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WELCOME

Welcome to the 32nd Annual National MD/PhD Student Conference. From a small gathering in 1986, the 
National MD/PhD Student Conference today is a meeting of hundreds of students and faculty from over 
60 institutions across the country. It brings together students, faculty, and directors from various MD/PhD 
programs for a unique career development opportunity in beautiful Keystone, Colorado. At the conference, 
attendees have the opportunity to share their research, interact with current and aspiring physician 
scientists, and explore career issues specific to the MD/PhD program.    

We would like to thank our Keynote speakers - Dr. Doug Lowy, Dr. Kevan Shokat, Dr. Donald Ingber, Dr. Em-
ery Brown and Dr. Kim Orth - for making the journey to share their work with us. We are also grateful to our 
breakout session panelists for taking the time to lead discussions and share their insights with us. 

We hope that you gain insights into your own research and career as you participate in the scientific and 
career-oriented sessions of the conference, as well as enjoy the surroundings of the Rocky Mountains. If you 
need anything during your time here, please do not hesitate to ask one of the conference organizers, 
identified by purple shirts. 

Sincerely,

The 2017 Organizing Committee

Rachel Ancar
Elijah Christensen
Kenneth Felsenstein
Isabel Fernandez
Robert Jones
Mindy Szeto
Phil Tatman
Ruth Wang
Daniel Youmans
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CONFERENCE CENTER MAP

* Castle Peak rooms
are located upstairs

While there is a tunnel under Highway 6 between Keystone Lodge and the Conference 
Center, you may also take a shuttle. Shuttle service between the Keystone Lodge and the 
Conference Center is available at the following times: 

7:15 a.m. - 7:30 a.m.

7:45 a.m. - 8:00 a.m.

9:15 p.m.  - 10:15 p.m.

Keystone Lodge
 
Keystone Lodge

Conference Center

Conference Center

Conference Center

Keystone Lodge

PICK-UP DROP-OFF

If you would like shuttle service during any other time, please contact the front desk or 
call 970.496.4200 (x4200 if using a Keystone phone).

SHUTTLE SERVICE SCHEDULE
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CONFERENCE SCHEDULE
Friday, July 14
2:00 PM – 8:00 PM Registration      Conference Center Lobby
5:00 PM – 6:00 PM Buffet Dinner (Food will be available until 6:30 PM)   Red Cloud
6:00 PM – 7:00 PM Keynote I: Kim Orth, PhD      Red Cloud
   “Black Spot, Black Death, Black Pearl: The Tales of Bacterial Effectors”

7:00 PM – 8:00 PM Poster Session 1           Shavano Foyer
8:00 PM – 9:00 PM Social Hour (cash bar and snacks available)             Conference Center Lobby

Saturday, July 15
8:00 AM – 11:00 AM Late Registration     Conference Center Lobby
7:45 AM – 8:45 AM Buffet Breakfast       Red Cloud
8:45 AM – 9:45 AM Student Oral Presentations 1    Crestone Peak and Torreys Peak
   Topics: Neuroscience – Crestone I-III; Cancer Biology – Torreys I-III
9:45 AM – 10:00 AM Coffee Break            Shavano Foyer
10:00 AM – 11:00 AM Student Oral Presentations 2    Crestone Peak and Torreys Peak
   Topics: Immunology I – Crestone I-III; Biochemistry I – Torreys I-III
11:00 AM – 12:00 PM Buffet Lunch (Food will be available until 12:30 PM)       Red Cloud
12:00 PM – 1:00 PM Keynote II: Doug Lowy, MD     Red Cloud
   “The HPV Vaccine and a Career in Cancer Research”

1:15 PM – 2:15 PM Student Oral Presentations 3    Crestone Peak and Torreys Peak
   Topics: Biochemistry II – Crestone I-III; 
   Medicine/Bioengineering – Torreys Peak I-III
2:15 PM – 2:30 PM Coffee Break                    Shavano Foyer
2:30 PM – 3:15 PM Breakout Sessions – Part 1 (Choose one)                Various 
   Topics: Research Ethics (Crestone I-III),
   Grant Writing (Torreys I-III),
   Interfacing with Industry (Red Cloud)
3:15 PM – 3:30 PM Coffee Break                    Shavano Foyer
3:30 PM – 4:15 PM Breakout Sessions – Part 2          Various
   (see above for options)       
4:45 PM – 5:45 PM Poster Session 2 (coffee and snacks available)              Shavano Foyer
6:00 PM – 7:00 PM Keynote III: Donald Ingber, MD, PhD               Red Cloud
   “From Organogenesis to Human Organs-on-Chips”

7:00 PM – 10:00 PM Hawaiian themed dinner and activities      Red Cloud

   (Meet with Sunday activity leaders)
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CONFERENCE SCHEDULE

Sunday, July 16
8:00 AM – 1:00 PM Sunday Activities/Free Time             Around Keystone

1:00 PM – 2:00 PM Buffet Lunch (Food will be available until 2:30 PM)   Red Cloud

2:00 PM – 3:00 PM Keynote IV: Emery Brown, MD, PhD    Red Cloud

   “Life Balance in Academic Medicine: Confessions of a Physician-Scientist” 

3:15 PM – 5:00 PM Physician Scientist Training Program Showcase         Crestone Peak

    (Roundtable discussion with residency  programs)

5:15 PM – 6:15 PM Keynote V: Kevan Shokat, PhD                       Red Cloud

   “Chemical Tricks for Drugging the Undruggable” 

6:15 PM – 7:15 PM Dinner                            Red Cloud

7:15 PM – 7:30 PM Closing Remarks             Red Cloud



32nd Annual MD/PhD Student Conference  •  July 14-16, 2017  •  Keystone, Colorado

6

KEYNOTE SPEAKER I
6:00 - 7:00  p.m. • Friday

Kim Orth, PhD
Professor, Earl A. Forsythe Chair in Biomedical Science

Department of Molecular Biology, University of Texas Southwestern Medical Center
Investigator, Howard Hughes Medical Institute

Burroughs Wellcome Investigator in Pathogenesis of Infectious Disease
Member, American Academy of Microbiology

W.W. Caruth Jr. Scholar in Biomedical Research
ASBMB Young Investigator Award

Presenting: “Black Spot, Black Death, Black Pearl: The Tales of Bacterial Effectors”

Kim Orth is the Earl A. Forsyth Chair in Biomedical Science and Professor of 
Molecular Biology and Biochemistry at the University of Texas-Southwestern 
Medical Center. The Orth Lab is interested in studying virulence factors found 
in pathogenic bacteria to gain molecular insight into eukaryotic signaling sys-
tems and host-pathogen interactions. Dr. Orth is an investigator of the Howard 
Hughes Medical Institute, and the recipient of the American Society for Bio-
chemistry and Molecular Biology Young Investigator Award, and the Norman 
Hackerman Award in Chemical Research. Dr. Orth received her B.A. from Texas 
A&M University, her M.S. from the University of California, Los Angeles, her 
Ph.D. from the University of Texas-Southwestern Medical Center, and complet-
ed her postdoctoral training at the University of Michigan.
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KEYNOTE SPEAKER II
12:00 - 1:00 p.m. • Saturday

Douglas Lowy, MD
Chief, Laboratory of Cellular Oncology, Center for Cancer Research
Acting Director, National Cancer Institute (NCI)
Member, National Academy of Sciences
NIH Distinguished Investigator
National Medal of Innovation and Technology
Member, White House Cancer Moonshot Task Force
Harrington Prize for Innovation in Medicine

Presenting: “The HPV Vaccine and a Career in Cancer Research”

Douglas Lowy is the Chief of the Laboratory of Cellular Oncology and the Act-
ing Director of the National Cancer Institute (NCI) of the National Institutes 
of Health (NIH). Dr. Lowy’s lab is currently focused on basic and translational 
aspects of human papillomavirus infection, as well as cancer genetics and the 
biology of the Rho-GTPase family. A cancer researcher for more than 40 years, 
Dr. Lowy received the National Medal of Technology and Innovation from Presi-
dent Obama in 2014 for his research that has led to the development of the 
human papillomavirus (HPV) vaccine. Additionally, Dr. Lowy is a member of the 
National Academy of Sciences, and is a recipient of the Federal Employee of the 
Year Service to America Medal, and the Albert B. Sabin Gold Medal Award. Dr. 
Lowy received his B.A. from Amherst College, his M.D. from New York University 
School of Medicine, and trained in internal medicine at Stanford University, and 
dermatology at Yale University.
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KEYNOTE SPEAKER III
6:00 - 7:00 p.m. • Saturday

Donald Ingber, MD, PhD
Judah Folkman Professor of Vascular Biology

Director, Wyss Institute of Biologically Inspired Engineering, Harvard Medical School
Member, National Academy of Medicine

Member, American Academy of Arts and Sciences
Member, National Academy of Inventors,

Member, American Institute for Medical and Biological Engineering

Presenting: “From Organogenesis to Human Organs-on-Chips”

Donald Ingber is the Judah Folkman Professor of Vascular Biology at 
Harvard Medical School and Boston Children’s Hospital, Professor of 
Bioengineering at the Harvard John A. Paulson School of Engineering 
and Applied Sciences, and the Founding Director of the Wyss Institute 
for Biologically Inspired Engineering at Harvard University. Dr. Ingber’s 
independent scientific program entails a multifaceted effort to develop 
breakthrough bioinspired technologies to advance healthcare and to 
improve sustainability in diverse areas including mechanobiology, tis-
sue engineering, systems biology, nanobiotechnology and translational 
medicine. He has co-founded five companies. He is a member of the 
National Academy of Medicine, National Academy of Inventors, Ameri-
can Institute for Medical and Biological Engineering, and the American 
Academy of Arts and Sciences. He received his B.A., M.A., M.Phil., M.D. 
and Ph.D. from Yale University and completed post-doctoral training at 
Harvard Medical School.

2:00 - 3:00 p.m. • Sunday
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KEYNOTE SPEAKER IV
2:00 - 3:00 p.m. • Sunday

Emery Brown is the Warren M. Zapol Professor of Anaesthesia at Harvard Medical 
School, an anesthesiologist at Massachusetts General Hospital, and the Edward 
Hood Taplin Professor of Medical Engineering and Computational Neuroscience 
at MIT, where he is an investigator in the Picower Center for Learning and Memo-
ry. The Brown lab is interested in using statistical methods to dissect neural net-
work firing patterns and understand the mechanism of general anesthesia. Dr. 
Brown is a member of the National Academy of Sciences, the National Academy 
of Medicine, the National Academy of Engineering, and the National Academy 
of Inventors. He received his B.A., M.A., M.D., and Ph.D. from Harvard University, 
trained in internal medicine Brigham and Women’s Hospital, and completed his 
anesthesiology residency at Massachusetts General Hospital.

Emery N. Brown, MD, PhD
Edward Hood Taplin Professor of Medical Engineering and Computational Neuroscience, MIT,
Warren M. Zapol Professor of Anaesthesia, Harvard Medical School, Massachusetts General Hospital
Director, Harvard-MIT Health Sciences and Technology Program, MIT
Member, National Academy of Sciences
Member, National Academy of Medicine
Member, National Academy of Engineering
Guggenheim Fellow in Applied Mathematics
NIH Director’s Pioneer Award

Presenting: “ Life Balance in Academic Medicine: Confessions of a Physician-Scientist”
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KEYNOTE SPEAKER V
5:15-6:15  p.m. • Sunday

Kevan Shokat, PhD
Professor and Chair, Department of Cellular and Molecular Pharmacology, UCSF

Professor, Department of Chemistry, UC Berkeley
Investigator, Howard Hughes Medical Institute

Member, National Academy of Sciences
Member, National Academy of Medicine

Member, American Academy of Arts and Sciences
Pew Scholar in the Biomedical Sciences

Alfred P. Sloan Research Fellow

Presenting: “Chemical Tricks for Drugging the Undruggable”

Kevan Shokat is a professor and the vice-chair of the Department of Cellular 
and Molecular Pharmacology at the University of California, San Francisco, and 
a professor in the Department of Chemistry at the University of California, 
Berkeley. Dr. Shokat is a pioneer in the field of chemical genetics. His lab is 
interested in understanding the role of each kinase in the body with the goal 
of learning which kinases should be targeted to treat diseases such as cancer 
and immune dysfunction. Dr. Shokat is an investigator of the Howard Hughes 
Medical Institute and has received numerous awards including being a Pew, 
Searle, and Sloan Fellow. He has co-founded multiple companies including 
Intellikine (acquired by Takeda Pharmaceuticals) and Cellular Genomics Inc. 
(acquired by Gilead Biosciences). He is a member of the National Academy 
of Sciences, the Institute of Medicine and the American Academy of Arts and 
Sciences. He received his B.A. from Reed College, earned his Ph.D. from the 
University of California, Berkeley, and completed his post-doctoral training at 
Stanford University.
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STUDENT ORAL PRESENTATION SCHEDULE
I: Neuroscience        8:45 - 9:45 am, Crestone Peak Rooms I-III

8:45 - 9:05: Elise Ma, University of Maryland School of Medicine (1.1)
Chronic pathophysiology and bidirectional brain-gut interactions during traumatic brain injury in mice

9:05 - 9:25: Margaret MacGibeny, Princeton University and Rutgers Robert Wood Medical School (1.2)
Viral Invasion of Peripheral Nervous System Axons: Comparison of an Alpha Herpesvirus and a Rhabdovirus 

9:25 - 9:45: James Miller, Medical College of Wisconsin (1.3)
Somatosensory phenotypes in a rat model of Fabry disease

II: Cancer Biology              8:45 - 9:45 am, Torreys Peak I-III

8:45 - 9:05: Ashley Denney, University of Colorado School of Medicine (2.1) 
Impact of folding dynamics on the dimerization and dominance of tumor-derived p53 mutants 

9:05 - 9:25: Nathan Krah, University of Utah (2.2)
Prevention and reversion of pancreatic cancer initiation through a differentiation-based mechanism 

9:25 - 9:45: Irina Lerman, University of Rochester (2.3)
The Role of Neutrophil Elastase and SERPINB1 in Prostate Cancer

III: Immunology            10:00 – 11:00 am, Crestone Peak Rooms I-III

10:00 – 10:20: Chelsea Cockburn, Virginia Commonwealth University (3.1)
Anaplasma phagocytophilum utilizes host acid sphingomyelinase for completion of its infection cycle

10:20 – 10:40: Stephanie Hurwitz, Florida State University College of Medicine (3.2)
Tetraspanin CD63 bridges autophagic and exosomal processes to regulate secretion and intracellular signaling of Epstein-Barr virus LMP1

10:40 – 11:00: Kevin Toomer, University of Miami Miller School of Medicine (3.3)
The clinical course of autoimmunity in IL-2 receptor alpha deficiency is shaped by effects on both regulatory T cells and autoreactive T conven-
tional cells

  

IV: Biochemistry I         10:00 – 11:00 am, Torreys Peak I-III

10:00 – 10:20: Nischay Rege, Case Western Reserve University (4.1)
Natural Amino-Acid Substitution Stabilizes Insulin Hexamer

10:20 – 10:40: Stephen Li, University of Texas Southwestern Medical Center (4.2)
The Role of Twist2 in Regulating Myogenesis

10:40 – 11:00: Bryan Maliken, University of Cincinnati (4.3)
Loss of GATA4 in Kit Lineage-Derived Endothelium Leads to Vascular Permeability and Increased Heterotypic Fusion 
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STUDENT ORAL PRESENTATION SCHEDULE

V: Biochemistry II      1:15 – 2:15 pm, Crestone Peak Rooms I-III

1:15 - 1:35: Prasanna Ramachandran, Baylor College of Medicine (5.1)
A novel, evolutionarily conserved neuroendocrine signal regulates lysosome function

1:35 - 1:55: Andrew Kleist, Medical College of Wisconsin (5.2)
Manipulating allosteric circuits at an atypical G protein-coupled receptor to choreograph novel signaling outcomes

1:55 - 2:15: Michelle Rudman, University of Miami Miller School of Medicine (5.3)
Inhibition of an Epigenetic Reader Decreases Inflammation after Spinal Cord Injury

VI: Medicine/Bioengineering           1:15 – 2:15 pm, Torreys Peak I-III

1:15 - 1:35: Christopher Bartlow, Upstate Medical University (6.1)
Radiation Decreases Fracture Toughness with No Affect on Mineral Density in Mouse Femurs

1:35 - 1:55: Asher Krell, University of Alabama at Birmingham (6.2)
Determination of Optimal Seeding Conditions of Fibroblasts in a Peptide Amphiphile Gel

1:55 - 2:15: Andy Tekriwal, University of Colorado School of Medicine (6.3)
Subthalamic nucleus local field potential activity coincides with stages of sleep-wake cycle in a predictable manner
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ORAL PRESENTATIONS I
Neuroscience 

1.1

1.2

Elise Ma
Chronic pathophysiology and bidirectional brain-gut interactions during traumatic brain injury in mice
University of Maryland School of Medicine 

Introduction and Background: Traumatic brain injury (TBI) has complex effects on the gastrointestinal tract that are associated with TBI-
related mortality and morbidities, including susceptibility to peripheral infections and septicemia. Although human and animal studies 
have established a link between TBI and intestinal dysfunction during acute stages of injury, long-term consequences of TBI in the gut 
are vastly unknown. 
Aims: First, we examined changes in mucosal barrier properties and enteric glial cells (EGCs) in the gut after experimental TBI in mice. 
Then, we assessed the interaction between TBI and peripheral challenge by examining effects of Citrobacter rodentium (Cr)—an en-
teric murine pathogen similar to human E. coli—on both the gut and the brain during chronic TBI. 
Methods and Design: Moderate-level TBI in adult male C57BL/6 mice was induced by controlled cortical impact (CCI; 6 m/sec, 2mm 
depth). Histopathology, functional permeability, and molecular changes in the gut were assessed on day 28 after CCI. Groups of mice 
were challenge by enteric Cr infection 28 days post-CCI, and gut and brain samples were collected during peak phase of infection 12 
days later. 
Results: CCI led to delayed, chronic increases in mucosal depth and smooth muscle thickness in colons. At day 28 post-CCI, increased 
paracellular mucosal permeability associated with decreased claudin-1 mRNA and protein expression were observed in the absence 
of inflammation in the colon. Reactive EGCs (GFAP+, Sox10+) were significantly increased in colons 28 days after CCI. When chal-
lenged with Cr infection during chronic CCI, host Th1/Th17 immune responses in the colon were unaffected by CCI; however, colonic 
paracellular flux and EGC activation were significantly increased during infection when compared to sham. Importantly, Cr infection 
in chronically-injured mice worsened TBI neuropathology, evident by increased lesion volume assessed by stereology and increased 
neuroinflammatory responses (GFAP+ astrocytes, CD68+ microglia/m) in the cortex. These Cr-induced changes were associated with 
increased circulating IP-10 levels and decreased serum miR-223 expression. 
Conclusions and Future Directions: This study demonstrates long-term consequences of TBI on the gut, and the impact of infectious 
colitis on the resolution of chronic brain injury. Future studies aim to elucidate mechanisms of central- and intestinal-derived disrup-
tion of vagal, immune, and humoral pathways of the brain-gut axis.

Margaret MacGibeny
Viral Invasion of Peripheral Nervous System Axons: Comparison of an Alpha Herpesvirus and a Rhabdovirus
Princeton University and Rutgers Robert Wood Medical School

Neuroinvasive viruses initially infect peripheral tissues and subsequently invade the nervous system via long distance retrograde trans-
port in peripheral nervous system (PNS) axons. This strategy is used by viruses of the alpha-herpesvirus (α-HV) subfamily (i.e. Herpes 
simplex virus type I) and the Rhabdoviridae family (i.e., Rabies virus (RABV)). Yet, α-HV and RABV particles use different mechanisms to 
enter and engage the retrograde axonal transport machinery. How neurons respond to infection by these distinct viruses at distant 
axons and whether axonal responses promote or limit neuroinvasion are central questions in neurovirology. Previous studies showed 
that local synthesis of axonal proteins is required for retrograde transport of α-HV particles in PNS axons. Furthermore, pre-exposure of 
axon termini to the inflammatory cytokine, interferon beta (IFNβ), induced local axonal responses that restricted retrograde α-HV infec-
tion. In this study, we asked whether perturbations to the local axonal environment affect retrograde RABV infection. Previous RABV 
transport studies were conducted using an attenuated vaccine strain with weak neurotropism. Here, we constructed a recombinant 
RABV derived from a highly virulent CVS-N2c strain, which displays reduced neurotoxicity and robust neurotropism. This recombinant 
expresses a P-mCherry fusion protein to label nucleocapsids, which facilitates tracking of single particle dynamics in live cells. Using 
cultured rodent superior cervical ganglia, we showed that sympathetic PNS neurons support efficient entry, retrograde transport, and 
replication of recombinant RABV. Upon axonal infection, RABV particles are transported retrograde with higher average instantaneous 
velocity than α-HV particles. Interestingly, efficient retrograde axonal transport of RABV requires local synthesis of axonal proteins as 
is true for α-HV transport. However, retrograde RABV transport is unaffected by axonal pre-treatment with IFNβ, which is in contrast 
to the effect on α-HV. Our results suggest that while PNS axons are susceptible to both α-HV and RABV infection, infection by these 
distinct viruses may be differentially regulated by local responses in the axonal environment. Future comparisons of these clinically 
important neuroinvasive viruses in PNS neurons, may reveal important differences in virus lifecycle as well as local and global host cell 
responses that contribute to the distinct clinical phenotypes caused by these infections.
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ORAL PRESENTATIONS I
Neuroscience

1.3 James Miller
Somatosensory phenotypes in a rat model of Fabry disease
Medical College of Wisconsin

Introduction and Background: Fabry disease is an X-linked lysosomal disease, and recent newborn screening reveals a US incidence 
that approaches 1:3000. Beginning in childhood, patients experience significant neuropathic pain, which includes acroparesthesia 
(i.e., extremity tingling/burning) and episodic crises (i.e., agonizing pain lasting minutes to days). The pain is inconsistently relieved 
by empiric anticonvulsant medications. In Fabry disease, there is a deficiency of the lysosomal enzyme α-galactosidase A (α-GalA). 
When this enzyme is deficient, glycolipid substrates, such as globotriaosylceramide (Gb3), accumulate in lysosomes of several cell 
types, including dorsal root ganglia (DRG) sensory neurons. The neuronal glycolipid accumulation likely initiates pathogenesis, but 
the cellular mechanisms that drive or maintain the pain development in Fabry disease are unknown.
Specific Experimental Aims: Characterize behavioral, cellular, and molecular phenotypes in Fabry rats.
Methods and Design: We generated an α-Gal A deficient (Gla KO) rat model using CRISPR/Cas9 technology. Behavioral assays were 
used to assess somatosensation from 4 to 52 weeks. Histology and electron microscopy were used to evaluate sensory neurons. DRG 
glycolipids were characterized and quantified by thin layer chromatography and mass spectrometry. 
Results: KO males and females have increased sensitivity to sharp (P<0.001) and decreased mechanical thresholds (P=0.007) 
compared to wild type (WT) rats; however, no differences in cold sensitivity were detected. Semi-thin DRG sections show numer-
ous inclusions in KO, but not WT, sensory neurons. These inclusions are primarily in smaller diameter neurons, while large diameter 
neurons are spared. Ultrastructural examination demonstrates that the inclusions resemble “zebra-bodies,” which are character-
istic in Fabry disease. Compared to WT controls, Gb3 is elevated in KO male and female DRG (130-fold). Other glycolipids, such as 
polygalactosylated-Gb3, are highly abundant in KO DRG. 
Conclusions and Future Directions: The behavioral, cellular, and molecular findings indicate that Fabry rats recapitulate pain pheno-
types, and thus this model can be used to study pain mechanisms and test therapies.
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ORAL PRESENTATIONS II
Cancer Biology 

2.1 Ashley Denney
Impact of folding dynamics on the dimerization and dominance of tumor-derived p53 mutants
University of Colorado

Introduction and Background: p53 is a potent tumor suppressor and TP53 mutations are found in the majority of cancers. Mutant p53 
can behave in a dominant-negative fashion resulting in mixed mutant:WT tetramers and diminished WT activity. Interestingly, mutant 
p53 can also behave in a recessive fashion and factors that influence the degree of mutant dominance or recessivity are not well under-
stood. WT p53 folds and dimerizes rapidly during translation and understanding the kinetics of co-translational biogenesis as it relates 
to post-translational tetramer assembly and dominance is sorely lacking in p53 biology.
Specific Experimental Aims: We are testing the hypothesis that chaperones impart a recessive phenotype to select p53 mutants by 
retarding nascent p53 biogenesis and hindering subsequent formation of mixed tetramers with WT. Aim 1) Determine the amount of 
mixed mutant:WT tetramer formation for a recessive p53 mutant relative to that of a dominant p53 mutant. Aim 2) Determine if a re-
cessive p53 mutant has chaperone interactions not shared with WT. Aim 3) Determine whether select chaperone deletion can recapitu-
late a dominant mutant phenotype in a previously recessive p53 mutant.
Methods and Design: We use Saccharomyces cerevisiae to quantify mixed mutant:WT tetramer formation through a bimolecular fluo-
rescence complementation (BiFC) approach. We also use BiFC to identify chaperone interactions specific to mutant p53 and we assess 
the functional impact of chaperone deletions on mutant p53 dominance using a strain with a p53 response element.
Results: Recessive mutant p53, and mixed recessive mutant:WT tetramers, are decreased in the nucleus relative to a dominant mutant 
control. We have identified several cytosolic Hsp70s, a chaperonin, and a disaggregase that interact with recessive mutant p53 and not 
with WT. Yeast strains carrying these chaperone deletions do not display increased dominance in the context of single deletions.
Conclusions and Future Directions: The ability of p53 mutants to act in a dominant or recessive manner has direct consequences on 
WT p53 function in the same cell. While it has been assumed that recessive p53 mutants form functional mixed mutant: WT tetramers, 
our data support an alternate model where recessive mutants are out-competed by WT during de novo tetramer assembly. We are 
pursuing more sensitive kinetic assays to assess dominance in chaperone deletion strains, as well as mixed tetramer BiFC experiments 
in MCF7 cells.
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     Cancer Biology

2.2

2.3

Nathan Krah 
Prevention and reversion of pancreatic cancer initiation through a differentiation-based mechanism
University of Utah

Introduction and Background: Pancreatic ductal adenocarcinoma (PDAC) is a lethal solid tumor, with a median survival of only ~7 
months. Despite the rapid course of disease, PDAC develops through a series of precursor lesions, termed pancreatic intraepithelial 
neoplasia (PanIN), over a 15-year period. Activating mutations in the proto-oncogene Kras (hereafter KrasG12D) are required for PanIN 
formation in mice, and are present in >90% of human PDAC cases. While both PanIN and PDAC cells have a ductal phenotype, we and 
others have shown that expressing KrasG12D in acinar cells, but not duct cells, leads to PDAC initiation. As acinar cells transition into 
PanINs, they lose hallmarks of cell identity, including down-regulation of the master acinar transcriptional regulator, Ptf1a. Previous 
studies from our lab demonstrate that loss of Ptf1a is a rate-limiting step in KrasG12D-mediated PDAC initiation. 
Specific Experimental Aims: Given that loss of Ptf1a leads to rapid PanIN formation in the context of cancer-driving KrasG12D mu-
tations, we hypothesized that sustaining or reintroducing Ptf1a into PanIN cells might prevent and, potentially, reverse disease by 
redirecting cell fate.
Methods and Design: We generated a mouse model permitting independent control of KrasG12D and Ptf1a expression specifically 
in pancreatic acinar cells. In this model, an acinar-specific Cre (Ptf1aCreERT) induces expression of both KrasG12D and constitutive 
expression of a reverse tetracycline transactivator protein (rtTA, Rosa26LSL-rtTA). rtTA subsequently activates a tetO-Ptf1a transgene 
in a doxycycline (DOX)-dependent manner. Importantly, the fate of cells that express tetO-Ptf1a can be monitored with a downstream 
IRES-LacZ.
Results: Sustaining Ptf1a expression with constant DOX administration nearly eliminates Kras-driven PanINs in two different models of 
PDAC initiation. LacZ+/Ptf1a+ cells are universally excluded from PanINs in both models, suggesting that loss of Ptf1a is required for 
PDAC initiation. Strikingly, reintroduction of Ptf1a into established PanINs in vivo leads to the progressive elimination of LacZ+/Ptf1a+ 
cells from these lesions over a 6-week period. 
Conclusions and Future Directions: Our results suggest that maintenance of acinar cell differentiation can prevent and reverse pancre-
atic oncogenesis even in cells harboring potent cancer-driving mutations, thus representing a novel paradigm for tumor prevention 
and treatment.

