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May 24, 2022

Dear Symposium Participants:

We are so glad you have joined us for this fully in-person Symposium of the Virginia Drug
Discovery Consortium. On behalf of the Organizing Committee, it is my pleasure to welcome you to
VirginiaDrugDiscoveryRx! Together we will enjoy two days of excellent science on the themes of
cardiovascular, pulmonary, and metabolic disease. The Symposium includes 6 keynote lectures, 8
invited talks, over 50 poster presentations, short talks selected from the submitted poster abstracts, and
vendor displays.

The Virginia Drug Discovery Consortium has a three-fold mission:
● To promote the growth and advancement of drug discovery and development programs at

universities and research institutes within Virginia, particularly through inter-institutional
collaboration.

● To help the pharmaceutical industry bring life-saving and quality of life solutions to patients
through innovative collaborations with Virginia’s best and brightest researchers.

● To promote and enhance the attractiveness of Virginia as an environment for pharmaceutical
and biotech companies.

This symposium is the sixth sponsored by the Consortium, and brings us back to the
Richmond area, where we held the rst symposium “VirginiaBrainRx” in May 2016. Over the last 2.5
years we have come to appreciate, more deeply than ever before, the importance of research and
development on vaccines and therapeutics. We also learned that despite the wonders of Zoom, there is
no substitute for face-to-face interaction. We hope that this meeting is productive for you in every way:
informing and inspiring you, sparking new ideas for your own research, and helping you to make new
connections/collaborations that will bear fruit in the coming years.

Finally, the organizers wish to thank all the sponsors listed on the preceding page. Their
generous nancial support allowed us to provide you with an excellent program at a very reasonable
price. Please take time to visit their booths and thank them for their support.

Sincerely yours,

Paul R. Carlier
Meeting Chair
Chair, Executive Committee, Virginia Drug Discovery Consortium
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May 24-25, 2022 Doubletree Midlothian, Richmond VA

DAY 1
10:00 AM - 1:00 PM Meet, Greet & “Collaboreet” (James River Foyer)

12:00 PM - 1:00 PM Poster Session 1 (Parlor EFG)

1:00 PM Meeting Kick-off (Parlor H)
Welcome from Paul Carlier (VT), Chair, VADDC
Welcome from John Newby, CEO, Virginia Bio (VABIO)
Instructions on A/V technology, Q&A sessions, recording talks, bio-break facilities, etc.

Session 1: Pulmonary Drug Discovery
Chair: John Catravas (ODU)

Mikell Paige (GMU)

1:15 PM Keynote 1: Michael Matthay, MD - Professor of Medicine and Anesthesia, UCSF
“Mesenchymal stromal cells – Preclinical studies to clinical trials for ARDS”

1:50 PM Q&A

2:00 PM Invited Talk 1: Alpha A. (Berry) Fowler III, MD - Professor of Medicine, VCU Health System
“Pathway to a new therapy to save lives”

2:25 PM Q&A

2:30 PM Invited Talk 2: Rachel Rath, MBA, MPH (BARDA)
“BLUE KNIGHT™: Engaging with a Public-Private Partnership to Drive Preparedness Solutions”

2:55 PM Q&A

3:00 PM Oral Poster Talk 1: Yen Nguyen (GMU)
“Synthesis of novel inhibitors of Acinetobacter baumannii iron superoxide dismutase”

3:10-3:30 PM Refreshments and Bio-Break (Parlor EFG)

Session 2: Cardiovascular Drug Discovery
Chair: Umesh Desai (VCU)

Marion Ehrich (VT)

3:30 PM Keynote 2: David Gailani, MD - Goodpasture Chair in Experimental Pathology for Translational
Research, Vanderbilt
“Coagulation Factor XIa - A novel target for preventing thrombosis”

4:05 PM Q&A

4:15 PM Invited Talk 3: Robert G. Gourdie PhD, Fralin Biomedical Research Institute, and
Department of Biomedical Engineering and Mechanics, Virginia Tech
“Novel milk exosome-based drug delivery technology”

4:40 PM Q&A



4:45 PM Invited Talk 4: Jeff Saucerman, Ph.D., F.A.H.A., Professor of Biomedical Engineering and
Cardiovascular Medicine, University of Virginia
“Systems pharmacology model to predict drugs for cardiac fibrosis”

5:10 PM Q&A

5:15 PM Oral Poster Talk 2: Jopaul Mathew (VT)
“Lead optimization of orally efficacious β-carboline antimalarials”

5:25 PM Oral Poster Talk 3: John Chittum (VCU)
“Construction of a synthetic carbohydrate microarray for screening against SARS-CoV-2 spike
glycoprotein”

5:35 PM Day 1 Conclusion

5:35-6:30 PM Poster Session 2 (Parlor EFG)

6-6:30 PM Platinum Sponsor Presentation: Va. Beach Dept. of Economic Development (Parlor EFG)

6:30 PM Pre-Dinner Meet, Greet and “Collaboreet” Reception (Shenandoah Corridor)

7:00 PM Semi Formal Dinner (Parlor CD)

DAY 2
7:30 - 8:25 AM Breakfast@Hotel (Parlor CD)

8:25 AM Day 2 Kick-off (Parlor H)
Welcome from Program Co-Chair Umesh Desai (VCU)

Session 3: Pulmonary Drug Discovery
Chair: Paul Carlier (VT)

Beth Sharlow (UVA)

8:30 AM Keynote 3: Yulia A. Komarova, PhD - Department of Pharmacology and Regenerative Medicine,
University of Illinois College of Medicine
“From therapeutic target to pharmacological intervention for ARDS: a pre-clinical development
study”

9:05 AM Q&A

9:15 AM Invited Talk 5: Yun Michael Shim, MD - UVA Department of Medicine & Radiology, Division of
Pulmonary and Critical Care
“Challenges and pitfalls of pulmonary drug discovery: A case for multidisciplinary integration”

9:40 AM Q&A

9:45 AM Invited Talk 6: Masahiro Sakagami, Ph.D. - VCU School of Pharmacy, Department of Pharmaceutics
“Targeting Impaired VEGF Signaling for Reversing Emphysema: Case Studies with CDSO3 and
Salvianolic Acid B”

10:10 AM Q&A



10:15 AM Oral Poster Talk 4: Connor O’Hara (VCU)
“Selective targeting of growth factor receptors produces novel anti-cancer activity in colorectal cancer
cells”

10:25 AM Refreshments and Bio-Break (Parlor EFG)

10:25 AM - 11:30 AM Poster Session 3 (Parlor EFG)

Session 4: Metabolic Disorders Drug Discovery
Chair: Cliff Stains (UVA)

Kathryn Cole (CNU)

11:30 AM Keynote 4: David Stepp, PhD - Charbonnier Chair in Physiology, Vascular Biology Center,
Medical College of Georgia
“Targeting vascular disease in obesity: Learning from exercise”

12:05 PM Q&A

12:15 PM Invited Talk 7: Webster Santos PhD - Professor, Department of Chemistry and Lilly Faculty Fellow of
Drug Discovery, Virginia Tech
“Small molecule mitochondrial uncouplers as anti-obesity agents”

12:40 PM Q&A

12:45 PM Oral Poster Talk 5: Ruben M.L. Colunga-Biancatelli, MD
“KVX-053, a PTP4A3 inhibitor, ameliorates SARS-CoV-2 spike protein subunit 1-induced human
endothelial barrier dysfunction and acute lung injury In k18-hACE2 transgenic mice”

1:00 PM Lunch@Hotel (Parlor CD)

1:30 – 2:00 PM Silver Sponsor Presentations: VCU Innovation Gateway, VT Link+License+Launch (Parlor CD)

Session 5: Drug Discovery At-Large
Chair: Paul Fisher (VCU)

Yan Zhang (VCU)

2:30 PM Keynote 5: Matthew Hall, PhD - Director, Early Translation Branch, National Center for
Advancing Translational Sciences
“Assays to Lead the Way: Drug Discovery at NCATS”

3:05 PM Q&A

3:15 PM Invited Talk 8: Banumathi K. Cole, PhD, Scientific Director at HemoShear Therapeutics
“REVEAL-Tx™: Combining biological and computational models of human disease to
accelerate discovery of targets and develop new treatments for diseases”

3:40 PM Q&A

3:45 PM Keynote 6: Michelle Bateson, PhD - VP and Head of R&D, GSK
“A Strategic's View: The Importance of R&D to Innovative Consumer Health Solutions”

4:20 PM Q&A

4:30 PM Day 2 Conclusion & Close: Paul Carlier (VT), Chair, VADDC
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Keynote & Invited Talk Abstracts

Day 1:  Michael Matthay, MD
  Alpha “Berry” Fowler, MD
  Rachel Rath, MBA, MPH
  David Gailani, MD
  Robert G. Gourdie, PhD
  Jeff Saucerman, PhD, FAHA

Day 2:  Yulia A. Komarova, PhD
  Yun Michael Shim, MD
  Masahiro Sakagami, PhD
  David Stepp, PhD
  Webster Santos, PhD
  Matthew Hall, PhD
  Banumathi K. Cole, PhD
  Michelle Bateson, PhD
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Keynote 1

Mesenchymal Stromal Cells – Preclinical Studies To Clinical Trials For ARDS

Michael A. Matthay MD
Professor, University of California, San Francisco
https://www.ucsfhealth.org/providers/dr-michael-matthay

Michael A. Matthay, MD is a Professor of Medicine and Anesthesia at the
University of California at San Francisco and a Senior Associate at the
Cardiovascular Research Institute. He is Associate Director of the Intensive
Care Unit. He received his AB from Harvard University and his MD from the
University of Pennsylvania School of Medicine. He received an American
Thoracic Society award for Scientific Achievement in 2002 and the UCSF
Award for Outstanding Clinical Research in 2006, as well as the Lifetime
Achievement Award in Mentoring at UCSF in 2013, the American Lung

Association Trudeau Medal for Research in 2014, and the Long Term Mentoring Award at UCSF in
2021. He is a member of the American Association of Physicians.

Research Interests: Dr. Matthay’s basic research has focused on mechanisms of salt, water, and protein
transport across the alveolar epithelium that account for the resolution of pulmonary edema. He has
also studied the pathogenesis and resolution of pulmonary edema and the acute respiratory distress
syndrome (ARDS). His recent research has also focused on the biology and potential clinical use of
allogeneic bone marrow derived mesenchymal stromal (stem) cells for ARDS. He has been the
principal investigator on several NIH/NHLBI clinical trials from 1995 through 2022.

Abstract
Several pre-clinical studies in mice, rats, sheep and also in an ex vivo perfused human lung preparation
demonstrated efficacy of human bone-marrow derived mesenchymal stromal cells (MSCs) for reducing
the severity of acute lung injury in models of the acute respiratory distress syndrome (ARDS).  The
mechanisms of benefit including anti-inflammatory properties, anti-bacterial effects, reduction of lung
endothelial and epithelial barrier injury, and upregulation of pro-resolving macrophage-dependent
pathways.

Therefore, FDA approved safety clinical trials were carried out using allogeneic bone-marrow derived
MSCs from an NIH repository at the University of Minnesota. The initial safety studies of 9 patients
(2015) and then 60 patients (2019) were completed.  Currently we are conducting a multicenter,
double blind randomized phase 2B trial in 120 patients with ARDS that began in January 2020.

The steps needed to translate this cell-based therapy from the bench to the clinic will be discussed.
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Invited 1

Pathway To A New Therapy To Save Lives

Alpha A. (Berry) Fowler III, MD
Professor of Medicine, Virginia Commonwealth University Health System

Dr. Fowler is the William Taliaferro Thompson Professor of Medicine in the
Division of Pulmonary Disease and Critical Care Medicine in the VCU School
of Medicine. For 4 decades, he has maintained both clinical and basic research
investigations into acute lung injury due to sepsis. Early in his career, he and
colleagues defined clinical risk factors that lead to acute respiratory distress
syndrome in critically ill human patients. His research helped define the cellular
and molecular inflammatory events that evolve in pulmonary microvasculature

and pulmonary alveolar spaces as patients develop acute lung injury. During his faculty years at VCU,
his research laboratory has been actively modeling acute lung injury, further defining the inflammatory
events that produce lung injury in experimental animals while at the same time focusing on
interventional therapies to attenuate acute lung injury following onset of sepsis. A number of years
ago, he and colleagues at VCU became intensely interested in vitamin C’s impact on these processes.
Employing a murine model of abdominal sepsis and acute lung injury he and colleagues showed that
high concentrations of intravenous vitamin C could attenuate and prevent lung injury in mice. This
work led to a phase I safety trial in septic patients which showed that vitamin C could significantly
reduce sepsis induced multiple organ injury. Following this phase I study, he received NIH funding to
perform a multi-center randomized, double blind, placebo-controlled phase II proof-of-concept trial
examining the extent to which high dose intravenous vitamin C attenuates sepsis-induced lung injury
(ARDS) and multiple organ failure. With investigators from 4 other universities, the study found that
high dosage intravenous vitamin C was an effective therapy for sepsis induced acute lung injury (i.e.,
ARDS).

Abstract
Vitamin C has been shown in an early trial to significantly reduce the mortality in patients with sepsis
induced acute lung injury. This study was a multicenter trial entitled: Vitamin C In TReatment In
Sepsis Induced Acute Lung Injury, the CITRIS-ALI trial. In this presentation, the basic research
which was conducted led up to the UM-1 grant proposal to NHLBI. The NHLBI funded the UM-1
proposal which funded the phase II multi-center proof of concept CITRIS-ALI trial. CITRIS-ALI
was conducted at seven medical centers which enrolled 187 patients with sepsis induced Acute
Respiratory Distress Syndrome. The end result was that mortality was significantly reduced and
multiple organ failure was significantly reduced.
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Invited 2

BLUE KNIGHT™: Engaging with a Public-Private Partnership to Drive Preparedness Solutions

Rachel Rath, MBA, MPH
Director, BARDA Alliance  for Johnson & Johnson Innovation – JLABS
https://jlabs.jnjinnovation.com/blue-knight

Rachel is the Director of the BARDA Alliance for Johnson & Johnson Innovation, based at Johnson
& Johnson Innovation – JLABS (JLABS) in Washington, DC. She is responsible for managing BLUE
KNIGHT™, a joint initiative between JLABS and the Biomedical Advanced Research and
Development Authority (BARDA), which aims to stimulate the innovation and incubation of
science and technologies that may improve health security and response by supporting companies
focused on public health threats and emerging infectious diseases. Rachel leads the strategic direction,

alliance management, and oversight of all operational activities related to the collaboration with BARDA, including
managing the sourcing and selection of high potential companies for JLABS locations and developing global
programming. Before joining JLABS, Rachel was the Chief of Staff for the National Evaluation System for health
Technology Coordinating Center (NESTcc)—an initiative of the Medical Device Innovation Consortium
(MDIC)—that was established with funding from the U.S. Food and Drug Administration (FDA) and was recognized
in September 2019 as one of the first collaborative communities with participation by the FDA. Prior to joining
NESTcc, Rachel worked at PCORI, helping to launch the Patient-Centered Clinical Research Network (PCORnet), a
national effort to engage patients and leverage electronic health data to improve the speed and efficiency of clinical
research in the United States. Rachel received her MBA from Georgetown University and MPH in global health policy
from The George Washington University.

Abstract
We live within an interconnected, global ecosystem where collaboration is key to forging a safer, healthier future. In
2019, Johnson & Johnson Innovation – JLABS and the Biomedical Advanced Research and Development Authority
(BARDA), part of the Office of the Assistant Secretary for Preparedness and Response in the U.S. Department of
Health and Human Services, came together to form BLUE KNIGHT™. This joint initiative aims to support
early-stage companies developing solutions that could improve pandemic preparedness and response to future known
and unknown health threats. Discover how public-private partnerships like Blue Knight can be key for early startups
working to navigate obstacles on the path to commercializing new solutions. Since formally launching in August 2020,
the global Blue Knight portfolio has nearly tripled in size and continues to accept applications from startups on a
rolling basis. Could your science and technology benefit from joining Blue Knight? In this session, learn more about:

● How Blue Knight can support early-stage companies developing potential solutions for future health threats
● How engaging with public-private partnerships may accelerate your innovation through unique benefits
● Why startups should consider developing multi-use applications for their technologies
● Residency opportunities with Blue Knight at its Hub location, JLABS @ Washington, DC, and its growing

startup portfolio
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Keynote 2

Coagulation Factor XIa - A Novel Target For Preventing Thrombosis

David Gailani, MD
Goodpasture Chair in Experimental Pathology for Translational Research, Vanderbilt University

David Gailani, MD is a physician-scientist who studies blood coagulation and its
disorders. He is a graduate of Cornell University (BA 1980) and the University of
Illinois College of Medicine (MD 1984). During his residency in internal medicine
at the University of Iowa Hospitals and Clinics (1984-1988), Dr. Gailani worked
with Dr. Donald Macfarlane on protein phosphorylation in blood cells. He did a
clinical and research fellowship at Washington University, St. Louis, MO
(1988-1995), where he worked with Dr. George Broze, Jr. on the biochemistry of

the coagulation protein factor XI. In 1995, Dr. Gailani moved to Vanderbilt University Medical Center in
Nashville, Tennessee to become medical director of the clinical coagulation laboratory and to set up a research
laboratory. He currently holds the Ernest W. Goodpasture Chair for Translational Research at Vanderbilt. Dr.
Gailani’s research interests focus on the biochemistry and pathophysiology of blood coagulation, with an
emphasis on factor XI, and the proteins of the plasma contact system (factor XII, prekallikrein, and high
molecular weight kininogen). The main objective of work in his laboratory is to better inform development of
novel therapies that produce antithrombotic effects without compromising normal blood clotting (hemostasis).
His laboratory also has a program directed at understanding the biochemical mechanisms underlying a group of
inflammatory disorders collectively referred to as hereditary angioedema.

Abstract
Thrombosis, the abnormal formation of a blood clot within an intact blood vessel, and hemostasis, the normal
formation of a blood clot at a site of blood vessel injury, are thought to be intimately linked. It follows then that
therapies used to prevent or treat thrombosis will target key components of the hemostatic mechanism. Current
anticoagulation therapy for prevention or treatment of thrombosis involves direct or indirect inhibition of the
plasma proteases thrombin and/or factor Xa (e.g. DOACs, heparins) or reduction of the precursors of these
enzymes (vitamin K antagonists). These strategies are effective, but increase the risk of serious bleeding because
of the importance of thrombin and factor Xa to hemostasis. There has been substantial interest recently in
therapeutic targeting of another plasma coagulation protein, factor XI (FXI), to prevent thrombosis. FXI is the
precursor of a serine protease (FXIa), that serves an ancillary role in hemostasis. Indeed, most FXI-deficient
patients do not experience abnormal bleeding. Despite its modest role in hemostasis, FXI appears to make major
contributions to thrombosis in pre-clinical models, and to venous thrombosis and stroke in humans. In this
presentation we will discuss our current understanding of how FXI contributes to normal and pathologic blood
coagulation, and how FXI(a) inhibition may generate a potent antithrombotic effect, while having a relatively
small impact on hemostasis. Results of clinical trials will be presented that support the premise that targeting
FXI can produce an antithrombotic effect that is largely uncoupled from an antihemostatic effect.



