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On the Cover: (Clockwise from right) Top right: A functional nervous system requires the formation of highly specific synaptic connections 
between circuit partners. Work during the fellowship year strongly suggests the existence of target-derived cues from sensory neuron axons 
that attract partner interneuron dendrites. We seek to identify the genes underlying this selectivity and ultimately to elucidate general principles of 
synapse and circuit formation. This image depicts the ventral nerve cord of a first instar UAS-HA;;GAL4-R72F11 Drosophila larva, which drives 
expression of UAS constructs into first order somatosensory interneurons, which we call Basins. By immunolabeling for hemagglutinin (HA), 
the cell bodies and projections of the Basins are clearly visualized (green). FasII staining (magenta) provides a reference of nerve fascicles that run 
through the nerve cord and mark the medial, intermediate, and lateral domains of the neuropile. (Courtesy of Benjamin T. Cocanougher, HHMI 
Medical Fellow, University of Rochester School of Medicine and Dentistry [Janelia Research Campus]. Mentor: Marta Zlatic, PhD, Janelia Research Campus)

Bottom right: Our threshold to pain changes depending on the homeostatic state of our bodies. This information is integrated in the midbrain 
and carried by neurons to the rostral ventromedial medulla (RVM) in the hindbrain, which either amplifies (ON) or dampens (OFF) incoming 
pain signals. The neurons in the RVM that mediate these changes have been identified by their electrophysiological properties, but not by 
their neurochemical properties. This image depicts the RVM of a transgenic mouse that has been engineered to report the expression of two 
neuromodulators, delta opioid receptors (green) and somatostatin (yellow), using fluorescent proteins. This section was further processed with 
antibodies to tryptophan hydroxylase (pink), the only established marker of an electrochemically-defined population. The segregation of these 
three different markers suggests that neurons in the RVM that modulate pain transduction may be defined by their neurochemistry and that 
their function in descending pain control may also be distinct. (Courtesy of Sarah A. Low, HHMI Medical Fellow, University of Arizona College 
of Medicine. Mentors: Gregory Scherrer, PhD and Robert C. Malenka, MD, PhD, Stanford University School of Medicine)

Bottom left: To visualize the three-dimensional complexity of neural networks while preserving the architecture of the brain, we have developed an 
optimized hydrogel-based brain clearing method, EasyClear. EasyClear allows for strong immunohistochemical enhancement and visualization of 
specific biochemical structures in a robust, rapid, and reproducible manner. Pictured is a POMC1-Cre; Rosa-CAG-LSL-tdTomato-WPRE::deltaNeo 
mouse stained for tdTomato and counterstained for DAPI demonstrating the robust immunoenhancement achievable by means of this method. 
We are in the process of acquiring detailed images of long-range, local, and cellular morphology in cleared whole-brain samples, such as the one 
depicted here, through the use of the EasyClear method. (Courtesy of Syed Khalid, HHMI Medical Fellow, Chicago Medical School of Rosalind Franklin 
University of Medicine and Science [Johns Hopkins University School of Medicine]. Mentor: Alex Kolodkin, PhD, Howard Hughes Medical Institute 
and Johns Hopkins University School of Medicine)

Top left: This image shows human umbilical vein endothelial cells (HUVECs) at 20x magnification, grown to confluency before treat-
ment with myoglobin-containing polymersomes for three hours. These polymersomes cause hemorrhaging in tumors in vivo within the same 
timeframe, and as shown in vitro appear to disrupt endothelial cell confluency and cause distinct morphological changes. Hoechst 33342 was 
used to stain the nuclei (blue) and AlexaFluor 488 phalloidin to stain the F-actin cytoskeleton (green); polymersomes are labeled with DiD in 
their membranes (pink). (Courtesy of Anne B. Rohlfing, HHMI Medical Fellow, Duke University School of Medicine. Mentor: Mark Dewhirst, 
DVM, PhD, Duke University School of Medicine)



3

2015 Sc i e n t i f i c  Me e t i n g o f Me d i c a l fe l l o w S

P R O G R A M  S C H E D U L E
2015 Scientific Meeting of Medical Fellows 

HHMI Headquarters and Conference Center, Chevy Chase, Maryland

Tuesday, May 26, 2015

2:00–5:30 p.m.  Registration, Conference Center Front Desk

 Poster Session A set-up, Atrium

5:30–6:30 p.m. Reception, Great Hall  

6:30–7:20 p.m.  Dinner, Dining Room

7:30 p.m. Welcoming Remarks and Introduction, Auditorium
  Goutham Narla, MD, PhD, Case Western Reserve University School of Medicine

7:40–8:30 p.m. Opening Keynote Speaker, Auditorium
 “Encountering the Unexpected”
  Vivian G. Cheung, MD, University of Michigan

8:30–10:30 p.m.  Dessert Social, “The Pilot” Lounge

8:30 p.m. Shuttle departures from HHMI to DoubleTree Bethesda every 30 minutes

 “The Pilot” Lounge open until 10:30 p.m.

11:00 p.m. Last shuttle departs 
 

Wednesday, May 27, 2015

7:30–8:20 a.m. Breakfast, Dining Room

8:30–10:00 a.m. Platform Presentations by Second-Year Medical Fellows, Auditorium 

10:00–10:15 a.m. Break, Atrium

10:15–11:15 a.m.  Poster Session A, Atrium 

11:30 a.m.–12:30 p.m. Thought Leader Keynote Speaker, Auditorium
 “Genetic Therapies for Genetic Diseases: Gene Therapy Comes of Age”
  Katherine A. High, MD, Spark Therapeutics

12:30–1:30 p.m. Lunch, Dining Room

1:30–2:45 p.m.  Panel Discussion, Auditorium
 “Moving Discoveries from the Bench to the Bedside:  
 Collaborations Between Academia and Industry”
 Co-Moderators: Nan Guo and Syed Khalid

 Panelists:

  Nicholas Boulis, MD, Emory University School of Medicine 

  Goutham Narla, MD, PhD, Case Western Reserve University School of Medicine

 Amy Trainor, PhD, BioMotiv

 George Trainor, PhD, BioMotiv
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2015 Scientific Meeting of Medical Fellows 

HHMI Headquarters and Conference Center, Chevy Chase, Maryland

Wednesday, May 27, 2015, continued

2:45–3:00 p.m.  Break, Great Hall

3:00–4:15 p.m. Breakout Session 1:  

 Internal Medicine/Subspecialties, Other Non-Procedure-Oriented Specialties, Group 1
 “Research-Oriented Residencies,” Room D124
 Co-Moderators: Daniel Pipilas and Madina Tugizova

Panelists: 

  Robin G. Lorenz, MD, PhD, University of Alabama at Birmingham School of Medicine

  Peter Klein, MD, PhD, Perelman School of Medicine at the University of Pennsylvania

  Arun Venkatesan, MD, PhD, Johns Hopkins University School of Medicine
 
    Internal Medicine/Subspecialties, Other Non-Procedure-Oriented Specialties, Group 2
 “Planning an Academic Research Career,” Room D115
 Co-Moderators: Katie Anderson and Jeffrey SoRelle

Panelists:

Mark W. Dewhirst, DVM, PhD, Duke University School of Medicine

Mukesh K. Jain, MD, Case Western Reserve University School of Medicine

Vivian G. Cheung, MD, University of Michigan 

Surgery/Subspecialties, Other Procedure-Oriented Specialties Group
“Planning an Academic Research Career, Part 1,” Room D125
Co-Moderators: Jessica St. Laurent and Jeffrey Zimering

Panelists:

Scott A. LeMaire, MD, Baylor College of Medicine

Allan Tsung, MD, University of Pittsburgh School of Medicine

Rebekah White, MD, Duke University Medical Center

 Neurosurgery Group
“Planning an Academic Research Career,” Room D116 
Co-Moderators: Evan Bander and Hosniya Zarabi

Panelist:

Henry Brem, MD, Johns Hopkins University

4:15–4:30 p.m. Break, Great Hall
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P R O G R A M  S C H E D U L E
2015 Scientific Meeting of Medical Fellows 

HHMI Headquarters and Conference Center, Chevy Chase, Maryland

Wednesday, May 27, 2015, continued

4:30–5:45 p.m. Breakout Session 2: 

Internal Medicine/Subspecialties, Other Non-Procedure-Oriented Specialties, Group 1
“Planning an Academic Research Career,” Room D115
Co-Moderators: Ben Cocanougher and David Huang

Panelists: 

Mark W. Dewhirst, DVM, PhD, Duke University School of Medicine

Mukesh K. Jain, MD, Case Western Reserve University School of Medicine

Vivian G. Cheung, MD, University of Michigan 

Internal Medicine/Subspecialties, Other Non-Procedure-Oriented Specialties, Group 2
“Research-Oriented Residencies,” Room D124
Co-Moderators: Montreh Tavakkoli and Chioma Udemgba

Panelists:

Robin G. Lorenz, MD, PhD, University of Alabama at Birmingham School of Medicine

Peter Klein, MD, PhD, Perelman School of Medicine at the University of Pennsylvania

Ben Ho Park, MD, PhD, Johns Hopkins University School of Medicine 

Surgery/Subspecialties, Other Procedure-Oriented Specialties Group
“Planning an Academic Research Career, Part 2,” Room D125
Co-Moderators: Jessica St. Laurent and Jeffrey Zimering

Panelists:

Scott A. LeMaire, MD, Baylor College of Medicine

Allan Tsung, MD, University of Pittsburgh School of Medicine 

Rebekah White, MD, Duke University Medical Center

Neurosurgery Group
“Funding Opportunities for Neurosurgeon-Scientists,” Room D116 
Co-Moderators: Syed Khalid and Young Lee

Panelist:

Stephen J. Korn, PhD, National Institute of Neurological Disorders and Stroke,  
National Institutes of Health

5:45–6:00 p.m. Poster Session A dismantle 

6:00 p.m.  Poster Session B set-up

6:00–7:00 p.m. Barbecue Dinner, Dining Room, Terrace

7:20 p.m. Depart for Social/Networking Event, Conference Center Lobby

7:45–9:45 p.m. Social/Networking Event, Walter Reed Military Medical Center

9:45 p.m. Depart for HHMI headquarters

10:15 p.m. Shuttle departure from HHMI to DoubleTree Bethesda  

 “The Pilot” Lounge open until 11:00 p.m.

11:00 p.m. Last shuttle departs
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2015 Scientific Meeting of Medical Fellows 

HHMI Headquarters and Conference Center, Chevy Chase, Maryland

Thursday, May 28, 2015

 Please check out prior to breakfast and bring luggage to the HHMI conference center  
 registration desk 

7:30–8:20 a.m. Breakfast, Dining Room

8:30 a.m. Class Portrait, Central Space, Second Floor

9:30–10:30 a.m. Poster Session B, Atrium 

10:30 a.m. Poster Session B dismantle

10:50 a.m. Medical Fellows’ Assembly, Auditorium

11:00 a.m. Medical Fellows Student Speaker, Auditorium
 Brian Nuyen

 Closing Keynote Speaker, Auditorium
 “Leading Change: The Power of Opportunity”
 Elizabeth G. Nabel, MD, Brigham and Women’s Hospital

12:00 p.m. Recognition Ceremony, Auditorium

Remarks
  Goutham Narla, MD, PhD, Case Western Reserve University School of Medicine

 Presentation of Fellows’ Certificates 

12:30 p.m. Lunch, Dining Room, Terrace, Patio

1:30 p.m. Adjournment

 Shuttle departures to airports and train station
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Encountering the Unexpected
Vivian G. Cheung, MD
Investigator, Howard Hughes Medical Institute; Frederick G.L. Huetwell Professor, Department of Pediatrics and Communicable 
Diseases, Division of Neurology; Professor, Department of Genetics and The Life Sciences Institute, University of Michigan 

Regulation of gene expression is critical for proper cell function. Dr. Cheung 
studies how RNA processing influences gene expression. She and her colleagues 
were the first to show that the expression levels of genes are quantitative traits 
whose regulators can be identified by genetic analyses. This finding allowed them 
and others to use genetic linkage and association mapping to identify the regulators 
of thousands of genes in normal human cells and in diseases. A few years ago, while 
studying the genetics of human gene expression, her group made an unexpected 
finding of RNA sequences that differ from the corresponding DNA sequences. 
In her talk, she will discuss how these RNA-DNA sequence differences (RDDs) 
were identified and how a rare juvenile form of amyotrophic lateral sclerosis 
(ALS) is leading them to the mechanisms of RDD formation and their functions. 

Dr. Cheung is a pediatric neurogeneticist whose research focuses on RNA 
biology. For many years, her clinical work and research focused on different areas with few intersections. In studying how 
RDDs are formed, Dr. Cheung and her collaborator, John Lis, PhD, at Cornell University found that RDD 
formation occurred soon after nascent RNA synthesis. Based on the timing of RDD formation during transcription, 
they posited that it may be related to RNA-DNA hybrids. This finding reminded Dr. Cheung of a teenager with ALS 
she saw in the late 1990s while a pediatric neurology fellow with Kenneth Fischbeck, MD. That patient had a mutation in 
senataxin, a helicase that resolves RNA-DNA hybrids. 

With Dr. Fischbeck, chief of neurogenetics at the National Institute of Neurological Disorders and Stroke (NINDS), 
and Christopher Grunseich, MD, a neurology fellow at NINDS and a former Howard Hughes Medical Institute 
(HHMI) medical fellow, Dr. Cheung is studying a large ALS family with senataxin mutation. What started as an 
unexpected finding of RDDs has now united her interests in RNA biology and neurodegeneration. She will discuss 
the thrills of encountering unexpected results in science and lessons from less welcoming ones. Dr. Cheung believes that 
surprises, both pleasant and unpleasant, drive discoveries and motivate physicians to use those discoveries to improve 
health and treat diseases.

Dr. Cheung grew up in Los Angeles. She received her undergraduate degree in microbiology and biochemistry at 
the University of California, Los Angeles (UCLA), and her MD from Tufts University School of Medicine in 1993. 
During medical school, she did research in lipid metabolism with Robert Mahley, MD, PhD, at the Gladstone Institute 
at the University of California, San Francisco. She received pediatric residency and postdoctoral training with Stanley 
Nelson, MD, at UCLA. She then received her clinical training in pediatric neurology at The Children’s Hospital of 
Philadelphia. She joined the faculty at the University of Pennsylvania in 1998. She moved to the University of Michigan 
in 2013, where she is the Frederick G.L. Huetwell Professor of Pediatrics. 

Dr. Cheung was elected to the Institute of Medicine of the National Academy of Sciences and the Society for 
Pediatric Research. She is a member and president-elect of the American Society for Clinical Investigation. She was awarded 
the Curt Stern Award of the American Society of Human Genetics. She was selected as a HHMI investigator in 2008.



8

2015 Sc i e n t i f i c  Me e t i n g o f Me d i c a l fe l l o w S

T H O U G H T  L E A D E R  K E Y N O T E  S P E A K E R

Genetic Therapies for Genetic Diseases: Gene Therapy Comes of Age

Katherine A. High, MD 
Cofounder, President, and Chief Scientific Officer, Spark Therapeutics

Clinical gene therapy began in 1990, with infusion of autologous gene-modified T cells 
in two children with severe combined immunodeficiency disease at the National Institutes 
of Health (NIH). Work through the ensuing decade demonstrated safety of the approach, 
but compelling data in support of efficacy were lacking. The close of the first decade 
was tumultuous: clear efficacy was demonstrated in a trial of gene therapy for X-linked 
SCID, but high-profile adverse events that occurred at the same time raised questions 
about whether the field was ready for more extensive clinical development. With 
scaled-back support, and despite these reverses, the second decade of clinical gene 
therapy was characterized by steady accumulation of evidence for efficacy in several 
clinical trials and was capped by the first licensing of a gene therapy product, alipogene 
tiparvovec, in the Western world. 

As the field comes into the third decade of clinical development, and attempts to 
move from primarily academic-based to biotech- and pharmaceutical-based settings, new hurdles will need to be 
addressed, including the dearth of natural history data for many orphan diseases and the need to develop and validate clinical 
endpoints for rare diseases for which no treatments are currently available. Other challenges include meeting commercial 
standards for manufacture of these complex biologics, establishing consensus on critical quality attributes of products, 
developing pricing models, and achieving harmonization of product registration standards at the international level. 
In addition, postmarketing safety studies may be needed for many of the first approved gene therapy products.

Current progress in development of AAV-mediated gene therapies for inherited diseases, including hemophilia and 
inherited retinal dystrophies, will be discussed.  Problems in vector manufacture, delivery, and biodistribution and the 
need to develop novel endpoints for diseases that have never previously been treated will be highlighted. The role of the 
human immune response to vector will also be reviewed. 

Dr. High is a physician and hematologist with a longstanding interest in the development of gene therapy for the 
treatment of genetic disease. She graduated from Harvard University with a degree in chemistry and from the University 
of North Carolina (UNC) School of Medicine. After completing training in internal medicine, she trained as a fellow 
in the Hematology Section at Yale University School of Medicine. She returned to UNC as an assistant professor of 
medicine, where she began her independent research career with a focus on the molecular basis of blood coagulation 
and hemophilia. 

In 1992, Dr. High accepted a position as a tenured professor at the University of Pennsylvania School of Medicine 
and the Children’s Hospital of Philadelphia (CHOP). At the University of Pennsylvania School of Medicine, she 
was the holder of an endowed chair, and in 2002 was named a Howard Hughes Medical Institute investigator. 
Her work had evolved to studies aimed at establishing proof of concept in animal models and in human subjects for 
gene therapy for genetic disease. In 2004, Dr. High was named the founding director of the Center for Cellular and 
Molecular Therapeutics at CHOP, which focused on developing novel cell- and gene-based therapies for genetic disease.  

Dr. High led the center in the conduct of successful clinical studies of AAV-mediated gene therapy for a rare 
blinding condition and for hemophilia B. These clinical trials and the manufacturing capabilities of the center led 
to the creation of Spark Therapeutics, a fully integrated gene therapy company that was spun out of CHOP in 
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March 2013. In September 2014, Dr. High assumed the role of president and chief scientific officer at Spark, now a 
publicly traded company. In a novel model, the initial capitalization of the company came from CHOP.

Dr. High has been elected to the Institute of Medicine and the American Academy of Arts and Sciences. She is a 
past president of the American Society of Gene and Cell Therapy; served a five-year term on the U.S. Food and Drug 
Administration Advisory Committee on Cell, Gene, and Tissue Therapies; and served a four-year term on the Advisory 
Council of the NIH National Heart, Lung and Blood Institute. She is a past recipient of the E. Donnall Thomas 
Award of the American Society of Hematology, the Distinguished Achievement Award of the American Society of Gene 
and Cell Therapy, and the Directors’ Award of the Foundation Fighting Blindness. Dr. High previously served on 
the scientific advisory boards of Genzyme, a Sanofi company; of bluebirdbio; and of Alnylam.
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Leading Change: The Power of Opportunity
Elizabeth G. Nabel, MD
President, Brigham and Women’s Hospital

In 2015, we are members of a new world in science and medicine, one driven less by 
static knowledge and more by an avalanche of new information. The opportunity to 
watch how some new discoveries upend standard dogma is both thrilling and perplexing. 
An established leader in academic medicine, Dr. Nabel will describe how her own career 
journey has been shaped by the unexpected arrival of new information and how her 
research has offered unprecedented opportunities for leading change.

Dr. Nabel has served as president of Harvard-affiliated Brigham and Women’s 
Hospital (BWH) since 2010. A cardiologist and distinguished biomedical researcher, 
she is professor of medicine at Harvard Medical School.

Dr. Nabel brings a unique perspective to health care based on her experience as a 
physician, research scientist, academic medicine leader, and wellness advocate. At 
BWH, she led development of a comprehensive strategic plan that defines a new model 

of medicine characterized by seven strategic commitments focused on innovation and discovery in care redesign, in research 
through life sciences collaborations and translational medicine, and in education through training the next generation of 
physician-scientist leaders. Initiatives include a new translational research and clinical facility, and a $1 billion campaign 
to advance innovation, patient care, and community health.

Dr. Nabel has a long record of advocacy for health and broadening access to care. As director of the National Heart, 
Lung, and Blood Institute (NHLBI) from 2005 to 2009, she leveraged the $3 billion research portfolio to establish 
pioneering scientific programs in genomics, stem cells, and translational research. One of her signature advocacy efforts 
was the Red Dress Heart Truth campaign, which raises heart awareness in women through innovative partnerships.

Throughout her career, Dr. Nabel has been a champion for global health. At the NHLBI, she established Centers 
of Excellence in developing countries to combat cardiovascular and lung diseases. At BWH, she helped create a 
national teaching hospital in Haiti and is advancing training for clinicians in underresourced countries. 

An accomplished physician-scientist, Dr. Nabel’s work on the molecular genetics of cardiovascular diseases has 
produced 17 patents and more than 250 scientific publications. Her scientific contributions in cardiovascular gene 
transfer have developed molecular and cellular techniques, delineated the pathophysiology of atherosclerosis, and 
clarified the processes of cell division and growth of vascular smooth muscle cells in blood vessels. Studies on 
Hutchinson-Gilford progeria syndrome have characterized the vascular smooth muscle cell defect leading to 
premature heart attack and stroke.

Dr. Nabel’s honors include the Kober Medal from the Association of American Physicians; the Willem Einthoven 
Award from Leiden University, the Netherlands; the Amgen-Scientific Achievement Award; two Distinguished 
Achievement Awards and the Eugene Braunwald Academic Mentorship Award from the American Heart Association; 
the Distinguished Alumni Award from Weill Cornell Medical College; the Lewis Katz Research Prize in Cardiovascular 
Research from Columbia University; and six honorary doctorates. 

Her colleagues have elected her to the American Academy of the Arts and Sciences, the Institute of Medicine, the 
Association of American Physicians, the American Society for Clinical Investigation and the American Association for 
the Advancement of Science. In February, 2015, Dr. Nabel was appointed chief health and medical advisor for the 
National Football League.

A native of St. Paul, Minnesota, Nabel attended Weill Cornell Medical College and completed her internal 
medicine and cardiology training at BWH. She and her husband Gary, who is the chief scientific officer for Sanofi, 
have three children, all of whom are pursuing careers in medicine.
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Moving Discoveries from the Bench to the Bedside:  
Collaborations Between Academia and Industry

Nicholas Boulis, MD 
Associate Professor of Neurosurgery, Emory University School of Medicine 

Dr. Boulis is a physician-scientist whose research interests include biological 
neurorestoration and neuromodulation through the use of cell, protein, and gene 
delivery to the nervous system. He graduated summa cum laude from Yale University 
with distinction in intensive biology and philosophy majors. He is an alumnus of the 
Howard Hughes Medical Institute (HHMI) Medical Research Fellows Program 
(1992–1993) and graduated magna cum laude from Harvard Medical School, winning 
the Harold Lamport Biomedical Research Award. In 2007, he received the HHMI 
Physician-Scientist Early Career Award.

The Boulis laboratory pursues advanced biological treatments for neurological 
disorders, including amyotrophic lateral sclerosis (ALS, also known as Lou Gehrig’s 
disease) and spinal muscular atrophy. In the Boulis laboratory, the genes for neural 
growth factors and anti-apoptotic intracellular proteins are inserted into the DNA of 

genetically engineered viruses. These viruses, which have been rendered safe through the removal of their native genes, 
can be used to transfer therapeutic genes into diseased tissue. A variety of vectors are currently being tested in both 
neuronal cell cultures and in animal models for motor neuron disease.

The Boulis laboratory also focuses on the development of tissue-specific targeting strategies. These approaches are 
designed to deliver molecular therapeutics to an anatomically defined site of interest. Much of this effort has concentrated 
on motor neuron–specific gene delivery. In 2004, Dr. Boulis began to concentrate on the development of surgical 
techniques for spinal cord cell transplantation. In the context of this work, he developed techniques and devices allowing 
for accurate human spinal cord transplantation, which are currently in human trials for the treatment of ALS. 

Dr. Boulis developed a clinical program focusing on peripheral nerve regeneration, spasticity, pain, and Parkinson’s 
disease, applying advanced microsurgical, radiosurgical, and ablative and neural augmentation approaches. He has 
independently organized and secured funding for an outreach/teaching mission to provide surgical therapy to patients 
in Guatemala requiring treatment for hydrocephalus and spina bifida. To date, Project Shunt has provided more than 
250 free operations to impoverished Guatemalan children.
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Moving Discoveries from the Bench to the Bedside:  
Collaborations Between Academia and Industry

Goutham Narla, MD, PhD
Assistant Professor, Department of Medicine and Pardee-Gerstacker Professor in Cancer Research, Case Western  
Reserve University School of Medicine; Harrington Scholar, Institute for Transformative Molecular Medicine at  
University Hospitals Case Medical Center 

Dr. Narla is an alumnus of the Howard Hughes Medical Institute (HHMI) Medical 
Research Fellows Program (1999–2000) and a graduate of the Medical Scientist 
Training Program at the Mount Sinai School of Medicine. He was the director of 
physician-scientist training for the Medicine Residency Program and an assistant 
director for the MD/PhD Program at Mount Sinai Hospital. He served on the medical 
school, Medical Scientist Training Program, and residency selection committees for 
the Mount Sinai School of Medicine.

Dr. Narla’s laboratory focuses on the functional characterization and therapeutic 
targeting of the negative regulators (tumor suppressor genes) of oncogenic signaling 
pathways in human cancer. His research has resulted in 48 peer-reviewed publications, 
including papers in Science, Nature Genetics, Science Translational Medicine, and the 
Journal of Clinical Investigation. In 2008, he received the Physician-Scientist Early 

Career Award from HHMI to continue his work on the molecular mechanisms underlying cancer metastasis and 
chemotherapy resistance. In addition, his work has resulted in four patents on the KLF6 gene, its oncogenic splice 
variant KLF6-SV1, and small-molecule–based approaches to reactivate tumor suppressor genes for the treatment of 
human cancer. Recently, he started a company based on these discoveries, Dual Therapeutics, in partnership with 
BioMotiv to clinically develop a novel series of small-molecule activators of the protein phosphatase PP2A for  
cancer treatment. 

Dr. Narla is a board-certified internist and completed his fellowship training in medical genetics. He is currently 
an attending physician at University Hospitals Case Medical Center, and his clinical interests are in the care of high-risk 
cancer patients and their families.
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Moving Discoveries from the Bench to the Bedside:  
Collaborations Between Academia and Industry

Amy Trainor, PhD
Venture Partner, BioMotiv

Dr. Trainor has extensive experience in global pharmaceutical drug discovery and 
development. She has leadership expertise in overall drug development strategy and 
execution, discovery with an emphasis on medicinal chemistry, and development of 
global external partnerships. She has broad leadership experience with in-licensing 
with an emphasis on due diligence, product development strategy and planning, 
and creative partnering strategies.

Dr. Trainor joined BioMotiv after 30 years at AstraZeneca Pharmaceuticals and 
two years as a consultant. Her most recent role at AstraZeneca was neuroscience 
global external partnerships director. In this role, she created an alliance strategy 
resulting in a portfolio of collaborations focused on providing complementary drug 
discovery and development capabilities. These alliances focused on partnerships 
with key academic centers, institutes, disease foundations, and government agencies. 

At that time, she was also a senior member of the neuroscience leadership team responsible for the strategic devel-
opment and execution of a neuroscience late discovery and early development portfolio. Before her role in external 
partnerships, she was global project director at AstraZeneca for multiple global product teams in oncology and neuro-
science. In that role, she was responsible for candidate nomination through delivery to end of phase II, including leading 
teams responsible for Iressa, Zibotetan, and Recentin.

Dr. Trainor is an inventor on 20 issued U.S. patents and is an author on multiple peer-reviewed publications. 
She did her undergraduate work at Stevens Institute of Technology, received her PhD in bioorganic chemistry at 
Brandeis University, and was a National Institutes of Health postdoctoral fellow at Columbia University.
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Moving Discoveries from the Bench to the Bedside:  
Collaborations Between Academia and Industry

George Trainor, PhD
Venture Partner, BioMotiv 

Dr. Trainor has 30 years of experience in the biotechnology and pharmaceutical 
industries and currently is a strategic scientific consultant to BioMotiv and an industry 
consultant.

He has expertise in drug discovery strategy development and execution, medicinal 
chemistry, and the application of transformative technologies. Leading teams of 
more than 100 scientists, he has advanced more than 35 drug candidates into clinical 
development across a spectrum of therapeutic areas, including antivirals, cancer, neuro-
science, and inflammation. His team provided key discovery support that enabled 
the successful launch of Sustiva for HIV.

Dr. Trainor began his active consulting career after leaving Bristol-Myers Squibb 
as vice president of oncology and early discovery chemistry. While there, he was 
responsible for all aspects of medicinal chemistry for the oncology area and for 

hit-to-lead activities in support of all therapeutic areas. Before the Dupont Pharmaceutical Company merger with 
Bristol-Myers Squibb, Dr. Trainor was executive director for medicinal chemistry at Dupont, working under Paul 
Anderson, PhD.

Before that position, Dr. Trainor was a scientist in the Dupont Central Research and Development Department. 
His key contribution was the discovery and commercial development of fluorescence-tagged chain terminators for use 
in automated DNA sequencing. In 2011, Dr. Trainor won the American Chemical Society’s Heroes of Chemistry 
Award for his work on DNA sequencing. 

Dr. Trainor holds a bachelor’s degree from Stevens Institute of Technology and a PhD in organic chemistry from 
Harvard University. At Harvard, he studied under Yoshito Kishi, PhD. He served a National Institutes of Health 
(NIH) postdoctoral fellowship at Columbia University under Ronald Breslow, PhD.

Dr. Trainor holds nearly 20 patents and has more than 80 peer-reviewed publications to his credit. He has served 
on grant review study sections for NIH and the U.S. Department of Energy.



15

2015 Sc i e n t i f i c  Me e t i n g o f Me d i c a l fe l l o w S

P A N E L  D I S C U S S I O N  S P E A K E R

Research-Oriented Residencies:  
Internal Medicine/Subspecialties, Other Non-Procedure-Oriented Specialties 
(Breakout Sessions 1 and 2)

Robin G. Lorenz, MD, PhD
Professor, Department of Pathology and Medical Education, Assistant Dean for Physician-Scientist Education,  
University of Alabama at Birmingham School of Medicine

Dr. Lorenz received her BS in biological sciences from Stanford University. She 
attended Washington University in St. Louis School of Medicine as a Medical Scientist 
Training Program fellow and received her PhD in immunology and MD in 1990. 
From 1990 to 1994, she was a resident in laboratory medicine (clinical pathology) at 
Barnes-Jewish Hospital. From 1994 to 2002, she was an assistant professor in the 
Departments of Pathology and Medicine at Washington University. In addition to 
directing the basic science research lab focused on chronic inflammation in the gastro-
intestinal tract, she was codirector of the Joint Clinical Immunology Laboratory 
of Barnes-Jewish Hospital and St. Louis Children’s Hospital and associate director 
of the Laboratory Medicine Residency Training Program. 

Dr. Lorenz joined the University of Alabama at Birmingham (UAB) faculty in 
2002 in the Departments of Pathology and Microbiology. The National Institutes of 

Health (NIH), the Juvenile Diabetes Foundation, and the Crohn’s and Colitis Foundation have funded her laboratory 
research investigating the mucosal immune system. She has served as the chair of the MD/PhD Section of the Association 
of American Medical Colleges Graduate Research, Education, and Training Group. She is also the current chair of the 
NIH National Institute of General Medical Sciences Training, Workforce, Development and Diversity Study Section and 
past-president of the Academy of Clinical Laboratory Physicians and Scientists. 

