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(1) A novel amino-acid derived compound mitigated anxiety in mice with an experimental Alzheimer’s disease 

Aejin Lee1, Devan Kowdley1, Jacob H. Leung1, Tao Lin2, No-Joon Song1, Julie Fitzgerald3, Zachary Weil3, Jonathan R. Parquette2, 
and Ouliana Ziouzenkova1 
1Department of Human Sciences, The Ohio State University, Columbus, Ohio, 43210, USA.2Department of Chemistry and 

Biochemistry, The Ohio State University, Columbus, Ohio, 43210, USA.3Department of Neuroscience; Wexner Medical Center, 
The Ohio State University, Columbus, Ohio, 43210, USA. 
 
The brain depends on glucose for its function. Alzheimer’s disease (AD) is an irreversible and progressive brain disorder that 
changes behavior. Deficient glucose metabolism in the brain has been reported as an early risk factor that predicts an onset of AD 
in humans. We developed a novel amino-acid derived compound (AAC2), which induced glucose uptake. We hypothesized that 
AAC2 would improve AD-related behavior in APP/PS1 (B6.Cg- Tg(APPswe,PSEN1dE9)85Dbo/Mmjax) mouse model of AD. We 
compared three groups of 1~2 month old APP/PS1 male mice treated with: 1) PBS (control, 10 µL/g weight; n=7), 2) human insulin 
(hINS; 1.7 nmoles/g weight, n=7), and 3) AAC2 (0.2 nmoles/g weight, n=8) to age- matched wild type male mice (WT, n=6) treated 
with PBS. All mice were treated via intraperitoneal injections every 48 hours for 4 months. Our results showed reduced survival in 
hINS treated (-43%) and control (-14%) APP/PS1 mice compared to two groups 1) AAC2- treated APP/PS1 as well as 2) WT 
control (both 100% survived; Kaplan-Meier, P=0.07). At the end of the study we evaluated anxiety using the Open Field test. As 
expected, control APP/PS1 developed anxiety compared to WT mice, showing increased periphery activity (first 5 min, 1149 vs. 
801, P=0.01). Both treatment with hINS and AAC2 suppressed development of anxiety in APP/PS1 mice (897 and 973, 
respectively), which was not different from activity in WT mice. We validated these finding using elevated plus maze test. Anxiety in 
control APP/PS1 mice was manifested by significantly less open arm entries (7.2 counts) compared to WT control (11 counts). 
However, both hINS (9.3 counts) and AAC2 (10.5 counts) treatments showed improved results in the maze test compared to 
control. Collectively, AD-related anxiety behaviors were alleviated with both hINS and AAC2-treatments; however, hINS decreased 
survival in mice with AD. Our study revealed efficacy of AAC2 in prevention of AD-dependent anxiety. 
 
 
 

(2) Harnessing CST Structural and Functional Reorganization Through Gabapentinoids Administration Aids Functional 
Recovery After CNS trauma 

Wenjing Sun1, Molly Larson1, Alex J. Annett1, William A. Stalker1, Peng Juan2, and Andrea Tedeschi1,3 
1Department of Neuroscience, Wexner Medical Center, The Ohio State University, Columbus, OH 43210, USA 
2Center for Biostatistics and Bioinformatics, The Ohio State University, Columbus, OH 43210, USA 
3Chronic Brain Injury Program, The Ohio State University, Columbus, OH 43210, USA 
 
Axon regeneration failure causes neurological deficits and long-term disability after spinal cord injury (SCI). Here, we found that 
Alpha2delta2 subunit of voltage-gated calcium channels negatively regulates axon growth and regeneration of corticospinal 
neurons, the cells originating the corticospinal tract (CST). Increased Alpha2delta2 expression in corticospinal neurons contributed 
to loss of CST regrowth ability during postnatal development as well as after a cervical SCI. In contrast, Alpha2delta2 
pharmacological blockade through Gabapentinoids (GBP) administration promoted CST structural plasticity and regeneration in 
adulthood. Using an optogenetic strategy combined with in vivo multichannel recording, we demonstrated regenerating CST axons 
functionally integrate into spinal circuits. Mice administered with GBP recovered upper extremity function after cervical SCI. 
Importantly, such recovery relies on structural changes of the CST pathway as chemogenetic silencing of injured corticospinal 
neurons transiently abrogated it. Thus, targeting Alpha2delta2 with a clinically relevant strategy aids repair of motor circuits after 
SCI. 
 
 
 
 
 
 



(3) Assessment of Motor function and Behavior in Mice Following Traumatic Brain Injury 
 
Alan J. Gordillo (1), Kristina G. Witcher (1,2,3), Jonathan P. Godbout (1,2,3) 
(1) Department of Neuroscience (2) Department of Psychology (3) Institute for Behavioral Medicine Research, The Ohio State University 
 
Traumatic brain injury (TBI) causes pathophysiological changes in the microenvironment that persist after injury. Microglia release 
pro-inflammatory cytokines (IL-6, TNFa) and take a rod-shaped morphology in response to trauma. Our lab previously showed 
that the sensorimotor cortex shows signs of inflammation and injury. For instance, rod-shaped microglia align with injured 
pyramidal neurons in the cortex following TBI. It is unclear whether rod-shaped microglia, cortical inflammation, and pyramidal 
neuron injury influence behavioral outcomes after TBI. We previously showed that elimination of microglia prevented persistent 
inflammation after TBI. The role of inflammation on sensorimotor behavior following TBI is less understood. We hypothesized that 
microglial elimination, and reversal of TBI-related inflammation, would improve sensorimotor behavior after midline fluid 
percussion injury. Adult male C57/B6 mice were given a CSF1R antagonist or control chow for two weeks to deplete microglia. 
Mice were then subjected to a TBI via fluid percussion or kept as sham-injured controls. Behavior was tested weekly for 1-month 
post-injury. To test sensory cortex-dependent functions, we used the Von Frey test for allodynia, acetone cold plantar test, and 
Hargreaves test of heat sensitivity. To assess motor function, we used the rotarod, parallel rods, wire hang, and static rods. TBI 
caused an impairment in rotarod performance 1-day post injury which improved over time. Performance on Von Frey test, 
acetone cold plantar test, Hargreaves, static bars, horizontal bars, produced no statistically significant differences between 
depleted and control mice. Our current data suggests that a longer time course may have to be investigated in order to extract 
possible disruptions in sensorimotor cortex-dependent behavior that can be attributed to microglia by TBI. Furthermore, 
refinement of these behavioral exams will have to be conducted to produce more consistent data. As well, new examination such 
as fear conditioning, novel object recognition, and uneven ladder test will be used. 
 
 
 

(4) Restricted diffusion imaging : a novel algorithm to study brain micro-structural changes 
 
Francesco Sammartino, Vibhor Krishna 
 
Background: The mechanisms underlying nervous system repair and regeneration are increasingly being understood through 
laboratory investigations. However, their study in humans is challenging due to limitations of imaging techniques and high 
variability in injury location, size and severity. Focused ultrasound ablation (FUSA) is an emerging, incision-less treatment of 
patients with debilitating movement disorders. Using this transformative technology, small (4-6 mm) and precise lesions can now 
be created in deep gray matter nuclei without transgression of the superficial cortex. We had the unique opportunity to non-
invasively study in vivo repair mechanisms in human brain in patients undergoing FUSA..Restricted diffusion imaging (RDI) is a 
non-parametric tensor algorithm which can selectively quantify restricted diffusion and may be more sensitive to tissue 
reorganization following injury . 
 
Methods: High resolution structural and diffusion-weighted MRI scans were obtained in patients (19 essential tremor ) 
preoperatively, at 1 day (n=22) and 1 year after (n=12) FUSA. We studied microstructural changes at the lesion site using two 
algorithms for tensor calculation: diffusion tensor imaging (DTI) and generalized q-sampling imaging (GQI) with free-water 
correction and the results were statistically compared.  
 
Results: After FUSA, the zone with microstructural changes was significantly larger than the lesion volume as estimated by 
structural T2-weighted imaging. The GQI algorithm after voxel-wise correction for water contamination outperformed the 
conventional diffusion-weighted metrics.. Immediately following FUSA two distinct zones of microstructural changes were identified: 
central and peripheral zone. The central core had persistent changes at 1 year implying true coagulative necrosis. Significant 
reorganization was identified in the peripheral zone suggesting partial ablation.   
 
Conclusions: Correction for water contamination is important for tensor calculation while studying microstructural changes after 
brain injury. Significant reorganization was identified in the peripheral zone of FUSA lesions. Future work will focus on developing 
further understanding of repair and regeneration mechanisms especially in the peripheral zone of the injury site. 
 
