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Agenda
8:00 – 8:30 am Coffee and Registration
8:30 - 8:35 am Welcome: Eric Skaar, PhD, MPH
8:35 – 9:10 am Stanley Perlman, MD, PhD
“Middle East Respiratory Syndrome: Aging, Camels”

9:10 – 9:45 am Claudia Kemper, PhD
“An unexpected Force from within: the complosome in
cell metabolism”
9:45 – 11 am Break/Poster Session
11:05 – 11:40 am James Hildreth, PhD, MPH
"HIV as Trojan Exosome: Immunological Paradox
Explained?"

11:45 – 12:20 pm Vikki Abrahams, PhD
“Innate Immune Function at the Maternal-Fetal Interface”
12:20 – 1:15 pm Lunch
1:15 – 2:30 pm Poster Session
2:30 – 3:00 pm Trainee Presentations
3:00 – 3:35 pm Robert Edwards, PhD
“Global phylogeography and ancient evolution of the
widespread human gut virus crAssphage”
3:35 – 4:10 pm Eric Meffre, PhD
"Impaired B Cell Tolerance and Autoimmunity: CTLA-4
blockade dirty secret"
4:10 – 4:45 pm Deborah Hung, MD, PhD
"Chemical biological approach to understanding infection"
4:45 pm Closing Remarks - Reception Begins
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Guest Speakers
Vikki Abrahams, PhD
Yale University
Dr. Vikki Abrahams is a tenured Associate Professor in the Department of
Obstetrics, Gynecology and Reproductive Sciences at Yale University School
of Medicine. Dr Abrahams received her B.Sc. (hons) in Immunology in 1996,
and was awarded a Ph.D. in Immunology in 2000, both from University College London. Moving into the field of Reproductive Immunology she trained
as a postdoctoral associate at Dartmouth Medical School and then at Yale
University. In 2004 she joined the faculty in the Department of Obstetrics, Gynecology and Reproductive Sciences at Yale University. Dr Abrahams' research focuses on understanding the role of innate immune Toll-like receptor,
Nod-like receptor and inflammasome family members in placental and maternal-fetal immune responses, and their role in regulating pregnancy outcome,
including those complicated by infections and by autoimmune diseases.

Claudia Kemper, PhD
National Heart, Lung and Blood Institute
Dr. Claudia Kemper is a Senior Investigator and Section Chief at the National Heart, Lung, and Blood Institute (NHLBI) at the National Institutes of
Health (NIH) in Bethesda, Maryland. She is also a Visiting Professor at
King’s College London, UK, and Adjunct Professor of the University of
Lübeck in Germany.
Dr. Kemper received her Ph.D. in Immunology in 1998 from the University
of Hamburg, the Bernhard-Nocht-Institute for Tropical Medicine, in Germany
where she worked on the evolutionary aspect of complement regulatory proteins under the supervision of Prof. Irma Gigli. She joined in 1999 John Atkinson’s laboratory as a postdoctoral fellow at Washington University in
Saint Louis where she discovered that the complement regulator CD46 is a
key checkpoint in human Th1 induction and contraction. Dr. Kemper left
Washington University in 2008 as Assistant Professor to move her laboratory to King’s College London,
where she was promoted to Associate Professor in 2012 and Full Professor in 2015. During her time at
King’s College London, Dr. Kemper’s group discovered that complement activation is not confined, as
always thought, to the extracellular space but that it occurs within a broad range of cells. Importantly,
this new location of activation allowed her group to discover that intracellular and autocrine complement
serves unexpected non-canonical roles in cell biology, including the regulation of glycolysis and oxidative phosphorylation. Dr. Kemper’s research at the NHLBI now focusses on the non-canonical roles of
complement in cell physiology in health and disease.
Dr. Kemper is the recipient of a Wellcome Trust Investigator Award, the Merit Award for Excellence in
Science from the International Complement Society and the Orloff Award in Science from the NHLBI/
NIH. She also serves on the Scientific Board of Apellis, Inc., The Wellcome Trust Immunity Review
Board and several additional charity review boards.
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Guest Speakers
Stanley Perlman, MD, PhD
The University of Iowa
Dr. Stanley Perlman is a virologist and pediatric infectious diseases physician. He received his Ph.D. from M.I.T. in biophysics and his M.D. from the
University of Miami. He did his pediatric residency and infectious diseases
training at Boston Children’s Hospital. He has investigated the molecular biology and pathogenesis of coronaviruses for many years, including studies
of coronavirus-induced demyelination and of the respiratory infections
caused by SARS-CoV and MERS-CoV. The Perlman laboratory developed
and optimized reverse genetics systems for mutating the murine coronavirus, MHV, and the human respiratory CoVs, SARS-CoV and MERS-CoV.
His laboratory has developed several mouse models useful for the study of
MERS and is particularly interested in understanding why SARS and MERS
are more severe in older patients and experimentally infected aged mice.
Recent research directions include analyses of MERS-CoV-specific antibody and T cell responses in MERS survivors and in camel workers, and the development of vaccines
that will be useful for preventing known CoV infections as well as those that may arise in the future.

Deborah Hung, MD, PhD
Harvard Medical School
Dr. Deborah Hung works at the interface of chemical biology, genomics,
and bacterial pathogenesis to establish new paradigms for an antibiotic
based on the essential biology required for a pathogen to cause disease
within the host. Using her training as a synthetic chemist, bacterial geneticist, and clinical physician, she explores approaches to disrupting the pathogen-host interaction.
Dr. Hung is a physician-scientist at the Broad Institute of MIT and Harvard,
the Department of Molecular Biology at the Massachusetts General Hospital, and the Department of Genetics at Harvard Medical School, and is the
Co-Director of the Infectious Disease and Microbiome Program at the Broad
Institute. She is an attending physician at the Brigham and Women’s Hospital in Boston in infectious diseases and critical care medicine.
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Guest Speakers
James E.K. Hildreth, PhD, MD
Meharry Medical College
Dr. James E.K. Hildreth was born and raised in Camden, Arkansas. In
1975, he began undergraduate studies at Harvard University and was selected as the first African-American Rhodes Scholar from Arkansas in 1978.
He graduated from Harvard magna cum laude in chemistry in 1979. That
fall, Dr. Hildreth enrolled at Oxford University in England, graduating with a
Ph.D. in immunology in 1982. At Oxford he studied the biology of cytotoxic T
cells with Professor Andrew McMichael and became an expert in monoclonal antibody technology and cell adhesion molecules.
He returned to the United States to attend Johns Hopkins University School
of Medicine in Baltimore, taking a one-year leave of absence from medical
school for a postdoctoral fellowship in pharmacology from 1983 to 1984. In
1987 he obtained his M.D. from Johns Hopkins and joined the Hopkins faculty as assistant professor.
In 2002, Dr. Hildreth became the first African American in the 125-year history of Johns Hopkins School
of Medicine to earn full professorship with tenure in the basic sciences. In July, 2005, Dr. Hildreth became director of the NIH-funded Center for AIDS Health Disparities Research at Meharry Medical College.
Dr. Hildreth has received numerous awards over his career for mentoring, leadership and his efforts related to diversity. In October, 2008, he was honored for his contributions to medical science by election
to the Institute of Medicine, part of the National Academy of Sciences, the most prestigious biomedical
and health policy advisory group in the U.S. In May of 2015, he was awarded an honorary doctorate
from the University of Arkansas. Dr. Hildreth has been inducted into the Arkansas Black Hall of Fame
and the Johns Hopkins University Society of Scholars. He currently serves on the Harvard University
Board of Overseers.
In August of 2011, Dr. Hildreth became dean of the College of Biological Sciences at University of California, Davis. He was the first African-American dean in the university which was founded in 1905. He
was also appointed as a tenured professor in the Department of Cellular and Molecular Biology as well
as professor in the Department of Internal Medicine in the UC Davis School of Medicine.

Dr. Hildreth began research on HIV and AIDS in 1986 and his research has been funded through NIH
grants for almost two decades. His work focuses on the role of host proteins and lipids in HIV infection. Dr. Hildreth is internationally recognized for his work demonstrating the importance of cholesterol
and specialized membrane regions containing cholesterol in HIV infection. He has published more than
90 scientific articles and is the inventor on 11 patents based on his research. A protein discovered by
Dr. Hildreth as a graduate student was the basis for an FDA-approved drug (Raptiva) that was used to
treat psoriasis. A primary focus of his research currently is the development of a vaginal microbicide to
block HIV transmission in women. Dr. Hildreth has also been a leader in the effort to engage churches
and faith leaders in the fight against AIDS. He received a major grant from the CDC to support his HIV
prevention and treatment partnership with church leaders. In 2011, Dr. Hildreth received a National Institute of Health Director’s Pioneer Award given each year to a few select scientists of exceptional creativity who use pioneering approaches to major biomedical or behavioral research challenges.
On July 1, 2015, Dr. Hildreth returned to Meharry Medical College to serve as the 12th president and
chief executive officer of the nation’s largest private, independent historically black academic health sciences center.
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Guest Speakers
Robert Edwards, PhD
San Diego State University
After receiving his Ph. D. from the University of Sussex, in England studying
nitrogen regulation in bacteria, Dr. Robert Edwards moved to the United
States to continue his studies. He worked as a Post-Doctoral Researcher at
the University of Pennsylvania, Philadelphia, understanding how a leading
cause of traveler’s diarrhea ( E. coli causes disease). Dr. Edwards then
moved to the University of Illinois, Urbana Champaign to study another food
-borne pathogen, Salmonella . These studies merged the nascent area of
genomics with traditional microbial genetics to investigate how a particular
type of Salmonella became the leading cause of food-borne illness in the
United States.
From 2000 to 2004, Dr. Edwards was an Assistant Professor at the University of Tennessee Health Sciences Center in Memphis, TN. Here, Dr. Edwards continued his studies on pathogenic bacteria, notably Salmonella and
the bioterrorism weapon Francisella . Dr. Edwards received FBI clearance to work on these bacteria
and was invited to the NIH to comment on the use of Select Agents at basic research laboratories.
In 2004, Dr. Edwards moved to the non-profit Fellowship for Interpretation of Genomes to work at the
interface of biologists and computer scientists and worked with their team at Argonne National Laboratory. He remains an active software developer for Argonne and the Fellowship, developing open source
software including PERL and Python software for biological analysis and parallel computing that are
used by scientists worldwide. Using breakout DNA sequencing technologies, Dr. Edwards’ studies have
continually pushed the forefront of both sequencing technology and bioinformatics. His work has been
published in leading journals including multiple papers in both Nature and Science.
Dr. Edwards returned to academia in 2007, taking a research and teaching position in the Departments
of Computer Science and Biology at San Diego State University where he is now a full Professor of Biology. Here he is continuing to work at the interface of biology and computing. The National Institutes of
Health, the National Science Foundation, the Department of Education, the Department of Defense, the
USGS, and private donors currently fund Dr. Edwards’ research. Edwards’ research is leading to breakthroughs in our understanding of how viruses interact with their hosts, and how viruses samples from
around the world carry important genetic information. Dr. Edwards has continued to push current sequencing and bioinformatics technologies, in 2013 took a next-generation sequencing machine to the
remote Southern Line Islands to explore metagenomics of coral reefs in real time. In 2014 Dr. Edwards'
team identified a virus that is present in the intestines of approximately half the people in the world. His
group is currently trying to unravel the health ramifications of that work with international collaborators
on every continent collecting and sequencing samples. In 2017, Dr. Edwards was elected to the American Academy of Microbiology in recognition of his contributions to the field of microbiology.
Committed to teaching, Dr. Edwards received the graduate student award for the outstanding educator
at the University of Tennessee, the teacher-scholar award and outstanding faculty award at San Diego
State University. He travels extensively to share his passion for bioinformatics and has taught bioinformatics classes around the US, and in Australia, China, Chile, Europe, Mexico, and North and South
America. Dr. Edwards holds a visiting professor position at the Federal University of Rio de Janeiro.
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Guest Speakers
Eric Meffre, PhD
Yale University
Dr. Eric Meffre obtained his PhD in Immunology in 1996 from the University
of Aix-Marseille in France before he joined the lab of Dr. Michel
Nussenzweig at the Rockefeller University in New York for his postdoctoral
stage in 1997. He then became an Assistant Professor at Cornell University
in New York with his lab located at the Hospital for Special Surgery from
2003 until 2008. He was then recruited by Yale University in 2009 as an Associate Professor in the Department of Immunobiology and in the Section of
Human Translational Immunology. He was promoted as a tenured Associate
Professor in 2014.
Dr. Meffre’s work focuses on the etiology of autoimmune syndromes and the
roles played by B cells in these diseases. His group characterized the abnormal selection of developing autoreactive B cells in patients with rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), type 1 diabetes
(T1D), multiple sclerosis (MS) and Sjögren’s syndrome, resulting in large numbers of autoreactive naïve B cells accumulating in the patient’s blood. His main hypothesis is that autoreactive B cells may present self-antigens to T cells and initiate autoimmune diseases. In agreement with this scenario, early B
cell tolerance defects identified in all patients with autoimmune diseases are primary to these syndromes and likely result from genetic factors such as the 1858T PTPN22 allele that segregates with
RA, SLE and T1D and correlate with an impaired removal of developing autoreactive B cells.
His research goals also consist in characterizing the molecules and pathways involved in the establishment of B cell tolerance and the removal of developing autoreactive B cells generated by random V(D)J
recombination through the investigation of rare patients with primary immunodeficiency (PID) enrolled
through an international network. Alteration of B cell receptor (BCR) or Toll-like receptor (TLR) signaling
in PID patients results in a defective central B cell tolerance and a failure to counterselect developing
autoreactive B cells in the bone marrow. In contrast, functional and suppressive regulatory T cells play
a key role in preventing the accumulation of autoreactive clones in the mature naïve B cell compartment. The recent development of humanized mouse models recapitulating early B cell tolerance checkpoints and their defects in autoimmune settings allow now further in depth investigation of tolerance
mechanisms and the development of novel approaches to restore defective central and peripheral B
cell tolerance checkpoints and thwart autoimmunity.
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Poster Abstracts
Odd-numbered Abstracts
Will present during the

Morning poster session
Even-numbered Abstracts
Will present during the

Afternoon poster session
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Poster Abstracts (odd: am session, even: pm session)
1

Osteopontin promotes survival of intestinal intraepithelial lymphocytes and protects against colitis
Ali Nazmi, Michael J. Greer, Kristen L. Hoek, M. Blanca Piazuelo, Joern-Hendrik Weitkamp, and Danyvid Olivares-Villagómez
Intestinal intraepithelial lymphocytes (IEL) comprise a diverse population of cells that reside in the epithelium at the interface
between the contents of the intestinal lumen and the sterile environment of the lamina propria. Because of this anatomical
location, IEL are considered critical components of intestinal immune responses. Indeed, IEL are involved in many different
immunological processes ranging from pathogen control to tissue stability. However, maintenance of IEL homeostasis is
incompletely understood. Here, we present evidence that osteopontin, a glycophosphoprotein with diverse roles in
biomineralization, cell-mediated immunity, and inflammation, is important for maintaining normal levels of IEL. Mice in which the
osteopontin gene (Spp-1) is disrupted present decreased levels of IEL subtypes, such as TCRab and TCRgd IEL in the intestine,

an effect not observed for lymphocytes in other immune compartments such as spleen or lamina propria, indicating an epithelium
-specific effect. In vitro experiments show that mouse and human IEL survival is improved by culture with recombinant
osteopontin. In vivo and in vitro IEL survival studies show that CD44, a ligand for osteopontin, is critical for the capacity of
osteopontin to promote IEL survival. Adoptive transfer of total T cells (including Tregs) from wild type mice into Spp-1-/-Rag-2-/mice results in the development of exacerbated intestinal inflammation, as compared with Rag-2-/- recipient mice. Further
analyses show that osteopontin-deficiency results in decreased survival of Foxp3-expressing T cells. These findings support
osteopontin’s critical role in IEL homeostasis and make it a potential target for curbing intestinal inflammation.

2

Inhibition of coronaviruses by the broad spectrum antiviral β-D-N4-hydroxycytidine is associated with mutagenesis and
a high genetic barrier to resistance
Maria L. Agostini, Andrea J. Pruijssers, James D. Chappell, Erica L. Andres, Jennifer L. Gribble, Gregory R. Bluemling, Michael
G. Natchus, Mark A. Lockwood, Manohar Saindane, George R. Painter, Mark R. Denison
The emergence of severe acute respiratory syndrome (SARS)- and Middle East respiratory syndrome (MERS)-coronaviruses
(CoVs) has demonstrated the ability of CoVs to cause serious disease in humans and emphasized the need for safe and effective
antivirals to combat these infections. Nucleoside analogues mimic naturally occurring nucleosides to inhibit viral replication, and
these compounds have been successful therapeutics for diverse viral infections. However, mutagenic ribonucleoside analogues,
such as ribavirin and 5-fluorouracil, have been ineffective at inhibiting CoVs due to the proofreading activity of the viral 3’-5’
exoribonuclease (ExoN). β-D-N4-hydroxycytidine (NHC, EIDD-1931; Emory Institute for Drug Development) has recently been
reported to inhibit multiple viruses. Here, we demonstrate that NHC potently inhibits both murine hepatitis virus (MHV) (EC 50=0.17
mM) and MERS-CoV (EC50= 0.53 mM) with minimal cytotoxicity. However, NHC inhibited MHV lacking ExoN-proofreading activity
similarly to WT MHV, suggesting that NHC potency against CoVs may be unaffected by proofreading. Further, NHC inhibited
MHV only when added early during infection and decreased progeny virus specific infectivity, consistent with lethal mutagenesis

as a mechanism of action. Resistance was difficult to achieve and was accompanied by multiple transition mutations in MHV and
MERS-CoV passaged 30 times in the presence of NHC, further supporting a mutagenic mechanism and indicating a high genetic
barrier to NHC resistance in CoVs. Together, these data support further development of NHC for treatment of CoV infections and
suggest a novel mechanism of NHC interaction with the coronavirus replication complex that may shed light on critical aspects of
CoV replication.
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Pharmacologic modulation of the unfolded protein response to impair Dengue virus propagation
Katherine Almasy, Lars Plate
Dengue virus (DENV) is a mosquito-borne pathogen spread by the female A. aegypti and A. albopictus mosquitoes. Like other
flaviviruses such as Yellow Fever and Zika, it is widespread throughout tropical and subtropical areas and it is estimated that up
to half the world’s population is at risk of exposure. Four genetically distinct but related serotypes (DENV1-DENV4) exist, and
while exposure to one serotype results in lifelong immunity from that same serotype, the cross-immunity is temporary and may
lead to antibody-dependent enhancement on infection with a different serotype. The result is that secondary infection often has a
much more severe disease progression. This makes the development of vaccines or antivirals difficult, motivating efforts to find
alternative therapeutic approaches. Our focus is on targeting host processes essential to the viral life cycle. DENV replicates and

assembles around the endoplasmic reticulum (ER) membrane, modulating the ER unfolded protein response (UPR) and
increasing proteostasis activity. Specifically, DENV infection causes activation of the ATF6 and IRE1/XBP1s branches of the UPR
in the host cell, but the specific roles these branches play in assisting DENV propagation remain largely unknown. Here, we take
advantage of recently discovered small molecules which selectively regulate these branches and probe their effects on the viral
life cycle. Interestingly, we find that preactivation of the ATF6 pathway results in decreased viral activity. This molecule is known
to perturb ER redox signaling, and using proteomics to look at global host cell protein remodeling we are currently defining the
mechanism of how modulating these redox processes correlates with DENV’s ability to replicate and assemble new virions. Using
other pharmacologic tools and RNAi, we are identifying specific proteins whose activity is critical for virus propagation. This will
enable more host-centered therapeutic strategies against DENV and other flaviviruses.
4

Dominant negative inhibition of HIV-1 infection by uncleaved Gag involves incorporation of the inhibitory protein into
the viral core and inhibition of nuclear entry
Jordan Anderson-Daniels, Parmit K. Singh, Gregory A. Sowd, Wen Li, Alan N. Engelman, and Christopher Aiken
Particle maturation is a critical step in the HIV-1 replication cycle that requires proteolytic cleavage of the Gag polyprotein into its
constitutive proteins: matrix (MA), capsid (CA), nucleocapsid (NC), and p6. Accurate and efficient cleavage of Gag is essential
for virion infectivity: inhibitors of the viral protease are potent antivirals, and substitutions in Gag that prevent its cleavage result in
reduced HIV-1 infectivity. In a previous study, a mutation inhibiting cleavage at the MA-CA junction was observed to potently
inhibit virus infection: incorporation of small amounts of uncleaved MA-CA protein into HIV-1 particles inhibited infectivity by
~95%, and the resulting viral particles exhibited aberrant capsids. Here we report a detailed mechanistic analysis of the HIV-1
particles bearing uncleaved MA-CA protein. We show that the particles contain stable cores and can efficiently saturate host
restriction by TRIMCyp in target cells. We further show that MA-CA associates with CA in particles without detectibly affecting
the formation of intermolecular CA interfaces. Incorporation of MA-CA did not markedly affect reverse transcription in infected

cells, but nuclear entry was impaired, and integration targeting was altered. Additionally, results from mutational analysis of Gag
revealed that membrane-binding elements of MA contribute to the antiviral activity of uncleaved MA-CA protein. Our results
suggest that small amounts of partially-processed Gag subunits coassemble with CA during virion maturation, resulting in
impaired capsid functions.
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The role of microRNA-22-3p in the dysregulation of lupus Tregs and the pathogenesis of systemic lupus erythematosus.
Brenna D. Appleton, Ashley W. Faust, Danielle L. Michell, Michelle J. Ormseth, Kasey C. Vickers & Amy S. Major
Systemic lupus erythematosus (SLE) is an autoimmune disease affecting over 1.5 million Americans and at least 5 million
individuals worldwide. Evidence demonstrates autoantibody producing B cells and dysfunctional CD4 + T cells contribute to SLE
pathology, however lack of understanding surrounding mechanisms of disease pathogenesis have prevented therapeutic
advancement. Studies indicate one mechanism for dysregulated immune homeostasis in autoimmunity is through microRNAs
(miRNAs). MiRNAs are short, endogenous post-transcriptional regulators of gene expression which act by degradation or
translation repression of target mRNAs. Our group previously identified miR-22-3p as being increased three-fold in SLE patient
plasma compared to age- and gender-matched heathy controls. MiR-22-3p levels were increased in whole CD4+ T cells (four-

fold) and Tregs (three-fold) from B6.SLE1.2.3 mice compared to B6 controls, and inhibition of miR-22-3p, using locked-nucleic acid
(LNA)-22 ameliorated key disease pathologies including glomerulonephritis. There was also a 10% reduction in IFN-+ CD4+ T
cells in mice treated with LNA-22. Based on these data, we hypothesized increased miR-22-3p levels in SLE T cells propagated
inflammation directly by skewing naïve CD4+ T cells towards the Th1 phenotype during polarization, or indirectly by reducing the
regulatory capacity of Tregs. Results show miR-22-3p deficiency is not sufficient to prevent the polarization of Th1 cells. However,
inhibition of miR-22-3p in B6.SLE1.2.3 mice increases Treg IL-10 production, and overexpression of miR-22-3p in vitro increases T
-bet+ Tregs two-fold, suggesting heightened levels of miR-22-3p may alter their function. We conclude that miR-22-3p
overexpression in Tregs indirectly contributes to autoimmune T cell dysregulation in SLE.
6

