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Searching for Synthetic Opioid Rescue Agents. 2: Identification of an Ultra-Potent Synthetic Opioid Rescue Agent

Grad Student

Purpose: Unlike morphine, ultra-potent synthetic opioids (UPSOs) cause vocal cord closure and rigidity of the chest wall muscles, an 
effect known as “wooden chest syndrome”, and this effect may not be fully reversed by pure mu opioid antagonists (MOR) such as 
naloxone or naltrexone. In previous studies, our group has shown that compound YZ-166 is more potent than naloxone in vitro, 
reverses fentanyl-induced antinociception, and reverses opioid-induced locomotor and respiratory depression in vivo. The present 
study assessed YZ-166’s ability to reverse fentanyl-induced vocal cord closure and precipitate withdrawal-like symptoms following 
chronic opioid intake.

Methods: For vocal cord closure, male and female Sprague-Dawley rats (n=4) were given an infusion of fentanyl (10 µg/kg; i.v.) 10 sec 
prior to a second infusion of one of the following: (1) vehicle, (2) YZ-166 (1 mg/kg; i.v.), or (3) naloxone (1 mg/kg; i.v.). Vocal cord 
activity was measured for 60 seconds. Naloxone was administered if vocal cord opening failed to resume at the conclusion of 
recording. For chronic withdrawal, F1 hybrid mice were given fentanyl (1 mg/kg; i.p.) for 10 consecutive days. One day post final 
injections, mice were dosed with fentanyl (1 mg/kg, i.p.) and allowed 10 min before being given one of the following: (1) saline, (2) 
naloxone (10 mg/kg, i.p.), (3) naloxone-methiodide (10 mg/kg, i.p.), or (4) YZ-166 (1 or 10 mg/kg, i.p.). Mice were then observed for 
30 min and assessed for withdrawal symptoms, including: jumping, grooming, rearing, fecal boli, urinations, persistent trembling, 
ptosis, and piloerection.

Results: We found that YZ-166 reverses fentanyl-induced vocal cord closure (F(2, 6) = 80.4, p = < 0.0001) in rats. A high dose of 
YZ-166 was found to produce significant withdrawal symptoms following chronic fentanyl administration, while the lower dose of 
YZ-166 did not.

Conclusion: This study provides more evidence that YZ-166 can address and attenuate multiple aspects of a UPSO overdose. In 
tandem with previous results, these findings suggest that YZ-166 has limited brain penetrance.  Moreover, at low doses YZ-166, like 
naloxone-methiodide, is capable of reversing the effects of an UPSO overdose without precipitating withdrawal.

Supported by: U01 DA051377
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Evaluating the Role of Microglia in the PFC on Fentanyl Escalation Using PLX 3997 in Sprague-Dawley Rats

Grad Student

Purpose: In people with opioid use disorder (OUD), chronic drug use causes microglial reactivity and subsequent release of 
proinflammatory cytokines leading to inflammation, potentially weakening one’s executive control over drug taking and ultimately 
leading to greater use. Previous research in our laboratory pointed to a positive correlation between Treml1 expression in the PFC 
and mean infusions on the last 3 days of fentanyl self-administration (p < 0.05). Thus, it is our hypothesis that depletion of microglia 
using PLX 3397 will result in a reduction in escalation of fentanyl intake, and a reduction of inflammatory signaling, compared to 
controls.

Methods: Male and female Sprague-Dawley rats underwent daily 1h acquisition sessions for i.v. fentanyl self-administration (2.5 µg/
kg; FR1) for 7 days. Starting experimental day 8, rats received once daily injections of PLX 3397 (25 mg/kg, s.c.) until the end of the 
study. On experimental days 15-35, rats underwent daily 6h escalation sessions. Approximately 20h after the last self-administration 
session, acute symptoms of fentanyl-withdrawal were assessed and tissue from prefrontal cortex was collected for 
immunohistochemistry (IHC) and qPCR.

Results: Daily treatments of PLX 3397 significantly reduced the trajectory of fentanyl self-administration in females, but not males. 
Moreover, females displayed a greater reduction of microglia compared to males.

Conclusion: Further transcriptional analyses are underway to determine how genes located on microglia determined from previous 
single-nucleus RNA-sequencing data sets are affected after treatment of PLX 3397.

Supported by: NIH R01 DA053070; T32 DA035200
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Development Gone Awry: Adolescent Oxycodone Influences the Structure of Medium Spiny Neurons in the Nucleus Accumbens

Grad Student

An estimated 4.1% of American adolescents misused prescription pain relievers in 2024, with oxycodone (OXY) largely contributing to 
these catastrophic numbers. Adolescence is a crucial neurodevelopmental period, whereby adolescent OXY misuse leads to severe 
neurobehavioral complications. However, the mechanisms underlying these behavioral impairments remain unclear. To address this 
knowledge gap, the present study explored how chronic adolescent OXY self-administration alters the structural features of medium 
spiny neurons (MSN) in the nucleus accumbens (NAc), which its comprehension is vital to combat its long-term effects. It was 
hypothesized that chronic adolescent OXY dependence would dose-dependently alter neuronal and dendritic spine morphology of 
MSN. In this study, F344/N male and female adolescent-equivalent rats (n≈11 rats/group) had access to either water or oral OXY (0, 2, 
5, or 10 mg/kg) via a two-bottle choice self-administration paradigm from postnatal day (PD) 35 to PD 105. Rats were abstinent for at 
least 75 days, then were reintroduced to OXY five days before euthanasia. Post-mortem, ballistic labeling and Neurolucida® 360 were 
utilized to determine the long-term consequences of adolescent OUD on the morphology of MSN in the Nac (n≈6 rats/group). OXY 
intake escalated in a sex and dose-dependent manner over time (Week x OXY Dose x Sex Interaction, p<0.001). With regards to 
structure, preliminary data suggests higher OXY doses were associated with greater prevalence of higher-order dendritic branches, 
evidenced by branch order analyses (Main effect: OXY Dose, p<0.0019). Furthermore, dose-dependent alterations in dendritic spine 
morphology were observed, whereby increased concentrations of OXY were associated with greater dendritic spine head diameter 
(Main Effect: OXY Dose, p<0.0001) and decreased backbone length (Main Effect: OXY Dose, p<0.0001), consistent with a population 
shift towards a stubby dendritic spine phenotype. The factor of biological sex influenced the magnitude, but not the direction, of 
OXY-induced structural alterations of MSNs. Chronic adolescent OXY self-administration induces long-term alterations in the structure 
of MSNs. Elucidating the neurobiological mechanisms underlying adolescent opioid-induced neurobehavioral impairments is integral 
to the development of novel therapeutic targets.
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OPERANT RULE-CHANGE TASKS FOR EARLY AND LONGITUDINAL EVALUATION OF COGNITIVE DEFICITS IN FEMALE 5XFAD 
MICE

Post-Doc

Traditional maze-based assays of mouse learning and memory are difficult to reproduce, challenging to interpret, insensitive to subtle 
changes, and have low translational value. Operant behavior-based assays, in contrast, perform significantly better in each of these 
areas. We therefore designed a battery of traditional and operant-based behavioral testing to assess changes in behavioral 
performance across age in a cohort of wildtype (WT) and 5xFAD mice. 11 WT and 11 5xFAD female mice performed a behavioral 
battery over the course of 12+ months beginning at 4 months old, including Barnes Maze, novel spatial recognition, and frailty 
assessment, alongside operant-based spatial discrimination and reversal, demand analysis, delayed non-match to position, and 
extradimensional set shifting tasks. 5xFAD mice were impaired in the Barnes Maze test of hippocampal learning and memory by 4 
months which is in contrast to the operant spatial discrimination task. In the delayed non-match to sample task of working memory, 
there was no difference between WT and 5xFAD mice. The operant demand analysis revealed that 5xFAD mice have a higher 
motivation for a caloric reinforcer; regardless, 5xFAD displayed impaired performance relative to WT in the cortical-dependent 
reversal phase of the spatial discrimination task, particularly in the presence of a cue-light distractor. Finally, WT mice had reversal 
phase deficits at ~12 versus ~5 months of age. The use of operant conditioning based behavioral assays represents a promising 
avenue to glean deeper and more translational behavioral endpoints in mouse studies. By quantifying and controlling for the salience 
of the task motivator, and using flexible rule-change tasks to uncover different aspects of learning and memory, operant-based assays 
represent an alternative to the more widely-used maze-based assays.
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Grit, Resilience, and Subjective Cognitive Decline: Insights from Black American Adults

Staff

Background: Subjective cognitive decline (SCD) is recognized as an early indicator of cognitive impairment. However, the 
associations between psychosocial coping mechanisms, such as grit and resilience, and SCD remain underexplored, particularly 
among Black Americans. Grit reflects perseverance toward long-term goals, whereas resilience denotes the ability to adapt positively 
to adversity. Both constructs are shaped by cultural and social contexts and may vary across the lifespan. This study investigated the 
associations of grit and resilience with SCD in Black adults.

Methods: A total of 242 cognitively normal participants (Mean age = 44.3, SD = 8.6; 147 female) were recruited via CloudResearch—
an online platform that facilitates recrutiment—for study participation. Participants completed standardized measures of SCD, grit, 
resilience, and demographic/health characteristics. We performed linear regression analyses, stratified by sex. Standardized beta 
coefficients were reported to estimate independent effects of grit and resilience on SCD across sex groups.

Results: Greater grit was associated with higher SCD scores, indicating worse perceived cognitive functioning. This association was 
stronger in men (β = 0.704, p < 0.001) than in women (β = 0.528, p < 0.001). In contrast, higher resilience was significantly associated 
with lower SCD scores in women (β = -0.186, p = 0.002), but not in men (β = -0.081, p = 0.326).

Conclusions: Our findings suggest that grit may exacerbate SCD in men, while resilience may be protective in women. These results 
underscore potential sex-specific pathways through which psychosocial traits influence cognitive health in Black Americans and 
highlight the importance of incorporating gender-sensitive approaches in future research and interventions.
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Acceptability of a Brief Exposure and Exercise Therapy For PTSD

Grad Student

Background: Posttraumatic stress disorder (PTSD) is a common and often disabling psychiatric disorder associated with an increased 
risk of multiple mental and physical health conditions. Exposure therapy is a gold standard treatment for PTSD, but attrition rates and 
treatment response are notable limitations. Animal and human research collectively indicate that aerobic exercise can improve pre-
clinical and experimental models of exposure by improving consolidation of fear extinction memories through several factors (e.g., 
improved neuroplasticity). To date, only one clinical trial has attempted to translate exercise augmented exposure therapy for PTSD. 
The current study is a psudo-phase 2 clinical trial aiming at gauging the acceptability of a brief eight-session PTSD treatment 
augmented by aerobic exercise.

Methods: A community sample of adults (n=3) with PTSD received eight sessions of standardized brief imaginal exposure with six 
sessions of imaginal exposure and aerobic exercise. A multiple baseline single case experimental design (SCED) was utilized to 
evaluate the effectiveness of the intervention by examining changes in self-report PTSD Checklist for DSM-5 (PCL-5) scores across 
baseline (A) and treatment (B) phases. Data were analyzed through visual inspection (i.e., levels, trends, and variability) and 
quantitative statistics across phases. Non-overlap of PCL-5 scores between phases was quantified using a meta-analysis of Tau-U 
analyses across participants, and Hedges’ g was calculated for each participant as a standardized mean difference effect size.

Results: Visual analysis of PCL-5 scores across participants indicate following a stable baseline phase, PCL-5 scores exhibit a 
decreasing trend in the treatment phase resulting in a lower mean PCL-5 in treatment phase relative to baseline phase. Adjusting for 
slopes in baseline (A) and intervention (B) phases, the brief 8 session treatment resulted in a statistically significant reduction of PCL-5
scores (Tau-U = -.69, z = -3.36, p = <.001) and a large treatment effect for all participants (g range = -.83 – -1.71).

Discussion: Findings indicate that the eight-session brief imaginal exposure and exercise treatment reduces PTSD symptoms. Findings 
highlight the need for future large-scale clinical trials to evaluate the additive effect of exercise using an imaginal exposure treatment 
for PTSD. The current study suggests that SCEDs may be a promising research methodology for phase 1 and 2 clinical trials aiming to 
translate animal and experimental research.

adj
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Elucidating the role of dopamine in trait reward sensitivity: Regions that encode trait reward sensitivity show altered D1/D2 
receptor density

Faculty

Extraversion partly reflects elevated trait reward sensitivity, with high levels of extraversion leading to greater liking and wanting of 
rewards. Neurobehavioral theories of extraversion posit that individual differences in dopamine functioning contribute to between 
person differences in extraversion, consistent with work showing that dopamine is involved in reward learning. We tested this 
hypothesis in 163 adults who completed an explore-exploit learning task during an fMRI scan. We conducted model-based fMRI GLM 
analyses that included prediction error learning signals as a parametric modulator. We then extracted subject-level regional activation 
estimates (“betas”) to the prediction error regressor. To reduce dimensionality of the data, betas were averaged within 400 parcels 
(defined by the Schaeffer atlas, which provides whole brain cortical coverage). Next, we correlated subject-level extraversion scores, 
measured with the IPIP, and parcel-level prediction error betas. This beta-trait value provides an index of which PE betas most 
strongly encode extraversion. We observed significant variation in beta-trait values, with some parcels being moderately correlated 
with extraversion (r = 0.28) and others negatively correlated (r =  -0.12). To understand the specific role of dopamine in these effects, 
we correlated beta-trait values with D1 and D2 density receptor maps. Effects of D1 receptors are primarily excitatory, and effects of 
D2 are inhibitory. We found that regions with higher beta-trait values had fewer D2 receptors (b = -0.17, p < 0.001), but a similar 
number of D1 receptors (b= -0.04,  p  = 0.047). Thus, extraversion is encoded in brain regions whose role in reward learning is via a 
primarily excitatory dopaminergic pathway. In support of neurobehavioral accounts, our findings underscore the role of prediction 
error learning and dopamine in trait reward sensitivity.
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Inhibition of PBN(PACAP) Neurons During Stress-Exposure Modulates Anxiety-Like Behavior in the Novelty Suppressed Feeding 
Task

Grad Student

Stress-induced disruptions are pronounced during alcohol abstinence when individuals experience heightened negative affect. 
Pituitary adenylate cyclase activating polypeptide (PACAP) is upregulated by stress and increases anxiety-like behavior. Bioavailable 
PACAP inhibitors are actively being tested in clinical trials to treat PTSD. Given, PACAP-related genetic variations are linked to 
problematic drinking and PTSD in women, understanding how inhibiting PACAP affects stress- and abstinence-related anxiety may 
offer a translational target for alcohol use disorder (AUD). The parabrachial nucleus (PBN), which expresses PACAP, projects to 
forebrain stress circuits, thereby positioning PBN(PACAP) neurons as modulators of affective responses. Thus, we hypothesize 
inhibiting PBN(PACAP) will alleviate stress-induced anxiety-like behavior in abstinence.

In Experiment 1, male and female C57BL/6J mice underwent repeated restraint and novelty-suppressed feeding task (NSFT), 
preclinical models used to induce stress and measure anxiety-like behavior. In Experiment 2, female PACAP-Cre mice received 
bilateral injections in the PBN of the Cre-dependent inhibitory DREADD (AAV5-hSyn-DIO-hM4D(Gi)-mCherry) and exposed to six 
weeks of two-bottle choice (2BC) ethanol drinking followed by abstinence. Next, the inhibitory DREADDs expressed on PBN(PACAP) 
neurons were activated with CNO (3mg/kg IP) prior to NSFT followed by 4 days of restraint stress. Next, mice were treated with 
vehicle prior to a final NSFT. In Experiment 3, PACAP-Cre females underwent the same procedures, albeit with non-alcohol exposure. 
Additionally, given, NSFT introduces a conflict between feeding drive and avoidance of a novel environment, mice were tested in 
non-food deprived conditions to dissect feeding from anxiety-like behavior during the post-stress NSFT.

Repeated restraint increased NSFT latency to feed and reduced post-NSFT home-cage food intake in a sex-dependent manner, with 
males showing greater feeding disruption. In ethanol-drinking and water-drinking females, inhibiting PBN(PACAP) neurons did not 
alter pre-stress NSFT or restraint behavior, but selectively reduced the stress-induced increase in NSFT latency, independent of 
feeding state.

These findings demonstrate that PBN(PACAP) neurons modulate anxiety-like behavior after stress in naïve and alcohol exposed 
conditions. Moreover, by removing conflict in NSFT, we confirm the role of PBN(PACAP) is selectively on anxiety and not feeding 
behavior. The growing availability of bioavailable PACAP inhibitors together with our results highlight PBN(PACAP) signaling as a 
promising therapeutic target as it is capable of alleviating stress-induced anxiety even in a state of heightened anxiety such as 
abstinence.
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Metabolic reprogramming of microglia links lactate to early Alzheimer’s disease

Grad Student

Objectives: Alterations in metabolism may drive early pathology in Alzheimer’s Disease (AD). In particular, metabolic changes 
involving glycolysis and its end product, lactate, occur in pre-symptomatic AD, prior to late-stage reductions in glucose 
metabolism. Microglia, the brain’s innate immune cells, become reactive in response to amyloid-beta (Aβ) and shift metabolism from 
favoring oxidative phosphorylation to glycolysis. The drivers and consequences of these early metabolic adaptations remain unclear. 
Therefore, this project aims to characterize brain lactate metabolism relative to amyloid pathology using the APPswe/PSEN1dE9
(APP/PS1) mouse model and test whether blocking lactate metabolism alters pathology, brain metabolism, and neuroinflammation.

Methods: Interstitial fluid (ISF) and brain lactate levels were measured in APP/PS1 and WT mice using in vivo microdialysis and 
metabolomics. Transcriptomics data was analyzed to determine cellular expression of lactate production (Ldha) and consumption
(Ldhb) transcripts. Immunohistochemistry and RNAscope quantified Aβ load, lactate metabolism, and microglial subtypes. In vitro and 
in vivo studies with pharmacological modulators of lactate metabolism were performed in primary microglia and APP/PS1 mice.

Results: Brain and ISF lactate increased with Aβ pathology, while ISF glucose decreased, suggesting a glycolytic shift occurs with 
amyloid plaques. Specifically, LDHA was elevated peri-plaque, suggesting increased lactate production. Contrary to dogma, this is 
driven by peri-plaque microglia, not astrocytes. Microglia highly express both Ldha and Ldhb, with Ldha enriched in disease-
associated microglia surrounding plaques. Pharmacological inhibition of lactate metabolism reduced ISF Aβ, ISF lactate, and reactive 
plaque-associated microglia, while improving functional metrics, like sleep.

Conclusions: Our findings suggest that glycolytic reprogramming in reactive microglia may occur in response to Aβ and that targeting 
lactate metabolism could be a viable therapeutic strategy in AD.
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Ultra-low error rate sequencing for investigating the role of clonal hematopoiesis on ADRD risk

Staff

Alzheimer’s disease and related dementias (ADRD) are increasingly prevalent, affecting a growing number of individuals every year. 
Early detection of ADRD and better approaches for risk stratification can help guide timely interventions as well as preventative 
strategies.

Clonal hematopoiesis (CH) is the presence of clonal populations of hematopoietic stem cells. Clonal hematopoiesis of indeterminate 
potential (CHIP) mutations is defined by having a mutation in a gene commonly altered in blood cancers. A growing number of 
studies have found an association between point mutations in CHIP and lower risk of ADRD. Interestingly, another common form of 
CH, specifically loss of the Y chromosome, is associated with an increased risk of ADRD. To understand the impact of CH on ADRD, it 
is important to track clones by in-depth profiling of somatic mutations in different clone lineages in the blood. CHIP is commonly 
defined using a threshold of 2% variant allele fraction. This threshold reflects the detection limits of conventional sequencing 
methods, which typically have higher error rates. As a result, CHIP mutations with lower VAFs become difficult to distinguish from 
sequencing errors and often remain undetected.

Nanorate sequencing (Nanoseq) is a novel technology based on the duplex sequencing method, which involves removing sequencing 
errors by adding molecular barcodes (short DNA sequences) to DNA fragments prior to amplification. These barcodes help to reduce 
PCR-related sequencing errors by grouping sequences into “families” and only considering mutations if they occur on both 
complementary strands.  Nanoseq achieves even lower error rates by using blunt-end restriction enzymes to reduce errors introduced 
at the DNA fragmentation step in the protocol. This is useful to detect somatic variants occurring at ultra-low frequencies, like CHIP 
mutations and study the associated of clonal expansions with ADRD.

The University of Kentucky Alzheimer's Disease Research Center (UK-ADRC) is a clinical cohort of continuously replenished group of 
approximately 500 cognitively intact individuals followed longitudinally. We are piloting the nanorate sequencing method, with the 
goal of applying it to samples from the UK-ADRC to understand how clonal populations change over time and if these changes 
modify ADRD risk. 
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Interpretable AI-Driven Biomarker Kits for Early Detection of Dementia using Multimodal SCAN Data

Grad Student

Background: Establishing standardized multimodal neuroimaging markers of preclinical dementia-states could improve early 
detection for clinical trials. The SCAN [1] initiative harmonizes PET, MRI, and cerebrospinal fluid (CSF) biomarkers across multiple 
Alzheimer’s Disease Research Centers (ADRCs) to enable cross-ADRC site analyses. However, integrating diverse data modalities to 
predict cognitive impairment remains a challenge. Our study aims to develop an interpretable AI model leveraging SCAN data to 
predict the Clinical Dementia Rating (CDR) global score, a measure of global cognitive impairment. The CDR evaluates both cognitive 
and functional abilities. As a first step toward that goal, we tested the accuracy of several AI models in predicting CDR scores from a 
combination of MRI and amyloid PET regional values available from the SCAN data repository.

Method: We analyzed SCAN-compliant summary measures from MRI biomarkers, UDS-3 assessments from the National Alzheimer’s 
Coordinating Center (NACC), based on data from 2,006 participants (59% women). The imaging metrics included brain volumes, 
cortical thickness, surface areas. We developed a deep neural network (DNN) model using a multimodal fusion strategy to integrate 
these diverse data types and predict CDR categories (0 and 0.5). The model employed concept embedding to project heterogeneous 
input from different modalities into a shared latent space, capturing both structural brain changes and cognitive performance 
measures. The selected features included over 200 neuroimaging-derived metrics, such as total brain volumes, hippocampal volumes, 
and cortical measurements across various regions. Interpretability was achieved using Shapley Additive Explanations (SHAP), which 
quantified feature importance and explained individual predictions.

Result: Preliminary experiments were conducted using several machine learning models to establish baseline performance for 
classifying AD versus Cognitively Normal (CN) categories. The best performance came from TabPFN, a pre-trained transformer-based 
model. It was selected based on AUC.

Conclusion: Our AI approach integrates multimodal neuroimaging to predict CDR scores, aiding early Alzheimer’s diagnosis. 
Interpretability highlights key features, and future work will include longitudinal data and external validation.
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Vascular and astrocytic markers associated with vascular and glial pathology are influenced by lipopolysaccharide insult and the 
normal progression of Pathology in the 5XFAD Mouse

Staff

Two very important hallmarks of Alzheimer’s disease are cerebral small vessel disease and astrogliosis. While both are independent 
systems, the astrocyte/vessel interaction is a complex process involving signaling in the blood and astrocytes. One protein common 
amongst both systems is cystatin C, a ubiquitous protease inhibitor implicated in stress, injury and nondegenerative disease. Changes 
in CysC might be implicated in the endfoot/vascular interaction complex. Another complex involved in endfoot/vascular interaction is 
the Dystrophin associated complex. Aquaporin4 is a protein that resides in this perivascular complex and is involved with lymphatic 
clearance. It is unclear if these factors influencing endfoot/vascular function and interaction are stable during aging of the 5XFAD 
mouse model or during systemic infection initiated through lipopolysaccharide (LPS) injection. Here we examine the potential 
changes in expression using immunofluorescence microscopy at different aged of wild-type and 5XFAD mice, and at different time 
points before, during and several weeks after LPS injections. Result suggest that these proteins are dynamic with increased or 
decreased in different domains with CysC increasing during aging in 5XFAD in astrocytes and vessels. AQP4 is more complicated and 
may be redistributed to different domains of the astrocyte away from the endfeet. These results suggest that 2 important regulators 
of endfoot/vascular interaction are altered in a model of AD and during bacterial infection induced by LPS, potentially leading to loss 
of function.
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Dynamic lactate fluctuations in awake vs anesthetized animals as a function of glutamate transporter status and amyloid 
pathology phenotype

Staff

Hypometabolism is a prominent pathological hallmark in Alzheimer’s Disease (AD) that begins before amyloid plaque or tau tangle 
formation and does not appear to be contingent on neuronal death. Interestingly, a surge in reactive astrocytes is observed 
concurrently in this earliest phase of disease progression, and a decline in astrocyte function correlates with hypometabolism, 
indicating a link between astrocyte function and neuronal energy consumption.

In mouse models and human cases of AD, the astrocyte-specific glutamate transporter EAAT2 (Glt1a in rodents) is profoundly 
decreased. One crucial function of EEAT2 is its role in the lactate shuttle- a process by which astrocytes sense neuronal energy 
demands and provide the key metabolic substrate lactate to neurons. We hypothesized that decreased glutamate transporters on 
astrocytes results in decreased lactate release and supplementation to neighboring neurons, and thus the hallmark hypometabolism 
of neurons evident in disease.

Our lab has shown that there is a significant decrease in glutamate transporters (Glt1a) in the 5XFAD mouse model of AD compared 
to wild type littermates. Importantly, we can overcome this deficit in 5xFAD mice using AAV-Gfa2 vectors to overexpress Glt1a 
specifically in astrocytes in key brain structures like the hippocampus. Next, we showed, in real time, using high-fidelity metabolite-
sensing electrodes that the overexpression of Glt1a resulted in increased extracellular glutamate clearance efficiency with 
overexpression.

