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to the Pharmacological and Pharmaceutical Sciences Research Retreat. 
 

We look forward to gathering to celebrate research from multiple laboratories.  Your 
involvement makes this retreat a success. Thank you for your continued efforts, flexibility, 
and dedication during these uncertain and challenging times. 

Also, please save the date for next year’s retreat: 

• Friday, August 11, 2023 
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8:00 - 8:50 AM Registration, Continental Breakfast and Poster setup CPB 1st Floor 

8:50 AM Welcome and Opening Remarks:  
Stefan Strack, PhD, Co-Director of T32 

CPB 210 

9:00 - 10:00 AM Short Talk Presentations by T32 Trainees  
(8 minute talks + 2 minutes Q&A) 

CPB 210 

9:00 - 9:10 Ben Kelvington, Pharmacology Graduate Program 
Mentor: Ted Abel, PhD 
A mass spectrometry approach to examine histone modifications 
in a mouse model for neurodevelopmental disorder 

 

9:10 - 9:20  Samantha Pierson, Neuroscience Graduate Program 
Mentor:  Catherine Marcinkiewcz, PhD 
The role of brainstem tau pathology in Alzheimer's Disease 

 

9:20 - 9:30 Nathan Witmer, Molecular Medicine Graduate Program 
Mentor: Ryan Boudreau, PhD 
Identification and Characterization of Novel Cardiac Microproteins 

 

9:30 - 9:40 Miriam McDonough, Molecular Medicine Graduate Program 
Mentor:  Jon Resch, PhD 
Characterization of HSD2 neuron activity in response to 
aldosterone and sodium ingestion in vivo 

 

9:40 - 9:50 Connor Laule, Pharmacology Graduate Program 
Co-Mentors:  Kamal Rahmouni, PhD / Deniz Atasoy, PhD 
Brainstem BBSome Regulates Glucose Metabolism and High Fat 
Diet Sensitivity 

 

9:50 - 10:00 Alex Glebov-McCloud, Molecular Medicine Graduate Program 
Mentor: Stefan Strack, PhD 
Characterization of PRKAR1B Mutations Associated with 
Disorders of the Central Nervous System 

 

10:00 - 10:10 Josh Lingo, Cancer Biology Graduate Program 
Mentor:  Dawn Quelle, PhD 
CDK4/6 targeted therapy sensitizes MPNSTs to Immune 
Checkpoint Blockades 

 

10:10 - 10:30 AM Break & Group Photo CPB 1st Floor 

10:30 - 12:30 PM Poster Session - Viewing/Judging  CPB 1st Floor 

10:30 - 11:30 Odd numbered posters present  

11:30 - 12:30 Even numbered posters present  

 

 
Schedule of Events 

Friday, August 12th  

 

 

https://medicine.uiowa.edu/neuroscience-and-pharmacology/ben-kelvington
https://medicine.uiowa.edu/neuroscience-and-pharmacology/samantha-pierson-bral
https://medicine.uiowa.edu/neuroscience-and-pharmacology/nathan-witmer
https://medicine.uiowa.edu/neuroscience-and-pharmacology/miriam-mcdonough
https://medicine.uiowa.edu/neuroscience-and-pharmacology/people/graduate-students/connor-laule
https://medicine.uiowa.edu/neuroscience-and-pharmacology/people/graduate-students/alexander-alex-glebov-mccloud
https://medicine.uiowa.edu/neuroscience-and-pharmacology/josh-lingo


 

 
 

12:30 - 2:00 PM Lunch CPB 
Courtyard 
& 1st Floor 

1:00 – 1:50 PM Exploring Future Careers with T32 Trainee Alumni and a former 
Pharmacology Graduate Student  

 
Jordan Kohlmeyer, PhD, Synthetic Biology Application Scientist 
Integrated DNA Technologies (IDT), Coralville, IA 
 
Yujia (Jennie) Liu, PhD, Research Scientist 
TriSalus, Denver, CO 
 
Eden Maack, PhD, Associate Editor 
i3 Health, St. Paul, MN 
 
Nolan Mente, PhD, Lead Chemist  
Engineering & Data Science, Cargill, Eddyville, IA 
 