Irina Lerman
The Role of Neutrophil Elastase and SERPINB1 in Prostate Cancer 
University of Rochester

Tissue infiltration and elevated peripheral circulation of myeloid derived cells, particularly neutrophils, is associated with poor prostate 
cancer (PCa) outcomes. As such, we are interested in studying the role of neutrophil elastase (NE), a protease released upon myeloid 
derived cell/neutrophil activation, in PCa development and progression. Here we report that myeloid derived cells (CD11b+/Ly6G+/
Ly6C+) comprise the majority of infiltrating immune cells in PCa xenografts established in athymic mice, as measured by flow cytom-
etry. These myeloid derived cells expand in peripheral circulation as a function of xenograft growth and are successfully depleted in 
vivo by anti-Gr-1 antibody treatment. Importantly, depletion of these myeloid derived cells significantly decreases xenograft growth. 
We hypothesized that myeloid derived cells, including neutrophils, may exert their pro-tumorigenic actions in part through NE. Indeed, 
we find that NE is expressed by infiltrating cells in PCa xenografts and is enzymatically active. Notably, treatment with sivelestat (an NE 
inhibitor) significantly decreases xenograft growth using two different PCa cell lines, recapitulating the phenotype of Gr-1 depletion. 
Immunocompetent mouse Pten-null prostatic tumors likewise exhibit significantly elevated NE activity and augmented myeloid de-
rived cell/neutrophil infiltration compared to normal prostates. Mechanistically, we find that NE activates ERK1/2 signaling and induces 
ERK1/2-dependent transcription of the proliferative gene FOS in PCa cells. Functionally, NE stimulates ERK1/2-dependent proliferation 
and induces migration and invasion. Immunohistochemistry on human prostate biopsies reveals that NE is expressed by infiltrat-
ing CD33+ myeloid cells, which accumulate with PCa progression. Finally, examining large-scale gene expression profiles of human 
PCa, we find that low expression of the endogenous NE inhibitor SERPINB1 associates with high-grade cancer and significantly worse 
prognosis. Functional studies are currently underway in both normal prostatic epithelial cells (RWPE-1), which express high levels of 
SERPINB1, and PCa cells (C4-2), which lack SERPINB1 expression. Our findings thus far suggest that the balance between NE and its 
inhibitors is physiologically important within the prostate and may lead to the development of new PCa biomarkers and therapeutics.
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3.1 Chelsea Cockburn
Anaplasma phagocytophilum utilizes host acid sphingomyelinase for completion of its infection cycle
Virginia Commonwealth University

Intracellular pathogens must parasitize nutrients from host cells in order to survive, complete their infection cycles, and cause disease. De-
ciphering nutritional virulence strategies will lead to better understanding of the molecular basis of infection and foster novel therapeutic 
approaches. Anaplasma phagocytophilum is an obligate intracellular bacterium that infects neutrophils to cause the potentially fatal 
febrile illness, human granulocytic anaplasmosis (HGA). It undergoes a biphasic developmental cycle, transitioning between replicative 
and infectious morphotypes. We reported that A. phagocytophilum intercepts exocytic traffic from the trans-Golgi to acquire sphingo-
lipids. Sphingolipidomics of infectious A. phagocytophilum organisms revealed high amounts of ceramide. We examined the hypothesis 
that ceramide is crucial for A. phagocytophilum development. Acid sphingomyelinase (ASMase) hydrolyzes sphingomyelin into ceramide. 
Tricyclic antidepressants (TCAs) have been shown to be functional inhibitors of ASMase (FIASMs). Immunofluorescence and QPCR analyses 
of infected host cells in which ASMase had been inhibited with the TCAs, Desipramine, Amitriptyline, and Nortriptyline, revealed that the 
A. phagocytophilum infection cycle was arrested after 24 h in a dose dependent manner. Additionally, TCAs were able to block an active 
infection of A. phagocytophilum. Inhibition of ASMase significantly reduced A. phagocytophilum conversion from the replicative to 
infectious form. To confirm the relevance of ASMase in vivo, ASMase-/- and wild-type mice were infected with A. phagocytophilum and 
bacterial load was monitored over 28 days. ASMase-/- mice had a significantly decreased bacterial burden compared to wild-type mice, 
confirming our in vitro results. Current studies are investigating the relevance of TCA treatment to A. phagocytophilum infection in mice 
and additional intracellular bacteria. In sum, these data indicate that ASMase is critical for progression of the A. phagocytophilum infection 
cycle, specifically for conversion to the infectious form. This is the first example of host ASMase and ceramide being necessary for the in-
fection cycle of any obligate intracellular bacterium and provides insight into how and why these organisms parasitize host sphingolipids. 
The ability of TCAs to inhibit A. phagocytophilum infection represents a new class of already FDA approved drugs that could be used to 
treat HGA and other intracellular bacterial infections.

Stephanie Hurwitz
Tetraspanin CD63 bridges autophagic and exosomal processes to regulate secretion and intracellular signaling of Epstein-Barr 
virus LMP1.
Florida State University College of Medicine

Introduction and Background: The close connection between extracellular vesicles (EVs) and viruses is becoming more widely appreci-
ated. Epstein-Barr virus (EBV), a human herpesvirus that contributes to the development and progression of a multitude of malignancies 
in immunocompromised or genetically susceptible populations, packages its major oncoprotein latent membrane protein 1 (LMP1) into 
secreted vesicles. Trafficking of LMP1 into EVs is associated with increased oncogenicity of vesicles that can enhance the growth and 
migration of malignant cells, contributing to the progression of EBV-associated cancers. We have recently described a role of the host cell 
protein CD63 in regulating intracellular signaling of the viral oncoprotein by shuttling LMP1 into EVs. Evidence also points to intersections 
of the endosomal and autophagy pathways in maintaining secretory processes, and as sites for viral assembly and replication. 
Specific Experimental Aims: Despite the recognition of crosstalk between endosomes and autophagosomes, and its relevance to viral in-
fection, little is understood about the mechanisms governing endosomal and autophagy convergence. In this study, we aimed to uncover 
the role of CD63 in coordinating autophagic and exosomal interactions to regulate intracellular levels and signaling activity of the viral 
protein LMP1. 
Methods and Design: Here we characterize the content of EVs from CD63 CRISPR knockout cells using mass spectrometry and immunob-
lot analysis. We further illustrate cellular morphological differences and vesicular LMP1 secretion from CD63 depleted cells in the context 
of autolysosomal modulation. 
Results: We provide strong evidence of the utility of EV pathways in regulating global intracellular signaling, including mTOR activation by 
LMP1. Moreover, disruption of normal autolysosomal processes increases LMP1 secretion, and dampens signal transduction by the viral 
protein. Increases in mTOR activation following CD63 knockout are coincident with the development of serum-dependent autophagic 
vacuoles that are acidified in the presence of high LMP1 levels. 
Conclusions and Future Directions: Overall, this study offers new insight into the complex intersection of cellular secretory and degrada-
tive mechanisms, and the implications of these processes in viral replication. Future studies will focus on further elucidating the role of 
CD63 in governing endo-autophagic trafficking and EV biogenesis in the context of viral tumorigenesis.
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Kevin Toomer
The clinical course of autoimmunity in IL-2 receptor alpha deficiency is shaped by effects on both regulatory T cells and 
autoreactive T conventional cells
University of Miami Miller School of Medicine

Introduction and Background: Interleukin-2 receptor (IL-2R) signaling is essential for thymic development and homeostasis of CD4+ CD-
25hi Foxp3+ regulatory T cells (Tregs), which are required to maintain self-tolerance.  IL-2/IL-2R genetic deficiency produces lethal autoim-
munity in mice and humans, which has been attributed to a failure of Treg functional maturation. However, IL-2 is also involved in expan-
sion and differentiation of T conventional (Tconv) cells, raising the possibility that functional deficits in autoreactive T lymphocytes help to 
shape autoimmunity in the setting of IL-2/IL-2R knockout.  
Specific Experimental Aims: By evaluating mouse models deleted for the IL-2Rα chain (CD25), we sought to characterize and distinguish 
the phenotypic consequences of IL-2R signaling loss in Foxp3+ Tregs vs. Foxp3- autoreactive T cells. 
Methods and Design: T lymphocytes from two CD25-deficient models, a germline knockout (KO) and a conditional knockout (cKO) 
targeted to Tregs using a Foxp3-Cre driver line, were analyzed by ex vivo flow cytometry.  Data on life span, body weight, hematocrit, and 
tissue histology were collected to evaluate clinical severity of autoimmunity.
Results: Both CD25 KO and cKO mice experienced fatal, systemic autoimmunity, but showed marked differences in disease progression. 
cKO animals perished at 3-4 weeks of age, whereas death occurred at 8-10 weeks of age in the germline KO. Notably, the life span and 
distinctive cutaneous symptoms in the cKO model strongly resembled the scurfy (Foxp3-null) phenotype. In both models, disturbed 
expression of Treg functional molecules was apparent in Foxp3+ thymocytes within the first 2 weeks of life, and the proportion of Foxp3+ 
cells was reduced by 50% or more in secondary lymphoid tissues. Surprisingly, Foxp3 expression on a per-cell basis was reduced by only 
~10% in the cKO model, but ~50% in the germline KO.
Conclusions and Future Directions: The similarity of CD25 cKO and Foxp3-null phenotypes indicates that Treg suppressor function is virtu-
ally eliminated when IL-2R signaling is absent.  However, the germline KO demonstrated that the magnitude of reduction in Foxp3 expres-
sion did not correlate with clinical severity of autoimmunity, a finding which suggests the existence of functionally important IL-2R-depen-
dent gene targets other than Foxp3. Slower disease onset in the germline KO also supports the hypothesis that IL-2-deprived autoreactive 
T cells are less pathogenic, a possibility that will be further explored through functional and transcriptional assays.  
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Nischay Rege
Natural Amino-Acid Substitution Stabilizes Insulin Hexamer
Case Western Reserve University

Introduction and Background: Basal or long-acting insulin analogs are heavily utilized in the treatment of Type I and Type II Diabetes. Al-
though basal insulin analogs are active for 12-24 hours after injection, many have imperfect pharmacological profiles leading to hyper- 
or hypoglycemic episodes in patients. Such analogs may be improved by further prolonging the duration of the activity of the analogs 
and eliminating peaks in their biological activity. Insulin is capable of self-association, forming dimers and zinc-coordinated hexamers. 
A number of clinically available basal insulin analogs have been designed to have prolonged biological activity through stabilization of 
such hexamers, which must dissociate before insulin may be absorbed from its subcutaneous injection site into the bloodstream. 
Specific Experimental Aims: Residue TyrB26 is critical for the biological activity of insulin and the stability of its oligomers. A tryptophan 
residue substituted at the B26 position was expected to prolong insulin hexamer lifetime by stabilizing a key monomer-monomer inter-
face. This analog was further expected to have therapeutic utility as a basal analog by displaying slow onset of biological activity after 
subcutaneous injection. 
Methods and Design: Stability of TrpB26 hexamers was assessed using metal-ion absorbance spectroscopy and size-exclusion chro-
matography. Biological activity was assessed by monitoring blood-glucose clearance in diabetic rats. Structural characterization was 
carried out using x-ray crystallography and circular dichroism spectroscopy. 
Results: Hexamer lifetime of TrpB26 insulin was determined to be 100 fold greater than that of native insulin. Although equipotent to 
native insulin, TrpB26 analogs showed a slower onset of biological activity in rats.  A preliminary x-ray crystal structure has revealed 
orientations of the indole ring of TrpB26 that may contribute to the stability of the its hexamers, whereas assessment of secondary 
structure of TrpB26 analogs revealed differences in structural stability dependent on the character of neighboring residues.  
Conclusions and Future Directions: Results suggest the potential for clinical application. X-ray crystallography and NMR spectroscopy 
experiments have been undertaken to determine the structural mechanisms underlying the dramatic increase in hexamer stability. Ad-
ditional characterization of the pharmacological properties of TrpB26 analogs will also be conducted.

Stephen Li
The Role of Twist2 in Regulating Myogenesis
University of Texas Southwestern Medical Center

Aging-related muscle atrophy (sarcopenia) is a process that affects nearly every person, contributing to debilitations and reductions in 
quality of life. During aging, fast-twitch muscle fibers are selectively atrophied resulting in motor weakness. Normally, muscle regener-
ates through a population of stem cells called satellite cells, which differentiate and non-selectively fuse to existing myofibers in order 
to repair the damaged muscle tissue. Thus, it’s possible that loss of an alternative muscle precursor that fuses specifically to fast-twitch 
fibers may be a mechanism by which aging-related muscle atrophy occurs. Through the technique of lineage-tracing (fate-mapping) of 
the transcription factor Twist2, we have identified a novel muscle progenitor that fuses specifically to type IIb/x (fast-twitch, glycolytic) 
muscle fibers during both aging and homeostatic conditions. These Twist2+ cells are transcriptionally distinct from satellite cells and 
are intrinsically myogenic. Additionally, loss of Twist2+ cells in vivo results in specific atrophy of fast-twitch myofibers. Through RNAseq 
and ChIP-Seq, we found that Twist2 overexpression drives global repression of the myogenic program. Additionally, we identified sever-
al interesting Twist2 target genes such as Neuropilin 1, which may mediate the fiber-type specificity through repulsive interactions with 
Semaphorin 3a. Our data so far suggests Twist2 plays a multifaceted role in regulating the biology of Twist2-dependent progenitors.
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4.3 Bryan Maliken 
Loss of GATA4 in Kit Lineage-Derived Endothelium Leads to Vascular Permeability and Increased Heterotypic Fusion 
University of Cincinnati

The treatment of cardiac ischemic injury using heart-derived c-Kit stem cells showed promising results in clinical trials with scar reduc-
tion and improved ejection fraction following coronary infusion. We previously developed a c-Kit lineage tracing mouse model show-
ing that these cells very rarely convert into de novo cardiomyocytes and most lineage-derived cardiomyocytes are due to fusion.  To 
potentially reduce this de novo rate to zero, and unequivocally evaluate the cellular fusion processes in vivo, we deleted the essential 
cardiomyogenic transcription factor Gata4 in c-Kit cells using a Cre-loxP approach (Kit-Gata4 KO). Mice with the tamoxifen inducible 
Kit-MerCreMer allele crossed into a Gata4 homozygous LoxP targeted background and the Rosa26-eGFP reporter were given tamoxi-
fen at weaning to delete Gata4 in all c-Kit expressing cells and show them and their progeny as eGFP positive. Unexpectedly, we 
observed a greater than 10-fold increase in Kit lineage-traced cardiomyocytes in Kit-Gata4 KO mice compared to Kit only controls with 
up to 4 months of tamoxifen treatment (90% v. 81% fusion in Kit-Gata4 KO v. controls). A 6-fold increase in leukocyte (CD45+) infiltra-
tion suggested that this increase in presumed Kit-lineage traced cardiomyocytes was due to an alteration in the immune cell compart-
ment of these mice that generated greater rates of fusion. However, bone marrow transplant studies revealed that Kit-Gata4 KO bone 
marrow does not exhibit increased cardiac infiltration or heterotypic fusion with cardiomyocytes. The reciprocal experiment, donating 
control bone marrow to recipient mice with Kit-Gata4 KO hearts showed a 4-fold increase in fusion of control bone marrow showing 
that increases in fusion are likely caused by increases in endothelial cell junctional permeability. Analysis of cardiac endothelial cells in 
Kit-Gata4 KO mice revealed that total CD31+ cells had increased by 30% at 2 months of tamoxifen treatment with a parallel increase 
in endothelial progenitor cells (CD133+) in the bone marrow. This endothelial phenotype was corroborated using endothelial-specific 
deletion of Gata4 in a Tie2-CreER mouse which showed a 5-fold increase in both CD31+ cells and vascular permeability after 1 month 
of tamoxifen. Currently, studies are underway to assess the mechanism of altered endothelial integrity and expansion.
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Prasanna Ramachandran 
A novel, evolutionarily conserved neuroendocrine signal regulates lysosome function
Baylor College of Medicine

Introduction and Background: Obesity is a harbinger of significant metabolic and cardiovascular derangements, and merits every 
effort to understand its pathophysiology. One of the only examples of monogenic obesity results from mutations in Tubby. Tubby is 
expressed only in the CNS, and mutations lead to neurosensory defects and morbid obesity. The mechanism is unknown. Caenorhab-
ditis elegans provides a powerful genetic model to investigate this pathway. Mutations in tub-1 (C. elegans Tubby homolog) cause 
analogous phenotypes of neurosensory deficit and obesity. We identified that neuronal deficiency of tub-1 leads to lysosomal dysfunc-
tion in the fat storage tissue, which is not innervated. We hypothesized that tub-1 modulates lysosome function through an endocrine 
signaling axis.
Specific Experimental Aims: a) Identify the neurons that coordinate lysosomal function. b) Define the TUB-1 signaling axis within neu-
rons and in peripheral organs. c) Explore the role of lysosomal dysfunction in mammalian Tubby pathology.
Methods and Design: We tagged genomic tub-1 in C. elegans with GFP using the CRISPR-Cas9 system. TUB-1 interacting proteins were 
identified by IP-MS of the TUB-1::GFP complex. Hypothalamus and liver were isolated from 6-week old Tubby male mice for TEM imag-
ing.
Results: TUB-1 expression was confined to ciliated chemosensory neurons, analogous to mammalian hypothalamic nuclei. A recep-
tor screen identified the serotonin receptor SER-5 as the upstream activator of neuronal TUB-1. IP-MS studies revealed a novel TUB-1 
interactome, from which we identified the G-protein GPC-1 as the transducer of the SER-5 signal to TUB-1. Additionally, we discovered 
that multiple neuropeptides are downregulated in tub-1 mutants, leading to abrogated signaling from neurons to periphery. The neu-
ropeptide Y receptor homolog NPR-4 was identified as the putative end-organ receptor that coordinates lysosome function peripher-
ally. We also discovered lysosomal dysfunction in Tubby mice. These mice exhibited frank steatohepatosis and broad misregulation of 
lysosomal enzymes in the liver. EM studies revealed dramatic reduction in lysosome number in Tubby livers.
Conclusions and Future Directions: Our results reveal a previously unknown and evolutionarily conserved neuroendocrine signal that 
centrally coordinates lysosomal function. These findings indicate a new paradigm in the pathophysiology of obesity as well as neuro-
logical disorders with metabolic sequelae.

Andrew Kleist 
Manipulating allosteric circuits at an atypical G protein-coupled receptor to choreograph novel signaling outcomes
Medical College of Wisconsin

An estimated 30-60% of all FDA approved drugs target G protein-coupled receptors (GPCRs), nevertheless the mechanisms by which 
these drugs interact with GPCRs to initiate signal transduction through diverse pathways is poorly understood. Defining the mechanis-
tic basis by which GPCR ligands elicit distinct signaling outcomes would allow for the development of ‘smarter’ drugs that choreograph 
desired outcomes exclusively while minimizing side effects. These principles form the basis of an emerging paradigm called ‘biased 
signaling,’ in which GPCR ligands preferentially activate a subset of available cystosolic effectors. Biased agonist drugs have proven 
clinical efficacy in the cardiovascular system and demonstrate high therapeutic potential for pain relief, as shown recently in the devel-
opment of a novel chemical scaffold at the mu-opioid receptor that maintains analgesia while significantly reducing dependence and 
respiratory depression in mice through G protein-biased signaling. Atypical chemokine receptors (ACKRs) represent a model system 
in which to interrogate the structural mechanisms of biased signaling at GPCRs. ACKRs are characterized by their inability to elicit 
G protein-mediated signaling events following interactions with their chemokine ligands, instead functioning exclusively through 
β-arrestin. The goals of this research are to (1) define structural mechanisms underlying intrinsic receptor β-arrestin biased signaling at 
ACKR3 using solution Nuclear Magnetic Resonance (NMR) spectroscopy and molecular dynamics (MD) simulations, and (2) to reen-
gineer ACKR3 to elicit G protein signaling. We have developed a system that reports on unique ACKR3 conformations by site-specific 
incorporation of 13C and 19F probes. Bioinformatic analysis and MD simulations suggest that a subset of ACKR3 residues located in 
the transmembrane core increase receptor dynamics at the cytosolic, G protein-coupling region, which may serve to prevent stable 
coupling between these two proteins. By manipulating this subset of residues, we hope to introduce a new allosteric network into 
ACKR3 that allows it to couple to G protein, and in doing so define the allosteric networks responsible for biased signaling at GPCRs.
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5.3 Michelle Rudman
Inhibition of an Epigenetic Reader Decreases Inflammation after Spinal Cord Injury
University of Miami Miller School of Medicine 

Introduction and Background: Inflammation is a major contributor to the secondary damage that occurs minutes to days after spinal 
cord injury (SCI).  The inflammatory response is coordinated by many different signaling modalities including epigenetic modification 
of promoters and enhancers. Bromodomain and extraterminal domain-containing proteins (BETs) are epigenetic readers that bind 
acetylated chromatin to promote pro-inflammatory transcription. BET inhibition is anti-inflammatory in animal models of rheumatoid 
arthritis and coronary artery disease. However, the role of BETs in neuroinflammation is poorly understood. 
Specific Experimental Aims: We sought to determine whether BETs are necessary for inflammatory gene expression in primary neu-
rons, astrocytes, oligodendrocytes, and microglia in vitro, and whether pharmacologic BET inhibition may decrease inflammation after 
experimental SCI.
Methods and Design: Effects of BET inhibitor JQ1 on cytokine expression were assessed in primary mouse neurons, astrocytes, oligo-
dendrocytes, and microglia. To investigate the effects of BET inhibition after SCI, JQ1 was administered (30mg/kg, i.p.) bidaily begin-
ning 3 hours after spinal cord contusion in adult female C57BL/6 mice. Cytokine expression was assessed at 3 days post-injury using 
qPCR and leukocyte infiltration was assessed using flow cytometry. 
Results: BET inhibition significantly attenuated inflammatory gene expression in all four neural cell populations in vitro. Pharmaco-
logic inhibition of BETs after experimental SCI attenuated the expression of multiple pro-inflammatory cytokines and chemokines and 
decreased macrophage and neutrophil infiltration by 3 days post-injury. 
Conclusions and Future Directions: We have demonstrated that BETs play a key role in promoting inflammatory signaling in neural 
cells, and that BET inhibition significantly decreases cytokine signaling and leukocyte infiltration after experimental SCI. The targeting 
of an epigenetic reader in neuroinflammation is a novel therapeutic strategy for simultaneously modulating the expression of large 
groups of inflammatory genes in an activation-dependent manner. Future studies will examine whether inflammatory suppression 
mediated by BET inhibition is sufficient to decrease secondary injury and promote functional recovery after experimental SCI. We will 
also determine the utility of BET inhibition as an adjuvant therapy with corticosteroids for suppressing inflammation acutely after SCI.
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6.1 Christopher Bartlow
Radiation Decreases Fracture Toughness with No Affect on Mineral Density in Mouse Femurs
Upstate Medical University

Introduction and Background: Fragility fractures are a common complication following radiotherapy performed as part of oncologic 
care. Irradiated bone has been described as embrittled. However, a direct measure of bone brittleness has not been performed. 
Specific Experimental Aims: This study aimed to determine if local radiation therapy reduced bone fracture resistance or tissue mineral 
density using an adult mouse model. 
Methods and Design: Twelve week old BALB/cJ mice were assigned to either a radiation group or a non-radiation control group. The 
irradiated group was given bilateral hindlimb radiation (RTx) delivered as 4 fractionated doses of 5 Gy (4 x 5 Gy), and control was only 
given anesthesia. Femurs were harvested at 0, 4, 8, and 12 weeks after radiation, and a -4 day baseline control (n=15 per point). Frac-
ture toughness tests were performed on the femoral mid-diaphysis using a 3 point bend configuration after creation of a sharp notch, 
and micro-computed tomography was used to determine tissue mineral density (TMD) in the same region.
Results: Immediately following the fractionated dosing schedule (0 wks), RTx caused a decrease in initiation toughness (-24%, 
p<0.001), peak load fracture toughness (-45%, p<0.001), and critical fracture propagation toughness (-42%, p<0.001). With continued 
time following RTx, the loss of toughness did not recover. At 12 weeks, initiation (-13%, p=0.008), peak load fracture (-20%, p=0.018), 
and critical fracture propagation toughness (-27%, p<0.001) were all lower than sham treated limbs. In contrast, TMD did not decrease 
for the RTx group compared to sham femurs. 
Conclusions and Future Directions: The results of this study show that there is an early, sustained loss of cortical bone fracture resis-
tance at the mid-diaphysis following local RTx. This suggests that alterations to bone tissue constituents (mineral and/or collagen) 
occur immediately after RTx. In this study, there was not a correlation between the reduction in fracture toughness with changes in 
the mineral density (TMD) in the bone. This indicates that TMD is not a good diagnostic indicator of bone embrittlement in this model, 
consistent with clinical data suggesting that BMD does not change following RTx. In a clinical setting, if embrittlement of bone occurs 
early, but clinical fracture does not occur for several years, then it is likely that there is an accumulation of microdamage to the bone 
from repetitive loading, perhaps with diminished bone turnover that results in clinical fracture.
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6.2 Asher Krell
Determination of Optimal Seeding Conditions of Fibroblasts in a Peptide Amphiphile Gel
University of Alabama at Birmingham 

Introduction and Background: The advent of minimally invasive cardiovascular stent placement has let to reduced mortality following 
acute myocardial infarction. Research in stent design and coating has been focused on reducing rates of restenosis and promoting 
endothelialization. However, there is a significant need for a blood vessel mimic allowing for rapid testing of new coatings in vitro. Our 
approach to developing this model includes layering conditioned sheets of aortic smooth muscle cells (AoSMCs) and human aortic 
fibroblasts (HF) in a tubular construct. 
Specific Experimental Aims: The primary objective of this study was to characterize the growth and structural organization of HFs in a 
sheet-like nanomatrix gel under a range of seeding conditions. 
Methods and Design: HFs were encapsulated in a thin nanomatrix gel sheet, which is less than 100 μm in height. Encapsulation was 
done over a range of cell densities and for several different gel concentrations. Cross-linking reagent (CaCl2, 100 mM), delivered as a 
mist from a humidifier, was applied onto the mixture to form a nanomatrix gel sheet. Tissue-like sheets were transferred to wells con-
taining growth media and conditioned for variable amounts of time. Encapsulated cells inside the nanomatrix gel sheet were analyzed 
by Live/Dead and immunofluorescent staining. 
Results: Images of live/dead staining for all HF conditions confirmed that cells were viable and growing inside nanomatrix gel sheets. 
Qualitative analysis of actin-stained images indicate that a seeding density of 9*10^5 cells/gel and a 1% gel concentration are ideal 
to promote cell expansion and physiological cell morphology. Confocal images of actin-stained constructs were taken following two 
weeks of cell growth and indicate cell division and development of cell-cell interactions.
Conclusion and Future Directions: We have developed optimal conditions for producing nanomatrix gel sheets containing viable HFs 
that can be used for producing in vitro blood vessels. Future studies include optimizing seeding technique for AoSMCs and develop-
ment of a three-layered vessel structure.
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6.3 Andy Tekriwal 
Subthalamic nucleus local field potential activity coincides with stages of sleep-wake cycle in a predictable manner
University of Colorado School of Medicine

Introduction and Background: Deep brain stimulation (DBS) devices used for the treatment of Parkinson’s disease (PD), are designed to 
emit a constant electrical pulse train with stimulation parameters determined by clinicians. Efforts to increase the efficacy of stimula-
tion systems have focused on developing feedback control devices that can self-determine optimal stimulation parameters, based on 
real-time patient-derived physiologic input. Modulating stimulation parameters in response to LFPs recorded from macroelectrode 
DBS contacts has shown promising preliminary results. Rigorous characterization of LFP is crucial to providing additional spectral 
markers that developers of feedback control devices can use to gate stimulation to. Here we provide detailed characterization of 
changes in LFP over the course of nightime polysomnography, in ten PD patients implanted with DBS targeting STN.
Specific Experimental Aims: Characterize changes in Subthalamic Nucleus local field potential (STN LFP) activity related to stages of the 
sleep-wake cycle.
Methods and Design: PD patients (n=10) in the “off” medication state underwent STN LFP recording with concurrent polysomnog-
raphy for a full night (6-9 hours). LFP were recorded through an externalized DBS lead three weeks after implantation. Kruskal-Wallis 
non-parametric ANOVA with post-hoc Bonferroni correction was applied to determine statistical significance. Support vector machine 
(SVM) learning utilized to assess application of LFP as a predictive sleep stage indicator. 
Results: We report on the spectral power of STN LFP frequency bands 0-3, 3-7, 7-13, 13-30, 30-90, 90-350 Hz, relative to changes in 
polysomnograph-determined arousal or sleep state (awake, REM, NREM). Novel findings include: (1) significantly (p<0.0001) greater 
0-3, 3-7, and 7-13 Hz median bandpower in NREM compared to REM/awake states, and (2) significant (p<0.0001) median bandpower 
differences between awake, REM, and NREM in 7-13 and 30-90 Hz (awake>REM>NREM). SVM analysis indicate the predictive accuracy 
of patient specific models’ is significantly greater than non-specific or randomly shuffled models (p<0.0001).
Conclusion and Future Directions: Our findings suggest that STN LFP may be used to differentiate between awake versus sleep states. 
Intra-patient predictive computational modeling indicates that STN LFP is an accurate measure of sleep stage, which holds significant 
potential for the creation of closed-loop DBS devices. Collection of additional clinical recordings are planned alongside piloting of 
closed loop system in animal models.
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Interfacing with Industry 
Next generation cancer therapies- Peter Hammerman, MD, PhD
Dr. Hammerman will discuss how his MD/PhD training has placed him at the forefront of cancer research and what to expect for 
future cancer therapies. He has an extensive background in both academia, industry, clinical trials, and patient care.