VirginiaDrugDiscoveryRx: Cardiovascular, Pulmonary, and Metabolic Disease
May 24-25, 2022

Invited 3

Novel Milk Exosome-Based Drug Delivery Technology

Robert G. Gourdie PhD
Fralin Biomedical Research Institute, and Department of Biomedical Engineering and Mechanics, Virginia Tech
https://fbri.vtc.vt.edu/people-directory/primary-faculty/gourdie.html

Rob Gourdie PhD is the Director of the Center for Vascular and Heart Research (CVHR) at the
Fralin Biomedical Research Institute (FBRI) and Professor in the Department of Biomedical
Engineering and Mechanics at Virginia Tech. Together with its eight research team leaders, the
CVHR numbers over 40 post-docs, graduate students and staff. The research of his lab focuses on
connexins - proteins key to intercellular communication. He holds an R35 Outstanding Investigator
Award from the National Heart Lung and Blood Institute and has been continuously funded by the

NIH since 1997.  He was elected to the 2022 Class of the AIMBE College of Fellows. He has authored 160+
peer-reviewed publications (H index=60) on heart development and function, wound healing and cancer. He holds
more than a dozen issued US patents and over 30 worldwide, with another 50 patent applications pending. Gourdie is
co-founder of FirstString Research Inc. a $150m clinical-stage biotech company in Phase III clinical trials on its lead
drug. His lab has spun-off two other companies: Acomhal Inc., which he co-founded with Dr. Samy Lamouille, which
is undertaking preclinical development of a novel drug that targets cancer stem cells; and The Tiny Cargo Company –
his newest venture; focused on an exosomal drug delivery technology. His teaching service at Virginia Tech mainly
concentrates on entrepreneurialism and commercialization. Gourdie received his PhD (1990) from the University of
Canterbury (New Zealand), and did his post-doc training at University College London (United Kingdom), as a
British Heart Foundation Fellow.

Abstract
Extracellular Vesicles (EVs) are cell-secreted nanovesicles (100-200 nm dia) that have unique potential for encapsulating
and targeting “difficult-to-drug” therapeutic cargos. Milk provides an enriched source of EVs, and of particular interest
to the drug delivery field, small EVs. Small EVs are distinguished from large EVs by membrane components, biogenesis
mechanism and downstream functionality - in particular, small EVs are primarily composed of exosomes, which show
high stability in vivo and naturally function in the targeted delivery of biological materials to cells. Moreover, bovine
milk is abundantly produced by the dairy industry, widely consumed, and generally well tolerated by humans, being
designated by the FDA as Generally Recognized as Safe (GRaS). Importantly, there is evidence that milk exosomes and
small EVs are efficiently taken up into the circulation from the gut, providing the opportunity for systemic
administration of therapeutics such as microRNAs or peptides not typically available via an oral route.  We have
developed novel methods for EV purification from milk focused on optimized timing and levels of temperature and
divalent cation chelation. Use of these solubilization steps, together with tangential flow filtration and sepharose
column separation, provides a step-wise protocol enabling large amounts of purified small EVs to be obtained at
ultra-dense concentrations, which are substantially free from contaminating milk proteins. Remarkably, these
ultra-dense isolates equal 10 to 15 % of the starting volume of milk indicating a prodigious rate of small EV production
by mammary glands. We moreover show that milk exosomes contain endogenous esterase activities providing a novel
means of drug loading based on use of esterified cargo molecules. Our approach enables gentle, scalable production of
ultrastructurally and functionally intact small EVs from milk, providing a path to their industrial scale purification for
oral delivery of therapeutic biologics and small drugs.
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Systems Pharmacology Model To Predict Drugs For Cardiac Fibrosis

Jeff Saucerman, Ph.D., F.A.H.A.
Professor of Biomedical Engineering and Cardiovascular Medicine, University of Virginia
https://engineering.virginia.edu/faculty/jeffrey-saucerman

Dr. Jeff Saucerman is a Professor and Interim Vice Chair of Biomedical
Engineering and Professor of Cardiovascular Medicine at the University
of Virginia. He leads a research group in cardiac systems biology, focused
on identifying and controlling the molecular networks involved in heart
failure. He received a B.S. in Engineering Science from Pennsylvania State
University, Ph.D. in Bioengineering from the University of California San

Diego, and completed a postdoctoral fellowship with Dr. Donald Bers at Loyola University Chicago.
Dr. Saucerman has received a number of awards including an NSF CAREER Award, Fellow of the
American Heart Association, the Dean’s Excellence in Teaching Award, and the Vivian Pinn Scholar
Award.

Abstract
Fibrosis is a central component of wound healing after a heart attack, which is driven by fibroblast
activation and extracellular matrix remodeling. We developed a network model of how fibroblasts
respond to the multiple dynamic stimuli after myocardial infarction. Integration with drug-target
interaction databases enables mechanistic predictions of how drugs regulate myofibroblast activation
and fibrosis, including combined targeting of natriuretic and angiotensin II pathways, as occurs with
Entresto. Several model predictions are validated against experimental data from the literature or our
group. Further, high-content imaging of drug response of human cardiac fibroblasts reveals that many
drugs differentially regulate fibroblast activation, which guides network model revision. Iterating
between modeling and experiment is essential for prioritization and mechanistic understanding of
therapeutic strategies.
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Keynote 3

From Therapeutic Target To Pharmacological Intervention For ARDS: A Pre-Clinical Development Study

Yulia A. Komarova, PhD
Department of Pharmacology and Regenerative Medicine, University of Illinois College of Medicine
http://mcph.uic.edu/komarova/

Dr. Yulia Komarova is an established investigator at the Department of Pharmacology and
Regenerative Medicine at the University of Illinois School of Medicine, who has demonstrated a
consistent track record of high-impact research publications and patents. The overall goal of Dr.
Komarova’s research is to understand the fundamental roles of mechanotransduction and receptor
signaling in human health and disease. Dr. Komarova’s lab studies how endothelial cells respond to
environmental cues and how these responses contribute to physiological and pathophysiological
processes and thereby the development of human diseases. She further translates this mechanistic
knowledge into the discovery of novel therapies for patients with lung and eye vascular diseases. Dr.
Komarova has demonstrated a history of success in advancing novel technologies, which she

designed in her academic lab, through pre-clinical development programs. Her current therapeutic program focusing
on the development of a novel intravenous treatment for respiratory illness associated with SARS-CoV-2 infection as
well as polymicrobial sepsis lays the groundwork for the Investigational New Drug application to FDA. Dr.
Komarova’s research programs have received extensive support from governmental and private organizations including
the National Institutes of Health, Department of Defense, Chicago Biomedical Consortium, and Harrington
Discovery Institute.

Abstract
Acute respiratory distress syndrome (ARDS) is the acute onset of non-cardiogenic pulmonary edema, hypoxemia, and
respiratory failure. ARDS is frequently caused by bacterial and viral lung infections including the recent SARS-CoV-2.
In light of the COVID-19 pandemic, development of therapeutic approaches to combat ARDS have become an urgent
unmet medical need. We address this medical problem by developing a pharmacological treatment for pulmonary
vascular leakage, a culprit of alveolar damage and lung inflammation. Our novel therapeutic target is the microtubule
accessory factor End Binding protein 3 (EB3), which contributes to pulmonary vascular leakage by amplifying
pathological calcium signaling in endothelial cells. Using a structure-activity-relationship approach by Nuclear
Magnetic Resonance, we have identified a drug candidate Vascular Therapeutics (VT)-109, an allosteric EB3 inhibitor
with optimized physicochemical and biochemical properties. The VT-109 shows marked therapeutic benefits in
treating lung injury and inflammation in various models of ARDS including high-volume mechanical ventilation,
polymicrobial and SARS-CoV-2 infections. Transcriptome analysis of lung endothelial cells in mice challenged with
endotoxin shows that VT-109 upregulates FOXM1 target genes suggesting that the treatment not only mitigates
vascular injury but also promotes endothelial cell regeneration by activating the FOXM1 pathway. Our work
demonstrates that VT-109 is a promising drug candidate for future clinical studies. Funding for this work is provided
by the Congressionally Directed Medical Research Programs through the Peer Reviewed Medical Research Program
(PRMRP) under award No. W81XWH-21-1-0639. Opinions, interpretations, conclusions, and recommendations are
those of the author and are not necessarily endorsed by the Department of Defense.
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Challenges And Pitfalls Of Pulmonary Drug Discovery: A Case For Multidisciplinary
Integration

Yun Michael Shim, MD
Department of Medicine & Radiology, Division of Pulmonary and Critical Care,
University of Virginia
https://uvahealth.com/ndadoctor/prole/yun-m-shim

Yun Michael Shim, MD, is the director of pulmonary rehabilitation and director of
the Pulmonary Function Testing Lab at UVA. He diagnoses and treats patients
with respiratory diseases such as asthma, cystic brosis and allergies. Dr. Shim
graduated from UVA and earned his medical degree from the Medical College of
Virginia in Richmond. After completing a residency in internal medicine at
Northwestern University, he moved to New Haven, Connecticut, for a fellowship
in pulmonary disease and critical care medicine at Yale University, followed by a
fellowship in advanced asthma and obstructive airway disease. He joined UVA in

2004. His research interests include obstructive lung diseases (asthma and chronic obstructive
pulmonary disease), lung cancer, and metabolomics and drug discovery.

Abstract
The pulmonary system is one of the largest organs to interact with “non-self” stimulants in the human
body. The constant interaction between the host and the stimuli (infectious and non-infectious) causes
diverse host responses that can be simultaneously benecial and detrimental.  In this regard, recent
attempts have focused on understanding the underpinning mechanisms of the host immune and tissue
responses and on mitigating these responses for optimal clinical outcomes as novel therapeutic
interventions.  This seems particularly relevant in the days of the COVID19 pandemic, in which
exaggerated host responses clearly cause pulmonary tissue damage.  The complexity of biology related
to the target discovery and validation, small molecule development, and subsequent in vivo testing and
validation can be quite challenging to transition from academic/industry’s bench laboratories to the
patients’ bedside. In this talk, a brief overview of these challenges will be discussed in the context of
pulmonary immune responses, then present a Virginia-based multi-investigator’s experience on
developing immune-modulators for small molecule therapeutic discovery.  This talk will highlight the
completed and ongoing work, emphasizing the importance of multi-disciplinary integration and
collaboration to enable such activities among academic investigators.
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Targeting Impaired VEGF Signaling For Reversing Emphysema: Case Studies With CDSO3 And
Salvianolic Acid B

Masahiro Sakagami, Ph.D.
Virginia Commonwealth University School of Pharmacy, Department of Pharmaceutics
https://app.pharmacy.vcu.edu/msakagam

Dr. Masahiro Sakagami is Professor of Pharmaceutics at Virginia Commonwealth University
(VCU) School of Pharmacy in Richmond, Virginia, USA. He received B.S. and M.S. degrees
in Chemical Engineering at Waseda University in Japan (1989 and 1991, respectively); and a
Ph.D. degree in Pharmaceutical Sciences at VCU (2000). In 1991-1996, he was a scientist in
inhaled and nasal drug delivery research and product development division at a
pharmaceutical industry, Teijin, in Japan. Dr. Sakagami has a wealth of experience and high
expertise of academic and industrial research in the areas of biopharmaceutics and

pharmacology of respiratory drug delivery, alongside regulatory testing of inhaled drug products. He has
published over 50 original researches, reviews and book chapters; and given over 40 invited presentations at
conferences, industry and academia, all in these areas of his expertise. His recent research is focused on inhaled
drug discovery and development in emphysema, COPD and pulmonary fibrosis; and dissolution testing for
inhaled drug products. Dr. Sakagami was a USP (United States Pharmacopeia) Advisory Panel for the
Performance Tests of Inhalation Dosage Forms (2006-2010); and has been a USP Expert Panel for New
Advancements in Product Performance Testing (2019-present); and a member of the USP Dosage Form Expert
Committee (2020-present). He also served as an advisory board member or a consultant for over 6
pharmaceutical companies.  At VCU, Dr. Sakagami is actively engaged in advising graduate students in research,
serving as the Pharmaceutics Graduate Program Director, and teaching in the School of Pharmacy PharmD and
graduate curricula.

Abstract
As a major manifestation of COPD, emphysema progressively destroys the lung's alveolar structures and
eventually causes respiratory failure and death. However, cellular and molecular mechanism(s) for alveolar
structural destruction and recovery remain still uncertain. Impaired vascular endothelial growth factor (VEGF)
signaling is a new pathobiologic hypothesis of emphysematous lungs and thus, local lung pharmacological
stimulation of VEGF signaling may enable alveolar structural recovery to reverse emphysema. CDSO3 and
salvianolic acid B (SalB) are synthetic and natural caffeic acid-based oligomers, respectively, capable of
stimulating VEGF-regulating transcription factors, HIF-1α and STAT3. Accordingly, these molecules
stimulated VEGF signaling, promoted cell proliferation and wound healing, and protected against
emphysematous cell death at low μM levels in the in vitro lung cell-based models. Notably, in the in vivo rat
models of experimentally-induced emphysema, CDSO3 and SalB reversed established emphysema via local lung
treatment at 0.06 and 0.2 mg/kg doses, respectively. Therefore, emphysema could become reversible with
CDSO3 and SalB, and local lung stimulation of VEGF signaling could be a novel therapeutic strategy to provide
more than palliative symptomatic management with bronchodilators and corticosteroids in emphysema.
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Targeting Vascular Disease In Obesity: Learning From Exercise

David W. Stepp, Ph.D.
Charbonnier Endowed Chair in Physiology, Vascular Biology Center, Medical College of Georgia at
Augusta University
https://www.augusta.edu/centers/vbc/lab-stepp.php

David W. Stepp, Ph.D. is a classically trained vascular physiologist and the Leon Henri
Charbonnier Endowed Chair for Physiology at the Vascular Biology Center of the
Medical College of Georgia. Since 1999, his laboratory has focused on the
cardiovascular consequences of obesity and has published more than 60 peer-reviewed
articles in this area, including in high-impact journals such as Circulation, Circulation
Research and Hypertension. In particular, his lab has generated novel models of
clinically relevant disease using selective breeding of mice with genetic deletion of

disease genes onto an obese background and examining cardiovascular function using rigorous,
gold-standard techniques. In today’s presentation, he will review ways in which changes in whole body
metabolism impact endothelial function, specifically the role of changes in skeletal muscle.

Abstract
Obesity remains the most prevalent risk factor for vascular disease in the United States. While weight
loss goals are often elusive, exercise affords a significant degree of protection even with persistent
adiposity. How exercise affords this benefit is unclear but may involve increases in muscle mass, which
serves as a metabolic buffer against co-morbid conditions of obesity such as diabetes and insulin
resistance. Using genetic deletion of myostatin as tool to augment muscle mass, we have explored how
increased skeletal muscle impacts otherwise obese mice as a model for improvements observed with
exercise. Results shared today will include the overall effects of muscle mass, the role of NADPH
Oxidase 1 as a source of free radicals in the endothelial and how changes in whole body metabolism
associated with muscle might explain some of the benefits of exercise.
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Small Molecule Mitochondrial Uncouplers As Anti-Obesity Agents

Webster Santos PhD
Professor, Department of Chemistry and Lilly Faculty Fellow of Drug Discovery, Virginia Tech
https://www.santosgroup.chem.vt.edu

Prof. Webster Santos received his BS and PhD from the University of Virginia under
Prof. Timothy Macdonald. Following his doctoral studies, he moved to Harvard
University as a Ruth Kirschtein NIH fellow with Prof. Gregory Verdine. In 2006, he
started as an assistant professor of chemistry at Virginia Tech and was promoted to
associate then full professor in 2018. He held a chaired position as the Blackwood
Junior Faculty fellow of Life Science and is currently the Agnes and Cliff Lilly faculty

fellow of drug discovery. He is a co-founder of three biotech companies, received the Schug Research
Award, Innovator’s award and an outstanding mentor award at Virginia Tech. His current research
focuses on synthetic methodology and drug discovery related to treating multiple sclerosis, kidney
fibrosis, and metabolic diseases.

Abstract
Obesity is a major risk factor for metabolic diseases including diabetes, cardiovascular disease, and
many forms of cancer. Excess body mass is a worldwide problem, and it is estimated that overweight
(BMI 25–30) and obese individuals (BMI >30) account for 39% of the global population. Although
exercise and calorie restriction are effective and safe treatments for obesity and its comorbidities, these
interventions have limited patient compliance. In this study, we report the structure-activity
relationship studies of oxadiazolopyrazine derivatives as mitochondrial uncouplers. Mitochondrial
uncouplers transport protons from the intermembrane space into the matrix independent of ATP
synthase. Using oxygen consumption rate as an assay for determining uncoupling activity, we
discovered SHC517 as a potent uncoupler with an EC50 value of 190 nM in L6 myoblast cell. In an in
vivo model of diet-induced obesity, SHC517 prevents and reverses diet-induced obesity and glucose
intolerance in mice. More importantly, SHC517 did not alter body temperature, food intake or fat-free
lean mass and suggests the potential of mitochondrial uncouplers as anti-obesity agents.
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Assays To Lead The Way: Drug Discovery At NCATS

Matthew Hall, PhD
Director, Early Translation Branch, National Center for Advancing Translational Sciences
https://ncats.nih.gov/staff/hallma

Matthew Hall is the director of the Early Translation Branch (ETB) within the
Division of Preclinical Innovation, where he oversees the activities of the ETB. He
also leads a team of research biologists (i.e., the Guanine Team) who develop and
optimize both biochemical and cell-based assays for automated, small molecule,
high-throughput screening in collaboration with NIH intramural and extramural
partners, including several National Cancer Institute (NCI) Chemical Biology
Consortium programs. His research portfolio has an emphasis on oncology but
covers a diverse range of other human pathologies and diseases. Hall joined NCATS
in 2015 as a biology group leader in the NCATS Chemical Genomics Center. Hall

earned his undergraduate degree (with first class honors) at the University of Sydney, investigating
methods for modifying and targeting matrix metalloproteinase inhibitors during an honors research
year. Hall also completed his Ph.D. at the University of Sydney under Trevor Hambley, Ph.D. His
graduate research brought together cell biology and synchrotron spectroscopy for the first time, to
observe in real time the cellular distribution and metabolism of the platinums, the world’s most-used
class of chemotherapeutic agents. Hall also developed valuable techniques for observing drug reactivity
in cell systems. His doctoral work included six months in the Nuffield Division of Clinical Laboratory
Sciences at Oxford University, where he developed 3-D tumor models. He has published more than 70
peer-reviewed papers and is on the editorial board of Drugs of the Future.

Abstract
High-throughput screening and medicinal chemistry remain a centerpiece of the drug discovery
process. A major roadblock to timely translation of target understanding into new therapies has been
the inability to efficiently identify new areas of biologically active small molecule chemical space. And
yet, despite monumental advances in assay screening and chemistry throughput, drug discovery
continues to be plagued by high failure rates and increasing costs. Probe molecules play an important
role in addressing these translational gaps by enabling characterization of underlying biology, and
validation of therapeutic hypotheses in complex systems. This talk will describe the critical roles of
assay development, high-throughput screening, and medicinal chemistry in developing optimized
small molecule probes, and discuss NCATS’s (National Center for Advancing Translational Sciences)
long-running efforts to design better assays and catalyze innovation early in the therapeutic discovery
process. Case studies will be drawn from the Early Translation Branch’s (ETB) collaborative history
focusing on a metabolic target, as well as the COVID response.
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REVEAL-TxTM: Combining Biological And Computational Models Of Human Disease To
Accelerate Discovery Of Targets And Develop New Treatments For Diseases

Banumathi K. Cole, PhD
Scientific Director, HemoShear Therapeutics
hemoshear.com

Banu Cole, PhD, is a Scientific Director in HemoShear Therapeutics’ drug discovery
programs.  Dr. Cole’s background is in cancer and cell biology as well as
endocrinology in the space of diabetes and cardiovascular disease.  She has utilized this
background to help direct and develop in vitro human surrogate systems for drug
discovery at HemoShear.  These systems are physiologically relevant human systems
that recapitulate the microenvironment, cellular hemodynamics and transport, tissue
architecture, and disease responses of the native tissue organ.  In particular, the in

vitro human surrogate liver system has been modeled for studying pediatric rare diseases, NASH, and
gout and utilized for preclinical drug discovery efforts for these diseases.  Dr. Cole obtained her PhD in
cell/cancer biology from Harvard Medical School and her BS from The College of William & Mary.