At UAB, her administrative duties currently include being program director of the Summer in Biomedical Science 
Undergraduate Research Program and the Short-Term Training Program for medical students. She is also director of 
the Preparation for Graduate and Medical Education Program and is the director of the UAB Medical Scientist (MD/
PhD) Training Program. 
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Peter Klein, MD, PhD
Professor, Department of Medicine (Hematology-Oncology) and Department of Cell and Developmental Biology,  
Perelman School of Medicine at the University of Pennsylvania; Director, Physician-Scientist Pathway,  
Internal Medicine Residency, Hospital of the University of Pennsylvania 

Dr. Klein obtained his MD and PhD from Johns Hopkins University School of 
Medicine and then completed a residency in internal medicine at Massachusetts General 
Hospital and a postdoctoral fellowship at Harvard University, where he was a recipient 
of the Howard Hughes Medical Institute (HHMI) Postdoctoral Fellowship for 
Physicians (1991–1994). He then started his own laboratory at the University of 
Pennsylvania School of Medicine and was an HHMI investigator from 1995 to 2005. 
He has served on the university’s Medical Scientist Training Program admissions 
committee and as an MD-PhD advisor for more than 15 years and has been involved 
in residency and fellowship selection committees for more than 5 years. He has been 
the director of Physician-Scientist Pathway since 2013. 

Dr. Klein’s laboratory focuses on the functions of the Wnt signaling pathway in 
pluripotent cells, including its role in the initial patterning of the vertebrate embryo 

and the regulation of hematopoietic stem cell self-renewal. The Klein laboratory first showed that lithium acts through 
inhibition of the protein kinase GSK-3 and has hypothesized that GSK-3 is a therapeutic target of lithium in bipolar 
disorder, a debilitating neuropsychiatric disease affecting 100 million people worldwide. The Klein laboratory also 
showed that the mood-stabilizing drug valproic acid is a potent histone deacetylase inhibitor, an observation that has 
led to more than 40 clinical trials with this commonly used antiepileptic drug. 

The Klein laboratory’s current research focus is on the regulation of cell fate and pattern in early embryos and 
multipotent cells, applying these findings to the expansion of hematopoietic stem cells to improve stem cell transplant 
outcomes, and on the regulation of signaling networks through GSK-3. Dr. Klein’s research has resulted in 80 peer-
reviewed publications, including papers in Science, Nature, Nature Medicine, Developmental Cell, and the Journal of 
Clinical Investigation. Dr. Klein took an unorthodox career path in medical school and in his postgraduate training. 
In addition to running a basic science laboratory, he is a board-certified hematologist and an attending physician at 
the Hospital of the University of Pennsylvania.



17

2015 Sc i e n t i f i c  Me e t i n g o f Me d i c a l fe l l o w S

P A N E L  D I S C U S S I O N  S P E A K E R

Research-Oriented Residencies:  
Internal Medicine/Subspecialties, Other Non-Procedure-Oriented Specialties 
(Breakout Session 1)

Arun Venkatesan, MD, PhD 
Associate Professor, Department of Neurology, Johns Hopkins University School of Medicine; Director, Johns Hopkins 
Encephalitis Center

Dr. Venkatesan is an alumnus of the Howard Hughes Medical Institute (HHMI) 
Medical Research Fellows Program (1996–1997) and a graduate of the Medical 
Scientist Training Program at the University of California, Los Angeles (UCLA). 
After completion of his MD and PhD in microbiology and immunology at UCLA, 
he continued his medical training as an intern in medicine at Santa Clara Valley 
County Hospital, followed by a residency in neurology at Johns Hopkins Hospital. 
After a fellowship at Johns Hopkins in the Division of Neuroimmunology and 
Neuroinfectious diseases, he joined as faculty in the neurology department in 2007. 
He is currently an associate professor of neurology, director of the Johns Hopkins 
Encephalitis Center, and an active member of the Multiple Sclerosis (MS) and 
Transverse Myelitis Centers at Johns Hopkins. In 2013, he was appointed associate 
director of the Johns Hopkins Neurology Residency program.

Dr. Venkatesan maintains an active research program focused on the pathogenesis and treatment of neuroinflammatory 
and neuroinfectious diseases, with particular interest in neuroprotection and regeneration in the setting of encephalitis 
and MS. His laboratory has developed novel techniques to study mechanisms of axonal injury, made possible in part 
by a Physician-Scientist Early Career Award from HHMI. This work has led to the identification of several new 
compounds that prevent neuronal and axonal injury in the setting of neuroinflammation. Recently, his laboratory has 
been utilizing human stem cell–based approaches to investigate the pathogenesis of MS and central nervous system 
viral infections. He has received research support from the National Institutes of Health, HHMI, and the Maryland 
Stem Cell Research Fund.

In addition to his laboratory research program, he directs clinical research at the Johns Hopkins Encephalitis 
Center, with a focus on identifying novel causes of encephalitis, defining biomarkers of prognosis and outcome, and 
evaluating new treatment modalities. He is a board-certified neurologist, and his clinical interests are in the care of 
patients with encephalitis and MS.
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Ben Ho Park, MD, PhD
Associate Director, Hematology/Oncology Fellowship Training Program, and Associate Professor of Oncology, Breast  
and Ovarian Cancer Program, The Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins 

Dr. Park began his scientific training in cancer research while an undergraduate at the 
University of Chicago working in the laboratory of Hans Schreiber, MD, PhD. 
He matriculated to the University of Pennsylvania School of Medicine as an 
MD-PhD Medical Scientist Training Program student and while there then under-
took further training in internal medicine and hematology/oncology. He then served 
a postdoctoral fellowship with Bert Vogelstein, MD, at Johns Hopkins University, 
where he was also an awardee of the Howard Hughes Medical Institute Postdoctoral 
Fellowship for Physicians Program. He joined the faculty as an assistant professor of 
oncology in the Breast Cancer Program in 2002 and has had an active and productive 
research program in translational breast cancer research identifying genetic alterations 
leading to breast carcinogenesis and drug resistance. 

Dr. Park has published book chapters and more than 100 articles in journals 
including Science, Nature, Cancer Cell, and the Proceedings of the National Academy of Sciences on cancer genetics. 
He helped develop the first mutational landscape of breast cancer and is now using digital PCR and next-generation 
sequencing to detect cancer mutations in blood for clinical decision making.  

Dr. Park has had an unwavering commitment and dedication to training the next generation of biomedical 
researchers. In 2002, he began to teach medical and graduate students in didactic and small group sessions within 
four different graduate group programs and has subsequently won several teaching awards. He is an active participant 
in numerous medical school training programs, including sitting on the selection committee for Johns Hopkins’ 
MD-PhD training program and being involved with the Hematology/Oncology Fellowship Training Program, where 
he serves as the associate director and oversees the research component of fellows’ training. He also serves as the 
co-principal investigator (PI) (multi-PI) for the T32. 
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Mark W. Dewhirst, DVM, PhD 
Gustavo S. Montana Professor of Radiation Oncology, Vice Director for Basic Science, Duke Cancer Institute;  
Associate Dean of Faculty Mentoring, Duke University School of Medicine

Dr. Dewhirst graduated from the University of Arizona in 1971 with a degree in 
chemistry and Colorado State University in 1975 and 1979 with DVM and PhD 
degrees, respectively. Dewhirst is the Gustavo S. Montana Professor of Radiation 
Oncology and vice director for basic science in the Duke Cancer Institute. He has 
research interests in tumor hypoxia, angiogenesis, hyperthermia, and drug transport. 
He has spent 30 years studying causes of tumor hypoxia and the use of hyperthermia 
to treat cancer. 

For his work in hyperthermia, Dr. Dewhirst was recently named a fellow in the 
American Association for the Advancement of Science. He has well over 500 
peer-reviewed publications, book chapters, and reviews, with more than 20,000 
citations and an H-index of 73. He was awarded the Failla Medal and Lecture 
from the Radiation Research Society in 2008, the Eugene Robinson Award for 

excellence in hyperthermia research in 1992, and a similar award from the European Society for Hyperthermic 
Oncology in 2009. He was named a fellow of the American Society for Radiation Oncology in 2009 and was awarded 
the prestigious Gold Medal from the same society in 2012. He was also awarded the William C. Dewey Award in 
May of 2014. 

Dr. Dewhirst is a senior editor of Cancer Research and editor-in-chief of the International Journal of Hyperthermia. 
He has mentored 24 graduate students and many postdoctoral fellows, residents, junior faculty, and medical students. 
His skill in mentoring has been recognized by the Duke Comprehensive Cancer Center, the Medical Physics Graduate 
Training programs, and the School of Medicine, where he has received Mentor of the Year awards. In 2011, he 
was appointed the first associate dean of faculty mentoring in the Duke School of Medicine. In this position, he has 
implemented a comprehensive program to enhance success in obtaining National Institutes of Health funding.
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Mukesh K. Jain, MD, FAHA 
Director, Case Cardiovascular Research Institute, Case Western Reserve University; the Ellery Sedgwick Jr. Chair and 
Distinguished Scientist, Scientific Director, Harrington Discovery Institute; Chief Research Officer, Harrington Heart  
and Vascular Institute; and Chief Scientific Officer, University Hospitals Health System  

Dr. Jain graduated summa cum laude from the University of Buffalo School of 
Medicine. He then completed his internal medicine residency at the Beth Israel 
Hospital, Harvard Medical School, followed by a research fellowship at Harvard. 
Dr. Jain completed his cardiovascular medicine fellowship at Brigham and Women’s 
Hospital (BWH) and was then faculty there from 2000 to 2006. He rose through the 
ranks at BWH and eventually became director of the Program in Cardiovascular 
Transcriptional Biology at Harvard Medical School. 

Dr. Jain is recognized for the discovery of essential roles for the transcription factor 
family Krüppel-like factors (KLFs) in inflammation and metabolism. In addition, he 
has translated this corpus of work into animals and humans, thus implicating KLFs 
in the physiology of inflammatory and metabolic diseases including sepsis, myopathy, 
diabetes, and vascular dysfunction. As a direct result of this work, KLFs are now 

increasingly viewed, together with classic regulators such as NFkB and nuclear receptors, as nodal determinants of 
cellular inflammation and metabolism. 

A recipient of numerous awards, Dr. Jain was elected to the American Society for Clinical Investigation, American 
Association of Physicians, and Association of University Cardiologists, and is a fellow of the American Heart Association. 
He is also a gifted mentor with an exceptional track record for developing independent investigators, which has resulted 
in mentorship awards from Harvard Medical School and University Hospital Case Medical Center. His research has 
been supported by grants from the National Institutes of Health, American Heart Association, and American Diabetes 
Association. Dr. Jain has published extensively in top-tier peer-reviewed basic science journals and serves on numerous 
editorial boards. He is a highly regarded physician-scientist and is immediate past president of the American Society 
for Clinical Investigation, one of the oldest and most prestigious honorific societies for physician-scientists.
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Vivian G. Cheung, MD
Investigator, Howard Hughes Medical Institute; Frederick G.L. Huetwell Professor, Department of Pediatrics and 
Communicable Diseases, Division of Neurology; Professor, Department of Genetics and The Life Sciences Institute, 
University of Michigan 

Dr. Cheung received her BS degree from the University of California, Los Angeles 
(UCLA), and her MD from Tufts University.

Dr. Cheung grew up in Los Angeles and went to a small all girls’ school where 
she graduated from a class of 15 students. Wanting to be in a larger school, she 
went to UCLA and majored in microbiology and biochemistry. She worked in 
the laboratories of Verne Schumaker, PhD, and Donald Puppione, PhD, where 
she studied lipid metabolism of the elephant seal. There, she developed a keen 
interest in the biophysical aspects of lipoproteins, in particular, the quantitative 
differences in the structures and functions of the different lipoprotein particles. 
Not certain how to integrate her interests in quantitative biology, chemistry, and 
medicine, she enrolled in medical school. She reasoned that medical school 
would teach her human biology and provide her time to decide on a career path.  

Serendipitously, during her first year of medical school, Dr. Cheung met Robert Mahley, MD, PhD, who was heading a 
joint project between the Gladstone Institute at the University of California, San Francisco, and Turkey to study the 
population and molecular genetics of lipid metabolism in Turks. She joined Dr. Mahley and his team in Turkey and 
collected 10,000 blood samples and studied polymorphic forms of lipoproteins. That was a life-changing experience 
for her; not only was she exposed to a different culture and ways of doing basic research, she learned the value of 
combining basic science and clinical medicine. 

After medical school, Dr. Cheung received training in pediatrics, neurology, and human genetics. Her clinical 
training in pediatric neurology taught her the complexity of human medicine. This training consolidated her interest 
in understanding human health and diseases. In 1998, Dr. Cheung joined the faculty at the University of Pennsylvania 
School of Medicine. She was there until 2013 when she moved to the University of Michigan. Her group combines 
cell and molecular approaches with computational methods to study human genetics and gene regulation. She also 
teaches graduate and medical students and sees patients in the neurogenetics clinic, mostly those with defects in RNA 
processing and neurodegeneration. 

Dr. Cheung particularly values basic research in medicine. She focuses on RNA biology, mainly co-transcriptional 
processes that affect RNA sequences and structures. Her projects begin with studying fundamental steps in transcription 
such as formation of RNA-DNA hybrids and then she extends those investigations to yeast mutants and human 
patients with defects in those processes. She values the knowledge from basic research and lessons from patients and 
sees the interactions between the two as essential components to improve health and gain insights to treatments. 
She wishes to motivate her students to bring curiosity and creativity to understand human biology and carry those 
advances to patient care.
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Scott A. LeMaire, MD 
Professor of Surgery and of Molecular Physiology and Biophysics, Vice Chair for Research, Michael E. DeBakey Department  
of Surgery, Director of Research, Division of Cardiothoracic Surgery, Baylor College of Medicine 

Dr. LeMaire is a professor of surgery and of molecular physiology and biophysics, 
the vice chair for research in the Michael E. DeBakey Department of Surgery, and 
the director of research in the Division of Cardiothoracic Surgery at Baylor College 
of Medicine. He is also a member of the professional staff in the Department  
of Cardiovascular Surgery at the Texas Heart Institute and Baylor St. Luke’s 
Medical Center. 

Dr. LeMaire graduated from Northwestern University Medical School in 1992 
and completed residency training in cardiothoracic surgery at Baylor College of 
Medicine in 1999. His primary clinical interest focuses on the management of 
patients with thoracic aortic disease, with a particular emphasis on treatment of 
aortic dissection and thoracoabdominal aortic aneurysms. His corresponding research 
program focuses on organ protection during aortic surgery, genetic aspects of 

thoracic aortic disease, and molecular mechanisms of aortic degeneration. He has received funding from the National 
Institutes of Health and the Thoracic Surgery Foundation for Research and Education for his research studying the 
pathobiology of thoracic aortic aneurysms and aortic dissection. Dr. LeMaire is a past-president of the Association for 
Academic Surgery and is the current editor-in-chief of the Journal of Surgical Research. He has been married for 22 
years and has two children.
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Allan Tsung, MD
Associate Professor of Surgery, Roberta Simmons Endowed Chair, Department of Surgery, Division of Hepatobiliary  
and Pancreatic Surgery, University of Pittsburgh School of Medicine

Dr. Tsung is currently an associate professor of surgery at the University of Pittsburgh 
and holds the Roberta Simmons Endowed Chair. He completed both his general 
surgery residency and hepatobiliary/pancreas surgery fellowship at the University of 
Pittsburgh. He began his own laboratory and received the Howard Hughes Medical 
Institute (HHMI) Physician-Scientist Early Career Award in 2008. 

Dr. Tsung’s research focus is on the role of endogenous damage-associated 
molecular pattern molecules and pattern recognition receptors in inflammation of the 
liver during ischemia/reperfusion injury and in tumorigenesis of primary and metastatic 
liver cancers. His studies have led to the novel realization that high mobility group 
box 1 (HMGB1), a nuclear protein involved in regulating interactions between DNA 
and transcription factors, can act as a key alarm molecule when released extracellularly 
by hepatocytes during ischemic stress to active inflammatory responses. These findings 

have been published in leading scientific journals such as the Journal of Experimental Medicine, Gastroenterology, Hepatology, 
and the Journal of Immunology. 

In recognition of his research accomplishments, Dr. Tsung has been honored with the American College of Surgeons 
Excellence in Research Award, the University of Pittsburgh Innovators Award, and the Doris B. Maxwell Research 
Award. His research has been supported by HHMI, the National Institutes of Health, the Society of University Surgeons, 
and the American College of Surgeons. His clinical interests center on the evaluation and management of patients with 
liver, bile duct, and pancreas cancers. He is specialty-trained in liver and pancreatic surgery, with a focus in minimally 
invasive (laparoscopic and robotic) surgery. Dr. Tsung also co-leads the liver-directed therapy program utilizing hepatic 
artery chemoembolization and yttrium-90 internal radiation for primary and metastatic liver cancers. He is currently 
serving on committees for the American Hepato-Pancreato-Biliary Association, the Society of University Surgeons, 
and the American Association for the Study of Liver Diseases.
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Rebekah White, MD
Associate Professor, Department of Surgery, Duke University Medical Center 

Dr. White is an alumna of the Howard Hughes Medical Institute (HHMI) Medical 
Fellows Program (1995–1996). She received her undergraduate degree from Stanford 
University and her medical degree from Duke University School of Medicine. 
She stayed at Duke for general surgery residency, during which she spent three years 
in the laboratory as part of the HHMI Postdoctoral Research Fellowship Program 
(2000–2003) studying a class of nucleic acid therapeutics known as aptamers. 
After residency, she completed a clinical surgical oncology fellowship at Memorial 
Sloan-Kettering Cancer Center and then returned to Duke in 2007 as faculty, where 
she was promoted to associate professor in the Department of Surgery in 2013.

Her clinical practice includes pancreatic, hepatobiliary, and upper gastrointestinal 
surgery, but her primary clinical and research interest is pancreatic cancer. She runs a 
laboratory that is focused on the development of novel nucleic acid therapeutic and 

diagnostic agents for pancreatic cancer. As junior faculty, she received an HHMI Physician-Scientist Early Career 
Award and a Mentored Clinical Scientist Research Career Development Award (K08) from the National Cancer Institute. 

She has more than 40 peer-reviewed publications, including papers in the Journal of Clinical Investigation and 
Proceedings of the National Academy of Sciences. In addition to her research and clinical activities, she has leadership roles 
in several national surgical societies, including the Association for Academic Surgery, the Society of Surgical Oncology, 
and the Society of University Surgeons.
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Henry Brem, MD 
Harvey Cushing Professor of Neurosurgery and Professor of Oncology, Ophthalmology, and Biomedical Engineering,  
Johns Hopkins University; Director, Department of Neurosurgery, and Neurosurgeon-in-Chief, Johns Hopkins Hospital

Dr. Brem is the Harvey Cushing Professor of Neurosurgery and professor of oncology, 
ophthalmology, and biomedical engineering at Johns Hopkins University. He is 
also director of the Department of Neurosurgery and neurosurgeon-in-chief at Johns 
Hopkins Hospital.  

Dr. Brem has developed new tools and techniques that have changed the field of 
neurosurgery. He carried out the pivotal clinical study that introduced navigational 
imaging into the neurosurgical suite. His work led to the U.S. Food and Drug 
Administration’s approval of the first image guidance computer system for intra-
operative localization of tumors. Furthermore, Dr. Brem has changed the surgical 
armamentarium against brain tumors by inventing and developing Gliadel wafers to 
intraoperatively deliver chemotherapy to brain tumors. His work shows that surgeons 
can accurately deliver potent therapies directly at the tumor site.

Dr. Brem earned his undergraduate degree from New York University and his MD from Harvard Medical School, 
and he trained in neurosurgery at Columbia University. At Johns Hopkins, he has built one of the largest brain tumor 
research and treatment centers in the world. He reinstituted the Hunterian Neurosurgery Laboratory, originally founded 
by Harvey Cushing, and he has trained researchers who have revolutionized the fields of intraoperative imaging, 
angiogenesis, immunotherapy, and controlled release polymers for drug delivery to the brain. 

In 1998, Dr. Brem was elected to the Institute of Medicine of the National Academy of Sciences. In 2014, 
Johns Hopkins University established the Henry Brem Endowed Chair in Neurosurgery. In 2015, Dr. Brem was 
selected to receive a Castle Connolly National Physician of the Year Award for Clinical Excellence. This award is 
given annually to five physicians whose dedication, talents, and skills have improved the lives of thousands of 
people throughout the world.

 Over the past 30 years, Dr. Brem has introduced new therapeutic approaches to neurosurgery. His dedication to 
patient care, clinical excellence, teaching, and translational science has brought together a unique group of neurosurgeons 
and investigators who are changing the field of neurosurgery. 
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(Breakout Session 2)

Stephen J. Korn, PhD 
Director, Office of Training, Career Development and Workforce Diversity, National Institute of Neurological 
Disorders and Stroke, National Institutes of Health 

Dr. Korn came to the National Institute of Neurological Disorders and Stroke at the National Institutes of 
Health (NIH) as director of the Office of Training, Career Development and Workforce Diversity in January 
2006. He received his PhD in pharmacology from the University of North Carolina–Chapel Hill and received 
postdoctoral training at NIH (as a fellow in the Postdoctoral Research Associate program) and at the Roche 
Institute of Molecular Biology (supported by competitive fellowships). He then spent 15 years on the faculty 
of the University of Connecticut at Storrs, where he was a full professor. His area of scientific specialty is 
the molecular basis of ion channel gating and permeation, but he has also conducted electrophysiological and 
imaging research on calcium and pH transport/buffering and synaptic transmission in the hippocampal slice.
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Auditorium

Second-Year Medical Fellows, 8:30–10:00 a.m. Session Co-Chairs: Harib Ezaldein and Anne Rohlfing  page 34

8:30 a.m.   Using a bacterial cholesterol sensor to assay cholesterol activity in red blood cell membranes
Rima Shah Chakrabarti, Medical Fellow, University of Texas Southwestern Medical School (Helen Hobbs, MD, Howard Hughes 
Medical Institute and University of Texas Southwestern Medical School, and Arun Radhakrishnan, PhD, University of Texas  
Southwestern Medical School)

8:45 a.m. Combination chemotherapy and CD47 blockade promote melanoma cell phagocytosis but are not sufficient to create 
antitumor immunity
Katie L. Anderson, HHMI-BWF Medical Fellow, University of Minnesota College of Veterinary Medicine (Jaime Modiano, VMD, PhD, 
and Matthew Mescher, PhD, University of Minnesota College of Veterinary Medicine)

9:00 a.m. Engineering bispecific macrophage enhancing antibodies as new cancer immunotherapies
Nan Guo, Medical Fellow, University of Texas Southwestern Medical School (Stanford University School of Medicine)  
(Irving Weissman, MD, Stanford University School of Medicine) 

9:15 a.m. MAFB is a novel candidate gene for Duane retraction syndrome
Jong G. Park, Medical Fellow, Duke University School of Medicine (Harvard Medical School) (Elizabeth Engle, MD, Howard Hughes 
Medical Institute, Harvard Medical School, and Boston Children’s Hospital)

9:30 a.m. Characterization of neurons expressing delta and mu opioid receptors in descending pain control
Sarah A. Low, Medical Fellow, University of Arizona College of Medicine (Stanford University School of Medicine) (Gregory Scherrer, PhD, 
and Robert Malenka, MD, PhD, Stanford University School of Medicine)

9:45 a.m. Projection-specific features of mammalian retinal ganglion cells
Erika Ellis, HHMI-FFB Medical Fellow, University of California, San Diego, School of Medicine (Janelia Research Campus)  
(Gabe Murphy, PhD, Janelia Research Campus, Howard Hughes Medical Institute)

Atrium

Poster Session A, 10:15–11:15 a.m.  Session Co-Chairs: Angela Chang and Katherine Ransohoff  page 37

1 In vivo modeling of mutant TULP1 induces endoplasmic reticulum–unfolded protein response stress
Adrian Au, HHMI-FFB Medical Fellow, Case Western Reserve University School of Medicine (Cleveland Clinic Foundation) 
(Stephanie Hagstrom, PhD, Cleveland Clinic)

2 The role of endothelial-expressed NOTCH ligands in glioblastoma
Evan D. Bander, Medical Fellow, Weill Cornell Medical College (Shahin Rafii, MD, Weill Cornell Medical College)

3 Natural killer cell–based therapy to improve spiral artery remodeling in disorders of placentation
Christopher Clark, Medical Fellow, Medical University of South Carolina College of Medicine (Harvard Medical School) (S. Ananth 
Karumanchi, MD, Howard Hughes Medical Institute, Harvard Medical School, and Beth Israel Deaconess Medical Center)

4 Establishment of selective connections in the Drosophila nerve cord
Benjamin T. Cocanougher, Medical Fellow, University of Rochester School of Medicine and Dentistry (Janelia Research Campus) 
(Marta Zlatic, PhD, Janelia Research Campus, Howard Hughes Medical Institute)

5 Circulating microRNA profiling for thoracic radiotherapy biomarkers
Tru-Khang T. Dinh, Medical Fellow, Harvard Medical School (Alan D’Andrea, MD, Harvard Medical School and Dana-Farber 
Cancer Institute)

6 Exploiting Mycobacterium tuberculosis respiratory flexibility to craft more effective drug combinations
Peter Finin, HHMI-K-RITH Medical Fellow, University of Michigan Medical School (KwaZulu-Natal Research Institute for TB and HIV) 
(Adrie Steyn, PhD, KwaZulu-Natal Research Institute for TB and HIV)

7 Modulating the motor neural network with transcranial direct current stimulation
David B. Fischer, HHMI-PDF Medical Fellow, Harvard Medical School (Alvaro Pascual-Leone, MD, PhD, Harvard Medical School 
and Beth Israel Deaconess Medical Center)
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8 Functional investigation of the Parkinson’s disease–associated protein DJ-1
Megan Garland, Medical Fellow, Stanford University School of Medicine (Matthew Bogyo, PhD, Stanford University School of Medicine)

9 Improving the biocompatibility of implants in irradiated tissue beds using an adipose-derived stromal-vascular fraction
Philip Gastrell, Medical Fellow, Duke University School of Medicine (Bruce Klitzman, PhD, Duke University School of Medicine)

10 Is the cecum a reservoir for enteric Yersinia?: an inquiry into the link between the high incidence of postinfection  
gastrointestinal disorders and infection with Yersinia enterocolitica
Lauren A. Griggs, HHMI-BWF Medical Fellow, Cornell University College of Veterinary Medicine (University of North Carolina at 
Chapel Hill) (Virginia Miller, PhD, University of North Carolina at Chapel Hill)

11 A convection-enhanced macroencapsulation device for the treatment of type I diabetes
Allison E. Hamilos, Medical Fellow, Harvard Medical School (Jeffrey M. Karp, PhD, Harvard Medical School and Brigham and 
Women’s Hospital)

12 A new reporter tool: illuminating activation of toxin-antitoxin systems in bacteria
David Huang, Medical Fellow, The Warren Alpert Medical School of Brown University (Massachusetts Institute of Technology) 
(Michael Laub, PhD, Howard Hughes Medical Institute and Massachusetts Institute of Technology)

13 Genetic deficiency and pharmacologic inhibition of Adamts4 prevent abdominal aortic aneurysms and dissections in a 
mouse model
Michael S. Hughes, Medical Fellow, University of Texas Medical School at Houston (Baylor College of Medicine) (Scott LeMaire, MD, 
Baylor College of Medicine)

14 Identifying the molecular framework underlying cortical circuit development
Syed Khalid, Medical Fellow, Chicago Medical School at Rosalind Franklin University of Medicine and Science (Johns Hopkins University 
School of Medicine) (Alex Kolodkin, PhD, Howard Hughes Medical Institute and Johns Hopkins University School of Medicine)

15 Understanding interneuron function during seizure initiation, propagation, and termination
Sattar Khoshkhoo, HHMI-CURE Medical Fellow, University of California, San Francisco, School of Medicine (Vikaas Sohal, MD, PhD, 
University of California, San Francisco, School of Medicine)

16 Restoring consciousness during seizure with deep brain stimulation of pontine nuclei in an animal model.
Adam J. Kundishora, HHMI-CURE Medical Fellow, Yale School of Medicine (Hal Blumenfeld, MD, PhD, Yale School of Medicine)

17 Determining the functional impact of delayed Wallerian degeneration in a Sarm1 mouse model of sciatic nerve crush injury
Jacob Kushkuley, Medical Fellow, University of Massachusetts Medical School (Marc Freeman, PhD, Howard Hughes Medical Institute 
and University of Massachusetts Medical School)

18 Contribution of Elf3 to osteoarthritis induced by a noninvasive mechanical loading model
Vinicius Ladeira Craveiro, HHMI-OREF Medical Fellow, Pennsylvania State University College of Medicine (Hospital for Special Surgery) 
(Mathias Bostrom, MD, and Mary Goldring, PhD, Hospital for Special Surgery)

19 Intranasal delivery of chemotherapeutic mucus-penetrating particles for the treatment of pediatric brainstem tumors
Ann Liu, Medical Fellow, Wake Forest School of Medicine of Wake Forest Baptist Medical Center (Johns Hopkins University School  
of Medicine) (Henry Brem, MD, Johns Hopkins University School of Medicine)

20 Endothelial contributions to the cellular niche in heterotopic ossification
Shawn Loder, Medical Fellow, University of Michigan Medical School (Stewart Wang, MD, PhD, University of Michigan Medical School)

21 Prediagnostic circulating macrophage inhibitory cytokine-1 is associated with worsened survival among patients with 
colorectal cancer
Raaj S. Mehta, HHMI-AGA Medical Fellow, Harvard Medical School (Andrew Chan, MD, MPH, Harvard Medical School and 
Massachusetts General Hospital)

22 A novel optogenetic spinal cord stimulator for wireless, bidirectional control of nociceptive circuitry in freely moving mice
Clinton D. Morgan, Medical Fellow, Vanderbilt University School of Medicine (Washington University in St. Louis School of Medicine) 
(Robert Gereau, PhD, Washington University in St. Louis School of Medicine)

23 Fibrovascular membrane transcriptomics: discovery of new genetic candidates in proliferative diabetic retinopathy
Daniel J. Oh, Medical Fellow, Harvard Medical School (Patricia D’Amore, PhD, MBA, Harvard Medical School and Schepens Eye 
Research Institute)
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24 A CRISPR/Cas9-based genome-wide knockout screen identifies a novel host dependency factor for HIV infection
Ryan J. Park, Medical Fellow, Harvard Medical School (Bruce Walker, MD, Howard Hughes Medical Institute, Ragon Institute of MGH, 
MIT and Harvard, and Harvard Medical School, and Nir Hacohen, PhD, Harvard Medical School, Massachusetts General Hospital, and 
Broad Institute of Harvard and MIT)

25 Gene signature correlations with survival and radiographic markers in glioblastoma
Kunal S. Patel, Medical Fellow, Weill Cornell Medical College (University of California, San Diego, School of Medicine)  
(Clark Chen, MD, PhD, University of California, San Diego, School of Medicine)

26 SMYD-mediated histone methylation as a mechanism governing cardiomyocyte growth
Stephanie C. Patterson, Medical Fellow, Duke University School of Medicine (Matthew Wolf, MD, PhD, and Howard Rockman, MD, 
Duke University School of Medicine)

27 Therapeutic targeting of human lipid genes with in vivo CRISPR-Cas9 genome editing
Avanthi Raghavan, Medical Fellow, Harvard Medical School (Kiran Musunuru, MD, PhD, MPH, Harvard University, Brigham and 
Women’s Hospital, and Broad Institute of Harvard and MIT)

28 Myoglobin polymersomes as a potential agent for tumor vascular disruption
Anne B. Rohlfing, Medical Fellow, Duke University School of Medicine (Mark Dewhirst, DVM, PhD, Duke University School  
of Medicine)