Dr. Peter S. Hammerman joined Novartis Institute for BioMedical Research in September of 2016 as Global Head of Oncology 
Translational Research. Dr. Hammerman is a Medical Oncologist and previously headed a translational research laboratory at the 
Dana-Farber Cancer Institute focusing on experimental therapeutics in lung and head and neck cancers. He practiced as an at-
tending physician and clinical trialist in the Lowe Center for Thoracic Oncology at Dana-Farber and was an Assistant Professor of 
Medicine at Harvard Medical School and an Associate Member of the Broad Institute of Harvard and MIT.

Obtaining an NIH F30 Fellowship 
The stuff they don’t tell you- Paul Muhlrad, PhD
Successful grant applications form the foundation of any research group. Dr. Muhlrad will teach us the persuasive art of grant 
writing and how to write with the reviewers’ emotions in mind. 

Dr. Paul Muhlrad completed his PhD in Molecular and Cellular Biology at the University of Arizona in 2001 studying sperm devel-
opment in C. elegans. Since then, he was worked as the Director for Basic Research at the Muscular Dystrophy Association, as a 
Senior Research Specialist at the University of Arizona, and as a science writer. He is currently the Science Communications Man-
ager in the Department of Molecular, Cellular and Developmental Biology at CU Boulder, where he helps researchers locate and 
garner research grant funding and teaches a graduate course in scientific writing.

Research Ethics
Surviving the ethical swamps of scientific research - Mary Allen, PhD
Ethical dilemmas are becoming more prevalent in research as funding decreases and pressure to publish increases. In 2004, Dr. 
Mary Allen was a graduate student. She and her fellow graduate students had to make a difficult decision when they discovered 
their PI had falsified data. In this session, we will discuss common circumstances in the ethical swampland. We will consider meth-
ods of responsible conduct of research and prepare to survive in our competitive research environment while avoiding murky 
situations.

Dr. Mary Allen is a Research Professor at CU Boulder. She began her graduate studies at the University of Wisconsin Madison 
but completed them at CU Boulder. As a post-doc, she studied RNA processing under the supervision of Tom Blumenthal at CU 
Boulder. She now works with Professor Robin Dowell and is interested in transcriptional dysregulation in Down’s Syndrome. Ethics 
conversations with Dr. Allen have been featured in numerous journals and on National Public Radio. She is inquisitive, fascinated 
with the unknown, and hopes to improve scientific conduct.

2:30 - 4:15 p.m. • Saturday, July 15
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This portion of the conference aims to facilitate an informative session for students to connect with a variety of residency 
programs from across the nation and in different fields to learn more about PSTP residencies and career options. The session will 
be held in Crestone Peak, in which groups of students will rotate to each residency program booth for roundtable discussions with 
each program. Participating Programs Include,

American College of Rheumatology
Ngozi Afulezi
Senior Specialist of Research 

Johns Hopkins University: Pathology
Kathleen Burns, MD, PhD
Associate Professor of Pathology and Oncology

Northwestern University: Psychiatry
Robert Lloyd, MD, PhD
Assistant Professor of Psychosomatic Medicine
Associate Residency Program Director

Stanford University: Pediatrics
Zachary Sellers, MD, PhD
Pediatric Fellow

University of Colorado: Internal Medicine 
Arthur Gutierrez-Hartmann, MD
Professor of Medicine (Endocrinology) and of Biochemistry & Molecular Genetics
Associate Dean for Research Education
MSTP & PSTP Director

University of Colorado: Pathology
Ann Thor, MD
Professor and Chair of Pathology

University of Iowa: Neurology
Andrea Swenson, MD
Assistant Professor of Neurology
Residency Program Director

University of Minnesota: Internal Medicine
Clifford Steer, MD
Professor of Medicine and Genetics, Cell Biology, and Development
Associate Dean for Faculty Affairs
PSTP Director

PHYSICIAN SCIENTIST TRAINING PROGRAM
RESIDENCY SHOWCASE

3:15 - 5:00 p.m. • Sunday, July 16
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Functional characterization of WFS1 in pancreatic beta-cell viability and function

Damien Abreu
Washington University in St. Louis

Introduction and Background: Diabetes mellitus (DM) is a widespread metabolic disorder of glucose homeostasis with a global morbidity 
and mortality of 415 million and 5 million people per year. All forms of DM are characterized by a deficiency in insulin production second-
ary to pancreatic β-cell dysfunction and/or β-cell death. Mounting evidence strongly implicates endoplasmic reticulum (ER) dysfunction 
as a key mediator of β-cell pathology. Accordingly, genetic defects in key molecules responsible for maintaining ER homeostasis cause 
monogenic diabetes, such as Wolfram syndrome. This recessive progressive neurodegenerative disorder stems from mutation of WFS1, 
which first manifests as juvenile-onset DM. While many WFS1 variants have been linked to DM, the role of WFS1 in -cell viability and func-
tion remains unclear. 
Specific Experimental Aims: Our central hypothesis is that WFS1 regulates -cell viability through downregulation of ER stress-responsive 
pro-apoptotic factors and -cell function through modulation of key ER Ca2+ transporters.
Methods and Design: We generated inducible -cell models of WFS1 knockdown and overexpression by transducing rat insulinoma cell 
lines (INS1 832/13) with tet-inducible constructs of shWfs1 or human WFS1. Using these models, we monitored -cell function through 
glucose stimulated insulin secretion (ELISAs) and -cell death through caspase 3/7 activation (luminescence assays). To model ER stress, we 
employed tunicamycin and thapsigargin, two chemical inducers of ER stress which disrupt different pathways. Downstream responders 
to ER stress were monitored by real-time PCR and immunoblot. Intracellular calcium was monitored by fluorescent dyes (FURA-2AM and 
Fluo4).
Results: Our data indicate that -cells depleted of WFS1 exhibit impaired insulin secretion and reduced insulin content. Additionally, 
knockdown of WFS1 is associated with decreased ER Ca2+, increased cytosolic Ca2+ and increased -cell death. Conversely, increasing 
WFS1 expression in vitro increases insulin production and confers protection against ER stress-mediated -cell death. 
Conclusions and Future Directions: Our data suggest that WFS1 may preserve -cell viability by reducing the expression of pro-apoptotic 
factors induced by ER stress, such as CHOP. Future studies will test if WFS1 protects -cells against metabolic stressors and regulates ER 
Ca2+ transporter stability. These studies will expand our understanding of the mechanisms by which ER dysfunction triggers -cell pathol-
ogy in more common forms of diabetes.

Single-Cell Analysis of NFκB Signaling in Activated Macrophages

Adewunmi Adelaja
University of California, Los Angeles

Introduction and Background: Macrophages are the primary initiators and coordinators of immune responses. They exhibit highly heter-
ogenous phenotypes to regulate innate defense, initiation and coordination of adaptive immunity and tissue repair. These phenotypes 
are a function of the tissue microenvironment, determined by cytokines.  Inflammatory responses in macrophages are dependent on the 
activity of the transcription factor NFκB, which is regulated by stimulus-induced degradation of IκBs, which also provide negative feed-
back.  Several studies of examined NFκB signaling by exogenous expression of a fluorescent NFκB fusion protein reporter in cell lines, but 
how NFκB signaling is controlled in primary macrophages and how polarizing cytokines may affect NFκB control remains unknown.
Specific Experimental Aims: To examine NFκB signaling in primary macrophages and how polarizing cytokines may affect NFkB activity.
Methods and Design: To examine NFκB signaling dynamics at the single cell level, we generated a RelA-Venus knockin mouse, in which 
NFκB regulation and all physiology is equivalent to wild type controls.  
Results: Using bone-marrow-derived macrophage (BMDMs) derived from these mice, single cell analysis of NFκB signaling in macro-
phages revealed oscillatory dynamics in response to cytokine stimuli such as TNF and largely non-oscillatory dynamics response to 
Myd88-mediated pathogen ligands. This fundamental distinction between friend vs foe signaling contributed to a large mutual informa-
tion score of more than 2.1 bits. Interestingly, IFNγ-polarized macrophages, modeling those found in inflammatory legions, showed a dra-
matically reduced capacity to distinguish TNF from PAMP ligands in terms of NFκB dynamics. Frequency-domain analysis revealed that 
IFNγ enhances non-oscillatory NFκB dynamics, thus diminishing the mutual information generated by TNF or PAMP stimulation.
Conclusions and Future Directions: We are currently examining the molecular mechanism by which IFNγ alters the NFκB-IκB signaling 
module to diminish its ability to distinguish friend- vs foe-like ligands.
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A Functional Genomics Approach to Dendrite Regeneration

Richard Albertson
Penn State University

Introduction and Background: Neurons are polarized cells with axon and dendrite compartments.  Since most neurons are not replaced, 
they must have survival mechanisms for recovering from damage to either compartment.   Axon regeneration has been studied for 
over 150 years and requires the conserved DLK MAP kinase signaling cascade.  In contrast, dendrite regeneration has only recently been 
recognized as a neuronal injury response.  While the DLK pathway required for axon regeneration is dispensable for dendrite regenera-
tion, much of the molecular underpinnings of dendrite regeneration remain unknown.  We have taken a functional genomics approach in 
Drosophila to identify genes required for dendrite regeneration.
Specific Experimental Aims: 1. Identify differentially expressed genes following dendrite injury 2. Identify genes required for dendrite 
regeneration.
Methods and Design: RNA sequencing was performed on samples derived from 10 ddaC neurons microdissected from third instar 
Drosophila larvae.  These neurons had undergone injury to either the dendrite or axon compartments with a pulsed UV laser.  Candi-
date genes were selected from differential expression data and tested for their functional requirement in dendrite regeneration by RNAi 
knockdown.  In this assay, complete dendrotomy of a ddaC neuron was performed in a third instar larva and regeneration scored 24 
hours later.  
Results: RNA sequencing found 257 and 195 genes differentially expressed 6h and 12h after dendrotomy respectively. Similarly, 237 and 
269 genes were differentially expressed 8h and 24h following axotomy. RNAi knockdown of 8 different genes resulted in decreased den-
drite regeneration, and knockdown of 1 gene resulted in increased regeneration.  These genes include transcription factors, kinases, and 
receptors that highlight potential new roles for several genes in neurons.  
Conclusions and Future Directions: Our approach using a combination of whole transcriptomic investigation with functional gene 
knockdown identified several genes required for dendrite regeneration.  However, it is still unclear where exactly these genes function 
in dendrite injury response.  Further work is needed to determine how specifically these genes function in dendrite injury compared to 
normal development, as well as general stress response in neurons.  Additionally, this work will serve as a foundation for investigation of 
dendrite regeneration in disease scenarios.

Codon bias imposes a targetable limitation on KRAS-driven therapeutic resistance

Moiez Ali
Duke University

KRAS mutations drive resistance to diverse targeted therapies, most notably to EGFR inhibitors in the setting of metastatic colorectal 
cancer (CRC). Curiously however, through a series of genetic screens involving constitutive activators of oncogenic signaling pathways, 
we found that ectopic expression of mutant HRAS, another RAS gene not typically associated with resistance, drove substantially stronger 
therapeutic resistance than mutant KRAS. Although HRAS and KRAS share ~85% amino acid sequence identity, the nucleotide sequence 
between the two varies enormously, with HRAS being enriched in common codons that yield high protein expression, while KRAS is 
enriched in rare codons that yield poor expression. This suggested that rare codons may limit the ability of KRAS to impart resistance in 
the clinic. Consistent with this notion, we find that primary resistance to the EGFR inhibitor cetuximab in CRC is dependent not only upon 
KRAS mutational status, but also upon the ability of cancer cells to overcome the translational barrier imposed by codon bias. Similarly, 
we show that more potent KRASQ61 mutations drive acquired resistance even in the setting of low protein expression, perhaps explain-
ing the paradoxical enrichment of these mutations observed in patients with cetuximab-refractory CRC. Finally, we demonstrate that can-
cer cells globally upregulate translation in the setting of KRASG12-driven acquired cetuximab resistance, resulting in hypersensitivity to 
diverse small molecule inhibitors of translation. These findings demonstrate that codon bias plays a critical regulatory role in KRAS-driven 
therapeutic resistance and provide a mechanistic rationale for targeting protein translation to overcome resistance.
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5 Modulators of Enterococcus faecalis cell envelope homeostasis and antimicrobial resistance control stable colonization of the 
gastrointestinal tract

Ismael Banla
Medical College of Wisconsin

Enterococci are major causes of hospital acquired infections. Although they are considered intestinal commensals, these organisms 
can disseminate from the GIT, invade host tissues and cause life threatening infections. GIT colonization is key to the pathogenesis of 
enterococci and therefore represents a potential therapeutic target. However, the strategies employed by enterococci to colonize the 
GIT are poorly understood. We hypothesized that resistance to GIT antimicrobials is essential for long-term colonization. In accordance 
with our hypothesis, E. faecalis tolerates high concentrations of intestinal antimicrobials like cholate and lysozyme. We found that IreK, 
a determinant of envelope integrity and antimicrobial resistance, is required for long-term colonization. IreK is a member of the PASTA 
kinase protein family, a group of bacterial signaling membrane proteins that are implicated in the regulation of cell wall homeostasis. 
Among several determinants of cholate and lysozyme resistance, IreK was the only one found to be required for intestinal colonization, 
emphasizing the importance of this protein to enterococcal adaptation to the GIT. By studying ΔireK suppressor mutants that recover the 
ability to colonize, we identified two conserved enterococcal proteins (OG1RF_11271 and OG1RF_11272) that function antagonistically to 
IreK and interfere with cell envelope homeostasis, antimicrobial resistance and GIT colonization. Our data suggests that IreK, through its 
kinase activity, inhibits the actions of these proteins. IreK, OG1RF_11271 and OG1RF_11272 are found in all enterococci species, suggest-
ing that they are universal modulators of GIT colonization by enterococci and therefore represent attractive targets in the design of novel 
therapies aimed at disrupting colonization.

Loss of the mitochondrial pyruvate carrier increases susceptibility to tumorigenesis in the murine colon

Claire Bensard
University of Utah

Introduction and Background: The lifetime risk for developing colorectal cancer is approximately 1 in 27 for the American patient. Certain 
metabolic adaptations, such as loss of the mitochondrial pyruvate carrier (MPC), pre-dispose a cell towards proliferation and can have 
prognostic value in colorectal cancer. 
Specific Experimental Aims: Determine if loss of MPC is sufficient to promote tumorigenesis in the colon and by what mechanisms. 
Methods and Design: Genetic loss of MPC was induced under a Lrig1-driven Cre-Lox transgenic system in 6-8 week old mice. In determin-
ing if loss of MPC could directly initiate tumorigenesis, mice were kept in ambient conditions for up to 180 days, following which their 
colons were examined by histology for dysplasia. In determine if loss of MPC could promote tumorigenesis, thirty days following genetic 
loss of MPC, mice were exposed to azoxymethane and successive rounds of colitis (AOM-DSS). Colon crypts and polyps were examined 
either in tissue by histology, cultured as organoids, or isolated for protein and mRNA. 
Results: Mice lacking MPC in the gastrointestinal tract showed no deficits physiologically compared to wildtype controls, and additionally 
showed no dysplasia. These mice, however, did have an observable increase in the numbers of proliferating cells in the colon crypt as well 
as markers of stemness. Mice lack MPC and exposed to AOM-DSS had two-fold more adenomatous dysplastic foci compared to wildtype 
controls. 
Conclusions and Future Directions: We are in the process of culturing colon tissue from these experiments as well as molecularly charac-
terizing the tissues obtained. We are interested in testing the hypothesis as to the increase in tumorigenesis is a result of MPC influencing 
DNA damage and repair pathways or is a result of MPC promoting stem cell proliferation.
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Formation and Maturation of Feedback Inhibition to the Visual Thalamus

Peter Campbell
University of Louisville

The reciprocal connections between the dorsal lateral geniculate nucleus (dLGN) and the thalamic reticular nucleus (TRN) play an 
important role in regulating thalamocortical activity during different behavioral states such as attention, wakefulness, and sleep. Axon 
collaterals of thalamocortical neurons provide excitatory input onto GABAergic TRN neurons, which in turn convey feedback inhibition 
to dLGN relay neurons. Here we examined when and how this major inhibitory projection arises during early postnatal life and whether 
its formation depends on the presence of retinal input to dLGN. We employed mouse transgenics to visualize when inputs emerge and 
optogenetics to asses when functional connections are made. To determine when projections from TRN arrived in dLGN, we examined 
coronal sections from GAD65 mice across multiple early-postnatal ages using confocal microscopy. We assessed when functional connec-
tions formed using in vitro whole cell patch clamp physiology combined with optogenetics. These experiments used acute brain slices 
prepared from Somatostatin-Cre x Channelrhodopsin 2 (SST-Cre x ChR2) mice. Finally, we crossed these mice with the Math 5-/- mouse 
(a line devoid of retinal input to the brain) to determine if the developmental time course was altered in the absence of retinal inputs. 
Our results show that TRN terminals first arrive in dLGN at P2 and fully innervate this area by P6. Genetic deaffrentation accelerated TRN 
innervation as fibers were present at P0 and a greater extent of dLGN was covered by TRN terminals from P0-P4. Functionally, postsynap-
tic responses emerged toward the end of the first postnatal week. By the third postnatal week, these light-evoked responses resembled 
those from adults – the amplitude is similar and responses can inhibit the firing of action potentials in relay neurons. In the absence of 
retinal input however, functional responses were delayed – the incidence of responsive cells was lower and the paired-pulse ratio was di-
minished. Thus, retinal inputs coordinate the development of TRN feedback inhibition – in control conditions retinal terminals arrive first, 
quickly followed by those from TRN. In the absence of retinal terminals, this developmental plan is disrupted. These results support two 
principles of the formation of thalamic circuitry: that retinal input orchestrates the arrival of non-retinal projections and that structural 
innervation and synapse formation are regulated by different mechanisms.

HSV-1 Replication is Inhibited by the Antiviral DNA Cytosine Deaminase APOBEC3G

Adam Cheng
University of Minnesota

APOBEC3 (A3) proteins belong to a family of DNA cytosine deaminase enzymes that function in innate immunity and cancer pathogen-
esis. Of the seven human A3 proteins, APOBEC3G (A3G) is a well-studied restriction factor that inhibits the replication of retroviruses like 
HIV and HTLV-1 by catalyzing the conversion of cytosines to uracils in viral cDNA replication intermediates, which results in viral DNA 
degradation or hypermutation. Only one study to-date has addressed the effect of A3s on HSV-1 infectivity and mutagenesis. Interest-
ingly, only APOBEC3C (A3C), but not A3G was found to restrict HSV-1. To further investigate the biological relevance of A3s on HSV-1 
replication, we generated a panel of stable A3-expressing 293T cells, infected cells with HSV-1 KOS1.1, and monitored virus replication 
by plaque assays.  We found that A3G induces a log-fold decrease in HSV-1 replication at a low MOIs and a dampened, but consistent 
reduction in replication at high MOIs. Additionally, HSV-1 does not appear to have the capacity to degrade A3s, which is in contrast to the 
HIV-1 Vif-mediated degradation of A3s via a ubiquitin-proteasome pathway. Further work is required to elucidate the mechanism HSV-1 
restriction, but out initial studies suggest that A3G is a novel biologically relevant innate immune molecule that functions in inhibiting 
HSV-1 replication.
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Towards Development of PWS Targeted Therapy and Translational Research Model

Michael Chung
UConn Health

Introduction and Background: Prader-Willi Syndrome (PWS) is a neurodevelopmental disorder with hallmark traits of hypotonia, hypo-
gonadism, hyperphagia and obesity. Its pathogenesis lies with the loss of the paternal contribution (SNORD116 cluster) of the imprint-
ed15q11-q13 locus. PWS Patients lack paternal contribution of the locus but still possess transcriptionally silent genes on the maternal 
chromosome. We previously discovered that ZNF274 recruits repressive epigenetic machinery specifically to the maternal locus. PWS 
iPSC (induced pluripotent stem cells) derived neurons deficient for ZNF274 showed robust reactivation of the maternal genes. To develop 
a targeted therapeutic approach, we completed computational analysis to elicit the ZNF274 binding motif and found its presence in 6 
SNORD116s. This knowledge has been crucial to our current strategies to specifically interfere with ZNF274 binding and reactivate the 
maternal transcript. Concurrently, we are exploring new translational models to assess targeted epigenetic therapies. Although murine 
models exist, they possess important genetic and phenotypic differences. In contrast, Macaca fascicularis (Cynomolgus monkey) possess 
the ZNF274 binding motif in the first nine SNORD116s and may serve as a more accurate model.
Specific Experimental Aims: Aim 1: Reactivate the Silent Maternal Transcript by Displacing ZNF274 Using dCas9 Technology. Aim 2: Estab-
lish PWS Model in Macaca fascicularis iPSC
Methods and Design: Aim 1: dCas9 and sgRNA will be stably expressed in PWS iPSCs. qPCR will be used to assess gene reexpression 
through neuronal differentiation. Aim 2: CRISPR/Cas9 will be used to remove the SNORD116 cluster in Macaca fascicularis iPSCs. The 
edited and unedited lines will be differentiated into neurons and their transcripts measured through qPCR.
Results: Our initial experiments have yielded potential sgRNAs to specifically target the ZNF274 binding sites in the SNORD116 cluster. 
We have also generated Macaca fascicularis iPSC isogenic clones with paternal and maternal deletions of the SNORD116 Cluster. In stem 
cells, the Macaca fascicularis PWS transcript has demonstrated many parallels to the Human PWS transcript.
Conclusions and Future Directions: We will next assess the efficacy of the dCas9 constructs in PWS iPSCs. In parallel, we will evaluate the 
edited and unedited Macaca fascicularis lines through neuronal differentiation. We hope to ultimately compare the dCas9 constructs in 
both human PWS iPSCs and Macaca fascicularis PWS iPSCs.

Using motions and forces to improve our understanding of thumb function and disability

Amber Cussen
Michigan State University

Introduction and Background: Osteoarthritis (OA) of the thumb carpometacarpal (CMC) joint affects more than 50 % of U.S. adults over 
55. Thumb CMC OA presents with decreased joint motion and strength. However, current clinical methods can only measure range of 
motion (ROM) in one anatomical plane at a time and no device is currently capable of measuring the thumb force production in a variety 
of positions.  
Specific Experimental Aims: Aim 1: Motion capture analysis will be used to identify functional three-dimensional (3D) thumb CMC joint 
motions, beyond 2D finger flexions that are obtained using clinical measures. We hypothesize that differences between thumb motion 
in healthy and disease states can be identified with motion capture analysis. Aim 2: A multi-axis load cell with a custom interface will be 
used to quantify magnitudes and directions of thumb force production during thumb CMC joint flexion, extension, abduction, and ad-
duction. 
Methods and Design: Standard thumb CMC joint ROM and maximal spread between index and thumb were measured in three asymp-
tomatic participants (ages 22-29). Repetitive thumb circumduction was evaluated in two asymptomatic (ages 19-22) and one osteoar-
thritic participant (age 66). The force apparatus was tested on six asymptomatic participants (ages 20-26). N-way ANOVA was used to 
compare intra-participant reliability across test days. 
Results: Functional abduction allowed for greater spread between the thumb and index finger than isolated palmar or radial abduction 
alone; this translated into larger motions. During the circumduction task, the OA participant took longer to complete revolutions, had 
reduced ROM, and an altered axis of motion compared to asymptomatic controls. There were no significant inter-day variation in force 
values. The average standard deviation between test days was 4.9 N, 3.5 N, 2.9 N, and 3.9 N during adduction, abduction, flexion, and 
extension. 
Conclusions and Future Directions: These initial motion results suggest that functional measures can provide additional insight into 
thumb CMC joint motion. By gathering dynamic data sets that relate to functional measures, we can improve our understanding of kine-
matics in OA participants. The measurement of thumb force production provides insight into thumb forces and, when used in conjunc-
tion with a treatment regimen like hand therapy, can be used to reliably track thumb force outcomes.
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Conserved gammaherpesvirus protein kinase facilitates gammaherpesvirus-driven germinal center response

Eric Darrah
Medical College of Wisconsin

Gammaherpesviruses, such as Epstein-Barr virus (EBV) and Kaposi’s Sarcoma associated herpesvirus (KSHV) are ubiquitous pathogens 
that are associated with several cancers, including lymphomas.  In addition to classical antiviral humoral response, gammaherpesvirus 
infection drives a robust nonspecific B cell activation and germinal center reaction, and it is the germinal center B cell that is thought to 
be the target of malignant transformation in the gammaherpesvirus-associated lymphomagenesis.  While several host factors that affect 
gammaherpesvirus-driven germinal center reaction have been defined, less is known about the viral factors that promote the polyclonal 
germinal center reaction during infection.  Due to species specificity of EBV and KSHV, identifying such viral factors is challenging.  To 
overcome such restriction, current studies utilize murine gammaherpesvirus 68 (MHV68), a rodent gammaherpesvirus genetically and 
biologically related to human counterparts. Our laboratory has previously shown that the conserved viral protein kinase, orf36, facilitates, 
but is not absolutely required for the establishment of latency during chronic gammaherpesvirus infection.  In this study, we show that 
following a low dose intranasal infection, both enzymatic activity and expression of the viral protein kinase are critical for virus replica-
tion during acute infection and the establishment of viral latency.  Interestingly, a significant attenuation of the germinal center response 
was observed even under conditions when orf36-mutant viruses were able to establish splenic latency, including within germinal center 
B cells.  This attenuation of germinal center reaction was accompanied by specific quantitative and qualitative changes in humoral 
responses; efforts to identify the mechanism of such changes are currently being pursued.  In summary, our studies identify a conserved 
gammaherpesvirus protein kinase as a viral factor that supports unique gammaherpesvirus-driven germinal center response that likely 
contributes to viral lymphomagenesis.

Constitutively active STAT5 in CD8 T cells enhances the antitumor effect of adoptive cell transfer with peptide vaccination

Aaron Fan
Augusta University

Introduction and Background: Adoptive cell therapy (ACT) of retrovirally transduced (RV) T cells is a powerful technique that has shown 
promise in tumor eradication in cancer patients. Our laboratory has previously demonstrated the use of TriVax (synthetic peptide, TLR 
agonist, anti-CD40 antibody), a potent peptide vaccination strategy that dramatically expands ACT cell populations and bypasses harmful 
and toxic adjunct procedures commonly employed in current methods.
Specific Experimental Aims: To determine the in vivo response of RV T cells to TriVax specific for melanosomal tumor antigen gp100, and if 
the responses could be enhanced when transduced with constitutively active STAT5 (CA-STAT5), which has been shown to increase CD8 T 
cell survival. Last, we aimed to evaluate the antitumor effect of these cells after TriVax administration in a B16 melanoma model.
Methods and Design: CD8 T cells were purified from B6 mouse splenocytes, activated with CD3/CD28 beads, and transduced with RV en-
coding mouse gp100 TCR. In some experiments, cells were also co-transduced with CA-STAT5 RV. Transduction efficiency and functional 
activity was assessed using flow cytometry, cytotoxicity, and EliSpot. Naïve and tumor-bearing congenic CD45.1 mice were given ACT 
(1.0x105 tetramer+ cells) and subsequently vaccinated with TriVax.
Results: TriVax administration selectively expanded the ACT cell population expressing gp100-TCR; this was preferential for ACT popula-
tions over endogenous. Cell numbers in spleen indicated a significant fold expansion compared to initially transferred cells 25 days after 
vaccination. When co-transduced with CA-STAT5, an even higher fold expansion was observed, and CA-STAT5-transduced cells seemed to 
persist longer in vivo over time. CA-STAT5+ cells also expanded more robustly than CA-STAT5- cells when stimulated with a subsequent 
vaccine boost, demonstrating a 5000-fold increase in tetramer+ CD8 T cells. ACT of these cell populations into tumor-bearing mice with 
TriVax administration demonstrates a powerful antitumor effect, leading to tumor regression in treated groups.
Conclusions and Future Directions: RV T cells expressing gp100 TCR are capable of antigen-dependent expansion in response to TriVax. 
Co-expression of CA-STAT5 greatly enhances the boost effect of TriVax, leading to a dramatic anti-tumor effect.
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Perception Matters: Stressful Life Events Increase Breast Cancer Risk

Avital Fischer
University of California, Irvine

Specific Experimental Aims: The relationship between psychological stress and breast cancer risk is unclear. The present study sought to 
understand how stressfulness appraisal of salient life events influences breast cancer risk. 
Methods and Design: A case-control design was used and included 664 female cases identified through the Cancer Surveillance Program 
of Orange County, CA and 203 female population-based controls. A life event questionnaire determined if events occurred prior to breast 
cancer diagnosis and if these events were considered to be stressful or not. Multivariate unconditional logistic regression was used to 
calculate ORs while adjusting for known breast cancer covariates. 
Results: Cumulative adverse life events perceived as stressful were associated with increased breast cancer risk in a dose response fashion 
(OR=1.63, 95% CI=1.00-2.66, Ptrend=0.045). Conversely, events perceived as non-stressful did not have a significant impact on breast 
cancer risk. Previous personal illness was directly related to increased breast cancer risk, whether perceived as stressful (OR=2.84, 95% 
CI=1.96-4.11) or non-stressful (OR=3.47, 95% CI=1.34-8.94). Abortion and relocation were observed to have a protective effect on breast 
cancer risk only when reported as stressful (OR=0.54, 95% CI=0.32-0.92; OR=0.63, 95% CI=0.43-0.93, respectively). Pre/Peri-menopausal 
women who were nulliparous or who had their first child at ≥30 years of age were especially prone to the effects of appraised stress on 
increased breast cancer risk.
Conclusions and Future Directions: This study underscores the importance of stressfulness appraisal when determining the effect of 
major life events on breast cancer risk. Our results support incorporating assessments of perceived stressfulness in future epidemiological 
investigation of this topic.

