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The Department of Pharmaceutical Sciences at the University of Nebraska
Medical Center is hosting the 52nd Annual Pharmaceutics Graduate
Student Research Meeting. We hope to make PGSRM 2022 a rewarding
experience with high-quality scientific presentations and discussions. As
the planning committee and host university for this year’s event, we are
honored that you decided to join us!
PGSRM is a graduate student-organized annual conference bringing
together over 250 graduate students from 20 of the top pharmacy schools
in the Midwest and the Eastern United States. The Pharmaceutics Graduate
Student Research Meeting (PGSRM) is a scientific program intended to
foster education in the diverse areas of pharmaceutical sciences including
drug discovery and design, formulation delivery, biopharmaceutics and
material exploration, pharmacokinetics and pharmacodynamics, and
pharmaceutical analysis.
The 52nd annual PGSRM will be focusing on the theme: Expediting
the Scientific Discoveries from Bench to Bedside. Graduate student
presentations in poster and podia format will be conducted during the
meeting on Friday, June 3rd. In addition, PGSRM 2022 will feature several
guest speakers covering key topics in the pharmaceutical sciences world.
Lastly, an interactive career development session hosted by experts with
vast experience in pharmaceutical sciences will provide an opportunity
for graduate students to gain insight into possible career directions and
challenges.

Schedule for 52nd PGSRM

Time

Event

Location

THURSDAY, JUNE 2
3 – 6 PM

Check-in/Registration

Ballroom at
Hilton Garden Inn

6:30 – 9 PM

Opening Banquet Dinner

Ballroom at
Hilton Garden Inn

6:30 – 6:45 PM

Welcoming Remarks: Dr. Ram Mahato

Ballroom at
Hilton Garden Inn

6:45 – 7:45 PM

Opening Speaker: Dr. Dong Wang

Ballroom at
Hilton Garden Inn

7:45 – 9 PM

Dinner and ice breaker

Ballroom at
Hilton Garden Inn

FRIDAY, JUNE 3
7 − 8 AM

Breakfast & Poster Set Up

UNMC

8 − 8:15 AM

Opening Remarks

DRC II Commons

8:15 − 9 AM

Keynote Speaker: Dr. Manoj Jadhav

DRC I 1002

9 − 10 AM

Morning Podia Session

UNMC

10:15 − 11:15 AM Morning Poster Session

DRC II Commons

11:15 − 12:15 PM Keynote Speaker: Dr. Andre Kalil

DRC I 1002

12:15 − 1:00 PM

Lunch

UNMC

1 − 2 PM

Keynote Speaker: Tammy Kielian

DRC I 1002

2:15 − 3:15 PM

Afternoon Poster Session

DRC II Commons

Time

Event

Location

3:15 − 4:15 PM

Afternoon Podia Session

DRC I 1002

4:30 − 5:30 PM

Keynote Speaker: Dr. James Moon

DRC I 1002

5:30 − 6:45 PM

Career Session/Industry presentation/
UNMC
Career fair/Networking

6:45 − 7:30 PM

Travel to hotel / break

7:30 − 9 PM

Closing Banquet Dinner

Ballroom at
Hilton Garden Inn

7:30 − 8:15 PM

Dinner

Ballroom at
Hilton Garden Inn

8:15 − 9 PM

Award ceremony/Closing remarks

Ballroom at
Hilton Garden Inn

SATURDAY, JUNE 4
9 − 11 AM

Check-out from Hotel

Hotel

Keynote Speakers for 52nd PGSRM

Dong Wang, PhD
Professor

Department of Pharmaceutical Sciences
College of Pharmacy
University of Nebraska Medical Center
Omaha, NE

Dr. Dong Wang is a professor of Pharmaceutical Sciences at the University
of Nebraska Medical Center (UNMC). His research primarily focuses on
prodrug and medicine development for inflammatory, musculoskeletal and
craniofacial diseases. Dr. Wang obtained his PhD in polymer chemistry
and physics from Peking University, China. He then joined Prof. Jindřich
Kopeček’s laboratory at the University of Utah for 3 years of postdoctoral
training in pharmaceutical chemistry. He joined UNMC in early 2005
as a tenure-track assistant professor and was promoted to associate
professor with tenure in 2008. In 2014, he was promoted to the rank of full
professor. Dr. Wang has published over 100 peer-reviewed papers and
numerous conference abstracts. As the lead inventor, Dr. Wang has over
110 patents and patent applications, some of which have been licensed
to the industry for further development and commercialization. He is also
the co-founder of three start-up companies focusing on the translation
and commercialization of drug candidates originating from his laboratory.
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Manoj P. Jadhav, M. Pharm, PhD, FCP
Founder and CEO
Translational Clinical Pharmacologist
ISHA Therapeutics, LLC
Hillsborough, NJ

Dr. Jadhav is responsible for strategic, scientific planning and business functions
for the organization.
Dr. Jadhav brings more than 15 years of experience in academic and industry
research, pharmaceutical drug development and regulatory affairs experience in
the US, India with small molecules and peptides therapeutics.
Before starting ISHA Therapeutics, he served as the Vice President clinical
development and business strategy at CRC Pharma based in Parsippany, New
Jersey. He has contributed to several drug development programs for both NCEs
and 505(b) (2) across different therapeutics areas. At ISHA Therapeutics, he is
leading a robust pipeline of novel repurposed drug developed program for lifestyle
and infectious diseases.
He is a trained clinical pharmacologist with extensive experience in planning,
designing, execution and interpretation of clinical studies (prospective,
retrospective, interventional and observational) in the area of infectious diseases,
cancer, cardiovascular diseases. He was part of successful team which developed
first Indian liposomal amphotericin B (Fungisome TM) which is launched in Indian
market.
Dr. Jadhav has represented the Sponsors at the US-FDA for several formal
meetings e.g., pre-IND meetings, at the Division of Anti-infectives, Cardiovascular
and Renal products, CNS, Dermatology, Pharmaceutical Quality, Oncology etc.
Dr. Jadhav has over twenty-five peer-reviewed publications, co-edited a book,
have made numerous posters and oral presentations internationally.
Dr. Jadhav received his PhD in Pharmaceutics from Bombay College of Pharmacy
and KEM Hospital at the University of Mumbai, India and did his Post-doctoral
Fellowship at the Colleges of Pharmacy and Medicine Univ. of Florida, Gainesville,
Florida. He did his M. Pharmacy from DIPSAR, New Delhi (gold medalist).

Keynote Speakers for 52nd PGSRM

Andre C. Kalil, MD, MPH, FACP,
FIDSA, FCCM
Professor of Medicine
University of Nebraska Medical Center
Omaha, NE

Dr. Kalil is a physician and Professor of Medicine in the Infectious Diseases
Section, Department of Internal Medicine at the University of Nebraska
Medical Center in Omaha, Nebraska.
Dr. Kalil received his M.D. from the Federal University of Pelotas in Brazil
and joined the University of Nebraska Medical Center faculty in 2003.
He did his Internship and Internal Medicine Residency at the University
of Miami/Jackson Memorial Hospital, Miami, Florida, and completed
his Infectious Diseases and Critical Care Medicine Fellowships at the
Massachusetts General Hospital (Harvard University, Boston, MA) and at
the National Institutes of Health (NIH, Bethesda, MD), respectively.
Dr. Kalil works as an attending clinician and a researcher at the University
of Nebraska Medical Center. He is currently the Director of the Transplant
Infectious Diseases Program at the University of Nebraska.
Dr. Kalil has received numerous honors and awards, including the 2021
Scientist Laureate Award, the 2014 Distinguished Scientist Award, and the
2012 Clinical Research Award. He is a member of a number of professional
organizations, has been a peer-reviewer and associate editor for major
medical journals, and has published over three hundred PubMed indexed
scientific articles.
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Tammy Leigh Kielian
Professor

Choudari Kommineni, DVM, PhD
Professor of Pathology
University of Nebraska Medical Center
Omaha, NE

My laboratory has a long-standing interest in studying the pathogenesis and
immune responses elicited by Staphylococcus aureus (S. aureus). To this end,
we have developed mouse models of biofilm infection on catheters, orthopedic
implants, and cranial bone flaps that accurately mimic the attributes of biofilm
infections in humans. Our laboratory was the first to propose that S. aureus
biofilms actively elicit an anti-inflammatory immune signature to explain, in
part, why biofilm infections persist in an immune competent host. This is
achieved by the preferential recruitment of granulocytic-myeloid-derived
suppressor cells (G-MDSCs) in addition to polarizing macrophage infiltrates
towards an anti-inflammatory phenotype. Ongoing studies are to identify the
mechanisms responsible for skewing the host innate immune response to
an anti-inflammatory state following S. aureus biofilm infection and how this
may be targeted to facilitate bacterial clearance. Emerging areas of interest
include immunometabolism and how S. aureus biofilm-leukocyte metabolic
crosstalk influences the epigenetic landscape of leukocytes to promote their
anti-inflammatory attributes.
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James J. Moon, PhD
J. G. Searle Professor

Department of Pharmaceutical Sciences
Department of Biomedical Engineering
Department of Chemical Engineering
BioInterfaces Institute
University of Michigan
Ann Arbor, MI
My research group aims to develop novel therapeutics at the interface of
immunology, engineering, and pharmaceutical sciences. Specifically, we are
developing drug delivery systems designed to enhance delivery of antigen and
adjuvant to lymphoid organs and manipulate immune functions in the context
of vaccines and immunotherapies against cancer, infectious pathogens,
and autoimmune disorders. Our work focusing on the development of
nanotechnologies for vaccination and immunotherapy has been published in
Nature Materials, Nature Nanotechnology, Nature Medicine, Nature Reviews
Materials, Nature Biomedical Engineering, Nature Communications, PNAS,
ACS Nano, Sci Transl Med, and Science Advances. Our work has also led to
18 U.S. issued or pending patent applications as well as 3 startup biotech
companies.
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University of Nebraska Medical Center
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June 3, 2022
Morning poster session: 10:15 – 11:15 AM
Evening poster session: 2:15 – 3:15 PM
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Angeliki Andrianopoulou
University of Illinois Chicago

Monitoring block copolymer micelle instability mediated by
serum proteins
Authors

Angeliki Andrianopoulou1*, Catherine F. Dial1*, Pariksha Thapa1, Richard A.
Gemeinhart1,2,3,4
1
Department of Pharmaceutical Sciences, University of Illinois Chicago,
Chicago, IL, 60612 USA
2
Department of Biomedical Engineering, University of Illinois Chicago,
Chicago, IL, 60612 USA
3
Department of Chemical Engineering, University of Illinois Chicago,
Chicago, IL, 60612 USA
4
Department of Ophthalmology and Visual Sciences, University of Illinois
Chicago, Chicago, IL, 60612 USA
*These authors contributed equally to this work.