Abstract
The biopharmaceutical industry’s drug development success is impeded by a lack of physiological
models that reflect the complexity of disease. HemoShear Therapeutics’ proprietary REVEAL-TxTM

platform combines biological and computational models of human disease to accelerate discovery of
novel targets and successful new drug treatments. HemoShear is built upon a proprietary technology
that recapitulates the in vivo microenvironment of native tissues and organs on the benchtop, allowing
for the recreation of normal and disease processes in different human tissues of interest.
Computational analysis of these biological models further accelerates target identification, which then
can be validated in HemoShear’s biological models. This technology has supported two external drug
discovery programs (a partnership with Takeda for NASH and another with Horizon for gout) and has
fueled internal efforts for identification of new therapeutic strategies for rare diseases, including a
therapy for the treatment of two ultra rare disorders now in Phase 2 clinical trials.
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A Strategic's View: The Importance Of R&D To Innovative Consumer Health Solutions

Michelle Bateson, PhD
Vice President and Head of R&D, North America
GlaxoSmithKline Consumer Healthcare
https://www.linkedin.com/in/michelle-bateson-8002a45/

Michelle is an experienced R&D leader in Innovation and Product Development.
She is currently the Head of R&D, North America at GSK Consumer Healthcare,
accountable for end to end delivery of eight trusted consumer brands like
Sensodyne, Voltaren, Panadol, Flonase, etc. She holds a BSc in Chemical
Engineering from MIT and a PhD in Pharmaceutical Research from the Queen’s
University of Belfast. In addition to her primary function, Michelle focuses her
time on talent development, in particular sponsoring female scientists.  Michelle
recently relocated from England to New Jersey with her husband and four children
and finds that there is no better test to resiliency than moving internationally with

kids during a global pandemic.

Abstract
The ultimate delivery of a successful consumer healthcare product depends upon proper investment in
and support of R&D.  Done effectively, R&D not only yields product improvements but can help
reduce production costs and foster innovative manufacturing methods, among other things.  Large
strategic consumer health and pharmaceutical companies are constantly seeking out ways to increase
the volume and quality of R&D for their existing and future products, and that R&D can have its
genesis in the laboratories of research institutions or corporate entities.  Hear about the R&D
experience of one of the consumer healthcare industry's prominent leaders, how her company views
R&D, and how she and others are fostering an environment of inclusion to attract the next generation
of R&D talent.
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Binding Studies of 4-Me-ARM1 and LTA4H by Isothermal Titration Calorimetry 
 

Joanna Joo†, Kyung Hyeon Lee,†,‡ Greg Petruncio,† Yun M. Shim,§ Schroeder M. Noble,‡ and Mikell 
Paige† 

 
†Department of Chemistry & Biochemistry, George Mason University, 10920 George Mason Circle, 
Manassas, Virginia 20110, United States 
‡Bacterial Diseases Branch, Wound Infections Department, Walter Reed Army Institute of Research, 503 
Robert Grant Ave, Silver Spring, Maryland 20910, United States 
§Division of Pulmonary and Critical Care Medicine, Department of Medicine, University of Virginia, P.O. 
Box 800546, Charlottesville, Virginia 22908, United States 
 
jjoo8@gmu.edu 
 
     The leukotriene A4 hydrolase (LTA4H) enzyme is a 69 kDa protein that is implicated in inflammation. 
The bifunctional zinc metalloenzyme has been characterized as a pro-inflammatory epoxide hydrolase 
(EH) and as an anti-inflammatory aminopeptidase (AP).[1] In order to enhance the anti-inflammatory 
properties of the enzyme, our group has focused on the design and synthesis of small molecule activators 
of the LTA4H AP activity. In previous studies, our group has synthesized a series of isomers of ARM1, an 
inhibitor of LTA4H EH activity, and 4MDM, an activator of LTA4H AP activity. The analogue of 4-Me-ARM1 
was shown to most potently activate AP activity with an AC50 (the concentration at 50% activation) of 83 
nM when alanine-p-nitroanilide (Ala-pNA) was used as the substrate and reporter group. Work by Lai and 
co-workers suggested that Arg-X-X tripeptides, where arginine is at the N-terminus of the peptide, would 
be the best substrate for LTA4H AP activity[2]. Therefore, we tested the effect of 4-Me-ARM1 on 
modulating the AP activity of LTA4H when Arg-pNA is used as the substrate. The kinetic assay showed 
that 4-Me-ARM1 acts as an inhibitor of LTA4H with an IC50 of 2.4 nM for hydrolysis of Arg-pNA. In order to 
see the binding of 4-Me-ARM1 and LTA4H, isothermal titration calorimetry (ITC) was performed. Two 
binding sites for 4-Me-ARM1 on LTA4H were observed. The binding to the first binding site resulted in Kd1 
of 1.3E-7 M and ∆H1 of -17.8 kcal/mol. The binding to the second binding site resulted in Kd2 of 4.9E-7M 
and ∆H2 of 50.0 kcal/mol. Since only one specific binding site for 4-Me-ARM1 on the enzyme was found 
from our X-ray crystallography work, we assume that the first exothermic binding site corresponds to 
specific binding to the active site and the second endothermic binding site corresponds to an allosteric 
binding pocket. Our future plans are to fully characterize the enzyme modulation kinetics of 4-Me-ARM1 
against a panel of amino acids labeled with a pNA reporter group. 
 
References 
[1] Lee, K. H., Petruncio, G., Shim, A., Burdick, M., Zhang, Z., Shim, Y. M., Noble,  
     S. M., & Paige, M. (2019). Effect of modifier structure on the activation  
     of leukotriene A4 hydrolase aminopeptidase activity. Journal of Medicinal  
     Chemistry, 62(23). 
 [2] Jiang, X., Zhou, L., Wu, Y., Wei, D., Sun, C., Jia, J., Liu, Y., & Lai, L.  
     (2010). Modulating the substrate specificity of LTA4H aminopeptidase by  
     using chemical compounds and small-molecule-guided mutagenesis.  
     ChemBioChem, 11(8). https://doi.org/10.1002/cbic.200900788 
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Modeling of Heterocycles in Tubulin: Towards Anticancer Drug Development 
 

Rachel I. Ruhl1, Reuben N. Laryea1, Blake A. Evans2, Garrett Hines1, Kathryn E. Cole1, * 

 
1Department of Molecular Biology and Chemistry, Christopher Newport University, Newport News, VA, 
(USA) 
2Department of Chemistry, Hobart and William Smith Colleges, Geneva, NY, (USA) 
 
kathryn.cole@cnu.edu 
 
  Tubulin is involved in microtubule function, including mitosis, cell shape, migration, and 
movement of organelles.[1] Tubulin inhibitors are used in cancer treatments; however, the current 
inhibitors tend to be complex molecules, and suffer from toxicity issues, multi-drug resistance, low 
solubility, and/or the lack of multi-cancer efficacy. Previous work identified a furanone-containing 
molecule, PY-407-C, that prevented tubulin polymerization.[2] It had nanomolar toxicity on cancer cells, 
and biological screening suggested tubulin as a target. 
Here we report the predicted binding of PY-407-C in 
tubulin in the colchicine binding site. The predicted free 
energy of binding of PY-407-C- is lower than that of 
the known colchicine,[3] suggesting that it may be a 
stronger inhibitor. The specific binding interactions are 
currently in progress. The purpose of our study is to 
analyze the binding interactions in order to design and 
synthesize more potent anti-tubulin analogues.  
 
 
References 
[1] Goodson, H. V.; Jonasson, E. M. Cold Spring 

Harb. Perspect. Biol. 2018, 10, a022608. 
[2] Mowery, P.; Filkorn, M. M.; Hurysz, B.; Kwansare, D. O.; Lafferty, M. M.; McFadden, M. A.; 

Neerukonda, N. D.; Patel, R. R.; Pierce, K.; Sockett, K. A.; Truax, N. J.; Webster, N. R.; Pelkey, 
E. T. Bioorg. Med. Chem. Lett. 2021, 41, 127991. 

[3] Prota, A. E.; Danel, F.; Bachmann, F.; Bargsten, K.; Buey, R. M.; Pohlmann, J.; Reinelt, S.; Lane, 
H.; Steinmetz, M. O. J. Mol. Biol. 2014, 426, 1848-1860. 

 
 
Acknowledgement 
We thank Dr. Patricia Mowery and Dr. Erin Pelkey (HWS) and CNU for funding. 



VirginiaDrugDiscoveryRx Poster Session, May 24-25, 2022 
P3 

                                                                               

 
A Semi-Automated KNIME Workflow for Selecting Potential Kinase Inhibitors Using Off-Target 
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 Kinase inhibition is an option for anticancer therapies. Some kinases in the body help send growth 
signals to cells. Kinase inhibitors can stop the growth signals from reaching cancerous cells. In the past, 
designing specific kinase inhibitors often took a lot of effort and time. The goal of this project is to develop 
a fast and convenient way to computationally select for starting points (leads) of different protein kinase 
inhibitors to optimize for inhibitor designers. The software KNIME (Konstanz Information Miner) is used to 
obtain kinase off-target activity from the ChEMBL database. KNIME is then used to filter and select for 
compounds with favorable molecular descriptors and activities. The resulting workflow is based on EGFR 
and NEK3 kinases, but any kinase “target” ChEMBL_ID’s can be entered as input and a report/list of 
compounds is produced as an output. We plan to use the KNIME workflow as a model to build a user-
friendly web interface for use by anyone interested in kinases and their potential inhibitors. 
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Teachopencadd-Knime: A Teaching Platform for Computer-Aided Drug Design Using KNIME 
Workflows. Journal of Chemical Information and Modeling 2019, 59, 4083–4086.  

[2] Prasad, V.; Mailankody, S. Research and Development Spending to Bring a Single Cancer Drug 
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Galactic Cosmic Radiation (GCR) is a spectrum of ionizing radiation consisting of several high-
energy heavy (HZE) ions such as oxygen, iron, and silicon. Earth is surrounded by a protective 
magnetosphere which shields from the harmful effects of HZE ions. Our prior work has shown that HZE 
ions cause significant central nervous system (CNS) impairments including deficits in executive function 
performance and social withdrawal at exposures ≤15 cGy [1]. For example, male rats were irradiated with 
low doses of helium particles (4He) displayed decreased social behavior when allowed to freely interact 
with a novel rat. These animals also displayed increases in self-grooming behavior. Therefore, this study 
aimed to investigate the effect of double irradiation in 15-month-old Wistar male rats by subjecting them to 
two doses of whole-body irradiation of either 4He or a mixed-beam GCR (e.g., Sham-Sham, GCR-GCR, or 
4He-GCR). At 6 months post-radiation, rats were assessed for effects of ionizing radiation on social and 
stereotypic behavior. Specifically, individual test rats were placed in a plastic container which was 
approximately 2 feet by 1.5 feet and allowed to habituate to the apparatus for five minutes. A novel and 
experimentally-naive conspecific male was introduced into the apparatus and over thirty minutes the 
interaction was recorded in low lighting (<5 lux) with an HD camcorder using nightshot technology. The 
irradiated rats were tail marked to clearly identify between the test and stimulus rat. Three independent 
raters, blind to treatment conditions, observed and scored operationally-defined social and stereotypic 
behaviors (SD, CN, YH) during the first 10 minutes following introduction of the stimulus rat. Behaviors 
rated include: time spent engaged in self-grooming, social approach and social pursuit. Additional measures 
of social avoidance, aggression and immobility were also measured. Data collected by each individual rat 
were subjected to analysis using GraphPad Prism to determine agreement between raters. Preliminary 
analysis showed no significant impairments in social or stereotypic behaviors between sham and irradiated 
animals. Future analyses with a larger sample size may provide further insight on emerging deficits in these 
irradiated rodents. Other future areas of investigation include determining social and mood impairments in 
female rats and additional studies on the effect of sleep fragmentation in these animals. Overall, further 
analysis of remaining videos is needed and further investigation of effects of GCR on social and stereotypic 
behavior is needed. Interrater reliability between individual raters was found to be acceptable. However, 
there is strong potential to decrease variability of data among raters for future studies especially in terms 
of social pursuit behavior.  
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  Malaria remains a threat to global health as the WHO recently reported that there were 241 million 
malaria infections in 2020. Most of these cases are caused by Plasmodium falciparum, a parasite with a 
complex lifecycle and metabolism. First line treatments including artesunate and artemisinin combination 
therapy (ACTs), have begun to fail in Sub-Saharan Africa and the Greater Mekong Sub-Region. The 
incidence of multidrug resistant malaria is on the rise, signaling a need for more therapeutics with novel 
mechanisms of action. We report a series of prodrugs of unsaturated N-benzoyl substituted analogs of 
fosmidomycin, a natural product that demonstrated nanomolar inhibition of 1-deoxy-D-xylulose 5-
phosphate reducto-isomerase (Dxr), which is a critical enzyme within the 2-C-methyl-D-erythritol 4-
phosphate (MEP) pathway. This pathway is critical to synthesize isoprenoids from 5-carbon precursors IPP 
and DMAPP. Humans employ an alternate route, the non-mevalonate pathway, to generate these critical 
isoprenoids. To this end, our lab has developed a series of prodrugged fosmidomycin analogs with various 
N-benzoyl substitutions to optimize enzyme inhibition and acyloxymethyl protecting groups to improve the 
pharmacokinetic properties of the phosphonic acid moiety of fosmidomycin. We report the results of an in 
vivo study in a mouse model of Plasmodium infection used to elucidate the potential of our compounds to 
prevent malaria recrudescence. Additionally, the solubility of these molecules in various disease-model 
relevant vehicles is explored. 
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 Climate has an impact on plant phenotypes, including vegetative and floral morphology. As a 
result of the restrictions plants face in specific climates, unrelated species in similar environments can 
adapt to have similar morphology.[1] For example, it is generally accepted that plants will typically have 
smaller leaves and a shorter stature in hotter climates with less rainfall, as these morphological traits aid 
in water conservation. [2] Phylogeny constructed from DNA sequence data can reveal whether species 
that have the same morphology are more genetically related or if they are not related but still occupy 
similar habitats. To observe the relationship between habitat and morphology, we mapped North 
American species of the genus Silene onto a phylogenetic tree. Silene species have a high diversity in 
habitat and morphology, making the genus good for exploring phenotypic changes between species. We 
constructed one phylogeny from four species from the Southwestern part of the United States, two from 
the Pacific Northwest, one from Utah, two from Colorado, and two from Europe used as outgroups. We 
trait-mapped habitat type and vegetative morphology, including leaf size and internode length, on the 
phylogenetic tree. Given that the Pacific Northwest tends to be wetter and colder while the Southwest is 
drier and hotter, we expected that species occupying the same geographic area would have similar 
vegetative morphology; this was confirmed in our findings. Additionally, our research agreed with previous 
research in which plants in arid climates, such as the Southwest, typically display smaller leaves and 
shorter internodes, while those in climates of the opposite conditions, such as the Northwest, have longer 
leaves and internodes. We also found that the North American species were closer to one another on the 
phylogeny than those from Europe. The general trend exhibited by the phylogeny was that species of 
similar habitats occupied the same clades, designating that these species were more genetically related. 
Based on these groupings, it is likely that genetically similar species possess traits that are specially 
adapted to certain environments. These findings underscore the significant impact that climate has on a 
plant’s phenotype and the value of using phylogenies to determine how plants’ genetics, habitats, and 
morphologies are related. 
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  As the sensory organelle and cell signaling antenna, the primary cilium in animal cells not only 
senses environmental cues but also integrates and transduces extracellular signals to regulate cell activities 
[1]. Structural integrity of the primary cilium is essential for these sensory and signaling functions. A wide 
spectrum of human disorders categorized as ciliopathies are attributed to cilia dysfunction in various tissues 
[2]. An important role of primary cilia is also emerging in neurological disorders and cancer. In neurons, the 
primary cilium plays a key role in determining the signaling and responsive state and establishing a non-
synaptic mechanism for interneuron connectivity [3]. In cancer cells, numerous oncogenic molecules, such 
as Smoothened, KRAS, EGFR, and PDGFR, are compartmentalized in the primary cilium. In the acquisition 
of drug resistance, cancer cells show increased cilia length and Hedgehog signaling [4]. Targeting the 
primary cilium has shown potential to modulate cancer cell response to kinase inhibitors and thus may offer 
new opportunities to overcome drug resistance [4]. Ciliogenesis-associated kinase 1 (CILK1) and its 
homologs serve a highly conserved function in the control of primary cilia [5]. Ciliopathies linked to CILK1 
mutations exhibit cilia elongation and perturbation of cilia-dependent signaling. Currently there is a lack of 
small molecular inhibitors for CILK1 that can be used as a pharmacological tool to modulate cilia length and 
signaling in living cells. A previous screen of a chemical library for interactions revealed that Alvocidib has 
picomolar binding affinity for CILK1. In this study, we tested if Alvocidib is a potent and selective inhibitor 
of CILK1 in live cells. We expressed CILK1 and its substrate KIF3A in HEK293T cells to assay the effect of 
Alvocidib on CILK1 phosphorylation of KIF3A. Alvocidib inhibited CILK1 activity against KIF3A in cells (IC50 
= 20 nM). Alvocidib at 100 nM mostly abolished CILK1 phosphorylation of KIF3A but showed little reduction 
in CDK phosphorylation of Rb proteins, supporting selectivity of Alvocidib for CILK1 over CDKs. Alvocidib 
treatment at low doses significantly increased cilia length but not in CILK1 mutant cells, showing a CILK1 
dependent response. These results together support use of Alvocidib to potently and selectively inhibit 
CILK1 in cells to stimulate cilia elongation. Our research provided a new pharmacological tool to explore 
how to target primary cilia to alter the signaling state and the pathological condition of human cells. 
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Idiopathic pulmonary fibrosis (IPF) is a degenerative condition of unknown etiology that results in a 
thickening of the lung interstitium culminating in respiratory failure and ultimately death spanning a 3-to-5-
year period following the initial diagnosis1. Moreover, the limited number of therapeutics available, 
currently pirfenidone and nintedanib, in addition to lung transplantation, make IPF an exceedingly 
expensive disease to treat, with recent estimates suggesting direct treatment per individual per year costs 
approximately $25,0002. The poor prognosis following IPF 
diagnosis, along with the associated healthcare costs, 
necessitates the identification of novel therapeutic targets that 
underscore the pathological alterations within the lungs of IPF 
patients. Fibrotic remodeling of the extracellular matrix (ECM) is a 
pathological hallmark of IPF. Two well-documented phenotypic 
changes associated with this remodeling are excessive collagen 
production and accumulation of degradation-resistant collagen 
cross-links, both of which are directly influenced by FK506 binding 
protein 65 (FKBP65)3. Among the FKBP family members, 
FKBP65 is the largest, with four enzymatically active domains that 
retain a conserved structural motif albeit with substantial variation 
in sequence identity4. To probe for differences in substrate affinity 
among these unique enzymatically active domains, our 
characterization of FKBP65 and its interaction with FK506 has 
centered on adapting the classical PPIase enzyme assay to 
overcome the inherent limitations associated with the traditional 
methodology and streamline the drug discovery process without sacrificing sensitivity or reproducibility5. 
The push to develop a robust, efficient enzyme activity assay for FKBP65 further bolsters its potential as 
a promising candidate for therapeutic intervention, first in IPF models and ultimately in IPF patients. 
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The plethora of analgesics available has made treating pain an increasingly difficult task. Many 
healthcare providers start treating patients somewhere within their pain management algorithm, and then 
make a diagnosis based on whichever medication works, a process known as ex juvantibus1. With a wide 
variety of options, health care providers often succumb to a tyranny of choice, and patients bear the 
burden of paralysis by analysis. However, with the ever-present risk of addiction, balancing pain 
medication with dependency is of vital importance. Opioid use disorder affected 2.1 million Americans in 
2016, and opioids killed 47,000 in 20172. On the other side, moderate or severe pain is untreated in at 
least half of all advanced cancer patients3. Finding the appropriate balance can be difficult, and proper 
pain management relies on an understanding of the basic principles, both behind the disease and the 
medications mechanism of action. 