Targeting ACSS2 Inhibits HIF-2α Signaling in ccRCC and Promotes Favorable T Cell Characteristics
Zachary A. Bacigalupa, Bradley I. Reinfeld, Kirsten Young, Matthew Z. Madden, Kathryn Eby-Beckermann, Jeffrey C. Rathmell,
Wendy K. Rathmell
Clear cell renal cell carcinoma (ccRCC) is the most frequent malignant form of RCC. Notably, the 5-year survival rate plummets
from 93% for localized disease to 69% and 12% for regional and distant metastatic disease, respectively. Observed in
approximately 90% of cases, the major genetic driver results from the inactivation of von Hippel-Lindau (VHL) gene, which
encodes the E3 ubiquitin ligase for the hypoxia inducible factor (HIF) proteins. Interestingly, in ccRCCs where VHL is inactivated
there is a preferential upregulation of constitutive HIF-2α rather than HIF-1α. Others have shown that HIF-2α is dynamically
acetylated and that this modification requires acetyl-CoA produced by the enzyme acetyl-CoA synthetase 2 (ACSS2). Thus,
exploiting mechanisms regulating HIF-2α signaling could prove effective in treating ccRCC. Here, we demonstrate that inhibition
of ACSS2 in 786-O (VHL-/-) ccRCC cells impedes cell growth. Additionally, we show that this inhibition blocks the acetylation of
HIF-2α at Lys385, reduces pro-transcriptional acetylation marks on Histone H3, and decreases expression of key enzymes in
glycolysis and OXPHOS. This mechanism of altering HIF-2α mediated signaling in ccRCC could provide a unique avenue to

blocking the signaling pathways that are the known drivers of this tumor. ccRCC tumors consist of a complex tumor
microenvironment, where an abundance of metabolically inactivated tumor-infiltrating lymphocytes (TILs) are observed. Here, we
demonstrate that inhibition of ACSS2 in CD4+ T cells enhances viability and secretion of cytokines during CD3/CD28 stimulation.
Examination of the Th1 subset revealed a significant increase in mitochondrial ROS, and secretion of TNF, while we observed a
significant reduction in FOXP3+ Treg cells. Moreover, OXPHOS is unaffected in CD4 + cells and mitochondrial mass is enhanced
in response to ACSS2 inhibition. Together, these data suggest that targeting ACSS2 could trigger a robust inhibition of VHL -/ccRCC via the regulation of HIF-2α signaling and potentiating anti-tumoral activity.
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Arachidonic Acid is Bactericidal against Staphylococcus aureus through a Lipid Peroxidation Mechanism
William N. Beavers, Andrew J. Monteith, Venkataraman Amarnath, Raymond L. Mernaugh, L. Jackson Roberts II, Sean S.
Davies, Eric P. Skaar
Staphylococcus aureus infects every organ in the vertebrate host. The pervasiveness and virulence of this pathogen presents the
need to identify and validate targets for new therapies. Arachidonic acid (AA) is a polyunsaturated fatty acid produced by
humans, but not bacteria. AA is a precursor to both pro- and anti-inflammatory bioactive lipids, and is bactericidal to S. aureus
independent of its signaling role. We discovered that AA is bactericidal to S. aureus through a lipid peroxidation mechanism,
where AA is oxidized to isolevuglandins (IsoLG). IsoLGs elicit toxicity in eukaryotic cells by reacting irreversibly with the ε-amine
of lysine, compromising protein function; however, this mechanism has not been defined in bacteria. Antioxidants as well as
IsoLG specific scavengers alleviate AA toxicity in S. aureus, and this toxicity is exacerbated by reactive oxygen species (ROS).

To uncover genetic mechanisms by which S. aureus avoids AA killing, we selected for AA-resistant mutants, and identified a nonsense mutation in LytR-Cpsa-Psr A (lcpA). Deletion of lcpA confers S. aureus with resistance to AA toxicity. The strain lacking
lcpA generates less ROS and has lower IsoLG levels compared to the parental strain when treated with AA indicating that
reduced lipid peroxidation is responsible for the AA resistance phenotype. This strain is more susceptible to neutrophil killing at
time points consistent with maximal AA release indicating that AA toxicity is a component of the arsenal used by neutrophils to kill
S. aureus. However, the lcpA mutant is attenuated in a murine model of systemic infection and more susceptible to oxacillin
indicating that resistance to AA toxicity comes at a cost to the bacterial cell. These results show that AA is bactericidal through
lipid peroxidation. Additionally, lipid peroxidation is a potential avenue for future therapeutics due to the inability of S. aureus to
simultaneously resist the toxicity and maintain pathogenicity.
8

Respiratory heterogeneity underlies biofilm formation and pathogenesis in uropathogenic Escherichia coli

Connor J. Beebout,a Allison R. Eberly,a Sabrina H. Werby,b Seth A. Reasoner,a John R. Brannon,a Shuvro De,c Madison J.
Fitzgerald,d Marissa M. Huggins,d Douglass B. Clayton,c Lynette Cegelski,b and Maria Hadjifrangiskoua,e#
a

Department of Pathology, Microbiology, and Immunology, Vanderbilt University Medical Center; bDepartment of Chemistry,
Stanford University; cDivision of Pediatric Urology, Vanderbilt University Medical Center; dVanderbilt University; eVanderbilt
Institute for Infection, Immunology & Inflammation; #Corresponding author.
Biofilms are multicellular bacterial communities encased in a self-secreted extracellular matrix comprised of proteinaceous fibers,
exopolysaccharides, and extracellular DNA. Organization of these components spatially organizes the biofilm community and
allows bacteria to benefit from the production of common goods while being protected from external insults. This spatial
organization is driven by the presence of various chemical gradients in the biofilm. Here we show that oxygen gradients in
biofilms generate marked respiratory heterogeneity in the community. Moreover, we show that two quinol oxidases found in
Escherichia coli and other bacteria organize along the biofilm oxygen gradient and that this spatially coordinated expression
controls architectural integrity. Cytochrome bd, a high affinity quinol oxidase required for aerobic respiration under hypoxic

conditions, is the most abundantly expressed respiratory complex in the biofilm community. Depletion of the cytochrome bdexpressing subpopulation compromises biofilm complexity by reducing the abundance of secreted extracellular matrix as well as
increasing cellular sensitivity to exogenous stresses. Interrogation of the distribution of quinol oxidases in the planktonic state
revealed that ~15% of the population expresses cytochrome bd at atmospheric oxygen concentration, and this population
dominates during acute urinary tract infection. These data point towards a bet-hedging mechanism in which heterogeneous
expression of respiratory complexes ensures respiratory plasticity of E. coli across diverse host niches.
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Bucking the (Immune) System: Insulin Antigen-Presenting B Lymphocytes Can Exist in the Absence of Autoantibody
Production in Type 1 Diabetes Patients
Mason V. Forchetti1, Elizabeth M. Johnson1, Scott A. Smith2, Daniel J. Moore3, and Rachel H. Bonami1
1
Division of Rheumatology and Immunology, Department of Medicine 2Division of Infectious Disease, Department of Medicine
3
Division of Endocrinology and Diabetes, Department of Pediatrics, Vanderbilt University Medical Center
B lymphocytes promote type 1 diabetes (T1D) by presenting islet autoantigens to T cells, resulting in T cell activation and
acquisition of effector function. Islet autoantibody production is one outcome of these T cell-B cell interactions. Islet
autoantibodies are hailed for their T1D predictive value. However, we find that an increased frequency of insulin-binding B
lymphocytes in BCR transgenic mice enhances insulitis and accelerates diabetes development despite producing little if any
insulin-specific IgG. Thus, whereas most anti-insulin B lymphocytes can present autoantigen to T cells, few differentiate into

antibody-secreting cells. This population of cells is of therapeutic interest, as selective elimination of anti-insulin B lymphocytes
prevents disease in NOD mice. To interrogate this population in T1D patients, we employed an incredibly efficient method to
produce hybridoma cell lines to enable tandem antibody affinity and B cell receptor repertoire studies. We have leveraged
Vanderbilt’s participation as a TrialNet center to biobank peripheral blood mononuclear cells (PBMC) from pre-symptomatic T1D
patients who have normal or impaired glucose tolerance, allowing us to compare changes to this response at different stages of
the disease process. We have generated the first monoclonal lines of insulin-specific B lymphocytes from patients in the presymptomatic phase of T1D. Furthermore, we have identified anti-insulin B lymphocytes in insulin autoantibody-negative patients;
thus, these antigen-presenting cells provide autoimmune liability without fully differentiating into antibody-secreting cells. The
immune pathways that drive anti-insulin B lymphocyte formation in humans are unknown. Molecular and functional
characterization of these critical antigen-presenting cells will allow us to better understand how this arm of autoimmunity develops
in patients, and thus how to block it therapeutically.

10

B cells, bugs, bowels, and bones: Bruton’s tyrosine kinase deficiency alters gut B lymphocyte populations and IgA
recognition of commensal bacteria in autoimmune arthritis
Rachel H. Bonami, Christina E. Thurman, Camilla Westlake, Lindsay E. Nyhoff, Bridgette B. Barron, and Peggy Kendall
IgA is the most abundantly produced isotype, much of which is secreted into the gut lumen. IgA interacts with bacteria, but the
dialogue between intestinal B lymphocytes, their antibody products, and commensals is incompletely understood. Elimination of
bacteria prevents spontaneous arthritis in the K/BxN model of rheumatoid arthritis, as does disrupted B cell receptor signaling via
Bruton’s tyrosine kinase (Btk) deficiency. We hypothesized that altered B cell signaling impacts commensal bacteria recognition.
We find that germinal center B cells and IgA class-switched cells are dramatically reduced by Btk deficiency in the in Peyer’s
patches of K/BxN mice. Plasmablast and plasma cell numbers are not reduced by Btk deficiency in the small intestine lamina
propria; however, the frequency of IgA-coated bacteria is decreased, and the IgA-coated community is shifted. Parabacteroides

distasonis is reduced in Btk-/y mice. P. distasonis infection enhances autoimmune arthritis development in antibiotic-treated mice
that are otherwise protected, suggesting this commensal plays an inciting role in disease development. In contrast, P. distasonis
was protective in prior studies of a multiple sclerosis model. These data show impaired B cell receptor signaling alters the
dynamic interplay between B lymphocytes and commensal microbes to impact autoimmune arthritis development. BTK inhibitors
are used to treat lymphoma and clinical trials investigating their efficacy in several autoimmune diseases, including rheumatoid
arthritis, are ongoing. Our work suggests that the impact of such regimens on the delicate balance between commensal bacteria
and adaptive immunity should be considered in the specific autoimmune context.
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Uropathogenic Escherichia coli Invades Vaginal Epithelial Cells During Colonization of the Female Reproductive Tract
John R. Brannon, Taryn Dunigan, Connor Beebout, Tamia Ross, Stuart Reynolds, Maria Hadjifrangiskou
Urinary tract infections (UTIs) are the most common bacterial infections amongst humans. Uropathogenic Escherichia coli
(UPEC) is the primary causative agent of both community-acquired (85%) and nosocomial (~30%) UTIs. UTIs account for the
majority of antibiotic prescriptions in the US. The rise of multidrug resistant UPEC strains including the those resistant to
carbapenem, a last resort antibiotic, limits UTI treatment options, leading to more severe outcomes. In this light, outlining factors
that allow for UPEC to reside within human reservoirs that contribute to rUTIs is of importance. Due to the shorter urethra length
and perineal distance, UTIs predominately occur in woman. Approximately 30-50% of women, experience recurrent UTIs (rUTIs).
rUTIs can originate from either: 1) the re-emergence of UPEC that invaded the bladder urothelium and from metabolically

quiescent intracellular reservoirs within bladder epithelial cells, thus evading antibiotic treatment or 2) the re-accession of UPEC
from the intestinal reservoir across the perineum, vaginal introitus, and to the urethra. Previous studies have demonstrated that
prior to UTI, UPEC adheres to vaginal epithelial cells (VECs). However, the full extent to which UPEC interact with epithelial cells,
as it transverses the perineal space, remains largely unknown in both murine models and humans with acute or chronic UTIs.
We have begun to assess the extent to which UPEC colonizes the female reproductive tract. Here, we show clinical UPEC
isolates adhere to VECs. Additionally, we find that UPEC invades VECs in cells in acute and chronic murine UTI models, as well
as, VECs from clinical samples from women with a history rUTI. Our results demonstrate that UPEC invades VECs where it may
reside safely from neutrophils, antibiotics, and away from the competition of the host’s microbiota. We propose that UPEC
invasion of VECs serve as vaginal intracellular reservoirs that re-seed the occurrence of rUTI in woman.

12

Sera from rabbits immunized with Rotarix® and RotaTeq® differentially neutralize chimeric rotaviruses of multiple G and
P types
Maximilian H. Carter, Yuta Kanai, Takeshi Kobayashi, and Kristen M. Ogden
Rotavirus is a leading cause of diarrheal mortality for children under 5 years of age, causing about 146,000 deaths in 2015. The
rotavirus outer capsid consists of VP7 and VP4 proteins, which respectively determine the viral G and P type and are primary
targets of neutralizing antibodies. Generating a broad neutralizing antibody response to a limited number of G and P type
antigens is important for successful vaccination. While vaccine uptake has decreased rotavirus disease burden, it has coincided
with emergence of strains with uncommon G and P types. VP7 and VP4 amino acid sequences of circulating rotaviruses are
predicted to form antibody-binding epitopes that differ from those of vaccine strains. However, whether vaccine-elicited antibodies
neutralize contemporary and emerging rotaviruses equivalently and which outer-capsid antigens are most efficiently targeted by
these antibodies have not been directly tested. To quantify antibody responses to individual outer-capsid antigens, we used
plasmid-based reverse genetics to engineer chimeric rotaviruses that each contain 10 genes from simian lab strain SA11 and a

single human outer-capsid gene, VP7 or VP4. Outer-capsid gene sequences represent multiple G and P types and were derived
from sequenced clinical specimens or from vaccine strains. A fluorescent focus reduction neutralization assay was used to
quantify neutralization of the engineered viruses by sera from rabbits immunized with one of the two rotavirus vaccines currently
used in the U.S. (Rotarix® or RotaTeq®). Preliminary results suggest that sera from rabbits immunized with Rotarix® better
neutralize G1-containing viruses while sera from rabbits immunized with Rotateq® better neutralize G4- and G9-containing
viruses. In future studies, we will test the capacity of vaccinated infant sera to neutralize chimeric rotaviruses. These studies will
identify differences in vaccine-elicited antibody responses to VP4 and VP7 and provide insight into immunological pressures
influencing rotavirus population dynamics.
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Intraperitoneal bovine serum albumin (BSA) injections suggest a novel link between adipose tissue eosinophils and
allergic immunity
Heather Caslin, Reid Bolus, Matthew Cottam, Alyssa Hasty
Adipose tissue (AT) is an endocrine organ that plays a substantial role in metabolic health, and AT immune cells play an
important role in regulating AT function and systemic metabolism. Th2, M2, and eosinophils are prevalent in lean AT, while
obesity increases M1, Th1, and NKT cells and worsens metabolic parameters. Some labs have reported that modulating
eosinophil counts affects weight gain and glucose tolerance; however a recent study from our lab increased AT eosinophils with
rIL-5 and saw no improved metabolic health. In that same study, we found that injections of intraperitoneal (IP) bovine serum
albumin (BSA), which originally served as the vehicle control, significantly increased AT eosinophils by up to 40-60% of all
CD45+ immune cells. This was time and dose dependent, conserved in chow and HFD fed mice, and conserved across C57Bl/6J
and BALB/C backgrounds. However, despite the massive AT eosinophil accumulation, there was no effect on glucose tolerance
or weight gain. Moving forward, we wanted to examine these effects in the context of allergic disease, as eosinophilic
inflammation is one arm of allergic disease. We evaluated AT gene expression and observed a significant increase in genes
associated with Th2 immunity, including CD163, IL-4, IL-13, IL-33, and SiglecF. Similar to the AT effects, BSA significantly
increased lung eosinophils. IL-33 deficient mice had reduced eosinophil accumulation in both tissues, and IL-33 reporter mice
revealed significant role for epithelial cell IL-33 expression. Furthermore, IP ovalbumin (OVA) injections increased AT and lung
eosinophils to similar levels as BSA treatment. These results suggest that BSA induces a Th2-like phenotype in the AT and lung,
with eosinophil accumulation that is partially dependent on IL-33, and may occur in other allergic models. Future studies will
further examine the mechanism by which this occurs and the functional importance for AT immune populations in allergic
disease.

14

Effect of environmental salt concentration on the Helicobacter pylori exoproteome
Rhonda R. Caston*, John T. Loh*, Bradley J. Voss, W. Hayes McDonald, Matthew B. Scholz, Mark S. McClain, Timothy L. Cover
Helicobacter pylori infection and a high salt diet are each risk factors for gastric cancer. In this study, we tested the hypothesis
that environmental salt concentration influences the composition of the H. pylori exoproteome. H. pylori was cultured in media
containing varying concentrations of sodium chloride, and aliquots of the cultures were fractionated and analyzed by liquid
chromatography-tandem mass spectrometry (LC-MS/MS). We identified 25 proteins that were selectively released into the
extracellular space under all of the conditions tested. We also identified selectively released proteins that were differentially
abundant in culture supernatants, depending on the environmental salt concentration. RNA-seq analysis allowed identification of
genes that were differentially expressed in response to environmental salt concentration, including 16 encoding proteins that
were selectively released into the extracellular space. The salt-responsive proteins identified by proteomic analysis and salt-

responsive genes identified by RNA-seq analysis were mostly non-concordant. One of the salt-responsive proteins identified in
both proteomic and transcriptomic analyses was the secreted toxin VacA. Western blot analysis confirmed that VacA levels in
the culture supernatant were increased in response to high salt conditions, and quantitative RT-qPCR experiments confirmed that
vacA transcription was upregulated in response to high salt conditions. These results indicate that environmental salt
concentration influences the composition of the H. pylori exoproteome, which could contribute to the increased risk of gastric
cancer associated with a high salt diet.
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B cells are not necessary for the development of Ang II-induced hypertension and end-organ damage
Yuhan Chen, Bethany Dale, Arvind Pandey, Matthew Alexander, Fanny Laroumanie, Meena S. Madhur
Chronic inflammation characterized by vascular T cell and macrophage infiltration is associated with angiotensin II (Ang II)induced hypertension and end-organ damage. However, the role of B cells in the development of hypertension is not well
established. Elevated levels of serum immunoglobulins have been observed in experimental and human hypertension. Prior
studies demonstrated that B-cell-activating factor receptor-deficient (BAFF-R-/-) mice, which lack mature B cells, are protected
from Ang II-induced hypertension and vascular remodeling. However, BAFF-R can be expressed on non-B cells as well. Thus, to
further investigate the role of B cells in hypertension, we studied mice with targeted disruption of the membrane exon of the
immunoglobulin μ heavy chain gene (μMT-/-) that encodes the constant region of the IgM isotype. In these mice, B cells are
arrested at the pre-B cell maturation stage. Serum immunoglobulins were undetectable at a 1:30,000 dilution in μMT-/- mice.
Interestingly, μMT-/- mice exhibited similar blood pressure increase in response to 4 weeks of Ang II infusion compared to agematched wild type (WT) mice (p=0.675). Flow cytometry of aortae from Ang II-treated μMT-/- mice demonstrated fewer CD45+
cells (p=0.047), similar levels of CD8+ and CD4+ T cells (p=0.631 and p=0.721 respectively), a trend for more F4/80+
monocytes/macrophages (p=0.2567), and virtually no CD19+ B cells (p=0.002) compared to WT mice. Endothelium-dependent
vasodilatation to acetylcholine was comparable between μMT-/- mice and WT mice after Ang II treatment (p=0.223), however μMT
-/-

mice displayed enhanced endothelium-independent vasodilatation to sodium nitroprusside than WT mice (p=0.024). Urinary

albumin/creatinine ratio was similar between Ang II-treated μMT-/- mice and WT mice (p=0.488), indicating similar renal damage.
Taken together, μMT-/- mice are not protected from Ang II-induced hypertension, suggesting that B cells and immunoglobulin
production are not critical for hypertension and the associated end-organ damage.
16

Gender Differences in Sarcoidosis Mediated by PD-1, and TH17 Pathway.
Ozioma S. Chioma PhD 1, Lindsay Celada PhD 1, Kenny Abel 1, Dawn Newcomb PhD1, Wonder P. Drake MD1,2
1

Division of Infectious Diseases, Department of Medicine, Vanderbilt University School of Medicine, Nashville, TN 37232-2363,
USA
2