Caitlin Runne, PhD, Chief Academic Officer 
Science Interactive Group, New York City Metropolitan Area 
 
Alicia Salvi, PhD, Senior Scientist 
Zoetis, Inc., Lincoln, NE 
 
Andrew Spracklen, PhD, Lecturer 
Dept of Biology, Univ of Massachusetts Amherst, Amherst, MA 

CPB 210 

2:00 - 2:45 PM Keynote Speaker  
(35 minute talk + 10 minute Q&A) 

Ruben Dagda, PhD, Associate Professor 
Dept of Pharmacology, Univ of Nevada 
Role of PINK1 in neuronal development and synaptic plasticity: 
implications to Parkinson's and Alzheimer's 

CPB 210 

 
2:45 - 3:30 PM 

 
Faculty Short Talks  
(12-minute talks + 3 minutes Q&A) 

 
CPB 210 

2:45 - 3:00  Marie Gaine, PhD, Assistant Professor 
Pharmaceutical Sciences & Experimental Therapeutics 
Immune dysregulation in bipolar disorder 

 

3:00 - 3:15 Stephanie Gantz, PhD, Assistant Professor 
Molecular Physiology & Biophysics 
The Fourth Member of the Ionotropic Glutamate Receptor Family 

 

3:15 - 3:30 Lilliana Radoshevich, PhD, Assistant Professor 
Microbiology & Immunology 
Mapping the Role of Understudied Ubiquitin-Like Proteins in 
Infection and Disease 

 

3:30 – 3:45 PM Awards Announcement and Closing Remarks CPB 210 

https://med.unr.edu/directory/ruben-dagda
https://pharmacy.uiowa.edu/people/marie-gaine
https://medicine.uiowa.edu/physiology/profile/stephanie-gantz
https://medicine.uiowa.edu/microbiology/profile/lilliana-radoshevich


 

 
 

 
 

 

 

 

 

 

Role of PINK1 in Neuronal 
Development and Synaptic Plasticity: 
Implications to Parkinson’s and 
Alzheimer’s 
 
 
 
 
 
 

Ruben Dagda, PhD 
Associate Professor of Pharmacology 
University of Nevada 
Reno, NV 
 

The Dagda Lab is a mitochondrial biology-oriented research group currently investigating 
the molecular mechanisms that lead to mitochondrial dysfunction and oxidative stress in 
cell culture, tissue and animal models of Parkinson's disease. Our work focuses on how 
mitochondrial PKA and PINK1 interact at the mitochondria and at the neurites to regulate 
mitochondrial function, dendritic morphology and survival. A second are of interest is to 
determine how mitochondrial turnover (mitophagy) is regulated by reversible 
phosphorylation. The end goal of our research is to develop novel small molecular drugs 
that can reverse neurodegeneration and elevate mitochondrial function in age-related 
neurodegenerative diseases. 

 

 



 

 
 

 

 

 
Marie Gaine, PhD 
Assistant Professor 
Pharmaceutical Sciences & 
Experimental Therapeutics 

Immune Dysregulation in Bipolar Disorder  

Dr. Gaine joined the Dept of Pharmaceutical Sciences and Experimental 
Therapeutics in July 2020.  The Gaine Lab uses large-scale human studies 
and mouse models to study genetic and epigenetic changes that 
influence brain disorders. One of the main goals of the Gaine lab is to 
identify molecular mechanisms associated with the development and 
treatment of psychiatric disorders, and how environmental factors can 
influence this. Projects specifically focus on suicidal behavior, bipolar 
disorder, and neurodegeneration, and utilize a variety of sequencing 
techniques alongside behavioral assays and biochemical tests to identify 
changes at the DNA, RNA, and cellular level. 