One pivotal development within this study is the creation of a head-mounted platform for recording. A special headmount is affixed 
to the mouse skull, and a flexible window is installed over the craniotomy site. The mouse is restrained by the headmount and the 
MEA electrode is then inserted into the cranial window site. With this, the animal has free movement of the limbs, but can have the 
electrode remain in place during awake recordings to chart fluxes in extracellular metabolites.

An interesting phenomenon we first observed was that the basal extracellular lactate levels change with anesthesia; when animals are 
placed under isoflurane, extracellular lactate is increased compared to baseline extracellular lactate levels when fully awake. Further, 
we explored whether increasing astrocytic glutamate transporter expression normalizes lactate release in the context of pathology. 
After injection of glutamate into the hippocampus, we measured extracellular lactate in both wild type and 5XFAD mice to 
characterize both release and clearance dynamics relative to amyloid pathology.
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Effect of Demographic Variables on Trajectory of Cognitive Decline

Staff

Background: There have been recent efforts to create cognitive measures that can be compared across studies, even when the 
neuropsychological protocols for vary among studies. The Alzheimer’s Disease Sequencing Project Phenotype Harmonization 
Consortium created models to harmonize composite scores for three cognitive domains: memory (MEM), executive function (EXF), 
and language (LAN). The objective of this study is to evaluate the effects of sex, age, APOE-ε4 carrier status, and education on these 
scores.

Methods: Using longitudinal, harmonized cognitive measures from the National Alzheimer’s Coordinating Center (NACC), we 
identified participants who had at least one visit prior to their Alzheimer’s dementia (AD) diagnosis. We modelled cognitive measures 
covering the three domains. Time to AD was defined as time from a visit to the first AD diagnosis in years. We fit two change-point 
models to the data using the R nlive package: (1) a piecewise linear mixed model with abrupt change, and (2) a piecewise linear mixed 
model with smooth polynomial transition. Models included covariates for sex, age at visit, APOE-ε4 status (carrier, non-carrier), and 
education. 

Results: Data from 1,604 participants were analyzed. The mean age was 77.6 years; the mean education was 15.7 years, and the 
majority of participants were women (53.4%) and APOE-ε4 carriers (56.4%). Significance of covariates varied by cognitive domain and 
model. Of note, MEM, EXF, and LAN scores at time of diagnosis were higher for those with more education in both models (model 1: 
P<0.001, <0.001, <0.001; model 2: P<0.001, <0.001, <0.001, for MEM, EXF, LAN, respectively). Additionally, sex significantly affected 
the changepoint for MEM scores in both models (model 1: P<0.001; model 2: P<0.001), and the rate of change after the changepoint 
in the smooth polynomial EXF model (P<0.001) and both LAN models (model 1: P=0.01; model 2: P<0.001).

Conclusion: This study aimed to evaluate the effects of sex, age, APOE-ε4 carrier status, and education on the harmonized cognitive 
measures. Effects of each variable vary by cognitive domain and model; however, education plays a prominent role across all domain 
and model combinations.
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Effects of APOE genotype, age, sex, and diet on lipid accumulation in an Alzheimer’s disease mouse model

Undergraduate

Alzheimer’s disease is the most common form of dementia, characterized by amyloid beta plaques and neurofibrillary tangles, but 
also by the presence of understudied “adipose saccules” in glial cells such as microglia and astrocytes. Adipose saccules likely 
represent lipid droplets, which are bona fide organelles that serve roles in mediating lipotoxicity, autophagy, and membrane 
homeostasis. A protein known as apolipoprotein E (APOE) is a lipid droplet-associated protein. Previous and current studies have 
focused on amyloid beta plaques and tau tangle accumulation in Alzheimer’s pathogenesis, while this study integrates genetic and 
environmental factors linking lipid droplet dysbiosis to Alzheimer’s pathology. The goal of this experiment is to image the distribution 
of lipid droplets across the brain in glial cells based on factors including the mouse’s genotype (either homozygous for the E2, E3, or 
E4 isoforms of APOE), sex (male or female), age (young or old), diet (Western diet or chow diet), and amyloidosis model
(heterozygous 5xFAD mice or wild type). Mouse brains were cryosectioned into 30-micron coronal sections, and then processed for 
immunohistochemistry staining for microglia (IBA1), astrocytes (GFAP), lipid droplets (Plin2), and amyloid beta plaques (Amylo-Glo). 
Mouse brains were imaged with the Nikon AXR confocal microscope, and HALO software was used for regional annotation and 
analysis. The initial results of this study showed a consistent upward trend in Plin2-positive and Plin2-IBA1 positive colocalization in 
E2/E2, E3/E3, and E4/E4 mice. Female mouse brain sections or older sections are expected to be more lipid-burdened than male 
brain sections or older sections; in addition, mice on a Western diet or with the 5xFAD mutation are expected to be more lipid-
burdened than mice on a chow diet or wild-type mice. The results of this study will be used to generate a lipid droplet atlas as a free 
community-wide resource.
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Tau-dependent excitatory/inhibitory imbalance underlies sleep loss, but is rescued by targeting GABA.

Grad Student

Objectives: Over 50% of Alzheimer’s disease (AD) patients report sleep disturbances. Tau pathology and sleep are bidirectionally 
related, yet underlying mechanisms remain unclear. Our data shows that tau pathology reduces NREM/REM sleep by reducing beta 
power (13-30 Hz), which is linked to cortical synchrony and GABAergic inhibition. This study examines how tau disrupts sleep through 
excitatory/inhibitory (E/I) imbalance and whether GABAergic positive allosteric modulators (PAMs) can restore sleep, E/I balance, and 
tau pathology.

Methods: EEG/EMG electrodes were implanted in 3-, 6-, and 9-month P301S and wildtype (WT) mice. Sleep stages (wake/NREM/
REM) and power spectra were analyzed. Transcriptomics and immunostaining assessed E/I gene expression and neuron populations in 
9-month cortical tissue. Wide field optical imaging (WFOI) assessed glutamatergic calcium dynamics during rest and evoked response.
Stable isotope resolved metabolomics (SIRM) quantified glutamate and GABA relative to tau pathology. 9-month P301S mice
received vehicle (ZT0, 3 days) followed by 3-day GABA PAM treatment. EEG was analyzed and cortical tissue used for transcriptomics.

Results: Tau pathology decreased NREM/REM and beta power by 6-months, driven by alterations in E/I gene expression, GABA/
glutamate levels, and E/I neuron populations. Glutamatergic neurons in P301S cortex showed heightened calcium responses to 
stimulation. GABA PAM treatment in P301S mice increased NREM/REM, restored beta power, and lowered theta:beta and
theta:gamma ratios, markers linked to cognition. Postmortem analyses suggest reduced neuroinflammation and increased inhibitory 
gene expression.

Conclusion: Tau pathology disrupts sleep and cortical beta power, suggesting altered cortical synchrony and inhibition. 
Transcriptomics, metabolomics, and fluorescent imaging confirm tau-dependent E/I imbalance. Acute GABA PAM treatment increased 
NREM/REM, restored beta activity, and shifted EEG power spectra suggesting improved cognition. These results support E/I 
imbalance as an underlying mechanism and potential therapeutic target for tau-dependent sleep loss.
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Investigating locus coeruleus pTDP-43 immunoreactivity in the aged human brain

Undergraduate

The locus coeruleus (LC) is located in the brainstem (predominantly in the pons), is the only known source of norepinephrine 
innervation in the human brain, and plays key roles in attention and memory. The LC also is the earliest known site of tau pathology in 
Alzheimer’s disease (AD). However, very little is known about the LC in limbic-predominant age-related TDP-43 encephalopathy 
neuropathologic change (LATE-NC). The cortical TDP-43 pathology in LATE-NC is known to be positively associated with cortical Tau 
pathology in AD but subcortical TDP-43 pathology remains understudied in this context. To address these knowledge gaps, we 
evaluated TDP-43 pathology in the LC and queried the associations between that pathology with other parameters, including clinical 
and pathological data. Tissue samples were analyzed from a convenience sample of 134 participants who came to autopsy as part of 
the University of Kentucky AD Research Center community-based cohort. Of these, 40 (30%) were clinically normal before death, 35 
(26%) had MCI, and 59 (44%) were demented. Each individual included had neuropathologic features of ADNC and LATE-NC 
assessed, i.e. diagnosed and operationalized according to consensus-based methods. Non-ADNC tauopathies and other TDP-43-
proteinopathies (e.g. frontotemporal lobar degeneration cases) were excluded. Sections of pons were stained immunohistochemically 
for markers of disease pathology, specifically for phosphorylated Tau (pTau) and phosphorylated TDP-43 (pTDP-43). Whole slide 
images (WSIs) were digitized at 40x magnification and analyzed using HALO image analysis software to quantify neurofibrillary tangle 
(NFT) density and neuromelanin-positive (NM+) cell counts in manually defined regions of interest. A HALO AI DenseNet classifier 
was trained on the WSIs to delineate between disease pathology and NM+ LC neurons. Automated detection results were validated 
post-hoc to ensure detection fidelity. Unlike the pTau pathology, the severity of pTDP-43 reactivity was scored visually by a 
neuropathologist on a case-by-case basis, given the relatively sparse nature of pTDP-43 immunopositivity.  Among the 134 brains 
analyzed, 21% (n=28) of cases had pTDP-43 pathology in the LC. For the pTDP-43+ cases, the pathologic burden was relatively 
modest (2.2 +- 1.9 total per positive LC).  The LC pTDP-43 pathology tracked generally with LATE-NC stages, but the correlation was 
imperfect. By contrast, nearly all the included cases demonstrated pTau pathology in the LC (94%; n=126). Additionally, Braak stages

V-VI had higher NFT density (15.4 +- 21.5 NFT/mm2; n=34) compared to Braak stages III-IV (5.3 +- 5.3 NFT/mm2; n=26) and Braak
stages 0-II (3.1 NFT/mm2; n=69). Additional analyses will be performed to test how LC pTDP-43 pathology correlates with a range of 
clinical data (age, sex, global cognitive status, and neuropsychiatric symptoms) and pathological data (pTau pathologic burden in the 
LC, neocortex, and medial temporal lobe).
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Pleiotropic Architecture of Alzheimer’s Disease and Narcolepsy: Insights at the Gene and Expression Levels

Grad Student

Background: Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by amyloid-β accumulation, tau 
hyperphosphorylation, and progressive cognitive decline. Narcolepsy is an autoimmune disorder marked by loss of orexin neurons, 
leading to disrupted wakefulness. Recent evidence that dual orexin receptor antagonists (e.g. suvorexant) reduce CSF amyloid-β and 
phosphorylated tau suggests that wakefulness regulation may modulate AD pathology. It is thus plausible that AD and narcolepsy 
share common genetic and transcriptomic mechanisms via pleiotropy, which, if elucidated, could shed light on shared risk pathways.

Methods: GWAS summary statistics for AD and for narcolepsy were used to perform harmonization and quality control first. At the 
genetic level, genome-wide genetic correlation will be used to estimate pleiotropic SNPs through methods such as PLACO, and 
aggregate GWAS signals to gene and pathway level via MAGMA to pinpoint overlapping risk genes and pathways. At the expression 
(transcriptomic) level, eQTL-based prediction models (TWAS) will be applied to test whether genetically predicted gene expression is 
associated with each trait, and colocalization analyses will be performed to validate whether overlapping GWAS & eQTL/TWAS 
signals share the same causal variant(s). Finally, results across genetic and expression levels will be integrated to define shared loci, 
genes, and pathways.

Results (Expected / Hypothetical): Work is still in progress. We anticipate detecting a significant genetic correlation between AD and 
narcolepsy, and identifying SNPs with pleiotropic effects. Shared risk genes are expected to emerge via MAGMA as well as via TWAS, 
particularly ones involved in immune regulation, protein clearance/proteostasis, inflammatory response, and wakefulness/orexin 
signaling pathways. Colocalization analyses are expected to support shared causal variants for some of these genes, reinforcing the 
overlap.

Conclusions: This study aims to map the pleiotropic architecture linking Alzheimer’s disease and narcolepsy at the genetic and 
expression levels. The findings could improve understanding of how wakefulness modulation impacts AD pathology, highlight 
biomarker candidates, and suggest therapeutic targets that lie at the intersection of sleep-wake regulation, immune function, and 
neurodegeneration.
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Defining the role of tribbles pseudokinase 3 in Alzheimer’s disease and related dementias

Undergraduate

Tribbles pseudokinase 3 (Trib3) is a protein that coordinates metabolic and inflammatory crosstalk to control cellular survival in 
response to stress. Predominantly studied in the cancer field, it remains relatively understudied in the aging brain. Nonetheless, a 
handful of reports have implicated it in various neurodegenerative contexts, including Parkinson’s disease, Alzheimer’s disease, Type 2 
Diabetes, and epilepsy. Numerous insults can trigger increases in Trib3 expression which in turn can cause cell death. This makes 
manipulation of Trib3 an attractive target to prevent or blunt neurodegeneration across multiple neuropathological contexts, 
including those commonly found in patients with Alzheimer’s disease and related dementias (ADRD). We have begun to characterize 
Trib3 expression in human ADRD databases, AD brain tissue, and mouse models of AD dementia. Interestingly, we have found that 
Trib3 expression increases at the message level across numerous cell types in the human brain, including neurons, oligodendrocytes, 
and microglia. We have also found increased protein level of Trib3 in the hippocampus of a mouse model of mixed amyloid and 
vascular pathologies. Work is ongoing to define the region- and cell-type specificity of Trib3 changes in human tissue in association 
with common neuropathological features (e.g., amyloid plaques and tau tangles). Ultimately, the intent is to determine whether Trib3 
is a feasible therapeutic target to preserve neural function in the context of ADRD.
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Decoupling of endfoot-arteriole interactions and coactive cell networks characterize functional astrocyte reactivity in cerebral 
amyloidosis

Grad Student

Background: Astrocytes are a macroglial cell responsible for many protective functions in the brain such as regulating synaptic activity, 
maintaining the neurovascular unit, and regulating cerebral perfusion during increased metabolic demand. Ca2+ signaling has been 
identified as essential for these functions to operate normally. Amyloid Beta deposits (Aβ) are a primary diagnostic marker of 
Alzheimer’s disease (AD) linked to synaptic degeneration, astrocyte reactivity, and cognitive decline. AD frequently coincides with 
vascular damage and hypoperfusion, indicating impaired astrocyte function. We examined the impact of amyloid burden on 
stimulation-evoked vasoreactivity and astrocyte calcium signaling to identify patterns of astrocyte physiological impairment that may 
underlie emergent AD like pathology.

Methods: Six to seven-month-old 5XFAD and littermate control mice were injected with AAV2/5-Gfa104-jGCaMP8f into barrel cortex 
and imaged three weeks later, while awake, using two-photon microscopy. Neurovascular coupling experiments were conducted 
using timed air puff stimulation of whiskers, and calcium signals were recorded from activated astrocytes. Calcium transient properties 
were analyzed over different cellular compartments by custom developed MATLAB applications. Vascular tone in response to 
stimulation was also measured, and correlations calculated with endfeet signaling.

Results: Astrocytes from 5XFAD mice showed a significant reduction in Ca2+ signaling amplitudes, (t = 3.19, p = 0.0046, n = 9,13) 
compared to wild type controls. Other signaling properties were also calculated between the 5XFAD and control mice and a 
significant reduction in network synchronicity was observed in the 5XFAD group (t(19) = 6.48, p = 0.02 & t(17) = 2.748, p = 0.014, n 
=9,11-10) Astrocyte endfoot compartments also showed reduced transient amplitudes. (t(21) = 3.33, p=0.0032, n=9,14) 
Neurovascular coupling in the 5XFAD mice was reduced (t(21) = 3.461, p = 0.0023, n= 9,14) despite no changes in arteriole elasticity. 
5XFAD mice also exhibit decreased astrocyte endfoot response probability after stimulation compared to WT (WT: 80% 5XFAD: 58%). 
When activity occurred, a significant correlation was identified between the magnitude of astrocyte endfoot Ca2+ signals and the 
magnitude of vasodilation in wild-type mice, but not in 5XFAD mice. (WT: r=0.38, p= 0.00062, 5XFAD: r=0.046, p=0.71) Finally, in 
5XFAD mice we identified a significant delay in endfoot signaling following vascular dilation in immediately adjacent arterioles (p = 
0.027)

Conclusion: Amyloid pathology impairs astrocyte Ca2+ networks, and responsiveness to neuronal stimuli at the neurovascular unit. 
The uncoupling between vasoreactivity and astrocyte endfoot signaling processes implies a breakdown in communication and 
function that may explain vulnerability to neuronal hyperexcitability, hypoperfusion, and metabolic dysregulation observed in AD.
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Midlife and Later-Life Environmental Risk Scores (ERSs) Modify the Associations of Apolipoprotein E (APOE) ε4 with Dementia

Post-Doc

Introduction

Genetic factors contribute to the development of dementia, while environmental influences modify genetic risk. This study aimed to 
apply item response theory (IRT) to estimate environmental risk scores (ERSs) and investigate their interactions with APOE ε4 carrier 
status in dementia risk across the lifespan and diverse populations.

Method

Data were drawn from the National Alzheimer’s Coordinating Center (NACC) Uniform Data Set (UDS) June 2024 data freeze. Using 
social determinants, physical conditions, and lifestyle variables, we applied an IRT-based multidimensional generalized partial credit 
model (GPCM) to generate midlife (aged 40-64) and later-life (aged ≥ 65) ERSs for three ethnoracial groups: Non-Hispanic White
(NHW), African American (AA), and Hispanic. “Present” was assigned to physical conditions if subjects’ records indicate their 
presence at least once during the visits, while other measures available at the most recent or initial visit were selected. Higher ERSs 
indicated greater environmental risk. Clinically diagnosed dementia or mild cognitive impairment (MCI) were the phenotypes. Within 
each group, logistic regression was employed to examine interactions, adjusting for age and sex.

Results

Sample sizes ranged from 422 (midlife Hispanic) to 8,706 (later-life NHW). APOE ε4 carriers ranged from 27.4% to 46.5%, while 
subjects with dementia or MCI were 34.7% ~ 52.5%. Comparative fit index (CFI > 0.90) and root mean square error of approximation 
(RMSEA < 0.04) indicated a three-factor GPCM model was adequate and can be nominally described as one physical factor (F1) and 
two social factors focusing on marital status and level of independence (F2 and F3, respectively). F3 score interplayed with APOE ε4 
across the lifespan and ethnoracial groups. Midlife F1 score was associated with increased dementia or MCI risk in NHW APOE ε4 
non-carriers. Later-life F2 score in the AA APOE ε4 no-carriers group and midlife F2 scores in both Hispanic APOE ε4 carrier and non-
carrier groups were associated with elevated risk of cognitive impairment.

Conclusion

Associations of APOE were modified by midlife and later-life ERSs with dementia or MCI across diverse populations. Future research 
should include additional social and lifestyle measures, more genetic factors, consider the timing of the exposure measurements, and 
other phenotypes.
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Anesthesia Could Alter Cerebrovascular Dynamics and Metabolism: MRI Awake Mouse Model

Undergraduate

Introduction: Cerebral blood perfusion (CBP) is essential for delivering oxygen and nutrients to sustain neuronal activity. Mouse 
models combined with magnetic resonance imaging (MRI) are widely used to study CBP and brain function. A major challenge, 
however, is that anesthesia profoundly alters cerebrovascular dynamics and metabolism, limiting the accuracy of such studies. A 
better approach is to minimize or eliminate the confounding effects of anesthesia, ideally by imaging mice while awake.

Methods: We designed a novel head-stabilizing system that enables CBP measurements in awake mice using MRI. Our setup 
incorporated a 3D-printed, custom-designed frame and head plate mounted onto an existing Bruker mouse cradle. To assess 
repeatability, we compared CBP under awake and anesthetized conditions using a flow-sensitive alternating inversion recovery (FAIR) 
sequence in a single wild-type mouse. The mouse underwent three days of acclimation training to reduce stress and adapt to the MRI 
environment. Perfusion values were extracted from both the cortex and whole brain.

Results: CBP was significantly higher under anesthesia compared with the awake state for both the cortex and whole brain (P < 
0.001). Mean perfusion values under anesthesia were 70.9 ± 5.6 ml/min/100g for the whole brain and 67.8 ± 8.5 ml/min/100g for the 
cortex. In contrast, awake perfusion values were lower: 51.1 ± 3.3 ml/min/100g for the whole brain and 46.7 ± 3.4 ml/min/100g for 
the cortex. Variability, measured by variance and standard deviation, was also greater in the anesthetized condition.

Conclusions: These findings demonstrate that anesthesia substantially elevates CBP, reducing the accuracy, reproducibility, and 
biological relevance of perfusion studies. To address this limitation, we developed a practical, MRI-compatible system for imaging 
awake mice, providing a more reliable platform for neuroimaging research.
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Automated Quantification of Field Potential Recordings in Mouse Hippocampal Slices Using a Derivative-Based Approach

Undergraduate

Background:

Input/output (I/O) curve analysis of field potential recordings in ex vivo hippocampal slice electrophysiology provides critical insights into 
synaptic function. Still, it is traditionally quantified manually, a process prone to variability and inefficiency.

Methods:

We developed an automated pipeline in MATLAB and Python to objectively analyze field potentials across 11 stimulus intensities (25–600 μA) in 
the CA1 and dentate gyrus of mouse hippocampal slices. A derivative-based approach was implemented to identify physiological landmarks, 
where peaks in the derivative slope correspond to the maxima and minima of the fiber volley, the peak of the EPSP, and the population spike 
amplitude. EPSP slope was extracted from the upper third of the EPSP to capture AMPA receptor–mediated synaptic function best.

Results:

This approach enables the automated quantification of fiber volley amplitude, EPSP slope, EPSP maximum amplitude, and population spike 
threshold (i.e., the EPSP slope at the first spike). The pipeline generates standard output plots, including presynaptic excitability (fiber volley 
amplitude vs. stimulus intensity), postsynaptic response curves (EPSP slope vs. stimulus intensity), and basal synaptic strength (EPSP slope vs. 
fiber volley amplitude), along with summary bar graphs. Comparison of automated analyses with previously hand-calculated datasets 
demonstrated ~76% concordance, supporting the accuracy of this method.

Conclusions:

Our automated pipeline provides a robust and objective framework for quantifying hippocampal synaptic function, reducing user bias and time 
burden while enabling standardized electrophysiological analyses across experimental cohorts.
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In situ skeletal muscle contraction induced by isoflurane not inhibited by dantrolene in single muscle fibers

Med Student

Isoflurane is a volatile anesthetic commonly used in the hospital setting to induce general anesthesia in patients undergoing surgery. 
However, the mechanism of action of all volatile anesthetics, as well as their neurophysiological effects, have not been well 
characterized and require further elucidation. We sought to determine the effects of isoflurane on the intracellular mechanisms of 
skeletal muscle contraction using a Drosophila model. Ranges of isoflurane from 0.1% to 1% were applied to skeletal muscle 
preparations and recordings of membrane potential and evoked transmission were taken, as well as observations of muscle behavior. 
We found that isoflurane is capable of inducing skeletal muscle contraction even in both a non-depolarized and calcium depleted 
state. This phenomenon has been observed in all preparations of each concentration (n=6 per concentration) of isoflurane that was 
utilized. Additionally, this contraction could not be “rescued” by the application of dantrolene, a known muscle relaxant commonly 
used to treat malignant hyperthermia in patients undergoing anesthesia with volatile anesthetics such as isoflurane. We suggest that 
application of isoflurane may result in release of stored calcium from the sarcoplasmic reticulum of the skeletal muscle, causing muscle 
contraction despite no depolarization occurring. Further studies are required to investigate this possible mechanism as well as provide 
further insight into the mechanism of action and neurophysiological effects of volatile anesthetic agents such as isoflurane.
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Leveraging Dynamics in Machine Learning Models to Improve Noninvasive Seizure Screening in Preclinical Rodent Models of 
Epilepsy

Grad Student

Current approaches to noninvasive seizure screening in preclinical models of epilepsy involve time and labor-intensive video review 
and/or invasive electroencephalography (EEG) in animals. Noninvasive approaches based on motion sensors can save time and effort 
but are prone to a large number of false positive errors. Here, we attempt to improve the accuracy of piezoelectric (‘piezo’) motion 
sensors as a primary screening method via machine learning algorithms. All procedures received prior approval from the Institutional 
Animal Care and Use Committee of the University of Kentucky. To model temporal lobe epilepsy, we treated Wistar rats (n=32, IP) 
and C57BL/6 mice (n=13, SQ) with pilocarpine to induce status epilepticus and develop spontaneous recurring seizures after a latent 
period. We then monitored the animals using piezo motion sensing platforms (Signal Solutions, LLC) placed under the cage (both rats 
and mice) and within the cage (mice only). Potential seizure events were detected via the piezo signal as peaks in a line length ratio 
(LLR) metric, with the 40 greatest peaks per animal per week treated as candidates. We reviewed these events manually on video and 
labeled them either non-seizure or seizure. The 30 seconds of piezo data centered around the peak value of LLR for each candidate 
event were split into training and testing datasets using an eight-fold cross-validation strategy. The proportion of seizure and non-
seizure events in the training dataset was artificially balanced to prevent bias and overfitting to one class, while the testing data 
included all events. Ten features related to power, entropy, and frequency were extracted from the piezo signal in half-second 
windows and used to derive a scalar projection, the Fisher discriminant feature (FDF), that optimally separated seizure and non-
seizure training data. Three methods were used to model and classify our events: 1) a threshold on the event’s peak FDF value, 2) a 
Linear Discriminant Analysis (LDA) utilizing the first ten sample moments of each event’s FDF time sequence, and 3) a Long Short-
Term Memory Neural Network (LSTM) that directly models the event’s FDF sequence. In the rat data (seizure n= 843, non-seizure 
n=3969), the LSTM and LDA gave greater precision (59.4±4% and 56.6±1%) and specificity (87.9±2% and 88.1±0.4%) but with 
comparable sensitivity (75.2±1% and 73.2±2%) to the FDF peak threshold (sensitivity = 79.2±1%, precision = 41.0±0.6%, specificity = 
75.8±0.9%), which does not model the dynamics in each event. Our next step is to test this approach on the mouse data (seizure 
n=237) as well as new rat data not used in the cross-validation. We hope this work will lead to further improvements in noninvasive 
seizure detection in a preclinical rodent model of epilepsy by expediting the screening process. This work was supported by National 
Institutes of Health Grant No. NS107148 (to SS) and R01NS079507, R01AG075583, and R21NS131903 (to BB).
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Exposure of the Intracellular Cytoskeleton in Inner Ear Hair Cell Bundles After Permeabilization and Scanning Electron 
Microscopy Imaging

Grad Student

Inner ear hair cells are specialized sensory cells that receive stimulus through unique microvilli-like protrusions called stereocilia. 
Individual stereocilia are generally less than 10 µm in height and 0.5 µm in diameter and contain a parallel and highly-crosslinked 
actin-based cytoskeleton. It is known that cytoskeleton remodeling happens in stereocilia as a result of influx of intracellular Ca2+ 

through mechano-electrical transduction channels (Velez-Ortega et al., Elife 2017). Conventional attempts to study the stereocilium 
cytoskeleton via electron microscopy (EM) require weeks to a month’s worth of sample preparation, often requiring precise sectioning 
and ultimately leading to low throughput. Scanning EM (SEM), on the contrary, involves fast sample preparation (~2 days) leading to 
high throughput imaging collection, but only provides an avenue to study cell surface topography. Detergents are amphipathic 
molecules often used to permeate the cell membrane to allow for better antibody penetration in immunolabeling experiments. We 
hypothesize that, under optimal conditions, treatment with detergent will remove membrane lipids and embedded proteins either 
partially or completely exposing the stereocilium actin core; enabling SEM to be an efficient method for the study of stereocilia 
cytoskeleton. Here we used several different detergents (Triton-X-100, Tween-20, Saponin, CHAPS, NP-40, and SDS) under a variety 
of conditions in an attempt to expose the cytoskeleton of stereocilia for visualization using scanning electron microscopy (SEM). 
Organ of Corti from C57Bl/6 early postnatal mice were dissected in L-15 medium and were treated with detergent before or after 
fixation. Samples from these experiments treated with detergent before fixation showed thinning and potential remodeling of the 
cytoskeleton in addition to appearance of parallel filaments approximately 15-20nm center-to-center. Additionally, the kinocilium 
membrane was completely removed exposing the microtubules of its cytoskeleton core. Even at high concentrations of detergent 
after fixation, stereocilia hair bundles look comparable to unpermeabilized controls. We are now using immunofluorescent labeling of 
the membrane and confocal microscopy as a high-throughput screening to confirm membrane removal. We hope to determine an 
effective treatment for cytoskeleton exposure without causing morphological or remodeling changes in the stereocilia hair bundle.