Abstract

Polymeric micelles represent a promising strategy for the delivery of poorly watersoluble drugs. However, the dynamic nature of micelles makes their stability
in biological fluids challenging and limits their clinical translation. Micelles are
destabilized in serum, but the mechanisms and responsible serum biomolecules
causing instability remain to be determined. Our previous work has shown that
lipoprotein but not total protein content in biological fluids correlates with micelle
instability. Here, we hypothesized that serum albumin and lipoproteins destabilize
micelles to different extents, and we sought to determine whether lipoproteins
are adequate predictors of micelle instability in serum. Methoxy-poly(ethylene
glycol-block-caprolactone) (mPEG-CL) and methoxy-poly(ethylene glycol-blocklactide) (mPEG-LA) micelles loaded with fluorescence resonance energy transfer
(FRET) dyes were used to monitor micelles stability and cargo exchange dynamics
upon incubation in saline solution, complete serum or individual serum proteins.
Micelles remained stable in saline, while they were noticeably destabilized in
human serum, with mPEG-LA experiencing greater destabilization than mPEGCL micelles. The rate of cargo exchange was increased in the presence of serum
albumin for mPEG-CL micelles, indicating that serum proteins increase micelle
leakiness. Serum albumin destabilized micelles but was not predictive of the
overall micelle instability in serum. Interestingly, micelle instability in serum was
adequately represented by low-density lipoproteins (LDL) for mPEG-CL and highdensity lipoproteins (HDL) for mPEG-LA micelles, suggesting that lipoproteins are
major components involved in serum micelle destabilization. Obtaining a greater
insight into the destabilizing effect of individual serum biomolecules will guide the
rational design of safer and more efficacious micelle formulations.
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Kinnari Arte

Purdue University

Effects of mannitol on physical stability and aerosolization
performance of inhalable protein formulations
Authors

Kinnari Arte1, Tony Zhou1
Department of Industrial and Physical Pharmacy, Purdue University, West
Lafayette, IN 47906

Abstract

Pulmonary delivery is a promising alternative for the delivery of protein
medications such as antibodies to treat respiratory diseases. However, protein
instability poses a major hurdle in formulation development. Consequently,
pharmaceutical excipients, mainly sugars, are incorporated in protein
formulations to maintain protein stability for extended periods of time. This
study investigates the effect of varying concentrations of mannitol on stability
and aerodynamic performance of spray dried protein formulations. Bovine
Serum Albumin (BSA) was used as a model protein and the formulations
were characterized for their particle size using Malvern Mastersizer and
Aerodynamic particle size using Next Generation Impactor (NGI). Additionally,
the particles were also characterized with solid-state Fourier-transform infrared
spectroscopy, powder X-ray diffraction, scanning electron microscopy and
BET to analyze the change in their secondary structure, crystallinity, particle
morphology respectively, and surface area. Physical stability of formulations
was studied using Size exclusion chromatography (SEC). Formulations with
higher concentrations of mannitol showed a tendency to crystallize. This
resulted in increased monomer loss with time as indicated by stability study.
Fine Particle Fraction (FPF) as determined using NGI also decreased with time.
Results obtained from this study contribute to increase our understanding
of concentration dependent effect of Mannitol on stability and aerosol
performance of pharmaceutical protein products.

Abstracts for Poster Presentation

Isabel M. Chauvin

University of Illinois Chicago

Searching for nitrogen-containing compounds from
cyanobacteria using a genetics-guided approach
Authors

Isabel M. Chauvin1, Daniel S. May, Ph.D.1, Jimmy Orjala, Ph.D.1
1
Department of Pharmaceutical Sciences, College of Pharmacy, University of
Illinois at Chicago, Chicago, IL

Abstract

Cyanobacteria, also known as “blue-green algae”, are gram-negative
photosynthetic autotrophs shown to be prolific producers of a variety of
therapeutically relevant secondary metabolites and complex chemical scaffolds,
giving them a significant role in the field of drug discovery. Some genera of
cyanobacteria such as Nostoc are capable of nitrogen fixation by sourcing
nitrogen from the atmosphere. They produce diverse compound classes
including non-ribosomal peptides (NRPs) and hybrid NRP-polyketides (PK). We
aim to implement a biosynthetic gene cluster (BGC)-guided approach to obtain
nitrogen-containing secondary metabolites from freshwater cyanobacteria.
Herein, we report a pipeline that offers an alternative or enhancement to the
traditional bioassay-guided pipeline to hasten the discovery of natural products
from cyanobacteria while minimizing rediscovery of known compounds. In this
approach, strains were chosen for the presence of NRP and hybrid NRP-PK
BGCs as identified by antiSMASH. These BGCs were analyzed to predict the
number of nitrogen atoms in their respective metabolites. Nitrogen-containing
compounds were subsequently identified through 15N stable isotope labeling
and comparative metabolomics using tandem mass spectrometry (MS/MS).
Additionally, nuclear magnetic resonance (NMR) spectroscopy identified novel
compounds and dereplicated known compounds. This pipeline can be used
alongside a traditional bioassay-guided drug discovery method to increase the
discovery rate of new molecules and circumvent the issue of rediscovery of
known compounds by de-orphaning BGCs.
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Yuanhuang Chen
University of Michigan

Evaluating the reactivity and selectivity of polyketide
pathway thioesterase variants generated via site-directed
mutagenesis
Authors

Yuanhuang Chen1,2, Zachary Litman, PhD1, David H. Sherman, PhD1,2,3,4
1
Life Sciences Institute, 2Department of Medicinal Chemistry, 3Department
of Microbiology & Immunology, 4Department of Chemistry, University of
Michigan, Ann Arbor, Michigan

Abstract

Type I assembly-line polyketide synthases are typically terminated by a
thioesterase (TE) domain that catalyzes the cyclization or hydrolytic release
of the final polyketide intermediate. The thioesterase domains from the
erythromycin/6-deoxyerythronolide B synthase (DEBS TE) and pikromycin
synthase (Pik TE) are two of the most well-studied TEs. Although high-quality
crystal structures have been solved for both PikTE and DebsTE, the structural
features that control the selectivity for substrates release (polyketide
intermediates) have yet to be elucidated. Herein, we report an approach to
identify these features, which included identifying a total of 18 residues in
PikTE and DebsTE that are proximal to their respective active sites. Sitedirected mutagenesis was employed to generate variants of the wild-type
(WT) TEs with altered residues at the relevant sites. Full-length polyketide
substrate analogs were obtained via semi-synthesis and their reactivity was
interrogated with the mutant TEs. The ratios and yields of products were
determined via quantitative HPLC. Thus, we identified a series of mutants
that reacted with substrates at similar rates as their WT counterparts, but
with altered offloading selectivities. These results have enabled us to identify
some of the structural features that control TE selectivity characteristics. This
work provides a foundation for future studies in which variants of WT TEs are
employed as standalone catalysts, or as domains in larger engineered PKS
pathways. The identification of residues that alter TE loading and selectivity
enables future directed evolution approaches and semi-rational efforts to alter
TE selectivity.
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Corrine Din

University of Michigan

Delivery of auto-antigens in plga nanoparticles for the
treatment of autoimmune diseases
Authors

Corrine Din
Department of Pharmaceutical Sciences, University of Michigan, Ann Arbor,
MI

Abstract

Current approved therapies for autoimmune diseases focus on widespread
immunosuppression or general immunomodulatory functions which have
shown some success but either come with potentially serious side effects
or modest efficacy. Recently, research efforts have shifted focus to exploring
more specific treatment strategies by inducing tolerance using self-peptide
antigens. By delivering a self-peptide antigen without co-stimulatory signals,
tolerance can theoretically be induced by priming antigen presenting cells
with a tolerogenic profile. The goal of this project is to develop a polymer
nanoparticle formulation using a remote loading process to encapsulate a
self-antigen peptide and a low dose of IL-2 cytokine to induce tolerance in
patients with multiple sclerosis or type 1 diabetes. Poly (lactic-co-glyolic) acid
or PLGA is a biodegradable, biocompatible polymer that has been used in
several FDA approved long-acting release formulations. PLGA will be used
to encapsulate a self-peptide antigen as well as IL-2 cytokine to induce
tolerance via subcutaneous injection targeting lymph nodes. Variations of the
nanoparticle formulation are characterized for size and surface morphology
as well as in vitro for release profiles and immune cell interactions. The
formulations will subsequently be tested in vivo in an animal model to assess
efficacy in preventing disease onset.
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Adaeze Enelia

University of Michigan

Reverse engineering of doxil®
Authors

Adaeze Enelia, Kaikai Wanga, Rose Ackermanna, Ji Lia, Alysha Reichela, Yayuan
Liua, and
Anna Schwendemana
a
Department of Pharmaceutical Sciences, The Biointerfaces Institute,
College of Pharmacy, University of Michigan, 2800 Plymouth Rd., Ann Arbor,
Michigan 48109, USA.

Abstract

Doxil®, a PEGylated liposomal formulation of doxorubicin hydrochloride,
was the first liposome drug product to be approved by the FDA in 1995.
Although off patent, limited generic products have been approved due to
complexities in manufacturing and bioequivalence challenges. The following
physicochemical attributes were analyzed in our reverse engineering of Doxil®:
particle size distribution, zeta potential, encapsulation efficiency, degradation
and aggregation, doxorubicin and lipid concentration, doxorubicin and lipid
impurities, and in vitro drug release. Analyzed contents of Doxil® indicated
that the actual concentration of doxorubicin and its lipid constituents were
higher than the numbers stated on the package insert for most lots. Particle
size and zeta potential of doxorubicin were 88 nm and -25.4 mV, respectively.
Eighty percent cumulative release was achieved using two distinct methods
assessing in vitro drug release. Doxorubicin impurities, daunorubicin,
doxorubicinone and daunorubicinone, were detected via UPLC at retention
times of 6.622, 6.827 and 8.371 minutes, respectively. Common lipid
degradants detected by UPLC were Lyso-PC (16:0) and (18:0). Exposure to
thermal stress at 40°C resulted in 75% degradation of Doxil® within one week.
Complete degradation occurred within 8 hours after the addition of hydrolytic
(acidic/alkaline) stress at 80°C. Under oxidative conditions, doxorubicin
impurities began to form. Similarly, aggregates formed upon equal addition
of phosphate buffered saline to Doxil®. Our reverse engineering of Doxil®
provides a baseline for performing comparative analytical studies of generic
formulations. This work may support the development of generic Doxil®
formulations as well as other similar, complex liposomal generics.
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Helen Erickson

University of Nebraska Medical Center

Delivery of auto-antigens in plga nanoparticles for the
treatment of autoimmune diseases
Authors

Helen Erickson

Abstract

Tuberculosis (TB), caused by the pathogen Mycobacterium tuberculosis (M.
tb), is a leading infectious disease worldwide, responsible for 1.5 million deaths
annually. Multi-drug resistant M. tb strains and latent infections continue to elude
existing treatments, necessitating the development of new anti-TB drugs that
attack both active and dormant bacteria. Ergothioneine is an antioxidant found
in few fungal and bacterial species, including M. tb, and has been shown to
be crucial for its long-term survival and infectivity of murine macrophages. We
are targeting M. tb’s SAM-dependent histidine methyltransferase EgtD, which
catalyzes the first step of ergothioneine biosynthesis – the trimethylation
of L-histidine to hercynine. Using a competitive fluorescence polarization
methyltransferase activity assay, we identified a moderate inhibitor from a
set of novel heterocyclic compounds designed to dually target the L-Histidineand SAM-binding domains of EgtD’s catalytic center. We then determined
that Sinefungin, a SAM analogue, possesses a similar inhibitory effect. X-ray
diffraction analysis revealed differences in binding propensities between the
two inhibitors. A molecular docking study gave additional insight into EgtDligand interactions. Our results will guide on-going structure-based design of
anti-TB drugs targeting this essential M. tb pathway.
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Hytham Gadalla
Purdue University

Nanocrystals improve systemic delivery of carfilzomib to solid
tumors
Authors

Hytham Gadalla1 and Dr. Yoon Yeo1,2
1
Department of Industrial and Physical Pharmacy, Purdue University, West
Lafayette, IN, 47907, United States
2
Weldon School of Biomedical Engineering, Purdue University, West
Lafayette, IN, 47907, United States

