C.9. DOCTORAL DISSERTATION AND OTHER RESEARCH EXPERIENCES
Prior to entering the Medical Scientist Training Program at the University of Pittsburgh, I worked as an undergraduate researcher with Dr. Lewis Jacobson in the Department of Biological Sciences at the University of Pittsburgh from January 2007 to May 2010. The Jacobson Lab uses Caenorhabditis elegans (C. elegans) to understand the signaling pathways that regulate muscle protein degradation. While in the lab, my work focused on one aspect of this regulation: muscle attachment complexes, which anchor the muscle contractile fibers to the basement membrane. I found that loss of the attachment complex in worms, whether through genetic mutation in one of the genes encoding a protein member of the complex or through RNA interference (RNAi) against the mRNA transcript for a specific attachment complex protein, resulted in muscle protein degradation in C. elegans. We further discovered that the activation of calpain proteases was the mechanism by which attachment complex disruption led to muscle protein degradation and disarray. These studies led to numerous abstracts and poster presentations at a variety of local, national, and international conferences as well as to a shared first author publication in PLoS Genetics in 2012. While in the Jacobson Lab, I learned many techniques that laid the foundation for my scientific training including RNA interference, Western blot, genetic crosses in model organisms, use of a reporter gene (LacZ reporter linked to expression of myosin heavy chain for visualization of C. elegans’ muscles), and use of a fluorescent microscope. I also gained a great deal of experience in mentoring younger students, as I was one of around eleven undergraduates that worked in the laboratory over the years with one graduate student and a technician. I learned how to formulate hypotheses and plan experiments in this lab, and I learned how to collect and summarize data accurately and in an organized fashion. I had numerous opportunities to write and speak about my work and I received numerous fellowships and awards for my undergraduate research as outlined in my Biosketch.

While a student in the Jacobson Lab, I had the opportunity to complete two research experiences with a close collaborator of the lab, Dr. Nate Szewczyk. First, in the summer of 2007, Dr. Szewczyk and I worked on a project through NASA in which we sent worms from our lab to the International Space Station for six months. Astronauts who spend long periods of time in the microgravity environment of space often experience severe muscle weakness and wasting. Our lab hoped to use C. elegans as a simple model organism for understanding the mechanisms by which this muscle wasting occurs in space. To begin the development of this model system, we sent dozens of worms to the space station and monitored the worms on a real-time video feed in our laboratory. We processed the samples upon their return to Earth onboard the space shuttle and found that C. elegans were able to grow, move, reproduce, and develop normally in space for over twelve generations (the most generations of any animal in space to date). I was the first author on this work, which was published in The Journal of the Royal Society Interface in March 2012 and received international media coverage. This experience, while relatively simple in its experimental design, taught me valuable skills about organizing large, multi-center, international collaborations. My second experience with Dr. Szewczyk was carried out in the University of Nottingham School of Graduate Entry Medicine and Health in Derby, UK. Dr. Szewczyk started as an Associate Professor there in 2007, and I completed a summer studentship in his laboratory from May-July 2008, continuing my work on the muscle attachment complex. Importantly through this experience, I was able to see the ups and downs of starting a laboratory from scratch at a new institution. I collected important data for my PLoS Genetics publication and also aided a physician-scientist in an exercise physiology study. My summer in the UK was my first introduction to research in a medical school, and I enjoyed this initial exposure to true translational research.
My first rotation in the Pitt MD/PhD program in the summer of 2010 was with Dr. Paula Clemens in Neurology. The lab studied genetic therapies for muscular dystrophy, with a specific focus on the role of NF-kB. This was a great transitional lab for me, as it blended my past knowledge of muscle protein degradation with my current interest in inflammation. My summer project examined the role of cellular FLICE inhibitory protein (c-FLIP) and its role in NF-kB signaling in a mouse model of muscular dystrophy. I learned many new techniques during this summer rotation, including tissue sectioning, tissue staining with hematoxylin and eosin, immunohistochemistry, cell culture, and electrophoretic mobility shift assays (EMSA), all of which have been helpful in my current research experiences. Through these techniques and extensive Western blotting, I found that c-FLIP expression was altered in mice with muscular dystrophy when compared to controls. This summer rotation also gave me the chance to see how Dr. Clemens, an M.D., balanced clinical work with running a fulltime research lab.
