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Summer Research Showcase Presenters

Students are organized by program and then alphabetically by last name

Amgen Scholars Program

Jana Bowler - Porphyrin-functionalized Single-walled Carbon Nanotubes: Materials for Faraday Rotation and Magneto-optics

Mahitha Chaturvedula - Deriving Isogenic Cell Lines from Mosaic Sex Chromosome Aneuploidies

Katya Crawford - UFL1 Protein Interactions at the Virus-Host Interface

Sarah Gorbatov - Developing novel reporters to visualize lipoprotein lipase activity in zebrafish

Caitlyn Hughes - Identification of novel species-selective inhibitors of Heat shock protein 90 of malaria via DNA-encoded library screening
Gerard Lorio - Bioorthogonal Click Chemistry to Prolong Kidney Transplant Survival

Jakob Narrow - Enantioselective 1,3-Aminooxygenation of Cyclopropanes via Dual Photo/Copper Catalysis: Expanded Substrate Scope and
Mechanistic Insights

Arnav Singh - Designing Stem Cell-targeting Viral Vectors using a Generative Diffusion Model
Savanna Wachter - Visceral Pain in IBS: The Role of COMT and Stress in Gut Hypersensitivity
Carolyn Waldie - Protein production is requlated by codon-specific ribosome stalling and fall-off upon arginine starvation

Amanda Xu - A Reverse Translational Behavior Screen for Mediators of Pain

D-Care - Duke-NC Central Alcohol Research Education

Isabella Abrajan - Behavioral Effects of Acute Nicotine Exposure in C. elegans

Quentin Ali - The Potential of IL-1Ra to Reverse Alcohol-Induced Changes on Oligodendrocytes in the Hippocampus

Jadyn Beacham - Cx30 levels in GFAP+ Astrocytes with and without Adolescent Intermittent Ethanol exposure and Choline Administration
Isaiah Brewington - Adolescent Binge-Drinking Alters Cholinergic Function in the Nucleus Tractus Solitarius

Haley Geers - Astrocyte Interactions with Excitatory and Inhibitory Neuronal Pathways and Microglia in the Hippocampus in AIE-Exposed Rats
Jasmine Hasan - Investigating The Relationship Between Anxiety And Pain With A History Of Adolescent Binge Drinking

Chandler Henderson - Mouse Models to generate electrical synapses across different circuits using genetically modified connexin proteins
Sinai Holmes - Rules Regarding Medication for Opioid Use Disorder: Transitions Clinic Network (TCN) Stakeholder Key Findings

Bryce Mayo - Cannabis Use Factors and Quality of Life in Treatment-Seeking Individuals with Cannabis Use Disorder at Baseline

Khamani Ridley - Adolescent Binge Drinking Causes Persistent Alterations in Hippocampal Astroglial Morphology: Extending to Hilus

Stone Yan - Donepezil Impact on Amygdala Glial Neuroinflammation after Adolescent Intermittent Ethanol Exposure in Female Rats

DSRF — Deans’ Summer Research Fellowship

Andrew Bae - Toward Mapping Cell Type-Specific mGIuR5 Interactions Associated with Motor Dysfunction in Parkinson’s Disease
Alex Berkman - UBA7 Loss-of-Function Mutations as a Novel Genetic Risk Factor for Epstein—Barr Virus-Associated Disorders
Aliza Bochner - Sex-Specific Regulation of Adiposity by Cardiac GRK2 in Heart Failure

Shivam Jain - Role of GALE in Respiratory Mucin Expression



Laila Khan-Farooqi - Intestinal Epithelial SGLT1 is Necessary for Survival
Srijan Oduru - Metabolic Regulation of HIF-1aby a-Ketoglutarate in Acute Myeloid Leukemia

Ashleigh Waterman - Developing Small CRISPR-Based Tools to Regulate Synaptic Plasticity Genes

Duke-Margolis Summer Experience Internship

Laura Brackett - M-PACT: Addressing NC Rural Health Disparities and Improving Nurse Education

Priyanka Dowdell - An Evaluation of the Integration Consultant Role Within a North Carolina Medicaid Pilot

Kiara Ekeigwe - Horizon Scanning of Maternal Health Products to Inform Innovation and Introduction in Kenya, Senegal, and South Africa
Saira Nagda - Artificial Intelligence (Al) in Healthcare Delivery: Implementation and Impact in Clinical Workflow

Ryan Pon - Developing an Analysis Tool to Evaluate Regulatory Documents and Inform International Harmonization of Real-World Evidence (RWE)
Standards Efforts

Lena Shadow - Estimates of the 2023 Socioeconomic Benefits of lllinois’ HB40 Policy to Expand Medicaid Coverage for Abortions

Rebecca Stern - Food is Medicine: Assessing the Impacts of Food Insecurity on Perinatal Health in NC and Relevant Policy Opportunities

NDSURE - NCCU Duke Substance Use Research Education

Huston Cadette - Key Structural Barriers and Facilitators to an Enhanced Primary Care Model for People with Opioid Use Disorder Leaving
Incarceration

Victoria Diggins - Predictors of Short-Term Cannabis Withdrawal Severity in Treatment-Seeking Individuals

Emmanuela Ejoga - Cellular effects of modifying e-liquid formulations leads to increased cytotoxicity on HEK293 cells
Sara Fernandez - Adverse Childhood Experiences and ADHD: A Neuroimaging Analysis

Erica Freeman - Effect of IL-33 on Microglia During Voluntary Alcohol Drinking

Adelah Smith - Dose-Dependent Cytoxicity of Vaped and Unvaped Menthol Nicotine Salt E-Ligiuds On Hek293 Cells.
Makayla Stewart - Beyond Quitting: Uncovering Gaps in Reporting Dual Use in Trials of E-Cigarettes for Smoking Cessation

William Sun - Effects of a Maternal High Fat Diet on Reward Behaviors and Microglia-Driven Serotonergic Circuit Development in the Dorsal Raphe
Nucleus

Athena Al Institute - Pratt

Hasti Abbasi Kenarsari - Automated UPDRS Scoring Pipelines with Vision Language Models & Agentic Frameworks

Hayward Bell - Evaluating Machine Learning Resilience on the Raspberry Pi Pico via Software-Implemented Fault Injection (SWIFI)
Aarya Deshpande - Empowering Alzheimer’s Caregivers: Designing Al Tools to Support Memory, Communication, and Calm

Michael Egharevba - Developing Wireless Sensor Modules for Long-Term Monitoring of Carbon Dioxide & Oxygen Levels in Soil
Adonis Payton - Evaluating Machine Learning Resilience on the Raspberry Pi Pico via Software-Implemented Fault Injection (SWIFI)
Donovan Perry - Automated On-Device Fault Injection Emulation on the Raspberry Pi Pico

LeilaWalden - Evaluating Machine Learning Resilience on the Raspberry Pi Pico via Software-Implemented Fault Injection (SWIFI)

Emily Zhao - Adaptive Closed-Loop DBS for Parkinson’s Disease Using Hierarchical RL-PID Control



Pratt — NCCU Summer Scholars Program

Zaid Abdeen - Modeling Antibody-DNA Interactions Using Nanoparticles to Study Lupus Mechanisms

Jayvon Butler - Understanding protein-nanoparticle interactions: Analysis of protein corona formation on carboxylated nanoparticles
Monique Armelle Dacanay - Human-Relevant Models Enable Discovery of Novel Drug Candidates for Injury Protection

Ali Gulzar - Predicting Beta Band Oscillations in Parkinson’s Disease Using Multi-Region Temporal Convolutional Networks

Pratt — General

Alice Chen - Wide Field of View Metalens for Underwater Imaging

Anna Finkelstein - Nonlinear Metasurfaces for Harmonic Generation

Alex Ivan - Sustainable Enzyme Engineering: Developing Enzyme Catalysts for Non-Native Reactions in Polymer Chemistry

Will McIntosh - Investigation of Local Versus Systemic Delivery of Evolocumab in a Murine Glioma Model

Alexandra Nikiforov - Evaluating Liposomal Topotecan For Use In Improving Drug Penetration Within Brain Parenchyma For Pediatric Brain Tumors

Emily Song - Interplay of Substrate Stiffness and Ligand Chemistry in Modulating MSC Behavior Within a Polypeptide Scaffold

Prime Cancer
Priscila Aguilar - Characterizing EphA2 Localization and Developing an Epithelial Cell Infection Model for EBY
Raymond Alvarado - Evaluating the role and therapeutic potential of TTK in neuroendocrine prostate cancer

Olivia Amodeo - A GIANT Step for Glioblastoma Research: Characterization of T Cell Activation and Expansion with anti-PD1 and anti-Lag3 Immune
Checkpoint Therapy

Alexander Col6n - LCP1 Loss Reduces IL-6—Induced STAT3 Nuclear Translocation in CSA

Victoria Ko - Defining Mitochondrial Adaptations in Doxorubicin-Released Osteosarcoma

Aurea Michael - Design of a Mechanical Vaginal Model and Cervical Mucus Removal Devices for Improving Speculum~Free Cervical Cancer Screening
Anjali Raheja - Examining the role of hypoxic inducible factors on nerve growth in mouse models of metastatic bone disease

Gilbert Rosario - Investigating the Effects of UDP-Galactose 4'-Epimerase Inhibition on Mucin-Type Glycan Biosynthesis

Ruhi Roy - Evaluating the Role of AIM2 in BCR Signaling Responsiveness in Lymphoma

Audrey Struzyk - 17-beta estradiol decreases tumor-associated dendritic cell maturation and functionality in the breast tumor microenvironment
Zoey Swalley - Unique phospho-barcode of p95-HER2 drives invasive phenotypes via MRTFa nuclear translocation

Janae Wofford - Targeting SChLAP1 to Suppress Metastasis Using Novel Small Molecule Inhibitors

Heng Yang - A Conserved Sequence Mystery: Controlling MYOD Alternative Splicing in Rhabdomyosarcoma

Kathleen Zhang - Macrophages on a Mission: Characterizing the Functional Capacity of UBE2N-deficient Myeloid Cells in Melanoma

SROP — Duke Summer Research Opportunity Program
Yesenia Ceja - Evaluating NUAK2 as a Therapeutic Target in Ovarian Cancer
Claudia Disbrow - Characterization of Parkinson’s Disease Patient Point Mutation A703S in TMEM16F

Sheba Gage - Investigating the Binding Activity of REV1 Protein with A Stapled Peptide Inhibitor



Sophia Garcia - Evaluating the chromatin distribution of histone H1.4, a gene implicated in neurodevelopmental disorders
Noelle Harris - Exploring The Impact Of Mentorship and Pre-Career Programs On Stem Undergraduates' Sense of Belonging and Confidence

Ritvik Korrapati - Low-Dose lonizing Radiation as a novel treatment for AMD: Functional and Molecular Assessment in RPE and Choroidal Endothelial
Cells.

Adrian Rodriguez Torres - Age inversely correlates with antibody mediated functional responses among people recovered from SARS-CoV-2 infection
Nia Stabler - Characterizing the receptor selectively of CarvFED, a beta-arrestin biased ligand for betal-Adrenergic Receptor

AngelicaVelasquez - RUNX2 inhibition transcriptionally represses PAX3::FOXO1 expression and alters differentiation programs in vivo

Summer Neuroscience Program

Colin Belton - Effects of DIV14 MGE Interneuron Transplantation on Neuronal, Glial, and Synaptic Health

Erin Burns -Intracranial EEG Study of Error Monitoring in Cognitive Stability and Flexibility

Carolyn Chen - Investigating mtDNA Replication Defects with Parkinson’s Disease-linked LRRK2-G2019S Mutation

Katherine He - Intergenerational Dynamics of Stress and Biomarkers: A Biopsychosocial Approach to Exploring Links to Alzheimer’s Disease and
Dementia

Hannah Hortman - Pharmacological Targeting of the ISR for Prevention of Dopaminergic Degeneration in Parkinson’s Disease
Joshua Lin - Investigating social experience-dependent modulation of the pdf circadian gene in Drosophila melanogaster
Nicol Milev - Reliability of the MID Task in Assessing Reward-Related Striatal Activation in Young Adults with ACEs

Monica Rashkov - Quantifying Adrb3 Isoform Expression in Mice in Response to Genotype and Stress Intervention Using qPCR
Grace Richardson - How does delta-catenin modulate the closure of the critical period in V1?

Daniel Robelo - The effect of reappraisal strategies on the emotions experienced when remembering autobiographical memories of wrongdoings and
their relation to forgiveness

Kristina Schaufele - Biomarkers PTau217 and IL-6 as Potential Predictors of Post-Operative Cognitive Function, Delirium Incidence, and Delirium
Severity

Aarushi Singh - Multilingualism and Lifelong Musicianship: Protective Effects on Cognitive Reserve in Aging and Dementia Risk
Ariana Vaida - Comparison of neuroimmune outcomes between viral and environmental respiratory challenges

Harry Wang - Light Sheet Microscopy as an Evaluative Tool for Cochlear Hair Cell Lesions

Summer Scholars Program in Genome Sciences and Medicine

Sneha Chandrashekar - Cell type-specific therapeutics for Parkinson’s Disease informed by single-cell transcriptomic analysis of the human brain
Sophia Garganta - Identifying Structural Determinants of Selectivity in Odorant Receptors

Martina Madrzak - Natural Variation in Melanization among Environmental Isolates of Cryptococcus neoformans

George Ofori - Unveiling the roles of the bric a brac gene in wing color pattern development in Agraulis incarnata butterflies

Sergio Sanchez - Single-cell RNA-seq approaches to understand endothelial cell dynamics in Idiopathic Pulmonary Fibrosis (IPF) and lung-injury
repair

SURF - Summer Undergraduate Research Fellowship

Efe Balkanli - The Role of Dopaminergic Neurons in Social Experience-dependent Modulation of Sleep



Sophia Byrd - Identifying Genetic Regions Involved in Cell Sheet Morphogenesis by Deficiency Screen on Chromosome 3R of Drosophila melanogaster

Neveya Flakes - Sick and Still Stepping: Tracking Physical Activity and Nausea Severity in Early Pregnancy through Insights from Longitudinal Step
Count and PUQE Data

Lucas Hong - Investigating the Role of RUNX1T1 in Driving Neuroendocrine Prostate Cancer Progression and Differentiation

Laura Houghton - Optimizing Culture Systems for in vitro and ex vivo screening of Glioblastoma Tumor-Infiltrating Lymphocytes

Alan Long - Discovery of Intracellular Biased Allosteric Ligands Targeting f2-Adrenergic Receptors through In Vitro Screening

Caroline McSwain - The Impact of NEAT1 and Paraspeckles on Liver Stage Plasmodium Development

Maya Srinivasan - Computing Spatial Invariance: Investigating Plaid Responses of Layer 5 Excitatory Neurons in V1

Lillian Stanley - Disrupted Serotonin (5-HT) from Maternal High Fat Diet Effects on Glutamate and Gamma Amino Butryric Acid (GABA)

Ngoc Tran - The Effects of Prestimulus EEG Beta Power on Poststimulus Visual Processing and Cognitive-Control Performance

General

Manisha Gangasani - Localization of Type-1 and Type-Il Interferon Receptors in CNS Border Tissues

Dorcas Godspower - Modeling Charge Transport in Biological Electron Transport Chains Using Kinetic Monte Carlo Simulations

Sean Hession - Understanding Tissue-Specific Mechanisms of Codon-Biased Gene Regulation

Lauren Ho - Role of the stemness marker SOX2 in fusion-positive rhabdomyosarcoma cell fate switching

Aditi lyer - Investigating Compartment-specific Intracellular NAD*] Dynamics in Response to TCE and LRRK2 Exposures Using a Targeted Bionsensor
Aashika Jagadeesh - Optimizing Motor Controller Design for Electric Vehicle Performance at the 2026 Shell Eco-Marathon

Julie Lin - Characterizing VIRMA-WTAP Interactions in m6A Modification of Hepatitis C Virus RNA with Identification of Interaction Domains

Jackie No & Tanya Sachde - Improving Healthcare Access and Community Wellness in Rural and Coastal North Carolina



AMGEN SCHOLARS
PROGRAM AT DUKE

Presenters are organized
alphabetically by last name.



Porphyrin-functionalized Single-walled Carbon
Nanotubes: Materials for Faraday Rotation and
Magneto-optics

Presenter: Jana Bowler

Faculty Mentor: Michael Therien
Authors: Jana Bowler, Victoria Cinnater, Riley Stephenson, Michael J. Therien
Summer Program: Amgen Scholars Program

Home Institution: Haverford College

Abstract:

Faraday rotation refers to the rotation of plane-polarized light as it propagates through a
transparent material in the presence of an external magnetic field. Optical isolators exploit the
nonreciprocal nature of Faraday rotation to prevent noise and backscattering in signals
transmitted via fiber optic cables. Significant and detectable rotation requires a long path
length, strong magnetic field, or a material with a large Verdet constant. Telecommunication
devices make use of light in the short-wave infrared (SWIR) region for long distance
communication, but materials suitable for Faraday rotation in this spectral regime are
expensive and can lack the desired flexibility and versatility. Flexible hybrid organometallic-
functionalized nanomaterials offer a promising alternative for SWIR function, possessing an
intrinsically large Verdet constant and potential resonance-enhanced Faraday rotation. (6,5)
single-walled carbon nanotubes (SWNTs) were first purified from a mixture of allotropes
using aqueous two-phase extraction (ATPE), in which varying surfactant ratios allows for
diameter-selective nanotube extraction. Electron-rich zinc porphyrins were synthesized from
the free-base porphyrin precursor and modified with a linking group for nanotube
functionalization. Covalent attachment to pure (6,5) nanotubes can then proceed through a
[2+2] cycloaddition, with successful functionalization confirmed using emission spectroscopy,
electronic absorption spectroscopy, and Raman spectroscopy. The magnitude of Faraday
rotation will then be evaluated using magnetic circular dichroism. In tandem, calculations will
reveal whether functionalization has perturbed the SWNT valence and conduction band,
introducing new SWIR transitions and facilitating resonance-enhanced Faraday rotation. The
high oscillator strength of porphyrins will additionally allow the determination of the extent of
porphyrin binding to the carbon nanotube, a calculation previously extrapolated indirectly.



Deriving Isogenic Cell Lines from Mosaic Sex
Chromosome Aneuploidies

Presenter: Mahitha Chaturvedula

Faculty Mentor: Adrianna San Roman
Authors: Mahitha Chaturvedula, Maike Bensberg, Adrianna K. San Roman
Summer Program: Amgen Scholars Program

Home Institution: Carnegie Mellon University

Abstract:

There are many diseases and disorders that arise from differences in sex chromosome copy
number and expression. When comparing gene expression levels between individuals with
different X or Y copy numbers, it is difficult to determine whether expression differences are
because of chromosome copy number or genetic variation occurring in the rest of the genome.
To address this, we used cell lines with “chromosomal mosaicism” from individuals with sex
chromosomes aneuploidies. These lines can include up to 20% of cells with a karyotype
different from the primary one. This allows us to generate isogenic cell lines with distinct sex
chromosome karyotypes from the same individual, minimizing genetic background. To
generate isogenic sub-clones, we made serial dilutions from mosaic fibroblasts or
lymphoblastoid cell lines (LCL) and successfully expanded individual clones in a 96-well plate.
To quantify the number of X and Y chromosomes, we designed and optimized a quantitative-
PCR (gPCR) assay. We designed 12 primers that target specific regions on chromosome X,
chromosome Y, or chromosome 7, an autosome that serves as an internal control. To ensure
the primers amplified the expected region, we conducted a PCR reaction, expecting each
primer pair to produce only one product between 150-180 bp. We plan to conduct a multiplex
gPCR on cells with known karyotypes as assay-standards for varying sex chromosome copy
number. By comparison to this standard curve we are able to identify karyotypes of our
expanded single-cell clones before further expansion. In the future, we aim to conduct
fluorescent in situ hybridization (FISH) to visualize and count sex chromosomes in single cells
and to confirm the qPCR results with an orthogonal method. After successful characterization,
we aim to expand the isogenic cell lines to create a repository used in future experiments.



UFL1 Protein Interactions at the Virus-Host
Interface

Presenter: Katya Crawford

Faculty Mentor: Stacy Horner
Authors: Katya Crawford, Hannah Schmidt, Stacy M. Horner
Summer Program: Amgen Scholars Program

Home Institution: Pomona College

Abstract:

Roughly 400 million people are infected each year with viruses from the Flaviviridae family.
Despite the threat that these pathogens pose to global health, an effective antiviral therapeutic
does not currently exist. Developing an understanding of how both viral infection and immune
responses are regulated is crucial for therapeutic development. We have found that
UFMylation, a post-translational modification system that conjugates the ubiquitin-like
protein UFM1 to target proteins, facilitates flavivirus infection. Importantly, the UFMylation
E3 ligase, UFL1, interacts with several viral proteins, including the viral NS3 protein. NS3 plays
an important role in virion assembly, suggesting that UFL1 helps to regulate this stage of the
viral life cycle. We have also found that UFL1 interacts with the host protein 14-3-3 epsilon.
This interaction leads to the UFMylation of 14-3-3 epsilon and subsequent activation of the
RIG-I antiviral pathway. The goal of my work is to study the mechanisms through which UFL1
locates and interacts with its substrates. To begin to do this, we used AlphaFold3 to model the
interaction interfaces between UFL1 and either NS3 or 14-3-3 epsilon. We then mutated
candidate amino acids at the interface between UFL1 and viral proteins, as well as at the UFL1-
14-3-3 epsilon interface. After cloning, we next expression tested the constructs to confirm
there were no defects. Then, I have been performing co-immunoprecipitations with mutants
of 14-3-3 epsilon and UFL1 to determine if we have identified amino acids at the protein-
protein interface. Future work will study how mutations in UFL1 impact its interaction with
flavivirus proteins, with the ultimate goal of determining how this regulates flaviviral
infection. The results of our work will hopefully lead to a greater understanding of how host
proteins regulate infection and the immune response, ultimately resulting in strategies for
enhanced prevention and treatment of flavivirus infection.



Developing novel reporters to visualize lipoprotein
lipase activity in zebrafish

Presenter: Sarah Gorbatov

Faculty Mentor: John Rawls
Authors: Sarah Gorbatov, Jia Wen, John Rawls
Summer Program: Amgen Scholars Program

Home Institution: Duke University

Abstract:

Obesity, diabetes, and related conditions are characterized by altered lipid metabolism. A
critical yet understudied step of lipid metabolism is lipoprotein hydrolysis. Neutral lipids are
packaged into lipoproteins in the liver and intestine and secreted into circulation. Circulating
lipoproteins are hydrolyzed by Lipoprotein lipase (LPL) to liberate lipids, which are absorbed
by peripheral tissues like adipose and muscle for energy and storage. In mammals, LPL is
produced in these tissues and transported by the chaperone GPITHBP1 to the endothelial surface
to interact with lipoproteins. Our preliminary data suggest that in zebrafish, the LPL homolog
Ipla is surprisingly expressed by the liver and ileum at the larval stage. However, zebrafish lack
GPIHBP1, so how the gut secretes Lpla and where Lpla is delivered in the intestine and other
organs remains unclear. We hypothesize creating an Lpla fluorescent reporter could help
visualize where zebrafish Lpla-lipoprotein interactions occur. This could explain regulation of
LPL and lipid distribution in mammals beyond the role of GPIHBP1. For the reporter, we are
using CRISPR-Cas9 genome editing to knock in the mScarlet fluorophore gene at the Ipla C
terminus. We first located a suitable CRISPR target site and generated a donor plasmid
containing mScarlet downstream of an Ipla fragment to assist homologous recombination. We
then performed site-directed mutagenesis on the plasmid to ensure Cas9 cuts the genomic Ipla
locus, not the PCR donor, increasing knock-in efficiency. Mutations were synonymous to
maintain proper protein-coding. Finally, we amplified and purified a PCR donor from the
plasmid. We are currently injecting zebrafish embryos with the donor, gRNA, and Cas9 and
imaging mScarlet at the larval stage. We expect the Ipla-mScarlet reporter to inform whether
Lpla acts in the endothelial cells or extracellular space between capillaries and tissues like the
intestinal epithelium. Understanding this mechanism could lead to improved metabolic
therapies.



Identification of novel species-selective inhibitors
of Heat shock protein 90 of malaria via DNA-
encoded library screening

Presenter: Caitlyn Hughes

Faculty Mentor: Emily Derbyshire
Authors: Caitlyn Hughes, Gaini Ibrasheva, Emily Derbyshire
Summer Program: Amgen Scholars Program

Home Institution: University of Richmond

Abstract:

Malaria continues to be a global health threat for many populations despite advancements in
targeted therapeutics. Thus, there is a growing need for new treatments targeting Plasmodium
falciparum, the most lethal parasite species which accounts for over 90 percent of malaria
mortality world-wide. During its life cycle, P. falciparum encounters and adapts to
environmental changes, most notably a drastic temperature shift as the parasite travels from a
cold-blooded mosquito vector to a warm-blooded vertebrate host. Heat shock proteins (Hsps)
are a crucial group of chaperone proteins that are responsible for folding other proteins,
termed clients, throughout the parasite’s life cycle. Therefore, by targeting Hsps, many other
clients will also be affected across every stage, pinning them as an attractive antimalarial
target. P. falciparum heat shock protein 90 (PfHsp90) is a particular protein of significance
because it is one of the most abundant Hsps and targeting of PfHsp9o0 has been shown to
inhibit parasite growth. However, current PfHsp9o inhibitors also target the human homolog
(HsHsp9o0). Therefore, we sought to identify PfHsp9o0-selective inhibitors to address this
problem. We expressed full-length PfHsp90 and HsHsp9o0 as well as the nucleotide-binding
domains (NBD) of each (PfHsp9o NBD; HsHsp90 NBD) and purified them through Ni-NTA
size exclusion, and anion exchange chromatography. Protein purity was assessed by SDS-
PAGE and Western Blot. Further work will confirm the activity and folded state of each protein
utilizing thermal shift and malachite green assays, as well as circular dichroism. To identify
the most potent and species-selective inhibitors, we will subject each protein to a DNA-
Encoded Library, screening over 3 billion potential compounds. The actives will be validated
and then tested for their species-selectivity and potential as antimalarial agents, providing
insight into novel therapeutics.



Bioorthogonal Click Chemistry to Prolong Kidney
Transplant Survival

Presenter: Gerard Lorio

Faculty Mentor: Tatiana Segura
Authors: Gerard Lorio, Sydney Jeffs, Tatiana Segura
Summer Program: Amgen Scholars Program

Home Institution: Louisiana State University

Abstract:

The median kidney transplant lasts only 10—-15 years, after which many patients return to
dialysis—a treatment with a 5-year survival rate below 35%. The current strategy to prolong
graft survival relies on lifelong systemic immunosuppression, typically combining a
calcineurin inhibitor (CNI), an antiproliferative agent, and often glucocorticoids. However,
this approach broadly suppresses immune function, increasing the risk of infection and
cancer, while CNI-associated nephrotoxicity remains a major non-immunologic cause of graft
failure. To address these limitations, localized, CNI-free immunosuppression strategies are
urgently needed. One promising method leverages bioorthogonal strain-promoted alkyne—
azide cycloaddition (SPAAC) chemistry to enable targeted immunosuppressant delivery and
site-specific graft modification, potentially reducing systemic exposure and associated
toxicity. Combining this with immune co-inhibitory molecules, such as programmed death-
ligand 1 (PD-L1), may further promote local immune tolerance. To evaluate this strategy,
fluorescent intensity assays were conducted ex vivo to confirm stable attachment of a chemical
handle to the kidney’s vascular endothelium following surface modification and storage.
SPAAC-mediated conjugation of fluorescent probes and PD-L1 was then used to assess
stability and functional performance. CODEX spatial analysis enabled high-dimensional
phenotyping of immune responses in allografts transplanted from Lewis to Brown Norway
rats. Results showed that chemical handles remained stably bound for over 40 days post-
transplant, and SPAAC-enabled conjugation yielded consistent and efficient graft
modification. Importantly, PD-L1-modified kidneys exhibited reduced immune infiltration
and improved graft survival relative to unmodified controls. These findings demonstrate that
SPAAC-enabled localized immunosuppression supports sustained drug delivery and immune
modulation, offering a viable alternative to systemic CNI-based therapies and a path toward
safer, longer-lasting transplant outcomes.