Adipocyte Expression of HER3 Reduces Cellular Oxidative Stress and Promotes Adipogenesis    

Alexandra Ghaben
University of Texas Southwestern Medical Center

Cellular oxidative stress is a key pathogenic factor in a variety of diseases, including aging, cancer, neurodegenerative disease, and 
cardiometabolic syndrome. In obesity, accumulation of reactive oxygen species in adipose tissue is associated with increased insulin re-
sistance, inflammation, and generalized tissue dysfunction. Adipocytes are the primary storage site of excess energy, and obesity-driven 
accumulation of lipid is known to increase oxidative stress, and promote ectopic lipid accumulation in other tissues, such as the liver, and 
lipotoxicity. Previous work by our group and others has shown decreasing adipocyte reactive oxygen species preserves glucose tolerance, 
promotes healthy adipogenic expansion of adipose tissue, and attenuates hepatic steatosis and dyslipidemia. Here, our group identifies 
the EGFR-family receptor, HER3/ErbB3, as a key mediator of the adipocyte response to oxidative stress. We identify HER3 as a key adipo-
cyte receptor upregulated in response to oxidative stress. Utilizing a doxycycline-inducible, transgenic mouse model, we describe a meta-
boprotective role for HER3: overexpression leads to an increase in subcutaneous adipose adipogenesis and a concomitant upregulation 
of the master adipogenic factor, PPARγ. In a lean mouse, this pro-adipogenic response leads to an increased number of beige adipocytes 
within the subcutaneous depot, and subsequent improvements in thermogenesis. In an obese mouse, increased subcutaneous adipo-
genesis stimulated by adipocyte-specific expression of HER3 blunts diet-induced glucose intolerance and metabolic decline. Preliminary 
data suggests HER3 is able to effect these changes through upregulation of the outer mitochondrial membrane protein, mitoNEET, 
specifically in the subcutaneous adipose depot of these mice. As we previously reported, mitoNEET reduces oxidative stress through inhi-
bition of beta-oxidation of lipids and healthy expansion of adipose tissue. These results reveal an exciting, homeostatic function of HER3 
in the maintenance of adipocyte metabolism and describe a novel role of HER3/EGFR-family receptors in metabolism.
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Irreversible Inhibition of FLT3 by Type 1 TKI ON150030 Provides Novel Strategy against Treatment Resistant AML   

Helya Ghaffari
Icahn School of Medicine at Mount Sinai

Approximately 30% of patients suffering from Acute Myeloid Leukemia harbor a FLT3 internal tandem duplication mutation (FLT3-ITD). 
When mutated, this receptor tyrosine kinase promotes pathways for proliferation and blocks apoptosis. Quizartinib is a 2nd generation 
FLT3 inhibitor that inhibits FLT3-ITD in AML, but has a median duration response of 12.1 weeks.  Studies reveal that a secondary mutation 
in FLT3 at the aspartate of codon 835 (D835X) or at the phenylalanine of codon 691 (F691X) is responsible for relapse. The D835 substitu-
tion renders FLT3 constitutively active, and F691 is a gatekeeper residue and substitutions at this position cause resistance in many TKIs. 
This highlights a need for a Type 1, irreversible inhibitor. Here, we tested the utility of ON150030, developed by our group, as a novel 
therapeutic agent to treat AML. In vitro kinase assays demonstrate that ON150030 potently inhibits wildtype and FLT3-D835Y forms, 
while Quizartinib fails to inhibit FLT3-D835Y. Additionally, ON150030 demonstrated time and temperature dependent inhibition of FLT3, 
suggesting that the compound could be an irreversible inhibitor of FLT3. Biological studies reveal that ON150030 specifically inhibits the 
growth of MV4-11 cells harboring the FLT3-ITD mutation (GI50: 10nM). Western blot analysis demonstrates that MAPK and PI3K/AKT path-
ways in these cells are inhibited by ON150030. JAK independent phosphorylation of STAT5 seen in the context of FLT3-ITD is also reduced 
in response to ON150030. Mouse xenograft models were used to assess the drug’s effect in vivo. Animals treated with ON150030 exhib-
ited dramatic regression of subcutaneous tumors compared to control. Future goals are to use 32Dcl3 cells expressing FLT3 to examine 
the mutations role in inducing IL-3 independence and GCSF sensitivity, and how inhibition of FLT3 affects these processes. ON150030 
inhibits SRC, which has been shown to induce resistance to targeted therapies in AML. We will introduce SRC into the cell lines sensitive 
to ON150030 and test whether these cells retain their sensitivity to the drug. Next, we will perform cytotoxicity and biochemical assays 
on patient-derived primary AML cells treated with ON150030. At the conclusion of this project, we hope to demonstrate that ON150030 
can be used in all AML patients harboring a FLT3 mutation, and result in sustained remission of disease.

Methylation Status of Chromosome 4 GABRA Gene Cluster in Relation to Alcohol Use Disorder-Associated SNP Rs279858

Alexandra Goetjen
UConn Health

Alcohol use disorders (AUDs) affect approximately 13.9% of the population.  Risk of developing an AUD is dependent on genetic and 
environmental factors, with heritability estimated to be between 50-60%. Single nucleotide polymorphisms (SNPs) within GABRA2 on 
chromosome 4p12 are among the most reproducibly-associated genetic variants associated with AUDs. The molecular mechanisms 
underlying this association remain unknown.  The most highly examined tag-SNP in this region is rs279858; the C allele is associated with 
increased risk of developing an AUD, whereas the T allele is not.  The absence of a linking coding variant suggests that AUD-associated 
tag-SNP in this region is in linkage disequilibrium with an unidentified functional variant that influences the developmentally-regulated 
expression of GABRA2 and adjacent chr4p12 GABA receptor subunit genes. Generation of induced pluripotent stem cells (iPSCs) from 
individuals with known genotypes at rs279858 and differentiation of those iPSCs into neural cells allows the exploration of possible 
molecular phenotypes of AUD-associated genetic variants in vitro. Data currently suggest that RNA expression levels of the four chr4p12 
GABA receptor subunit genes separate into two distinct clusters; a cluster in which the neurons are low-expressing for these genes, as-
sociated with the C-(risk) allele; and a cluster in which there is markedly higher gene expression.  Assessment of promoter methylation 
at the four chr4p12 GABA receptor subunit genes was performed with the hypothesis that increased promoter methylation would be 
correlated with the degree of expression of these genes, and that there would be a significant association with genotype at rs279858, 
clustering relative to RNA expression levels, and promoter methylation status at these four genes.  In assaying approximately 70 iPSC and 
human embryonic stem cell (hESC) lines, we found that methylation at GABRA2, GABRA4, and GABRA1 is not significantly associated with 
genotype at rs279858, and genotype at the tag-SNP is not significantly correlated with two step cluster designation.  There are clone-to-
clone variations in stem cells derived from the same individual, and the relevance of this to the endophenotype of the disorder remains 
to be explored.  Further work aims to functionally characterize the involvement of allelic heterogeneity in iPSC-derived neurons, and to 
assess chromatin conformation in relation to chr4p12 GABA gene expression.
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17BORG: Role for a Novel lncRNA in Mediating Breast Cancer    

Alex Gooding
Case Western Reserve University

Introduction and Background: The molecular mechanisms underpinning the dissemination of primary breast cancer (BC) tumor cells and 
their ability to subvert dormant phenotypes to establish malignant lesions in distant tissues remain incompletely understood. Through in 
silico and biological analyses, we identified a novel lncRNA, BMP/OP-Responsive Gene (BORG), whose expression directly correlates with 
aggressive BC phenotypes, as well as with metastatic competence and disease recurrence in multiple clinical cohorts.
Specific Experimental Aims: Ascertain the role BORG and its protein-binding partner TRIM28 play in modifying metastatic and dormant 
BC phenotypes through their manipulation of the epigenetic landscape of BC cells. Assess the clinical utility of BORG as a marker capable 
of predicting the natural course of disease across distinct BC subtypes.
Methods and Design: Manipulation of BORG and TRIM28 levels in dormant and metastatic BC derivatives, followed by comprehensive 
gene expression analyses and assessment of TRIM28 occupancy and RNA Polymerase II pausing at various genomic loci have provided 
mechanistic insights into BORG-mediated escape from metastatic dormancy. BORG expression has been quantified in multiple cohorts of 
human primary and metastatic BC tissue.
Results: BORG elicits substantial alterations in the metastatic phenotypes of dormant BC cells, namely by reinstating proliferative 
programs in these cells both in vitro and in vivo, and by broadly amplifying cellular survival pathways. Mechanistically, BORG enhances 
binding of the transcriptional co-repressor TRIM28 at multiple genomic loci with which it is known to associate. This increased localiza-
tion enhances TRIM28-mediated pausing of RNA Polymerase II at the promoters of these loci, which thereby inhibits transcription of 
these genes, including two known tumor suppressor genes, p21 and gadd45a. Notably, tumors that house robust expression of BORG are 
predisposed to establishing clinically relevant secondary metastatic lesions.
Conclusions and Future Directions: These findings suggest that metastatic disease in part reflects the ability of disseminated BC cells to 
aberrantly upregulate BORG to enhance cellular survival and proliferation, thereby compelling the formation of overt metastases. Future 
epigenomic enhancer profiling studies will provide crucial insight into the epigenetic mechanisms underlying BC dormancy both depen-
dent and independent of this pro-metastatic lncRNA.

Arousal state differences in molecular clearance from the CNS via the lymphatic vasculature.   

Jim Goodman
Oregon Health and Science University

Introduction and Background: An intracranial lymphatic system was recently described, exposing a new pathway for cerebrospinal fluid 
(CSF) efflux out of the central nervous system (CNS). These initial reports of meningeal lymphatic vasculature suggest they functionally 
connect CSF and parenchymal solutes to the deep cervical lymph nodes (DCLNs), which are reported to drain tracers injected into the 
CNS. Although this pathway from the cranium to the cervical lymph nodes has been established, their physiological regulation has not 
been investigated. In the peripheral lymphatic system, arousal state is a potent regulator of lymphatic flow velocity and contractility, with 
multiple reports of anesthesia induced reduction in lymphatic uptake and flow velocity.
Specific Experimental Aims: The objective of this study was to determine the effect of arousal state on lymphatic clearance of solutes from 
the brain parenchyma. 
Methods and Design: 70 kDa and 2000 kDa dextrans were co-injected into the motor cortex of C57/BL6 mice. After the injection, mice 
either remained under anesthesia or were awakened and allowed to behave freely within their cage for 30, 60, or 120 minutes. The cal-
varium, brain, skull base, and cervical lymph nodes were harvested and immediately imaged using a fluorescent dissection microscope.
Results: Thirty minutes after injection, there was significantly less tracer in DCLNs of anesthetized animals, with distribution of a 2000 kDa 
tracer across 20.5± 5.7% of bilateral DCLNs in awake mice and 1.2 ±1.0% in anesthetized mice. There was no difference in tracer distribu-
tion at 2 hours, indicating a kinetic difference in clearance based on arousal. Interestingly, tracer accumulated in the skull base of both 
groups with similar intensity (1025 ± 155 and 970 ± 120 intensity/AU, anesthetized and awake, respectively) indicating that tracer was 
cleared from the brain in both groups, but not the cranium.
Conclusions and Future Directions: These results suggest that arousal state has an important role in the egress of CSF and macromol-
ecules along lymphatic pathways, which may regulate the clearance of waste products such as amyloid beta from the CNS.
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The transcriptional response of the dorsal motor nucleus of the vagus to the development of ischemic heart failure

Jonathan Gorky
Thomas Jefferson University

The dorsal motor nucleus of the vagus (DMV) has been shown to exert a protective effect against damage from myocardial infarction (MI) 
that may be crucial in preventing subsequent heart failure. Time series of transcriptional changes in neurons isolated by laser capture 
microdissection from the DMV and whole DMV cross-sections were studied in a rat model of MI. The results show a significant response 
after 1 week involving Npff and histamine signaling in neurons. In DMV tissue more broadly, changes in oxytocin and dopamine recep-
tors were noted. After 3 weeks, there were changes in somatostatin signaling not seen at 1 week. Several of these responses showed left/
right asymmetry, with a bias toward changes on the right. Gene regulatory network topology was also significantly altered, showing the 
potential for the orexin-2 receptor to be a novel regulatory hub. While several genes demonstrate significance in their differential expres-
sion, it is smaller changes in the network as a whole that determine the cumulative effect on the system. This represents the first time 
single neurons in the DMV have been assayed in response to ischemic heart failure and the results suggest new ways in which the DMV is 
regulated and in turn modulates protective effects at the heart.

Thalamo-cortico-thalamic circuits in a premotor-like frontal cortical area in the mouse

KuangHua Guo
Northwestern University 

What is the cellular basis for communication between thalamus and cortex? This question has been most extensively investigated in 
sensory systems, leading to concepts of thalamo-cortico-thalamic (T-C-T) loops, which involve thalamocortical (TC) neurons in the thala-
mus and layer 6 corticothalamic (CT) neurons in the cortex. However, our recent studies indicate a distinct organization for T-C-T circuits 
in primary motor cortex (M1) of the mouse (Yamawaki & Shepherd, 2015, J Neurosci), including a paucity of monosynaptic connections 
between TC neurons in the ventrolateral nucleus and CT neurons in M1, in either direction. Instead, T-C-T loops of M1 appear to be 
polysynaptic, involving multiple nuclei in the thalamus and multiple projection classes in the cortex, including pyramidal tract (PT) and 
intratelencephalic (IT) neurons in addition to CT neurons. Here, we extended our studies of motor-related T-C-T circuits to assess cellular 
connections between higher-order motor areas in the anterior frontal cortex and higher- order nuclei in motor thalamus. We applied 
optogenetic-electrophysiology tools to determine how IT, PT, CT, and TC neurons participate in the cell-type-specific connections that 
form T-C-T circuits. We focused on the anterior lateral motor (ALM) area, a frontal cortical region with premotor-like properties (Li et al., 
2015, 2016, Nature), and its connections with the ventromedial (VM) nucleus, a basal-ganglia- recipient region of motor thalamus. The 
findings show several unusual properties of T-C-T circuits in this system, differing from both sensory and M1-related T-C-T circuits. In the 
T-->C direction, these included strong excitation from VM-TC axons onto layer 1 apical tuft dendrites of PT neurons that were identified 
by retrograde labeling as projecting back to VM. In the C-->T direction, PT axons strongly excited TC neurons in VM that were identified 
as projecting back to ALM. Thus, the results provide evidence for direct, recurrent loops in this higher-order motor-frontal T-C-T system in 
the mouse, mediated by PT neurons in ALM and TC neurons in VM. We speculate that such recurrence could be important for supporting 
reverberant activity associated with motor planning.
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21Optogenetic stimulation of pericytes lacking alpha smooth muscle actin produces a decrease in capillary blood flow in vivo

David Hartmann
Medical University of South Carolina

Introduction and Background: Vascular mural cells surrounding the cerebrovasculature are responsible for matching blood supply with 
metabolic demands of the brain. It is widely accepted that vascular smooth muscle cells on arterioles can regulate blood flow. However, 
whether pericytes on capillaries can control blood flow remains debated. 
Specific Experimental Aims: To test the hypothesis that pericytes throughout the capillary bed have the capacity to influence blood flow. 
Methods and Design: Methods and design: We stimulated individual pericytes in vivo using two photon excitation of channelrhodopsin 
(ChR2), as done previously (Hill, et al. Neuron, 87(1):95-110, 2015). Although the Pdgfr-beta promoter was used to drive ChR2 expression 
in both smooth muscle cells and pericytes, two photon optogenetics enabled spatially-precise stimulation of pericytes on capillaries and 
not vascular smooth muscle cells of upstream arterioles. Simultaneously, with the same two photon laser used for pericyte excitation, we 
measured capillary diameter and red blood cell velocity using intravenous fluorescent dextrans. 
Results: We found that pericyte excitation for 60 seconds produced, on average, a ~20% reduction in capillary diameter and blood cell 
velocity throughout the cortical microvasculature (1-9 branch points distal to the penetrating arteriole), which included territories that 
lacked alpha smooth muscle actin, a key component of canonical vascular contractile machinery. In addition, blood flow was halted in 
~30% of stimulated vessels 1 minute after stimulation. Importantly, identical stimulation parameters did not affect hemodynamics in con-
trol mice expressing cytosolic YFP or membrane-bound GFP in mural cells. Further, the observed decreases in vessel diameter and blood 
cell velocity in response to pericyte ChR2 stimulation were dose-dependently inhibited when we locally applied fasudil, a Rho kinase 
inhibitor and clinically-used vasodilator. 
Conclusions and Future Directions: Our results suggest that pericytes, even those in territories without alpha smooth muscle actin, have 
the capacity to modulate blood flow. Considering that 20% diameter decreases and sustained stoppages in capillary flow are not typically 
seen with normal brain capillaries in vivo, our findings may provide new insight into how pericytes respond during pathologies like stroke 
or traumatic brain injury (Yemisci, et al. Nat Med 15(9):1031-7, 2009; Hall, et al. Nature 508(7494):55-60, 2014).

Inhibiting aging-associated inflammation can prevent aging-associated decline in hematopoietic stem and progenitor cell function

Kelly Higa
University of Colorado

Aging is associated with hematologic disturbances, including clonal hematopoiesis and hematologic malignancies, which can initiate in 
the hematopoietic stem and progenitor cell (HSPC) compartment. Aging is associated with low-grade, chronic inflammation, and aging-
associated diseases, like cancer, have been linked with chronic inflammation. While it is known that HSPC function declines with age and 
that inflammation impacts HSPC activity, it is unknown how aging-associated chronic inflammation impacts HSPC function and activity. 
We sought to determine whether inhibiting aging-associated inflammation could improve HSPC function, and whether aging selects for 
clones with oncogenic mutations. We used C57BL/6 mice expressing interleukin-37 (IL-37), a natural suppressor of inflammation, as an 
anti-inflammatory mouse model. We performed experiments on cohorts of young (2-4 mo.) or old (20-24 mo.) IL-37 or wild-type (WT) 
littermate controls. We performed ELISAs to assess pro-inflammatory cytokines in the bone marrow aspirate, flow cytometry to analyze 
bone marrow for HSPC, competitive bone marrow transplant to assess for HSPC function, and RNA sequencing of HSPC to understand 
how gene expression is affected by aging-associated inflammation. We also transplanted young or old mice with bone marrow with 
HSPC-specific loss of TET2, a mutation commonly seen in clonal hematopoiesis and hematologic malignancies. We found that IL-37 
prevented the aging-associated increase of pro-inflammatory cytokines in the bone marrow. Furthermore, IL-37 prevented the aging-
associated increase in HSPC numbers in the bone marrow and prevented the aging-associated decline in HSPC function in the transplant 
setting. IL-37 can impact the aging-associated gene signature, and we plan to use our gene expression data to inform us of other path-
ways important for maintaining HSPC fitness. Finally, we found that aging selects for expansion of HSPC clones with heterozygous loss of 
TET2, and we plan to determine whether IL-37 can prevent these clonal expansions. These data suggest that chronic inflammation in the 
bone marrow microenvironment with age can influence cell intrinsic defects of HSPC and may play an important role in leukemogenesis. 
Thus, modifying the microenvironment, such as by inhibiting chronic inflammation, may be an important strategy in preventing aging-
related decline in the hematopoietic system and leukemogenesis.
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CD30 CAR T cells as a novel immunotherapy for Testicular Germ Cell Tumors

Lee Hong
University of North Carolina at Chapel Hill

Introduction and Background: Testicular cancer is the most common cancer among 20 to 40-year old Caucasian males and incidence is 
rising. Embryonal carcinoma (EC) is a subset of testicular germ cell tumors (TGCTs) in which the cancer cells are derived from embryonic 
stem cells and can present as pure EC or as a component of mixed TGCTs. EC cells strongly express CD30 (encoded by TNFSR8), a pro-
survival factor. Importantly, CD30 expression among EC patients who have received chemotherapy is associated with worse progression-
free survival and worse overall survival. Chimeric antigen receptor (CAR) T cells are an emerging class of immunotherapies that harness 
T cell-mediated cytotoxicity to target cancers. CD30 is an ideal antigen to target by CAR T cells, as it is primarily expressed on cancers 
such as Hodgkin’s lymphoma, anaplastic large cell lymphoma, and embryonal carcinoma (EC). We have designed a CD30-directed CAR 
(“CD30 CAR”) and have demonstrated T cell specificity and anti-tumor activity against Hodgkin’s lymphoma cell lines both in vitro and in 
vivo, with Phase I clinical trials ongoing. However, whether CD30 CAR T cells can also target other CD30-expressing tumors has not been 
explored.
Specific Experimental Aims: (1) Determine whether CD30 CAR T cells exhibit antitumor activity in vitro; (2) Determine possible mecha-
nisms of tumor cell resistance to CD30 CAR T cell activity.
Results: We confirmed that human EC cell lines strongly express CD30 as well as in human EC tissue array by immunohistochemistry. 
Co-culture of EC cell lines with CD30 CAR T cells resulted in nearly complete tumor cell eradication after 5 days. In response to tumor 
cell stimulation, CD30 CAR T cells expanded 10-20 fold in cell number. In addition, CD30 CAR T cells secreted high levels of IFNg and IL-2 
relative to control T cells. CD30 CAR T cells also demonstrated specific cytolytic activity against CD30-expressing tumor cells as quantified 
by 51Cr release assay. However, EC cell lines showed variable susceptibility to CD30 CAR T cell killing that also correlated with CD95 (Fas) 
expression. Overexpression of Fas was sufficient to improve CD30 CAR T cell antitumor activity by co-culture.
Conclusions and Future Directions: Based on these results, we believe CD30 CAR T cells represent a novel class of immunotherapy against 
TGCTs. Future directions include testing CD30 CAR T cell antitumor activity in vivo using models of primary and metastatic testicular 
cancer.

Kaposi’s sarcoma-associated herpesvirus increases PD-L1 expression in human monocytes following de novo infection

Kurtis Host
University of North Carolina at Chapel Hill

Introduction and Background: Kaposi’s sarcoma-associated herpesvirus (KSHV) is associated with three human malignancies; Kaposi’s 
sarcoma (KS), primary effusion lymphoma (PEL), and multicentric Castleman’s disease (MCD). KS tumors consist of latently infected 
endothelial cells infiltrated by immune cells including monocytes. Both latent and lytic viral genes are necessary for KS development and 
progression of the KS lesion is driven by pro-inflammatory cytokines. Monocytes support lytic KSHV infection in vivo and produce inflam-
matory cytokines. Therefore monocytes represent an important viral reservoir. 
To establish successful infection and cause disease, KSHV extensively modulates the host immune system. Programmed death ligand 1 
(PD-L1) is a pro-survival cell surface marker which suppresses T cell mediated killing and generates immune exhaustion with prolonged 
expression in the setting of chronic viral infections and cancer. Previous studies have shown that KSHV infected PEL cells express PD-L1. 
Further, KS patient Natural Killer (NK) cells show increased expression of PD-L1’s receptor, programmed death 1 (PD-1), and are functional-
ly impaired, indicative of NK cell exhaustion. These studies suggest that the PD-1:PD-L1 axis is active in KSHV mediated disease, however, 
it remains unknown what role KSHV plays in PD-L1 upregulation. 
Specific Experimental Aims: Aim 1. Determine if KSHV infection induces PD-L1 response in primary human monocytes. 
Methods and Design: Infect healthy donor primary human monocytes with KSHV and harvest at 24, 48 and 72 hours post infection. Ana-
lyze CD14+ monocyte cell surface expression via flow cytometry for PD-L1. Analyze RNA for PD-L1 and KSHV transcript levels. 
Results: We show that KSHV infection of human monocytes consistently increases PD-L1 surface expression in 14 independent donors. 
Furthermore, the increase was also seen at the transcriptional level, in a KSHV dose dependent manner. Finally, UV inactivation of KSHV 
resulted in inhibition of PD-L1 upregulation.   
Conclusions and Future Directions: Intact KSHV infection of primary human monocytes induces a rapid increase in PD-L1 expression 
which is stable through 72 hours post infection. PD-L1 can be induced via Toll like receptor (TLR) and interferon (IFN) signaling. We have 
previously published that KSHV infection in monocytes activates TLR3 and IFNβ. A future goal is to determine the mechanism by which 
PD-L1 upregulation takes place and whether TLR3 or IFNβ is involved in PD-L1 upregulation.
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Imaging flow cytometry: a new method of examining FOXO1 nuclear localization in human CD4+ T cells 

Molly Hritzo
University of Maryland School of Medicine and the Baltimore VA

Introduction and Background: Forkhead box O (FOXO) transcription factors are critical to CD4+ T cell homeostasis. One member, FOXO1, 
integrates proliferation and differentiation signals in effector (Teff) and regulatory (Treg) T cells. In Teff, upon PI3K/Akt activation by T cell 
receptor (TCR) signaling, Akt phosphorylates FOXO1 and excludes it from the nucleus, promoting proliferation and function. In contrast, 
nuclear FOXO1 is essential for Treg development and stability. Multiple studies have assessed FOXO1 modulation in murine T cells, but 
few have been able to directly examine FOXO1 localization on a per cell basis in human CD4+ T cells.
Specific Experimental Aims: Examine FOXO1 subcellular localization in human CD4+ T cells by the classic method: subcellular fraction-
ation and western blotting (WB), or a novel method: imaging flow cytometry (IFC), and assess the effect of a systemic lupus erythemato-
sus (SLE) inflammatory cytokine, interferon alpha (IFNα), on FOXO1 localization.
Methods and Design: Using the classic WB method, baseline FOXO1 localization in HuT102s, a human CD4+ T cell line, was assessed. To 
query FOXO1 subcellular localization on a per-cell basis, HuT102 cells were treated with a TCR signaling mimic (PMA/I), an Akt inhibitor, 
or IFNα for 1-24 hrs and intracellularly stained for FOXO1. Using IFC, FOXO1 subcellular localization was directly examined in gated cells 
on an Amnis Imagestream Mk II. Analysis of FOXO1 localization was performed in IDEAS, using the Similarity feature, a log-transformed 
Pearson’s Correlation Coefficient calculation. A high score indicates nuclear localization and a low score, less nuclear localization.
Results: By WB, HuT102 CD4+ cells have baseline nuclear FOXO1 and PMA/I moves FOXO1 cytoplasmically. IFC analysis of unstimulated 
HuT102 cells confirmed nuclear FOXO1. PMA/I and IFNα decreased nuclear FOXO1. Akt inhibition increased nuclear FOXO1 and reversed 
the effect of PMA/I and IFNα on FOXO1.
Conclusions and Future Directions: Assessed by classic WB and the novel method of IFC in CD4+ HuT102s, these data demonstrate that 
FOXO1 is nuclear at baseline, pharmacologic modulation can increase and decrease nuclear FOXO1, and IFNα decreases nuclear FOXO1. 
Using IFC to assess FOXO1 subcellular localization on a per-cell basis will allow will allow further examination of the effects of the SLE 
inflammatory environment on FOXO1 in primary human CD4+ T cells from healthy controls and SLE patients.