I chose to complete my second laboratory rotation in the summer of 2011 with Dr. Tim Oury in Pathology. Dr. Oury’s outstanding mentorship and extensive training record of MSTP students were large reasons why I chose to do my thesis work in his lab. I also enjoyed my summer project, which focused on the antioxidant enzyme, extracellular superoxide dismutase (EC-SOD), and its role in gram-negative bacterial pneumonia infections. During my first summer in the lab, I developed a protocol for growing gram-positive bacteria and worked to find the optimal dosage with which to infect my mice. This proved to be quite challenging, but I succeeded and was able to complete seven experiments during the summer and fall of 2012 in which I infected wild-type and EC-SOD knockout mice with Streptococcus pneumoniae. Previous studies in which EC-SOD knockout mice were infected with gram-negative E. coli demonstrated that these mice had increased inflammation, decreased bacterial clearance, and impaired phagocytosis. Unfortunately, when the experiments were repeated with the gram-positive bacteria, the results were not as striking as what we had observed with gram-negative bacteria. After several discussions with my mentor, it was decided that I would focus my thesis work on the other project I had begun working on in the lab, the role of the receptor for advanced glycation end products (RAGE) in asthma (see below). Despite its challenges, this first project on EC-SOD was important for my research training in that it was my first introduction to extensive mouse work and the handling of my own mice. I also learned how to do bacterial killing assays, enzyme assays, intratracheal instillations, and protein purifications. Additionally, I learned extensive background information on the chemical reactions involved in oxidative stress during inflammation, an important knowledge set for a future career studying inflammatory diseases. I also learned how to assess inflammatory lung injury in histological sections.
I have recently begun my thesis project looking at the role of RAGE in type 2 innate lymphoid cell (ILC2) activation in allergic asthma. My thesis proposal is similar to the aims outlined in this application. To summarize, I will first examine possible upstream interactions between RAGE and IL-33 in cell types associated with asthma pathogenesis. I will then elucidate whether components of the asthmatic Th2 response (specifically production of IL-5 and IL-13) are dependent on RAGE signaling in the adaptive immune system through T-cells, the innate immune system through ILC2s, or both. Additionally, my thesis work will attempt to characterize certain basic facts about ILC2s in the asthma response, such as their localization in the lung and the kinetics of their recruitment, proliferation, and activation. So far, I have learned how to isolate single cell suspensions from mouse lung tissues, treat mice with house dust mite (HDM) extract via intranasal instillations, and multiple cell culture techniques. I have recently begun to learn flow cytometry, and will be isolating ILC2s from mouse lungs with the assistance of Dr. Ray’s lab this summer and fall. I have also completed several pilot studies in collaboration with Dr. John Alcorn at the Children’s Hospital of Pittsburgh. These experiments resulted in the generation of preliminary data for this grant as well as some information about the kinetics of the ILC2 response to HDM. Finally, one small component of my thesis project will focus on RAGE-dependent vascular changes in asthma as part of my training as an Angiopathy Training Program (T32) fellow. Most of these experiments will simply involve taking extra sections of HDM-treated WT and RAGE knockout mouse lungs from my proposed aims for histological assessment of pulmonary-hypertension like remodeling in the pulmonary vessels.
I completed my comprehensive exam in June 2013. For this exam, I presented and defended my thesis proposal to my committee and received excellent feedback about directions my project may take as well as helpful revisions to my specific aims. My first thesis committee meeting will take place on August 12, 2013, after which I will begin to earn dissertation credits for my degree. My thesis committee includes (department and area(s) of expertise in parentheses): Dr. John Alcorn (Immunology, Th17/asthma), Dr. Tim Oury (Pathology, RAGE, pulmonary disease), Dr. Anuradha Ray (Immunology, T-cells/asthma), Dr. Steve Shapiro (Pathology, RAGE, pulmonary hypertension), and Dr. Donna Stolz (Pathology, imaging/immunofluorescence).
All of my research experiences have been valuable and influential in my training as a scientist. I have not only learned how to formulate hypotheses and carry out experiments using a variety of techniques, but I have learned to organize and present my work in posters, talks, and publications; network and collaborate with other laboratories; troubleshoot when things do not go as planned; and apply for fellowships and sources of outside funding. All of these things will be excellent skills to have during my thesis training and will no doubt continue to serve me in my future research endeavors.   