29 Searching for genes of allergic disease
Jeffrey A. SoRelle, Medical Fellow, University of Texas Southwestern Medical School (Bruce Beutler, MD, University of Texas 
Southwestern Medical School)

30 Functional evaluation of microRNA recognition elements in brain-expressed transcripts
Tin-Yun Tang, Medical Fellow, Sidney Kimmel Medical College at Thomas Jefferson University (Children’s Hospital of Philadelphia) 
(Beverly Davidson, PhD, Children’s Hospital of Philadelphia)

31 Therapeutic targeting of CD99 in T cell malignancies
Montreh Tavakkoli, Medical Fellow, David Geffen School of Medicine at UCLA (Memorial Sloan Kettering Cancer Center)  
(Christopher Park, MD, PhD, Memorial Sloan Kettering Cancer Center)

32 Cancer ablation: studying potential microwave ablation–induced local and systemic tumorigenisis
Erik M. Velez, HHMI-SIRF Medical Fellow, University of California, San Francisco, School of Medicine (Harvard Medical School) 
(Muneeb Ahmed, MD, and S. Nahum Goldberg, MD, Harvard Medical School and Beth Israel Deaconess Medical Center)

33 TWIST1 is required for suppression of apoptosis in oncogene-driven non-small cell lung cancer
Zachary A. Yochum, Medical Fellow, University of Pittsburgh School of Medicine (Timothy Burns, MD, PhD, and Daniel Johnson, PhD, 
University of Pittsburgh School of Medicine)

34 Evidence of CRISPR/Cas9-induced gene editing affecting disease progression in a mouse model of retinitis pigmentosa
Andrew Zheng, HHMI-FFB Medical Fellow, Columbia University College of Physicians and Surgeons (Stephen Tsang, MD, PhD, 
Columbia University College of Physicians and Surgeons and Edward Harkness Eye Institute)

35 Sevoflurane causes persistent dendritic spine enlargement in developing mouse hippocampal neurons
Jeffrey H. Zimering, Medical Fellow, University of Rochester School of Medicine and Dentistry (Harvard Medical School)  
(Zhongcong Xie, MD, PhD, Harvard Medical School and Massachusetts General Hospital)
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1 Rapid and multiplexed knock-in of multiple reporters for functional cancer stem cell identification
Kareem Alazem, Medical Fellow, Case Western Reserve University School of Medicine (Cleveland Clinic Foundation) (Jeremy Rich, MD, 
Cleveland Clinic)

2 Peripheral PD-L1 expression predicts immune reactivity and survival in newly diagnosed glioblastoma patients treated 
with an autologous heat shock protein peptide vaccine
Leonel Ampie, Medical Fellow, Georgetown University School of Medicine (Northwestern University, The Feinberg School of Medicine) 
(Orin Bloch, MD and C. David James, PhD, Northwestern University, The Feinberg School of Medicine)

3 Assessing the effect of synonymous mutations in TP53 and JAK3 on gene expression
Geetha Bhagavatula, Medical Fellow, George Washington University School of Medicine and Health Sciences (University of Washington) 
(Stanley Fields, PhD, Howard Hughes Medical Institute and University of Washington)

4 Reversal of HIV-1 proviral latency by CD41 T cell activation does not eliminate a subset of virus-producing cells
John K. Bui, Medical Fellow, University of Pittsburgh School of Medicine (John Mellors, MD, University of Pittsburgh School of Medicine)

5 Bevacizumab-induced migration inhibitory factor depletion: a novel resistance mechanism in glioblastoma
Brandyn A. Castro, Medical Fellow, Boston University School of Medicine (University of California, San Francisco, School of Medicine) 
(Manish Aghi, MD, PhD, University of California, San Francisco, School of Medicine)

6 Gene by environment interaction controls aggression in mice
Angela Chang, Medical Fellow, University of Miami Leonard M. Miller School of Medicine (California Institute of Technology) 
(David Anderson, PhD, Howard Hughes Medical Institute and California Institute of Technology)

7 Novel therapeutic approach to acne treatment with engineered bacterial phage
Lucy Cheng, Medical Fellow, University of California, San Diego, School of Medicine (David Geffen School of Medicine at UCLA) 
(Robert Modlin, MD, David Geffen School of Medicine at UCLA)

8 Development of a new generation of live attenuated cholera vaccines: harnessing the CRISPR-Cas system to enhance 
the biosafety of a live attenuated Vibrio cholerae vaccine
Fernanda Delgado, Medical Fellow, University of Washington School of Medicine (Harvard Medical School) (Matthew Waldor, MD, 
PhD, Howard Hughes Medical Institute, Harvard Medical School, and Brigham and Women’s Hospital)

9 A label-free method of investigating polyclonal and antigen-specific CD8 T cell activation
Harib H. Ezaldein, Medical Fellow, Yale School of Medicine (Richard Edelson, MD, Yale School of Medicine)

10 Improving tumor microenvironment in hepatocellular carcinoma by reverting cirrhosis and normalizing vasculature 
using targeted antifibrotic and anti-angiogenic therapy
Christopher Fan, Medical Fellow, Duke University School of Medicine (Harvard Medical School) (Rakesh Jain, PhD, Harvard Medical 
School and Massachusetts General Hospital)

11 Identification of tumorigenic cells and therapeutic targets in pancreatic neuroendocrine cancers
Benson M. George, Medical Fellow, Stanford University School of Medicine (Irving Weissman, MD, and Jeffrey Norton, MD,  
Stanford University School of Medicine)

12 Pre-existing antitherapeutic antibody is associated with better outcome in a phase I trial of anti-GD2 monoclonal  
antibody therapy
Jacob L. Goldberg, Medical Fellow, University of Wisconsin School of Medicine and Public Health (Paul Sondel, MD, PhD, and  
Janardan Pandey, PhD, University of Wisconsin School of Medicine and Public Health)

13 The role of Sirt1 in exercise-induced adaptation of skeletal muscle
George X. Huang, Medical Fellow, Harvard Medical School (Zoltan Arany, MD, PhD, Harvard Medical School and Beth Israel 
Deaconess Medical Center)

14 Dual blockade of TIM-3 and PD-1 immune checkpoints combined with stereotactic radiation in a murine glioma model
Jennifer E. Kim, Medical Fellow, Johns Hopkins University School of Medicine (Michael Lim, MD, and Henry Brem, MD,  
Johns Hopkins University School of Medicine)

15 Identification of novel conserved regulators of Ras-Raf-MAPK and Notch signaling pathway through genetic approaches 
in Caenorhabditis elegans
Young Jin Kim, Medical Fellow, Stony Brook University School of Medicine (Columbia University College of Physicians and Surgeons) 
(Iva Greenwald, PhD, Howard Hughes Medical Institute and Columbia University College of Physicians and Surgeons)



31

2015 Sc i e n t i f i c  Me e t i n g o f Me d i c a l fe l l o w S

Poster Session B, 9:30–10:30 a.m. Session Co-Chairs: Sattar Khoshkhoo and Tin-Yun Tang  page 62

S C H E D U L E  O F  P R E S E N T A T I O N S :  T H U R S D A Y

Atrium

16 Characterization and tumor tropism of nanoparticle-modified human adipose–derived mesenchymal stem cells to glioblastoma
Young M. Lee, Medical Fellow, Vanderbilt University School of Medicine (Johns Hopkins University School of Medicine)  
(Alfredo Quinones-Hinojosa, MD, and Jordan Green, PhD, Johns Hopkins University School of Medicine)

17 Roles of SPT5/ZASC1 interaction in HIV-1 transcription elongation and control
Elizabeth Mathieu, Medical Fellow, University of Wisconsin School of Medicine and Public Health (University of Wisconsin-Madison) 
(Paul Ahlquist, PhD, Howard Hughes Medical Institute and University of Wisconsin-Madison)

18 Absence of NF-kB impairs resolution of otitis media and alters host defense of the middle ear–nasopharyx system
Brian A. Nuyen, Medical Fellow, University of California, San Diego, School of Medicine (Allen Ryan, PhD, University of California, 
San Diego, School of Medicine)

19 The leukodystrophy protein FAM126A/hyccin regulates phosphoinositide metabolism at the plasma membrane
Michael S. Oh, Medical Fellow, Yale School of Medicine (Pietro De Camilli, MD, Howard Hughes Medical Institute and Yale School 
of Medicine)

20 Constitutive androstane receptor–linking host nuclear receptor activity with changes in the gut microbiota
Patricia I. Ojeda, Medical Fellow, University of Tennessee Health Science Center College of Medicine (The University of Chicago Pritzker 
School of Medicine) (Eugene Chang, MD, The University of Chicago Pritzker School of Medicine)

21 Anti-GITR antibody and stereotactic radiation induces immune-mediated prolongation of survival in murine intracranial glioma
Mira A. Patel, Medical Fellow, Johns Hopkins University School of Medicine (Michael Lim, MD, and Drew Pardoll, MD, PhD, 
Johns Hopkins University School of Medicine)

22 Modeling arrhythmogenic human calmodulin mutations using induced pluripotent stem cells
Daniel C. Pipilas, Medical Fellow, Vanderbilt University School of Medicine (Northwestern University, The Feinberg School of Medicine) 
(Alfred George, MD, Northwestern University, The Feinberg School of Medicine)

23 Squamous differentiation of basal cell carcinoma as a novel resistance mechanism to SMO inhibitors
Katherine J. Ransohoff, Medical Fellow, Stanford University School of Medicine (Jean Tang, MD, PhD, and Marcia Stefanick, PhD, 
Stanford University School of Medicine)

24 Characterizing mammalian vestibular hair cell degeneration/regeneration
Zahra N. Sayyid, Medical Fellow, Stanford University School of Medicine (Alan Cheng, MD, Stanford University School of Medicine 
and Roel Nusse, PhD, Howard Hughes Medical Institute and Stanford University School of Medicine)

25 Characterizing the relationship between the long noncoding RNA SChLAP1 and the SWI/SNF complex reveals a therapeutic 
opportunity in prostate cancer
Udit Singhal, Medical Fellow, Wright State University Boonshoft School of Medicine (University of Michigan Medical School) 
(Arul Chinnaiyan, MD, PhD, Howard Hughes Medical Institute and University of Michigan Medical School)

26 Characterization and inhibitor screening of noncanonical WNT signalling in melanoma: steps toward understanding 
and controlling cell proliferation
Jessica D. St. Laurent, Medical Fellow, Tufts University School of Medicine (University of Washington) (Randall Moon, PhD, Howard 
Hughes Medical Institute and University of Washington)

27 Muscleblind is important for dendrite morphogenesis
Madina S. Tugizova, Medical Fellow, Stanford University School of Medicine (Kang Shen, PhD, Howard Hughes Medical Institute and 
Stanford University)

28 Effect of G6PD inhibition on the chemoresponsiveness of in vitro pancreatic cancer cells
Chioma Udemgba, Medical Fellow, Duke University School of Medicine (Sally Kornbluth, PhD, Duke University School of Medicine)

29 Extracorporeal photopheresis as an immunotherapy in a murine melanoma model
Aaron N. Vassall, Medical Fellow, Yale School of Medicine (Richard Edelson, MD, Yale School of Medicine)

30 Characterizing the role of the SWI/SNF chromatin remodeling complex in the development of melanoma
Qing Yu Weng, Medical Fellow, Harvard Medical School (David Fisher, MD, PhD, Harvard Medical School and Massachusetts 
General Hospital)
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31 The effects of long-term hypoxic conditions on the BRCA1 promoter
Julia E. Wiedmeier, Medical Fellow, University of Utah School of Medicine (Oregon Health and Science University) (Brian Druker, MD, 
Howard Hughes Medical Institute and Oregon Health and Science University, and Mitchell Turker, PhD, JD, Oregon Health and 
Science University)

32 Optimized therapeutic nanoparticle delivery of immune modulatory microRNA in preclinical models for glioma treatment
Nasser K. Yaghi, Medical Fellow, Baylor College of Medicine (University of Texas-MD Anderson Cancer Center) (Amy Heimberger, MD, 
University of Texas-MD Anderson Cancer Center)

33 Characterizing the longitudinal relationship between vascular amyloid-beta deposition and blood flow and vascular 
reactivity in a transgenic mouse model of Alzheimer’s disease
Wai-Ying Yau, Medical Fellow, University of Pittsburgh School of Medicine (William Klunk, MD, PhD, and Alberto Vazquez, PhD, 
University of Pittsburgh School of Medicine)

34 Identification and characterization of long noncoding RNAs in glioblastoma
Hosniya Zarabi, Medical Fellow, Chicago Medical School at Rosalind Franklin University of Medicine and Science (University of 
California, San Francisco, School of Medicine) (Daniel Lim, MD, PhD, University of California, San Francisco, School of Medicine)
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8:30 a.m.

Using a bacterial cholesterol sensor to assay  
cholesterol activity in red blood cell membranes

Rima Shah Chakrabarti, Medical Fellow, University of Texas 
Southwestern Medical School, Rima.Shah@utsouthwestern.edu

Mentors: Helen Hobbs, MD, Howard Hughes Medical Institute and University 
of Texas Southwestern Medical School, and Arun Radhakrishnan, PhD, University 
of Texas Southwestern Medical School

The major sources of cholesterol in humans are 
diet (;0.2 g/day) and endogenous synthesis 
(;1 g/day). To maintain cholesterol homeostasis, 
the body must remove this amount of cholesterol 
daily. Removal is accomplished by a process 
called reverse cholesterol transport (RCT), in 
which cholesterol is transported from peripheral 
tissue to the liver and exported into bile. High-
density lipoprotein (HDL) has been proposed 

as the primary vehicle of RCT, but recent studies reveal that HDL-
deficient animals have no defect in cholesterol balance. Another blood 
component that may play a role in RCT is red blood cells (RBCs), 
whose membranes contain ;50% of cholesterol circulating in blood.

To characterize “active” RBC cholesterol that is available for cholesterol 
transport, we developed a RBC cholesterol activity assay that utilizes 
domain 4 of a cholesterol-binding bacterial toxin called anthrolysin-O 
(ALOD4). RBCs from 164 people were isolated and incubated with 
fluorescently labeled ALOD4 (fALOD4). The fluorescence intensity of 
the RBCs bound by fALOD4 was quantified using flow cytometry. 
Intra-individual and intra-assay variability were less than 10%. 

fALOD4 binding to RBC membranes of 164 people formed a positively 
skewed Gaussian distribution with a 10-fold range. No correlation 
was observed between fALOD4 binding and total RBC membrane 
cholesterol. fALOD4 binding correlated positively with plasma HDL 
(rho50.30, p56e–4), RBC sphingomyelin (rho50.33, p59e–5), and 
lyso-phosphatidylcholine (lyso-PC; rho50.40, p56e–6) and correlated 
negatively with plasma triglycerides (rho5–0.57, p52e–12) and RBC 
phosphatidylcholine (PC; rho5–0.42, p56e–7). Treatment of RBCs 
with phospholipase A2 decreased RBC phosphatidylcholine, increased 
RBC lyso-PC, and increased RBC cholesterol activity by ;3-fold.

Future studies will further identify RBC lipids, proteins, carbohy-
drates, and plasma components that drive the differences observed in 
RBC cholesterol activity. We will also examine how disorders of RCT, 
such as lecithin cholesterol acyltransferase deficiency and Tangier disease, 
affect RBC cholesterol activity.

8:45 a.m.

Combination chemotherapy and CD47 blockade 
promote melanoma cell phagocytosis but are not 
sufficient to create antitumor immunity

Katie L. Anderson, HHMI-BWF Medical Fellow, University of 
Minnesota College of Veterinary Medicine, ande9068@umn.edu

Mentors: Jaime Modiano, VMD, PhD, and Matthew Mescher, PhD, University 
of Minnesota College of Veterinary Medicine

Melanoma cells demonstrate considerable resis-
tance to immunotherapy using CD47 blockade 
and to doxorubicin chemotherapy. We hypothe-
sized that a chemo-immunotherapy approach 
combining doxorubicin and CD47 blockade 
would mitigate this resistance. Specifically, we 
proposed that increasing “eat me” signals such 
as phosphatidylserine through chemotherapy 
would enhance the efficiency of tumor phago-

cytosis by macrophages, in turn improving presentation of tumor antigens 
to effector T cells. We confirmed that doxorubicin increased membrane 
phosphatidylserine exposure on 50%–60% of B16 melanoma cells en-
gineered to express ovalbumin (B16-OVA) without altering membrane 
integrity. CD47 blockade caused a reproducible, albeit modest (2%–3%), 
increase in phagocytosis of B16-OVA cells. Pretreatment with doxorubicin 
enhanced phagocytosis by an average of 10%; however, this increased 
phagocytosis did not consistently promote increased IL-2 or IFN-g 
production by antigen-specific T cells. In addition, neither activation of 
antigen-specific CD81 T cells in vivo nor a reduction in tumor burden 
were induced reproducibly by this chemo-immunotherapy approach. 
Overall, we conclude that expression of “eat me” signals by melanoma 
cells following chemotherapy renders them more susceptible to phago-
cytosis under conditions of CD47 blockade, but this effect does not 
promote an adaptive antitumor immune response. Additional work 
will be needed to define whether resistance of B16 melanoma cells to 
chemo-immunotherapy is mediated through secreted soluble factors, 
through direct cell-to-cell contacts, or through modulation of the 
tumor microenvironment.
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9:00 a.m.

Engineering bispecific macrophage enhancing  
antibodies as new cancer immunotherapies

Nan Guo, Medical Fellow, University of Texas Southwestern  
Medical School (Stanford University School of Medicine),  
nan.guo@utsouthwestern.edu

Mentor: Irving Weissman, MD, Stanford University School of Medicine 

Cancer cells express CD47 as an anti-phagocytic 
“don’t eat me” signal to evade destruction by 
the immune system. Agents that disrupt the inter-
action between CD47 and its receptor SIRPa 
greatly enhance the efficacy of tumor-specific 
antibodies, enabling clearance of previously un-
treatable cancers in mouse models. However, a 
challenge to targeting CD47 is that it is widely 
expressed, resulting in a large antigen sink and 

increased potential for off-target effects. An alternative strategy is to target 
SIRPa, which has an expression profile mostly restricted to cells of the 
myeloid lineage. Additionally, targeting SIRPa enables a new class of 
bispecific antibodies, which we term bispecific macrophage enhancing 
antibodies (BiMEs). BiMEs have emergent and synergistic properties: 
They drive phagocytosis by simultaneously blocking SIRPa, binding a 
tumor antigen, and activating pro-phagocytic Fc receptors.

We have now engineered three BiMEs in the dual-variable domain 
immunoglobulin (DVDIg) format to target the tumor antigens CD20, 
Her2, and CD70. We have assayed the efficacy of these BiMEs in both 
antibody-dependent cell-mediated cytotoxicity (ADCC) by neutrophils 
and antibody-dependent cell-mediated phagocytosis (ADCP) by macro-
phages. When compared with the parent antibodies rituximab, trastu-
zumab, and vorsetuzumab, the BiMEs elicited significantly increased 
ADCC and ADCP across many cell lines, including Burkitt’s lymphoma, 
breast adenocarcinoma, and renal cell carcinoma. We have now initiated 
our first in vivo xenograft studies using mice transgenic for human SIRPa 
on an immunocompromised background (Rag2/gc double knockout), 
and preliminary results demonstrate dramatic tumor shrinkage in the 
BiME-treated cohort. Ultimately, we aim to test our agent in nonhuman 
primates to establish safety data in preparation for clinical trials. We 
envisage that BiMEs will present a universal, efficient, and less toxic 
alternative to current strategies for enhancing anticancer therapies.

9:15 a.m.

MAFB is a novel candidate gene  
for Duane retraction syndrome

Jong G. Park, Medical Fellow, Duke University School of Medicine 
(Harvard Medical School), jong.geol.park@gmail.com

Mentor: Elizabeth Engle, MD, Howard Hughes Medical Institute,  
Harvard Medical School, and Boston Children’s Hospital

Duane retraction syndrome (DRS) is the most 
common congenital cranial nerve dysinnervation 
disorder. It is characterized clinically by restric-
tion of eye abduction and globe retraction during 
eye adduction. MRI, electrophysiology, and 
autopsy studies have demonstrated that patients 
with DRS have an absent or hypoplastic abducens 
nerve and misinnervation of the lateral rectus 
muscle by an aberrant branch of the oculomotor 

nerve. We previously identified dominant missense mutations in the 
gene CHN1 in families with DRS, and we generated a mouse model 
with a knock-in Chn1 mutation. We dissected and imaged the orbits of 
Chn1WT/WT and Chn1KI/KI embryos. We determined that the abducens 
nerve was absent or hypoplastic in Chn1KI/KI mutant mice and the lateral 
rectus was innervated by an aberrant branch of the oculomotor nerve, 
recapitulating the human DRS phenotype. 

We investigated the mechanism of this aberrant innervation by asking 
whether it could occur with an absent abducens nerve but normal oculo-
motor nerve. To address this question, we examined MafB knockout 
mice, which do not develop rhombomeres 5 and 6, and thus lack abducens 
nuclei and nerves, but otherwise develop normal oculomotor nerves. 
We dissected and imaged the orbits of MafBWT/WT and MafBKO/KO  
embryos and determined that MafB KO/KO mice phenocopy the Chn1 
mice and recapitulate the human DRS phenotype. We then screened 
our DRS patient cohort for mutations in MAFB and discovered three 
novel heterozygous frameshift deletions in three separate families 
within the functional domains of MAFB. Our findings suggest that 
MAFB is a promising candidate gene for DRS.
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9:30 a.m.

Characterization of neurons expressing delta and 
mu opioid receptors in descending pain control

Sarah A. Low, Medical Fellow, University of Arizona College  
of Medicine (Stanford University School of Medicine),  
salow@email.arizona.edu

Mentors: Gregory Scherrer, PhD, and Robert Malenka, MD, PhD,  
Stanford University School of Medicine

The rostral ventromedial medulla (RVM) is an 
essential region in the brainstem that gates the 
descending control of pain. Projection neurons 
in the RVM modulate painful sensations by inter-
cepting incoming sensory information as it enters 
the spinal cord. Three populations of modula-
tory projecting neurons (ON, OFF, and Neutral 
cells) have been described in the RVM based 
on their firing pattern in response to a painful 

stimulus. Under normal conditions, ON and OFF cells oscillate between 
periods of active firing and quiescence. In the event of a painful stimulus, 
ON cell activity increases and OFF cell activity decreases, whereas 
Neutral cell activity does not change. Studies in which pain thresholds 
are disturbed have shown that ON cells are most active in hypersensitive 
pain states (e.g., chronic injury) and OFF cells in hyposensitive pain states 
(e.g., systemic morphine). Thus, the bimodal coordination of ON and 
OFF cell activity in the RVM modulates pain thresholds by ON cell–
mediated facilitation or OFF cell–mediated inhibition of pain transmission.

Mu opioid receptors (MORs) and delta opioid receptors (DORs) 
are inhibitory G protein–coupled receptors that regulate neurotransmission. 
Pharmacological and electrophysiological studies have demonstrated 
that MORs are expressed by ON cells and inhibit action potential firing 
in these neurons to depress descending pain facilitation. Unlike MORs, 
the role of DORs in the RVM remains unclear. 

In this study, we used knock-in reporter mice that express DOReGFP 
and MORmCherry fusion proteins to reveal the location of DOR ex-
pressing neurons in the RVM and examine possible DOR and MOR 
co-expression. Our immunohistochemical experiments reveal that 43% 
of spinally projecting neurons are DOR1. Furthermore, 60% of DOR1 
cells are GABA1, whereas less than 1% of DOR1 cells express 5HT. 
Importantly, MOR and DOR expression in the RVM is overlapping, 
with 57% of DOR1 cells co-expressing both receptors. 

Altogether, our results suggest that DORs are predominately in 
inhibitory projection neurons, and, like MOR1 cells, DORs may be ex-
pressed by ON cells. In combination with ongoing functional studies, these 
results will elucidate the function of DORs in projection and interneurons 
in the RVM and indicate how DORs and MORs cooperate to fine-tune 
descending pain control.

9:45 a.m.

Projection-specific features of mammalian retinal 
ganglion cells

Erika Ellis, HHMI-FFB Medical Fellow, University of California, 
San Diego, School of Medicine (Janelia Research Campus), e1ellis@ucsd.edu

Mentor: Gabe Murphy, PhD, Janelia Research Campus, Howard Hughes  
Medical Institute

Sensory systems create internal representations 
of the external world by extracting and inter-
preting specific features of a sensory stimulus. 
The visual system, for example, extracts spatial, 
chromatic, and temporal features of light stim-
uli to create visual percepts. Using the visual 
system as a model system, we seek to understand 
sensory information processing by examining 
the flow of visual information as it propagates 

through multiple levels of the early visual system. 
The retina contains approximately 20 types of retinal ganglion cells 

(RGCs), which convey information about the visual scene to down-
stream retinorecipient brain regions. Each type of RGC encodes infor-
mation about specific features of a visual stimulus. For example, some 
RGCs encode information about wavelength, whereas others encode 
information about stimulus size or the speed and direction of a moving 
stimulus. In the mouse, this information is sent to two principal regions: 
the dorsal lateral geniculate nucleus (dLGN) and the superior colliculus 
(SC). It has been shown that some RGCs send projections to both the 
dLGN and the SC, whereas other RGCs project exclusively to one 
region or the other. However, the identity of these RGC types remains 
largely unknown. 

This project aims to identify the retinal inputs that are shared between 
the dLGN and the SC and the inputs that are distinct to the dLGN or 
the SC. Therefore, we use retrograde labeling techniques to identify RGCs 
that project to both dLGN and SC and RGCs that project exclusively 
to the dLGN or SC. We then perform targeted electrophysiological 
recordings to identify the functional characteristics of these populations 
of RGCs. Identifying the retinal inputs to the dLGN and the SC is the 
first step to understanding information processing within these areas.
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In vivo modeling of mutant TULP1  
induces endoplasmic reticulum–unfolded protein  
response stress

Adrian Au, HHMI-FFB Medical Fellow, Case Western Reserve 
University School of Medicine (Cleveland Clinic Foundation),  
aca14@case.edu

Mentor: Stephanie Hagstrom, PhD, Cleveland Clinic 

Retinitis pigmentosa (RP) is a devastating in-
herited retinal degeneration (IRD) that is char-
acterized by night blindness, early peripheral 
visual field defects, and subsequent loss of central 
vision. Mutations in TULP1 are known to 
cause autosomal recessive RP (ARRP) and Leber’s 
congenital amaurosis. A challenge in the field 
of IRD is identifying mechanisms of photo-
receptor cell death related to specific genetic 

mutations. It has been well established in other neuronal diseases that 
mutations in genes lead to misfolded proteins that accumulate in the 
endoplasmic reticulum (ER). The cell has inherent processes to manage 
misfolded proteins, but in environments of prolonged exposure to mis-
folded products, these products can induce apoptosis via the unfolded 
protein response (UPR). We investigated whether missense mutations 
of TULP1 in patients with ARRP cause IRD by way of the ER-UPR.

Analysis of the structural changes to TULP1 proteins by bioinformatics 
showed that mutations in the TULP1 gene cause deleterious effects. 
We demonstrated in cell culture that mutated forms of TULP1 aggregate 
in the ER and that they induce the major proteins involved in apoptosis 
mediated by the ER-UPR complex. Interestingly, mutations near the 
N-terminus do not show as severe of a phenotype in vitro or on bioinfor-
matics as their C-terminus counterparts. To validate this mechanism of 
photoreceptor degeneration, we introduced mutated TULP1 in vivo by 
subretinal injection and electroporation. We confirmed that mutations in 
TULP1 created protein products that colocalized with ER markers, 
corroborating our in vitro findings. Furthermore, we demonstrated in-
creased activation of the ER-UPR complex, signifying that ER stress is 
involved in mediating protein homeostasis. Overall, these findings sug-
gest that the ER-UPR is a potential mechanism of retinal degeneration. 
We hope that this pathway can be targeted for therapeutics in patients 
that exhibit TULP1-dependent ARRP.

2

The role of endothelial-expressed  
NOTCH ligands in glioblastoma

Evan D. Bander, Medical Fellow, Weill Cornell Medical College, 
evb2005@med.cornell.edu

Mentor: Shahin Rafii, MD, Weill Cornell Medical College

Despite current treatments, glioblastoma (GBM) 
has a dismal prognosis. Evolving evidence 
suggests that the perivascular niche facilitates 
tumor cell survival during chemotherapy and 
radiotherapy. Recent work demonstrated that 
endothelial cells (ECs) are not just passive 
conduits for nutrients, but rather they express 
secreted and membrane-bound paracrine factors 
important for supporting tumorigenesis, organo-

genesis, and stem cell maintenance. The expression of these factors is 
organ-bed specific. 

One such factor in GBM is the notch ligand family (jagged1 and -2 
and DLL1, -3, and -4). Using human tissue from GBM and normal 
(epilepsy) patients and a mouse orthotopic glioma model, we have ex-
amined the differential expression of Notch ligands (Jagged-1 and -2) 
in normal and GBM brain ECs. We have found that the pattern of 
notch ligand expression differs between normal brain ECs and ECs in 
GBM, with tumor cells preferentially upregulating the expression of 
jagged1 on endothelial cells. Additionally, this change in notch ligand 
expression appears to promote tumor stemness and functional colony-
forming potential. In addition to characterizing this interaction, we are 
currently isolating and culturing brain ECs from GBM and normal 
brain tissue to identify other EC paracrine factors that may play a role 
in tumor progression, stemness, and treatment resistance.

Session Co-Chairs: Angela Chang and Katherine Ransohoff



38

2015 Sc i e n t i f i c  Me e t i n g o f Me d i c a l fe l l o w S

3

Natural killer cell–based therapy to improve spiral 
artery remodeling in disorders of placentation

Christopher Clark, Medical Fellow, Medical University of  
South Carolina College of Medicine (Harvard Medical School),  
clachr@musc.edu

Mentor: S. Ananth Karumanchi, MD, Howard Hughes Medical Institute,  
Harvard Medical School, and Beth Israel Deaconess Medical Center

Preeclampsia (PE) is a serious medical condition 
affecting 2%–8% of pregnancies worldwide. 
PE is a leading cause of maternal and neonatal 
morbidity and mortality. Clinically, it is charac-
terized by hypertension and proteinuria after 20 
weeks of pregnancy, and its increasing severity 
can lead to premature delivery; however, the mech-
anisms underlying PE are poorly understood.

Natural killer (NK) lymphocytes that popu-
late the decidua are a distinct type of NK cell and are important regulators 
of normal decidual integrity. These decidual NK (dNK) cells differ from 
the peripheral blood NK cells because they lack cytotoxicity, secrete 
proangiogenic factors, and regulate trophoblast invasion. dNK cells 
regulate uterine spiral artery remodeling, a process that allows for 
increased blood delivery to the fetal-placental unit. 

Our lab has previously shown that ex vivo manipulation of human 
peripheral blood NK cells with a combination of hypoxia, TGFb-1, 
and 5-aza-29-deoxycytidine yields cells with phenotypic and in vitro 
functional similarities to dNK cells, called idNK cells. To determine 
the therapeutic potential of idNK cells, we have created a mouse model 
of preeclampsia-like illness using adenoviral overexpression of soluble 
fms-like tyrosine kinase 1 (sFlt-1) in a pregnant, immune-deficient 
mouse. Preliminary experiments suggest that human idNK cells, when 
injected into the pregnant sFlt-1 overexpression mouse model, may 
reduce spiral artery wall thickness and decrease uterine artery resistance. 
These data suggest a novel cell-based therapeutic approach for improving 
spiral artery remodeling in preeclamptic patients and, in doing so, 
lay the foundation for future research into therapeutic options for 
preeclampsia, for which very few options currently exist.