 
Stephanie Gantz, PhD 
Assistant Professor  
Molecular Physiology & Biophysics 
 

The Fourth Member of the Ionotropic Glutamate Receptor Family 

The mission of the Gantz lab is to discover and characterize novel 
interactions between G protein-coupled receptors and ion channels in 
the brain. We use patch-clamp electrophysiology in brain slices to record 
synaptic communication between neurons. We also record ion channel 
activity directly in dissociated neurons using a multi-barrel perfusion 
system that allows for better voltage-clamp to assay biophysical 
properties and high-throughput screening of interacting compounds. 
Electrophysiological studies are often complemented with 
histochemistry, microscopy, genetic strategies, and behavioral 
approaches. Recently, we discovered that alpha1-adrenergic receptors 
in serotonin neurons augment current carried by orphan delta glutamate 
receptor 1 (GluD1)-channels to promote action potential firing. Known 
more broadly as a scaffold protein, very little is known about the 
ionotropic nature of GluD1. There are no known agonists that gate the 
channel. Thus, our latest research raises an intriguing question: What is 
opening GluD1? 

 
Lilliana Radoshevich, PhD 
Assistant Professor  
Microbiology & Immunology 

Mapping the Role of Understudied Ubiquitin-Like Proteins in Infection 
and Disease 

Dr. Radoshevich joined the Dept of Microbiology & Immunology in 
September 2017.  The Radoshevich lab takes an interdisciplinary 
approach combining cutting-edge proteomics with genome editing, 
biochemistry and cellular microbiology to determine fundamental 
properties and modes of action of understudied ubiquitin-like 
modifications. We aim to address the fundamental question of how the 
cell responds to stress by decoding novel networks of covalent protein 
complexes.  As a model, we compare infection with two intracellular 
pathogens: Listeria monocytogenes and Francisella tularensis. 
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Dorsal Raphe Serotonergic Neurons Suppress Feeding Through Redundant Forebrain Circuits  
 
Iltan Aklan1, Nilufer Sayar Atasoy1, Fei Deng3, Yavuz Yavuz1,2, Jacob Rysted1, Connor Laule1, Debbie Davis1, 
Yulong Li4, Deniz Atasoy1,4,5,6  
 

1Department of Neuroscience and Pharmacology, 4Iowa Neuroscience Institute, 5Fraternal Order of Eagles 
Diabetes Research Center (FOEDRC), Roy J. and Lucille A. Carver College of Medicine, University of Iowa, Iowa 
City, Iowa, 2Department of Physiology, School of Medicine, Yeditepe University, Istanbul, Turkey, 3State Key 
Laboratory of Membrane Biology, Peking University School of Life Sciences, Beijing, China, 6 Lead contact  
 
Serotonin (5HT) is a well-known anorexigenic molecule and 5HT neurons of dorsal raphe nucleus (DRN) has been 
implicated in suppression of feeding; however, the downstream circuitry is poorly understood. Here, we found that 
selective activation of DRN5HT axons in lateral hypothalamus (DRN5HT→LH) and bed nucleus of stria terminalis 
(DRN5HT→BNST) suppresses feeding, whereas activating medial hypothalamic projections has no effect. Using 
in vivo imaging, we found that food access and satiety hormones activate DRN5HT projections to LH where they 
also rapidly increase extracellular 5HT levels. Optogenetic mapping revealed that DRN5HT→LHvGAT and 
DRN5HT→LHvGlut2 connections are primarily inhibitory and excitatory respectively. Further, in addition to its direct 
action on LH neurons, we found that 5HT suppresses GABA release from presynaptic terminals arriving from AgRP 
neurons. These findings define redundant functionally forebrain circuits through which DRN5HT neurons suppress 
feeding and reveal that these projections are modulated by metabolic hormones. 
 
 

 
Longitudinal DNA methylation changes in autism spectrum disorder (ASD) 
 
Aysheh Alrfooh1, Marie E. Gaine1,2, Lane Strathearn2,3, Emese Chmielewski4 
 

1Department of Pharmaceutical Sciences and Experimental Therapeutics (PSET), College of Pharmacy, University 
of Iowa, 2Iowa Neuroscience Institute, University of Iowa, Departments of 3Pediatrics and 4Neuroscience & 
Pharmacology, Carver College of Medicine, University of Iowa, Iowa City, IA 
 