Department of Pathology, Microbiology, and Immunology, Vanderbilt University School of Medicine, 1161 21st Avenue South,
A2200 Medical Center North, Nashville, TN 37232, USA
Rationale: Previous studies from our laboratory indicate the presence of CD4+ PD-1+ T cells in peripheral blood mononuclear
cells (PBMCs) and bronchoalveolar lavage fluid of Sarcoidosis patients. We also showed that PD-1 up-regulation on CD4+ T
cells promotes pulmonary fibrosis through STAT3-mediated IL-17A and TGF-β1 production. Studies show that Sarcoidosis
affects more women than men, with women having lower health-related quality of life and a greater degree of functional
impairment than men. However, little is known about the mechanisms that underlie these gender differences in Sarcoidosis. In
this study, we aim to determine the role of PD-1 and TH17 pathway in the gender differences observed in Sarcoidosis.
Methods: We conducted molecular, immunohistochemical, and flow cytometric analysis of human and murine specimens to
measure the ex vivo expression of PD-1 on PBMC’s derived from male and female sarcoidosis patients, healthy control subjects,
as well as from our murine studies. We also accessed the effect of PD-1 blockade and PD-1 knockout on male and female mice
using the bleomycin–induced lung fibrotic murine model.
Results: Our results show that CD4+ PD-1+ T cells are significantly increased in female compared to male sarcoidosis patients (P
< 0.05), and compared to healthy controls (P < 0.0001). Using the bleomycin-induced lung fibrotic murine model, we demonstrate
that female PD-1 blockade or knockout mice showed a significant increase in survival and decrease in lung fibrosis measured by
Ashcroft score and collagen deposition compared to male mice. We also noted a significant reduction in CD4+ IL-23R+ T cells in
PD-1 knock-out female mice compared to male mice using the bleomycin-induced lung fibrotic murine model, with a significant
decrease in phosphorylated STAT 3 (P < 0.05).
Conclusions: Taken together, our findings demonstrate that the PD-1 pathway may play an important role in the gender
differences observed in Sarcoidosis through key players in the TH17 Pathway; IL-23 and STAT 3 signaling. This identifies a
potential therapeutic target for treating Sarcoidosis.
Funding: This work was supported by National Institute of Health grants (5R01HL117074-05, 6K24HL127301-02) to Wonder P.
Drake, and the Foundation of Sarcoidosis Research (FSR) Fellowship Program Grant RFP 17-9041 to Ozioma Chioma.
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Metabolic differences between Th2 and Th17 cells in airway inflammation
Diana C. Contreras, Jacqueline Cephus, Dawn Newcomb, & Jeffrey Rathmell
Asthma is an airway inflammatory disease that is mediated by T effector (Teff) cells, specifically Th2 and Th17 cells. As disease
increases in severity, there is a shift towards a higher Th17 response. Treatments of asthmatic patients include the use of
glucocorticoid (GC) steroids. These drugs are effective at controlling inflammation in mild cases but as disease severity increases
towards neutrophilic disease there is resistance by Th17 cells to effects of the drugs. A key therapeutic objective is to identify
either alternative treatments for asthma or targets that make Th17 cells more susceptible to GCs. Studies have shown that cells
that have increased glycolysis and oxidative phosphorylation are more resistant to the effects of GCs. In this study we show, that
in the murine model of airway inflammation there are differences in the expression of metabolic proteins between Th2 and Th17

cells that are present in the lung. These results imply that the higher glucose utilization of Th17 cells and their metabolic flexibility
may contribute to their resistance to the effects of GCs.
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Interleukin 21 plays a critical role in hypertension and vascular dysfunction
Bethany L. Dale1, Arvind K. Pandey2, Yuhan Chen2, Charles D. Smart1, Fanny Laroumanie2, Mingfang Ao2, Liang Xiao2, Anna E.
Dikalova2, Sergey I. Dikalov2, Fernando Elijovich2, Jason D. Foss2, Natalia R. Barbaro2, Justin P. Van Beusecum2, Serpil M.
Deger2, Aseel Alsouqi2, Hana A. Itani2, Allison E. Norlander1, Matthew R. Alexander2, Shilin Zhao2, T. Alp Ikizler2, Holly M. Scott
Algood2,3,4, Meena S. Madhur1,2,3
1

Vanderbilt University, Nashville, TN
Vanderbilt University Medical Center, Nashville, TN
3
Vanderbilt Institute for Infection, Immunology, and Inflammation, Nashville, TN
4
Vanderbilt Digestive Diseases Research Center, Nashville, TN
2

T cell derived cytokines, interleukin 17A (IL17A) and interferon gamma (IFNγ), promote angiotensin II (Ang II)-induced
hypertension and end-organ damage. Interleukin 21 (IL21), produced primarily by T follicular helper (Tfh) cells, has been shown
to induce IL17A and IFNg production from T effector cells. IL21 is also a potent activator of germinal center (GC) B cells and
immunoglobulin (Ig) class switching. We hypothesized that IL21 plays a fundamental role in hypertension and hypertensive endorgan damage through its effects on pro-inflammatory T cell polarization and vascular dysfunction. CD4+ T cells from Ang II
infused WT mice exhibit 1.5-fold increased IL21 mRNA expression and 2-fold increased IL-21 production compared to vehicle.
We found IL21-/- mice exhibit a 30mmHg reduction in systolic blood pressure (SBP) in response to 4 weeks of Ang II infusion
compared to age-matched wild type (WT) mice. Further, IFNγ and IL17A production from CD8+ or CD4+ T cells, respectively,
was abrogated in IL21-/- mice vs. WT mice infused with Ang II. We also found Tfh cells and GC B cells significantly increased in
the aortas and mesenteric vessels of Ang II WT mice but not IL21-/- mice. Ang II induced an increase in percent of lymph node
GC B cells and IgG/IgM ratio, consistent with Ig class switching. Mesenteric vessels from IL21 -/- mice were protected from Ang IIinduced endothelial dysfunction. IL21-/- mice also developed blunted aortic fibrosis and reduced smooth muscle cell hypertrophy
after 4 weeks of Ang II vs. WT mice. IL-21 neutralization beginning 2 weeks after Ang II resulted in a 15 mmHg reduction in SBP
and reversal of aortic inflammation and vascular endothelial dysfunction compared to isotype control. Lastly, CD4+ T cell
production of IL21 positively correlated with SBP in human volunteers, and in fact, IL-21 production was significantly higher in
hypertensive compared to normotensive subjects.
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Inflammatory and glycolytic profile of myeloid cells are driven by miR-21 during experimental sepsis
Paulo H. Melo, Annie Roccio Pineiros, Carlos H. Serezani
Sepsis is associated with a hyper inflammatory state, switch of metabolic profile of immune cells and impaired innate immune
functions of phagocytes, collectively leading to organ damage and lethality. MicroRNA-21 (miR-21) is one of the most abundant
microRNAs (small noncoding RNA) in phagocytes and plays important roles in both increasing and dampening inflammation.
However the roles of miR-21 in the innate immune system during sepsis are inconclusive. Aim: Here, we aim to identify the
targets and mechanisms by which miR21 influences glycolytic metabolism and inflammatory profile of macrophage and
neutrophils during sepsis. We hypothesized that myeloid miR21 inhibits the production of anti-inflammatory mediators, leading to
aberrant glycolysis, inflammatory response and animal lethality. Results and conclusion: WT (C57BL/6), miR21fl/fl and

miR21Δmyel mice were subjected to cecal ligation and puncture (CLP) and peritoneal lavage, serum, bronchi alveolar lavage fluid
(BALF) were collected within 18h and the animal survival determined over time. Sepsis enhanced miR21 expression in
neutrophils and macrophages from peritoneal cavity and lung after CLP. MiR21 deficient myeloid cells show increased animal
survival, which correlated with increased bacterial clearance in both the site of infection (peritoneal cavity) and systemically
(blood) and decreased production of inflammatory cytokines, such as IL6 and IL1b, and reduced of heart and liver damage as
show by reduced CK-MB and TGO, respectively. Next, we sought to test whether decreased inflammation in miR21 deficient cells
is dependent on the glycolytic metabolic program in macrophages/neutrophils during sepsis. Both peritoneal and BALF cells from
septic miR-21 deficient myeloid cells showed decreased expression of glycolytic genes (Hif1a, Scl2a1, Hk1/2, Pkm, Ldha, Mct4).
Also, decreased HK1 protein was associated with lower lactate release than septic WT mice. Corroborating the in vivo data, LPSchallenged BMDM and peritoneal macrophage frommiR21 Δmyel also exhibited lower expression of glycolytic enzymes and
inflammatory cytokines(TNF, IL-1 and IL-6) than miR21fl/fl cells. Both, macrophages (BMDM and Peritoneal) and neutrophils

were submitted to glycolytic stress assay (Seahorse) after LPS stimulation in order to confirm the functional impact of miR-21
over glycolysis. Similarity in both cells the lack of miR-21 leads to decrease of ECAR. In conclusion, higher expression of miR-21
after sepsis and LPS stimulation leads to assembly of inflammatory and glycolytic metabolic program in myeloid cells.
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The establishment of a 4T1 breast cancer model for TRAIL immunotherapy studies
Jenna A. Dombroski, Nidhi Jyotsana, Zhenjiang Zhang and Michael R. King.
Metastasis accounts for 90% of cancer-related deaths. As a part of metastasis, a cancer cell from a primary tumor enters the
bloodstream in the form of a circulating tumor cell (CTC), travels to a distant site, and survives in the tissue microenvironment
with the potential to form a secondary tumor (Chaffer C. Science. 2011; 331: 559-64.). Derived from a primary tumor, these
circulating tumor cells (CTCs) have the potential to form a secondary tumor in the distant environment. Our lab targets these

CTCs as a potential for cancer therapeutics. TNF-related apoptosis inducing ligand (TRAIL) is a therapeutic drug that binds to
cancer cell death receptors (DR4, DR5), inducing apoptosis (Chandrasekaran S. PLOS. 2014.). We used this drug to target 4T1
breast cancer, a type of cancer derived specifically from a murine model. The goal of this study was to establish a 4T1 breast
cancer model that could be used for future immunotherapy studies. Experiments were performed to test the effects of TRAIL on
4T1 breast cancer cells. Experiments were performed , in vitro, in under both static and dynamic conditions. Its apoptotic effects
were measured using an Annexin V assay and flow cytometry. Assays indicated that TRAIL not only has a significant apoptotic
effect on 4T1 breast cancer cells in vitro, but a high effectan enhanced effect when exposed to in the presence of fluid shear
stress similar toas found in blood flow. To analyze the immune response to TRAIL in vitro, leukocyte readouts were measured
using a T-cell activation and proliferation assay. Our results also indicated a significant T-cell response induced by TRAIL. The
observed T-cell activation results indicate the implications of TRAIL for evoking an immune response to target 4T1 breast cancer
cells. From our data, we successfully established a 4T1 breast cancer model to be used for future immunotherapy studies.
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Defining Microbial Mechanisms That Mediate DNA Translocation by Helicobacter pylori into Host Cells
Samuel D.R. Dooyema, Uma S. Krishna, Giovanni Suarez, Richard M. Peek, Jr.
Helicobacter pylori is a bacterial pathogen that incurs the highest known risk for gastric cancer, the third leading cause of cancerrelated death worldwide. One H. pylori oncogenic determinant is the cag type IV secretion system (T4SS) which translocates proinflammatory effectors, such as CagA, peptidoglycan, and heptose-bisphosphate into epithelial cells. Our laboratory has shown
H. pylori can also translocate DNA into host cells in a cag-dependent manner, which subsequently activates the innate immune
receptor TLR9. H. pylori strains that confer a higher risk for gastric cancer are more potent in their ability to activate TLR9 and
gastric epithelial cell expression of this receptor is increased in high-risk versus low-risk patients. However, molecular
mechanisms regulating H. pylori-dependent DNA translocation and TLR9 activation remain undefined. The overarching goal of

this study was to define microbial mediators regulating this rare, trans-kingdom phenotype. Using a discovery-based random
mutagenesis approach, screening of a library generated in the cag+ H. pylori strain J166 identified two novel candidates
regulating TLR9 activation: EG65_06635 and EG65_04365, a predicted transport protein containing putative endonuclease
domains. Functional investigation of these genes utilizing independently-generated isogenic mutants was performed via analysis
of cag-T4SS function, growth curves, and TLR9 activation. Utilizing a TLR9 specific reporter assay system levels of TLR9
activation were significantly reduced following co-culture with viable EG65_06635- and EG65_04365- mutants versus wild-type
infected cells. We also used a focused approach to target H. pylori loci previously associated with cag-T4SS function, which
revealed bacterial adhesin hopQ was required for TLR9 activation. Specifically, inactivation of hopQ in H. pylori cag+ strain 26695
revealed TLR9 activation was abolished following co-culture with a hopQ- mutant compared to with wild-type, and levels were no
different than uninfected controls. In conclusion, we have identified cag-independent genetic components that regulate DNA
translocation and which may play a role in disease.
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The Henipavirus Attachment Glycoprotein Induces a Potent and Cross-Reactive Human Antibody Response
Michael P. Doyle, Nurgun Kose, Viktoriya Borisevich, Marcus Nagel, Robert W. Cross, Thomas W. Geisbert, Kevin L. Schey,
James E. Crowe, Jr.
Hendra and Nipah viruses, the prototypic viruses of the Henipavirus genus, are emerging, zoonotic paramyxoviruses known to
cause severe disease across six mammalian orders, including humans. Because these viral agents can result in mortality as high
as 90%, and due to the threat of use as bioterror agents, the WHO has classified henipaviruses as priority pathogens with urgent
needs for accelerated research and development of antiviral therapeutics. While select research groups have made strides in
developing candidate vaccines and therapeutics against henipaviruses, no licensed pharmaceuticals are available for human
use, and significant gaps in knowledge about the human immune response to these viruses exist. To address these gaps, we
have used a highly efficient human B cell hybridoma technique to isolate a large panel of monoclonal antibodies (mAbs) from a

subject inadvertently exposed to the Hendra veterinary horse vaccine. These human antibodies bind the henipavirus attachment
(G) glycoprotein, and display a wide variety of binding characteristics, from strain-specific to cross-reactive. These mAbs
recognize at least six distinct antigenic sites on the G glycoprotein surface. Antibodies corresponding to multiple antigenic sites
are capable of potent neutralization of Nipah and/or Hendra virus isolates in vitro. Hydrogen-deuterium exchange mass
spectrometry studies suggest that the most potent and cross-reactive mAbs neutralize by blocking viral attachment to host
receptors ephrin-B2 and ephrin-B3. These studies show that the henipavirus attachment glycoprotein elicits a humoral response
to diverse antigenic sites, and provide potential lead candidates for further development as therapeutic biologics.
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Dissection of natural killer cell recruitment, maturation and activation in the tumor microenvironment
Zerick Dunbar1,2,3 and Anil Shanker2,3,4,5
1

Department of Microbiology, Immunology and Physiology, School of Medicine, Meharry Medical College, Nashville, TN
Department of Biochemistry, Cancer Biology, Neuroscience & Pharmacology, School of Medicine, Meharry Medical College,
Nashville, TN 3School of Graduate Studies and Research, Meharry Medical College, Nashville, TN 4Host-Tumor Interactions
Research Program, Vanderbilt-Ingram Comprehensive Cancer Center, Vanderbilt University School of Medicine, Nashville, TN,
5
Vanderbilt Institute for Infection, Immunology and Inflammation, Vanderbilt University School of Medicine, Nashville, TN
2

A continual issue in the fight against cancer is the growing discrepancy between resources being applied to treat cancer and
stagnant patient survival rates. In part to help decrease this discrepancy, research ongoing into immunotherapy uses one’s own
immune cells to combat cancer cells. Cytotoxic innate lymphoid cells, conventionally known as natural killer (NK) cells, play major

roles in cancer immunity largely due to their natural cytolytic and immune regulatory functions. However, due to the extensive
heterogeneity seen among NK cells, their functions have yet to be fully harnessed. The objective of this research project is to
elucidate NK cell recruitment, maturation, and activation in the context of metastatic solid tumors. Using multi-color flow cytometry
and functional assays, we will characterize NK cells over time at different stages of tumor, localized versus distant metastatic
tumors. We hypothesize that tumor infiltrating NK cells display a unique gene expression profile with a higher expression in
regard to development and maturation markers such as ID2 and NCAM1, as well as certain Notch receptors compared to nontumor infiltrating NK cells. Here, we show the vast subset heterogeneity that exists among NK cells from location, as well as NK
cell specific surface marker and gene expression perspectives based on flow cytometry, proteomic, and genomic analyses. We
will also explore potential mechanisms that can be altered for enhancing NK cell antitumor function. Understanding and
subsequently manipulating NK cells in the tumor microenvironment could prove to be a novel clinical immunotherapy tool for
cancer patients and mitigate the resources-results cancer discrepancy.
This work was supported by funds to A Shanker via the following NIH grants: U54 CA163069, U54 MD007593, SC1 CA182843
and R01 CA175370; and supported, in part, by the NIH RISE grant R25 GM059994.
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Defining the Antiviral cGAS-STING Activation and Regulation During KSHV Infection
William Dunker, Nancy Liu, and John Karijolich
Kaposi’s Sarcoma-associated herpesvirus (KSHV) is a member of the human γ-herpesvirus sub-family and is the causative agent
of Kaposi’s Sarcoma (KS) and Primary Effusion Lymphoma (PEL), as well as associated with development of multicentric
Castleman’s disease (MCD). KSHV establishes latency following de novo infection to persist in the host and can be reactivated
into the lytic cycle to produce infectious viral progeny. KSHV infection and reactivation activates numerous cell-intrinsic nucleic
acid sensors such as the double-stranded DNA (dsDNA) sensor cGAMP synthase (cGAS), inducing synthesis of the second

messenger cyclic dinucleotide 2’3’cGAMP. cGAMP binds the Stimulator of Interferon Genes (STING) to induce an IRF3 and NFkB-driven antimicrobial gene expression response. Here, we demonstrate that the cGAS-STING pathway restricts KSHV
reactivation from latency. Depletion of cGAS and STING significantly enhance reactivation as demonstrated by a fluorescent
marker and increased viral mRNA expression. Furthermore, inducible cGAS overexpression restricts the viral lytic cycle in a
STING-dependent manner. Immunoprecipitation of the inducible cGAS is efficient, permitting future sequencing of the bound
ligands. We also demonstrate that treatment of the THP-1 monocyte cell line with ABT-737, a pro-apoptotic drug, and Q-VD-Oph,
a pan- caspase inhibitor, induces a STING-dependent interferon response. This system provides us with a means to determine
possible viral regulation of mitochondrial DNA release during reactivation. Collectively, these data define cGAS activation during
the KSHV lytic cycle and has the potential to identify viral regulation of ligand availability.
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Decidual Stromal Cells and Cytotrophoblasts Synergize to Dampen and Modulate Macrophage Activation in Response
to Group B Streptococcus Infection
Alison J. Eastman, Lisa M. Rogers, Kevin G. Osteen, David M. Aronoff
Gestational membrane (GM) immune cells are skewed towards tolerogenic (M2)/Th2 activation at baseline, but bacterial infection
(chorioamnionitis) provokes inflammation. The choriodecidual layer of the GM includes decidual stromal cells (DSC),
cytotrophoblasts (CTB) and macrophages (Mφ). We hypothesize that these unique cells work in concert to modulate
inflammatory responses to ascending infection. Immortalized DSC (decidualized T-HESC cells) and CTB (JEG-3) were cultured
in separate chambers of transwells or cultured individually. PMA-activated THP.1 Mφ-like cells expressing an NFκB reporter gene
were added at a ratio of 1 Mφ:10 cells. Cultures were infected with Group B Streptococcus (GBS) (10 bacteria/cell) or LPS-

treated (+ control). Supernatants were collected for ELISA and NFκB activation assay. GBS induced Mφ NFκB and proinflammatory cytokines (TNFα, IL-1β), which were suppressed by direct CTB co-culture. Addition of CTB-conditioned media did
not suppress Mφ activation. CTB and Mφ co-culture separated by 0.4um membrane had intermediate suppression of Mφ NFκB
activation, suggesting both cell-cell contact and soluble mediators are involved. Co-culture of MO with DSC resulted in slight
increase of CCL2 and CCL5, but differential suppression of MO cytokines (TNFα, IL-8) relative to Mφ-CTB co-culture (CXCL10,
IL-6, IL-1b). 3-way co-culture with DSC and CTB in bottom and top of transwell, respectively, with Mφ (1:10) resulted in broad
decreased pro-inflammatory cytokine expression, but uniquely enhanced CCL2 and CCL5 in response to GBS infection.
Paracrine signaling among GM cells regulates immune responses to infection, through both cell-cell contact and soluble
mediators. Suppression of CXCL10 and unique upregulation of CCL2 and CCL5 during 3-way co-culture of DSC, CTB, and Mφ
predicts that selective recruitment of immune cells may occur during infection in vivo.
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Defining the neutralizing antibody response to New World hantaviruses
Taylor B. Engdahl, Nurgun Kose, Rachel Nargi, Rachel E. Sutton, Michael P. Doyle, & James E. Crowe
Sin Nombre (SNV) and Andes (ANDV) are two emerging New World hantaviruses that are carried by rodents and transmitted to
humans via aerosolized feces. Both SNV and ANDV cause Hantavirus Cardiopulmonary Syndrome which can have a case
fatality rate as high as 40%. There are currently no FDA approved vaccines or therapeutics for hantaviruses, and the only
treatment for infection is supportive care for respiratory failure. Viral neutralization by antibodies has been poorly studied for
hantaviruses, especially SNV and ANDV. However, it has been shown that hantavirus specific antibodies are protective in animal
models, and a high neutralizing antibody titer is correlated with a higher chance of survival in patients. Using human hybridoma
technology and flow cytometric fluorescence screening, we have isolated human monoclonal antibodies (mAbs) that are specific
to ANDV and SNV glycoproteins, Gn and Gc, from survivors of infection. Since hantaviruses are biosafety level-3 agents, we
have also generated a pseudotyped virus carrying ANDV and SNV Gn/Gc to characterize binding and neutralization of the mAbs.
Future research will characterize the panel of ANDV and SNV mAbs in order to determine mechanism of neutralization as well as
therapeutic efficacy. These studies will further our understanding of humoral immune response to hantavirus infection and inform
vaccine design.
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SERINC5 Inhibits HIV-1 Infectivity by Altering the Conformation of gp120 on HIV-1 Particles
Austin Featherstone and Christopher Aiken
Human T cells express a 10-12 transmembrane domain protein called SERINC5 that is incorporated into budding HIV-1 particles
and reduces HIV-1 infectivity and inhibits virus-cell fusion. HIV-1 susceptibility to SERINC5 is determined by sequences in the
viral Env protein. However, the mechanism of how SERINC5 inhibits HIV-1 infectivity is still unclear. Previous studies suggested
that SERINC5 affects Env conformation. To further test whether the antiviral mechanism of SERINC5 involves altering the
conformation of HIV-1 Env, we assayed the effects of SERINC5 on binding of HIV-1 particles bearing the SERINC5-sensitive Env
protein from HIV-1(HXB2) to a panel of epitope-specific monoclonal antibodies immobilized on plates. We observed that
SERINC5 reduced the binding of HIV-1 particles to gp120-specific antibodies that recognize the V3-loop, a sCD4-induced

epitope, and an N-linked glycan. By contrast, SERINC5 did not affect antibody binding to the MPER epitope in gp41 nor to the
CD4 binding site or the V3 loop on gp120. We also observed that binding of HIV-1 particles to recombinant CD4 was unaffected
by SERINC5. To determine whether these effects are related to the antiviral action of SERINC5, we performed assays using HIV1 particles bearing the Env from the HIV-1(JRFL) strain, which is less sensitive to SERINC5. Antibody binding to the JRFL Env
was unaffected by SERINC5. Combined with our results from the quantification of SERINC5 on HIV-1 particles (see
accompanying abstract), our findings suggest that SERINC5’s antiviral activity results from its ability to bind to gp120 and perturb
its conformation. These results further elucidate the antiviral action of SERINC5 and provide evidence of a novel antiviral
mechanism targeting HIV-1 Env.

Supported by NIH P50 GM082251 (CA) and T32 AI007281-29 (AF)
28

The role of hypoxia in osteoblast responses to Staphylococcus aureus
Caleb A. Ford, Chris T. Peek, Aimee D. Wilde, Nicole E. Putnam, Jacob M. Curry, Laura E. Fulbright, James E. Cassat
Osteomyelitis is a highly morbid inflammatory state of bone most commonly triggered by Staphylococcus aureus infection. During
osteomyelitis, direct toxicity of S. aureus and the concomitant immune response damages the structural matrix of bone and its
vascular architecture, creating a hypoxic environment. Hypoxia-inducible factor (HIF) signaling is the canonical response to
mammalian hypoxia in homeostatic and pathologic bone formation. The HIF signaling pathway is also implicated in antibacterial
immunity during skin and soft tissue infection. We hypothesized that tissue oxygenation and osteoblastic HIF signaling modulates
bone healing and antibacterial immunity during S. aureus osteomyelitis. To establish whether hypoxia is present during
osteomyelitis, hypoxyprobe staining was performed on mice infected with S. aureus or mock infected with sterile saline. Cytokine
profiling of infected bone demonstrated increases in proinflammatory cytokine markers and VEGF, a well-known HIF-1a target
gene.

