of Pennsylvania 

Jonathan S. Kurche, MD PhD
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Epithelial biology of the gain-of-function MUC5B promoter risk variant for IPF
Idiopathic pulmonary fibrosis (IPF) is a terminal respiratory disease affecting 40,000 people in the United States annually. I study a mutation near the gene for the pulmonary mucin, MUC5B, which is the most significant risk factor for IPF. The mechanism whereby the MUC5B mutation leads to fibrosis is not understood. My preliminary data suggests that cells from normal donors with the MUC5B mutation exhibit properties of “senescence;” a process of cellular stress, premature aging, and failure. It has never been shown that MUC5B could have such direct effects on lung cells. In this proposal, I outline methods to identify precisely which cellular pathways are corrupted. Given the importance of the mutation for IPF, I hope this work will lead to new therapies for the disease.
Mentor:  David A. Schwartz, MD 

Institution:  University of Colorado Denver  

Jennifer A. Mitchel, PhD
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Cell Jamming in Epithelial Migration and Repair
Epithelial cells line the airways of our lungs, providing the first line of defense against inhaled allergens, pollution, and pathogens. We think of constituent airway epithelial cells as being stationary and packed together like tiles on a floor, as they perform their essential barrier and immune functions. Our lab has reported, however, that when airway epithelial cells become compressed, as occurs during asthmatic bronchoconstriction, the cellular collective undergoes a transition from a jammed, stationary and solid-like phase to an unjammed, migratory and fluid-like phase. Our extensive preliminary data supports our central hypothesis that unjamming occurs both in vitro and in vivo and contributes to asthma pathogenesis. In this proposal, I use human and mouse models to investigate the relationship between compression-induced unjamming and impaired epithelial repair and regeneration, as typify the asthmatic airway. I hypothesize that the unjamming transition is a fundamental process of epithelial repair, but becomes hijacked and maladaptive in asthma.
Mentor:  Jeffrey J. Fredberg, PhD

Institution:  President & Fellows of Harvard College 
Alvaro G. Moreira, MD MSc
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Optimizing Mesenchymal Stem Cells for Bronchopulmonary Dysplasia

Bronchopulmonary dysplasia (BPD) is a devastating lung condition that develops in premature newborns exposed to prolonged mechanical ventilation and supplemental oxygen. BPD is the most common complication of prematurity, affecting up to 15,000 infants each year in the United States. This disease increases the risk for early death, life-long heart and lung disability, and incurs a heavy financial and emotional burden on society. This proposal focuses on optimizing and testing the safety/efficacy of stem

cells, a novel therapeutic approach to restore lung health in neonates.
Mentor:  Jenny Hsieh, PhD

Institution:  University of Texas Health Science Center at San Antonio
Eric D. Morrell, MD
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The Influence of Alveolar Macrophage Subtype

Development on ARDS Severity
Acute respiratory distress syndrome (ARDS) is an inflammatory condition whereby the lungs become filled with fluid in response to severe illness. It is present in 10.4% of all patients admitted to critical care units worldwide and is associated with a 33% mortality. Specific immune cells in the lung called alveolar macrophages (AMs) are presumed to influence many biological processes that occur in ARDS, however little is known about their specific functions in humans. We hypothesize that different AM “subtypes” – subsets of AMs that have distinct functions – play a key role in the onset and resolution of ARDS. We are using cuttingedge precision approaches to understand the role that AMs subtypes play in ARDS that may lead to effectivetherapies for this syndrome.

Mentor:  Mark M. Wurfel, MD PhD

Institution:  University of Washington 

Nandita R. Nadig, MD
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The Clinical, Economic and Psychological Impact of Inter-ICU

Transfers
Ventilator dependent respiratory failure (VDRF) requiring inter-ICU transfer has extensive impact on healthcare and psychological outcome. This project carries important implications for not only patients that undergo inter-ICU transfer but also families of these patients. The comparison of clinical outcomes based on timing of inter-ICU transfer will enable clinicians to make informed decisions about transfer. In addition, it will also study psychosocial impact of inter-ICU transfers on patient families and further inform family centered care during inter-ICU transfers.
Mentor:  Dee W. Ford, MD