Enantioselective 1,3-Aminooxygenation of
Cyclopropanes via Dual Photo/Copper Catalysis:
Expanded Substrate Scope and Mechanistic Insights

Presenter: Jakob Narrow

Faculty Mentor: Qiu Wang
Authors: Jakob Narrow, Sheng-Hao Huang, Qiu Wang
Summer Program: Amgen Scholars Program

Home Institution: Hamilton College

Abstract:

Nitrogen-containing compounds are central to many areas of chemical biology and drug
discovery. More specifically, 1,3-aminooxy motifs appear in a range of biologically active
molecules, making them valuable targets in synthetic chemistry. Existing approaches to
accessing these structures often rely on stepwise strategies and lack enantioselective control.
Moreover, enantioselective 1,3-difunctionalizations of cyclopropanes remain largely
unexplored. Inspired by recent success in enantioselective 1,3-aminocyanation and building on
our group’s previous work, we sought to develop a new strategy for the 1,3-difunctionalization
of cyclopropanes. We aimed to establish an enantioselective 1,3-aminooxygenation of
cyclopropanes that could accommodate diverse nitrogen nucleophiles and cyclopropane
substrates. We hypothesized a dual catalytic system wherein photoredox catalysis enables
single-electron oxidation of the cyclopropane to promote ring opening, and copper catalysis,
using a chiral ligand, governs the enantioselectivity of the transformation. Here, we report the
formation of 1,3-aminooxy products with moderate-to-high enantiomeric excess from a
range of cyclopropane substrates and nitrogen nucleophiles, including those with varied
electronic properties and steric profiles. Furthermore, to investigate our mechanistic
hypothesis, we used cyclic voltammetry to examine substrate redox behavior. Preliminary data
support a mechanism in which the excited-state photocatalyst initiates oxidation of the
cyclopropane. This work establishes a general platform for the enantioselective 1,3-
difunctionalization of strained carbocycles and expands the synthetic toolbox for constructing
stereodefined nitrogen-containing motifs. More broadly, these advances also enable new
strategies for accessing medicinally relevant scaffolds.



Designing Stem Cell-targeting Viral Vectors using a
Generative Diffusion Model

Presenter: Arnav Singh

Faculty Mentor: Aravind Asokan
Authors: Arnav Singh, Xinlong Wan, Aravind Asokan
Summer Program: Amgen Scholars Program

Home Institution: Williams College

Abstract:

Hematopoietic stem cells (HSCs) sit atop the blood and immune cell differentiation hierarchy,
making them an attractive target for gene therapies. Genetically edited HSCs can give rise to
corrected blood and immune cell progeny, providing long-lasting, curative treatment for
various hematopoietic diseases, such as sickle cell anemia. Delivery of gene editors to HSCs in
vivo through a systemic vector circumvents the need for harvesting HSCs from bone marrow
and chemotherapy or irradiation conditioning, which are required for current ex vivo
autologous HSC gene therapies. Previous approaches to in vivo HSC-targeting use lipid
nanoparticles or lentivirus and leverage CD117 (c-Kit)—a receptor highly expressed on HSCs—
for targeting, using either an anti-CD117 antibody or the endogenous CD117 ligand, stem cell
factor (SCF). However, these binding proteins are too large to incorporate into smaller delivery
vectors, such as adeno-associated viruses or peptide-oligonucleotide conjugates. We used
RFdiffusion—a generative protein model —to computationally predict small peptide binders
against CD117. For in silico optimization, we diversified around top candidates by introducing
limited random noise and subsequently denoising to generate new variants, iterating this
process to evolve improved binders computationally. Repeatedly diversifying around already
favorable binders yielded structures with significantly improved predicted binder-target
affinity and binder stability. Lentiviral vectors incorporating top binder candidates in a viral
envelope glycoprotein were produced, and their binding ability is currently being evaluated
through a pull-down assay with CD117, while functional viral transduction is assessed by
transducing CD117-expressing cells and measuring mCherry transgene expression using flow
cytometry. Future work with validated binders will explore their integration into other delivery
platforms, as well as dimerized binder designs intended to improve transduction by promoting
CD117 activation and internalization. Establishing a pipeline for computationally generating
and experimentally validating receptor-binding peptides would streamline the development of
delivery vectors across various target cell types.
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Abstract:

Irritable bowel syndrome (IBS) is a common chronic visceral pain condition, characterized by
bloating, frequent bouts of constipation and/or diarrhea, and co-morbid mood disorders and
cognitive impairment. In patients with IBS, non-noxious chemical stimuli taken up from food
or secreted by microbiota are perceived as painful due to sensitization of pain signaling nerves
within the gut-brain axis. Enzymatic activity plays a fundamental role in pain sensitization, as
reduced function of catechol-O-methyltransferase (COMT), an enzyme responsible for
degrading catecholamines, is implicated in increased visceral pain, particularly in diarrhea-
predominant IBS. Stress, which promotes release of catecholamines from sympathetic nerves,
further exacerbates pain symptoms. However, it is unknown whether COMT activity and stress
interact to promote visceral hypersensitivity to chemical irritants in the context of IBS. We
hypothesized that elevated catecholamine levels triggered by stress in combination with
reduced COMT activity increases sensitivity to chemical irritants. To test this, we subjected
wild-type and Comt+/- mice (N=4 per group) to a 3-day swim stress model followed by a
molar extraction surgery intervention to induce chronic pain. To assess gut sensitivity, we
administered a dilute acetic acid solution (0.6%) via intracolonic infusion at baseline and on
days 7 and 14 following swim stress. Immediately following acetic acid delivery, pain behavior
was evaluated using the grimace scale. Cognitive impairment and mood were analyzed using
the novel object recognition, elevated zero maze, and tail suspension tests. Finally, we
performed immunohistochemistry of colonic tissue to characterize gut sensitization and
stimulation of nociceptors innervating the gastrointestinal tract that could result from
catecholamine dysregulation. A better understanding of the specific role catecholamines play
in gut sensitivity and visceral pain will provide key insight necessary for developing more
targeted therapeutics for IBS treatment.
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Abstract:

Cancer cells are known to be one of the most translationally active cell-types due to their high
rates of proliferation. Stress in cancer cells such as amino acid depletion can cause disruptions
to translation including ribosome stalling, yet the consequences remain poorly understood.
Our lab has found in a fluorescent reporter survey that ribosome stalling occurs most
prominently under arginine starvation and causes premature ribosome fall-off to disrupt
protein production. Furthermore, previous research has shown that ribosome stalling and fall-
off are synonymous codon-specific, occurring at the arginine codon AGA but not AGG, CGA,
CGC, CGG, or CGU. We aimed to determine whether fall-off on endogenous AGA-rich mRNAs
during arginine starvation affects protein production to alter the arginine starvation response.
We studied three target genes rich in AGA codons: DDX5, PSMA1, and RPS24, hypothesizing
that increased ribosome stalling and fall-off would decrease protein synthesis rates during
arginine starvation, and constructed protein synthesis rate reporters for these with these
genes by tagging their coding sequences (CDS) with an N-terminal FLAG tag and a C-terminal
degron, ecDHFR. Resulting protein synthesis rates were measured for each CDS as well as
mutant CDS with CGG codons instead of AGA upon starvation for arginine, leucine, and in
nutrient rich medium, after stabilization of ecDHFR with the small molecule trimethoprim
(TMP) to initiate protein accumulation. Protein production per mRNA was quantified using a
combination of anti-FLAG Western blot and RT-qPCR analysis. Our results suggest that
replacement of AGA codons with CGG codons under arginine starvation causes a recovery of
protein synthesis rate while maintaining a steady mRNA level, suggesting AGA codons play a
significant role in reducing endogenous protein production through ribosome stalling and
fall-off. Insights from this study open a new avenue for study into the mechanisms behind
codon-specific ribosome stalling and fall-off.
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Abstract:

Millions of Americans suffer from chronic pain conditions that have no clear underlying cause,
wherein pain is the defining symptom of their condition. Most of these patients suffer from
multiple comorbid pain conditions, and individuals who manifest these ‘chronic overlapping
pain conditions’ (COPCs) often exhibit significant psychosocial distress. Given that preclinical
pain models often struggle to mimic the phenotypic complexity of these conditions, we
developed a behavioral screening platform in mice that may help identify new mechanistic
drivers of pain while accounting for clinically relevant parameters.

We collected plasma from pain-free controls and COPC patients stratified into 3 distinct
groups: an adaptive cluster (C1; low pain sensitivity and low psychosocial distress), a pain-
sensitive cluster (C2; high pain sensitivity, low distress; and a global symptoms cluster (C3;
high for both). Plasma samples from control/COPC patients of both sexes were intrathecally
injected into male and female CD1 mice, followed by behavioral phenotyping to assess pain-
like behaviors. We hypothesized that adoptive transfer of plasma from COPC donors would
evoke mechanical and cold hypersensitivity, potentially in a sexually dimorphic manner.

Minimal pain-like behaviors were observed in mice administered plasma from pain-free
control donors, regardless of sex. Heterogenous effects were observed after administration of
COPC samples; all COPC samples induced mechanical hypersensitivity, and most samples
induced cold hypersensitivity. In two samples, we observed evidence of sexually dimorphic
effects, wherein sex-matched recipients exhibited more robust pain-like behaviors. In our
ongoing experiments, we are conducting immunohistochemical experiments to analyze
signatures of neuroinflammation and pain in dorsal root ganglia procedured from mice after
COPC sample administration. We believe this translationally-relevant behavioral phenotyping
paradigm can be a useful tool to uncover new mechanistic drivers of pain, which will aid in the
design of more effective, personalized pain therapies.
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Abstract:

Nicotine is a psychoactive compound capable of overriding innate behavioral drives in humans.
In Caenorhabditis elegans (C. elegans), prior work shows nicotine modulates locomotion and
preference learning in a dose- and time-dependent manner (Sobkowiak et al., 2019), with very
low (.0o01mM) and high doses (10-30 mM) decreasing movement, while moderate doses
(.00mM and .1 mM) increase it. C. elegans can develop a conditioned preference for nicotine
within 30 minutes of exposure (Engleman et al., 2018). However, the role of nicotine
pretreatment in modulating innate chemotaxis toward food-associated odorants had yet to be
examined. This study evaluated whether acute (2 hour) nicotine pretreatment in Nematode
Growth Media (NGM) agar plates alters chemotactic behavior. Exploring two paradigms: 1)
assessing baseline chemotaxis toward 1% benzaldehyde (BA), a volatile food-associated
odorant vs. 97.5% ethanol control. 2) a choice for chemotaxis towards either 1% benzaldehyde
or 3.27% nicotine. The goal was to model the early behavioral effects of nicotine on sensory-
driven behavior and determine whether low-dose exposure alters food cue preference. We
hypothesized that acute nicotine exposure would not disrupt benzaldehyde attraction, but
would influence the choice they make between benzaldehyde (food) and nicotine. We further
hypothesized these impacts would be altered in a dose-dependent manner. Adult N2 C. elegans
were pretreated with either 0.1 mM or 1 mM of 3.27% nicotine for 2 hours. Following
pretreatment, animals were placed on chemotaxis plates, and their location was recorded
every 10 minutes over 60 minutes. At 0.1 mM, animals retained attraction to 1% BA, indicating
intact food cue responses. However, in BA vs. nicotine choice tests, some animals displayed
altered behavior, including reduced migration or subtle shifts toward nicotine. Findings
suggest, acute low-dose nicotine pretreatment does not eliminate innate food cue attraction
but can modulate chemosensory decision-making under competitive odor conditions.
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Abstract:

Ethanol exposure triggers neuroinflammatory responses in the hippocampus by activating
microglia and astrocytes potentially through the IL-1B signaling pathway. While the microglial
and astrocyte effects are well-documented, ethanol’s impact on oligodendrocyte development
remains unclear. This study examined whether IL-1 receptor antagonist (IL-1Ra), an anti-
inflammatory agent, could mitigate ethanol-induced disruptions in oligodendrocyte cells.
Male C57BL/6] mice received either ethanol (5 g/kg) or 0.5% sucrose by gavage for ten days,
followed by three days of IL-1Ra (50 mg/kg, i.p.) or vehicle treatment. Brain tissue was used for
immunohistochemistry targeting Olig2 and PDGFRa in the hippocampus. PDGFRa targets the
Oligodendrocyte precursor cells(OPCs) while Olig2 targets the cells across the entire
Oligodendrocyte lineage from precursors to mature oligodendrocytes. Ethanol reduced the
PDGFRa expression in dentate gyrus(DG) and CA1 while also significantly reducing Olig2 DG
cell counts and immunoreactivity. IL-1Ra did not restore the immunoreactivity in PDGFRa or
in the Olig2 immunoreactivity, but it did significantly restore the cell count of each section for
Olig2. These findings suggest that ethanol selectively impairs the maturation of OPCs in the
hippocampus. The findings also suggest that IL-1Ra may be able to protect OPCs to mature
following exposure to ethanol and more specifically in the DG. These results highlight the
strong resistance that OPCs have to ethanol and how ethanol's main effect is reducing the
amount of mature cells. In conclusion IL-1Ra has shown the ability to reverse the effects of
ethanol on the hippocampus more specifically in the process of maturing Oligodendrocytes.
IL-1Ra may be able to serve as a potential agent to counteract alcohol induced damage in the
brain by protecting and restoring the function of oligodendrocytes which is important for
neural communication.
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Abstract:

The amygdala (AMY) has been shown to regulate emotions and the hippocampus (HIP) is
critical to learning, memory and emotional processing. Studies have shown that choline can
have a preventative effect against neurodegeneration and cognitive decline. Aberrant ethanol
consumption can drive astrocytic neuroinflammation and increase Cx43 in GFAP+ (glial
fibrillary acidic protein) astrocytes, but ethanol's impact on Cx30 in GFAP+ astrocytes remains
unclear. This study investigates whether Adolescent Intermittent Ethanol (AIE) exposure with
or without dietary choline supplementation (35.6 mmol/kg) increases Cx30 in astrocytes in the
AMY and three HIP subregions: dentate gyrus (DG), CA1, and CA2/3. We hypothesize Cx30
activity will increase in GFAP+ astrocytes in AIE groups in the AMY, DG, and CA2/3, however,
choline will mitigate the effect. On postnatal day 25 (PD25) half of the animals (n=20) were
switched to the choline diet until five days post-AIE (PD53). AIE (5g/kg) or water (AIW) was
administered on PD30 where animals had 10 doses over 16 days. Animals were anesthetized
and brains were perfused in PBS and PFA, sliced, and stored in cryoprotectant before
immunohistochemical analysis, where sections were incubated in H202 and blocked in goat
serum. All primary antibodies are used overnight then sections are rinsed in PBS and incubated
with a secondary antibody. To image, we used the Zeiss 800 and 780 confocal microscopes
before quantifying the number of astrocytes per region, relative levels of Cx30 per GFAP+
astrocyte, and the number of Cx30+/GFAP+ astrocytes per image using FIJI image]. A 3-way
ANOVA will be leveraged to assess the main interactions between sex, choline treatment, and
ethanol exposure in GraphPad Prism. This is in an effort to understand the molecular
mechanisms of alcohol use disorder (AUD) and the contribution choline has on mitigating
neuroinflammation.



ADOLESCENT BINGE-DRINKING ALTERS
CHOLINERGIC FUNCTION IN THE NUCLEUS
TRACTUS SOLITARIUS

Presenter: Isaiah Brewington

Faculty Mentor: S. Alex Marshall, Ph.D

Authors: Isaiah Brewington , Alexander Gomez-A, Ph.D , Katie Healey, Ph.D, S. Alex Marshall,
Ph.D

Summer Program: D-Care - Duke-NC Central Alcohol Research Education

Home Institution: North Carolina Central University

Abstract:

Adolescent binge drinking (ABD) is a major public health concern, with nearly one-third of
individuals aged 12—25 reporting binge episodes. ABD is associated with long-lasting
impairments in brain function and cognition, including disruptions in cholinergic signaling
and deficits in decision-making. Previous research has shown that ABD reduces choline
acetyltransferase (ChAT) expression in the basal forebrain, a cholinergic-rich region essential
for cognitive processes. Another region of interest is the nucleus of the tractus solitarius
(NTS), a brainstem structure responsible for integrating visceral sensory input and
contributing to decision-making. Although the NTS is suspected to be vulnerable to ABD, it is
unknown whether cholinergic disruptions also occur in this region. Choline supplementation
is one strategy to prevent or reverse alcohol-induced neurobiological damage. While choline
has shown protective effects during prenatal and perinatal alcohol exposure, especially in the
hippocampus, its potential to prevent ABD-induced cholinergic disruption in adolescence has
not been evaluated. This study tests the hypothesis that adolescent intermittent ethanol (AIE)
exposure decreases ChAT expression in the NTS and that choline supplementation can prevent
these changes. Adolescent rats will receive AIE or water, with or without concurrent choline
supplementation. In adulthood, immunohistochemistry for ChAT-positive cells will be
conducted to assess cholinergic phenotype in the NTS. The study will clarify whether ABD
alters cholinergic signaling in the NTS and evaluate the protective effects of choline. These
findings will offer insights into how adolescent alcohol exposure disrupts interoceptive
physiology and behavior via the NTS. Results will position the NTS as a mechanistic target for
future interventions and inform embodied models of cognition and risk. Ultimately, this work
will lay the foundation for future studies examining NTS neurochemical plasticity and circuit-
level manipulations.
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Abstract:

Research indicates alcohol use during the teenage years alters normal adolescent brain
development, and 8.6% of 12 to 20 year-olds reported binge-drinking in the past month
(NSDUH). Adolescent intermittent ethanol (AIE), a rodent model of binge drinking, induces
anxiety-like behaviors and cognitive deficits in adulthood. AIE induces astrocytic
dysregulation in the adult hippocampus (HPC), a region involved in learning, memory (dorsal,
dHPC), and affect (ventral, vHPC). Astrocytes regulate synaptic formation and function, and
the neuroimmune system, interacting with microglia. Here, we investigate AIE effects on
astrocytic interactions with microglia and inhibitory synapses in the dHPC (Experiment 1, E1),
and astrocytic-excitatory synaptic interactions in the vHPC (Experiment 2, E2). Adolescent
rats (PND 28) received 14 doses of ethanol (5g/kg; i.g. 35% EtPH) or isovolumetric water (AIW)
for 24 days (2 days-on, 1 day-off, 2-days on). Both experiments used the virus GFAP-LCK-GFP
to visualize astrocytes in the dHPC and vHPC. E1:Gq DREADDs designed to activate astrocytes
were injected into the dHPC. Tissue was stained for immunofluorescent analysis of GABA
transporter 3 (GAT3; inhibitory synapses) and inflammatory factor 1 (Iba1; microglia). E2:
received a cocktail of viruses to visualize dendrites of excitatory neurons projecting from the
VvHPC to the medial prefrontal cortex (FLAG). Astrocytes' morphology (surface area and
volume) and colocalization with excitatory dendrites (FLAG), inhibitory synapse (GAT3) and
microglia (Iba1) were completed using Imaris (Bitplane, USA). AIE had no effect on dHPC GAT3
expression, however astrocytic-GAT3 proximity was reduced. Similarly, AIE had no effect on
Iba1 expression, however it reduced astrocytic-Iba1 proximity. There was no effect of DREADD
activation on either measure. Ongoing experiments are assessing astrocytic ensheathment of
excitatory vHPC to mPFC dendrites, a circuit important in affective behaviors. These results
will explore AIE astrocytic dysfunction in the hippocampus and its reduced relationship with
neurons and microglia.
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Abstract:

Adolescence, a critical time for brain development, is marked by risk taking behaviors such as
initiation of alcohol use. Ten percent of all US adolescents engage in binge-drinking, and this
group is more likely to enlist in the military and at increased risk of developing AUD as adults,
making this a leading health issue for veterans. Individuals with AUD have increased incidence
of chronic pain. Previous studies indicated that Adolescent Intermittent Ethanol, a rodent
model of adolescent binge drinking, induces hyperalgesia and a vulnerability to stress-induced
anxiety-like behavior. Here, we will investigate the relationship between a history of AIE and
adult pain on hyperalgesic, activity and anxiety behaviors. 16 male and 16 female Sprague-
Dawley rats arrived as pups (PND15,Charles River, Raleigh NC). PND21 rats were weaned, then
allowed a 9-day acclimation period. Intermittent ethanol (5g/kg, 35% EtOH intragastric
gavage) or isovolumetric water was administered for 12 doses over 22 days (PND 30-53, 2 days
on, 1 day off, 2 days on). In adulthood a pain challenge was presented (Formalin Murine Model
of Pain). Withdrawal latency was assessed (Von-Frey, Stoelting, Wood Dale, IL) to determine
pain sensitivity at acute (5 min-post injection) and tonic (45 min-post injection) phases. 24
hours after, we will assess anxiety-like behavior (Elevated Plus Maze, Med Associates, Fairfax,
Vermont) to assess rodent movement, risk-taking, and anxiety. Gait will be analyzed using the
Catwalk assessment (Noldus, Leesburg, Virginia). We predict AIE rats, relative to the AIW
group, will exhibit increased hyperalgesia and altered gait. We expect the pain challenge will
unmask vulnerabilities in AIE exposed animals increasing their anxiety-like behavior. These
results would indicate that adolescent binge drinking is a potential risk factor for later life pain
sensitivity, and is especially important in the veteran population, who frequently report AUD,
generalized anxiety disorders and chronic pain.
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Abstract:

Neural synchrony is coordinated activity of neurons in the brain and plays a crucial role in the
prevention of neuropsychiatric disorders. Disruptions between the Prefrontal Cortex (PFC),
Amygdala, and Nucleus Accumbens (NAc) can lead to cognitive and emotional dysfunction
contributing to depression, anxiety, or addiction. To enhance neural synchrony between these
regions we have a new technology called LinCx. LinCx are made from connexin proteins
isolated from white perch fish which were genetically modified to specifically bind only to each
other. Using adeno associated virus (AAV) we delivered LinCx to target two different circuits to
the mouse brain. Here, we investigated a neuronal circuit where excitatory PFC neurons
synapse onto Dopamine Receptor-1 (D1)-expressing excitatory neurons in the NAc. We
delivered LinCx proteins conjugated to fluorophores via AAV injection of Cx34.7 into PFC and
Cx35 into NAc. 5 weeks later, mice were humanely sacrificed, and then their brains were
extracted, fixed, sliced, and subjected to immunohistochemistry to amplify the fluorophores
and subsequent structural analysis. We took 15, 63x images per mouse on three distinct brain
sections on the Zeiss Confocal 800. Using Image], we analyzed images to find electrical
synapses (LinCx gap junctions) in the NAc by quantifying Cx34.7 and Cx35 colocalized puncta,
marking putative gap junctions. We found that many, but not all, NAc D1+ cells had the
structural elements for a putative gap junction and that there was high variability for how
many connections they made with PFC excitatory neurons. This study will guide our future
investigations to continue measuring the efficacy of LinCx to create gap junctions between the
PFC and Nucleus Accumbens, all toward our greater mission of developing future treatments
for psychiatric disorders.
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Abstract:

People with opioid use disorder (PWOUD) are over-represented in the criminal legal system
and are vulnerable to overdose-related deaths post-release. People with opioid use disorder
leaving the carceral system are often not connected to, or retained in, medication treatment
for OUD (MOUD), despite evidence that MOUD reduces overdose risk. The Transitions Clinic
Network (TCN) aims to improve health outcomes for people leaving incarceration by providing
targeted healthcare, social services, and addiction treatment in collaboration with community
clinics. This analysis reports qualitative findings from a parent study evaluating the
implementation and effectiveness of the TCN intervention on OUD treatment outcomes for
PWOUD leaving incarceration compared to referrals to standard primary care in four states
(NC, CT, NY, and MN) and Puerto Rico. Between November 2024 and March 2025, we
conducted 24 semi-structured qualitative interviews with key stakeholders in clinical,
carceral, and community settings. We developed a codebook using deductive themes from the
interview guides, and revised the codebook collaboratively via three rounds of consensus
coding to include inductive and deductive themes. Once strong inter-coder reliability was
reached (280% agreement), we conducted a thematic analysis of the code “Social and Political
factors concerning rules regarding MOUD” to identify key rules and policies that stakeholders
view as affecting access to MOUD after incarceration. We identified 3 major themes: 1)
Methadone-specific regulations which restrict availability to only specialized clinics, thus
limiting patients’ ability to continue or receive methadone; 2) Local and organizational
policies that limit post-release communication and continuity of treatment between clinics
and courts/correctional facilities; and 3) Treatment discontinuation due to the type of offense
or post-release conditions, such as housing. Our findings suggest multiple types of rules
regarding MOUD limit accessible care for PWOUD. Addressing these barriers will require buy-
in from multiple stakeholder groups, including policy-makers, carceral facilities, and
treatment providers.
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Abstract:

Cannabis is the most commonly used illicit drug in the United States, with 3 in 10 cannabis
users developing cannabis use disorder (CUD). Increased legalization of cannabis for medical
and recreational purposes has contributed to a rise in use. Many individuals use cannabis due
to its mood-enhancing effects, but misconceptions about its addictive qualities, potential
withdrawal symptoms, and long-term health consequences highlight a need for further
research. In particular, there is limited information on which specific factors of cannabis use
relate to Quality of Life (QoL), a subjective concept that measures individuals’ satisfaction.
Understanding this relationship is critical in developing treatments targeting cannabis users'
mental health and well-being. This project aims to identify baseline cannabis use factors
related to QoL in individuals with cannabis use disorder. We explored several variables to
examine their relationship with patients’ Quality of Life scores. Data was analyzed from
double-blind, randomized controlled trial with a sample of 20 treatment-seeking individuals
with CUD. Spearman’s Rank-Order Correlations were run between participants’ raw scores on
the Quality of Life, Enjoyment, and Satisfaction Questionnaire Short Form (Q-LES-Q-SF) and
the Pittsburgh Sleep Quality Index (PSQI), Marijuana Problem Scale (MPS), Quick Inventory of
Depressive Symptomatology (QIDS), and Generalized Anxiety Disorder-7 (GAD-7) at baseline.
Independent Samples t-tests were run to assess differences in QoL, Age of Onset, and Age of
Regular Use between median-split age groups. No statistically significant correlations were
found. QoL did not differ by Age of Regular use (t(18) = 1.373, p = .186), but the effect size
(Cohen’s d = .614) indicates potential clinical significance. Quality of Life as an outcome
measure for cannabis use disorder requires further exploration with larger sample sizes.
Prospective studies, with self-reports conducted at multiple timepoints, are needed to
determine a causal relationship between cannabis use and Quality of Life.
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Abstract:

Approximately 3.3 million individuals aged 12 to 20 report binge drinking in the past month,
which is associated with greater risk for lifetime alcohol use disorders (AUD) and alterations in
learning and memory. Adolescent intermittent ethanol (AIE), a rodent model of binge
drinking, has been found to persistently alter hippocampal structure and function, a region
important in memory and cognition. AIE alters dorsal hippocampal neuroinflammation and
neurodegeneration. Non-neuronal astrocytes exist in a proinflammatory state and make less
connectivity with excitatory synapses. In this proinflammatory state, astrocytes increase
expression of an intermediate filament called glial fibrillary acidic protein (GFAP).
Proinflammatory astrocytes result in neuronal damage and impairments in memory, which is
associated with neurodegenerative diseases. Prior studies show that, in adulthood following
AIE exposure, dorsal hippocampal (dHPC) CA1 astrocytes exhibit a proinflammatory state in
both sexes, with an enlarged soma, increased branching, and shortened processes. This
suggests that other areas of the trisynaptic dHPC, such as the Hilar region which integrates
cholinergic input from the basal forebrain, may be altered as well. In this study, 16 male and
female Sprague Dawley rats (Charles River, Raleigh, NC) underwent AIE given 10 doses (Decon
Labs, Prussia, PA, US; 5g/kg, i.g., 35% EtOH) with a schedule of two days on, one day off, and
two days off in adolescence (PND 31-46). In adulthood (PND 77), rat brains were harvested for
immunohistochemistry, where they were stained for GFAP expression. Astrocytes in the Hilar
dHPC were visualized with a Brightfield microscope and Neurolucida (MBF Bioscience,
Williston, VT, USA). The study was used to trace astrocytes to create 3D reconstructions to
analyze process length, branching, and Sholl complexity. If a history of AIE creates
proinflammatory astrocytes in the Hilar dHPC, it may indicate dysregulation of the trisynaptic
circuit, which is integral for memory formation and maintenance.
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Abstract:

In 2023, 3.3 million American adolescents aged 12 to 20 reported binge drinking at least once in
the past month. Binge drinking has been shown to cause neuroinflammation. Glial cells,
namely astrocytes and microglia, play a key role in regulating this inflammatory process.
Recent studies in Sprague-Dawley rats have observed adolescent intermittent ethanol (AIE)
exposure increases GFAP+ (protein expressed by astrocytes) and Iba-1 (protein expressed by
microglia) immunoreactivity in the hippocampus, and the drug donepezil (DZ, an
acetylcholinesterase inhibitor used in Alzheimer’s and dementia treatment) reduces AIE-
induced gliosis in hippocampal subregions. However, the effects of DZ in AIE have not been
studied in the amygdala, a region key to managing emotions and processing rewarding stimuli.
This study examines persistent changes to glia in the amygdala after AIE, measured in
adulthood, and tests the hypothesis that DZ reverses glial neuroinflammation in the amygdala.
To evaluate the hypothesis, adolescent female rats, starting PND 30, were administered
ethanol (AIE; 5 g/kg intragastric gavage) or water of same volume under a 2-days on, 1-day
off, 2-days on, 2-days off schedule totalling 14 doses (23-day period). Adult animals were
given a daily dose of DZ (2.5 mg/kg intragastric gavage) or water of the same volume for four
consecutive days before sacrifice. Immunohistochemistry and quantification showed AIE
increased astrocytic cell counts only in the medial amygdala (MeA) but did not affect GFAP+
density. AIE decreased microglial cell counts in all amygdala subregions and decreased
microglial immunoreactivity in the MeA. DZ only increased GFAP+ immunoreactivity in the
central amygdala but did not cause other changes to glial cell counts or immunoreactivity.
Future work should reevaluate the extent of neuroinflammation and upregulation in amygdala
glial cells after AIE and investigate the efficacy of other anti-inflammatory drugs in treating
AIE or related alcohol use disorders.
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Abstract:

Motor impairments in Parkinson’s disease (PD) are associated with the progressive loss of
dopaminergic input to the striatum. In turn, decreased dopamine release in striatum results in
a compensatory, long-term increase in glutamatergic signaling in direct and indirect pathway
striatal projection neurons (dSPNs and iSPNs, respectively). Indeed, numerous studies have
found that chronically decreasing metabotropic glutamate receptor 5 (mGluR5) function
improves motor symptoms in PD models. However, the compensatory changes that drive
chronic mGluR5 signaling are not fully understood. Previous work suggest that chronic
changes in mGluR5 function can be associated with altered protein-protein interactions with
postsynaptic density scaffolds and/or heteromerization with other G-protein coupled
receptors, including D1 dopamine receptor (D1R) expressed in dSPNs and adenosine 2A (A2A)
receptor expressed in iSPNs. For decades, technical limitations have prevented the
identification of mGluR5’s cell type-specific protein interactions in PD. Here, we overcome
these former limitations by creating a novel transgenic mouse (mGluR5-BiolID proximity
labeling) to test the hypothesis that cell-type specific changes in mGluR5’s protein
interactions accompany motor dysfunction in PD. We present biochemical data demonstrating
the mGluR5-BioID mouse is capable of identifying cell type-specific protein interactions.
Moreover, we establish procedures to measure hallmarks of motor dysfunction in a classic PD
mouse model, 6-hydroxydopamine (6-OHDA) lesions of midbrain dopamine neurons.
Together, these data demonstrate we can feasibly identify mGluR5’s cell type-specific protein
interactions in dSPNs and iSPNs in 6-OHDA lesioned mice displaying motor dysfunction.
Future studies will directly test the hypothesis that mGluR5 adopts distinct cell type-specific
protein interaction networks in dSPNs and iSPNs following dopamine depletion, such as
mGluR5 interacting with D1R in dSPNs and A2A in iSPNs. Completion of this experiment will
identify novel mechanisms by which dopamine depletion drives chronic changes to
glutamatergic signaling, opening the door to novel treatment strategies to improve motor
function in PD.
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Abstract:

The Epstein—Barr virus (EBV), a ubiquitous herpesvirus, is implicated in multiple
malignancies, including Burkitt lymphoma, Hodgkin lymphoma, and NK/T-cell lymphoma, as
well as immune dysregulatory disorders. However, the host genetic factors predisposing to
EBV-associated diseases remain poorly understood. Our laboratory previously identified ISG15
as a proviral factor in EBV infection, promoting B-cell outgrowth by suppressing type I
interferon signaling. As UBA7 encodes the E1 enzyme critical for ISG15 conjugation
(ISGylation), we hypothesized that loss-of-function mutations in UBA7, leading to elevated
free ISG15, could enhance EBV-driven transformation. In collaboration with the NIH, we
identified four patients with rare heterozygous UBA7 variants, each presenting with EBV-
associated immune or oncologic disorders. Structural modeling using Rosetta and FoldX
revealed that all four variants destabilize UBA7 and impair its interactions with ISG15 and the
E2 enzyme UBE2L6, as evidenced by increased AAG values. To investigate their functional
impact, we performed limiting dilution following CRISPR-Cas9 knock-in of two variants
(G251R and R662H) in lymphoblastoid cell lines to generate targeted clones. Analysis of these
clones revealed reduced ISGylation and elevated free ISG15 levels, consistent with impaired
UBA7 function and proportional to knock-in efficiency. Current efforts are directed toward
establishing true heterozygous clones for all four variants and characterizing the biochemical
properties of mutant UBA7 proteins. Collectively, these results indicate that destabilizing UBA7
mutations may constitute a novel genetic risk factor for EBV-associated diseases, highlighting
the critical role of ISGylation homeostasis in effective antiviral immunity.
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Abstract:

Obesity is a major risk factor for heart disease, and cardiomyocytes secrete metabolic signaling
factors that influence systemic organ function, particularly in response to cardiometabolic
stress. G protein-coupled receptor kinase 2 (GRK2), a key regulator of beta-adrenergic
receptors in the heart, is upregulated in response to stress, yet its role in heart to fat
communication remains unclear. Understanding how GRK2 influences systemic adiposity in a
sex-dependent manner may uncover new therapeutic strategies for cardiometabolic disease.
We hypothesize that cardiac GRK2 regulates adiposity during cardiometabolic stress in a sex-
specific manner. Using a pressure overload-induced heart failure model (transverse aortic
constriction; TAC), we observed sex-dependent alterations in white adipose tissue (WAT).
Male mice with heart failure exhibited decreased WAT depots, while female mice showed no
significant changes. Interestingly, cardiac GRK2 overexpression (TgGRK2) resulted in
increased WAT in male mice with heart failure. Additionally, WAT from male mice in heart
failure displayed adipocyte hyperplasia and impaired lipolytic responses to isoproterenol ex
vivo compared to WAT from control mice. Mechanistically, we assessed lipolysis in male WAT
by evaluating hormone-sensitive lipase (HSL) phosphorylation at three PKA target sites in
response to insulin, a known inhibitor of lipolysis. At site Ser660, phosphorylation was
reduced in response to insulin across all treatment groups (Sham and TAC, NLC and TgGRK2).
At Ser565, phosphorylation was unchanged across all treatment groups. Notably, at Ser 563,
WAT from TAC mice showed reduced phosphorylation of HSL in response to insulin, which was
further exacerbated in TgGRK2 mice. These findings suggest that cardiac GRK2 plays a sex-
specific role in regulating heart-fat crosstalk during heart failure. Moreover, they indicate that
cardiac GRK2 modulates WAT potentially through dysregulated adrenergic signaling and may
be a significant factor in the dysregulation of lipid metabolism and the development of obesity.
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Abstract:

Glycosylation—the enzymatic attachment of carbohydrates to proteins—is the most prevalent
post-translational modification in nature. This process depends on nucleotide-sugars (NSs),
activated monosaccharide building blocks for glycoconjugate biosynthesis. Although the
biochemical pathways responsible for NS production are well documented, the regulation of
NS flux remains poorly understood.

Our research focuses on uridine diphosphate (UDP)-galactose 4’-epimerase (GALE) as a model
enzyme to explore how NS regulation affects airway health. Previous work in our lab has
shown that GALE knockout in HeLa and 293T cells results in the complete absence of
detectable mucin-type glycan structures. This study investigates how impaired GALE-
mediated NS regulation impacts mucin glycoproteins. Mucins are key to understanding
mammalian airway physiology and glycoprotein biosynthesis under both healthy and diseased
conditions. We employ genetic and chemical approaches to disrupt GALE function and examine
the resulting effects on mucin biosynthesis, maturation, and secretion.

We find that genetic GALE knockout in A549 lung cancer cells leads to a significant decrease in
the expression of the mucin MUC5AC. We hypothesize that imbalance in the nucleotide-sugar
pools leads to instability of the MUC5AC product, either decreasing synthesis of the protein or
increasing cleavage and degradation. Further, we study GALE chemical inhibition of GALE with
small-molecule inhibitors disulfiram, an FDA approved drug, and SC24639, a known GALE
inhibitor found in parasitic liver flukes. Both inhibitors significantly decrease GALE activity in
vitro; however, the effect of these inhibitors in cellular systems is less clear.

These findings suggest that NS balance regulated by GALE may have a significant effect on the
ability for cells to build O-glycan structures, leading to the loss of proteins such as mucins that
rely on these O-glycan structures. While chemical inhibition of GALE is possible, further work
must be done to improve efficacy of relevant small molecule inhibitors in vivo.
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Abstract:

The small intestine is a key site of sugar sensing and absorption that utilizes members of the
sodium-glucose cotransporter (SGLT) family to take up dietary sugar. Specifically, SGLT1 is
upregulated along the intestinal epithelium in conditions of obesity. After obese mice have
undergone bariatric surgery, their intestinal epithelial SGLT1 expression levels significantly
decrease. As such, blocking intestinal glucose absorption via SGLT1 may be a therapeutic
strategy for targeting obesity. However, the presence of other glucose transporters in the
intestine raises questions about the efficacy of solely targeting SGLT1. In addition, global
knockout of SGLT1 leads to death at weaning, possibly due to glucose-galactose malabsorption
syndrome. Here, we investigated whether a knockout of SGLT1 along the entire intestinal
epithelium results in glucose-galactose malabsorption, or if elimination of intestinal epithelial
SGLT1 may provide a viable therapeutic strategy for targeting obesity. We generated a
VillinCre__Slc5ai1fl/fl mouse line with intestinal epithelial-specific SGLT1 deletion. We
validated the knockout with immunohistochemistry, collected the small intestine and brain,
recorded daily body weights post-wean, and took blood glucose measurements. We compared
all knockout data to littermate controls to assess growth and glucose absorption abilities.
Experimental data reveal that eliminating SGLT1 from the entire intestinal epithelium is not a
viable therapeutic target, as knockout mice exhibit severely impaired glucose absorption. In
contrast, NeurodiCre_ Slc5aifl/fl mice, in which a knockout of SGLT1 is targeted to cell
subpopulations within the intestinal epithelium, exhibit normal weight curves. These findings
suggest that, while a pan-epithelial knockout of SGLT1 in the intestine is detrimental, a
targeted deletion of SGLT1 in specialized intestinal epithelial cell types may provide an avenue
for investigating therapeutic interventions for obesity.
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Abstract:

Hypoxia-inducible factor 1-alpha (HIF-1a) transcriptionally drives cancer progression by
adapting tumor cells to hypoxic environments. In acute myeloid leukemia (AML), HIF-1a
dysregulation promotes angiogenesis, tumor development, and therapeutic resistance. Alpha-
ketoglutarate (aKG), a central metabolite of the TCA cycle, influences HIF-1a stability through
prolyl hydroxylase domain (PHD) enzymes, which mark HIF-1a for degradation. Given the
importance of HIF-1a in AML progression, we aim to delineate how the aKG-HIF-1a axis
regulates AML biology. We investigated this by treating AML cells with aKG analogs and
assessing HIF-1a protein stabilization and cell viability. We confirmed HIF-1a activity via gPCR
of response genes. We then performed regression analyses on AML metabolite and gene
marker data from the Cancer Cell Line Encyclopedia to identify potential molecular mediators.

Our preliminary data show that the aKG analog dimethyl ketoglutarate (DMKG) exerts
markedly distinct effects on HIF-1a stabilization and cell viability across AML models. Some
AML cell lines are highly sensitive to HIF-1a targeting, while others show resistance. PDK1, a
key HIF-1a target, was induced only in DMKG-sensitive AML cell lines. Regression analyses
revealed distinct gene and metabolite signatures between sensitive and resistant cells,
highlighting transcription factors like HAND2, a known regulator of angiogenesis, and others
involved in cell cycle regulation. Our findings suggest that molecular heterogeneity shapes
aKG-HIF-1a axis regulation in AML. We will further probe this mechanism by integrating
biochemical assays and metabolomics to map metabolic dependencies that distinguish DMKG-
sensitive from resistant AML subtypes. We are also performing thermal proteome profiling of

aKG-binding partners to understand the protein-level interactions mediating DMKG’s effects.
Our research aims to characterize the metabolic landscape and molecular drivers underlying
HIF-1a regulation. These findings could provide insights into AML’s metabolic heterogeneity
and offer new approaches for targeting HIF-1a-driven tumor progression in AML and cancers
broadly.
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Abstract:

Neuronal activity-dependent gene expression is essential for synaptic plasticity, learning, and
memory. A key regulator of synaptic plasticity is Activity-regulated cytoskeleton-associated
protein (Arc), an immediate early gene required for both long-term potentiation and
depression. Arc directly modulates synaptic strength by promoting AMPA receptor
endocytosis. However, the molecular mechanisms that regulate its transcription remain poorly
understood. Previous studies using global knockouts have demonstrated Arc’s necessity for
memory consolidation but lacked the spatiotemporal resolution required to dissect its dynamic
transcriptional regulation. High-specificity tools such as CRISPR-dCas9 offer the precision
needed to modulate dynamically expressed genes, but they require gene-specific optimization.
Here, we aim to develop a compact, AAV-compatible dCas9-based system to bidirectionally
modulate Arc expression in vivo. We designed guide RNAs targeting Arc’s promoter and
enhancer regions and cloned them into plasmids. The ability of these plasmids to modulate Arc
expression was validated in Neuro2a and neuronal cultures, with changes confirmed at both
the mRNA and protein levels. These constructs were then packaged into AAVs and injected into
the nucleus accumbens of P60 mice—a key region in the brain’s reward circuitry. Brains were
harvested and stained to assess Arc modulation in vivo. We found that while the SadCas9
constructs successfully modulated Arc expression in vitro, we observed no significant changes
in expression following in vivo viral delivery, potentially due to a low viral titer. Future
experiments will assess whether a higher functional concentration of virus can effectively
modulate Arc expression in vivo. This work has important implications for understanding
experience-dependent gene regulation in learning and reward-related behaviors.
Dysregulated Arc expression has been implicated in neurodevelopmental and psychiatric
disorders such as autism, schizophrenia, and substance use disorders. By refining tools to
precisely manipulate Arc transcription, this research may advance our basic knowledge of
synaptic plasticity and inform therapeutic strategies for synaptic dysfunction disorders.
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Abstract:

Rural and underserved (low-income, homeless, or immigrant) populations experience lower
quality care and suffer worse health outcomes than their urban, wealthy counterparts.
Furthermore, nurse and other clinician training programs lack diversity and understanding of
the social forces that drive health outcomes. Duke School of Nursing’s Mobile Prevention and
Care Team (or M-PACT) Clinic aims to address health disparities in North Carolina and give
Nursing Students clinical experience and instruction on social drivers of health. The study
presented here evaluates the effects M-PACT has had on students and faculty at the Duke
University School of Nursing (DUSON), the community partners they have worked with, and
the rural and underserved populations they have served. Interviews and focus groups were
conducted over zoom with 22 DUSON stakeholders and community partners using semi-
structured interview guides. Two researchers then conducted a rapid qualitative analysis of
interview and focus group transcripts, identifying major themes based on type of respondent
(DUSON stakeholder or community partner). Quantitative data were also compiled from
patient and student surveys, using self-evaluative reports from 2023-2024. Administrative
data on the 28 students involved in the first three cohorts of M-PACT were also analyzed.

Based on preliminary data from these sources, M-PACT has been particularly successful at
increasing health education and screening events in rural and underserved areas, attracting
students from minority populations, and building and fostering relationships among DUSON,
community organizations, and the communities themselves. Barriers included administrative
and bureaucratic issues in implementing new programming, and the political environment’s
impact on sustainable funding. Going forward, M-PACT’s successes have emphasized the
importance of fostering and sustaining relationships with community partners for successful
community-based work.
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Abstract:

Improving health outcomes for Medicaid-insured children requires innovative approaches to
cross-sector care coordination. The North Carolina Integrated Care for Kids (InCK) initiative is
a federally funded care delivery and payment reform pilot designed to improve these outcomes
by enhancing collaboration across child serving sectors. To support this coordination, the
innovative role of the Integration Consultant was developed and implemented. Integration
Consultants are experts in a particular child serving sector who support care managers in
navigating resources to better address the health, social, and educational needs of families.
However, little is known about the impact of this role or how it could be adapted for other
Medicaid contexts and programs. Our working hypothesis, based on insights from those
closely involved with NC InCK, is that Integration Consultants enhance healthcare delivery by
supporting case managers in developing care plans that reflect whole person care. To assess
this hypothesis, we will conduct qualitative interviews with Integration Consultants, their
collaborators, and relevant stakeholders. Interview guides are informed by a literature review
on care management innovation, Medicaid pilot programs, and pediatric care, as well as the
CFIR framework, and will be iteratively refined through feedback from InCK team members.
Data will be analyzed using a rapid qualitative analysis approach to identify key themes related
to the role’s value, best practices, and barriers to implementation and scaling. Findings will
provide insights into how Integration Consultants influence care coordination and whole
person care planning. These results will inform future Medicaid demonstrations and
contribute to building the case for Integration Consultants as a valuable component of
Medicaid managed care.
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Abstract:

Health innovations play an important role in addressing global health challenges, but countries often
face barriers in effective and efficient health product prioritization and introduction. One key challenge is
limited access to consolidated information on pipeline products and how they align with country needs,
which can make strategic introduction planning more difficult. To help address this data gap, we
undertook horizon scanning, a structured approach to identifying emerging health products, and
explored how it might support maternal and child health (MCH) decision-making. Based on initial
literature review, we focused on maternal mortality, a priority in Kenya, Senegal, and South Africa, and
selected postpartum hemorrhage (PPH) as a specific area of focus given it is the leading cause of maternal
death.

Objectives:

(1) To describe postpartum hemorrhage burden in each country, including causes, current interventions
and gaps.

(2) To mabp existing/pipeline health products relevant to PPH against country-specific contexts and
generate insights on product availability, gaps, and opportunities for introduction.

We conducted desk research to examine the causes and drivers of maternal mortality, identify
intervention standards and gaps, review national health strategies, and compile a list of relevant existing
and pipeline PPH products. Data sources included government documents, published literature, product
pipeline databases, WHO and World Bank databases, clinical trial registries, and regulatory authority
websites. We developed a data collection tool to collect product information such as development stage,
regulatory approval, cost, availability, and relevance to country needs.

The project has produced two main outputs: a summary of PPH burden and drivers in Kenya, Senegal and
South Africa, and a database of existing and pipeline PPH products linked to country need. Future outputs
will examine how past implementation strategies or product bundles have been used to address
postpartum hemorrhage gaps and will help assess whether existing approaches meet identified country
needs.
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Abstract:

Artificial Intelligence (AI) has the potential to revolutionize healthcare delivery by enhancing
clinical decision making, reducing inefficiencies, and expanding access to care. Yet, concerns
exist over whether the real-world integration of these tools will achieve these goals. Despite a
rapid increase in Al-related healthcare publications and projected market growth of Al in
healthcare, its implementation and measured effectiveness in clinical settings remains
limited, leaving a significant evidence gap around the extent of Al adoption and its real-world
impact. This study investigates the extent to which Al tools have been adopted in healthcare
delivery and analyzes the reported outcomes of their use. Research objectives included (1)
identifying domains of Al use in healthcare, (2) assessing implementation in clinical workflow,
and (3) evaluating evidence of effectiveness. A targeted PubMed search yielded over 2,200
studies, which were screened to exclude theoretical or validation-based work, resulting in 129
applicable implementation studies. Results highlight that while some domains, particularly
diagnostics, radiology, and emergency care have begun to integrate Al tools, many remain in
pilot stages. Diagnostics emerged as the most common area of clinical application, and the
majority of technologies were physician-facing, with outcomes varying based on context and
use case. Our findings indicate that although momentum is building, widespread adoption of
Al in healthcare remains limited, and robust evidence of effectiveness is still emerging,
particularly in the context of independent startups.
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Abstract:

As real-world evidence (RWE) increasingly informs regulatory decision-making, consistent
evaluations across multiple regulatory jurisdictions become more critical. For example,
regulators differ in their definitions and applications of foundational real-world data (RWD)
concepts like relevance, reliability, and quality. These differences create barriers to standards
alignment, prompting calls for international harmonization and collaboration. This project
builds on the Duke-Margolis Institute for Health Policy’s existing work tracking global RWE
guidance through the International Harmonization of RWE Standards Dashboard. Our team
developed a Qualtrics-based data collection and assessment tool to enable more structured,
consistent, and transparent review of RWE-focused regulatory documents. The tool was
refined through iterative development and testing, as well as review and re-review of guidance
documents among a research team. The tool captures, through standardized data entry,
original information extracted from regulatory documents and clarifies scope and exclusion
criteria for these documents. The tool also enables, via data export into a Microsoft Excel file
and using the Excel Extension in Qualtrics, a thorough assessment of key regulatory guidance
document definitions and provisions, enabling a predictable and transparent analysis of
implementation considerations, guidance comparisons across global regulators, and areas of
regulatory alignment and/or misalignment. Notably, Qualtrics outputs are exportable for
integration into future iterations of the Dashboard. Our data collection tool is intended to help
improve clarity, transparency, and consistency in regulatory guidance tracking and analysis. It
lays the groundwork for side-by-side comparisons to facilitate digestible, actionable insights
that can be helpful to support efforts focused on the international harmonization of RWE
regulatory standards.
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Abstract:

The cost of an abortion remains one of the greatest barriers to equitable reproductive
healthcare access in the U.S.— particularly for low-income individuals who might carry an
unwanted pregnancy to term simply because they cannot afford alternative options. This has
wide-reaching consequences for the health and prosperity of families across the country. To
address this, in 2018, Illinois enacted HB40, a new law to expand abortion coverage using state
Medicaid funds. As a direct result, the number of Medicaid-funded abortions increased
significantly, indicating improved access and prior unmet need. This project aims to quantify
the human impact of this shift by estimating what socioeconomic disadvantages were
prevented through increased access to reproductive healthcare in 2023. We supplemented our
initial analysis of Medicaid claims data with sources from the CDC, Illinois state records, and
peer-reviewed data on the economic, educational, and social effects of abortion access to
calculate the number of families in 2023 who avoided higher risks of excess poverty,
dependence on government assistance, debt, and domestic violence, among other variables.
Additionally, we estimated the direct fiscal benefits of HB40 on both Medicaid beneficiaries
and the state’s Medicaid budget. More broadly, analyses like these are critical to illustrate the
expansive impacts of equitable abortion access for Medicaid beneficiaries. We provide a broad
context that aims to be digestible to those outside of the healthcare community, including the
general public and policymakers.
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Abstract:

North Carolina’s (NC) Healthy Opportunities Pilots (“Pilots”) program aims to improve health
outcomes by linking the health and social sectors to address nonmedical drivers of health,
such as food insecurity, in qualifying Medicaid enrollees in certain regions. While the program
is currently paused due to state budget negotiations, NC remains in a perinatal health and food
insecurity crisis, which may intensify with recent federal changes to SNAP and Medicaid in the
reconciliation bill. Food insecurity is associated with adverse perinatal outcomes, creating an
opportunity to improve perinatal outcomes through “food is medicine” (FIM) programs and
access to affordable, high-quality, nutrient-dense foods.

We studied the associations between food insecurity and perinatal health in NC through a
landscape analysis of county-level data on perinatal health and food insecurity outcomes. We
also conducted a literature review of Medicaid policy levers to improve these outcomes.

We identified that the Pilots are in counties with higher food insecurity, child food insecurity,
and adverse perinatal outcomes compared to the rest of NC, making the services critical to
helping improve perinatal outcomes.