Does Growth Hormone Change the Gut Microbiome?: Analysis of the microbial abundance and diversity in growth hormone 
deficient mice

Elizabeth Jensen
Heritage College of Osteopathic Medicine, Ohio University

Introduction and Background: Growth hormone (GH) is vital in fostering intestinal health, including intestinal growth, healing and func-
tion. Conversely, GH action at both extremes has been implicated in intestinal diseases: intestinal fibrosis and colon cancer at elevated 
levels and Crohn’s disease and enteric dysfunction at decreased levels. Not only do these intestinal diseases share abnormal GH levels but 
surprisingly, a lack of microbial diversity. Recent studies have pointed to a potential connection between GH and the gut microbiome; 
specifically, certain bacteria have been shown to influence GH axis regulation. Yet, the question remains as to whether GH influences the 
gut microbiome. 
Specific Experimental Aims: Here, we examined the relationship between GH and the gut microbiome. More specifically, we observed the 
diversity and abundance of the adult gut microbiota in our GH deficient (GH-/-) mice as compared to littermate controls.
Methods and Design: Fecal pellets were freshly collected from adult (six-month-old) male GH-/- mice and their littermate controls (n=10 
per group) over a few consecutive days. Body weight, body composition and fasting glucose levels were measured at six months; body 
composition was performed using the Bruker Minispec NMR (The Woodlands, TX, USA). Bacterial DNA was isolated and the composition 
quantified through 16S rRNA sequencing with Illumina. Operational taxonomic unit clustering and statistical analysis (alpha and beta 
diversity and differential abundance) were performed with QIIME and CLC Genomics Workbench Microbial Module. 
Results: The two most abundant phyla found in our mice were Bacteroidetes and Firmicutes. An initial analysis yielded relative differences 
in abundance between GH-/- mice and their littermate controls in those two phyla, a variance that extended to the family and genus 
level. Additionally, there was a significant abundance difference in Proteobacteria between GH-/- mice and controls (2.8% and 6.6%, 
respectively). 
Conclusions and  Future Directions: Analysis of the bacterial composition of the gut in GH mouse lines is unprecedented and will be pre-
sented for the first time at the conference. In addition, these results offer a deeper understanding into the relationship between GH and 
the gut microbiome, yielding potential insight into intestinal disease. Future studies will expand upon these preliminary results, analyzing 
the gut microbiome in female counterparts, GH-/- mice treated with GH and our various other GH mouse lines.
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Zn2+ triggered mitochondrial dysfunction depends upon entry via the mitochondrial Ca2+ uniporter

Sung Goan Ji
University of California, Irvine 

Ca2+ and Zn2+ contribute critically to the induction of acute ischemic neurodegeneration. Zn2+ is released at synapses, where it can 
enter postsynaptic neurons, and is also bound to buffering proteins, which can be released during ischemia. Prior studies have indicated 
that Zn2+ powerfully disrupts mitochondrial function, yet, despite this understanding, many pertinent aspects of Zn2+ effects on mito-
chondria remain elusive. (1) Dependence of Zn2+ effects upon its uptake into mitochondria through the mitochondrial Ca2+ uniporter 
(MCU). While Zn2+ can enter the mitochondria via the MCU, past studies have been limited, in part by the incomplete specificity of MCU 
antagonists. With the recent identification of the MCU gene and availability of knockouts, we have confirmed the importance of this route 
and are examining whether mitochondrial Zn2+ effects are completely dependent upon uptake through the MCU, or despite diminished 
uptake, effects can still occur in its absence. (2) Quantitative relationship between mitochondrial Zn2+ loading and its effects. Most prior 
studies have used high exogenous Zn2+ exposures to study the effects of mitochondrial Zn2+ accumulation, but the quantitative rela-
tion between mitochondrial loading and dysfunction has been little examined. One critical factor is that the amount of Zn2+ entry into 
mitochondria is highly dependent upon the efficiency of its cytosolic buffering, which is normally quite effective at protecting mitochon-
dria from pathological Zn2+ loads. Using a combination of exogenous Zn2+ exposure and graded disruption of intracellular buffering, we 
are examining the “dose response” of Zn2+ uptake on a range of measures of mitochondrial function. (3) Opportunities for intervention 
after Zn2+ loading to preserve mitochondrial function. We have found that interventions including Zn2+ chelation can diminish mito-
chondrial dysfunction after cellular Zn2+ loads, likely promoting their recovery. We are further examining various treatments as well as 
determining the temporal window of opportunity to intervene after Zn2+ loading before dysfunction becomes irreversible.
Despite strong evidence that Zn2+ contributes to injury in conditions including ischemia, our ability to target its deleterious effects for 
therapeutic benefit is limited. We hope that present in vitro studies will suggest new approaches for therapeutic interventions that we 
plan ultimately to test in more complex models.

Human APOBEC3s as Novel Immunoglobulin Mutators?

Sean Jones
University of Colorado

Introduction and Background: An effective HIV-1 vaccine should elicit a broadly neutralizing antibody (bNAb) response. bNAbs neutralize 
a wide variety of HIV-1 strains and thus minimize the chance of mutational escape. Nearly all bNAbs are highly mutated not only in the 
complementarity determining regions (CDRs), but also in framework regions (FWR). Reversion of FWR mutations to germline drasti-
cally reduced bNAb potency and breadth. Activation Induced Deaminase (AID) is the enzyme primarily responsible for immunoglobulin 
(Ig) somatic hypermutation (SHM). FWRs, however, are enriched for YC dinucleotides, which are a coldspot for AID. The APOBEC3 (A3) 
proteins, on the other hand, are expressed highly in B cells and preferentially mutate at YC sites, suggesting that these deaminases may 
contribute to generating bNAb FWR mutations.
Specific Experimental Aims: 1. The human A3s (hA3s) can directly mutate Ig genes and 2. hA3 activity is detrimental to affinity maturation 
and the neutralizing Ab response.
Methods and Design: Mice deficient in mouse Apobec3 (mA3) have previously been shown by our lab to have significantly reduced levels 
of SHM relative to mA3 sufficient mice. This difference was accounted for by YC mutations, which is consistent with mA3 (but not AID) 
activity. Humans, however, have seven hA3 genes compared to the one mA3. Infecting a hA3 transgenic mouse model and a mA3 knock-
out model (mA3-KO) with Friend Retrovirus (FV), we analyze the neutralization capacity of the antibody response as well as Ig mutational 
activity via next-generation sequencing (Illumina).
Results: We demonstrate that there is an increase in overall Ig mutation rate during FV infection in hA3-Tg+ mice relative to mA3-KO mice. 
Both the hA3-Tg+ and the mA3-KO mice develop FV-specific antibody responses, but interestingly the neutralization capacity of the hA3-
Tg+ mice is impaired.
Conclusions and Future Directions: Our data suggest the following model: during times of chronic type I IFN stimulation (such as during 
HIV-1 infection), increased hA3 activity causes an increase in FWR mutations.  These are generally deleterious mutations hurting overall 
Ab structure, making the affinity maturation process less efficient due to an increase in disruptive mutations. These FWR mutations, how-
ever, are likely important for the development of HIV bNAbs. Future directions include looking at FV-specific Ig sequences via hybridoma 
production as well as the use of cell sorting combined with emulsion PCR.
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PGC-1alpha Regulates the Mechanism of Flow-mediated dilation and Protects Against Increases in Intraluminal Pressure in 
Coronary Artery Disease

Andrew Kadlec
Medical College of Wisconsin

Introduction and Background: Blood flow through healthy human vessels releases nitric oxide (NO) to produce vasodilation, whereas 
in patients with coronary artery disease (CAD), the mediator of dilation transitions to mitochondria-derived hydrogen peroxide 
(mtH2O2).  Excessive mtH2O2 production contributes to a proatherosclerotic vascular milieu. PGC-1α mediates antioxidant pathways, 
and loss of PGC-1α is implicated in the pathogenesis of CAD.
Specific Experimental Aims: We hypothesized that PGC-1α suppresses mtH2O2 production to reestablish NO-mediated dilation in 
isolated vessels from patients with CAD. 
Methods and Design: Isolated human adipose arterioles were cannulated, and changes in lumen diameter in response to graded 
increases in flow were recorded in the presence of PEG-catalase (H2O2 scavenger) or L-NAME (NOS inhibitor).  
Results: In contrast to the exclusively NO- or H2O2-mediated dilation seen in either non-CAD or CAD conditions, respectively, flow me-
diated dilation after PGC-1α upregulation was sensitive to both L-NAME and PEG-catalase in CAD vessels, indicating the H2O2 compo-
nent of dilation was no longer exclusively mitochondria-derived. PGC-1α overexpression in CAD vessels protected against the vascular 
dysfunction induced by acute increase in intraluminal pressure. In contrast, downregulation of PGC-1α in non-CAD vessels produces a 
CAD-like phenotype characterized by mtH2O2-mediated dilation (no contribution of NO). 
Conclusions Future Directions: Loss of PGC-1α may contribute to the shift towards the mtH2O2-mediated dilation observed in vessels 
from subjects with CAD. Strategies to boost PGC-1α levels may provide a therapeutic option in patients with CAD by shifting away 
from mtH2O2-mediated dilation, increasing NO bioavailability, and reducing levels of mtH2O2. Furthermore, increased expression of 
PGC-1α allows for simultaneous contributions of both NO and H2O2 to flow-mediated dilation.

Toll-like receptor 4 contributes to glutamatergic synaptic physiology and drug-reward behavior

Daniel Kashima
Vanderbilt University

Introduction and Background: Substance use disorder (SUD) remains a significant societal problem. Excitatory synapses at 2 distinct 
populations of medium spiny neurons (MSNs) in the nucleus accumbens (NAc) differentially modulate reward behavior contributing to 
SUDs.
Neuron-mediated regulations of excitatory synapses within the NAc in response to drug experience are well-studied. Evidence also 
suggests the involvement of the brain’s innate immune system in modulating motivated behavior and synaptic physiology. More 
specifically, pharmacologic manipulation of toll-like receptor 4 (TLR4), a pattern-recognition molecule of the innate immune system, 
attenuates cocaine-reward learning. Despite this observation, the interaction between the innate immune system and NAc synapses 
in relation to drug-reward behavior has not been pursued. We hypothesize that TLR4 influences NAc synaptic physiology and drug-
reward behavior.
Specific Experimental Aims: Aim 1. To determine the contribution of TLR4 to NAc synaptic properties and drug- reward behavior Aim 2. 
To determine consequences of TLR4 function on drug-induced synaptic changes in the NAc
Methods and Design: We performed cell-type specific voltage-clamp recordings from NAc MSNs in acute slices. We used transgenic 
mice expressing the tdTomato fluorophore under the control of the D1 dopamine receptor promoter and TLR4 knockout (TLR4.KO) 
mice on the same background. Recordings were performed under naïve and cocaine-treated conditions. Behavioral assays included 
cocaine-induced locomotor sensitization and place conditioning assays. Open field, novel object recognition, and sucrose preference 
tests were used to control for non-drug behaviors.
Results: We found differences in NMDA but not AMPA glutamate receptor properties in TLR4.KO animals. This was associated with a 
deficit in NMDA receptor-dependent synaptic plasticity and attenuation of cocaine reward behavior. Importantly, there were no differ-
ences in non-drug behaviors. Finally, cocaine exposure altered synaptic strength in one population of MSNs in TLR4.KO mice.
Conclusions and Future Directions: We used drug-reward assays and transgenic animal models to discern the contributions of TLR4 
to NAc synaptic physiology and related behaviors. We found that TLR4 participates in reward behavior and shapes NAc physiology 
through altered NMDA receptor signaling. Future experiments will determine signaling mechanisms which may uncover novel thera-
peutic targets to mitigate neuropsychiatric conditions.
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L1 expression analysis using bioinformatics approach 

Tiffany Kaul
Tulane University School of Medicine 

Introduction and Background: Long interspersed element-1s (L1s) are autonomous, mobile elements that are able to copy and insert 
itself throughout the genome with its own reverse transcriptase and endonuclease. These elements make up 17% of the human genome 
with over 500,000 copies, but the vast majority of these elements are defective and only a few dozen are potentially responsible for L1 
activity. It is reported that as many as half of all cancers have increased retrotransposon activity and therefore its activity has the potential 
to contribute to tumor progression through insertional mutagenesis and increased genomic instability.
Specific Experimental Aims: We aim to identify mobile element expression patterns that could be used as detectable markers for a variety 
of epithelial cancers and aim to identify specific L1 loci that may be risk factors for cancer through their ability to cause genetic instability.
Methods and Design: Our lab has developed a novel approach in detecting full length L1 expression by using RNA-Seq and PacBio with 
5’RACE selected full length L1s and mapping sequence results to the reference genome using our in-house bioinformatics pipeline.
Results: Here we provide proof of concept with the application of this method to a variety of tumor samples and cell types.
Conclusions Future Directions: Once we identify the pattern of L1 loci expression, we aim to investigate whether our identified L1 loci are 
found at a population level by conducting a case-control study with 1000 samples of prostate tumor.

The short chain fatty acid butyrate inhibits enteric bacteria driven gut CD4 T cell activation and HIV-1 replication

Jon Kibbie
University of Colorado

Introduction and Background: A hallmark of progressive HIV-1 infection is the massive infection and depletion of CD4+ T cells in the in-
testinal mucosa, leading to microbial translocation and systemic immune activation.  We previously reported that subjects with untreated 
chronic HIV-1 infection (HIV+) had an altered colonic mucosal microbiome which was linked to increased mucosal and systemic inflam-
mation. Using bacterial 16S rDNA sequencing, HIV+ subjects had increased relative abundances (RA) of pro-inflammatory “pathobiont” 
bacteria (e.g. Prevotella) and decreased RA of bacterial families containing butyrate-producing bacteria (e.g. Roseburia). Butyrate is a 
short chain fatty acid (SCFA) involved in mucosal immune homeostasis and colonic epithelial barrier integrity. 
Aims, Methods and Design: In order to address the hypothesis that a loss of butyrate might exacerbate enteric bacteria driven mucosal 
immune activation and enhance viral replication, we used an ex vivo intestinal cell model. Lamina propria (LP) mononuclear cells from 
normal human intestinal tissue (n=6-9) were infected with HIV-1BaL, exposed to activating stimuli, then cultured in the presence or 
absence of physiologic doses of butyrate (0-2mM). LP CD4 T cell activation, infection and death phenotype were determined by flow 
cytometry, while cytokine production was determined by ELISA. 
Results and Conclusions: Our results indicate that physiologic levels of butyrate inhibit HIV-1 + enteric bacteria driven LP CD4+ T cell 
activation, T helper cytokine production (IL-17, IFNƴ and IL-22), HIV-1 infection and T cell apoptosis. The findings suggest that a loss of im-
munoregulatory SCFA resulting from gut dysbiosis could contribute to HIV-1 associated intestinal mucosal pathogenesis.
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ATP-Sensitive Potassium Channels Contribute to Progressive Coronary Vasodilation in Response to Acute Isovolemic Hemodilution

Alexander Kiel
Indiana University School of Medicine

This study was designed to identify mechanisms responsible for coronary vasodilation in response to progressive decreases in arterial 
oxygen content. Isovolemic hemodilution was produced in open-chest, anesthetized swine via concurrent removal of 500 ml of arte-
rial blood and the addition of 500 ml of 37°C synthetic plasma expander (Hespan, 6% hetastarch in 0.9% sodium chloride) up to a total 
sequential volume exchange of 4.02 ± 0.19 L. Arterial blood pressure, heart rate, left anterior descending coronary blood flow, and coro-
nary arterial and venous blood gases were measured following stabilization after each fluid exchange.  To establish content dependent 
effects, data were analyzed based on binned arterial oxygen contents of 18.0-13.0, 12.9-10.0, 9.9-8.0, 7.9-6.0, 5.9-4.0 ml O2/dl. Despite 
eliciting no change in mean arterial pressure, heart rate, or myocardial oxygen consumption, progressive hemodilution demonstrated 
clear reductions in arterial oxygen content (14.7 ± 0.4 to 4.7 ± 0.1 ml O2/dl; P < 0.001) and hematocrit (32 ± 1 to 10 ± 1%; P < 0.001). An 
accompanying increase in coronary flow was observed (0.39 ± 0.05 to 1.63 ± 0.16 ml/min/g; P < 0.001) which was sufficient to maintain 
oxygen delivery (58 ± 7 to 76 ± 8 µl O2/min/g; P = 0.46). Inhibition of nitric oxide synthase (L-NAME: 25 mg/kg, iv) resulted in significant 
increases in mean arterial pressure (87 ± 2 to 122 ± 3 mmHg; P < 0.001) and myocardial oxygen consumption (47 ± 2 to 57 ± 3 µl O2/
min/g; P < 0.001), however, this treatment did not significantly alter the coronary response to progressive anemia (P = 0.41).  Inhibition 
of KV channels (4-aminopyridine: 0.3 mg/kg, iv) also did not significantly alter coronary responses to decreasing arterial oxygen content.  
Alternatively, blockade of KATP channels with glibenclamide (3 mg/kg, iv) significantly reduced the coronary blood flow response from 
1.87 ± 0.11 ml/min/g to 1.12 ± 0.08 ml/min/g (P < 0.001) when arterial oxygen content was lowered from 15.1 ± 0.3 to 4.7 ± 0.1 ml O2/dl. 
This glibenclamide-induced decrease in coronary flow diminished myocardial oxygen delivery from 69.4 ± 4.3 to 52.0 ± 4.3 µl O2/min/g (P 
< 0.001).  Taken together, these data support that KATP channels, but not KV channels or nitric oxide, contribute to coronary vasodilation 
in response to progressive, acute isovolemic hemodilution.

The TRiC Chaperonin Controls Viral Replication through Capsid Folding

Jonathan Knowlton
Vanderbilt University

As obligate intracellular parasites, viruses use a diverse array of cellular proteins to accomplish each step in a replication cycle. Despite 
our knowledge of many of the cellular genes required for early steps in viral replication, our understanding of those required for later 
replication steps, including assembly and egress, remains limited. To identify host factors required for late steps in reovirus replication, we 
conducted a two-step RNAi-based screen targeting 7,523 human genes. RNAi knockdown of numerous subunits of the TCP1-ring com-
plex (TRiC), a cellular chaperonin required for folding cytosolic proteins, substantially diminished the quantity of reovirus released from 
infected cells. siRNA knockdown of multiple TRiC subunits resulted in a 100 to 1000-fold reduction in reovirus replication and altered the 
size and morphology of viral replication factories. TRiC immunoprecipitation from infected cells yielded a complex containing the reovi-
rus sigma 3 outer-capsid protein and no other reovirus proteins. Native PAGE of 35S-methionine-labeled sigma 3 polypeptide, translated 
in vitro using rabbit reticulocyte lysates, revealed a high molecular weight species corresponding to a TRiC-bound form of the protein. 
Immunodepletion of the TRiC chaperonin from in vitro translation reactions reduced TRiC-associated sigma 3. In addition, TRiC deple-
tion decreased the amount of sigma 3 immunoprecipitated by a sigma 3-conformation-specific antibody. Our data indicate that TRiC 
forms a complex with the reovirus sigma 3 outer-capsid protein and participates directly in folding sigma 3 into its native conformation. 
These findings demonstrate a new interaction between a host chaperone and a viral substrate and provide insight into the assembly of a 
complex viral capsid. In the future, we will conduct in vitro assembly experiments to determine the necessity of TRiC in coating the sigma 
3 outer-capsid protein onto the surface of virions. In addition, we will perform cryo-electron microscopy to visualize the specific interac-
tions that exist in the TRiC/sigma 3 complex at an atomic level resolution. These experiments will provide insight into the mechanism by 
which TRiC folds and assembles sigma 3 onto the mature virus particle. In addition, our findings will contribute to a broader understand-
ing of the mechanisms underlying viral assembly and egress from infected cells.
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Discovery and characterization of a novel FAHFA family with anti-inflammatory properties

Matthew Kolar
University of California, San Diego/Salk Institute

We recently discovered a novel class of endogenous bioactive lipids, Fatty Acid Esters of Hydroxy Fatty Acids (FAHFAs), that have potent 
anti-diabetic and anti-inflammatory activity. FAHFA families differ by their acyl chain composition. For example, Palmitic Acid Esters of Hy-
droxy Stearic Acids (PAHSAs) and Oleic Acid Esters of Hydroxy Stearic Acids (OAHSAs) are two different FAHFA families. Furthermore, each 
family is comprised of several ester regioisomers, such as 5- and 9-PAHSA. PAHSA levels are reduced by 50-75% in serum and adipose 
tissue from insulin-resistant people, indicating that a FAHFA deficiency may be an underlying factor contributing to insulin resistance and 
type 2 diabetes. Administration of PAHSAs to mice improved glucose tolerance and insulin sensitivity and led to reduction of inflamma-
tion in adipose tissue. Although we and others have identified many FAHFA families, only ~5% of known FAHFAs have deduced biological 
activity. A recent clinical study revealed that the administration of oat oil to humans lowers glucose levels for up to seven hours after a 
meal. Oat oil is known to be rich in hydroxy fatty acids and we hypothesized that oat oil may contain FAHFAs. We obtained oat oil from 
Ohlsson and colleagues, who published the clinical study, and determined that oat oil is rich in 9-, 13-, and 15-Linoleic Acid Esters of Hy-
droxy Linoleic Acids (LAHLAs). We also attained blood samples from a treated patient that showed beneficial metabolic responses to the 
oat oil emulsion and we found dramatically increased concentrations of LAHLAs at 1, 3, 5, and 7 hours after oat oil consumption, provid-
ing another example that FAHFAs correlate with beneficial metabolic outcomes. We first synthesized 13-LAHLA and showed that it can 
activate GPR40, a highly pursued target for metabolic disease that has shown clinical efficacy in humans. In addition, 13-LAHLA reduces 
the inflammatory responses of LPS stimulated RAW cells greater than any of our previously reported FAHFAs. We are currently developing 
a route of synthesis for 9- and 15-LAHLA and will test these in our in vitro glucose uptake, glucose-stimulated insulin secretion (GSIS), and 
anti-inflammatory assays that have previously been reported. The activity of 9-, 13- and 15-LAHLA will also be tested in our reported in 
vivo efficacy studies - glucose and insulin tolerance tests and adipose tissue inflammation. These results may provide potential new treat-
ments for metabolic and inflammatory diseases.

∆Np53 as a Regulator of p53 Biology

Cecilia Levandowski
University of Colorado

The aging population is rapidly expanding, and with it, the prevalence of chronic diseases such as diabetes, cancer, and Alzheimer’s dis-
ease. This project focuses on elucidating the basic mechanisms whereby a naturally occurring p53 isoform, ∆Np53, alters wild-type p53 
(WTp53) function. In mice, co-expression of WTp53 and ∆Np53 results in an accelerated aging phenotype with premature development 
of aging pathologies such as osteoporosis and Alzheimer’s disease. The basic mechanisms driving these ∆Np53- dependent physiological 
changes remain poorly understood. 
Human ∆Np53 lacks the first N-terminal transactivation domain of WTp53 (residues 1-39), and is preferentially translated during cell 
stress. Modulation of different p53-dependent stress responses is likely achieved through expression of alternative p53 isoforms that can 
change p53’s DNA binding and/or gene expression patterns. ∆Np53 oligomerizes with WTp53 to form hetero-tetramers with altered func-
tion compared to WTp53 tetramers. Co-expression of ∆Np53 and WTp53 results in the formation of a mixed population ∆Np53:WTp53 
tetramers, including “contaminating” WTp53 tetramers. This precludes a reliable functional comparison of ∆Np53:WTp53 tetramers vs. 
WTp53. To circumvent this issue, we developed a strategy—based upon the native p53 tetramer structure—in which ∆Np53 is tethered 
to WTp53 (∆Np53:WTp53), resulting in a pure population of tetramers with a 2:2 ratio of ΔNp53 to WTp53. This innovative strategy will 
allow us to link transcriptional and/or phenotypic changes directly to ∆Np53:WTp53 for the first time. 
In this project, I will use ChIP-seq to determine how genomic occupancy of ∆Np53:WTp53 changes relative to WTp53. These data will be 
matched with GRO-seq data to correlate occupancy changes with global transcriptional changes in genome-edited cells that express 
∆Np53:WTp53 or WTp53 from the endogenous TP53 locus. This will allow us to accurately determine how ∆Np53 alters WTp53 function 
in a physiologically relevant context. Overall, this study should provide insight into the basic mechanisms by which ∆Np53 alters WTp53 
function as a transcription factor, and how ∆Np53 may impact the well-established roles for p53 in cancer, aging, or stem cell biology.
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Myelodysplastic syndrome (MDS) induces remodeling of mesenchymal-osteolineage cells in the bone marrow microenvironment 
and impairs normal hematopoiesis

Allison Li
University of Rochester

Myelodysplastic syndromes (MDS) are malignant hematologic disorders hallmarked by bone marrow failure due to defective hematopoi-
esis and dysplastic cell production. As the most common myeloid neoplasm in the US, MDS leads to significant morbidity and mortality 
due to multi-lineage blood cytopenias and transformation to acute leukemia. There remains a paucity of MDS therapies due in part to a 
lack of knowledge on how to target diverse genetic defects in MDS hematopoietic cells to restore hematopoietic function. We and oth-
ers have demonstrated that abnormalities in the bone marrow microenvironment (BMME) also contribute to hematopoietic failure. The 
BMME contains mesenchymal-osteolineage cells which critically impact hematopoiesis under normal conditions. In vitro studies suggest 
that BMME cells are abnormal in human MDS, but lack of examination of the BMME in a robust in vivo model has limited understanding 
of bi-directional interactions between MDS and its BMME contributing to disease progression. We previously reported that the BMME 
in the NUP98-HOXD13 (NHD13) transgenic murine model of MDS exhibited expansion of non-functional osteoblastic-lineage cells 
(OBC, CD51+/Sca1-) and multipotent stromal cells (MSC, CD51+/Sca1+). BMME changes are associated with hematopoietic dysfunction 
characterized by hematopoietic stem cell (HSC) loss, dysmyelopoiesis, and blood cytopenias in NHD13 mice. To determine if MDS can 
initiate BMME alterations to impair hematopoietic support, we transplanted NHD13 or wild-type (WT) donor marrow into irradiated WT 
recipients, introducing MDS marrow into the initially normal BMME of WT recipients. Post-transplant, OBCs and MSCs were increased in 
recipients of NHD13 marrow, indicating that interaction with MDS cells induced mesenchymal-osteolineage cells to take on features of 
an MDS BMME. Concurrent with BMME remodeling, HSCs were depleted in recipients of NHD13 marrow compared to recipients of WT 
marrow. HSC depletion was also observed when WT recipients were transplanted with NHD13 marrow mixed 1:1 with WT GFP+ marrow 
resulting in 4% contribution by NHD13 cells to reconstituted recipient marrow. Thus, even when recipient marrow is comprised of over 
90% normal hematopoietic cells, the presence of MDS cells results in HSC depletion. These data suggest that MDS-initiated remodeling of 
mesenchymal-osteolineage BMME impairs normal hematopoiesis and may therefore represent a potential therapeutic target to improve 
hematopoietic function.

Multiple kinases regulate a phosphorylation-mediated conformational change to inhibit the F-BAR protein Cdc15

MariaSanta Mangione
Vanderbilt University

Introduction and Background: F-BAR proteins coordinate cytoskeletal and membrane changes for many cell processes including cytoki-
nesis, endocytosis, and cell motility. Despite their integral role in these vital processes, their regulation is not well understood. Here we 
investigate the regulation of the F-BAR protein Cdc15 in fission yeast. Cdc15 is essential for cytokinesis, serving as a scaffold that stably 
secures the cytokinetic ring (CR) to the plasma membrane. Phosphorylation on >35 sites inhibits Cdc15 during interphase; dephosphory-
lation in mitosis allows Cdc15 to scaffold the CR. However, the molecular mechanism by which phosphorylation inhibits Cdc15 and the 
kinases that regulate Cdc15 phosphostatus are unknown. 
Specific Experimental Aims: This study tests the hypothesis that Cdc15 phosphorylation promotes a conformational change from an 
“open” (i.e. accessible to CR) to “closed” conformation. Second, this study identifies kinases that regulate Cdc15.
Methods and Design: To test for a conformational change, we performed intramolecular Forster resonance energy transfer (FRET) assays. 
We predicted that interphase Cdc15 will exhibit FRET, indicative of a “closed” conformation with proximal N- and C-termini, while mitotic 
Cdc15 will lose FRET signal. To address aim 2, we screened mutants of protein kinase genes to identify those whose loss reduced Cdc15 
phosphorylation.
Results: Intramolecular FRET assays reveal that wildtype Cdc15 exhibits FRET during interphase, while Cdc15 at CRs loses FRET signal. 
Furthermore, a phosphoabolishing mutant loses FRET signal throughout the cell cycle. The protein kinase screen identified 4 kinases that 
regulate Cdc15 phosphorylation in vivo: protein kinase C Pck1, PAK kinase Shk1, DYRK kinase Pom1, and MARK kinase Kin1. In vitro kinase 
assays and tryptic peptide mapping confirm that each kinase phosphorylates Cdc15 directly on unique sets of sites. 
Conclusions and Future Directions: Cdc15 undergoes a phosphorylation-mediated conformational change. We are currently investigating 
the structural features of phosphorylated Cdc15 that inhibit it. Additionally, we are identifying the sites phosphorylated by each kinase in 
order to make specific phosphoabolishing or phosphomimicking mutants to investigate how each kinase’s phosphorylation individually 
regulates Cdc15 scaffolding functions. Advancing our knowledge of Cdc15 regulation will refine a paradigmatic example of F-BAR protein 
regulation by phosphorylation and autoinhibition.
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Patient-derived triple negative breast cancer xenografts as a translational model to screen for novel kinase pathways

Margarite Matossian
Tulane University School of Medicine

Triple negative breast cancers (TNBCs) constitute 12% of all breast cancers and is twice more prevalent in African-American populations. 
Louisiana has a high proportion of African-American residents (32.5% in 2015), hosting a higher subset of TNBC patients. TNBCs have an 
aggressive phenotype that is elusive to targeted therapeutics used for other breast cancer subtypes. Certain kinase families have been 
extensively studied as regulators of metastasis. Discovery of novel kinase targets within the subset of uncharacterized kinases could 
provide important insight into future targeted therapies. However, current models utilized in target discovery research are limited by the 
inability to accurately recapitulate complex stromal interactions and heterogenous molecular composition of TNBC. Further, immortal-
ized cell lines are limited to a 2D environment and acquire mutations that may not reflect the primary tumor. Recently, our laboratory 
has established two TNBC patient-derived xenograft (PDX) models derived from African-American patients. One of these models, 2O0, 
presents tumor architecture, cellular composition, genomic (qRT-PCR) and protein (western blot) expressions that are concordant with a 
claudin-low subtype, which has higher rates of metastasis and recurrence. We show that both TNBC models spontaneously metastasize, 
and exhibit molecular characteristics consistent with mesenchymal phenotypes. We utilized these translational PDX models to screen a 
library of small molecule inhibitors that represent a variety of kinase pathways to identify novel therapeutic targets and/or pathways that 
are specific to TNBC subtypes. We previously found in a cell morphology screen using three TNBC cell lines (MDA-MB-231, BT549, MDA-
MB-157), two small molecule inhibitors that increased epithelial marker (CDH1) gene expression, suppressed mesenchymal (VIM, c-FOS, 
SNAI1, ZEB1) expression and/or suppressed cellular motility in transwell migration assays. We observed after PDX ex vivo treatments 
the two compounds increase epithelial marker expression, and suppress mesenchymal marker expressions. Kinase array data revealed 
candidate kinases responsible for the observed EMT changes (NEK5, NEK9, NEK1 potentially affect cell motility; SRC-family kinases TAOK2, 
STK10 potentially affect EMT gene changes). We plan to utilize the PDX cell lines to characterize these kinases in EMT. We aim to ultimately 
discover novel therapeutic targets specific to different TNBC molecular subtypes.