Institution:  Medical University of South Carolina 

Lauren D. Palmer, PhD
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 The impact of dietary zinc deficiency on innate immunity

to lung infection
Dietary zinc deficiency affects one third of the global population and contributes to 1 in 6 cases of lower respiratory tract infections, or pneumonia. Acinetobacter baumannii is a critically important opportunistic pathogen emerging as a leading cause of ventilator associated pneumonia. Patients at risk for A. baumannii infection are also at increased risk for zinc deficiency, including the critically ill. Data from an experimental mouse model suggests that zinc deficiency promotes A. baumannii lung infection. The proposed experiments will identify the relevant innate immune defects in zinc deficient populations, and have the potential to identify new treatments for pneumonia.
Mentor:  Eric P. Skaar, PhD MPH

Institution:  Vanderbilt University Medical Center 

Paul A. Reyfman, MD
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Investigating Pulmonary Fibrosis Pathobiology using Single-Cell

Transcriptomics
Pulmonary fibrosis refers to a set of chronic, progressive diseases characterized by lung scarring. Novel techniques for measuring the expression of genes within all cells in a sample of lung tissue (single-cell transcriptomic analysis) may enable new insights into the biology of pulmonary fibrosis. This proposal will deepen our understanding of single-cell transcriptomic analysis of human lungs during health and disease, and will address the critical question of whether single-cell transcriptomic methods can provide an accurate quantification of the cellular composition of the lung. These findings may lead to the development of new tests for diagnosis, prognosis, and prediction of response to therapy in pulmonary fibrosis, and may uncovernew targets for therapy.

Mentor:  GR Scott Budinger, MD

Institution:  Northwestern University 

Sarina K. Sahetya, MD
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Driving Pressure as a Target for Lung-Protective Ventilation in ARDS
Acute Respiratory Distress Syndrome (ARDS) is a common, often fatal lung condition for which there are few effective treatments. Mechanical ventilation is critical for survival, however, it may cause additional lung injury and increase the mortality. This proposed research evaluates minimizing Driving Pressure as a target for lung-protective ventilation in ARDS. We will determine if a Driving Pressure-guided ventilation strategy is a feasible approach to personalizing mechanical ventilation and if Driving Pressure is a good marker for ventilator-induced lung injury. This research will help refine a personalized mechanical ventilation strategy, identify characteristics that might contribute to the variability in benefit received from this strategy, and inform future research evaluating if a Driving Pressure-guided strategy will improve clinical outcomes in ARDS patients.

Mentor:  Roy G. Brower, MD

Institution:  John Hopkins School of Medicine 
Arash Tadjalli, PhD
[image: image13.png]


Modulation of Respiratory Motor Plasticity Through

Neuron-Microglia Interactions
Although microglia have long been characterized as innate immune cells, they are now recognized as fulltime partners in neuronal function. Communication between neurons and microglia has been described in normal and pathological states, however, nothing is known concerning their interactions in regulating spinal respiratory motor plasticity. Plasticity is a property that allows for adaptations to life’s demands; it permits breathing circuits to repair themselves and regain lost functions with disease or injury. The focus of this proposal is to determine if communication between neurons and microglia shape certain forms of spinal respiratory plasticity under normal conditions, and during pathological conditions that lead to inflammation of the nervous system.
Mentor:  Gordon S. Mitchell, PhD
Institution:  University of  Florida 

Changfu Yao, PhD
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Cellular senescence as a driver of progenitor cell dysfunction in

pulmonary fibrosis

Idiopathic pulmonary fibrosis (IPF) is an age related progressive interstitial lung disease with a median diagnosis at 66 years old and estimated survival of 2–4 years. Cellular senescence, a hallmark of aging, is believed to contribute to epithelial progenitor cell dysfunction and progressive tissue remodeling in IPF. However, there has been no systematic analysis of cellular senescence programs that are activated in distinct lung cell types and contribute to tissue remodeling. Goals of this proposal are to gain fundamental insights into cellular senescent signatures of different lung cell types in human patient samples and mouse models, to understand mechanisms by which epithelial senescence leads to initiation and progression of lung fibrosis and use this information to validate interventions that block or reverse disease progression.
Mentor:  Barry R. Stripp, PhD
Institution:  Cedars-Sinai Medical Center 