Supported by University of Kentucky College of Medicine and Department of Physiology.
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Is Tissue Damage in the Organ of Corti Relayed by Hensen’s Cells Through Type II Spiral Ganglion Neurons?

Staff

The cochlea, a spiral-shaped structure in the inner ear, contains the organ of Corti, which converts mechanical vibrations into electrical 
signals through specialized sensory hair cells. Spiral ganglion neurons (SGNs) innervate hair cells to relay information to the brain and 
are categorized into type I or type II neurons. Type I neurons are myelinated, innervate inner hair cells (the ‘true’ auditory hair cells), 
and represent most of the spiral ganglion neurons (≥ 90%). Type II neurons are unmyelinated, innervate multiple outer hair cells 
simultaneously (the cells responsible for sound amplification within the cochlea), and their function is not well understood but they 
appear to respond to potentially damaging stimuli (nociception) like loud noise. The transient receptor potential cation channel A1 
(TRPA1) is a well-established sensor of tissue injury found in pain-sensing neurons throughout the body. TRPA1 is also expressed in 
the cochlea, exclusively in Hensen’s cells. Notably, type II SGNs have been shown to make electron-dense contacts with Hensen’s cells 
in guinea pigs, but whether these contacts represent functional synapses and/or are present in other mammals is unknown. Here, we 
are exploring the potential innervation of cochlear supporting cells in mice. We are using immunolabeling against neurofilament heavy 
chain (NF-H) and confocal microscopy of the adult (> 4 weeks old) organ of Corti from wild-type mice (C57Bl/6). To explore the 
innervation patterns of SGNs along the entire cochlear length (with focus on the outer hair cell region and the neighboring supporting 
cells) we are using fiber tracing features in Imaris software. Our preliminary images have revealed the presence of presumed type II 
SGNs within the Hensen’s cell region in the mouse cochlea, and we are currently looking for anatomical evidence of potential 
synapses. We are also using whole cochlear mounts from 2- to 3-week old mice that express the calcium indicator GCaMP6s in 
neurons to assess calcium activity in SGNs upon the delivery of TRPA1 agonists. Our preliminary results with the application of para-
benzoquinone (pBQN) to the organ of Corti in the apical cochlear turn led to long-lasting calcium responses in the soma of a small 
subset (~10%) of SGNs. We are currently evaluating morphological features of these neurons to see whether they indicate a type I or 
II phenotype. This data indicates that Hensen’s cells detect injury in the cochlear epithelium and might transmit nociceptive signals to 
the brain via SGNs. Thus we hypothesize that Hensen’s cells are a novel component of the elusive nociceptive pathway in the cochlea. 
Current efforts are focused on determining the cellular and molecular mechanisms of the potential interaction between Hensen’s cells 
and type II SGNs.

Supported by the University of Kentucky College of Medicine and Department of Physiology.
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Influence of TRPA1 Activity on Cochlear Responses Before and After Noise Exposure

Grad Student

TRPA1 channels are master sensors of tissue damage. Our laboratory recently showed that, after acoustic trauma via moderate noise 
exposure, TRPA1 activity in cochlear supporting cells regulates hearing sensitivity and is a component of the temporary threshold shift 
which is commonly known as “muffled hearing” (Velez-Ortega, Nat Commun, 2023). In the neonate inner ear, TRPA1 activity in non-
sensory supporting cells leads to prolonged calcium responses that propagate and cause long-lasting tissue displacements. In the 
adult cochlea, such tissue shape changes would be expected to affect the geometry and/or stiffness of the cochlear partition and, 
consequently, cochlear amplification and hearing sensitivity. However, we still lack direct evidence of TRPA1-mediated changes to 
cochlear responses in adult mice. Here, we used scalp electrodes to evaluate noise-induced and TRPA1-dependent changes to several 
cochlear potentials and auditory nerve responses in adult mice. Our results show that Trpa1–/– mice have larger auditory nerve activity 
to loud sound stimulation before as well as five days after noise exposure. In addition, we observed an overall reduction in amplitudes 
of several cochlear potentials five days after noise exposure in the Trpa1–/– mice but not in wild-type littermates. Our results indicate 
that TRPA1 signaling after loud sound stimulation triggers changes in the cochlea, but the specific mechanisms underlying these 
changes and whether they minimize noise-induced tissue damage remain to be elucidated.
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Knockout of Perilipin-2 in Microglia Alters Lipid Droplet Accumulation and Response to Alzheimer’s Disease Stimuli

Grad Student

Background:

Lipid metabolism is increasingly recognized as an important contributor to Alzheimer’s disease (AD), complementing the classical view 
of amyloid plaques and tau tangles. Microglia, the brain’s immune sentinels, are particularly sensitive to lipid changes and can shift 
into a lipid-accumulating state marked by impaired phagocytosis, chronic inflammation, and reduced metabolic resilience. Perilipin-2 
(Plin2), a lipid droplet (LD)–coating protein, is elevated in AD brains and linked to metabolic dysfunction in conditions such as non-
alcoholic fatty liver disease (NAFLD) and cancer. Yet its role in shaping microglial function remains unclear. To address this, we 
generated a CRISPR-edited Plin2 knockout (KO) BV2 microglial cell line to test how loss of Plin2 alters LD dynamics, lipid metabolism, 
and responses to AD-relevant stimuli.

Methods:

Wild-type (WT) and Plin2 KO BV2 microglia were treated with control media or challenged with oleic acid (250 µM), amyloid-β (1.5 
µM), myelin debris (15 µg/cm²), or dead neurons. Lipid droplets were visualized with Lipi-Green, quantified using HALO, and analyzed 
in Prism. Phagocytosis assays employed oleic acid–loaded cells incubated with pHrodo-zymosan particles. Untargeted lipidomics was 
performed after 24-hour treatments using methanol:butanol extraction and LC-MS, with data processed in MetaboAnalyst and 
LipidomicsR. Bulk RNA-seq was conducted on parallel samples (Novogene sequencing, Partek, and clusterProfiler analysis).

Results:

Relative to WT, Plin2 KO microglia exhibited reduced LD accumulation across all treatments. Functional assays showed enhanced 
phagocytosis, particularly under lipid-loading conditions. Lipidomics revealed depletion of triacylglycerols (TGs) and diacylglycerols 
(DGs) with elevated cholesterol esters (CEs), indicating altered neutral lipid partitioning. Transcriptomic analysis demonstrated broad 
reprogramming, with enrichment of oxidative phosphorylation pathways and suppression of pro-inflammatory signaling, most 
prominently after amyloid-β exposure.

Conclusion:

These findings identify Plin2 as a regulator of microglial LD biology and immune function. Loss of Plin2 prevents LD accumulation, 
enhances phagocytosis, remodels lipid profiles, and shifts transcription toward oxidative metabolism with reduced inflammation. 
Targeting Plin2 or related pathways may represent a therapeutic strategy to restore adaptive microglial activity in AD.

Funding Sources

National Institute on Aging, R01AG081421, R01AG080589

National Institute of General Medical Sciences, P20 GM148326

Alzheimer's Association
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Asprosin’s Emerging Role in Thermal Pain Modulation.

Undergraduate

Nearly forty percent of the United States adult population suffers from some form of pain making it the most common reason for 
seeking clinical care. While persistent pain can be maladaptive, the acute pain response is an adaptive mechanism that protects the 
organism against dangerous stimuli. Rodent studies suggest that hunger selectively inhibits the behavioral responses to pain and that 
this analgesia is substantially mediated by a subpopulation of hypothalamic agouti-related protein- (AgRP) expressing neurons (the 
key hypothalamic cell type responsible for appetite stimulation. Asprosin is a newly discovered adipokine. Two neural functions of 
asprosin have been identified thus far. It stimulates feeding behavior through the activation of AgRP (Agouti-related peptide) neurons 
and stimulates thirst through the activation of Purkinje neurons of the cerebellum. We recently identified Protein Tyrosine 
Phosphatase Receptor δ (Ptprd) as asprosin’s neural receptor. Our current results suggest that asprosin, an orexigenic and dipsogenic 
hormone, also alters the nociceptive response in mice. We have found that asprosin deficient mice feel more pain (hyperalgesia), 
asprosin overexpression using adenoviral vectors and intranasal recombinant asprosin treatment does-dependently causes analgesia 
in wild type mice, and Ptprd antagonism with small molecule inhibitor (7BIA, 7-butoxy analogue of illudalic acid) treatment decreases 
pain tolerance in wild type mice. This study thus far suggests an analgesic function of asprosin and its potential as a therapeutic for 
alleviating chronic pain. 



Sara Macias Palacio  • Nicole Rummel, PhD  • James Campbell  • Allan Butterfield, PhD  • Subbarao Bondada, PhD  • Chi Wang,
PhD  • John Villano, MD, PhD  • Ines Batinic-Haberle, PhD  • Daret St Clair, PhD  • Luksana Chaiswing, PhD 

1 2 1 2 3

4 5 6 1 1

Toxicology and Cancer Biology University of Kentucky  • Chemistry University of Kentucky  • Microbiology, Immunology and1 2

3Molecular Genetics University of Kentucky  • Internal Medicine University of Kentucky 4 • Neuro-Oncology University of Kentucky 5 • 
Radiation Oncology Duke University 6

Glioblastoma-derived Extracellular Vesicles induce Neuroinflammatory Responses

Grad Student

Glioblastoma (GBM) remains an incurable cancer, characterized by high recurrence and severe therapy-derived cognitive impairments. 
We found that GBM patients exhibit high numbers of extracellular vesicles (EVs) enriched in 4HNE adductions caused by the high ROS 
levels in GBM, particularly after radiation (RedoxEVs). Since EVs function as molecular intermediaries, we hypothesize that GBM-EVs 
could be key mediators driving therapy-associated neurotoxicity in GBM patients.

We used radiation to increase 4HNE content. High levels of 4HNE in RedoxEVs were confirmed by western blotting, immunogold 
labeling and mass spectrometry.

Then, we administered NonRedoxEVs and RedoxEVs intranasally. Mice treated with RedoxEVs showed a delay in object exploration 
and increased 4HNE adductions and CD68 expression in their brains.

To control the EVs' delivery to the brain, we injected RedoxEVs intracranially. These mice exhibited cognitive deficits, DNA damage in 
cerebral tissue, decreased neuron markers, and elevated p50 and pro-inflammatory cytokines. Mechanistically, RedoxEVs are 
internalized by microglia, causing pronounced microglial activation and release of pro-inflammatory cytokines and H2O2 as mediators. 
To assess the downstream neurotoxic effect of H2O2, RedoxEVs were added to a co-culture setting with microglia and neuron cells. 
Neuron viability was reduced when exposed to microglia activated by RedoxEVs. Additionally, mice with RedoxEVs-derived cognitive 
deficits demonstrated elevated pro-inflammatory cytokines and CD68 expression. Consistently, proteomics analysis revealed that 
RedoxEVs are enriched in proteins that activate the NFkB pathway.

Next, we explored whether the adverse effects induced by RedoxEVs could be mitigated. Treatment with BMX-001 (an MnSOD 
mimetic in clinical trials for high-grade gliomas) reduced RedoxEVs-derived microglial activation. This highlights the therapeutic 
potential of redox regulation in the brain microenvironment.

Our data indicate that RedoxEVs induce microglia-mediated neurotoxicity and cognitive alterations, and these negative effects may 
be mitigated by using redox-active antioxidant therapies like BMX-001.
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Autologous Peripheral Nerve Fascicles Exhibit Extended Survival after Transplantation into the Substantia Nigra of Parkinson’s 

Disease Patients

Grad Student

Histological investigation of autologous peripheral nerve tissue (PNT) grafts transplanted into the substantia nigra pars compacta
(SNc) of participants with Parkinson’s disease (PD) receiving deep brain stimulation (DBS) has revealed that PNT grafts are capable of 
integration and long-term survival within the central nervous system (CNS). This investigational therapy aims to leverage PNT’s inherent 
regenerative potential against PD's neurodegenerative effects. A primary objective has been to characterize the PNT graft after extended 
survival in the CNS. Postmortem analysis was conducted on brain donations from multiple participants who had transplanted PNT grafts in 
the SNc for periods exceeding 7 years. H&E staining of participant midbrains demonstrates the accuracy of the operation, showing the 
distinctive fascicular morphology of transplanted PNT grafts adjacent to the SNc, represented by neuromelanin containing dopamine (DA) 
neurons. Immunofluorescent (IF) reactivity for collagen type I alpha I chain (Col1A1) aligning with the distinctive morphology observed in H&E 
images, was used to validate the identity of PNT grafts, as Col1A1 is not natively expressed in the CNS outside of vasculature. DAPI staining 
shows a sustained cellular presence within the transplanted tissue and together with H&E and Col1A1 immunoreactivity, shows that PNT 
grafts are capable of extended survival after transplantation into the SNc. Further analysis sought to understand how PNT grafts are capable 
of maintaining structural integrity and cellular viability in the foreign CNS environment. IF staining was performed using CD31, also known as 
PECAM-1, to confirm the presence of blood vessels within the transplanted tissue. CD31-positive IF within the Col1A1-positive area reveals 
the presence of blood vessels in the PNT grafts by visualizing the cerebral capillary wall endothelial cells that form the interior layer of CNS 
vasculature and contribute to the BBB. SMA, a marker for pericytes and smooth muscle cells, further distinguishes CNS vasculature by 
differentiating vessel maturity, as its expression is characteristic of the smooth muscle cells that wrap around arteries, arterioles, veins and 
venules to a lesser extent, but not capillaries. Co-localization of CD31 and SMA reactivity visualizes a network of mature blood vessels formed 
within the PNT grafts. IF staining for GFAP, a marker for reactive astrocytes, crucially shows no astrocyte infiltration or astrogliosis taking 
place inside the neural implants, even after extended periods in the challenging environment of the Parkinsonian brain. These findings 
indicate a favorable interaction between the graft and host tissue and highlight the transplants ability to connect to the host CNS circulatory 
system after transplantation. The long-term survival and activity of these grafts underscore the importance of further research into the 
mechanisms underlying PNT-mediated neuroprotection and regeneration. (NIA - AG081356)
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NOX2 at the Blood-Brain Barrier: A New Therapeutic Target for Alzheimer’s Disease?

Grad Student

Background: Blood-brain barrier dysfunction is a key contributor to cognitive decline in Alzheimer’s disease (AD). One factor that 
drives barrier dysfunction is oxidative stress. We recently identified NOX2, an isoform of NADPH oxidase, as a central source of Αβ-
induced oxidative stress at the blood-brain barrier. The goal of this project is to identify signaling steps underlying NOX2-mediated 
barrier dysfunction. We hypothesize that Αβ activates NOX2, leading to oxidative stress that upregulates matrix metalloproteinases, 
which in turn degrade tight junction proteins and ultimately cause barrier dysfunction.

Methods: Mouse capillaries were isolated according to our established protocol. Isolated capillaries were divided into three groups: 1) 
Ctrl, 2) 100nM Aβ40, 3) 100nM Aβ40 plus 1mM Phoxl2 for 24 hours at room temperature. The same experiment was conducted for 
Aβ42. Following incubation, samples were lysed and used for ELISA to quantify protein expression levels of NOX2, 4-HNE, MMP9, 
MMP2, and Claudin-5. Bradford protein assay was used to determine protein concentrations in each sample and normalize the data 
obtained with ELISA. Isolated brain capillaries were also used for immunohistochemistry to stain for NOX2 and NOX4.

Results: We detected NOX2 and NOX4 protein expression in isolated mouse brain capillaries by immunostaining, confirming that 
both NOX isoforms are expressed at the blood-brain barrier. We found that capillaries exposed to Aβ40 and Aβ42 had significantly 
increased NOX2 protein levels compared to control capillaries. We also show that inhibiting NOX2 with PhoxI2 attenuates Aβ-
mediated increase of the oxidative stress marker 4-HNE in capillaries. PhoxI2 also abolished Aβ-mediated increase of MMP9 and 
MMP2 protein levels and restored Claudin-5 to control levels. Importantly, PhoxI2 prevented Aβ-mediated capillary leakage.

Conclusion: Our data indicate that Aβ activates NOX2, which induces oxidative stress, thereby increasing MMP9 and MMP2, 
degrading tight junctions, and leading to capillary leakage. These findings highlight NOX2 as a critical mediator of Aβ-induced barrier 
dysfunction and suggest that NOX2 could be a potential therapeutic target to prevent blood-brain barrier dysfunction in Alzheimer’s 
disease.

Grant: R01AG039621 (PI: Hartz, NIH/NIA)
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APOE4 drives changes in microglial reactivity after low-dose Aducanumab immunotherapy

Grad Student

Background:

Anti-amyloid β (Aβ) monoclonal antibodies (mAbs), such as Aducanumab and Lecanemab, are the first disease modifying therapies for 
AD. Despite this benefit, amyloid related imaging abnormalities (ARIA), findings of fluid effusion or microbleeds on MRI, are key 
adverse effects sometimes associated with severe symptoms. While the cause of ARIA is unknown, there is a strong link with APOE4
(E4). E4 is the strongest genetic risk factor for late onset AD, making it essential to understand the mechanisms of E4 driven ARIA.

Methods:

Nine month old humanized APOE mice (E2, E3, or E4) crossed to the 5XFAD model of amyloidosis (“EFAD”) received 12 weeks of a 
low dose (1.56 mg/kg) treatment with chimeric Aducanumab (chAdu) or IgG isotype control. Histological assessment of plaque
(AmyloGlo) and associated microgliosis (IBA1, CD68) were performed in parallel with vascular labeling (isolectin). A group of six 
female E4FADs (n=3 per group) underwent single cell RNA sequencing. Hemibrains were collected and processed into single cell 
suspension, mRNA transcripts were then converted into cDNA and amplified via PCR. These cDNA libraries were sent to Novogene to 
be sequenced. Analysis of single cell transcriptomics data was performed in R using Seuratv5, DESeq2, and CellChat. Clusters were 
manually annotated, and microglia were subclustered to explore differences in cellular heterogeneity. CellChat was used to examine 
inferred interactions between vasculature and immune cells. Brain sections from the same mice were harvested and fixed to perform 
single cell spatial sequencing using the Xenium Spatial Platform.

Results:

Low dose treatment with chAdu was sufficient to decrease plaque load which was associated with an increase in both parenchymal-
and CAA-associated microgliosis in E4FADs. Similarly, microglia had the most differentially expressed genes compared to other CNS 
cell types. Microglial subclustering revealed 10 unique clusters, including disease-associated (DAM), and interferon responsive 
microglia (IRM) along with homeostatic populations. Of these populations, treatment with chAdu increased DAM microglia and 
decreased primed homeostatic microglia relative to IgG controls. Inferred cell-cell communication analysis showed extensive crosstalk 
between immune-related and vascular cell populations. Specifically, vascular cell populations sent signals to immune cell populations 
related to chemokine and MHC1 pathways. Xenium spatial transcriptomics analysis is ongoing to determine the spatial relationships 
between cellular transcripts, particularly at the vascular-immune interface.

Conclusions:

Even at low doses of antibody, APOE modulates microglial reactivity, associated with vascular pathology. On the transcriptomic level, 
microglia were significantly reprogrammed to respond to inflammation, especially associated with CNS vasculature. These findings 
provide a window into the potential mechanisms of E4 driven ARIA and associated pathologies.
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Does Lecanemab Impact Blood-Brain Barrier Function?

Grad Student

(Kisunla ) recently receiving FDA approval for use in patients with early symptomatic Alzheimer’s disease (AD). Both antibodies reduce 
brain amyloid burden in patients with the hope of slowing cognitive decline, highlighting their therapeutic potential. However, their 
use is associated with amyloid-related imaging abnormalities (ARIA), typically detected by MRI, which reflects damage and increased 
permeability of large leptomeningeal and cerebral arteries. Whether these antibodies also impact small capillaries that comprise the 
blood-brain barrier is currently unknown, representing a critical gap in our understanding of their cerebrovascular effects. The goal of 
our study is to address this knowledge gap by investigating the effect of lecanemab on blood-brain barrier integrity and function. To 
this end, we isolated brain capillaries from 8-week-old CD1 mice (male, n=20 per experiment) using an established protocol (Hartz et 
al., 2018, Journal of Visualized Experiments). Isolated capillaries were resuspended in DPBS buffer supplemented with pyruvate and 
glucose and divided into four treatment groups: 1) Control, 2) 0.25 µg/mL lecanemab, 3) 0.5 µg/mL lecanemab, and 4) 0.5 µg/mL goat 
anti-mouse IgG1 (IgG control). Capillaries were incubated at room temperature for 24 hours, centrifuged, and frozen for subsequent 
downstream analyses. Lecanemab concentrations were based on CSF levels measured in patients enrolled in an early-phase clinical 
trial (Logovinsky et al., 2016, Alzheimer’s Research & Therapy). Lecanemab was obtained from Thermo Fisher Scientific (#MA5-59917; 
research grade replica of Eisai’s clinical antibody). Planned endpoints include immunohistochemical staining, ELISA, and transport 
activity assays to assess changes in blood-brain barrier proteins responsible for barrier function and integrity. Specifically, we will 
determine 1) protein expression levels of the tight junction proteins (ZO-1, occludin, Claudin-1, and Claudin-5), 2) transport activity 
levels of P-glycoprotein, a transporter involved in Ab clearance, and 3) adhesion molecules involved in inflammatory responses in 
capillaries such as ICAM-1. We anticipate that capillary exposure to lecanemab will reduce tight junction protein expression levels, 
lower P-gp transport activity, and increase adhesion molecule expression. Data from this project may help inform future studies 
focused on the potential impact of lecanemab on blood-brain barrier function and integrity in Alzheimer’s disease.

Grant Support: R01AG039621 (PI: Hartz, NIH/NIA)

Monoclonal antibodies have emerged as a cornerstone of modern therapeutics, with lecanemab (LeqembiTM) and donanemab
TM
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Targeting mPGES-1 and 5-LOX to Repair Blood-Brain Barrier Dysfunction in Epilepsy

Grad Student

BACKGROUND: Seizures cause barrier leakage and neuroinflammation that lead to barrier dysfunction, which contributes to drug-
resistant epilepsy. Mechanistically, glutamate released during seizures activates the 5-lipoxygenase (5-LOX) and cyclooxygenase-2
(COX-2) pathways, generating proinflammatory mediators such as leukotrienes and prostaglandins, respectively. Leukotrienes and 
prostaglandins, in turn, induce matrix metalloproteinases (MMPs) that degrade tight junctions and compromise barrier integrity. Thus, 
blocking leukotriene and prostaglandin synthesis through inhibiting the 5-LOX and COX-2 pathways, holds the promise to repair 
blood-brain barrier dysfunction. While COX-2 inhibitors reduce prostaglandin levels, they carry the risk of a wide spectrum of adverse 
effects, including cardiovascular events. On the other hand, microsomal prostaglandin E synthase-1 (mPGES-1), the enzyme 
downstream of COX-2, has the potential to be a safer target than COX-2 because mPGES-1 inhibitors have fewer adverse effects 
compared to COX-2 inhibitors. Therefore, we hypothesize that dual inhibition of mPGES-1 and 5-LOX with a the novel small-molecule 
inhibitor UK4b and Zileuton (ZLT), respectively, will repair barrier dysfunction.