Abstract

Carfilzomib (CFZ), a second-generation proteasome inhibitor, is an inducer
of immunogenic cell death that may contribute to cancer immunotherapy.
Although CFZ is effective against blood tumors, it has shown disappointing
results in solid tumor therapy due to its unfavorable biopharmaceutical
properties, such as the short biological half-life and poor aqueous solubility.
To enable CFZ usage in solid tumor immunotherapy, we developed albumincoated carfilzomib nanocrystals (CFZ-NC), which can help disperse CFZ in
aqueous medium and improve its circulation stability. The CFZ-NC production
process was optimized to reduce the NC size, thereby enhancing CFZ tumor
accumulation via the enhanced permeability and retention effect. Therapeutic
performances of two NC formulations with different particle size (330 or 168
nm) were evaluated in vitro and in vivo, in comparison with a commercial CFZ
formulation (CFZ-CD). Both CFZ-NC formulations showed higher cytotoxicity
than CFZ-CD against drug-sensitive 4T1 or drug-resistant NCI/ADR-RES breast
cancer cells after 2h incubation, suggesting their advantages in enhancing
stability and cellular uptake of CFZ. NC168 showed greater tumor cell uptake
but less macrophage recognition than NC330. Further, NC168 attenuated
CFZ immunotoxicity compared to NC330 or CFZ-CD. CFZ-NC showed sizedependent toxicity in tumor-free mice, with maximum tolerated doses of <
10 mg/kg/dose (NC330) and 10 mg/kg/dose (NC168 and CFZ-CD). At 3 mg/kg
(q7d x 2 doses), NC168 suppressed tumor growth better than NC330 and CFZCD in a syngeneic mouse model of 4T1 breast cancer. In summary, CFZ-NC
improved the drug toxicity to tumor cells compared to the commercial CFZCD formulation. Additionally, the reduction of NC size significantly improved
its tumor delivery. This study suggests that NC formulation may improve the
therapeutic performance of CFZ against solid tumors.
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Mery Vet George De la Rosa
University of Michigan

L-carnitine challenge test as a tool for identifying
mitochondria-related adverse drug reactions
Authors

Mery Vet George De la Rosa1, Kathleen A. Stringer2, and Gus R. Rosania1
1
Department of Pharmaceutical Sciences, College of Pharmacy, University of
Michigan
2Department of Clinical Pharmacy, College of Pharmacy, University of
Michigan

Abstract

Some adverse drug reactions (ADRs) are associated with off-target drug
interactions with mitochondria. Metabolites that reflect mitochondrial
function may help identify patients at risk of mitochondrial toxicity. L-carnitine
and acylcarnitines are mitochondrial biomarkers used to screen neonates
for inborn errors of metabolism. However, L-carnitine and acylcarnitines are
not otherwise measured. We hypothesized that an L-carnitine challenge test
can identify individuals at risk for mitochondrial-related ADRs by provoking
variation in L-carnitine and/or acylcarnitines blood levels. Male C57BL/6 mice
were treated with clofazimine (CFZ) by its addition to their chow for 8-weeks.
Following CFZ treatment, mice were injected with a high dose (1,000 mg/
kg) of L-carnitine, “challenge test”. At 8-weeks, CFZ treated mice weighed
on average (SD) less (22.6+1.21g) than vehicle treated mice (25.7+1.08g,
p=<0.0001) but consumed the same amount of food per day (3.0g ±0.28).
Urine and blood samples were assayed for L-carnitine and acetyl-L-carnitine
concentrations using a quantitative LC/MS analysis. In urine, mass ratio of
L-carnitine in CFZ and vehicle treated mice was 0.73 and 0.76, respectively
(p = 0.87). However, mean (SD) blood acetyl-L-carnitine concentration 30 min
after L-carnitine challenge test was lower in CFZ treated vs. vehicle treated
mice (28.8+9.6 vs. 73.6+13.7, µg/mL; p=0.0003); pre-treatment levels were
not different. CFZ-induced changes in weight are consistent with our previous
work, and reflect CFZ-induced changes in metabolism. L-carnitine-induced
differences in whole blood acetyl-L-carnitine concentration in CFZ treated
mice serve as an indication of the potential for the challenge test as a “probe”
to identify drug-related mitochondrial toxicological manifestations.
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Xiao Guo

University of Illinois Chicago

Reactive astrocytes in the lateral habenula contribute to the
pain and anxiety-like behaviors in chemotherapy-induced
neuropathy
Authors

Xiao Guo1, Tianzhuo Yao, and Zaijie Jim Wang1,2,3
1
Department of Pharmaceutical Sciences and Center for Biomolecular
Sciences, University of Illinois, Chicago, IL 60612
2
Department of Neurology & Rehabilitation, University of Illinois, Chicago, IL
60612
3
Department of Bioengineering, University of Illinois, Chicago, IL 60607

Abstract

The painful neuropathy induced by paclitaxel (PIPN) significantly impacts
the quality of life for cancer patients and may lead to the cessation of the
chemotherapy and poor clinical outcomes. The importance of spinal glia
pathophysiology to the etiology of chronic pain has been investigated in
multiple pain models; however, less is understood regarding its regulation at the
supraspinal level. The lateral habenula (LHb), which is responsible for coding
aversion signals, has emerged as a key region of pain signal processing.
Whether reactive astrocytes in LHb are responsible for pain signaling is not
yet understood. In the current study, we investigated the astrocyte reaction
in LHb, evoked hypersensitivity, spontaneous pain and comorbid anxiety-like
behaviors in a mouse model of PIPN. We first demonstrated the existence
of astrocyte reaction in LHb during the late phase of PIPN, as indicated by
the enhanced immunoreactivity of GFAP and cellular hypertrophy. We then
inhibited LHb astrocyte reaction by microinjections of L--aminoadipic acid
(L--AA), an astrocyte-specific cellular toxin. L--AA selectively attenuated the
spontaneous pain but not the evoked hyperalgesia in a lateralized manner,
supporting the hypothesis that the reactive astrocytes contribute differently
to sensory and affective pain in PIPN. Furthermore, we induced PIPN-like
behaviors in naive mice by transplantation of reactive astrocytes treated by
paclitaxel and chemogenetic activation of astrocytes by AAV-GFAP-hM3Dq.
Taken together, our results showed the contributions of astrocyte rection in
LHb to the development of pain and associated affective changes and its
unilateral regulation of spontaneous pain, deepening our understanding of
the functional asymmetry of LHb.
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Aditya Gupta

University of Nebraska Medical Center

Chlorotoxin-directed Nanoparticulate Delivery of Hedgehog
and BRD4 Inhibitors for treating Medulloblastoma
Authors

Qiyue Wang,1 Aditya Gupta,1 Virender Kumar,1 Feng Lin,1 Bharti Sethi,1 Haizhen
A. Zhong,2 Kishor K. Bhakat,3 Donald W. Coulter,4 Yuxiang Dong1 and Ram I.
Mahato1,*
1Department of Pharmaceutical Sciences, University of Nebraska Medical
Center, Omaha, NE 68198, USA
2Department of Chemistry, University of Nebraska Omaha, Omaha, NE 68182,
USA
3Department of Genetics, Cell Biology and Anatomy, University of Nebraska
Medical Center, Omaha, NE 68198, USA
4
Department of Pediatrics, University of Nebraska Medical Center, Omaha, NE
68198, USA

Abstract

Medulloblastoma (MB) is one of the most common malignant pediatric
central nervous system (CNS) tumors. Treatment of MB is challenging due
to the existence of cancer stem cells (CSC), drug resistance, and inefficient
drug transport to the brain. Hedgehog (Hh) signaling pathway plays critical
roles in the MB initiation and progression and is involved in MB metastasis
and maintenance of MB stem cells. Herein, we developed the MB treatment
strategy by using a combination of BRD4 inhibitor JQ1 and a novel
smoothened (SMO) inhibitor 1-(4-chloro-3-(pyridine-2-yl)phenyl)-3-(4-chloro3-(trifluoromethyl)phenyl)urea (abbreviated as MDB11). JQ1 and MDB11
synergistically inhibited MB bulk tumor and stem cell proliferation as well as
MB cell metastasis in vitro. To enhance drug transport across the blood-brain
barrier (BBB), we developed chlorotoxin (CTX) decorated PEG-b-PCC-g-DC
copolymer to deliver drugs to MB cells by targeting membrane-related matrix
metalloproteinase-2 (MMP2). Targeted NPs exhibited sustained drug release
and significantly increased JQ1 and MDB11 accumulation in MB tumors after
systemic administration of CTX-NPs loaded with these drugs. There was
significant decrease in tumor burden without any systemic toxicity orthotopic
MB tumor bearing mice after receiving these targeted nanoformulations.
In conclusion, our CTX-NPs loaded with JQ1 and MDB11 offers a novel
therapeutic strategy to inhibit MB proliferation, relapse, and metastasis.
Keywords: Medulloblastoma, GLI, chlorotoxin, cancer stem cells, matrix
metalloproteinase-2
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Abstract

Mycobacterium tuberculosis (Mtb) is the pathogenic species that causes
Tuberculosis (TB). Understanding the major biosynthetic pathways of Mtb
responsible for the viability of Mtb cells are mandatory for designing new
drugs to combat this global health issue. GlgE is one of the enzymes in the
Mtb α-glucan biosynthesis pathway that catalyzes the elongation of α-glucan
chains by transferring maltose from maltose-1-phosphate (M1P) to the nonreducing end of a growing α-glucan via an SN1 mechanism. This reaction
proceeds through an oxocarbenium intermediate. Inhibiting GlgE causes
the accumulation of toxic M1P in Mtb cells and promotes rapid cell death
in 14 days. The absence of a GlgE homolog in humans combined with the
biological essentiality in Mtb has positioned GlgE as an exciting anti-TB
drug target. The enzyme-inhibitor interactions were characterized using the
ScoGlgE1-V279S variant, which is an MtbGlgE homolog that shares 100%
identity between the M1P binding sites. Based on the known catalytic activity
and expected reaction mechanism, we synthesized a transition state (TS)like mimic, 4-amino-2,3-dihydroxy-6-(hydroxymethyl) cyclohexyl alpha-Dglucopyranoside (ADCLG), but it failed to inhibit the activity of ScoGlgE1V279S. Modifying ADCLG to 4-amino-5,6-dihydroxy-2-(hydroxymethyl)
cyclohex-2-en-1-yl alpha-D-glucopyranoside (ADCEG) and testing for
inhibition against ScoGlgE1-V279S identified ADCEG as a moderate inhibitor
with an IC50 of 484 ± 51 µM. The compound bound crystal structures of
ScoGlgE1-V279S/ADCLG and ScoGlgE1-V279S/ADCEG complexes were
resolved to resolutions of 1.75 Å and 1.83 Å, respectively. The ScoGlgE1V279S/ADCEG complex demonstrated that ADCEG mimics the flat chair
conformation of oxocarbenium intermediate at TS, and it facilitates
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Abstract

Mycothiol (MSH) is the major low molecular weight thiol containing compound
in Mycobacterium tuberculosis. MSH is mainly responsible for maintaining
redox homeostasis and detoxification of xenobiotics. By previous studies
Mycothiol S-transferase (MST) protein was identified as the enzyme that
transfers MSH to acceptors. As MSH is important for survival of bacteria,
characterization of MST enzyme is crucial to understand how MSH utilizes
in mycobacterial cells. The initial characterization with the enzyme kinetic
assays and Differential Scanning Fluorometric (DSF) assays suggest that
MST is a metalloenzyme. Our recently solved ternary complex structure of
MST with MSH and catalytic metal Zn2+ ion highlights specific interactions
within the active site that supports substrate binding. The conformational
change of two loop regions containing conserved residues Y91 and W139
upon binding the MSH substrate and Zn2+ displays how the binding of
MSH induces structural changes that facilitates the binding of the second
substrate. The loop harboring Y91 possesses elevated B-factors with respect
to unliganded MST suggesting it plays a role in substrate recognition and
possibly catalysis. The cell-based gene knockout of the gene encoding MST
show this enzyme does not impact the efficacy of Rifampicin or Isoniazid
detoxification as hypothesized by previous studies. This finding opens new
aspects about the mode of the action of the enzyme and its acceptors. The
ongoing metabolomic studies with the enzyme will identify the MST second
substrate to identify possible MSH acceptors to better define the cellular role
in maintaining redox homeostasis and characterize novel drug detoxification
pathways.
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Abstract