In vitro, primary murine osteoblasts were cultured in normoxia or 1% O 2 and were stimulated with concentrated

supernatants of toxin-deficient S. aureus supernatants. Osteoblasts were analyzed for HIF-1a protein accumulation by Western
Blot, receptor activator for NF-kB (RANKL) and osteoprotegerin (OPG) transcriptional changes by qRT-PCR, and cytokine
production by 32-plex cytokine panel. Primary murine osteoblasts stimulated with bacterial supernatants and grown in normoxia
showed large inductions of RANKL gene transcripts relative to vehicle. However, growth in hypoxia blunted the transcriptional
induction of RANKL by osteoblasts. Osteoblast production of proinflammatory cytokines in response to stimulation with bacterial
stimulation was generally enhanced by growth in hypoxia. Recognizing that environmental hypoxia augments HIF-1a
accumulation in osteoblasts, these data suggest that HIF-1a signaling is occurring within osteoblasts in vivo given that both
hypoxia and bacterial stimulation are readily present during osteomyelitis. Preliminary functional responses of osteoblasts in vitro
demonstrate that hypoxic signaling impacts the ability of osteoblasts to regulate osteoclastogenesis and produce proinflammatory
cytokine.
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Synthesis and Antimicrobial Activity of Natural Product Chrysophaentin Derivatives
Christopher Fullenkamp, Yen-Pang Hsu, Michael S. VanNieuwenhze, Carole. A Bewley & Gary A. Sulikowski *
Antibiotic resistance is now known for every clinically prescribed antibiotic, which means new antibiotics and identification of
novel antimicrobial targets are needed. Chrysophaentin A, a marine natural product isolated from the alga Chrysophaeum taylori,
exhibits micromolar activity against gram positive bacteria including methicillin-resistant Staphylococcus aureus (MRSA). In
preliminary studies chrysophaentin A was proposed to inhibit bacterial division by inhibition of the tubulin-like protein FtsZ.
Unfortunately, further study of chrysophaentin A was hampered due to its limited supply by isolation from its marine source.
A chemical synthesis of chrysophaentin A would provide access to not only the antimicrobial natural product for further study, but
allow access to structural analogs for a possible lead development program. Following several years of development, we now
have completed a practical synthesis of four chrysophaentin A analogs, including dechlorochrysophaentin A. Interestingly, all four
compounds display antimicrobial activity comparable to the parent natural product and through collaborations we have been able
to demonstrate chrysophaentin A inhibits peptidoglycan synthesis by a novel mechanism. Using fluorescently tagged D-amino
acids (FDAA) and proteins we have demonstrated a unique dispersion of the peptidoglycan machinery (FtsZ, FtsA and PBP2).
Future work includes further development of a practical and scalable synthesis of chrysophaentin A and identification of its
cellular target.
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Desiccation tolerance increases the pathogenicity of Acinetobacter baumannii
Erin R. Green and Eric P. Skaar
Acinetobacter baumannii is an important opportunistic pathogen that commonly infects critically ill patients in hospital settings.
Because of its rapid acquisition of antibiotic resistance, infections caused by A. baumannii have become extremely difficult to
treat, underlying the importance of identifying new antimicrobial targets for this pathogen. A baumannii is frequently found
contaminating hospital surfaces, which serve as a major reservoir for hospital-acquired infections with this pathogen. The ability
of A. baumannii to survive extended periods of desiccation is thus thought to be a critical factor contributing to hospital outbreaks;
however, the mechanisms by which A. baumannii survives desiccation and the impact these processes have on its pathogenicity
have not been well defined. To investigate these questions, we established an in vitro system to experimentally model
desiccation tolerance in A. baumannii. We found that A. baumannii remained viable after up to 3 months of desiccation, and that
desiccated A. baumannii exhibited heightened resistance to oxidative stress and enhanced virulence in a murine pneumonia
model of infection relative to a liquid-grown control. To determine the mechanisms by which A. baumannii survives desiccation, a
genetic screen was performed using transposon insertion sequencing. We identified a number of insertion mutants displaying
heightened sensitivity to desiccation, including mutations in the transcriptional regulator bfmR. A ΔbfmR mutant was constructed
and found to exhibit enhanced sensitivity to oxidative stress and attenuated virulence in a pneumonia model of infection,
suggesting that BfmR serves as an important environmental sensor in A. baumannii and may play a regulatory role in mediating
the link between desiccation survival and pathogenicity in this organism. Future directions will be aimed at identifying and
characterizing genes regulated by BfmR that promote desiccation survival and virulence in A. baumannii.
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Assessing the link between epigenetics and metabolism in acute myeloid leukemia
Dalton L. Greenwood, Matthew Z. Madden, Haley E. Ramsey, Jeffrey C. Rathmell
Hematopoietic stem cells (HSCs) undergo self-renewal or differentiation to generate the many myeloid and lymphoid cells. When
dysregulated, cancers such as Acute myeloid leukemia (AML) may develop. AML is characterized by expansion and proliferation
of undifferentiated myeloid cells that derive from a Leukemic Stem Cell (LSC) population. AML is the most common form of
leukemia with 19,520 new cases in 2018, with an adult five-year survival rate of 24%. Here, we examine a newfound relationship
between glutamine metabolism, epigenetics, and targeted differentiation of LSCs in AML to promote disease clearance.
Glutamine is catalyzed by glutaminase (GLS) to supply α-ketoglutarate (αKG) to the tricarboxylic acid (TCA) cycle and
as substrate to demethylase enzymes. We hypothesize that glutamine metabolism plays an integral role in balancing the

fate decision of LSCs and that targeting GLS will impact epigenetic modifications and gene expression to affect cell
fate. Glutaminase knockout may also be exploited to promote differentiation of AML LSCs. Preliminary data demonstrates
the link between epigenetics and metabolism in AML. We profiled three different AML cell lines’ metabolic responses to
INCB54329, an inhibitor of bromodomain proteins. We present a heterogeneous response to INCB54329 in oxygen consumption
rate, extracellular acidification rate, reactive oxygen species generation, and mitochondrial mass and membrane potential. The
precise function of glutaminolysis in hematopoiesis remains unclear. Unraveling the link between glutamine metabolism,
epigenetic modifications, and stem cell function presents a novel therapeutic opportunity for various hematologic malignancies,
chief among them acute myeloid leukemia.
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Characterizing the impact of osteopontin on IEL survival and microbiome composition

Michael Greer, Ali Nazmi, Kristen Hoek, Qi Liu, Bing Zhang, and Danyvid Olivares-Villagomez
Intraepithelial lymphocytes (IEL) comprise a diverse population of lymphocytes positioned between intestinal epithelial cells.
Members of the IEL family are characterized by the expression of a T cell receptor (TCRγδ or TCRαβ) and cell surface molecules
such as: CD8αβ+, CD8aa or CD4. Each IEL subpopulation possesses critical roles during intestinal immune responses and have
been implicated in many disorders of the gut. Osteopontin is a multifunctional phosphoprotein encoded by the Spp-1 gene and
previous work suggests that osteopontin modulates IEL survival, however, the underlying mechanism by which this occurs
remains unknown. In an attempt to identify osteopontin-responsive molecules that can be used to better understand IEL survival,
we investigated the impact of osteopontin on the transcriptional profile of IEL. Both in-vitro and ex-vivo expression studies
exhibited differential expression, and gene set enrichment analysis (GSEA) identified significant gene sets for the regulation of
apoptosis, retionoid x receptor binding, and the erk5 pathway. Analysis derived from 16s sequencing revealed age dependent
patterns in alpha and beta diversity as well as enrichment of three bacterial families (Ruminococcaceae, Lachnospiraceae and

Desulfovibrionaceae) in WT mice compared to Spp-1-/- mice. Together, our results show that the presence of osteopontin alters
the expression of genes involved in the regulation of apoptosis, cell proliferation pathways, as well as the intestinal microbiome
profile. Future work will include validating our 16s finding and further efforts to define the crosstalk between IEL and the
microbiome.
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Role of the Coronavirus Exoribonuclease in the Generation of Defective Genomes
Jennifer Gribble, Laura Stevens, Xiaotao Lu, Jim Chappell, and Mark Denison
Coronaviruses (CoVs) are a genetically diverse group of positive-sense single-stranded RNA viruses with genomes of 26 – 32 kb.
Current models of CoV replication include discontinuous RNA synthesis by the replication-transcription complex on genome
templates, which predisposes toward aberrant recombination events and production of internally truncated defective genomes
(DGs). To better understand the genesis, diversity, evolution, and biologic functions of CoV DGs, we analyzed virion RNA from
wild-type (WT) murine hepatitis virus (MHV) and fidelity-impaired mutants using a parallel next-generation sequencing platform
that integrates short-read RNA-seq and long-read, direct RNA Nanopore sequencing. Analysis of DG population recombination
patterns and individual isoforms demonstrated that MHV typically produces DGs retaining distal 5’ and 3’ ends of the genome

with most intervening sequences deleted. A replication-deficient mutator form of MHV lacking the RNA proofreading activity of the
virus-encoded 3’-5’ exoribonuclease (ExoN(-)), exhibited decreased RNA recombination frequency and DG diversity. Long-term
passage of adaptation of ExoN(-) MHV

resulted in dramatically increased recombination frequency and changes in

recombination junction profiles and DG isoforms. This work reveals a surprising complexity of packaged virion-associated DGs,
identifies nsp14-ExoN as a determinant of CoV recombination, and links CoV replication fidelity to RNA recombination.
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MntE is essential for maintaining intracellular manganese homeostasis in Staphylococcus aureus
Caroline M. Grunenwald*1,2, Jacob E. Choby1,3, William N. Beavers1,2, Lillian Juttukonda1, Eric P. Skaar1,2
1

Department of Pathology, Microbiology, and Immunology, Vanderbilt University Medical Center, Nashville, TN; 2Institute for
Infection, Immunology, and Inflammation, Vanderbilt University Medical Center, Nashville, TN; 3Graduate Program in
Microbiology and Immunology, Vanderbilt University, Nashville, TN;
*caroline.m.grunenwald@vumc.org
Staphylococcus aureus is a significant cause of human morbidity and mortality. Manganese (Mn) is an essential micronutrient
and plays an important role in S. aureus physiology; thus acquisition of Mn is critical for pathogenesis. Paradoxically, excess Mn
is toxic, therefore maintaining intracellular Mn homeostasis is essential for survival. Here we describe a putative Mn exporter,
MntE, which is a member of the Cation Diffusion Facilitator protein family and conserved among Gram-positive pathogens.
Upregulation of mntE transcription in response to excess Mn is dependent on the presence of MntR, a transcriptional repressor of
the mntABC Mn uptake system. Inactivation of mntE or mntR leads to reduced growth in media supplemented with Mn, but not
other metals, which is complemented by constitutive expression of mntE in trans. These results demonstrate MntE is required for
resistance to excess Mn and MntR-mediated mntE activity is highly specific for Mn. Inactivation of mntE results in intracellular
accumulation of Mn, suggesting MntE functions as a Mn efflux pump. Inactivation of mntE also leads to a reduction in intracellular

iron (Fe) and mntE expression is induced in response to the Fe chelator 2,2’-dipyridyl in both wild type and mntR mutant strains.
Together, these data demonstrate MntE and Mn efflux play a role in Fe homeostasis and upregulation of mntE in response to Fe
starvation is independent of MntR. Additionally, mntE mutants are more sensitive to HOCl, indicating Mn homeostasis is critical
for resisting oxidative stress. Mutants lacking either mntR or both mntE and mntR show reduced burdens in murine hearts,
spleens and kidneys following systemic infection; moreover, inactivation of mntE leads to a significant decrease in S. aureusmediated lethality. Combined, these data support a model where MntR regulates export of toxic Mn by MntE and suggests Mn
efflux influences bacterial Fe homeostasis and pathogenesis during infection.
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Mapping Molecular Interactions in the Clostridium difficile Infected Gastrointestinal Tract Using Multimodal Imaging
Mass Spectrometry Technologies
Emma R. Guiberson1,2, Aaron G. Wexler3, Katerina V. Djambazova1,2, William J. Perry1,2, Richard M. Caprioli1,2,4,5,6, Eric P.
Skaar3, Jeffrey M. Spraggins1,2,4
1

Mass Spectrometry Research Center, Vanderbilt University, Nashville, TN; 2Department of Chemistry, Vanderbilt University,
Nashville, TN; 3Department of Pathology, Microbiology, and Immunology, Vanderbilt University, Nashville, TN; 4Department of
Biochemistry, Vanderbilt University, Nashville, TN; 5Department of Medicine, Vanderbilt University, Nashville, TN; 6Department of
Pharmacology, Vanderbilt University, Nashville, TN
Clostridium difficile is a spore-forming pathogen that impacts roughly half a million people annually in the United States. C.
difficile infections are characterized by the release of toxins within gastrointestinal (GI) linings, disrupting normal gut flora.
Coupling multiple imaging technologies such as bright field microscopy, fluorescence microscopy and MALDI IMS can map
molecular interactions in the GI tract caused by C. difficile infection, providing insight into the progression of the infection.
Previous studies of C. difficile infections have utilized labeled techniques such as immunohistochemistry and stained microscopy,
offering limited information about the interactions of the microbiota present. Matrix-assisted laser desorption/ionization imaging
mass spectrometry (MALDI IMS) is a technology that allows molecular mapping of potentially thousands of analytes from a
tissue’s surface. MALDI IMS has recently been leveraged to investigate C. difficile infections ex vivo. MALDI IMS of intact
proteins was acquired using a 15T MALDI FT-ICR MS. MALDI IMS of lipids was acquired using a prototype MALDI trapped ion
mobility time-of-flight mass spectrometer (timsTOF MS) platform operated in Q-TOF mode. This platform allowed for data
collection at high speeds (20 pixels/s), at pixel sizes of 10 µm, without sacrificing molecular specificity. Through registration of
these modalities, the rich information of MALDI IMS can be mapped accurately to precise spatial locations. This technique has
shown both clear demarcation between the epithelial layer and the luminal contents in control tissue, as well as unique prote in
identifications in infected samples (e.g. m/z 4245.34, m/z 6276.72) not present within the control tissue. MALDI IMS lipid images
also show potential epithelial tissue within the luminal contents post-infection, such as the diacylglycerophosphoinositol at m/z
810.55 that was also present in the lumen in infected samples. Further use of this workflow will provide insight into the
mechanisms and effects of C. difficile colonization on the GI environment.
36

Analysis of Helicobacter pylori Population Dynamics Using Genetic Barcoding Methods
M. Lorena Harvey1, Mark S. McClain2, Aung Soe Lin1, & Timothy L. Cover1,2,3
1

Department of Pathology, Microbiology and Immunology, 2Department of Medicine, Vanderbilt University, Nashville, TN;
Veterans Affairs Tennessee Valley Healthcare System, Nashville, TN

3

Background: Gastric colonization by Helicobacter pylori results in gastritis and can lead to more severe diseases, including
peptic ulcer disease or adenocarcinoma. In order to successfully colonize the human host, H. pylori, like many other Gram-

negative bacteria, uses specific outer membrane proteins (OMPs) to adhere to host cells, obtain nutrients, or evade the immune
system. The H. pylori genome encodes more than 60 predicted OMPs, but the functions of most of these remain unknown. We
hypothesize that the presence of this large OMP repertoire facilitates H. pylori colonization of the stomach, and that specific H.
pylori OMPs play critical roles during colonization. Methods: We generated a library of H. pylori strains containing unique
nucleotide barcodes inserted in an intergenic region. We also generated a library of strains containing mutations in OMPencoding genes, each labeled with a unique barcode. We orogastrically infected mice with the libraries and passaged the libraries
in vitro for the same time periods. We then studied compositional changes in the populations in vitro and in vivo using RT-PCR
and high-throughput sequencing. Results: Seven H. pylori strains containing barcodes in an intergenic region proliferated as a
stable community in vitro and in mice, without any substantial changes in the proportional abundance of individual strains. We
successfully mutated 19 genes encoding OMPs, indicating that these genes are not required for H. pylori viability in vitro. When
the library of barcoded OMP mutants was passaged in vitro, two strains exhibited competitive defects compared to a control
strain. When introduced into the stomachs of mice, 4 of the barcoded OMP mutants exhibited competitive defects compared to a
control strain. Conclusion: These results illustrate the utility of genetic barcoding methods for analyzing H. pylori population
dynamics and indicate that specific OMPs promote H. pylori colonization of the stomach.
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Acinetobacter baumannii utilizes the Znu system to acquire zinc during host-imposed nutrient limitation
Laura E. Hesse, Zachery R. Lonergan, William N. Beavers and Eric P. Skaar
Zinc is an essential nutrient metal for organisms across all domains of life. Consequently, during bacterial infections, vertebrate
hosts employ strategies to limit zinc availability, while bacteria have evolved mechanisms to acquire zinc despite these host
defenses. Acinetobacter baumannii, an important opportunistic bacterial pathogen that causes pneumonia, wound and burn
infections, and bacteremia in hospital intensive care units, is predicted to encode both an inner and outer membrane zinc
acquisition system, similar to the Znu systems in other gram-negative organisms. The proteins comprising the putative A.
baumannii Znu zinc uptake machinery are induced during zinc limitation. We have generated deletion mutants in components of
the A. baumannii Znu system, and these mutants show a reduction in growth when zinc-starved compared to wild-type. The znu

deletion mutants also display a defect in uptake of exogenously added zinc. Future work will characterize the physical interaction
and localization of the Znu system, as well as the role of zinc acquisition during the pathogenesis of A. baumannii.
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Inhibition of SOCS1 improves outcomes during subcutaneous MRSA skin infection
Nathan Klopfenstein, Stephanie L. Brandt, and C. Henrique Serezani
Methicillin-resistant Staphylococcus aureus (MRSA) is the primary cause of skin and soft tissue infections in both health care
settings and in those with diabetes within the United States. MRSA skin infections are characterized by the formation of a
neutrophillic abscess that is the hallmark of pyogenic infections to prevent bacterial spread to deeper tissues. However, the
events and factors that drive ideal host defense during these infections remains to be fully elucidated. Here we examined the role
of the protein SOCS1 and its impact of host defense during MRSA skin infection in both hyperglycemic and euglycemic mice. We

have previously shown that hyperglycemic mice are unable to control MRSA skin infection, demonstrating poor abscess
formation that correlates with higher bacterial burden. Our data indicate that SOCS1 expression is higher in the skin of
hyperglycemic mice throughout the course of infection, correlating with their poor infection outcome. Pharmacological or genetic
inhibition of SOCS1 during infection in both control and hyperglycemic mice decreased lesion size and improved bacterial
clearance in the skin, resulting in better infection outcome. Inhibition of SOCS1 throughout infection also correlated with an
increase in the production of pro-inflammatory cytokines TNF-a and IL-1b. Furthermore, both phagocytosis and intracellular
bacterial killing were increased in macrophages isolated from hyperglycemic and control mice upon inhibition of SOCS1. Overall,
these data indicate that the threshold of SOCS1 expression may negatively impact skin host defense in both hyperglycemic and
other susceptible patient populations.
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Mucosal Immunization with a pH-Responsive Nanoparticle Vaccine Induces Protective CD8+ Lung-Resident Memory T
Cells
Frances C. Knight, Pavlo Gilchuk, Amrendra Kumar, Kyle W. Becker, Sema Sevimli, Max E. Jacobson,
Lihong Wang-Bishop, Kelli L. Boyd, James E. Crowe, Jr., Sebastian Joyce, John T. Wilson
Tissue-resident memory T cells (TRM) patrol non-lymphoid organs and provide superior protection against pathogens that
commonly infect mucosal and barrier tissues, such as the lungs, intestine, liver, and skin. Thus, there is a need for vaccine
technologies that can induce a robust, protective TRM response in these tissues. Nanoparticle (NP)-based vaccines offer
important advantages over conventional subunit vaccines; however, there has been minimal investigation into the design of NPbased vaccines for eliciting TRM responses. Here, we describe a pH-responsive polymeric nanoparticle vaccine for generating
antigen-specific CD8+ TRM cells in the lungs. With a single intranasal dose, the NP vaccine elicited both airway- and lung-resident
CD8+ TRM cells and protected against respiratory virus challenge for up to nine weeks after immunization. In elucidating the
contribution of material properties to the resulting TRM response, we found that the pH-responsive activity of the carrier was
important, as a non-pH-responsive control carrier elicited significantly fewer lung-resident CD8+ T cells. We also demonstrated
that dual-delivery of protein antigen and a nucleic acid adjuvant on the same NP substantially enhanced the magnitude,
functionality, and longevity of the antigen-specific CD8+ TRM response in the lungs. Compared to administration of soluble antigen
and adjuvant, the NP also mediated retention of vaccine cargo in pulmonary antigen-presenting cells (APCs), enhanced APC
activation, and increased production of TRM-related cytokines. Overall, these data suggest a promising platform technology for
rapid generation of protective CD8+ TRM cells in the lungs, which has implications for the development of vaccines against
respiratory infections and lung cancer.
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Mechanism and function of heme sensing and detoxification in Clostridium difficile
Reece J. Knippel1,2, Joseph P. Zackular1,2, Jessica L. Moore3, Arianna I. Celis4, Jennifer L. DuBois4, and Eric P. Skaar1,2
1

Department of Pathology, Microbiology and Immunology, Vanderbilt University School of Medicine, Nashville, TN, USA,
Vanderbilt Institute for Infection, Immunology and Inflammation, Vanderbilt University, Nashville, TN, USA, 3Department of
Chemistry, Vanderbilt University, Nashville, TN, USA, 4Department of Chemistry and Biochemistry, Montana State University,
Bozeman, MT, USA
2