METHODS: mPGES-1 localization was determined in isolated mouse and rat brain capillaries using immunohistochemistry. Seizures 
(sz) were induced in 8-week-old female Wistar rats using the lithium-pilocarpine protocol. Rats were used 48 hours post-induction
(acute) or after 6 months (chronic) when spontaneous recurrent seizures were observed via piezo/video monitoring. Animals were 
dosed with the 5-LOX inhibitor Zileuton (ZLT; 5 mg/kg, IP, BID), the COX-2 inhibitor Celecoxib (CEL; 10 mg/kg, IP, BID), and/or the 
mPGES-1 inhibitor UK4b (10 mg/kg, IP, QD). Capillary leakage was assessed using a previously established assay (Hartz, 2004). Barrier 
leakage markers (MMP-2, MMP-9, S100β), were quantified from serum samples using ELISA.

RESULTS: In rats with acute seizures, UK4b significantly reduced MMP-2 and MMP-9 levels compared to untreated animals, though 
no endpoint fully returned to control levels. Only dual mPGES-1/5-LOX inhibition with a combination of UK4b and ZLT reduced 
MMP-2 and MMP-9 levels to control. In chronic seizure animals, dual UK4B and ZLT administration restored MMP-2, MMP-9, and 
S100β levels to control, with significant reductions between treated and untreated animals.

CONCLUSION: Our findings demonstrate that only dual mPGES-1/5-LOX inhibition using UK4b/Zileuton repairs barrier leakage in 
both acute and chronic seizure rats. In ongoing studies, we are investigating the impact of this dual therapy with antiseizure drugs on 
seizure burden in chronic epilepsy.

FUNDING: Research supported by NIH R01NS079507 (BB), the University of Kentucky College of Pharmacy Team Science Project 
Award (BB), and NIH Training Grant 5T32 NS077889, Neurobiology of CNS Injury and Repair (MDS).
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Asprosin - Receptor tyrosine phosphatase type delta signaling in the oxytocin neurons modulates blood pressure

Post-Doc

Asprosin is a novel adipokine, identified through the study of genetic disease called neonatal progeroid syndrome (NPS). Three 
functions of asprosin have been thoroughly studied so far: appetite regulation by action on hypothalamic agouti-related protein
(AGRP) neurons via protein tyrosine phosphatase receptor δ (Ptprd); induction of hepatic glucose release by acting on hepatocytes via 
olfactory receptor 734 (OLFR734); and thirst stimulation via Ptprd on Purkinje neurons. Recently, we identified a new function of 
asprosin wherein it engages Ptprd to modulate blood pressure (BP) via neural circuitry distinct from that of appetite or thirst 
stimulation. Our preliminary results showed that asprosin-deficient female mice had significantly lower BP compared with WT controls, 
which can be completely rescued with intra-nasal treatment of recombinant asprosin. Further, at the mechanism level, our preliminary 
data showed that asprosin’s hypertensive effects are mediated by Ptprd signaling in the oxytocin neurons. Both male and female mice
with genetic loss of  Ptprd  from oxytocin neurons (Ptprd ; Oxy-cre ) had significantly lower MAP (mean arterial pressure) when

;

Oxy-cre ) also exhibited decreased urine volume and increased urine osmolality as compared to WT controls without hypodipsia, 
suggesting a protective renal adaptation to decreased blood pressure. Polyethylene glycol (30%) treatment caused further decrease

; Oxy-cre
mice did not display as robust of an increase in BP in response to treatment with hypertonic saline (1M) as was seen in Ptprd ; Oxy-
cre control mice. To dissect the mechanism underlying oxytocin neuronal Ptprd signaling regulating BP, we performed
immunohistochemical analysis, which revealed higher c-fos expression in paraventricular oxytocin neurons in Ptprd ; Oxy-cre

reveal the pathway involved in higher oxytocin neuronal activation in Ptprd
unknown function of asprosin and represents a unique avenue for the development of novel therapeutics for hypertension.

flox/flox +

+/+ +compared to wild type littermate controls (Ptprd ; Oxy-cre ). Mice with genetic loss of  Ptprd  from oxytocin neurons (Ptprd flox/flox

+

; Oxy-cre+ mice compared to Ptprd+/+; Oxy-cre+ control mice. Additionally, Ptprdin blood pressure of Ptprdflox/flox flox/flox +

+/+

+

flox/flox +

+/+mice as compared to Ptprd ; Oxy-cre+ control mice, suggesting higher oxytocin neuronal activation. Further experiments will aim to
flox/flox; Oxy-cre+ mice. This study identifies a previously
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Investigating the Feasibility of a Virtual Reality Singing Program in Individuals with Mild Cognitive Impairment

Undergraduate

Alzheimer’s Disease (AD) and Alzheimer’s Disease-related dementias (ADRD) cases are on the rise and by 2050 are anticipated to 
increase to 13 million in the United States, and 139 million worldwide. Loneliness and isolation have been found to be a major risk 
factor for AD and ADRD. Currently, there are an estimated 800,000 Americans diagnosed with AD or ADRD who are living alone. 
Therefore, interventions that can help augment the feeling of loneliness could be beneficial for AD and ADRD populations. Another 
intervention that has demonstrated efficacy in combating the symptoms associated with AD and ADRD is music therapy. Music 
therapy has shown to reduce stress and anxiety levels, as well as aid in memory cognition. Our group has teamed up with a local 
virtual reality start-up company who has created a social singing club that can be delivered via a virtual reality headset. In addition to 
providing music therapy-like opportunities to seniors, this program also has the capability of bridging geographic distances to bring 
people together. This program was created based on the feedback obtained via two focus groups with medical professionals with 
expertise in age-related cognitive impairment that our team hosted. We are currently conducting demonstrations of this singing club 
program in seniors with age-related cognitive decline and their study partner to determine feasibility and usability in this population. 
This study involves mixed method design. To date seven pairs have completed the demonstrations and provided invaluable feedback 
that will go to further refining the singing program. Overall, feedback has been well received, with participants and their study 
partners rating high scores on questions relevant to easy user access, enjoyment, and engagement.
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Boosting Mitochondrial Membrane Potential via Electrical Stimulation: A Novel Strategy to Prolong Mitochondrial Viability for 
Transplantation.

Undergraduate

Objective: This study aimed to investigate whether electrical stimulation can extend mitochondrial viability in vitro, addressing a 
critical limitation in mitochondrial transplantation where isolated mitochondria rapidly lose function within hours of extraction.

Methods: Mitochondria were isolated from rat liver tissue using standard protocols and suspended in specialized isolation media. A 
custom glass tube stimulation device with platinum electrodes was acquired to deliver electrical stimulation. Five stimulation 
protocols were tested with varying voltages (1V, 3V, 5V, 7V, 9V) at 100 Hz frequency for 5 minutes. Mitochondrial respiratory function 
was assessed using Seahorse XFe96 Extracellular Flux Analyzer, measuring oxygen consumption rates across different respiratory 
states including State III (ADP-stimulated respiration), State IV (resting respiration), State V-I and V-II (uncoupled respiration), and 
respiratory control ratio (RCR). We also evaluated Complex I and Complex II of the mitochondrial electron transport chain after 
freezing the samples.

Results: Electrical stimulation demonstrated voltage-dependent effects on mitochondrial respiratory function, exhibiting differential 
modulation of oxidative phosphorylation efficiency across stimulation parameters. Moderate voltages maintained optimal respiratory 
function with preserved State III respiration and respiratory control ratios, indicating sustained mitochondrial bioenergetic capacity 
and membrane integrity. Ongoing comprehensive studies are systematically focused on enzyme complex activity assays and calcium 
buffering capacity assessments to substantiate and validate the current experimental results.

Conclusions: These findings demonstrate that electrical stimulation can modulate mitochondrial respiratory function in a voltage-
dependent manner. Appropriately calibrated electrical stimulation may serve as a novel preservation strategy for isolated 
mitochondria, potentially extending their viability for therapeutic applications and improving mitochondrial transplantation therapy 
efficacy. Further optimization studies are warranted for clinical translation.

This work is supported by the following grants PG20M148326/GM/NIGMS NIH HHS/United states, Start-up funds from University of 
Kentucky – College of Medicine.
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Early loss of astrocyte p38α MAPK reduces hippocampal neuroinflammation and alters mitochondrial function in female mice 
during non-pathological aging

Post-Doc

The p38 mitogen-activated protein kinase has a well-characterized role in modulation of inflammatory processes throughout the body. 
In the central nervous system, p38 is primarily studied within neurons and microglia, most commonly in the context of neurological 
insult. The present study was designed to determine its function in astrocytes during non-pathological aging. We generated a 
conditional knockout model in which a tamoxifen-inducible Aldh1l1 promoter drives Cre recombinase expression in mice with exon 1 
of the p38α gene flanked by loxP sites. Knockout of astrocyte p38α was achieved via tamoxifen administration in young sexually 
mature mice at 3-4 months old. Animals were subsequently aged to 21-24 months prior to performing electrophysiological, 
immunohistochemical, and biochemical analyses. We found that early loss of astrocyte p38α was associated with a reduction in 
hippocampal neuroinflammation and concomitant enhancement of synaptic strength in aged female mice. In subsequent experiments 
in younger animals, the knockout reduced peripheral GFAP levels and increased non-synaptic mitochondrial uncoupling. These 
findings indicate that astrocyte p38α has wide-ranging effects on brain metabolism, inflammation, and synaptic function during the 
course of normal aging, including release of GFAP from the central nervous system to the periphery. Follow-up studies exploring the 
role of astrocyte p38α in various age-associated neuropathological contexts are warranted.
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Epidermal regulation of neuromuscular junction formation is mediated by MAPK signaling

Staff

Non-neuronal cells like glia have long been linked to the formation and regulation of neuronal synapses throughout the nervous 
system. Vital to the central nervous system, disruptions in glial cell function have been implicated in several neurological disorders. 
Although glial cells are known to function through secreted and transmembrane proteins, little is understood about their inhibitory 
behaviors. Previously, we have observed that the Caenorhabditis elegans epidermis is capable of inhibiting the formation of 
cholinergic neuromuscular junctions. Thus, in seeking to identify novel genes that are involved in these interactions between neurons 
and the epidermis, we have identified the membrane-bound protein EAT-20. Disruption of eat-20 produces more cholinergic 
neuromuscular junctions throughout development. We observed that EAT-20 acts in a neuron-specific manner, as we detected an 
increase in cholinergic synapses but not GABAergic synapses in eat-20 mutant animals. EAT-20 is expressed in multiple tissues; 
however, only its function in the epidermis is required to reduce synapse formation. This result suggests that EAT-20 mediates an 
epidermal-neuronal interaction to constrain synapse formation. Through our investigation of candidate signal transduction pathways, 
we found that MAP Kinase Kinase (MAP2K) mek-2 acts in cholinergic neurons downstream of EAT-20 function to enhance synapse 
formation. Understanding how EAT-20 modulates MAPK signaling will provide new insights to how non-neuronal cells coordinate 
synapse formation. Further studies into this epidermal-neuronal regulatory pathway should uncover molecular mechanisms that 
modulate synaptic development and could pave the way for greater understanding of neurological disorders in humans.
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PXF-1 functions in cholinergic synaptic vesicle development through small GTPases

Grad Student

Small GTPases are key regulators of synaptic regulation and neuronal development. The activity of small GTPases is modulated by 
pairs of Guanine Exchange Factors (GEFs) and GTPase Activating Proteins (GAPs). Mutations that offset the careful equilibrium of 
these pathways are associated with intellectual disability, epilepsy, and other neurodevelopmental disorders. The Caenorhabditis
elegans RapGEF homolog PXF-1 is involved in cholinergic neuron development, but it is uncertain which GAP proteins are a part of 
this pathway. Therefore, we sought to identify the GAPs associated with the PXF-1 pathway. Since Rap and Ras GTPases are part of 
the same subfamily of small GTPases, we investigated whether RasGAP proteins GAP-1 and GAP-2 influenced synapse development 
in the presence and absence of a pxf-1 mutation. We measured the intensity of cholinergic synaptic vesicle markers and found that 
both gap-1 and gap-2 mutations restored the intensity of synaptic vesicle markers in pxf-1 mutants. Since the canonical target of 
RasGAPs is LET-60, we investigated whether LET-60 functions downstream of PXF-1. We expressed a constitutively active version of 
LET-60 in neurons and measured the intensity of the synaptic vesicle marker mCherry::RAB-3 expressed in cholinergic motor neurons. 
We observed a significant increase in the intensity of mCherry::RAB-3 labeled vesicles in pxf-1 mutants expressing a constitutively 
active LET-60. Together these data indicate that PXF-1 influences the activity of LET-60, which is antagonized by GAP-1. These data 
suggest that PXF-1 activity begins a cascade of GTPases regulating synaptic development in cholinergic neurons, including the Ras 
and Rap GTPases. In future studies, we will investigate the third putative RasGAP GAP-3 for potential interaction with the PXF-1 
pathway. Further investigation of the PXF-1 pathway may elucidate a precise order of operations for neuronal development.
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A retrograde signal impairs synapse assembly at the neuromuscular junction.

Undergraduate

The formation and function of synapses are essential to support proper neuronal communication. While presynaptic neurons promote 
postsynaptic development through synaptic adhesion molecules, much less is understood about retrograde signaling from 
postsynaptic cells to presynaptic neurons. In  Caenorhabditis elegans, cholinergic motor neurons produce synapses onto muscle cells 
and GABAergic neurons at neuromuscular junctions. This simple circuit retains the developmental competition for synaptic partners 
observed in vertebrates but allows for us to study synapse formation and maturation in vivo at the single-cell and single-synapse level. 
We previously found that a Rap guanine exchange factor (GEF), which activates Rap GTPase signaling, is required for proper 
presynaptic assembly. However, mutations in this Rap GEF impair the accumulation of synaptic vesicles at cholinergic synapses only 
after their postsynaptic GABAergic partners produce postsynaptic terminals. We hypothesized that a retrograde signal from 
GABAergic neurons to cholinergic neurons to ensure the proper maturation of neuromuscular junctions. Using mutations that abolish 
GABAergic transmission or alter the localization of GABAergic postsynaptic terminals, our preliminary data suggest that GABAergic 
postsynaptic terminals modulate cholinergic synapses to a larger degree than GABAergic activity. Surprisingly, removal of GABAergic 
postsynaptic terminals restored cholinergic presynaptic assembly in Rap GEF to wild type levels. This result may suggest that Rap 
signaling in cholinergic motor neurons coordinates presynaptic maturation in response to competing cues from postsynaptic muscle 
cells and GABAergic neurons. Further investigations will illuminate how postsynaptic cells coordinate the maturation of presynaptic 
terminals. The underlying molecular mechanisms will provide new insights into the development of neuromuscular junctions and the 
disorders that affect them.
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Sex-Specific Anti-Inflammatory Responses to Three-Week Niacin Supplementation in Aged APP/PS1 Mice With Closed-Head TBI

Grad Student

Traumatic brain injury (TBI) is a major risk factor for dementia, with incidence doubling every decade after age 65, yet no
FDA-approved therapeutics exist to mitigate post-injury neuroinflammation in individuals with higher risk for Alzheimer’s disease (AD). β-
Hydroxybutyrate (BHB) suppresses inflammation via the hydroxycarboxylic acid receptor 2 (HCA2), but its low affinity for HCA2
(EC₅₀ ~1 mM) limits mechanistic insight. To directly probe HCA2-mediated immunomodulation, we administered niacin—a high-affinity 
HCA2 agonist (EC₅₀ ~0.1 µM) that readily crosses the blood–brain barrier—to aged APP/PS1 knock-in (KI) and wild-type (WT) littermates 
subjected to closed-head injury (CHI). Beginning three days post-injury, mice received niacin-supplemented chow at 0.06%, 0.2%, or 0.6% 
(w/w) or control diet until 28 days post-injury, with endpoints assessed at day 28. Aβ levels and plaque burden were examined 
histologically, and nesting behavior served as a functional readout of hippocampal integrity. Bodyweight changes were also monitored. 
Cortical cytokines and chemokines (IL-1β, IL-6, IL-10, IL-33, TNF-α, CCL2, CCL3, CXCL1, CXCL2, CXCL10) were quantified by multiplex 
immunoassay. Principal component analysis (PCA) distilled these profiles into composite inflammatory signatures to analyze the 
relationships among cytokines and chemokines and their variability across genotype and treatment groups. PCA revealed that the first 
component (PC1; 36% of variance) distinguished APP/PS1 KI from wild-type mice, driven by elevated CXCL10, CXCL2, CCL2, CCL3, and 
TNF-α in the transgenic genotype. The second component (PC2; 20% of variance) captured niacin-induced shifts toward an anti-
inflammatory profile, with strong positive loadings for IL-10 and IL-6 and negative loadings for IL-1 β and IL-33. Female APP/PS1 KI mice 
exhibited significant increases in PC2 scores at the lowest niacin dose (0.06%; p=0.0266) and maximal shifts at 0.2% (p=0.0038), 
independent of injury status (treatment main effect F=11.77, p=0.0024). Male mice and wild-type controls showed no significant PC2 
changes. Neither Aβ burden nor nesting behavior differed between niacin-treated and control groups. The data also suggest that 0.6% 
dietary niacin promotes weight gain selectively in KI mice, independent of injury, with sex as a modifying factor. These results demonstrate 
that niacin-mediated HCA2 activation selectively dampens pro-inflammatory chemokines and enhances anti-inflammatory cytokines in a sex- 
and dose-dependent manner in an AD-relevant TBI model, without altering amyloid pathology or baseline behavior. HCA2 thus represents a 
promising target for post-injury immunomodulation in populations at risk for dementia, and high-affinity agonists like niacin warrant further 
preclinical evaluation as potential TBI therapeutics.
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Quantitative Image Analysis of Region-Specific Neuropathology in Hypertensive and Normotensive Mice Following Traumatic 
Brain Injury

Undergraduate

Traumatic brain injury (TBI) is a leading cause of mortality and long-term disability that affects millions of people worldwide each year. 
TBI is frequently associated with neuroinflammation, blood-brain barrier (BBB) disruption, and neuronal loss. Hypertension, a prevalent 
comorbidity among TBI victims, similarly disrupts cerebrovascular function and heightens vulnerability to stroke and cognitive 
dysfunction. Despite their frequent coexistence and overlapping pathologies, the impact of preexisting hypertension on TBI-related 
brain injuries remains poorly understood.

To bridge this gap, HALO image analysis software was used to quantify histological staining in different mouse brain regions in the 
context of a larger hypertension-TBI neuropathology study. The larger study consisted of five treatment groups (uninjured-
normotensive, uninjured-hypertensive, TBI-normotensive, TBI-hypertensive only prior to injury and TBI-hypertensive), n=8 mice per 
group. Hypertension was induced three weeks prior to injury via subcutaneous infusion of angiotensin II (1,000 ng/kg/min), and mice 
were sacrificed seven days after injury with brain tissue then being collected. Brain sections were subsequently immunostained for IgG 
and stained with Prussian Blue.

HALO quantitative image analysis enables objective measurements of cerebrovascular pathologies, allowing direct comparisons of 
staining intensity and distribution across experimental groups. Four anatomical regions of the brain, the corpus callosum, cortex, 
hippocampus, and thalamus were identified due to their established vulnerability to TBI. IgG extravasation was quantified as a 
measure of blood–brain barrier permeability, and Prussian blue staining was analyzed to assess micro hemorrhaging.

As expected, TBI-affected mice expressed elevated IgG extravasation most significantly in the corpus callosum and increased 
microbleeding in the corpus callosum and cortex in comparison with sham injured controls. Hypertensive-TBI mice, however, had 
marginal differences in their related neuropathologies in comparison to their normotensive-TBI counterparts. These results indicate 
that hypertension may have a milder role than anticipated in post-TBI cerebrovascular pathologies, although further investigation is 
warranted to clarify hypertension’s long-term effects.
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Calpastatin overexpression in mice attenuates posttraumatic cognitive and motor behavioral deficits without neuronal rescue

Post-Doc

Calpains are a family of calcium-dependent cysteine proteases that are activated within minutes after traumatic brain injury (TBI). 
Sustained calpain activation contributes to the secondary injury cascade of TBI and has been linked to axonal degeneration, blood–
brain barrier dysregulation and neuron death. Calpastatin is an endogenous protein encoded by the CAST gene and a potent 
inhibitor of calpains. This study investigates the potential of overexpressing human calpastatin (hCAST) in a mouse model of TBI to 
alleviate TBI-induced brain damage and neurobehavioral dysfunction.

Transgenic mice overexpressing hCAST and wild-type controls (WT) were subjected to controlled cortical impact (CCI) to induce TBI 
(n=19 - 20 per genotype) or to sham injury (n=12 per genotype). Motor deficits quantified using a neurological severity score were 
observed in WT mice over the first week and were significantly attenuated in hCAST transgenic mice. Spatial learning ability assessed 
in a Morris water maze on days 6 through 9 and novel object recognition (days -1 and 10) were reduced following CCI in WT mice but 
significantly mitigated in hCAST overexpressing mice. At 10 days postinjury brains were collected and cut coronally into 40-micron 
sections for analysis. Upon Nissl staining a subset of animals (n=12 per genotype), we observed no significant differences in contusion 
volume between hCAST and WT animals. NeuN immunolabelling (CCI n=7 per genotype) revealed no effect of hCAST 
overexpression on posttraumatic neuron loss.

These findings suggest that inhibition of calcium-dependent proteolysis aids in restoration of neurobehavioral function following TBI 
without protecting against cortical or hippocampal neuron death.
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HALO AI characterization of microglia morphological changes after TBI in AD-relevant mouse model

Undergraduate

Traumatic brain injury (TBI) can trigger a neuroinflammatory response that persists long-term and may contribute to the onset of 
neurological conditions like Alzheimer’s disease (AD). However, the extent to which a single mild TBI alters the trajectory of AD-
related pathology remains unclear. In this study, we evaluated whether a closed head injury (CHI) administered in early adulthood 
affects the progression of microglia pathology in APP/PS1 knock-in (KI) mice, a genetically predisposed model of AD. Both APP/PS1 
KI mice and wild type (WT) received CHI or sham surgery at 4-5 months of age, a time point preceding the typical onset of Aβ plaque 
formation in KI mice. Brain tissue was analyzed for microglia reactivity (IBA1) at 1-, 4-, 8-, and 11-months post-injury. An AI classifier 
using HALO software was developed to assess ramified, hypertrophic, and dystrophic microglia populations within 4 brain regions
(focus-area of injury, hippocampus, neocortex, corpus callosum), representing a novel application of AI to microglia phenotyping 
designed to mitigate human subjectivity in morphological assessment. Burden (% IBA1+ positive area) and counts of ramified, 
hypertrophic, and dystrophic microglia show a prominent genotype effect, with region-dependent differences associated with CHI in 
select timepoints. Such investigations advance our understanding of microglial pathology in injured and diseased brains, and this 
approach can be extended to investigate other glial reactivity and amyloid burden to further understand the roles they play in 
neurodegeneration.

Research was supported by Department of Defense under award number AZ190017.
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Neuron-specific IL-1 receptor accessory protein b (IL-1RAcPb) influences hippocampal synaptic responses following closed-head 
injury

Grad Student

Interleukin-1 (IL-1) signaling is known to contribute to synaptic changes following traumatic brain injury (TBI), but the neuron-specific 
isoform IL-1RAcPb may influence these responses in a distinct manner. To investigate this, we examined how loss of IL-1RAcPb affects 
basal synaptic strength in the hippocampal CA1 and dentate gyrus (DG) one week after injury. Male and female mice, 6–8 months 
old, either wild-type or IL-1RAcPb knockout, were assigned to sham or closed-head injury (CHI) procedures (IACUC-approved). At 7 
days post-injury, coronal brain hemisections were prepared for electrophysiological analysis. Field potential recordings were 
performed in CA1 (via Schaffer collateral stimulation) and DG (via perforant path stimulation). Input-output curves were generated 
using 11 stimulus intensities ranging from 25-600 µA. Basal synaptic strength was quantified by measuring the EPSP slope relative to 
the fiber volley amplitude, and the population-spike threshold was determined. In parallel, DiOlistic labeling with DiI was used to 
visualize dendritic spines in CA1 and DG, allowing morphological assessment of synaptic structure. In CA1, wild-type mice subjected 
to CHI exhibited modest reductions in basal synaptic strength compared to sham. Knockout mice showed slight decreases even 
under sham conditions, with the largest reductions observed in knockout-injured animals. In contrast, the DG displayed an opposite 
trend: wild-type injured animals tended to show increased basal strength relative to sham, consistent with enhanced excitability. 
However, knockout-injured animals did not show this increase, instead remaining closer to baseline levels. Spine analyses supported 
these electrophysiological trends, with greater spine loss in CA1 after injury and more subtle alterations in DG spine density. Taken 
together, these findings suggest that IL-1RAcPb may play a region-specific role in regulating hippocampal responses to injury. In CA1, 
IL-1RAcPb appears to help preserve synaptic function after trauma, while in the DG it may facilitate the increase in excitability that 
typically follows injury. Loss of IL-1RAcPb thus seems to exacerbate CA1 weakening while dampening DG hyperexcitability, 
highlighting its potential modulatory influence on circuit-level outcomes after TBI.
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Time-of-Day Effects on Post-Traumatic Neuroinflammation in Aged Humanized APP Knock-In Mice

Undergraduate

Introduction

Circadian rhythm—endogenous ~24-hour cycles in physiology—regulate immune function and cellular repair. Evidence shows the 
timing of injury influences outcomes in neurological and systemic conditions. In Stroke models, injury severity and recovery vary with 
time of day, likely due to fluctuations in inflammatory mediators and immune cell activity. Similarly, systemic infections show diurnal 
variations in host immunity, affecting pathogen clearance and tissue repair.

However, how circadian rhythms influence neuroinflammation after Traumatic brain injury (TBI) remains unclear. Neuroinflammation 
drives secondary injury after TBI through activation of resident microglia and infiltration of peripheral immune cells. The Meninges—
an emerging neuroimmune interface—coordinate immune surveillance and responses. Because both systemic and neuroimmune 
responses follow circadian patterns, clarifying how time of day affects meningeal inflammation after TBI may reveal therapeutic 
targets.