4

Establishment of selective connections  
in the Drosophila nerve cord

Benjamin T. Cocanougher, Medical Fellow, University of 
Rochester School of Medicine and Dentistry (Janelia Research Campus), 
ben.cocanougher@gmail.com

Mentor: Marta Zlatic, PhD, Janelia Research Campus, Howard Hughes  
Medical Institute

Neural circuit development requires neurons of 
many types to establish specific synaptic connec-
tions with appropriate targets from a pool of 
alternate targets. Neurites are first guided to a 
target zone in the developing nervous system 
where highly selective synapses form. Local 
target-derived cues may determine precise con-
nectivity between partners; however, the iden-
tity and role of these putative cues are unclear 

because of a lack of knowledge of actual pre- and postsynaptic partners 
and difficulty in manipulating targets in systems where they are known. 
The Drosophila embryo is an ideal model for addressing this problem 
given the wealth of genetic tools available. In addition, the circuitry 
downstream of somatosensory neurons has recently been characterized in 
full at Janelia Research Campus using serial section EM reconstruction.

In this study, we sought to identify candidate attractant/receptor 
systems that exist between axons and target dendrites in the first-order 
somatosensory system. I screened GAL4 lines to identify lines with embry-
onic expression in neurons of interest. Then I used these lines to shift 
interneuron dendrites by selective overexpression or downregulation of 
receptors for midline repellent Slit and determined the effects of such 
manipulations on presynaptic partners. I also developed a manual sort-
ing protocol for collecting single neuron types from the nerve cord. 
Using this protocol, I am now in the process of collecting neurons early 
in development to perform RNA sequencing from specific pairs of pre- 
and postsynaptic partners. This procedure will allow us to identify 
putative target recognition cues involved in selective synaptogenesis. 
We plan to test the role of these candidates using RNAi and behavioral 
screens for aberrant somatosensory processing. This study will not only 
lead to a better understanding of neural circuit development but may aid in 
the development of new treatments for damaged or degenerating circuits.
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Circulating microRNA profiling for  
thoracic radiotherapy biomarkers

Tru-Khang T. Dinh, Medical Fellow, Harvard Medical School, 
tktdinh@hms.harvard.edu

Mentor: Alan D’Andrea, MD, Harvard Medical School and Dana-Farber  
Cancer Institute

Few patients with locally-advanced non-small 
cell lung cancer (NSCLC) are cured with 
chemoradiotherapy (chemoRT). A major cause 
of recurrence is the inability to predict individuals 
who may tolerate or require higher doses of 
radiation. While dosimetric parameters currently 
guide estimates of toxicity risk, these do not 
capture the individual patient’s response to 
radiotherapy (RT). Micro-RNAs (miRNAs) 

are a class of non-coding nucleotides—readily accessible in blood 
samples—that may serve as biomarkers for radiation dose response in 
patients undergoing RT.

In this study, plasma samples from five patients with Stage IIIA 
NSCLC treated with radical chemoRT were collected before—and at 
roughly 2-week intervals during—RT. Samples were comprehensively 
profiled for all known human miRNAs using Exiqon real-time PCR 
(RT-PCR) miRNA panels. Candidate miRNAs whose levels significantly 
correlated with RT dose were identified. These candidates were then 
validated with RT-PCR using samples from an additional 21 patients, 
collected at 0, 20, and 40 Gy timepoints during RT. Published gene 
expression profiling data of irradiated NSCLC and other cell lines were 
examined to assess changes in expression of the predicted genetic targets 
of the candidate miRNAs. 

Ten candidates among the profiled miRNAs significantly correlated 
with dose, mean lung dose, lung V5, lung V20, and mean esophagus 
dose. miR-150, miR-342, and miR-29a remained significant in the 
validation samples. Genetic targets of these miRNAs were found to 
be enriched among genes whose expression significantly changed in 
NSCLC cells after irradiation and are involved in apoptosis, inflammation, 
and EGFR signaling.  

In conclusion, we identified three plasma miRNAs that correlated 
with dosimetric parameters during radical chemoRT for locally-advanced 
NSCLC. These potential biomarkers may eventually guide dynamic 
adjustments in RT dose based on individual responses. 

W E D N E S D A Y  •  1 0 : 1 5 – 1 1 : 1 5  a . m .
Atrium

Poster Session A

6

Exploiting Mycobacterium tuberculosis respiratory 
flexibility to craft more effective drug combinations

Peter Finin, HHMI-K-RITH Medical Fellow Medical Fellow, 
University of Michigan Medical School (KwaZulu-Natal Research 
Institute for TB and HIV), pfinin@alum.mit.edu

Mentor: Adrie Steyn, PhD, KwaZulu-Natal Research Institute for TB and HIV

During infection, Mycobacterium tuberculosis 
(Mtb) is confronted with rapidly changing 
environmental conditions. Drug discovery and 
drug regimens can be informed by understanding 
how different conditions and antibiotics affect 
Mtb’s energy production through oxidative 
phosphorylation (OXPHOS) and glycolysis. 
We have used extracellular flux technology, 
previously used primarily on eukaryotic cells, 

to measure in real time Mtb’s oxygen consumption rate (OCR, a measure 
of OXPHOS) and extracellular acidification rate.

We have discovered that the two new antimycobacterial electron 
transport chain (ETC)-targeting drugs, bedaquiline (BDQ) and Q203, 
cause a surprising increase in Mtb’s OCR by roughly fourfold above 
untreated cells. For BDQ, this result is contrary to previously published 
discussions of its anticipated effect. Other first-line and ETC-targeting 
drugs do not cause a similar increase in OCR. The increase lasts for several 
days and is observed across a variety of carbon sources and oxygen tensions. 
Based on mutant and drug combination studies, we have shown that 
this increase is likely due to increased glycolysis and tricarboxylic acid 
cycle activity in response to dropping ATP levels. Mtb’s response to BDQ 
and Q203 has given us new insight into Mtb’s physiology, including 
regulation of its terminal oxidases and maintenance of its proton 
motive force.

We have explored more potent drug combinations using these new 
insights into Mtb physiology. Using these drugs’ mechanisms of action 
and the model we have built of Mtb’s response to them, we have predicted 
synergistic killing with combinations of BDQ, Q203, and clofazimine. 
These predictions were confirmed with colony-forming units. Mtb’s 
branched and very flexible ETC does not have a single point of failure 
where inhibiting one complex can stop electron flow. We have shown, 
however, that appropriate combinations of ETC-targeting drugs can 
exploit this flexibility to kill Mtb faster.
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Modulating the motor neural network with  
transcranial direct current stimulation

David B. Fischer, HHMI-PDF Medical Fellow, Harvard Medical 
School, d.b.fisch@gmail.com

Mentor: Alvaro Pascual-Leone, MD, PhD, Harvard Medical School and  
Beth Israel Deaconess Medical Center

The brain is increasingly understood not as a 
series of discrete regions, but as a conglomerate 
of interconnected networks. Most studies using 
noninvasive brain stimulation have targeted 
particular regions, neglecting the effects of dis-
tributed networks. Here, we aim to modulate 
motor function in humans by using transcranial 
direct current stimulation (tDCS) to stimulate 
the motor network. First, in a cohort of healthy 

subjects, we used resting state functional connectivity magnetic resonance 
imaging to determine the cortical network of the left primary cortex by 
identifying regions that exhibit synchronous fluctuations in activity. 
We developed a multifocal tDCS array to simultaneously target various 
nodes of this interconnected cortical network. We then tested the 
hypothesis that stimulation of the entire motor network enhances 
motor excitability beyond stimulation of the primary motor cortex 
alone. In healthy subjects, tDCS was applied for 10 minutes in alternative 
arrangements, including the conventional two-electrode arrangement 
(with the anode over the primary motor cortex and the cathode over 
the contralateral supraorbital region) and a multifocal eight-electrode 
arrangement targeting the cortical network of the primary motor cortex. 
Motor excitability was assessed with motor-evoked potentials of the 
contralateral (right) hand and ipsilateral (left) hand before and after 
tDCS, using single-pulse transcranial magnetic stimulation. 

Results suggest that stimulating the motor network, as compared 
to the primary motor cortex alone, modulates motor excitability in a 
different manner over time. These results have implications for our 
understanding of neural networks, for our methods of modulating 
neural functions with noninvasive brain stimulation, and for potential 
therapeutic applications.

8

Functional investigation of the  
Parkinson’s disease–associated protein DJ-1

Megan Garland, Medical Fellow, Stanford University School 
of Medicine, garlandm@stanford.edu

Mentor: Matthew Bogyo, PhD, Stanford University School of Medicine

DJ-1 is a highly conserved protein found in all 
domains of life. Surprisingly, the function of DJ-1 
within cells is unclear; best evidence supports a 
protective role against oxidative stress. Interest 
in discovering DJ-1’s function escalated when 
it was found to be encoded by the PARK7 gene 
locus and associated with a form of early-onset 
Parkinson’s disease (PD). DJ-1 is also associated 
with other disease states, such as carcinoma. 

Using the small-molecule inhibitor WRR086, the Bogyo lab found 
that the Toxoplasma gondii DJ-1 orthologue (TgDJ-1) functions as a 
redox-dependent kinase-activating chaperone. TgDJ-1 directly interacts 
with calcium-dependent protein kinase 1, and the DJ-1/kinase complex 
integrates three cellular signals (ROS, calcium, phosphorylation) to regulate 
organelle exocytosis. To determine whether this function is conserved 
in human DJ-1 (HsDJ-1), we transfected localization and affinity puri-
fication (LAP)-tagged constructs of HsDJ-1WT and HsDJ-1C106S into 
mammalian cells. The LAP tag contains N-terminal GFP and S tags to 
allow for purification of HsDJ-1’s binding partners. Interaction partners 
were identified by mass spectrometry, resulting in a comprehensive 
description of the HsDJ-1 “interactome.” 

Additionally, though the broader molecular function of DJ-1 in 
cells is unclear, it contains a highly conserved C106 important for DJ-1’s 
published cytoprotective role against oxidative stress. We developed a 
fluorescence polarization high-throughput screen using 5-iodoacetamido-
fluorescein (5-IAF). We validated the use of this probe to specifically 
label C106 and then used 5-IAF in a targeted screen of cysteine-reactive 
compounds to identify small molecules that bind C106 of HsDJ-1. 
With this preliminary list of interacting partners and small-molecule 
modulators of C106, we will further define DJ-1 function in cells, aiming 
to better understand its molecular association with PD and cancer and 
potentially identify targets and pathways for therapeutic intervention.
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Improving the biocompatibility of implants in 
irradiated tissue beds using an adipose-derived 
stromal-vascular fraction

Philip Gastrell, Medical Fellow, Duke University School of Medicine, 
ptg6@duke.edu

Mentor: Bruce Klitzman, PhD, Duke University School of Medicine

Radiotherapy is an effective and increasingly 
common treatment for a variety of solid tumors. 
Unfortunately, radiation also damages the 
surrounding tissues, resulting in long-term 
changes such as impaired wound healing and a 
decreased capacity to remodel. A potential 
treatment for these radiation-induced changes 
is cell therapy. In particular, the cells of the 
adipose-derived stromal-vascular fraction (SVF) 

are uniquely suited to rescue impaired wound healing and tissue regen-
eration. In this study, we will attempt to rescue impaired wound healing 
and implant integration in irradiated tissue by seeding porous implants 
with an adipose-derived SVF.

We isolated a rat adipose-derived SVF by mincing, digesting, and 
centrifuging the epididymal fat pads of Sprague-Dawley rats. The iso-
lated cells were then seeded into the implants using a novel, low-shear 
method in which a porous expanded polytetrafluoroethylene (ePTFE) 
scaffold was seeded using gravity-pressured saline at 74 mmHg. Next, 
Fischer rats received 50 Gy of radiation in five sessions to their bilateral 
hindlimbs. Following a 28-day waiting period, the rats were implanted 
with seeded and bare ePTFE scaffolds: two of each in their irradiated 
hindlimbs and  two of each in the non-irradiated dorsum. Following a 
period of 2 or 4 weeks, the scaffolds and surrounding tissue will be re-
moved. These samples will be stained and analyzed for fibrous capsule 
thickness, microvessel density, and microvessel cross-sectional diameter. 
Scanning electron microscopy demonstrated a 50-µm layer of SVF cells 
tightly adherent to the surface of the ePTFE with penetration into the 
scaffold to 20 µm. En face microscopy demonstrated 64% cellular 
confluency. Implantation and histological analysis of implanted sites 
is ongoing.

We have generated ePTFE implants seeded with rat SVF cells using 
a novel low-shear seeding method. The remainder of our study is ongoing, 
but we hope to show that seeding implants with adipose-derived SVF 
improves long-term implant integration.

10

Is the cecum a reservoir for enteric Yersinia?:  
an inquiry into the link between the high incidence 
of postinfection gastrointestinal disorders and  
infection with Yersinia enterocolitica

Lauren A. Griggs, HHMI-BWF Medical Fellow, Cornell University 
College of Veterinary Medicine (University of North Carolina at 
Chapel Hill), lag272@cornell.edu

Mentor: Virginia Miller, PhD, University of North Carolina at Chapel Hill

Yersinia enterocolitica and Yersinia pseudotuber-
culosis are foodborne enteropathogenic bacteria 
that cause yersiniosis. This gastroenteritis is 
self-limiting in healthy humans but a systemic 
illness in immunocompromised individuals. 
Functional gastrointestinal (GI) disorders such 
as inflammatory bowel disease (IBD) can de-
velop following a GI infection and are two- to 
fivefold more likely to occur following infection 

by Y. enterocolitica than by Campylobacter, Salmonella, or Shigella. IBD 
affects 4 million people worldwide, and persistent enteric infections often 
lead to overuse of antibiotics. Uncovering a potential link for the devel-
opment of these conditions may provide avenues for their prevention.

Because the traditional Yersinia mouse model displays only systemic 
disease and not the GI phase, establishing a mouse model in which Yersinia 
infection resolves or persists will provide a more appropriate model to 
study host and virulence factors important in the gastroenteritis phase, 
the development of postinfection GI sequelae, and persistent enteric 
infections in general. A recent study demonstrated that, following sub-
lethal infection, Y. pseudotuberculosis persists in the cecum of mice for more 
than 50 days with no signs of illness. We reasoned that Y. enterocolitica 
behaves similarly and that this persistence creates a chronic inflammatory 
environment that contributes to postinfection sequelae, including GI 
disorders. In this model, mice are infected intragastrically with a sublethal 
dose of a bioluminescent wild-type strain of Y. enterocolitica and are 
monitored for persistence using IVIS imaging and bacterial burden. 
Histology will be performed to characterize tissue integrity and bacterial 
and immune cell topography in the cecum during persistence. Persistent 
infection was achieved, but for less than 30 days. Thus, further experi-
mentation is warranted to achieve a continual persistent model with 
more reliable detection and monitoring methods.
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A convection-enhanced macroencapsulation  
device for the treatment of type I diabetes

Allison E. Hamilos, Medical Fellow, Harvard Medical School, 
ahamilos@mit.edu

Mentor: Jeffrey M. Karp, PhD, Harvard Medical School and Brigham and 
Women’s Hospital

Subcutaneously implantable, immunoisolated 
macroencapsulation devices (MEDs) restore 
glucose homeostasis in rodent models of type 1 
diabetes (T1D). These pouch-like devices protect 
transplanted b-cells from the host’s immune 
system, thereby obviating insulin injections 
and immunosuppression. Despite their promise, 
current MEDs have yet to reach the clinic  
because they cannot sustain enough cells. The 

problem is dependence on passive diffusion to harvest nutrients from 
the surrounding host tissue, which is sufficient to feed only a mono-
layer of islets housed in a wafer-thin capsule (a 0.4-cm2 device supports 
;1,000 islets). Because .500,000 islets are required to maintain eugly-
cemia in a human adult, a T1D patient would require .500 wafer devices, 
making diffusion-limited MEDs impractical therapies. Many biotech 
companies have attempted to improve diffusion-limited MEDs, but no 
2D MED geometry has overcome the cell-number limitations preventing 
clinical efficacy.

A MED capable of sustaining physiologic numbers of islets could 
change the standard of care for TID patients. We hypothesize that  
improving nutrient transport to encapsulated cells will generate such a 
clinically relevant device. We propose a 3D, convection-enhanced 
MED (ceMED) capable of perfusing cells beyond the 200-µm diffusion 
limit, thereby enabling sufficient numbers of islets to be housed in 
devices practically sized for humans.

To test this hypothesis, we created in silico and in vitro ceMED models, 
which demonstrate increased cell survival and glucose-stimulated  
insulin secretion as perfusion rate increases. We determined the necessary 
dimensions and perfusion rates of effective ceMEDs for T1D therapy 
and fabricated prototypes for in vivo study. We are currently character-
izing survival and function of these prototypes in rat models of T1D. 
As the culmination of this proof of concept, we aim to validate a  
human-sized ceMED that may be accelerated to clinical trials in the 
next couple of years.

12

A new reporter tool: illuminating activation  
of toxin-antitoxin systems in bacteria

David Huang, Medical Fellow, The Warren Alpert Medical 
School of Brown University (Massachusetts Institute of Technology), 
david_huang@brown.edu

Mentor: Michael Laub, PhD, Howard Hughes Medical Institute and Massachusetts 
Institute of Technology

The emergence of bacterial resistance has increased 
the number of infections that are difficult to 
treat. Further complicating matters is bacterial 
persistence, a noninherited, reversible state 
where bacteria can transiently survive antibiotic 
treatment. 

Recently, toxin-antitoxin (TA) systems, 
which are co-operonic gene modules widely 
present on bacterial chromosomes, have been 

implicated in persister cell formation. TA systems typically encode a 
toxin that targets essential cellular functions and an antitoxin that binds 
and neutralizes its cognate toxin. Further, the TA complex inhibits its 
own transcription. For a toxin to become activated, the intrinsically 
more labile antitoxin typically must be degraded even faster, resulting 
in increased transcription and allowing the unbound toxin to inhibit 
growth. The current model for TA system activation suggests a linear 
pathway in which an increase in the small-molecule (p)ppGpp results 
in build up of inorganic polyphosphate, which then activates the Lon 
protease that degrades antitoxins and activates TA systems. However, 
this model remains largely untested.

We developed a new method that monitors TA system activation in 
vivo through a transcriptional reporter. We found that overproducing 
(p)ppGpp elevates signal from a reporter for the relBE system, both in 
the presence and absence of RelBE. We also observed reduced relBE  
reporter activity in cells lacking Lon, again, in the presence or absence 
of RelBE. The RelBE-independent effects of (p)ppGpp and Lon on the 
relBE promoter challenge the current model in which (p)ppGpp activates 
TA systems by promoting Lon degradation of antitoxins. 

Lastly, we showed elevated reporter signal of the mazEF TA system 
in cells treated with sublethal amounts of antibiotic, a condition thought 
to generate persister cells. Insights gained from our reporters will provide 
a better understanding of TA systems and their potential contribution 
to persistent bacterial infections.
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Genetic deficiency and pharmacologic inhibition 
of Adamts4 prevent abdominal aortic aneurysms 
and dissections in a mouse model

Michael S. Hughes, Medical Fellow, University of Texas  
Medical School at Houston (Baylor College of Medicine), 
Michael.S.Hughes@uth.tmc.edu

Mentor: Scott LeMaire, MD, Baylor College of Medicine

Aortic aneurysms and dissections (AAD) carry 
significant mortality and morbidity. Although 
clinical progression of AAD is well documented, 
the molecular mechanisms that underlie AAD 
development are still largely unknown, and 
there are currently no medications clinically 
proven to prevent disease progression. AAD is 
caused by progressive extracellular matrix de-
struction. Therefore, identifying responsible 

proteases is critical for developing a therapeutic target. Our lab has 
previously shown significant elevation of ADAMTS4 (a disintegrin and 
metalloproteinase with thrombospondin motifs 4) in aortic tissue from 
patients with AAD. This study aimed to determine whether genetic 
deficiency or pharmacologic inhibition of Adamts4 can prevent AAD 
development in mice.

Four-week-old wild-type (WT, C57BL/6J) mice (n531), Adamts42/2 
mice (n532), and WT mice concomitantly treated with the ADAMTS 
inhibitor pentosan polysulfate sodium (NaPPS; 75 mg/kg/day; n530) 
were challenged with a high-fat diet for 8 weeks and with angiotensin II 
infusion during the last 4 weeks. Incidence of AAD was evaluated by gross 
inspection and diameter measurement according to established criteria.

Challenged WT mice showed an 84% overall incidence of AAD, 
with a 68% incidence in the abdominal segment. Compared with these 
controls, in Adamts42/2 mice overall incidence of AAD was markedly 
reduced (56%, p50.015). The effect was most pronounced in the ab-
dominal aorta (40%, p50.027). Similarly, challenged WT mice treated 
with NaPPS also showed a trend toward a reduced incidence of abdominal 
AAD (43%, p50.073).

In summary, Adamts4 deficiency in mice significantly reduces the 
incidence of AAD. Moreover, targeting Adamts4 with a specific oral 
inhibitor shows a promising effect on the abdominal aorta. Collectively, 
these data suggest that ADAMTS4 plays an important role in the devel-
opment of AAD, particularly in the abdominal aorta, and that NaPPS 
may provide a novel pharmaceutical method of treating this disease.

14

Identifying the molecular framework underlying 
cortical circuit development

Syed Khalid, Medical Fellow, Chicago Medical School at Rosalind 
Franklin University of Medicine and Science (Johns Hopkins University 
School of Medicine), syed.khalid@my.rfums.org

Mentor: Alex Kolodkin, PhD, Howard Hughes Medical Institute and Johns 
Hopkins University School of Medicine

The cerebral cortex is a highly interconnected 
neural network of highly specialized cells 
within the mammalian brain that facilitates 
higher cognitive functions. Because discrete 
processing centers within the cerebral cortex 
perform complex computations and drive our 
unconscious and conscious experience of the 
world, the study of the molecular framework 
underlying these interconnected neural networks 

is essential to understand how the brain functions and the molecular 
basis of cognitive disorders. Therefore, our goal is to study how extracellular 
and intercellular molecular signaling cascades drive select innervation 
events during brain development. 

To approach this task, we focused on a group of neurons involved in 
connecting and integrating information from different functional areas of 
the cerebral cortex: layer II/III pyramidal neurons. Many of these neurons 
form cortico-cortico neural circuits that exhibit a highly stereotyped inner-
vation pattern. To better understand how these cells ultimately form 
these cortico-cortico networks, we visualized the developing innervation 
patterns of layer II/III pyramidal neurons located in the primary somato-
sensory cortex. Once we established the precise timing of innervation by 
layer II/III pyramidal neurons, we explored developmental mechanisms 
underlying this stereotypic innervation pattern and found that layer II/III 
cortical layer-specific innervation is independent of intrinsic cellular activity, 
thalamocortical input, and central nervous system midline crossing. Further-
more, we performed time-lapse microscopy on developing layer II/III 
pyramidal neurons and analyzed the axon branching and cytoskeletal 
dynamics responsible for laminar-specific innervation. To better visualize 
the developing mammalian cortex and to enable the study of complex 
cerebral cortex connectivity in the context of a whole brain, we developed 
a rapid brain clearing technique that facilitates our studies and that 
should be of use to the neuroscience community at large. To identify the 
genetic and molecular basis of layer II/III pyramidal neuron connectivity, 
we are currently performing a targeted screen to elucidate the underlying 
molecular cues that direct layer II/III pyramidal neuron axon branching 
patterns during development. 
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Understanding interneuron function during  
seizure initiation, propagation, and termination

Sattar Khoshkhoo, HHMI-CURE Medical Fellow,  
University of California, San Francisco, School of Medicine,  
Sattar.Khoshkhoo@ucsf.edu

Mentor: Vikaas Sohal, MD, PhD, University of California, San Francisco, 
School of Medicine

Epilepsy is a disorder of brain microcircuits 
that arises from excessive or aberrant neuronal 
synchronization. Traditionally, this hypersyn-
chronization was attributed to runaway excita-
tion in dysfunctional circuits that overcomes 
inhibitory regulation by interneurons. However, 
recent studies have demonstrated that selective 
optogenetic activation of interneurons, most 
specifically the parvalbumin-positive (PV) sub-

type, is sufficient not only to terminate, but also to initiate, seizures in 
the mouse hippocampus. Moreover, in an in vitro mouse model of 
spontaneous seizures, optogenetic inhibition of PV interneurons signifi-
cantly reduced the frequency of spontaneous epileptiform discharges. 
These findings inspired us to further investigate the role of three subclasses 
of interneurons—PV, somatostatin-positive (SOM), and VIP-positive 
(VIP)—during seizures and compare that to the activity of a subset of 
excitatory neurons.

To facilitate temporally specific, on-demand seizure initiation, we 
developed an in vivo optogenetic kindling model of ictogenesis by focal 
expression of channelrhodopsin in the mouse cortex and stimulation 
with a short, pulsed optical stimulus. We simultaneously performed cell 
type–specific bulk calcium imaging in the contralateral cortex using 
Cre-dependent expression of a genetically encoded calcium indicator, 
GCaMP6f. Our preliminary findings suggest that all three subtypes of 
interneurons are recruited at the onset of seizures, whereas excitatory 
neurons are activated several seconds later. Additionally, seizure termi-
nation seems to be tied to the upregulation of PV and SOM activity, 
but no clear link to VIP and excitatory neuron activity is evident. 
In summary, our findings suggest that interneurons play a major role 
in seizure initiation and termination. In the future, we hope to take 
advantage of our novel experimental setup to further elucidate the 
functional significance of different interneurons in seizures using 
optogenetic manipulation.

16

Restoring consciousness during seizure  
with deep brain stimulation of pontine nuclei  
in an animal model 

Adam J. Kundishora, HHMI-CURE Medical Fellow,  
Yale School of Medicine, adam.kundishora@yale.edu

Mentor: Hal Blumenfeld, MD, PhD, Yale School of Medicine 

The loss of consciousness during seizure contrib-
utes significantly to the mortality and morbidity 
of epilepsy. For patients with medically and 
surgically refractory epilepsy, mitigating this 
loss—independent of seizure frequency—
would represent a dramatic improvement in 
quality of life. Our lab previously developed a 
rodent model of complex partial seizures that 
mimics the human EEG signature of ictal 

neocortical slow waves and behavioral arrest associated with loss of con-
sciousness. Using this model, we measured suppression of subcortical 
arousal systems, including the brainstem and thalamic nuclei. Although 
we showed that stimulation of the central lateral nucleus (CL) of the 
thalamus was sufficient to reverse neocortical slowing postictally, it 
proved insufficient during seizure. We now show restored measures of 
consciousness in the anesthetized animal model by stimulating the pontine 
nucleus oralis (PnO), a member of the reticular activating system. Ad-
ditionally, combined stimulation of CL and PnO restored consciouness 
in an awake behaving animal model. We stereotactically implanted elec-
trodes in bilateral PnO, stimulating with currents ranging from 20 µA 
to 200 µA at 50 Hz, and bilateral CL, stimulating with currents rang-
ing from 100 to 400 µA at 100 Hz while recording behavior with video 
and electrophysiology via depth electrodes in the lateral orbitofrontal 
cortex and hippocampus. PnO stimulation in immobilized animals 
under deep anesthesia and under light anesthesia both ictally and postic-
tally shows loss of cortical slow waves and multi-unit cortical desyn-
chronization in a current dose-responsive fashion. In awake-behaving 
animals, dual site stimulation during sleep, light anesthesia, postictally, 
and ictally yields similar electrophysiological effects with increased be-
havioral arousal and spontaneous exploration of the cage; however, 
these different states exhibit varying dose-response curves. These data, if 
paired with responsive neurostimulation algorithms, suggest a novel 
therapeutic approach for restoring consciousness during seizures.
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Determining the functional impact of delayed 
Wallerian degeneration in a Sarm1 mouse model 
of sciatic nerve crush injury

Jacob Kushkuley, Medical Fellow, University of Massachusetts 
Medical School, jacob.kushkuley@umassmed.edu

Mentor: Marc Freeman, PhD, Howard Hughes Medical Institute and University 
of Massachusetts Medical School

Axonal degeneration occurs after neural injury 
and is a common feature of many neurological 
diseases. Upon axotomy, the distal fragment of 
a severed axon undergoes catastrophic fragmen-
tation termed Wallerian degeneration. The slow 
Wallerian degeneration (Wlds) mouse and our 
lab’s recent discovery of the Sarm1 gene have 
demonstrated that Wallerian degeneration is an 
active process that can be delayed, thus extend-

ing axonal degeneration by weeks. In a Sarm1 genetic knockout mouse 
(the Sarm1 mouse), severed axons display only minor changes in action 
potential conduction, synaptic transmission, and neuromuscular junction 
receptors. To assess the in vivo functional outcome of this delayed axonal 
degeneration, we set out to establish a mouse model of reproducible 
peripheral nerve injury. Using aneurysm clips of varying force, we 
demonstrated, in wild-type (WT) mice, a dose-dependent functional 
response to sciatic nerve crush injury, as measured by photocaptured 
walking track analysis. Utilizing this crush injury model, we then compared 
the functional outcome of WT mice to Sarm1 mice and discovered no 
short-term functional protection to crush injury in Sarm1 mice. Addi-
tionally, we noted some degree of delay in functional recovery in Sarm1 
mice, despite evidence of histological axonal protection. Further studies in 
central nervous system tissues will be required to determine whether these 
results are consistent across varying models of in vivo neural injury and to 
fully assess the impact of modulating Wallerian degeneration.

18

Contribution of Elf3 to osteoarthritis induced  
by a noninvasive mechanical loading model

Vinicius Ladeira Craveiro, HHMI-OREF Medical Fellow, 
Pennsylvania State University College of Medicine (Hospital for  
Special Surgery), vladeiracraveiro@hmc.psu.edu

Mentors: Mathias Bostrom, MD, and Mary Goldring, PhD, Hospital for  
Special Surgery

Osteoarthritis (OA) is the most prevalent form 
of arthritis, affecting tens of millions of Americans. 
OA is characterized by the destruction of the 
cartilage matrix, and no proven disease-modifying 
therapy exists, in part because of our poor  
understanding of the disease. Both the loading 
environment of the joint and its response to  
inflammatory signals are main contributors  
to OA, but our understanding of how these 

processes interplay is very limited.
The E74-like factor 3 (Elf3) mediates inflammation in chondrocytes 

and contributes to cartilage degradation by upregulating genes such as 
Cox2 and Mmp13. However, how Elf3 contributes to load-induced cartilage 
damage is unknown. In this study, we aimed to assess the contribution of 
Elf3 to OA disease in vivo, using cartilage-specific Elf3 knockout (KO) 
mice subjected to a noninvasive mechanical loading model. 

Elf3 KO mice and wild-type (WT) littermates were subjected to daily 
cyclical mechanical loading regimens that are known to trigger OA-like 
pathology. Knee articular cartilage was then isolated for RNA extraction 
and RTqPCR analyses, and the knee joints were processed for histological 
evaluation of OA disease. Our preliminary RTqPCR analyses showed a 
load-induced increase in Mmp13 and Cox2 expression in WT animals 
and reduced expression of those genes in the KO counterparts. Preliminary 
histological analyses of loaded joints also pointed toward reduced cartilage 
degradation scores in the KO animals. 