Mononuclear phagocytes orchestrate mitral valve disease through distinct local and systemic inflammatory processes

Lee Meier
University of Minnesota

Introduction and Background: Autoantibody (autoAb) production accompanies several experimental and human cardiovascular diseases 
(CVD), but the specific mechanisms by which autoAbs engage the immune system to drive cardiovascular pathology remain unclear. 
Specific Experimental Aims: The primary aim of this study was to define the mechanisms that mediate the initiation of fibrotic valvular 
heart disease (VHD) in vivo. Herein, we explore how autoAbs act through Fc receptors to activate pathogenic mononuclear phagocytes 
(MNP) that drive CVD.
Methods and Design: Using a mouse model of autoantibody-mediated mitral valve disease (MVD), we employed monoclonal antibody 
(mAb) neutralization in conjunction with conditional gene knockout approaches to define key inflammatory pathways. Gene deletion in 
the mononuclear phagocyte (MNP) system was accomplished using Cx3cr1-Cre transgenic mice intercrossed with mice carrying floxed 
target alleles including Itga4 (encoding α4 integrin/CD49d) or Syk. Analysis primarily entailed multiparameter flow cytometry, immuno-
fluorescence (IF), and histological staining.  
Results: MVD is orchestrated by MNP subsets at multiple levels. Remote from the mitral valve (MV), circulating autoantibodies (autoAbs) 
in the secondary lymphoid organs (SLOs) engage activating immunoglobulin G (IgG) receptors (FcγRs), primarily expressed on the 
resident and recruited macrophage populations. AutoAb-FcγR interactions induce Syk-dependent cytokine production (tumor necrosis 
factor/TNF and interleukin-6/IL6, in particular) and systemic inflammation. Next, local to the MV, cytokine-mediated activation of the 
endothelium induces vascular cell adhesion molecule-1 (VCAM1) expression, enabling recruitment of circulating inflammatory and pa-
trolling monocytes from the blood to the underlying interstitium in a VLA4-dependent manner (very late antigen-4, CD49d/CD29, α4β1). 
These recruited monocyte-derived macrophages assume a tissue-reparative (M2) phenotype within the MV interstitium and constitute 
the majority of inflammatory cells therein.
Conclusions and Future Directions: These studies define the immune molecules (Syk, TNF, IL6, VCAM1/VLA4) and cells (chiefly MNPs) that 
act concertedly to orchestrate inflammatory CVD. Knowledge of this pathway will help guide development of rational therapeutic ap-
proaches.
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Molecular analysis and in vivo efficacy studies of a novel chemical-series of inhibitors targeting FLT3-ITD and kinase domain 
mutants in human AML

Katelyn Melgar
University of Cincinnati

About 25% of all acute myeloid leukemias (AMLs) contain an internal tandem duplication (ITD) in the juxtamembranal region of FLT3. 
FLT3 inhibitors have been developed as a targeted treatment approach. Although they show considerable efficacy in vitro and in animal 
models, clinical trials using FLT3 inhibitors as single agents have been underwhelming, with few complete remissions and a high rate of 
relapse. Thus, there is a need for a FLT3 inhibitor that increases complete remission rates and reduces relapse in FLT3-ITD AML patients.
Through chemical and structure-activity relationship studies, we have identified a novel class of FLT3 inhibitors. We have shown that 
our current lead compound (CTDS-004) has excellent selectivity against the kinase activity of FLT3-ITD and the kinase domain mutant 
D835Y (FLT-ITD-D835Y) at subnanomolar concentrations. Additionally, CTDS-004 potently inhibits proliferation and progenitor func-
tion, and induces apoptosis of FLT3-ITD and FLT3-ITD-D835Y AML cells as compared to the 2nd generation FLT3 inhibitors, AC220 and 
Crenolanib. Unlike AC220, CTDS-004 effectively suppresses FLT3 signaling in FLT3-ITD-D835Y AML cells. Importantly, CTDS-004 exhibits 
minimal effects on the function and viability of normal human CD34+ BM cells. An important distinction between CTDS-004 and current 
FLT3-ITD inhibitors is that CTDS-004 retains its efficacy and prevents subclonal recovery of FLT3-ITD AML cells that have become refrac-
tory to AC220 treatment. To gain insight into the mechanistic basis for the superior response of FLT3-ITD AML to CTDS-004 as compared 
to AC220, we performed RNA sequencing and kinome profiling of FLT3-ITD cells after treatment with AC220 or CTDS-004. Although both 
compounds target FLT3-ITD, there were striking distinctions in compensatory kinase activity and gene expression, highlighting the dif-
ferences in the biological impact of these compounds. CTDS-004 has promising pharmacokinetic properties in vivo, therefore, we tested 
CTDS-004 in a xenograft model of human AML. NRGS mice were transplanted with human FLT3-ITD leukemic cells, and then treated with 
CTDS-004, AC220, or PBS. Overall, CTDS-004 was extremely effective at prolonging survival in the human FLT3-ITD AML xenograft model. 
Taken together, these findings suggest our novel FLT3 inhibitor shows promise for the treatment of FLT3-ITD positive AML, and particu-
larly for patients that have intrinsic and/or acquired resistance to FLT3 tyrosine kinase inhibitors.

HO-1 Regulates Lymphatic Endothelial Cell Proliferation Following Hypoxia-Induced Inflammation

Patrick Molina
University of Alabama at Birmingham 

Individuals with acute kidney injury (AKI), which includes up to 15% of admitted hospital patients, display an array of complications, in-
cluding dysregulated fluid balance, and aberrant inflammation. The lymphatic system, which has a role in immune system transportation, 
has a role in AKI, but its function is not well understood. We explored whether lymphangiogenesis is altered in human-derived lymphatic 
endothelial cells (hLECs) following hypoxic media treatment, and whether heme oxygenase-1 (HO-1), a pro-angiogenic enzyme, has a 
central role in lymphangiogenesis. If yes, HO-1 might offer an additional pathway to ameliorate AKI. Human-derived lymphatic endothe-
lial cells (hLECs) and HO-1-/- and HO-1+/+ mice were used for all experiments, and the UAB IUCUC approved all protocols. Macrophages 
(MΦ) were cultured from HO-1+/+ and HO-1-/- mice, following lower extremity bone marrow collection. MΦ’s were then exposed to 
normoxic or hypoxic conditions for 24 hours. Following treatment, media was collected. hLECs were plated on matrigel-coated wells 
and then treated with normoxic, hypoxic or standard 24h MΦ-derived media. LEC expansion was visually analyzed using microscopy. 
To examine HO-1, hLECs were treated with known HO-1 inducers or inhibitors and western analysis was utilized to quantify changes in 
vascular endothelial growth factor (VEGFs), HO-1, and ferritin. Visual analysis of hLECs treated with HO-1-/- MΦ-derived media following 
hypoxia demonstrated reduced proliferation when compared against hLECs treated with HO-1+/+ MΦ-derived media. HO-1 stimulation 
demonstrated a marked increase in vascular endothelial growth factors VEGF-R3 and VEGF-C. An increase in HO-1 was verified through 
western blot analysis. The reduced proliferation of hLECs treated with hypoxic HO-1-/- MΦ-derived lends to HO-1 being a central factor 
for lymphangiogenesis following ischemia. Furthermore, HO-1 inducers, such as hemin and hypoxia, show an increase in VEGFs and pro-
tective markers, such as ferritin. This novel demonstration supports HO-1 as having a central role in LEC development following insult.
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Setd5 loss of function reduces network connectivity in an animal model of autism

Spencer Moore
University of California, San Diego 

Autism Spectrum Disorders (ASDs) are neurodevelopmental disorders characterized by repetitive behaviors and deficits in language and 
social interaction. ASDs represent one of the largest sources of childhood disability. Although rare monogenic forms have been identified, 
most cases lack an identifiable genetic basis. The current state of the field focuses on identification of novel risk variants and their conver-
gence on synaptic-, cellular-, and network-level dysfunction in the autistic brain. The SETD5 gene encodes the SET-domain containing 5 
protein (SETD5), loss-of-function mutations in which are known to cause the human 3p microdeletion syndrome of intellectual disability 
and confer risk of ASD. SETD5 has been proposed as a putative histone methyltransferase, based on its homology with other SET family 
members. We hypothesized that SETD5 loss of function would contribute to connectivity deficits among cortical neurons, a known brain 
region of dysfunction in ASD. To this end, we sought to characterize the role of Setd5 on nervous system development in cellular, electro-
physiologic, and behavioral assays from a heterozygous Setd5+/- mouse.  First, primary cortical neurons were extracted from Setd5+/- or 
wild-type littermate P0 pups. Neurons were analyzed by immunocytochemistry, with deep-layer cortical neurons from Setd5+/- animals 
displaying significantly reduced synaptic density and neuritic outgrowth. To probe network-level connectivity changes, primary corti-
cal neurons were cultured atop a multielectrode array (MEA), with serial recordings of spontaneous field potential activity. Compared to 
littermate controls, cortical neuron networks from Setd5+/- animals showed network connectivity abnormalities. To expand upon our 
cell- and network-level findings, we sought behavioral correlates in adult animals. Based on existing animal models, we selected a battery 
of tests to assay important ASD-relevant behavioral domains. Setd5+/- animals showed no gross neurologic or motor defects; however, 
they did demonstrate alterations in several autism-relevant behaviors. These data from cellular-, network-, and behavioral-level assays 
converge on a picture of abnormal neurodevelopment. We believe the Setd5+/- animal represents a potential new model for ASD, which 
merits further investigation to uncover the molecular role of SETD5.

Investigating the Mechanism Behind the Differential Response of Tendon Cells to Axial Tension and Transverse Compression

Keshia Mora
University of Rochester 

Introduction and Background: Insertional Achilles Tendinopathy (IAT) is a debilitating condition characterized by pain at the Achilles 
tendon insertion into the calcaneus. Pathological changes associated with IAT include fibrocartilage formation and calcium deposition in 
the affected region. Unfortunately, non-surgical interventions for IAT are ineffective, with more than 50% of IAT patients failing conserva-
tive care and requiring surgery. Improved outcomes for IAT patients require interventions that target its fundamental cause, which to 
date is poorly understood. Studies from our lab demonstrate that the region of the Achilles tendon most affected by IAT is also the region 
where the highest transverse compressive strains occur (due to calcaneal impingement). Moreover, it is well established that compressive 
strains in tendon are associated with aberrant fibrocartilage formation – a feature of IAT. Hence, transverse compressive strain may be the 
underlying cause of IAT. However, it is not known why transverse compressive strain and axial tensile strain differentially affect tendon.  
Specific Experimental Aims: The aim of this study is to test the hypothesis that transverse compression and axial tension differentially af-
fect tendon nuclear volume. Since the Poisson ratio of the nucleus is less than 0.5, we anticipate that tension will increase nuclear volume 
while compression will decrease nuclear volume. This differential nuclear response could lead to distinct gene expression patterns that 
could explain the aberrant response of tendon to compression. 
Methods and Design: Viable tendon explants were loaded in a mechano-bioreactor and subjected to axial tension, transverse compres-
sion or no loading for 24 hours. Specimens were then fixed in situ, processed for paraffin embedding, sectioned, stained with DAPI and 
imaged with a confocal microscope. Nuclear volume was quantified using AMIRA and a custom MATLAB code.
Results: Preliminary results suggest nuclear volume is lower in transversely compressed tendon explants than in explants subjected to 
axial tension. 
Conclusions and Future Directions: Our findings support the hypothesis that transverse compression and axial tension differentially affect 
nuclear volume. Ongoing studies are aimed towards investigating whether decreased nuclear volume in compressed tendon is necessary 
to induce IAT-associated changes. This study will help to elucidate the fundamental cause of IAT and motivate novel therapies.
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The association between obesity, happiness, and quality of life among older adults in Ghana and South Africa.

Sophia Mort
Heritage College of Osteopathic Medicine, Ohio University

Introduction and Background: Obesity is a worldwide concern due to its relationship with chronic disease. In the United States, obesity is 
generally an ailment of the poor. Coupled with higher costs for physical and mental healthcare, obesity has a negative relationship with 
one’s quality of life (QOL). In developing countries, the relationship between socioeconomic status (SES) and obesity is typically reversed; 
obesity is linked with high self-reported health. Many African nations have growing economies and are transitioning from “developing” 
to “developed”. The WHO Study on global AGEing and Adult Health (SAGE) allows for the examination of obesity and its relationship with 
multiple factors that determine QOL.
Specific Experimental Aims: In this study, we determined the prevalence of overweight and obese adults in Ghana and South Africa (SA) 
above the age of 50 and examined the relationship between obesity, happiness and QOL in both countries. 
Methods and Design: Wave 1 data from Ghana and SA, collected by WHO, was deidentified prior to analysis. Exclusion criteria included 
missing a value for any study variable, responding with “don’t know” or “not applicable”, or a BMI>100. Our classifications of BMI included: 
underweight<18.5, normal=18.5-25, overweight=25-30, obese>30. Analysis consisted of descriptive statistics, simple and multiple linear 
regression.
Results: 3,899 participants (age = 64.31, SE=0.26) from Ghana and 3,093 (age = 61.64, SE=0.34) from SA were surveyed. 29.0% of partici-
pants from Ghana and 72.3% from SA were overweight or obese. Adjusting for multiple variables of SES, an underweight BMI is negative-
ly associated with life satisfaction in both Ghana and SA (Ghana: p<0.05, SA: p<0.05). An overweight BMI is positively associated with QOL 
in Ghana (p=0.05). Income fully mediates the association between BMI and happiness in both countries and the association between BMI 
and QOL in SA. Income partially mediates the association between QOL in Ghana and the association between BMI and life satisfaction in 
both countries.
Conclusions and Future Directions: Although previous research has shown positive associations between BMI and perceived well-being, 
adjustment for SES and gender eliminated most associations. Culture and tradition help shape people’s perceptions of health, and 
changes in perception may be slower than economic transitions. Future work includes comparison of these findings to analysis from 
Wave 2 data, an updated version of the survey.

A study of the neurotransmission of pain: Inhibition of Kv3.4 channels is implicated in the potentiation of excitatory synaptic 
transmission in superficial dorsal horn neurons

Tanziyah Muqeem
Thomas Jefferson University

Introduction and Background: Kv3.4 channels underlie a majority of the high-voltage activating K+ current in dorsal root ganglion (DRG) 
nociceptors, and are expressed in all functional compartments of these neurons, including synaptic terminals. Kv3.4 channels in DRG 
neurons regulate the rate of action potential repolarization in a manner that depends on phosphorylation of the channels’ inactivation 
domain. Additionally, Kv3.4 channel downregulation is implicated in the pathophysiology of chronic pain induced by spinal cord injury. 
Specific Experimental Aims: We hypothesize that, through their ability to facilitate action potential repolarization, Kv3.4 channels help 
keep nociceptive synaptic transmission in check. Kv3.4 channel downregulation would, therefore, promote pain transduction. 
Method and Design: To test this hypothesis, we have investigated excitatory synaptic transmission in the superficial dorsal horn under 
conditions that inhibit the Kv3.4 current in DRG nerve terminals.  We used an ex vivo rat cervical spinal cord preparation suitable for 
whole-cell patch clamping of secondary neurons in the dorsal horn. Since Kv3.4 channels are hypersensitive to submillimolar concentra-
tions of 4-aminopyridine (4-AP) and tetraethylammonium (TEA), we tested their effects on excitatory post-synaptic currents (EPSCs) in 
laminae I and II of the dorsal horn. 
Results: We found that 500 μM TEA potentiates the EPSCs by 26% (p = 0.01, paired t-test, N=9). Similarly, 50 μM 4-AP potentiates the EP-
SCs by 34% (p = 0.007, paired t-test, N=9). Alternatively, the BK channel blocker iberiotoxin and the Kv7 channel blocker XE991 had little 
effect on the EPSCs. Paired pulse experiments were conducted to localize the effect to the presynaptic nerve terminal. 
Conclusions and Future Directions: Therefore, we conclude that the Kv3.4 channel expressed in nociceptors is a plausible regulator of 
nociceptive synaptic transmission in the spinal cord. Currently, we are testing additional inhibitors to evaluate possible contributions of 
other K+ channels and exploring more specific knock down strategies to assess the role of the Kv3.4 channel as a regulator of nociception 
in vivo.
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The efficacy of maternal HCMV glycoprotein B vaccination may be mediated by non-neutralizing antibody effector functions

Cody Nelson
Duke University

Introduction and Background: Human cytomegalovirus (HCMV) is the most common congenital infection worldwide, frequently resulting 
in hearing loss or brain damage in afflicted infants. A vaccine to prevent maternal acquisition of HCMV during pregnancy is one potential 
strategy to reduce the incidence of infant congenital disease. The glycoprotein B (gB) subunit + MF59 adjuvant vaccine platform demon-
strated a promising 50% efficacy in preventing primary HCMV acquisition in multiple phase II trials, yet the mechanism of vaccine protec-
tion is unknown. 
Specific Experimental Aims: An understanding of the precise immune responses elicited by the partially-efficacious gB/MF59 vaccine will 
inform future rational design and evaluation of vaccine candidates to eradicate this disease. 
Methods and Design: The plasma of 33 unique gB/MF59 vaccinees (at peak immunogenicity) was tested for immunogen binding, neutral-
ization activity, IgG subclass composition, epitope-specificity, and phagocytic function, then these data (vaccinee=V) were compared to 
that of a chronically-infected (seropositive=SP) control cohort. 
Results: gB/MF59 vaccination elicited high-magnitude gB-specific antibodies (median V log10ED50=3.96) with a high degree of af-
finity maturation (median V RAI=0.91), comparable to the gB-specific antibody responses elicited by natural infection (median SP 
log10ED50=3.30; RAI=0.96). However, in contrast to chronic infection, gB/MF59-elicited antibodies exhibited negligible neutralizing 
function (median ID50: V<30; SP=603; *p<0.001, Wilcoxon test) and rare binding antibody responses against gB protein structural motifs 
described as the target of neutralizing antibodies, including AD-1, AD-2, and domain I. Intriguingly, the vaccine elicited high-magnitude 
antibody responses against the gB transmembrane region, which does not contain any known neutralizing epitopes (median MFI: 
V=169,795; SP=13,916; *p<0.0001, Wilcoxon test). Finally, gB/MF59 vaccination elicited robust binding of trimeric gB expressed on the 
surface of transfected cells (Median MFI: V=1,445; SP=781; *p=0.01, Wilcoxon test) as well as phagocytosis of gB-coupled beads (Median 
MFI: V=49,670 ; SP=26,829 ; *p=0.02, Wilcoxon test). 
Conclusions and Future Directions: Altogether, this data suggests that non-neutralizing functional antibody responses, such as phagocy-
tosis or antibody-dependent cellular cytotoxicity, likely played a role in the observed 50% protection mediated by gB/MF59 immunization.  

Properties of the Chromatin- and RNA-Binding Protein hnRNP A2/B1

Eric Nguyen
University of Colorado

Long noncoding RNAs (lncRNAs), such as HOTAIR, are often involved in the formation of silenced heterochromatin in conjunction with 
proteins such as histone methyltransferases. Our group recently identified hnRNP B1 as the most-enriched nuclear protein that can bind 
preferentially to HOTAIR, and hypothesized that it might be involved in the proper targeting of chromatin modifiers. In order to investi-
gate the functions of hnRNP B1, we used the recently developed eCLIP-seq method to identify the RNAs bound by hnRNP B1 as well as an 
alternate isoform, hnRNP A2.  
In breast cancer cell lines we identified binding of hnRNP A2/B1 to many lncRNAs and mRNAs, including novel shared and unique bind-
ing events and motifs. Interestingly, hnRNP A2/B1 binding is highly enriched in a stable intronic sequence of HOTAIR that disrupts an 
RNA-RNA interaction region as well as a B1-specific binding motif in HOTAIR. We also investigated evolutionarily conserved differences 
between the two isoforms of hnRNP A2/B1, which can potentially alter binding sites on RNA.
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A direct and robust assay of G protein-coupled receptor (GPCR)-G protein coupling in cells

Najeah Okashah
Augusta University

Ligand activated G protein-coupled receptors (GPCRs) interact with heterotrimeric G proteins to mediate important physiological 
downstream pathways. Compounds that interact at GPCRs represent approximately one third of approved pharmacological agents. 
Approximately 44% of GPCRs are known interact with multiple G protein subtypes. However, there has been no systematic testing of 
secondary   G protein-GPCR interactions. There are no set criteria to define primary vs. secondary pathways, and defining what level of 
interaction qualifies as a physiologically viable secondary pathway remains elusive. Most previous studies relied on measurements of 
second messenger activity to define coupling, and these measurements can be influenced by crosstalk between pathways. Here we study 
GPCR-G protein coupling using a direct bioluminescence resonance energy transfer (BRET) assay.  We compared receptors with previously 
reported secondary coupling activity and receptors reported to have only one binding partner. We assessed coupling of each receptor to 
a representative panel that included a G protein from each of the four families (Gs, Gi, Gq/11, and G 12/13). In order to stabilize receptor-G 
protein interactions cells were permeabilized with digitonin, and residual nucleotides were depleted with apyrase. We found that in some 
cases it was possible to detect an agonist-dependent interaction between a receptor and a non-canonical G protein partner (ex. B2AR 
to Gq) under conditions of G protein overexpression, elimination of other G proteins, and nucleotide depletion. Other interactions were 
less robust than expected based on prior reports (ex. α2AR to Gs). The rank order of EC50 values for the tested receptors was measured 
via dose response curves (ex. B2AR rank order Gs<Gi<Gq). Non-canonical G protein-GPCR pairs generally had higher EC 50 values than 
canonical pairings. The ability to detect non-canonical interactions reinforces the notion that sensitive assays may detect coupling events 
that may or may not be physiologically relevant.  While we have only tested a small subset of receptors so far, we aim to eventually have 
a representative sampling of secondary G protein-coupling interactions. Further work with this assay could increase our understanding 
of the mechanisms of GPCR selectivity for G proteins, ligand-dependent G protein biased signaling, and help resolve controversies of the 
G-protein coupling status of receptors such as the Frizzled family.

Correlation of Exhaled Nasal Nitric Oxide to Sinus CT and Sinonasal Outcome Test Scores:  A Prospective Study

Jeremie Oliver
Mayo Clinic

Introduction and Background: Chronic rhinosinusitis (CRS) or rhinosinusitis lasting more than three months significantly impairs the qual-
ity of life and daily functioning of affected individuals. Computed tomography (CT) of the paranasal sinuses is the current gold standard 
in the diagnosis of CRS. Additionally, detection of nasal nitric oxide (nNO) levels has recently been investigated as a diagnostic tool in 
sinus disease, as the sinusoidal passages are blocked resulting in a lower level of release nNO.  This is the first study to prospectively evalu-
ate the utility of nNO measurement in conjunction with CT imaging and the SinoNasal Outcome Test (SNOT) to confirm the diagnosis of 
CRS. 
Methods and Design: Our study is a prospective cross-sectional study, conducted in accordance with Institutional Review Board (IRB) 
policy. Over a 12-month period, 14 consecutive adult patients (18 years and older) scheduled for sinus CT based on clinical suspicion of 
rhinosinusitis were eligible to participate in the study.  Exclusion criteria include those who refused to provide consent, patients with 
cystic fibrosis, primary ciliary dyskinesia, and patients who had undergone previous sinus surgery.  Additional data collection by the study 
coordinator included symptom assessment by a SNOT. Nasal nitric oxide determination was made using a Siever chemiluminescence NO 
analyzer.  
Results: Fourteen subjects participated. LM scores had a positive pairwise correlation with total SNOT-22 scores (R² = 0.1457, corr: 0.3817) 
and the humming:baseline nNO (positive pairwise correlation, R² = 0.0912, corr: 0.3021).  Baseline nasal nNO scores had a negative pair-
wise correlation with LM scores (negative pairwise correlation, R² = 0.1172, corr: -0.3424) and SN0T-22 scores (negative pairwise correla-
tion, R² = 0.1515, corr: -0.3893).   Detected nNO levels at baseline and while humming validate total Lund MacKay scores from CT imaging, 
as well as increasing SNOT scores with higher total Lund MacKay scores. 
Conclusions Future Directions: Baseline nNO decreased with increasing LM and SNOT-22 scores, while the ratio of humming:baseline nNO 
increased with increasing LM scores.  Nasal NO detection, in conjunction with CT and patient reported outcome tests, would potentially 
provide the patient and clinician with an inexpensive point-of-service test to screen for radiographically significant rhinosinusitis as well 
as for longitudinal monitoring of treatment response.
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Pathway Interactions for Autism-risk Gene SLC9A9: In Vitro Confirmation of Bioinformatic Associations

Jameson Patak
Upstate Medical University 

Introduction and Background: Na+/H+ exchanger 9 (SLC9A9) is an autism-risk gene localized in the endosomal system, which is a novel 
biological pathway that over-represents autism-risk genes. SLC9A9 regulates the endosome-recycling compartment through alkalinizing 
the endosomal lumen; although, it’s broader biological functions have not been elucidated. 
Objectives: Achieve a broader biological understanding of SLC9A9 through co-expression analysis and provide in vitro data confirming 
the endocytic regulation of autophagy and cell survival. 
Methods and Design: We use bioinformatics techniques to determine gene co-regulations, protein-protein interactions and pathway 
enrichments and confirm those results in an in vitro system. We perform WGCNA on human RNA-sequencing data from Allen Brain Atlas 
focusing on SLC9A9 co-expression modules in the pre- and postnatal hippocampus, cortex and amygdala. We use N2a cells as a neuronal 
model system to provide preliminary evidence that SLC9A9 gene-dosage affects autophagy induction and cell survival signals through 
lipofectamine 2000 transfections of SLC9A9 cDNA constructs. We assess immunoblots of N2a protein lysate for critical autophagy protein 
LC3-I/II, and cell survival protein BCL2. In addition, we challenge N2a cells with chloroquine to assess their viability at increasing levels of 
dosage.
Results: Our bioinformatics study shows SLC9A9 co-expression modules are enriched with mTOR and autophagic intermediates, as well 
as Bcl-2 pathway constituents. In vitro work shows that SLC9A9 overexpression in N2a cells significantly increases LC3 and Bcl-2 levels and 
provides resistance to drug treatments that typically result in cell death. 
Conclusions and Future Directions: These results provide further insight into how SLC9A9 is impacting neuronal function that eventually 
leads to autistic phenotypes. We provide preliminary evidence as to how SLC9A9 could potentially be associated with autism spectrum 
disorders via autophagy and cell survival pathways.