This study tests whether mild TBI at different times of day alters meningeal neuroinflammation. Mice received a single mild closed-
head injury at 6-hour intervals and were analyzed 24 hours later. Our focus is on circadian regulation of neuroinflammatory dynamics, 
rather than clinical outcomes, to inform optimal timing of post-TBI interventions.

Methods

Animal Model and Experimental Design

Adult mice were housed on a 12-hour light/dark cycle. All procedures were IACUC-approved. Mice were randomized into four groups 
receiving injury at 6-hour intervals (ZT0, ZT6, ZT12, ZT18; ZT = Zeitgeber Time) to assess circadian variation.

Mild Closed-Head Injury Protocol

Each mouse received a calibrated mild closed-head injury without skull fracture or hemorrhage, then was monitored in its home cage 
until tissue collection.

Tissue Collection

At 24 hours post-injury, mice were euthanized. Brains and overlying meninges were dissected; meninges were separated from brain 
parenchyma for targeted neuroimmune analysis and fixed in paraformaldehyde.

Immunohistochemical Analysis

Fixed meningeal tissue was paraffin-embedded and sectioned (5–10 µm). Sections were stained with antibodies for microglia, 
macrophages, and leukocytes, followed by fluorescent secondary antibodies and DAPI nuclear counterstain. Fluorescence microscopy 
quantified immune cell numbers and activation states (via morphology and activation marker expression) across the four time-of-day 
groups.
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Phosphoproteomics Identifies Sustained Mitochondrial Dysfunction after Chronic SCI and Regeneration-Independent Recovery via 
Neuronal-Specific PTEN-KO

Undergraduate

The phosphatase and tensin homolog (PTEN) protein has been understood to play a role in spinal cord injury (SCI), notably, by inhibiting 
the MTOR pathway which is linked to axon growth and regeneration. Thus, the interference of PTEN in rodent models has experienced a 
large focus as a putative regenerative treatment of SCI. In contrast to prior reports, our previous work has established that knocking out 
neuronal PTEN (PTEN-KO) in rodent models with SCI can restore functions without inducing regeneration. While work in the field has 
focused primarily on PTEN itself, we sought to detect what PTEN-KO was modulating to drive therapeutic effects that are independent 
from axon growth. We evaluated total and phospho-proteomics of chronically injured spinal cords with, or without, neural-specific PTEN-
KO to identify affected downstream pathways. Our major novel findings from total proteomics identified a sustained dysfunction of 
mitochondria and metabolic pathways into chronic SCI that were near-completely reversed after neuronal-specific PTEN-KO. Kinase 
enrichment assays identified a sustained dysfunction of PINK1 as a top affected metabolic regulator in chronic SCI, as well as a predicted 
upregulation after PTEN-KO. Mitochondrial bioenergetic functions were then evaluated in chronic SCI with, or without, PTEN-KO which 
validated a sustained dysfunction of mitochondria chronically after injury that was partially reversed after neuron-specific PTEN-KO. 
Immunohistochemical analysis identified a sustained upregulation of PGC1α, a transcriptional regulator of mitochondrial and metabolic 
functions, in neurons around chronic SCI lesions, suggesting a homeostatic response to sustained mitochondrial dysfunction. Our 
collective work has identified dysfunctional mitochondria as a novel contributor chronic SCI that is reversed with PTEN-KO and may 
underly non-regenerative therapeutic effects of mTOR pathway augmentation.

Funding: Kentucky Spinal Cord and Head Injury Research Trust (KSCHIRT). Wings for Life Foundation. Jay Caplan Research Trust. 
Department of Radiology at the University of Kentucky.
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Hematological and Cytokine Changes in a Rat Model of Spinal Cord Injury Post-Sepsis Survival

Undergraduate

Spinal cord injury, also known as SCI, is a severe condition that results in paralysis affecting both motor and sensory functions. Over 
time, SCI will impact one’s quality of life, as well as a decreased life span. Systemic infections, more commonly known as sepsis, is an 
infectious dysregulated inflammatory response, potentially leading to organ failure, tissue damage, and in severe cases, death. 
Individuals with SCI had worsened symptoms due to a primary complication of sepsis, increasing the mortality rate. However, there is 
no experimental model studying the complications of post-sepsis spinal cord injury, which is what this study is aimed towards.

Rats were assigned to four experimental groups: sham, SCI, sepsis, SCI+sepsis. Spinal cord was contused at the T10 spinal level at 
200 kDyn using an Infinite Horizon (IH) Impactor. At 15 minutes post-injury, sepsis was induced through injection of 3ml cecal slurry 
(i.p.). Post-injury care included close monitoring, treating with antibiotics and resuscitating with fluids starting at 8 hours post-SCI/
post-sepsis, continuing twice daily for the next five days.

CBC analysis revealed a decrease in red and white blood cell counts, along with reduced hemoglobin levels, indicating impaired 
oxygen-carrying capacity following SCI, Sepsis, and SCI+Sepsis in a time-dependent manner, with a more pronounced effect in the 
SCI+Sepsis group. These findings align with increased inflammation observed in cytokine analysis of serum samples, which showed 
elevated levels of IL-6 and TNF-α. A detailed analysis of differential blood parameters is ongoing.
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Mitochondrial Impairment in Skeletal Muscle Following Spinal Cord Injury and Sepsis

Other

Neuromuscular impairments are common consequences of spinal cord injury (SCI) and include profound metabolic disturbances and 
progressive muscle atrophy. These conditions are often aggravated by sepsis, a frequent and serious complication of SCI patients. 
Mitochondrial dysfunction is a major contributor to both SCI-related muscle degeneration and sepsis-induced myopathy, yet the 
combined effects of these conditions on skeletal muscle bioenergetics remain poorly understood. SCI severity and sepsis may exert 
differential effects on oxidative (soleus) and mixed-fiber (plantaris) muscles, resulting in progressive bioenergetic and functional 
decline.

To examine these effects, a contusion spinal cord injury was produced at the L1/L2 level using the Infinite Horizon (IH) impactor with 
three different severities: mild (200 kdyn), moderate (250 kdyn), and severe (250 kdyn with a 3-second dwell time). Sepsis was induced 
by a 3 ml intraperitoneal injection of cecal slurry 15 minutes post-SCI. Four weeks post injury, mitochondrial respiration in skeletal 
muscle was assessed using Oroboros high-resolution respirometry across SCI, sepsis, and SCI + Sepsis groups.

Results showed a significant decline in mitochondrial respiration in both soleus and plantaris muscles after spinal cord injury. The 
soleus exhibited a severity-dependent decline, while the plantaris showed deficits only in the severe SCI group. In the SCI + Sepsis 
group, mitochondrial bioenergetics declined further, with more Substantial impairment in the soleus due to its oxidative nature of 
muscle fibers. Parallel to bioenergetic changes, a marked reduction in muscle weight was observed in the soleus compared to the 
plantaris. This suggests sepsis not only impairs mitochondrial function but also escalates muscle catabolism.

Future studies will aim to Explore the underlying mechanisms of mitochondrial dysfunction and to develop targeted interventions that 
protect muscle integrity and enhance recovery after SCI.

This work is supported by the following grants NIH/NINDS 1R21NS128749 (SP/HS), P20GM148326/GM/ NIGMS NIH HHS/United 
States, Start-up funds from University of Kentucky-College of Medicine (SP)
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Gonadal hormones and sex chromosomes differentially affect T cell phenotypes, behavior, and locomotor recovery post spinal 
cord injury.

Staff

Background: The inflammatory response following spinal cord injury (SCI) is complex, involving both innate and adaptive immune 
systems, multiple cell types, and various inflammatory cytokines. Intraspinal CD3+ T-cell responses differ between males and females 
after SCI across multiple species. The underlying factors contributing to sexual dimorphism may involve gonads and associated 
hormones and/or sex chromosomes.

We used the Four Core Genotypes (FCG) mouse model (3-4 months old), which generates XX and XY mice with ovaries, and XX and 
XY mice with testes to dissect the role of gonads and chromosomes after T9 contusion SCI. T cells were isolated from the splenocytes 
at 7 and 42 dpi (days post injury) and activated (CD3/CD28 activation assay) for 92 hours and analyzed for proliferation (by CFSE 
staining) and lineage (CD8+ and CD4+) via flow cytometry.  We also compared the T cell subsets in the spleen at 7 and 42 dpi and 
spleen and spinal cord at 28 dpi using flow cytometry and evaluated locomotor (BMS) and sensory recovery (Hargreaves/smooth 
rough place preference SRPP) at 42 dpi. Spinal cord cells after SCI at 7dpi were subjected to single-cell RNA sequencing (scRNA-seq)-
data pending.

For spleen T cells at 28 dpi, we observed higher CD45+CD4+ proportions in males (testes, XY) compared to females (ovaries, XX) and 
no differences were seen for CD45+CD3 and CD45+CD8 proportions. Interestingly, no differences were observed for intraspinal T 
cells (CD3+) or their subsets at 28dpi.

Spleen T cell proliferation did not differ at 7 dpi across FCG groups and was sig. higher in females (ovaries) irrespective of 
chromosome at 42 dpi. Spleen T cell proliferation did not differ based on Y chromosome (independent or gonads) either at 7 or 42 
dpi. Proportion of spleen T cells did not differ at all at either time point. T cells activation assay indicates that ovaries sig. affects the 
lineage choice towards higher CD8 cells and Y chromosome decreased CD8 cells at 7 and 42 dpi. Testes sig. affect the lineage choice 
towards higher CD4 cells and presence of the Y chromosome did not affect CD4 cells at 7 or 42 dpi. Proportions of CD8 cells in 
spleen did not differ sig. by gonads or Y chromosome either at 7 or 42 dpi. Interestingly, CD4 cells in spleen were sig. higher with 
testes at 42 and did not differ at 7 dpi. The presence of Y chromosome sig. increased the thermal paw withdrawal latency and BMS 
subscores at 42 dpi which did not differ by gonads. Females (ovaries, XX) traveled greater distances in the SRPP assay compared to all 
other groups.

Our preliminary observations clearly suggest that female and male gonads and sex chromosomes differentially influence T cell 
phenotypes and proliferation as well as motor recovery. The inclusion of sex chromosomes as a potential driver of sexual dichotomies 
in SCI is novel.

Funding: Craig H Nielsen: 1173493, SCoBIRC Endowment #5, NIH R01NS126228 and T32NS077889

Acknowledgment:  RRID:SCR_026358
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Model of Secondary Sepsis following Spinal Cord Injury

Grad Student

Spinal cord injury (SCI) is a traumatic condition that can result in motor paralysis below the level of injury. One of the prevalent 
secondary complications of SCI is sepsis. Sepsis is classified as primary or secondary based on its time of onset. Sepsis is classified as 
primary if sepsis occurs within 48 hours of SCI, while it is considered secondary for any instance of Sepsis after 48 hours of SCI. This 
research aims to create a model of secondary sepsis after SCI that can be applied clinically to assess the fundamental 
pathophysiological alterations linked to this condition. 

Adult female Sprague Dawley rats were randomly divided into four groups: Sham, Sepsis, SCI, and SCI+Sepsis. SCI was induced by 
T10-laminectomy with a 200 kDyn contusion injury using Infinite Horizon impactor. A 3 mL intraperitoneal injection of cecal slurry 6-
weeks after SCI was given to induce sepsis. Antibiotic therapy and fluid resuscitation began 8 hours after sepsis induction and 
continued twice daily for 5 days. Survival, body weight, bacteremia, hindlimb locomotor performance (BBB, Catwalk and ladder rung 
tests) and histology outcomes were monitored over 12 weeks.

The SCI+Sepsis group exhibited rapid-onset bacteremia within 6 hours. Through ladder rung tests fine locomotor skills were assessed, 
indicating severely impaired fine locomotor skills with a greater number of missteps in SCI+Sepsis group. After sepsis induction, gross 
locomotor skills were acutely affected. Contrastingly, Sham and Sepsis-only animals maintained normal locomotor function. Ongoing 
studies assess histological changes in spinal cord tissue to evaluate tissue sparing.

This novel, clinically relevant model for sepsis post-SCI may offer a substantial foundation for investigating therapeutic strategies.

This work is supported by the following grants NIH/NINDS 1R21NS128749 (SP/HS), P20GM148326/GM/ NIGMS NIH HHS/United 
States, Start-up funds from University of Kentucky – College of Medicine (SP).
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Design and testing of a graded event-related potential-based brain-computer interface for motor rehabilitation

Grad Student

Stroke not only impairs gross motor function but also disrupts fine motor control, making it difficult for individuals to modulate grip 
force in real time [1]. This loss of dexterity limits independence in daily activities and highlights the need for rehabilitation strategies 
that target fine motor recovery.

Brain–computer interfaces (BCIs) can promote neuroplasticity through real-time feedback [2], but most rely on binary classifications 
distinguishing movement from rest [3] or between distinct tasks [4]. By contrast, EEG activity has been shown to scale with effort [5,6], 
even in stroke survivors, where EEG decoding (65%) outperformed EMG (41%) when classifying four graded levels of paretic hand 
movement using a quadratic discriminant model [6]. These findings suggest that EEG can provide meaningful feedback even when 
physical output is restricted.

We developed a novel rehabilitation BCI that decodes graded effort–related potentials (GERPs) to close the loop between motor 
intention and execution. The system integrates 32-channel EEG, bipolar EMG on the flexor digitorum superficialis muscle, and 
handgrip force recordings. Data from the first three runs are used to train support vector machine and linear discriminant analysis 
models on EEG features, as well as to derive an EMG threshold that distinguishes movement from rest. During online operation on 
the remaining seven runs, EMG detects movement onset, after which EEG decoding provides continuous graded feedback through a 
visual interface. System performance will be evaluated by classification accuracy, with success defined as performance above chance 
and approaching the 65% benchmark previously reported offline.

In summary, this work will test the feasibility of real-time graded decoding and establish the foundation for future studies assessing its 
impact on rehabilitation and neuroplasticity.

[1] Hermsdörfer J, et al. Grip force control during object manipulation in cerebral stroke. Clin Neurophysiol. 2003.

[2] Cervera MA, et al. Brain-computer interfaces for post-stroke motor rehabilitation: a meta-analysis. Ann Clin Transl Neurol. 2018.

[3] Xu R, et al. A closed-loop brain computer interface triggering an active ankle-foot orthosis for inducing cortical neural plasticity.
IEEE Trans Biomed Eng. 2014.

[4] Bhagat Nikunj A, et al. Design and Optimization of an EEG-Based Brain Machine Interface (BMI) to an Upper-Limb Exoskeleton for
Stroke Survivors. Front Neurosci. 2016.

[6] Haddix C, et al. Prediction of isometric handgrip force from graded event-related desynchronization of the sensorimotor rhythm. J
Neural Eng. 2021.

[7] Haddix C, et al. Electroencephalogram features reflect effort corresponding to graded finger extension: implications for
hemiparetic stroke. Biomed Phys Eng Express. 2025.

This work is supported by the Lighthouse Beacon Foundation Graduate Fellowship.
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Effects of Prefrontal Stroke on Motor Deficits Through B Cell Localization and Angiogenesis in Adult Female Mice

Other

Ischemic stroke, where blood flow to the brain is blocked, is a leading cause of adult disability. Movement is controlled by the primary 
motor cortex, but the effects of prefrontal stroke on higher-order motor deficits and recovery is unclear given potential involvement of 
motor planning areas in the ischemic area. A few of the many roles of the immune system include the production and release of 
cytokines and the promotion of angiogenesis. While the role of B cells is beneficial in acute stages following stroke through 
neurotrophic support, though aggregation of B cells in the chronic post-stroke brain could become detrimental, therefore requiring 
further study. I hypothesized that prefrontal stroke results in functional motor deficits for aged mice, increasing protective B cell 
localization in the peri infarct pia and inducing angiogenesis to improve motor function. To test the role of B cells in motor recovery, 
we will use the operant forelimb reach task for evaluation of both motor function and memory. Female (7-16 month-old, n=7) CD19CL 
wild-type mice were trained for 4 weeks on the Operant Forelimb Reach Box task to confirm paw preference, adaptive strength, and 
motivation for strawberry milkshake reward. Following baseline, mice underwent a bilateral prefrontal photothrombotic stroke. Mice 
are completing triweekly Reachbox task acquisition at weeks 1 and 3 post-stroke. Reachbox measures were the number of trials and 
success and reach strength, recording a maximum force threshold and pull. This trial is currently ongoing, but we confirm that adult 
CD19CL mice can be trained in forelimb reaching to successfully evaluate motor recovery after prefrontal stroke. Neural tissue is 
being processed for immunohistochemistry, staining for B cells using B220/DAB and vessels using an alkaline phosphatase stain to 
quantify capillary density and angiogenesis. We expect to confirm a hypothesis that greater B cell localization to motor areas 
correlates to improved motor recovery after stroke.
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Sex-Specific Prediction of 1-Year Medication Non-Adherence Using Machine Learning: Analysis of Medicare Fee-for-Service 
Ischemic Stroke Survivors

Faculty

Background: Non-adherence to guideline-directed medications (GDM) is prevalent among stroke survivors, particularly in women.

Objectives: To develop and validate sex-specific machine-learning algorithms (MLA) to predict 1-year non-adherence to GDMs 
among Medicare stroke survivors.

Methods: Medicare beneficiaries discharged after a primary diagnosis of acute ischemic stroke between January 2013 to December 
2020, and had a prescription filled for secondary prevention GDMs (i.e., statins and antihypertensives) were included. Patients were 
randomly divided into training, testing, and validation samples. Potential predictors included socio-demographics, medical history, 
area-level social factors, and filling prescription patterns. We evaluated 7 MLAs to predict non-adherence to GDMs, defined as the 
proportion of days covered <0.80 (i.e., prescription filling gaps) at 1-year. Prediction performance was assessed using C-statistic and 
SHAP values were reported for the top 20 predictors.

Results: Our final cohort included 10,848 patients; of which 5,589 (51.5%) were women. In both sexes, the gradient boosting machine 
(GBM) and histogram-based gradient boosting (HBGB) were best performing (C=0.80 and 0.81, respectively) in the testing cohort. 
The GBM had a specificity of 86.4%, and negative predictive value (NPV) of 73.5% in women, and a specificity of 87.6%, and NPV of 
74.7% in men. Among both sexes, top predictors included polypharmacy, adherence to GDMs in the first 3 months post-discharge, 
and 12 months prior. Less than high school education and proportion of households receiving food stamps were among top 
predictors in women.

Conclusions: MLAs appear to perform well for risk prediction of non-adherence to GDMs among stroke survivors in women and men.
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Impact of Circadian Timing on Patient Demographics and Outcomes Following Stroke Thrombectomy

Med Student

A growing body of evidence suggests that circadian rhythms may impact ischemic stroke treatment efficacy and outcomes. However, 
the underlying reasons for these differences are unknown. Some studies have hypothesized these observed differences may be due to 
confounding effects from differences in care quality during non-working hours. Alternatively, others propose  a biological cause. The 
objective of this study is to investigate differences in stroke thrombectomy patients based on the time of stroke onset and 
thrombectomy. Data were collected from patients undergoing stroke thrombectomy at the University of Kentucky. The primary 
analysis was based on the procedural start time of endovascular thrombectomy (EVT). Patients were divided into two groups: morning 
EVT (start time 05:00 – 10:59) and other EVT (11:00 – 04:59). A secondary analysis was performed for the last-known normal (LKN); 
these patients were categorized into two groups with either a nighttime (23:00-06:59) or daytime (07:00-22:59) LKN. In both analyses, 
Fisher’s Exact Test was performed for categorical variables. For continuous variables, independent-samples t-tests were performed 
when variances were equal, and Welch’s t-tests were performed when variances were unequal. In the primary analysis, 199 patients 
were in the morning EVT group and 1,161 patients in the other EVT group. Significant variables for morning vs. other EVT included 
TSH at the time of admission (3.6 (2.7) vs. 2.0 (1.3); p <0.0001), time in minutes from onset to thrombectomy (563 (302) vs. 498 (344); 
p = 0.010), and time in minutes from onset to hospital arrival (472 (304) vs. 415 (347); p = 0.026); data is reported as mean (SD)). In the 
secondary analysis, 218 patients were in the nighttime group and 1,023 patients in the daytime group. Significant variables included 
age (63.3 (15.1) vs. 66.9 (16.6); p = 0.004), presence of atrial fibrillation comorbidity (28.0% vs. 35.9%; p = 0.028), smoking status 
(40.2% current smokers vs. 30.9% current smokers; p = 0.020), A1c at admission (6.6 (2.0) vs. 6.2 (1.5); p = 0.015), and time in minutes 
from onset to thrombectomy (817.6 (1035) vs. 617.8 (1129); p = 0.018; data is reported as mean (SD)). There were no differences 
observed for outcomes, including 90-day mRS, MoCA, or location (home, nursing facility, or inpatient rehab). This study demonstrates 
that circadian variation influences both patient profiles and care delivery in ischemic stroke.  Age, atrial fibrillation, smoking, A1c, and 
TSH levels are potential factors contributing to the development of a nighttime versus a daytime stroke. Additionally, patients with a 
stroke onset overnight have delays in care, resulting in longer times from onset to thrombectomy. Although functional outcomes did 
not differ in this cohort, these findings highlight the need to address circadian-related biological and systems-level factors to optimize 
stroke care and treatment efficacy.
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Longitudinal dual-photon intravital imaging reveals loss of astrocytic endfeet in 5xFAD mice over time

Staff

Cerebrovascular dysfunction and reactive astrocytosis are well characterized and accepted hallmarks of Alzheimer’s disease (AD) and 
related dementias, although astrocyte endfeet coverage of cerebral vessels through disease progression and normal aging remain 
unknown. Here we utilized weekly longitudinal intravital two photon imaging over a 12-week time course to investigate astrocyte 
endfeet and cerebral vascular changes in intact 5xFAD mice, and wild-type (WT) littermates injected with an astrocyte specific Gfa2-
EGFP AAV. Images from the individual astrocytes and vessels were obtained from the identical brain region each week. We found that 
5xFAD mice appeared to be losing astrocyte endfeet from 5-8 months of age compared to WT while the astrocyte number and 
volume remained relatively unchanged. The cerebrovasculature in both WT and 5xFAD mice remained unchanged during this time 
course. These data suggest that examining the individual cellular compartments of astrocytes and their interactions with the 
cerebrovasculature may provide insight into mechanisms of blood brain barrier breakdown resulting in neurocognitive impairment.
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The Rehabilitation Game: Exploring the Effects of Mixed Reality Game Training on Balance and Cognition in Stroke

Undergraduate

Motor and cognitive impairment are commonly reported conditions following stroke, often leaving individuals with lifelong deficits. In 
2022, 4.6% of adults in Kentucky reported having had a stroke in their lifetime, while the national percentage was 3.4. In combination 
with the prevalence of stroke, stroke treatment, prevention, and most relevant to this study, on-going rehabilitation methods account 
for great strain on healthcare systems’ resources and as well as burden on patients and their support systems dealing with effects, 
with estimations in 2022 of direct and indirect costs for stroke totaled at $52.8 billion annually nationally. In a highly technological 
world, mixed reality (MR) may provide a novel solution for motor/balance and cognitive function recovery that can not only aid 
patient outcomes but also ease the strain on the healthcare system long-term. A prior mixed reality game training study in our lab 
demonstrated significant balance improvements in non-clinical, healthy participants, suggesting that there could be similar benefits 
for individuals with balance impairment following stroke. In an initial feasibility study with two chronic stroke patients demonstrated 
improvements in memory, attention, and processing speed, as well as improving mood. With these promising initial findings, we 
began our current study, Mixed Reality Training for Stroke (MERIT). Here we present a case series with three stroke patients who 
completed 12, one hour MR game training sessions to determine the efficiency for a clinical population. Results revealed substantial 
improvements in the domains of memory, attention, executive function, and processing speed that where sustained, and in some 
cases continued to improve, across a 90-day follow-up period. Balance and motor results showed significant gains as well after 12-
hour training (determined both through qualitative and quantitative means), and these improvements were stable across a 90-day 
follow-up window. While the results of this case series are promising, a larger sample is needed before drawing definitive conclusions 
regarding the effectiveness of using MR as a motor and cognitive rehabilitation aid following stroke.
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Identification and characterization of NGFR positive cells in human neuroma biospecimens

Post-Doc

The low affinity NGF receptor or NGFR, also known as p75NTR, is a ubiquitous membrane marker of peripheral nervous system (PNS) 
Schwann cells from spinal nerves, nerve roots, and ganglia. Recently, we reported that additional populations of NGFR positive cells 
distinct from Schwann cells, the main PNS-resident glial cells, are present in the epineurium, perineurium, and endoneurium of normal 
human nerves from donors of various ages. Here, we extended our immunohistochemical image analysis of PNS biospecimens with 
the goal to reveal the identity and localization of NGFR positive cells in peripheral nerve tumors. Our detailed immunohistochemical 
analysis of formalin-fixed paraffin-embedded samples uncovered the existence of at least three novel populations of NGFR positive 
cells in the stroma and perivascular areas of the endo-, peri- and epineurium of all neuroma and neurofibroma samples analyzed so 
far. Of particular importance were the abundant NGFR positive cells found in association with the hyperplastic perineurial layers of 
human neuromas. These perineurial NGFR positive cells expressed high levels of Glut1, a classical perineurial cell marker. However, 
they lacked the expression of S100β, a typical Schwann cell marker, SMA, a pericyte marker, and CD34, a fibroblast marker. To 
conclude, we provide immunohistochemical evidence supporting the widespread occurrence of hyperplastic NGFR positive cells in 
human nerve tumors primarily within the connective tissue layers. Further studies are needed to understand their possible roles in 
tumor initiation, progression, and maintenance.
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Human peripheral nerve cells for in vitro modeling and regenerative medicine

Post-Doc

Introduction

Human Schwann cells (hSCs), the peripheral nervous system (PNS) glial cells, can be isolated and expanded in vitro for several 
passages. However, it is a challenge to obtain homogeneous hSC cultures due to donor variability and contamination with non-glial 
cells. Therefore, the aim of this research was to develop rigorous assays and quality control measures for establishing and managing 
hSC cultures from various adult nerve tissues.