Clostridium difficile is a Gram-positive, spore-forming anaerobic bacterium that infects the colon, causing a number of symptoms
ranging from infectious diarrhea to fulminant colitis. In the last decade, the number of C. difficile infections has dramatically risen
making it the leading cause of reported hospital acquired infection in the United States. Surprisingly, little is known about the
mechanisms by which C. difficile survives the harsh environment of the host during infection. During C. difficile infection (CDI),
host heme is present in the gastrointestinal lumen due to bacterial toxin-mediated epithelial damage. The reactive nature of heme
can lead to toxicity through membrane disruption, membrane protein and lipid oxidation, and DNA damage. We hypothesize

that C. difficile detoxifies excess heme to survive within the lumen during infection. The heme responsive up-regulation of an
operon was discovered through an RNA-seq analysis of C. difficile R20291 grown in the presence of a sub-toxic concentration of
heme. This operon contains a candidate TetR family transcriptional regulator, which we have named heme activated transporter
regulator (hatR), and a major facilitator superfamily transporter, which we have named heme activated transporter (hatT). Strains
inactivated for hatR and hatT are more sensitive to heme toxicity. Further analysis determined HatR binds heme, which relieves
the repression of the hatRT operon and HatT functions as a heme efflux pump. In a mouse model of CDI, a strain inactivated for
hatT displayed lower pathogenicity in a toxin independent manner. Taken together, these data suggest that HatR senses
intracellular heme concentrations leading to increased expression of the hatRT operon and subsequent heme efflux by HatT
during infection. This system is unique to C. difficile as no homologs to HatR or HatT have been identified in other bacterial
species. These results describe a novel mechanism employed by C. difficile to relieve heme toxicity during infection, and set the
stage for therapeutic interventions that target this bacterial specific system.
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Antibody discovery in lung tumors by B-cell receptor sequencing
Kevin J. Kramer, Nagarajan Raju, Allie Greenplate, Kelsey Pilewski, Amyn Murji, Pierre Massion & Ivelin Georgiev
Malignancies of the lung are expected to be responsible for over 25% of all cancer-associated mortalities in the United States in
2019. Clinical treatment of lung cancer is complicated by both poor detection of early disease activity and relapse or
unresponsiveness to administered therapy. Taken together, these realities of patient outcome underscore the need for alternative
therapeutic strategies. Research efforts in the cancer immunology field focus primarily on T cells in the tumor microenvironment,
however, there is evidence that B cells may impart a clinical benefit in patients. The formation of tertiary lymphoid structures and
antibody secretion in lung tumors associate with positive clinical outcomes yet remain understudied and poorly characterized. In
an effort to expand upon these observations, we isolated B cells from cryopreserved human lung cancer tissue and recovered B-

cell receptor (BCR) sequences by paired heavy and light chain single-cell RNA sequencing. From these experiments, we
identified clonally expanded B-cell populations and convergent BCR sequences shared between different patients. We further
demonstrated that recombinant antibodies derived from lung cancer patients bind cultured lung cancer cell lines in a dosedependent manner. This preliminary data supports the notion that tumor-resident B-cells secrete functional antibodies that may
additionally be tumor-reactive. Future characterization of these antibodies includes antigen identification and the measurement of
in vitro and in vivo cytotoxic activity. Human patient-derived antibodies not only could serve as a novel source for therapeutic and
diagnostic agents but may also help inform vaccine design in lung cancer indications.
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The Macrophage Reverse Transsulfuration Pathway Mediates Helicobacter pylori Immunopathogenesis by Regulating
Polyamine Synthesis
Yvonne L. Latour, Johanna C. Sierra, Jordan L. Finley, Mohammad Asim, Alberto G. Delgado, Paula B Luis, Claus Schneider,
Emilio S. Rivera, Kevin L. Schey, M. Blanca Piazuelo, Alain P. Gobert, and Keith T. Wilson
Activated gastric macrophages (Gmacs) play a key role in inflammation during Helicobacter pylori (Hp) infection. We recently
determined that macrophages infected with Hp express cystathionine g-lyase (CTH), an enzyme of the reverse transsulfuration
pathway (RTP). S-adenosylmethionine (SAM) is a common substrate of both the RTP and for the synthesis of decarboxylated
SAM (dcSAM), which is required for the generation of the polyamine spermidine. Our Aim was to determine if CTH has an in vivo
role in gastric inflammation during Hp infection and if this is related to alterations in polyamine metabolism. CTH expression was
increased and localized to Gmacs in Hp-infected WT mice compared to uninfected mice. In Cth–/– vs WT mice, gastritis severity
was reduced in both an acute and chronic Hp infection model, 1-month with strain PMSS1 and 4-month with strain SS1,
respectively. The upregulation of genes encoding M1 macrophage markers and the Mreg/Treg cytokine IL-10 that occurred in
infected WT mice was completely eliminated in Cth–/– mice. Consistent with the attenuated immune response, Hp colonization
was increased in Cth–/– mice with both strains of Hp. We found that CTH activity in Gmacs alters polyamine synthesis, as deletion

of Cth resulted in a decrease in putrescine and an increase in spermidine in infected mice. Similarly, the CTH inhibitor AOAA
reduced putrescine and increased dcSAM and spermidine levels in bone-marrow-derived macrophages or RAW 264.7 cells
infected with Hp, indicating that blocking CTH re-establishes the metabolism of SAM through the dc-SAM/spermidine pathway.
Additionally, CTH inhibition in infected macrophages modulated biochemical pathways involving polyamines, methionine, and
cysteine, as determined by a metabolomics approach. In conclusion, increased activity of the RTP in Gmacs regulates
immunometabolism and contributes to Hp-induced inflammation. Thus, CTH represents a new therapeutic target to limit gastritis
and potentially, the related risk for carcinogenesis.
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Definition of the HitRS signaling response to host stressors in Bacillus anthracis
Clare L. Laut1, Laura A. Mike2, Devin L. Stauff3, Eric P. Skaar2
1

Microbe Host Interactions Graduate Program in the Department of Pathology, Microbiology, and Immunology; Vanderbilt
University Medical Center; Nashville TN, United States of America. 2Vanderbilt Institute of Infection, Immunology, and
Inflammation; Vanderbilt University Medical Center; Nashville TN, United States of America. 3Department of Biology; Grove City
College; Grove City, PA, United States of America.
In bacteria, stress-induced changes in gene expression can occur via signal transduction pathways known as two component
systems (TCS). Bacillus anthracis, the causative agent of anthrax, encodes HitRS, which is a TCS activated by cell envelope
stress. Anthrax infection initiates with the germination of phagocytosed spores inside host cells. The vegetative bacilli escape and

grow to extreme densities in the blood. We hypothesize that HitS senses phagocyte-induced cell envelope damage, resulting in
HitR-induced expression of gene products that repair this damage. We confirmed HitRS regulated genes are induced within
phagocytes by super-resolution imaging of a fluorescent reporter strain. HitRS TCS signaling is active during infection as
evidenced by a strain lacking the HitPQRS operon having a fitness defect in the presence of phagocytes. A genetic selection to
identify gene products that act upstream of sensor kinase activation uncovered two ORFs acting upstream of the HitRS signaling
pathway. When mutated, these genes render HitRS unresponsive to known activators, suggesting a role for these genes in hostpathogen interactions. These studies will define the HitRS-mediated bacterial reaction to host stressors. This will widen the
understanding of how B. anthracis senses interactions with host immune cells and responds accordingly to cause infection.
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Mechanism of GtrR regulation by HemX and heme in Staphylococcus aureus
Leasure, Catherine1; Choby, Jacob1;, Skaar, Eric 1,2
1

Department of Pathology, Microbiology and Immunology and 2Vanderbilt Institute for Infection, Immunology and Inflammation
(VI4), Vanderbilt University Medical Center, Nashville, TN United States
Staphylococcus aureus is a formidable pathogen capable of colonizing a wide variety of niches within the human host. With the
incidence of drug resistant S. aureus strains on the rise, the development of new antimicrobials is becoming increasingly
important. One pathway in S. aureus that represents a potential therapeutic target is heme synthesis, since heme is essential for
Staphylococcal survival. S. aureus can acquire heme from the host or synthesize heme using an endogenous pathway. At high
levels heme can be toxic; therefore S. aureus has evolved mechanisms to balance heme uptake, efflux, and synthesis. One
mechanism of heme synthesis regulation is mediated by HemX, an integral membrane protein. HemX post-translationally
regulates the levels of GtrR, a glutamyl-tRNA reductase that catalyzes the first dedicated step in heme biosynthesis. HemX is

conserved among bacteria capable of synthesizing heme, making it an attractive target for antimicrobials designed to perturb
heme homeostasis in pathogens. The mechanisms by which HemX and heme regulate GtrR levels are unknown. S. aureus
strains that are defective in either hemX or heme synthesis have elevated levels of GtrR, yet a mutant deficient in hemX and
heme synthesis has lower GtrR abundance suggesting that the HemX act independently to modulate GtrR abundance.
Systematic site-directed mutagenesis of GtrR was employed to identify residues important for regulation by heme and HemX.
Uncovering the mechanism of GtrR regulation in Staphylococcus aureus will lead to a greater understanding of bacterial
strategies to maintain homeostatic levels of heme.
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Essential Role of the Helicobacter pylori cag Type IV Secretion System in a Mongolian Gerbil Model of Gastric Cancer
Aung Soe Lin, Amber C. Beckett, Beverly R.E.A. Dixon, Rhonda R. Caston, M. Blanca Piazuelo, Holly M. Scott Algood, Mark S.
McClain, & Timothy L. Cover
Helicobacter pylori persistently colonizes the stomach in half of the world’s population and is a strong risk factor for peptic ulcer
disease and gastric adenocarcinoma. H. pylori strains containing a region of chromosomal DNA known as the cag pathogenicity
island (cag PAI) are associated with higher gastric cancer risk than strains lacking the cag PAI. The cag PAI encodes CagA (a
bacterial oncoprotein that is delivered into human cells) and a cag type IV secretion system (cag T4SS) required for CagA
secretion. In this study, we sought to develop a system for conditional regulation of the cag T4SS in an animal model and to
investigate the temporal features of cag T4SS activity in vivo. We engineered an H. pylori strain in which transcription of genes

encoding components of the cag T4SS is regulated by the Tet repressor (TetR) system. In this strain, the cag T4SS is active in
the presence of an inducer (doxycycline) and inactive in the absence of doxycycline. Mongolian gerbils were infected with the
engineered strain, fed chows containing varying concentrations of doxycycline, and euthanized at 3 months post-infection.
Analysis of stomach tissue indicated that the relevant cag T4SS genes were transcribed at significantly higher levels in vivo in H.
pylori-infected animals receiving doxycycline-containing chow than in infected control animals receiving chow without
doxycycline. H. pylori colonization density was higher, and the severity of gastric inflammation was increased in infected animals
receiving doxycycline than in the infected control animals. Dysplasia and invasive adenocarcinoma were observed in several
infected gerbils receiving doxycycline, but not in infected control animals. These results indicate that the TetR system can be
used to conditionally regulate the cag T4SS in vivo. The use of this system allows us to explore temporal features of the process
by which the cag T4SS contributes to carcinogenesis.
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A zinc binding carboxypeptidase promotes resistance to host-imposed nutrient zinc starvation and envelope stress in
Acinetobacter baumannii
Zachery R. Lonergan1,2, Brittany L. Nairn1, Jiefei Wang3, Walter J. Chazin4,5,6, David P. Giedroc3, and Eric P. Skaar1,7
1

Department of Pathology, Microbiology, and Immunology, Vanderbilt University Medical Center, Nashville, TN; 2Microbe-Host
Interactions Training Program, Vanderbilt University School of Medicine, Nashville, TN; 3Department of Chemistry, Indiana
University, Bloomington, IN; 4Center for Structural Biology, Vanderbilt University School of Medicine, Nashville, TN; 5Department
of Biochemistry, Vanderbilt University School of Medicine, Nashville, TN; 6Department of Chemistry, Vanderbilt University,
Nashville, TN; 7Vanderbilt Institute for Infection, Immunology, and Inflammation, Vanderbilt University Medical Center, Nashville,
TN
Acinetobacter baumannii has emerged as an important nosocomial pathogen capable of causing a range of diseases, including
respiratory infections and bacteremia. Treatment for these infections is limited due to increasing rates of antibiotic resistance,
underscoring the importance of identifying new targets for antimicrobial drug development. During infection, A. baumannii must

acquire nutrient metals in order to survive and colonize the host. Vertebrates have evolved mechanisms to sequester these
metals from invading pathogens by a process termed “nutritional immunity.” The vertebrate protein calprotectin (CP) inhibits A.
baumannii growth through zinc (Zn) sequestration. We found that one of the most upregulated genes during Zn starvation
encodes a Zn-binding carboxypeptidase that localizes to the A. baumannii inner membrane, which we named zrlA (Zur-regulated
Lipoprotein A). Genetic inactivation of zrlA results in diminished growth in the presence of CP. A zrlA mutant also displays
increased cell envelope permeability, decreased outer membrane barrier function, and aberrant peptidoglycan crosslinking. This
altered envelope integrity results in increased susceptibility to multiple classes of antibiotics. However, nutrient Zn availability
dictates the efficacy of these antibiotics and has varying effects depending on the antibiotic class. Finally, a mouse model of A.
baumannii pneumonia revealed the zrlA mutant is defective in colonizing the lungs and disseminating to the liver. Taken together,
these results show that A. baumannii utilizes ZrlA to maintain peptidoglycan integrity during nutrient Zn starvation and suggests
that ZrlA is an important bacterial component to survive the host immune response.
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Cell Surface Vimentin as a Target for Liposome-Based TRAIL Delivery to Metastatic Cancer Cells
Maria Lopez Cavestany, Zhenjiang Zhang, Michael R. King
In the past two years, millions of cases of colon cancer have been reported in the United States. Survival rates for colorectal
cancer are high for patients in early stages of the disease, but dramatically decrease once metastasis has occurred. Therefore, it
is paramount to investigate a treatment therapy which not only targets the local metastases in the tumor-draining lymph nodes,
but also the circulating cancer cells (CTCs) and distant metastases. A main characteristic of metastatic cancer cells is endothelial
to mesenchymal transition (EMT). The presence of cell surface vimentin (CSV) and other mesenchymal-associated proteins help
to provide the cell with its motility and invasive potential. Due to this, CSV is an attractive target for immuno-therapies since it is
expressed in metastatic cancer cells. Our goal is to examine CSV overexpression in order to build a liposome-based TRAIL

delivery platform which targets highly metastatic cancer cells. By flow cytometry, the overexpression of extracellular vimentin on
metastatic cancer cell limes was confirmed. It was seen that COLO205, SW602-P, and SW620-OXR cells presented increased
levels of vimentin, showing a shift of 62.5%, 49.8%, and 35.4%, respectively. Healthy neutrophils, in contrast, showed a negligible
shift in fluorescence. The synthesis of 100nm liposomes and the conjugation of the antibody was confirmed though a size
comparison. The naked liposomes exhibited an average size of 102.7 ± 1.1nm . After conjugation with half-antibodies, the size
increased to 122.1 ± 1.6nm, indicating successful conjugation. In this way, the overexpression of extracellular vimentin in highly
metastatic cell lines was confirmed in comparison to healthy adult neutrophils. Additionally, a successful method for 100nm
liposome synthesis and conjugation was developed. We expect that CSV can act as target platform to enhance the therapeutic
potential of TRAIL for cancers with elevated vimentin expression, neutralizing circulating tumor cells and distant metastases.
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A Host Immune Protein Influences Clostridium difficile Niche Selection in the Gut
Christopher A. Lopez, Joseph P. Zackular, Reece J. Knippel, and Eric P. Skaar
The large intestines house a diverse microbiota that collectively protect against invasion by pathogenic bacteria, termed
colonization resistance. Clostridium difficile, an anaerobic spore-forming bacterium, takes advantage of antibiotic-induced
disruption of colonization resistance to initiate gut colonization and disease. However, subsequent to initial colonization C. difficile
must establish a niche where the pathogen can compete with the resident microbes for nutrients while resisting host-mediated
changes to the nutrient environment. The limiting nutrients governing C. difficile interactions with the microbiota and the role of
the host in manipulating access to those nutrients during C. difficile infections (CDI) are unclear. One arm of the host response
during CDI that impacts nutrient availability in the gut is the release of the protein calprotectin. Calprotectin sequesters nutrient
metals and induces dramatic shifts in C. difficile gene expression, particularly in genes predicted to be involved in metal
homeostasis and metabolism. Our work aims to determine how calprotectin-mediated changes in C. difficile gene expression

alter pathogen metabolism in the context of host and microbiota competition pressures.
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Glutaminase inhibition increases CD8 T cell effector function.
Matthew Madden, Marc Johnson, Gongbo Li, Marco Davila, Jeffrey Rathmell
T cells dramatically increase their metabolic activity upon activation and activated effector T cell subsets utilize distinct metabolic
programs. Glutaminolysis, the breakdown of glutamine important for anaplerosis and other anabolic processes, is upregulated on
T cell activation. Previous studies demonstrate that inhibition of anabolic pathways, such as glycolysis and mTORC1 signaling,
decreases effector function in CD8 T cells. In contrast, here we show that blocking glutaminolysis by treatment with Glutaminase
inhibitor CB839 during activation of murine CD8 T cells increases effector function. Granzyme B and Perforin levels increase with
CB839 treatment, as do effector-associated transcription factors Tbet and Eomes. Intriguingly, glutaminase inhibition also
increases Ki67, BCL2, TCF1, and CD62L levels, suggestive of increased proliferation, survival, and T cell memory. Mitochondria

in CB839-treated T cells have reduced inner membrane potential and demonstrate decreased turnover, potentially indicative of
improved mitochondrial fitness. Correspondingly, murine chimeric antigen receptor (CAR) T cells transiently treated with CB839
sustain higher peripheral blood levels in vivo than non-treated CAR T cells. Overall, our results suggest that glutaminase
inhibition by CB839 increases CD8 T cell effector function as well as in vivo persistence, making T cell Glutaminase an attractive
target in anti-tumor immunity. Future in vitro directions include comparing transient versus chronic Glutaminase inhibition in T
cells and further refining the mitochondrial phenotype of CB839-treated T cells. In vivo, we will assess the role of Glutaminase in
T cell memory formation, conduct leukemia survival studies to confirm increased efficacy of CAR T cells treated with CB839, and
measure the effect of CB839 treatment on intratumoral metabolite competition between T cells and tumor cells in vivo using 18Flabelled glucose and glutamine.
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A novel “ToxSeq” technique to define Clostridioides (Clostridium) difficile toxin B regulation of cell type-specific
signaling
Markham NO, Anderson DM, Shupe JA, Farrow MA, Coffey RJ, Lacy DB
C. difficile is linked to nearly 500,000 antibiotic-associated diarrheal infections and almost 30,000 deaths per year in the United
States (Lessa 2015 NEJM). Epidemic strains of C. difficile produce toxin A (TcdA) and/or toxin B (TcdB), which directly kill cells
and induce an inflammatory response in the colonic mucosa. TcdB alone is sufficient to produce the whole spectrum of pathology
in patients with C. difficile infection (CDI) (Carter 2015 mBio). Receptors for TcdB include Nectin-3 (LaFrance 2015 PNAS),
CSPG4 (Yuan 2015 Cell Res), and the Frizzled-1/2/7 proteins (Tao 2016 Nature). However, it is not known what epithelial,
inflammatory, or stromal cell types are targeted by TcdB or how much toxin interacts with a given cell during the course of CDI.
The Frizzled family of G-protein coupled receptors binds Wnt ligands to activate β-catenin-mediated transcription, which tightly
regulates epithelial homeostasis and injury repair (Pinto 2003 Genes Dev). Interestingly, TcdB represses signaling in Wnt
reporter assays in vitro. In addition to regulating Wnt signaling, Frizzled proteins can transactivate epidermal growth factor
receptor (EGFR) via activation of TGFα and other EGFR ligands (Civenni 2003 EMBO Rep). TcdB reportedly activates EGFR
through a TGFα-dependent mechanism (Na 2005 Gastro). Amphiregulin is another EGFR ligand, and unpublished work from the
Lacy Lab suggests that it may be required for TcdB-induced cell rounding in human colon cancer cells. The effect of TcdB on Wnt
and EGFR signaling has not been studied in vivo, and the impact of these pathways on C. difficile pathogenesis is not known.
Both Wnt and EGFR signaling are critical for colonic stem/progenitor cell function in injury repair and homeostasis. The Coffey
Lab created a newly developed mouse expressing chimeric Egfr-Emerald GFP (EgfrEm) by CRISPR/Cas9 targeting to the Egfr
locus that enables in vivo localization and trafficking studies of mouse Egfr protein under control of its endogenous regulatory
elements (Yang 2017 Cell Rep). Understanding these effects will provide a mechanistic foundation for potential discovery of new
preventive or therapeutic targets in CDI. Our hypothesis is that TcdB modulates colonic stem cell signaling pathways as a
component of CDI pathogenesis. We have developed a protocol called “ToxSeq” to define the cell types and signaling pathways
specifically affected by TcdB intoxication using a novel approach to integrate single cell RNA sequencing (scRNA-seq) with
qualitative proteomics. This technique uses the inDrop™ scRNA-seq platform and is built upon a unique TcdB protein modified
with a DNA barcode that we have created for use in vitro and in vivo. We have synthesized this reagent to an appropriate
concentration and purity and are currently testing how its cell toxicity, internalization, and localization compare to wild-type
unlabeled TcdB.
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Calprotectin modulates mitochondrial superoxide upstream of NETosis heightening the susceptibility of lupus patients
to Staphylococcus aureus infections
Andrew J. Monteith, Jeanette M. Miller, C. Noel Maxwell, Jonathon M. Williams, Leslie J. Crofford, Walter J. Chazin, & Eric P.
Skaar
Staphylococcus aureus is a significant health threat that is responsible for approximately 40,000 annual deaths and is the leading
cause of bacterial endocarditis in the United States. Neutrophils influence many aspects of the immune response including
nutritional immunity by expressing calprotectin (CP). Surprisingly, CP-deficient (a9-/-) mice are protected from S. aureus infection
with lower bacterial burdens in the heart, despite a 2-fold reduction in neutrophils. This suggests that CP plays an unappreciated
role in modulating neutrophil function during S. aureus infection independent of nutritional immunity. Herein, we demonstrate that
CP alters mitochondrial homeostasis such that a9-/- neutrophils produce more mitochondrial superoxide in response to S. aureus.