 
 
 
 
 
 
 



(5) Duration and clinical course of sport-related concussions in youth athletes: from acute post-injury to symptom 
resolution 

 
Alison Newton, MPH1; Lindsay Sullivan, PhD, MA1; Thomas Pommering, DO2,3; Michael Tiso, MD4,5; Jingzhen Yang, PhD, MPH1,2 

1Center for Injury Research and Policy, Nationwide Children’s Hospital, Columbus, OH, United States  
2Department of Pediatrics, College of Medicine, The Ohio State University, Columbus, OH, United States 
3Division of Sports Medicine, Nationwide Children’s Hospital, Columbus, OH, United States 
4Department of Internal Medicine, The Ohio State University Wexner Medical Center, Columbus, OH, United States 
5Department of Sports Medicine, The Ohio State University Wexner Medical Center, Columbus, OH,   United States 
 
Statement of purpose: Duration of post-concussive symptoms ranges widely in youth athletes. Knowledge about the expected 
recovery time following a sport-related concussion (SRC) remains incomplete. This study aimed to examine the duration and 
clinical course of SRC in youth from acute post-injury to symptom resolution (defined as symptom return to pre-injury level), and 
assess the role of sex and age on duration and clinical course of post-concussive symptoms. 
Methods: Youth athletes ages 11 to 17 with a physician-confirmed SRC were enrolled within 72 hours of injury. Participants were 
prospectively followed until symptom resolution  or until 45-days post-injury to assess duration and clinical course of SRC. Sex and 
age differences in duration and clinical course of post-concussive symptoms were compared. 
Results: Fifty-three concussed athletes were enrolled after an average of 1.5 days (SD=1.1) post-injury, with higher proportions 
being males (66.0%), white (75.5%), aged 14-15 (39.6%), and injured in football (35.9%). At time of injury, the average symptom 
score was 42.1 and average number of symptoms was 13.7. Trends showed females and participants aged 16-17 had consistently 
higher symptom scores and number of symptoms compared to their counterparts across the recovery period. Most participants 
(60.4%) symptoms resolved within 14 days, while 4 participants (7.5%) still had symptoms at 45 days. All athletes symptom scores 
dropped significantly in the first 7-days, while athletes with symptom duration ≤ 14 days continued to drop, athletes whose 
symptoms resolved >14 days symptoms persisted. 
Conclusions: The longitudinal data on duration and clinical course of post-concussive symptom provided by this study contribute to 
literature on recovery patterns post-concussion in youth athletes. Further studies that examine risk factors of prolonged recovery 
are warranted.  
Significance and contribution: Understanding the time course of post-concussive symptoms after SRC is important and can inform 
clinical guidelines on the management of SRCs. 
 

(6) Driving Performance After Mild Traumatic Brian Injury among Teen Drivers 
 
Ginger Yang et al. 

 
Objectives: While mild traumatic brain injury (mTBI) can lead to significant cognitive and functional impairments, little is known 
about how mTBI affects one’s driving ability, especially among teen drivers who are at an increased risk of mTBI and motor vehicle 
collisions compared to other age groups. The objective of this pilot study was to (1) measure driving performance among teen 
drivers with mTBI and matched healthy controls and (2) assess the effect of increased cognitive load on driving performance using 
high-fidelity driving simulators. 
Design: This study used prospective design with repeated measures. Driving performance was assessed under 4 driving simulator 
conditions (Cognitive Load X Safety Critical Event) at two time points: <1 week and 4 weeks post-injury. 
Setting: Driving Simulation Labs at two Universities. 
Participants: Drivers aged 16-20 years were recruited from concussion clinics affiliated with two university hospitals within one 
week of a physician-confirmed diagnosis of mTBI. Healthy controls with no TBI in the past 12 months were recruited from local 
communities and matched with the index mTBI case on sex, age (± 6 months), athlete status (yes/no), and type and date of 
driver’s license (full/intermediate). 
Main outcome measures: Braking reaction time, and standard deviation of speed and lane position 
Results: A total of 16 mTBI cases and 16 matched controls were included. Mean age was 17.6, with 37.5% males and 72.7% 
Whites. The average post-mTBI symptom score at the initial assessment was 18.3.  Average days from injury to symptom 
resolution was 20.1, with 60% of cases’ symptoms resolving within 3 weeks post-injury.  mTBI cases displayed significantly higher 
standard deviation of lane position (F(1,15) = 23.1, p < .001) and slower brake reaction time (F(1,11) = 16.7, p = .002) from acutely 
post-injury compared to 4-week follow up. Controls displayed no difference in standard deviation of lane position (F(1,14) = 1.28, p 
= .28) or brake reaction time (F(1,11) = 0.38, p = .55) between the two time points. Slower processing speed measured acutely 
post-injury was positively correlated with increased standard deviation of lane position (r = .71, p = .003) in mTBI participants but 
not in the matched healthy controls. In participants with mTBI, slower processing speed was also correlated with increased speed 
variation (r = .54, p = .03).  
Conclusion: Findings may inform the development of clinical practice guidelines that can help clinicians make informed 
recommendations for when to safely return to drive following an mTBI. 
 
 



(7) Aptamer Inhibition of VWF in Canine MCAO 

Huttinger A, Wheeler D, Joseph M, Gnyawali S, Mandybur I, Anderson C, Hatten C, Rink C, Nimjee S 

Introduction: Last year, according to the most current American Heart and Stroke Association statistics, more than 875,000 
Americans suffered a stroke with 87% being ischemic (~690,000 patients) and only 5.8% received rTPA. In 1995, rTPA 
represented a breakthrough in stroke therapy, reducing morbidity and improving functional outcomes.  Unfortunately, patients 
treated with rTPA routinely have inadequate recanalization, experience restenosis, and suffer from symptomatic intracranial 
hemorrhage (ICH). As a consequence, there is a short time window after which rTPA cannot be given safely (~4.5 hours after 
symptom onset).  
Von Willebrand Factor (VWF) is a novel and attractive target to exploit for anti-thrombotic therapeutics as it plays a pivotal role in 
platelet adhesion, activation and aggregation. We have developed an RNA aptamer that binds to and inhibits VWF (DTRI-031) 
and designed an antidote (DTRI-025) that fully and rapidly reverses aptamer activity. We utilized a clinically relevant large animal 
stroke model of basilar artery occlusion (BAO) to elucidate DTRI-031 efficacy. 
Methods: Male and female adult beagles were anesthetized and cerebral flow recorded through a cranial window with laser 
speckle contrast imaging (Speckle).  BAO was induced by inserting a 7 French catheter into the femoral artery and introducing an 
autologous clot into the basilar artery, guided by angiography. After clot stabilization, canines we treated with intravenous infusion 
of vehicle, 0.5 mg/kg DTRI-031, or 0.9 rTPA. Angiography was performed to track clot size and location and blood was drawn to 
monitor platelet reactivity (PFA-100, Siemens Diagnostics) at baseline and sacrifice in addition to 5, 15, and 60 minutes after 
treatment infusion start. ECG and blood pressure were recorded throughout the procedure. A brain section was stained with TTC 
and H&E to verify infarction and downstream thromboembolic events, respectively.    
Results/Conclusions:  Induction of BAO injury caused a 58.7±20.2%, 68.7±22.5%, and 70.0±15.5%   decrease in perfusion 
(arbitrary units) in vehicle, rTPA, and DTRI-031, respectively.  Treatment of canines with 0.5 mg/kg DTRI-031 60 minutes after 
MCAO resulted in 50.0±32.3% of baseline perfusion restored, compared to rTPA with 38.9±38.6%. DTRI-031-treated canines 
showed less infarction with no evidence of thromboembolism. VWF inhibition by DTRI-031 may represent a replacement for rTPA 
and therapeutic for the 94% of stroke patients who are otherwise left without thrombolytic options.   

 

(8) Developmental changes in connectivity between the amygdala subnuclei and ventral visual cortex  
 
Hansen et al. 

 
The amygdala, a subcortical structure known for social and emotional processing, can be subdivided into multiple nuclei with 
unique functions and connectivity patterns. Tracer studies in adult macaques have shown that the lateral and basal amygdala 
subnuclei decrease in connectivity to visual cortical areas moving from anterior to posterior, and that infants have similar adult-like 
projections plus additional connections that are refined with development. Can we delineate the connectivity between the amygdala 
subnuclei and occipitotemporal cortex in humans, and will it show similar developmental differences as macaques? If so, what 
functional regions may be contributing to this pattern of connectivity? To address these questions, we anatomically defined the 
lateral and basal amygdala subnuclei in 20 adult subjects, 27 kids (aged 7-8), and 18 neonates. We then combined all Freesurfer 
anatomical regions in the temporal and occipital cortices in each individual’s native anatomy, and split this entire region into five 
equal sections from anterior to posterior. We also defined visual functional parcellations in the occipitotemporal cortex (e.g. FFA, 
PPA) and anatomically defined primary visual cortical areas V1, V2, and V3. Using Diffusion Weighted Imaging data (b-value 
700s/mm2, 60dir), we ran probabilistic tractography with FSL between the amygdala subnuclei as seeds and the occipitotemporal 
cortical parcellations as targets. Results showed that like macaques, the mean connectivity across subjects to the occipitotemporal 
cortex significantly decreased on a gradient from anterior to posterior, and that connectivity in kids and infants was adult-like but 
became more refined across development. Further, refinement of connectivity to mid- to posterior occipitotemporal cortex was 
largely driven by PPA, LO, and V1, with connectivity to higher order visual areas increasing with age and functional maturation of 
these regions. Studying how white matter connectivity changes across development in humans has important applications, 
especially to the study of chronic brain injury and other clinical disorders. Converging neuroimaging evidence strongly suggests 
that white matter damage plays a key role in CBI. Moreover, CBI is vastly understudied in pediatric populations. By relating human 
developmental neuroimaging to previous tracer work in other primates, we will better validate and understand white matter 
connectivity in humans. And if we understand the normal progression of white matter connectivity in neurotypical individuals, we 
can better determine the neural deficits associated with CBI in both adults and pediatric populations. This work is fundamental in 
reaching that goal. 

 

 



(9) A translationally relevant model of inducible pneumonia after spinal cord injury 
 
Angela Filous et al. 
 
After spinal cord injury (SCI), patients become immunocompromised, making them highly susceptible to infections. Not only is 
pneumonia the leading cause of death after SCI, but even patients that survive the infection have a reduced potential to regain 
function, compared to SCI patients that have not suffered an infection. The mechanism is unclear as to how infections during an 
early stage after injury can lead to chronic changes in recovery potential. We have developed a mouse model of inducing 
pneumonia in a controlled fashion after SCI, as well as a scale to assess and track their sickness severity after infection. This 
model is translationally relevant, as it mimics many aspects of human SCI, and it can be used to explore the underlying 
mechanisms of this impaired recovery after infection. 
 
 
 

(10)  Spinal cord injury-induced immunedeficiency is mediated by a sympathetic-neuroendocrine adrenal reflex 
 
Jan Schwab et al. 

 
Acute spinal cord injury (SCI) causes systemic immunosuppression and life-threatening infections, thought to result 
fromnoradrenergic overactivation and excess glucocorticoid release via hypothalamus–pituitary–adrenal axis stimulation.  
 