Methods

To determine the phenotype and purity of hSC cultures, we combined the use of transcriptomics and image-based 
immunofluorescence labeling using cell type and maturation state specific antibodies. To determine the functional properties of hSC 
cultures, we performed bioassays for cell proliferation, differentiation, and senescence. hSC proliferation was determined by EdU 
labeling in the presence of SC-specific growth factors. Cell differentiation was determined by immunodetection of myelin-related 
markers, such as O4 and MPZ, in the absence and presence of cAMP, a strong inducer of myelination. Cellular senescence was 
determined by SA-B-Gal staining.

Results

The implementation of the abovementioned quality control protocols allowed us to improve the accuracy, reliability, and 
reproducibility of hSC cultures from various sources. Not only we developed simple methods to discriminate hSCs from nonglial cells 
(namely fibroblasts) but also determine the potency of individual hSC batches using a range of bioassays.

Discussion

The well-characterized hSC cultures we have generated can be used in assorted applications in regenerative medicine, e.g. to 
develop cell-based grafts for implantation, in vitro modeling of neurobiological processes, and drug testing for neurodegenerative 
diseases.
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Immune isoform diversity revealed by single-cell long-read sequencing establishes a framework for studying immunological 
roles to neurological disease

Grad Student

Peripheral blood mononuclear cells (PBMCs) are major mediators of systemic inflammation. Changes in their abundance and gene 
and protein expression profiles are linked to neurodegenerative disease via dysregulated immune signaling. Since clinical neural 
samples are rarely accessible, biomarkers for neurological diseases are difficult to identify; however, PBMCs offer a peripheral window 
into immune contributions in neurological disorders and a potential biomarker source. The isoform transcriptomic landscape in 
PBMCs remains largely unexplored due to the limitations of short-read sequencing—the conventional approach. We adapted PIPseq, 
a benchtop single-cell technique, for use with long-read sequencing and performed the first single-cell long-read profiling of PBMCs 
to characterize isoform expression and evaluate its utility in revealing isoform-driven immune mechanisms relevant to 
neurodegeneration. We prepared two technical replicates of a human PBMC sample and performed deep long-read sequencing 
using Oxford Nanopore Technologies’ PromethION (3 flow cells each), yielding 492M reads. A custom barcode recovery pipeline 
enhanced read yield before pseudobulk isoform discovery with Bambu. Cell clustering was performed at the gene- and isoform-level 
and characterized by canonical cell-type markers. AutoZI modeling addressed depth limitations in isoform detection. We discovered 
166 novel isoforms, including from previously unannotated genes. Cell-type-specific isoform signatures resolved major PBMC 
populations (T cell, B cell, Natural Killer, Monocyte-derived, and Megakaryocytes) and TCell subtypes (memory, effector, cytotoxic, 
transition). While canonical isoforms localized to expected cell types, small protein-coding isoforms of immune marker genes were 
enriched in unexpected clusters, suggesting previously unrecognized regulatory roles. This exploratory study demonstrates the 
feasibility and value of long-read single-cell sequencing for isoform discovery in PBMCs. Isoform-level studies reveal hidden diversity 
in immune populations, highlighting how transcriptional regulation differs according to cell identity and specialization. This establishes 
a foundation for using isoform-level studies and PBMCs to investigate complex systemic immune responses relevant to 
neurodegeneration.
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Imaging Oligameric α-Synuclein to Further Investigate Divergent Mitochondrial Morphology in PD and MSA

Undergraduate

Both Parkinson’s Disease (PD) and Multiple System Atrophy (MSA) are categorized as synucleinopathies: a family of 
neurodegenerative diseases sharing the pathologic aggregation of the protein α-Synuclein as a distinctive trait. Mitochondrial 
Complex 1 dysfunction in PD has been well established, and recent research proposes electron transport chain dysfunction in MSA. 
Previously, mitochondrial structure was assessed in α-synuclein-overexpressing HEK293 cells after exposure to insoluble control, PD, 
and MSA brain fractions for 72 hours. Cells were then fixed with glutaraldehyde, embedded in EPON epoxy resin, sectioned, fastened 
to formvar grids, incubated with conformation-specific α-synuclein targeting primary antibodies (MJFR-14-6-4-2), washed, incubated 
with secondary antibody conjugated with colloidal gold, and stained with either uranyl acetate or AURION R-Gent SE-EM silver 
enhancement reagent. Gridded sections were imaged on a Talos FEI F200X transmission electron microscope (TEM), revealing 
disruption of mitochondrial cristae, swollen mitochondria, and mitochondria with ruptured outer membranes in increased amounts for 
cells with PD insoluble brain fractions exposure. Mitochondria in cells exposed to MSA insoluble brain extracts were least affected, but 
mitochondrial elongation was present. Alpha-synuclein aggregates in PD and MSA have distinct morphologies, leading to different 
pathological strains. Our findings suggest that α-synuclein aggregates’ toxicity depends on aggregate morphology. Immunogold 
staining showed that α-synuclein aggregates bind to the mitochondrial membrane, thus inducing mitochondrial damage and 
mitophagy. Continuing experimentation assessed structure and size of α-synuclein aggregates along with mitochondrial activity in 
aggregate regions. Αlpha-synuclein-overexpressing WT HEK293-YFP cells and α-synuclein-overexpressing A53T-YFP cells were plated 
on 96-well glass-bottomed plates coated with Poly-D-Lysine and seeded with insoluble brain extracts from the same brain samples 
used in the TEM experiments. The cells were stained with MitoTracker, Lysotracker, and Hoechst to access mitophagy and 
mitochondrial morphology. 

KY INBRE Voucher Program for Electron Microscopy ResearchP20GM103436-24
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VA CDA2 Grant IK2 BX004883-01
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Tutorial: Functional Mapping and Annotation of Genome-Wide Association Studies (FUMA GWAS) using SNP2GENE Function

Staff

Genome-wide association studies (GWAS) have identified numerous genetic variants associated with complex traits and diseases. 
However, interpreting these associations in a biological context remains a significant challenge. Functional Mapping and Annotation 
(FUMA) is an integrative web-based platform designed to annotate, prioritize, and visualize GWAS results. This tutorial introduces the 
use of FUMA's SNP2GENE function to provide comprehensive functional annotation for all single nucleotide polymorphisms (SNPs) in 
associated genomic loci using GWAS summary statistics as the input. The workflow includes identifying independent significant SNPs, 
defining genomic risk loci, and mapping SNPs to genes based on positions, eQTL, and chromatin interaction data. Additionally, the 
gene-level associations will be evaluated by the genome-wide gene and gene-set analysis from the MAGMA tool within the FUMA 
pipeline. FUMA provides a powerful solution for interpreting GWAS findings and generating hypotheses for downstream functional 
studies via interactive visualizations and annotation of SNPs with biological consequences. This poster aims to guide researchers 
through the FUMA pipeline, emphasizing its key features and demonstrating how to use publicly available results for efficient 
genomic data interpretation.
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Community engagement to advance brain health in disproportionately impacted adults: Lessons from the CHAMP health and 
resource fair

Staff

Community engagement remains an underutilized strategy in biomedical research, particularly in the recruitment of populations that 
face disproportionate health risks. Among these, refugees represent a critically high-risk group in brain health studies. Refugee adults 
frequently encounter heightened vulnerability due to cumulative exposures to trauma, forced displacement, chronic stress, and 
barriers to healthcare access. These factors place them at increased risk for adverse brain health outcomes, including cognitive 
decline and mental health disorders, yet they remain markedly understudied in research. Strengthening community engagement 
approaches tailored to refugee populations offers a promising avenue to promote brain health and reach potential study 
participants.. On August 9, 2025, the Health and Aging from Multicultural Perspectives Lab (HAMPLAB) hosted the inaugural 
CHAMP: Health and Resource Fair at the Healthy Kentucky Research Building. The event convened >200 refugees and 21 community 
vendors to promote brain health education and research participation. HAMPLAB collaborated with local organizations, including the 
Bluegrass Lions Diabetes Project, the Lexington-Fayette County Health Department, and the Lexington Senior Center, to provide 
culturally relevant health resources. Vendors were selected for their alignment with ideals of comprehensive health and wellness, 
preventive health and care, and promotion of brain health. Free screenings were offered, including A1C and blood pressure 
measurements. Of 55 participants screened for A1C, 38% exhibited elevated levels, many without a prior diagnosis of prediabetes or 
diabetes. These findings highlight the utility of community-based events for identifying at-risk individuals and reducing disparities in 
brain health research participation. The CHAMP Health and Resource Fair illustrates the dual benefit of community engagement: 
advancing public health awareness and strengthening recruitment for ongoing research initiatives.
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Identifying Causal Genes for Coronary Artery Disease Using a Bayesian Transcriptome-Wide Association Framework

Grad Student

Genome-wide association studies (GWAS) have identified numerous DNA variants associated with disease risk. However, the 
molecular mechanisms linking these variants to disease remain largely unknown. To address this gap, I integrated expression 
quantitative trait loci (eQTL) data, which connects genetic variants with gene expression levels, to identify causal risk genes for 
coronary artery disease (CAD), a leading cause of morbidity and mortality. I applied a novel method, causal-TWAS (cTWAS), which 
uses a Bayesian variable selection framework to prioritize risk genes from GWAS results (n = 1,165,690 participants of predominantly 
European ancestry) with lower false-positive rates than commonly used approaches. In this study, I jointly analyzed three tissues
(aorta, coronary artery, tibial artery) and three molecular traits (expression, splicing, stability), incorporating relevant SNPs into the 
model. This analysis prioritized 21 putative causal genes, based on posterior inclusion probability and CAD relevance, out of 65 
candidates. Notably, many of these genes have not previously been linked to CAD but are biologically plausible. For example, 
PHACTR1, which regulates vascular smooth muscle contraction and endothelial function, emerged as a strong candidate. Finally, I 
performed gene set enrichment analysis to evaluate whether the prioritized genes were enriched for relevant biological pathways. 
Together, these findings highlight novel CAD-associated genes and provide insights into the molecular mechanisms underlying 
genetic risk.
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Dim Light at Night Disrupts Circadian Rhythms and Exacerbates Alzheimer ’s-Related Pathology in hAPP-SAA Mice

Staff

Disruption of circadian rhythms has been increasingly linked to Alzheimer's disease (AD) progression, with mounting evidence that 
alterations of light–dark cycles contribute to sleep fragmentation and heightened AD risk. To test whether chronic exposure to dim 
light at night (dLAN) exacerbates AD-related pathology, a cohort of 40 mice both male and female hAPP-SAA KI and hAPP-WT KI 
mice (12–13 mo) were housed for 8 weeks in either standard 12:12 h light–dark (LD) or a 12:12 h light–dLAN (5–10 lux at night) cycles. 
Daily activity and nesting behavior were assessed. After 8 weeks, the mice were euthanized, and brains were collected for 
immunohistochemistry (IHC), ELISA, and multiplex cytokine analysis in neocortex and hippocampus. dLAN disrupted circadian 
organization, decreasing rhythm amplitude and inter-daily stability while increasing fragmentation. Nesting quality declined over time 
in hAPP-SAA KI. Pathology was largely driven by genotype, with selective effects of dLAN in hAPP-SAA KI. In the hippocampus, Aβ 
plaque burden (6E10+ area) was higher under dLAN than LD (p=0.0048), and the neocortical soluble Aβ (PBS fraction) also 
demonstrated increased quantities in dLAN (p=0.0256). Immune cell activation was similarly enhanced: hippocampal CD45+ area was 
elevated in hAPP-SAA KI under dLAN (p=0.0073), and automated object analyses revealed more periplaque MHCII+ objects per mm² 
across size classes in cortex and hippocampus in hAPP-SAA KI+dLAN compared with hAPP-SAA KI+LD (all p≤10⁻³). GFAP+ area was 
elevated in hAPP-SAA KI versus hAPP-WT KI in both regions but was unaffected by the lighting condition. Cytokine/chemokine 
profiles were broadly elevated by genotype (e.g., cortical IL-1β, TNFα, CCL3), with minimal lighting effects; a modest dLAN-related 
increase in cortical IL-6 in hAPP-SAA KI (p=0.0468). These findings demonstrate that low-level light at night is sufficient to perturb 
circadian organization and selectively amplifies amyloid deposition and immune activation most notably in the hippocampus, in a 
predisposed AD background. Nighttime light exposure may thus represent a modifiable environmental factor influencing progression 
of AD-related pathology.
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Sleep Fragmentation Differentially Alters Cytokine Responses in Alzheimer’s Disease Knock-In Mice and Reveals Genotype-
Specific Effects of MW151

Med Student

Sleep fragmentation (SF) is an early and potentially modifiable risk factor for Alzheimer’s disease (AD). Neuroinflammation is a critical 
mediator of AD pathogenesis, and preclinical work demonstrates that selective suppression of excessive cytokine production can 
protect synaptic function. Here, we examined the impact of chronic SF and treatment with the anti-inflammatory agent MW151 on 
cortical cytokine expression in hAPP-WT and hAPP-SAA knock-in mice. Two-way ANOVA revealed robust genotype effects, with 
hAPP-SAA mice showing elevated basal levels of IL-6, CXCL1, CCL3, and IL-10 compared to hAPP-WT. SF further increased cytokine 
expression in both genotypes. Post hoc analyses demonstrated that MW151 significantly reduced cytokine levels in hAPP-WT mice 
exposed to SF, normalizing IL-6, CXCL1, CCL3, and IL-10 to levels observed under undisturbed sleep. In contrast, MW151 had no 
effect in hAPP-SAA mice, which maintained elevated cytokine levels regardless of treatment. Gene expression analysis of microglia-
associated genes showed strong genotype effects but no effect of SF or MW151 treatment. Ongoing studies are examining amyloid 
plaque pathology, astrocytic responses, and further dissecting the STAT-dependent pathways for IL-6, CXCL1, and CCL3. Together, 
these findings suggest that SF exacerbates neuroinflammation in both AD and WT backgrounds; however, the ability of MW151 to 
suppress cytokine production is preserved only in WT mice. This work strengthens the link between sleep disruption, cytokine 
dysregulation, and AD progression and highlights the importance of genotype in determining responsiveness to anti-inflammatory 
strategies.
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When Deep Sleep Fails to Protect: Discrimination and Visuospatial Memory in Aging Black American

Other

Background:

Slow wave sleep (SWS) is critical for memory consolidation but naturally declines with age. The decline is further exacerbated by 
psychosocial stressors such as discrimination. Black Americans disproportionately experience everyday discrimination—unjust 
treatment based on race, limiting opportunities—which has been associated with risk of impaired visuospatial memory, an early 
indicator of cognitive decline. The current study aimed to examine whether SWS moderates the association between discrimination 
and visuospatial memory among middle to older age Black Americans.

Methods:

As part of an ongoing study, participants (N=59, Mage=52.76) completed three nights of at-home objective sleep monitoring using a 
wearable device and measures assessing demographic and social characteristics and the experience of discrimination. Visuospatial 
memory was measured using the Benson Complex Figure Task. PROCESS Macro (Model 1) was used to test the moderating role of 
SWS on the association between discrimination and visuospatial memory, while adjusting for age, sex, and marital status.

Results: 

SWS significantly moderated the relationship between discrimination and visuospatial memory (B=-0.0093, p=0.047). At lower levels 
of discrimination, SWS had a positive association with visuospatial memory (B=0.13, p=0.089). However, at higher levels of 
discrimination, the association was negative (B=-0.089, p=0.32). No significant main effects were found for age, sex, or marital status.

Conclusion:

Findings suggest that while SWS may be beneficial for cognitive health, the benefit is eroded by the presence of discrimination in 
aging Black Americans. Our study highlights how the combined effects of psychological and biological factors can provide crucial 
insight into cognitive aging among populations at high-risk of developing cognitive decline.

Grant Support:

Alzheimer’s Association - 23AARFD-1029261
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Chronic Sleep Fragmentation Reshapes Slow-Wave Sleep Homeostasis in the APP/PS1 Mouse Model

Grad Student

Sleep is critical for brain function and cognitive health, playing a key role in the clearance of amyloid β (Aβ), a protein implicated in 
Alzheimer's disease (AD) pathology. However, sleep fragmentation (SF), characterized by repetitive interruptions of the sleep-wake 
cycle, is common in AD patients and may exacerbate pathological processes, including increased Aβ accumulation. While it is 
generally accepted that reduced slow wave sleep increases Aβ accumulation, the dynamics of slow wave activity (SWA) during chronic 
SF are poorly characterized. With institutional approval, we used electroencephalography (EEG) and electromyography (EMG) 
recordings to examine how chronic SF influences non-rapid eye movement (NREM) sleep and SWA in male APP/PS1 knock-in mice (8 
or 11 months, N=8 per condition). After a baseline recording, animals underwent a four-week-long protocol with four daily 1-hour SF 
periods separated by 90-minute undisturbed intervals in the light phase. Sleep scores were obtained using machine learning applied 
to EEG/EMG features and verified manually. NREM/REM durations, mean bout lengths, and slow wave density (SWD), defined as 
relative 0.5-4 Hz EEG power per NREM epoch, were measured. After 4 weeks, animals were euthanized and cortical and hippocampal 
Aβ levels assessed via 6E10 immunohistochemistry. SF mice showed a significant reduction (~40%) in NREM duration and bout length 
during the periods of SF. Despite this, total daily NREM increased steadily over time, matching control levels by week 2 and then 
exceeding them. By week 4, NREM bouts during undisturbed intervals became significantly longer than baseline, indicating increased 
sleep drive and recovery. REM sleep showed some initial deficits but normalized over the treatment period. Lastly, SF led to 
significant increases in SWD during fragmented blocks, indicating increased slow wave efficiency during brief sleep bouts. However, 
despite compensatory adaptations in response to SF, cortical Aβ accumulation was significantly elevated in SF mice, while 
hippocampal Aβ seemed unaffected compared to controls. Our findings reveal that chronic SF induces adaptive changes in sleep 
structure and SWA dynamics but promotes Aβ deposition, highlighting the complexity of homeostatic sleep recovery under 
conditions of prolonged fragmentation.
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Progressive sleep, nesting, and spatial memory deficits in APP-SAA KI model mice

Undergraduate

Cognitive decline, sleep disturbances, and deficits in activities of daily living are hallmarks of Alzheimer’s Disease (AD). Many studies 
have focused on individual behaviors of mice with AD pathology such as sleep, nesting, and memory. However, these behaviors have 
been shown to be linked and progressively worsen over time. Our study examined them together longitudinally using knock-in 
models that closely mimic human AD genetics. We evaluated APP-SAA knock-in and wild-type mice across three cohorts (n = 119 
total). Cohort 1 was monitored longitudinally from 2–19 months for sleep, circadian rhythms, and nesting behaviors. Cohort 2 
consisted of younger mice (4 months old) which established early spatial learning and memory using the radial arm water maze
(RAWM) to assess. Cohort 3 included older mice (8 months old) evaluated in RAWM to test acquisition, probe, and reversal learning 
phases, additionally, nesting was conducted in parallel. Behavioral testing was performed under blinded conditions, with both sexes 
included. Female KI mice exhibited progressive reductions in light-phase sleep beginning at 10 months, accompanied by increased 
sleep fragmentation and reduced circadian stability at later ages. Nesting behavior declined with age in both sexes but showed earlier 
and more pronounced impairments in KI females. In the RAWM, young KI mice performed similarly to WT in acquisition and retention, 
but older KI females showed significant deficits in reversal learning, indicating impaired cognitive flexibility. Locomotor activity was 
largely normal, with only a minor female-specific reduction in mice aged 10 months. These results demonstrate that APP-SAA KI mice 
display sex and age dependent behavioral alterations. While there were deficits in sleep, nesting, and cognitive flexibility in older 
mice across Cohorts 1 and 3 these results were notably female-biased. Together, these findings establish APP-SAA KI mice as a 
valuable model for studying the interplay between circadian disruption, ethological behaviors, and memory decline in patients with 
AD.
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Optimizing Extracellular Vesicle Extraction for Alpha-synuclein Detection in Plasma

Med Student

Background:

Exosomes are nanoscale extracellular vesicles (EVs) that mediate intercellular communication and reflect their cells of origin. They can 
be isolated from accessible biofluids, making them promising biomarker candidates. Alpha-synuclein, a presynaptic neuronal protein, 
is normally monomeric but aggregates in neurodegenerative disease. In Parkinson’s disease (PD), it accumulates in neuronal Lewy 
bodies, whereas in multiple system atrophy (MSA), it forms glial cytoplasmic inclusions. Current antemortem diagnostic accuracy for 
PD is ~80%, with higher misdiagnosis rates for MSA. Development of fluid-based biomarkers could therefore substantially improve 
diagnostic certainty and patient care. The objective of this study was to optimize exosomal isolation and lysis from plasma to assess 
the potential of alpha-synuclein as a biomarker to distinguish between PD and MSA.

Methods:

Plasma was collected from PD and non-PD patients under a VA IRB-approved protocol. EVs were isolated from plasma using three 
methods: TEI isolation kit, ultracentrifugation (UC), and polyethylene glycol (PEG) precipitation. PEG isolation was optimized by 
treating plasma with thrombin, centrifugation at 10,000 × g, and precipitation with 10% PEG 8000. Exosome size distribution and 
concentration were determined using ZetaView nanoparticle tracking analysis. Lysis conditions tested included RIPA buffer, Tris–Triton 
buffer, sonication, and combined RIPA + sonication. Protein yield was quantified by BCA assay, and Western blot probed for 
exosomal markers (Alix, CD63, CD81) and alpha-synuclein.

Results:

PEG yielded the greatest EV recovery, followed by TEI, then UC. ZetaView confirmed particle recovery (30–150 nm) for PEG (3.4 × 
10^6/mL), TEI (3.0 × 10^6/mL), and UC (1.74 × 10^6/mL).. BCA quantification showed the highest protein concentration with RIPA + 
sonication (0.55 mg/mL). Western blot confirmed enrichment of exosomal markers and robust alpha-synuclein detection in PEG-
isolated exosomes.

Conclusions:

PEG precipitation with combined RIPA + sonication lysis provided an effective workflow for isolating and analyzing alpha-synuclein–
containing EVs from plasma. Expansion of this approach to multiple biofluids and application of quantitative misfolded protein assays 
may enable reliable biomarkers for distinguishing PD from MSA, improving diagnostic accuracy and clinical decision-making in 
synucleinopathies.

Future Directions:

Building on these plasma findings, we will next apply the optimized protocol to saliva and urine. Additionally, real-time quaking-
induced conversion (RT-QuIC) assays will be used to quantify misfolded alpha-synuclein in exosomes from healthy controls, PD, and 
MSA patients. We hypothesize that PD exosomes will show both higher abundance and greater misfolded alpha-synuclein burden 
than controls or MSA.

Grant Support:

Currently funded under the VA CDA2 IK2 BX004883, COBRE 1P20GM148326-01, and Professional Student Mentored Research 
Fellowship Program
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A Clinically Relevant Rodent Model of Sepsis Following Spinal Cord Injury

Post-Doc

Sepsis is a leading factor contributing to poor recovery and increased mortality in patients with spinal cord injury (SCI), as it 
aggravates secondary complications and worsens long-term prognosis. Despite its clinical significance, no experimental models 
currently exist to study the chronic impact of sepsis in SCI survivors. To address this gap, we established a clinically relevant rodent 
model of SCI complicated by sepsis.

Rats were divided into four experimental groups: Sham, Sepsis, SCI, and SCI+Sepsis. A contusive SCI was induced at T10 using an 
Infinite Horizon impactor (200 kDyn), followed by induction of sepsis through intraperitoneal injection of cecal slurry (3 mL) 
administered 15 minutes post-SCI. Supportive care, including fluid resuscitation and antibiotics, was initiated 8 hours after injury and 
continued twice daily for 5 days. Animals were evaluated for survival, body weight, cytokine expression, and functional recovery. 
Locomotor performance was assessed using Basso, Beattie, and Bresnahan (BBB) scoring, horizontal ladder tests, and in vivo muscle 
strength measurements. Cytokine levels in blood and tissues were quantified by ELISA at acute time points, while histological analysis 
of the spinal cord was performed at 12 weeks post-injury.

Our findings revealed pronounced bacteremia in the SCI+Sepsis group at 6 hours post-induction, prior to antibiotic treatment, which 
was associated with the lowest survival rates. Compared to SCI alone, SCI+Sepsis animals exhibited greater muscle weakness, more 
severe locomotor deficits, splenomegaly, reduced hindlimb skeletal muscle mass, diminished spinal cord tissue preservation, and 
heightened cytokine expression in both serum and spinal cord tissue.

This novel rodent model successfully recapitulates sepsis-associated complications following SCI and provides a robust platform for 
mechanistic studies and the development of targeted interventions aimed at improving long-term outcomes in SCI survivors.

Acknowledgement: This project was supported by funding from the National Institutes of Health (NIH), including grant 
1R21NS128749-01A1 (SP/HS) from the National Institute of Neurological Disorders and Stroke (NINDS) and grant P20 GM148326 
from the National Institute of General Medical Sciences (NIGMS), U.S. Department of Health and Human Services.
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When Sleep is not Enough: Depression Weakens the Cognitive Benefits of Slow-Wave Sleep in Black Adults

Staff

Background:

Slow wave sleep (SWS), critical for memory consolidation, has been linked to better visual-spatial working memory (VSWM)—a 
sensitive early marker of cognitive decline. Depressive symptoms have been shown to modulate memory performance, but their 
interactive effects with SWS remain underexplored in Black American populations disproportionately impacted by sleep disturbances. 
This study investigated the interaction between objectively measured SWS and depressive symptoms on VSWM among older Black 
Americans.