Autism spectrum disorder (ASD) is a neurodevelopmental disorder with a complicated etiology driven by the 
combination of genetic and environmental factors. Several genetic variations related to ASD have been identified 
by genome-wide association studies (GWAS); however, the genetic risk cannot be explained solely by the findings 
of GWAS. A growing body of research suggests that epigenetics, including DNA methylation may play a role in the 
etiology of ASD. We aimed to investigate DNA methylation changes longitudinally in children with ASD, compared 
with developmentally delayed (DD) and typically developing (TD) children. We recruited 32 children from three 
groups: ASD, DD, and TD and collected DNA after birth and at approximately two years old. Dried blood spot 
samples were collected 2 times over a period of 2 years; at time of birth (newborn screening blood spots) and 
around 2 years of age. Genomic DNA was isolated from dried blood spot samples DNA methylation levels of 
genome wide CpGs were measured using the IlluminaEPIC array. To fit the data, we used a linear mixed-effects 
model (LMM) with methylation value as a dependent variable and the “Group” variable as an independent variable, 
adjusting for age, sex, and race variables. Patient ID was included as the random effect term (random intercept). 
At the level of one CpG site (cg12699865), located at the 5′ UTR of the RALY gene, the results showed a significant 
difference in the changes in methylation rate between the ASD and TD groups (adjusted p-value = 0.002). 
Compared to the TD group, the ASD group had a significant increase in methylation over time. 
  

Abstracts 
1 

2 
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Novel Analogues of the Natural Product Fraxinellone Protect Against Glutamate-induced Toxicity in PC12 
Cells 
 
Anna E. Bartman1, Mersad Raeisi2 Zetandro Banarjee2 Clarence D. Peiris2, Anayah Ferris2, Emmanuel Bonsu2, 
David B. Martin2, Jonathan A. Doorn1* 
 

1Department of Pharmaceutical Sciences and Experimental Therapeutics, University of Iowa, 2Department of 
Chemistry, University of Iowa, Iowa City, Iowa 
 
Glutamate is the major excitatory neurotransmitter in the central nervous system (CNS) involved in synaptic 
plasticity, neuronal outgrowth and survival, and memory. Although intracellular glutamate concentration is often 
quantified at millimolar ranges, extracellular glutamate concentration must remain in the micromolar range. When 
extracellular levels of glutamate rise, aberrant synaptic signaling leads to excitotoxicity in vitro and in vivo. Chronic 
excitotoxicity is thought to contribute to neurodegenerative disease, including Parkinson’s disease and Alzheimer’s 
disease. In previous reports, limonoids isolated from Dictamnus dasycarpus showed significant neuroprotective 
activity against glutamate toxicity. Of the previously studied limonoid natural products, fraxinellone was one of four 
compounds that proved to be effective in protecting against glutamate excitotoxicity in vitro. With this information, 
our colleagues synthesized a library of analogues from the natural product fraxinellone that proved to be more 
effective at protecting against glutamate toxicity than natural fraxinellone. In vitro methods were used to measure 
the protective properties of the new fraxinellone analogues and to determine their mechanism of protection, which 
has not been achieved before. Methods. To measure the protective properties of the novel fraxinellone analogues, 
PC12 cells were first pre-treated with each compound at a range of 0.05 to 1.0 μM. The compounds were then 
washed from the cells and 100 μM glutamate was added for 24 hours. MTT analysis was then performed to measure 
cell viability to determine if the compounds were effective at protecting the cells against glutamate toxicity. Results. 
Of the ten analogues that were synthesized, six proved to be protective against glutamate toxicity, even more than 
natural fraxinellone. With this information, we are now investigating their mechanism of protection by considering 
potential targets of these compounds, including the Nrf2 pathway, glutamate receptors that control Ca2+ influx or if 
they reduce expression of Ca2+ -dependent enzymes and ROS production. We are also determining the time course 
for glutamate-mediated ROS production. 
Keywords: Glutamate, excitotoxicity, fraxinellone, natural products, neurodegenerative disease  
 
 
 
Creb3 regulates increased β-cell secretory capacity as an adaptive mechanism during β-cell compensation 

Cierra K Boyer1,2, Kristen E Rohli2,3, Casey J Bauchle2,3, Samuel B Stephens2,3 
 
Department of Neuroscience and Pharmacology1, Fraternal Order of Eagles Diabetes Research Center2, 
Department of Internal Medicine, Division of Endocrinology and Metabolism3, University of Iowa 
 