There are three main mechanisms of pain. Nociceptive pain results from stimulation of receptors 
by mechanical forces1. Inflammatory pain is characterized by strong sensations of pain due to seemingly 
innocuous stimuli4. Neuropathic pain is caused by damage to the somatosensory nervous system and is 
often the result of structural changes or cell-to-cell interactions5. In order to treat pain, physicians usually 
turn to one of three classes of medications. Nonsteroidal anti-inflammatory drugs (NSAIDs) blunt the 
inflammatory response by inhibiting COX-1 and COX-26. Neuropathic agents are used to relieve 
neuropathic pain and include anticonvulsants and antidepressants5. Opioids are a large class of 
medications which act on the endogenous opioid system of G-proteins7. Determining the root cause of a 
person’s pain can help providers target their treatment to relieve that pain with the lowest risk to a 
patient’s health.  
 
References 
[1] Vardeh, D., Mannion, R. J., & Woolf, C. J. (2016). Toward a Mechanism-Based Approach to Pain 

Diagnosis. The journal of pain, 17(9 Suppl), T50–T69 https://doi.org/10.1016/j.jpain.2016.03.001 
[2] Coffa, D., & Snyder, H. (2019). Opioid Use Disorder: Medical Treatment Options. American family 

physician, 100(7), 416–425. 
[3] Chapman, E. J., Edwards, Z., Boland, J. W., Maddocks, M., Fettes, L., Malia, C., Mulvey, M. R., & 

Bennett, M. I. (2020). Practice review: Evidence-based and effective management of pain in 
patients with advanced cancer. Palliative medicine, 34(4), 444–453. 
https://doi.org/10.1177/0269216319896955 

[4] Baral, Pankaj et al. “Pain and immunity: implications for host defense.” Nature reviews. 
Immunology vol. 19,7 (2019): 433-447. doi:10.1038/s41577-019-0147-2 

[5] Finnerup, Nanna Brix et al. “Neuropathic Pain: From Mechanisms to Treatment.” Physiological 
reviews vol. 101,1 (2021): 259-301. doi:10.1152/physrev.00045.2019 

[6] Bindu, S., Mazumder, S., & Bandyopadhyay, U. (2020). Non-steroidal anti-inflammatory drugs 
(NSAIDs) and organ damage: A current perspective. Biochemical pharmacology, 180, 114-147. 
https://doi.org/10.1016/j.bcp.2020.114147 

[7] Corder, G., Castro, D. C., Bruchas, M. R., & Scherrer, G. (2018). Endogenous and Exogenous 
Opioids in Pain. Annual review of neuroscience, 41, 453–473. https://doi.org/10.1146/annurev-
neuro-080317-061522 

 
Acknowledgement 
We thank George Mason University and the Uniformed Services University of Health Sciences. 



VirginiaDrugDiscoveryRx Poster Session, May 24-25, 2022 
P10 

                                                                               

Substrate Dependent Enzyme Mechanism of Leukotriene A4 Hydrolase Aminopeptidase in the 
Presence of 4MDM and 4MDM-analogs 

 
Kyung Hyeon Lee1,2, Nadia Fazal Ali1, Greg Petruncio1, Soo Hyeon Lee2, Yun M. Shim3, Schroeder M. 
Noble2, Mikell Paige1,* 

1Department of Chemistry & Biochemistry, George Mason University, Manassas, VA, (USA) 
2Wound Infections Department, Bacterial Diseases Branch, Walter Reed Army Institute of 
Research, Silver Spring, MD, (USA) 
3Division of Pulmonary and Critical Care Medicine, Department of Medicine, University of Virginia, 
Charlottesville, VA, (USA) 

 
kleep@gmu.edu 
 
The zinc metalloenzyme leukotriene A4 hydrolase (LTA4H) 
participates in both pro- inflammatory and anti- inflammatory 
pathways.[1,2] It functions as an epoxide hydrolase (EH) in pro-
inflammatory pathways and an aminopeptidase (AP) in anti- 
inflammatory pathways.[2,3] The EH activity of LTA4H is 
associated with LTB4-mediated inflammation, while the AP 
activity of the enzyme was shown to promote resolution of 
pulmonary inflammation by clearance of the chemotactic 
tripeptide PGP.[4] As reported by Orning and co-workers, LTA4H 
hydrolyzes tripeptides containing an N-terminal arginine more 
efficiently than other peptide substrates, which can be 
considered an arginine N-aminotripeptidase.[5] To understand 
the kinetic mechanisms of aminopeptidase activity, we carried 
out an assay with Arg-pNA, Pro-pNA, and Ala-pNA to measure 
p-nitroaniline as a reporter group. Three different substrates 
were tested to demonstrate the substrate dependent mechanism 
of LTA4H AP activity in the presence of 4MDM. Moreover, 4MDM 
and a series of 4MDM analogs were investigated to determine 
the mechanisms of AP activity by structurally similar modulators.[6,7] In conclusion, our study revealed that 
a peptidase therapeutic target can interact with its substrate and ligand in complex biochemical 
mechanisms. This raises an important consideration when ligands are designed to explain some of the 
unpredictable outcomes observed in therapeutic discovery targeting LTA4H. 
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Acinetobacter baumannii, whose name was given after the American 
microbiologist Paul Baumann, is an opportunistic, rod-shaped Gram-
negative bacterium that has been a worldwide concern due to its 
notorious ability to resist most currently available antibiotics. It  can 
survive under extreme conditions, resist desiccation, disinfection, and 
live on abiotic surfaces like plasticware for months.[1-2] A. baumannii 
causes infections in various places in the body, such as lungs, 
bloodstream, urinary tract, and soft tissues.[3] According to the FDA, 
the mortality rate of these infections with current treatments is 40%, 
and up to 60% of these bacterial isolates are multi-drug resistant 
(MDR). Current antibiotics target the bacterial cell wall, prevent 

bacteria from making DNA or inhibit the RNA synthesis process. The lack of studies on cytoplasmic proteins 
in A. baumanni has led to our study on the bacterial iron superoxide dismutase (FeSOD) that protects the 
pathogen from harmful reactive oxygen species, which in turn protects the bacteria from host defenses. We 
synthesized new analogues around a hit compound from a virtual screen. We also initiated a new screen 
to discover new structural classes to diversify our library. Finally, we are designing peptide-based inhibitors 
to inhibit homodimerization of FeSOD. Twenty analogues based on FeSOD62 and FeSOD65 scaffolds 
were synthesized. Synthesis of a new analogue set using a chalcone scaffold is in progress. For docking 
studies, we used the MOE (Molecular Operating Environment) software, which afforded 11 potential hits 
out of 20,000 compounds screened. In the protein-protein interactions study, AMBER was used for 
molecular dynamics simulations to determine residues that contribute the most to the interactions between 
all atoms in the system. The results revealed that GLU165, ARG173 and ARG176 residues contribute the 
most to homodimerization. Therefore, we designed peptides that included these motifs as potential 
inhibitors of FeSOD. Herein, we present our computational screen, compound synthesis, MD simulations 
at the interface of the FeSOD homodimerized interface, and preliminary in vitro results. 
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Activity 

 
Kyung Hyeon Lee,†,‡,∥ Greg Petruncio,†,∥ Amanda Shim,§ Marie Burdick,§ Zhimin Zhang,§ Yun M. Shim,*,§ 
Schroeder M. Noble,*,‡ and Mikell Paige*,† 
 
†Department of Chemistry & Biochemistry, George Mason University, 10920 George Mason Circle, 
Manassas, Virginia 20110, United States 
‡Bacterial Diseases Branch, Wound Infections Department, Walter Reed Army Institute of Research, 503 
Robert Grant Ave, Silver Spring, Maryland 20910, United States 
§Division of Pulmonary and Critical Care Medicine, Department of Medicine, University of Virginia, P.O. 
Box 800546, Charlottesville, Virginia 22908, United States 
 
gpetrunc@gmu.edu 
 
Activation of the leukotriene A4 hydrolase (LTA4H) aminopeptidase (AP) activity with 4-
methoxydiphenylmethane (4MDM) was shown to promote resolution of neutrophil infiltration in a murine 
chronic obstructive pulmonary disease (COPD) model.1 Recently, 4-(4-benzylphenyl)thiazol-2-amine 
(ARM1) was published as a ligand for LTA4H with potential anti-inflammatory properties.2 A series of 
analogues bearing structural features of ARM1 and 4MDM were synthesized using trifluoroborate Suzuki 
coupling reactions. The 
analogues were then 
screened for their AP 
activity in an Ala-pNA 
assay, with 4-Me-ARM1 
being the most potent 
activator (AC50 = 0.083 
μM). 4-OMe-ARM1 (AC50 = 0.24 μM) was then studied further because of its comparable potency to 4-Me-
ARM1 and shared structural features with its two progenitors, 4MDM and ARM1. A 2.8 Å X-ray crystal 
structure of LTA4H complexed with 4-OMe-ARM1 was determined. Finally, 4-OMe-ARM1 was shown to 
dose responsively reduce LTB4 production in human neutrophils with greater potency known LTA4H 
epoxide hydrolase (EH) inhibitor bestatin.  
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Acknowledgement 
This research was supported by NIH Grant R01HL132287. 



VirginiaDrugDiscoveryRx Poster Session, May 24-25, 2022 
P13 

                                                                               

Natural Product FR900098 Analogs as Inhibitors of the MEP Pathway 
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  In Mycobacterium tuberculosis (Mtb) and Plasmodium falciparum (Pf), the methylerythritol 
phosphate (MEP) pathway is responsible for isoprene synthesis. This process is vital to bacterial/parasitic 
survival and represents an attractive set of drug targets due to its essentiality in these pathogens but 
absence in humans. The second step in the MEP pathway is the conversion of 1-deoxy-D-xylulose-5-
phosphate (DXP) to MEP and is catalyzed by 1-deoxy-D-xylulose-5-phosphate reductoisomerase (Dxr). 
Natural products fosmidomycin and FR900098 inhibit Dxr, however they are too polar to reach the 
intracellular target. FR900098 analogs with lipophilic substitution α to the phosphorus atom showed 
promise, displaying increased activity against Mtb and Pf. An α 3,4-dichlorophenyl substituent, in 
combination with various O-linked alkylaryl substituents on the hydroxamate moiety is utilized in the design 
of a novel series of analogs. The O-linked substituents further enhance Dxr inhibition by extending the 
structure into the adjacent NADPH binding pocket, normally occupied DXP and NADPH. Of these analogs, 
compound 7a showed impressive activity against Pf. Utilizing a Topliss approach for aromatic substituents, 
additional compounds were synthesized. To increase lipophilicity, analogs were also made as the diPOM 
prodrugs. Data from the compounds suggest that this combination of substituents is advantageous for a 
new generation of antimicrobials. 
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Drug resistant pathogens present an urgent need for next generation antibacterial agents. Coenzyme A 
(CoA) is an essential cofactor in all living organisms due to its fundamental role in metabolism. A recent 
study investigating the effect that depletion of the Pan and CoA biosynthetic enzymes has on bacterial cell 
viability provides convincing genetic validation of CoaBC as a bactericidal drug target. This leads to the 
hypothesis that inhibitors of CoaBC will disrupt CoA biosynthesis and kill bacterial cells. CoaBC is a 
bifunctional enzyme bearing both phosphopantothenoylcysteine synthetase (PPCS) and 
phosphopantothenoylcysteine decarboxylase (PPCDC), the second and third enzymes of the CoA 
biosynthetic pathway. A range of inhibitors have been designed and synthesized to target the PPCS activity 
of CoaBC. The compounds are analogs of pantothenic acid, the natural substrate of PanK, which catalyzes 
the first step of the CoA pathway. By employing a metabolic activation strategy, cell-permeable inhibitors 
will be substrates for the organism’s PanK enzyme, undergoing phosphorylation and subsequent 
cytidylation to form the active PPCS inhibitor in situ. In a parallel strategy, a series of phosphorylated 
prodrugs have been prepared, bypassing metabolic activation. A third series of compounds (P-Pan-CMP 
mimetics) deliver the intact inhibitor. Thus, using various strategies, these compounds have the potential 
to chemically validate CoaBC as a new antibacterial drug target and serve as lead compounds toward novel 
therapeutics. 

 
 

Figure 1. Generalized Pan-CMP inhibitor. 
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  Sirtuins are a group of “eraser” enzymes that are responsible for removing acyl groups from lysine 
residues. The human sirtuin family comprises seven members, SIRT1-SIRT7.[1] Through deacylating 
various cellular targets, human sirtuins regulate a wide range of biological events including transcription 
silencing, mitochondrial biogenesis, and metabolism, among many others.[2] SIRTs have been closely 
associated with various pathological conditions, and have been implicated as either promoters or 
suppressors of distinct cancers.[3] 

 
 
 
 
 
 
 
 
 
 
 
  
 In the current study,[4] our effort has been dedicated to the synthesis and characterization of azido-
containing activity-based chemical probes (ABPs) to profile sirtuin activity using Cu-free “click” chemistry. 
These probes exhibited robust labeling of individual sirtuin isoforms, but not their catalytically inactive 
mutants. A particular sirtuin isoform was selectively labeled by the ABPs in its complex native proteomes. 
The probes reported in the current study and their structural variants will greatly expand our toolbox for the 
functional investigation of sirtuin family of protein deacylases in the complex biological settings. 
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  Adenosine and its derivatives are important building blocks of the biological system.[1] They serve 
as the universal energy currency, amplify intracellular signals for various signal transduction pathways, and 
can also be used as the co-substrates for enzymatic transformations. The synthesis and regulation of 
adenosine and its analogs rely on the adenosine binding proteins (ABPs).[2] Dysregulated ABP activity 
contributes to numerous diseases such as cancer, metabolic disorders, and neurodegenerative diseases.[3] 
Presently, there is intense interest in targeting ABPs for therapeutic purposes. A large fraction of the human 
ABP family remains poorly characterized. The need for innovative chemical probes to investigate ABP 
function in the native biological matrix is apparent. In this study,[4] an adenosine analog, probe 1, with a 
photoaffinity group and biotin tag was synthesized using concise synthetic strategies. This probe was able 
to label and capture individual recombinant ABPs with good target selectivity. Probe 1 was also evaluated 
for its ability to label spiked ABP in complex cell lysates. This chemical probe, together with the labeling 
and enrichment assay, is of great value to interrogate the biological functions of ABPs and to elucidate their 
diversity under different physiological conditions. 
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Alzheimer’s Disease (AD) is a chronic neurodegenerative disorder, and the most common form of 
dementia, characterized by a loss in memory and other cognitive abilities.[1] It is estimated that 6.2 million 
Americans aged 65 and older are living with AD in 2021. As the number of older Americans grows rapidly, 
that number is projected to increase to 12.7 million by 2050. One in three seniors dies with Alzheimer’s or 
another dementia.[2] At the microscopic level, AD presents with extensive neuronal loss, amyloid plaques, 
and neurofibrillary tangles (NFTs). Amyloid precursor protein is processed by beta secretase to form 
amyloid beta – the primary component of amyloid plaques. Tau, a microtubule associated protein, is 
hyperphosphorylated, leading to destabilized microtubules and the formation of NFTs.[1] Cathepsin D (catD) 
is a lysosomal aspartyl protease that has been shown to break down tau tangles and has been isolated 
with amyloid plaques.[3] 

Our lab works on glycosaminoglycans (GAG), whose phenomenal microheterogeneity allows them 
to specifically interact with a large variety of proteins, including all key proteins involved in AD pathogenesis. 
 Understanding catD’s role in neurodegenerative diseases may serve as a starting point to design 
therapeutic agents in order to modulate its activity. A lack of consensus exists regarding the effects of GAGs 
on catD. One study exploring the effects of GAGs on lysosomal enzymes found them to have an inhibitory 
effect on catD.[4] However, Beckman et al. found that GAGs stimulate the activity of mature catD.[5] These 
conflicting discoveries led us to conduct molecular docking studies to first understand which GAGs bind 
and in what manner.  

The screening of commercially available GAGs that can be purchased and evaluated in vitro in 
biophysical studies serves as an advantage over a library of natural and unnatural sequences. Upon 
generating the electrostatic potential surface, two putative GAG-binding sites were selected. The 
oligosaccharide library was subjected to triplicate docking using GOLD Docking Software. The screening 
process has allowed us to determine a preferred GAG-binding site and binding mode. The binding affinity 
does not appear to depend upon chain length or degree of sulfation, however, the pattern of sulfation of 
some GAGs informs us that the unique 3-O-sulfation may play an important role and has yet to be 
elucidated conclusively. A single best sequence might be inferred from the high affinity and high consistency 
seen by a hexasaccharide at both binding sites. 
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 Pyridoxal 5’-phosphate (PLP), the biologically active form of vitamin B6 is a cofactor for over 180 
B6 enzymes (PLP-dependent enzymes) that are involved in critical biochemical reactions, e.g., amino acid, 
heme, and neurotransmitter biosynthesis. In prokaryotes, yeasts, and plants, PLP is obtained from de novo 
and salvage pathways. The salvage pathway involves the enzymes pyridoxal kinase (PL kinase) and 
pyridoxine 5’-phosphate oxidase (PNPO) that use the primary B6 vitamers, pyridoxine (PN), pyridoxal (PL) 
and pyridoxamine (PM) to produce PLP. Humans can only synthesize PLP through the salvage pathway. 
Deficiency of PLP in the cell leads to several diseases. PLP is a highly reactive molecule and toxic, therefore 
its concentration in the cell is regulated by phosphatases that dephosphorylate it to PL and/or by feedback 
inhibition of PL kinase and PNPO.  

A third salvage enzyme, PDXI, with a reductase activity was recently discovered in bacteria and 
plants, catalyzing the reduction of PL in the presence of NADPH to form PN and NADP+. Despite its 
importance as a PLP homeostasis protein for efficient salvage of PL, only limited information on its structure 
and function is available. This study is aimed at characterizing E. coli PDXI with respect to its catalytic 
conversion of PL to PN, substrate binding specificity, regulation, and atomic structure.  

E. coli cells containing the cloned pdxI were grown in 6 liters of LB media and after reaching an 
O.D.600nm of greater than 0.6, were induced with 0.5 mM IPTG. Cells were grown for an additional 4 hours 
at 37ºC and harvested by centrifugation. The expressed PDXI was purified using a Ni-NTA column with 
FPLC. Protein fractions with single band at 33 kDa as checked by SDS-PAGE were combined and dialyzed 
overnight in a buffer containing 50 mM NaH2PO4, 150 mM NaCl, pH 7.5. The pure apo-protein (>90%) as 
judged by SDS-PAGE was used for crystallization with the Crystal Gryphon robot using a wide range of 
crystallization conditions. The condition 0.1 M MgCl2, 0.1 M MES:NaOH, pH 6.5, and 30% PEG 400 gave 
the best crystal, which was used to collect X-ray diffraction data. The crystal structure of PDXI has been 
solved by a molecular replacement with the Phenix program, and the model subsequently refined using the 
Phenix and COOT programs. Further crystallographic studies of PDXI in complex with its substrates PL 
and/or NADPH or its products PN and/or NADP+ are ongoing. Kinetic studies are also ongoing using UV/vis 
spectroscopic method by measuring a decrease in the absorption of NADPH at 340 nm. The mechanism 
and kinetic constants (km and Kcat) for PDXI will be determined. ITC and/or MST measurements will also 
be used to analyze the binding (Kd) of B6 vitamers to apo-PDXI to study substrate specificity.  