Instead of consecutive hypothalamus–pituitary–adrenal axis activation, we report that acute SCI in mice induced suppression of 
serum norepinephrine and concomitant increase in cortisol, despite suppressed adrenocorticotropic hormone, indicating primary 
(adrenal) hypercortisolism.  
 
This neurogenic effect was more pronounced after high-thoracic level (Th1) SCI disconnecting adrenal gland innervation, 
compared with low-thoracic level (Th9) SCI. 
 
Prophylactic adrenalectomy completely prevented SCI-induced glucocorticoid excess and lymphocyte depletion but did not prevent 
pneumonia. When adrenalectomized mice were transplanted with denervated adrenal glands to restore physiologic glucocorticoid 
levels, the animals were completely protected from pneumonia.  
 
These findings identify a maladaptive sympathetic-neuroendocrine adrenal reflex mediating immunosuppression after SCI, implying 
that therapeutic normalization of the glucocorticoid and catecholamine imbalance in SCI patients could be a strategy to prevent 
detrimental infections. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



(11) Mechanical quantitative sensory testing in a canine translational model of neuropathic pain: description and pilot 
investigation. 

 
Ashley C. Hechler, DVM, Eric T. Hostnik, Laurie B. Cook, Lynette K. Cole, Sarah A. Moore* 
 
* Corresponding author 
Address: The Ohio State University Veterinary Medical Center 
601 Vernon L. Tharp, Columbus, OH, USA 43221 
Email: Ashley Hechler - hechler.5@osu.edu, Sarah Moore – moore.2204@osu.edu, Lynette Cole – cole.143@osu.edu, Eric 
Hostnik – hostnik.1@osu.edu, Laurie Cook – cook.1094@osu.edu  
Telephone: 614-292-3551 
Fax: 614-292 - 1454 
 
Syringomyelia (SM) occurs commonly in pet Cavalier King Charles Spaniel (CKCS) dogs, causes behaviors suggestive of 
neuropathic pain, and may serve as a spontaneous pain model for translational studies; however, quantitative measures of sensory 
dysfunction in affected dogs have not been previously documented. The aim of this study was to compare mechanical sensory 
threshold (ST) in CKCS with and without SM and to assess the relationship between ST, severity of SM on MRI, and pain scores 
obtained from a previously validated owner-derived pain scale. We hypothesized that SM-affected dogs would have lower ST than 
controls and that ST in affected dogs would inversely correlate with syrinx size and with owner-derived pain scores. 
 
CKCS with (n=19) and without (n=10) SM had ST measured by electronic von Frey anesthesiometer. Groups were compared 
using Wilcoxin rank-sum. Associations between ST, pain score, and MRI findings were evaluated by linear regression. Median ST 
(range) in thoracic limbs was 184.1 grams (120.9-552) for control, and 139.9 grams (52.6-250.9) for SM-affected dogs. Median ST 
in pelvic limbs was 164.9 grams (100.8-260.3) for control, and 129.8 grams (57.95-168.4) for SM-affected dogs.  ST for thoracic 
and pelvic limbs was lower in SM-affected dogs (p=0.027; p=0.0396), suggestive of hyperesthesia.  Pelvic limb ST was inversely 
correlated with owner-derived pain scores, where dogs with lower ST displayed more severe pain signs (r=-0.657; p=0.022). Our 
results suggest that VFA may offer an objective assessment of neuropathic pain CKCS with SM and could be useful in future 
translational pain therapy studies.  
 
 
 

(12) The Idol-ApoE receptor pathway in Alzheimer's disease 
 

Jie Gao 
  Affiliation: Department of Neuroscience, The Ohio State University 
 
Apolipoprotein E (ApoE) genotype is by far the strongest genetic risk factor for Alzheimer's disease (AD). In the brain, ApoE 
functions as a ligand for members of the lipoprotein receptor superfamily, including LDLR, VLDLR, and ApoER2. Brain ApoE 
receptors not only strongly impact the metabolism of Aβ, but also mediate signaling pathways required for maintaining synaptic 
plasticity and cognitive functions. Our recent research has shown a novel E3 ubiquitin ligase IDOL is the major regulator of brain 
ApoE receptor expression. Genetic and pharmacological manipulation of IDOL ameliorates neuropathological hallmarks of AD 
including beta-amyloid deposition, neuroinflammation, and cognitive decline in animal models. These results suggest the 
regulatory pathways that govern brain lipid metabolism and signaling may serve as promising targets for AD prevention and 
treatment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:hechler.5@osu.edu
mailto:moore.2204@osu.edu
mailto:cole.143@osu.edu
mailto:hostnik.1@osu.edu
mailto:cook.1094@osu.edu


(13) Examination of microglial-mediated inflammation in response to acute and chronic traumatic brain injury and the effects 
on functional recovery 

 
Chelsea E. Bray (1,2), Kristina G. Witcher (1,2), Julia E. Dziabis (2), Daniel S. Eiferman (3), and Jonathan P. Godbout (1,2) 
(1) Department of Neuroscience (2) Institute for Behavioral Medicine Research, The Ohio State University (3) Department of 
Surgery, The Ohio State University Wexner Medical Center 
 
Traumatic brain injury (TBI) affects millions of individuals annually and is associated with acute symptoms that resolve, however 
neuropsychiatric complications and cognitive impairments may persist years after injury. Resident microglia form a unique rod-
shaped morphology and align with apical dendrites of damaged neurons after TBI. Whether this morphology is maladaptive or 
neuroprotective is unknown. A murine model of midline fluid percussion injury (mFPI) was used to examine the role microglia have 
in injury-induced inflammation. Rod microglia were increased following injury and were associated with dense astrogliosis, 
suggesting a role in cortical inflammatory propagation. Cortical gene expression of cytokines (IL-1, TNFa, IL-6, IFNy) and 
chemokines (CCL2, CXCR3) were increased after acute TBI (8h, 7dpi) and progressive. This suggests that TBI induces complex 
inflammatory responses in the cortex that evolve from acute to chronic phases of injury. Antagonism of CSF1R, a critical signaling 
pathway for microglial viability, prior to injury attenuated both rod microglial formation and astrogliosis, with limited effects on 
functional recovery. Separately, our lab showed that microglia take on a primed phenotype 30dpi, in which a persistent 
inflammatory profile is maintained after injury and is exacerbated following a second insult. We sought to determine whether 
microglial priming could be reversed by depleting and repopulating microglia after injury. To further examine the microglia 
inflammatory profile after injury and the role it plays in functional recovery, CSF1R antagonism was employed 7dpi followed by 
subsequent repopulation. We hypothesized that microglial elimination after chronic TBI will attenuate robust inflammation and 
improve functional recovery. Further directions will be to determine whether microglial priming is reversible following traumatic 
brain injury. Furthermore, we will assess whether this is sufficient to reverse TBI-associated cognitive and functional impairment. 
 

(14) Brain functional connectivity and self-management in African Americans with MCI and hypertension 

Kathy Wright et al. 

Functional connectivity in the resting state network (RSN) has been a major target of interest in neurodegenerative research, with 
evidence linking functional disengagement of its constituent nodes with mild cognitive impairment and dementia. Given the 
emerging linkage between Alzheimer’s disease and related dementia disorders (ADRD) and hypertension (HTN), non-
pharmacological interventions that promote neural processing and blood pressure health are needed for at risk groups such as 
African Americans (AA). The purpose of this study is to deliver a novel intervention, combining mindfulness meditation and the 
Dietary Approaches to Stop Hypertension (DASH), to improve RSN connectivity and blood pressure in AA older adults with MCI 
and HTN. Thirty-six AAs aged 65 and older will be randomized to mindfulness plus DASH, attention control or a control group. The 
mindfulness plus DASH intervention is delivered in 8-weekly group sessions of 6-10 participants. The DASH diet is integrated into 
mindfulness and tailored to appeal to AAs. The tailoring includes adapting favorite “soul food” recipes to low sodium guidelines, 
and problem-solving to eat and make healthy meals for family/friends and at religious functions. Cognitive examination, 
psychological surveys and functional magnetic resonance imaging data are collected at baseline and 3 months.  To date, 48 AAs 
were screened and 17 were enrolled (women= 13; men= 4) in the study. Of the 17 enrolled, 7 were eligible for neuroimaging. 
Findings from this study may provide the preliminary evidence that combining mindfulness meditation and DASH may improve 
neural processing and blood pressure in this underrepresented population at risk for ADRD.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



(15) Increased miR-92a after aSAH Contributes to Sensitivity to Ischemia by Down-Regulating KLF-2 

Anderson, CP1, Wheeler, DG1, Harris, H2, Rink, C2 Hoang, N1, Gnyawali, S2, Nimjee, SM1, Powers, CJ1 
1Department of Neurological Surgery, The Ohio State University Wexner Medical Center, Columbus, Ohio, 43210. 
2Department of Surgery, The Ohio State University Wexner Medical Center, Columbus, Ohio, 43210. 
 
Introduction/Background: Stroke is the leading cause of combined death and disability in the United States. 
Aneurysmal subarachnoid hemorrhage (aSAH) accounts for approximately half of all strokes and commonly results in death (33-
45%) from delayed cerebral ischemia (DCI) within 30 days2. My mentor’s laboratory has analyzed the miR levels in cerebrospinal 
fluid (CSF) of aSAH patients 
and found that miR-92a is increased early and decreases over time. miR-92a targets the transcription factor Kruppel-like 
factor 2 (KLF2) in endothelial cells, decreasing endothelial nitric oxide synthetase (eNOS) which is critically important in 
cellular response to ischemia. Based on this data, we hypothesized that increased abundance of miR-92a early after aSAH 
sensitizes the brain to ischemia by down-regulating KLF2 and downstream eNOS. 
 