Methods:

As part of a larger observational study examining longitudinal benefits of sleep in Black Americans, participants (N=59; mean age 
52.76) completed three consecutive nights of at-home sleep monitoring using the Sleep Profiler, a validated wearable device. VSWM 
performance was assessed using standardized memory tasks, while depression was assessed using the Geriatric Depression Scale. 
Moderation analysis was used to examine whether depressive symptoms moderated the relationship between SWS and VSWM, while 
controlling for age, gender and marital status.

Results:

SWS (B=0.665, p=0.006) and depressive symptoms (B=2.177, p=0.008) had significant independent effects on VSWM. The 
moderation analysis revealed a significant interaction (B=-0.1106, p= 0.007) between SWS and depressive symptoms. Further 
examination of the conditional effects revealed a positive association between SWS and VSWM at low depressive symptom levels
(t=2.8847, p=0.0057) and a negative association at higher depressive symptom levels (t=-2.7760, p=0.0076).

Conclusions:

These findings suggest that while SWS supports VSWM at low levels of depressive symptoms, the benefit diminishes under high 
depressive symptoms. Thus, emphasizing the need to investigate sleep–mood interactions when assessing the benefits of sleep 
among aging Black Americans.
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Projections expressing PACAP from the PBN induce sex-specific changes in ex vivo BNST neuronal activity

Post-Doc

Negative affect during abstinence from alcohol has been shown to drive relapse. Projections from the parabrachial nucleus (PBN) to 
bed nucleus of the stria terminalis (BNST) contribute to negative affect. PBN projections release glutamate and the neuropeptide 
pituitary adenylate cyclase activating polypeptide (PACAP) in BNST. Given alcohol exposure increases PACAP expression in BNST and 
PACAP infusions in BNST are anxiogenic, we hypothesize that PBN(PACAP) projections drive dysregulation of the PACAP system in 
BNST during alcohol abstinence. The role of PACAP on neuronal activity in PBN->BNST circuit has yet to be characterized. Therefore, 
we first assessed how PBN(PACAP) modulates neuronal activity in BNST in alcohol-naïve conditions using ex vivo calcium imaging to 
next investigate how this circuit is affected in alcohol abstinence. To manipulate PBN(PACAP) projections, female and male PACAPCre
+/- (Adcyap1) transgenic mice received bilateral viral infusions to express Cre-dependent hM3D(Gq) DREADDs in the PBN. 
Additionally, to measure neuronal activity in the BNST, mice received bilateral viral infusions to express the calcium sensor GCaMP in 
the BNST. Drug treatments were bath applied to ex vivo BNST-containing slices and changes in GCaMP fluorescence were used to 
measure BNST firing frequency. Drug treatments were: 1) Clozapine N-oxide (CNO) to activate DREADDs expressed on PBN(PACAP) 
projections and 2) CNO with PACAP receptor antagonist PACAP6-38 to isolate changes in the circuit that occur in the absence of 
PACAP signaling. In females, CNO application suppressed global BNST firing frequency relative to pre-application, continuing into 
the post-CNO washout period. Firing frequency was unaffected by CNO+PACAP6-38 application relative to pre-application. However 
relative to pre-application, firing frequency was decreased post CNO+PACAP6-38 application. In males, firing frequency increased 
during CNO application, followed by a brief depression and recovery to pre-application in post-CNO application. In males, firing 
frequency was increased by CNO+PACAP6-38 application. During the CNO+PACAP6-38 washout period, firing frequency returned 
to pre-application, followed by a decrease relative to pre-application. When comparing females vs males, firing frequency was lower 
in females during and post CNO application. Similarly, firing frequency was lower in females during and post CNO+PACAP6-38 
application. These data show PBN(PACAP) projections have an inhibitory effect in BNST activity in females and an excitatory effect in 
males, with PACAP sex-specifically driving this PBN(PACAP)->BNST activity. Given males and females are distinctly affected by 
negative affect in abstinence, future studies will determine if sex differences in PBN(PACAP)->BNST neurotransmission remain in 
abstinence. Understanding neuronal changes in PBN(PACAP)->BNST can inform sex-specific therapeutic targets that alleviate 
disruptions and reduce abstinence-induced negative affect.
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Genome-Wide Analysis of Short Tandem Repeat Expansions in Alzheimer's Disease

Grad Student

Alzheimer's Disease (AD), the leading cause of dementia in older adults, has established genetic risk factors including mutations in 
APP, PSEN1, PSEN2, and APOE. While Short Tandem Repeats (STRs) are highly mutable sequences implicated in neurodegenerative 
disorders including Huntington's disease, amyotrophic lateral sclerosis (ALS), and spinocerebellar ataxias such as SCA1 and SCA2, 
among others, their contribution to AD pathogenesis remains understudied despite representing approximately 3% of the human 
genome. We analyzed whole-genome sequencing data from the Alzheimer's Disease Sequencing Project (ADSP) cohort comprising 
5,022 AD cases and 5,524 controls. Using GangSTR and ExpansionHunter for genome-wide STR genotyping, we implemented 
stringent filters for call rate (>90%), Hardy-Weinberg equilibrium, and read support (≥10x coverage). Analysis incorporated age, sex, 
and first 10 principal components for population stratification correction, with case-control association analysis performed using 
logistic regression and multi-threshold testing approaches. Validation involved processing samples through ExpansionHunterDenovo 
to extract case-specific outliers from relevant genes identified by logistic regression analysis. We identified significant STR expansions 
in dinucleotide, trinucleotide, and tetranucleotide sequences mapped to neurologically relevant genes (MTNR1A, ATG4B, THAP4, 
BOK, DUSP10). Effect sizes ranged from OR=2.08-6.09, with strongest associations in THAP4 (OR = 6.09, p = 8.2×10⁻⁶) and MTNR1A
(OR = 3.41, p = 1.1×10⁻⁶). These genes demonstrate established associations with neurodegenerative disorders, including altered 
DUSP10 expression in AD brain tissue, previous THAP4 correlation with AD, BOK association in murine AD models, and MTNR1A and 
ATG4B implications in AD pathogenesis. Our findings provide compelling evidence for STR expansions contributing to AD 
pathogenesis, representing the largest STR-GWAS to date in AD. Future validation will employ functional studies using induced 
pluripotent stem cells (IPSCs) to determine the impact of these mutations and machine learning-optimized threshold selection.
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Distinct trajectories of sleep disruption in Alzheimer’s disease: NREM sleep loss emerges with amyloid pathology but REM 
vulnerability occurs with age

Grad Student

In Alzheimer’s disease (AD), amyloid-beta (Aβ) pathology is linked to sleep disturbances. However, it is unclear whether sleep loss 
correlates with the total amount of Aβ deposition and how aging impacts these phenotypes. To explore this relationship, we 
examined sleep in 6- and 18-month APP/PS1 and wildtype (WT) mice. At 6 months, less than 1% of the cortex had Aβ deposition but 
there was a 22% reduction in NREM sleep. REM was sleep spared. Aβ deposition decreased slow wave sleep quality (delta) in NREM 
by 6 months. By 18 months, 20% of the cortex had Aβ deposition, yet no further sleep loss occurred. This suggests that once Aβ 
pathology develops, reductions in NREM sleep quantity and quality occur, but do not progress with more amyloid plaques. 
Interestingly, aging alone shifted the sleep phenotype by increasing NREM but decreasing REM sleep at 18 months. Power spectral 
analysis of EEG activity reveals poor REM sleep quality, with increased delta and decreased theta activity, due to age. This suggests 
abnormal REM sleep occurs with age. To further interrogate these sleep phenotypes, we used a sleep deprivation (SD) challenge to 
determine whether age and Aβ deposition affect sleep rebound. In young WT mice, sleep rebound peaked three hours post-SD, 
where NREM and REM sleep increased by 60% and 67%, respectively, compared to baseline sleep. Furthermore, homeostatic sleep 
drive (delta) and NREM sleep quality (delta) increased during this period. At 6 months, both APP/PS1 and WT mice display 
comparable levels of sleep rebound compared to their baselines, suggesting Aβ pathology does not affect sleep rebound during 
early stages of plaque formation. By 18 months, both APP/PS1 and WT mice lose sleep rebound compared to baseline, suggesting 
that age, not pathology, impacts rebound sleep. Compared to young mice, we found that aging eliminates REM sleep rebound, 
whereas Aβ eliminates NREM sleep rebound. This study was the first of its kind to explore how Aβ and aging interact to affect sleep 
macro- and micro-architecture. We found that once Aβ plaques form, NREM sleep deficits emerge and plateau. This suggests that 
NREM sleep is an important biomarker for early Aβ aggregation, potentially identifying individuals in midlife who are amyloid-
positive. Interestingly, aging impacts sleep phenotypes differentially, by reducing REM sleep. Finally, Aβ does not seem to impact 
sleep rebound during the early stages of plaque formation, but ultimately sleep rebound is lost with aging. Together, these studies 
highlight how sleep phenotypes change relative to Aβ or aging, highlighting the vulnerability to sleep loss with age.
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Lecanemab-associated ARIA is associated with expansion of cytotoxic CD8+ T-cells

Grad Student

Introduction: Lecanemab (LEQEMBI), a monoclonal antibody against amyloid b, is the first ever FDA-approved, disease modifying 
therapy for Alzheimer’s disease (AD). Despite the excitement associated with lecanemab and similar anti-Ab therapies, there are 
significant concerns surrounding the risk for the adverse effect known as amyloid-related imaging abnormalities (ARIA). ARIA 
describes findings of fluid effusions (ARIA-E) and microhemorrhages (ARIA-H) detected on screening MRI. Importantly, ARIA occurs at 
significantly higher rates in carriers of the E4 allele of Apolipoprotein E (APOE). However, what drives this phenomenon in E4s, and 
what changes occur in those who develop ARIA vs those who do not, remain critical unanswered questions in the field.

Methods: Three pairs of age, sex, APOE genotype, and infusion matched individuals were selected from a study population at Norton 
Neuroscience Institute Memory Center (NNI-MC), based on development of ARIA. Peripheral blood mononuclear cells were isolated 
from these case-control subjects were collected and cryopreserved for sequencing (single cell, CITE-seq, V(D)J-seq) and 
metabolomics analyses. Data was analyzed using R and MetaboAnalyst. Deidentified clinical data was obtained to correlate 
sequencing findings.

Results: There was an overall increase in lymphocytes, with marked expansion in CD8 cytotoxic T-cells, in patients who developed 
ARIA, particularly the CD45-RA expressing T-effector memory (TEMRA) subset. Further sequencing found that there were several 
genes upregulated which are associated with increased cytotoxicity, antigen-presentation and response, and metabolic 
reprogramming, and that there were medium/large clonal expansions in TEM and TEMRA populations driving lymphocyte activation 
and effector processes, particularly cell killing. We found that in ARIA+ patients, PBMCs showed upregulation of glycolysis, indicating 
a further proinflammatory metabolic shift. Finally, when analyzing cellular communication networks, we found increased 
communication between CD8 TEMRA cells and other CD8 subsets, as well as endothelium, indicating a potential mechanism by which 
CD8 TEMRAs are producing ARIA findings. To place these findings in the greater context of ARIA, the data were mapped onto an 
existing database which examined the brain transcriptome in a patient being treated with Leqembi, and we found that the TEMRA 
CD8 profile found in our data was also found in the brain, and that there were significant ligand-receptor interactions between the 
endothelium and TEMRA CD8 cells, providing a potential mechanism for the vascular inflammation associated with ARIA.

Conclusion: Together, this exciting, first of its kind data in human subjects receiving lecanemab infusions may point to peripheral 
immunity as a driving factor – and potential therapeutic target for – ARIA pathogenesis, opening the door for increased safety of 
these drugs in the highest risk AD population.
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Region-specific regulation of cocaine seeking by astrocyte calcium

Grad Student

Accumulating evidence indicates that astrocytes actively modulate cocaine-seeking behavior, yet the specific roles of astrocyte Ca2+ 
signaling within dorsal striatum subregions remain unclear. To address this, we suppressed astrocytic Ca2+ signaling via targeted 
overexpression of the human plasma membrane Ca2+ ATPase pump (hPMCA) in discrete dorsal striatum subregions in rats that were 
trained to self-administer cocaine or saline. Suppression of astrocyte Ca2+ in the central striatum significantly increased cocaine self-
administration and enhanced cue-induced reinstatement of cocaine seeking when compared to control animals. Afterwards, brain 
slices were collected from each animal and ex vivo neuronal Ca2+ imaging using GCaMP6f demonstrated increased amplitude and 
reduced duration of neuronal Ca2+ transients in rats trained to self-administer cocaine. Subsequently, we further determined 
subregion-specific effects on cocaine-related behaviors by either suppression of astrocyte Ca2+ via hPMCA2 or stimulation of 
astrocyte Ca2+ via GqDREADDs. Using fiber photometry, we monitored neuronal Ca2+ dynamics in vivo during active lever presses. 
Preliminary results indicate that increased reinstatement of cocaine-seeking can be specifically attributed to targeted suppression of 
astrocytic Ca 2+ signaling within the dorsolateral striatum. Interestingly, suppression of Ca2+ in dorsomedial striatum (DMS) 
astrocytes significantly reduced cocaine self-administration, while during extinction sessions, lever pressing was paradoxically 
increased. DMS astrocyte Ca2+ suppression had no effect on cue-induced reinstatement behavior although neuronal Ca2+ signaling 
during active lever presses continued to be elevated relative to GqDREADD- animals and animals expressing the control, tdTomato, 
virus. These data collectively highlight distinct and regionally specific roles for astrocyte Ca2+ within the dorsal striatum, 
demonstrating critical astrocytic influence over neuronal circuits that shape cocaine-seeking behavior.
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Cell-Type Specific Roles of the MLL1/2 Complex in Neural and Tissue Regeneration

Grad Student

Tissue regeneration requires both the proliferation of new cells and the coordination of signaling networks to restore tissue identity, 
polarity, and function. Neurons play central roles in orchestrating long-range communication. The MLL1/2 lysine methyltransferase 
complex, which catalyzes histone H3 lysine 4 trimethylation (H3K4me3), is a conserved regulator of transcriptional activation during 
development, particularly in Hox-mediated patterning. Importantly, MLL1 is also critical for neurogenesis, as in the postnatal 
mammalian brain, MLL1-deficient neural stem cells proliferate but fail to generate neurons. This highlights a central role for MLL in 
establishing neuronal identity and suggests that its disruption may underlie neurodevelopmental disorders. In the planarian Schmidtea
mediterranea, loss of Smed-mll1/2 leads to cilia loss and impaired motility. However, its function in regeneration remains poorly 
defined. Knockdown of Smed-mll1/2 produces severe patterning defects following parasagittal (PS) amputations, where fragments 
must re-establish a new midline de novo. RNAi animals fail to regenerate eyespots, cannot flatten, display impaired motility, and lose 
feeding capacity. By contrast, transverse amputations regenerate largely normally. Further analysis with the midline marker slit1, a 
guidance cue essential for neuronal patterning, revealed that MLL1/2 is required for establishing early tissue polarity during PS 
regeneration. To dissect the basis of these phenotypes, we examined the effects after knockdown of two planarian dpy30 paralogs, 
dpy30-1 and dpy30-2. Each encodes a core subunit of the MLL1/2 complex but is expressed in distinct cell types; dpy30-1 is enriched 
in ciliated cells and phenocopied the defects of mll1/2(RNAi), while dpy30-2, expressed in stem and progenitor populations, 
phenocopied its pharyngeal and feeding defects. To test whether these regeneration defects arise from disrupted neuronal or ciliary 
signaling, I am applying immunostaining with anti-SYNORF1 (synapsin), anti-FMRF (neuropeptide), and acetylated α-tubulin (cilia) to 
examine synaptic connectivity, neuropeptide expression, and ciliary organization in regenerating fragments. I hypothesize that MLL1/2 
regulates the differentiation of ciliated signaling cells, potentially including transient populations that depend on ciliary proteins as 
signaling hubs, making them especially sensitive to MLL1/2 loss and leading to impaired communication. Together, these findings 
identify MLL1/2 as a context-dependent regulator of patterning and organ regeneration. Given the conservation of MLL1/2 and H3K4 
methylation pathways, this work highlights planarians as a platform to uncover how cell-type-specific mechanisms could influence 
neural repair after injury and contribute to understanding human disease.
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Population-Specific and Shared Transposable Element Insertions Associated with Alzheimer’s disease in a Case-Control Cohort

Grad Student

Alzheimer disease is the most common neurodegenerative disease, with an estimated of 7.1 million Americans are currently living 
with symptoms of Alzheimer’s Disease. Alzheimer’s disease is highly heritable, and though many genes have been associated with it, 
much of the heritability has not been explained. Transposable elements are interspersed repeats found in the human genome that are 
capable of moving around our genome from one location to another and comprising nearly 50% of the human genome. Of these 
transposable elements, L1, Alu, and SVA remain active in humans. Although usually silenced through various defense mechanisms, 
new insertion events can lead to disease or changes in gene expression. This study aims to explain some of the genetic underpinnings 
of Alzheimer’s disease by focusing on an understudied class of genetic variation. To investigate the role of their insertions, we 
conducted a case-control study using a subset of the Alzheimer’s Disease Sequencing Project data. Transposable element insertions 
were identified using the Mobile Element Locator Tool (MELT), which generated VCF files containing the insertion loci for four types of 
transposable elements, Alu, LINE1, HERVK and SVA. Insertions that had low sequencing depth or low sequencing quality were 
removed from the analysis.. After population stratification, the dataset included 139 cases and 85 controls from African samples, and 
421 cases and 340 controls from European samples. Statistical analysis was performed to find the significant loci using the Fisher’s test 
and odds ratio was calculated to quantify effect sizes for each insertion locus. Our preliminary analysis identified a total of 132 
statistically significant insertions (p < 0.05). These significant loci were further categorized, revealing insertions unique to Africans, 
unique to Europeans, and a substantial set shared between both groups. We found that some insertions were more frequent in cases, 
while others were more frequent in controls. This highlights both common and population-specific insertions associated with 
Alzheimer’s Disease. Moving forward, we plan to extend this analysis to other retrotransposon families and to identify genes near 
these significant insertions to explore their functional roles in the disease process.
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Metabolic Profiling of Repeated Mild Blast-Induced TBI and Therapeutic Evaluation of P7C3-A20 in Mice

Grad Student

Traumatic brain injury (TBI) affects millions globally and remains a leading cause of persistent neurological disabilities, with mild TBI 
accounting for nearly 80% of all cases. In military populations, blast-induced mild TBI is increasingly recognized as a signature injury of 
modern warfare and is linked to on-going disruptions in brain energy metabolism. Previous metabolomic studies in our lab 
demonstrated that Sprague Dawley rats exposed to repeated mild blast TBI exhibited cortical alterations at 7 days post injury, 
including elevated fructose-6-phosphate, glucose-6-phosphate, guanosine-5-monophophate and reduced acetylcholine, glycine and 
ADP. Despite emerging evidence of metabolic dysregulation in blast-induced TBI, the full extent and underlying mechanisms of these 
biochemical alterations remain poorly understood. Furthermore, therapeutic approaches that directly target and reverse these 
metabolic disturbances are underdeveloped. In this study, we evaluated the therapeutic potential of P7C3-A20, an aminopropyl 
carbazole derivative with established neuroprotective and pro-survival properties, to modulate cellular metabolism in a mouse model 
of repeated mild blast TBI (rmbTBI). We hypothesize that rmbTBI disrupts redox balance and central metabolic pathways, and that 
P7C3-A20 restores cellular metabolism by promoting NAD⁺/NADH homeostasis and mitigating metabolic deficits. Male C57BL/6J 
mice (n = 6 per group) were assigned to sham + vehicle, rmbTBI + vehicle, or rmbTBI + P7C3-A20 groups, and rmbTBI was induced 
via two 11 psi static overpressure blasts delivered 24 hours apart. Beginning immediately after the first blast, animals received daily IP 
injections of P7C3-A20 (10 mg/kg) or vehicle for seven consecutive days. At one-week post-injury, brains were rapidly harvested, the 
cortex was dissected, flash frozen, and subjected to metabolite extraction. Comprehensive metabolic analysis was performed using 
high-resolution liquid chromatography-mass spectrometry (LC–MS), enabling both targeted quantification of key metabolites, 
including NAD⁺/NADH ratios, and untargeted profiling of central carbon metabolism intermediates. Our previous findings in rats 
revealed distinct injury- induced metabolic alterations and the current mouse study will determine whether these changes are 
conserved across species and whether P7C3-A20 can restore metabolic balance. Together, these findings will provide new insight into 
the metabolic consequences of blast exposure and offer preclinical evidence supporting P7C3-A20 as a candidate therapy for blast-
induced mild TBI.
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The Impact of Astrocytic Insulin Receptor Modulation on Vascular Dynamics and Astrocyte-Vascular Interaction and Gait in an 
Amyloidosis Model

Post-Doc

Introduction: Alzheimer’s disease (AD) often coexists with cerebrovascular pathology, including cerebral amyloid angiopathy, 
exacerbating gait dysfunction. Emerging evidence suggests that astrocytic insulin signaling may play a key role in modulating vascular 
function, yet its impact on cerebrovascular integrity is not fully explored. This study aims to elucidate how astrocytic insulin receptor 
(IR) overexpression (OE) affects vascular dynamics and astrocyte-vascular (astrovascular) coupling in a model of amyloidosis.

Methods: We overexpressed a constitutively active, truncated human IR β-subunit (IRβ) in sensorimotor cortical astrocytes of 
amyloidosis (5XFAD) and control mice. Longitudinal in vivo two-photon imaging assessed vascular morphology, remodeling, and 
astrocytic density, vasoreactivity. Gait performance was quantified by ambulation speed, stride time, length deviation, average stride 
length, and paw placement.

Results: Two-photon imaging showed Astrocytic IRβ OE resulted in vascular alterations, including changes in vascular morphology 
and reductions in both vessel and astrocytic density. Vasoreactivity response rate (%) was decreased, particularly in 5XFAD mice. Gait 
analysis revealed significant reductions in locomotor speed (p=0.0002) but without changes in stride length or balance.

Discussion: Constitutive activation of astrocytic IRβ modifies cerebrovascular structure, impairs vasoreactivity, and ultimately alters 
locomotor behavior, supporting a role for astrocytic insulin signaling in regulating astrovascular integrity in AD-related pathology. 
Ongoing work includes mechanistic analysis of IR signaling pathways (pAKT, AKT, IRS-1, IGF-1R) and morphological validation in 
Cxcl12-GFP mice to further define astrocytic contributions to cerebrovascular remodeling.

This work was supported by the National Institutes of Health (P01AG078116 to OT).
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Early Detection of Parkinson’s Disease in RBD Patients Using Alpha-Synuclein as a Biomarker

Med Student

BACKGROUND: Early diagnosis of REM sleep behavior disorder (RBD) offers a valuable prognostic indicator for individuals at risk of 
neurodegeneration through their progression into Parkinson's disease. The prognosis of RBD in relation to worsening symptoms can 
be determined using epidermal nerve punch biopsies and immunohistochemistry to assess the degree of alpha-synuclein 
aggregation. THE CASE: A 72-year-old white woman with a two-year history of REM sleep behavior disorder (RBD) is present with the 
neurologist for a follow-up appointment for evaluation of Parkinson’s disease. She was diagnosed with RBD through an evaluation in 
the ER for her injured hip from falling out of bed after acting out her dreams. She has a familial connection to Parkinson’s disease 
through her sister. She has been educated on RBD and its correlation to the risk of Parkinson’s disease. Being educated on upcoming 
research to prevent progression of synucleinopathy, she agreed to be a part of this study; therefore, we decided to obtain epidermal 
nerve biopsies to look for possible alpha-synuclein proteins. The posterior cervical epidermal nerve biopsy was found to be positive 
for alpha-synuclein proteins. The patient is told of the prognosis, that research suggests she could present with PD symptoms with 
dysautonomia a decade from now. Clonazepam is effectively managing her RBD symptoms; however, she is aware of research being 
conducted for preventing synucleinopathy progression. CONCLUSION: Investigating the underlying causes of Parkinson’s disease is 
essential for both advancing preventive strategies and providing patients with clearer expectations regarding disease progression. 
Epidermal nerve biopsies have been found to have a high sensitivity rate of detecting the relationship between Parkinson’s disease 
and RBD. Progression of synucleinopathy is suggested to cause neurodegeneration in those with RBD who later progress to PD.
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Investigating PAD4 activity on TDP-43 pathology in FTD mice

Post-Doc

Alzheimer's disease and related dementias (ADRD) are a group of neurological conditions that result in the loss of many cognitive 
abilities, including memory loss. More than 6 million individuals in the United States are thought to have some form of dementia with 
the number expected to rise given the large aging population in the country. While ADRDs may have similar behavioral 
characteristics; Alzheimer’s disease (AD), Lewy body dementia, and frontotemporal dementia (FTD) are unique neurodegenerative 
diseases with different driving factors. Post-translational modifications (PTM) are alterations to proteins that happen only after the 
mRNA has been translated into a protein. The most common being the addition of methyl, acetyl, and/or phosphate groups. 
Importantly, PTMs have long been associated with neurodegenerative diseases, including AD, FTD, and ALS. Citrullination is a PTM 
where arginine residues are irreversibly converted to citrulline residues by peptidyl arginine deiminases (PAD). Recently, we found that 
TDP-43 citrullination is a marker of TDP-43 proteinopathy progression. To investigate the role neuronal PAD activity in TDP-43 
pathology, we over-expressed PAD4 in cortical and hippocampal neurons of aged non-transgenic and FTD mice. We then assessed 
the effects learning/behavior, hippocampal synaptic activity, and TDP-43 pathology.
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Gaps in the Genetic Landscape of Neurodegenerative Disorders: Multi-allelic Variants

Post-Doc

Introduction: Genome-wide association studies (GWAS) often exclude multiallelic variants because most standard statistical methods 
are designed for biallelic loci, leaving an underexplored area of genetic risk in neurodegeneration. To address this, we developed 
software to analyze multiallelic variants using score-based algorithms within a generalized linear model framework. Our approach 
jointly encodes all alternative alleles, enabling both global and per-allele tests while adjusting for covariates. Applied to 
neurodegenerative disease outcomes, this method will reveal multiallelic associations that conventional biallelic-only pipelines 
overlook.