Heightening mitochondrial superoxide levels in neutrophils accelerates and enhances late NETosis, which is advantageous for
the host during S. aureus infection. Since CP regulates mitochondrial superoxide and NETosis, we hypothesized that patient
populations may exist that are susceptible to S. aureus infections because their neutrophils produce reduced mitochondrial
superoxide levels. Patients with systemic lupus erythematosus (SLE), an autoimmune disease inflicting approximately 1,000,000
people within the United States, are more susceptible to opportunistic infections. In particular, S. aureus is one of the most
common causes of bacterial pneumonia, osteomyelitis, and pericarditis in the SLE patient population. Consistent with increased
susceptibility, we demonstrate that neutrophils from SLE patients overexpress CP, produce lower levels of mitochondrial
superoxide, and fail to undergo late NETosis in response to S. aureus. In addition, pharmacologically enhancing mitochondrial
superoxide production restores late NETosis and enhances bacterial killing in a murine model of SLE. Overall, these findings
identify a novel function for CP in regulating mitochondrial superoxide, which acts as a rheostat upstream of NETosis. They also
identify reduced mitochondrial superoxide production and late NETosis in SLE-prone neutrophils, which could provide new

therapeutic approaches in combating S. aureus infections by modulating neutrophil function.
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Design and Development of Empirical and Rationale Epitope-Focused HIV-1 Vaccine Candidates
Amyn A. Murji, Juliana Qin, Nagarajan Raju, Ian Setliff, Allison Greenplate, Surya Sarilla, Clint Holt, Ivelin S. Georgiev
HIV-1 continues to impose a large global health burden. Candidate vaccines using HIV-derived antigens have not proven
effective to date, and efforts toward protection against new infections remain a high priority in HIV-1 research. In recent years,
strategies that target the elicitation of broadly neutralizing antibodies that are capable of neutralizing a large fraction of circulating
HIV-1 variants have emerged as a potential avenue to a prophylactic HIV-1 vaccine. The sole target of these neutralizing
antibodies is the envelope protein (Env) of HIV-1. However, due to the extensive global diversity of HIV-1, Env-based vaccine
candidates so far have only led to the elicitation of antibodies with limited neutralization breadth. To address this challenge, we

developed candidate nanoparticle immunogens to simultaneously present 1) multiple, diverse Envs or 2) relatively conserved
domains of the envelope protein to the immune system. Here, we present progress toward the design and validation of a number
of these technologies. We have successfully designed and developed candidate vaccines displaying Envs from two different
clades that show modest heterologous neutralization in mice. Further, we have expressed, purified and characterized
nanoparticles bearing the fusion peptide of HIV that will be tested in guinea pigs. The technologies that we have developed will
be generalizable to vaccine design for other viruses that exhibit high levels of sequence diversity.
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Dietary zinc deficiency compromises immunity to Acinetobacter baumannii pneumonia
Lauren D. Palmer, Lillian J. Juttukonda, Kelli L. Boyd, Eric P. Skaar
Zinc deficiency affects approximately one third of the global population and is estimated to contribute to 1 in 6 cases of
pneumonia. Intensive care unit patients are at increased risk for zinc deficiency and infection by Acinetobacter baumannii. A.
baumannii is a leading cause of ventilator associated pneumonia and a critical public health threat due to increasing rates of multi
-drug resistance. Determining the role of host and A. baumannii metabolism during infection has the potential to identify new
therapeutic targets to support host immunity and target essential bacterial processes. To test whether dietary zinc deficiency
contributes to A. baumannii pathogenesis, we established a murine model of dietary zinc deficiency and A. baumannii
pneumonia. In this model, zinc deficient mice have increased A. baumannii burdens and suffer significantly higher mortality.

During infection, zinc deficient mice produce more pro-inflammatory cytokines, including the type 2 cytokine IL-13 that is typically
associated with asthma and parasite infection. Importantly, neutralizing IL-13 protects zinc deficient mice from A. baumannii
induced mortality. This discovery could lead to a new immune therapy for zinc deficient pneumonia patients, such as anti-IL-13
antibody therapies that are well-tolerated in humans. Furthermore, this work identifies a previously unrecognized link between
zinc deficiency and type 2 immunity, consistent with an emerging paradigm that certain nutrient deficiencies promote type 2
immunity to prevent parasite infection at the expense of immune protection from bacterial and viral pathogens.
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Metabolic Dysregulation in Primary Immune Deficiencies
Andrew R. Patterson, Ayaka Sugiura, Saara Kaviany, & Jeffrey C. Rathmell
During the past decade it has become increasingly apparent that cellular metabolism plays a critical role in the function and
regulation of the immune system. Immune cell utilization of specific metabolic pathways influences immune function and can be
pharmacologically targeted to alter immune outcomes. Furthermore, the importance of select metabolic pathways in immune cell
function is demonstrated by the development of primary immunodeficiencies (PIDs) in select patients with metabolic defects
(Inborn Errors of Metabolism). PIDs are a broad range of disorders characterized by a variety of immunological defects, often
caused by a severe mutation in a single gene. However, intermediate phenotypes characterized by partial loss of immune cell
function may be caused by other detrimental, but less severe, mutations in the gene. Carriers of these hypomorphic variants
could present with less severe phenotypes, such as increased risk for certain infections, autoimmune conditions, or cancers. Due
to their presentation with a severe phenotype, patients diagnosed with a PID offer a unique opportunity to identify novel genes
and regulatory pathways critical for productive immune responses and to evaluate their effect on immunometabolism. We
propose to use PID patient samples, a CRISPR-based screening approach evaluating Inborn Errors of Immunity (IEI) and Inborn
Errors of Metabolism (IEM), and a subsequent targeted mining of BioVU data to investigate the interplay between
immunometabolism and immune cell function to identify targetable metabolic pathways for these patients.
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Mechanisms of bone loss during inflammatory bowel disease
Christopher T. Peek, Caleb A. Ford, Nicole E. Putnam, Jacob M. Curry, Blanca Piazuelo, Margaret Allaman, Keith Wilson, & Jim
Cassat
Inflammatory bowel disease (IBD) is characterized by severe gastrointestinal inflammation and changes in the intestinal
microbiota. Patients with IBD often experience extra-intestinal disease manifestations. Skeletal abnormalities are a frequent extra
-intestinal manifestation of IBD, and patients exhibit a 40% increased fracture risk compared to that of the general population.
Many factors, including malabsorptive malnutrition and glucocorticoid use, contribute to IBD-associated bone loss. Yet,
nutritionally replete and glucocorticoid naive patients remain susceptible to bone loss. We used complementary mouse models of
colitis-driven bone loss to test the hypothesis that IBD-associated bone loss is triggered in part by inflammatory cytokines and

microbial constituents. We observed significant reductions in trabecular bone volume over total volume (BV/TV), up to 36%, in
mice subjected to a chemically induced colitis with dextran sodium sulfate (DSS). Using multiplexed cytokine analysis, we defined
the abundance and kinetics of 32 cytokines within the skeletal microenvironment during DSS-colitis. We discovered increased
abundance of several cytokines which have been implicated in multiple models of inflammatory bone loss, including TNF -a,
CXCL5, and CXCL10, in the skeletal microenvironment of DSS-treated mice. Additionally, IL-12/23p40, the common subunit of IL
-12 and IL-23, was found to be significantly increased. Intriguingly, IL-12 and IL-23 cytokines share a common subunit, IL12/23p40 (p40), yet exert opposing effects on bone remodeling. IL-12 largely inhibits osteoclast differentiation, while IL-23 leads
to bone resorption through enhanced osteoclastogenesis. We are utilizing fecal microbiome transplants, gnotobiotic mice, and
skeletal specific pattern recognition receptor genetic knockout mice to test the hypothesis that the microbiome impacts skeletal
homeostasis during colitis. This work will elucidate fundamental mechanisms by which systemic cytokines and circulating
microbiota components impact bone biology during colitis and provide a platform to test the role of colitis-associated cytokines in

pathologic bone loss.
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wmk is a Wolbachia prophage gene that kills male Drosophila
Jessamyn I. Perlmutter, Sarah R. Bordenstein, Daniel P. LePage, Jason A. Metcalf, Tom Hill, Julien Martinez, Robert L.
Unckless, Francis M. Jiggins, & Seth R. Bordenstein
Wolbachia are the most widespread maternally-transmitted bacteria in the animal kingdom. Their global spread in arthropods and
varied impacts on animal physiology, evolution, and vector control are in part due to parasitic drive systems that enhance the
fitness of infected females, the transmitting sex of Wolbachia. Male killing is one common drive mechanism wherein the sons of
infected females are selectively killed. Despite decades of research, the gene(s) underlying Wolbachia--induced male killing
remain unknown. Here using comparative genomic, transgenic, and cytological approaches in fruit flies, we identify a candidate
gene in the eukaryotic association module of Wolbachia prophage WO, termed WO-mediated killing (wmk), which causes male-

specific lethality during early embryogenesis and cytological defects typical of the pathology of male killing. The discovery of wmk
establishes new hypotheses for the role of phage genes in sex-specific lethality, including the control of arthropod pests and
vectors.
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Multimodal MALDI IMS to Visualize Staphylococcal Molecular Adaptation within the Infectious Microenvironment
William J. Perry, Caroline M. Grunenwald, Jessica R. Sheldon, Jeffrey M. Spraggins, Eric P. Skaar, and Richard M. Caprioli
Infections by Staphylococcus aureus cause life-threatening illnesses, ranging from tissue infections to systemic conditions such
as endocarditis. Characterization of infections by spatially-targeted molecular analysis can enable deeper understanding of
bacterial pathogenesis. Matrix-assisted laser desorption/ionization imaging mass spectrometry (MALDI IMS) is a technology that
can map distributions of chemical species from tissue surfaces. Leveraging multimodal imaging strategies with MALDI Fourier
transform ion cyclotron resonance (FT-ICR) IMS, we have visualized bacterial molecules for adaptive survival within the infection
environment. Wildtype mice were inoculated with wildtype or genetic variants of S. aureus Newman and sacrificed at 4, 7, or 10
days post infection. Tissues were harvested and frozen. Tissues were sectioned and thaw mounted onto glass slides. MALDI

matrix was applied with a robotic aerosol sprayer. IMS of lipids revealed molecular species co-localizing with bacterial reporter
fluorophores from fluorescence microscopy images of the same tissue section. On-tissue MALDI MS/MS experiments identified
many as phosphatidylglycerols (PGs) and lysyl-phosphatidylglycerols (lysyl-PGs) with odd numbed carbon aliphatic tails,
signifying bacterial origin. Lysyl-PGs are critical to combatting host cationic antimicrobial peptides (CAMPs) as positively charged
lysine residues repel positively charged CAMPs. Other S. aureus adaptive molecules, siderophores staphyloferrin A and
staphyloferrin B, were visualized using novel sample preparation strategies coupled with MALDI FT-ICR IMS. Ion images show
localization of these metal scavenging metabolites to infection sites. Tentative molecular identifications were based on accurate
mass measurements (< 2 ppm error). The staphyloferrin A assignment was verified by an infection model using a genetic variant
inactivated for its production. Elemental images using a laser ablation stage coupled to a sector field inductively coupled plasma
(LA-ICP) MS show iron absent from abscess necrotic regions. However, iron co-localizes with many staphylococcal communities,
suggesting acquisition of the metal. These data provide direct insight into S. aureus pathogenic responses to combat innate

immune mechanisms.
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Simultaneous Immunization with Multiple Diverse Immunogens Alters Antigen-Specific Humoral Immunity
Kelsey A. Pilewski1, Kevin Kramer1, Amyn Murji1, Ivelin S. Georgiev1
1

Vanderbilt Vaccine Center, Vanderbilt University Medical Center (VUMC), Nashville, TN

Vaccination is the most successful medical intervention in history, estimated to save 2-3 million lives every year. Since Edward
Jenner’s pioneering studies nearly two centuries ago, thousands of vaccine candidates have been proposed against hundreds of
pathogens- so why are we still battling infectious disease? Briefly, classical immunization strategies are insufficient in the face of
many epidemic, highly mutable, and emerging pathogens. While classical immunization regimens have utilized injection with a
live attenuated or inactivated version of the pathogen, many modern strategies aim to engineer a single antigen or cocktail of

antigens to generate a focused, protective antibody response. However, what effect, if any, cocktail immunization has on the
antibody response to each individual antigen within the combination remains unstudied. Given this, we hypothesized that
immunization with a cocktail of structurally, and functionally diverse antigens will result in decreased antibody titer and humoral
memory against each antigen in the cocktail, when compared with animals vaccinated with that antigen alone. In order to
investigate this, we chose three antigens (fHBP, N. meningitides; HBHA, M. tuberculosis; IreA, UP E. coli) from unrelated
bacterial pathogens to monitor the development of antibody-mediated immunity in female Balb/c mice. Groups of five mice were
immunized with either one antigen, a combination of two, or all three antigens adjuvanted 1:1 with TiterMax Gold and antibody
titers were measured by direct serum ELISA. Ten weeks post primary immunization, mice were euthanized, splenocytes
dissociated, and B cell memory measured by antigen-specific ELISpot. Interestingly, after final immunization, antibody titers in
cocktail-immunized mice decrease significantly, compared with single antigen-immunized mice. Several immunological
mechanisms to explain this observation are currently being explored. These results suggest choice of antigen, as well as number

of antigens and immunization formulation, impact robust vaccine-induced humoral responses.
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Thymic epithelial cells require the class III PI3K Vps34 for homeostasis and CD4 T lymphocyte selection
Luke Postoak, Shiyun Xiao, Guan Yang, Lan Wu, Jinhua Zhang, Mark Anderson, Nancy Manley, Luc Van Kaer
The generation of a functional, self-tolerant T lymphocyte receptor repertoire critically depends upon interactions between
developing thymocytes and antigen-presenting cells (APCs) in the thymus. The selection of T lymphocytes occurs in two steps. In
the first, thymocytes that have successfully rearranged their antigen receptor and weakly interact with self-peptide/MHC on
cortical thymic epithelial cells (cTECs) receive pro-survival signals. In the second step, positively-selected thymocytes traffic to
the medulla where thymocytes that strongly interact with medullary thymic epithelial cells (mTECs) or dendritic cells are clonally
deleted or induced into a regulatory program. Interestingly, in addition to ubiquitously expressed antigen, a subset of mTECs
express the transcriptional regulator AIRE, which mediates ectopic expression and presentation of tissue-specific antigens. The

presentation of self-antigens to developing thymocytes involves a variety of cellular processes, including proteolysis, endocytosis,
vesicle trafficking, and autophagy. In our current study, we focus on the class III PI3K, Vps34, which has been implicated in
autophagy and related processes. To address the contribution of Vps34 to TEC function, we have generated mice with a TECspecific Vps34 deficiency. We found defects in the homeostasis of TECs in these animals especially in mTECS. Additionally,
when TCR transgenic lines were bred to these animals we found profound defects in the positive selection of the CD4 T
lymphocyte lineage but not the CD8 T lymphocyte lineage. In future studies, we will further characterize the cellular processes
mediated by Vps34 that contribute the noted defects in TEC survival. Also, we will assess the contribution of Vps34 to negative
selection by utilizing the OTII/Rip-mOVA model in mice that have an inducible deletion of Vps34 in AIRE-expressing mTECs.
Collectively, these studies may identify a role for the PI3K Vps34 in maintaining TEC homeostasis and contributing to the
repertoire of selecting ligands processed and presented by TECs.
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Cross-reactive and potently neutralizing monoclonal antibody response against alphaviruses in human donors
Laura A. Powell, Julie M. Fox, Andrew Miller, Thomas Klose, Nurgun Kose, Arthur S. Kim, Michael S. Diamond, Richard Kuhn,
Michael Rossmann, and James. E. Crowe, Jr.
Alphaviruses are a large group of (+)ssRNA viruses that are transmitted by mosquitoes and cause global outbreaks. The
arthritogenic alphaviruses cause disease characterized by debilitating joint pain, rash, and fever. There is no specific treatment or
licensed vaccine available. In this study, we generated monoclonal antibodies (mAbs) from individuals infected with arthritogenic
alphaviruses and used these mAbs to determine how neutralization of multiple alphaviruses is mediated, including the epitope(s)
targeted by cross-reactive mAbs, mAb mechanism of action, and therapeutic potential in mouse models. We found one antibody,
RRV-12, with a half maximal effective concentration (EC 50) for binding and half maximal inhibitory concentration (IC50) of < 50 ng/
mL for six alphaviruses, including RRV, MAYV, Chikungunya (CHIKV), Sagiyama (SAGV), Getah (GETV), and O’nyong’nyong
(ONNV) viruses. We obtained 5-6 angstrom single particle cryo-EM structures showing that RRV, CHIKV, and MAYV all bound

the Fab fragment of RRV-12. To our knowledge, these are the highest resolution structures currently available for MAYV and
RRV. The footprint of this mAb on the envelope protein, as determined through cryo-EM, is a conserved region of the B domain
of the E2 glycoprotein. RRV-12 blocks binding of virus to Mxra8, a recently discovered alphavirus receptor, prevents viral entry
into the cell, and inhibits cell-cell spread. Furthermore, when administered to mice 24 hours after RRV or MAYV inoculation, this
mAb reduced the amount of viral RNA in five tissues and decreased mouse mortality in the RRV model. Our work provides
insight into the broadly neutralizing human antibody response against alphaviruses and provides a mAb that could be considered
for therapeutic administration.
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MyD88 and IL-1R signaling drive antibacterial immunity and osteoclast-mediated bone loss during Staphylococcus
aureus osteomyelitis
Nicole E. Putnam, Laura E. Fulbright, Jacob M. Curry, Caleb A. Ford, Jenna R. Petronglo, Andrew S. Hendrix, James E. Cassat
Staphylococcus aureus is able to infect virtually all organ systems and is a frequently isolated etiologic agent of osteomyelitis, a
common and debilitating invasive infection of bone. Treatment of osteomyelitis is often unsuccessful due to extensive pathogeninduced bone damage that can limit antibiotic penetration and immune cell influx to the infectious focus. We previously
established that S. aureus triggers profound alterations in bone remodeling in a murine model of osteomyelitis, in part through the
production of osteolytic toxins. However, staphylococcal strains lacking osteolytic toxins still incite significant bone destruction,
suggesting that host immune responses are also major drivers of pathologic bone remodeling during osteomyelitis. The objective
of this study was to identify host immune pathways that contribute to antibacterial immunity during S. aureus osteomyelitis, and to
define how these immune responses alter bone homeostasis and contribute to bone destruction. We specifically focused on the
interleukin-1 receptor (IL-1R) and downstream adapter protein MyD88 given the prominent role of this signaling pathway in both
antibacterial immunity and osteo-immunologic crosstalk. We discovered that while IL-1R signaling is necessary for local control of
bacterial replication during osteomyelitis, it also contributes to bone loss during infection. Mechanistically, we demonstrate that S.
aureus enhances osteoclastogenesis in vitro, and increases the abundance of osteoclasts in vivo. This enhanced osteoclast
abundance translates to trabecular bone, and is dependent on intact IL-1R signaling. Collectively, these data define IL-1R
signaling as a critical component of the host response to S. aureus osteomyelitis, but also demonstrate that IL-1R-dependent
immune responses trigger collateral bone damage through activation of osteoclast-mediated bone resorption.
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NFPws: A web server for delineating broadly neutralizing antibody specificities from serum HIV-1 neutralization data
Nagarajan Raju, Ian Setliff, and Ivelin S Georgiev
A better understanding of antibody responses to HIV-1 infection in humans can provide novel insights for the development of an
effective HIV-1 vaccine. Neutralization fingerprinting (NFP) is an efficient and accurate algorithm for delineating the epitope
specificities found in polyclonal antibody responses to HIV-1 infection. Here, we report the development of NFPws, a web server
implementation of the NFP algorithm. The server takes as input serum neutralization data for a set of diverse viral strains, and
uses a mathematical model to identify similarities between the serum neutralization pattern and the patterns for known broadly
neutralizing monoclonal antibodies (bNAbs), in order to predict the prevalence of bNAb epitope specificities in the given serum. In
addition, NFPws also computes and displays a number of estimates related to prediction confidence, as well as the likelihood of
presence of novel, previously uncharacterized, antibody specificities in a given serum. NFPws also implements a JSmol viewer
for molecular structure visualization of the prediction results. Overall, the NFPws server will be an important tool for the

identification and analysis of epitope specificities of bNAb responses against HIV-1.
NFPws is freely available to access at (http://iglab.accre.vanderbilt.edu/NFPws).
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Macrophages may contribute to FDG avidity of tumors
Bradley I Reinfeld, Mathew Z Madden, Melissa M Wolfe, Allison Cohen, H. Charles Manning, Katy EBeckermann, Jeff C
Rathmell, and W Kimryn Rathmell
F18 fluoro-2-deoxyglucose Positron Emission Tomography (FDG-PET) is a fundamental imaging tool to diagnose and stage
cancer. For the past 50 years, this technology has been used to evaluate tumor burden based on the principles of the Warburg
effect, that tumor cells consume more glucose than non-tumor cells. Intriguingly, the Warburg effect also applies to immune cells,
as active immunocytes require glucose uptake in order to perform their requisite function. Because immune cells make up a
significant portion of the tumor microenvironment, I hypothesize that the activation state of tumor resident immune cells
contributes to the FDG-PET avidity of tumors. Using magnetic bead cell separation techniques on single cell suspensions
obtained from MC38 flank tumors, I am able to successfully purify 3 cell fractions: (1)T cell enriched, (2) myeloid enriched and (3)
tumor cell fractions. By combing this separation technique with FDG-PET imaging and gamma counting, we see that immune
cells contribute to approximately 70% of FDG avidity in this tumor model. On a per cell basis, the myeloid fraction is the most avid
and is enriched with tumor associated macrophages (TAM, CD45+, CD11b+, F4/80+). Additionally, tumor infiltrating T cells have
much higher avidity than the naïve splenocytes. In support of this data, ex vivo seahorse analysis demonstrates that this CD45+,
TAM enriched fraction is the most glycolytic. Additionally, these tumor infiltrating T cells have a significantly higher glycolytic and
oxidative metabolism when compared to splenocytes. Therefore, future work will investigate the role of macrophage glycolysis on
PET avidity across mouse and human tumors. We will implement genetic and pharmacological tools to deplete macrophages and
evaluate how tumor FDG avidity changes in response. These findings challenge the dogma that FDG-PET avidity is solely driven
by tumor cell Warburg effect and highlight the significant role of immune cells glycolysis in clinical settings.
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Batrachochytrium Fungi Directly Inhibit Lymphocyte Proliferation to Evade Immune Destruction
Louise A. Rollins-Smith & Laura K. Reinert
Departments of Pathology, Microbiology and Immunology and Pediatrics, Vanderbilt University School of Medicine and of
Biological Sciences, Vanderbilt University, Nashville, TN,
Amphibians including, frogs, toads, and salamanders, have been declining in many parts of the world for more than four decades.
Contributing to these declines are the chytrid fungi, Batrachochytrium dendrobatidis (Bd) and Batrachochytrium salamandrivorans
(Bsal), which cause the disease chytridiomycosis. Amphibians have complex immune defenses against fungi, but
Batrachochytrium fungi also have a number of counter-defenses. Previously we showed that Bd is able to directly inhibit
lymphocyte proliferation by production of soluble mediators. Using amphibian lymphocyte and fungal co-culture experiments, we
show here that Bsal is also capable of directly inhibiting lymphocyte proliferation induced by the plant lectin, phytohemagglutinin
(PHA). Although the factors produce by Bsal have not yet been characterized, parallel experiments targeting the same sets of

spleen cells by either Bsal or Bd suggest that both produce significant levels of inhibitory factors. Our preliminary data also
suggest that production of inhibitory factors by Bsal varies with temperature, and the most potent inhibition was observed when
lymphocytes were co-cultured with Bsal sporangia at 26°C, a temperature that is stressful for this species. Taken together, these
results suggest that Batrachochytrium fungi have evolved mechanisms that enable them to inhibit lymphocytes to evade
clearance by the amphibian immune system.
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Leukotriene B4 is required for inflammasome activation.
Salina, ACG1,5,6, Brandt S1, Medeiros AI6, Serezani, CH1, 2,3,4.
1 Department of Medicine, Division of Infectious Diseases, 2Department of Pathology, Microbiology and Immunology, 3Center of
Immunobiology and 4Vanderbilt Institute of infection, Immunology and inflammation (VI4) Vanderbilt University Medical Center,
Nashville, TN 37232. 5Department of Biochemistry and Immunology, Faculty of Medicine of Ribeirão Preto, University of São
Paulo, Ribeirão Preto, 14049-900 São Paulo, Brazil; 6Department of Biological Sciences, School of Pharmaceutical Sciences,
São Paulo State University, Araraquara, 01049-010 São Paulo, Brazil.
BACKGROUND. The events that initiate inflammatory responses during infections are not well understood. The lipid mediator
leukotriene B4 (LTB4) is produced within seconds to minutes after phagocyte challenge and emerging evidence shown that LTB4
increases antimicrobial effector functions and inflammatory mediators, such as IL1b. Inflammasomes are intracellular platforms