Improved access to nutrition supports, through NC Medicaid services and/or linkages to
community and government nutrition supports, can improve perinatal health. Given the pause
on the Pilots, our policy recommendations are (1) for NC Medicaid and the NC General
Assembly to restart the Pilots for the pregnant population in current regions and expand
services to all pregnant Medicaid beneficiaries, (2) for Medicaid health plans to provide
medically tailored home-delivered meals, pantry stocking, or home visiting programs (to
improve linkage to nutrition supports) for high-risk pregnant individuals outside of the Pilots
using managed care authorities, and (3) for providers to improve rates of food insecurity
screening of pregnant and postpartum people, including at well-child visits.
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Abstract:

Opioid overdose (OD) is the leading cause of post-incarceration death, with individuals having
an eight times greater risk of OD within two weeks of their release. Research shows that
medications for opioid use disorder (MOUD) reduce OD, relapse, and recidivism. Thus, there
has been increased interest in improving access to these medications during and after
incarceration. Yet significant gaps in care remain, including inconsistent availability of MOUD
in carceral settings and underdeveloped systems for ensuring continuity of MOUD post-
release. The Transitions Clinic Network: Post Incarceration Addiction Treatment, Healthcare,
and Social Support (TCN PATHS) study is evaluating the TCN model of enhanced reentry
primary care for people with OUD to determine whether TCN improves the post-incarceration
opioid treatment cascade of care. We report on findings from the third aim of the TCN PATHS
study, focusing on the appropriateness of the intervention and multi-level barriers and
facilitators. Between November 2024 and March 2025, 24 semi-structured qualitative
interviews were conducted with stakeholders in clinical, carceral, and community settings who
were involved in the oversight or provision of MOUD programs or carceral care. We transcribed
the interviews verbatim and coded using a codebook of deductive themes from the interview
guide. I then conducted a thematic analysis of the following codes: “TCN Program Strengths &
Facilitators” and “TCN Program Challenges/Barriers & Suggestions for Change.” The
following themes emerged. Key strengths included well-trained, communicative, and helpful
staff. Primary challenges included external factors affecting care (e.g., transportation,
housing), and patient mistrust in the health system. Suggestions included improving
interagency (correctional, clinical, community, political) collaboration. These results suggest
that elements external to the TCN program greatly affect patient care and therefore must be
addressed in collaboration with TCN. Future work may explore methods for improving
interagency collaboration in order to increase post-release MOUD access.
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Abstract:

Cannabis withdrawal is a recognized clinical condition, but the factors that influence its
severity—especially in individuals seeking treatment—are still unclear. This secondary
analysis aimed to identify predictors of changes in withdrawal symptoms after 24 hours of
abstinence among individuals entering a clinical trial for cannabis use disorder. We explored
several variables related to cannabis use patterns, focusing on whether the percent-THC of
cannabis used related to withdrawal severity as measured by the Cannabis Withdrawal Scale
(CWS). Twenty treatment-seeking participants with moderate or severe cannabis use disorder
enrolled in the study, but two were excluded because their withdrawal scores decreased after
24 hours of abstinence. Eighteen users completed baseline assessments of their cannabis use
and withdrawal symptoms while using cannabis ad libitum, which were reassessed after 24
hours of cannabis-abstinence. Independent samples t-tests and Spearman correlations
examined relationships between variables. A significant gender difference was found for the
CWS total score, with males experiencing larger increases in withdrawal symptoms than
females (p = .012). Although not statistically significant, a trending negative correlation was
observed between THC-percentage of concentrate use and withdrawal severity (p = —0.718,p =
.172). Other use variables, such as grams per week, number of sessions, and flower use, showed
weak or no meaningful associations. These findings suggest that gender and concentrate use
patterns can influence short-term withdrawal severity. Despite the small sample size, these
findings highlight trends worth exploring in larger, more diverse samples using longitudinal
designs to better understand the mechanisms behind gender and concentrate use effects on
withdrawal severity.
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Abstract:

Varying concentrations of e-liquids, a liquid formulation of chemical irritants which allow
vaping, are known to cause cytotoxicity in human airway cells; however, the impact of an
isolated, e-liquid ingredient on human epithelial airway cells remain unknown. Given the
limited information on nicotine salt e-liquids—created when a free-base nicotine solution
reacts with an acid—we evaluated an e-liquid’s effect, either isolated, with benzoic acid, or
with a flavoring on Human Embryonic Kidney cells (or HEK293 cells). We selected HEK293
cells because their cytotoxicity characterizations closely resemble that of primary human
epithelial airway cells. We chose benzoic acid for its popularity in commercial, nicotine salt e-
liquids. Previously, our lab exposed HEK293 cells to un-vaped and vaped Sub-Zero Free-base
Nicotine Xtra Strength Menthol e-liquid at concentrations of 0.5%, 1%, 2%, 3%, and 5%. To
assess their effects on cell viability, we treated the HEK293s with a CellTiter-Glo Reagent and
used a GloMax to analyze the number of viable cells. We found a negative correlation between
cell viability and e-liquid concentrations, suggesting cytotoxicity regardless of the e-liquid
composition (vaped versus un-vaped). This paper expands on these findings by exposing
HEK293 cells to three, lab-created e-liquids to determine the impacts of an acid and flavoring
on cell viability and transepithelial absorption of nicotine. Future studies can investigate how
these properties affect inhalation toxicity of primary human epithelial airway cells. We hope
these findings on the cellular effects of e-liquids can reinforce the necessity for healthcare
lawmakers to propose commercial regulations on American e-cigarette products.
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Abstract:

Background: Adverse Childhood Events (ACEs) and ADHD symptomatology are individually
associated with greater risk of smoking initiation and nicotine dependence. Moreover, both
ACEs and ADHD symptoms have been associated with differences in task-related activation of
the inferior frontal gyrus (IFG). IFG activation is involved in response inhibition and is
implicated in substance use disorders, including tobacco. This has led to the hypothesis that
ACEs and ADHD symptomatology may be two risk factors for smoking initiation and nicotine
dependence by way of their effects on response inhibition. Methods: This cross-sectional
study explores the distinctive and combined effects of ACEs and ADHD symptomatology on
variability in motor inhibition and associated brain activation during a Go/No-Go task—a
validated measure of response inhibition that reliably engages the IFG. Based on responses on
the Conners’ Adult ADHD Rating Scale (CAARS) and the Philadelphia ACE Interview,
participants (n=45, mean age=19.7) were separated into four groups: high ACEs only, high
ADHD symptomatology only, both high ACEs and ADHD symptomatology, and neither. Task-
activated fMRI data were collected while participants performed the Go/No-Go task. We
hypothesize that IFG activation during correct No-Go trials will be higher than during correct
Rare-Go trials, and that having both a high number of ACEs and high ADHD symptomatology
will be associated with higher IFG activation and worse performance on the Go/No-Go task.
Results: We ran linear regression analyses to independently test the effects of a) group
membership and b) continuous measures of ADHD symptomatology and ACEs on task
performance. Go/No-Go performance was not significantly predicted by Group, ADHD
symptomatology, or the number of ACEs. FMRI analyses using a region of interest (ROI) mask
to isolate the IFG for analysis are underway. Conclusions: The findings of this study will help
inform future studies on risk factors for tobacco use and comorbidity with ADHD.
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Abstract:

Alcohol use disorder (AUD) is linked to immune system activity and inflammation. Our
research focuses on the role that microglia, the brain’s resident immune cells, might play in
alcohol consumption. In these studies, we sought to determine how drinking impacts the
expression of the cytokine IL-33, which is hypothesized to affect microglial interaction with
the brain’s extracellular matrix, which is known to be disturbed by AUD. We previously found,
using a transgenic mouse line called MyD88-cKO, that removal of IL-33 signaling pathways in
microglia increased voluntary drinking behavior in a 3-week mouse binge-drinking model.
Therefore, we hypothesized that IL-33 signaling alters microglial behavior and contributes to
AUD, as MyD88-cKO microglia cannot respond to IL-33 released in the brain in response to
alcohol. First, we aimed to show that microglia respond to IL-33 in a MyD88-dependent
manner. We injected IL-33 into the hippocampus of the brain to see its changes in microglial
morphology. We then analyzed our findings by Sholl analysis to see the branching of the
processes of the microglia. Control microglia four hours after IL-33 injection are less ramified
than control microglia that did not receive IL-33. Sholl analysis also showed that cKO
microglia were guarded from this morphology change. Then, we wanted to know the time
course of when IL-33 is upregulated in response to either an injection of alcohol or voluntary
alcohol drinking. Two hours after one alcohol injection, IL-33 protein in the brain, but not
serum, is increased. Future studies will show whether IL-33 is further increased four hours
after injection. Finally, to determine if voluntary drinking increases IL-33, we will test IL-33
expression after a Drinking-in-the-Dark paradigm with three days of two-hour access and
one day of four-hour access over a three-week time period.
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Abstract:

Nicotine salts are used in electronic nicotine delivery systems (ENDS), and high consumption
rates of ENDS containing nicotine salts have been reported by adolescent and young adult
users. Benzoic acid is the most commonly used acid to form nicotine salts, while novel acids,
such as lactic acid, have recently been used in these e-liquids with minimal toxicological
assessment. This study aimed to determine the cytotoxic effects of the menthol ENDS e-liquid
Subzero X-Strength, which contains nicotine and benzoic acid in a salt form, on Human
Embryonic Kidney (HEK293) cells in both vaped and unvaped conditions.

HEK293 cells were treated with five different concentrations (0.5%, 1%, 2%, 3%, and 5% v/v)
of each e-liquid formulation for 24 hours. Cell viability was measured using the CellTiter-Glo
Luminescent Cell Viability Assay. This cell-based luminescent assay measures the amount of
ATP present, which is an indicator of metabolically active cells. At 0.5% concentration of vaped
e-liquid, cell viability exceeded that of the control group, but all concentrations of 1% and
above resulted in significant viability loss regardless of vaping. The highest tested
concentration of 5% resulted in the most substantial effect, where less than 0.05% of cells
remained in both the vaped and unvaped conditions.

This study confirms the toxic effects of menthol nicotine salt e-liquids in a dose-dependent
manner and the necessity to test ENDS before and after vaping. We observed an increase in
viability at the lowest dose of vaporized product, which requires further evaluation to elucidate
the potential biological impact of this byproduct.

Future experiments should investigate these lactic acid-infused e-liquids alongside toxicity
assessments of human embryonic kidney cells and THP-1 macrophages.
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Abstract:

Electronic cigarettes (ECs) are sometimes used by people who smoke as a tool to quit
traditional cigarettes. However, complete cessation is not always achieved. Many individuals
continue using both cigarettes and ECs simultaneously, a pattern known as dual use. This is
concerning because dual use is associated with increased nicotine dependence and may delay
full cessation. In the 2025 Cochrane systematic review, Lindson et al. evaluated the safety,
tolerability, and effectiveness of ECs in promoting long-term abstinence. While the review
concluded that nicotine ECs helped more people quit or cut down on cigarettes than NRT or
non-nicotine ECs, the review did not examine dual use as an outcome.

To assess how dual use is reported, we reviewed the 90 studies included in the Cochrane
review. We hypothesized that fewer than 20% of studies would report on dual use as an
outcome and that operational definitions of dual use would be inconsistent. A team of five
undergraduate and faculty researchers evaluated each of the 90 studies twice for accuracy.
Reviewers recorded whether dual use prevalence was reported in each study’s Results and
whether it was defined in the Methods. Notes were compiled in a standardized data extraction
table.

Consistent with our hypothesis, dual use was directly reported in 13.3% of studies, indirectly
(i.e., could be determined from other reported outcomes) reported in 11.1%, and not reported at
all in 73.3%. Among the 12 studies that directly reported dual use, only 8.3% provide a clear
operational definition. Future smoking cessation trials that use e-cigarettes as an intervention
should define and report dual use consistently to clarify its role as a potential risk outcome.
Better reporting practices may support the development of more targeted and effective
interventions.
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Abstract:

A maternal high-fat diet (mHFD) is correlated with higher diagnostic rates of neurological
disorders in offspring, including autism, depression, and alcoholism. Dysfunction of the
serotonin (5-HT) system is also repeatedly observed in these disorders. Our lab recently
demonstrated that mHFD impacts microglial phagocytosis of 5-HT neurons in the developing
dorsal raphe nucleus, a major source of brain 5-HT. Whether this impacts subsequent
postnatal 5-HT circuit development and adult behavior has yet to be determined. Here, we
examined microglia-serotonin neuron interactions in wildtype mice at postnatal (p) days 14
and 21 using immunohistochemistry and IMARIS reconstruction analysis to quantify microglia
phagocytosis of serotonin fibers (SERT). We found that mHFD male offspring exhibited
decreased phagocytosis of serotonin fibers in the nucleus accumbens (NAc) but not the
orbitofrontal cortex (OFC). Such decreased phagocytosis was also observed at both p14 and p21,
suggesting that mHFD-driven changes in 5-HT development persist to adulthood. Given the
critical role the NAc plays in reward processing behavior, we next studied the impact of mHFD
on voluntary ethanol consumption using the Drinking in the Dark model. Adult mHFD male
offspring displayed increased ethanol consumption compared to low-fat diet offspring.
Together, these data show a potential mechanism by which mHFD can drive long-term
behavioral changes related to substance use through acting on the 5-HT system in a
microglia-dependent manner.
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Abstract:

Parkinson’s disease (PD) is a progressive neurodegenerative disorder accelerating in
prevalence globally. The Unified Parkinson’s Disease Rating Scale (UPDRS) is the standard
assessment tool for quantifying motor symptom severity. However, its vague scoring criteria
and subjective nature results in inconsistent clinical assessment results. This presents the
need for an automated solution to assessing UPDRS scores in order to make diagnoses more
accurate, consistent, and scalable. Existing biomedical vision-language models have
limitations in this realm. They are limited to single image modality, lack temporal
biomechanics information, and are predominantly targeted towards medical imaging instead
of human behavior. In this study, several multimodal large language models were deployed to
create streamlined assessment pipelines using the Three-dimensional Understanding and
Learning of Impairments in Parkinson’s disease (TULIP) dataset. The dataset encompasses 25
motor exam components conducted by a cohort of PD patients and healthy controls, in
addition to ratings by 3 clinical experts. The majority of these pipelines struggled to deduce
temporal relevance, cultivating the need to leverage specific movement velocities from motion
quantifying tools like MediaPipe. Qwen2.5-VL, a vision language model with semantic
understanding, demonstrated inadequate performance despite being fed baseline videos of
healthy controls. These shortcomings motivated a transition to creating an agentic framework
for assessing PD, allowing locally defined agents to access a variety of tools necessary to
quantify motion as clinicians would do. Preliminary analysis of agentic results demonstrates a
higher success rate than its multimodal large language model predecessors. Observations
could reveal a greater understanding of the advantages of agentic frameworks in automating
medical diagnoses, allowing for the replication of this system across other neurodegenerative
diseases that require temporal relevance in the assessment stage.
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Abstract:

The growing usage of low-power devices (microcontrollers) in real-world applications, such
as autonomous vehicles, requires an in-depth analysis of their reliability and resilience when
performing tasks under fault conditions. In the past, fault injection techniques were used to
test the robustness of hardware and software systems by deliberately introducing errors that
emulate harsh environmental conditions, thereby increasing understanding of their behavior
under extreme circumstances. The purpose of this research is to extend fault injection
methodologies to edge devices running machine learning inference, and to display fault
injection results numerically through IDEs (Integrated Development Environments), such as
Visual Studio Code (VS Code), and CLIs (Command Line Interfaces).
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Abstract:

Alzheimer's disease presents profound challenges for millions of caregivers globally, often leading to
significant stress, isolation, and communication breakdowns. Current support systems frequently lack
personalized, real-time solutions tailored to the dynamic needs of both patients and caregivers. This
research hypothesizes that a mobile application, designed with a deep understanding of caregiver pain
points, can meaningfully alleviate burden and improve the quality of care. To validate this, we conducted
in-depth qualitative interviews with experienced Alzheimer's caregivers, gathering insights into their
daily struggles and unmet needs (drawing from 17 contributors: four caregiver interviews, one
neurologist, and twelve dementia researchers and clinical experts across three research feedback
sessions).

Our findings reveal that the most pressing pain points include the difficulty of understanding and
communicating with patients in their altered reality, the pervasive lack of accessible resources and
support, and the overwhelming burden of managing daily care and personal well-being.

Based on these insights, we propose and validate four key app features. The What-Worked Tracker (a
one-tap audio journal to capture successful interventions and generate longitudinal caregiving insight) is
most strongly supported, addressing the critical need for tracking patterns and generating actionable
strategies and exportable summaries for medical professionals. The Life Story Feed (a passive
reminiscence stream offering familiar content during periods of restlessness) is also supported as a tool
for comfort and engagement. Active Recall (which retrieves personal media in response to patient speech
cues) and Conversation Navigator (which provides gentle prompt suggestions during moments of
disengagement) address communication challenges, though their direct patient usability requires further
caregiver-mediated design.

This app aims to provide a human-centered technological intervention, offering practical support and
fostering a more informed and less isolated caregiving experience.
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Abstract:

This project aimed to develop a cost-efficient method to accurately measure GHG in soil across
a myriad of locations and terrain over extended periods of time while employing minimal
manual labor, energy, and space. The technology utilized incorporated commercially available
sensors controlled by a low-power microcontroller that dictates the frequency at which data is
collected as well as how it sends it via LoRa transmission onto a receiver. This development of
a sensor module with wireless transmission has enabled real-time monitoring of Carbon
dioxide (CO2) and Oxygen (02) content among other relevant characteristics within soil. With
greenhouse gas (GHG) emissions on the rise, it is imperative to be able to actively monitor its
effects in order to understand how to solve the resulting environmental challenges in years to
come. Low-cost, long-term monitoring of soil emissions is integral to ecosystem modeling
and analysis of adaptation strategies for climate change. Ultimately, this project aspires to
contribute towards more accurate and sustainable environmental modeling through the
application of embedded computing and electronic systems.
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Abstract:

The growing usage of low-power devices (microcontrollers) in real-world applications, such
as autonomous vehicles, requires an in-depth analysis of their reliability and resilience when
performing tasks under fault conditions. In the past, fault injection techniques were used to
test the robustness of hardware and software systems by deliberately introducing errors that
emulate harsh environmental conditions, thereby increasing understanding of their behavior
under extreme circumstances. The purpose of this research is to extend fault injection
methodologies to edge devices running machine learning inference, and to display fault
injection results numerically through IDEs (Integrated Development Environments), such as
Visual Studio Code (VS Code), and CLIs (Command Line Interfaces).
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Abstract:

The increasing deployment of low-power devices (microcontrollers) in critical applications,
such as drones on the battlefield, requires an evaluation of their reliability and security under
fault conditions. In the past, fault injection techniques have been used to assess a system's
robustness by introducing errors that emulate environmental disturbances or malicious
attacks. This work establishes a fault injection emulation setup for the Raspberry Pi Pico using
remote debugging tools (GDB, OpenOCD) and the ARM toolchain with the Pico SDK. Test
programs are built and flashed via a command-line interface. We use code emulating upsets
(CEUs) from an external assembly file for low-level execution control, and outline how
CAROL-FI’s GDB-based fault injection could be adapted for the Raspberry Pi Pico. This
platform serves as a foundation for future automated fault injection targeting ML inference on
bare-metal systems.
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Abstract:

The growing usage of low-power devices (microcontrollers) in real-world applications, such
as autonomous vehicles, requires an in-depth analysis of their reliability and resilience when
performing tasks under fault conditions. In the past, fault injection techniques were used to
test the robustness of hardware and software systems by deliberately introducing errors that
emulate harsh environmental conditions, thereby increasing understanding of their behavior
under extreme circumstances. The purpose of this research is to extend fault injection
methodologies to edge devices running machine learning inference, and to display fault
injection results numerically through IDEs (Integrated Development Environments), such as
Visual Studio Code (VS Code), and CLIs (Command Line Interfaces).
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Abstract:

Parkinson’s Disease (PD) is a debilitating neurodegenerative disorder that significantly
impacts motor capabilities. Deep brain stimulation (DBS) is a widely used neurosurgical
treatment that alleviates motor symptoms (such as tremor) in PD patients. There has been
significant progress at Duke toward developing closed-loop DBS systems, which rely on real-
time neural biomarkers to guide stimulation frequency. However, there is still room for
advancement in making these systems more adaptive to parameters such as patient lifestyle,
activity levels, and medication states. To address this challenge, we investigate the use of
reinforcement learning (RL) to implement a hierarchical proportional-integral-derivative
(PID) controller. Our goal is to generate PID parameters for neurostimulation dynamically,
based on patient activity state, biomarker signals, and medication status. Leveraging diverse
datasets from an ongoing clinical study, we first built a data pipeline to deidentify and process
patient data. This was used to identify trends in patient behavior and neural activity to
generate sets of PID controller parameters using statistical approaches. Building on this
foundation, we propose training an RL policy to select the most appropriate controller from
this set in near real-time, thereby adapting stimulation to the patient's current physiological
and behavioral context.
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Abstract:

Systemic lupus erythematosus is a chronic autoimmune disease in which the immune system
mistakenly attacks the body's tissues, including the skin, joints, kidneys, and nervous system.
It affects approximately 1.5 million people in the U.S. and over 5 million worldwide.
Understanding the underlying mechanisms of lupus is essential to developing more effective
treatments and, ultimately, a cure.

In this project, we aim to mimic immune system interactions by attaching DNA to polystyrene
nanoparticles (PNPs) using anti-DNA antibodies. This model allows us to study the stability
and protection of DNA when bound in this manner.

Additionally, we examine how antibody and DNA attachment influence the surface charge
(zeta potential) and size of the nanoparticles using dynamic light scattering (DLS).

We hypothesize that conjugating DNA to PNPs via anti-DNA antibodies enhances DNA stability
and protection while producing detectable changes in nanoparticle properties. To test this, we
employed several analytical techniques, including DLS, BCA assay for antibody detection, and
PicoGreen assay for detection of DNA.

Our results confirmed successful attachment of anti-DNA antibodies to the PNPs, followed by
successful binding of DNA to the PNP-antibody complex. These findings suggest that this
nanoparticle-based system can serve as a useful model for understanding antibody-DNA
interactions, potentially offering new insight into the mechanisms underlying autoimmune
conditions like lupus.
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Abstract:

Nanoparticles (NPs) are increasingly important in biomedical applications such as targeted
drug delivery and cellular imaging. When NPs are present in biological environments, proteins
adsorb on their surface, creating a ''protein corona," which changes NP physical and chemical
properties and affects how they interact with cells. Understanding the structure and
composition of this corona is essential to better understand protein-NP interactions and to
predict NP behavior in biological systems.

This study focuses on characterizing the hard protein corona formed on 200 nm carboxylate-
functionalized polystyrene NPs following exposure to fetal bovine serum (FBS) and human
serum (HS). After NP incubation with serum proteins, a series of washes were performed to
isolate the hard corona. NP size and surface charge were confirmed using dynamic light
scattering (DLS) and zeta potential measurements. Protein adsorption onto NPs was quantified
using both the Pierce 660-nm protein assay and a Pierce BCA assay. To further analyze the
composition of the adsorbed proteins, SDS-PAGE gel electrophoresis was performed after
concentration-matching the samples.

The results revealed that the HS coronas had more protein adsorbed to the NPs than the FBS-
NP samples, likely due to higher total protein concentration. Electrophoresis revealed distinct
banding patterns in the FBS and HS coronas, indicating variations in protein corona
composition between the two serums. These distinctions may contribute to different cellular
responses when protein-NP complexes interact with biological systems.

The ability to measure and compare these coronas provides valuable insight into the protein—
NP interface. This work contributes to a foundational understanding of protein—NP
interactions and supports future studies aimed at optimizing corona composition and NP
performance in biological environments.
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Abstract:

Chronic kidney disease (CKD) is a progressive condition that impairs the kidneys’ ability to
filter waste and maintain electrolyte and fluid balance. CKD usually remains undetected until
advanced stages, when irreversible glomerular damage and loss of podocytes have already
occurred. Despite its severity, it continues to be an under-recognized public health crisis. The
glomerulus is the site of blood filtration in the kidney, and podocytes are specialized epithelial
cells in the glomerulus that are vital to maintaining filtration function. Currently, treatment
options for end stage renal failure are limited to kidney transplantation or dialysis, both of
which are costly, invasive, and come with major health burdens. There are no reliable tools to
detect kidney disease in its early stages, underscoring the pressing need for improved
diagnostic and therapeutic strategies. Previous studies in the lab discovered three bioactive
molecules that protected podocytes from chemotherapy-induced injury. To confirm that the
targets could have therapeutic potential against podocyte injury, we explored public databases
to analyze the gene expression of the bioactive compounds’ targets in patients with focal
segmental glomerulosclerosis, minimal change disease (MCD), idiopathic membranous
nephropathy, renal medullary carcinoma, and in human podocytes and immortalized human
mesangial cell lines. These datasets confirmed that the genes the bioactive molecules inhibit
are highly expressed in diseased conditions like MCD. Additionally, we explored how the
chemotherapy Adriamycin impacts the glomerular filtration barrier when added to the
vascular channel of the biomimetic, silk fibroin—based glomerulus-on-a-chip device
developed in the lab. By elucidating the mechanism of these bioactive molecules and their
potential protective role against podocyte injury, we hope this approach can ultimately be
translated into a therapeutic tool for patients. In the future, we plan to test the therapeutic
potential of the bioactive compounds in the glomerulus-on-a-chip model by evaluating their
protective effects against kidney injury.
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Abstract:

Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by motor
symptoms such as tremor, rigidity, and bradykinesia. These symptoms are strongly linked to
abnormal beta band (13—30 Hz) oscillatory activity within the basal ganglia-thalamocortical
network, particularly in regions such as the Subthalamic Nucleus (STN), Globus Pallidus
externa (GPe), interna (GPi), and Thalamus.

This work builds on an existing biophysically realistic Basal Ganglia-Thalamus (BGT) model
that simulates membrane potential activity in a healthy brain state. While the current model
does not yet simulate Parkinsonian dynamics, it provides structured, multiregion time-series
data that serve as a foundation for developing predictive tools.

To this end, we implement a multi-head Temporal Convolutional Network (TCN) trained to
forecast beta band power from healthy simulated neural activity. The membrane potential
signals are preprocessed, formatted as HDF5 datasets, and fed into the TCN in a sequence-to-
sequence framework. The model uses short input windows to predict subsequent neural
activity, and output sequences are analyzed using Fast Fourier Transform (FFT) to estimate
beta power.