A fundamental feature of islet β-cell function is the maintenance of sufficient insulin stores to match peripheral 
demands for the regulation of glucose homeostasis. Early in the progression of Type 2 diabetes, β-cell secretory 
output increases to combat insulin resistance and maintain euglycemia via a corresponding increase in insulin 
production, termed β-cell compensation; however, the cellular mechanisms driving this response are not well 
understood. We hypothesized that increased insulin granule formation may be a critical parameter to this process. 
To address this, we developed a novel fluorescent pulse-chase labeling system to monitor proinsulin trafficking 
through the secretory system, including nascent granule formation and trafficking to the plasma membrane. Here, 
we are using two models to study β-cell compensation: C57BL6/J mice fed a Western Diet (WD) for 4-weeks 
compared to control mice on standard chow diet and islets cultured ex vivo for several days under normoglycemic 
or hyperglycemic conditions. As expected, WD fed mice exhibited mild glucose intolerance, hyperinsulinemia, and 
hyperproinsulinemia with significant increase in glucose-stimulated insulin secretion (GSIS). Similarly, islets 
cultured under hyperglycemic conditions demonstrate a robust increase in GSIS. Using our fluorescent pulse-chase 
reporter, we observed a significant increase in both the total number of nascent insulin granules formed and 
granules associated with the plasma membrane in islets from either WD fed mice or cultured ex vivo under 
hyperglycemic conditions. Using our in vivo and ex vivo models, we then performed RNAseq analysis, which 
revealed significant increases in pathways regulating ER and Golgi trafficking functions. From these data, we 
identified a Creb3 signature pathway that correlates with a marked enhancement of insulin granule formation and 
insulin secretion and expansion of Golgi size. To explore the role of Creb3, we used the S1P inhibitor, PF429242, 
to block Creb3 activation by proteolytic cleavage. We show that S1P inhibition greatly diminished, but did not fully 
prevent, the glucose-induced increase in GSIS. Our findings provide evidence of a potential role for Creb3 activation 
in the β-cell compensatory response to increase secretory function.   

3 

4 
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Behavioral Characterization of Mice Harboring Jordan’s Syndrome (MRD35) Alleles 
 
Chunling Chen, BS1, Ronald Merrill, PhD1, Marisol Lauffer, MA2, Chian Ju Jong, PhD1, Gail Healey, BS1, Yufang 
Kong, BS1, Stefan Strack, PhD1 
 

1Department of Neuroscience and Pharmacology, University of Iowa, Carver College of Medicine, Iowa City, IA, 
2Neural Circuits and Behavior Core, University of Iowa, Carver College of Medicine, Iowa City, IA 
 
PP2A is one of the major Ser and Thr phosphatase and constitutes up to 1% of total protein in mammalian cells. 
PP2A is a trimeric holoenzyme consisting of a scaffolding A subunit, a regulatory B subunit and a catalytic C subunit. 
A de novo single nucleotide mutation in PPP2R5D, which encodes a regulatory subunit of a PP2A, generates a 
heterozygous dominant missense variant resulting in a neurodevelopmental disorder characterized by intellectual 
disability, autism spectrum disorder, recurrent seizures, hypotonia, macrocephaly and other features. We used a 
CRISPR/Cas9-mediated gene editing to introduce the E198K/E200K/E420K mutation, in the murine Ppp2r5d locus 
to generate three knock-in mice model of this disease, which are three most common mutations in human. To 
evaluate if these mice model can recapitulate most of the common symptoms of patients, we used standard 
behavior batteries to assess developmental milestones and adult behaviors, as well as CT scan to capture early 
postnatal changes in brain development. Our data revealed that mice harboring the E198K, E420K and E200K 
recapitulate cardinal symptoms and severity of Jordan Syndrome and may be a good model for studying the effects 
of the disease cause alleles. 
 