Methods: To first overexpress miR-92a, I performed an intra-cerebroventricular (ICV) injection of lentiviral vector in C57/BL6 male 
mice and verified levels of miR-92a in the mouse brain. After 72 hours, I performed ICH on the same mice or mice with control 
injections. The mice would then go to the Small Animal Imaging Core at OSU where an MRI was performed. Finally, after 7 days 
from the initial procedure, the mice were sacrificed, and I measured infarct size by sectioning and staining brain sections with KLF2 
and eNOS fluorescent antibodies (Santa Cruz Biotechnology) followed by fluorescence microscopy analysis (Axiovert 200 M. 
Zeiss. 
Gottingen, Germany) and images were captured using Axiovert v4.8 software. 
 
Results: Injury analysis with Axiovert revealed a significant difference in condition of the ICH injury between days 3, 5, 6, and 7. 
More specifically, the software showed an increase in down- regulation of KLF-2 and ischemia through days 3, 5, 6, and 7 post 
aSAH in mice who received an overexpression of mir-92a than in control mice who did not have an overexpression and thus no 
down-regulation of KLF-2 post aSAH. 
 
Conclusions: Moving forward, Dr. Powers and I have decided to further our investigation of the downregulation of KLF-2 by 
conducting behavior testing on the mice, as well as H&E imaging of the mouse ICH carotid arteries and brains using to analyze the 
physiological effects of the mir-92a overexpression vs control mice. 
 

(16) Wireless, Batteryless Brain Implants 
 
Katrina Guido and Asimina Kiourti 
ElectroScience Laboratory, Dept. of Electrical and Computer Engineering  
The Ohio State University, Columbus, OH, USA guido.26@osu.edu, kiourti.1@osu.edu 
 
Deep brain neuropotential monitoring offers unprecedented opportunities for patients with epilepsy, Alzheimer’s, Parkinson’s, etc., 
in addition to the advancement of neural modeling [1]–[4]. Traditional neurosensing technologies employ intracranial wires, but 
these devices inhibit the activities of daily life (thus limiting the testing environment) and are prone to infection [2], [4]. To 
overcome these issues, wireless implants have been reported but utilize batteries or energy harvesters for operation [5]. These 
battery-powered devices require replacement/recharging and can damage the surrounding neurons due to heat generation [6]. As 
an alternative, we proposed a new class of wireless, fully passive brain implants. In [7], we introduced a wireless, batteryless 
brain implant with a footprint of only 8.7 mm × 10 mm and sensitivity up to 20 µVpp in in vitro settings. This sensitivity was an 
improvement of up to 25 times compared to previous works and achieves the goal of detecting low voltage neural signals, viz. 
local field potentials (LFPs). However, the input impedance of the implant in [7] was set to 50 Ω to match the impedance of the 
function generator used to emulate brain neuropotentials, while the impedance of clinical electrodes implanted within the human 
brain can range from tens of kΩ to MΩ. This mismatch between the 50 Ω implant and the high-impedance electrode interface 
contributes significant deterioration in sensitivity under realistic/in vivo conditions. In addition, electrochemical reactions at the 
electrode surface can add a DC offset voltage. Conventional implants make use of operating amplifiers to address this challenge, 
but these devices require a power source, which contributes to the issues mentioned above. We have begun to integrate passive 
impedance matching into our implant in order to design the first fully passive and wireless brain implant matched to the associated 
high-impedance electrode interface. 
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(17) Examining the relationships among objective metrics of sleep, physical activity, and cognition in young adults 

Emily Aitken-Greene1, Scott M. Hayes, PhD1,2 

1The Ohio State University Department of Psychology; 2The Ohio State University Discovery Themes Chronic Brain Injury 
Initiative 
 
Previous studies have identified a positive association between physical activity (PA) and cognition, as well as a positive 
association between PA and sleep. Other studies have linked sleep to cognition. To date, few studies have examined these 
relationships in young adults using objective metrics of sleep and PA in association with standardized and experimental cognitive 
tasks. In the current study, we will examine the relationship among sleep, PA, and cognition, with an emphasis on executive 
function and episodic memory, in 60 young adults. Participants will wear a GT9X Actigraph (ActiLife Corp, Pensacola, FL) and 
Polar H10 heart rate monitor for 5 days to provide objective measures of sleep and PA, including sleep latency and efficiency, 
total sleep time, time spent sedentary, and time spent in light, moderate, and vigorous PA. Cognitive performance will be 
assessed using the NIH toolbox which provides measures of multiple cognitive domains, including executive function and episodic 
memory. We will also administer experimental cognitive tasks including a gradual-onset continuous performance task (GradCPT), 
which provides precise measurements of attentional control and mind wandering, as well as an episodic memory task sensitive to 
pattern separation and pattern completion . Using multiple regression analyses, we predict positive associations between PA and 
executive function (particularly those associated with inhibition and executive control), PA and episodic memory, sleep and 
executive function, and sleep and memory. Using mediation analyses, we predict a mediating effect of sleep on the relationships 
between PA and episodic memory and between PA and executive function. 
 
 
 

(18) Feedback Control for Mental Health 
 

Kevin M Passino 
Dept Electrical and Computer Engineering  
Mathematical Biosciences Institute 
 
Feedback control systems are showing the potential to help break down some barriers to achieving mental health. In this talk, two 
examples of our research group’s current work on automatic fine-grained music/light modulation using biosensor feedback are 
briefly outlined: (i) stress-reduction (individual and in the classroom), and (ii) emotion/mood regulation deficiencies (e.g., 
depression). Our program in this area includes science and technology development, along with computational, statistical, and 
mathematical analysis. More information: https://t4mh.engineering.osu.edu 
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(19)  A systematic review of the acute effects of exercise on brain function 
 
Jessica Horvat1*, Sam Kalmar1*, Scott M. Hayes, PhD1,2  
 
1The Ohio State University Department of Psychology 
2The Ohio State University Discovery Themes Chronic Brain Injury Initiative 
* Authors made equal contributions to the project. 
 
There is a growing literature demonstrating the positive impact of the chronic effects of aerobic exercise on brain function. 
However, the acute effects of exercise on the brain has received considerably less attention. Examining the acute effects of 
exercise on cerebral blood flow could provide insight into potential mechanisms underlying chronic effects of exercise on the brain, 
as well as mechanisms associated with the positive impact of acute exercise on cognition. The primary aim of the current review is 
to examine the pattern of alterations in brain function subsequent to acute physical activity. We completed a systematic literature 
search of PubMed, Google Scholar, Scopus, and Elsevier databases using combinations of the following search terms: acute, 
physical activity, exercise, brain, blood flow, glucose, brain activation, fMRI, PET. Studies were included in the review if they had 
measured a metric of brain function, including arterial cerebral blood flow, within one hour of a bout of aerobic physical activity. 
Studies were excluded if the temporal delay between the exercise stimulus and brain function assessment were greater than 60 
min. Non-human studies were excluded. Twenty-eight studies met criteria for inclusion. Across these studies, a variety of methods 
were implemented to assess brain function: resting-state functional Magnetic Resonance Imaging (fMRI), task-fMRI, Positron 
Emission Tomography (PET), functional near infrared spectroscopy (fNRIS), transcranial Doppler ultrasonography, and Xenon 
clearance imaging. Across these various imaging modalities, increased cerebral blood flow (CBF) was consistently observed for 
methods that assessed global metrics of brain function as well as those methods that were sensitive to regional changes in CBF. 
Many studies reported increased CBF specifically in areas of the prefrontal cortex and frontopolar area, as well as the cingulate 
cortex. Two studies reported either no change or a decrease in CBF. Nevertheless, the reviewed data indicate that acute 
alterations in CBF may potentially underpin enhanced cognitive performance frequently observed on tasks of executive function 
subsequent to a bout of aerobic exercise, and may also play a role in the structural brain changes, such as increased volume in 
prefrontal cortex and anterior cingulate cortex, associated with chronic exercise. Additional research is needed to more clearly 
delineate these relationships. 
 
 
 

(20) Inverse Problems and Optimization for Signal Processing and Data Analysis in Imaging 
 
Kiryung Lee 
Dept Electrical and Computer Engineering  

 
 
Key tasks in imaging such as image reconstruction, denoising, motion correction, and statistical analysis are formulated as an 
inverse problem. Inspired by harmonic analysis various signal models for imaging data have been developed and successfully 
applied as a prior to solve these inverse problems. Furthermore systems that arise in applications have specific structures that also 
enable to solve the inverse problems even when the system is unknown or partially known up to certain ambiguity. On the other 
hand, resulting inverse problems with such models become different from well studied optimization problems. We will demonstrate 
the development of theory and optimization algorithms to these inverse problems particularly in the context of various imaging 
application. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



(21)  How mature are connectivity patterns in the neonate brain? 
 
Jin Li et al. 

 
Is the wiring pattern of high-level visual cortex innate, and if not, how does it develop with age? Previous research showed 
evidence for category selective responses in visual regions for 4 - 6-month-old infants (Deen et al., 2017). Moreover, the 
connectivity pattern of the VWFA exists even before a child learns to read, suggesting that wiring patterns may drive the 
development of specialized regions of cortex (Saygin et al., 2017). Here, we examined the connectivity patterns of putative high-
level visual regions (i.e., faces, objects, scenes, visual word form areas (VWFA)), language, and speech regions in adults and in 
neonates. We analyzed data from the Human Connectome Project and developmental Human Connectome Project. We used 
functional parcels as defined in independent datasets of high-level visual regions, as well as other regions across the brain 
(including language, speech, and multiple-demand areas) and registered these parcels into each individual’s brain, and calculated 
the resting-state functional connectivity between these areas in both adults and neonates. Although neonate connectivity was lower 
than adults overall, there were similar patterns of connectivity between high-level visual regions in neonates and adults.  Neonates 
had stronger within network connectivity for high-level visual areas, just like adults. Further, we found that the VWFA was more 
connected with language areas than other regions, including nearby visual areas, in both neonates and adults.  We also discuss 
similarities and differences between resting state and diffusion-weighted imaging connectivity of these regions in neonates vs. 
adults. These results support the claim that many aspects of connectivity are innate and that the visual system, including regions 
that only become selective with experience (e.g. VWFA) is already set up for function, even before the relevant behavior exists 
(e.g. reading). This study provides new perspective to understanding the neural deficit of different neural disorders: from local 
deficits (i.e., local brain injuries) to the failure of interaction between different brain regions (i.e., brain connectivity).  
 