The TCN is chosen for its ability to capture long-range temporal dependencies with high
computational efficiency, outperforming recurrent architectures in both scalability and
training speed. Although results are pending and the current data reflects non-pathological
dynamics, this pipeline establishes a foundation for future work with Parkinsonian
simulations. Ultimately, the goal is to enable accurate, real-time prediction of pathological
oscillations to inform adaptive Deep Brain Stimulation (DBS) systems and support the
treatment of PD and related disorders.
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Abstract:

This project focuses on developing flat optical devices based on metasurfaces for spatial and
temporal beam shaping in the blue region of the visible spectrum, suitable for operation in
both air and underwater environments. While visible light experiences minimal absorption in
air, underwater optical systems face significant attenuation due to absorption, scattering by
water molecules, and turbulence. Ocean water absorbs longer wavelengths (yellow to red)
more strongly than shorter wavelengths, making the blue region optimal for underwater
imaging and communication. Metasurfaces—planar optical elements composed of periodic
subwavelength scatterers, known as meta-atoms—have emerged as promising alternatives to
conventional bulk optics, enabling the manipulation of light at subwavelength scales. A key
advantage of metasurfaces is their ability to support an exceptionally large field of view (FOV),
describing both angular coverage and sensor extent. Our goal is to design a silicon nitride
(Si3N4) metalens with a wide FOV of approximately 170 degrees. Si3N4 is selected for its high
refractive index, which supports Mie resonances, and for its transparency in the blue region of
the spectrum. The design process employs COMSOL simulations to generate a meta-atom
library with varying shapes and dimensions, achieving high transmission and 0-to-360-
degree phase control. Libraries are created for red, green, and blue wavelengths, with phase
discretized into eight uniform levels to simplify fabrication. Performance is evaluated under
both TE- and TM-polarizations to ensure compatibility with unpolarized light. Incident-angle
simulations further assess the lens’s wide-angle imaging capability. Fabrication begins with
deposition of a 1000 nm Si3N4 layer on fused silica, followed by electron beam lithography to
define the metasurface in a PMMA resist. The pattern is transferred to a chromium hard mask
and etched by collaborators. The final structure is characterized using FOV and imaging setups.
Future work will investigate metalens' resilience to turbulence and aberrations.
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Abstract:

The ability to manipulate light at the nanoscale is transforming imaging, sensing, and
nonlinear optics. Metasurfaces, which are planar arrays of subwavelength structures, offer
unique control over the phase, amplitude, and frequency of light. While significant progress
has been made in linear metasurface optics, there is a gap in understanding how
subwavelength geometry influences nonlinear optical responses, specifically third harmonic
generation (THG). Our research addresses this gap by designing a metasurface that enables
both wavefront control and efficient THG. We propose a dielectric metasurface composed of
amorphous silicon meta-atoms, each shaped as a cylinder containing an off-center internal
air hole and an elliptical perturbation. Using COMSOL electromagnetic simulations, we
investigate how varying the size of the perturbation and the geometry of the meta-atom
affects local electric field distributions and resonance behavior. The simulations reveal how
geometric changes influence the sharpness and spectral position of resonances and quantify
field enhancement both on and off resonance. Notably, we find that the elliptical perturbation
modifies the electric field profile in a resonance-specific manner. At off-resonant
wavelengths, the field localizes at the tip of the perturbation; at resonance, it migrates toward
the center of the meta-atom. This suggests a coupling mechanism driven by the quasi-trapped
mode (QTM) profile, where geometric asymmetry enables spatial control of field
concentration. By leveraging the localized field distribution in conjunction with
Pancharatnam-Berry (PB) phase tuning, which is achieved thorough in-plane rotation of the
meta-atoms, we aim to realize helicity-dependent phase control which is activated exclusively
at resonance. The next steps, already in progress, include fabrication of the metasurface, and
optical characterization in the lab. Our results demonstrate a pathway to decouple nonlinear
generation from wavefront manipulation, enabling the design of nonlinear metasurfaces with
enhanced functionality for frequency conversion, quantum optics, and integrated photonics.
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Abstract:

Synthetic rubbers like polybutadiene are important components in the manufacturing of automobile
tires; however, significant waste is generated each year. Green chemistry could provide a more
sustainable solution: heme-containing enzymes belonging to the p411 and protoglobin families have
been previously engineered to bind nitrene precursors to aminate C-H bonds. Collaborating with polymer
chemists from UNC Chapel Hill, our objective was to improve these candidate enzymes’ efficiencies and
selectivities in catalyzing the allylic amination of C-H bonds in polybutadiene, which would then enable a
downstream aza-Cope rearrangement to deconstruct the aminated polymer into smaller functionalized
molecules that could be reused in applications like epoxy resins.

For initial steps, SDS-PAGE was used to validate successful expression of the proteins in E. coli. Then, the
enzymes were tested on previously validated substrates from literature to confirm functional activity.
Furthermore, high-performance liquid chromatography using multiple reaction monitoring was
employed to detect and quantify expected product formation with high sensitivity. Whole cell reactions
showed that amination occurred with protoglobin but not p411, with protoglobin experiencing a threefold
relative boost in enzymatic activity under anaerobic conditions.

Finally, the next steps are to evaluate the wild-type activity on tetrabutadiene, a rubber oligomer, and
then create a library via error-prone PCR to screen for enhanced variants. A more high-throughput
fluorogenic assay utilizing dansyl chloride is being developed to accelerate the rate of screening.
Afterwards, an ML model will be trained on the data to guide generation of favorable variants.

In conclusion, an engineered protoglobin protein has been established as a starting point for a directed
evolution campaign to aminate synthetic rubber. An HPLC method was developed as a sensitive assay to
identify successful amination, and current work involves developing a higher-throughput fluorogenic
assay. Ultimately, this enzymatic amination could be key to developing green chemistry methods for
rubber recycling.
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Abstract:

Background: Key challenges in treating glioblastoma are the immunosuppressive tumor
microenvironment (TME) and the selectively permeable blood-brain barrier (BBB). The PESKe
clinical trial (NCT04937413) showed increased MHC-I expression and CD8* T cell infiltration
in contrast-enhancing tumor regions with the highest intratumoral concentrations of
evolocumab, a monoclonal antibody targeting PCSK9. However, these concentrations were
insufficient to generate a consistent immune response, suggesting limited delivery across the
BBB. This study aims to validate findings from the PESKe trial in murine models of
glioblastoma. We hypothesize that local delivery of evolocumab to the TME will increase MHC-
I expression and T cell infiltration. These experiments also establish a platform to test whether
focused ultrasound can enhance drug penetration and efficacy.

Methods: MTS assays and flow cytometry were used to determine optimal concentrations of
CT-2A glioma cells, evolocumab, and interferon-gamma in vitro. In vivo, C57Bl/6 mice
bearing syngeneic CT-2A tumors received evolocumab either intracranially or systemically
seven days after implantation. Tumors were analyzed 48 hours post-treatment using flow
cytometry to assess viability, MHC-I expression, and immune cell infiltration.

Results: In vitro, 30,000 cells per well yielded optimal viability. Interferon-gamma
significantly increased the percentage of MHC-IAhi cells at 0.1 ng/mL, while evolocumab had a
modest, non-significant effect. The combination led to the greatest increase at 48 hours post-
treatment. In vivo, there was no significant difference in percentage of MHC-IAhi cells or T cell
infiltration between intracranial and systemic delivery of evolocumab at 48 hours.

Conclusion: This study optimized in vitro and in vivo parameters to support future evaluation
of focused ultrasound-mediated delivery of evolocumab in combination with anti—PD-1
therapy.
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Abstract:

The permeability of drugs across the blood-brain barrier, a microvascular unit that selectively
regulates entry into the brain, is one of the greatest challenges in the treatment of pediatric
brain tumors. Low-intensity focused ultrasound (LIFU) is a non-invasive and acoustic method
that delivers energy pulses to a spatial coordinate to transiently open the blood-brain barrier
(BBB). The application of LIFU-mediated blood-brain barrier (BBB) disruption results in
increased drug accumulation and immune activation in the brain.

In this study, we employ topotecan encapsulated within sonosensitive liposomes. These
specialized liposomes release topotecan upon exposure to the targeted acoustic energy of
LIFU, enabling precise drug accumulation within the tumor in combination with targeted BBB
opening. Unlike the standardized DSPC, cholesterol, and PEG-DSPE ratios or the hydrophilic
polymer-modified lipid mixture in other topotecan liposomes, our formulation mimics the
first FDA approved liposomal formulation of the chemotherapeutic doxorubicin. The half-
maximal inhibitory concentrations of free and liposomal topotecan in the pediatric glioma cell
line, STN10049, at 72 hours are 0.12pM and 0.60uM, respectively. In-situ brain perfusions
were performed in mice using physiological buffers with liposomal or free topotecan in order
to determine the unidirectional uptake of topotecan. Liposomal topotecan did not have linear
uptake at the same time points of free topotecan, therefore, the unidirectional uptake
coefficient (Kin) was not determined. The Kin of free topotecan is 4.9 + 1.2x10-4 mL/s/g.Ina
preliminary mouse study, we observe increased topotecan and texas red dye within the LIFU-
targeted regions of STN10049 intracranial tumors. Further analyses are being conducted to
determine the pharmacodynamic effect of the increased topotecan delivery.

The combination of LIFU and liposomal release of topotecan in orthotopic murine models
offers a promising avenue for enhancing pediatric brain tumor treatment.



Interplay of Substrate Stiffness and Ligand
Chemistry in Modulating MSC Behavior Within a
Polypeptide Scaffold

Presenter: Emily Song

Faculty Mentor: Ashutosh Chilkoti
Authors: Emily Song, Rachael Putman, Ashutosh Chilkoti
Summer Program: Pratt - General

Home Institution: Duke University

Abstract:

Mesenchymal stem cells (MSCs) hold promise for tissue engineering due to their secretion of trophic
factors and immunomodulatory cytokines. However, clinical translation is limited by poor viability and
retention at injury sites. To address this, we investigated partially ordered polypeptides (POPs)—a
platform of recombinant, thermoresponsive elastin-like biomaterials—as tunable injectable scaffolds
for MSC transplantation. POPs undergo a lower critical solution temperature (LCST) phase transition,
existing as injectable liquids at low temperatures and forming porous, viscoelastic networks at body
temperature with minimal inflammatory response. Their molecular tunability allows control over
mechanical properties such as stiffness. We also developed a cell-adhesive variant—RGD-POPs—by
genetically fusing the fibronectin-derived arginine—glycine—aspartic acid (RGD) peptide, enabling
integrin-mediated MSC adhesion through extracellular matrix (ECM) receptors. We hypothesized that
scaffold stiffness and biochemical ligand presentation would influence MSC morphology and behavior.
We found that MSCs encapsulated in POPs across varying concentrations migrated and self-assembled
into dense 3D spheroids—a morphology associated with enhanced therapeutic potential. This suggests
POPs create a low-adhesion environment that promotes cell-cell interactions and may facilitate
improved differentiation signaling. Compared to 2D monolayers, 3D MSC spheroids better mimic the in
vivo microenvironment by enhancing spatial organization and both ECM and intercellular interactions.
While larger spheroid areas were observed at lower POP concentrations with reduced stiffness and
increased pore size, these trends were not statistically significant. Spheroid sprouting length also showed
no significant differences across stiffnesses. Spheroid area remained consistent from Day 3 to Day 9,
indicating early, stable formation. In contrast, MSCs encapsulated in RGD-POPs exhibited increased
proliferation without spheroid formation, likely due to stronger integrin-scaffold interactions. These
findings demonstrate that POP-based scaffolds can modulate MSC organization and behavior through
tunable physical and biochemical cues, offering a promising platform to enhance cell retention and
therapeutic efficacy in regenerative medicine applications.
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Abstract:

Epstein-Barr Virus (EBV) is a highly prevalent herpesvirus that infects over 90% of the global
population and has been linked to several epithelial cancers (EC), including nasopharyngeal
carcinoma (NPC), EBV-associated gastric cancer (EBVaGC), and primary pulmonary
lymphoepithelioma-like carcinoma (PPLELC). Although EBV’s oncogenic relationship is well
documented, the mechanisms by which it enters epithelial cells and establishes latency remain
poorly defined. A proposed entry receptor is Ephrin receptor A2 (EphA2), a receptor tyrosine
kinase involved in cell-cell adhesion and intracellular signaling. Studies have shown that
EphA2 distribution differs between 3D organoids and 2D epithelial cell lines, influencing its
accessibility to EBV. This raises an open question: does EphA2 expression and localization vary
across different EC cell lines, including both EBV-positive and EBV-negative models? To
address this, we performed immunofluorescence (IF) staining to assess EphA2 distribution in
NPC, EBVaGC, and lung cancer cell lines, aiming to understand whether localization correlates
with cancer type or EBV status. Preliminary IF results show differential EphA2 localization
across EC lines, highlighting cell-type-specific patterns. In parallel, we optimized an EC
editing system using Cas9-RNP-mediated gene editing and limiting dilution purification to
isolate edited cell populations. Genes including KDM1A and RMI2 were knocked out (KO) along
with CD46, which served as a proxy for successful gene targeting, using the Neon
electroporation system and selected KO clones were validated by western blotting for CD46.
This provides a reliable workflow for generating genetically tractable EC lines for future
molecular and infection studies. Together, these studies help dissect the role of EphA2
distribution, not just its expression, in EBV infection susceptibility, and provide foundational
tools to manipulate EC models for deeper mechanistic insights into EBV-driven oncogenesis.
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Abstract:

Prostate cancer (Pca) is one of the most common types of cancers and accounts for the second -
largest number of cancer-related deaths in men. Most therapeutic strategies target the
androgen receptor in PCa; however, PCa often adapts and becomes resistant to treatment. The
latter has led to the emergence of neuroendocrine prostate cancer (NEPC), a lethal histological
subtype that is resistant to AR-targeted treatments, characterized by high proliferation and
poor prognosis. A critical knowledge gap remains regarding actionable molecular targets that
drive NEPC progression that could be therapeutically exploited. Using publicly available RNA-
seq cancer datasets, we found that Tyrosine Threonine Kinase (TTK), a mitotic checkpoint
kinase, is upregulated in NEPC. We believe that TTK is essential for tumor growth and can be
targeted to improve treatment outcomes. To test this, we employed genetic and
pharmacological approaches in NEPC cell lines to determine if targeting TTK resulted in
reduced proliferation. In addition, we conducted phospho-proteomic analysis to identify TTK-
NEPC phospho-targets. RABL6, a member of the Ras family of small GTPases, was identified as
a putative TTK phospho-target. Our studies have shown that TTK inhibition significantly
impairs the growth of NEPC cells. Combining the TTK inhibitor, CFI-402257, with a commonly
used chemotherapy drug, docetaxel, resulted in a synergistic inhibitory effect on NEPC cell
growth. Furthermore, our data shows that RABL6 is also elevated in advanced PCa, and genetic
depletion slows NEPC cell growth. Cumulatively, our data suggest that the TTK-RABL6
pathway plays a role in the development of NEPC tumor cells. Further studies are warranted to
determine if TTK is a promising therapeutic target in NEPC and provide a rationale for future
clinical exploration of the clinical compound CFI-402257.
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Abstract:

Glioblastoma is the most aggressive brain tumor, notorious for its therapeutic resistance,
immunosuppressed tumor microenvironment (TME), and paucity of active tumor-infiltrating
lymphocytes (TILs) capable of triggering an antitumoral response. Immune checkpoint
blockers (ICB) targeting suppressive molecules such as programmed cell death protein 1 (PD-
1) and lymphocyte activation gene 3 (LAG-3) have shown efficacy in melanoma treatment. In
preclinical studies, combination anti-PD-1 and anti-LAG-3 treatment has been shown to
enhance immune activation and increase TILs in the TME. It is hypothesized that this co-
inhibition is also associated with phenotypic changes observed in T cells, shifting to a natural
killer (NK) / natural killer T (NKT) cell signature. NK/NKT cells interact with other cells in an
HLA-independent manner, so the T cell adoption of a NK-like phenotype could improve
immune activation and cancer cell killing. To investigate T cell reprogramming, we expanded T
cells from peripheral blood mononuclear cells (PBMCs) of a glioblastoma patient (under a
Duke IRB-approved protocol) using anti-CD3/anti-CD28 stimulation with anti-PD1
(nivolumab) or anti-PD1 + anti-Lag3 (relatlimab) over a 14-day period. We aimed to
characterize the phenotypic expression of T cell and NK cell signatures at different timepoints
throughout treatment based on growth kinetics, spectral flow cytometry, and bulk RNA
sequencing on days 0, 3, 7, 10, and 14. Data from these in vitro studies will help demonstrate if
this shift occurs simultaneously with T cell activation and to what degree phenotypic changes
are observed. This pre-clinical study is conducted in parallel with our upcoming clinical trial of
PD-1/LAG-3 co-inhibition in newly diagnosed glioblastoma (NCT06816927). Mechanistic
studies will complement analyses of human biospecimens to better understand the effects of
nivolumab and relatlimab on T cell activation, proliferation, exhaustion, and memory
formation, as well as generate new insights into the role of NK/NKT cells.
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Abstract:

Background: Chondrosarcoma (CSA) is the second most common malignancy of bone with
limited treatment options for metastatic disease beyond surgical resection. Our lab has
demonstrated that the actin-binding protein, LCP1 (lymphocyte cytosolic protein 1), is
associated with poor prognosis and metastatic behavior in CSA; however, the mechanisms by
which it promotes tumor progression remain unclear. Confocal microscopy demonstrated the
role of LCP1 in cytoskeletal organization in CSA cells. Additionally, a biotinylation and
proteomics screen revealed interactions between LCP1 and key signaling proteins, including
STAT3 and the upstream IL-6 receptor subunit IL6ST, suggesting the potential role of LCP1in
oncogenic cell signaling and transcriptional regulation. Surprisingly, LCP1 knock-out in our
CSA cells resulted in increased cytoplasmic phosphorylated STAT3. Given the role of LCP1 in
cytoskeletal functions, we hypothesized that LCP1 is required for STAT3 nuclear translocation
and transcriptional activity in response to IL-6 stimulation.

Methods: To test this hypothesis, we utilized the CSA cell line sw1353 and compared nuclear
STAT3 quantities in LCP1 wildtype and knockdown conditions, in response to IL-6 stimulation.
Nuclear STAT3 was quantified using an enzyme-linked immunosorbent assay (ELISA) after
harvesting nuclear and cytoplasmic protein fractionations. To analyze these results, we
performed a one and two-way ANOVA and Tukey’s multiple comparison test.

Results: Our results showed that IL-6 stimulation led to increased nuclear STAT3 compared to
all non-stimulated groups (p=&lt;0.0001). Importantly, LCP1 knockdown demonstrated a
decrease in nuclear STAT3 compared to non-knockdown samples in all groups. (p=
&It;0.0016).

Conclusions: These findings support our hypothesis that LCP1 plays a critical role in mediating
STAT3 nuclear transport during IL-6 signaling. As STAT3 is a known oncogenic
transcriptional activator, this opens potential for LCP1 as a promising therapeutic target for
disrupting metastatic signaling pathways in CSA.
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Abstract:

Osteosarcoma (OS) is a rare cancer of bone-forming cells, primarily affecting adolescents.
Despite chemotherapy including methotrexate, doxorubicin (DOX), and cisplatin, relapse is
common, partly driven by chemoresistance. Adaptations in resistant cells after chemotherapy
“release” are poorly characterized, but may identify effective targets against resistant cells.
Preliminary data in DOX-released models demonstrate increased mitochondrial gene
expression and preserved or enhanced mitochondrial function. Our objective is to quantify
mtDNA copy number and mitochondrial ROS after DOX-release. We hypothesize that mtDNA
copy number increases after DOX-release and correlates with mitochondrial ROS generation.
143b OS cells were exposed to vehicle or DOX (3.9-1000 nM) for 48 hours, after which DOX was
removed (DOX-release). Cell confluence and mitochondrial superoxide (MitoSOX Green) were
quantified with Incucyte S3 Live-Cell Analysis System. Fluorescence was normalized to
confluence and compared to control using one-way ANOVA. DNA was extracted from non-
malignant osteoblasts (HFOB), DOX-naive, and DOX-released cells for qPCR to determine the
relative mtDNA copy number normalized to the nuclear genome. We observed that short-term
DOX exposure supports the development of released cells, with increasing DOX doses
inhibiting growth. Mitochondrial ROS generation increased in a dose dependent manner after
DOX treatment with statistically significant increases in ROS in cells treated with DOX &gt;125
nM (p&lt;0.05). However, despite an upward trend, OS cells treated with DOX doses inhibiting
50% growth did not demonstrate statistically increased mitochondrial ROS compared to
control at either 48 or 72h post-DOX. These results demonstrate that surviving DOX-released
cells tightly regulate ROS production, providing insight into how regulation of mitochondrial
ROS after DOX-exposure may underlie chemoresistance. Ongoing work will quantify mtDNA
copy number via qPCR of the 31.3 nM DOX released model. Future studies will further
characterize mtDNA mutations and mitochondrial ROS regulation, with a goal to identify
mitochondrial vulnerabilities in DOX-released cells.
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Abstract:

Cervical cancer remains one of the most prevalent cancers affecting women worldwide, with
disproportionate impact in low- and middle-income countries, where access to routine
screening is limited. The Ramanujam Lab has developed a tool for speculum-free imaging as
an alternative for cervical cancer triage, offering less invasive and more accessible diagnostics.
However, a significant barrier to speculum-free imaging is cervical mucus (CM), which can
obscure anatomical features and reduce image quality. This work addresses the challenge of
CM through three aims: (1) developing a physical vaginal canal and cervix model to simulate
intravaginal pressure; (2) designing potential devices for CM removal; (3) identifying the
device that maximizes CM removal.

Avaginal model was designed in SolidWorks based on average anatomical dimensions and
printed using elastic resin. A detachable cervix was press-fit into a vaginal canal which was
held in place by a rigid container. Ultrasound gel was added at variable heights to simulate a
range of intravaginal pressures. To replicate CM, egg whites and xanthan gum were mixed,
imitating physiological viscosity.

Four removal tools were evaluated: a cotton swab, an ophthalmic eye spear, and two custom-
designed elastic finger cot devices—one ridged and one studded. Devices were tested at 0, 7.5,
and 15 cm H-O pressures across multiple trials. CM removal was quantified by measuring mass
differences of the removal device and a CM collection tray.

Results showed that both custom finger cots outperformed standard tools at 7.5 and 15 cm H-0.
The ridged finger cot achieved the highest removal at 15 cm H-0, with a mucus removal
fraction of 13.6% + 0.06%.

These findings highlight the ability of a novel CM removal tool to support speculum-free
imaging protocols. Future work will evaluate tissue abrasion and incorporate imaging data for
clinical validation.
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Abstract:

Bone metastasis is a common complication in advanced stage cancers such as breast, lung, and
prostate cancer. Approximately 68% of patients with bone metastasis experience moderate to
severe pain. However, with over half of cancer patients reporting their bone pain is
undertreated, current pharmaceuticals are not providing sufficient pain relief. Addressing this
gap is crucial for improving the quality of life for cancer patients. One area that is implicated in
pain is the tumor microenvironment (TME). Under homeostatic conditions, the bone is quite
hypoxic. Additionally, the rapid development of tumor cells in the TME leads to a lower oxygen
supply, further increasing the hypoxic conditions. Cells adapt to hypoxia by activating certain
mechanisms such as the hypoxic inducible factor (HIF) signaling. HIF activation has been
shown to increase nerve outgrowth and mechanical sensitivity to pain. In support of this,
previous work in the Wu Lab has shown that inhibition of the HIF1 signaling using PX478
alleviates mechanical sensitivity to cancer-induced bone pain. Based on previous literature
and our preliminary data, we hypothesize that conditional ablation of HIFa in tumor burdened
mice should have less nerve outgrowth and reduced bone pain. SCN10a is a gene that codes for
a sodium channel subtype for nociceptors. To focus on the effect of HIF inhibition on pain-
sensing nerves, this project focused on the cre-lox conditional knockout of HIF1a and HIF2a in
SCN10a+ Aig+ mice. A murine model of breast cancer metastasis was developed by injecting
C57BL/6 mice with E0771-GFP breast cells. Immunofluorescence was used to visualize the
cells of interest with stains for hypoxia, tumor cells, and nerve cells.

Additionally, microct was used to analyze the bone volume in healthy and tumor-burdened
bones. The ongoing results from this study will provide important insights into how HIFa in
the bone tumor microenvironment influences nerve growth and bone pain.
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Abstract:

UDP-galactose 4'-epimerase (GALE) is a central enzyme in the nucleotide sugar biosynthesis
pathway, catalyzing the interconversion of UDP-galactose and UDP-glucose, as well as UDP-
N-acetylgalactosamine and UDP-N-acetylglucosamine. These nucleotide sugars are critical
precursors for glycosylation, a post-translational modification essential for protein stability,
trafficking, and immune recognition. By maintaining the intracellular balance of these sugar
donors, GALE serves as a key regulatory checkpoint in glycan biosynthesis. Although previous
members of the Boyce Lab have employed genetic approaches to study GALE’s function, no
selective and cell-permeable small-molecule inhibitors currently exist to dynamically
modulate its activity. Chemical inhibition offers a complementary approach, enabling
reversible and tunable control of GALE function and allowing the investigation of its real-time
effects on glycan biosynthesis. To explore this, members of the Boyce Lab conducted a high-
throughput screen to identify small-molecule inhibitors of GALE. From this screen,
disulfiram, an FDA-approved drug, emerged as a lead compound. Subsequently, in vitro
enzymatic assays validated disulfiram’s ability to inhibit GALE activity to a measurable extent.
Building on these findings, preliminary immunofluorescence studies in HeLa cells further
demonstrated that increasing concentrations of disulfiram lead to a reduction in mucin glycan
expression, suggesting that chemical GALE inhibition disrupts glycosylation. Here, we
investigated whether this effect extends to mucin-rich environments. We evaluated disulfiram
in human mucinous lung carcinoma NCI-H292 cells, which is a widely used model for mucin
biosynthesis. Using the same immunofluorescence approach, we observed a decrease in
MUCS5AC signal following disulfiram treatment, indicating that GALE inhibition may impair
mucin biosynthesis in this disease-relevant model. Ultimately, this work aims to provide a
chemical tool for studying GALE-dependent glycosylation and may uncover therapeutic
strategies for targeting aberrant mucin glycan expression in mucinous adenocarcinoma and
respiratory diseases, such as asthma, chronic obstructive pulmonary disease, and cystic
fibrosis.
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Abstract:

B cell receptor (BCR) signaling is critical for normal B cell maturation, and its dysregulation in
B cell lymphomas is key to understanding molecular disease drivers. Our lab identified the DNA
sensor Absent in Melanoma 2 (AIM2) as upregulated in BCR-activated B cells in chronic graft-
versus-host disease (¢cGVHD) and that AIM2 restricts B cell survival via an inflammasome-
dependent mechanism. AIM2 has also been shown to limit Akt signaling, suggesting broader
regulating roles in both signaling and survival. We hypothesized that AIM2 expression
correlates with activation of downstream BCR signaling molecules in B cell lymphomas. We
first assessed AIM2 expression via Western blot and flow cytometry in multiple lymphoma cell
lines. AIM2 knockdown (KD) clones were then generated in Raji and Daudi cells. Finally,
downstream BCR signaling proteins were analyzed by Western blot and phospho-flow
cytometry through a-IgM in vitro BCR stimulation. In chronic lymphocytic leukemia (CLL) cell
lines OSU-CLL and MEC1, AIM2 protein was detected by Western blot but not by intracellular
flow cytometry. Burkitt lymphoma lines Raji and Daudi expressed baseline AIM2 by both
methods. After early a-IgM stimulation, dose-dependent SYK activation was discerned but
was unaffected by AIM2KD. With prolonged culture, unstimulated Daudi AIM2KD cells showed
increased BTK activation relative to controls. Interestingly, upon anti-IgM stimulation,
AIM2KD cells showed decreased BTK activation in a dose-dependent manner, a trend not
observed in controls. Ibrutinib, a BTK inhibitor, reduced BTK activation in AIM2KD but not
AIM2-sufficient Daudi cells in a concentration-dependent process. We validated AIM2KD
clones and observed dynamic BCR signaling differences comparative to the clones. While BCR
activation itself was unchanged, BTK activation patterns differed in AIM2KD lines. We plan to
further investigate whether AIM2 modulates additional BCR signaling molecules and impacts
lymphoma cell survival and proliferation, particularly via Akt signaling.