Therapeutic monoclonal antibodies(mAbs) are currently the most dominant
form of biologics in the pharmaceutical industry due to their high specificity
to the target, long systemic circulation, and immunomodulatory function. Yet,
there are remaining problems of mAb, such as low tissue distribution and high
inter intra variability of the pharmacokinetics and pharmacodynamics (PK/
PD). However, the research on the transport mechanism of IgG in different
tissue is still in its early stages. In this study, we tried to elucidate the IgG
transport mechanism and driving factor of the transport in different cells. For
material, we choose atezolizumab, a recombinant anti-PDL1, and a matching
short peptide (2 kDa) for producing a small IgG immune complex. With this
material, the In vitro model confirmed that a small IgG immune complex
showed an increased transcytosis rate at lung epithelial cell layers compared
with monomeric IgG. Future studies will focus on IgG fragments and
engineered antibody’s transport rate and mechanism. Altogether this study
aims to provide invaluable information to develop new delivery strategies and
improve PK/PD of treatment mAb.
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Abstract

Pancreatic ductal adenocarcinoma (PDAC) is an aggressive cancer with
five-year survival rate around 10%. CXCR4 and STAT3 display crucial
effects on proliferation, metastasis, angiogenesis, and immunosuppressive
microenvironment in PDAC. Here, we evaluated the hypothesis that
conjugation of α-tocopherol to polycations (PAMD) synthesized from CXCR4
antagonist AMD3100 will improve delivery of therapeutic STAT3 siRNA to
PDAC tumors. The α-tocopherol modified PAMD-TOC/siSTAT3 polyplexes
showed superior anti-tumor and anti-migration performance to the nonmodified PAMD/siSTAT3 polyplexes in murine and human PDAC cell lines.
The biodistribution of the polyplexes in orthotopic mouse KPC8060 and
human PANC-1 PDAC models indicated that PAMD-TOC/siRNA polyplexes
greatly improved tumor accumulation compared with PAMD/siRNA control.
The improved cellular uptake, penetration, and tumor accumulation of PAMDTOC/siSTAT3 polyplexes then contributed to the suppression of tumor growth
and metastasis in both animal models of PDAC. Overall, this study represents
a prospective treatment strategy for pancreatic cancer.
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Abstract

Pain is the most common symptom experienced by sickle cell disease (SCD)
patients throughout their lives and is the main cause of hospitalization.
Despite the progress that has been made towards understanding the
complex pathophysiology of SCD, major gaps remain in the knowledge of
SCD pain, the factors underlying the transition from acute to chronic pain and
effective pain management. Recent evidence has demonstrated a crucial
role of gut microbiome in pathophysiological features of sickle cell disease
and a major dysbiosis in the gut microbiome of SCD patients. However,
the role of the microbiome in SCD pain is yet to be explored. In this study,
we investigated the change in gut microbiome in transgenic mouse model
and the effect of gut microbiome on the pain phenotype in SCD by fecal
microbiome transplantation (FMT). This was achieved by gut microbiome
depletion via broad spectrum antibiotics (Ampicillin (1g/L), Vancomycin
(0.5g/L) and Neomycin (1g/L) for 3 days in drinking water) followed by FMT.
The mice were tested for mechanical allodynia, heat hyperalgesia, and cold
allodynia to ascertain the pain phenotype. We found that FMT from SCD mice
to healthy wildtype mice induced a pain phenotype similar to that of the donor
SCD mice. A significant decrease in the paw withdrawal threshold to von
Frey filaments (P ≤ 0.01) as well as the paw withdrawal latency to radiant
heat stimulus (P ≤ 0.001) was observed. On the other hand, no mechanical
allodynia or thermal hyperalgesia was detected in the control wildtype mice
receiving FMT from healthy donors. In addition, SCD mice receiving FMT from
healthy donors exhibited an attenuation in the pain level with significantly
higher paw withdrawal threshold (P ≤ 0.01) for mechanical allodynia as well
as a higher paw withdrawal latency (P ≤ 0.001) for heat hyperalgesia and
cold allodynia compared to the baseline levels. These findings suggest a
crucial role of gut microbiome in the development of SCD pain and forms the
basis to further our understanding into the molecular pathways affected by
the gut microbiota.
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Abstract

Ovarian cancer, the fifth leading cause of cancer-related death in women,
is the most aggressive gynecological malignancy in the world. Among the
various subtypes of ovarian cancer, high-grade serous ovarian cancer
(HGSOC) is the most common and lethal. This lethality is primarily due to
lack of early detection and frequent chemoresistance. Hence, it is crucial
that novel therapies are developed. Natural products contribute to over
70% of all anti-cancer drugs developed and are an important source for
new drug leads. Aulosirazole, a natural product isolated from the Nostoc
sp. cyanobacterium, has been previously reported to be cytotoxic against
OVCAR3 (IC50 = 301 ± 80 nM), and leads to the induction of FOXO3a nuclear
translocation. Phosphorylation and subsequent translocation of the FOXO3a
transcription factor from the cytoplasm to the nucleus has tumor suppressive
effects. FOXO3a phosphorylation by JNK leads to nuclear localization, while
FOXO3a phosphorylation by AKT tends to result in cytoplasmic localization.
Aulosirazole led to phosphorylation of both JNK and AKT in western blot
analyses, but the JNK phosphorylation was still able to stimulate FOXO3a
nuclear localization according to immunocytochemistry. Aulosirazole
induced cleavage of PARP in western blot analysis and increased apoptotic
cell population in AnnexinV/PI assay. It also regulated known downstream
FOXO3a targets such as BCL2 and p21. In hollow fiber assay, aulosirazole
reduced OVCAR5 cell viability in vivo. No FDA-approved cancer drugs
targeting FOXO3a nuclear localization currently exist, suggesting that
aulosirazole may have an innovative mechanism of action. Future studies will
focus on FOXO3a knockdown studies and in vivo models.
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Abstract

Chronic inflammation of the colon often leads to colorectal cancer, a significant
health concern in modern society due to unhealthy food habits. Curcumin is
a safe, dietary compound with strong anti-inflammatory properties; however,
its poor solubility and bioavailability restricted its clinical use. To address the
shortcomings, a highly water-soluble (>2000 times more than curcumin) and
stable noncovalent complexes of curcumin with Eudragits (polymer(s)), OraCurcumin-S (OC-S hereon) were engineered, that resist systemic absorption
and delivers soluble curcumin directly to the lumen of the colon. OC-S
was prepared by nanoprecipitation and characterized by FTIR, and NMR.
Curcumin levels in the serum and tissues were determined by HPLC. OCS; i) achieved high levels of soluble curcumin in the colon without systemic
exposure in healthy mice (colon-targeted), ii) preferentially bound to inflamed
colon tissue vs. healthy colon tissue (inflammation-targeted) as determined
by using an in-vivo imager, iii) inhibited TLR4 signaling in dendritic cells and
3D-organoid colonic crypts, and iv) promoted mucosal healing and barrier
integrity even at doses 3-60 times lower than in currently reported curcumin
studies (5mg/kg/day) in Dextran Sodium Sulfate (DSS, 2.5% in drinking water
for 7 days) induced mouse model of colitis. OC-S treatment suppressed
TNF-α expression and increased the expression of cytokine IL-10 in the colon
tissue of DSS exposed mice as determined by the real-time-PCR method. In
conclusion, through the colon and inflammation-site specific delivery of highly
soluble curcumin, OC-S offers a safe dietary option for controlling chronic
inflammation in the colon and reducing the incidence of colorectal cancer.
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Abstract

The role of B cell cancer vaccines is controversial, and T cell cancer vaccines
achieve limited efficacy. Here, we designed a virus mimicry B cell nanovaccine
(VSMVax) that, when combined with αPD-1, achieved long-term tumor remission
by promoting the T follicular helper (Tfh)-dependent B cell response and
remodeling tumor immune microenvironment. VSMVax resembled a viral structure
with optimal distance between antigen clusters, and optimal local antigen
density. VSMVax penetrated deep and accessed the medullary regions of lymph
nodes and crosslinked with B cell receptors for early B cell activation. VSMVax
increased Tfh-dependent germinal center responses and antigen-specific B cells
in lymph nodes. Strikingly, VSMVax promoted tumor immune cell infiltration and
remodeled tumor immune microenvironment. VSMVax represents a novel cancer
vaccine design that stimulates a unique B cell immunity to achieve long-term
cancer remission.
Although B cell vaccines have been successfully used to prevent viral infections
(such as SARS-CoV-2, HPV, and many other viruses), B cell vaccines are
rarely designed for cancer treatment since the role of B cell immunity in cancer
treatment is controversial. However, several recent studies have demonstrated
that regardless of the T cell infiltration, high densities of B cells in the tumor are
strongly associated with a better clinical response to ICB therapy in various types
of cancers. These findings point to the need to develop a new generation of B cell
cancer vaccines that promote B cell activation and tumor infiltration, in addition to
generating neutralizing antibodies, to boost anticancer immunotherapy.
In this study, We engineered a virus mimicry nanovaccine (VSMVax) which had
an optimal distance between antigen clusters (5–10 nm), and had high local
antigen density in each cluster. These unique features are essential to crosslink
B cell receptors (BCRs) to elicit extensive early B cell activation and subsequent
robust GC responses for antigen specific long-term B cell generation. We also
hypothesize that stronger B cell response elicited by VSM may also lead to better
B cell access into the tumor microenvironment. To mimic the clustered antigen
topography of viruses, we generated nanoparticles with spikes and conjugated
HER2 peptides that contained a B cell epitope (SNTAPLQPEQLQ) and CD4+
T helper cell epitope (PESFDGDPA) onto the spikes of VSMVax. To enhance
the remodeling of tumor immune microenvironment, we also introduced LIGHT,
a member of the tumor necrosis factor (TNF) ligand family, into the VSMVax
platform. Surprisingly, VSMVax with LIGHT, in combination with anti-PD1 antibody,
achieved long-term tumor remission (>240 days) with a complete response (CR)
rate of 44% in mice with HER2 breast cancer.
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Abstract

A reliable in vitro system can support and guide the development of
subcutaneous (SC) drug products. Although several in vitro systems have
been developed, they have some limitations, which may hinder them from
getting more engaged in SC drug product development. This study sought
to develop a novel in vitro system, namely SC Action Lateral Absorption
Re-modeler (SCALAR), to better emulate the in vivo SC environment and
predict the fate of drugs in SC delivery. SCALAR was fabricated using the 3D
printing technique and was used to evaluate different molecules (hydrophilic
and hydrophobic) and formulations (solution and suspension). A DoE factor
screening study was conducted to identify critical parameter(s). An in-vitroin-vivo correlation (IVIVC) study was developed to explore the feasibility of
applying SCALAR in formulation development and bioequivalence studies.
The results of the factor screening study suggested that hyaluronic acid
(HA) concentration was a critical parameter for drug release, whereas the
influence of injection volume and injection position was not substantial.
Further, drug release from the “SC” chamber to the acceptor chamber
could be modeled by a variety of methods, including polynomial equations,
machine learning methods, and Monte Carlo simulation-based methods. The
developed LEVEL-A IVIVC model demonstrated that the in vivo PK profile
could be correlated to the in vitro release profile. Therefore, using this model,
for new formulations, only in vitro studies need to be conducted in SCALAR,
and in vivo studies might be waived. In conclusion, SCALAR had important
implications for research & development and quality control of SC drug
products. The future work would be focused on further optimizing SCALAR
and expanding its applications via assessing more types of molecules and
formulations.
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Abstract