(22) Examining the relationship between episodic memory, the brain, and cardiorespiratory fitness in aging 

Scott M. Hayes, PhD1,2  
1The Ohio State University Department of Psychology 
2The Ohio State University Discovery Themes Chronic Brain Injury Initiative 
 

Episodic memory refers to our memory for events and is described as “mental time travel.” This ability to re-experience past 
events (as well as simulate future events) is considered a defining feature of human cognition, and exhibits pronounced decline 
with aging. In this talk, I will present a series of studies examining individual differences associated with successful cognitive and 
brain aging. This line of research has focused on how individual differences in cardiorespiratory fitness and physical activity are 
associated with episodic memory performance and brain health. In this domain, my lab has been one of the first to report age-
dependent associations between cardiorespiratory fitness and neural integrity, using structural and functional magnetic resonance 
imaging. One of my works in progress bridges these research foci and pushes the boundaries of clinical neuroscience as we 
develop a novel exercise challenge during fMRI to predict memory decline in older adults.  

 

(23)  Profiling transcriptional changes in neural stem cells following traumatic brain injury 

Denninger, J. K., Walker, L. A., Chen, X., Velasquez, J., Turkoglu, A., Yan, P., Bundschuh, R., Kokiko-Cochran, O. N., Kirby, E. 
 
Traumatic brain injury (TBI) is not only the leading cause of morbidity and mortality in children and young adults in the United 
States, but is also a leading cause of death and disability worldwide. While the incidence of TBI is rising, the development of new 
effective treatments has stagnated. Stem cells have the unique ability to generate various mature cell types, such as neurons or 
glia, and are currently being studied as potential therapeutic agents for a variety neuropathologies. Although direct cell 
replacement is an obvious method for regeneration, an innovative alternative is to use stem cells as sources of injury-modifying 
factors. In order to identify the factors produced by neural stem cells (NSCs) both at baseline and after injury, we have generated 
transcriptomes of NSCs from the adult mouse dentate gyrus (DG). Located in the hippocampus, the DG is both critical for proper 
memory function and highly prone to neural damage and dysfunction after TBI. Using a novel low-cell number RNA sequencing 
(lcRNASeq) protocol and Coverage-Based Limited-Cell Experiment Analysis for RNA-Sequencing (CLEAR) algorithm, we 
compare differential gene expression of adult DG NSCs on a population level from injured and control mice. By implementing 
lcRNASeq and CLEAR to obtain robust, reliable transcriptomic profiles of NSCs in the adult DG at baseline and after TBI, we can 
study changes in gene expression on a population level, allowing for the development of a comprehensive list of NSC-derived 
injury-modifying factors. Initial analyses reveal a potent potential collection of secreted factors that are produced by NSCs and are 
altered by TBI. Confirmation of the functional value of these NSC-derived factors in mitigating the effects of TBI will lead to more 
successful therapeutic applications of NSCs in the future. 
 
 
 



(24) Statistical Shape Analysis of Anatomical Surfaces using Square-Root Normal Fields 
 

Sebastian Kurtek 
Department of Statistics 
The Ohio State University 
 
We present a Riemannian framework for comprehensive statistical shape analysis of 3D objects, represented by their boundaries 
(parameterized surfaces). By comprehensive framework, we mean tools for registration, comparison, averaging, and modeling of 
observed surfaces. Registration is analogous to removing all shape preserving transformations, which include translation, scale, 
rotation and re-parameterization. This framework is based on a special representation of surfaces termed square-root normal fields 
and a closely related elastic metric. The main advantages of this method are: (1) the elastic metric provides a natural interpretation 
of shape deformations that are being quantified, (2) this metric is invariant to re-parameterizations of surfaces, and (3) under the 
square-root normal field transformation, the complicated elastic metric becomes the standard L2 metric, simplifying parts of the 
implementation. We present numerous examples of shape comparisons for various types of surfaces in different application areas. 
We also compute average shapes, covariances and perform principal component analysis to explore the variability in different 
shape classes. These quantities are used to define generative shape models and for random sampling. Specifically, we showcase 
the applicability of the proposed framework in shape analysis of brain substructures in the context of different diseases including 
Attention Deficit Hyperactivity Disorder and Alzheimer’s disease. 

 
(25)  Are TBI and PTSD risk factors for accelerated brain aging? 

 

Juan Guzmán Roca1,2,3, Jena Moody1,2,3, Scott Hayes (PhD)2,3, Jasmeet Hayes (PhD)1,3 
 
1MRI Investigation of Neurodegenerative Disease, Stress Effects, & Traumatic Brain Injury (The MINDSET Lab), 2Buckeye Brain 

Aging Lab (The B-BAL), 3The Ohio State University Psychology Department 
 
Traumatic Brain Injury (TBI) results from a force applied to the head and is acutely associated with symptoms such as dizziness, 
headaches and light sensitivity. Research has shown that TBI is also associated with long-term negative outcomes, including 
increasing the risk for the development of neurodegenerative disease. Recent work using a machine learning model to estimate 
brain age from an MRI scan found that individuals with moderate and severe TBI had accelerated brain atrophy and older 
estimated age relative to their non-injured peers. This work is important because it shows a connection between TBI and earlier 
onset of neurodegenerative brain processes. However, little is known whether mild TBI or the combination of mild TBI and 
psychological stress can contribute to accelerated brain aging. In the current study, we seek to further understand the long-term 
effects of TBI on brain aging by studying individuals who have sustained mild head injuries, as well as those with mild TBI and 
chronic stress due to posttraumatic stress disorder (PTSD). Our sample is comprised of older veterans from ADNI DOD initiative, a 
public database created to understand dementia risk factors in veterans. Our sample included 252 veterans (32 TBI, 75 PTSD, 53 
PTSD+TBI, 67 controls). To estimate the age, we use brainageR, a script created by Dr. James Cole, that uses the T1 brain scan 
and a set of functions from Matlab, R and FSL in a machine learning regression model to estimate the age of the input image. 
Results from this study will further elucidate the relationship between neural atrophy and trauma, both TBI and psychological 
trauma. This will help us understand the long-term effects of TBI and PTSD, specifically as they may relate to the development of 
neurodegenerative diseases, and devise strategies to minimize negative outcomes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



(26) Aptamer Inhibition of von Willebrand Factor: from Mice to Men 

Shahid Nimjee et al.  
 
Introduction: Occlusive arterial thrombosis leading to stroke and myocardial infarction contribute to ~13 million global deaths 
annually. Von Willebrand factor (VWF) is the glycoprotein involved in the seminal event of platelet plug formation, interacting with 
glycoprotein Ibα on platelets to induce adhesion to the vessel wall. Glycoprotein IIb/IIIa then becomes activated, binds to 
fibrinogen, and results in aggregation and thrombus formation.  Currently, glycoprotein IIb-IIIa (gpIIb-IIIa) inhibitors are used in 
acute thrombosis, but are problematic due to their lack of reversibility and the risk of intracranial hemorrhage (ICH). Aspirin and 
Clopidogrel are utilized predominantly as anti-thrombotic agents, but come with significant lack of responsiveness in ~30% of 
patients and require weeks to months of administration. Endovascular procedures such as catheter insertion, thrombectomy, 
angioplasty, and stent implantation engenders platelet activation and VWF release from the -granules of platelets as well as VWF 
upregulation on the endothelial surface from Weibel-Palade bodies with particularly high levels of VWF in stenotic regions of 
vasculature. Higher plasma VWF levels are associated throughout the body with increased incidence of thrombosis including 
higher risk of initial stroke, recurrence, severity, and death. Our group has developed an antidote-controlled RNA aptamer (DTRI-
031) which binds to and inhibits VWF to provide a novel therapeutic for any disorder which results from thrombosis. Here we 
provide the data that we have compiled thus far on DTRI-031 prophylactic and thrombolytic efficacy in both small and large animal 
arterial thrombotic injury models.  
  
Methods: Murine models including FeCl3 induced carotid artery injury, ICH, and middle cerebral arterial occlusion (MCAO) were 
performed in addition to FeCl3 induced carotid artery injury, thrombectomy, and MCAO in canines to assess the feasibility, safety 
and efficacy of DTRI-031 in vivo on the path to Phase I Clinical Trials.  Angiography, histology, imaging, and behavioral testing 
outcome measures were performed to characterize DTRI-031 treatment. 
  
Results: We present here angiographic, histologic, behavior, platelet reactivity, and imaging data to demonstrate the efficacy of 
DTRI-031 to prevent and lyse an occlusive thrombus in three murine and three canine vascular injury models.  We compared 
DTRI-031 to vehicle and 10 mg/kg rTPA in a mouse model of carotid artery occlusion (CAO), intracranial hemorrhage (ICH), and 
middle cerebral artery occlusion (MCAO) and found significantly better outcomes with DTRI-031 in all three models. In addition, 
treatment of canines with 0.5 mg/kg DTRI-031 demonstrated better carotid perfusion when given both before and after FeCl3 –
induced carotid occlusion in addition to maintaining reperfusion after thrombectomy. Lastly, DTRI-031 resulted in less infarction 
and greater cerebral blood flow after canine MCAO. 

Conclusion: VWF inhibition by DTRI-031 demonstrated superior prophylactic and thrombolytic results without the risk of intracranial 
hemorrhage or thromboembolism and can be rapidly reversed within 2 minutes.  These findings suggest that a drug-antidote 
combination targeting VWF may represent a superior drug-antidote regimen in disorders where an occlusive thrombus can be 
prevented or resolved. 