The crystal structure of unliganded PDXI has been determined to 2.2 Å, the first such structure of 
a PDXI protein. PDXI folds as a TIM barrel and consists of 11 α-helices and 8 β-strands. Specific 
interactions of PL or NADPH with the protein await further crystallographic studies. The kinetic and binding 
studies are also ongoing. It is expected that the study will provide detailed molecular level information that 
will be useful in understanding PDXI cellular function and provide insight into PLP homeostasis. 
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Glycosaminoglycans (GAGs) are complex biomacromolecules that exist ubiquitously on cells as 
well as in the extracellular matrix. GAGs play various biological roles in hemostasis, cell growth and other 
processes.1,2 This makes GAG–protein interactions very attractive for developing new therapeutics. Our 
lab has pioneered the approach of designing non-saccharide GAG mimetics (NSGMs) for this purpose. A 
challenge with NSGM technology is, the identification of protein 
targets.3 The primary reason behind this is the sheer number of 
GAG-binding proteins known to exist in the human genome. We 
reasoned that photoaffinity probes (PAPs) of biologically promising 
NSGMs would serve as useful tools for identification of their protein 
targets. This work presents the design and synthesis of the PAP of 
sulfated D-(+)-chiro inositol (SDCI), a highly promising 
antithrombotic agent,4 for identification of its plausible protein 
targets. The PAP of SDCI was designed to contain diazirine and 
alkyne groups (see Figure). The probe was synthesized through a 
series of steps involving, esterification, protection, deprotection and 
sulfation reactions in an overall yield of 17%. The synthetic approach also yielded a bis-PAP byproduct, 
containing two photoactivatable groups, which may have its own advantages. The structural 
characterization of these PAPs was performed using 1H-/13C NMR spectroscopy and HR-MS analysis.  

Photoactivation of the mono PAP in the presence of coagulation proteases/proteins was performed 
at room temperature for 30 min using 368 nm UV light. Following photoactivation, “Click” reaction was 
performed with rhodamine azide in the presence of CuSO4 in deionized water. Analysis of the products 
showed that the mono PAP binds to human coagulation factor XIa. This identifies at least one key target of 
the parent molecule SDCI. Thus, the diazirine-based photo-affinity labeling5,6 strategy can be employed for 
identifying potential targets of GAG mimetics.  
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  The opioid epidemic is one of the worst public health crises the United States has ever endured. 
This is exacerbated by the rising prevalence of concomitant stimulant use, a practice that has recently been 
shown to increase the toxicity of opioids. While there are treatment options for those with opioid use 
disorders, there are no FDA-approved therapeutics for either stimulant or polysubstance use disorders. 
This makes the development of new treatment options imperative. Nalfurafine (NLF), a kappa opioid 
receptor (KOR) agonist and mu opioid receptor (MOR) partial agonist clinically approved to treat uremic 
pruritis in Japan, has yielded intriguing pharmacological results; it is responsible for a decrease in both 
opioid (when co-administered but not pre-treated) and stimulant self-administration, doesn’t result in 
tolerance or self-administration when used in isolation, yields conditioned place aversion only at high doses, 
and importantly does not exhibit dysphoric effects.[1] Despite these promising characteristics, NLF is not 
suitable for repurposing due to sedative effects limiting its therapeutic window, though it may act as a lead 
for further exploration and development.  It is hypothesized that opioid ligands acting as dual-functioning 
KOR agonists/low-efficacy MOR partial agonists will serve as effective medications to treat co-occurring 
opioid and stimulant use disorders. Due to their function at the KOR, these compounds have the potential 
to decrease the “dopamine high” caused by substances of abuse while simultaneously lacking any 
dysphoric side effects typical of a KOR agonist as a result of their MOR activity. Such characteristics may 
yield a novel polysubstance use disorder treatment with reduced abuse liability and increased treatment 
compliance compared to opioid use disorder treatments that are currently available. Thirty-two novel 
chemical entities designed towards such a pharmacological profile have been synthesized using previously 
published methods.[2] The cellular and behavioral pharmacology of the synthesized compounds were then 
evaluated in a progressive, tier-wise manner. First, competitive radioligand binding assays were used to 
determine binding affinity and selectivity for the KOR, MOR, and delta opioid receptor (DOR). Then, 
[35S]GTPγS binding assays were utilized to assess the efficacy and functional activity of ligands at the three 
opioid receptors. Third, identified hits were further tested for their analgesic effects using warm-water tail 
immersion assays in mice. The pharmacokinetic and pharmacodynamic profiles of the most promising leads 
will be further tested in due course. This program has led to increased understanding of NLF structure-
activity relationships and may yield a potential treatment for polysubstance use disorders.  
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Abstract 
The tetrahydro-β-carboline scaffold has proven fertile ground for 
the discovery of antimalarial agents (e.g., MMV008138, 1).123 To 
search for new antimalarial compounds, a generalized 3D 
pharmacophore derived from 1 was developed.4 Using this 
pharmacophore, a virtual ligand screen of the 5K compound 
Novartis antimalarial hit set was performed, revealing a 
stereochemically-undefined N2-acyl tetrahydro-β-carboline 
GNF-Pf-5009 ((±)-2).4 Compound purchase, “analog by catalog”, 
and independent synthesis of hits indicated the benzofuran-2-yl 
amide portion was required for in vitro efficacy against P. 
falciparum. Preparation of pure enantiomers, by resolution of the corresponding amine precursors prior to 
N-acylation (configuration confirmed by X-ray crystallography, demonstrated the pharmacological 
superiority of (R)-2. (R)-2 proved to be potent against the drug-resistant Dd2 strain, with EC50 = 107 ±10 
nM; Interestingly, (S)-2 shows a biphasic concentration response, leading to significantly higher EC95 values 
for parasite clearance. Synthesis and evaluation of D- and F-ring substitution variants and benzofuran 
isosteres indicated a clear structure−activity relationship.4 Note that (R)-2 has low toxicity to three 
mammalian cell-lines (CC50/EC50 ratios ≥ 100) and has a different mechanism of antimalarial action than 1. 
Despite two Ro5 violations (MW and Log D), in vitro ADME-Tox and rat PK analysis of (R)-2 were 
performed, and most indicators were favorable. Ultimately (R)-2 was tested in Plasmodium berghei-infected 
mice; no efficacy was seen after dosing at 40 mg/kg/day.4 Unfavorable physicochemical properties may be 
responsible for the lack of oral efficacy. In this poster I will describe the SAR of (R)-2a and analogs and 
discuss possible reasons for the lack of oral efficacy. 
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Structure-Activity Relationship Study of Disubstituted Benzoxazoles as Inhibitors of Sphingosine 
1-phosphate Transporter Spns2 
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 Sphingosine 1-phosphate (S1P) is a bioactive sphingolipid that plays a vital role in biological 
processes such as the positioning of immune cells. Phosphorylation of sphingosine by sphingosine kinases 
(SphK1 and SphK2) generates S1P, which in turn is exported to the extracellular space to interact with five 
G protein-coupled receptors, S1PR1-5.1 Extrusion of S1P is mediated by Spinster homolog 2 (Spns2), 
which releases S1P from endothelial cells. Spns2 is required to maintain lymph S1P. As such, Spns2 is a 
potential target for autoimmune and inflammatory diseases.1-3 We recently discovered a series of Spns2 
inhibitors, including a compound with a 3-phenyl oxadiazole linker, SLF101851, that has an IC50 of 1.93 μM 
in vitro and induced lymphopenia in vivo, which is a phenotype of Spns2 inhibition. In the current work, we 
performed a structure-activity relationship (SAR) study of SLF101851 and discovered a benzoxazole series 
that effectively inhibited Spns2 in vitro and in vivo. SLB1082156 demonstrated an IC50 of 200 nM using a 
HeLa cell release assay. Administration of 10 mg/kg SLB1082156 (intraperitoneal route) induced 
lymphopenia at six hours post injection and decreased plasma S1P levels. Our studies suggest that 
SLB1082156 has favorable pharmacodynamic and pharmacokinetic properties and serves as a novel 
chemical tool to investigate Spns2 biology and use as a probe to determine the potential of Spns2 as a 
drug target. 
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Increasing Potency of Spns2 Inhibitors 
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The sphingosine 1-phosphate (S1P) signaling pathway has caught the attention of the 
pharmaceutical industry in the last decade during which four drugs targeting the pathway received FDA 
approval. These drugs act through G-protein coupled receptors S1P1-5 and are now called S1P 
modulators.1, 2 An alternative in the S1P pathway is inhibiting  Spinster homologue 2 (Spns2), an integral 
membrane transporter of S1P. Downregulation of Spns2 has an anti-fibrotic and anti-inflammatory effects.3 
Thus, inhibiting Spns2 have implications as therapeutics. Our laboratories performed a structure-activity 
relationship study and discovered 2a bearing a saturated aliphatic tail afforded a potent inhibitor with an 
IC50 of 350 nM. In this work, we focused on improving the potency of 2a and found that the substitution of 
the aliphatic tail with an ether tail (3a) showed an improved the IC50 value of 66 nM in an S1P release assay 
in HeLa cells. Administration of 3a in mice induced lymphopenia, which is a hallmark of Spns2 inhibition. 
Our studies suggest that further modification on the tail region of the pharmacophore may lead to Spns2 
inhibitors with favorable pharmacokinetic properties suitable for investigating whether Spns2 is a drug 
target. 
 

O
N

NH•HCl O

O
N

NH•HCl

2a, IC50
 = 350 nM

3a, IC50
 = 66 nM

 
 
References 
1. Park, S. J.; Im, D. S. Sphingosine 1-Phosphate Receptor Modulators and Drug Discovery. Biomol 
Ther (Seoul) 2017, 25, 80-90. 
2. Subei, A. M.; Cohen, J. A. Sphingosine 1-Phosphate Receptor Modulators in Multiple Sclerosis. 
CNS Drugs 2015, 29, 565-575. 
3. Blanchard, O.; Stepanovska, B.; Starck, M.; Erhardt, M.; Romer, I.; Meyer Zu Heringdorf, D.; 
Pfeilschifter, J.; Zangemeister-Wittke, U.; Huwiler, A. Downregulation of the S1P Transporter Spinster 
Homology Protein 2 (Spns2) Exerts an Anti-Fibrotic and Anti-Inflammatory Effect in Human Renal 
Proximal Tubular Epithelial Cells. Int J Mol Sci 2018, 19, 1498. 
  
Acknowledgement 
We thank NIH for funding (R01 GM121075). 
 



VirginiaDrugDiscoveryRx Poster Session, May 24-25, 2022 
P24 

                                                                               

A-Ring Modification On MMV008138: Effects On Antimalarial Potency And Microsomal Stability, 
Implications For Mode Of Inhibition 
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Tetrahydro-β-carboline 1 (MMV008138)1,2 controls growth of blood-stage Plasmodium falciparum by 
inhibiting a critical metabolic enzyme (IspD).3-5 It has a very specific D-ring structure-activity relationship, 
requiring halogen-disubstitution at the 2ʹ- and 4ʹ-positions.2,5 It also cannot tolerate methyl substitution at 
positions 1-3 of the C-ring or 9 of the B-ring.6 In this study we report the synthesis and evaluation of 19 A-
ring variants of 1. Interestingly, extreme sensitivity to substitution is also seen in the A-ring, and only three 
derivatives had EC50 within 3-fold of the parent (20a, c, d). 7-Fluoro analog 20c showed a marked 
improvement in microsomal stability. However, this improvement did not improve oral efficacy in a mouse 
model of malaria. Finally, we use X-ray crystallography of (±)-21a and 1H NMR spectroscopy of 1 and 21a 
to address the equilibrium aqueous conformation of 1, and reevaluate a literature proposal for the binding 
pose of 1 in PfIspD. 
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  Malaria, caused by the parasite Plasmodium, 
remains one of the deadliest infectious diseases worldwide. 
The development of resistance to all current antimalarials 
mandates the discovery of new drug candidates. Our 
previous work identified 1 as inhibitor of the MEP pathway, 
which produces essential isoprenoid precursors (IPP and 
DMAPP) in the malaria parasite P. falciparum.1,2 To search 
for new antimalarial structures, we constructed a 
generalized 3D pharmacophore based on 1 and 92 of its 
analogs and used it for a virtual ligand screen of a publicly available database of antimalarial hits. This 
exercise identified 2 (undefined stereochemistry), which was reported to have nearly the same potency of 
1(Figure 1). All four stereoisomers of 2 were synthesized, but none were potent antimalarials. 
Serendipitously, the β-carboline byproduct 3 (formed in the synthesis of 2) proved to be more potent in vitro 
than 1. Since P. falciparum growth inhibition by 3 was not reversed 
by co-application of IPP, the antimalarial target of 3 is distinct from 
that of 1. Most importantly, 3 at 40 mg/kg/day (oral) cured P. berghei 
malaria infection in mice (Figure 2).3,4 Optimization of analogs to 
reduce hERG inhibition was initiated and are in progress. In this 
poster I will discuss ADME-Tox, PK of 3, emerging structure-activity 
relationship within this scaffold and outline remaining challenges to 
improve drug-like properties.  
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Figure 2. 3 (40 mg/kg/day) has oral efficacy in P. berghei-
infected mice. Infection on Day 0; dosed daily (Days 3-6), 
imaged before dosing on Days 3 and 5. CQ is chloroquine; 
each mouse infected with 103 iRBC. Note: three of the 
vehicle-treated mice died before Day 7. 
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Terminal Imidazoles as Sphingosine-1-Phosphate Transporter Spns2 Inhibitors. 
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 Sphingosine-1-phosphate (S1P) is a ubiquitous signaling molecule that is involved in multiple 
biological processes, including lymphocyte trafficking.1 Sphingosine is phosphorylated by one of two 
kinases (SphK1 and SphK2) producing S1P.2 It can then be exported out of the cell by Spinster homolog 
2 (Spns2) where S1P can interact with its G protein-coupled receptors S1P1-5.3 Its importance to 
lymphocyte trafficking and maintaining circulatory S1P levels make Spns2 a valuable target as an 
immunosuppressant.4 Our lab recently discovered SLF1081851 as a novel Spns2 inhibitor with  an IC50 of 
1.93 µM in vitro. Administration of SLF1081851 in mice induces lymphopenia, which is a hallmark of 
Spns2 inhibition. In this study, we performed a structure-activity relationship study on SLF1081851 with a 
focus on the propylamine head group. This study led to the discovery of SLS2042103, which reverses the 
order of the oxadiazole and phenyl ring and replaces the propylamine head group with an imidazole. 
Further modifications led to SLS2042107, which has an IC50 of 2.8 µM after generation of the imidazolium 
head group. Our continued investigations will allow us to use chemical tools to better understand Spns2 
and establish it as a viable drug target.  
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Improving Drug-like Properties of the Antimalarial Candidate MMV1803522 
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  Malaria is caused by an infection from a 
protozoan parasite of the genus Plasmodium. In 
2020, it resulted in an estimated 600,000 deaths 
among 241 million cases.1 Emergence of drug 
resistance is a constant threat, therefore 
identification and development of new scaffolds for 
the development of antimalarial drugs bearing 
different mechanisms of action remains crucial. We 
have recently reported the discovery of a new 
antimalarial chemotype, embodied by lead β-
carboline carboxamide 1 (also called MMV1803522).2 Structure-activity relationship (SAR) studies in this 
series have demonstrated the importance of di-substitution of the D-ring at C3 and C4, and the necessity 
of a pendant basic amine in the substituent of the 3-carboxamido group. Compound 1 is orally-active in 
mice, clearing malaria in 3-4 doses (40 mg/kg). To reach the goal of a single dose (≤10 mg/kg) cure, we 
are further refining the structure. As these changes are made, we focus not only on the in vitro potency 
itself (pI50), but on the effects of molecular size and lipophilicity on potency. In particular we monitor ligand 
efficiency (LE = pI50/(number of heavy atoms)), which normalizes potency with regard to molecular size.3, 4 
Achieving high potency with low molecular size/weight is expected to improve oral bioavailability. We also 
look at the ligand lipophilicity efficiency (LLE = pI50 – CLogP), to identify compounds that achieve good 
potency while minimizing hydrophobicity.5 This is an important consideration, since high drug lipophilicity is 
correlated with promiscuous binding and higher attrition in clinical trials. We will illustrate how seemingly 
minor changes to the structure of 1 can significantly improve LLE. We will also demonstrate “destructive 
SAR” approaches to lead optimization. As one representative example, truncation of the A and B rings from 
1 gave compound 2, which lost 1.37 log units of potency (a 23-fold loss). However, as seen above, the LE 
of 2 is nearly identical to that of 1, and LLE is improved. 
 
References 
1. World Malaria Report 2021. The World Health Organization, available at 
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2021, last accessed 
12/13/21. 
2. Mathew, J.; Ding, S.; Kunz, K. A.; Stacy, E. E.; Butler, J. H.; Haney, R. S.; Merino, E. F.; 
Butschek, G. J.; Rizopoulos, Z.; Totrov, M.; Cassera, M. B.; Carlier, P. R. Malaria Box-inspired discovery 
of N-aminoalkyl-β-carboline-3-carboxamides, a novel orally-active class of antimalarials. ACS Med. 
Chem. Lett. 2022, 13, 365-370. 
3. Kuntz, I. D.; Chen, K.; Sharp, K. A.; Kollman, P. A. The maximal affinity of ligands. Proc Natl Acad 
Sci U S A 1999, 96, 9997-10002. 
4. Hopkins, A. L.; Groom, C. R.; Alex, A. Ligand efficiency: a useful metric for lead selection. Drug 
Discov. Today 2004, 9, 430-431. 
5. Leeson, P. D.; Springthorpe, B. The influence of drug-like concepts on decision-making in 
medicinal chemistry. Nature Reviews Drug Discovery 2007, 6, 881-890. 
 
Acknowledgement 
We thank the NIH (AI157445) for funding. 