Methods: We conducted a simulation study using 1000 Genomes Project Phase 3 genotypes from five ancestry groups: European, 
African, Admixed American, East Asian, and South Asian. We simulated null continuous and binary phenotypes within each ancestry 
group to evaluate type I error. Within-group score-based global tests were performed, followed by an inverse-variance-weighted 
approach to combine score statistics across groups as a meta-analysis. We applied our score-based multiallelic variant analyses to 
neuropathology (NP) datasets from the National Alzheimer’s Coordinating Center (NACC), the Alzheimer’s Disease Neuroimaging 
Initiative (ADNI), and the Religious Orders Study and Memory and Aging Project (ROSMAP), all of which are linked to the Alzheimer's 
Disease Sequencing Project (ADSP) whole genome sequencing (WGS) data. All analyses were adjusted for sex, age at death, and 
principal components for ancestry.

Results and Discussion: The simulations demonstrated well-calibrated type I error for both continuous and binary outcomes; Q-Q 
plots of meta-analytic p-values showed no evidence of inflation or deflation. Our framework accommodates both bi- and multiallelic 
loci, enabling investigation of loci that appear biallelic due to missing alleles, and provided both global (variant-level) and allele-
specific tests with meta-analysis options for multi-cohort integration. Leveraging this score-based test in neurodegenerative disease 
cohorts recovered multiallelic signals missed by biallelic pipelines, thereby advancing genetic discovery in neurodegenerative disease 
and facilitating downstream variant-to-function and biomarker discovery. Additional results will be shown at the time of presentation.

Funding:

This study is supported by UK-ADRC Developmental Project Program-P30AG072946 and P01AG078116, Levis D. and Margot D. 
McCullers Fund for Research and Education on Alzheimer’s Disease and Related Dementia 2024
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Characterizing Bioenergetic Status of Neurons and Astrocytes Using 2P Imaging Techniques

Grad Student

Background: By characterizing brain energy dynamics, metabolic processes integral to maintaining and regulating homeostatic 
equilibrium can be addressed in healthy and diseased states. Indeed, the disruption of key energetic pathways and vascular function 
are hallmarks of cognitive decline (i.e. Alzheimer’s disease and related dementias). With the advent of commercially available 
nanosensors used to evaluate metabolic processes with high spatial and temporal resolution, and the accessibility of two-photon 
microscopy, energy dynamics can be investigated in live, awake animals. However, there is still currently a paucity of research 
dedicated to investigating neurometabolic processes in vivo. We used PerecevalHR (ATP:ADP) and Peredox (NADH:NAD+) to assess 
metabolic status in astrocytes in control and 5xFAD mice during rest and movement using 2-photon imaging. Concomitantly, a 
fluorescent dextran was used to visualize the vasculature to measure changes in vessel tone. A subset of animals received an injection 
of the norepinephrine (NE) sensor nLightG to evaluate the role of NE release onto neurons on vascular function.

Methods: Craniotomies were performed on all animals included in the study. A circular window was installed above the center of the 
S1 region (AP: -0.5 mm, ML: ± 1.62 mm). Animals were either injected with PercevalHR (1 uL or 2 uL; GFAP promoter) Peredox (1 uL; 
Gfa104 promoter), or nLightG (0.5 uL; Syn promoter). Following the injection, a head plate was mounted. 3 weeks following surgery, 
animals were acclimated to the 2-photon environment. On the day of imaging, animals were anesthetized briefly, received an intra-
orbital injection of rhodamine dextran, and head-fixed under the objective lens. Awake animals were then imaged across excitation 
wavelengths (790 nm – 975 nm). During imaging, measures of sensor fluorescence intensity and animal velocity were captured. All 
data were assessed across rest and ambulation. Correlation coefficients between astrocytic fluorescence intensity and velocity were 
calculated to evaluate signal associations with movement.

Results: Peredox and PercevalHR were expressed inconsistently in cells, making it difficult to evaluate bioenergetics across animals. 
Both sensors appeared to fluoresce very little and did not appear to meaningfully change with movement in both 5xFAD and control 
animals. This suggests that with current methods and resolution ATP or NADH levels are stable in astrocytes during ambulation, 
perhaps highlighting a solid metabolic phenotype in these animals.  However, nLightG expressed readily in neurons and showed 
robust responses to changes in animal state. Further investigations will evaluate NE dynamics in astrocytes and vascular smooth 
muscle cells to assess the role of NE in neuro- and astrovascular coupling.

Funding: This project was supported by P01 AG078116.
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Astrocytic NFAT Signaling as a Driver of Tau Pathology in a Mouse Model of Tauopathy

Grad Student

Tauopathies, including Alzheimer’s disease and related dementias (ADRD), are defined by the pathological accumulation of tau 
protein into neurofibrillary tangles (NFTs), leading to neuronal dysfunction and cognitive decline. While neuronal mechanisms have 
been extensively studied, emerging evidence highlights astrocytes as active contributors to disease progression. Clinical biomarker 
studies suggest that astrocyte reactivity can precede and predict early tau phosphorylation, raising the possibility that astrocytes play 
a causal role in the initiation of tau pathology. However, direct experimental testing of this hypothesis has been limited.

Astrocyte reactivity can be triggered by multiple signaling cascades, one of which involves the calcium/calmodulin-dependent 
phosphatase calcineurin and its downstream transcription factor NFAT (nuclear factor of activated T cells). In neurodegenerative 
conditions, aberrant activation of the calcineurin/NFAT pathway promotes a maladaptive astrocytic phenotype characterized by 
glutamate dysregulation, synaptic impairment, and chronic inflammation. Notably, inhibition of this pathway has been shown to 
confer neuroprotective effects in models of brain injury and neurodegeneration.

To directly evaluate the role of astrocyte reactivity in tau pathology, we selectively inhibit astrocytic NFAT signaling in PS19 mice—a 
well-established tauopathy model—via intrahippocampal injection of adeno-associated viral (AAV) vectors expressing the NFAT-
inhibitory peptide VIVIT under the astrocyte-specific Gfa2 promoter. This AAV-based approach allows for targeted modulation of 
astrocyte reactivity in vivo.

To assess the consequences of astrocytic NFAT inhibition across key domains of tauopathy we use a combination of ex vivo 
electrophysiology, biochemical assays, immunohistochemistry, and immunofluorescence. These methods enable evaluation of tau 
hyperphosphorylation, neuroinflammatory marker expression, and synaptic dysfunction following astrocyte-targeted intervention and 
allows us to characterize effects of astrocyte reactivity on tau neuropathy.
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Characterizing Hand Function in Stroke and Healthy Adults During Activities of Daily Living Using the SensorE Exoskeleton: A 
Feasibility Study

Grad Student

Strokes often result in long-term hand impairments that compromise a survivor’s ability to perform activities of daily living (ADLs). 
While traditional clinical assessments provide a general overview of hand function, they sometimes fail to detect subtle sensorimotor 
deficits that impact coordination, strength, and dexterity. The SensorE Exoskeleton (SEE) is a wearable sensor-based device designed 
to objectively monitor hand movements and fingertip forces during functional tasks. This study aims to evaluate the feasibility and 
utility of SEE in capturing task-specific hand function and differentiating between impaired and unimpaired hands post-stroke. We 
recruited 11 participants, including 3 individuals in the subacute or chronic post-stroke phase and 8 non-clinical healthy controls. 
Participants performed a series of functional ADLs (i.e., grasping a ball, mimicking drinking, twisting a lid, and opening a drawer), 
while data were collected from ten wearable sensors that encompass both flexion and fingertip force measurements. Sensor data will 
be analyzed using principal component analysis (PCA) to extract the first principal component (PC1), summarizing variance across 
sensors and reflecting coordinated hand movements. Repetition-level analyses and radar plots will be used to visualize differences 
between tasks and hands, while statistical comparisons will identify significant patterns in task performance and impairment. This 
study is expected to reveal distinct hand coordination strategies across tasks and demonstrate the ability of SEE to detect differences 
between impaired and unimpaired hands that may not be apparent through standard clinical assessments. By providing objective, 
quantitative metrics of hand function, SEE has the potential to support individualized rehabilitation strategies, monitor recovery 
trajectories over time, and improve the precision of clinical evaluations for stroke survivors.
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Baseline Sex Differences and Minimal Stroke-Induced Immune Activity of the Choroid Plexus in Aged Mice

Grad Student

The choroid plexus (CP) is a key immune regulator and entry point of peripheral immune cells into the brain. However, whether sex 
differences exist in CP immunity and whether stroke induces sustained immune responses in choroid plexus epithelial cells (CPECs) 
remains unclear. Here, we use high throughput single cell RNA sequencing to characterize CPECs in aged male and female naïve mice, 
as well as in female mice 3 weeks after ischemic stroke. The objective of this study was to determine if sex influences CPEC immune 
specific gene expression in aging and if stroke alters CPEC transcriptional profiles. An aged (>18mo.) uninjured mice (n=4/sex) cohort 
was sacrificed along with aged female C57BL/6 mice (n=4) 3-weeks after 30-minute middle cerebral artery occlusion. Whole brains were 
isolated, cells were collected with magnetic bead isolation and fluorescence-activated cell sorting, and sequenced using 10x Genomics 
Chromium platform. Following quality control, we analyzed 70,761 total CPECs, marked by Ttr, Flor1, and Prlr, across all groups. UMAP 
clustering identified 8 distinct clusters. Clusters 5 and 7 were found almost exclusively in uninjured males while clusters 1, 2, and 4 were 
primarily in females, regardless of stroke status. Gene Ontology (GO) analysis showed that male-specific clusters have upregulation of 
pathways related to interferon and immune chemotaxis compared to females. After stroke in females, there is upregulation of 
metabolic pathways, but minimal change in immune-related expression. These results show significant sex differences in CP immune-
related gene expression in healthy aging, with limited immune activation after stroke in females. Future studies will aim to determine 
functional relevance of these transcriptional differences in mice and extend our findings to human samples for stroke prevention and 
treatment. This study identifies novel pathways for potential therapeutic intervention to offset sex-specific deleterious immune 
responses.
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Linking EMS and In-Hospital Stroke Records: Impact of Deterministic vs. Probabilistic Methods on Selection Bias

Faculty

Background: Linking emergency medical services (EMS) and hospital stroke registry data is crucial for evaluating stroke systems of 
care, but the impact of different linkage methods on selection bias remains unclear. This study compared deterministic and 
probabilistic linkage approaches and assessed their effects on sample representativeness and analytical conclusions

Methods: In this cross-sectional study we analyzed 13,567 stroke patients transported by EMS to 40 Kentucky hospitals participating 
in Get With The Guidelines – Stroke (2021-2023). Records were linked using deterministic and probabilistic methods. We compared 
match rates, assessed sample representativeness, and evaluated the impact of selection bias using inverse probability weighting.

Results: Deterministic and probabilistic methods achieved match rates of 73.0% and 78.7%, respectively. Both methods produced 
similar representative samples, with modest differences between matched and unmatched cases primarily in race and admission year. 
Accounting for selection bias had minimal impact on the estimated associations between EMS stroke recognition and outcomes
(percent change in adjusted odds ratios < 1%).

Conclusions: While probabilistic linkage yielded modestly higher match rates, both methods produced comparable results with 
minimal selection bias. When working with high-quality data with low missingness, deterministic linkage may be sufficient for many 
analyses, though sensitivity analyses remain important for assessing potential bias.
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Sex Differences in Proteomic Response to Ischemic Stroke

Faculty

Background: Women often experience greater disability after ischemic stroke than men, but the biological mechanisms underlying 
these differences remain unclear. Proteomic analysis may help identify sex-specific molecular pathways that contribute to stroke 
recovery.

Methods: We analyzed plasma samples from 141 patients enrolled in the Blood and Clot Thrombectomy Registry and Collaboration 
(BACTRAC). Proteomic expression of 184 inflammatory and cardiometabolic proteins was quantified using Olink panels. Associations 
between protein expression and discharge outcomes – including the National Institutes of Health Stroke Scale (NIHSS) and modified 
Rankin Scale (mRS), and Montreal Cognitive Assessment – were evaluated with models including a sex by protein interaction, 
adjusting for clinical and demographic covariates.

Results: The median age of the cohort was 69 years old and 55% were women. One protein, TGFBI, was expressed at higher levels in 
men at baseline after controlling the false discovery rate. Several proteins demonstrated sex-specific associations with discharge 
outcomes. PCOLCE and NT3 were related to worse NIHSS scores among women but not men. ICAM3 and TGFBI were associated 
with higher odds of poor functional outcomes (mRS > 3) in women, while there was no significant association in men. SELL showed a 
potential protective effect in men, but not in women. No sex-specific proteins were found for the MoCA.

Conclusions: We identified several sex-specific proteins associated with post-stroke discharge outcomes. These findings suggest that 
sex-specific molecular responses may contribute to disparities in post-stroke recovery and highlight the importance of incorporating 
sex as a biological variable in biomarker studies.
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Computer Vision to Extract Post-Stroke Biomechanics of Upper Limb Recovery: Preliminary results of an Ongoing Clinical Study

Faculty

Recovery of the upper limb is a priority for stroke survivors, and upper limb impairment occurs in 80% of those affected by
stroke. Rehabilitation has been described as an iterative cycle that is predicated by assessments to guide subsequent 
interventions. Historically, these assessments have been achieved using ordinal scales, which have recognized drawbacks including 
subjectivity, coarse resolution, and poor relationship to real-world outcomes.  In contrast, biomechanical metrics offer increased 
objectivity, increased granularity, and have been linked to confidence in one’s abilities—a significant factor to real-world
outcomes. The interest in biomechanical metrics has given rise to recent consensus panel recommendations for standardized use of 
drinking task biomechanics in rehabilitation research. However, due to impractical methods behind biomechanical metrics, their 
uptake in research and translation to clinic has been limited. These limits may be surmounted by computer vision. Computer vision is 
a field of AI that extracts information from video. Based on video from standard cameras, computer vision can extract biomechanics 
with less burden to the clinician and patient. The objective of this ongoing clinical study is to determine the accuracy and reliability of 
a computer vision approach to measuring drinking task biomechanics in both healthy and stroke populations.
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Astrocytic Mitochondrial Transfer and Transplantation as Therapeutic Strategies for Traumatic Brain Injury

Faculty

Traumatic brain injury (TBI) is a major healthcare challenge associated with neuronal damage, progressive neurodegeneration, and 
long-term cognitive deficits. Despite its prevalence and devastating consequences, no FDA-approved therapies currently exist for TBI. 
Among the diverse pathological processes triggered by TBI, mitochondrial dysfunction has emerged as a central driver of neuronal 
vulnerability. As highly dynamic organelles, mitochondria is essential for neuronal function through energy production, calcium 
buffering, and regulation of cell survival pathways. Protecting or restoring mitochondrial integrity has therefore become a promising 
strategy to improve outcomes following TBI.

Excitotoxicity causes mitochondrial dysfunction in TBI-related neuropathology. Intercellular mitochondrial transfer (IMT) and 
exogenous mitochondrial transplantation are emerging approaches to mitigate mitochondrial dysfunction; however, robust in vivo
evidence remains limited, particularly concerning the fate and functionality of transplanted mitochondria in the Central Nervous 
System. This study aims to address these knowledge gaps by investigating mitochondrial transfer mechanisms under both 
physiological and TBI conditions. Mouse model expressing mitochondrial green-fluorescent dendra-2 (mtD2) and GFP (mtGFP)
targeted to inner and outer mitochondrial membrane used to study astrocyte (Aldh1l1-CreER; mtD2 - AmtD2 and Aldh1l1-CreER;f/f

f/fmtGFP - AmtGFP) specific and neuron (CamK2aCre; mtD2f/f - NmtD2 and CamK2aCre; mtGFPf/f - NmtGFP) specific mitochondrial 
dynamics and mitochondrial bioenergetics. Following TBI, neurons exhibited rapid mitochondrial morphological alterations with 
impaired bioenergetics across total, somatic, and synaptic fractions in the peri-injury region. In contrast, astrocytic mitochondria, 
despite altered dynamics, preserved their bioenergetic capacity, enabling the transfer of respiratory-competent mitochondria to 
neurons, potentially supporting neuronal survival. Complementary in vitro astrocyte–neuron co-culture studies demonstrated that 
astrocytes transfer mitochondria to neurons via direct contact or extracellular vesicles containing mitochondria (Ast-EVmito), with 
NMDA-mediated excitotoxicity further enhancing transfer. Notably, treatment with isolated Ast-EVmito improved NMDA-induced 
mitochondrial dysfunction in primary cortical neurons. Single-cell RNA sequencing of post-TBI astrocytes further revealed increased 
expression of genes associated with extracellular vesicle biogenesis, trafficking, secretion, and mitochondrial translation, suggesting 
that reactive astrocytes harness EV-mediated mitochondrial transfer as a neuroprotective mechanism. These findings highlight the 
critical role of mitochondrial transfer and transplantation in mitigating TBI-induced mitochondrial dysfunction and pave the way for 
novel therapeutic strategies targeting mitochondrial dysfunction in neurodegenerative and neurovascular conditions.
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Effect of clodronate on cardiovascular dysfunction after acute severe high-thoracic spinal cord injury in adult female rats

Post-Doc

Spinal cord injury (SCI) disrupts supraspinal influence on autonomic function leading to alterations in cardiovascular parameters such 
as blood pressure and heart rate. Exploring these parameters in animal models is pertinent to develop deeper understanding of 
cardiac physiology after SCI. There is no study, as per our knowledge, that has meticulously established the acute effects of severe, 
high thoracic (T3) SCI on these various cardiovascular parameters. In the present study, we analyzed the effect of SCI on systolic blood 
pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), and heart rate in female rats. Adult female rats
were  placed with in vivo telemetric  implants in the descending aorta. Two weeks later, animals received T3 spinal contusion at 400 
kdyn (5s dwell time). We collected baseline telemetric recordings for 48 hours prior to SCI and then continuous recordings for the first 
week after SCI. After SCI, rats were divided into two groups; one group received 2 ml Clodronate (7mg/ml- to deplete peripheral 
macrophages) on days 1, 3, and 6 post-injury (once a day), and the control group received vehicle (2 ml saline). After spinal cord injury, 
we observed hypertension for 2 days after injury with an increase in SBP, DBP, and MAP relative to baseline measures, followed by a 
decrease. We also observed that SCI disrupted heart rate dipping (circadian rhythm).  Clodronate restored some of the cardiovascular 
parameters after SCI. Collectively, the current work provides unprecedented insight into acute cardiovascular changes after SCI.
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Sex-dependent effects of ketone therapy after TBI reveal a dichotomy in mitochondrial response and metabolism in an 
Alzheimer’s disease model

Grad Student

Traumatic brain injury (TBI) is a significant risk factor for Alzheimer’s disease (AD), with both conditions marked by persistent 
mitochondrial dysfunction. We investigated whether β-hydroxybutyrate (BHB), a ketone body capable of bypassing glycolytic 
impairment, could restore mitochondrial bioenergetics in an AD-relevant context. Eight-month-old APP/PS1 knock-in mice underwent 
closed head injury (CHI) or sham surgery and received systemic BHB treatment via subcutaneous minipump for 27 days, beginning 
three days post-injury. Mitochondrial respiration was assessed in neocortical and hippocampal tissue, and oxygen consumption rates 
(OCR) for Complexes I, II, and V were quantified. Two-way ANOVA was used to assess main effects of injury and treatment, stratified 
by sex. BHB significantly enhanced Complex I and II-driven respiration in female mice, regardless of injury, with a 16.9% increase in 
Complex I OCR and a 14.1% increase in Complex II OCR in CHI females. In contrast, male sham mice exhibited a 10.1% reduction in 
Complex II OCR with BHB treatment, suggesting an adverse or maladaptive response. Hippocampal mitochondrial function showed 
minimal response to BHB across groups. These findings highlight a fundamental sex-dependent dichotomy in ketone metabolism and 
mitochondrial response following TBI. While females exhibited improved mitochondrial efficiency with BHB, males showed limited or 
negative responses. This sex-specific divergence underscores the need for precision approaches when targeting metabolic 
dysfunction in TBI and AD, and supports the therapeutic potential of ketone-based interventions in females at risk for TBI-induced 
neurodegeneration.

Acknowledgments: This project was supported by the University of Kentucky CNS Metabolism (CNS-Met) COBRE (P20 GM148326, 
NIGMS), R01 NS119165 (NINDS), and T32 AG078110 (NIA), all from the National Institutes of Health.
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Noninvasive Spinal Neuromodulation to Stabilize the Blood Pressure Pendulum After Spinal Cord Injury

Post-Doc

Background

Spinal cord injury (SCI) disrupts sympathetic cardiovascular control and predisposes individuals to extreme blood pressure (BP) 
fluctuations. Systolic BP can drop to 50 mmHg or lower during orthostatic challenges (e.g., assuming an upright posture) known as 
orthostatic hypotension (OH) or surge to beyond 300 mmHg in response to noxious stimuli below the lesion level (e.g., fecal 
impaction) known as autonomic dysreflexia (AD). These opposing crises, OH and AD, often occur repeatedly within the same 
individual on a daily basis, severely impacting quality of life. Currently, no therapies exist that can simultaneously address both OH 
and AD.

Objective

The objective of this study was to evaluate the translational potential of transcutaneous spinal cord stimulation (tSCS) in mitigating 
OH and AD, both in preclinical models and in individuals with SCI.

Methods

For pre-clinical studies, adult male Wistar rats (n=11) received a severe midline contusion at the third thoracic (T3) spinal cord 
segment. Rats were implanted with a wireless BP telemeter 8 weeks later. tSCS was delivered at 30Hz, 1ms pulses by self-adhesive 
electrodes placed on the skin at T6/7. Beat-by-beat BP and heart rate were recorded at rest, during experimental OH episodes 
induced by lower body negative pressure (LBNP), and during AD episodes triggered by colorectal distension.

For clinical studies, three individuals were recruited with chronic motor-complete cervical SCI (American Spinal Injury Association 
Impairment Scale (AIS) A or B). We tested the effect of tSCS (10kHz carrier frequency, 1ms monophasic waveform, 30Hz) at T7/9 or 
T11/L1 segments in humans. OH, was induced by head-up tilt tests, and AD was triggered by digital anorectal stimulation. Changes 
in beat-by-beat BP during these procedures were recorded via finger photoplethysmography.

Results

In rats, tSCS reduced OH severity by +26.7±14.1mmHg and AD severity by -39.3±17.5mmHg. In humans, tSCS reduced OH by
+47.9±23.2mmHg, while AD was reduced by -37.1±17.1mmHg. BP wavelet analysis indicated tSCS likely modulates sympathetic
activity by altering low-frequency power in animals and humans to alleviate AD and OH.

Conclusions

We show that tSCS can mitigate opposite extreme BP events in animals and humans with SCI, demonstrating its clinical viability for 
alleviating multi-faceted BP dysregulation following SCI.
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Sildenafil improves mitochondrial, vascular, and behavioral outcomes following repeated mild blast traumatic brain injury

Grad Student

Mild traumatic brain injury (mTBI) is the most common form of TBI in the U.S. military, with blast exposure as the leading cause. Blast-
induced mTBI is associated with disruption of the neurovascular unit and blood–brain barrier (BBB) dysfunction. Vasodilatory therapies 
such as sildenafil may be repurposed to improve cerebrovascular outcomes following low-level blast exposure. Sildenafil, a 
phosphodiesterase-5 inhibitor, enhances nitric oxide–mediated vasodilation and has been shown to elevate mitochondrial function in 
endothelial cells. Our pilot data also suggest that sildenafil increases mitochondrial density in microvascular endothelial cells. To model 
repeated mild blast TBI (rmbTBI), male Sprague Dawley rats were exposed to two 11-psi static peak overpressure waves at a 24-hour 
interval. To evaluate acute effects of sildenafil on mitochondrial biogenesis, animals were randomized into four groups (sham, rmbTBI
+vehicle, rmbTBI+low sildenafil, rmbTBI+high sildenafil; N=5/group). Sildenafil or vehicle (5 or 20 mg/kg, daily oral gavage) was
administered 15 minutes after the first blast and continued once daily. Cortex and hippocampus were collected 7 days after the
second blast for western blot analysis of PGC-1α, a transcriptional coactivator of mitochondrial biogenesis. To assess chronic effects of
sildenafil on vascular outcomes and behavior, a second cohort was randomized into four groups (sham+vehicle [N=6],
sham+sildenafil [N=6], rmbTBI+vehicle [N=12], rmbTBI+high sildenafil [N=12]). Delayed sildenafil treatment was initiated at 8 weeks
post-injury and continued daily for 12 weeks. At 20 weeks, animals underwent fear conditioning, followed by brain collection for
capillary isolation and immunofluorescence analysis of tight junction (ZO-1) and mitochondrial (OXPHOS) markers. Acutely,
hippocampal PGC-1α levels were decreased in the rmbTBI+vehicle group compared to sham, whereas rmbTBI+high sildenafil
restored PGC-1 α expression to sham levels. No differences were observed in cortical PGC-1α. In the chronic cohort, no group
differences were found in capillary ZO-1 or mitochondrial volume, though in rmbTBI+sildenafil animals mitochondrial volume
correlated positively with ZO-1 expression. Fear conditioning showed group differences during the training phase (Day 1):
rmbTBI+vehicle animals froze significantly less than sham, whereas rmbTBI+sildenafil did not differ from sham, suggesting a potential
protective effect of sildenafil on fear memory acquisition. Additionally, rmbTBI+sildenafil animals showed significant freezing
reductions between Days 1 and 4 and between Days 2 and 4, a pattern also seen in shams, indicating that sildenafil may also facilitate
extinction of fear conditioned behavior. Together, these findings demonstrate that sildenafil mitigates acute mitochondrial deficits and
improves chronic behavioral outcomes after rmbTBI.
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