 
(27)  Sleep Disruption Alters the Inflammatory Response to Traumatic Brain Injury 

  
*Julia E. Kumar1, *Ravitej R. Atluri1, Zoe Tapp1, Kristina G. Witcher1, John Velasquez1, Julia Dziabis1, Chelsea Bray1, Harsha 
Pulluru1, John F. Sheridan2,3, Jonathan P. Godbout1,3, Olga N. Kokiko-Cochran1 

*Indicates authors who will be presenting 
 
Traumatic brain injury (TBI) affects 1.5 million people annually in the United States, resulting in short and long-term physiological 
and cognitive consequences. Recent literature indicates that the brain’s stress and inflammatory response is compromised after 
TBI. As a result, subsequent stressors can result in “allostatic load”, worsening recovery. Mounting evidence shows that sleep 
disruption (SD) acts as a significant stressor and affects a wide range of physiological responses. The goal of this research is to 
study the effects of sleep disruption (SD) after TBI. To accomplish this, 2-month-old male and female C57BL/6 mice received either 
lateral fluid percussion TBI or sham injury. Half of the mice in each group were then exposed to 4 hours of SD through manual 
stimulation for 3 days. Acute effects of SD were examined at 3 days post-injury (DPI) and delayed effects of SD were examined at 
7 DPI. We demonstrate that the plasma corticosterone response was significantly reduced in TBI SD mice, indicating that TBI mice 
exposed to SD have impaired negative glucocorticoid feedback. As expected, TBI mice exhibited avoidance behaviors in the 
elevated zero maze, which were altered by SD 3DPI. These results were associated with enhanced neuroinflammation in the 
injured brain, as shown by cortical Iba1 hyper-reactivity, expression of inflammatory cytokines (CCL2, TNF-alpha, IL-1beta), and 
increased peripheral leukocyte recruitment to the brain. By 7DPI, SD mice exhibit a difference in behavior in the elevated zero 
maze by moving into Closed Arm 1 sooner than other groups, demonstrating a primary SD effect. Lesion analysis revealed no 
significant differences between TBI groups, region specific cortical increases in Iba1 and Gfap persisted in TBI SD mice. As 
expected, TBI induced tau phosphorylation which was further elevated by SD. Together, these data demonstrate that SD acts as 
an immune stressor after TBI and has both immediate and delayed consequences. 
 
 
 
 



(28) Microglia are Extrinsically Primed by the Aged Microenvironment 
 

Shane M. O’Neil (1), Kristina G. Witcher (1), Daniel B. McKim (1), and Jonathan P. Godbout (1, 2, 3) 
 
(1) Department of Neuroscience (2) Institute for Behavioral Medicine Research (3) Chronic Brain Injury Program, The Ohio State 
University 
 
Microglia are the resident innate immune cells of the central nervous system (CNS). Limited turnover throughout the lifespan 
leaves microglia susceptible to age-associated dysfunction. Indeed, we and others have reported microglia develop a pro-
inflammatory, or “primed,” profile with age, characterized by increased expression of inflammatory mediators. Moreover, immune 
challenge with lipopolysaccharide (LPS) causes an exaggerated and prolonged neuroinflammatory response mediated by primed 
microglia in the aged brain. Recent studies show colony-stimulating factor 1 receptor (CSF1R) antagonism results in rapid 
depletion of microglia without significant complications. Therefore, we hypothesized CSF1R antagonist-mediated depletion of 
microglia in the aged brain would result in repopulation with new and unprimed microglia. Here we provide novel evidence that 
microglia in the aged brain repopulated as new microglia no longer burdened with lipofuscin, the hallmark lipid debris of aging. 
Moreover, age-associated increases in CD68 expression were reversed by microglial repopulation. Microglia-specific RNA 
sequencing revealed 511 differentially expressed genes with age. Of these, 117 genes were reversed by microglial repopulation. 
Nevertheless, LPS challenge still induced an exaggerated microglial inflammatory response in the aged brain compared to 
adults. RNA sequencing of whole-brain tissue revealed an age-induced inflammatory signature, including reactive astrocytes, 
that was not restored by microglial depletion and repopulation. Furthermore, the microenvironment of the aged brain produced 
soluble factors that influenced developing microglia ex vivo and induced a profile primed to LPS challenge. These data indicate 
the local microenvironment of the aged brain promotes microglial priming despite repopulation of new microglia. Taken together, 
aged microglia can proliferate and repopulate the CNS, but the resulting microglia still adopt a pro- inflammatory profile 
characteristic of aging. Additionally, repopulating microglia have significantly lower levels of CD68 and lipofuscin, a major source 
of reactive oxygen species and metabolic dysregulation, indicating potential functional benefits of microglial repopulation despite a 
continuing pro-inflammatory phenotype. 

 
 
 

(29)  Magnetic mapping of iron in brain tissue from Alzheimer’s Disease 
 

Kevin Walsh et al. 
 
Iron (Fe) is an essential metal involved in a wide spectrum of physiological functions in the body, such as oxygen transport and 
enzymatic reactions. The oxidation state, mineral composition and storage of iron play a crucial role in health and disease. 
Several neurodegenerative diseases, including Alzheimer’s Disease (AD), are characterized by tissue iron deposits which can 
differ in size and composition from physiological iron deposits. Histochemical staining, the routinely used approach to 
characterize iron distribution, offers limited insight into the chemical environment and composition of tissue iron. One of the 
properties of iron which has not been adequately exploited in histology is the magnetic behavior of tissue iron. 
 
In this study, we demonstrate how Magnetic Force Microscopy (MFM), an atomic force microscopy (AFM)-based technique, can 
be utilized for magnetic mapping of iron in histological sections. Brain tissue was obtained from patients with AD from the 
Buckeye Brain Bank. Five areas, including the hippocampus, subiculum, temporal cortex, frontal cortex and cingulate gyrus, 
from each section were extracted for analysis. Perl’s histochemical staining was used to map ferric iron and adjacent, unstained 
sections were analyzed via MFM. Iron distribution was also characterized by using analytical transmission electron microscopy. 
 
Perl’s staining comparison shows that each area has diverse features containing iron. Of note, the frontal cortex and cingulate 
gyrus contain larger clusters of iron deposits as compared to the temporal cortex, hippocampus and subiculum sections. 
Magnetic mapping using MFM shows revealed regions which were larger in size in the hippocampus as compared to the 
subiculum and temporal cortex. 
Although phase difference measurements from the hippocampal regions were still greater, the subiculum and particular 
cortices had comparable values. In addition, larger differences in roughness MFM signals corresponded to the hippocampal 
regions when compared to the cortices and cingulate gyrus. Additionally, there were smaller variations within the individual 
cortices and cingulate gyrus. However, phase difference MFM signals did not always correlate with the roughness 
measurements. Overall, the differences and similarities between these measurements could potentially indicate a 
pathological mechanism that is affecting the chemical properties of tissue iron. 

 
 
 
 



(30) The MRI Load of Cerebral Small Vessel Disease Lesions and Outcome of Acute Ischemic Stroke 
 
Yousef Hannawi, MD and Kimerly Powell, PhD. 
 
Objectives: The long term objective of this work is to determine the interactions between the underlying brain health state as 
determined by the MRI load of cerebral small vessel disease (CSVD) lesions and acute ischemic stroke (AIS). In this abstract, we 
present a series of findings that were found in our work over the past year and have been presented at international meetings. 
 
Methods: Analysis of the brain MRI within the first 24 hours of hospital admission was performed using manual and automated 
methods aiming to quantify the burden of CSVD lesions including white matter hyperintensities, microbleeds (MBs), lacunes and 
perivascular spaces. Patients enrolled in the Cerebrovascular Disease Stroke Registry Prospective study were selected. 
Relationship with AIS volume, AIS outcome, large vessel disease and EKG changes were then determined using standard 
statistical testing. Multivariate analyses models were used to adjust for age, sex, race, stroke volume, history of hypertension, 
diabetes and current smoking as appropriate. 
 
Results: Analysis of 141 patient MRI’s was completed (age 64.5±15.3, 49% females, total CSVD score 1.6±1.4). The following 
associations were identified: 
1) Association between CSVD lesion burden and large vessel atherosclerosis (Data presented at the International Stroke 
Conference 2019): 
In Univariate analyses, intracranial portion of the internal carotid artery (ICICA) calcification score showed significant relationships 
with periventricular white matter hyperintensities (PVMH), deep white matter hyperintensities (DWMH), lacunes, MBs and total 
CSVD scores ( P values: <0.0001, 0.0005, 0.0078, 0.049 and 0.0026 respectively). Extracranial portion of the internal carotid 
artery ECICA calcification score showed significant relationships with PVWMH and DWMH (P values: 0.0062 and 0.0332, 
respectively) while common carotid (CC) calcification score showed significant relationships with PVMWH, DWMH, MBs and PVS 
(P values: 0.0008, 0.034, 0.045 and 0.013). Multivariate analyses showed significant relationships only for PVWMH and DWMH 
with ICICA calcification (P values: 0.008 and 0.05, respectively). 
2) Association between CSVD lesion burden and EKG changes (data presented at the International Stroke Conference 2019): 
In univariate analysis, there was significant relationship of total CSVD score with QTC interval and T wave abnormalities (P 
values: 0.01 and 0.0036 respectively). The relationship of T wave abnormality with total CSVD burden remained significant in 
logistic regression analysis (OR: 2.2, 95% CI: 1-4.8, P: 0.05). 
3) Association between CSVD lesion burden and AIS functional outcome (data presented at the International stroke conference 
2018): 
Unfavorable stroke outcome at discharge was associated with higher stroke volume, CSVD score and age (p =0.0005, 0.003 and 
0.012, respectively). This relationship remained significant in multivariate analysis for CSVD (p=0.008) and stroke volume 
(p=0.004) but not for age (p=0.72). 
4) Automated analysis of MRI lesions (data presented at the International Stroke Conference 2018): 
Automated analysis of CSVD lesions is being developed for all 4 types of lesions. Automated analysis of lacunes identified 
subjects with lacunes in 91.6% of the cases with 75% specificity. Negative predictive value for subjects without lacunes was 
93.7%. At the lesion level, the paradigm identified 62.5% of all lacunes in all subjects with positive predictive value of 78.9%; 
67.0% of the missed lacunes were in close proximity to the ventricles. Automated approach successfully segmented 
periventricular and deep WMH. WMH volume was (automated 18.55±18.54 mls vs manual 24.19±20.1 mls, volume similarity 
0.79±0.18). Percentage of WMH to the total white matter volume was (automated 4.3±5.1 vs manual 5.7±5.7). The missed WMH 
were small and close to the cortical surface. AIS volume was (automated 2.7±4.9 mls vs manual 4.4±6.8 mls, volume similarity 
0.77±0.14). 
 