Our study provides novel preliminary evidence about the contribution 
of Elf3 to load-induced cartilage degradation in vivo. Cartilage-specific 
Elf3 KO animals show a trend toward reduced cartilage erosion following 
loading, which correlates with reduced Mmp13 and Cox2 mRNA. 
Future work will evaluate in detail the interplay between mechanical 
loading and Elf3 to uncover common downstream targets with potential 
for therapeutic intervention.
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Intranasal delivery of chemotherapeutic  
mucus-penetrating particles for the treatment  
of pediatric brainstem tumors

Ann Liu, Medical Fellow, Wake Forest School of Medicine of 
Wake Forest Baptist Medical Center (Johns Hopkins University 
School of Medicine), aliu@wakehealth.edu

Mentor: Henry Brem, MD, Johns Hopkins University School of Medicine 

A major obstacle in the development of new, 
effective therapies for diffuse intrinsic pontine 
glioma, a common pediatric brainstem tumor, 
is access to the tumor. A possible alternative to 
bypassing the blood-brain barrier and directly 
targeting the central nervous system is intranasal 
delivery of therapeutic agents. Another exciting 
method of drug delivery is the use of nanoparticles, 
in particular, mucus-penetrating particles (MPP), 

which can be engineered to possess several beneficial features for therapy, 
including sustained and controlled local drug release and deep tissue 
penetration. Our goal was to combine MPP with intranasal delivery for 
improved therapy of brainstem tumors. Using a marker MPP, we first 
demonstrated that within an hour of intranasal delivery in rats, the 
MPP was seen diffusely in the brain. We then developed a paclitaxel 
nanocrystal MPP for intranasal delivery and evaluated its efficacy in a 
malignant glioma brainstem model in rats. In vivo, we compared sur-
vival in three groups of animals who underwent 1) intranasal delivery, 
2) direct intracranial injections, and 3) no treatment. We observed no 
difference in survival between the intranasal delivery and no treatment 
groups, and, interestingly, the animals that underwent direct intracranial 
injection of paclitaxel nanocrystal MPP had the worst survival of all 
three groups. Intranasal delivery and the use of nanoparticles are both 
exciting developments in targeted therapy; however, further work is 
required to develop a chemotherapeutic MPP combined with intranasal 
delivery that can improve survival.

20

Endothelial contributions to the cellular niche  
in heterotopic ossification

Shawn Loder, Medical Fellow, University of Michigan Medical School, 
shawnjl@med.umich.edu

Mentor: Stewart Wang, MD, PhD, University of Michigan Medical School

Aberrant wound healing after major trauma 
presents a significant challenge to physicians. 
For example, the development of ectopic bone 
in soft tissues, called heterotopic ossification 
(HO), results in chronic pain and diminished 
range of motion, often requiring surgical inter-
vention with minimal benefit. HO displays 
evidence of endochondral ossification (EO) 
with an anlagen consisting of fibroproliferative, 

chondrogenic, and osteogenic centers. In normal development, endothelial 
cells support EO. Endothelial infiltration is enhanced with acute injury, 
but its contribution to HO remains unclear. We examined that relation-
ship with a validated burn-trauma mouse model combining 30% total 
body-surface area burn and Achilles’ tenotomy. Using immunofluorescent 
imaging, we saw increased lymphatic (2.3-fold) and vascular (1.6-fold) 
infiltration to the site of injury during early HO formation (p,0.05). 
We identified co-staining of the endothelial markers LYVE1, CD31, 
Ve-Cadherin, and Tie2 with the chondrogenic marker Sox9 in the de-
veloping anlagen. Using fluorescence-activated cell sorting, we analyzed 
vascular endothelium (VE) and lymphatic endothelium (LE), endothelial 
progenitors (EPs), and a presumptive osteogenic HO precursor (HP). 
At 2 weeks postinjury, the tenotomy site was substantially enriched for 
all populations compared with contralateral control sites (VE: 8.661.0% vs. 
6.960.5%; LE: 8.662.0% vs. 3.960.3%; EP: 4.760.8% vs. 1.460.1%; 
HP: 9.860.3% vs. 1.560.4%). Using a previously validated ipsilateral 
popliteal/inguinal lymphadenectomy model with burn/tenotomy, we 
compared populations at our site after lymphatic isolation. Lymphade-
nectomy demonstrated reversal in accumulation of both LE (3.860.1% 
vs. 3.360.5%) and HPs (1.860.4% vs. 1.260.3%), demonstrating local-
ization of endothelial cells to sites destined for HO formation. These 
findings identify a possible role for bone progenitor trafficking through 
the lymphatics to the tenotomy site.
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Prediagnostic circulating macrophage inhibitory 
cytokine-1 is associated with worsened survival 
among patients with colorectal cancer

Raaj S. Mehta, HHMI-AGA Medical Fellow, Harvard Medical 
School, raaj_mehta@hms.harvard.edu

Mentor: Andrew Chan, MD, MPH, Harvard Medical School and Massachusetts 
General Hospital

Macrophage inhibitory cytokine-1 (MIC-1), 
also known as growth differentiation factor 15 
(GDF15), is an inflammatory circulating  
protein that has been strongly associated with 
colorectal cancer (CRC) incidence and may 
play a mechanistic role in carcinogenesis. In 
experimental models, MIC-1 appears to enhance 
tumor growth and promote distant metastases. 
Despite this evidence, the influence of MIC-1 

on survival after diagnosis of CRC is unknown.
We conducted a prospective analysis of survival among 618 men and 

women diagnosed with CRC who provided a prediagnostic blood 
specimen. MIC-1 levels were measured using a sandwich enzyme-
linked immunosorbent assay. We examined the association of MIC-1 
levels with overall and CRC-specific mortality using Cox proportional 
hazards models with adjustment for mortality-associated risk factors 
and other plasma inflammatory markers. We also assessed the relation-
ship between MIC-1 levels and prostaglandin-endoperoxide synthase 2 
(PTGS2)/cyclooxygenase-2 enzyme status in tumors with available 
tissue for analysis.

Compared with the lowest quartile of prediagnostic plasma MIC-1, 
the multivariate hazard ratio (HR) for CRC-specific death was 2.40 
(95% CI, 1.33–4.34) for the highest quartile (p for linear trend50.009). 
In an exploratory analysis, we found that the association of MIC-1 with 
survival differed according to expression of PTGS2 in the primary tumor 
(pinteraction50.04). Among individuals with PTGS2-positive CRC, 
high (≥ median) MIC-1 levels appeared to be associated with a HR for 
CRC-specific death of 2.13 (95% CI, 0.99–4.58) compared to low (< 
median) MIC-1 levels. In contrast, among individuals with PTGS2-
negative CRC, high MIC-1 levels were not associated with an increased 
risk of CRC-specific death (multivariate HR50.61, 95% CI, 0.13–2.93).

Our results support an association between higher levels of circulating, 
prediagnostic MIC-1 (GDF15) and worse survival among CRC patients, 
particularly those with PTGS2-positive CRC.

22

A novel optogenetic spinal cord stimulator  
for wireless, bidirectional control of  
nociceptive circuitry in freely moving mice

Clinton D. Morgan, Medical Fellow, Vanderbilt University School 
of Medicine (Washington University in St. Louis School of Medicine), 
clint.d.morgan@gmail.com

Mentor: Robert Gereau, PhD, Washington University in St. Louis School  
of Medicine

Optogenetics has dramatically expanded the 
tools available for studying peripheral and central 
circuitry involved in pain. Implementation 
requires remote light sources and fiber-optic 
delivery schemes that impose significant physical 
constraints on natural behaviors. We report a 
new technology merging compliant neural inter-
faces with fully implantable, stretchable wireless 
power and control systems to achieve optogenetic 

modulation of spinal cord circuits. We combined wirelessly powered 
uLEDs with biocompatible dura-like materials that integrate into the 
epidural space in a device we call OptiDura.

To test the ability of OptiDura to selectively manipulate spinal circuits, 
we utilized a previously characterized transgenic line of mice expressing 
ChR2 (H134R)-eYFP in Nav1.8-expressing nociceptors. ChR2-eYFP 
is expressed in primary afferents terminating in Lamina I and Lamina II 
of the spinal cord dorsal horn in these mice.

Epidural implantation of OptiDura produces no significant neuro-
inflammation using GFAP staining or impairment of gross motor behavior 
using the accelerating Rotarod test (p50.226) or the open field test 
(p50.590) when compared to mice given a sham operation. When im-
planted in Nav1.8-ChR2 mice, wireless activation of OptiDura produces 
robust and reversible nocifensive behaviors that were entirely absent in 
littermate controls (64.2% vs. 0% of time, p,0.0001). In a nonreflexive 
real-time place aversion model, Nav1.8-ChR2 mice with OptiDura 
implants demonstrated significant aversion to the LED-ON Zone compared 
with littermate OptiDura-implanted controls (73 vs. 251 seconds in 
LED-ON Zone, p50.006).  

This novel device, OptiDura, inspired by biologic dura mater, can 
selectively manipulate ascending nociceptive circuits. The ability to  
selectively activate or inhibit specific populations of spinal interneurons, 
motor neurons, ascending projections, or descending projections reachable 
using this biocompatible device could offer tremendous opportunities 
for understanding neurologic disease. Furthermore, as gene therapy 
approaches delivering opsins to nonhuman primates and humans gains 
acceptance, OptiDura-inspired devices could offer the opportunity for 
relatively noninvasive spinal optogenetic stimulation.
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Fibrovascular membrane transcriptomics:  
discovery of new genetic candidates in  
proliferative diabetic retinopathy

Daniel J. Oh, Medical Fellow, Harvard Medical School,  
daniel_oh@hms.harvard.edu

Mentor: Patricia D’Amore, PhD, MBA, Harvard Medical School and  
Schepens Eye Research Institute

In proliferative diabetic retinopathy (PDR), 
neovascularization associated with scar tissue 
can form fibrovascular membranes (FVMs). 
To discover new genes and pathways involved in 
PDR, we employed the first RNA-Seq transcrip-
tomics approach to investigate differential gene 
expression in FVMs relative to control retinas.

Postmortem human retinas (n53) were 
obtained from individuals without history of 

diabetes. FVMs (n54) were surgically removed from patients with 
longstanding proliferative DR. Samples were treated with collagenase II 
(3 mg/mL), and cell suspensions were obtained. Magnetic beads conju-
gated to CD311 antibodies were used to isolate endothelial cell–specific 
populations within retina or FVM to allow for cell-specific comparison 
of transcriptomes. Lysate-extracted RNA was assessed using the Agilent 
2100 Bioanalyzer system for quality control. RNA-Seq libraries were 
prepared with Ovation RNA-Seq System V2, and sequencing was done 
with Illumina HiSeq 2500 using 2375 bp paired-end sequencing. Four 
analysis packages (Partek E/M, CuffLinks, DESeq2, and EdgeR) were 
used to analyze the transcriptomes to account for the negative binomial, 
Poisson, and log-normal distributions of transcripts. The DAVID 
functional annotation tool was employed to observe selected molecular 
pathways from the gene lists.

Using a 5 0.05 and 62-fold change, we found 200 genes to be 
statistically differentially expressed by all four statistical software packages. 
Ontology analysis revealed significant enrichment of genes involved in 
inflammatory, vascular development, and cell adhesion pathways. Among 
this list of 200 genes, periostin and CD163 were highly differentially 
expressed, consistent with previous microarray-based studies.

Our results reveal 200 genes whose expression levels are changed at least 
2-fold in FVMs and the preferential selection of inflammatory and angio-
genic pathways using these genes. This is consistent with PDR pathogenesis, 
which involves aberrant vessel growth and loss of vascular integrity.

24

A CRISPR/Cas9-based genome-wide knockout 
screen identifies a novel host dependency factor 
for HIV infection

Ryan J. Park, Medical Fellow, Harvard Medical School,  
ryan_park@hms.harvard.edu

Mentors: Bruce Walker, MD, Howard Hughes Medical Institute, Ragon Institute 
of MGH, MIT, and Harvard, and Harvard Medical School, and Nir Hacohen, PhD, 
Harvard Medical School, Massachusetts General Hospital, and Broad Institute 
of Harvard and MIT

HIV relies upon host proteins to support its 
infection. Three independent small interfering 
RNA (siRNA)-based genome-wide screens for 
these HIV-dependency factors (HDFs) were 
conducted in HeLa or 293T cells. Each identified 
more than 250 candidate HDFs; however, only 
34 genes scored in any two of the screens and 
only three genes scored in all three screens, raising 
concerns about their validity.

We performed a genome-scale, CRISPR/Cas9-based genetic knockout 
screen in the CD41 T cell leukemia line CCRF-CEM. We expressed 
Cas9 in CCRF-CEM cells engineered to express high levels of CCR5, 
an HIV coreceptor, and a green fluorescent protein (GFP) reporter 
driven by HIV LTR. We generated genome-scale knockout populations 
by transducing these cells with a lentiviral single-guide RNA (sgRNA) 
library of ;190,000 unique sgRNAs. Following infection with the HIV 
strain JR-CSF, we isolated viable, GFP-negative cells by fluorescence-
activated cell sorting and identified enriched sgRNAs by massively 
parallel sequencing. 

In contrast to the previous HDF screens, we identified only four 
HDFs: CD4, CCR5, TPST2, and SLC35B2. To validate TPST2 and 
SLC35B2 as HDFs, we generated two knockout cell lines that express 
unique sgRNAs for each gene. In these four cell lines, HIV infection 
produced significantly less cell death (50% for TPST2, 46% for 
SLC35B2, p,0.001) and GFP expression (40% for TPST2, 38% for 
SLC35B2, p,0.001) relative to control cell lines expressing sgRNAs 
against noncoding regions.

TPST2 has been reported to facilitate HIV entry via tyrosine sulfation 
of CCR5. We report for the first time that SLC35B2, a carrier protein 
for a key donor of sulfation events, facilitates HIV infection. Lastly, we 
show that HIV infection is unaffected in two knockout cell lines for one 
of the candidate HDFs identified by all three siRNA screens, RelA. 
This work illustrates the power and specificity of genome-scale genetic 
knockout screens in discovering dependencies of human pathogens 
such as HIV.
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Gene signature correlations with survival  
and radiographic markers in glioblastoma

Kunal S. Patel, Medical Fellow, Weill Cornell Medical College 
(University of California, San Diego, School of Medicine),  
kunalskpatel@gmail.com

Mentor: Clark Chen, MD, PhD, University of California, San Diego,  
School of Medicine 

The inter-tumoral heterogeneity of glioblastoma 
remains a major challenge to meaningful thera-
peutic development. The genomic differences 
of glioblastoma between patients with long and 
short survival may provide insights into this 
heterogeneity and serve as prognostic markers. 
To this end, many gene signatures have been 
reported that correlate with survival. However, 
these gene signatures are often generated with-

out consideration to clinical variables that effect survival, such as age 
and Karnofsky performance score (KPS). We conducted a systematic 
review of the literature to identify 19 mRNA expression signatures re-
ported to correlate with survival in glioblastoma. Single sample gene set 
enrichment analysis was carried out using three independent data sets 
to identify just four signatures that were significantly associated with 
survival in all three datasets. In addition, these signatures were signifi-
cantly associated with survival when age and KPS were included in the 
model and explained on average 25% of the variance in survival. 

Two signatures were related to the glioma CpG island methylator 
phenotype (G-CIMP) and the other two with inflammation. Using 
qualitative and quantitative analysis of MR images from The Cancer 
Imaging Archive, we found G-CIMP1 status to be associated with 
high non-contrast enhancing tumor and inflammation to be associated 
with the intensity of contrast enhancement. Using age and non-contrast 
enhancing tumor as criteria, we could predict G-CIMP1 status with a 
sensitivity of 62% and specificity of 96%. 

Our studies suggest that the most robust gene signatures involve 
G-CIMP status and inflammation. These tumor physiologies are also 
associated with noninvasive radiographic markers that may serve as a role 
in prognosis and development of individualized therapy.

26

SMYD-mediated histone methylation as a  
mechanism governing cardiomyocyte growth

Stephanie C. Patterson, Medical Fellow, Duke University 
School of Medicine, scp16@duke.edu

Mentors: Matthew Wolf, MD, PhD, and Howard Rockman, MD,  
Duke University School of Medicine

Drosophila melanogaster has several unique ad-
vantages that are currently unavailable in mam-
malian models of human cardiomyopathies. 
The fly heart is a linear tube composed of a single 
layer of repeated pairs of tinC-expressing cardio-
myocytes that share similar signaling pathways 
and genes with mammalian hearts. This single-
chambered structure provides unique opportu-
nities to precisely examine how gene mutations 

cause abnormalities in cardiac myocyte growth. 
The epigenetic landscape of the genome, in particular the posttrans-

lational modification of histones, has been shown to impart changes 
in cell growth and homeostasis. The methylation of lysine residues on 
histone 3 (H3) and 4 (H4) is performed by specific methyltransferases, 
and the degree of methylation has been associated with cell cycle progression, 
chromosome condensation, and gene transcription. 

We identified a subset of protein methyltransferases (PMTs) homolo-
gous to mammalian SMYDs, a class of proteins containing SET and 
MYND domains, that is differentially expressed in the heart and eye in 
the context of yorkie (yki) activation. yki is an evolutionarily conserved 
transcriptional co-activator that has been shown to control organ size. 
We have previously shown that cardiac-specific expression of active yki 
causes hypertrophy in the adult fly heart, a distinctly different phenotype 
compared with the proliferation observed in fly eyes and other tissues. 
Here, we explore the role of tissue-specific changes in SMYD PMT 
expression in response to yki activation in determining the distinct 
hypertrophic versus proliferative growth responses of different tissues.
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Therapeutic targeting of human lipid genes  
with in vivo CRISPR-Cas9 genome editing

Avanthi Raghavan, Medical Fellow, Harvard Medical School, 
avanthi.raghavan@gmail.com

Mentor: Kiran Musunuru, MD, PhD, MPH, Harvard University, Brigham and 
Women’s Hospital, and Broad Institute of Harvard and MIT

Individuals with naturally occurring loss-of-
function PCSK9, APOC3, and ANGPTL3  
mutations experience reduced blood low-density 
lipoprotein cholesterol (LDL-C) levels, reduced 
blood triglyceride levels, or protection against 
cardiovascular disease. We recently established 
that genome editing using a Streptococcus pyogenes 
clustered regularly interspaced short palindromic 
repeats (CRISPR)/CRISPR-associated 9 (Cas9) 

system, delivered by adenovirus, can efficiently introduce loss-of-function 
mutations into the endogenous mouse Pcsk9 gene in vivo, resulting in 
near-complete knockout of Pcsk9 and a 35%–40% reduction in the 
blood cholesterol level. Thus, the in vivo genome-editing approach may 
have therapeutic potential for the prevention of cardiovascular disease 
in humans. To better evaluate the feasibility of the approach in humans, 
we are performing preclinical studies using a liver-humanized mouse 
model in which the endogenous mouse hepatocytes have been replaced 
with human-derived hepatocytes and in which the plasma lipoprotein 
profile better reflects human physiology, particularly with respect to 
LDL-C. One disadvantage of the S. pyogenes CRISPR-Cas9 system is 
that its Cas9 gene is too large to fit in adeno-associated virus (AAV) 
vectors, which offer significant therapeutic advantages over adenoviruses. 
We have adapted the smaller Staphylococcus aureus CRISPR-Cas9 system 
and demonstrated efficient genome editing of the human PCSK9, 
APOC3, and ANGPTL3 genes in vitro. Additionally, using a minimal 
liver-specific promoter and a novel human hepatocyte–optimized AAV 
capsid protein, we use AAV vectors to knock out each of the three 
genes in both primary human hepatocytes and liver-humanized mice. 
This technique allows us to interrogate both the efficacy (lowering of 
LDL-C, triglycerides, or both) and safety (degree of off-target mutagenesis) 
of genome editing in human hepatocytes in vitro and in vivo. These 
translational studies are providing critical information on the viability 
of an approach that could ultimately yield a one-shot, long-term therapy 
that permanently reduces a person’s blood LDL-C and triglyceride levels, 
thus serving as a “vaccination” against cardiovascular disease.

28

Myoglobin polymersomes as a potential agent  
for tumor vascular disruption

Anne B. Rohlfing, Medical Fellow, Duke University School  
of Medicine, abr13@duke.edu

Mentor: Mark Dewhirst, DVM, PhD, Duke University School of Medicine

Radiation plays a critical role in modern oncology, 
and learning how to translate combinations of 
emerging therapies, like vascular disrupting 
agents, and radiation is crucial to achieving im-
proved patient outcomes. To that end, we have 
focused on polymersomes containing myoglobin 
(PEMs) as potential vascular-disrupting agents. 
Polymersomes are artificial vesicles assembled 
from amphiphilic copolymers that can be engi-

neered to contain drugs, and because of the enhanced permeability and 
retention effect seen in tumor vasculature, they target tumors for efficient 
delivery of their contents. Initial in vivo studies showed hemorrhaging 
within 4 hours followed by necrosis of the tumor core within 24 hours 
after administration of PEMs. To better understand this mechanism of 
action, we have performed in vitro immunofluorescence studies with 
human umbilical vein endothelial cells that demonstrate distinct changes 
in cell morphology, increased cell size, and decreased cell confluency 
following PEM treatment. In addition, in vitro models of endothelial 
monolayers show increased permeability after treatment. We are con-
tinuing to study their vascular disruption with intravital microscopy in 
mouse dorsal window chambers, monitoring hemoglobin saturation, 
vascular permeability, blood flow, and movement of fluorescent red 
blood cells. In the meantime, we have proven their therapeutic potential 
via a tumor growth delay study of 4T1 carcinomas in mice treated with 
PEMs, with a radiation dose of 15 Gy, or with a radiation dose of 15 Gy in 
combination with PEMs, with the largest delay seen in the combination 
group. In the combination therapy, we propose that PEMs lead to a hypoxic, 
necrotic core as they break down the tumor blood supply, and radiation 
is able to target the remaining rim of viable, well-oxygenated tumor tissue 
and thus slow tumor growth. This work highlights the possibilities of a 
novel nanotherapeutic and the importance of understanding the tumor 
vascular microenvironment when developing cancer therapies.
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Searching for genes of allergic disease

Jeffrey A. SoRelle, Medical Fellow, University of Texas Southwestern 
Medical School, jeff.sorelle@utsouthwestern.edu

Mentor: Bruce Beutler, MD, University of Texas Southwestern Medical School

Although much is known about how mammals 
respond to allergens, it is still unclear how  
allergies are acquired. Origins of allergy have 
both environmental and genetic causes. I have 
taken a forward genetic approach to discover 
genes with nonredundant function in allergic 
sensitivity. A screen was developed to measure 
antigen-specific IgE antibody response to a 
model cysteine protease allergen, papain, in 

N-ethyl-N-nitrosourea (ENU) mutagenized mice. Males heterozygous 
for ENU-induced mutations (G1) are bred to wild-type females, and 
their daughters (G2) are backcrossed to the G1 to produce homozygous 
mutations in G3 mice, which are screened for IgE responses to papain. 
Whole exome sequencing of the G1 detects single nucleotide mutations, 
which are genotyped in all G3 progeny. This method allows for real-
time mapping, where phenotype (papain-specific IgE antibody level) 
and genotype are compared statistically using dominant, additive, and 
recessive models of inheritance to determine whether an observed pheno-
type is linked to a mutation. I have screened 5,823 G3 mice in 263 
pedigrees and have saturated the genome between 1.75% (null muta-
tion 33) and 8.8% (probably damaging or null 33). I have identified 
three phenotypes that map to genes with previously unknown function in 
producing elevated IgE. Two of the genes unexpectedly have well-known 
roles in autoimmune disease. These mutations will be confirmed by 
performing either CRISPR gene knockout or replacement of the original 
mutation. This first forward genetic screen of allergic disease reveals 
that many genes may be needed to prevent the allergic response. In 
conclusion, these genetic discoveries may help elucidate the pathogenesis 
of a dysfunctional immune system in allergic disease.

30

Functional evaluation of microRNA recognition 
elements in brain-expressed transcripts

Tin-Yun Tang, Medical Fellow, Sidney Kimmel Medical College 
at Thomas Jefferson University (Children’s Hospital of Philadelphia), 
tinyun.tang@gmail.com

Mentor: Beverly Davidson, PhD, Children’s Hospital of Philadelphia 

MicroRNAs (miRNAs) are short, noncoding 
double-stranded RNAs that play a key role in 
posttranscriptional gene regulation as part of 
the miRNA-induced silencing complex (miRISC). 
The targeting specificity of miRNAs is driven by 
a requirement for close to perfect Watson-Crick 
base pairing between nucleotides 2 and 8 in the 
miRNA and the corresponding miRNA recog-
nition element (MRE) in the mRNA. Although 

mRNA:miRNA pairing is predicted to span a variety of sequence elements, 
the majority of early work has focused on the functional activity of the 
miRNAs pairing with the 39-untranslated region (UTR).

We recently generated a transcriptome-wide map of Ago2 binding 
sites in mRNAs from human brain using CLIP-seq and mapped 7,153 
MREs. In addition to the expected 39UTR binding sites, we identified 
a number of MREs in coding exons. Cross-referencing the human brain 
MREs with the Single Nucleotide Polymorphism Database identified 
MREs within previously reported disease-associated SNPs. After filtering, 
we identified 32 mRNA:miRNA interactions that we hypothesized would 
be disrupted or enhanced by a SNP. For functional validation, we chose 
12 genes with MREs in the 39UTR and 20 genes with MREs in the 
coding sequence.

We found functional activity of the reported MREs in reporter assays 
and confirmed the functional relevance of the MRE-resident SNPs on 
protein expression in 39UTRs and exons. Current experimentation is 
underway to test the candidate MREs and the effects of the corresponding 
SNPs in an endogenous setting. To this end, we identified iPSC cell 
lines harboring the desired SNPs and plan to differentiate them into 
pathologically relevant cell types. Our studies are among the first to 
evaluate the functional activity of SNPs within MREs in 39UTRs or 
coding exons in neural cells of human origin. These results complement 
earlier work identifying associations between miRNA dysregulation and 
neurodegenerative disorders.
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Therapeutic targeting of CD99 in  
T cell malignancies

Montreh Tavakkoli, Medical Fellow, David Geffen School  
of Medicine at UCLA (Memorial Sloan Kettering Cancer Center), 
MontrehTavakkoli@gmail.com

Mentor: Christopher Park, MD, PhD, Memorial Sloan Kettering Cancer Center

CD99 is a 32-kDa glycoprotein involved in 
leukocyte migration, homotypic cell aggregation, 
and lymphoid maturation. Previous work in our 
laboratory has shown that CD99 upregulation 
marks malignant stem cells in acute myeloid 
leukemia (AML) and that monoclonal antibodies 
targeting CD99 (CD99 mAbs) induce cell death 
by activating Src. Knocking down CD99 activates 
Src and inhibits cellular proliferation, consistent 

with a model in which CD99 mAbs inhibit CD99 to induce cell death. 
Given that targeting CD99 holds promise in AML, we sought to determine 
whether it is an effective target in other hematologic neoplasms.

A flow cytometric screen of 15 B and T cell lines revealed that CD99 is 
upregulated in T-lineage neoplasms. Specifically, two- and threefold in-
creases in CD99 expression were detected in 1/1 T-acute lymphoblastic 
leukemia/lymphoma (T-ALL) and 1/2 anaplastic large cell lymphoma 
(ALCL) cell lines relative to normal peripheral blood T cells. Assessment 
of CD99 expression in 264 patient samples by immunohistochemistry 
revealed that CD99 is expressed in a high percentage of T-ALLs (55%) 
and ALCLs (31%). Furthermore, CD99 is expressed at similar levels at 
diagnosis (n514) and relapse (n514) in T-ALL, suggesting its potential 
utility as a therapeutic target.

CD99 mAbs were shown to be cytotoxic to T-ALL and ALCL cell 
lines, yielding 97% (p,.0001) and 43% (p5.0004) reductions in cell 
number relative to IgG controls. Overexpression and knock down of 
CD99 revealed that the degree of cytotoxicity is dependent on the level 
of CD99 expression. In contrast to AML, knock down and overexpres-
sion of CD99 failed to induce changes in cell cycle, proliferation, or 
Src activation. CD99 mAbs also failed to activate Src and induced cell 
death with more rapid kinetics than observed in AML. Taken together, 
these data indicate that CD99 is a promising target in the treatment of 
T cell neoplasms and that the mechanism of action of CD99 mAbs in 
these diseases differs from that of AML.

32

Cancer ablation: studying potential microwave 
ablation–induced local and systemic tumorigenisis

Erik M. Velez, HHMI-SIRF Medical Fellow, University of California, 
San Francisco, School of Medicine (Harvard Medical School),  
erik.velez@ucsf.edu

Mentors: Muneeb Ahmed, MD, and S. Nahum Goldberg, MD, Harvard Medical 
School and Beth Israel Deaconess Medical Center

Thermal tumor ablation is used to treat a wide 
range of focal tumors, with more than 100,000 
treatments per year worldwide. Advantages in-
clude a lower associated morbidity and mortality 
compared with surgery or systemic chemotherapy, 
use in patients who are not surgical candidates, 
and cost-effectiveness. However, there is in-
creasing awareness that local tissue reactions 
around the ablation zone can lead to widespread 

immunogenic effects. Studies have shown that nonlethal hyperthermia 
(40–45°C) in the periablational rim can lead to an upregulation of several 
angiogenic factors, tissue growth factors, and cytokines. These changes 
potentially have significant consequences on local tumor recurrence 
and distant tumor growth. The focus of our study was to investigate the 
biological effects between two different ablation modalities, microwave 
(MW) and radiofrequency (RF), and to evaluate whether these changes 
have an impact on distant tumor growth. 

Using rat models, we demonstrated an increase in lymphocytic  
infiltration, macrophages, heat shock proteins (HSP70), and a-smooth 
muscle actin-positive hepatic stellate (a-SMA) cells in the periablational 
zone that differed by treatment modality. Additionally, there was up-
regulation of liver and serum levels of vascular endothelial growth factor, 
hepatocyte growth factor, and interleukin-6, based on ablation method. 
Lastly, we showed that both RF and MW ablation of the liver stimulated 
increased distant tumor growth with corresponding increased proliferative 
indices. These tumor growth rates varied between modalities and, in 
the case of MW ablation, by power level.

Our study implicates that both MW and RF ablation can cause an 
increase in distant tumor growth through immunogenic effects. Further 
experiments will help determine the specific biomechanics of this ablation-
induced tumor growth and attempt to modulate these effects. These findings 
can aid in the development of ablation-specific combination therapies.
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TWIST1 is required for suppression of apoptosis 
in oncogene-driven non-small cell lung cancer

Zachary A. Yochum, Medical Fellow, University of Pittsburgh 
School of Medicine, yochum.zachary@medstudent.pitt.edu

Mentors: Timothy Burns, MD, PhD, and Daniel Johnson, PhD, University  
of Pittsburgh School of Medicine

A large fraction of non-small cell lung cancers 
(NSCLCs) are dependent on defined oncogenic 
driver mutations. The most common oncogene 
driver mutation is mutant KRAS, for which no 
effective therapies exist. Our lab has demonstrated 
that inhibition of the basic helix-loop-helix 
transcription factor, TWIST1, in KRAS mutant, 
EGFR mutant, and MET-amplified NSCLCs 
can induce oncogene-induced senescence or 

apoptosis. The fact that a subset of oncogene-dependent NSCLCs under-
goes apoptosis following TWIST1 inhibition suggests that these cells 
are potentially addicted to TWIST1 and might be more vulnerable to 
TWIST1 inhibitors. Importantly, we have identified the harmala alkaloid, 
harmine, as a novel TWIST1 inhibitor that inhibits growth in NSCLCs 
and degrades TWIST1.