VirginiaDrugDiscoveryRx Poster Session, May 24-25, 2022 
P28 

                                                                               

Glycomics of Commercially Available Oligosaccharides of Uniform Chain Length Indicates 
Considerable Heterogeneity and Polydispersity 
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Glycosaminoglycans (GAGs) are linear, highly acidic polysaccharides that offer a huge number of diverse 
sequences for chemical biology and/or drug discovery purposes. In nature, GAGs are essential extracellular 
matrix components, while also being present on the cell surfaces as covalently linked to protein cores in 
the form of proteoglycans. Multiple GAG-protein co-complexes play important roles in biology, e.g., 
regulation of growth factors, coagulation factors, and receptor tyrosine kinases, which contribute to several 
diseases such as thrombosis, cancer and Alzheimer’s. A key hypothesis is that presence of ‘sulfation code’, 
and distinct oligosaccharide structures in GAGs are responsible for selectively binding to different proteins 
mediating these diseases. [1], [4] Unfortunately, elucidating the role of these distinct GAG sequences has 
been challenging because GAG synthesis is extremely challenging.[2] In lieu of synthesis, pharmaceutical 
industry has resorted to preparing oligosaccharides from natural extract of polymeric GAGs, such as 
heparin (Hp), chrondoitin sulfate (CS). This has 
led to preparation of oligosaccharides (labelled 
as dp2, dp4, dp6, dp8; dp= degree of 
polymerization). The chemical and cell biology 
community of researchers have used these 
preparations as “chain length homogeneous” 
compounds to probe biological phenomena. A 
key question arises whether these preparations 
are qualitatively and/or quantitatively true to 
their labelling.[3] We sought to analyse heparin 
tetra-, hexa- and octa-saccharide, HO04, 
HO06, HO08, respectively, from Iduron (UK) using a high resolution UPLC-MS method routinely used in 
our laboratory to investigate highly acidic GAG mimetics. We utilized a reverse-phase ion-pairing (RPIP) 
UPLC method in combination with ESI-MS detection to resolve and identify possible sequences present in 
HO04, HO06, HO08. The extremely high charge of HO06 and HO08 necessitated the use of ion pairing 
reagents (IPR), such as hexyl amine (HXA), for resolution on a C-18 column. Each sample presented a 
complex chromatographic pattern characteristic of varying sulfation and acetylation levels. Nearly, 2, 4, 4 
sequences could be identified as minimally present in HO04, HO06, HO08, respectively. While the major 
component in these samples correspond to the common sequence present in nature, i.e., iduronic acid-2-
O-sulfate-glucosamine 2 sulfate, 6-sulfate, sequences with many other structures and different chain 
lengths could be conclusively identified. This implies that the common assumption that these commercial 
samples are “homogeneous” is incorrect. Overall, our RPIP-UPLC-ESI-MS study indicates that the 
commercially available oligosaccharide preparations, while being useful, should be used with caution by 
taking into consideration the possibility that one or more less dominant species may contribute to the 
biological phenotype being studied. 
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LNP Ionization, Charge, and Ultrastructure Influence mRNA Delivery Efficiency and Biodistribution 
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Lipid Nanoparticles (LNPs) are used to deliver siRNA and COVID-19 mRNA vaccines [1]. There are two 
main factors known to determine their delivery efficiency, the pKa [2] of the LNP containing an ionizable 
lipid, and the Molecular Shape Hypothesis, which suggests the ionizable lipid should be cone shaped [3]. 
We used fluorescent-dye binding, and electrophoretic mobility methods to comprehensively measure 
protonation of the formulated LNP. We exploited these results to explain a wide range of delivery 
efficiencies in vitro and in vivo for intramuscular (IM) and intravascular (IV) administration of different 
ionizable lipids at escalating ionizable lipid-to-
mRNA ratios in the LNP. Comparing in vitro 
potency of LNPs, we needed to consider 
multiple parameters to understand the potency, 
including LNP pKa, LNP ultrastructure, and the 
ionizable lipid structure. We found in vitro 
potency to strongly predict in vivo potency for 
IM but not for IV. Off-target expression in the 
liver after IM was also accentuated for more 
negatively charged LNPs in two different 
contexts: using distinct ionizable lipids with 
different pKas and by adjusting the charge ratio 
of the ionizable lipid to mRNA. This study 
determined that the more negatively charged 
LNPs exhibit higher off-target systemic 
expression of mRNA in the liver following IM 
administration, that is undesirable for mRNA-
LNP vaccines and can be minimized through appropriate design of the ionizable lipid and LNP. 
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Opioid use disorders (OUD) pose an imminent threat to human health worldwide with approximately 2.1 
million Americans suffering from this epidemic.[1] Along with the analgesia produced by opioids, their ability 
to cause euphoria, due to activation of the mu-opioid receptor (MOR) in several regions of the brain, often 
leads to opioid misuse. Currently, detoxification and maintenance therapy are the two mostly used 
approaches to treat OUD. Methadone, buprenorphine, and naltrexone are first-line opioid medicines 
approved by the US Food and Drug Administration (FDA) for OUD.[2] However, they carry concerning side 
effects like the withdrawal symptoms precipitated by naltrexone and naloxone, including abdominal cramps, 
nausea/vomiting, diarrhea, muscle aches, anxiety, confusion, and extreme sleepiness. High doses of these 
drugs are also reported to show hepatotoxicity, cardiovascular and pulmonary problems. Thus, there is an 
urgent need to develop highly potent, efficacious, and selective MOR ligands with minimum side effects as 
OUD medications. Our research interest in developing MOR selective antagonists for the treatment of OUD 
led to the design and synthesis of a series of novel 6α- and 6β-N-heterocyclic substituted naltrexamine 
derivatives based on molecular modeling studies and the message-address concept.[3] In vitro binding and 
functional studies identified 17-cyclopropylmethyl-3,14β-dihydroxy-4,5α-epoxy-6α-(isoquinoline-3-
carboxamido)morphinan NAQ, as a highly selective, high potency and low efficacy MOR partial agonist.[3,4] 
NAQ showed favorable in vitro ADMET properties and improved oral bioavailability over naloxone and 
naltrexone. In vivo characterization showed that NAQ did not produce any significant antinociception itself 
but blocked the antinociceptive effects of morphine in the tail-flick assay in mice. Primary behavioral studies 
in mice indicated that NAQ did not precipitate physical withdrawal symptoms and other physical properties 
such as body weight loss even at a dose ten times higher than naloxone and naltrexone. Further, self-
administration studies were conducted to assess the abuse liability of NAQ as well as its ability to decrease 
heroin’s abuse liability. While NAQ itself did not function as a reinforcer, it produced behavioral reallocation 
away from heroin and towards the alternative nondrug food reinforcer in rats. Taken together, these studies 
suggest NAQ as a promising lead molecule for developing novel opioid abuse and addiction therapeutic 
agents. 
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An increased focus on new protein and peptide therapeutics has resulted in a demand for highly sensitive 
and robust quantitative bioanalytical techniques to ensure proper testing for safety and efficacy. Bioanalysis 
of peptide therapeutics is often faced with analytical challenges such as inadequate sensitivity and 
complexity of the matrix resulting in poor selectivity. High-resolution accurate mass spectrometry (HRAMS) 
has been increasingly adopted in bioanalytical workflows as it provides high selectivity with narrow mass 
extraction windows. This work evaluates the enhanced duty cycle paired with a novel ion beam time-of-
flight (TOF) pulser for reproducible peptide quantification in a complex biological matrix. 
Digested universal proteomics standard (Sigma-Aldrich, 48 proteins) was spiked into rat plasma and serially 
diluted to generate a calibration curve. Samples were denatured, reduced, and alkylated. Protease 
digestion was performed (Trypsin/Lys-C) at 37 ºC overnight, at an enzyme:protein ratio of 1:25, and stopped 
using formic acid. Supernatant was subjected to LC-MS/MS analysis where chromatographic separation 
was achieved using a C18 column (Phenomenex) and UHPLC system (ExionLC). Samples were analyzed 
using a novel QTOF mass spectrometer (ZenoTOF 7600, SCIEX). 
Analysis of peptides was performed using scheduled MRMHR where a narrow mass window was used for 
the product ion profile.  Previous analysis on a triple quadrupole mass spectrometer showed poor 
selectivity of some target peptides (O76070_EGVVGAVEK, P02144_VEADIPGHGQEVLIR, and 
P41159_VTGLDFIPGLHPILTLSK) in matrix, making quantification of these peptides challenging. With a 
higher resolution and enhanced duty cycle QTOF MS/MS system, enhanced selectivity and sensitivity 
was achieved for these peptides. New lower limits of quantitation (LLOQ) were achieved at 18.43 ng/mL, 
7.16 ng/mL, 6.78 ng/mL for O76070_EGVVGAVEK, P02144_VEADIPGHGQEVLIR, and 
P41159_VTGLDFIPGLHPILTLSK, respectively. Linearity for all peptides demonstrated r2>0.98. Accuracy 
at the LLOQ (80-120%), and precision <15% indicated high reproducibility. 
Since a full MS/MS profile was generated for each peptide precursor, summation of fragment ion XICs 
was examined for further sensitivity improvements. Summation of multiple high abundant fragment ions 
for P02787_DYELLC[CAM]LDGTR (y6, y7, y8, and b3) and P08263_FLQPGSPR (y5, y6) achieved a 3-
fold improvement in LLOQ. Excellent linearity was achieved, with overall accuracy within 85%-115% and 
precision <14%, again demonstrating high assay reproducibility. 
Generally, significantly better S/Ns for quantitation were observed using fragment ions when compared 
with single MS. However, peptides with low noise in single MS also demonstrated excellent reproducibility 
for intact peptide quantitation.  
Results demonstrate a highly accurate, selective, and sensitive assay for quantification of peptide 
therapeutics in complex matrices with both single MS and MS/MS. 
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Peptidyl prolyl cis/trans 
isomerases (PPIases), which 
catalyze the conversion of cis-
prolyl peptide bonds to the 
trans conformer, play an 
important role in protein 
folding and serve as versatile 
molecular switches (for 
example, in membrane 
channels), making these 
motifs a potentially important 
drug target.[1] The dynamic 
range for quantifying PPIase 
activity is limited because 
there is a significant amount of 
each conformer at equilibrium. PPIase activity is measured using an enzyme coupled assay using 
chymotrypsin, which specifically cleaves the trans-prolyl peptide bonds in our substrate to liberate a 
chromophore. To increase the dynamic range of the assay, a solvent-jump is performed by dissolving the 
substrate in 2,2,2-trifluoroethanol (TFE) with lithium chloride to increase the relative abundance of the cis 
conformer.[2] The use of LiCl in TFE to alter the cis/trans ratio of peptidyl prolyl bonds has been well 
documented, but the effects of other salt-solvent systems on proline cis/trans equilibrium has recently 
begun to be studied more systematically.[3] We describe a simple solution phase synthesis of the 
standardized PPIase assay substrate, N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide, to allow customization of 
the peptide substrate in-house. The effects of salts across the Hofmeister series of both anions and cations 
on the cis/trans equilibrium are currently being investigated by NMR to determine if we can further increase 
the cis/trans ratio and thereby improve the sensitivity of the assay. Following, we are designing new 
peptides with self-quenching fluorescence groups, which we hypothesize will afford an activity assay that 
can directly measure cis/trans isomerization without requiring chymotrypsin.  
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Adolescent idiopathic scoliosis (AIS) affects 2 to 4% of populations aged 10 to 18. Severe AIS deformities, 
determined by curvatures greater than 45 degrees, are resolved with surgical intervention, typically through 
invasive procedures such as posterior spinal fusion (PSF) surgery. In current practice, PSF involves making 
an incision in the back, exposing a posterior elements of the spine, inserting pedicle screws into them, 
increasing spinal compliance through a posterior release, connecting the screws to a rod, and applying a 
rotational manipulation of the rod to straighten the spine as much as possible. The posterior release typically 
involves a Posterior Column (or Ponte) Osteotomy (PCO), which entails the removal of the facet joints, 
lamina, and posterior ligaments (supraspinous, intraspinous ligaments, and ligamentum flavum).   

 
Figure 1. Anatomical modeling method. From left to right (top) a view of the full CAD torso, a thoracic 
and a lumbar spine segment, and (bottom) neural network used for automatic segmentations. In severe 
AIS cases, a semi-automatic addition provides vertebral centroids to the DNN. CAD meshes and 
vertebral segments are characterized with corresponding homologous particles that guide an affine 
transform, which followed by elastic deformations implemented with a deformable surface model. The 
patient anatomy is then tetrahedralized for FE studies (right). 

This research addresses a medical image analysis and finite elements (FE)-based surgery planning, 
founded on a ligamentoskeletal model of the patient’s spine, suitable for computational biomechanics 
studies, which can inform the surgeon which portion of the PCO is essential to achieving the requisite spinal 
compliance (figure 1) [1]. The main challenge is the lack of conspicuity of ligaments in medical images, both 
in CT and MRI datasets. The high-level solution involves the use of a 3D anatomist-drawn CAD-based 
multisurface spine atlas, which makes explicit all soft tissues including all spinal ligaments, and model-to-
image registration anchored by the conspicuous vertebrae in CT. The registration leverages deep neural 
network (DNN)-based segmentation and labeling of the vertebrae, then keys on vertebral point pairs 
identified with a dynamic particle system, on both the multisurface spine atlas and labeled vertebrae in CT. 
The transformation of the vertebral surface models to the target CT image, then triggers a similar 
transformation applied to all soft tissues, both intervertebral discs and ligaments. The patient multisurface 
anatomy then constrains unsupervised tetrahedral meshing, suitable for FE-based biomechanics studies.   
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 Delivery efficiency of mRNA-lipid nanoparticles (mRNA-LNP) is strongly influenced by ionization 
properties represented by the pKa1,2 of the ionizable lipid in the LNP. Prediction software (ACD) estimates 
the pKa of the ionizable lipids in aqueous media to be in the range of 8-9.5, which is 2-3 units higher than 
previously reported pKa3 of the LNPs containing the ionizable lipid, as measured by the TNS dye-binding 
assay. We therefore set out to experimentally 
verify the theoretical predictions by measuring the 
pKa of ionizable lipids using a nuclear magnetic 
resonance (NMR) method based on the pH 
dependence of the 1H chemical shift of protons 
near the ionizable nitrogens. We synthesized 
water-soluble analogues of five commercially 
available ionizable lipids and measured the pH 
dependence of the terminal protons of the 
dimethylamine in a series of buffers with pH 
ranging from ~6-12. The NMR pH indicators 
imidazole and piperazine were included as internal 
standards to provide the pH of each solution 
based on the chemical shifts of the protonated 
nitrogen atom in these reagents. By fitting the 
chemical shifts of the terminal dimethylamine 
protons of the analogs to the Henderson–
Hasselbalch equation, we found the NMR-determined pKa values to agree with the theoretically calculated 
pKa’s (Table 1). There was a consistent 2-3 unit drop in pKa from the NMR measured aqueous phase pKa 
to the LNP phase pKa consisting of the same ionizable lipid. We developed a thermodynamic model 
explaining this difference, revealing that it was mainly due to higher solvation energy of protons in lipid 
versus water, thereby creating proton partitioning between the two phases and lowering the pH in the 
aqueous phase where the pH is measured by ~3 points compared to the LNP phase where pH 
measurement is not currently possible.  
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Table 1. Commercial ionizable lipids with 
corresponding TNS, theoretical (ACD), and NMR 
measured pKa’s 
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Heparan sulfate (HS) is arguably the most diverse linear biopolymer that is known to modulate hundreds 
of proteins of importance to many diseases including thrombosis, cancer, Alzheimer’s and viral infection. 
Whereas the configurational diversity of HS is well established in terms of varying sulfation patterns, the 
biopolymer is thought to populate a primarily linear, helical topology resembling a cylinder. We hypothesized 
that 3-O-sulfation, a rare modification in HS, induces novel three-dimensional topologies that contribute to 
selective recognition of proteins. In this study, we study a library of 24 distinct HS hexasaccharides using 
detailed molecular dynamics (MD) simulations to identify novel compact topologies that are populated for 
3-O-sulfated sequences containing iduronic, but not glucuronic, acid residues. The compact forms arise 
due to rotation around an inter-glycosidic bond that facilitates reduction in electrostatic crowding, release 
of one or more bound waters, and bi-dentate sequestration of a cation by iduronic acids. MD simulations of 
a 3-O-sulfated octasaccharide also show the occupation of a compact topology, which has been observed 
in the co-crystal state with a protein. The 3-O-sulfate-based origin of distinct, non-linear topologies imply 
that sequence-specific epitopes are possible to design for selective recognition of proteins. 
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Background: 
 Animal models are increasingly needed to conduct in vivo research of human cells, tissues, and 
organs without endangering patients. These needs are met through humanized mouse models and are fast 
becoming one of the essential techniques used in research. Various humanized mouse model techniques 
are established for human cell engraftment and performance, but they still need improvement. Specialized 
mouse strains have been developed to improve the development of the human immune system.  
 
Methods: 
  We used twenty-six male and female NSG, NSG SGM3, and NSG hIL15 mice at six weeks of age. 
Busulfan-treated mice were injected with purified human umbilical cord blood (hUCB)-derived CD34+ 
hematopoietic stem cells (HSC) by tail vein. Fifteen weeks following HSC transplantation, the bone marrow, 
spleen, and peripheral blood were examined for human immune cell engraftment. 
 
Results: 
 The percentage of hCD45+ in NSG mice was significantly increased in spleen and bone marrow 
more than in blood. In the bone marrow and spleen, the median percentage of hCD45+cells was around 
63 percent, whereas the peripheral blood was around 10%. In NSG, the proportion of hCD4+ and CD19+ 
cells from a live hCD45+ was much higher than other human cell markers. At week 15, the median 
percentage of hCD19+ cells in the bone marrow, spleen, and peripheral blood were 57 percent, 54 percent, 
and 41 percent, respectively, whereas hCD4+ was 66 percent, 34 percent, and 54 percent. Compared to 
bone marrow and spleen, the percentage of hCD14+ and hCD8+ were slightly high in blood in week 15. 
The average percentage of hCD14+ cells in the bone marrow, spleen, and peripheral blood was 19, 20 
percent, and 24 percent, respectively. The average percentage of hCD8+ cells was 24 percent in the PB, 
11 percent in the BM, and 26.20 percent in the spleen. In NSG mice, there were no hCD56+ cells. The 
median proportion of hCD45+ cells in IL15 mice injected with 100K,30K, and 10K derived hCD34+ 
continued to increase with time, generally in three groups. 
 
Conclusion: 
 We show how to make humanized NSG, NSG-hIL-15, and NSG-SGM3 mice using a simple method 
which preconditions using busulfan. The results demonstrated a satisfactory rate of human CD45+ cell 
engraftment without considerable toxicity and various hCD34+ cell engraftment concentrations at week 15 
post engraftment. 
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 1,3-Diynes are characterized by the unique rod-like structure and are widely used to synthesize 
biologically active molecules, polymers, and supramolecular tools. Access to borylated 1,3-diynes provides 
a new avenue for further transformation since boronic acid derivatives are well-established synthetic 
intermediates. Herein, we report a metal-free, organocatalytic method for the trans hydroboration of 1,3-
diynes with pinacolborane to afford (E)-1-boryl-1,3-enynes (Scheme 1). The reaction proceeds with 
excellent regio- and stereo-selectivity, unambiguously established from NMR and X-ray crystallography 
studies. The products are afforded in high yields up to 95% and apply to a broad substrate scope. The 
experimental and theoretical studies regarding a plausible mechanism will be discussed. 
 

 
Scheme 1: Trans-hydroboration of 1,3-butadiynes 
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Biofluids, such as plasma and serum, contain a diverse array of bioactive peptides, including 
antimicrobial host defense peptides (AMPs), which may have potential biomedical applications. 
Antimicrobial host defense peptides are essential elements of innate immunity in higher organisms and 
play complex roles in defending the host against infection. Peptidomic studies of AMPs in under-
researched species may provide insights into their immune response and inspiration for the development 
of novel AMP-based therapeutics against bacterial and viral infections. Well-established bottom-up 
proteomics methods for protein and peptide identification from organisms with well-characterized 
proteomes are poorly suited for the study of native intact endogenous peptides in organisms with limited 
sequence information. Challenges in analyzing intact native peptides from biofluids include isolating low 
abundance peptides of interest from complex sample matrices while inhibiting proteolysis, optimizing 
chromatography, comprehensively fragmenting large peptides via mass spectrometry, and identifying 
peptides without reference to a well-curated database. Traditional enrichment methods include solvent 
precipitation and filtration; however, these approaches do not specifically target AMPs. Here, the 
precipitation method was compared to enrichment using novel hydrogel particles developed previously in 
the Bishop lab to preferentially harvest AMPs and AMP-like peptides from biofluids. For peptide 
identification using model reference AMPs, LC-MS/MS fragmentation techniques were evaluated based 
on fragmentation comprehensiveness and total number of peptide identifications. In order to more 
effectively capture a greater number of the low abundance peptides that may be present in these 
analyses, the feasibility of implementing data independent acquisition (DIA) with non-tryptic peptides and 
electron transfer dissociation (ETD) fragmentation was also explored. The results of these studies 
suggest solvent precipitation is a promising method for processing samples for AMP identification, though 
a hybrid method including both precipitation and particle enrichment may improve targeting of AMPs. 
Additionally, ETD with supplemental activation via higher-energy collision dissociation (EThcD) has 
proven to be a versatile method affording superior fragmentation and identification for larger peptides. 
Use of this fragmentation technique for the analysis of native intact peptides via DIA will require higher 
signal intensity and reduced chromatographic co-elution of peptides to increase identifications. The 
results of these studies and the continued optimization of sample processing and analysis methods to 
improve the discovery and identification of native peptides from under-researched species allow for a 
better understanding not only of the chemical and structural characteristics of AMPs, but also of other 
classes of peptides that can be used as functional components in biomedical applications, as therapeutic 
agents, in tissue engineering scaffolding or in 3D cell culture medium, for example. 
 
Acknowledgement 
This work was supported by the U.S. Army Medical Research Acquisition Activity, through the 
Accelerating Innovation in Military Medicine program under Award No. W81XWH-18-1-0801. The funding 
agency played no part in study design, data collection and analysis, decision to present, or preparation of 
the presentation. 
  