Gemcitabine (GEM), a frontline drug, shows limited efficacy due to its rapid metabolism
and inefficient delivery to the desmoplastic pancreatic tumor site. Hedgehog (Hh)
signaling activates pancreatic stellate cells (PSCs) and plays a critical role in the formation
of desmoplasia and proliferation of cancer stem cells (CSCs). KRAS is predominantly
mutated in pancreatic cancer, yet KRAS remains a difficult target. Since inhibition of
mTORC1/2 increases ERK phosphorylation, we propose combination therapy of GEM
with ONC201, which is an AKT/ERK dual inhibitor to effectively treat pancreatic cancer.
ONC201 inhibits cell proliferation and induces TNF-related apoptosis inducing ligand
(TRAIL)-mediated apoptosis. Further, we have adopted a stroma depletion strategy by
sequential administrating Hh inhibitor MDB5 for reducing physical barrier of drug delivery.
While sonic hedgehog (Shh)-deficient tumors have reduced stromal content, such tumors
are aggressive with increased vascularity and metastatic potential. Therefore, reduction
of desmoplasia by inhibiting Hh pathway will allow efficient delivery of ONC201 and GEM
loaded into EGFR targeted NPs to the pancreatic tumor site. We have identified an effective
combinatorial treatment strategy using clinically viable inhibitors, which can be applied to
PDAC tumors with different KRAS mutations. In our preliminary studies, (i) compared to
free GEM, mPEG-co-PCC-g-GEM-g-DC NPs increased GEM accumulation in orthotopic
tumor by 2.5-fold. To control GEM release into the tumor, we synthesized mPEG-coP(Asp)-g-DC-S-S-GEM with GEM payload of 14% w/w. There was 90% GEM release from
the polymer upon incubation with L-glutathione (GSH). Combination of GEM with ONC201
showed synergy in killing resistance PC cells in vitro and reduced tumor growth in vivo
more effectively than their monotherapies. We also synthesized 2-chloro-N1-[4-chloro-3(2-pyridinyl) phenyl]-N4, N4-bis(2-pyridinylmethyl)-1,4-benzenedicarboxamide (MDB5),
which inhibited Hh ligands and cancer stem cell (CSC) markers more efficiently than
vismodegib. Targeted NPs were prepared and optimized by decorating their surface with
EGFR binding peptide GE11 at different ligand density. Systemic administration of MDB5
loaded GE11-NPs into PC tumor bearing mice resulted in higher drug concentration
in the tumor at 4h post administration compared to non-targeted NPs. Therefore, we
hypothesize that sequential administration of MDB5 loaded NPs will increase GEM and
ONC201 delivery to the tumor and result in synergistic inhibition of PC by reversing
resistance induced by desmoplasia and CSC proliferation more efficiently. Our specific
aims are to i) assess the effects of ONC201 and GEM combination in GEM resistant PC
cells in vitro and in vivo, ii) development of targeted redox sensitive nanomedicine of Hh
inhibitor MDB5, ONC201 and GEM, and iii) nanoparticulate delivery of MDB5, ONC201,
and GEM combination in orthotopic and spontaneous KPC mouse models. Long-term
impact is to develop novel strategies to reduce desmoplasia-induced chemoresistance
in PC using multifunctional nanomedicine of MDB5, GEM and ONC201.
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Abstract

During infection, Mycobacterium tuberculosis becomes dormant, reducing
its metabolism and growth. Previous work shows that overexpression of CitA,
a secondary citrate synthase, causes Mycobacterium tuberculosis to be
more sensitive to current TB drugs, suggesting that CitA may play a role
as a metabolic switch during infection and may be an interesting TB drug
target. To assess druggability and possible mechanisms of targeting CitA
with small-molecule compounds, CitA crystal structure was solved to 2.4 Å
by X-ray crystallography. Resulting structure lacks an NADH binding site that
would afford allosteric regulation, which is atypical of most citrate synthases.
However, a pyruvate molecule is bound ~7 Å closer to NADH binding site,
suggesting pyruvate may instead be the allosteric regulator for CitA. The R149
and R153 residues forming the charged portion of pyruvate binding pocket
were mutated to glutamate and methionine, respectively, to assess the effect
of mutations on activity. Solved crystals structures of both variants show no
significant structural changes. However, catalytic efficiency of R153M variant
increases by 2.6-fold. Additionally, a previous study showed mycothiolation
of C143 residue under oxidative stress. Here we show that activity of CitA is
lost by modification of C143 residue by Ebselen. Crystal structure of Ebselen
modified CitA was solved, however, no significant structural changes were
observed. Since covalent modification of C143 inactivates CitA, and the
location of C143 is only 8 Å from pyruvate binding site, this strengthens
the hypothesis that structural and/or chemical changes in this region are
responsible for regulating CitA enzymatic activity.
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Abstract

An amorphous solid dispersion (ASD) of sorafenib (SOR) in hydroxypropyl
methylcellulose acetate succinate (HPMC-AS), prepared by coprecipitation,
was used to develop an immediate release tablet with improved oral
bioavailability. An ASD of 40% drug loading with HPMC-AS (M grade), which
exhibited superior physical stability and enhanced dissolution, was selected
for tablet development. Systematic characterization of powder properties of
the ASD led to the choice of the dry granulation process to overcome poor
flowability of the ASD. The designed tablet formulation was evaluated using a
material-sparing and expedited approach to optimize compaction conditions
for manufacturing ASD tablets with low friability and rapid disintegration.
The resulting SOR ASD tablets exhibited approximately 50% higher relative
bioavailability in dogs than the marketed SOR tablet product, Nexavar®.
Keywords: Sorafenib, Amorphous Solid Dispersions (ASDs), Coprecipitation,
Tablet, Oral bioavailability
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Abstract

Amphotericin B (AmB) is the gold standard for antifungal therapy; however,
its poor solubility and permeability limits its administration to intravenous
infusion. A promising formulation strategy to achieve an oral formulation is
the development of amorphous solid dispersions (ASDs) via spray-drying.
ASDs incorporate amorphous drug within a polymeric matrix to stabilize the
amorphous form, which can then undergo facilitated dissolution and achieve
supersaturation driving enhanced membrane flux once in solution. Additionally,
ASDs can incorporate surfactants, which can improve solubility and enhance
dissolution by creating micelles when at concentrations above the critical
micelle concentration (CMC). We developed both binary ASDs (AmB:polymer
or AmB:surfactant) and ternary ASDs (AmB:polymer:surfactant) using a
variety of surfactants to determine the optimal surfactant characteristics for
achieving maximal AmB concentration upon dissolution. The binary ASDs
containing AmB:surfactant increased the total solution concentration of AmB
by up to 40-fold compared to the crystalline drug. However, the ternary ASDs
achieved up to a 90-fold increase compared to the crystalline drug. Three of
the ternary ASD formulations were able to achieve this significant increase,
leading us to conclude that the number of carbons in the surfactant chain and
the presence of a sulfate functional head group on the surfactant is important
to obtaining significant increases in the concentration of AmB. However,
the large discrepancy between concentrations observed with the binary
AmB:surfactant formulations compared to the ternary AmB:polymer:surfactant
formulations conveys that inclusion of both polymer and surfactant in the ASD
is advantageous.
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Abstract

Chronic liver diseases, precipitated by chronic alcohol abuse, high fat diet,
viral hepatitis infection, or cholestasis account for approximately two million
annual deaths. Globally, it is estimated that seventy-five million people have
been clinically diagnosed with alcohol use disorders, and as a result are at a
severely increased risk of developing alcoholic liver disease (ALD) (1). This
initial insult leads to the increased expression of pro-inflammatory cytokines
and the activation of hepatic stellate cells (HSCs), and their subsequent
differentiation into myofibroblasts. This leads to the deposition of excess
extracellular matrix, which leads to the further aggravation of the liver injury.
Hedgehog (Hh) signaling and Transforming growth factor (TGF)-ß1 signaling
are both key pathways in this process. Hh signaling causes the activation
and differentiation of HSCs, while TGF-ß1 induces the expression of genes
involved in de novo lipogenesis and mediates hepatocyte death. Preliminary
studies in our laboratory have shown that miR-96-5p is one of several miRNAs
that play a critical role in the progression of ALD, particularly by decreasing
the expression of SMAD7 mRNA, and impairing insulin signaling and glycogen
synthesis in the liver. Our central hypothesis is that the combination therapy
of MDB5, a small molecule Hh inhibitor and anti-miR-96-5p could prevent/
reverse liver fibrosis induced by ALD.
Reference
1. Asrani, S.K., Devarbhavi, H., Eaton, J., and P.S. Kamath. (2019). Burden
of liver diseases in the world. Journal of Hepatology. 70(1):151-171. doi:
10.1016/j.jhep.2018.09.014.
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Abstract

Staphylococcus aureus is the most common cause of bacterial skin and
soft tissue infections (SSTIs) and the leading cause of hospital-associated
infections in the United States. The abundance of S. aureus infections is due
in part to the bacterium’s virulence factors used to avoid the host immune
system and the resistance to antibiotics it has developed, particularly
with the methicillin-resistant strains of S. aureus (MRSA). An alternative to
antibiotics, Host-Directed Therapeutics (HDTs) avoid the pitfalls of antibiotics
by targeting the host for immune system stimulation rather than targeting the
pathogen. This avoids the evolutionary selective pressure which leads to
antibiotic resistance. CPDI-02, a second-generation analog of the C-terminal
of Human complement C5a, displays the ability to selectively stimulate CD88
on mononuclear phagocytes over neutrophils. This activity allows CPDI-02
to serve as an HDT, stimulating the host innate immune response to fight
an infection without neutrophil and inflammation mediated toxicity. When
administered in a curative setting CPDI-02 has been shown to (i) reduce the
time to resolution of the infection in both a murine dermal abscess model
and porcine skin wound model, (ii) reduce the bacterial burden within these
wounds, and (iii) stimulates host innate immunity to infiltrate the wound sites.