Conclusions: CSVD is an important contributor to outcomes and pathophysiologies associated with acute ischemic stroke. Our 
work promises to find accurate ways to determine their relationship by developing novel accurate methods for MRI segmentation. 
 
This work was supported by a pilot grant from chronic brain injury (CBI), discovery themes at The Ohio State University to Dr. Y. 
Hannawi. 

 
 
 
 
 
 
 
 
 



(31)  Investigating compensatory language processes prompted by rhythm based therapy in chronic aphasia: a case study 
 
Kristen McCormack et al. 
  
Every year, approximately 100,000 are diagnosed with aphasia—a language disorder leading to substantial difficulties in their 
daily communication. Notably, many individuals with aphasia can sing despite their speech difficulties, an observation which led to 
the development of melodic-intonation therapy (MIT) – a technique using intoned (sung) patterns of words for aphasia treatment. 
Although rhythm has long been considered secondary to melody in MIT, recent evidence has challenged this notion. That is, 
rhythm, alone, is sufficient to facilitate improvements in speech fluency for people with aphasia. Furthermore, there is mounting 
evidence indicating that rhythm links music and language abilities. Indeed, rhythm therapy has been utilized for other language 
disorders such as dyslexia. We have recently devised rhythm-based language therapy program, in which people with aphasia 
learn to capitalize on a “rhythmic groove” when initiating each word, and will use this groove to string words into phrases and 
sentences. This was used in a case study with a 61 year-old woman with chronic aphasia who had severely impaired speech 
fluency due to a large unilateral stroke in the left hemisphere. Following 8 weeks of rhythm therapy, she exhibited remarkable 
improvement in speech production (i.e., from 1-2 spontaneous words to 16 sentences made from 42 words), as well as increased 
functional and structural connectivity of the contralateral audiomotor network. We have since translated the rhythm therapy into 
fun and engaging gamification termed “TheraBeat” that can be installed in any mobile device (e.g., tablet PC). A follow-up study is 
currently underway in which TheraBeat is used as a home-based aphasia therapy intervention to increase accessibility to therapy 
by minimizing the burden of patient travel. 

 
 
 
(32) New frontiers in neuroimaging  

 
Yune Lee 
 
In this talk, I briefly discuss the past, present, and future of neuroimaging research. In particular, I will illustrate fNIRS (functional 
Near-Infrared Spectroscopy) that is rapidly on the horizon as a portable, cost-effective, and ergonomic device.  

 
 
 
(33)  Microglia dynamically influence inflammatory signaling and neuronal function after diffuse TBI 

 
Kristina Witcher, Fangli Zhao, Alan Gordillo, Daniel McKim, Xiaoyu Liu, Julia Dziabis, Chelsea Bray, Ning Quan, Candice Askwith, 
Olga Kokiko-Cochran, Daniel Eiferman, Jonathan Godbout 
 
Traumatic brain injury (TBI) occurs when trauma to the head disrupts brain homeostasis by injuring neurons, blood vessels, 
ventricles, or other structures. While primary injury can cause behavioral or functional impairment, structural damage also 
initiates inflammatory signaling events. Unresolved inflammation, primarily mediated by microglia, is implicated in TBI-related 
morbidities ranging from psychiatric complications to cognitive impairment. Importantly, microglia promote neuronal homeostasis 
throughout development and clear debris and misfolded proteins with age. Previously we identified microglia as critical mediators 
of diverse inflammatory/immune signaling that persisted into the sub-acute phase following diffuse TBI. It is unclear whether 
persistent immune activation represents reparative adaptation, maladaptive secondary injury, or a combination. The goals of this 
study were two-fold: (1) determine the role of microglia in the progression of injury/inflammation from acute to chronic and (2) 
determine the neurophysiological consequence of microglial elimination after TBI. Mice were administered either vehicle or a 
CSF1R-antagonist to deplete microglia prior to midline fluid percussion injury. Tissue was collected for either histology or 
neuropathology gene expression analysis at 24 hours (acute), 7 days (sub-acute), or 30 days (chronic) post-injury. Pathway 
analysis revealed that expression consistent with IL-1b, TNFa, and IFNg signaling peaked at 1dpi but declined by 30 dpi. Despite 
this, gene expression consistent with reductions in synaptic LTP, BDNF signaling, learning, and coordination were decreased 
while pathways related to seizures and movement disorders were increased 1, 7, and 30 dpi. In mice without microglia, 
neuroinflammation was reduced at all time-points post-injury, but pathways related to neuronal signaling were no longer 
dysregulated. Furthermore, compound action potential recordings from the corpus callosum showed impaired conduction along 
unmyelinated axons 7 and 30 dpi. Microglial elimination improved fast and slow fiber conduction 30 dpi. Collectively, these 
findings provide preliminary evidence that microglial elimination may be neuroprotective after injury.  
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Traumatic brain injuries (TBI) both directly damage the nervous system and render the brain more vulnerable to subsequent 
insults.  Several recent studies have reported that TBI is also an independent risk factor for subsequent stroke.  Thus, the 
possibility exists that individuals that experience a TBI may be both more likely to have a stroke, and that a stroke following TBI 
could produce more damage.  Although this vulnerability to injury after TBI is not fully understood, it is associated with 
impairments in central metabolic physiology.  Here, we tested the hypothesis that TBI would exacerbate experimental stroke 
outcomes via alternations in neuroimmune and neurometabolic function.  We performed a mild closed head TBI and then one 
week later induced a middle cerebral artery occlusion (MCAO) in adult male mice.  Mice that had previously experienced TBI 
exhibited larger infarct sizes, greater functional deficits, and more pronounced neuroinflammatory responses to stroke.  Critically, 
reducing neurometabolic dysfunction with pioglitazone immediately after TBI reduced central insulin resistance and prevented 
TBI-induced worsening of stroke outcomes.  These data have important public health implications because TBI patients 
experience strokes at greater rates than individuals without a history of head injury, but these data suggest that those strokes may 
also cause greater tissue damage and functional impairments in that population.   
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Statement of Purpose: While emerging research highlights the potential benefits of physical activity after sport-related 
concussion (SRC), the optimal level and timing of such physical activity needed to facilitate recovery is unknown. This study 
aimed to describe physical activity patterns following SRC and examine the relationship between level of physical activity and 
post-concussion symptoms among youth athletes.   
 
Methods/Approach: Youth ages 11-17 with a physician-confirmed SRC were enrolled within 72 hours of injury. Physical activity 
(e.g., steps) of youth were monitored 24-hours per day for a 7-day period using an ActiGraph. Youth also completed a daily 
survey, which assessed their post-concussion symptoms. Pearson correlations of physical activity with self-reported post-
concussion symptoms were calculated by day.   
 
Results: A total of 53 concussed youth athletes were included. The sample was predominately male (66.0%) youth aged 14-16 
years (M=14.7, SD=1.6) who were injured while playing football (35.9%). The average total symptom score (TSS) at time of 
injury, 1-, 3- and 7-days post-injury was 42.1, 33.3, 24.3, 14.8, respectively. The average daily step count at 1-, 3-, and 7-days 
post-injury was 3635, 8548, and 10545 steps, respectively. Overall step count was significantly correlated with TSS (r=0.24, 
P<0.01). Step count on days 3 (r=-0.37, P<0.05,) and 4 (r=-0.31, P<0.05) post-injury were significantly correlated with TSS. Such 
correlations were not observed in other days in the first week.   
 
Conclusions: Increased physical activity at day 3- and 4- post-injury is associated with decreased post-concussion symptoms. 
Future research examining the influence of type and intensity of physical activity on concussion recovery outcomes is warranted.  
 