required for the secretion of IL1B/IL18 and an inflammatory cell death termed pyroptosis. Whether LTB4 enhances
inflammasome-dependent IL1b secretion remains to be fully understood. Here, we hypothesize that LTB4 enhances
inflammasome assembly and release of IL1b in macrophages during infection and sterile inflammation. METHODOLOGY AND
RESULTS. To assess whether LTB4 is required for IL1b and pyroptosis in vivo, the skin of WT and LTB4R1-/- (BLT1) mice were
infected with S. aureus for 24 h and biopsies were collected. To track inflammasome/IL1b production overtime, we treated
IL1bDsRed mice as well as inflammasome reporter macrophages (ASC-cerulean) with a BLT1 antagonist. Using both genetic
and pharmacological BLT1 blockage, we detected decreased IL1b production when compared to infected WT animals. A role for
LTB4 in inflammasome activation was confirmed by detection of decreased caspase1 activation, ASC/NLRP3 assembly and
gasdermin D (an initiator of pyroptosis) cleavage in vivo and in vitro in BLT1 deficient mice. CONCLUSION. Our data show that
LTB4 is necessary for inflammasome activation and blocking BLT1 actions might be a broad and practical approach to inhibit
inflammatory diseases induced by exaggerated inflammasome activation.
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Using Zika virus-host protein-protein interactions to uncover the molecular basis of pathogenesis
Kaitlyn Schaaf, Suman R. Das, & Seesandra V. Rajagopala
The recent emergence of Zika virus (ZIKV) in South and Central America has focused research on understanding basic virus
biology and pathogenesis. Like other single stranded, positive-sense RNA viruses in the family Flaviviridae, ZIKV has been
shown to cause febrile illness, maculopapular rash and serious neurological dysfunction. However, unlike other flaviviruses, ZIKV
can be transmitted from mother to fetus and cause severe developmental abnormalities such as microcephaly and contractures.
This unique pathobiology demands further investigation into the molecular basis of disease and the unique aspects of ZIKV
biology. To address this, we conducted a yeast two-hybrid screen for ZIKV protein-protein interactions using 11 different
constructs (C, PrM, M, and E structural proteins; all seven non-structural proteins). We first screened ZIKV proteins with itself in a
pairwise fashion, testing all possible combinations in a full matrix. This established stringent screening conditions and verified

previously reported interactions within our system. Next, we conducted a pooled screen using our ZIKV constructs as bait and a
universal library representing the entire human proteome as prey. This resulted in 1,001 positive colonies, which translated to 331
unique interactions with human proteins. Subsequent pairwise re-screening and co-immunoprecipitation assays confirmed a
subset of key interactions. Gene ontology analysis revealed ion binding as one of the enriched molecular functions present in the
interacting host factors; a result that fits well with the previously described phenotype of glutamate induced excitotoxicity
preceding ZIKV neuronal cell death. Further Pathway Analysis showed a number of enriched signaling cascades, specifically
those involved in apoptosis and neurological disorder. Collectively, these data uncover the central cellular processes involved in
ZIKV infection and identify key molecular interactions that underlie ZIKV induced cell death, a causative factor of disease.
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Cryo-EM Structure of the Prepore and Pore States of Clostridioides difficile Transferase
Michael J. Sheedlo, David M. Anderson, D. Borden Lacy
Clostridioides (formerly Clostridium) difficile is a Gram-positive, anaerobic bacterium that can proliferate in the colon upon
perturbation of the gut microbiota. C. difficile infection (CDI) is dependent on the secretion of one or more AB-type toxins: toxin A
(TcdA), toxin B (TcdB), and the C. difficile transferase toxin (CDT). While TcdA and TcdB are considered the primary virulence
factors, recent studies suggest that CDT increases the severity of CDI in some of the most problematic clinical strains. CDT is a
binary toxin consists of two proteins: an ADP-ribosyltransferase (CDTa) and a cell binding and pore-forming protein (CDTb) that
is responsible for translocation of CDTa into the host cell. We present here de novo structures of the oligomeric form of CDTb, in
both the prepore state as well as a state corresponding to the membrane-inserted pore state, obtained from 3.7 Å cryo-electron

microscopy maps. These studies have revealed a novel domain we have termed D3’ which appears to play a role in regulating
pore formation. We have also observed a flexible ring-like arrangement of the receptor-binding domain in three distinct
orientations. This conformational plasticity is needed to permit pore formation, as highlighted by models that simulate the
transition of the prepore to the pore state.
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The role of histamine in iron acquisition by Acinetobacter baumannii
Jessica R. Sheldon and Eric P. Skaar
Acinetobacter baumannii is an emerging opportunistic pathogen, that poses a global health threat due to a lack of therapeutic
options in treating extensively drug resistant strains. In addition to the acquisition of resistance to last resort antibiotics, the
success of A. baumannii is thought to be partly due to its ability to effectively compete with the host for essential metals. Iron
plays a fundamental role in shaping host-pathogen interactions where, as a facet of innate immunity, the host restricts the
availability of this nutrient in an effort to curtail bacterial proliferation. To counter this restriction, bacterial pathogens possess
numerous mechanisms to obtain iron, including through the production of small secreted siderophores, which bind and deliver the
metal to the bacterium. A. baumannii is known to elaborate up to ten structurally distinct siderophores, encoded from three
different loci; acinetobactin and pre-acinetobactin, baumanoferrins A and B, and fimsbactins A-F. Here we demonstrate that A.
baumannii synthesizes histamine, a key precursor molecule to the production of acinetobactin and pre-acinetobactin, through the
activity of an iron-regulated histidine decarboxylase, basG. While functional redundancy by the other siderophores largely masks
the role of basG in vitro, we demonstrate that basG strongly influences survival of A. baumannii in vivo. Further, we show that
histamine detection is increased in mice infected with wild-type A. baumannii versus those mock-infected or infected with a basGdeficient strain. Using nanoString technology, we reveal host histidine decarboxylase (hHDC) expression is also upregulated in A.
baumannii infected hosts, suggesting hHDC may also contribute to the presence of histamine at the host-pathogen interface.

Given that histamine is an important immunomodulator, these results suggest that histamine production may play an important
role not only in iron acquisition by A. baumannii, but in the overall pathophysiology of infection. Lastly, nanoString analyses
uncovered tissue-specific gene expression changes in host iron homeostasis pathways that may play important but
unappreciated roles in nutritional immunity against A. baumannii.
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High-throughput mapping of B-cell receptor sequence to antigen specificity
Andrea R. Shiakolas*, Ian Setliff*, Kelsey Pilewski, Amyn A. Murji, Allison Greenplate, Larance Ronsard, Juliana Qin, Rebecca
Gillespie, Masaru Kanekiyo, Nagarajan Raju, Spyros Kalams, Mark Connors, Lynn Morris, Daniel Lingwood, & Ivelin S. Georgiev
The human B cell repertoire is a rich source of broad and potent neutralizing antibodies against invading pathogens. Recent
advances in next-generation sequencing (NGS) allow for high-throughput interrogation of the antibody repertoire, including paired
heavy and light chain sequencing. However, little is known about the antigen specificity of the antibodies identified in NGS
datasets. To overcome this limitation, we developed a technology to recover antigen specificity from high-throughput sequencing
of natively-paired heavy and light chains of human B-cell receptors (BCR). B cells are mixed with DNA-barcoded antigens, such
that both the antigen barcode(s) and BCR sequence are recovered during sequencing, enabling direct coupling of antigen
specificity and paired heavy/light chain monoclonal antibody sequences. Using a panel of recombinant glycoprotein antigens,
including diverse HIV-1 SOSIP trimers and influenza hemagglutinin, we validated this method using human B-cell lines with
known BCR sequences and specificities. In this proof-of-principle experiment, we demonstrated the ability to simultaneously map
thousands of B cells to their cognate antigens with high accuracy, including for B cells cross-reactive to multiple SOSIP variants.
Additionally, we have applied this method to study antibody responses in multiple HIV-infected individuals, and were able to
identify both known and novel cross-reactive antibody lineages. With minimal modifications, the technology should be easily
scalable to enable screening of close to 10^5 single B cells against each of dozens of antigens, overcoming the limits of
traditional antigen-specific B-cell sorting. The ability to interrogate antibody-antigen interactions using a sequencing-based
readout will be beneficial to the fields of immune profiling and antibody discovery.
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How bacteriophage genes underpin reproductive parasitism
J. Dylan Shropshire, J. Metcalf, J. Perlmutter, D. LePage, J. On, E. Layton, H. Zhou, Seth R. Bordenstein
Wolbachia are maternally-inherited, intracellular bacteria at the forefront of vector control efforts to curb arbovirus transmission. In
international field trials, the cytoplasmic incompatibility (CI) drive system of wMel Wolbachia is deployed to replace target vector
populations, whereby a Wolbachia–induced modification of the sperm genome kills embryos. However, Wolbachia in the embryo
rescue the sperm genome impairment, and therefore CI results in a strong fitness advantage for infected females that transmit
the bacteria to offspring. Here we use transgenic and cytological approaches to demonstrate that two genes from the eukaryotic
association module of prophage WO, cifA and cifB, are responsible for the sperm modification of CI induced
by wMel Wolbachia in Drosophila melanogaster. We also demonstrate that cifA expression in ovaries independently rescues CI
and nullifies embryonic death caused by wMel. Discovery of cifA as the rescue gene and as one of two CI induction genes
establishes a new ‘Two-by-One’ model that underpins the genetic basis of CI. Results highlight the central role of prophage WO
in shaping Wolbachia phenotypes that are significant to arthropod evolution and vector control.
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pH-dependent composition of the Helicobacter pylori proteome
Miranda Shum, John T. Loh, Scott Jossart, Neha Sawhney, Mark S. McClain, Matthew B. Scholz, W. Hayes McDonald, Timothy
L. Cover
Helicobacter pylori is a bacterium that colonizes the human stomach. Most H. pylori-infected people remain asymptomatic, but
the presence of H. pylori is a leading cause of gastric cancer. Within the stomach, H. pylori encounters variations in intragastric
pH. The goal of this project is to define how H. pylori gene expression changes in response to environmental pH and investigate
the roles of relevant regulatory systems. We cultured H. pylori for 24 hours in buffered medium at pH 7.0 or 5.3, fractionated the
bacteria, and used LC-MS/MS methods to analyze the bacterial proteome. This approach allowed identification of 30 proteins that
were differentially abundant in subcellular fractions enriched in membrane proteins and 39 proteins that were differentially
abundant proteins in fractions containing cytoplasmic/periplasmic proteins. In a separate analysis, we used RNA-seq to analyze
gene expression in H. pylori grown at pH 7.0 or pH 5.3, for either 1 or 6 hours. In total, we identified 1056 genes that were
differentially expressed in the two pH conditions (545 genes upregulated and 511 downregulated). Results of the proteomic
analysis and RNA-seq analysis were concordant for 41 proteins. These data provide new insights into the effects of
environmental pH variation on H. pylori gene expression.
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The miR-23-27-24 Clusters Regulate Metabolic Macrophage Activation
Neil Sprenkle, Carleigh Gray, & Heather Pua
Obesity represents a global epidemic involving a complex interplay of genetic and environmental factors, leading to systemic
metabolic imbalance. Increased adiposity and overnutrition promotes an accumulation of inflammatory macrophages within
peripheral tissues, which promote the development of insulin resistance characteristic of metabolic syndrome and type 2
diabetes. Functional non-coding RNAs called microRNAs (miRNAs) are crucial regulators of gene expression, and their
dysregulation has been proposed to contribute to type 2 diabetes and offer diagnostic biomarkers for disease. Prior work by us
have shown that miRNAs derived from the paralogous miR-23-27-24 clusters are highly expressed in immune cells and directly
control immune responses. To determine whether miRNAs from the miR-23-27-24 clusters regulate macrophage function in
obesity, we cultured murine bone marrow-derived macrophages with locked nucleic acid inhibitors to deplete miR-23, miR-24, or
miR-27. In unstimulated cells, depleting either miR-23 or miR-27 promoted M2 macrophage-associated mRNA expression, a
transcriptomic profile associated with macrophages in lean adipose tissue. Inhibiting any member of the clusters also attenuated
the expression of inflammatory genes. Relevant to obesity, expression of the clusters was enhanced in macrophages cultured
under high levels of palmitate, glucose, and insulin - or metabolic activation conditions -, and inhibition of miR-27 reduced Il6,
Il1b, Il12b, and iNos2 mRNA levels by ~50%. To investigate candidate target genes regulated by these miRNAs, we focused on
the transcription factor PPAR-γ as it is known to be a direct target of miR-27 and limit macrophage-driven inflammatory

responses to overnutrition. As expected, depleting miR-27 enhanced the expression of PPAR-γ both basally and in metabolicallyactivated macrophages. Together, our data demonstrate that the miR-23-27-24 clusters promote an inflammatory macrophage
phenotype in response to metabolically-activating conditions in vitro. Continued work will determine how this regulation impacts
macrophages in obese adipose tissue and the functional gene networks through which these miRNAs act.
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Neutralization of Middle East Respiratory Syndrome Coronavirus by Spike-Directed Antibodies Targeting Multiple
Epitopes
Laura J. Stevens, Lingshu Wang, Wei Shi, Yi Zhang, Kwanyee Leung, Xiaotao Lu, Barney Graham, Mark Denison, & Jim
Chappell
Middle East respiratory syndrome coronavirus (MERS-CoV) is associated with a high fatality rate among laboratory-confirmed
cases, ongoing infections, and poorly understood mechanisms of viral transmission within and between species. The MERS-CoV
spike (S) glycoprotein is a key target for development of vaccines and passive antibody (Ab) therapy. These prevention and
treatment approaches are premised on knowledge of Ab epitopes and antigenic sites on S, mechanistic understanding of
neutralization and resistance, and durable strategies to avert viral antibody escape. In this study, we used passage-selected Ab

escape-mutant viruses, S-pseudotyped lentivirus-like particles, and recombinantly engineered MERS-CoV S-mutant viruses to
characterize a panel of human, non-human primate, and murine neutralizing monoclonal antibodies (mAbs) against S. We found
that mAbs recognizing spatially distinct regions on S may function independently in virus neutralization and block infection by
viruses carrying escape mutations in non-overlapping epitopes. In addition, combination mAb treatment was an effective means
of overcoming neutralization resistance associated with naturally occurring and passage-selected sequence variation in S. Our
findings: reveal the diversity of neutralizing Ab epitopes on MERS-CoV S, demonstrate nonredundant targets on S for Abmediated neutralization, and support development of multi-epitope mAb combinations against S as potent countermeasures
against MERS.
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Beta-glucan protects mice from lethal Pseudomonas aeruginosa infection: insights into the signaling mechanisms
supporting trained immunity

Cody L Stothers, Liming Luan, Julia Bohannon, Katherine Burelbach, Nedha Kinnare, David L Williams, and Edward R Sherwood
Nosocomial infections remain a major source of morbidity and mortality in critically ill patients. As nosocomial pathogens become
increasingly resistant to antibiotics, novel antimicrobial strategies are required to reduce the burden of these infections. Priming
innate leukocytes with microbial ligands prior to infection (“trained immunity”), has been shown to enhance resistance to a broad
spectrum of pathogens. Beta-glucan, the canonical trained immunity agent, rewires macrophage metabolism to augment
antimicrobial functions. Macrophages recognize b-glucan primarily through Dectin-1 and Toll-like receptor (TLR)-2. The purpose
of this study was to determine the contributions of Dectin-1 and TLR2 signaling to b-glucan-induced trained immunity against
lethal P. aeruginosa challenge. Mice were primed with 1mg b-glucan prior to inoculation with 108 colony-forming units (CFUs)/mL
P. aeruginosa intraperitoneally. Six hours later, body temperature was measured and peritoneal fluid and plasma were harvested
to quantify bacterial burden, innate leukocyte recruitment, and systemic inflammation. Beta-glucan-primed wildtype (WT) mice
maintained their core body temperature, whereas unprimed mice became significantly hypothermic. There was a significant

decrease in bacterial CFUs in the peritoneal cavity of glucan-primed mice as compared to unprimed mice. Furthermore, there
was a significant increase in recruitment of monocytes and neutrophils to the site of infection. Primed mice had lower levels of
peripheral proinflammatory cytokines. Beta-glucan enhanced monocyte recruitment and bactericidal activity in Dectin-1 and TLR2
knockout mice, but not double knockout (DKO) mice. Surprisingly, enhanced neutrophil recruitment was maintained in the DKO
mice. Together, these data indicate that b-glucan is a viable prophylactic agent in preclinical models of sepsis. Furthermore, both
Dectin-1 and TLR2 have partially overlapping roles b-glucan priming.
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Genetic and Host-Microbiome Mediated Disease Outcomes Upon Respiratory Syncytial Virus (RSV) Infection in Cotton
Rats
Britton A. Strickland1, Mira C. Patel2, Meghan H. Shilts1, Helen Boone1, Annie Mai1, Arash Kamali2, Wei Zhang2, Daniel Stylos2,
Marina S. Boukhvalova2, Seesandra V. Rajagopala1, Jorge C. G. Blanco2, and Suman R. Das1
1

Department of Medicine, Vanderbilt University Medical Center, Nashville, Tennessee, USA

2

Sigmovir Biosystems Inc., Rockville, Maryland, USA

RSV acute respiratory infection during infancy is strongly correlated with subsequent chronic childhood wheezing. We and others
have shown that airway microbial communities, specifically members of the genus Lactobacillus, protect from RSV disease
severity and wheezing outcomes in infants, but limited data are available to establish the mechanisms of protection. The cotton
rat (genus Sigmodon) is the gold-standard animal model for respiratory viral diseases, and two inbred cotton rat species, S.
hispidus (Sh) and S. fulviventer (Sf), have been previously used in RSV infection research. While wheezing outcomes cannot be
recapitulated in cotton rats, pathological and immunological outcomes are similar to that of humans and can be scored for
analysis. Comprehensive categorization of the gut microbiome (16S and metagenomics) of Sh and Sf showed these two species
have distinct gut microbiome communities, and Sh strikingly has a higher abundance of Lactobacillus (~2.5 log2fold higher).
Based on comparative histopathological analysis of the lungs of RSV-infected Sh and Sf, distinct species-specific outcomes were
found after viral challenge: Sh exhibits less-severe bronchiolitis while Sf has increased perivasculitis and interstitial pneumonia.
Furthermore, bacterial richness and diversity in the gut, skin, nose, and ear dropped upon RSV infected in Sf but not in Sh,
indicating that RSV infection can modify the systemic microbiome equilibrium. Because the gastrointestinal microbiome defines
both local and distant immune environments, we hypothesize that higher abundance of Lactobacillus in gut is protective for
severe RSV disease in cotton rats through systemic immunomodulation (gut-lung axis). To determine these mechanisms, we will
conduct in vitro and in vivo studies using three species of Lactobacillus which were isolated from Sh feces, including microbial
metabolite conditioning of RSV-infected epithelial cell lines and fecal transplantation supplementation into cotton rats prior to
infection. Protection mechanisms will be determined via metatranscriptomic and metabolomic strategies.
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Helicobacter pylori Adaptation in Response to High Salt Conditions
Emily L. Struttmann, John T. Loh, PhD, Simon Mallal, MBBS, Abha Chopra, & Timothy L. Cover, MD
Helicobacter pylori is a gram-negative bacteria that commonly colonizes the gastric mucosa of humans and is classified as a
Group 1 carcinogen by the World Health Organization. The risk of gastric disease is influenced by both genetic variation in H.
pylori strains and variations within human hosts. One of the relevant host variations is dietary salt intake. Epidemiologic studies
have shown that a high salt diet is associated with an increased risk of gastric cancer in humans, and a high salt diet increases
the severity of gastric disease in H. pylori-infected animal models. Exposure of H. pylori to high salt conditions in vitro results in

alterations in gene expression, and administration of a high salt diet to H. pylori-infected animals has been associated with
positive selection of mutations in H. pylori genes conferring resistance to oxidative stress and genes involved in iron acquisition.
The goal of this project is to define further how H. pylori adapts in response to high salt environments. Specifically, H. pylori was
cultured in vitro for a period of four months in media containing varying salt concentrations, and the bacteria were then analyzed
by whole genome sequencing. Multiple mutations were detected in bacteria exposed to high salt concentrations compared to the
parental strain. Several of the mutations selected in vitro in response to high salt conditions were also detected in output strains
cultured from H. pylori-infected animals receiving a high salt diet. Strains cultured for prolonged time periods in high salt
conditions exhibited altered growth characteristics compared to control
mechanisms by which a high salt diet increases gastric cancer risk.
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Targeted CRISPR-Cas9 based screening approach to identifying critical nodes in metabolic pathways
Ayaka Sugiura, Gabriela Andrejeva, Jeffrey C. Rathmell
Chronic inflammation in the setting of autoinflammatory diseases and immunosuppression in the setting of tumor
microenvironments are both characterized by an imbalance between pro-inflammatory effector T (Teff) cells and antiinflammatory regulatory T (Treg) cells that leads to dysregulated immune responses. While many currently available therapies
broadly target the immune compartment, selectively targeting the specific T cell subsets that contribute to disease may provide a
new avenue for the development of improved immunotherapies. In the Rathmell lab, we have shown that Teff and Treg cells can
be distinguished by their reliance on distinct metabolic programs, and that this exposes a way to preferentially target specific T
cell subsets. Through untargeted metabolomic and proteomic approaches, we have also recently identified the one-carbon

metabolism pathways to be differentially critical to Teff and Treg cells. To further dissect these pathways, I have developed in
vitro and in vivo approaches to CRISPR-Cas9 based screening in primary T cells. In this method, I design small-scale custom
targeted guide RNA libraries, which are transduced into primary T cells. For the in vitro assays, these cells can be cultured under
selective pressures, as well as sorted for populations of interest. For the in vivo assays, the transduced cells can be adoptively
transferred into host mice of different inflammatory and cancer models, such as airway inflammation and melanoma. At the end of
the assay, the transferred T cells are recovered from organs of interest and/or tumors, and processed to yield genomic DNA. The
guide RNA sequences are then amplified out and sequenced to identify those that have either been enriched or depleted in the
assay, corresponding to favorable and deleterious gene knockouts. This approach provides a powerful tool for identifying critical
nodes within metabolic pathways of interest in primary T cells that can potentially serve as therapeutic targets.
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A core transcriptional signature shared with other tissue resident T cells and a unique transcriptome define lungresident memory CD8+ T cells
Naveen Chandra Suryadevara1,2 *, Amrendra Kumar1,2 *, Kyle Wolf 3, Pavlo Gilchuk2, Richard J. DiPaolo3 & Sebastian Joyce1,2
1