In the current study, we examine the key TWIST1 functions, target 
genes, and apoptotic pathways that are required for suppression of apop-
tosis. Genetic or pharmacological (harmine) inhibition of TWIST1 
resulted in apoptosis and was accompanied by increased levels of Bid, 
Bim, and TNFRSF10B, and reduced FLIP and Bcl-2 levels. Conversely, 
we demonstrated that TWIST1 overexpression led to increased levels of 
FLIP and anti-apoptotic Bcl-2 family members as well as decreased 
Bim expression. Knock down of BCL2L11, overexpression of Bcl-2, 
or overexpression of FLIP resulted in partial abrogation of apoptosis 
following TWIST1 silencing. Microarray analysis of NSCLC cells fol-
lowing TWIST1 silencing has identified additional candidate apoptotic 
target genes. Remarkably, TWIST inhibition with harmine treatment 
decreased tumor growth in our mouse model of KrasG12D/Twist1 NSCLC 
as well as decreased TWIST1 expression and induced apoptosis. In 
summary, we found that the apoptosis observed after TWIST1 inhibition 
is dependent on the intrinsic and extrinsic pathways. Our studies will 
establish the molecular pathways that are required for suppression of 
apoptosis with the ultimate goal of identifying predictive biomarkers of 
response to TWIST1 inhibitors.

34

Evidence of CRISPR/Cas9-induced  
gene editing affecting disease progression  
in a mouse model of retinitis pigmentosa

Andrew Zheng, HHMI-FFB Medical Fellow, Columbia University 
College of Physicians and Surgeons, az2301@columbia.edu

Mentor: Stephen Tsang, MD, PhD, Columbia University College of Physicians 
and Surgeons and Edward Harkness Eye Institute

Retinitis pigmentosa (RP) describes a hetero-
geneous set of inherited photoreceptor degen-
erations that are characterized by loss of night 
vision and progressive visual field constriction 
leading ultimately to blindness. Significant 
advancements in the last decade using gene 
addition therapy have brought within reach the 
first potential cure for select recessive variants 
of RP. However, for autosomal dominant disease 

not correctable by addition of the appropriate gene, a more precise 
gene-editing approach is required. In this study, we evaluated the feasi-
bility and efficacy of the bacterial clustered regularly interspaced short 
palindromic repeats (CRISPR)/Cas9 endonuclease system as a gene-editing 
treatment modality in a mouse model of RP with the dominant D190N 
rhodopsin mutation. Heterozygous RhoD190N/1 and homozygous 
RhoD190N/D190N mice were transduced in the right eye before post-
natal day 5 with adeno-associated virus serotype 8 (AAV8) containing 
the Cas9/small guide RNA (sgRNA) construct and the donor sequence 
template marked with an AflII restriction site. Retinal function was 
assessed by electroretinography (ERG), structure was assessed by im-
munohistochemistry, and sgRNA targeting and recombination were 
verified by AflII enzyme digestion and Southern blot. In the homozygous 
RhoD190N/D190N mice, we found at 3 months that treated eyes showed 
greater cone photoreceptor survival than did eyes receiving only control 
injections. However, in the heterozygous RhoD190N/1 mice, which 
more closely mimic the degeneration kinetics of human disease, retinal 
function as measured by ERG was significantly reduced in treated eyes 
compared with control eyes beginning as early as 1 month of age, sug-
gesting CRISPR-induced conversion of the wild-type allele to null by 
nonhomologous end joining. These results, albeit conflicting, show that 
CRISPR/Cas9 can potentially be effective as a viral vector-mediated 
therapy targeting disease alleles in inherited retinal degenerations.
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Sevoflurane causes persistent dendritic  
spine enlargement in developing  
mouse hippocampal neurons

Jeffrey H. Zimering, Medical Fellow, University of Rochester 
School of Medicine and Dentistry (Harvard Medical School),  
jeffrey_zimering@urmc.rochester.edu

Mentor: Zhongcong Xie, MD, PhD, Harvard Medical School and  
Massachusetts General Hospital

Early postnatal anesthesia causes long-lasting 
learning and memory impairment in rodents, 
and it may pose a safety risk to the millions of 
infants and children who undergo major surgery 
each year. Yet, the underlying mechanisms  
involved in early developmental, anesthetic-
induced neurotoxicity remain poorly under-
stood. The actin cytoskeleton in dendritic spines 
undergoes rapid, dynamic rearrangements in 

response to excitatory synaptic activity underlying learning and is a 
well-known target for anesthesia. Genetic defects in Rho GTPase sig-
naling are associated with severe forms of cognitive dysfunction via pro-
found alterations in dendritic spine morphology. Isoflurane activates the 
Rho A/Rho kinase signaling pathway, causing dendritic spine shrinkage. 
We set out to test a hypothesis that clinically relevant concentrations of 
the anesthetic sevoflurane, which is commonly used in children, affect 
developing mouse hippocampal neurons via effects on Rho A/Rho 
kinase signaling. Mouse embryonic day 16 hippocampal neurons were 
exposed to 3% sevoflurane (3 4 hours) or 95% air/5% CO2 (control 
condition) on day 7 in vitro (DIV) and fixed for immunofluorescence 
microscopy on DIV 7, 14, or 21.              

Sevoflurane caused acute significant decreases in immature (DIV 7) 
dendritic protrusion length, an effect that was prevented by co-incubation 
with (10 µM) concentrations of the selective Rho kinase inhibitor Y27632. 
However, unexpectedly, sevoflurane caused a 27% mean increase in spine 
head diameter in a subset of maturing spines (compared with control), 
and the increase persisted for 7 days or longer in culture. Y27632 (10 µM) 
caused nearly identical spine head enlargement, suggesting that sevoflurane 
may induce spine head expansion by selectively inhibiting Rho A/Rho 
kinase activation in a discrete pool of F-actin localized to the spine head. 
Spine head enlargement can impair voltage-dependent, Ca21 entry 
required for long-term potentiation. We are exploring excitatory, 
postsynaptic activity in controlversus sevoflurane-treated neurons to 
determine whether persistent spine head enlargement might provide a 
novel mechanism for anesthesia-induced learning impairment.
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Peripheral PD-L1 expression predicts immune  
reactivity and survival in newly diagnosed  
glioblastoma patients treated with an  
autologous heat shock protein peptide vaccine

Leonel Ampie, Medical Fellow, Georgetown University School of 
Medicine (Northwestern University, The Feinberg School of Medicine), 
La295@Georgetown.edu

Mentors: Orin Bloch, MD and C. David James, PhD, Northwestern University, 
The Feinberg School of Medicine

Glioblastoma (GBM) portends a poor prognosis 
with a median survival of 16 months. Immuno-
therapeutic modalities have been investigated 
to improve outcomes in GBM patients. An 
autologous, polyvalent vaccine can be generated 
from heat shock protein peptide complexes 
purified from a patient’s resected tumor. Our 
group has previously demonstrated that GBM 
patients have increased expression of the sup-

pressive immune checkpoint ligand, PD-L1, on circulating monocytes. 
We hypothesized that elevated peripheral PD-L1 expression decreases 
reactivity vaccination and correlates with worse clinical outcomes.

Patients enrolled in a phase II study of heat shock protein vaccination 
for newly diagnosed GBM had tumor tissue and peripheral blood taken 
at the time of initial surgery. Peripheral blood was analyzed for the per-
cent expression of PD-L1 on circulating monocytes (CD451, CD11b1 
cells), and tissue was used to generate primary GBM cell culture. Periph-
eral blood was taken again and stored before and after completing the 
initial four-dose vaccination protocol. Immune reactivity to vaccination 
was determined by coculture of purified T cells (CD41/CD81) from 
before and after vaccination with autologous tumor cells, measuring 
the production of IFN-g. Results were correlated with clinical data on 
progression-free and overall survival.

Thirty-two patients in the vaccine study had blood samples from 
the time of surgery analyzed for PD-L1 expression. Median expression 
of PD-L1 in monocytes was 54.5%. Median overall survival for patients 
with high PD-L1 expression (.54.5% of monocytes) was 18.0 months 
compared with 44.7 months for low expressors (hazard ratio, 3.4; 
p50.003). Immune response to vaccination was defined by .2-fold 
increase in IFN-g expression. Response to vaccination trended toward 
a statistical correlation with peripheral PD-L1 expression. Results suggest 
that peripheral PD-L1 expression by monocytes can significantly suppress 
immune reactivity to antitumor vaccination and affect survival for 
patients treated with vaccine therapy. Future use of PD-L1 inhibitors in 
combination with vaccination may be necessary to maximize the 
clinical benefit of immunotherapy.

1

Rapid and multiplexed knock-in  
of multiple reporters for functional  
cancer stem cell identification

Kareem Alazem, Medical Fellow, Case Western Reserve University 
School of Medicine (Cleveland Clinic Foundation), kxa211@case.edu

Mentor: Jeremy Rich, MD, Cleveland Clinic 

Many tumors are driven by a subpopulation of 
stem-like cells that enables tumor growth and 
confers therapeutic resistance. Typically, these 
cancer stem cells (CSCs) are identified by 
cell-surface markers that are poorly defined 
and vary by tumor type or across specimens. 
Transcriptionally driven reporter constructs 
partly circumvent this by offering a readout of 
stem cell master transcription factor activity, 

but these ignore epigenetic regulation and are not tied to endogenous 
gene expression. Targeted integration of reporter genes into endogenous 
gene loci offers a solution, but such constructs are difficult and time-
consuming to create. Here, we report a versatile and rapidly reconfigurable 
targeted genetic and epigenetic reporter system for multiplexed cancer 
stem cell identification. 

We utilized In-Fusion Cloning to produce four interchangeable 
expression cassettes consisting of an internal ribosomal entry site (IRES) 
followed by various fluorescent markers, and an additional five selection 
cassettes containing mammalian antibiotic resistance genes driven by 
the EF1alpha promoter. Using these cassette libraries, gene targeting 
constructs can be created through Multisite Gateway cloning for 
4-fragment recombination, where elements 1 and 4 correspond to 
upstream and downstream homology arms specific to the 39 UTR of 
the targeted locus, and elements 2 and 3 correspond to chosen elements 
of the reporter construct libraries.

This reporter system can be directed to read out the transcription of 
any gene of interest that can be targeted using CRISPR/Cas9 or any 
other directed gene editing-technology. We have utilized fluorescent 
proteins with non-overlapping emission spectra for direct multiplexed 
visualization of targeted cells. Rapid selection of multiply targeted cells 
is further enabled through the use of five different antibiotic resistance 
genes to ensure integration of the desired targeting reporters. Drug 
resistance can then be optionally deleted using cre recombinase.

This flexible and multifunctional reporter system can be used to 
directly visualize gene transcription without disrupting normal function 
when targeted into the 39 UTR of any gene of interest. 

Session Co-Chairs: Sattar Khoshkhoo and Tin-Yun Tang



T H U R S D A Y  •  9 : 3 0 – 1 0 : 3 0  a . m .
Atrium

Poster Session B

56

2015 Sc i e n t i f i c  Me e t i n g o f Me d i c a l fe l l o w S

4

Reversal of HIV-1 proviral latency by CD41 T 
cell activation does not eliminate a subset of  
virus-producing cells

John K. Bui, Medical Fellow, University of Pittsburgh School  
of Medicine, bui.john@medstudent.pitt.edu

Mentor: John Mellors, MD, University of Pittsburgh School of Medicine 

The currently most discussed strategy for elimina-
tion of the HIV-1 latent reservoir is the “shock-
and-kill” strategy, which aims to reverse proviral 
latency and eliminate HIV-producing cells. 
The latency reversal agents with the most potent 
latency reversal responses are also potent stimu-
lators of cell activation. Rapid cell death is a 
common fate of activated HIV-infected T cells. 
However, recent studies have established that 

HIV-infected cells can persist and expand in vivo. If persistence or expan-
sion of HIV-infected cells occurs following cell activation, then latency 
reversal agents would likely not be able to cure HIV-1 infection alone.

To study the effects of latency reversal by CD41 T cell activation, 
we established a cell culture system involving stimulation of CD41 T 
cells with the mitogens phorbol 12-myristate 13-acetate (PMA) and 
ionomycin, followed by a rest period and subsequent restimulation. 
Viral replication was suppressed with antiretroviral drugs. Cell-associated 
proviral DNA (CAD) and virion in the supernatant were quantified 
using quantitative polymerase chain reaction. Finally, single genome 
sequencing (SGS) was performed to detect HIV-1 sequences in super-
natants and cell-associated DNA to characterize unique populations 
of proviruses. These experiments were performed in four chronically 
HIV-1–infected donors.

No consistent patterns in CAD changes were observed across donors. 
The SGS data revealed that numerous cell fates of HIV-infected cells 
are possible, resulting in complex phylogenetic dynamics. Notably, a 
subset of proviruses continued to be expressed with repeat stimulation 
in three out of four donors, with potential clonal expansion of expressing 
proviruses in two out of three donors. These data suggest that reversal 
of HIV-1 proviral latency by CD41 T cell stimulation may not eliminate 
all virus-producing cells, implying that supplemental strategies are re-
quired to promote elimination of HIV-producing cells to achieve an 
HIV-1 cure.

3

Assessing the effect of synonymous mutations  
in TP53 and JAK3 on gene expression

Geetha Bhagavatula, Medical Fellow, George Washington University 
School of Medicine and Health Sciences (University of Washington), 
bhagavg@gwu.edu

Mentor: Stanley Fields, PhD, Howard Hughes Medical Institute and University 
of Washington

Synonymous mutations, changes in a gene’s 
DNA sequence that do not alter amino acid 
sequence, are often assumed to be nonfunctional, 
but increasing evidence indicates that they can 
alter phenotype and cause human disease. Many 
cancer genes in tumor samples are enriched for 
synonymous mutations to a greater degree than 
predicted by natural mutation rate, indicating 
that these mutations may act as cancer drivers. 

We are developing a high-throughput method to determine the impact 
of synonymous mutations on expression, using the oncogene JAK3 and 
the tumor suppressor gene TP53 as tests. We created a minigene re-
porter construct for each of these two genes composed of one exon of 
interest flanked by its intron and exon on both sides, fused in frame to 
the sequence of green fluorescent protein (GFP). We integrated a single 
copy of each construct into the genome of HEK293 cells, allowing a 
fluorescent readout of exon expression level. To gauge the reporter’s 
dynamic range, we inserted a known synonymous mutation of TP53 
that is expected to cause exon skipping in a large fraction of transcripts, 
thus frameshifting the GFP sequence. The fluorescence in cells with the 
mutant was reduced to ;1/6 of the wild type, demonstrating our ability 
to detect differential expression between variants with this reporter. 
We are currently creating libraries of almost all possible synonymous 
variants for each exon of interest within their reporter constructs. After 
integrating the libraries into cells, with a single copy of one variant in 
each cell, we plan to sort each library into bins of varying fluorescence 
using fluorescence-activated cell sorting. By deep sequencing to identify 
the variants in each bin, we can calculate a fluorescence score for each 
variant, reflecting that variant’s expression level. These data should show 
the functional impact of synonymous mutations in these genes and 
provide a generalizable framework to assess the impact of synonymous 
mutations in mammalian cells.
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Bevacizumab-induced migration inhibitory  
factor depletion: a novel resistance mechanism  
in glioblastoma

Brandyn A. Castro, Medical Fellow, Boston University School 
of Medicine (University of California, San Francisco, School of Medicine), 
bcastro@bu.edu

Mentor: Manish Aghi, MD, PhD, University of California, San Francisco, 
School of Medicine

Phase III clinical trials revealed limited response 
of glioblastomas to the anti-angiogenic therapy 
bevacizumab, a VEGF-neutralizing antibody. 
Bevacizumab-resistant glioblastomas exhibit 
increased invasiveness and recruit additional 
tumor-associated macrophages (TAMs), which 
can be of a pro-tumoral M2 subtype or a classical 
M1 subtype. Because macrophage migration 
inhibitory factor (MIF) regulates both tumor 

invasion and macrophage recruitment, we investigated MIF’s role in 
bevacizumab resistance in glioblastoma. MIF expression and functional 
impact, TAM localization, and M1/M2 polarization of TAMs were 
evaluated before and after acquired bevacizumab resistance. 

Patient-derived bevacizumab-resistant glioblastomas exhibited 2-fold 
less MIF protein expression than bevacizumab-naïve glioblastomas (n510; 
p,0.05). Bevacizumab-resistant xenografts exhibited 6-fold less MIF 
(p,0.05) and increased invasiveness (p,0.05). VEGF stimulation of 
U87 cells in vitro led to a 3-fold increase in MIF protein (p,0.05) and 
transcript (p,0.05) expression, suggesting a role for VEGF in MIF up-
regulation. Site-directed biopsies of bevacizumab-naïve glioblastomas re-
vealed enriched MIF expression at the tumor periphery, which was lost in 
bevacizumab-resistant glioblastomas. A similar enrichment pattern was seen 
with VEGF, supporting its role in stimulating MIF secretion by tumor cells.

Continued bevacizumab treatment of reimplanted bevacizumab-
resistant xenografts recruited increased CD11b1 TAMs exhibiting 
M2-like polarization to the tumor periphery (p,0.05). The same pattern 
of recruitment and polarization was seen in U87 MIF shRNA intra-
cranial xenografts (p,0.05). When cocultured with bevacizumab-resistant 
xenografts or U87 MIF shRNA cells, bone marrow matured to an 
M2-like phenotype (p,0.05), whereas an M1-like phenotype was generated 
with the addition of recombinant MIF (p,0.05). 

 In conclusion, MIF expression is enriched at the glioblastoma margin, a 
pattern that may create a perimeter of inflammatory M1-like TAMs defin-
ing the tumor border. This pattern is lost with bevacizumab resistance, likely 
as a result of loss of VEGF-induced MIF upregulation. This loss of MIF leads 
to M2-like TAM polarization and recruitment to the tumor invasive margin, 
thus softening the tumor border and promoting the aggressive invasive-resistant 
phenotype of bevacizumab resistance.

6

Gene by environment interaction controls  
aggression in mice

Angela Chang, Medical Fellow, University of Miami Leonard M. 
Miller School of Medicine (California Institute of Technology),  
angela@ugcs.caltech.edu

Mentor: David Anderson, PhD, Howard Hughes Medical Institute and California 
Institute of Technology

Sex and violence are essential to life across the 
animal kingdom. An understanding of the neural 
circuitry that controls such social behaviors is 
vital to elucidating where and how genetic and 
environmental factors act on the brain to influence 
levels of aggressiveness (the neural substrates of 
“nature vs. nurture”). We were interested in 
determining the locus for genetic influences on 
aggression. We previously identified a subset of 

neurons in the ventrolateral subdivision of the ventromedial hypothalamus 
(VMHvl) that are involved in these behaviors. We found that optogenetic 
stimulation of a subpopulation of VMHvl neurons expressing the estrogen 
receptor 1 (Esr1) is sufficient to generate these behaviors in male mice. 
Furthermore, these cells can be controlled in a scalable manner such that 
weaker stimulation produces mounting and social investigation and 
increased stimulation drives mice to attack. To date, our findings have 
been restricted to C57BL/6N males. However, it is known that aggres-
sion varies across strains. Toward this goal, we first identified a number 
of mouse lines that showed differences in natural aggressiveness. We tested 
whether the level of Esr1 expression in the VMHvl of each strain corre-
lated with the degree of aggression. Surprisingly, we found that Esr1 ex-
pression was not an indicator of aggressiveness; highly aggressive mice 
(e.g., NZB/J) had low levels of Esr1 expression, and very docile ones 
(e.g., Balb/cJ) had high levels of Esr1 expression. This finding allowed 
us to test whether stimulation of VMHvl Esr11 cells could induce ag-
gression even in a nonaggressive strain and conversely whether aggression 
could be blocked in a highly aggressive strain by silencing Esr11 cells. We 
injected recombinant adeno-associated viruses encoding Cre-dependent 
optogenetic effectors into the VMHvl of adult Esr1cre/1 mice of different 
strains showing different levels of aggressiveness and tested subsequent social 
behavior under optogenetic activation (ChR2) or inhibition (NpHR3.0). 
Our findings suggest that genes and environmental factors interact to 
mediate social behavior in mice in a scalable and controllable manner.



T H U R S D A Y  •  9 : 3 0 – 1 0 : 3 0  a . m .
Atrium

Poster Session B

58

2015 Sc i e n t i f i c  Me e t i n g o f Me d i c a l fe l l o w S

7

Novel therapeutic approach to acne treatment 
with engineered bacterial phage

Lucy Cheng, Medical Fellow, University of California, San Diego, 
School of Medicine (David Geffen School of Medicine at UCLA), 
lsc001@ucsd.edu

Mentor: Robert Modlin, MD, David Geffen School of Medicine at UCLA

Acne is a major dermatological issue, causing 
not only physical scarring but also significant 
psychological distress. The pathogenesis of acne 
has been in part attributed to the role of Propioni-
bacterium acnes, and the current most effective 
treatment is oral isotretinoin, which has many 
side effects, including mucocutaneous, terato-
genicity, and hypertriglyceridemia. 

One of our projects is to understand the 
mechanism responsible for side effects caused by oral isotretinion, 
including collecting blood samples before treatment and at monthly 
intervals during treatment to study gene expression.

We are also looking at alternative acne treatment approaches, in 
particular using phage as a potential novel therapy to target P. acnes 
bacteria. We have isolated various P. acnes phages from humans and 
sequenced them for a better understanding of the variation among the 
phage population.

It has been found that P. acnes bacteria has a strong self-defense system 
through the CRISPR-mediated cleavage of phage DNA. Our strategy is 
to engineer phage that circumvents the host bacteria’s CRISPR defense 
system. Because it is difficult to transform P. acnes bacteria, we are currently 
looking at bacteria of the same genus, Propionibacterium freudenreichii, 
present in Swiss cheese, as a potential shuttle vector system. 

We have also isolated various P. freudenreichii phages from cheese 
samples and are in the process of sequencing the genome. The genome 
sequence of the P. freudenreichii phage is not known, and thus information 
from sequencing will help the cheese industry implement phage control 
because phage contamination has caused unpredictable fermentation 
during the cheese-making process. 

Comparing P. freudenreichii phage and P. acnes phage genomes for 
similarities and variations allows us to create a shuttle phage vector to 
introduce the engineered phage to target P. acnes. Our ultimate goal is to 
use this engineered phage as a novel therapeutic option to treat P. acnes.

8

Development of a new generation of live attenuated 
cholera vaccines: harnessing the CRISPR-Cas  
system to enhance the biosafety of a live attenuated 
Vibrio cholerae vaccine

Fernanda Delgado, Medical Fellow, University of Washington 
School of Medicine (Harvard Medical School), fedelgad@gmail.com

Mentor: Matthew Waldor, MD, PhD, Howard Hughes Medical Institute,  
Harvard Medical School, and Brigham and Women’s Hospital

Cholera, a sometimes fatal diarrheal illness 
caused by the gram-negative bacterium Vibrio 
cholerae, remains a global threat, with estimates 
of 3–5 million cholera cases and 100,000–
120,000 deaths every year. Whole-cell killed 
vaccines have modest efficacy but require two 
doses given at least a week apart. Multiple doses 
are challenging to administer in countries with 
fragmented infrastructure (e.g., in Haiti after 

the 2010 earthquake). A new live attenuated oral cholera vaccine with 
single-dose efficacy would be a powerful public health tool for cholera 
prevention in at-risk areas.

A clinical isolate from the recent cholera outbreak in Haiti was used 
as a template to generate a live vaccine strain lacking cholera toxin, the 
organism’s main virulence factor; flagellins, which elicit “reactogenic” 
diarrhea; and antibiotic resistance cassettes on the SXT mobile genetic 
element. Allele exchange vectors were created and used to delete these 
genes, which underlie virulence. Two strong promoters, htpG and rpoB, 
were used to drive overexpression of the nontoxic B subunit of cholera 
toxin, a potentially important protective antigen against cholera and 
ETEC. In addition, a Cas-CRISPR construct was introduced to virtually 
eliminate the possibility that the vaccine could re-acquire toxigenicity by 
acquisition of CTX phage upon its shedding into the environment.

Preliminary results with PCR assays, Western blots, and MICs have 
confirmed that the engineered strains lack virulence factors and antibiotic 
resistance. Ongoing studies will evaluate the immunogenicity of these 
vaccine candidates in the suckling mouse and infant rabbit models 
commonly used in our laboratory. When cholera surges in areas with 
weakened sanitation infrastructure, this new live attenuated oral vaccine 
construct has the potential to reduce the morbidity and mortality of 
this ancient menace. Furthermore, this vaccine may be useful as a vector 
for other antigens and potentially for microbiome engineering.
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A label-free method of investigating polyclonal 
and antigen-specific CD8 T cell activation

Harib H. Ezaldein, Medical Fellow, Yale School of Medicine, 
harib.ezaldein@yale.edu

Mentor: Richard Edelson, MD, Yale School of Medicine

Analyzing and tailoring a specific treatment to 
the immune response of each patient is a complex 
endeavor within the realm of immunotherapy, 
and relatively few techniques exist to measure 
the degree of an adaptive immune response. Here, 
we present a simple, high-resolution approach to 
assess polyclonal and antigen-specific CD8 T 
cell responses via proton extrusion, one of many 
molecular signatures of functional activation. 

The photoactivation-induced fluorescent emission characteristics of 
hydroxypyrenetrisulfonate are ratiometrically assessed and largely 
correlate to solution-phase kinetics of proton transfer associated with 
CD8 T cell activation. This change generally manifests in an increased 
signal-to-noise emission ratio with elevated solution [H1]. When stim-
ulated with anti-CD3 immunoglobulin, activated CD8s emit significantly 
higher than unstimulated controls from ;10 to 104 cells per sample 
(p,0.001). We evaluated the ability to detect antigen specificity in 
OT-1 (mouse) and MART-1 (human) systems. OT-1 mouse CD8 cells 
responded to SIINFEKL presentation by bone marrow–derived dendritic 
cells at significantly higher emission intensities compared with EIINFEKL 
peptide controls (p,0.001). We assessed MART-1 peptide reactivity to 
a similar presentation using human monocyte–derived dendritic cells of 
expanded populations of naïve human CD8 T cells compared with a 
form-fitting control peptide (gp100). Signal intensity changes were de-
cipherable from MART-1 dextramer-positive populations of 23% down 
to 1% (p,0.001). Our findings correlate to calcium flux, an established 
early lymphocyte activation assay, and we seek to evaluate CD8 reactivity 
to unknown antigens in tumor-responsive animal models.

10

Improving tumor microenvironment in  
hepatocellular carcinoma by reverting cirrhosis 
and normalizing vasculature using targeted  
antifibrotic and anti-angiogenic therapy

Christopher Fan, Medical Fellow, Duke University School of 
Medicine (Harvard Medical School), christopher.fan@duke.edu

Mentor: Rakesh Jain, PhD, Harvard Medical School and Massachusetts General 
Hospital

Chronic inflammation of the hepatic micro-
environment leads to reversible fibrosis, which 
if left untreated proceeds to cirrhosis, a state 
marked by pronounced abnormalities of the 
hepatic vasculature and extracellular matrix. 
Hepatocellular carcinoma (HCC) almost uni-
versally develops in cirrhotic livers with ongoing 
inflammation and fibrogenesis. Excessive desmo-
plasia and abnormal angiogenesis are unique 

features of the hepatic microenvironment in liver cirrhosis that promote 
both HCC development and growth. Our goal is to effectively target 
the changes in the abnormal fibrotic and pro-angiogenic hepatic micro-
environment via targeted antifibrotic and balanced anti-angiogenic therapy 
to reverse these abnormalities within the HCC tumor. We have applied 
combined targeted antifibrotic and balanced anti-angiogenic therapy to 
models of fibrosis and cirrhosis, including a surgical bile duct ligation 
cholestatic model, a metabolic nonalcoholic steatohepatitis model, and 
a hepatotoxic model (carbon tetrachloride [CCl4] and thioacetamide). 
In the preventative setting, we have extended the treatment therapies to 
mice with advanced cirrhosis and showed a delay in HCC development 
and progression in hepatotoxic models. In mice treated with CCL4, 
spontaneous tumor incidence was decreased in targeted antifibrotic 
therapy mice and nonexistent at 20 weeks of induction treatment in mice 
with a combination of targeted antifibrotic therapy and anti-angiogenic 
therapy. Compared with control, targeted and untargeted antifibrotic 
therapy with anti-angiogenic therapy reduced tumor volume after 4 
weeks of treatment. However, mice with untargeted antifibrotic therapy 
with or without anti-angiogenic therapy had decreased body weight 
and worsened portal hypertension compared with targeted antifibrotic 
therapy. We are incorporating these treatments in various other models 
of HCC, including a carcinogen-induced HCC model and a genetically 
engineered mouse model (MST12/MST22) of HCC.
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Identification of tumorigenic cells and therapeutic 
targets in pancreatic neuroendocrine cancers

Benson M. George, Medical Fellow, Stanford University School 
of Medicine, bmg1115@gmail.com

Mentors: Irving Weissman, MD, and Jeffrey Norton, MD, Stanford University 
School of Medicine

Pancreatic neuroendocrine tumors (PanNETs) 
are a type of pancreatic cancer with limited 
therapeutic options. Consequently, most  
patients with advanced disease die from tumor 
progression. Current evidence indicates that a 
subset of cancer cells are responsible for tumor 
development, metastasis, and recurrence, and 
targeting these tumor-initiating cells is necessary 
to eradicate tumors. However, tumor-initiating 

cells and the biological processes that promote pathogenesis remain largely 
uncharacterized in PanNETs. 

Here, we profile primary and metastatic well-differentiated tumors 
from a patient and identify c-MET as an important growth factor  
receptor for PanNET growth. Furthermore, we identify a highly tu-
morigenic cell population within primary patient, well-differentiated, 
low- or intermediate-grade PanNETs characterized by increased CD90 
expression and ALDHA1 activity. We identify phenotypically distinct 
cellular subsets in well-differentiated PanNETs and provide evidence 
for the stem-like properties of the CD90hi cell fraction. 

All PanNETs analyzed express CD47, a “don’t eat me” signal co-opted 
by cancers to evade innate immune surveillance. Furthermore, we demon-
strate that blocking CD47 signaling promotes engulfment of tumor 
cells by macrophages in vitro. Using a human xenograft model and a 
RIP-Cre Rb/p53/p130 genetic mouse model, we found that CD47 
blockade inhibits tumor growth and prevents metastases in vivo. Our 
findings provide a foundation for developing therapeutic strategies 
that eliminate tumor-initiating cells in PanNETs and show how deep 
examination of individual cases can lead to potential therapies.

12

Pre-existing antitherapeutic antibody is associated 
with better outcome in a phase I trial of anti-GD2 
monoclonal antibody therapy

Jacob L. Goldberg, Medical Fellow, University of Wisconsin 
School of Medicine and Public Health, JLGoldberg@wisc.edu

Mentors: Paul Sondel, MD, PhD, and Janardan Pandey, PhD, University of 

Wisconsin School of Medicine and Public Health

Tumor-reactive monoclonal antibody (mAb) 
therapy is an immunotherapeutic approach to 
cancer that promotes a patient’s own immune 
system to find and destroy cancer. Disialoganglio-
side GD2, a cell surface structure on neuro-
blastoma, has been targeted by anti-GD2 mAb 
therapy with clear clinical benefit. The concerning 
possibility that a patient will develop an anti-
body against the therapeutic mAb, preventing 

the mAb from reaching the tumor, is an accepted paradigm that affects 
mAb design and necessitates patient screening for the development of 
such an antibody. 

In a trial of 38 relapsed/refractory neuroblastoma patients treated 
with the hu14.18K322A anti-GD2 mAb, sera from 9 of 38 patients 
obtained before any mAb treatment demonstrated (by ELISA testing) 
the presence of a pre-existing antitherapeutic antibody (PATA) against 
the mAb. Four of 38 patients were in remission or with stable disease at 
;2.5 years after treatment. All 4 were in the 9-patient PATA1 group 
(p50.002). The PATA from 6 of these patients was further tested and 
found to react to the nonmutated parent hu14.18 mAb and pooled human 
IgG. Further specificity analyses were done on sera from 3 patients and 
showed that their PATA also reacted with rituximab and trastuzumab 
but not the murine-based 14G2a (anti-GD2 mAb). 