Loss of colonic FOXO3 function facilitates transcriptional changes associated with increased tumorigenesis and immune cell infiltrate 

Harrison Penrose
Tulane University School of Medicine

FOXO3 belongs to the forkhead box O (FOXO) family of transcriptional regulators that play critical roles in tumor growth of different 
organs. In particular, decreased FOXO3 levels have been demonstrated in human colon cancer tissues and are associated with worse 
prognosis, recurrence, and reduced survival. However, the transcriptional changes occurring in the colon due to loss of FOXO3 function 
which are responsible for driving colon tumorigenesis are not fully understood. Here, utilizing next generation RNA sequencing and 
pathways analysis, we aimed to determine in a mouse model of colon cancer the morphofunctional and transcriptional changes depen-
dent on loss FOXO3 function. Results: In the AOM/DSS model of colon cancer, FOXO3 deficiency led to a significantly increased colonic 
tumor incidence (2-fold, n=8) and tumor size (>3mm, n=8) compared to WT mice, resulting in an elevated tumor burden (3-fold, n=8). 
RNA-seq of colonic tumors revealed a substantial number of differentially expressed transcripts in FOXO3 KO relative to WT (FDR < 0.05). 
Additionally, we found that among the differentially expressed transcripts in the colon of FOXO3 KO mice, 776 were shared with mouse 
colonic tumors and these transcripts were functionally associated with migration and proliferation, cancer, and active inflammation of 
the colon  (GSE31106) (FDR < 0.05).  Importantly, the colonic FOXO3 KO transcriptional signature shared a substantial amount of expres-
sional overlap with human colon cancer (GSE4183), especially those tumor tissues and colon cancer cell lines annotated for microsatel-
lite instability, a characteristic associated with inflammation-mediated colon cancer progression (TCGA, CCLE) (FDR < 0.05). Immune cell 
decomposition analysis of FOXO3 KO colon demonstrated increased immune cell infiltrate characterized by an elevated number of infil-
trated B-cells, CD4+ and CD8+ T-cells, macrophages, and neutrophils (CIBERSORT, FDR < 0.05). Finally, we identified in FOXO3 KO colon a 
substantial number of novel and established transcripts dependent directly or indirectly on FOXO3 that are associated with tumorigen-
esis.  Conclusion: These data demonstrate that mouse colon cancer progression mediated by loss of FOXO3 depends on elevated immune 
cell infiltrate and tumorigenic pathway activation that could be utilized as a source of novel biomarkers for diagnostic and prognostic 
applications in human colon cancer.   
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Endoplasmic reticulum aminopeptidase 1 knockout mice develop gut dysbiosis, axial spinal ankylosis, and osteoporosis 
Yuliya Pepelyayeva
Michigan State University

Introduction and Background: Ankylosing spondylitis (AS) is a chronic inflammatory and arthritic disease characterized by ankylosis and 
osteoporosis of the axial skeleton. Genome-wide association studies (GWAS) of AS patients identified multiple polymorphisms in Endo-
plasmic Reticulum Aminopeptidase 1 (ERAP1) to be associated with increased risk for AS.  We have previously shown that ERAP1 is an 
important regulator of innate and adaptive immune responses in mice and human immune cells. It is known that intestinal bacteria are 
critical to shaping and maintaining normal immune function, and impaired intestinal microbiota is thought to alter immune responses. 
AS patients have been reported to have microscopic gut inflammation and altered microbiome in the terminal ileum. Therefore, using 
ERAP1-/- mice, we explored the effects that ERAP1 has on both the skeletal system and the gut microbiome. 
Methods and Design: µCT imaging was used to evaluate bone morphology and density of the axial skeleton in WT and ERAP1-/- mice 
over their lifetimes. H&E and immunohistochemistry staining was performed on spines from 80-week-old mice to evaluate for interver-
tebral disc integrity and morphology. 16S rRNA genetic phenotyping of the fecal microbiomes of ERAP1-/- and WT mice was performed 
using MiSeq analysis. 
Results: ERAP1-/- animals developed spontaneous fusions of the lumbar vertebra and sacrum (seen in 31/36 mice; p<0.0001). By 14 weeks 
of age, they developed osteoporosis of the trabecular bone in the lumbar spine and sacrum. L6-S1 intervertebral disk space was infiltrat-
ed by inflammatory cells, staining positively for macrophage marker F4/80. Furthermore, fecal microbiome composition of ERAP1-/- mice 
was significantly enriched for Prevotella and Odoribacter species as compared to similarly housed WT mice.
Conclusions and Future Directions: We identified a novel animal model phenocopying key skeletal features of human AS, including axial 
spinal fusion and decreased bone density. Furthermore, we observed colonic dysbiosis in ERAP1-/- mice, supporting the link between gut 
dysbiosis and AS. ERAP1-/- mice are thus a suitable model for determining how genetics, the immune system, and the gut microbiome 
interact to cause autoimmune diseases such as AS.

Raphe-Amygdala Connectivity as a Biological Predictor of SSRI Response 

Rajapillai Pillai
Stony Brook University

Introduction and Background: Selective serotonin reuptake inhibitors (SSRIs) are the first line treatment for major depressive disorder, 
yet only a small percentage of patients achieve remission. Imaging structural connections in the serotonin system via white matter tracts 
from the raphe nucleus, the source of all serotonergic fibers, may help predict who will and will not respond to treatment.
Specific Experimental Aims: We aim to replicate our previous findings that increased fractional anisotropy (FA) in tracts from the raphe to 
the amygdala as measured by diffusion tensor imaging (DTI) differ between remitters and nonremitters. We also aim to correlate FA with 
symptom improvement, as measured by decreases in clinical measures of MDD symptoms.
Methods and Design: 64 direction DTI was collected in 144 medication free patients with major depressive disorder (MDD) from the 
Establishing Moderators and Biosignatures of Antidepressant Response for Clinical Care (EMBARC) study. Probabilistic tractography was 
performed between the raphe nucleus and bilateral amygdala and hippocampus and weighted FA was calculated in these tracts. Patients 
were then treated with either sertraline or a placebo, and their change in Hamilton Depression Rating Scale (HDRS) score reported. Pre-
treatment FA was compared between remitters and nonremitters, and the correlatation between pretreatment FA and percent change in 
symptom severity as measured by the HDRS was assessed. 
Results: Contrary to our hypotheses, FA did not differ between remitters and nonremitters in tracts from the raphe to the left and right 
amygdala (p = 0.38 and 0.16, respectively; average difference between groups = 0.02 for both regions). Moreover, symptom improvement 
correlated negatively with pretreatment FA between the raphe and left amygdala (r = 0.16, p = 0.04, Bonferroni corrected). 
Conclusions and Future Directions: Part of SSRI action may involve structural repair of serotonergic pathways, making reduced structural 
integrity of axons between the raphe and amygdala a possible requirement for medication efficacy. However, owing to the small effect 
size, FA would likely not be a viable clinical predictor of remission. It would be beneficial to examine the behavioral phenotypes of indi-
viduals with MDD who have low FA between the raphe and amygdala, as this may point to a possible subtype of the disorder.
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21Inhibition of Pilus Assembly by Nitazoxanide

John Psonis
Stony Brook University

Uropathogenic Escherichia coli (UPEC) is the primary causative agent of urinary tract infections (UTIs). Critical to the establishment of 
UTIs by UPEC are pili. The pili (or fimbriae) expressed by UPEC are virulence-associated surface structures that are assembled by the 
chaperone/usher (CU) pathway and mediate bacterial adhesion to host cells. We have discovered that the small molecule nitazoxanide 
(NTZ) inhibits pilus biogenesis via the CU pathway in UPEC. We have determined that this inhibitory effect of NTZ is due to interference 
with proper maturation of the usher protein in the bacterial outer membrane (OM). The usher is required for assembly and secretion of 
the pilus fiber across the OM to the cell surface. The usher is folded and inserted into the OM by the ß-barrel assembly machinery (Bam) 
complex, which in E. coli consists of five proteins, BamA-E. To explore the contribution of the Bam complex to the NTZ phenotype, the 
effect of the drug on OM usher levels was examined in the background of various Bam protein deletion strains, as well as strains that 
either overexpress or underexpress the Bam complex. These results revealed a dependence on BamB and BamE for the inhibitory effect 
of NTZ on usher folding into the OM. Moreover, the sensitivity of OM usher levels to the effect of NTZ was dependent on the levels of 
Bam complex expression, suggesting a possible mechanism by which NTZ inhibits pilus biogenesis. Using an in vitro pulldown approach, 
we determined that NTZ does not interfere with the formation of the Bam complex. Binding of NTZ to the Bam complex could, however, 
induce a conformational change that alters its activity, leading to usher misfolding. To determine the mechanism by which NTZ interferes 
with usher folding, we are using lipid nanodisc technology to reconstitute the folding pathway of the usher in vitro. We have successfully 
reconstituted the Bam complex into lipid nanodiscs and are comparing the ability of nanodisc-reconstituted Bam complex to fold urea-
denatured usher in the presence or absence of NTZ. To identify the specific binding site of NTZ, we are also pursuing a genetic screen 
to isolate bacterial mutants that are resistant to NTZ. These studies will help to identify the specific target of NTZ and its mechanism of 
action, and will facilitate the design of new therapeutic agents that target bacterial adhesion. In addition, these studies will reveal new 
details by which proteins such as the usher fold in the OM.

Obesity-altered adipose stem cells promote triple negative breast cancer metastasis in a patient derived xenograft (PDX)

Rachel Sabol
Tulane University School of Medicine

Obesity is an established risk factor for breast cancer. Obese women have an increased incidence and mortality of breast cancer, however 
the mechanisms(s) through which obesity enhances tumorigenesis are not well understood. Current models used to study breast cancer 
in vivo, specifically immortalized cell lines or orthotopic xenografts, are limited by the lack of tissue architecture and human stromal com-
ponents. Passaging immortalized cell lines results in irreversible alterations of genetic information and behavioral characteristics.  Patient-
derived xenografts (PDX) have emerged as a novel translational tool for cancer research with the potential to more accurately recapitulate 
the molecular and behavioral aspects of cancer.  Further, PDX represent primary patient tumors providing evidence in the context of 
humans in vivo. Our team has developed a system to investigate the obesity-breast cancer axis. The protocol involves implanting PDX tu-
mor line 2K1 coated in matrigel alone or co-transplanted with adipose-derived stem cells from lean (lnASCs) and obese (obASCs) donors. 
PDX tumors were implanted bilaterally into the mammary fat pad of female SCID/Beige mice and passaged when the tumor volume grew 
to 750-1000 mm3. Tumors with obASCs show decreased expression of CD326 - epithelial cell adhesion molecule and increased circulating 
HLA1+ “human cells” as well as increased CD44+CD24- cancer stem cells in the blood. Additionally, obASCs increased circulating classical-
ly associated macrophages as well as alternatively activated macrophages, which have been shown to promote breast cancer tumorigen-
esis and invasion. Evaluation of lungs and liver revealed increased lung metastases in the obASC group. These data suggest that obASCs 
promote increased circulating tumor cells leading to increased metastasis of triple negative breast cancer in a PDX model.
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Diet affects the severity of experimental autoimmune encephalomyelitis (EAE) by altering gut microbial communities

John Michael Sanchez
University of Utah

Introduction and Background: We have previously shown that diet significantly affects the severity of (EAE), a mouse model of multiple 
sclerosis. Given that diet is known to modulate gut microbiota, we hypothesized that changes in gut community composition are one 
mechanism by which diet affects the severity of EAE.
Specific Experimental Aims: We sought to identify any changes in microbial communities during the course of EAE and on different diets. 
We then sought to test the protective effects of an individual microbial community member that exhibits an inverse correlation with 
disease.
Methods and Design: To test our hypothesis, C57BL/6J mice were divided into two dietary groups: Teklad Global Soy Protein-Free Ex-
truded Rodent Diet (irradiated diet) and Teklad Sterilizable Rodent Diet (autoclaved diet). Fecal pellets were collected on day -2 and day 
16 post EAE induction for bacterial 16S rRNA sequencing, and clinical scores were recorded daily. To validate the results of our 16S rRNA 
sequencing, C57BL/6J mice were prophylactically treated with either Lactobacillus paracasei or phosphate-buffered saline (PBS) daily by 
oral gavage for 14 days prior to EAE induction, and clinical scores were recorded. Upon EAE onset, mice were therapeutically treated with 
L. paracasei or PBS daily by oral gavage. 
Results: The average clinical score for mice on the irradiated diet was significantly higher than for mice on the autoclaved diet at day 16. In 
support of our hypothesis, we found that the genus Lactobacillus was significantly inversely correlated with the severity of EAE. Mice that 
received L. paracasei had significantly lower clinical scores for the majority of the observation period compared to PBS-treated mice. 
Conclusions and Future Directions: Diet can affect autoimmune processes of the central nervous system, in part, by altering gut microbial 
communities. Further work is being done to study the protective mechanism of L. paracasei  in EAE.

A histological progression of ear skin and muscle regeneration in acomys and mus

Aaron Sandoval
University of Florida

Regeneration has been studied almost exclusively in lower invertebrates as most mammals are only able to regenerate fetal tissue. The Af-
rican spiny mouse (Acomys) represents the first time advanced regeneration has been observed in an adult mammal. Acomys’s extensive 
regenerative capabilities were first studied in depth in 2012 in central Kenya. Acomys has evolved a defense mechanism which involves 
fragile skin that tears easily when caught by a predator, allowing the mouse to escape. Subsequently, the mouse regenerates extensive 
parts of its body. The regenerative capabilities of Acomys are being further studied by comparing it to a normal mouse (Mus). In order 
to compare the progression of ear regeneration in Acomys and Mus, ears of both species were wounded using a four-millimeter punch 
to remove the epidermal and dermal tissue layers, revealing the underlying cartilage. The ears were subsequently embedded in wax, 
mounted on slides, and trichrome stained to differentiate between erythrocytes, muscle and collagen. Microscopic analysis revealed that 
Acomys was able to regenerate its cartilage and hair follicles, whereas Mus was only able to regenerate a disorganized mass of collagen. 
Significant scarring was evident in Mus, while none was observed in Acomys. In order to compare the progression of muscle regenera-
tion, the Tibialis Anterior (TA) muscles of both species were injected with cardiotoxin (snake venom) to damage the myocytes. The TA 
tissue was fixed and embedded in freezing medium and then cut on a cryostat and mounted. The slides were treated with antibodies for 
Collagen I and XII through immunocytochemistry. The slides were then examined via immunofluorescent microscopy. It was found that 
regeneration is present in both, to an extent, but much quicker in Acomys. Masses of interstitial connective tissue indicative of fibrosis 
were present in Mus and limited functionality. Collagen XII is wound-induced and not present in regular, healthy muscle; thus, its pres-
ence in Mus indicated substantial scarring. Similarities between the regeneration of the two tissue types show that responses are systemic 
and likely to occur in a similar fashion after damage to other kinds of tissue (heart, spinal cord, etc.). The results of further study of Acomys 
could prove integral in gaining a comprehensive understanding of the regenerative process. Findings could ultimately improve the entire 
healthcare field by allowing for the regeneration of human tissue.
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Dissection of Usher-Chaperone-Subunit Interactions During Pilus Biogenesis in Escherichia Coli

Werneburg, G.T. and Thanassi, D.G.
Stony Brook University

INTRODUCTION & BACKGROUND: Gram-negative bacteria use the chaperone/usher (CU) pathway to construct virulence-associated surface 
structures known as pili. Type 1 pili, our model system, facilitate uropathogenic Escherichia coli bladder colonization and infection. The CU pilus 

26

25Enhancer based analysis of memory CD8 T cell differentiation

David Schauder
Medical College of Wisconsin

Introduction and Background: Naïve CD8 T cells responding to a pathogen differentiate into two types of effector T cells: memory precur-
sor effector cells (MPECs) and short-lived effector cells (SLECs). Following pathogen clearance, most of the SLECs will die via apoptosis, 
while the MPECs have greater potential to become long-lived memory CD8 T cells. It is still not well understood how this cell fate decision 
of effector CD8 T cells is made. By investigating the enhancer landscape during this differentiation process, new insights can be gained 
into the regulation of memory CD8 T cell formation.
Specific Experimental Aims: How does enhancer utilization change as naïve CD8 T cells differentiate into memory CD8 T cells? What tran-
scription factors regulate MPEC-specific enhancers? Can deletion of MPEC-specific enhancers skew CD8 T cell fate?
Methods and Design: P14 Thy1.1+ CD8 T cells were transferred i.v. to naïve Thy1.2+ mice, which were then infected with LCMV Armstrong. 
MPECs and SLECs were sorted from the spleen at day 9 p.i., memory cells at day 40+ p.i., and naïve CD8 T cells were sorted from uninfect-
ed P14 mice. These cells were then subjected to ChIP-seq for the histone modification H3K27Ac, ATAC-seq, and RNA-seq.
Results: We found two primary patterns of enhancer activity: 1. High activity in naïve and memory CD8 T cells, but low activity in MPECs 
and SLECs. 2. Low activity in naïve CD8 T cells with increased activity in all activated cells, particularly SLECs. Additionally, MPEC-specific 
enhancers were significantly enriched for the binding motifs of E2A and TCF7. Finally, we identified multiple putative MPEC-specific 
enhancers near the Tcf7 locus and preliminary results suggest that deletion of at least one of these results in significantly lower TCF7 
expression.
Conclusions and Future Directions: By examining the overall enhancer landscape during this differentiation process, we uncovered dis-
tinct patterns of enhancer activity that regulate modules of genes associated with effector function and memory potential. MPEC-specific 
enhancers were highly enriched for the binding sites of E2A and TCF7, suggesting that these factors may play a role in regulating enhanc-
ers required for memory T cell formation. At least one MPEC-specific enhancer near the Tcf7 locus contains an E2A binding site and is 
functionally required for TCF7 expression. We will soon test whether deletion of this enhancer prevents memory cell formation in vivo.

A murine model of suicide gene therapy demonstrates efficacy despite anatomic and clinical constraints, suggesting possible use 
as a treatment for diffuse intrinsic pontine glioma (DIPG)

Matthew Schuelke
Mayo Clinic

Introduction and Background: Diffuse intrinsic pontine glioma (DIPG) is a rare pediatric brainstem tumor with dismal survival, presenting 
a uniquely challenging target for viroimmunotherapy. Patients receive frontline radiotherapy (RT) followed by dexamethasone (DEX) at 
relapse, each of which could modulate immune-mediated therapy. Additionally, the brainstem may not tolerate therapy-induced antitu-
mor inflammation.
Specific Experimental Aims: We aimed to assess the efficacy of using a replication-competent retrovirus (RCR) encoding the Herpes Sim-
plex Virus thymidine kinase (HSVtk) suicide gene in combination with the prodrug ganciclovir (GCV) to treat DIPG, focusing on anatomi-
cal brainstem constraints and potential interference by clinical therapies.
Methods and Design: First, we infected a human DIPG cell line panel with RCRs encoding either GFP or HSVtk. To model in vivo therapy, 
B16 melanoma stably expressing HSVtk (B16tk) was stereotactically implanted into the brainstem of C57Bl/6 mice followed by GCV with 
DEX or RT, and these studies were repeated in the frontal lobe. Immune recruitment and activation was assessed ex vivo by whole brain 
flow cytometry and splenic restimulation assays.
Results: Human DIPG cells were successfully infected in vitro with RCR-GFP and RCR-HSVtk, though some variability existed between 
cell lines. In vivo, GCV treatment extended median survival of mice bearing B16tk brainstem tumors from 13 to 38.5 days without toxic 
inflammation, and the addition of DEX or RT did not compromise therapy. When treating larger tumors, the brainstem was more sensitive 
than the frontal lobe (median survival of 13 vs 42 days), while the smallest tumors counter-intuitively decreased survival (median survival 
of 32 vs 41 days), suggesting a necessary antigen or inflammation threshold. Ex vivo studies showed that CD4 and CD8 T-cells subacutely 
increased in the tumor, while monocyte-derived suppressor cells (MDSCs) decreased. Lastly, immune activation was local, as splenic 
restimulation with tumor peptide or lysate did not solicit a cytokine response.
Conclusions and Future Directions: RCRs are capable of infecting human DIPG cell lines, and an in vivo model showed suicide gene 
therapy against brainstem tumors is viable without demonstrable toxicity, soliciting a productive immune response even in the context 
of other clinical therapies. Future studies will further characterize the immune response and use syngeneic glioma or engineered DIPG 
models.
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Mapping the structural and functional network architecture of the medial temporal lobe using 7T MRI

Preya Shah
University of Pennsylvania

Introduction and Background: The medial temporal lobe (MTL) consists of the hippocampus and extra-hippocampal cortical structures, 
and plays an essential role in memory function. Specific MTL subregions are differentially involved in both normal memory function and 
various neurological disorders such as Alzheimer’s disease and temporal lobe epilepsy. However, due to lack of high-resolution MRI im-
ages and accurate subfield segmentations, there is limited prior work investigating MTL structural and functional network connectivity at 
the subregion level.
Methods and Design: In this study, we characterized network architecture of the MTL in healthy subjects using both resting state func-
tional MRI and MTL-focused T2-weighted structural MRI at 7 tesla. Ten MTL subregions per hemisphere, including hippocampal subfields 
and cortical regions of the parahippocampal gyrus, were segmented for each subject using a multi-atlas segmentation algorithm. Both 
structural connectivity matrices from correlations of subregion volumes across subjects, and functional connectivity matrices from cor-
relations between subregion BOLD time series were generated. 
Results: We found a moderate structural and strong functional inter-hemispheric network symmetry. Several bilateral hippocampal 
subregions (CA1, dentate gyrus, and subiculum) emerged as functional network hubs. We also observed that the network is composed 
of two modules corresponding closely to (1) bilateral hippocampal formations, and (2) bilateral extra-hippocampal structures. Finally, we 
found a significant correlation in structural and functional connectivity. 
Conclusions and Future Directions: Our findings represent the first comprehensive analysis of network topology of the MTL at the subre-
gion level, and can serve as the basis for better understanding its physiological function. Moreover, this work can pave the way for future 
studies to characterize changes in network architecture in disease processes involving the MTL.

Synthetic lethal testing in a mouse embryonic fibroblast model of SDH-loss human familial paraganglioma

John Smestad
Mayo Clinic

Introduction and Background: Succinate dehydrogenase (SDH)-loss paraganglioma (PGL) and pheochromocytome (PCC) are rare neuro-
endocrine tumors that are models for tumorigenesis driven by TCA cycle metabolic derangement. In the current model of PGL tumori-
genesis, accumulation of succinate in the setting of SDH loss is believed to drive PGL tumorigenesis via activation of pseudohypoxic 
signaling and induction of hypermethylation of histones and DNA.  The role of metabolic derangement in PGL tumorigenesis has not 
been fully explored, but it is possible that SDH loss may obligate PGL tumor cells to rely upon otherwise non-essential metabolic path-
ways for survival.  Previous evidence has suggested that SDH-deficient cells rely on lactate dehydrogenase A (LDHA) for regeneration of 
NAD+, raising the possibility that LDH inhibition might be selectively toxic to SDH-loss cells. Likewise, it has previously been argued that 
SDH loss induces dependence on pyruvate carboxylase (PCx) for uptake of extracellular pyruvate and increased aspartate synthesis. In 
the current work, we investigate the synergistic effects on cell viability of SDH loss in the context of genetic or pharmacologic inhibition 
of two putative PGL therapeutic targets, LDHA and PCx. 
Methods and Design: In the absence of cell lines derived from PGL tumors, we have developed an immortalized mouse embryonic 
fibroblast (iMEF) cell line in which conditional disruption of one or both SDHC alleles is triggered by doxycycline. Using this homozygous 
SDHC loss model and a heterozygous control, we present a characterization of the time-course of SDHC gene loss and protein loss follow-
ing doxycycline treatment.  We then perform lentiviral short hairpin RNA (shRNA) knockdown of LDHA and PCx in SDHC-loss cells and as-
sess differential apoptosis induction via a fluorescence image-based caspase activity assay.  Similarly, we assess differences in cell viability 
between SDH-loss and control lines following exposure to known pharmacologic inhibitors of LDH.
Results and Conclusions: We present quantitative apoptosis data supporting the hypothesis that LDHA and PCx loss are synthetically le-
thal with SDH loss. These results are compared with new data testing differential vulnerability of SDH-loss iMEFs to small molecule inhibi-
tors.  Our data suggest that SDH loss paraganglioma cells may be selectively vulnerable to growth inhibition by non-cytotoxic metabolic 
inhibitors.
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29Biased CXCR3 ligands differentially alter T cell inflammation and chemotaxis

Jeffrey Smith
Duke University

Introduction and Background: Allergic contact dermatitis (ACD) is a prevalent inflammatory disease with few targeted therapies, and a 
model disease for understanding T cell function. Chemokines play an important role in ACD through the recruitment of effector T cells 
that express the chemokine receptor (CKR) CXCR3. Chemokines signal through CKRs, a subgroup of the G protein-coupled receptor 
(GPCR) family, which are targeted in >30% of medications. However, few drugs target CKRs, which has been thought to be due to their pu-
tative redundancy. Classically, GPCRs were thought to act as simple switches that were turned on by agonists and off by antagonists. We 
now appreciate that GPCRs adopt multiple conformations that link to distinct signaling pathways, such as G proteins and beta-arrestins 
(Barrs). Moreover, these pathways can be selectively activated by a novel class of receptor ligands, termed biased agonists, which signal 
through some pathways while blocking signaling through others.
Specific Experimental Aims: The aims of this study were to 1) identify CXCR3 biased ligands and 2) determine the roles that G proteins and 
Barrs play in a T cell mediated inflammatory response by selectively targeting signaling with CXCR3 biased agonists.
Methods and Design: To study bias, multidimensional signaling profiles of CXCR3 ligands in G protein and Barr in vitro assays were as-
sessed. Mouse and human cell chemotaxis was determined through transwell migration, and the effects of CXCR3 ligands on ACD were 
assessed in the dinitrofluorobenzene allergic contact hypersensitivity (CHS) mouse model. Patient biopsies with positive patch test results 
to contact allergens were analyzed.
Results: Transwell migration results show Barr signaling through CXCR3 is necessary for full efficacy chemotaxis of both mice and human 
T cells. In addition, a topically applied Barr-biased ligand doubled (p<0.05) the CHS inflammatory response in WT, but not in Barr2 KO or 
CXCR3 KO, mice. Flow cytometric analysis of mouse skin demonstrated an increased T cells following Barr-biased drug treatment com-
pared to vehicle and G protein biased treatment (p<0.05).
Conclusions and Future Directions: We conclude CXCR3 Bbarr-mediated signaling appears critical for effector T cell function that underlies 
the T cell mediated inflammatory response in CHS. These findings suggest that biased ligands could be utilized to selectively target the 
chemokine system for therapeutic benefit, and future directions include identifying critical downstream effectors of Barr signaling.

Subacute exercise of sufficient intensity promotes cognitive recovery after resuscitation from cardiac arrest in Sprague-Dawley 
rats

Holly Stradecki-Cohan
University of Miami

Introduction and Background: Half a million people in the US annually experience a cardiac arrest annually.  During the arrest, the whole 
body, including the brain, experiences a lack of perfusion.  It is no surprise that nearly 50% of survivors are left with cognitive deficits due 
to the global brain ischemia which causes extensive hippocampal CA1 cell death.  Exercise can enhance recovery of cognition after stroke 
(focal brain ischemia) in human and animal models.  It has never been tested if exercise is beneficial specifically after cardiac arrest.  
Specific Experimental Aims: This study sought to examine effects of treadmill exercise speed on cognitive recovery after cardiac arrest.  
Specifically, we wanted to test the hypothesis that a brief, subacute bout of moderate intensity treadmill exercise results in a lasting im-
provement of cognitive function after cardiac arrest. 
Methods and Design: Adult Sprague-Dawley rats were subject to an 8-minute asphyxia cardiac arrest.  Three days later, rats were subject 
to 5-day bout of treadmill exercise at 0 m/min, 6 m/min, 10 m/min, or 15 m/min.  Plasma was collected daily post-exercise to examine 
glucocorticoid release with ELISA.  Cognition was tested with hippocampal-dependent contextual fear conditioning 18 days after surgery 
(11 days after last exercise session).  The number of non-compromised hippocampal CA1 neurons was quantified using haematoxylin and 
eosin staining.
Results:  A 5-day bout of treadmill exercise at 10 or 15 m/min beginning 3 days after cardiac arrest enhanced contextual fear memory 
tested 18 days after resuscitation.  Exercise after cardiac arrest did not promote neuroprotection and enhanced the release of corticoste-
rone.
Conclusions and Future Directions:  A brief, subacute bout of moderate or heavy treadmill exercise after cardiac arrest enhances cognitive 
recovery in Sprague-Dawley rats despite not providing neuroprotection to hippocampal CA1 neurons suggesting that exercise enhanced 
the plasticity of surviving cells.  Future studies should examine potential molecular changes that underlie the enhanced plasticity after 
cardiac arrest.
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Discovery of a Proliferative Gene Signature Predictive of Patient Survival in Renal Cancer

Paul Tran
Medical College of Georgia

Introduction and Background: The role of personalized medicine is to use molecular analyses to identify patient subgroups within a clini-
cally homogeneous patient population. This new classification scheme should improve clinical outcomes for these patients. We herein 
describe the data mining of The Cancer Genome Atlas database to identify patient subgroups from gene expression data. 
Specific Experimental Aims: We aim to define gene signatures associated with poor clinical prognosis in renal cancer patients.
Methods and Design: We downloaded TCGA renal cancer gene expression RNASeq data (KIRP, KIRC, and KICH) from the UCSC Xena Public 
Data Hub. The data downloaded showed gene-level transcript count estimates as log2(x+1) transformed RNASeq by expectation maximi-
zation (RSEM) normalized data. We then fit each gene to a Cox regression model using the patient phenotype data also downloaded from 
the UCSC Xena Public Data Hub. We ranked the genes using the log-rank test from smallest to largest p-value and filtered out genes with 
low expression level variation in the population. We used the resulting gene list to define our gene signature.
Results: We report the identification of a gene signature which can determine the prognosis of any renal cancer patient regardless of 
histologic subtype. This subgroup of patients has worse survival characteristics compared to renal cancer patients who do not exhibit this 
signature. This is demonstrated through Kaplan-Meier survival analysis and univariate and multivariate Cox proportional hazard models. 
In all three renal cancer subtypes, the poor prognosis group represents a small portion of all patients. The gene signature is enriched for 
genes associated with cellular proliferation.
Conclusions and Future Directions: We have shown that renal tumors positive for our proliferation gene signature confer worse patient 
survival compared to renal tumors negative for our proliferation gene signature. The genes used to identify the patient group exhibit a 
high degree of correlation with each other, with poor prognosis patients exhibiting higher expression levels of all genes compared to the 
better prognosis patient group. The high degree of correlation suggests the expression levels of these genes are controlled by a single 
upstream pathway. We will identify this common pathway in a future analysis.