Department of Veterans Affairs; 2Department of Pathology, Microbiology & Immunology; Vanderbilt University Medical Center;
Nashville, Tennessee. 3Department of Molecular Microbiology & Immunology, Saint Louis University School of Medicine, St.
Louis, Missouri. *Equal contributors
Tissue-resident memory T (Trm) cells act quickly when the host re-encounters a pathogen at barrier sites to prevent infection and
disease. We previously reported the design of a subunit vaccine, containing a recombinant protein antigen and the adjuvant αgalactosylceramide, that installed lung-resident CD8+ Trm cells within the interstitium. These Trm cells showed several unique
features that led us to postulate that mucosal vaccination with the recombinant subunit vaccine has elicited a unique lung
interstitial Trm population. To test this postulate, we investigated the transcriptional signature of lung interstitial Trm cells with that
of circulating lung vascular effector memory T (Tem) cells and splenic central memory T (Tcm) cells. All three memory T cells

were isolated from the same mouse that were vaccinated with the subunit vaccine. Initial analyses of the RNA - seq data
revealed the expression of a core transcriptional program reported for residence T cells in the skin, gut, female reproductive tract,
and brain. This included the expression of Runx3, Zfp683/Hobit, Pdrm1/Blimp-1, and Id3 transcription factors. Further, the data
revealed low-to-no transcription of Tbx21/Tbet, Eomes/Eomesodermin, and Bcl6, which counter the tissue residence program. In
addition, we found transcripts that were unique to the lung interstitial Trm cells —e.g., Notch3, and Det1/Deltex1 pathway. Hence,
we conclude that the lung-resident memory T cells emerge from turning on common and unique transcriptional programs even
when elicited by a recombinant subunit vaccine.
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Multiplicity and timing of coinfection influence mammalian orthoreovirus reassortment frequency.
Timothy W. Thoner Jr., Madeline M. Meloy, Julia R. Diller, Jacob M. Long, & Kristen M. Ogden
Reassortment is the process by which viruses with multipartite genomes exchange gene segments, yielding genetically distinct
progeny and providing opportunities for increased diversity and fitness. Mammalian orthoreovirus (reovirus) has a segmented,
dsRNA genome and employs a cytoplasmic replication program. Following synthesis of ten distinct viral transcripts, reovirus
proteins and mRNAs are concentrated in cytoplasmic endoplasmic reticulum-associated virus factories, where packaging and
new particle assembly occur. The extent to which the architecture and dynamics of reovirus factories influence reassortment in
the absence of protein or RNA incompatibility is unknown. To address this question, we engineered silent genetic mutations, or
barcodes, into each of the ten reovirus segments. Barcoded reovirus is otherwise isogenic to the wild-type parental virus and

exhibited indistinguishable replication kinetics in murine L929 fibroblasts. To determine the effects of multiplicity of infection (MOI)
on reassortment frequency, we coinfected L929 cells with wild-type and barcoded viruses at a range of multiplicities, isolated
infectious progeny by plaque purification, and determined parental origins of a subset of their segments using high-resolution melt
analysis. We found that the frequency of reassortment increased with MOI; however, even at the highest tested MOI,
reassortment was statistically nonrandom. To determine effects of coinfection timing on reassortment frequency, we infected
L929 cells with an equal MOI of barcoded virus at different times after primary infection with wild-type virus, isolated progeny, and
determined parental origins of a subset of their segments. We observed reductions in reassortment frequency, but also
decreasing barcoded virus titer, corresponding with time to superinfection. Together, these results suggest the existence of
spatiotemporal barriers to reovirus reassortment, even in the absence of protein and RNA incompatibilities. Future work will
elucidate viral mRNA and protein dynamics during coinfection and effects of viral mRNA availability on reassortment frequency.
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Random mutagenesis of Helicobacter pylori VacA toxin reveals amino acid residues required for VacA-induced cell
death
Mandy D. Truelock, Mark S. McClain, Timothy L. Cover
The bacterium Helicobacter pylori is a causative agent of peptic ulcers and stomach cancer. An important H. pylori virulence
factor is the secreted vacuolating cytotoxin, VacA. VacA is a multifunctional toxin able to form membrane channels and cause
functional alterations in gastric epithelial cells and several types of immune cells. The goal of this project is to generate a panel of
randomly generated VacA mutants that are deficient in their ability to induce death of gastric epithelial cells. In order to do this,
we have generated a library of mutagenized vacA-containing plasmids using an E. coli strain with a mutation rate 5,000 times
higher than wild-type. A screen was then conducted by expressing the vacA mutant plasmid library clones in E. coli, and adding
bacterial lysates to human AZ-521 cells. Following incubation with VacA-containing lysates, ATP levels were assessed as an

indicator for cell viability. Plasmids from strains that were defective at inducing cell death were then analyzed by nucleotide
sequencing to identify specific mutations. This approach has successfully identified multiple mutations associated with a defect in
VacA-induced cell death. These studies will allow us to identify VacA regions that mediate toxin binding to cells, membrane
channel formation, or other activities required for VacA-induced cell death.
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The Human Antibody Response to Enterovirus D68 Infection
Matthew R. Vogt1, Nurgun Kose2, Lauren E. Williamson3, Yury A. Bochkov4, James E. Gern4, James E. Crowe, Jr.1,2,3
Department of 1Pediatrics (Infectious Diseases), the 2Vanderbilt Vaccine Center, and Department of 3Pathology, Microbiology and
Immunology, Vanderbilt University Medical Center
4

Departments of Pediatrics and Medicine, University of Wisconsin-Madison

Enterovirus D68 (EV-D68) causes worldwide outbreaks of human respiratory illness, especially in children with asthma. Spaciotemporally related outbreaks of acute flaccid myelitis (AFM), a polio-like illness, have implicated EV-D68 as a cause of AFM.
Numerous seroepidemiology studies show that nearly all humans older than two years have EV-D68-neutralizing antibodies in
their serum, even in serum collected prior to large outbreaks. However, little else is known about the human antibody response to

this virus. We aimed to isolate EV-D68 specific human monoclonal antibodies (mAbs) to better understand the humoral immune
response. We acquired peripheral blood mononuclear cells from donors with documented respiratory infection. We used live virus
in an indirect ELISA to screen immortalized PBMCs for EV-D68-specific antibody secretion, then fused them with myeloma cells
to create hybridomas. We have now isolated > 60 anti-EV-D68 human mAbs, the first ever such mAbs. These mAbs have diverse
binding affinities when compared across different clades of recent EV-D68 isolates. Many mAbs neutralize EV-D68 quite potently
in vitro, with [ng/mL] half maximal effective concentrations. Binding of antibodies to at least three major antigenic sites on the
virus leads to neutralization. As we define the range of epitopes and mechanisms of neutralization of these mAbs, we can now
begin to study the molecular basis of humoral immunity in protection from both respiratory disease and AFM. We hypothesize
that young children are most prone to severe disease due to waning maternal immunity presenting an optimal host for severe
primary infection. Further, no licensed vaccines or treatments exist for EV-D68. Given the ability of human intravenous immune
globulin to protect mice from AFM, we anticipate that many of our mAbs also will have therapeutic benefit in vivo, and

collaborators in industry have indicated their interest in developing anti-EV-D68 mAbs.
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Molecular heterogeneity in the abscess microenvironment directs staphylococcal pathogenesis
Andy Weiss, William J. Perry, Daniel J. Ryan, Caroline M. Grunenwald, Jeffrey M. Spraggins, Richard M. Caprioli, James E.
Cassat, Eric P. Skaar
Staphylococcus aureus is the leading cause of bacterial endocarditis, and the second leading cause of bloodstream infections
worldwide. Organ abscesses are contributors to invasive infections and S. aureus is hypothesized to actively advance abscess
development through its distinct stages. In order to characterize the molecular events during abscess formation, we have
previously combined (3D-)bioluminescence imaging (BLI), magnetic resonance imaging (MRI) and imaging mass spectrometry
(IMS) to create an in vivo multimodality imaging platform for discovery-based molecular histology. The generated data showed
that abscess development is accompanied by large-scale relocation of essential metals in proximity to the bacterial nidus,
creating a microenvironment with low levels of manganese, iron, zinc, and copper. Notably, when coregistering MRI and BLI, we
found that numerous inflammation sites contained bacteria that did not generate a luminescent signal corresponding to metal
deprivation. This heterogeneity indicates that metal levels differ between developmental stages, and bacteria experience distinct
molecular microenvironments within the same tissue.
To further elucidate the molecular composition of these distinct abscesses, we performed micro Liquid Extraction Surface
Analysis (microLESA) on organ tissue from mice systemically infected with S. aureus. By doing so we are able to identify
proteinaceous host and bacterial factors that shape the abscess microenvironment and are at the center of the competition for
essential metals. We are furthermore investigating the bacterial transcriptional response to changes in the abscess
microenvironment, with a focus on immune-mediated alterations in metal availability. Here, we employ bacterial metal-responsive
fluorescent reporters to isolate bacterial subpopulations using Fluorescence Activated Cell Sorting (FACS). Subsequently, RNA

sequencing of these distinct bacterial cohorts will generate a detailed view of the environmental stimuli that guide the bacterial
contribution to abscess formation and disease progression.
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Gut Biogeography and Clostridium difficile Resiliency During Infection
Aaron G. Wexler, Emma R. Guiberson, Lauren E. Himmel, Richard M. Caprioli, Jeffrey M. Spraggins, and Eric P. Skaar
Clostridium difficile is the leading cause of nosocomial and antibiotic-associated intestinal infections, owing largely to its ability to
form highly transmissible and resilient spores. Cancer patients receiving immunosuppressive chemotherapy or antibiotics are
particularly susceptible to C. difficile infection (CDI) during hospital stays, and for weeks following treatment. While the human gut
microbiota normally confers protection against the colonization of enteric pathogens, our understanding of the factors that
maintain or disrupt this barrier to infection is limited by a lack of in situ data defining the normal nutritional and immunological
landscape of the gut ecosystem, and how this landscape is altered during disease. We propose to address these limitations by
developing broadly applicable tools to spatially and biochemically define how disease states change microbiota and host

dynamics along the entire length of the intestinal tract. Using CDI as a model, we will couple elemental, protein and lipid imaging
mass spectrometry modalities with fluorescence microscopy to measure precise differences in the composition and distribution of
dietary nutrients, as well as microbial- and host-derived factors among healthy and infected animals. Furthermore, we will
genetically define on a whole-genome scale what enables C. difficile to efficiently spread to new hosts using transposon
mutagenesis and high-throughput sequencing. As many treatment options for gastrointestinal disorders lack precision and
specificity, this work will inform efforts to engineer targeted and therapeutic probiotics to treat gastrointestinal diseases, infections,
and cancers, without harming beneficial gut commensals.
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Staphylococcus aureus requires glycolysis and aspartate biosynthesis for pathogenesis during osteomyelitis
Aimee Wilde, Jacob Curry, Casey Butrico, Andrew Hendrix, Srivarun Tummarakota, Jim Cassat

Staphylococcus aureus is a major human pathogen, capable of infecting most organ systems in the human body. The ability of S.
aureus to infect a spectrum of host tissues requires flexible metabolic programs to proliferate within diverse environments,
particularly within the skeleton, a common site of invasive staphylococcal infection. The success of S. aureus during osteomyelitis
is intriguing considering the physiologic characteristics of skeletal tissue; bone is a continuously remodeling organ characterized
by dynamic substrate accessibility, intrinsic hypoxia, and a metabolic profile skewed towards aerobic glycolysis. We therefore
sought to interrogate the mechanisms used by S. aureus to survive in bone. We used targeted mutagenesis to develop an
understanding of the metabolic pathways driving proliferation of S. aureus in bone. We examined survival of S. aureus mutants
during osteomyelitis in major metabolic hubs, including glycolysis, gluconeogenesis, the TCA cycle, and amino acid synthesis
and catabolism. Our data suggests that despite high glucose uptake and glycolytic demand of skeletal cells, S. aureus can
successfully compete for glucose and requires glycolysis for survival in bone. Furthermore, biosynthesis of amino acids,
specifically aspartate, is particularly important for survival, suggesting substrate limitations in bone. To determine these substrate

limitations, we have developed a system to examine the nutritional potential of skeletal tissue using a chemically defined media
supplemented with bone homogenate. Using this assay we have discovered that homogenized bone can rescue wild-type S.
aureus amino acid auxotrophies tested, whereas specific biosynthetic mutants cannot be rescued, revealing nutritional
shortcomings within skeletal tissues. Furthermore, we found that the nutritional capability of bone is dramatically altered upon
infection, and our data suggests that aspartate biosynthesis is required due to competitive inhibition of aspartate transport.
Together, our data demonstrate specific metabolic pathways as critical determinants of the host-pathogen interaction.
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Synthesis of the Siderophore Coelichelin and its Utility as a Probe in the Study of Bacterial Metal Sensing and Response
Jade C. Williams, Jessica R. Sheldon, Hunter D. Imlay, Brendan F. Dutter, Matthew M. Draelos, Eric P. Skaar & Gary. A.
Sulikowski
The emergence of antibiotic-resistant strains of bacteria has been documented as a significant public health concern
necessitating the discovery of novel antibiotics and, as a result, the study of host-pathogen interactions has garnered increasing
attention. It has been well-cited that bacteria require metals, such as iron, for metabolism and pathogenesis, rendering metal
acquisition pathways a potential target for identifying more effective antibiotics. In an effort to combat bacterial pathogenesis, host
organisms employ several mechanisms to maintain low free iron concentrations. Bacterial pathogens respond to these irondeficient conditions through the secretion of high-affinity, small molecule, iron chelators termed siderophores. Coelichelin is one
such siderophore produced by the bacterium Streptomyces coelicolor in iron-deficient conditions. Our interest in coelichelin stems
from its potential to serve as a tool compound in the study of metal acquisition pathways, bacterial responses to iron depletion,
and host-pathogen interactions. However, coelichelin can only be isolated in small quantities, thus requiring the development of a
concise and robust synthesis. We chose to use a highly convergent route to synthesize coelichelin from three unique fragments,
which would allow for the efficient synthesis of the siderophore. Here we report the first total synthesis of the siderophore
coelichelin, which provided sufficient quantities of coelichelin and analogs enabling on-going biological study.
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Rigosertib, a Ras mimetic, inhibits melanoma cell viability and synergizes with
anti-PD1 to promote anti-tumor immune responses
Chi Yan, Ph.D.1, E. Premkumar Reddy, Ph.D.2, and Ann Richmond, Ph.D.1,3

1Department of Pharmacology, Vanderbilt University, Nashville, TN; 2Department of Oncological Sciences, Icahn School of
Medicine at Mount Sinai, New York, NY; 3Tennessee Valley Healthcare System, Department of Veterans Affairs, Nashville, TN
Activating mutations in BRAF or NRAS are present in 40% and 21% of melanoma patients, respectively, leading to enhanced cell
survival and proliferation. Rigosertib (RGS) is a non-ATP-competitive small molecule RAS mimetic that has the potential to block
RAS-RAF-MEK-ERK and PI3K-AKT-mTOR signaling pathways and interfere with CRAF interaction with PLK1 and consequently
its centrosomal localization. Here, we demonstrate that RGS inhibits the cell viability at µM levels of human (including A375/
SKMel2/SKMel5/HS294T) and murine (including B16F10 and YUMM2.1/3.3/4.1/5.2) melanoma cell lines with a variety of somatic
mutational backgrounds. We discovered that RGS treatment immediately (<15mins) and constantly (up to 24hrs) suppresses
PI3K-AKTT308 and mTORC2-AKTSer473 phosphorylation. Using the murine melanoma cell line YUMM3.3 (BrafV600E/wtCdkn2
-/-), we showed that RGS monotherapy, elevated the production of mitochondrial reactive oxygen species, promoted cellular
apoptosis, suppressed mitosis in vitro, and inhibited tumor growth in C57BL/6 mice. The optimal in vivo dose of RGS (300mg/kg),
which exhibited >50% inhibition of tumor volume and tumor weight, was well tolerated in mice. RGS-treated tumors exhibited an
inflammatory tumor microenvironment (TME) with enrichment of dendritic cells and CD45-MHCII+ cells, elevation in frequency
and activation of both CD4+ and CD8+ T cells and NK cells, but a decrease in the level of tumor-infiltrating macrophages. Of
note, treatment with RGS plus αPD-1 checkpoint blockade synergistically inhibited tumor growth by ~70%. The RGS + αPD-1
combination treatment, but not the monotherapies, reduced the frequency of exhausted PD-L1+LAG3+TIM3+ CD8+ T cells at the
tumor sites, as well as in the tumor-draining lymph nodes. Conclusion: These results suggest that RGS, which is a Ras mimetic,
may be used in combination with anti-PD-1 immunotherapies to enhance anti-tumor immunity and optimize the treatment of
melanoma. This combination therapy warrants a clinical study.
The authors sincerely thank Onconova Therapeutics, Newtown, PA 18940 for kindly supplying Rigosertib for this work.
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Microbiota-derived aspartate drives Salmonella expansion during colitis
Woongjae Yoo, Jacob K. Zieba, Julia D. Thomas, and Mariana X. Byndloss
Salmonella enterica serotype Typhimurium (S. Typhimurium)-induced intestinal inflammation boosts the availability of electron
acceptors creating a favorable niche for this pathogen to outcompete the commensal microbiota in the gut. However, the
mechanisms linking inflammation-mediated changes in luminal metabolites and S. Typhimurium intestinal bloom are not
completely understood. In this study we show that mucosal inflammation induced by S. Typhimurium infection results in
increased intestinal levels of the amino acid aspartate. Interestingly, S. Typhimurium genome encodes an aspartate ammonialyase (aspA) whose function is to convert aspartate into fumarate, which can be used as an alternative electron acceptor
promoting anaerobic respiration-mediated S. Typhimurium expansion during colitis. Indeed, S. Typhimurium used both tar

(encoding methyl-accepting chemotaxis protein to aspartate) and aspA to bloom in the murine large intestine during inflammation,
in a fumarate respiration-dependent manner. However, aspartate utilization did not confer a growth advantage for S.
Typhimurium in the gut of germ-free mice, suggesting that the gut microbiota is the main source of aspartate during intestinal
inflammation. Taken together, our data demonstrate a novel role for microbiota-derived aspartate in driving respiration-dependent
S. Typhimurium expansion during colitis.
Keywords : Salmonella enterica serovar Typhimurium, Aspartate, Anaerobic fumarate respiration, Electron acceptor, Germ-free
mice, Mucosal inflammation
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Identifying Jo-1-Specific B Cell Populations in Idiopathic Inflammatory Myopathies
Jennifer J. Young-Glazer, Erin M. Wilfong, Rachel H. Bonami, and Leslie J. Crofford.

Idiopathic inflammatory myopathies (IIM) are systemic autoimmune diseases that have traditionally been classified as
dermatomyositis or polymyositis, but these disorders are increasingly defined by the presence of myositis-specific and myositisassociated antibodies. Recently, several autoantibodies against the tRNA synthetases have been described that are associated
with a distinct clinical phenotype known as “antisynthetase syndrome”. Anti-Jo-1 (also known as anti-histidyl tRNA synthetase)
autoantibodies are those most frequently found in these patients, but little is known about the B cells that recognize this
autoantigen or how these cells may drive clinical symptoms. We have enrolled 151 patients with connective tissue diseases in the
Myositis and Scleroderma Treatment and Investigative Center (MYSTIC) cohort, including 57 patients with IIM. Of these patients,
11 are anti-Jo-1 autoantibody positive as assayed by clinical lab testing. We have developed an anti-Jo-1 ELISA that successfully
identifies anti-Jo-1 positive sera. B cells will be polyclonally stimulated in vitro to drive antibody secretion and supernatants will be
screened by ELISA to identify wells containing Jo-1 antibody-secreting cells. We find that cell surface markers that define
different functional populations of B lymphocytes such as CD27 and CD38 are retained following stimulation. This will enable

characterization of naïve versus memory subsets using flow cytometry. These data will provide the first step towards
understanding the role of B-cells in inflammatory myopathies.
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Increased epithelial oxygenation links high-fat diet to dysbiosis
Jacob K Zieba1, Catherine D Shelton1, Austin J. Byndloss2, Stephanie A. Cevallos2, Connor R. Tiffany2, Yael Litvak2, Henry
Nguyen2, Teresa P Torres2, Erin E. Olsan2, Denise N Bronner2, Diane Tu3, Carlito B Lebrilla3, Andreas J Bäumler2, Mariana X.
Byndloss2.
1

Vanderbilt Institute for Infection, Immunology, and Inflammation and Department of Pathology, Microbiology, and Immunology,
Vanderbilt University Medical Center, Nashville, TN 37232, USA.
2

Department of Medical Microbiology and Immunology, School of Medicine, University of California at Davis, One Shields
Avenue, Davis, CA 95616, USA.
3

Department of Chemistry, College of Letters and Sciences, University of California at Davis, One Shields Avenue, Davis, CA
95616, USA.

Diet strongly affects the composition of the gut microbiota, which is commonly attributed to modified nutrient availability. However,
in this study we show that prolonged high-fat intake contributes to a dysbiotic expansion of facultative anaerobic
Enterobacteriaceae in the colonic microbiota indirectly, by eliciting changes in epithelial physiology. High-fat diet triggered lowgrade intestinal inflammation, mitochondrial dysfunction and elevated oxygenation of the colonic epithelium in conventional mice
and in germ-free mice, suggesting that generation of these host responses was microbiota-independent. A high-fat diet-induced
increase in epithelial oxygenation was associated with a dysbiotic expansion of Enterobacteriaceae in the gut microbiota through
aerobic respiration. Genetic ablation of CCR2-mediated monocyte recruitment prevented an increase in epithelial oxygenation
during high-fat diet and blocked an aerobic expansion of Enterobacteriaceae in the gut microbiota, suggesting that dysbiosis was
secondary to an underlying epithelial dysfunction. We conclude that changes in host epithelial physiology in the colon link
prolonged high-fat intake to dysbiosis.
Key-words: High-fat diet, microbiota, dysbiosis, colonocytes, metabolism
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ArtLab: Bringing together artists, scientists, and creators across campus to facilitate interdisciplinary discussions
Caroline Cencer, Eve Moll, Justin Chediak & Kendra H. Oliver
ArtLab is a campus wide organization exploring the intersection of the arts and the sciences at Vanderbilt University. ArtLab has
hosted three exhibitions (ArtLab: Exploring the intersection of art and science, ArtLab Opener 2017, ArtLab at Vanderbilt) that
included artistic work by undergraduates, staff, and faculty from across the University community. By forming a campus-wide
network with key interest in building an art-science community, we have collected data that explores the interest in the program
since 2017. This data comes from content presented at both exhibitions. Here we present these findings and suggests possible
next steps to perpetuate transdisciplinary interactions between the arts and the sciences.
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