 



VirginiaDrugDiscoveryRx Poster Session, May 24-25, 2022 
P39 

                                                                               

New Defensive Oxidized Alkaloids from the Millipede Ischnocybe plicata 
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Millipedes consist of a diverse class (Diplopoda) of arthropods that are distributed worldwide and are a 
promising source of biologically active small molecules.1-4 Millipedes have evolved repugnatorial glands 
that contain high concentrations of specialized small molecules that are predicted to have a role in chemical 
defense. When the millipede is disturbed, the repungnatorial glands are capable of squirting these fluids 
over a distance of several inches.2,4,5 Ischnocybe plicata (Platydesmida; Andrognathidae) is a monotypic 
millipede species that resides in the Pacific Northwestern United States and feeds in aggregations on 
fungus. I. plicata exudes a pine oil or citrus scent when disturbed, which is suggestive of terpene 
production.6-7 This ecological observation and the lack of chemical studies on I. plicata led us to investigate 
the specialized metabolites produced by these millipedes. Approximately 300 I. plicata adults were collected 
in down woody debris in coniferous and mixed hardwood forests in Oregon. Extraction and chemical 
evaluation led to the identification of four new oxidized alkaloids – ischnocybine A-C and ischnocybinone. 
Full 2D NMR datasets (1H, 13C, COSY, HSQC, H2BC, and HMBC) were acquired on each metabolite to 
elucidate their planar structures. The molecular formula, respectively, C18H29NO2, C18H27NO3, C20H31NO4 
and C22H37NO4 were determined by high-resolution ESI-qTOF mass spectrometry. Absolute 
stereochemical assignments for ischnocybine A-C and ischnocybinone involved both NMR techniques and 
theoretical calculations. Currently these alkaloids are being evaluated in a variety of biological assays, 
including ecological prey deterrence assays and neurotoxic assays (PDSP).  
 
 

1. Shear, W. A. (2015). The chemical defenses of millipedes (Diplopoda): biochemistry, physiology 
and ecology. Biochemical Systematics and Ecology, 61, 78-117.  

2. Wood, W. F., Hanke, F. J., Kubo, I., Carroll, J. A., & Crews, P. (2000). Buzonamine, a new alkaloid 
from the defensive secretion of the millipede, Buzonium crassipes. Biochemical systematics and 
ecology, 28(4), 305-312. 

3. Kuwahara, Y., Shimizu, N., & Tanabe, T. (2011). Release of hydrogen cyanide via a post-secretion 
Schotten-Baumann reaction in defensive fluids of polydesmoid millipedes. Journal of chemical 
ecology, 37(3), 232-238. 

4. Hassler, M. F., Harrison, D. P., Jones, T. H., Richart, C. H., & Saporito, R. A. (2020). Gosodesmine, 
a 7-Substituted Hexahydroindolizine from the Millipede Gosodesmus claremontus. Journal of 
Natural Products, 83(9), 2764-2768. 
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National Museum. 
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A Short Post Reattachment Window Of Time With Increased Chemosensitivity In Human Cancer 

Cells As Therapeutic Target Of Prolonged Low Dose Administration Of Specific Compounds.   
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 Prolonged low dose administration (PLDA) of several FDA-approved drugs for non-cancer 
conditions (e.g., metformin and aspirin) or dietary compounds (e.g., genistein, lignans) are associated with 
a lower incidence of specific types of cancers and with the lower formation of metastasis. However, the 
underlying mechanism is unknown; there is a discrepancy between the concentration of drugs needed to 
kill cancer cells in vitro and the actual serum levels (10 and >1000 times lower) found in patients. In this 
study, we evaluated the hypothesis that clonogenicity may be the target of PLDA. We compared the effect 
of Nigericin (NIG) and Menadione (Vitamin K3, VK3) on the human H460 lung and MCF-7 breast cancer 
cells lines using routine MTT and colony-forming (CFA) assays. While the MTT assay measures cell viability 
and proliferation, the CFA is a clonogenic assay that measures the ability of a single cell to produce a 
colony. For MTT experiments, 2,000 H460 or 5,000 MCF-7 cells/microwell (96 microwell plates) were 
treated with drugs for 72 hrs. For CFA experiments, 50 H460 or 200 MCF-7 cells/well (6 well plates) were 
allowed to adhere overnight and then continuously exposed to the drugs for 3 or 10 days. A third group was 
exposed to drugs after a delay of 3 days. Colonies were stained with Crystal violet and quantified using 
ImageJ software. Both NIG and VK3 eliminated 100% of cancer cells in CFA with at least 2-10 lower 
concentrations when compared to MTT assays. In CFA, no colonies were observed when H460 cells were 
exposed to 0.5 µM NIG for 10 days. However, colonies were observed when H460 cells were exposed with 
1 µM NIG for 3 days or with 0.5 µM NIG for 10 days after 3 days plating (delay experiment). These results 
demonstrate that colony formation can be prevented by PLDA with selective compounds but, more 
importantly, they reveal existence of a short post reattachment window of time when cancer cells growing 
at low-density are more sensitive to PLDA of specific drugs likely by targeting clonogenic rather than 
proliferation pathways. This short chemosensitive window of time (SCWoT) was cell- and drug-type specific: 
the SCWoT for NIG was present in H460 cells but not evident in MCF-7 cells. Conversely, a similar SCWoT 
for VK3 was present in MCF-7 but not evident in H460 cells. These results were replicated in three 
independent experiments. These findings partially explain the decreased incidence of specific types of 
cancer in patients taking life-long therapy with FDA-approved drugs (or dietary compounds) for non-cancer 
conditions: the continuous presence of the drug at low concentrations eliminates cells during the SCWoT, 
when cancer cells are highly sensitive. We propose that PLDA of drugs with specific compounds targeting 
clonogenicity of specific cancers cell types may be a useful and safe clinical strategy to reduce the mortality 
of cancer patients by decreasing or preventing metastasis. 
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Genetic And Pharmacological Disruption Of PTP4A3 Phosphatase Alters STAT3, ERK And P38 
Signaling In Ovarian Cancer Cells 
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The oncogenic protein tyrosine phosphatase PTP4A3 is frequently overexpressed in human 
ovarian cancers and is associated with poor patient prognosis. PTP4A3 has been previously reported to 
regulate many oncogenic signaling pathways, including STAT3, ERK, and p38 kinase, in other types of 
cancers. The objective of this study was: (1) To generate ovarian cancer cells with genetically depleted 
PTP4A3, (2) To examine their cellular phenotype, and (3) To discover potential pharmacodynamic 
signatures indicating the loss of PTP4A3. Genetic deletion of PTP4A3 using CRISPR/Cas9 resulted in a 
cell population, labeled Polyclonal KD, which enabled the generation of individual clones derived from 
single cells isolated from the Polyclonal KD population. We observed a 50-90% depletion of PTP4A3 
protein levels by Western blotting in the clonal cell lines. The wildtype (WT) and Polyclonal KD cell lines 
shared similar growth rates, while isolated clonal populations 2B4, 3C9, and 3C12 exhibited significantly 
lower growth characteristics. Clonal populations also exhibited significantly lower in vitro colony formation 
efficiency compared to the WT and Polyclonal KD cell lines. The Polyclonal KD cells and clonal lines were 
significantly less responsive to IL-6-stimulated migration in a scratch wound assay compared to the WT 
cells.  

When OVCAR4 WT cells were acutely treated with the potent, allosteric, small molecule PTP4A3 
inhibitor KVX-053 (or 7-imino-2-phenylthieno[3,2-c]pyridine-4,6(5H,7H)-dione), we observed via Western 
blot a concentration-dependent reduction in phospho-STAT3 (Y705 and S727) between 4 h and 24 h after 
treatment with KVX-053, indicated deactivation of STAT3. phospho-ERK also decreased after short-term 
acute treatment with KVX-053, but interestingly gradually increased after 24 h. In contrast, phospho-p38 
levels increased dramatically in a KVX-053 concentration-dependent manner as quickly as 7 min after 
treatment, supporting the idea that p38 kinase is a direct PTP4A3 dephosphorylation substrate. Acute 
KVX-053 treatment with a second ovarian cancer cell line, A2780, also produced similar changes in 
phospho-STAT3, phospho-ERK, and phospho-38. Western blotting of CRISPR Polyclonal KD and clonal 
populations compared to sham treated WT cells showed a similar trend of decreased phospho-STAT3 
(Y705 and S727) and phospho-ERK with increased levels of phospho-p38. These results support a role for 
PTP4A3 phosphatase regulating STAT3, ERK and p38 kinase signaling pathways in ovarian cancer and 
may provide pharmacodynamic endpoints that could be used to establish target engagement of PTP4A3 
inhibitors. 
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Construction of a Synthetic Carbohydrate Microarray for Screening Against SARS-CoV-2 Spike 
Glycoprotein 
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  The infectious outbreak caused by SARS-CoV-2, the most recent beta-coronavirus, surprised the 
world upon its emergence in late 2019 and continues to be a threat to human life 3 years into the associated 
pandemic. Its most recent Omicron variant (B.1.1.529) and derivative subvariant (BA.2) constitute the 
majority of SARS-CoV-2 cases today in the United States.[1] Currently there exist numerous vaccines for 
protecting against the spread and severity of infection by SARS-CoV-2, but there is continual evidence of 
breakthrough cases with each new variant that 
arises.[2] It is well-established that the spike 
glycoprotein (SgP) present on the viral surface is 
used to bind to angiotensin-converting enzyme 2 
(ACE2) receptors, which then allows the virus 
either fuse with or enter the cell and initiate virion 
production. Recently, it was also discovered that 
in order for SgP–ACE2 binding to take place, an 
initial interaction between SgP’s receptor-binding 
domain (RBD) and cell surface heparan sulfate 
(HS) proteoglycans is needed to facilitate the former binding event.[3] This supports the hypothesis that 
molecules like HS, belonging to the class of glycosaminoglycans (GAGs), possessing a specific chain 
length and/or pattern of sulfation could have the potential to bind SgP and inhibit its interaction with cell 
surface HS and ACE2. Previously, we showed that using a commercially available microarray with a variety 
of immobilized HS oligosaccharides can aid in identifying relevant chain length and sulfation patterns that 
are selectively recognized by the RBD.[4] To expand upon these findings, we have constructed our own 
microarray of synthetic carbohydrates containing common HS residues like glucosamine (GlcN) and 
iduronic acid (IdoA) which possess different degrees and patterns of sulfation. These arrays have been 
screened against several forms of SgP (including variants of concern). Of this set, two oligosaccharides 16 
and 19, which consist of a uniquely 4-O-sulfated IdoA monosaccharide and trisaccharide form, respectively, 
were observed to bind SgP more selectively than the rest of the carbohydrates. 16 appeared to show more 
affinity toward the trimeric SgP forms, whereas 19 was seen having the strongest binding to the RBD forms. 
Biophysical experiments using microscale thermophoresis (MST) to determine KD values and in silico 
docking experiments are being utilized to support the findings of the microarray studies. The findings of this 
work will contribute to a stronger awareness of the structural features in GlcN and IdoA residues that 
promote binding to SARS-CoV-2 SgP. 
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A Generalizable Approach to Control Small GTPase Signaling in Living Systems 
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  Small GTPases are important signaling proteins that regulate a variety of cellular processes such 
as cell morphogenesis, division and migration.1 The function of these proteins is dependent on a GTP-GDP 
switch that modulates effector binding. Given the involvement of these enzymes in human disease,2 
numerous efforts have been undertaken to directly modulate the activity and function of small GTPases.3-5 
However, most current approaches are hampered by associated challenges in targeting small GTPases 
with small molecules as well as complex cellular feedback mechanisms that are not fully understood. Our 
laboratory has previously developed a split-protein platform to control effector binding of the small GTPase 
termed Cdc42 in vitro.6 Here we demonstrate the generality of this strategy to gate the activity of virtually 
any small GTPases in living cells. We demonstrate that split-GTPase constructs are able to activate 
downstream effectors in a tunable and temporally controlled fashion. We anticipate that our method will 
provide insight into fundamental signaling processes that promote tumorigenesis, a platform for assessing 
the role of small GTPase isoforms in signaling, and the potential to build new function into living systems.  
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Current monitoring of progression and treatment of acute myeloid leukemia (AML) relies on bone marrow 
biopsies. While sensitive, a less invasive approach to monitoring disease is desirable. Aberrant 
production of hypochlorous acid (HOCl), the enzymatic product of myeloperoxidase (MPO) a clinically 
relevant marker for AML, has been observed in the majority of AML patients.1 Thus, HOCl represents a 
selective marker for AML. In order to construct a clinically useful probe for HOCl, we chose to employ 
photoacoustic (PA) imaging. PA imaging is an emerging technology that allows for imaging depths 
upwards of 10 cms while retaining micron resolution.2 Excitation of PA dyes by a pulsed laser results in 
an ultrasound signal. This is caused by the photoacoustic effect where absorption of photons populate the 
excited state the PA dye. Non-radiative excited state decay leads to a local heating (<0.1 ˚C) and the 
subsequent thermoelastic expansion of the surrounding environment, and ultimately an increase in 
pressure. A pulsed laser is used to give cycles of thermoelastic expansion leading to the generation of 
pressure waves that propagate through tissue as ultrasound.2 PA imaging relies on chromophore 
excitation in near-infrared window (NIR-I: 650-950 nm, NIR-II:1000-1700 nm) to minimize attenuation of 
light by tissues and endogenous chromophores.3 Xanthene-based chromophores, such as rhodamines, 
are among the most utilized dyes for biological imaging, however their absorbance generally does not 
reach the NIR window. In 2016, the Stains lab developed the Nebraska Red (NR) rhodamine series with 
red-shifted absorbance  the first NIR window, making this new class of dyes suitable for potential PA 
imaging applications.4 This work covers rational modifications to tune the chemical stability of the NR 
dyes and install an analyte sensitive functional group for HOCl, leading to a turn-on PA signal. The 
combination of these rational structure modifications led to a first generation acoustogenic probe of HOCl, 
termed SNR-HOCl, which shows promise for non-invasive detection of AML.  
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Cancer Cells 
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  Glycosaminoglycans (GAGs), such as heparan 
sulfate (HS), have been implicated in tumor initiation, 
progression and metastasis.1  Earlier we have shown that a 
defined GAG sequence of six residues, but not four or eight 
residues, inhibits colorectal cancer stem cells (CSCs) by 
inducing activation of p38 MAPK.2 To transform this 
sequence into a drug-like molecule, we developed a 
synthetic mimetic of the GAG sequence, labeled as G2.2, 
which was also found to selectively target CSCs over bulk 
adherent tumor cells.3,4 Unfortunately, G2.2’s oral bioavailability was low. To improve upon its drug-like 
properties, we pursued a hypothesis-driven analog design to derive three lipid-modified analogs (LMAs). 
Across a panel of > 15 patient-derived colorectal cancer (CRC) cell lines, which could be stratified according 
to their clinically-relevant consensus molecular subtypes, LMAs showed enhanced potency while retaining 
selectivity against CSCs in spheroid inhibition assays. Both G2.2 and LMAs displayed better inhibition of 
cell lines with mesenchymal phenotypes and metabolic dysregulation. Microarray-based screening against 
more than a dozen receptor tyrosine kinases led to identification of IGF1R as one potential receptor of the 
synthetic GAG mimetics. To ascertain these screening results, biophysical studies were performed to clarify 
preferred soluble and/or cell surface target receptors from a relative panel. Interestingly, quantitative 
screening showed G2.2 and LMAs to preferentially bind not only IGF1R, but also VEGFR1 and TGFβR2 
with sub-µM affinity. Further, the affinities of G2.2 with lipid analogs varied across receptors, indicating the 
potential for alternate mechanisms of action. Unexpectedly, detailed fluorescence titrations revealed that 
IGF1R affinity of LMAs is minimally impacted by salt concentration, suggesting that these GAG mimetics 
utilize non-ionic forces in binding, which support the selectivity of target engagement. Overall, this work 
proves a powerful proof of concept that synthetic GAG mimetics, such as G2.2 and LMAs, present a unique 
class of anti-cancer therapeutics with high potential for selective and context-dependent elimination of the 
tumor initiating subpopulation of CRC cells in patient tumors. 
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Hydrochloric acid (HCl) is one of the world’s most abundant industrial chemicals with numerous 
applications in the oil, gas, steel, and mining industries. Accidental spills occur every year in production and 
during transportation of HCl. Accidental exposure to HCl is associated with acute lung injury in humans, 
development of long-term chronic airway obstruction, and pulmonary fibrosis (PF). PF develops more 
frequently among males than females. Males also exhibit higher mortality from PF compared to females. 
These observations suggest a sex-related protective role of estrogens in the development and outcome of 
PF. We have characterized gender-related pathways that are differentially involved in the fibrotic process 
of the lung. Here we tested the hypothesis that phytoestrogens may be useful as countermeasures against 
HCl-induced chronic lung injury and PF.  

6-8 weeks old 
C57BL/6J male mice on 
either regular soybean diet 
(content of isoflavones: 150-
340mg/kg), or 
phytoestrogen-free diet 
(content of isoflavones: 
<20mg/kg), received 2μl/g 
body weight of 0.1N HCl or 
saline (i.t.) and 24 hours later 
were treated with either 
genistein (20mg/kg) or saline 
5x/week s.c. 30 days later, 
lung mechanics were 
measured and 
bronchoalveolar lavage fluid 
(BALF) and lung tissue were 
collected for analysis. 