Currently, we are taking a combined molecular and serological  
approach with the goal of defining PATA’s epitope(s) down to the 
amino acid level. Simultaneously, we are performing in vitro studies 
designed to elucidate the potentially synergistic interaction between 
PATA and anti-GD2 mAb therapy.

This is the first observation that PATA is associated with improved 
outcome after tumor-reactive mAb therapy. The reactivity pattern of 
PATA suggests that it recognizes epitope(s) common to the construct 
of widely used tumor-reactive mAbs. Further description of the novel 
“PATA phenomenon” may potentially affect tumor-reactive mAb therapy 
and enhance clinical benefit.
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The role of Sirt1 in exercise-induced adaptation 
of skeletal muscle

George X. Huang, Medical Fellow, Harvard Medical School, 
george_huang@hms.harvard.edu

Mentor: Zoltan Arany, MD, PhD, Harvard Medical School and Beth Israel 
Deaconess Medical Center

It is believed that the health benefits of endurance 
exercise are mediated in part by exercise-induced 
adaptations of skeletal muscle tissue. The mech-
anisms whereby alterations in cellular energy 
state are transduced into physiologic adaptations 
of skeletal muscle are subjects of intense inves-
tigation. Sirtuin 1 (Sirt1) is an NAD-dependent 
deacetylase that regulates cellular energy output. 
Based on in vitro studies using C2C12 myoblasts, 

it has been widely assumed that Sirt1 in skeletal myofibers is required 
for activating PGC1a, a transcriptional coactivator that potently stimulates 
mitochondrial biogenesis and release of angiogenic factors in response 
to exercise. We propose that Sirt1 in skeletal myofibers is not required 
for activity of PGC1a in vivo, and we hypothesize instead that Sirt1 
within endothelial cells is required for exercise-induced angiogenesis.

To investigate this hypothesis, we used overexpression of PGC1a in 
skeletal myofibers (MCK-PGC1a) to simulate exercise training in mice 
lacking Sirt1 activity in skeletal myofibers (Myog-Cre) or endothelial 
cells (Tie2-Cre). PGC1a activity was not suppressed by knock out of 
Sirt1 activity in skeletal myofibers, as measured by qPCR analysis of 
oxidative metabolism genes induced by PGC1a. In contrast, knock out 
of Sirt1 activity in endothelial cells resulted in impaired angiogenesis in 
response to PGC1a overexpression, as evaluated by immunofluorescence 
for capillary density. Thus, we conclude that Sirt1 within skeletal 
myofibers is not required for the activity of PGC1a in vivo; in contrast, 
endothelial Sirt1 is required for exercise-induced angiogenesis in skeletal 
muscle tissue. 

Our current studies now seek to characterize the effects of administering 
nicotinamide mononucleotide (NMN), a pharmacologic activator of 
Sirt1, in mouse models of hindlimb ischemia. NMN has therapeutic 
potential for peripheral artery disease, myocardial ischemia, and vascular 
depression/dementia.

14

Dual blockade of TIM-3 and PD-1 immune 
checkpoints combined with stereotactic radiation 
in a murine glioma model

Jennifer E. Kim, Medical Fellow, Johns Hopkins University 
School of Medicine, jkim256@jhmi.edu

Mentors: Michael Lim, MD, and Henry Brem, MD, Johns Hopkins University 
School of Medicine

Programmed death-1 (PD-1) and T cell immuno-
globulin mucin-3 (TIM-3) are widely expressed 
cell surface receptors that act as negative regu-
lators of the immune system. In the setting of 
malignant gliomas, anti–PD-1 and anti–TIM-3 
antibodies are a promising strategy to enhance 
systemic immunity, protect tumor infiltrating 
lymphocytes (TILs) from local immunosuppres-
sion, and ultimately result in tumor regression. 

Previous work in our laboratory has shown that combined PD-1 block-
ade and stereotactic radiosurgery (SRS) improves the pro-inflammatory 
profile and produces long-term survivors in a murine glioma model. 
However, TILs can express multiple checkpoints (such as TIM-3), and 
expression of two or more checkpoints corresponds to a more exhausted 
or downregulated T cell phenotype. We therefore hypothesized that the 
addition of a second anti-checkpoint antibody could achieve additive 
or synergistic antitumor benefits. 

Using flow cytometry, we have shown that PD-1 and TIM-3 are 
gradually upregulated on TILs in early tumor development. We then 
treated glioma-bearing mice with anti-PD-1 and/or anti-TIM-3 anti-
bodies, with and without SRS. TIM-3 and PD-1 expression on TILs 
was decreased in all groups treated with the respective monoclonal 
antibody. Survival benefits were seen in each dual therapy arm, and the 
highest cure rate was found in the triple therapy arm. Immunologic memory 
was demonstrated in long-term survivors by flank tumor rechallenge. 
Systemic depletion of CD41 T cell abrogated the anti-TIM-31SRS 
treatment effects, suggesting that T helper cells are a key component of 
the therapeutic mechanism. Ongoing studies include flow cytometric 
analyses of the cytokine profiles for each treatment arm, as well as 
TIM-3 and PD-1 expression on microglia and infiltrating macrophages. 
These findings will enhance our understanding of the immunologic 
mechanisms mediating the combination therapy effects and long-term 
cure rates seen in our survival experiments.
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Identification of novel conserved regulators  
of Ras-Raf-MAPK and Notch signaling pathway 
through genetic approaches in  
Caenorhabditis elegans

Young Jin Kim, Medical Fellow, Stony Brook University School 
of Medicine (Columbia University College of Physicians and Surgeons), 
kim.youngjin23@gmail.com

Mentor: Iva Greenwald, PhD, Howard Hughes Medical Institute and Columbia 
University College of Physicians and Surgeons

Aberrant protein degradation by the ubiquitin 
proteasome system underlies many disease states, 
including cancer. Fbw7 is a conserved component 
of the SCF E3 ubiquitin ligase complex that acts 
as a tumor suppressor in many different cancers. 
Degradation of Fbw7 substrates can increase or 
decrease based on conformational changes of the 
substrate proteins catalyzed by Pin1, a peptidyl-
prolyl isomerase. Here, we investigate post-

translational regulation of components of the EGFR signaling cascade 
and of the EGFR and Notch signaling pathways by Fbw7 and Pin1 using 
the Caenorhabditis elegans vulval development paradigm.

Vulval fate specification requires precise regulation and integration 
of the EGFR and Notch signaling pathways. In this system, SEL-10/
Fbw7 targets LIN-45/Braf for ubiquitin-mediated degradation as part 
of a negative feedback loop in the EGFR-Ras-Raf-ERK signaling cascade. 
I first asked whether the protein stability of other components of the 
EGFR pathway is modulated by creating and characterizing protein 
stability reporters for C. elegans orthologs of human Ras, Ksr1/2, Grb2, 
Mek2, and Erk1/2. I found that none of these additional factors are 
regulated by posttranslational degradation.

I then focused on how SEL-10/Fbw7 targets substrates for ubiquitin-
mediated degradation. Although there is evidence that Pin1 positively 
regulates Notch activity in an Fbw7-dependent manner, its molecular 
mechanism is unknown. I am investigating the mechanism using the C. 
elegans ortholog PINN-1, which regulates LIN-12/Notch during vulval fate 
specification. lin-12 activity is enhanced in a sel-10 null background and 
suppressed in a pinn-1 null background, indicating that in this paradigm, 
pinn-1 promotes LIN-12 activity. To further understand the molecular 
mechanism of how PINN-1 regulates LIN-12, I am currently investigating 
whether LIN-12 is a direct target of PINN-1 and whether loss of pinn-1 
alters LIN-12 protein stability or SEL-10–mediated degradation.

16

Characterization and tumor tropism of  
nanoparticle-modified human adipose–derived 
mesenchymal stem cells to glioblastoma

Young M. Lee, Medical Fellow, Vanderbilt University School  
of Medicine (Johns Hopkins University School of Medicine), 
young.m.lee@vanderbilt.edu

Mentors: Alfredo Quinones-Hinojosa, MD, and Jordan Green, PhD,  
Johns Hopkins University School of Medicine

The most common type of primary brain cancer 
in adults is glioblastoma (GBM), which incurs 
a median survival of 14.6 months despite multi-
modal therapy. Increasing evidence suggests that 
a small subset of brain tumor–initiating cells 
is responsible for the invasive and chemo/ 
radioresistant nature of these tumors. There is 
an immediate need to develop alternative 
strategies for GBM. Mesenchymal stem cells 

derived from adipose tissue have become a potential therapeutic option 
because they have been shown to selectively migrate toward and surround 
intracranial gliomas. The ability to nonvirally modify stem cells to deliver 
therapeutic genes of interest to brain cancer will increase the therapeutic 
potential of mesenchymal stem cells.

A pre-existing library of poly-(b-amino)-ester nanoparticles were 
screened for optimal transfection of human adipose mesenchymal stem 
cells (hAMSCs). Through variations of polymer structure, polymer-to-
DNA weight ratio, and DNA dosage, transfection efficacies of up to 
60% were achieved, with minimum transfection efficacies of 30% for 
any given cell line. In addition, hAMSCs modified to express GFP before 
and after transfection maintained their tumor tropism ability, proliferative 
ability, and stem-like characteristics. These findings indicated the ability 
of PBAE polymers to effectively transfect primary patient-derived 
hAMSCs to express gene(s) of interest. Moreover, hAMSCs were used 
as delivery vehicles in a brain cancer model, with different routes of 
administration resulting in varied distributions of the injected cells.

These findings suggest that hAMSCs modified with PBAE nanoparticles 
expressing gene(s) of interest are a potential cellular therapeutic modality 
for glioblastoma. Additionally, this technology may result in the develop-
ment of a medical field that will engineer hAMSCs to have secretion of 
therapeutic proteins, not just for primary brain cancer but for the treatment 
of other types of primary and metastatic tumors such as medulloblastoma, 
ependymoma, lung cancer, breast cancer, and melanoma, among others.
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Roles of SPT5/ZASC1 interaction in  
HIV-1 transcription elongation and control

Elizabeth Mathieu, Medical Fellow, University of Wisconsin 
School of Medicine and Public Health (University of Wisconsin–Madison), 
elizabethmathieu1@gmail.com

Mentor: Paul Ahlquist, PhD, Howard Hughes Medical Institute and University 
of Wisconsin–Madison

HIV-1 utilizes RNA polymerase II, pausing to 
regulate transcription elongation and control 
the switch between active replication and the 
transcriptionally latent state through which the 
virus escapes antiretroviral therapy. The virally 
encoded trans-activator of transcription (TAT) 
protein overcomes pausing by recruiting the 
cellular kinase P-TEFb to the stalled transcrip-
tion complex. Our lab previously showed that 

ZASC1, a cellular transcription factor with strong links to cancer, helps 
regulate this critical step in the viral lifecycle through sequence-specific 
DNA-dependent recruitment of TAT and P-TEFb to the viral promoter. 
We have subsequently focused on the elongation factor DSIF, a het-
erodimer of SPT4 and SPT5 that is critical for cellular transcription 
elongation as well as TAT-activated virus production. Preliminary 
chromatin immunoprecipitation results suggest that SPT5 occupancy 
of the HIV-1 promoter is reduced when the ZASC1 DNA-binding 
sites in the promoter are mutated. Further, we demonstrate that ZASC1 
interacts with SPT5 but not with SPT4, and may in fact compete with 
SPT4 for binding to SPT5. This finding serves as the first evidence of a 
role for a dissociated DSIF complex in transcription elongation. Based 
on the SPT4-SPT5 interaction interface domains predicted by crystal-
lography performed elsewhere, we created point mutations in each protein 
that we show disrupted DSIF complex assembly. We are now testing 
the effects of these mutant proteins on ZASC1-mediated DSIF recruitment 
to the HIV-1 promoter and their effects on HIV-1 transcript production. 
With these data, we will answer important questions about how the in-
dividual subunits of the DSIF complex interact with ZASC1 and regulate 
HIV-1 transcription and hope to identify a unique stage of viral replication 
and provide a potential target for pharmacological therapies.

18

Absence of NF-kB impairs resolution  
of otitis media and alters host defense  
of the middle ear–nasopharyx system

Brian A. Nuyen, Medical Fellow, University of California,  
San Diego, School of Medicine, ba.nuyen@gmail.com

Mentor: Allen Ryan, PhD, University of California, San Diego, School of Medicine

Otitis media (OM), especially in its chronic 
forms, is a major contributor to global child-
hood morbidity and mortality. Mechanisms of 
proneness to recurrent or chronic OM have 
been shown to involve mutations or polymor-
phisms in genes that subserve innate immunity 
as well as dysregulation of pathways that pro-
mote recovery from inflammation. Nuclear factor 
kappa-light-chain-enhancer of activated B cells 

complex (NF-kB) is a dimeric transcription factor composed of NF-kB1 
and RelA subunits and a pleiotropic orchestrator of inflammation, 
which suggests that NF-kB is a critical object of study in mechanisms 
for pathogenesis and recovery in bacterially mediated OM. In the murine 
model, we evaluated NF-kB’s role in the middle ear (ME) response to 
nontypeable Haemophilus influenza (NTHi) infection in vivo. 

We showed that NF-kB1(2/2) mice experienced prolonged ME 
mucosal thickening and delayed egress of neutrophils and macrophages 
until day 10. Furthermore, whereas wild-type (WT) mice generally cleared 
NTHi from the ME by day 5, NTHi was recovered from NF-kB1(2/2) 
mice until day 10. Interestingly, most NF-kB1(2/2) murine ME cavities 
were found to harbor an additional bacterial species besides NTHi during 
their OM disease course, a murine pathogen identified as Klebsiella spp.; 
this finding was not observed in WT ME cavities. NF-kB–mediated 
signaling is important for the timely clearance of infection and resolution 
of inflammation in NTHi-mediated OM. Moreover, NF-kB deletion 
appears to permit native murine pathogens to participate in OM disease, 
suggesting a role for NF-kB in bacterial homeostasis of the ME, including 
the prevention of ME colonization by upper respiratory pathogens.
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The leukodystrophy protein FAM126A/hyccin 
regulates phosphoinositide metabolism at the 
plasma membrane

Michael S. Oh, Medical Fellow, Yale School of Medicine,  
michael.oh@yale.edu

Mentor: Pietro De Camilli, MD, Howard Hughes Medical Institute  
and Yale School of Medicine

Leukodystrophies comprise a large group of 
rare white matter diseases of the brain, many of 
which have known genetic causes but whose 
underlying mechanisms are poorly understood. 
Hypomyelination and congenital cataract (HCC), 
one such disorder, is characterized by bilateral 
cataracts, progressive neurological impairment, 
and diffuse hypomyelination of the central and 
peripheral nervous systems. HCC is an autosomal 

recessive disorder caused by mutations in the FAM126A gene, which 
encodes FAM126A/hyccin, a protein of previously unknown function. 
Here, we show that FAM126A regulates the synthesis of phosphatidylinositol 
4-phosphate (PI4P), a key determinant of plasma membrane identity 
and an important precursor for PI(4,5)P2, PI(3,4,5)P3, and downstream 
signaling molecules. Synthesis of PI4P at the plasma membrane is catalyzed 
by PI 4-kinase IIIa (PI4KIIIa), which exists at the plasma membrane 
in a complex with two noncatalytic subunits, the membrane protein 
EFR3 and helical scaffold TTC7. We demonstrate that FAM126A is 
an intrinsic component of the PI4KIIIa complex and directly binds to 
TTC7. Fibroblasts from HCC patients have decreased levels of PI4KIIIa 
complex proteins and reduced PI4P levels compared with controls. 
We thus propose that defects in PI4KIIIa-mediated PI4P synthesis in 
oligodendrocytes may be involved in the HCC disease pathogenesis. 
Myelin formation by oligodendrocytes is mediated by the massive 
expansion of their plasma membranes, and this property is highly  
dependent on the generation of PI4P and its metabolites. FAM126A is 
highly expressed in oligodendrocytes, and studies of FAM126A knock-
out mice support a primary role of this protein in such cells. Our results 
imply that deficient PI4P generation as a result of the absence of FAM126A 
plays a critical role in the impairment of myelin formation observed in HCC.

20

Constitutive androstane receptor–linking  
host nuclear receptor activity with changes  
in the gut microbiota

Patricia I. Ojeda, Medical Fellow, University of Tennessee 
Health Science Center College of Medicine (The University of Chicago 
Pritzker School of Medicine), ojeda.patt@gmail.com

Mentor: Eugene Chang, MD, The University of Chicago Pritzker School of Medicine

The constitutive androstane receptor (CAR) is 
a critical nuclear receptor that plays a role in 
the regulation of xenobiotic and lipid metabo-
lism, improved insulin sensitivity, and reduction 
of body weight in mice. Regulation of CAR by 
gut microbiota has been implicated in studies 
showing higher CAR and target gene expression 
in germ-free versus conventional mice. Therefore, 
understanding the unique relationship between 

CAR and the microbiome would allow for significant therapeutic advance-
ment in metabolic disease. Consequently, we conducted an experiment 
with male mice fed a high-fat milk fat (MF) diet for 7 weeks followed by 
five weekly treatments of CAR agonist 1,4-bis[2-(3,5-dichloropyridyloxy)] 
benzene (TCPOBOP). Control mice were fed MF diets and injected 
similarly with corn oil vehicle control. TCPOBOP-treated mice showed 
significant weight loss, increased glucose tolerance, and altered expres-
sion of enzymes that regulate bile acids. Subsequently, male wild-type 
(WT) mice and CAR2/2 mice were maintained on a regular chow diet, 
and bedding was mixed twice per week for 5 weeks. The CAR2/2 mice 
displayed a higher rate of weight gain. Analysis of 16S rRNA microbial 
sequencing data from CAR2/2 mice cecal contents displayed an increase in 
Clostridia and a decrease in Bacteroidia class compared with WT mice. 
In summary, activation with TCPOBOP causes metabolic changes 
whereas loss of CAR function results in distinct alterations of the gut 
microbiota. These data support a link between CAR activity and altered 
community structure of the gut microbiota. Understanding mechanisms 
behind this interaction will lead to advancements in targeting microbiota 
as a therapeutic option for the treatment of metabolic diseases.
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Anti-GITR antibody and stereotactic radiation 
induces immune-mediated prolongation  
of survival in murine intracranial glioma

Mira A. Patel, Medical Fellow, Johns Hopkins University School 
of Medicine (Johns Hopkins University School of Medicine),  
mpatel50@jhmi.edu

Mentors: Michael Lim, MD, and Drew Pardoll, MD, PhD, Johns Hopkins 
University School of Medicine

The most common primary brain tumor in 
adults, glioblastoma (GBM), is a poorly immuno-
genic neoplasm treated with local radiation. 
Despite the current standard of care for GBM, 
median survival remains low. Immunotherapy 
has demonstrated synergism with stereotactic 
radiosurgery (SRS) in murine GBM because 
radiation promotes a pro-inflammatory tumor 
microenvironment amenable to the antitumor 

effects of immune cell modulation. Glucocorticoid-induced tumor necrosis 
factor receptor (GITR) is a costimulatory surface receptor expressed 
constitutively on regulatory T cells and after activation of effector T cells. 
We tested the hypothesis that nondepleting anti-GITR monoclonal anti-
body (mAb) and SRS combination therapy would confer an immune-
mediated survival benefit in murine glioma. 

Our model was a GL261 mouse glioma cell line transfected with 
luciferase. Mice were implanted with GL261 and began SRS and anti-
GITR treatment after 10 days. Mice were randomized to four treat-
ment groups: 1) control, 2) SRS only, 3) anti-GITR only, and 4) 
anti-GITR1SRS. SRS was delivered to the tumor in one fraction of 
10 Gy, and mice were treated with mAb thrice i.p. Mice were eutha-
nized on day 21 to analyze the immunologic profile of brain tumor, 
spleen, and tumor-draining lymph nodes.

Anti-GITR1SRS conferred significantly improved survival over either 
treatment alone (p,.01), with a median survival of 36 days. Median 
survival was 22 days in the control arm and anti-GITR–only arm and 
32 days in the SRS-only arm. The increased survival required CD41 T 
cells but not CD81 T cells or regulatory T cells (Tregs). There was ele-
vated intratumoral CD41 effector cell infiltration (CD41/Foxp32/

IFN-γ1) relative to Treg infiltration (CD41/Foxp31) at day 21 in 
mice treated with anti-GITR1SRS. 

Anti-GITR1SRS significantly prolongs survival in murine ortho-
topic glioma. These findings provide preclinical evidence for the use of 
anti-GITR nondepleting antibodies alongside SRS in human GBM.

22

Modeling arrhythmogenic human calmodulin 
mutations using induced pluripotent stem cells

Daniel C. Pipilas, Medical Fellow, Vanderbilt University School 
of Medicine (Northwestern University, The Feinberg School of Medicine), 
daniel.c.pipilas@vanderbilt.edu

Mentor: Alfred George, MD, Northwestern University, The Feinberg School  
of Medicine

Calmodulin (CaM) mutations have recently 
been identified as a cause of congenital cardiac 
arrhythmia susceptibility, including the long 
QT syndrome (LQTS). CaM is a ubiquitously 
expressed protein that functions as a calcium ion 
(Ca21) sensor and known binding partner of 
several important cardiac ion channels. Previous 
studies have shown that specific mutations in 
calmodulin-encoding genes (CALM1, CALM2) 

alter the Ca21/CaM interaction, but many of the specific cellular and mo-
lecular mechanisms responsible for arrhythmia susceptibility are unknown.

KCNQ1 is a cardiac potassium channel that when bound to KCNE1 
is responsible for the slow delayed rectifier potassium current (IKs). We 
hypothesized that altered Ca21/CaM interaction in the CaM mutants 
leads to prolongation of the action potential and LQTS through altered 
interaction with the KCNQ1 subunit of IKs. To test this hypothesis, we 
examined the electrophysiological consequences of two LQTS-associated 
CaM mutations (D130G and D132H) and one idiopathic ventricular 
fibrillation–associated CaM mutation (F90L) using whole-cell “voltage-
clamp” recording in Chinese hamster ovary cells stably expressing IKs. 
We have not observed significant functional differences in the magnitude 
or voltage-dependent activation of IKs. 

CaM functions as a calcium sensor and specifically mediates calcium-
dependent inactivation (CDI) of the L-type calcium channel (LTCC). 
We hypothesized that altered Ca21/CaM interaction leads to action 
potential prolongation through altered CDI of the LTCC. We are testing 
this hypothesis using human cardiomyocytes differentiated from induced 
pluripotent stem cells (iPSCs). Using human iPSC-derived cardiomyocytes, 
we utilized whole-cell “current-clamp” recording to examine action poten-
tial morphology and duration of cells transfected with LQTS-associated 
CaM mutants D132H and D132V. To further examine the molecular 
mechanisms underlying these arrhythmogenic mutations, we used whole-cell 
“voltage-clamp” recording to directly examine the impact of the above 
CaM mutations on CDI of LTCC. These studies are ongoing.
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Squamous differentiation of basal cell carcinoma 
as a novel resistance mechanism to SMO inhibitors

Katherine J. Ransohoff, Medical Fellow, Stanford University 
School of Medicine, kjransohoff@gmail.com

Mentors: Jean Tang, MD, PhD, and Marcia Stefanick, PhD, Stanford University 
School of Medicine

Basal cell carcinomas (BCCs) are driven by in-
appropriate activation of the Hedgehog (Hh) 
signaling pathway, commonly through mutations 
in PTCH1 or SMO (Smoothened). Vismodegib 
targets the Hh pathway by inhibiting SMO 
and is approved by the U.S. Food and Drug 
Administration for advanced BCCs. However, 
20% of BCCs develop resistance during the 
first year of therapy, often as a result of muta-

tions in the drug target (SMO). Here, we describe genetic evidence of 
squamous differentiation as a new mechanism of BCC tumor escape 
from targeted therapy.

Using serial biopsies and exome sequencing, we followed the pro-
gression of a metastatic BCC that initially responded to vismodegib 
but recurred as squamous cell carcinoma (SCC) in the lymph node. 
We compared the exomes in the original BCC tumor, lymph node 
metastasis, and recurrent SCC-like tumor. PTCH1 mutations p.P1251L 
and p.R619X were detected in the original BCC and metastatic tumor, 
consistent with the known pathogenesis of BCC. Remarkably, the SCC 
also harbored identical PTCH1 and TP53 mutations. In fact, the SCC 
and original BCC were 90% identical, genetic proof that the SCC arose 
from the original BCC clone. The SCC recurrence also contained an 
enrichment of mutations in genes commonly associated with cutaneous 
SCC (NOTCH1, -2, and -3 and MLL2). 

We performed exome sequencing of sporadic BCCs (n531) and 
advanced and metastatic BCCs (n514) and found that advanced and 
metastatic BCCs were more frequently mutated in NOTCH1, -2, and 
-3 genes (57% vs. 23%, p50.02) compared with sporadic BCCs.  
The percentage of sporadic versus advanced and metastatic BCCs with 
MLL2 mutations trended toward significance (13% vs. 29%, p50.20).
We show here for the first time genetic proof that SCCs during vismodegib 
use arise from the original BCC, with selective enrichment of mutations 
in genes associated with SCC (NOTCH1, -2, and -3 and MLL2), and these 
mutations are enriched in advanced and metastatic BCC.

24

Characterizing mammalian vestibular hair cell  
degeneration/regeneration

Zahra N. Sayyid, Medical Fellow, Stanford University School of 
Medicine, zsayyid@stanford.edu

Mentors: Alan Cheng, MD, Stanford University School of Medicine, and Roel 
Nusse, PhD, Howard Hughes Medical Institute and Stanford University School 
of Medicine

Inner ear hair cell loss underlies hearing and 
balance disorders in humans, both irreversible 
conditions affecting more than 48 million 
Americans. The utricle requires sensory hair 
cells to detect linear acceleration such as gravity. 
Unlike the mature cochlea, the utricle exhibits 
limited capacity to regenerate lost hair cells. 
Previous studies have demonstrated the formation 
of immature hair cells following aminoglycoside 

insults both in vitro and in vivo, suggesting that postnatal mouse utricles 
contain cells with the innate ability to regenerate new hair cells after 
damage. The origin of these regenerated hair cells is likely supporting cells, 
a phenomenon observed in nonmammalian vertebrates, yet lineage tracing 
had not been performed to support this notion. Based on mechanisms 
regulating mammalian hair cell development and hair cell regeneration 
in nonmammalian species to restore function, we have designed experiments 
to manipulate two molecular targets to drive hair cell regeneration in the 
mammalian inner ear.

First, we characterized an in vivo model of hair cell degeneration/
regeneration in the adult mouse utricle using 3,39-iminodipropionitrile 
(IDPN), a synthetic vestibulotoxic nitrile compound. Using this model, 
we tested whether overexpression of Atoh1, the transcription factor 
required and sufficient for hair cell differentiation, or b-catenin, the 
central mediator of canonical Wnt signaling, can promote hair cell re-
generation and functional recovery. A single injection of IDPN caused 
a rapid, dose-dependent loss of hair cells and organ dysfunction in the 
mature mouse utricle. Three to six months after injection, significant 
recovery of hair cell number and vestibular function is observed. These 
results suggest that the mammalian utricle appears to regenerate hair 
cells from supporting cells to achieve functional recovery of the macula.
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Characterizing the relationship between  
the long noncoding RNA SChLAP1  
and the SWI/SNF complex reveals a  
therapeutic opportunity in prostate cancer

Udit Singhal, Medical Fellow, Wright State University Boonshoft 
School of Medicine (University of Michigan Medical School),  
singhal.10@wright.edu

Mentor: Arul Chinnaiyan, MD, PhD, Howard Hughes Medical Institute and 
University of Michigan Medical School

Prostate cancer is the most common cancer 
diagnosis and the second leading cause of cancer-
related death among U.S. men. However, the 
molecular basis underlying aggressive versus 
indolent disease remains poorly understood. 
Long noncoding RNAs (lncRNAs) are poly-
adenylated transcripts .200 base pairs in length 
that have been described as key cellular constitu-
ents in numerous biological processes and have 

emerged as a class of genes that may expand our understanding of clinical 
diseases, including cancer.

Recently, we identified a novel, prognostic lncRNA termed SChLAP1 
(Second Chromosome Locus Associated with Prostate-1) that is signifi-
cantly associated with metastatic and lethal disease. Mechanistically, 
SChLAP1 interacts with and inhibits genome-wide binding of the tumor-
suppressive SWI/SNF complex, though the details of this relationship 
are unclear. Furthermore, recent studies have shown the potential for 
therapeutic intervention in instances of SWI/SNF subunit mutations in 
cancer. Therefore, we sought to better characterize the SChLAP1-SWI/
SNF interaction and assess whether it creates a therapeutic vulnerability 
in prostate cancer. 

Here, we identify a 250 base pair region near the 39 end of SChLAP1 
that mediates its interaction with SWI/SNF and promotes cell invasion. 
Additionally, we find that SChLAP1 preferentially interacts with and 
inhibits BRG1–, not BRM–, containing SWI/SNF complexes. Finally, 
in the setting of SChLAP1 expression, BRM knockdown significantly 
decreases cell invasion and proliferation.

In summary, these studies indicate that SChLAP1-mediated SWI/SNF 
inhibition may reveal a previously unknown therapeutic opportunity in 
prostate cancer similar to SWI/SNF subunit mutations.

26

Characterization and inhibitor screening  
of noncanonical WNT signalling in melanoma: 
steps toward understanding and controlling  
cell proliferation

Jessica D. St. Laurent, Medical Fellow, Tufts University School 
of Medicine (University of Washington), Jessica.st__laurent@tufts.edu

Mentor: Randall Moon, PhD, Howard Hughes Medical Institute and University 
of Washington

The WNTs are a family of secreted, lipid-modified 
glycoproteins that regulate cell survival, adhesion, 
growth, proliferation, and migration. Alterations 
in canonical (b-catenin–dependent) WNT 
signalling are associated with developmental 
abnormalities and disease. Recently, WNT5a, 
a WNT family member known to induce non-
canonical signalling pathways, has been shown to 
be upregulated in several metastatic carcinomas, 

including breast, colon, and lung. Advances in the melanoma field have 
shown that WNT5a activates PI3K/AKT signaling and is necessary for 
tumor survival. Melanoma is widely considered to be one of the most 
therapy-resistant malignancies. Despite the ability of current therapies to 
initially decrease tumor burden and improve the chance of survival, 
resistance develops in the majority of patients. One promising avenue of 
research for treating chemotherapy-resistant melanoma, as well as other 
metastatic carcinomas, may involve exploiting WNT5a-mediated signalling. 
To elucidate components of the WNT5a/PI3K/AKT pathway, we 
identified FOXO3a as an apoptosis regulator that is phosphorylated by 
P-AKT. We have developed luciferase-based transcriptional assays for 
genome-wide siRNA and kinome small-molecule screening.
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Muscleblind is important for  
dendrite morphogenesis

Madina S. Tugizova, Medical Fellow, Stanford University 
School of Medicine, tugizova@stanford.edu

Mentor: Kang Shen, PhD, Howard Hughes Medical Institute and  
Stanford University

For a neuron to integrate information from 
multiple synaptic inputs, its dendrites must 
form a precise structure through a specific 
sequence of developmental steps. It is through 
a well-coordinated process consisting of out-
growth, maintenance, retraction, and elimina-
tion of branches that dendrites acquire their 
mature morphologies. The goal of our research 
was to investigate the molecular mechanisms 

that underlie dendrite morphogenesis. We studied the PVD neuron 
in the model organism Caenorhabditis elegans, which has an elaborate 
candelabra-like structure with primary, secondary, tertiary, and quaternary 
branches. Previously, we identified surface receptor ligands, transcrip-
tional factors, and cytoskeletal regulators that are critical for the proper 
formation of PVD dendrites.