Significance and Contributions: This study provides empirical data on the relationship between the level of physical activity post-
injury and post-concussion symptoms. These findings support current clinical guidelines which call for a brief period of rest post-
injury followed by a gradual return to physical activity.  
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Accumulating evidence shows that traumatic brain injury (TBI) impairs the ability to restore homeostasis in response to a stressor, 
reflecting dysregulation of the hypothalamic-pituitary-adrenal (HPA)-axis. As a result, everyday stressors after TBI elicit excess 
“wear and tear” or allostatic load on the body and may substantially compromise post-injury recovery and quality of life. Thus, we 
hypothesize that daily sleep disruption is a physiologically relevant stressor that engages the HPA-axis after TBI and upon a 
dysregulated stress response promotes increased neuroinflammation, neuropathology, and behavioral impairment. Previous data 
examining the effects of acute exposure to transient sleep disruption after TBI support this hypothesis. The present experiments 
sought to build upon this previous work and define the effects of chronic sleep fragmentation (SF) after TBI. Mice were given 
lateral fluid percussion TBI or control sham-injury and then exposed to transient SF every 2 minutes from 7-11 AM for 30 days. As 
expected, preliminary analysis indicates that chronic post-injury SF increased both microglia- and astrocyte-mediated 
inflammation. Further, flow cytometry analysis of blood shows increased Ly6C high monocyte and decreased T-cell populations in 
TBI SF animals compared to TBI alone, indicating altered peripheral immune responses to post-injury SF. To examine the 
delayed effects of post-injury SF, separate cohorts of mice were exposed to 30 days of SF and then remained undisturbed for an 
additional 30 days. Behavioral assessment was completed as animals aged 30-60 days post-injury (DPI) and brain tissue was 
collected upon sacrifice at 60 DPI. Preliminary analysis of microglia and astrocytes indicate that neuroinflammation persisted once 
SF ceased. Further, animals exposed to chronic post-injury SF exhibited increased anxiety-like behavior in open field and social 
interaction tasks. Together, these data indicate that SF acts an immune stressor after TBI, resulting in exaggerated and prolonged 
inflammation as well as compromised behavior.  
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Regeneration of injured central spinal tract fibers (supraspinal) and exploitation of sublesional plasticity induced by locomotor 
rehabilitation are the primary therapeutic strategies for locomotor recovery after spinal cord injury (SCI), but successful clinical 
implementation of these strategies depends on the preserved function of sublesional neuromuscular circuits. Accordingly, 
sensitive and objective biomarkers of neuromuscular function in animal models of SCI are required to facilitate the translation of 
experimental findings into clinical testing. We recently refined hindlimb and forelimb compound muscle action potential (CMAP) 
and motor unit number estimation (MUNE) techniques for application in rats. Here we longitudinally apply these 
electrophysiological measures as well as muscle contractility testing in the G93A SOD1 rat model of ALS to validate these 
techniques. Baseline measurements were obtained in a cohort of G93A SOD1 mutant overexpressing rats (n=5 males and 4 
females) and control rats (n=5 males and 5 females) at 159-168 days of age, aligned with the onset of clinical deficits for this 
model. While only two female mutant rats displaying an observable clinical deficit at baseline (Matsumoto Motor score 4/5), there 
were significant differences observed between mutant and control rats of both genders for triceps surae CMAP (p<0.01) and 
MUNE (p<0.001) and forelimb CMAP (p<0.01) and MUNE (p<0.05). Similar to electrophysiological measures, plantarflexion 
muscle contractility was significantly reduced in mutants (Twitch normalized to body mass: p<0.001; Tetanic normalized to body 
mass: p<0.001). At baseline, CMAP amplitude of the triceps surae was strongly correlated with plantar flexion contractility (twitch: 
r=0.806, p<0.01 and tetanic: r=0.950, p<0.001). Longitudinal assessment of mutant animals (at 10-day intervals) demonstrated 
progressive motor unit decline in the hindlimb to a greater extent than the forelimb (p<0.05) with no differences in rate of decline 
between male and female mutants (p=0.763). Since CMAP and MUNE are standard measures in human studies, longitudinal 
repeated application in rat models of SCI, neurotrauma and neuromuscular disorders will provide valuable information to guide 
and improve bi-directional translation.  
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Objective: Children are at risk for social-cognitive difficulties after traumatic brain injury (TBI), perhaps due to diminished integrity 
of brain systems that support such skills, particularly the mentalizing network. The goal of this pilot study was to examine 
functional brain activity during a test of theory of mind using task-based fMRI, in children with moderate to severe TBI and a 
comparison group of children with orthopedic injury (OI). 
 
Methods: Fourteen children with TBI (10 boys; Mean age = 11.76; Mean time since injury = 3.38) and 14 children with OI (10 
boys; Mean age=11.47; Mean time since injury = 3.07) completed the Jack and Jill (JnJ) Task, which assesses cognitive theory of 
mind, during task-based fMRI. Parents rated children’s executive (BRIEF), psychosocial (CBC), and adaptive (ABAS-3) 
functioning. 
 
Results: Relative to children with OI, parents rated children with TBI as having more difficulties with metacognition (d=0.78), 
behavioral regulation (d=0.89), and overall executive function (d=0.86; BRIEF), and lower total competence (d=0.92) and greater 
total problems (d=0.89; CBC). Parents also rated children with TBI as having poorer adaptive function across subscales (ds=1.06 
to 1.61). Groups did not differ in JnJ performance; children with TBI and children with OI performed more poorly on theory of mind 
(56% and 70%) vs control trials (85% and 88%). Better JnJ performance was associated with better total competence (r=.37), 
fewer externalizing symptoms (r=-.47), and fewer total problems (r=-.38). During fMRI, across groups, children showed increased 
activation in the mentalizing network, including posterior cingulate, temporal pole, superior temporal, and medial frontal regions. 
Children with TBI showed relatively greater activation in these regions, specifically during trials that required ToM. 
 
Conclusions: Task-based fMRI both is feasible and appears sensitive to deficits in social cognition after TBI. Research using task-
based fMRI may improve understanding of complex behavioral challenges children face after TBI. Integration with additional 
imaging metrics (e.g., DTI) may prove especially useful in triaging children at greatest risk, and allocating intervention resources 
accordingly. 
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Traumatic brain injury (TBI) is a leading cause of disability in the United States, and the pediatric and adolescent population 
account for a majority of the annual diagnoses (Due et al., 2016). Furthermore, sports related concussions (SRCs) can not only 
be asymptomatic and also have cognitive, social, and emotional effects on the brain. Although there has been less SRC-related 
research in hockey in comparison to other contact sports, concussions are relatively common (around 1.5 concussions per 1000 
athlete-exposure; Emery & Meeuwisse et al., 2006). In this study we are performing longitudinal assessments of the 
neuroanatomical and functional brain architecture in Bantam aged (13 - 14 years old; league has legal body checking) and 
Peewee-aged (11 - 12 years old; league without legal body checking) youth hockey players, during and after the 2018-19 season. 
The aims of the study are to 1.) utilize pre-season MRI, fMRI, and diffusion weighted imaging (DWI) scans of the neural 
architecture of the brain to make predictions of those who will be vulnerable to injury, and compare the predictions to post-season 
brain imaging results and 2.) compare the predictions from brain imaging to the results of cognitive and visual based tests 
administered during the season. These results may help explain if any neural markers exist that can predict TBI vulnerability 
and/or what specific neural changes occur as a consequence of TBI. 
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Chronic demyelination, resulting in slowed conduction velocity and impaired recovery, is a hallmark of spinal cord injury (SCI), 
and is partially due to the loss of oligodendrocytes (OLs). OLs are terminally differentiated and cannot self-renew; thus, the 
endogenous repair that occurs after SCI is largely attributed to the robust proliferation of oligodendrocyte progenitor cells (OPCs) 
that differentiate into mature OLs. Since OPCs are the primary source of new myelin, it is critical to understand mechanisms that 
regulate OPC function post-injury. Evidence from chemical demyelination studies show that the mammalian target of rapamycin 
(mTOR) is expressed in OPCs and is necessary for OPC proliferation, differentiation, and remyelination. Here, we tested the 
hypothesis that mTOR expression increases after SCI to limit the demyelination of spared axons and to promote functional 
recovery. For this, we collected spinal cords from naïve and SCI rats from 7 days to 10 weeks post-injury (wpi) to measure 
mTOR expression. This revealed the number of mTOR+ cells in spared white matter increased continuously after SCI to a peak 
9-fold greater than naïve at 10wpi. The number of mTOR+ OPCs was also quantified. mTOR+ OPCs increased significantly from 
~10% of mTOR+ cells in naïve tissue to ~30% co-localization at 7dpi, but then continuously declined until ~3% at 10wpi. Next, 
we used transgenic mice to knock out mTOR specifically in OPCs (mTOR-KO) to determine if spared white matter was reduced 
and locomotor function impaired. This revealed that the amount of spared myelin in the distal white matter of mTOR-KO mice 
decreased 2-fold compared to control mice after SCI. This limited sparing correlated with motor impairments in that hindlimb 
locomotion scores in mTOR-KO mice were significantly lower than wild type controls. mTOR-KO mice had limited hindlimb 
movement, while control mice recovered to plantar stepping. Overall this work shows for the first time that mTOR expression 
chronically increases after SCI, and suggests that mTOR signaling in OPCs may contribute to post-SCI myelination and motor 
recovery. 

 
 
 
(43)  Chronic gabapentin prevents maladaptive plasticity and excess sympathetic output after high-level spinal cord injury in 

mice 
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Traumatic spinal cord injury (SCI) above the major sympathetic outflow (spinal level T5) removes descending inhibitory control 
over sympathetic output. Sensory axons and interneurons freed from supraspinal control undergo progressive and maladaptive 
sprouting. This hyper-excitable circuitry drives the development of autonomic dysreflexia (AD), a potentially fatal condition of 
episodic vascular hypertension, in 90% of people with a high-level SCI. AD-induced noradrenaline and glucocorticoid release also 
causes systemic immunosuppression, predisposing patients to infection. Currently, the only option to avoid AD is through a strict 
bladder/bowel care regimen and anti-hypertensive medications, but there are no therapies to prevent its development, highlighting 
the need to better understand and target mechanisms for aberrant plasticity of sympathetic circuits. Thrombospondins promote 
excitatory synaptogenesis by binding neuronal α2δ1 receptors. Here, we hypothesized that long-term antagonism of α2δ1 with 
chronic gabapentin (GBP), a clinically approved drug for neuropathic pain, would inhibit development of excessive plasticity and 
output of sympathetic circuitry in mice with a complete T3 transection SCI. Retrograde tracing and immunochemical experiments 
showed chronic GBP completely blocks excitatory synaptogenesis within spinal autonomic lamina, sprouting of autonomic 
interneurons controlling lymphoid tissue, and sprouting of sensory afferents into the lumbar spinal cord. In vivo radio-telemetry 
revealed chronic GBP delayed the onset and decreased the frequency of spontaneous AD, and reduced the severity of 
experimentally induced AD. Chronic GBP also protected mice from SCI-induced immune depression. These data show GBP 
could be repurposed as a long-term prophylactic to prevent maladaptive anatomical reorganization, AD, and immunosuppression 
after high-level SCI.  
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