Mice on a phytoestrogen-free diet demonstrated increased mortality and stronger signs of chronic 
lung injury and PF, as reflected in the expression of collagen, extracellular matrix deposition, histology and 
lung mechanics, compared to mice on regular diet. Mice treated with genistein demonstrated decrease of 
collagen deposition, downregulation of TGFβ signaling and ameliorating of pulmonary fibrosis and chronic 
lung injury. 
Conclusions: We conclude that dietary phytoestrogens play an important role in the pathogenesis if PF 
and suggest that genistein may be used as part of a therapeutic regimen against HCl-induced lung fibrosis 
and chronic lung dysfunction. 
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Rational Development of Next Generation NIR Contrast Reagents for Deep Tissue Fluorescence 
Imaging Applications 
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  Fluorescent imaging has proven to be a robust tool for the analysis of complex biological 
systems.[1][2] Notably, near-infrared (NIR) emitting contrast reagents enable deep-tissue imaging in 
multicellular organisms due to reduced photon scattering and endogenous background signal.[3] High-
performance NIR emitters would ideally exhibit favorable properties such as water solubility, high stability, 
and reduced aggregation. However, NIR dyes that combine all of the properties have not been realized and 
are thus still in high demand.[1][2] Therefore, there is a critical need for chemistry-oriented efforts that could 
enable the rational design of improved NIR imaging reagents. The availability of such reagents could 
significantly advance deep tissue imaging capabilities. 
 Methylene Blue is one of the most commonly used NIR imaging reagents for diagnosis and 
treatment of cardiovascular diseases.[3] However, it is plagued by emission outside the NIR as well as low 
brightness in aqueous solutions partly due to aggregation.[4] We set out to improve the properties of 
Methylene Blue by: 1) red-shifting its excitation and emission wavelengths into the NIR, and 2) reducing its 
aggregation in aqueous solutions. We hypothesized that substitution of the sulfur atom of Methylene Blue 
with a negatively charged sp3 phosphinate functionality would substantially redshift the excitation and 
emission while simultaneously suppressing aggregation, leading to significantly increased brightness. 
 Our results show that our phosphinate substituted thiazine scaffold displays dramatically reduced 
aggregation in aqueous solutions while yielding a substantial red-shift in excitation and emission (up to 88 
nm compared to the parent thiazine). Moreover, by leveraging the well-established azetidine auxochrome,[5] 
we successfully increased the quantum yield of this scaffold by 50%. This new dye class represents the 
lowest molecular weight fluorophore with excitation and emission above 750 nm in aqueous solutions. 
These results validated our rational design hypothesis and provided novel compact NIR contrast reagents 
with utility in in vivo imaging experiments. 
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KVX-053, A PTP4A3 Inhibitor, Ameliorates SARS-CoV-2 Spike Protein Subunit 1-Induced Human 
Endothelial Barrier Dysfunction And Acute Lung Injury In k18-hACE2 Transgenic Mice 
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 Protein Tyrosine Phosphatase 4A3 (PTP4A3) regulates various inflammatory and cytoskeletal 
signaling pathways (e.g., STAT3, RhoA, ERK, AKT) that are involved in endothelial barrier dysfunction and 
acute lung injury (ALI). We have investigated the actions of KVX-053, a small PTP4A3 inhibitor, in both in 
vitro and in vivo models of SARS-CoV-2 Spike protein subunit 1 (S1SP)-induced endothelial inflammation 
and acute lung injury. S1SP (10nM) caused a time-dependent endothelial barrier dysfunction in human lung 
microvascular endothelial cell monolayers that was ameliorated by KVX-053 (12.5µM) administered either 
as pre-treatment (2.5 hours prior to S1SP) or post-treatment (5 hours after S1SP). In K18-hACE2 transgenic 
mice, which express the human ACE2 receptor for 
SARS-CoV-2 S1SP, we instilled S1SP 
intratracheally, post-treated with KVX-053 
(10mg/kg i.p. at 1, 24 and 48 hours after S1SP) or 
vehicle, and investigated molecular, functional and 
histological outcomes 72 hours later. KVX-053-
treated mice displayed lower alveolar cellularity, 
proteinosis and “cytokine storm” (i.e., IL-6, IL-1β, 
IFN-γ, MCP-1, MIP1β), and lower levels of 
phosphorylated (activated) STAT3 and NF-kB, 
compared to mice instilled with S1SP and treated 
with vehicle. Moreover, KVX-053 greatly reduced 
quantifiable histological evidence of injury, 
compared to vehicle-treated animals. This data 
suggests that inhibition of PTP4A3 could represent 
a critical target for novel therapeutic approaches 
towards endothelial dysfunction, inflammation and 
acute lung injury.  
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In vivo Colonic Epithelium Permeability as a Measure of Type III Secretion System (T3SS)-
Mediated Damage During Citrobacter rodentium Infection 
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Food-borne bacterial pathogens, including Campylobacter jejuni, Escherichia coli, and Salmonella 
enterica, resistant to first-line antibiotics cause approximately 3 million infections and 9,000 deaths annually 
in the United States.[1] Other problems have become evident from the use of traditional broad-spectrum 
antibiotics. For example, antibiotics kill normal gut bacteria during pathogen elimination, called 
commensals, making the gut vulnerable to secondary infections.[2] Many pathogens contain specific 
virulence factors that, when expressed, result in the bacteria becoming pathogenic and disease-causing. 
Instead of killing the bacteria outright, drugs targeting virulence factors have been proposed as an 
alternative to be used in place of, or in combination with, antibiotics.[3] These anti-virulence drugs (AVDs) 
halt the infection of the offending bacteria, allowing the host immune system to wipe out the pathogen 
naturally. This selective targeting means commensal bacteria should go unharmed. Additionally, resistance 
is less likely to form against anti-virulence drugs as they do not actively kill bacteria. The type III secretion 
system (T3SS) is a molecular syringe used by specific Gram-negative bacterial pathogens to inject human 
cells with infection-enhancing proteins and has shown promise as an AVD target.[4]  

I have adapted a model of gut damage[5] to monitor food-
borne infection in mice for the entire course of infection to study 
T3SS-targeting AVDs. Historically, gut damage is observed after 
sacrificing animals and visually examining the infected organ for 
swelling and damage that can then be correlated to the severity of the 
infection. In my model, animals do not need to be sacrificed to 
observe the damage. Instead, they are fed a fluorescent compound, 
FITC-Dextran, that can penetrate damaged but not healthy guts and 
enter the bloodstream. Blood is then taken, and the amount of FITC 
Dextran is quantified to determine the severity of the infection (Figure 
1). We plan to screen potential T3SS-targeting AVDs and compare 
their effectiveness to traditional antibiotics using this assay.  
 
References 
[1] US Department of Health and Human Services; CDC. Antibiotic resistance threats in the United 

States. Available online: https://www.cdc.gov/drugresistance/biggest_threats.html  
[2] Hotinger, J.; Morris, S.; May, A. The case against antibiotics and for anti-virulence therapeutics 

for the treatment of bacterial pathogens. Microorganisms 2021, 9, 2049.  
[3] Hauser, A.R.; Mecsas, J.; Moir, D.T. Beyond antibiotics: New therapeutic approaches for bacterial 

infections. Clin. Infect. Dis. 2016, 63, 89–95. 
[4] Hotinger, J.A.; Pendergrass, H.A.; May, A.E. Molecular targets and strategies for inhibition of the 

bacterial type III secretion system (T3SS); Inhibitors directly binding to T3SS components. 
Biomolecules 2021, 11, 316. 

[5] Bhinder, G.; Sham, H.P.; Chan, J.M.; Morampudi, V.; Jacobson, K.; Vallance, B.A. The 
Citrobacter rodentium mouse model: Studying pathogen and host contributions to infectious 
colitis. J. Vis. Exp. 2013, 72, e50222. 

 
Acknowledgment 
We thank the Institute for Structural Biology, Drug Discovery and Development and the Department of 
Medicinal Chemistry of Virginia Commonwealth University’s School of Pharmacy for the equipment and 
support necessary to perform these studies. 

0
1000
2000
3000
4000
5000
6000

PBS Control Infected

FI
TC

-d
ex

tr
an

 (n
g/

m
L)

Day 7 Day 14



VirginiaDrugDiscoveryRx Poster Session, May 24-25, 2022 
P50 

                                                                               

Can Isosorbide Dinitrate Save Lives of Hospitalized COVID Patients with Elevated Blood Pressure 
and a Defined Cardiac Injury? 

 
Thomas R. Roesel* 
CERVOE.org, Bozman, Maryland  
roeselmd@outlook.com 
 
Hospitalized COVID patients (HCPs) with a defined cardiac injury (dCI), as determined by any 
abnormality in creatine phosphokinase-MB, high sensitivity troponin I, myoglobin, or cardiac echo/EKG, 
have a median survival time (MST) of 10 days.  In contrast, HCPs without dCI have an MST beyond 39 
days (see Figure).[1] Hypertension (HTN) comorbidity in HCPs ranges 17% - 41% but COVID mortality 
appears independent of elevated blood pressure (BP).[2]   With these findings, a randomized clinical trial 
(RTC) is proposed for HCPs with dCI and BP elevation to compare IV isosorbide dinitrate (ISDN) with 
usual anti-HTN care (UC).  ISDN is a vasodilator and lowers BP.  This nitric oxide (NO) donor is a 
candidate anti-SARS-CoV-2 agent through its hypothesized inactivation of the viral main protease (Mpro) 
by S-nitrosylation of cysteine 145.[3] Others have reported improved survival of ISDN treated Coxsackie 
B3 virus-infected mice as evidence for ISDN anti-viral activity.[4] Mortality is the primary endpoint for this 
RTC pilot of 100 ISDN-treated HCPs and 
100 UC controls.  Secondary endpoints 
using COVID biomarkers can help dissect 
ISDN anti-viral action.  Thus, a log-rank 
analysis was performed with 1:1 
allocation.  Accrual time was limited to 180 
days with 60-day follow-up.  Power was 
0.8 with type I error of 0.05.  Calculations 
for a total of 200 subjects revealed an 
ISDN arm MST greater than 14.9 days as 
a significant survival prolongation, should 
the UC arm remain at 10 days.   A 
successful pilot with increased MST 
suggests that ISDN has anti-SARS-CoV-2 
action.  Measured biomarkers could 
include viral clearance, oxygenation, D-
dimer, IL-6, LDH, as well as platelet and 
lymphocyte counts.  Other anti-viral agents 
and immunomodulators are administered 
per guidelines.  IV ISDN, bolused and/or 
infused, avoids 1st pass hepatic effects.  IV IDSN is approved in most countries, but not in the USA or 
Canada.  A successful pilot would permit larger IV ISDN RTCs and provide a template for other 
investigational new NO donor drugs with ISDN-like structures.5 
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Crystal And Molecular Structure Determination Of Pharmaceuticals Using Synchrotron X-Ray 
Powder Diffraction And Single Crystal X-Ray Diffraction At Old Dominion University 
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 The COSMIC lab (College of Science Major Instrumentation Cluster) at Old Dominion University 
offers laboratory powder X-ray diffraction data collection and analysis services using a Bruker D2 Phaser 
powder diffractometer, and access (through mail-in proposals) to synchrotron X-ray powder diffraction at 
the 11BM beamline of the Advanced Photon Source, Argonne National Laboratory, for high resolution data 
collected at 100 K and room temperature. Synchrotron X-ray powder diffraction data often affords crystal 
and molecular structure determination of moderate size organics (such as typical pharmaceuticals) from 
powders. Moreover, in fall 2022 our laboratory will install a new Bruker D8 Quest ECO single crystal X-ray 
diffractometer with cryogenic attachments for low temperature data collection. Dr. Pagola has been a 
Postdoctoral Research Associate at the SUNY X3B1 X-ray powder diffraction beamline at the National 
Synchrotron Light Source I, where the software PSSP[1] implementing direct space methods for structure 
solution from powders was written. This computer program and winPSSP[2] (free-distribution) together with 
other free-distribution software for Rietveld analysis have been used to solve many organic crystal 
structures including those of pharmaceutically relevant solids, which reference diffraction patterns were 
submitted to the PDF-4 Organics database[3] for qualitative and quantitative phase analysis from X-ray 
powder diffraction, edited and distributed by the International Centre for Diffraction Data (ICDD). While less 
than 1 % of the Cambridge Structural Database entries have been solved from powders, this presentation 
will focus on the methodology and our expertise solving organic crystal structures from synchrotron X-ray 
powder diffraction. Examples will include the molecular and crystal structure of b-haematin (malaria 
pigment), a chiral new natural product for which the stereochemistry of four atoms was determined with 
respect to that of known chiral centers, and various small-molecule organic and pharmaceutical materials 
which structures were submitted to the PDF® Organics database or published in journal articles. Dr. Pagola 
is organizing yearly workshops (one and a half days) on crystal structure determination of small-molecule 
organics from powder diffraction, at Old Dominion University. 
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The Virginia Tech Center for Drug Discovery Screening Laboratory  
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The Virginia Tech Center for Drug Discovery (VTCDD) operates a laboratory for high-throughput 
screening that is available to Virginia Tech researchers and their external collaborators.   The facility can 
provide assistance in adapting assays to a high-throughput format, running screening experiments, 
analyzing screening results, as well as providing letters of support for grant applications involving screening.  
The lab is BSL2-capable. 

A number of compound libraries are available to researchers including a library of FDA-approved 
drugs, a unique transition-metal complex library developed by Dr. Joe Merola, a brominated-fragment 
library, a kinase-targeted library, a lipid metabolism-targeted library, two natural-products libraries, and 
libraries designed to maximize structural and chemical diversity.  In total, the laboratory has over 43,000 
compounds available for testing in biochemical and cell-based assays.   

The laboratory instrumentation includes a robot capable of high-accuracy plate-to-plate transfers 
and plate replication, various liquid dispensers, and a plate washer that can be used on loosely-adherent 
cells and biofilms.  Assay results can be determined using UV-Vis absorbance, fluorescence, time-resolved 
fluorescence, fluorescence polarization, and glow luminescence.  
 For more information about the laboratory or to discuss a screening project, please contact the lab 
at 540-231-3525 or VTCDDSL@vt.edu. 
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Advancements in Computational Digital Pathology for EGFR and PD-L1 
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      While there has been great expansion of knowledge on molecular changes occurring in the cancer 
development, clinical utility of molecular tests for the diagnosis and especially for the treatment of cancers 
have been limited.  Recently, the FDA has approved some treatments targeted for molecular changes. 
Such as EGFR mutations and KRAS mutations in lung cancers and BRAF mutations in melanomas. 
Another area of rapidly progressing advancement of immune targeted therapy aimed at PD-L1. Initially 
applied to lung cancers and some GI cancers but has been FDA-approved for multiple cancer types.      
     There is a growing need for more efficient testing. With fast TAT (turnaround time), user friendliness, 
remarkable accuracy, specificity and sensitivity. Matching the gold standard NGS (next generation 
sequencing) test.  Effective personalized cancer treatment can be implemented quickly. Especially for 
those with an advanced stage of cancers.  
     The objective of this project is to determine the use of rapid molecular tests for tumor mutations and 
the application of digital scoring methods of IHC (immunohistochemistry) test for PD-L1 for Keytruda® 
(Pembrolizumab). Immune targeted therapy will help improve patient care by decreasing turnaround time; 
increase the accuracy of diagnosis and treatment. Immunohistochemistry (IHC) has been the gold 
standard for scoring in positive tumor cells and used for grading of inflammatory modules. These tests 
enable decisions on how and when to start treatment. Molecular testing aids the pathologist to check for 
certain changes in a gene or chromosome that may cause or affect the chance of developing a specific 
disease or disorder, in this case lung cancer. 
     I plan to use the molecular assay for EGFR in this project. The combination of both rapid molecular 
test by Idylla system and IHC for PD-L1 newly FDA approved digital pathology scoring system.  There will 
be a total of fifty cartridges of the specific assay chosen to use for validation. This validation is a critical 
step before the test is clinically implemented to use for patient’s diagnosis and treatment. We will use the 
rapid testing machine to determine and classify different types of lung cancers. The data received will be 
used for genome-wide correlation analysis of human gene CD274 and the RNA-seq dataset from The 
Cancer Genome Atlas (TCGA). The use of AI from whole slide imaging will also help to predict potential 
cancer driver mutations. The algorithm that will be used is designed to detect positive tumors for the PD-
L1 biomarker. With the combination of rapid molecular testing and AI, a particular therapy can be chosen 
for the patient. These results will be compared with Next Gen Sequencing (NGS) and other molecular test 
results on the selected cancer type of known origins. 
      Having the availability of rapid results will decrease turnaround time. Allowing us to aid in determining 
what type of treatment and when the patient can receive it. Having rapid IHC molecular and digital testing 
simultaneously is a unique revolutionary approach to a comprehensive personalized medicine oncologic 
therapy.  
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Sensitive Quantification of Human Glucagon-like Peptide 1 (GLP-1) Analogue 
in Plasma Using LC-MS/MS 
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GLP-1 analogs are responsible for the regulation of insulin and glucagon secretion. Recent advancements 
towards the development of next-generation insulin therapeutics have generated a need for more sensitive 
MS technologies. Analysis of GLP-1 analogs such as liraglutide can often be challenging as it is faced with 
poor ionization and fragmentation due to the inherent large peptide structure. Additionally, peptide 
therapeutics such as liraglutide are highly potent, and oral administration is often at low bioavailability. 
Therefore, a highly sensitive and robust platform is essential for the quantification of GLP-1 analogs. Herein, 
an ultra-sensitive LC-MS/MS method was developed for the quantification of liraglutide in plasma. 
Liraglutide (Sigma Aldrich) is a GLP-1 analogue in the form of a lipopeptide. Liraglutide was spiked into 
plasma at various concentration levels (0.5 - 500 ng/mL). Human insulin was used as an internal standard 
and was also spiked into plasma. A mixed-mode SPE extraction was performed where the final eluent 
was subjected to LC-MS analysis. 
Separation was performed on a ExionLC system (SCIEX) using a Phenomenex Kinetex C18 column. A 
flow rate of 0.5 ml/min was used. A SCIEX Triple Quad 7500 LC-MS/MS system in positive multiple 
reaction monitoring (MRM) mode was used for quantification of liraglutide. 
Extraction using mixed-mode solid phase ensured sensitive quantification of liraglutide from plasma 
where acceptable limits were achieved for recovery and matrix effects. Detection was performed in 
positive MRM mode. Fragmentation of liraglutide was performed using collision induced dissociation. 
Liraglutide was monitored using m/z 1251.3 as the precursor ion and m/z 1245.5 as the product ion. 
Source and MS parameters were optimized to achieve the best sensitivity for quantification of liraglutide. 
The transition used for liraglutide was determined to have the highest selectivity in comparison with 
matrix-derived components. The LLOQ was determined to be 0.5 ng/mL where the LLOQ accuracy was 
within 20% of the nominal concentration. Strong linearity was achieved with correlation coefficient ≥0.98. 
Assay calibration curves achieved a linear dynamic range of 0.5 to 500 ng/mL. For all calibration points 
excluding the LLOQ, the accuracy values were between 85-115% and overall precision for the assay was 
<15%. Carryover for this assay was determined to be <20% of the LLOQ. Therefore, the impact of 
carryover on the accuracy of the assay samples was found to be minimal. Final results demonstrated high 
reproducibility and overall quantitative performance of the established assay. The presented platform for 
quantification of GLP-1 analogues in plasma exhibit a valuable workflow for applications to drug discovery 
and development research. 
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Fibrotic Lung Matrix Derived Hydrogels as an in-vitro 3D Platform for Drug Discovery in Idiopathic 
Pulmonary Fibrosis 
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Idiopathic pulmonary fibrosis (IPF) is a disease marked by unregulated scar tissue accumulation in the 
interstitial space of the lung preventing effective oxygen transport. There are currently only two FDA-
approved drugs for the treatment of IPF, due in large part to the lack of adequate in vitro models of the 
disease. We present an in vitro model of IPF using hydrogels derived from lung tissues donated by IPF-
afflicted or non-diseased patients. This model allows us to observe and assay fibroblast activity in an 
environment which more closely recapitulates the extracellular environment and cell-to-matrix signaling, 
which are known to be pivotal in disease progression. The objective of this project is to characterize this 
novel model for IPF medication drug discovery and identify the differential responses of fibroblasts cultured 
in our patient-derived hydrogels (as determined by fibroblast viability, activation, and contraction), as 
compared to tissue culture plastic. IPF lung tissue was decellularized, digested, desalinated, and 
dehydrated prior to gelation at 37°C. Primary 3D fibroblast cultures were assayed for myofibroblast 
phenotypes (high ECM secreting and contractile cell type) after challenge using TGF-β (a potent inducer of 
pathogenesis in pulmonary fibrosis) and the antifibrotic compound Nintedanib (one of the two FDA-
approved anti-IPF medications). Gel contraction was imaged with optical microscopy and quantified using 
ImageJ. Myofibroblast-associated gene expression was quantified by qPCR analysis of ACTA2, COL1A1, 
CTGF, HIF1A, and VEGF. In the IPF lung-derived hydrogels, viability ranged from 70-80% for both normal 
human lung fibroblasts (NHLF) and IPF-derived fibroblasts (IPF-F). Contraction of the gels after 48 hours 
was greater in the hydrogels seeded with IPF-F (n=7) (48.38% contraction) than NHLF (n=3) (23.58% 
contraction). For IPF-F, Nintedanib treatment (n=3) decreased contraction compared to TGF-B treatment 
(n=3) by 16.19%. Compared to tissue culture plastic, IPF-F fibroblasts seeded in hydrogels demonstrated 
down-regulation of gene expression in ACTA2, COL1A1 and CTGF (ACTA2, CTGF: p<0.05). In addition, 
both NHLF and IPF-F fibroblasts showed up-regulation of HIF-1α and VEGF (HIF-1α: p<0.05). Fibroblasts 
seeded in tissue hydrogels maintain viability and exhibit a differential disease signature. We observed 
increased matrix contraction in the presence of TGF-β and inhibition under Nintedanib, suggesting that 
antifibrotic treatment inhibits the myofibroblast phenotype. In further support of this, transcriptional data 
indicates that 3D hydrogel cultures promote a lower activation profile (ACTA2, CTGF) as compared to tissue 
culture plastic and induced angiogenic signaling as suggested by increased HIF-1α and VEGF expression. 
Together, these data demonstrate the utility of an in-vitro hydrogel platform as a testbed for IPF medications 
and reveal a potential application for the testing of novel small molecule modulators of myofibroblast 
differentiation.  
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This symposium is designed to 
promote collaborations between 
academic and industrial drug 
discovery scientists, and includes 
keynote lectures from leading 
researchers, panel discussions, and 
poster presentations by scientists 
from around and beyond the 
Commonwealth. 
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