17-beta estradiol decreases tumor-associated
dendritic cell maturation and functionality in the
breast tumor microenvironment

Presenter: Audrey Struzyk

Faculty Mentor: Donald McDonnell

Authors: Audrey Struzyk, Caleb Mclver, Felicia Lim, Binita Chakraborty, Chingyi Chang,
Donald McDonnell

Summer Program: PRIME-Cancer

Home Institution: Cornell University

Abstract:

Patients with breast cancer (BC) present high 5-year survival rates of ~80%. However, ~30%
of patients develop metastatic disease, where survival drops to ~25%. Immunotherapy, used
with curative intent in other cancers, has emerged as a treatment in triple-negative breast
cancer (TNBC). However, a major impediment to its efficacy in BC is the immunosuppressive
environment of most breast tumors. Estrogens modulate immune responses in physiological
and infectious disease contexts, yet their role in tumor immunity remains poorly defined. It is
significant, therefore, that we have shown that estrogens promote tumor progression in
validated animal models of TNBC through cancer-cell extrinsic mechanisms that suppress the
activity of multiple immune cell populations. Notably, these effects can be reversed with
endocrine therapies that oppose estrogen receptor signaling, enhancing immunotherapy
efficacy. To identify immune cell populations impacted by estrogen signaling, we
ovariectomized mice bearing E0771 or A7C11 tumors—murine models of TNBC—and treated
them with or without 17-beta estradiol (E2), followed by immunoprofiling. Markedly, E2
treatment reduced both the number and maturation of tumor-associated dendritic cells
(DCs)—potent antigen-presenting cells required for cytotoxic T cell activation. To elucidate
the mechanism(s) underlying this activity, we performed RNA sequencing on bone marrow-
derived DCs (BMDCSs) treated in vitro with or without E2 in normal or tumor-conditioned
media (TCM). In TCM, it was observed that E2 downregulated genes in the antigen
presentation pathway, central to DC maturation and function. To validate these findings, bone
marrow was harvested and differentiated into BMDCs under the same conditions. DC
maturation and functionality were assessed by flow cytometry, and gene expression in the
antigen presentation pathway evaluated using qPCR. Ongoing studies aim to determine the key
mediators through which E2/ER signaling impairs DC function, and whether this effect can be
reversed with endocrine therapy to ultimately improve immunotherapy efficacy in BC.
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Abstract:

The presence of HER2 isoforms makes HER2+ breast cancer difficult to eradicate with
otherwise efficacious targeted HER2 therapy. Expression of a 95kD C-terminal fragment
isoform, known as p95-HER?2, is associated with lower progression-free survival in human
breast cancer. Previous analysis of our HER2 Crainbow mouse model shows p95-HER2 tumors
have early dissemination characteristics when compared to the Wild-type isoform and the
exon-16-splice isoform, d16-HER2. However, the exact mechanism for how p95-HER?2 exerts
early dissemination cell behavior is unknown. Past studies using rat HER2/neu show that
phosphorylation of tyrosine 1139 (Y1139) promotes metastatic phenotypes, while
phosphorylation of the tyrosines 1221/2 (Y1221/2) promotes proliferation. Additionally, it has
been documented that MRTFa is upregulated in human mammary tumors with metastatic
phenotypes. Thus, we hypothesize that p95-HER?2 is primarily signaling through Y1139 and is
influencing the nuclear localization and expression of MRTFa. To elucidate the discrete
contribution of Y1139 and Y1221/2 in p95-HER?2 signaling, we generated a plasmid that encodes
a mutant form of human p95-HER2 with inhibited phosphorylation abilities in either Y1139 or
Y1221/2. Then, we transiently transfected an ER+ cancer line (SSM2) and HEK cells to induce
the expression of one of the two p95-HER2 mutants, a fluorescent reporter protein, and
fluorescently tagged MRTFa. We visualized transfected cells by confocal microscopy and then
reported on MRTFa activation as a function of nuclear translocation. AlphaFold 3 was used to
simulate protein folding confirmations of p95-HER2 and suggests that pg5-HER2 may lead to
bias in signaling by adopting distinct receptor conformations that promote metastasis via
interaction with signal transduction proteins such as Grb2 and p52Shc. Confocal imaging is
ongoing, and we expect results in the coming week. In the future, we will analyze the
characteristics of these mutants in vivo.
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Abstract:

The leading cause of death for prostate cancer and other solid tumors is metastatic spread.
While numerous protein-coding genes have been identified to play key roles in the biology of
metastasis, long noncoding RNAs (IncRNAs) have been largely ignored. LncRNAs are RNA
transcripts longer than 200 nucleotides that regulate gene expression and can activate pro-
metastatic migration and invasion pathways. One such IncRNA, SChLAP1, is associated with
increased metastatic potential and aggressiveness in prostate cancer; however, therapies to
target these RNAs have not been developed. This study reports the development and preclinical
testing of novel pharmacological agents that bind SChLAP1. A prior high-throughput chemical
screen identified dimethylamiloride (DMA) compounds, DMA-198 and DMA-213, as showing
strong and specific SChLAP1 binding. Based on qPCR profiling of several cell lines, we selected
PC3 prostate cancer cells and 5637 bladder cancer cells as model systems due to their high
expression of SChLAP1. Treatment of PC3 cells with selected DMA compounds showed
reduction in migration by scratch assay. Using a 3D Matrigel invasion assay, we observed
reduced invasion in 5637 cells when treated with DMA-198 and DMA-213, suggesting that
DMA treatment could be used to inhibit SChLAP1 -mediated invasion. Similarly, when we
knocked out SChLAP1 in PC3 cells, we saw reduced migration by scratch assay and inhibition of
invasion by 3D Matrigel invasion assay. These insights highlight SChLAP1 as a potential
molecular target for therapeutic intervention in aggressive prostate cancer. Future work will
focus on identifying the downstream signaling pathways regulated by SChLAP1 that contribute
to migration and invasion.
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Abstract:

Rhabdomyosarcoma (RMS), the most common pediatric soft-tissue muscle sarcoma, arises when
myoblast-like cells fail to complete terminal differentiation. Conversely, Duchenne muscular dystrophy
represents the most common pediatric muscle degeneration disease. Emerging evidence implicates
alternative splicing in both conditions: an exon-2 skipping event in MYOD1 produces a MyoD-delta-Ex2
isoform that cannot activate differentiation genes but encourages proliferation. However, the cis- and
trans-acting factors that govern MYOD1 splicing remain undefined.

Comparative genomics between mouse and human genomes identified a conserved intronic motif
downstream of exon two that contains a consensus binding sequence for SRSF2, a ubiquitous splicing
factor. Conservation in that non-coding sequence implies functional importance. In this study, we
investigate the significance of the binding sequence as the cis-acting candidate regulator of MYOD1 exon
2 inclusion. We hypothesized that SRSF2 binding at this element promotes exon 2 retention in mature
mRNA.

To investigate, we utilized a dual-fluorescence lentiviral reporter (MDT-GFP), GFP verifying reporter
integration, and tdTomato indicating alternative splicing. We mutated the reporter to delete the SRSF2
binding octamer and confirmed successful mutation through sequencing. Next, we prepared the virus
using the reporters and determined the titer of both MDT-GFP and MDdSRSF2T-GFP reporters. We then
transduced two different cell lines with the reporters and used live-cell fluorescence microscopy and RT-
PCR to quantify exon 2 “skipping” in the reporter.

Preliminary results demonstrate that knockout of the predicted SRSF2-binding site adjacent to exon 2
shifts splicing toward the exon-skipped isoform. These results support the importance of the cis element
and suggest SRSF2 facilitates the inclusion of exon 2 in MYOD1. By defining how cis-acting factors
regulate alternative splicing, we open therapeutic avenues for initiating differentiation and limiting
proliferation in RMS cells by influencing the cis-acting factors. Inversely, our work could inform
strategies to promote the regeneration of muscle satellite cells by temporarily blocking it instead.
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Abstract:

Melanoma is an aggressive skin cancer that is challenging to treat at advanced stages.
Although immune checkpoint inhibitor therapies have significantly improved clinical
outcomes, they fail to achieve durable and long-term treatment responses in many patients.
Furthermore, the accumulation of myeloid-derived suppressor cells (MDSCs) in the tumor
microenvironment (TME) blunts antitumor immune activation, leading to poor prognosis.
Motivated by these challenges, our lab is particularly interested in ubiquitination, a key post-
translational modification that influences protein function and cellular behavior. Previous
work from the Zhang laboratory has shown that inhibiting the K63-linked ubiquitin-
conjugating enzyme UBE2N reduces melanoma progression in animal models. However, the
underlying cellular and molecular mechanisms driving this effect remain unclear. To answer
this question, we investigated how UBE2N-deficient macrophages influence the melanoma
TME and whether they can directly impact melanoma cell behavior. I found that secreted
factors from UBE2N-deficient bone marrow derived macrophages (BMDMs) significantly
hinder tumor cell proliferation in vitro. My data suggest that UBE2N-mediated signaling in
myeloid cells promotes tumor progression via paracrine factors, positioning UBE2N signaling
as a candidate for potential therapeutic intervention.
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Abstract:

Among malignancies of the female reproductive system, ovarian cancer (OVCA) exhibits the
highest mortality rate and ranks as the seventh most frequently diagnosed cancer.
Approximately 70% of OVCA patients relapse within two years after first-line chemotherapy.
Current targeted therapies used post-chemotherapy often lead to toxic side effects, lack
improvement of overall survival and resistance by OVCA cells is inevitable. This highlights the
need for novel molecularly targeted therapies. NUAK family kinase 2 (NUAK2), a
serine/threonine kinase involved in cell proliferation, adhesion, and metastasis, is highly
druggable and displays elevated mRNA expression in OVCA compared to normal ovarian
tissues. This study investigated the therapeutic potential of NUAK2 in OVCA. Western blot
analysis was performed across various OVCA cell lines to assess NUAK2 expression. Cell-lines
with elevated NUAK2 were selected for proliferation and colony formation assays. Inducible
genetic knockdown models were established in COAV3, COV362, 0AW42, and TOV-21G OVCA
cell lines via lentiviral ShRNA vectors targeting NUAK2. Efficacy of NUAK2 inhibitors G1T-28
and HTH-02-006 were evaluated in OVCA cell lines. Subsequent assays demonstrated that
both NUAK2 knockdown and pharmacological inhibition significantly reduced cell
proliferation and colony formation. These findings emphasize an actionable role for NUAK2 in
OVCA and highlight its potential as a therapeutic target. Future studies will evaluate the effects
of NUAK2 knockdown and inhibition on the formation of three-dimensional spheroids and
synergistic effects of NUAK2 inhibitors in combination with platinum-based chemotherapies.
In vivo studies using these inhibitors are also necessary to validate their efficacy in reducing
OVCA progression.
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Abstract:

Phospholipid asymmetry is a fundamental feature of animal cell plasma membranes, with
phosphatidylcholine and sphingolipids predominantly localized to the outer leaflet and
phosphatidylethanolamine and phosphatidylserine (PS) on the inner leaflet. This asymmetric
organization of phospholipids is crucial for membrane stability and cell signaling. TMEM16F is a special
membrane protein functioning both as a calcium (Ca?+)-activated non-selective ion channel and a Ca%*-
activated scramblase. Bidirectional movement of phospholipids through TMEM16F dynamically disrupts
lipid asymmetry, resulting in the externalization of PS. TMEMI16F is essential for an array of signaling
cascades in physiological and pathological processes such as blood coagulation, bone remodeling,
placental development, and

viral infection. In the brain, overexpression of TMEM16F aggravates microglial phagocytosis and
neuronal loss after ischemic stroke and neuroinflammation in Alzheimer’s disease. In the Parkinson’s
disease (PD) patients in Ashkenazi Jewish, a single nucleotide polymorphism in TMEM16F of Ala703Ser
(A704S) was reported to spread alpha-synuclein proteins, a hallmark of disease progression. However,
the role of the TMEM16F variant in the pathophysiology of PD remains largely unknown. In this

project, we aim to characterize the biophysical property of this PD-associated TMEM16F variant using
the A704S mouse ortholog. Through a dual approach complimenting inside-out patch-clamp
electrophysiology with fluorescent-based PS

exposure assays and microscopy, we analyzed HEK293T TMEM16F-KO cells over-expressing either
TMEM16F-wild type or TMEM16F(A704S). We found that the A704S mutation produced elevated Ca2*-
dependent TMEM16F currents and TMEM16F-mediated PS externalization. Consistent with the gain-of-
function (GoF) phenotype

reported PD patients, our results indicate TMEM16F-A704S point mutation leads to increased Ca2*
sensitivity and a reduced activation threshold for TMEM16F . In addition, pharmacological inhibition
effectively attenuated A704S scramblase activity without affecting Ca2+ influx, highlighting TMEM16F as
a potential target for novel therapeutic intervention to treat PD. Our findings thus help understand the
molecular pathophysiology of TMEM16F in PD and shine light on exploring TMEM16F inhibition as a
novel strategy to treat neurodegenerative diseases.
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Abstract:

Cancer is the second leading cause of death worldwide, and current treatments like
chemotherapy lack target specificity, harming both healthy and cancerous cells. One way
cancer cells survive chemotherapy-induced DNA damage is through translesion synthesis
(TLS), a DNA damage tolerance mechanism that enables replication to progress despite the
presence of DNA lesions during genomic replication. While TLS enables cell survival, it is
error-prone and can promote the accumulation of mutations that drive cancer progression and
treatment resistance. REV1, a key scaffolding protein in TLS, interacts with several TLS
polymerases, including polymerase kappa (Pol kappa), through its C-terminal domain (CTD).
A stapled peptide inhibitor was designed to mimic Pol kappa and potentially disrupt the REV1
protein-protein interactions, thereby inhibiting REV1 and TLS. This study investigates
whether the stapled peptide inhibitor binds to the REV1 CTD and quantifies the binding affinity
of the interaction. REV 1 CTD was expressed and purified for further testing. Binding
interactions will be analyzed using isothermal titration calorimetry (ITC), enabling the
determination of binding affinity through thermodynamic analysis. This research aims to
contribute to the development of targeted inhibitors of REV1 as a potential strategy for
suppressing TLS and cancer growth.
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Abstract:

Developmental disorders arise from DNA mutations that affect brain functions such as
cognition, communication, and behavioral skills. Rahman syndrome is a rare genetic disorder
caused by mutations in the histone linker gene H1.4. Rahman Syndrome is characterized by
intellectual disability with autism-like symptoms, facial differences, and joint hypermobility.
Rahman Syndrome mutations in the H1.4 gene replace the normal C-terminus with a novel
sequence, potentially changing the histone linker's ability to bind nucleosomes together. We
hypothesize this may result in higher levels of euchromatin, transcriptionally active
chromatin, in mutant genotypes versus non-mutant (wild) genotypes. In this project, we
focused on determining both the location and prominence of histone Hi.4 related to
euchromatin and heterochromatin via two main methods: buffered salt extractions on
transfected cells, followed by targeted immunostaining and western blotting. In the
immunostained cells, the 293T cells were first transfected with the plasmids GFP H1.4 mutant
(MUT) and GFP H1.4 wild (WT) type in Lipofectamine 2,000. On day 2, transfected cells
underwent sequential extractions with buffers of varying salt concentrations to determine the
relative solubility of cellular proteins. Extracted cells were viewed with fluorescent microscopy
after being immunostained with antibodies targeting euchromatin, heterochromatin,
nucleoplasm, and the cellular membrane. Within the western blotting section, transfected cells
were extracted both sequentially and non-sequentially with RIPA buffers with O mM, 100mM,
200mM, 300mM, 400mM, and 500mM concentrations of NaCl. After extraction, the remaining
supernatant was treated with an SDS sample buffer and loaded into gels for Western blot
analysis. The gels were subsequently incubated with an anti-GFP rabbit primary antibody
followed by an anti-rabbit secondary antibody, with actin serving as a positive control, then
imaged using a LI-COR imaging. Data is currently being analyzed to determine if WT and MUT
histone H1.4 may show differential extraction by these fractionation methods.
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Abstract:

The purpose of this study is to explore how pre-professional support mechanisms such as
mentorship, internships and career building programs affect the academic and professional
development of STEM undergraduate students. The study will assess how different resources
are used to further preparedness for pursuing careers and graduate education in STEM. In
gathering this data, we aim to inform the public on why developing institutional support
systems can help close equity gaps for retention of STEM professionals in STEM fields.
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Abstract:

Title: Low-Dose Ionizing Radiation as a novel treatment for AMD: Functional and Molecular
Assessment in RPE and Choroidal Endothelial Cells.

Purpose: Age-related macular degeneration (AMD) is a leading cause of vision loss in the
elderly. Current therapies often lack efficacy and are not always accessible. This study aims to
investigate Low Dose Ionizing Radiation(LDIR) as a therapeutic to restore cellular homeostasis
in Dry AMD and counteract angiogenesis in Wet AMD.

Methods: We used nicotinamide treated ARPE19 cells and iPSC choroidal endothelial cells
(CECs) as in vitro models, representing the retinal pigmental epithelial cells and choroidal
epithelial cells respectively, and used aged WT mice with laser induced lesions, a common
model of choroidal neovascularization (CNV), as our in vivo model. Functional assays, such as
wound healing (to document RPE migration) and angiogenesis (to document tube formation in
CECs), were performed and differentiated by VEGF activation and LDIR exposure. Assesment of
LDIR treatment of cell homeostatic pathways included gene expression analyses (qPCR) of
oxidative stress markers (SOD2, HO-1, PRDX-2) as well as markers for inflammation (IL-B,
IFN-vy, glial cells), angiogenesis (VEGF-A, HGF, HIF-1), in addition to cell viability (LDH
Assays).

Results: Establishment of high fidelity in vitro cultures and improved qPCR protocols,
collecting high quality RNA from treated cells. Currently, we are performing dose optimization
to find a hormetic window for LDIR in our in vitro models, with the end goal of translating the
dosage to our in vivo models. Simultaneously, we are optimizing and refining the cell
migration and angiogenesis assays for replication and reliability.

Conclusion: If LDIR proves to restore cellular homeostasis gene profiles and reduce
angiogenesis, it offers a novel and noninvasive avenue of treatment for AMD. These early
results support further research into LDIR in both RPE/CEC models and in vivo models.
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Abstract:

Age has been shown to be a significant factor in immune responses to viral infections. Prior
work has reported that younger individuals (&It;21) with acute SARS-CoV-2 infection show
diminished symptomatic prevalence when compared to adults. Studies have determined that
viral loads are similar across pediatric cohorts younger than 21 years old when stratified by
age. Additionally, these cohorts exhibited a more robust neutralizing antibody responses when
compared with adult individuals. Currently, age-related immune signatures which modulate
immune system activation and infection outcomes are unknown. We hypothesized, age is
inversely correlated with SARS-CoV-2 antibody mediated functional responses among people
recovered from asymptomatic infection or mildly symptomatic COVID-19. We utilized serum
samples collected at 2 months (n=74) and 4 months (n=61) post infection from the Duke
Biospecimens from RespirAtory Virus-Exposed Kids (BRAVE Kids) cohort and the Molecular
and Epidemiological Study of Suspected Infection (MESSI) adult cohort to conduct a cross-
sectional study evaluating antibody-dependent cellular phagocytosis (ADCP) and antibody-
dependent complement deposition (ADCD). The pediatric cohort was stratified by age (0-5),
(6-13), (14-20) and compared to the adult cohort (21-99) at both timepoints post infection. We
found that the 0-5 cohort had a statistically significant, higher magnitude in ADCP (p= 0.01)
and ADCD (p=0.0003) at 2 months post infection when compared to the 21-99 cohort.
However, this significance was not present at 4 months post infection. Differences among
other age groups were not significant at either timepoint. These findings demonstrate that
individuals aged 0-5 years exhibit significantly stronger SARS-CoV-2-specific Fc-mediated
antibody effector functions relative to adults, suggesting that early life is associated with
heightened humoral responses that may contribute to more effective pathogen control
following acute infection. Recognizing the heightened Fc-effector activity in young children
advances our understanding of age-related immune protection and guides efforts in designing
interventions applicable across the lifespan.
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Abstract:

Biased agonism represents a promising therapeutic strategy that leverages beta-arrestin
signaling to selectively modulate G protein-coupled receptor (GPCR) activity, potentially
improving outcomes in conditions such as heart failure, hypertension, and other
cardiovascular diseases. Approximately 35% of drugs target GPCRs due to their central role in
cell signaling. Carvedilol, a commonly used beta-blocker, has been shown to promote beta-
arrestin—dependent pathways at betai-adrenergic receptors (betaiARs), contributing to its
cardioprotective effects. However, carvedilol also acts on other adrenergic receptor subtypes,
including beta3ARs and alpha1ARs, which may lead to off-target effects. To address this, a
novel bitopic ligand that combines carvedilol with an allosteric modulator was developed to
enhance beta1AR selectivity and potentially improve the therapeutic profile. This study
investigates whether a novel bitopic ligand (CarvFED) is more selective for betalAR compared
to other receptor subtypes and how it influences downstream signaling. We hypothesize that
CarvFED will show enhanced beta1AR selectivity and promote beta-arrestin—mediated
signaling similar to or greater than carvedilol. To conduct this investigation, HEK293T cells
were transfected with alphalAR and beta3AR. GloSensor and TRUPATH assays were used to
assess ligand affinity and receptor activity following stimulation with isoproterenol,
carvedilol, and CarvFED. Preliminary findings indicate that CarvFED preferentially targets
betalAR while showing limited activity at beta3AR. Ongoing experiments, including TRUPATH
of alphaiARs, will further clarify its receptor-specific effects. Developing a more selective
beta-blocker like the dualsteric bitopic ligand CarvFED that minimizes off-target receptor
engagement may offer a more refined therapeutic approach to reduce side effects and improve
the quality of life for patients with heart conditions.
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Abstract:

Rhabdomyosarcoma (RMS) is the most common soft tissue sarcoma of childhood and
adolescence, with a 5-year survival of &1t;30% for high-risk disease and &lt;8% when
metastatic. RMS is commonly classified by fusion status: fusion-negative RMS (FN-RMS) and
fusion-positive RMS (FP-RMS). FP-RMS is characterized by the presence of a fusion
oncogene, PAX3::FOX01. PAX3::FOXO1 arises from a chromosomal translocation t(2;13). The
encoded oncoprotein PAX3::FOX0O1 promotes FP-RMS cell proliferation and prevents terminal
differentiation into muscle; it is refractory to therapeutic targeting because of its lack of
catalytic activity and intrinsically disordered structure. We aimed to identify genes
downstream of PAX3::FOXO1 that are therapeutically tractable. Prior work in the lab
determined that PAX3::FOXO1 directly binds a RUNX2 enhancer to promote its expression, and
that RUNX2 is important to maintaining FP-RMS cell state by preventing apoptosis, inhibiting
terminal differentiation, and promoting proliferation.

RUNX2 is therapeutically tractable with an available binding pocket for small molecule
inhibition. In vitro experiments demonstrated that RUNX2 and PAX3::FOXO1 participate in a
feed-forward loop to drive oncogenic phenotypes. We performed gqRT-PCR from RNA reverse
transcribed into cDNA that was extracted from FP-RMS Rh30 tumor xenografts harboring a
doxycycline-inducible shRNA construct to RUNX2. We determined the effects of RUNX2
knockdown on PAX3::FOX01, MYOD1, and OC expression in vivo. We found that RUNX2
knockdown suppressed PAX3::FOXO1 expression by ~45%, suggesting that RUNX2 and
PAX3::FOXO01 maintain a feed-forward loop in vivo. We hypothesize that RUNX2 is a potential
FP-RMS therapeutic target capable of reducing PAX3::FOXO1 expression in patients since our
preclinical findings determined that inhibiting RUNX2 decreased PAX3::FOXO1 expression in
vivo. Next, we will perform RUNX2 ChIP-seq to determine the mechanism of this interaction.
In conclusion, these findings validate prior in vitro studies and suggest that pharmacologic
inhibition of RUNX2 is a viable FP-RMS therapeutic target.
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Abstract:

Mouse organotypic hippocampal slice culture (mOHSC) has become a robust in vitro tool for
studying the effects of interneuron transplantation on epilepsy development. In mOHSCs,
transplantation of interneuron progenitors from the embryonic mice medial ganglionic
eminence (MGE) suppresses seizures at 30-40 days post-transplantation (DPT) when injected
on DIVo but not when injected on DIV14. However, mOHSCs naturally develop seizure activity
around DIV7, meaning DIVO transplantation is made into a pre-epileptic environment. As
such, DIV14 transplantation may correlate closer to patient related therapy as transplants will
be modifying existing epileptic networks, not preventing their generation. This finding raises
many questions about differences in the host environments as the mOHSC ages. This study
uses immunohistochemistry (IHC) to compare neural, glial, and synaptic markers at DPT 30
between DIV14 transplanted slices and shams, as well as tissue fixed at DIV14 without
transplants. Analysis will include data across DIV14 conditions, with eventual comparison
being made to DIVO transplanted tissue. Synaptic marker staining will give insight into how
transplants trigger specific changes in the host network. Physiological data from DIVo
transplants show increases in inhibitory connections as well as excitatory connections in
mOHSCs. We hope to see structural evidence to support this finding in IHC analysis. Moreover,
we hope to reveal whether this change in connectivity and synaptic properties remains
constant when the MGE population arrives at a later time point. Our experiments will not only
help identify key differences in slice health at DIV0 and DIV14 but also answer how changing
the transplantation date alters the developmental trajectory of the combined network. This
data will further understanding of the generation of epileptic networks and what about host
networks makes transplantation optimal for seizure suppression, ultimately implicating how
interneurons are and could be involved in epilepsy therapy.
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Abstract:

Cognitive control is the ability to direct our attention in pursuit of internal goals. Erroneous
responses during a task indicate a failure of cognitive control. An event-related potential
associated with erroneous responses is the error-related negativity (ERN), observed over
medial frontal regions during electroencephalographical (EEG) recordings. Previous literature
on error monitoring primarily focused on conflict monitoring tasks, such as the Stroop task.
However, it is not known whether error monitoring signals due to lapses in task focus
(stability) or task switching (flexibility) are shared or distinct. To investigate this, we analyzed
behavioral and intracranial EEG data collected during a Navon letter task designed to assess
cognitive stability and flexibility independently. Behavioral analyses showed subjects achieved
an average accuracy of ~85%, and we found that the average reaction time for error trials was
higher than for correct trials. Using the neural data, we compared high-gamma (HG) band
(70-150 Hz) power between correct and error trials. In future analyses, we will compare HG
power between correct and error trials due to lapses in task focus or task switching. This will
allow us to probe whether failures of task focus and task switching induce shared or distinct
error monitoring signals.
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Abstract:

Parkinson’s Disease (PD) is the most common neurodegenerative movement disorder, with
patients often experiencing tremors, muscle stiffness, difficulty with balance, and cognitive
deficits. While no cure for this disease exists, the G2019S point mutation of the LRRK2 gene is
the most common cause of heritable PD. Although it is often associated with mitochondrial
DNA damage and mitochondrial dysfunction in PD patient carriers of the mutation, the
pathogenic mechanisms of the LRRK2-G2019S mutation remains unknown. To determine
whether the LRRK2-G2019S mutation impacts mitochondrial DNA replication, which may
cause build-up of damaged mitochondrial DNA, assays will be conducted on HEK-293 cells
stably expressing the wild-type and G2019S alleles of the LRRK2 gene to visualize and quantify
the amount of mitochondrial DNA replicated in each cell, allowing for a comparison of
mitochondrial DNA replication between the two cell types. It was hypothesized that HEK293
cells stably expressing LRRK2-G2019S genotype will reveal lower levels of replicated
mitochondrial DNA than HEK293 cells expressing LRRK2-wildtype, as current research has
revealed deficits in mitochondrial turnover in patient-derived models for PD and similar
results in primary fibroblasts. Instead, preliminary data suggests lower levels of DNA
replication in LRRK2-wildtype HEK293 cells than LRRK2-G2019S HEK293 cells in the nucleus
and the cytoplasm, suggesting that not only does less mitochondrial DNA replication occur in
LRRK2-wildtype cells, but also less replication of nuclear DNA. Further controls will be
required to confirm whether extranuclear fluorescent signal represents mtDNA.
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Abstract:

Nearly 7 million Americans are living with Alzheimer's Disease (AD), the fifth-leading cause of
death among people age &gt;65. The overall number of people with Alzheimer’s is projected to
rise to 12.7 million by 2050 (Alzheimer's Association, 2024). Distress is an aversive state often
triggered by severe, prolonged, or cumulative stressors. Because stressors often accumulate
across the life span, it is critical to understand both how stressors impact AD risk among
today’s older adults (Aim 1) but also how today’s stressors may impact AD risk among young
adults in the future (Aim 2). This study is a secondary analysis of the Heart Rate Variability in
Postoperative Delirium and Postoperative Inflammatory Endpoints (HiPPIE) study, which
included 139 patients aged 65 and older undergoing major non-cardiac, non-intracranial
surgery at Duke University Hospital (Nov 2022—Feb 2024). Participants completed a digital
distress survey including: (1) an 11-point distress thermometer, (2) a 39-item stressor
checklist, and (3) an optional free-text item. Biomarkers associated with preclinical AD,
neuroinflammation, and neuronal damage were collected on post-operative days (PODs) 1, 2,
and 3. No significant associations were observed between stressor count or distress intensity
and biomarker levels at either baseline (preoperative) or POD 1. Physical stressors were most
frequently endorsed across the group. Top physical concerns included fatigue, pain, sleep, and
anxiety. Additional analyses, including covariate-adjusted models and subgroup exploration,
are ongoing. Although no significant associations were found between distress measures and
biomarker levels, this study highlights the high prevalence of distress among older surgical
patients and reveals differences in stressor profiles by race and sex. Future research will
include the collection and analysis of biomarkers at 18 months post-surgery. Additionally, in
Aim 2, we will compare stressors across generations within families and investigate early
manifestations of stress in cognitive performance in young adults through EEG testing.
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Abstract:

Parkinson’s disease (PD) is a neurodegenerative disease characterized by loss of dopaminergic
neurons in the substantia nigra pars compacta (SNc), a midbrain region essential for normal
movement. There are currently no disease-modifying therapies available to combat the onset
or slow progression of PD. The Integrated Stress Response (ISR) is an adaptive signaling
pathway triggered by a multitude of stressors that restores cellular homeostasis via
proteostasis. PD pathologies such as alpha-synuclein accumulation and mitochondrial
dysfunction intersect with known ISR activators, positioning the ISR as a promising
therapeutic target for PD. However, the optimal timing and directionality for ISR modulation
in PD remains unclear. We recently found that dopamine neurons exhibiting higher ISR
activity at baseline were more resistant to cell death incited by expression of human alpha-
synuclein (huAsyn) bearing a PD risk mutation (A53T) than those with lower ISR at steady-
state. Thus, we hypothesize that pharmacologically enhancing ISR activity will be
neuroprotective in PD. Using a PD model in which viral expression of a pathogenic huAsyn
A53T is targeted to SNc of adult mice, I induced dopamine neuron death and examined in a
blinded, placebo-controlled experimental design, whether a novel CNS-penetrant small
molecule ISR activator modified tyrosine hydroxylase (TH) loss. Beginning the day after
huAsyn viral delivery, mice were treated twice daily by intraperitoneal drug injection for two
weeks with drug or vehicle control. Immunohistochemistry (IHC) was performed on SNc and
striatum tissue sections to evaluate TH loss in dopamine neurons and striatal axonal integrity.
IHC for markers of ISR activation were performed to establish whether systemic delivery of
drug achieved the expected pathway activation in brain tissue. The results from this study will
reveal the drug’s efficacy as a potential disease modifier. Positive findings will support its
further development toward clinical applications relevant to PD and potentially other
neurodegenerative diseases.
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Abstract:

Social isolation is a critical, yet often overlooked, driver of neuropsychiatric disease and other
health outcomes. The US Surgeon General previously issued a national advisory on the
loneliness epidemic, declaring it a public health crisis. In Drosophila melanogaster,
deprivation of social enrichment significantly disrupts courtship levels, sleep patterns,
aggression, appetite, immune regulation, and other core physiological processes—making it a
suitable model for the neural consequences of isolation in humans. Recent findings from the
Volkan lab have implicated the circadian genes clk, tim, and cry in the courtship pathway.
Knockouts of these circadian genes result in disruption of known courtship differences caused
by social experience. Preliminary data from single-cell RNA sequencing has shown that an
additional circadian neuropeptide gene known as pdf (pigment-dispersing factor) is
differentially expressed in isolated versus group conditions. Through this study, we hoped to
identify pdf as a potential intermediary that responds to social context. Using individual brain
dissections and antibody staining, my project yielded quantifiable, single-cell expression
patterns, allowing us to better understand the location and intensity of pdf expression.
Differential expression would suggest that the pdf gene dynamically responds to social context
cues. Our future steps involve knocking down pdf expression in flies and quantifying
differences through targeted behavioral assays and MATLAB scoring. Understanding how
exactly this pdf circadian mechanism functions—and the extent to which it is conserved in
human behavior and wellness—will help us make more informed decisions about medicine,
social policy, and mental health interventions.
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Abstract:

Adverse childhood experiences (ACEs) have been linked to blunted striatal response to reward.
Furthermore, reward dysregulation may contribute to risk for substance use, including
tobacco, thereby serving as a mediating pathway between ACEs and risk for smoking. This
hypothesis is being tested in an ongoing fMRI study using a Monetary Incentive Delay (MID)
task to assess reward processing in non-smoking young adults (ages 18-21) with varying
histories of ACEs. Following questions about the task’s reliability, this analysis examined the
preliminary validity and reliability of the MID task in this sample. Objectives included: a)
testing the correlation between task-based brain activation and participant behavior (reaction
time), b) determining the test-retest reliability of the MID task, and c) replicating the
relationship between task-based brain activation and cumulative ACEs. Participants (n = 36)
completed an interview assessing ten core ACEs, followed by an fMRI session including two
MID task runs. Following imaging, the data was preprocessed using fMRIPrep; first-level
modeling and group analyses were then conducted using SPM. Primary analyses were ROI-
based (masked for the striatum) and focused on anticipation during trials when money could
be won (Large/Small Gain) versus trials with no reward (Control). Furthermore, test-retest
reliability for Large Gain anticipation was assessed by extracting signals per run and
computing intraclass correlation (ICC) in R. We hypothesize that a) participants will respond
faster to the Large Gain and All Gain compared to Control trials, with faster reaction times
associated with greater striatal activation, b) test-retest reliability will be adequate, and c)
number of ACEs will be negatively correlated with striatal activation, replicating existing
literature on associations between early life stress and blunted striatal function. Ultimately,
our findings will inform next steps in the analyses of the project and contribute to the growing
literature investigating the test-retest reliability of fMRI task-based activation.
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Abstract:

Adrb3, an adregenic receptor found primarily in adipose tissue, plays an important role in
mediating lipolysis and thermogenesis by binding catecholamines such as epinephrine and
norepinephrine during stress activation in the sympathetic nervous system. Adrb3 exists as
two isoforms, Adrb3-a and Adrb3-b, which differ in their 3’ untranslated regions, and these
isoforms may be differentially expressed in different adipose tissues. Concurrently, catechol-
O-methyltransferase (COMT) regulates catecholamine metabolism by enzymatically
degrading these neurotransmitters. Mice heterozygous for a COMT knockout (COMT+/-) have
reduced COMT levels, potentially leading to elevated catecholamine availability, altered
receptor expression, and function.

Here, we sought to investigate how genotype and stress intervention affect the expression of
Adrb3-a and Adrb3-b isoforms across three mouse tissues: inguinal white adipose tissue
(iWAT), interscapular brown adipose tissue (iBAT), and perigonadal white adipose tissue
(pgWAT). Using TagMan gPCR, expression levels were quantified at baseline (naive), 3
months, and 7 months in four groups: WT sham, COMT sham, WT stress intervention, and
COMT stress intervention.

Naive female COMT +/- mice exhibited significant downregulation of both Adrb3-a and Adrb3-
b specifically in pgWAT. At 84 days post-intervention, female COMT+/- mice under stress
showed upregulation of Adrb3-a but also downregulation of Adrb3-b, indicating differential
isoform regulation potentially linked to receptor desensitization mechanisms. By 210 days,
Adrb3-a expression returned to downregulated levels in COMT+/- mice regardless of stress
exposure. Additionally, females more frequently demonstrated expression changes across
tissues and time points. These findings suggest that COMT genotype and stress differentially
influence B3-adrenergic receptor isoform expression in a tissue- and sex-specific manner.
Understanding these dynamics provides insight into stress-related metabolic and neurological
adaptations.
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Abstract:

The synapse, sculpted by neurons and glial cells, is the fundamental unit of the nervous
system. During neurodevelopment, distinct neural cell types mature during overlapping
periods of development to form precise, efficient cellular connections. Importantly, the brain
undergoes developmental critical periods—temporal windows characterized by heightened
plasticity followed by enhanced stability. Disordered critical period opening and closure have
been implicated in neurodevelopmental disorders, including autism spectrum disorder (ASD).
ASD has been linked to mutations in CTNND2, the gene encoding the protein delta-catenin.
Previous data from our lab has shown that in mice, deletion of delta-catenin results in a failure
to close the critical period. However, how delta-catenin modulates plasticity and stability in
the critical period remains poorly understood. Aberrant opening and closure of the critical
period is often mediated by irregular development of heavily-myelinated parvalbumin
interneurons (PVIs), which are ensheathed by extracellular perineuronal nets (PNNs). Because
PNNs modulate PVI maturity and stability, we hypothesized that Ctnnd2-KO mice would have
fewer PNNs compared to wild type (WT) littermates. To investigate this hypothesis, we
performed immunohistochemistry in the primary visual cortex (V1) of post-critical period
monocular deprived (MD) and normal reared (NR) WT and Ctnnd2-KO mice to stain PVIs and
PNNs. We acquired V1 tilescans on a confocal microscope and used advanced machine
learning-based image analysis to quantify puncta density and colocalization of puncta. Indeed,
we found that Ctnnd2-KO mice exhibited a significant decreased density of PNNs in V1
compared to WT littermates. To investigate other potential cellular mechanisms underlying
extension of the critical period in the absence of delta-catenin, we will next stain and quantify
oligodendrocytes at various stages in development: oligodendrocyte precursor cells (PDGFRa),
immature oligodendrocytes (Bcas1), and mature oligos/myelin (MBP, ASPA).
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Abstract:

Cognitive reappraisal techniques are often utilized in Cognitive Behavioral Therapy (CBT) and
emotional regulation. They have been demonstrated to be capable of altering the affective
aspects of past autobiographical memories upon reactivation of the memory and have been
seen to be effective when repeated. Therefore, understanding the effect of cognitive
reappraisal during memory recall on neurophysiological indicators of emotional response and
self-reported forgiveness motivations can inform future interventions to overcome
maladaptive responses when remembering wrongdoings. Our study seeks to establish the
efficacy of cognitive reappraisal strategies in leading to forgiveness and in altering the
emotional experiences of memories of wrongdoings. To do this, we will have participants
recall two memories in which they were wronged and place participants in one of three
conditions: one condition will apply cognitive reappraisal strategies they were taught
repeatedly for ten days, one condition will simply recall each day, and one condition will do
neither. Before and after this ten day period, we will record the emotional valence of their
memories and their level of forgiveness through autobiographical memory self-questionaires.
We anticipate that participants in the reappraisal condition will display higher forgiveness
scores than the recall and control conditions. Additionally, we predict participants in the
reappraisal condition will report lower negative emotional valence than the recall and control
conditions. We also expect to observe similar amounts of episodic characteristics of memories
remembered in all three conditions, with the amounts in the reappraisal and recall conditions
being slightly higher than the control condition.
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Abstract:

Delirium is a prevalent age- and dementia-related neurocognitive disorder identified by an
acute disruption in arousal and attention. It is frequently onset by stressors such as surgery
and affects over 2.6 million hospitalized older Americans every year. Furthermore, peri-
operative diagnostic or prognostic indication of delirium remains a challenge, as greater than
50% of delirium cases are estimated to be undiagnosed, and the biological markers potentially
informing delirium incidence and severity are studied, but not well understood.

This analysis aimed to elucidate biological clues and identifying factors for diagnostic and
prognostic decisions regarding post-operative delirium and altered cognitive function.
Specifically, we examined the relationships between prevalent neurocognitive biomarkers and
cognitive function, quantified by the Montreal Cognitive Assessment (MoCA) and Trail Making
Tasks A and B (TMT), as well as delirium incidence and severity, quantified by the Confusion
Assessment Method. The concentrations of six serum biomarkers, IL-6, IL-10, pTau-217,
Total Tau, S100B, and Cortisol, were quantified using ELISA on de-identified serum samples
taken during post-operative visits in the Acker HIPPIE (HRV In POD and Postoperative
Inflammatory Endpoints) study. Logarithmic transform was applied to biomarker
concentrations prior to correlation and linear regression models with cognitive performance
assessments, delirium incidence, and delirium severity. Decreased baseline levels of pTau-217
were significantly correlated with improvements in the MoCA score (r = -0.24, p = 0.008), and
decreased levels of pTau-217 on post-operative day 1 (POD1) were correlated with
improvements in TMT-B performance (r = 0.23, p = 0.014). Additionally, biomarkers pTau-217
and IL-6 were significantly associated with post-operative delirium incidence and/or severity.
Ultimately, these results implicate pTau-217 in the cognitive changes associated with
delirium, as well as enhanced delirium incidence and severity. Further research is needed to
examine potential interactions between significant biomarkers such as pTau-217 and IL-6.
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Abstract:

The NIH categorizes dementias into four main categories: Alzheimer’s disease,
frontotemporal dementia, Lewy body dementia, and vascular dementia. Patients face a wide
range of worsening symptoms that can relate to memory, language, and motor difficulties.
Previous research suggests that higher cognitive reserve requires greater structural decline for
symptoms to manifest, and that cognitive reserve can be described as the plastic
reorganization of brain networks as a response to aging, injury, or disease. An empirical base
of work has suggested that complex sensory-motor activities across the lifespan can increase
cognitive reserve and reverse trends of decreasing white matter integrity with age. The current
research project seeks to further add to this knowledge base, examining how cognitive reserve
manifests specifically in multilinguals and musicians, looking at an age group over 50 years
old. In Andrews et al. (2021), musicians were found to have higher fractional anisotropy values,
indicating greater white matter integrity in the bilateral superior longitudinal fasciculi and the
bilateral uncinate fasciculi. Furthermore, in Eirud et al. (2023), higher functional
connectivities suggested that lifelong musicianship may contribute to enhanced cognitive
reserve. This study is a continuation of the aforementioned ongoing research and focuses on
healthy subjects over the age of 50. Potential subjects were screened for their language and
musical ability before scans. The study utilizes structural MRI (diffusion tensor imaging),
functional MRI, and resting-state fMRI. Functional protocols during the scan involve
auditory/visual language and music stimuli. The present research is ongoing, and participant
scans will continue with an expectation of future data analysis specifically focused on the
above-50 age group.
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Abstract:

The lung-brain axis has drawn increased attention for the communication between these two
organs during disease. Studies have shown there are peripheral signals that impact the brain
during respiratory challenges such as infection or air pollution. Pulmonary neuroendocrine
cells (PNECs) are a small population of epithelial cells in the lungs that detect and respond to
environmental stressors, modulating the lung by secreting GABA and CGRP. However, it is not
entirely understood whether PNEC signals go beyond their local function to impact the CNS
during respiratory challenges. Previous findings in the Bilbo laboratory have found transient
and sustained microglial changes in both the hippocampus and insular cortex after varying
levels of exposure to DEP (diesel exhaust particles). These findings corroborated with similar
brain region-specific outcomes activated after non-neurotrophic influenza A virus (PR8
infection). Additionally, after DEP installation, CGRP levels increased in animals 1 day post
exposure. To determine the role of neuronal populations during respiratory infection, we used
a transgenic mouse line (TRAP2) and a cre-dependent excitatory DREADD. Infection induced
DREADD expression in cFos expression neurons, capturing an "immune engram''. After
recovery, this engram was reactivated with CNO to determine its function. Analysis includes
elevated plus maze behavioral assay, immunohistochemical measurement of microglial
morphology, and RTqQPCR measurement of lung transcripts. Preliminary qPCR data on
immune-related genes does not suggest transcriptional modifications after reactivation of the
neurons; however, there was elevated gene expression of IFNy in both PR8 groups - an effect
due to prior infection history. Future work will continue to investigate the mechanisms by
which different respiratory challenges give rise to similar neuroimmune outcomes and,
specifically, whether inhibiting GABA can alter the formation of an immune engram.
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Abstract:

Chronic noise exposure to both moderate and high-level noise has been shown to result in
noise-induced hearing loss (NIHL), tinnitus, cognitive decline, and hyperacusis. Moreover,
certain occupations pose an increased risk of chronic noise exposure, such as construction, the
military, and manufacturing, where maintaining hearing protection can be challenging. NIHL
primarily results from damage to and death of cochlear inner and outer hair cells responsible
for auditory signal transduction. In addition to NIHL, cochlear synaptopathy (CS),
characterized by the loss of inner hair cell synapses without a change in hearing sensitivity,
has been studied following noise exposure. This study aims to evaluate histological changes in
mice cochlea using light-sheet microscopy after chronic noise exposure. These data enable us
to assess whether light-sheet microscopy offers greater efficiency and sensitivity in detecting
death and damage to cochlear hair cells. In our experiment, CBA/CuJ mice were grouped into
three exposure groups: 80 dB, 85 dB, and 100 dB, with exposure lasting eight hours a day for
five consecutive days. Adhering to the current functional standard for detecting CS in animals,
superthreshold auditory brainstem response (ABR) wave one amplitudes were assessed at
baseline, 1 hour, 2 weeks, 3 months, and 6 months post-exposure. Cochleas were then
extracted, stained, and imaged using light-sheet microscopy to determine inner and outer hair
cell condition following noise exposure relative to controls. Light-sheet images captured
demonstrated the acuity necessary for hair cell quantification. Confocal microscopy has been
the standard for imaging; however, despite a relative loss in image quality, light-sheet
microscopy offers increased efficiency in imaging rates and reduces the risk of tissue damage
during sample preparation. The results from this study will be used to establish a light-sheet
methodology aimed at identifying cochlear hair cell lesions and loss.
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Abstract:

Parkinson’s Disease (PD) is a movement disorder characterized primarily by the progressive
degeneration of dopaminergic neurons and intraneuronal aggregates composed largely by the
a-synuclein protein. Overexpression of SNCA, the gene encoding a-synuclein, is a key genetic
factor for PD. In previous in vitro studies, our lab used human induced pluripotent stem cell
(hiPSC)-derived dopaminergic neurons and demonstrated that targeted repression of SNCA
using an epigenome editing approach significantly reduced a-synuclein levels and rescued
disease-related phenotypes. To further elucidate the role of a-synuclein in PD and related
diseases, we developed a platform to specifically target the SNCA gene in dopaminergic
neurons based on CRISPR/Cas9 technology delivered by an all-in-one adeno-associated viral
vector (AAV). The design of the vector leveraged single-cell multi-omic data generated in our
lab from the human brain. My project will assess the therapeutic efficacy using a humanized
PD-mouse model developed in the lab through immunohistochemical protein assays to
measure a-synuclein expression and aggregation in the mouse substantia nigra.
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Abstract:

Chemosensation allows mammals to identify food, social cues, and environmental threats, yet
the molecular basis by which olfactory receptors recognize specific odor molecules—including
how they selectively respond to particular chemical groups—is still not fully understood.
Odorant receptors are G protein—coupled receptors responsible for detecting thousands of
distinct odor molecules. The aim of this study is to identify odorant receptors that respond to
specific odorants and characterize shared sequence features that may be important for odor-
driven activation. Activated receptors are identified and analyzed to determine sequence
features that may contribute to their activation. The receptors are cloned into a mammalian
expression plasmid with modified C-terminus in order to promote cell surface expression and
allow for activation in mammalian cells. Receptor activity is quantified using the GloSensor™
CcAMP Assay, which enables real-time measurement of GPCR signaling via cCAMP levels in
living cells. This work supports the validation of sequencing-based data, may help clarify how
specific structural elements in receptors drive odor recognition, and could inform future
studies of sensory signaling and ligand-receptor specificity.
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Abstract:

Melanization is a major virulence trait of the fungal pathogen Cryptococcus neoformans. This
organism causes 180,000 deaths annually and has been designated a critical priority fungal
pathogen by the WHO. Melanization enables the pathogen to survive oxidative stress by acting
as an antioxidant, protecting the fungus from free radical attack, supporting immune evasion,
and facilitating dissemination to the central nervous system. In this project, we screened 325
environmental strains of Cryptococcus neoformans collected from North Carolina to study the
range of melanin phenotypes in natural isolates. We found a wide range of melanin phenotypes
and observed differences across lineages and species of Cryptococcus neoformans. To
understand how environmental conditions moderate melanization phenotypes, we compared
melanization after 48 hours and 5 days of incubation at 30°C and 37°C. This research provides
insight into which strains and lineages have a stronger ability to melanize in the natural
environment, which can offer further insight into the virulence of Cryptococcus neoformans in
human hosts.
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Abstract:

Butterflies have a spectrum of wing color patterns, but the genetic basis underlying different
wing colors remains understudied. In this study, I aim to investigate the role of a gene, bric a
brac (bab), in the butterfly, Agraulis incarnata. Recently, bab has been shown to define silver
wing patterns in A. incarnata. However, it is still unknown 1) whether it regulates silver color
in the same way across males and females, and 2) whether it also regulates the UV reflectance
associated with the silver wing patterns in this species.

To answer these questions, we disrupted the gene’s function using CRISPR/Cas9 and generated
mosaic knockout butterflies. In the mutant butterflies, silver wing patterns turned white and
orange across both sexes. Then, we checked the UV reflectance of the mutant and wild-type
butterflies. UV reflectance decreased dramatically or disappeared in mutants when compared
to wild type, across both sexes.

Based on these results, I conclude that 1) bab likely serves a similar role in controlling silver
wing colors in both male and female A. incarnata; 2) bab promotes UV-reflectance associated
with the silver colors in this species. These observations are contrary to another butterfly,
Colias eurytheme, where bab represses UV-reflectance, specifically in males.

To sum up, we demonstrate that a gene underlying specific morphological traits could have
very divergent roles across different species. Further studies are expected to elucidate how bab
regulates these traits and their ecological significance across broader butterfly species.
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Abstract:

Rapid progress is underway to better understand how the lung epithelium responds to injury;
however, much remains unknown about endothelial cell (EC) injury and repair in this context.
Endothelial cells in the lung are essential to gas exchange and oxygenation of the blood;
however, the distinct cell populations and their roles in both quiescent and response to lung
injury are largely undefined. This project aims to identify molecular changes in EC populations
in Idiopathic Pulmonary Fibrosis (IPF), a progressive, chronic disease that causes scarring and
thickening of lung tissues. To investigate changes in EC numbers, I performed
immunostaining analysis on lung sections collected from IPF and healthy donors. In addition,
to better understand EC phenotypes, I analyzed publicly available single-cell RNA-seq datasets
from both healthy and IPF tissue to identify specific EC populations, understand transitional
states, and quantify cell populations. To gain a more comprehensive understanding of EC
phenotype changes caused by lung injury, I studied scRNA-seq datasets from various types of
lung injury. I performed an integrative analysis of healthy lungs and lungs injured by the H1N1
influenza virus, lipopolysaccharide (LPS), and bleomycin. I identified clusters of cell types,
aCap, gCap, venous, and arterial cells, through canonical genetic markers and identified
markers that are more upregulated or downregulated in the specific injured cell type
populations compared to the control. Differentially expressed markers found amongst the
distinct cell populations will provide future targets for gene knockout, ultimately elucidating
the role of these markers in fibrosis and regulating cellular processes vital to maintaining cell
structure. This work will help lay the foundation for a better understanding of the mechanisms
behind fibrosis so that more targeted gene-based therapies and treatments may be developed
in the future.
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Abstract:

Social isolation induces various behavioral and physiological changes across species,
suggesting a potentially conserved mechanism underlying changes in motivational state
associated with social contact. Because dopamine is known as the key molecule that regulates
motivation and thus has a pleiotropic effect in various behaviors, this study seeks to use
Drosophila melanogaster as a model to elucidate the neural mechanisms underlying social
isolation-induced behavior changes, focusing on the role of dopaminergic neurons in social
experience-dependent modulation of sleep. Specifically, this project aims to identify a specific
cluster of dopaminergic neurons that modulate social isolation-induced sleep deprivation. We
hypothesized that the social isolation-induced sleep deprivation is caused by a subset of
dopaminergic neurons that show an increase in neuronal activity, which promotes
wakefulness. To test this hypothesis, we will knock down the gene associated with neuronal
activity in all or a subset of dopaminergic neurons and test the sleep behavior for both groups
and isolated flies. We will also test the effect of group size on sleep behavior. The result from
this project will contribute to a deeper understanding of the intricate interplay between social
experience, dopamine, and the circadian system.
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Abstract:

Cell sheet morphogenesis is the motion and reshaping of cell sheets that occurs during tissue
and organ development. Dorsal closure (DC) is a stage during Drosophila melanogaster
embryogenesis that is a model for cell sheet morphogenesis and informs vertebrate
development events including wound healing, neural tube formation, heart closure, palate
formation, and gastrulation. During DC, two epidermal cell sheets separated by the
amnioserosa, a layer of squamous epithelial cells, zip together at the canthi to form a
continuous epithelium. Advancements in live imaging methods provide an opportunity to
discover new DC genes by studying dynamics and kinematics of closure using live time-lapse
confocal microscopy. Building on previous work that screened the left and right arms of the
2nd chromosome for DC genes, we apply this forward-genetics deficiency (Df) screen to
investigate the right arm of the 3rd chromosome (3R). The Df screen consists of Df stocks that
remove genetic regions. The Df stocks are crossed to an imaging line that outlines cell shapes
using fluorescent markers sGMCA (labels actin) and sghGFPRLC (labels nonmuscle myosin II).
Homozygous Df progeny are then imaged during DC using confocal time-lapse microscopy to
examine any perturbation to DC that the lack of the genetic region might cause. Here we
investigate genetic regions covered by Df(3R)BSC793, which was previously imaged
homozygous and had a moderate phenotype of abnormally squiggly cell borders. Sub-
deficiencies (sub-Df) overlapping Df(3R)BSC793, sub-Df(3R)Exel6218 and sub-
Df(3R)Exel7379, were used to further examine the genetic region. Sub-Df(3R)Exel6218 in trans
to Df(3R)BSC793 and sub-Df(3R)Exel7379 in trans to Df(3R)BSC793 both displayed a severe
pre-DC phenotype preventing DC structure formation with a penetrance of 78% (n=9) and
29% (n=7), respectively. Data collection is ongoing. Genetic regions with pre-DC phenotypes
may be of interest for germ band retraction, the stage that precedes dorsal closure in
embryogenesis.
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Abstract:

Nausea and vomiting during pregnancy (NVP) affects nearly 80 percent of women and may
serve as an evolved defense against fetal toxin exposure, yet its energetic costs remain unclear.
Physical activity (PA), a key component of maternal energy use, is rarely studied in relation to
NVP. Prior research suggests an inverse, possibly bidirectional relationship between PA and
NVP, but findings remain limited and inconsistent. This study investigates whether self-
reported NVP severity, measured using validated Pregnancy-Unique Quantification of Emesis
(PUQE) surveys, is associated with averaged weekly step counts collected through wearable
fitness trackers. Unlike previous work that has relied on retrospective and cross-sectional
survey data, this study incorporates longitudinal daily activity tracking with repeated self-
reports of NVP symptoms, allowing for a finer-grained analysis of patterns and within-
individual variation in early pregnancy. We confirm in our cohort of 33 women (measured over
an average of 11 gestational weeks) that higher weekly PUQE scores correlate with lower
average weekly step counts (r = -0.246; p-value &It;.001). Moreover, when dividing
participants into active (&gt;5000 average steps) and sedentary (&lt;5000 average steps)
groups, we found that the active group reported lower PUQE scores (mean = 3.91) compared to
the sedentary group (mean = 5.22) (t = -5.26; df = 220.13; p-value &lt;.001). Utilizing a linear
mixed effect model controlling for age of participant and gestational age, we find the
relationship between step count and NVP to not be significant, suggesting there is more
between-individual variation than within-individual variation. While NVP severity has been
suggested as an evolved pattern around maternal gestational dietary intake that protects both
mother and fetus, our results suggest that this may operate without adversely affecting an
individual’s normal physical activity.
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Abstract:

Prostate cancer is the second most common cancer in men worldwide, with approximately 1.5
million new cases diagnosed each year. While many patients respond well initially after
receiving treatments such as hormone therapy, some tumors evolve into a more aggressive
form known as neuroendocrine prostate cancer (NEPC). NEPC is especially lethal because of its
rapid metastasis to vital organs such as the liver, lungs, and brain, while not having specific
and standard therapies available due to a lack of understanding of the underlying biochemical
mechanisms of progression. RUNX1 Partner Transcriptional Co-Repressor 1 (RUNX1T1), a
myeloid translocation gene family member, plays critical roles such as regulating the
proliferation, metastasis, and cell cycle in not only normal tissue but also in various types of
cancer, including small-cell lung cancer (SCLC). Prior studies indicated that RUNX1T1 is highly
expressed in neuroendocrine-like SCLC, and our preliminary data suggested a similar higher
expression pattern of RUNX1T1 in NEPC than in the lower-grade prostate adenocarcinoma
(AdPC). This leads to our main hypothesis that RUNX1T1 promotes the progression of NEPC by
driving cell proliferation, metastasis, and cell cycle progression, while also enhancing
neuroendocrine differentiation. To test this hypothesis, we propose to conduct analyses of the
phenotypic changes in proliferation, metastasis, and cell cycle regulation in NEPC and AdPC
models following RUNX1T1 knockout/knockdown and overexpression. Later, molecular genetic
analyses will be applied to reveal the underlying mechanisms of RUNX1T1 facilitating NEPC
progression. The critical role of RUNX1T1 in the transdifferentiation of AAPC to NEPC will be
assessed through the human basal cell transformation xenograft model. Ultimately,
understanding the role of RUNX1T1 in NEPC and its downstream regulated mechanisms in
neuroendocrine differentiation will pave the way for the development of new and specific
therapeutic targets for NEPC.
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Abstract:

Glioblastoma is a devastating type of brain tumor, affecting over 13000 Americans every year.
With a 5-year survival rate of only 5%, there is an urgent need for effective therapies.
Glioblastoma is an immunologically cold tumor, characterized by an immunosuppressed
tumor microenvironment (TME) with minimal infiltration of immune cells, which are often
exhausted. We aim to generate personalized therapies by expanding tumor-specific, non-
exhausted Tumor-Infiltrating Lymphocytes (TILs) derived from patient samples. Past
attempts have faced the problem that these TILs may still become exhausted when
reintroduced into the immunosuppressive TME. Thus, additional research is necessary to
identify TIL gene targets that can be modified to produce a more resilient phenotype. We have
generated TILs using a Rapid Expansion Protocol (REP) and preREP culture protocols. We then
used flow cytometry to assess changes in immune cell populations between 2 variations of
preREP protocols (one standard and one with a bi-specific antibody blocking 4-1BB and PD-
L1) and the same samples after also undergoing the standard REP. For both protocols, our
results demonstrated a marked increase in the proportion of TILs after REP, indicating
favorable TIL growth, while preventing proliferation of residual tumor cells in the sample.
Additionally, we found that both protocols promote proliferation of classical CD4+ T cells, and
curiously, the pre-REP with the antibody also encouraged growth of innate immune cells, like
Natural Killer (NK) T cells and gamma delta-T cells. These results provide an important
baseline for understanding the specific cell types selected for in the REP stage, as well as the
pre-REP protocols with and without the 4-1BB:PDL1 antibody. Future experiments include
CRISPR screens and infiltration assays that could help develop a more effective TIL therapy for
glioblastoma.
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Abstract:

G protein-coupled receptors (GPCRs) represent the most pharmacologically exploited family
of membrane proteins with over one third of FDA approved drugs targeting them. Their
functional versatility enables them to receive diverse extracellular stimuli and transduce those
signals into intracellular responses through G protein coupling and Beta-arrestin recruitment.
In asthma, Beta2-Adrenergic Receptor, a specific GPCR subtype, mediated G protein signaling
promotes bronchial airway smooth muscle relaxation while Beta-arrestin recruitment
promotes inflammation. In heart failure these roles are reversed: Beta-arrestin recruitment is
cardioprotective while G protein coupling exacerbates cardiac stress. Therefore, an ideal drug
candidate would be one that biases the pathway that promotes therapeutic effects while
downregulating the pathway that initiates adverse effects. Current treatments for both
conditions act on the orthosteric sites of the receptor, where endogenous ligands bind, which
induce balanced signaling and greater off-target effects that lead to undesirable side effects.
Recognizing these pharmacological constraints, recent efforts have turned toward allosteric
sites, topographically distinct domains that minimize off-target effects and offer
opportunities to fine tune GPCR conformation and signaling pathway. We are focusing on
identifying biased small molecule allosteric modulators (AMs) as improved asthma and heart
failure therapeutics. To achieve this, a range of pharmacological characterization assays have
been implemented to evaluate the receptor binding features and behavior of two dozen analogs
of Compound-6, a balanced positive AM of the Beta2-Adrenergic Receptor discovered by the
Lefkowitz Lab. Particularly during this summer, we have utilized in vitro assays, including 3H-
fenoterol binding assay, to screen for potential biased molecules and obtain preliminary
structure activity relationship (SAR) information. Beta-arrestini, a key component for these
assays, was expressed and purified to achieve high quality and yield. With this SAR
information, we aim to ultimately develop such molecules as safer and more efficacious
treatment for asthma and heart failure with minimal side effects.



The Impact of NEAT1 and Paraspeckles on Liver
Stage Plasmodium Development

Presenter: Caroline McSwain

Faculty Mentor: Emily Derbyshire
Authors: Caroline McSwain, Sam Eastman, Emily Derbyshire
Summer Program: SURF - Summer Undergraduate Research Fellowship

Home Institution: Duke University

Abstract:

Malaria is a deadly disease caused by Plasmodium spp. parasites. Although the mortality rate
has decreased by more than half since 2000, over half a million people still die annually.
Malaria infection occurs in two stages; the liver stage (LS) followed by the blood stage. The
latter is the focus of the majority of current treatments and research whereas the details of the
LS are relatively unknown because it is asymptomatic and more difficult to study. As the
parasite goes through LS replication, it interacts with its host liver cell in many ways. Previous
work in the lab has shown upregulation of the long non-coding RNA (IncRNA) NEAT1 during
late LS. NEAT1 is the main component of paraspeckles, a type of nuclear body which regulates
gene expression, including processes like cell death, growth, and proliferation. When NEAT1 is
knocked down, the parasite is able to grow larger than in normal conditions. Another essential
component for paraspeckle formation is the protein NONO, which is commonly used to assess
paraspeckles by immunofluorescence (IF) microscopy. Its expression, however, does not
change during LS infection. My project is focused on the relationship between NEAT1,
paraspeckles, and LS Plasmodium development. IF microscopy of NONO was used to examine
paraspeckles in infected cells and assess how the IncRNA NEAT1 and paraspeckles impact
parasite growth. By deepening our understanding of these interactions, we can discover new
antimalarial targets that will disrupt parasite function and kill it before clinical malaria begins.
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Abstract:

Visual signals are computed via transformations, the stepwise scaling of information, in the
primary visual cortex in order to encode features in a hierarchical fashion. Motion encoding
specifically uses signal transformations between brain areas such as dLGN and primary visual
cortex to facilitate perception of the direction of movement. In order to understand motion
encoding, we must first look at spatial invariance, or how visual representations and
independent cell responses are tolerant to shifting spatial features. Invariant perception of
spatial features comes into play when we perceive an object or face the same in different visual
contexts. Our lab finds that direction tuning is variant in Layer 4, the entrance point of
information in V1, and Layer 2/3, which receives input from Layer 4 and projects to Layer 5 (L5).
We hypothesize that invariance increases through the laminar circuit of V1 via transformations
of visual signals starting in Layer 4, moving through Layer 2/3 and culminating in L5 neurons,
making L5 more invariant. In order to investigate the specific role of Layer 5 in this circuit, we
performed 2-Photon calcium imaging on mice selectively expressing GCaMP8m in Layer 5
(PlexinD1-2A-CreER, Scnnia-Tg3-Cre). Our first aim was to investigate L5 orientation and
direction specific tuning curves based on calcium fluorescence responses to gratings and
plaids at 12 directions each. We then analyzed this tuning for each stimulus condition to
measure spatial invariance. Our conclusions allow us to further characterize the role of Layer 5
cells in computing spatial invariance, thus illuminating areas of the motion encoding circuit.
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Abstract:

A maternal high-fat diet (mHFD) is connected to a higher likelihood of children developing
neuropsychiatric disorders such as autism spectrum disorder (ASD), attention deficit
hyperactivity disorder (ADHD), depression, and schizophrenia. The onset of these
neuropsychiatric disorders is linked to deviation from normal serotonin (5-HT) levels
throughout the brain and body. More specifically, hyperserotonemia, high levels of 5-HT in
the blood, accompanied by lower 5-HT in the brain is associated with ASD while
hyposerotonemia and low levels of 5-HT in the brain are linked to ADHD. Moreover,
hypofunction of 5-HT neurons is implicated in depression whereas hyperfunction is connected
to schizophrenia. Also, our lab previously observed increased microglial phagocytosis of 5-HT
in the dorsal raphe nucleus (DRN) due to a mHFD. Here, we investigated the cascading effect of
these gestational changes in 5-HT attributed to a mHFD to defects later in adulthood in
Glutamate, an excitatory neurotransmitters, and Gamma Amino Butryric Acid (GABA), an
inhibitory neurotransmitter. We chose to look into these synapses because 5-HT is known to
influence synapse formation, connectivity, and network construction during development. To
this end, we collected adult male DRN samples treated with a mHFD and used
immunohistochemistry to image postsynaptic density protein (PSD95) found in glutamatergic
systems, GABA postsynaptic scaffolding protein Gephyrin, and synaptic vesicle protein
synaptophysin. Then, we used SYNBOT to analyze the colocalized puncta count consisting of
PSD95 and Gephyrin overlaid with synaptophysin to observe any deviation in glutamate and
GABA in the mHFD mice versus the control group. We found no change in the number of
glutamatergic synapses, and no change in the number of GABAergic synapses. These findings
suggest that damage to 5-HT from a mHFD does not further disrupt the function of
glutamatergic synapses in adulthood.
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Abstract:

Beta-band oscillations (15—30 Hz) in the human electroencephalography (EEG) have been
shown to be associated with visual perception. Additionally, enhanced activity in the lower
beta-band over parietal scalp has been correlated with faster response times (RTs) to visual
stimuli, suggesting a possible link between beta power and attentiveness. To further
investigate the relationship between beta oscillations, visual attentional function, and
cognitive control, we examined whether beta power prior to stimulus onset in a Stroop
cognitive-control task is associated with enhanced post-stimulus visual processing and
improved cognitive performance. EEG data previously collected in our lab from 31 healthy
young adults during a number-conflict Stroop task were analyzed. Our analyses focused on an
early, stimulus-evoked, negative-polarity visual event-related potential (ERP) and the
associated behavioral performance, as a function of whether prestimulus beta power was low,
medium, or high. Our preliminary analyses suggest that prestimulus beta power is inversely
related to post-stimulus early visual processing and cognitive performance. In particular,
lower prestimulus beta power appeared to be associated with a larger early-latency negative-
polarity ERP, a relationship our group has previously shown for prestimulus alpha (8-12 Hz).
Behaviorally, lower prestimulus beta activity appeared to be associated with both faster overall
RTs and a reduced Stroop incongruency RT effect. These findings suggest that lower
prestimulus beta power may be associated with enhanced visual processing and improved
cognitive control. Thus, prestimulus beta power may play a key role in the attention-system
function by modulating both visual and cognitive-control pathways. Moreover, these results
highlight the importance of prestimulus brain activity that reflects the moment-to-moment
neurocognitive state in place when a stimulus occurs. They also may support efforts to identify
potential neural biomarkers for attentional and cognitive disorders, which in turn might help
in the development of targeted therapeutic interventions aimed at enhancing visual and
cognitive function.
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Abstract:

Multiple sclerosis (MS) is a chronic autoimmune disorder characterized by demyelination and
axonal loss within the central nervous system (CNS). A key feature of MS is the migration of
peripheral immune cells, including T cells and monocytes, into the CNS. Emerging research
suggests that CNS border regions, such as the meninges and choroid plexus, serve as critical
immunological gateways that regulate cell trafficking and cytokine signaling. Interferons
(IFNs) are cytokines with roles in immune regulation. In MS, type I interferons, particularly
IFN-Beta, are administered to reduce relapse rates and delay progression. In contrast, type II
IFN-Gamma has been associated with pro-inflammatory response, but also has regulatory
function within the CNS. While the complex effects of interferons on immune cell function
have been well-characterized in peripheral tissues, the localization and responses to
interferon signaling within the CNS border regions remain poorly understood. These interfaces
may serve as sites for immune surveillance and entry, with their response to interferon
signaling potentially influencing disease progression. We set out to determine the location and
cell-types that express IFN receptors. To determine the locations of IFN receptor expression,
we injected fluorophore-conjugated antibodies recognizing type-I (IFNAR1) and type-II
(IFNGR1) receptors into the cerebrospinal fluid (CSF) and blood of adult C57BL/6 mice. After
10-minutes, we perfused the mice, and harvested and cryosectioned brain, spleen, and lymph
nodes. We then visualized IFN receptor expression by fluorescence microscopy. Preliminary
results reveal distinct patterns of IFNAR1 and IFNGR1 distribution in CNS border regions, with
IFNAR1 notably enriched near the choroid plexus. IFNGR1 signal appeared more diffuse, with
labeling observed in peripheral regions of the meninges and scattered cells at CNS interfaces.
Future studies will identify specific cell types within the dura mater of the meninges and other
brain border sites that express IFN receptors.
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Abstract:

Understanding charge transport in biological electron transport chains (ETCs) is essential for
elucidating the fundamental principles of bioenergetics and designing bio-inspired electronic
systems. While the mechanisms of charge transfer in proteins have been extensively studied,
many questions remain regarding how kinetics and network topology govern overall transport
efficiency. In this study, we investigated charge transport kinetics in biological ETCs using
kinetic Monte Carlo (KMC) simulations. Our goal was to model electron transfer events across
complex biochemical pathways and analyze how different structural and kinetic factors
influence charge flow. To do this, we developed computational models that simulate stochastic
charge hopping between redox-active sites, incorporating known rate constants and spatial
configurations. The simulations revealed how variations in site connectivity, energy
landscapes, and reorganization energies affect overall transport efficiency. These findings
contribute to a deeper understanding of the dynamics of biological charge transport and may
inform future efforts in synthetic bioelectronics and enzyme engineering.
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Abstract:

Codon optimality is an increasingly appreciated layer of tissue-specific gene regulation during
animal development. Generally, mRNAs enriched in common codons are robustly translated in
developing tissues, while mRNAs enriched in rare codons are less stable and not efficiently
translated. Strikingly, however, recent work in the Fox lab has shown that a subset of
developing tissues in the fruit fly Drosophila, specifically the larval brain and male germline
cells, efficiently translates protein from rare-codon-enriched mRNAs, suggesting that distinct
factors regulate common vs. rare-codon-enriched mRNA stability and translation. Moreover,
tissue-specific expression of rare-codon-enriched mRNAs is essential for fly development, as
the perturbed regulation of rare-codon-enriched transcripts negatively impacts
neurophysiology and fertility. As such, further study of how codon optimality regulates mRNA
stability and gene expression is necessary. To build upon our established work on codon bias, a
previous rotation student performed an in silico analysis to identify RNA-binding protein
(RBP) motifs unique to rare-codon-enriched transcripts in both the male germline cells and
neurons. This analysis identified several candidate genes with known mRNA regulatory
functions, including the cytoplasmic polyadenylation element binding protein (CPEB) Orb2,
which has previously been shown to regulate rare-codon-enriched mRNA stability in
developing neurons. We hypothesize that there exist more proteins that regulate mRNA
stability in a codon-dependent manner like Orb2. Thus, to more comprehensively identify
these RBPs, we are developing a screening method to knock down the expression of candidate
genes in a neuron and germline stem cell-specific manner using the tissue-specific binary
expression system GAL-4/UAS alongside RNA interference (RNAi). Importantly, we will pair
our RNAi workflow with codon-biased GFP reporter transgenes to visualize the impact of
candidate gene knockdown on codon-biased translation in vivo, providing novel insights into
tissue-specific mechanisms of codon-biased gene regulation.



Role of the stemness marker SOX2 in fusion-
positive rhabdomyosarcoma cell fate switching

Presenter: Lauren Ho

Faculty Mentor: Corinne Linardic
Authors: LL Ho, A Fahs, T Durall, CM Linardic
Summer Program: General Undergraduate Researcher

Home Institution: Northwestern University

Abstract:

Rhabdomyosarcoma (RMS), the most common pediatric soft tissue sarcoma, is thought to
arise from skeletal muscle precursors that fail to undergo proper differentiation. It is classified
at the molecular level into fusion-negative (FN) and fusion-positive (FP) subtypes, with FP
subtypes being defined by their signature oncofusions between the transcription factors
PAX3/7 and a variety of 3’ partners. Patients with FP-RMS have a 5-year survival rate of 30%,
which drops to &It;10% in cases of metastatic disease. FP-RMS tumors exhibit cellular
plasticity, a feature that may underlie their resistance to therapy. Recent single-cell RNA
sequencing has identified a subset of FP-RMS cells with a neurogenic signature, but the
functional significance of this population remains unknown. Prior unpublished work in our lab
has shown that suppression of ZEB2, a transcriptional repressor regulated by PAX3::FOXO1,
induces a myogenic-to-neurogenic switch in FP-RMS cells. Given SOX2’s role in maintaining
neuronal identity and stemness, we hypothesize that SOX2 contributes to this lineage switch
and supports the survival of the neurogenic cell state. Our objective is to assess the expression
and functional role of SOX2 in FP-RMS cellular plasticity. Using established FP-RMS cell lines,
we are performing shRNA-mediated knockdown of ZEB2 and evaluating downstream SOX2
expression via qRT-PCR and immunoblotting. In parallel, we are conducting reciprocal
knockdown experiments to assess the effect of SOX2 suppression on ZEB2 expression. To
examine the functional relevance of SOX2, we are also using cell viability assays to determine
the phenotypic consequences of its loss. Together, these experiments aim to clarify whether
SOX2 plays a regulatory role in FP-RMS cell state transitions and whether it contributes to
features associated with therapy resistance. Future directions include exploring the epigenetic
mechanisms underlying SOX2-ZEB2 cross-regulation. By investigating how transcriptional
programs shape FP-RMS cell identity, this project seeks to uncover new insights into tumor
plasticity and potentially inform the development of new therapeutic strategies.
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Abstract:

Parkinson’s Disease (PD) is the most common neurodegenerative movement disorder with a
multifactorial etiology affecting millions worldwide. Most PD incidences result from a
combination of genetic vulnerability and environmental exposures. However, the mechanisms
underlying this gene-environment interaction are still largely unclear, limiting the
development of targeted therapeutics. Studies from the Sanders laboratory have established
the connection between the G2019S variant of LRRK2—which results in abnormally high
kinase activity—and the accumulation of mitochondrial DNA damage. Trichloroethylene (TCE)
— an organic solvent— is a groundwater contaminant and industrial pollutant correlated with
an increased risk of PD and implicated in mitochondrial damage, oxidative stress, and
elevating LRRK2 kinase activity. Since nicotinamide adenine dinucleotide (NAD+) is central to
mitochondrial energy metabolism and stress response pathways (ie. DNA repair) —areas that
both LRRK2 and TCE impair, this project aims to characterize organelle-specific NAD+
changes in response to various LRRK2 and TaClo (metabolized TCE) exposures to help better
explain how environmental and genetic vulnerabilities converge in PD pathology. This study
hypothesizes that (1) TaClo, wild-type LRRK2, and G2019S LRRK2 will each individually
deplete [NAD+] but the greatest depletion will be observed when cells are treated with both
TaClo and G2019S LRRK2, (2) LRRK2 inhibition will rescue or partially restore NAD" levels, and
(3) if NAD+ depletion is observed, it will be greatest in the mitochondria across all conditions.
This project employs a genetically-encoded NAD+ biosensor—consisting of fluorescent
protein CpVenus and a NAD+ binding domain—transfected into Daoy medulloblastoma or
HeLa cells and localized to either the nucleus, cytoplasm, or mitochondria. Following exposure
to TaClo and LRRK2 stressors, fluorescent measurements are conducted using live flow
cytometry. Observations could reveal a greater understanding of pathophysiological
mechanisms of PD and new neurotherapeutic strategies, such as organelle-targeted NAD*
delivery or analogs with better subcellular localization.
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Abstract:

The Shell Eco-Marathon is an international energy competition, where participants compete
to build the highest efficiency automotive vehicles across three energy categories: battery-
electric, hydrogen fuel cell, or internal combustion engine. As part of the UrbanConcept
division in the 2026 Shell Eco-Marathon, we hope to build a fully electric vehicle powered by a
48V, 20Ah lithium iron phosphate (LiFePO4) battery. The car will consist of the following
circuit boards: a Power Distribution Board (PDB) regulating power to other electric boards, 2
Electronic Speed Controllers (ESC) or motor controllers for the left/right motors in the rear-
end of the car, a Differential allowing the wheels to rotate at different speeds, and Peripherals
for driver safety. For our current project, we aim to optimize the performance of the 2 ESCs,
which are applied to 10-pole 24V three-phase Brushless DC (BLDC) motors. The ESCs regulate
their own power through an internal buck conversion system, stepping down 48V input from
the PDB, and interface with the Differential through a CAN bus to set average speed of the
left/right motors. Within the ESC, we include three subsystems: signal processing of hall
sensors from BLDCs, a 3-phase H-Bridge for motor drive, and buck power conversion. To
reduce electromagnetic interference, we implement a four-layer printed circuit board (PCB)
with a main signal layer, a ground plane, a split power VCC plane, and an alternative signal
layer. We also reduce thermal conductivity by mounting a wide aluminum heatsink below N-
channel MOSFETSs in the H-bridge and applying thermal paste to air gaps. With our design
improvements to the ESC, we hope to create a more reliable motor control system to satisfy
Shell’s performance and safety standards.
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Abstract:

Viral and host RNA undergo extensive post-transcriptional RNA regulation. In particular, N6-
methyladenosine (m6A), which affects nearly all aspects of RNA metabolism, has been
detected in positive-sense single-stranded RNA viruses, including hepatitis C virus (HCV).
This RNA modification is catalyzed by the m6A-methyltransferase complex (m6A-MTC),
consisting of METTL3, METTL14, and co-factors such as WTAP, VIRMA, and HAKAI. Previous
work in our lab has found that WTAP, the scaffolding protein of m6A-MTC, is necessary for
HCV RNA methylation as it recruits the catalytic protein METTL3 to the viral RNA. We have also
shown that VIRMA, which is involved in the stabilization of WTAP and in RNA targeting of the
mo6A-MTC, is required for HCV RNA methylation and the recruitment of m6A-MTC to viral
RNA. However, the functional domains of VIRMA and WTAP involved in the process of m6A
addition to viral RNA remain unknown. This research aims to characterize the WTAP-VIRMA
interaction and VIRMA's role in targeting viral RNA for m6A addition. To determine which
regions of VIRMA are required for interaction with WTAP, we will mutate distinct domains of
VIRMA and perform co-immunoprecipitations with WTAP. We further plan to identify new
protein-protein interactions involved in HCV RNA methylation using a proximity labelling
approach. To accomplish this, we will fuse WTAP to a biotin ligase for proximity labeling of
WTAP-interacting proteins. Then, we will test the roles of these WTAP-interacting proteins in
targeting the m6A-MTC to HCV RNA and in viral RNA methylation. Together, these approaches
will define the molecular interface between WTAP and VIRMA and uncover new components of
the viral m6A-MTC. This work will advance research in the RNA modification field by revealing
novel methylation mechanisms, contributing to studies on the host immune response, and
providing insights into how m6A deposition may be regulated across diverse viral systems.
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Abstract:

Pamlico, a rural coastal county in North Carolina, faces elevated rates of chronic diseases, including
diabetes, hypertension, and substance use, compared to state averages. To address these disparities, a
university-community partnership was established to gather evidence and co-design solutions through
four diff erent project streams focused on healthcare access, education, and mental health outcomes.

To address healthcare accessibility, a mixed-methods study with a charitable clinic examined the impact
of Medicaid expansion on healthcare access through patient surveys and interviews. Despite gaining
coverage, many patients faced long delays in establishing primary care, transportation challenges, and
lost access to Mobile Clinics. Preliminary fi ndings indicate that coverage alone does not ensure access to
primary care, highlighting the continued need for mobile outreach and care coordination in rural areas.
Telehealth can also be used to address healthcare accessibility. In another mixed methods study, patients
and providers of Telehealth and Face-to-Face services at the Health Department were surveyed and
interviewed to assess quality of care, perceptions, and future readiness of telehealth. Preliminary fi
ndings indicate that quality of care is consistent across both modalities and have informed the creation of
SPARC, a computer software for fi nancial and service forecasting.

In collaboration with HeartWorks, an after-school academic enrichment program, an integrated
database of academic, socioemotional, and physical health was created to evaluate the eff ectiveness of
programmatic interventions. Pilot health literacy workshops showed high satisfaction and learning,
reinforcing the importance of student participation in addressing issues like substance abuse and
hypertension.

Working with the Pamlico County Disaster Recovery Coalition, mental health was assessed in a
hurricane-impacted subpopulation. Preliminary results show persistent symptoms of depression,
anxiety, and PTSD, highlighting the long-term links between mental health and natural disasters in
disaster-prone areas.

Findings highlight the value of university-county wide partnerships addressing persistent health, access,
and recovery challenges in rural, coastal NC.
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