Through a forward genetic screen, we have found a gain-of-function 
mutation in the mbl-1/muscleblind gene and a partial loss-of-function 
mutation in the transcription factor unc-86 gene, each resulting in a 
loss of dendritic branch phenotype in the PVD neuron with decreased 
numbers of quaternary branches near the cell body and decreased numbers 
of secondary and tertiary branches more distally. However, when both 
mutations are present, the PVD neuron lacks tertiary and quaternary 
branches altogether and contains only occasional secondary branches 
near the cell body. These data suggest that the mbl-1 and unc-86 genes 
regulate dendrite morphogenesis in the PVD neuron through parallel 
genetic pathways. The human homologs of mbl-1, the muscleblind-like 
genes, are responsible for the development of myotonic dystrophy and 
have been shown to affect neuronal function in vertebrate models. Further 
characterization of mbl-1 and its relationship to unc-86 will shed light 
on the functions of this gene in the nervous system.

28

Effect of G6PD inhibition on  
the chemoresponsiveness of in vitro  
pancreatic cancer cells

Chioma Udemgba, Medical Fellow, Duke University School of 
Medicine, cudemgb1@gmail.com

Mentor: Sally Kornbluth, PhD, Duke University School of Medicine

Pancreatic cancer is the fourth leading cause of 
cancer death in men and women in the United 
States. Unlike the other cancers that top this 
list, over the past two decades the incidence of 
cancer death as a result of pancreatic cancer has 
unfortunately remained stagnant, with a 5-year 
survival rate of less than 10%. Current treatment 
options provide a low probability of success 
and, coupled with a poor side-effect profile, fail 

to provide patients with relief from their cancer burden. Current treatment 
relies heavily on therapeutic stimulation of apoptosis in tumor cells as 
their central mechanism of action. A number of these chemotherapeutics 
operate via differing mechanisms to activate an initiator caspase of the 
mitochondrial apoptotic pathway, caspase-2. Recently, it has been found 
that caspase-2 is suppressed in a variety of tumor cells as a result of a 
highly active pentose phosphate pathway (PPP). In this way, tumor cells 
avoid apoptosis. We hypothesized that this mechanism enables pancreatic 
cancer cells to avoid apoptosis; by preventing this suppression, we may 
be able to sensitize pancreatic cancer cells to chemotherapeutics, reducing 
the doses required for efficacy and mitigating the toxicity patients  
experience from treatment. 

We tested the sensitivity of two pancreatic cancer cell lines, CFPAC1 
and PANC1, in vitro by using 5-fluorocuracil (5-FU) in the presence 
and absence of a known inhibitor of glucose-6-phosphate dehydrogenase 
(G6PD; the rate-limiting enzyme of the PPP), dehydroepiandrosterone 
(DHEA).  Compared with either drug alone, early data show synergistic 
cancer cell death in the presence of 400–800 µM 5-FU and 200 µM 
DHEA after 48 hours of treatment. This outcome also correlated with 
decreased NADPH production and enhanced pro-apoptotic protein 
activation. We are currently assessing the effects of genomic knockdown 
of G6PD in these cell lines using the CRISPR-Cas9 system. This study 
may reveal a promising therapeutic avenue for enhancing cell death in-
duced by chemotherapeutics that can be used clinically for pancreatic 
cancer treatment.
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Extracorporeal photopheresis as an immunotherapy 
in a murine melanoma model

Aaron N. Vassall, Medical Fellow, Yale School of Medicine, 
aaron.vassall@yale.edu

Mentor: Richard Edelson, MD, Yale School of Medicine

Extracorporeal photopheresis (ECP) is a widely 
used immunotherapy for cutaneous T cell lym-
phoma (CTCL). During ECP, leukapheresed 
blood, containing both normal and malignant 
cells, is passed through a chamber and exposed 
to 8-methoxypsoralen activated by ultraviolet 
light (PUVA), causing DNA cross-linking in 
treated cells, which are then returned to the 
patient. ECP’s mechanism, although not entirely 

understood, encompasses large-scale physiologic induction of monocytes 
to immature dendritic antigen-presenting cells (DCs) that ultimately 
leads to a CD8-specific anti-CTCL response. Here, we developed a 
murine treatment protocol (m-ECP) closely modeled after clinical ECP 
to investigate its potential as an immunotherapy against melanoma. 
C57BL/6 mice bearing 10-mm3 histocompatible YUMM1.7 melanoma 
flank tumors were treated with m-ECP for six cycles over 3 weeks. 
Tumor growth in m-ECP–treated mice was significantly inhibited 
compared with PBS control mice (p,.001). Thirty-two days after tumor 
inoculation, the average m-ECP tumor was 22% the size of control  
tumors. Our efforts are ongoing to further characterize and optimize this 
antitumor effect, which include immunohistochemistry and serum cytokine 
analysis. To our knowledge, this is the first study to demonstrate an  
antitumor effect of ECP in a melanoma mouse system.

30

Characterizing the role of the SWI/SNF chromatin 
remodeling complex in the development of melanoma

Qing Yu Weng, Medical Fellow, Harvard Medical School,  
qingyu_weng@hms.harvard.edu

Mentor: David Fisher, MD, PhD, Harvard Medical School and Massachusetts 
General Hospital

The SWI/SNF complex is a multiunit chromatin 
remodeling complex required for normal cell 
development and survival. Mutations of SWI/
SNF complex components are associated with 
rapid tumor formation and aggressive progression 
of melanoma and other cancers. Recently, it 
has been shown that SWI/SNF complex muta-
tions can alter gene expression on a global scale 
across multiple oncogenic pathways, creating an 

altered epigenetic state that selects for an oncogenic transcriptome. By 
bypassing upstream signaling molecules targeted by current drugs, aberrant 
SWI/SNF complexes create unique challenges for cancer therapy.

Given these challenges and the increasingly recognized contributions 
of epigenetics to oncogenesis, we aim to define the molecular alterations 
in melanoma pathways upon loss of the SWI/SNF complex and determine 
whether its dysregulation produces characteristic dependencies on  
alternative epigenetic pathways. Identification of these synthetically  
lethal vulnerabilities has the potential to uncover novel epigenetic 
mechanisms in melanomagenesis.

We successfully generated stable melanoma cell lines with precise 
knockdown efficiencies of SWI/SNF components using lentiviral delivery 
of short hairpin RNAs and single-cell cloning. Using this pool of SWI/
SNF mutant cells, we assayed 100 compounds targeting epigenetic 
regulators. We identified specific synthetic inhibitors associated with 
significantly reduced proliferation of SWI/SNF-deficient cancer cells 
while sparing the parental cells. We also show there exists crosstalk 
between the SWI/SNF complex and pigmentation pathways that alters 
cancer cell phenotype. This suggests a level of control over oncogenic 
pathways by epigenetic complexes traditionally thought to be exclusive to 
signaling molecules. Clarifying this link may offer insight into the poorly 
understood mechanism by which SWI/SNF complex dysregulation 
contributes to melanoma development and uncover unique targetable 
vulnerabilities in these tumors.
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Optimized therapeutic nanoparticle delivery of 
immune modulatory microRNA in preclinical 
models for glioma treatment

Nasser K. Yaghi, Medical Fellow, Baylor College of Medicine 
(University of Texas–MD Anderson Cancer Center), yaghi@bcm.edu

Mentor: Amy Heimberger, MD, University of Texas–MD Anderson Cancer Center

Tumors set up an immunosuppressive environ-
ment that acts like an invisibility cloak allowing 
the tumor to grow while the immune system 
remains “blind” to the threat. Previously, we have 
shown robust therapeutic efficacy of microRNAs 
(miRs) in preclinical murine models of glio-
blastoma and were one of the first groups to 
deliver therapeutic miRs intravenously. MiR-124 
facilitates antitumor effects through the reversal 

of tumor-mediated immune suppression and increased expression of 
effector cytokines by inhibiting the signal transducer and activator of 
transcript 3 (STAT3) pathway, a key driver of immune suppression and 
tumor formation. However a major hurdle to clinical translation is a 
scalable formulation that affords protection against circulatory RNases. 
U.S. Food and Drug Administration–acceptable lipid nanoparticles were 
devised to encapsulate and protect miRs from degradation and enhance  
delivery into the immune cell compartment. Various nanoparticle formu-
lations containing the active immune modulatory agent, miR-124, were 
tested. The leading formulation, designated LUNAR-301, was examined 
in multiple murine models of malignancy, including established intra-
cerebral gliomas, and evaluated for safety and immune modulation in a 
purpose-bred canine model. Using LUNAR-301, we observed reversal of 
immunosuppression with significantly prolonged survival in murine 
models of glioma, and promising immune modulation in healthy canines. 
We also discovered that LUNAR-301 has the ability to protect from 
tumor recurrence—the Holy Grail of cancer immunology. Notably, 
minimal to no toxicity was observed across species. In conclusion, we 
found that LUNAR-301 has a very favorable safety and efficacy profile 
to justify implementation in client-owned canines or human clinical trials 
for the treatment of gliomas.

31

The effects of long-term hypoxic conditions  
on the BRCA1 promoter

Julia E. Wiedmeier, Medical Fellow, University of  
Utah School of Medicine (Oregon Health and Science University),  
Julia.Wiedmeier@hsc.utah.edu

Mentors: Brian Druker, MD, Howard Hughes Medical Institute and Oregon 
Health and Science University, and Mitchell Turker, PhD, JD, Oregon Health 
and Science University

BRCA1 is a tumor suppressor gene involved 
in homologous DNA repair. Breast cancer risk 
increases when BRCA1 expression is lost or  
silenced, and about a third of sporadic breast 
cancers are reported to be associated with  
epigenetic silencing of the BRCA1 gene. Solid 
tumors, such as those that occur in the breast, 
have a unique tissue environment with low 
oxygen (hypoxia). Previous work in our lab 

and by collaborators has shown that hypoxic conditions lead to altered 
histone modifications at the endogenous BRCA1 promoter, such as 
decreased H3K4 methylation, in human breast cells consistent with 
repression of gene expression. In addition, prolonged hypoxia induces 
stable epigenetic silencing of the minimal BRCA1 promoter. The 
UACC-3199 breast cancer cell line has been previously reported to have 
reduced BRCA1 expression along with epigenetic marks associated with 
promoter repression/silencing, including promoter hypermethylation 
and reduced H3 and H4 acetylation. The progression of a gene’s promoter, 
from repressed to silenced, is a multistep process, and the point at which 
hypoxia induces silencing of BRCA1 is unknown. 

We found that BRCA1 expression levels are decreased in UACC-3199 
cells compared with MCF-7 cells under normoxic conditions, but the 
levels observed suggested incomplete silencing. We also found that 
BRCA1 expression is decreased when both MCF-7 and UACC-3199 cells 
are placed under hypoxic conditions for 24 hours. When both MCF-7 
and UACC-3199 cells were allowed to recover from 24-hour exposure to 
hypoxic conditions, their relative level of BRCA1 expression increased 
but not to their normal levels compared with MCF-7 normoxic cells. 
We also found that UACC-3199 cells have a decreased level of H3K4 
methylation at the BRCA1 promoter compared with MCF-7 cells. 
Next, we will investigate BRCA1 expression in MCF-7 and UACC-3199 
cells after long-term hypoxia (1–3 weeks); the relative amount of H3K4 
methylation, H3K27 acetylation, and RNA Pol II at the endogenous 
BRCA1 promoter; and rate of expression recovery when cells are returned 
to normoxic conditions. In addition, immunofluorescence of BRCA1 in 
MCF-7 and UACC-3199 cells under normoxic, hypoxic, and recovery 
conditions will be assessed.
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Characterizing the longitudinal relationship between 
vascular amyloid-beta deposition and blood flow 
and vascular reactivity in a transgenic mouse 
model of Alzheimer’s disease

Wai-Ying Yau, Medical Fellow, University of Pittsburgh School 
of Medicine, wwy1@pitt.edu

Mentor: William Klunk, MD, PhD, and Alberto Vazquez, PhD, University of 
Pittsburgh School of Medicine

Current understanding of Alzheimer’s disease 
(AD) implicates the aggregation and deposition 
of Amyloid-beta (Ab) proteins in the brain as an 
initiating event of a decades-long pathological 
cascade. Although cerebral hypoperfusion is 
increasingly recognized as an important pathol-
ogy in AD development, less is known about 
how progressive Ab deposition affects blood flow. 
In particular, cerebral arteries and arterioles are 

prominent targets for Ab deposition (reported in 80%–100% of post-
mortem AD cases), providing a potential mechanism for cerebral vascular 
disruptions in AD. 

This project aims to longitudinally characterize the effect of vascular 
Ab deposition on blood flow and vascular reactivity using three age 
groups of transgenic AD mice showing little, moderate, and extensive 
vascular Ab involvement, respectively. In vivo two-photon microscopy 
is performed through a permanent cranial window. Segments of pre-
penetrating pial arterioles are identified and imaged longitudinally. 
Vascular Ab deposition is fluorescently labeled using methoxy-X04. 
Blood flow is measured by imaging Texas Red dextran, an intravascular 
plasma dye, along the vessel segments at a high frame rate. Vascular re-
activity is assessed by measuring blood flow changes under hypercapnia 
challenge relative to baseline. We anticipate that as the vascular Ab 
burden increases, we would first observe a deficit in vascular reactivity, 
followed by a decrease in baseline blood flow. 

We further aim to extend the findings from the mouse project to a 
small cohort of individual carrying mutations for autosomal dominant 
AD. Although it is currently not possible to directly visualize vascular 
Ab in humans, we plan to measure cerebral microbleeds as a surrogate 
marker for vascular Ab deposition and cerebral amyloid angiopathy. 
We plan to investigate whether the presence and number of cerebral 
microbleeds, as well as the global Ab load, are associated with reduced 
resting brain perfusion.

34

Identification and characterization  
of long noncoding RNAs in glioblastoma

Hosniya Zarabi, Medical Fellow, Chicago Medical School at Rosalind 
Franklin University of Medicine and Science (University of California, 
San Francisco, School of Medicine), hzarabi09@gmail.com

Mentor: Daniel Lim, MD, PhD, University of California, San Francisco, 
School of Medicine

Long noncoding RNAs (lncRNAs) are tran-
scripts longer than 200 base pairs that do not 
code for proteins. Because of their strong regu-
latory function and implication in cell cycle 
regulation, lncRNAs have been implicated in 
the etiology of cancer, and a number of them 
exhibit altered expression patterns during 
tumor progression. Because lncRNAs appear to 
have differential expression in various cancers 

and are more tissue- and cell-type specific than mRNAs, they have high 
diagnostic and therapeutic potential in the management of cancer. Our lab 
has recently shown that depletion of the lncRNA Pnky in neural stem 
cells (NSCs) leads to increased neurogenesis by expanding the pool of 
neurogenic progenitor cells and depleting the number of NSCs. 

Glioblastoma (GBM) is notorious for its aggressive nature, invasiveness, 
and treatment resistance. Some GBM cells have been shown to express 
markers of NSCs, such as Sox-2, nestin, and Ki67. In vitro, these cells 
can be maintained as a self-renewing population or induced to differentiate 
into several cell types, depending on culture conditions. We have estab-
lished a reliable in vitro system in which to study the function of various 
lncRNAs and have successfully differentiated these GBM cancer stem 
cells (CSCs) into astrocytes and neurons. Given our understanding of 
Pnky’s role in normal NSCs and the presence of this lncRNA in GBM, 
we examined the effects of Pnky depletion in GBM CSCs. Our preliminary 
data suggest that depletion of Pnky does indeed enhance differentiation 
of these cells but does not affect their proliferation.

In parallel, we are grafting GBM cells into immunocompromised mice 
to generate primary, secondary, and tertiary tumors and will assess 
the expression patterns of various lncRNA candidates in these tumors. 
Identification of this lncRNA differential expression among GBM samples 
can provide insight into recurrence patterns, invasiveness, and tumor 
progression while providing new targets for novel GBM therapies.
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Kareem Alazem
Case Western Reserve University 
School of Medicine (Cleveland Clinic 
Foundation)
alazem261@gmail.com

Leonel (Leo) Ampie
Georgetown University School of  
Medicine (Northwestern University, 
The Feinberg School of Medicine)
LeonelAmpie@gmail.com

Katie Anderson2*
University of Minnesota College of  
Veterinary Medicine 
ande9068@umn.edu

Adrian Au4 
Case Western Reserve University 
School of Medicine (Cleveland Clinic 
Foundation)
adriacau@gmail.com

Evan Bander
Weill Cornell Medical College  
evbander3@gmail.com

Geetha Bhagavatula
George Washington University School 
of Medicine and Health Sciences  
(University of Washington)
gbhagavatula89@gmail.com

John Bui
University of Pittsburgh School of 
Medicine  
job74@pitt.edu

Brandyn (Brandi) Castro
Boston University School of Medicine 
(University of California,  
San Francisco, School of Medicine)
brandicastro@gmail.com

Rima Chakrabarti*
University of Texas Southwestern 
Medical School  
Rimashah11@gmail.com

Angela Chang
University of Miami Leonard M. Miller 
School of Medicine (California Institute 
of Technology)
Angela.Chang.LA@gmail.com

Lucy Cheng
University of California, San Diego, 
School of Medicine (David Geffen 
School of Medicine at UCLA)
lucyscheng@gmail.com

Christopher Clark
Medical University of South Carolina 
College of Medicine  
(Harvard Medical School)
clarkcd24@gmail.com

Benjamin Cocanougher
University of Rochester School  
of Medicine and Dentistry  
(Janelia Research Campus)
ben.cocanougher@gmail.com

Fernanda (Fern) Delgado
University of Washington School of 
Medicine (Harvard Medical School)
fedelgad@gmail.com

Tru-Khang Dinh
Harvard Medical School  
tktdinh@gmail.com

Erika Ellis 4*
University of California, San Diego, 
School of Medicine  
(Janelia Research Campus)
ErikaMarieEllis@gmail.com

Harib Ezaldein
Yale School of Medicine  
harib.ezaldein@yale.edu

Christopher Fan
Duke University School of Medicine 
(Harvard Medical School)
chrisfan190@gmail.com

Peter Finin5

University of Michigan Medical School 
(KwaZulu-Natal Research Institute for 
TB and HIV)
pfinin@alum.mit.edu

David Fischer7

Harvard Medical School  
d.b.fisch@gmail.com

Megan Garland
Stanford University School of Medicine  
garlandm@stanford.edu

Philip Gastrell
Duke University School of Medicine  
pgastrell@gmail.com

Benson George
Stanford University School of Medicine  
bmg1115@gmail.com

Jacob Goldberg
University of Wisconsin School of 
Medicine and Public Health 
JacobLGoldberg@gmail.com

Lauren Griggs2 
Cornell University College of Veterinary 
Medicine (University of North Carolina 
at Chapel Hill)
laurengri272@gmail.com

Nan Guo*
University of Texas Southwestern  
Medical School  
(Stanford University School of Medicine)
nguo29@gmail.com

Allison Hamilos
Harvard Medical School  
aehamilos@gmail.com

David Huang
The Warren Alpert Medical School  
of Brown University (Massachusetts 
Institute of Technology)
davidhua924@gmail.com

George Huang
Harvard Medical School  
george.xi.huang@gmail.com

Michael Hughes
University of Texas Medical School at 
Houston (Baylor College of Medicine)
mikehughes21@gmail.com

Syed Khalid
Chicago Medical School at  
Rosalind Franklin University of  
Medicine and Science (Johns Hopkins 
University School of Medicine)
syed.khalid@me.com
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Sattar Khoshkhoo3

University of California,  
San Francisco, School of Medicine 
sattar.kh@gmail.com

Jennifer Kim
Johns Hopkins University  
School of Medicine  
jenikim256@gmail.com

Young Jin Kim
Stony Brook University School  
of Medicine (Columbia University  
College of Physicians and Surgeons)
kim.youngjin23@gmail.com

Adam Kundishora3

Yale School of Medicine  
adam.kundishora@yale.edu

Jacob Kushkuley
University of Massachusetts  
Medical School  
jkushkuley@gmail.com

Vinicius (Vinny) Ladeira Craveiro6

Pennsylvania State University College 
of Medicine (Hospital for Special Surgery)
vladeiracraveiro@hmc.psu.edu

Young Lee
Vanderbilt University School  
of Medicine (Johns Hopkins  
University School of Medicine)
ymlee1989@gmail.com

Ann Liu
Wake Forest School of Medicine of 
Wake Forest Baptist Medical Center 
(Johns Hopkins University School  
of Medicine)
liua415@gmail.com

Shawn Loder
University of Michigan Medical School  
sjloder1@gmail.com

Sarah Low*
University of Arizona College of Medicine 
(Stanford University School of Medicine)
sayslow@gmail.com

Elizabeth Mathieu
University of Wisconsin School  
of Medicine and Public Health  
elizabethmathieu1@gmail.com

Raaj Mehta1

Harvard Medical School  
raajmehta@gmail.com

Clinton Morgan
Vanderbilt University School of Medicine 
(Washington University in St. Louis 
School of Medicine)
clint.d.morgan@gmail.com

Brian Nuyen
University of California,  
San Diego, School of Medicine 
ba.nuyen@gmail.com

Daniel Oh
Harvard Medical School  
jdanieloh@gmail.com

Michael Oh
Yale School of Medicine  
michael.sy.oh@gmail.com

Patricia Ojeda
University of Tennessee Health Science 
Center College of Medicine  
(The University of Chicago Pritzker 
School of Medicine)
ojeda.patt@gmail.com

Jong Park*
Duke University School of Medicine 
(Harvard Medical School)
jong.geol.park@gmail.com

Ryan Park
Harvard Medical School  
ryan.j.park@gmail.com

Kunal Patel
Weill Cornell Medical College  
(University of California, San Diego, 
School of Medicine)
kunalskpatel@gmail.com

Mira Patel
Johns Hopkins University School  
of Medicine  
mira.patel21@gmail.com

Stephanie Patterson
Duke University School of Medicine  
spatterson28@gmail.com

Daniel Pipilas
Vanderbilt University School of Medicine 
(Northwestern University,  
The Feinberg School of Medicine)
dpipilas@gmail.com

Avanthi Raghavan
Harvard Medical School  
avanthi.raghavan@gmail.com

Katherine Ransohoff
Stanford University School of Medicine  
kjransohoff@gmail.com

Anne Rohlfing
Duke University School of Medicine  
anne.rohlfing@gmail.com

Zahra Sayyid
Stanford University School of Medicine  
zsayyid@gmail.com

Udit Singhal
Wright State University  
Boonshoft School of Medicine  
(University of Michigan Medical School)
usinghal0389@gmail.com

Jeffrey SoRelle
University of Texas Southwestern 
Medical School  
jeff.sorelle@gmail.com

Jessica St. Laurent
Tufts University School of Medicine 
(University of Washington)
Jess.st.laurent@gmail.com

Tin-Yun Tang
Jefferson Medical College  
of Thomas Jefferson University  
(Children’s Hospital of Philadelphia)
tinyun.tang@gmail.com
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Montreh Tavakkoli
David Geffen School of Medicine at 
UCLA (Memorial Sloan-Kettering 
Cancer Center)
MontrehTavakkoli@gmail.com

Madina Tugizova
Stanford University School of Medicine  
mtugizova@stanfordalumni.org

Chioma Udemgba
Duke University School of Medicine  
cudemgb1@gmail.com

Aaron Vassall
Yale School of Medicine  
aaron.vassall@gmail.com

Erik Velez8

University of California,  
San Francisco, School of Medicine 
(Harvard Medical School)
evele001@gmail.com

Qing Yu (Christina) Weng
Harvard Medical School  
qingyu.weng@gmail.com

Julia (Erin) Wiedmeier
University of Utah School of Medicine 
(Oregon Health and Science University)
juliaerin18@gmail.com

Nasser Yaghi
Baylor College of Medicine  
(University of Texas–MD Anderson 
Cancer Center)
nasser.yaghi@gmail.com

Wai-Ying (Wendy) Yau
University of Pittsburgh School  
of Medicine  
wendyyau01@gmail.com

Zachary Yochum
University of Pittsburgh School  
of Medicine  
zyochum@alumni.nd.edu

Hosniya Zarabi
Chicago Medical School at  
Rosalind Franklin University of Medicine 
and Science (University of California,  
San Francisco, School of Medicine)
hzarabi09@gmail.com

Andrew Zheng4 
Columbia University College  
of Physicians and Surgeons 
azheng814@gmail.com

Jeffrey Zimering
University of Rochester School  
of Medicine and Dentistry  
(Harvard Medical School)
zimeringjh@gmail.com

Note: A fellowship institution other than the 
medical or veterinary school is indicated in 
parentheses.

1HHMI-AGA Medical Fellow; fellowship 
support from American Gastroenterological 
Association  
2HHMI-BWF Medical Fellow; fellowship  
support from Burroughs Wellcome Fund
3HHMI-CURE Medical Fellow; fellowship 
support from Citizens United for Research  
in Epilepsy
4HHMI-FFB Medical Fellow; fellowship support 
from the Foundation Fighting Blindness
5HHMI-K-RITH Medical Fellow; fellowship 
support from KwaZulu-Natal Research Institute 
for TB and HIV
6HHMI-OREF Medical Fellow; fellowship 
support from Orthopaedic Research  
and Education Foundation
7HHMI-PDF Medical Fellow; fellowship support 
from Parkinson’s Disease Foundation
8HHMI-SIRF Medical Fellow; fellowship  
support from the Society of Interventional  
Radiology Foundation 

*2nd-Year Medical Fellow
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Alazem, Kareem Thursday 9:30–10:30 a.m. Atrium 55

Ampie, Leonel (Leo) Thursday 9:30–10:30 a.m. Atrium 55

Anderson, Katie Wednesday 8:45 a.m. Auditorium 34

Au, Adrian Wednesday 10:15–11:15 a.m. Atrium 37

Bander, Evan Wednesday 10:15–11:15 a.m. Atrium 37

Bhagavatula, Geetha Thursday 9:30–10:30 a.m. Atrium 56

Bui, John Thursday 9:30–10:30 a.m. Atrium 56

Castro, Brandyn (Brandi) Thursday 9:30–10:30 a.m. Atrium 57

Chakrabarti, Rima Wednesday 8:30 a.m. Auditorium 34

Chang, Angela Thursday 9:30–10:30 a.m. Atrium 57

Cheng, Lucy Thursday 9:30–10:30 a.m. Atrium 58

Clark, Christopher Wednesday 10:15–11:15 a.m. Atrium 38

Cocanougher, Benjamin Wednesday 10:15–11:15 a.m. Atrium 38

Delgado, Fernanda (Fern) Thursday 9:30–10:30 a.m. Atrium 58

Dinh, Tru-Khang Wednesday 10:15–11:15 a.m. Atrium 39

Ellis, Erika Wednesday 9:45 a.m. Auditorium 36

Ezaldein, Harib Thursday 9:30–10:30 a.m. Atrium 59

Fan, Christopher Thursday 9:30–10:30 a.m. Atrium 59

Finin, Peter Wednesday 10:15–11:15 a.m. Atrium 39

Fischer, David Wednesday 10:15–11:15 a.m. Atrium 40

Garland, Megan Wednesday 10:15–11:15 a.m. Atrium 40

Gastrell, Philip Wednesday 10:15–11:15 a.m. Atrium 41

George, Benson Thursday 9:30–10:30 a.m. Atrium 60

Goldberg, Jacob Thursday 9:30–10:30 a.m. Atrium 60

Griggs, Lauren Wednesday 10:15–11:15 a.m. Atrium 41

Guo, Nan Wednesday 9:00 a.m. Auditorium 35

Hamilos, Allison Wednesday 10:15–11:15 a.m. Atrium 42

Huang, David Wednesday 10:15–11:15 a.m. Atrium 42

Huang, George Thursday 9:30–10:30 a.m. Atrium 61

Hughes, Michael Wednesday 10:15–11:15 a.m. Atrium 43

Khalid, Syed Wednesday 10:15–11:15 a.m. Atrium 43

Khoshkhoo, Sattar Wednesday 10:15–11:15 a.m. Atrium 44

Kim, Jennifer Thursday 9:30–10:30 a.m. Atrium 61

Kim, Young Jin Thursday 9:30–10:30 a.m. Atrium 62

Kundishora, Adam Wednesday 10:15–11:15 a.m. Atrium 44

Kushkuley, Jacob Wednesday 10:15–11:15 a.m. Atrium 45

Ladeira Craveiro, Vinicius (Vinny) Wednesday 10:15–11:15 a.m. Atrium 45

Lee, Young Thursday 9:30–10:30 a.m. Atrium 62

Liu, Ann Wednesday 10:15–11:15 a.m. Atrium 46

Loder, Shawn Wednesday 10:15–11:15 a.m. Atrium 46
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Low, Sarah Wednesday 9:30 a.m. Auditorium 36

Mathieu, Elizabeth Thursday 9:30–10:30 a.m. Atrium 63

Mehta, Raaj Wednesday 10:15–11:15 a.m. Atrium 47

Morgan, Clinton Wednesday 10:15–11:15 a.m. Atrium 47

Nuyen, Brian Thursday 9:30–10:30 a.m. Atrium 63

Oh, Daniel Wednesday 10:15–11:15 a.m. Atrium 48

Oh, Michael Thursday 9:30–10:30 a.m. Atrium 64

Ojeda, Patricia Thursday 9:30–10:30 a.m. Atrium 64

Park, Jong Wednesday 9:15 a.m. Auditorium 35

Park, Ryan Wednesday 10:15–11:15 a.m. Atrium 48

Patel, Kunal Wednesday 10:15–11:15 a.m. Atrium 49

Patel, Mira Thursday 9:30–10:30 a.m. Atrium 65

Patterson, Stephanie Wednesday 10:15–11:15 a.m. Atrium 49

Pipilas, Daniel Thursday 9:30–10:30 a.m. Atrium 65

Raghavan, Avanthi Wednesday 10:15–11:15 a.m. Atrium 50

Ransohoff, Katherine Thursday 9:30–10:30 a.m. Atrium 66

Rohlfing, Anne Wednesday 10:15–11:15 a.m. Atrium 50

Sayyid, Zahra Thursday 9:30–10:30 a.m. Atrium 66

Singhal, Udit Thursday 9:30–10:30 a.m. Atrium 67

SoRelle, Jeffrey Wednesday 10:15–11:15 a.m. Atrium 51

St. Laurent, Jessica Thursday 9:30–10:30 a.m. Atrium 67

Tang, Tin-Yun Wednesday 10:15–11:15 a.m. Atrium 51

Tavakkoli, Montreh Wednesday 10:15–11:15 a.m. Atrium 52

Tugizova, Madina Thursday 9:30–10:30 a.m. Atrium 68

Udemgba, Chioma Thursday 9:30–10:30 a.m. Atrium 68

Vassall, Aaron Thursday 9:30–10:30 a.m. Atrium 69

Velez, Erik Wednesday 10:15–11:15 a.m. Atrium 52

Weng, Qing Yu (Christina) Thursday 9:30–10:30 a.m. Atrium 69

Wiedmeier, Julia (Erin) Thursday 9:30–10:30 a.m. Atrium 70

Yaghi, Nasser Thursday 9:30–10:30 a.m. Atrium 70

Yau, Wai-Ying (Wendy) Thursday 9:30–10:30 a.m. Atrium 71

Yochum, Zachary Wednesday 10:15–11:15 a.m. Atrium 53

Zarabi, Hosniya Thursday 9:30–10:30 a.m. Atrium 71

Zheng, Andrew Wednesday 10:15–11:15 a.m. Atrium 53

Zimering, Jeffrey Wednesday 10:15–11:15 a.m. Atrium 54

Last Name Day Time Room Page
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