Abstracts for Poster Presentation

Cole W. Tower
Purdue University

Homogeneity and mobility as stability predictors in
lyophilized hsa formulations
Authors

Cole W. Tower1, Ashley Lay-Fortenbery2, Yongchao Su2, Eric Munson1
1
Department of Industrial and Physical Pharmacy, College of Pharmacy,
Purdue University, West Lafayette, IN 47907
2
Merck & Co. 2000 Galloping Hill Rd. Kenilworth, NJ 07033

Abstract

Many protein drugs must be formulated in the solid state, typically via
lyophilization with a disaccharide, to maintain adequate stability during
storage. Two theories exist to explain why a disaccharide stabilizes the
protein: the vitrification theory and the water-replacement theory. For either
of these theories to work, intimate mixing of the protein and the disaccharide
is necessary. Properties of the protein, such as hydrophobicity, may result
in separation of the phases into sugar-rich and/or protein-rich domains in
the lyophilate, which may result in physical instability of the protein. Solidstate nuclear magnetic resonance spectroscopy (SSNMR) can be used to
investigate the degree of mixing of the protein with the sugar. Matrix mobility
has also been linked to physical instability and can also be measured using
SSNMR.
Human serum albumin (HSA) is known to be physically unstable upon
storage, and can be lyophilized with sucrose, trehalose, and/or mannitol to
improve stability. Formulations were made with varying protein concentration
and stabilizer and were put under accelerated stability conditions for up to
36 weeks. In all cases, formulations with higher sugar concentrations show
longer 1H T1 relaxation times, which is correlated with sample mobility, which
is correlated with physical stability. Too high sugar concentration can cause
the formulation to become inhomogeneous. At high mannitol concentrations,
mannitol crystalized and excluded itself from the matrix.
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Abstract

The assembly of synaptic protein-DNA complexes by specialized proteins
is critical for bringing together two distant sites within a DNA molecule or
bridging two DNA molecules. The assembly of such synaptosomes is needed
in numerous genetic processes requiring the interactions of two or more sites.
The molecular mechanisms by which the protein brings the sites together,
enabling the assembly of synaptosomes, remain unknown. Such proteins can
utilize sliding, jumping, and segmental transfer pathways proposed for the
single-site search process, but none of these pathways explains how the
synaptosome assembles. Here we used restriction enzyme SfiI, that requires
the assembly of synaptosome for DNA cleavage, as our experimental system
and applied time-lapse, high-speed AFM to directly visualize the site search
process accomplished by the SfiI enzyme. For the single-site SfiI-DNA
complexes, we were able to directly visualize such pathways as sliding,
jumping, and segmental site transfer. However, within the synaptic looped
complexes, we visualized the threading and site-bound segment transfer as
the synaptosome-specific search pathways for SfiI. In addition, we visualized
sliding and jumping pathways for the loop dissociated complexes. Based
on our data, we propose the site-search model for synaptic protein-DNA
systems.
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Abstract

Filamentous nanoparticle (FN) refers to a supramolecular assembly with a high
aspect ratio, nanometer scale in diameter and micrometer scale in length. FN
is considered useful for drug delivery because it shows a longer circulation
time, low phagocytic cell uptake, and longer retention in tissues as compared
to spherical counterparts. Here, we report a lithocholic acid-polyethyleneimine
conjugate (lp), which can complex with a group of hydrophobic drugs to
form FNs with high drug loading capacity. The paclitaxel-loaded FN formed
a hydrogel-like depot in tumors and prolonged paclitaxel retention in CT26
colon tumor in Balb/c mice. The FN can also complex with nucleic acids and
serve as a carrier for gene delivery. Additionally, the FN showed lower cellular
uptake by macrophages and was more effective in stimulating dendritic cells
than spherical counterparts. Retrospective quantitative structure-property
relationship (QSPR) analysis was performed to identify common structural
features of FN formers. Out of 19 drugs screened, 6 drugs formed FN with
lp, 4 formed short filaments, and 9 did not form FN. According to the QSPR
analysis, the FN formers had amide bond in common. In conclusion, lp can
be combined with hydrophobic drugs with amide bond to form FN for local
drug delivery.
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Abstract

Solid tumors have been largely resistant to treatment, owing to unfavorable
interactions between immune cell and tumors driven by an immunosuppressive
tumor microenvironment (TME). Though immunotherapy using natural
killer cells (NK cells) has emerged as a promising treatment modality for
various cancers, NK cells experience severe immunosuppression in the
TME. Among factors that drive NK cell dysfunction are oncometabolites,
substances that cancer cell generate due to the alterations in their metabolic
pathways. Oncometabolites aberrantly accumulate in the TME and mediate
changes in signaling pathways in cancer cells to drive oncogenesis, in turn
altering immune cell responses. Among tumor-driving oncometabolites, we
have found that adenosine (ADO), a critical component of ATP production
as part of the TCA metabolic cycle, has the ability to alter the phenotypic
profile of NK cells in solid tumors and dampen their activation via LAG-3
expression. Lymphocyte Activation Gene-3 (LAG-3 or CD223), expressed
on activated NK and T cells, is downregulated, we have found, on NK cells
in response to ADO. We corroborated these findings with the phenotypic
characterization of NK cells isolated from fresh blood and tumors of lung
cancer patients, and revealed a dysfunctional state linked with an inability
of NK cells to support proliferative or cytolytic functions. Loss of ADOproducing CD73 from cancer cells reversed LAG-3-related activation
changes on NK cells. In addition to ADO, we are investigating a network of
related oncometabolites for their role in driving NK cell immunosuppression
in solid tumors and understanding how targeting their metabolic pathways
can restore NK cell activity.
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Abstract

Leukoplakia is the most common premalignancy in the oral cavity, with the
syndrome of white patches or spots forming inside the mouth. The majority
of oral squamous cell carcinomas (OSCCs) arise from oral leukoplakia.
However, leukoplakia is insufficiently researched and both diagnosing and
treating oral leukoplakia are still problematic issues; with diagnosis being
highly subjective and treatments (e.g. watchful waiting, conservative drug
therapies and surgical removal) possessing limited efficacy. Thus, further
understanding of leukoplakia is necessary if more objective diagnoses and
improved therapies are to be achieved. Immune therapy is a promising
approach to treating malignancies, however, its effect on prevention and
treatment of premalignancies has been rarely studied. This study explores
whether stimulating the immune system with an immune adjuvant, CMP-001,
can prevent progression of oral leukoplakia or even cause regression. CMP001 comprises a bacteriophage Qβ protein shell encapsulating a TLR-9
agonist (G10). CMP-001 induces IFN-α secretion by plasmacytoid dendritic
cells and may potentially promote cytotoxic T cells to kill premalignant cells.
To verify this, a mouse leukoplakia model was developed by treating mice with
a carcinogen (4NQO in drinking water) for 8 weeks. Treatment of CMP-001
was administered by intralesional injection every three days for three doses in
total. At the end of the experiment, mouse lymph nodes were harvested and
analyzed by flow cytometry, and results indicated that CMP-001 stimulated
lymphocyte activation.
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Abstract

Acetaminophen (APAP) overdose causes acute liver injury. Our group has
demonstrated that differential gut microbiota modulates the host susceptibility
to APAP hepatotoxicity, the followed metabolomics analysis using mouse
livers and portal vein sera identified 16 metabolites whose abundance
associated with the differential gut microbiota composition. This study aims to
explore the roles of gut bacteria-derived metabolites on APAP hepatotoxicity.
We screened the metabolites against APAP-induced cell death on primary
mouse hepatocytes. Among the 16 metabolites, phenylpropionic acid (PPA)
and 3-(4-hydroxyphenyl)-propionic acid (HPPA) decrease APAP-caused cell
death, whereas 5-aminovaleric acid (5-AV) worsens it. In mice, both (0.4%
w/v in drinking water for four weeks) and HPPA (50 mg/kg, intra-peritoneal
injection, 2 hours prior to APAP dosing) administrations alleviated APAPinduced liver injury. PPA and HPPA were undetected in cecum contents and
sera of germ-free mice; the PPA levels in conventional mice show an excellent
correlation between cecum contents and cardiac sera, these together
indicate the host exposure of PPA and HPPA are determined by gut microbial
generation. Bacterial biosynthetic pathways of the three metabolites have
been reported in a few commensal bacteria species. Mouse cecal bacteria
are readily metabolizing substrates L-phenylalanine, L-tyrosine and L-proline
to PPA, HPPA and 5-AV, respectively. By examining the metabolites from the
mouse cecal bacteria incubated with deuterium-labelled d8-L-phenylalanine,
we identified the phenylalanine reductive metabolism pathway (called Fld
pathway) is the main PPA-producing pathway under our test condition.
Together, this study presents gut microbiota modulates via metabolites as
messengers.
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Abstract

Patients with sickle cell disease (SCD) suffer from the recurrent episodes
of acute pain due to vaso-occlusive crisis and persistent chronic pain. The
dopaminergic system has not been extensively studied in chronic pain. Tyrosine
hydroxylase (TH) is the rate-limiting enzyme of catecholamine biosynthesis. In
our ongoing pharmacogenomics study, one single nucleotide polymorphism
(SNP) rs6356 (NM_000360.4: c.241G>A) in tyrosine hydroxylase gene
was found to be associated with chronic pain in sickle cell patients. We
hypothesized that rs6356 SNP may affect sickle cell pain by altering tyrosine
hydroxylase activity. We first performed site-directed mutagenesis to obtain
the 241C>T mutant as the counterpart of rs6356. Recombinant WT Th and
Th/241T were transiently and stably expressed in HEK293 cells to obtain TH
and mutant V81M TH for enzymatic assays, which were quantified using a
tritium-release method. The results showed that V81M variant has a higher
Km (1.581±0.315μM vs 0.558±0.143μM, P=0.0246) but didn’t change the
Vmax (2.154±0.750 nmol.mg-1.min-1 vs 2.230±0.489 nmol.mg-1.min-1).
Subsequently, we proved the rs6356 Knock-in SHSY5Y cells released less
dopamine in response to acetylcholine pathway activation by DMPP, and
subsequently induced attenuated cAMP upregulation, compared to WT cells.
To a certain extent, these results explain the different pain severity in sickle
cell patients due to rs6356 polymorphisms. This study also manifested the
important role of dopamine pathways in pain modulation.
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Abstract

Pharmaceutical cocrystals are generally formed with an active pharmaceutical
ingredient (API) and one or more inert components. Another emerging
type of cocrystal is formed with multiple APIs for improved solubility
and bioavailability. The proposed drug-drug cocrystal of metformin HCl
(MET) and sodium salicylate (SAL) has been reported to exhibit improved
tabletability due to a hydrogen bonding network. This study uses solid-state
nuclear magnetic resonance spectroscopy (ssNMR) to study the individual
components and the resulting cocrystal that is produced when MET and SAL
are combined. One question is whether the proton is transferred from the
MET to the SAL, which would be the case if this were a salt instead of a
cocrystal, although for now it is assumed to be a cocrystal. ssNMR was used
to evaluate MET, SAL, salicylic acid (SALA), and MET:SAL cocrystal. 13C and
15N spectra were acquired using cross-polarization magic angle spinning
(CP/MAS) at 4 kHz, using total sideband suppression (TOSS) and SPINAL64
decoupling. ssNMR results show that the three individual components (MET,
SAL, SALA) have different ssNMR spectra from the cocrystal, and MET and
SAL form homogeneous mixture in the cocrystal. However, the 13C spectra
do not allow clear distinction of the protonation state of the SAL in the
cocrystal. 15N spectra of MET and MET:SAL cocrystal exhibit shifts of peaks
corresponding to different nitrogen atoms, which indicate potential hydrogen
bondings. Further investigation is needed to determine the exact nature of
the protonation state of SAL and MET in the cocrystal.
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Abstract

The transcription factor p53, known as the guardian of the genome, is a pivotal
tumor suppressor that is negatively regulated by murine double minute 2
protein (MDM2). The amplification of the MDM2 gene partly contributes to
p53 network loss-of-function in cancer cells. Navtemadlin (formerly KRT-232
and AMG 232) is a potent and selective small molecule inhibitor of MDM2 that
restores p53 function to drive the death of TP53 wild-type malignant cells.
Our preliminary in vitro and in vivo efficacy studies indicate that navtemadlin
suppresses GBM patient-derived xenograft (PDX) cell viability and extends
survival of mice bearing GBM PDX tumors. The objective of this study was to
determine the central nervous system (CNS) distribution of navtemadlin and
determine the effect of efflux transporters (P-gp and BCRP) on CNS exposure
to navtemadlin in FVB wild-type and transgenic mice (Mdr1a/b-/- Bcrp1-/) following intravenous and oral administration of 20 mg/kg navtemadlin.
Plasma, brain, and spinal cord were harvested at predetermined time points
and were analyzed using LC-MS/MS. The free fraction of navtemadlin in these
matrices was measured using rapid equilibrium dialysis (RED). The brain-toplasma partition coefficient of unbound navtemadlin (Kp,uu) in transporter
knockout mice was 0.067, which was about 3-fold higher than Kp,uu of 0.002
in wild-type mice. These results indicate the CNS penetration of navtemadlin
may be limited by transporter-mediated efflux at the BBB. Future studies will
explore navtemadlin distribution in other organs and evaluate navtemadlin
PK-PD relationship in GBM PDX models.
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Abstract

Pancreatic ductal adenocarcinoma (PDAC) is a highly aggressive and
resistant form of cancer characterized by excessive extracellular matrix
(ECM), which forms a physical barrier and reduces neovascularization.
Gemcitabine (GEM) is a prodrug, and a leading choice for the treatment
of PDAC. It is however known to have a low half-life of 49-94 minutes and
undergo rapid metabolism, responsible for a reduction in its efficacy. It is
converted to its active metabolite by Deoxycytidine Kinase (DCK) and is
inactivated by Cytidine Deaminase (CDA). The research presented here aims
to determine the toxicity of the drug in 2D Panc-1, BxPC3 and HPaSteC cells
using an MTT assay, along with its toxicity in desmoplastic 3D spheroids
consisting of an HPaSteC-Panc-1 co-culture, by measuring apoptosis using
a caspase-based assay. The DCK and CDA in the above cell lines has been
determined using a western blot and correlated with the toxicity. The IC50 of
GEM was found to be 0.041716±0.049 µM, 8.08 4.97 µM and 848.1±164.8 µM
in BxPC3, Panc-1 and HPaSteC respectively. The spheroids had an average
diameter of 511.46 ± 16.61 µm. Both drugs also appear to cause an increase
in caspase production in spheroids. DCK was found to be expressed in both
Panc-1 and BxPC3 cell lines, but CDA was found to be expressed only in
BxPC3 cell lines. The study suggests that Panc-1 cell lines may not naturally
express CDA and may potentially show expression after exposure to GEM.