Surface Marker Profiles of Renal Cell Carcinoma Primary Cell Cultures Do Not Change Over Time in Adherent Cell Culture

Lynn Tran
Medical College of Georgia

Introduction and Background: The most commonly used model for studying human cancer over the past decades has been in vitro 
cultured human cancer cell lines. Currently, primary cultures of human cancer-containing mixed cell populations are not well-studied or 
widely utilized. The advantage of mixed cell culture is that tumor heterogeneity can be simulated in vitro. With proper characterization 
over multiple passages, primary cultures can be a superior in vitro model for studying human cancers.
Specific Experimental Aims: We hypothesized that renal cell carcinoma human primary cell cultures will possess consistent surface marker 
profiles over the course of in vitro passaging in adherent culture. We also aim to identify biomarkers stably and differentially expressed in 
primary renal cell carcinoma culture and matched non-cancerous kidney cell culture.
Methods and Design: Primary renal cell carcinoma cultures were created through overnight collagenase digestion of resected human tu-
mor specimens, with matching non-cancerous kidney cell cultures from the same patient subject to the same protocol. Spheroid culture 
using low-adherence plates was used to demonstrate the differential tumorigenicity of the cancerous culture as opposed to the matched 
normal culture. Then, primary cultures were characterized using immunofluorescence (IF) staining with a panel of antibodies against 
CD10, CK7/17, CK18, vimentin, CD141, GATA3, CD15, Lewis Y (Ley), sialyl-Lewis X (SLex), and CD147.
Results: Our data demonstrates that the primary renal cell carcinoma culture BAT514Twco maintains a consistent IF staining profile of 16 
markers through at least the 20th passage. BAT514Twco formed spheroids in low-adherence cell culture plates, whereas matched normal 
culture BAT514N did not.
Conclusions and Future Directions: We conclude that our primary renal cell carcinoma culture demonstrates a stable IF staining profile 
over the course of at least twenty passages.  This panel will be validated in further passages and other primary renal cell carcinoma speci-
mens; similar experiments will be conducted to expand these observations to other primary human cancer cell cultures. We also plan to 
characterize the -omic profiles of our primary renal cell carcinoma cultures over the course of in vitro adherent culture passages to assess 
transcriptomic as well as proteomic stability. These validated primary human cancer cell cultures will be used for in vitro anti-cancer drug 
screening.
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The Tour for Diversity in Medicine: Mentoring Diverse Students in their Backyard and Discussing Their Solutions to Student-De-
rived Challenges in the Pathways to Health Careers

Robert Trevino
Rush Medical College

Introduction and Background: The leaky pipeline is one reason the pool of diverse applicants for health professional school is shrinking 
(Barr Acad Med 2008). To strengthen the pipeline for diverse learners, we need to rethink traditional strategies for providing outreach & 
support as current measures haven’t met the growing needs. The Tour for Diversity in Medicine was established in 2012 as a grassroots 
effort to mediate pipeline leakiness. Over 3,600 students (>80% self-identifying as underrepresented in medicine) have participated in 10 
T4D tours, encompassing 40 campuses in 28 states. A previous study elucidated student-derived barriers to pursuing a health profes-
sional career, including financial personal, academic, & motivational themes (Freeman Acad Med 2017). This study continues that work by 
conducting focus groups to gather student-driven solutions to the previously mentioned challenges.
Methods and Design: In 2013, a qualitative analysis of students participating in the Tour for Diversity in Medicine was conducted. Focus 
groups were convened to address student derived solutions to previously described barriers to pursuing careers in health fields and then 
were analyzed through thematic content analysis. 
Results: Focus groups were conducted during a fall tour consisting of four different campus stops. Twenty-nine students from freshman 
to post-baccalaureate participated in the discussions. Students described solutions to different barriers. Students consistently pushed for 
a demystification of the process, which could be accomplished with multiple components, including early exposure interventions which 
provide awareness and guidance through the system. Mentorship and role models were a critical component as many of the participants 
were first-generation college students. 
Conclusions and Future Directions: The Tour for Diversity in Medicine has reached thousands of students by visiting them in their back-
yards. The unique structure of the organization allows for a mix of academic advising, storytelling, and tiered mentorship. Through the 
focus groups, we learned students want to be active participants in the process and just need guidance on navigating the resources 
available to them. If health professions aim to decrease the leakiness of the pipeline, then reasons exist to reach out to a broader set of 
students who may possess a different set of needs than previously anticipated. A starting point would be listening to student suggestions 
for what they need to advance.

Lactate induces the expression of immune checkpoint inhibitors in HPV+ head and neck positive squamous cell carcinoma

Alexander Verma
Stanford School of Medicine at University of South Dakota

Introduction and Background: In multiple tumor types therapies targeting immune checkpoint co-inhibitors on the surface of cancer cells 
or their counterparts on T cells have shown incredible clinical efficacy in several tumor types. Previous work has identified that an anti-tumor 
immune response induced by conventional chemoradiotherapy is necessary to eradicate human papillomavirus positive head and neck 
squamous cell carcinoma (HPV+ HNSCC). Furthermore, intratumoral lactate production negatively correlates with immune-mediated tumor 
clearance. This phenomenon has been observed in other cancer types and most studies have focused on the inhibitory effects of lactate 
on intratumoral T cells. Lactate has also been shown to affect gene expression in somatic and cancer cells by activating the surface protein 
GPR81/HCAR1. 
Specific Experimental Aims: We sought to determine if lactate and lactate-altering therapies could increase immune checkpoint co-inhibitor 
expression on HNSCC cells to increase their resistance to immune cell activity, to determine what receptor mediates lactate-induced check-
point inhibitor expression, and to determine if lactate-induced immune checkpoint inhibitor expression significantly contributes to immune 
evasion. 
Methods and Design: To determine this, multiple HPV+ HNSCC cell lines were cultured in either 10 mM lactate or an equivalent volume of 
saline for 24-72 hours. We also assessed the effects of metformin, a glycolysis-inducing drug, as well as epigallocatechin-3-gallate (EGCG), a 
known inhibitor of lactate production. Expression of the immune checkpoint inhibitors PD-L1 and PD-L2 were assessed using RT-qPCR, flow 
cytometry, and western blot analysis.
Results: Lactate increased transcript levels of PD-L1 and PD-L2 when added to media. EGCG was shown to decrease expression of PD-L1 
and PD-L2, while metformin increased expression of PD-L1. Metformin was shown to increase lactate production, while EGCG was shown to 
decrease lactate production. However, no evidence has yet been shown that causatively links lactate production with PD-L1/2 expression.
Conclusions and Future Directions: Together, these findings indicate that lactate can act as a paracrine or autocrine signal to induce immune 
resistance in HPV+ HNSCC. Future experiments will attempt to discern what signaling pathway is used to induce these changes. Effects of 
lactate-induced signaling will be assessed via a T cell co-culture model.



32nd Annual MD/PhD Student Conference  •  July 14-16, 2017  •  Keystone, Colorado

62 4:45 - 5:45 p.m. • Saturday, July 15

POSTER SESSION II
35

36

Manipulating muscle stem cells with ectopic FGFR1

Thomas Vogler
University of Colorado 

The precise, mechanistic regulation of muscle stem cells (aka satellite cell) numbers in skeletal muscle is poorly understood. A possible 
regulator of satellite cell numbers, in both muscle regeneration and homeostasis, is the balance between terminal differentiation and 
self-renewal. Here, we ectopically express an inducible, constitutively active fibroblast growth factor receptor-1 (FGFR1) in satellite cells 
to block terminal differentiation. The constitutively active receptor activates FGFR1 signaling, increases the number of cycling satellite 
cells in vitro and delays terminal differentiation. In vivo, muscle regeneration is impaired when constitutively active FGFR1 is expressed in 
satellite cells throughout regeneration. Concomitant with impaired muscle regeneration is an increase in satellite cell numbers, suggest-
ing constitutive FGFR1 signaling may delay terminal differentiation at the expense of muscle regeneration in vivo. Surprisingly, in the 
absence of injury, the long-term expression of constitutively active FGFR1 in satellite cells reduces myofiber diameter without significant-
ly increasing satellite cell numbers. Our work suggests that blocking terminal differentiation with a constitutively active FGFR1 mutant 
significantly alters the size of skeletal muscle in the absence of a muscle injury and severely impairs muscle regeneration.

MicroRNA-155 Promotes FLT3-ITD-Induced Myeloid Malignancy through Inhibition of Interferon Signaling

Jared Wallace
University of Utah 

Introduction and Background: MicroRNA expression is dysregulated in many human cancers, including hematologic malignancies. 
Among hematologic malignancies, acute myeloid leukemia (AML) carries a particularly poor prognosis, leading to over 10,000 deaths 
each year in the United States alone. The most common mutation in AML is a gain-of-function mutation in the FMS-like tyrosine kinase 3 
(FLT3) receptor, known as FLT3-internal tandem duplication (ITD). FLT3-ITD occurs in ~25% of all AML diagnoses, and confers a negative 
prognosis. MicroRNA expression has been shown to be dysregulated in FLT3-ITD+ AML, and microRNA-155 (miR-155) has been identified 
as the most highly overexpressed microRNA in this disease. However, the functional relevance of miR-155 in the context of FLT3-ITD+ 
AML remains unclear.
Specific Experimental Aims: 1: Determine the role of miR-155 in FLT3-ITD pathogenesis. 2: Determine the downstream effects of miR-155 
expression in FLT3-ITD-mediated disease.
Methods and Design: In this study, we crossed mice homozygous for the FLT3-ITD mutation with miR-155 knockout mice to determine 
the specific role of miR-155 in the context of FLT3-ITD in vivo. We also treated primary patient FLT3-ITD+ AML samples and FLT3-ITD+ AML 
cell lines with miR-155 inhibitors to evaluate miR-155’s role in human cells in vitro.
Results: FLT3-ITD miR-155-/- mice exhibited decreased myeloid expansion in the bone marrow, spleen, and peripheral blood compared to 
their FLT3-ITD miR-155+/+ counterparts. This phenotype was attributed to miR-155’s role in promoting proliferation of the hematopoietic 
stem and progenitor cell (HSPC) and myeloid progenitor cell compartments in FLT3-ITD bone marrow through the inhibition of interferon 
signaling. A number of putative miR-155 targets in the HSPC and myeloid progenitor compartments were upregulated in the absence of 
miR-155, including STAT1, an important transcription factor that activates interferon signaling. Knockdown of miR-155 in FLT3-ITD+ AML 
cell lines and primary FLT3-ITD+ AML patient samples led to decreased proliferation, increased apoptosis, and decreased colony forming 
potential. 
Conclusions and Future Directions: Our study establishes miR-155 as a critical promoter of FLT3-ITD-mediated myeloid malignancy, which 
we attributed to miR-155’s inhibition of interferon signaling. These findings suggest that miR-155 inhibitors may warrant clinical consider-
ation as therapeutics in FLT3-ITD+ AML.
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Ribosome footprint sequencing reveals translational reprogramming in the totipotent mouse embryo

Bradley Weaver
University of Utah 

Introduction and Background: Mammalian preimplantation embryogenesis is a remarkable phase of development, involving repro-
gramming of terminally-differentiated gametes into a unicellular, totipotent zygote, capable of executing a self-driven developmental 
program. The transition from maternal to embryonic control of cellular function begins with embryonic genome activation (EGA). Before 
EGA, the genome is transcriptionally quiescent, and the embryo relies on maternally deposited factors. Transcriptional regulation during 
this window of development is critical for survival of the embryo, yet little is known about translational regulation transcriptome-wide in 
mammalian embryos. EGA occurs in the mouse two-cell (2C) embryo, when waves of transcription first emanate from the genome. We 
recently discovered and characterized DUX transcription factors as major transcriptional activators of both murine and human EGA (Hen-
drickson, et al. 2017). Amazingly, mouse DUX (mDux) expression is necessary and sufficient to reprogram mouse embryonic stem cells 
(mESCs) back to a ‘2C-like’ state highly reminiscent of two-cell, totipotent mouse embryos.  This advancement allows us to use the 2C-like 
state to mechanistically dissect translational regulation, in a genetic-, genomic-, and biochemical-ly tractable system.
Specific Experimental Aims: To investigate translational regulation in the 2C-like state and totipotent mouse embryo, we performed ribo-
some footprint profiling (Riboseq) in 2C-like cells and mESCs.
Methods and Design: Riboseq was performed in biological triplicates for 2C-like cells and mESCs. Briefly, RNA was extracted from either 
2C or mESC cells and libraries were generated for ribosome protected fragments and matched total RNA for each sample. Sequencing 
produced over 156M and 160M high quality Riboseq and RNA reads, respectively on the Illumina HiSeq2000.
Results: A rigorous analytical pipeline identified the translational landscape of 2C-like cells as highly distinctive and specific. Differential 
translation efficiency (TrE) was observed in 2,144 transcripts; of these, 817 had increased TrE in 2C-like cells relative to mESCs, while 1327 
had decreased TrE.
Conclusions and Future Directions: We employed Riboseq to define the translational landscape of 2C-like cells, and provide insight into 
translational regulation of totipotency. Further experiments will seek to validate our findings and further annotate the molecular details 
of the totipotent mammalian embryo.

Dissecting mechanisms of sarcoma response and resistance to radiation and immunotherapy

Amy Wisdom
Duke University

Patients with high-grade soft tissue sarcomas receive radiation therapy in combination with surgery. Although many sarcomas are 
resistant to radiation, the specific mechanisms of radiation resistance are unclear. The immune system is an essential component of the 
sarcoma response to radiation therapy, but the immune cells that regulate tumor response to radiation and the molecular features of the 
tumor that enable radiotherapy to activate the immune system are poorly understood. Using genetically engineered mouse models of 
primary soft tissue sarcomas, we examine the role of ras-driven intratumoral immunosuppression and define the critical components of 
the immune system that differentiate tumor response and resistance to radiation and immune checkpoint blockade. Our data demon-
strate that Kras-mutant tumors respond poorly to radiation compared to Kras-wild type tumors and this radiation resistance is mediated 
by the immune system. Depletion of either the entire immune system by total body irradiation or a specific myeloid cell population by 
genetic depletion restores the radiation sensitivity of Kras-mutant tumors to the level of Kras-wt tumors. Our data using a genetically 
engineered p53-null sarcoma model indicate that, while immune checkpoint blockade and radiation are unable to achieve local control 
in an autochthonous p53-null sarcoma model, tumors generated by allografting these nonresponsive tumors onto a syngeneic host are 
cured by the combination of immune checkpoint blockade and radiation therapy. This work will contribute to our understanding of the 
immune-mediated mechanisms of sarcoma response and resistance to therapy.



32nd Annual MD/PhD Student Conference  •  July 14-16, 2017  •  Keystone, Colorado

64 4:45 - 5:45 p.m. • Saturday, July 15

POSTER SESSION II
39

40

Copper chelation as targeted therapy in a genetic mouse model of BRAF-driven thyroid cancer

MengMeng Xu
Duke University

Introduction and Background: Over half of papillary thyroid cancers (PTC) contain the MAPK pathway activating, oncogenic BRAF V600E 
mutation. Early clinical trials using inhibitors to this mutant protein or its substrates, the MEK1/2 kinases, prolonged progression-free sur-
vival or stabilized disease in patients with advanced PTC. However, the toxicities of these inhibitors are uniquely highlighted in an indo-
lent disease like PTC, which would require patients to endure toxicities long-term. Our goal was to determine if tetrathimoybdate (TM), a 
well-tolerated copper chelator we have previously shown to inhibit BRAF-mutated melanoma via MEK inhibition, can inhibit BRAF-driven 
PTC growth.
Specific Experimental Aims: 1) Determine the effectiveness of TM in BRAF V600E mutant thyroid cancer. 2) Assess the effectiveness of TM 
against current standard of care (SOC) drugs. 3) Established a genetically engineered mouse model of aggressive BRAF-driven PTC to test 
TM in vivo. 
Methods and Design: I assessed the inhibitory effect of TM in comparison to SOC drugs, Lenvatinib and Sorafenib, and mutant BRAF 
inhibitor, Vemurafenib, using an anchorage independent growth assay of human BRAF-mutated PTC cell lines. I then established a GEMM 
with thyrocyte specific expression of BRAF V600E and confirmed the ability of TM to reduce tumor load in vivo.
Results: TM inhibited 57.5% of colony growth in vitro, which was not significantly different from the 42.4% and 32.2% inhibition by 
Sorafenib and Lenvatinib, respectively. TM inhibition was less effective than the 70.3% inhibition by Vemurafenib (p=0.04). We confirmed 
these results in vivo, where mice on the TM arm, on average, were observed to have 14.8% of their thyroid glands occupied by tumor, a 
statistically significant reduction from the mice in the control arm, whose tumor load averaged 23.6% (p=0.008). This 37.4% reduction 
in tumor burden was not statistically different from the 35.2% reduction measured in the Vemurafenib arm, where mice on average had 
15.3% of their thyroid glands replaced by tumor.
Conclusions and Future Directions: The copper chelator, TM, was as effective as the SOCs, Lenvatinib and Sorafenib, at inhibiting the 
growth of human PTC in vitro. Although TM was slightly less effective than Vemurafenib in vitro, TM was as effective as Vemurafenib at re-
ducing tumor load in a GEMM of BRAF-driven PTC. Success of TTM in these PTC models will inform a Phase I trial assessing TM in patients 
with advanced PTC.

Assessing the In Vivo Progenitor Cell Properties of Cardiac Side Population Cells

Amritha Yellamilli
University of Minnesota

Heart failure is a growing healthcare problem in the U.S.. New therapies that replace damaged or dead cardiac tissue are urgently needed 
to improve heart failure outcomes. Cardiac side population cells (cSPCs) are proposed progenitor cells residing in the heart that are 
promising therapeutic targets. However, it is not known whether cSPCs are, indeed, progenitor cells in vivo because their properties have 
only been established in cell culture. To assess the in vivo ability of cSPCs to give rise to cardiac cells in the adult heart, our lab devel-
oped a tamoxifen-inducible, Abcg2-driven, lineage-tracing mouse model (Abcg2MCM/+ R26GFP/+) that efficiently labels cSPCs in vivo. 
In 8-week-old Abcg2MCM/+ R26GFP/+ mice injected with tamoxifen for 5 days, 75. 8 ± 10.87% of cSPCs were labeled with GFP. Next, I 
quantified GFP-labeling of CMs 72 hours and 4 weeks after the last tamoxifen injection to assess the contribution of cSPCs to CMs. During 
the 4-week chase periods, there was a five-fold increase in GFP-labeling of CMs (0.17 ± 0.15% to 0.84 ± 0.24%, p < 0.05).  I verified that 
cardiac myocytes (CMs) do not express Abcg2 themselves using immunohistochemistry. To determine whether GFP-labeled CMs were 
newly formed during the 4-week chase period, I co-injected 5-ethynyl-2’-deoxyuridine (EdU) with tamoxifen and evaluated EdU incorpo-
ration in isolated cardiac myocytes. Less than 1% of GFP-labeled cardiac myocytes had EdU incorporated in their nuclei suggesting that 
labeled CMs did not arise from differentiation of cSPCs. Subsequently, I evaluated whether cellular fusion could account for the increase 
in CM labeling using our Abgc2MCM/+ R26mTmG/+ mouse model. In these mice, CMs labeled with only GFP arise from differentiation 
of cSPCs while CMs labeled with GFP and Tomato arise from fusion events with cSPCs. Interestingly, 90.7 ± 2.66% of GFP-labeled cardiac 
myocytes also expressed Tomato, indicating that most labeled cardiac myocytes arise from fusion with Abcg2-derived cells and not direct 
differentiation of cSPCs. The findings from our Abcg2-lineage tracing mouse model demonstrate that cell fusion occurs at a higher rate 
than previously thought in the uninjured heart. Currently, I am assessing the contribution of CM fusion in different forms of cardiac injury 
and identifying the cellular source of these fusion events.
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41Stromal Vascular Fraction Undergoes Vasculogenesis and Angiogenesis In A Novel In Vitro Assay

Joseph Zakhari
University of Louisville

Introduction and Background: Adipose-derived stromal vascular fraction (SVF) is a heterogeneous cell source that contains endothelial 
cells, pericytes, smooth muscle cells, stem cells and other accessory immune and stromal cells.  The SVF cell population has been shown 
to support vasculogenesis in vitro as well vascular maturation in vivo. Matrigel, an extracellular matrix (ECM) mixture has been utilized in 
vitro to evaluate tube formation of purified endothelial cell systems.  We have developed an in vitro system that utilizes freshly isolated 
SVF and ECM molecules both in pure form (Fibrin, Laminin, Collagen) as well as premixed form (Matrigel) to evaluate vasculogenesis and 
angiogenesis including endothelial tip cell formation, endothelial stalk elongation, and early stages of inosculation and tubulogenesis.
Methods and Design: SVF was isolated from human lipoaspirate as well as rat epididymal fat pads and seeded at 1.6x105 cells/ well in 12 
well plates coated with 3mg/mL collagen I, 5mg/mL fibrin, 2 g lamin 1, 2 g laminin 5, 10 g collagen IV, 1% gelatin, and matrigel (growth 
factor reduced or non-growth factor reduced) respectively.  Cells were grown over a period of 6 days in a Cytation-5 tissue culture system 
with 4X phase images captured in 15 minute intervals.  Images were assembled into stacks and movies using ImageJ software.  The for-
mation and persistence of cell clusters containing tip cells, stalk cells and branching were quantified over 6 days.
Results: Freshly isolated SVF from both rat and human demonstrate cell aggregation and clustering (presumptive vasculogenesis) on 
matrigel ECM within the first 36 hours of seeding followed by tip cell formation, stalk cell formation, branching and inosculation (pre-
sumptive angiogenesis) during the subsequent 4 days of culture.  Purified ECM molecules (laminin, fibrin and collagen) promote cell 
proliferation but do not recapitulate vasculogenic and angiogenic events as seen on matrigel. 
Conclusions Future Directions: We have created an in vitro system that provides a functional assay to study the mechanisms of vasculo-
genesis and angiogenesis in freshly isolated SVF as a way to characterize SVF’s blood vessel forming potential prior to clinical implanta-
tion.



32nd Annual MD/PhD Student Conference  •  July 14-16, 2017  •  Keystone, Colorado

66

47
2017 DIVERSITY TRAVEL AWARD RECIPIENTS

The following students received a  Diversity Travel Award to this conference:

Alexandra Goetjen
University of Connecticut

Kevin Toomer
University of Miami Miller

Rajapillai Pillai
Stony Brook University

Aaron Sandoval
University of Florida

Jeremie Oliver
Mayo Clinic School of Medicine

Robert Trevino
Rush Medical College

Keshia Mora
University of Rochester

Patrick Molina
University of Alabama at Birmingham

Adewunmi Adelaja
University of California, Los Angeles

Recipient of the Melvin Denis Travel Award
Damien Abreu

Washington University in St Louis

Melvin Denis was an MD/PhD student at the University of Utah who regularly attended the National 
MD/PhD Student Conference. He was a vivacious, outgoing, hardworking student who made a 
memorable impact on those around him. Melvin was awarded a Diversity Travel Award to attend the 
2004 conference and as always made a valuable contribution to the conference. We lost Melvin on 
December 12th, 2004 to an avalanche in the backcountry of Utah, which he loved to frequent. In his 
honor we have established this special diversity travel award in his name. This award will recognize 
a student who represents some of the qualities important to Melvin, such as a dedicated passion for 
science and a commitment to diversity in the sciences. The student selected for this award will be 
chosen from those applying for the diversity travel awards. The recipient of this award will be chosen 

to share their work in an oral presentation and recognized at the conference.
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SUNDAY MORNING ACTIVITIES
Keystone is an ideal location for exploring the Rocky Mountains! Several activities will be planned and organized by University of Colorado 
MSTP students. While these activities are subject to change due to inclement weather, they have usually happened as planned in years past. 
More information about these activities will be provided during dinner on Saturday.

For those wanting to participate in activities not organized by the conference, there are other activities available through Keystone Resort 
(http://www.keystoneresort.com/activities/summer-activities.aspx), including mountain biking, golf, and yoga. The Keystone “Adventure 
Passport” is included with registration; pick it up when you check in.

CHAIR LIFT RIDE AND NATURE WALK
The Summit Express chairlift will whisk you to the summit of Dercum Mountain, where you will enjoy a short nature hike while admiring 
spectacular views of Lake Dillon, the Continental Divide and other mountain ranges. This will be a light hike, but please bring comfortable 
shoes/clothes, a water bottle, and a light jacket. We will meet at the River Run base area by 9:30 AM. The cost for the chair lift is $19/person (sec-
ond ticket half price with the Adventure Passport).

HIKING
For all hikes, please bring the following: a pair of supportive shoes or boots, sunscreen, water, snack food, loose- fitting clothes, a warm layer, 
and a rain/wind-resistant layer.

Advanced Hike: We will be hiking Mt. Quandary (14,265 ft), weather permitting. In order to summit, we will leave Keystone by 5:30 AM and 
should arrive back just before 1:00 PM. This hike will have an altitude gain of 3450 ft and will be 6.75 miles round trip. Hiking experience is
required.

Intermediate Hikes: There will be two intermediate hikes, both of which will leave from the Keystone Conference Center at 8:00 AM and will 
return around 12:30 PM. 

One hike will be to Booth Falls, which is known for having abundant wildflowers and a beautiful waterfall. The altitudegain is 1800 ft and the 
round trip distance is 4 miles. 

The second intermediate hike will be to McCullough Gulch which has stunning lake views. This hike has an elevation gain of 1100 ft and a round 
trip distance of 3.4 miles.

BRECKENRIDGE VISIT
Enjoy a visit to the beautiful mountain town of Breckenridge. Plan for a relaxed morning of exploring the town and taking in the sights. Check 
out the award winning local breweries and delicious restaurants. We will gather at the Keystone Conference Center by 8:00 AM and carpool to 
Breckenridge (space may be limited) and return around 12:30 PM. 
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2018 CONFERENCE - SAVE THE DATE

July 13-15, 2018
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2017 SPONSORS

National Institute of General Medical Sciences (NIGMS)
NIGMS is one of the National Institutes of Health. The mission of NIGMS is to support research 
that increases understanding of life processes and lays the foundation for advances in disease 
diagnosis, treatment and prevention. NIGMS-funded researchers seek to answer important 
scientific questions in a diverse array of fields. NIGMS also provides leadership in training the 
next generation of scientists and increasing the diversity of the scientific workforce to assure 
the vitality and continued productivity of the research enterprise. For more information visit 
www.nigms.nih.gov.

Eli Lilly and Company 
Lilly is a global healthcare leader that unites caring with discovery to make life better for 
people around the world. We were founded more than a century ago by a man committed 
to creating high-quality medicines that meet real needs, and today we remain true to that 
mission in all our work. Across the globe, Lilly employees work to discover and bring life-
changing medicines to those who need them, improve the understanding and management 
of disease, and give back to communities through philanthropy and volunteerism. For more 
information, visit www.lilly.com.  

University of Colorado Cancer Center
The CU Cancer Center continues to be the only NCI-designated cancer center in Colorado, 
and its researchers are innovative in the development of more effective approaches to pre-
vention, diagnosis, and therapy of cancer and the deployment of such therapies throughout 
the state. For more information, visit http://www.ucdenver.edu/academics/colleges/medi-
calschool/centers/cancercenter/Pages/CancerCenter.aspx

Vertex Pharmaceuticals 
Vertex is a global biotechnology company that aims to discover, develop and commercialize 
innovative new medicines so people with serious diseases can lead better lives. Founded in 
1989 in Cambridge, MA, Vertex today has research and development sites and commercial 
offices around the world in the United States, Canada, Europe and Australia. For more infor-
mation, visit http://www.vrtx.com/

Thanks to Deise Gomez for helping us design this year’s conference logo.
Deise Gomez, BFA
www.deisegomez.com