Abstracts for Oral Presentation

Xiao Guo

University of Illinois Chicago

Reactive astrocytes in the lateral habenula contribute to the
pain and anxiety-like behaviors in chemotherapy-induced
neuropathyz
Authors

Xiao Guo 1, Tianzhuo Yao, and Zaijie Jim Wang 1,2,3
1
Department of Pharmaceutical Sciences and Center for Biomolecular
Sciences, University of Illinois, Chicago, IL 60612
2
Department of Neurology & Rehabilitation, University of Illinois, Chicago, IL
60612
3
Department of Bioengineering, University of Illinois, Chicago, IL 60607

Abstract

The painful neuropathy induced by paclitaxel (PIPN) significantly impacts
the quality of life for cancer patients and may lead to the cessation of the
chemotherapy and poor clinical outcomes. The importance of spinal glia
pathophysiology to the etiology of chronic pain has been investigated in
multiple pain models; however, less is understood regarding its regulation at the
supraspinal level. The lateral habenula (LHb), which is responsible for coding
aversion signals, has emerged as a key region of pain signal processing.
Whether reactive astrocytes in LHb are responsible for pain signaling is not
yet understood. In the current study, we investigated the astrocyte reaction
in LHb, evoked hypersensitivity, spontaneous pain and comorbid anxiety-like
behaviors in a mouse model of PIPN. We first demonstrated the existence
of astrocyte reaction in LHb during the late phase of PIPN, as indicated by
the enhanced immunoreactivity of GFAP and cellular hypertrophy. We then
inhibited LHb astrocyte reaction by microinjections of L-α-aminoadipic acid
(L-α-AA), an astrocyte-specific cellular toxin. L-α-AA selectively attenuated
the spontaneous pain but not the evoked hyperalgesia in a lateralized manner,
supporting the hypothesis that the reactive astrocytes contribute differently
to sensory and affective pain in PIPN. Furthermore, we induced PIPN-like
behaviors in naive mice by transplantation of reactive astrocytes treated by
paclitaxel and chemogenetic activation of astrocytes by AAV-GFAP-hM3Dq.
Taken together, our results showed the contributions of astrocyte rection in
LHb to the development of pain and associated affective changes and its
unilateral regulation of spontaneous pain, deepening our understanding of
the functional asymmetry of LHb.
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Abstract

The aim of this study is to investigate the physical stability of two
coamorphous (CAM) systems - naringenin:theophylline (NAR:THY) and
naringenin:theobromine (NAR:THE) - under three distinct storage conditions:
65°C/<10%RH, 21°C/85% RH and room conditions (21°C/<10% RH). Both
NAR:THY and NAR:THE coamorphous systems were generated using neat
grinding in a ball mill. Solid-state characterization tools, differential scanning
calorimeter (DSC) and powder X- ray diffractometer (PXRD), were selected to
characterize the amorphous form and any recrystallized products during the
stability studies. Our investigation revealed that both CAMs, NAR:THY and
NAR:THE, recrystallized within a week at elevated temperature. Alternatively,
exposure of NAR:THY to high RH resulted in recrystallization after 4 weeks,
and similarly the NAR:THE CAM was destabilized in the second week. The
NAR:THY CAM system transformed into a cocrystal whereas recrystallization
of NAR:THE resulted in a physical mixture. Moreover, thermal properties
of naringenin (NAR) were determined to understand the improved stability
of CAM system for 4 months. Analysis of Fourier transformed Infrared
spectroscopy (FTIR) spectra assisted in understanding the modification
of intermolecular interactions between CAM and transformed products
formed after exposure to elevated conditions. In conclusion, the difference
in recrystallization rates and products formed depends on storage conditions
and the specific coformer. This work highlights a novel molecular CAM
system, and the independent influence of temperature and moisture on CAM
stability.
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Abstract

Acute kidney injury (AKI) is a global public health concern affecting over
13 million people each year. It is characterized by a sudden loss of renal
function, which, if left untreated, progresses to total renal failure. Unfortunately,
pharmacological treatments of AKI often require high drug concentrations in
the kidney, which are usually associated with adverse effects. Additionally,
high renal drug concentrations may not translate to high concentrations in the
target cells. Therefore, renal-targeted drug delivery is of great significance
in improving the therapeutic index in renal diseases. Recent studies have
shown that the chemokine receptor CXCR4 plays a role in mediating AKIassociated inflammation through modulation of inflammatory cell infiltration
and expression of pro-inflammatory cytokines. p53, a pivotal protein in the
apoptotic pathway, is another key modulator that is upregulated in AKI,
regulating tubular cell apoptosis and mitochondrial damage. We have
developed a novel polymeric CXCR4 inhibitor based on inulin, a plant
polysaccharide with excellent access to the urinary space and evaluated
its ability to form renal targeted polyplexes for efficient and safe delivery of
anti-p53 siRNA. Preliminary studies demonstrate good transfection ability and
CXCR4 inhibitory potential of the polymer. Biodistribution analysis following
intravenous administration showed excellent renal targeting ability of the
polyplexes with selective uptake and retention in the injured kidneys. Based
on this, we hypothesize that the innovative design of our polymer will establish
a widely applicable approach that leverages the natural renal access of inulin
for specific delivery of therapeutics to the injured kidney.
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Abstract

Despite significant progress in clinical management of colorectal cancer
(CRC), it remains the 2nd cause of cancer-related deaths. Metastasis to the
distal organs remains the main culprit in CRC-associated patient deaths.
Inflammation plays a key role in CRC progression and in this regard, chronic
colonic inflammation leads to a two-fold increase in the risk of developing
colorectal carcinoma in patients suffering from Inflammatory Bowel Disease
(IBD). Chloroquine is an antimalarial and anti-inflammatory agent with
potential use in cancer treatment. The objective of this study is to test if an
oral formulation of polymeric chloroquine (PCQ), previously developed in our
lab and shown to exhibit strong antimigration and anti-metastasis effect in
various cancers, can be used as an oral chemopreventive agent in CRC.
PCQ was synthesized using RAFT polymerization of N-(2-hydroxypropyl)
methacrylamide with methacryloylated hydroxychloroquine. The uptake of
PCQ in Caco-2 cells was determined using LC/MS/MS. Anti-migration and
autophagy inhibition effects of PCQ in CRC cells were studied in-vitro to
demonstrate its potential to be used as a chemopreventive agent.
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Abstract

Bacterial infections are a leading cause of mortality due to delayed
diagnoses and lack in accuracy in identifying the pathogens causing the
infections. Current diagnoses include microbiological, biochemical, and
genetic analysis. However, these techniques are time-consuming, require
large sample volumes, expensive equipment and reagents, as well as
trained personnel. To address these limitations, this research aims on
developing paper-based fluorescent sensor array as a sensing tool for
identification of bacteria. Derivatives of 3-hydroxyflavone as cross-reactive
fluorescent sensor array showed the ability to identify bacterial species and
their Gram status. However, this solution-based approach required high
sample volume and analysis time. Owing to the morphology and porosity of
cellulose, paper requires low sample volume and can measure absorbance
as well as fluorescence. Therefore, this research hypothesizes that paperbased platforms pre-adsorbed with fluorescent sensor array will drastically
reduce cost and testing time identification of bacterial pathogens. Paper
microzone paper plates were fabricated with hydrophilic ‘wells’ surrounded
by hydrophobic barriers using photolithography. It required 30 times lower
sample and sensor dyes volume, as well as stable signals up to 6 months
post-fabrication. This sensing platform showed greater interaction dynamics
with bacterial cells as compared to their lysates. This whole cell-based
sensing platform showed >90% accuracy in identifying sixteen individual
bacterial species as well as their Gram status using machine learning
algorithms. Therefore, paper-based ratiometric fluorescent sensor array is
an inexpensive, point-of-care, and versatile diagnostic tool. It opens avenues
to translate into clinically relevant setting with sensitivity in a low-resource
environments.
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Abstract

Protein therapy is rapidly becoming a pillar in medicinal chemistry. The
success of the field is substantiated by more than one hundred therapeutic
proteins in clinical use. However, due to the fragility of non-antibody protein
therapeutics, they often suffer from short serum half-lives, rapid degradation by
peptidases, and immunogenicity. Herein we have developed a library of nonnatural amino acids for incorporation via either genetic encoding or synthetic
modification. This strategy enhances the circulatory longevity of proteins for
greater efficacy in targeted drug delivery via small molecule-human serum
albumin (HSA) binding functionality. The albumin binding affinity of these
amino acids varies over two orders of magnitude despite the fact that these
structures differ only in the number and disposition of their methylene groups.
In addition to altering main chain length, a hydrophobic group in the para
position on the phenyl ring also contributes to the dissociation constant (KD)
with HSA. To evaluate and validate binding constants of small molecules and
HSA, surface plasmon resonance and affinity chromatography have been
utilized. Maleimide-cysteine chemistry is exploited to append the non-natural
amino acid to a surface-exposed cysteine on purified protein structure.
Despite the affinity for HSA that these small molecules possess, initial data
suggests that the genetically encoded non-natural lysine derivative does not
bind to HSA. We propose that it is due to steric clash between the protein
drug and the target. Therefore, it is necessary to determine the optimal
linker length for a HSA-nnAA-protein drug conjugate. The current linker of
choice is PEGx and our investigation into variable linker length will unlock
key information to increase circulatory lifetimes of protein drugs via disguise
by HSA.
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Abstract

A reliable in vitro system can support and guide the development of
subcutaneous (SC) drug products. Although several in vitro systems have
been developed, they have some limitations, which may hinder them from
getting more engaged in SC drug product development. This study sought
to develop a novel in vitro system, namely SC Action Lateral Absorption
Re-modeler (SCALAR), to better emulate the in vivo SC environment and
predict the fate of drugs in SC delivery. SCALAR was fabricated using the 3D
printing technique and was used to evaluate different molecules (hydrophilic
and hydrophobic) and formulations (solution and suspension). A DoE factor
screening study was conducted to identify critical parameter(s). An in-vitroin-vivo correlation (IVIVC) study was developed to explore the feasibility of
applying SCALAR in formulation development and bioequivalence studies.
The results of the factor screening study suggested that hyaluronic acid
(HA) concentration was a critical parameter for drug release, whereas the
influence of injection volume and injection position was not substantial.
Further, drug release from the “SC” chamber to the acceptor chamber
could be modeled by a variety of methods, including polynomial equations,
machine learning methods, and Monte Carlo simulation-based methods. The
developed LEVEL-A IVIVC model demonstrated that the in vivo PK profile
could be correlated to the in vitro release profile. Therefore, using this model,
for new formulations, only in vitro studies need to be conducted in SCALAR,
and in vivo studies might be waived. In conclusion, SCALAR had important
implications for research & development and quality control of SC drug
products. The future work would be focused on further optimizing SCALAR
and expanding its applications via assessing more types of molecules and
formulations.
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Abstract

Pancreatic cancer is expected to be the fourth leading cause of cancer death
in the United States in 2022. Currently, surgical resection is the only potentially
curative treatment. While this presents the best outlook for patient survival, many
patients develop recurrent disease due to positive tumor margins or incomplete
surgical resection. Fluorescence-guided surgery (FGS) is a tool that employs a
fluorescent-dye-conjugated probe to target a tumor for intraoperative detection
and removal. FGS requires a target significantly upregulated in the tumor with
minimal expression in normal tissue. MUC16 is a transmembrane protein and
mucin family member highly upregulated in pancreatic ductal adenocarcinoma.
Previous research in our lab has shown the ability of the novel conjugated antibody,
huAR9.6-IRDye800, to target MUC16 for FGS. However, less than 20% of patients
qualify for surgical resection upon diagnosis. Neoadjuvant chemotherapy, given
prior to surgery, has the potential to increase the number of patients eligible
for surgery. Patients with borderline resectable or locally advanced pancreatic
cancer make up approximately 30% of the pancreatic cancer patient population.
These patients are candidates for neoadjuvant chemotherapy after diagnosis
as the tumors have localized spread with no obvious distant metastases.
We hypothesized that MUC16 expression was retained after chemotherapy
treatment and targetable for FGS. We investigated the stability of the MUC16
antigen after chemotherapy treatment. We have shown the retention of MUC16
in pancreatic cancer cell lines after chemotherapy treatment. We conclude that
MUC16 expression is unaffected by chemotherapy treatment and targetable
with huAR9.6-IRDye800 thereby increasing the FGS-benefiting population.
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Abstract

Tobramycin, a broad-spectrum antibiotic, has synergistic antibacterial activity
with colistin against multi-drug resistant Gram-negative bacteria such as
Pseudomonas aeruginosa and can reduce colistin toxicity to lung epithelial
cells. In this study, we developed two inhalable dry powder formulations
containing both colistin and tobramycin by spray drying and investigated their
aerosolization and physical stability. The two combination formulations - with
1:1 and 1:5 molar proportions of colistin and tobramycin - showed an in vitro fine
particle fraction (FPF) – which signifies the proportion of particles expected to
reach the lungs upon inhalation - of approximately 85%, which was significantly
higher than that of the spray dried tobramycin (approximately 45%). During four
weeks of storage at 20% and 55% RH, FPF values of spray dried tobramycin
increased significantly to approximately 60% and the particles agglomerated
due to moisture adsorption. In contrast, FPF values and particle morphology of
the combination formulations and spray dried colistin remained stable at both
humidity levels. The superior aerosol performance and aerosolization stability
of the combination formulations could be due to an enrichment of colistin
molecules on the co-spray dried particle surface, as observed using X-ray
photoelectron spectroscopy. This enrichment correlated to a lower surface
energy than spray dried tobramycin. Interestingly, this colistin-rich surface
prevented moisture-induced agglomeration of spray dried particles at 20 and
55% RH. This can be due to a surfactant-like arrangement of colistin molecules
on the surface of the atomized droplets during spray drying such that the
hydrocarbon tail end points to the surface.
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Abstract

Bladder cancer is the fourth most common cancer for men in the United
States, and more than 70% of the patients are diagnosed with non-muscle
invasive bladder cancer (NMIBC). Treatment options after surgery include
BCG, chemotherapy, and PD-1 checkpoint inhibitors, and they all have mild
to severe side effects and cannot completely prevent recurrences. Upon
intravesical administration of hexaminolevulinate (HAL), cancer cells produce
9-16 times more protoporphyrin IX (PpIX, a potent photosensitizer produced
in the mitochondria) than normal cells, the basis of FDA approved diagnosis
of bladder cancer. We used a light activatable linker to develop prodrugs
and preferential PpIX formation helps to activate prodrugs in the tumor using
PpIX-photodynamic therapy (PpIX-PDT). Several prodrugs, mitochondriatargeted and non-mitochondria-targeted with a range of molecular weight
and lipophilicity, have been synthesized to overcome the bladder’s diffusion
limitations and improve drug pharmacokinetics and efficacy. In-vitro and
ex-vivo evaluations using cell monolayer and 3D spheroids revealed that
mitochondria targeting not only increases cellular uptake due to mitochondrial
membrane potential but also helps retain drugs in the mitochondria to achieve
higher efficacy. Formulation development further helped drug penetration
deep inside the bladder wall. In vitro evaluation confirmed the initial hypothesis
of achieving greater efficacy from PpIX-PDT-prodrugs combination compared
to PpIX-PDT only group. In vivo efficacy studies are currently being conducted
with the selected prodrugs in orthotopic rat models of NMIBC.
Keywords: Photodynamic therapy, NMIBC, HAL, prodrugs, pharmacokinetics.
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Abstract

Medulloblastoma (MB) is the most common childhood brain tumor arising from the
cerebellum. Many factors influence the proliferation, differentiation, and migration of
cerebellar granular neuronal precursors (GNP). Among them, MDM2 is a significant
nexus between tumor suppressor p53 and hedgehog (Hh) signaling in GNPs and
promotes MB tumor growth and metastasis. In addition, PI3K and BRD4 signaling
also play key roles in MB cell growth, cancer stem cell (CSC) proliferation, and
tumorigenesis. Further, MB treatment is challenging due to the development of
chemoresistance, inefficient drug transport across the blood-brain barrier (BBB),
and drug-induced neurotoxicity. Hh inhibitors are effective initially to treat SHH-MB,
but their repeated use develops chemoresistance due to mutations in smoothened
(Smo) but can be overcome by modulating Gli, which is downstream of Smo. In our
preliminary studies, we synthesized a series of potent PI3K/BRD4 dual inhibitors by
modifying the structure of the existing compound SF2523. One of the compounds
abbreviated as MDP5 was found highly potent. We also discovered a small molecule,
JW-475A, which is a potent dual MDM2 and XIAP inhibitor. MDP5 and JW-475A
effectively inhibited the proliferation of MB cells in a dose-dependent manner, with
significantly higher cell killing when these drugs were combined. Treatment of MB
cells with the combination of these two drugs significantly decreased the colony
formation capacity compared to individual drugs. We prepared PEG-DSPE based
lipid nanoparticles (LNPs) with 4.9±0.1% and 4.8±0.1% loading for MDP5 and JW475A. We hypothesize that inhibition of BRD4/PI3K and XIAP/MDM2 simultaneously
using MDP5 and JW-475A represents a promising strategy to inhibit MB tumor in
vivo. Further, we decorated our LNPs with rabies virus glycoprotein (RVG) peptide
(RVG-PEG-DSPE NPs) to encapsulate hydrophobic MDP5 and JW-475A, which has
not been used for treating brain tumors due to poor intracranial delivery. Successful
completion of this study will provide a platform for treating brain tumors using this
innovative NP-based combination therapy.
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Abstract

Lung cancer is one of the leading causes of cancer death, accounting for
25% of all cancer deaths globally. Although there has been considerable
development in immunotherapy, the ineffectiveness of the delivery platforms
combined with immune-related adverse events has hampered the progress,
paving way for an unmet need for the development for safe, effective and
localized drug delivery approaches. The inhalation drug delivery in lung cancer
is non-invasive localized method with the potential to improve therapeutic
outcomes. We hypothesized that immune check point inhibition using miRNA
cocktail delivered via inhalation route would lead to improved anticancer effects
due to the global regulatory role of miRNA as well as low systemic toxicity
resulting from localized delivery. In the present study, we developed cationic
perfluorooctylbromide (PFOB) based o/w nanoemulsions stabilized with a
copolymer based on the CXCR4 antagonist AMD3100 (PAMD) conjugated
with Cholesterol. The size, zeta potential, and PDI of the nanoemulsion was
characterized using dynamic light scattering. CXCR4 redistribution assay
was used to analyze the targeted delivery mediated by PAMD Cholesterol.
Confocal microscopy and flow cytometry were used to understand the cellular
uptake and miRNA encapsulation efficiency. Initial results point towards an
effective targeted delivery of miRNA by the PFOB emulsion to the lung cancer
cells. Intratracheal administration of the emulsion is currently being carried out
in mice to check for the uptake of the emulsion polyplex in the lungs.
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Abstract

Miscibility is an important indicator of physical stability against crystallization of
amorphous solid dispersions (ASDs). Currently available methods for miscibility
determination have both theoretical and practical limitations. Here we report
a new method of miscibility determination based on the concept of overlap
concentration (c*), which can be conveniently determined from the viscositycomposition diagram. The determined c* values for ASDs of two model drugs,
celecoxib and loratadine, with four different grades of polyvinylpyrrolidone
(PVP) were correlated strongly with the physical stability of ASDs. This result
suggests potential application of c* concept in guiding the design of stable high
drug loaded ASD formulations. A procedure of this methodology is provided
to facilitate its broader adoption. This procedure is easy to apply and widely
applicable for thermally stable binary drug/polymer combinations.
Keywords: Amorphous solid dispersions (ASDs), Miscibility, Viscosity, overlap
concentration (c*), Physical stability
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Abstract

Acetaminophen (APAP) overdose causes acute liver injury. Our group has
demonstrated that differential gut microbiota modulates the host susceptibility
to APAP hepatotoxicity, the followed metabolomics analysis using mouse livers
and portal vein sera identified 16 metabolites whose abundance associated
with the differential gut microbiota composition. This study aims to explore
the roles of gut bacteria-derived metabolites on APAP hepatotoxicity. We
screened the metabolites against APAP-induced cell death on primary
mouse hepatocytes. Among the 16 metabolites, phenylpropionic acid (PPA)
and 3-(4-hydroxyphenyl)-propionic acid (HPPA) decrease APAP-caused cell
death, whereas 5-aminovaleric acid (5-AV) worsens it. In mice, both (0.4% w/v
in drinking water for four weeks) and HPPA (50 mg/kg, intra-peritoneal injection,
2 hours prior to APAP dosing) administrations alleviated APAP-induced liver
injury. PPA and HPPA were undetected in cecum contents and sera of germfree mice; the PPA levels in conventional mice show an excellent correlation
between cecum contents and cardiac sera, these together indicate the host
exposure of PPA and HPPA are determined by gut microbial generation.
Bacterial biosynthetic pathways of the three metabolites have been reported
in a few commensal bacteria species. Mouse cecal bacteria are readily
metabolizing substrates L-phenylalanine, L-tyrosine and L-proline to PPA, HPPA
and 5-AV, respectively. By examining the metabolites from the mouse cecal
bacteria incubated with deuterium-labelled d8-L-phenylalanine, we identified
the phenylalanine reductive metabolism pathway (called Fld pathway) is the
main PPA-producing pathway under our test condition. Together, this study
presents gut microbiota modulates via metabolites as messengers.
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