 
Association between the Epigenetic Lifespan Predictor GrimAge and History of Suicide Attempt in Bipolar 
Disorder  
  
Emese H.C. Kovács1, Camila N. de Carvalho Lima2, Alexandra Del Favero-Campbell2, Alexandre Paim Diaz2, 
Salahudeen Mirza2, Consuelo Walss-Bass2, Joao Quevedo2, Jair C. Soares2, Benney M.R. Argue1, Gabriel R. 
Fries2, Marie E. Gaine1 

 

1University of Iowa, 2University of Texas Health Science Center at Houston 
 
Bipolar Disorder (BD) has been previously associated with increased risk of suicide. Although women with BD have 
a 10 fold increase of dying by suicide, and men an 8.5-fold increase than the general population, suicide alone 
cannot account for the association between premature mortality and BD. As BD has also been previously associated 
with epigenetic aging, we hypothesize that those with BD and a history of suicide attempts may have accelerated 
epigenetic aging. Study participants from two independent cohorts were divided into three groups: 1) BD individuals 
with no history of suicide attempt (BD/non-SA, n=75 in Texas cohort and n=47 in Iowa cohort), 2) BD individuals 
with history of suicide attempt (BD/SA, n=68 in Texas cohoer and n=48 in Iowa cohort), and 3) controls with no 
history of BD or suicide attempt (n=45 in Texas cohort). Using the GrimAge lifespan predictor, epigenetic aging was 
assessed. The strong linear relationship between DNA-methylation (DNAm) age and chronological age indicates a 
high accuracy of the GrimAge epigenetic clock. Groups differed significantly in GrimAgeAccel in both cohorts 
(p=0.004 in Texas cohort, p=0.02 in Iowa cohort). Linear models were also used in comparison of groups on 
GrimAgeAccel and  DNAm based smoking pack-years, with the results from one cohort (Texas) being independently 
validated in the other (Iowa). This study is the first to show BD/SA compared to controls are fast agers in 
GrimAgeAccel.  In conclusion, GrimAge, an epigenetic predictor of mortality, shows acceleration from controls to 
BD/non-SA to BD/SA, and this acceleration can robustly differentiate individuals with bD with and without a history 
of SA. 
 
 
 
  

5 
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Characterization of PRKAR1B Mutations Associated with Disorders of the Central Nervous System 
 
Alex Glebov-McCloud (BA), Ronald Merrill (PhD), Ted Abel (PhD), Stefan Strack (PhD) 
 
Department of Neuroscience and Pharmacology, University of Iowa, Carver College of Medicine, Iowa City, IA 
 
Neurodevelopmental disorders (NDDs) result from improper development of neurons in the central nervous system 
and can manifest as attention deficit hyperactivity disorder (ADHD), intellectual disability, and global developmental 
delay. Unfortunately, our understanding of the underlying mechanisms that cause NDDs is limited. NDDs appear 
to stem from de novo mutations, as patients with NDDs typically have mutations in proteins such as kinases and 
transcription regulators. Thus, there is a critical need to understand the role de novo mutations play in NDDs to 
develop effective treatments for these disorders. A recent study found that a handful of patients with an NDD, 
characterized by dyspraxia, autism spectrum disorder (ASD), difficulty with speech, and problems with learning and 
memory, had de novo mutations in the protein kinase A (PKA) regulatory subunit R1β. This finding suggests that 
the PKA signaling pathway plays a role in NDD pathogenesis. Using HeLa cells, we found that the L50R mutation 
prevents R1β from colocalizing with both AKAP1 (a protein that targets R1β to mitochondria) and smAKAP (a 
protein that targets R1β to the plasma membrane). We have also found that the R335W mutation prevents PKA-
mediated CREB activation in response to elevated cAMP levels in both HEK293 and PC6-3 cells. Moreover, R335W 
R1β does not dissociate from the PKA catalytic subunit in the presence of excess cAMP induced by PACAP/rolipram 
stimulation. These findings indicate that L50R R1β is mislocalized in cells and that R335W R1β acts as a dominant-
negative mutation. Future studies will determine the effects of these mutations in mice in vivo. 
 
 
Targeting Orai1, Adenylyl Cyclase Type 8, and STIM1 in Triple Negative Breast Cancer 
 
Moana E. Hala’ufia1, and David L. Roman1 
 

1Department of Pharmaceutical Sciences and Experimental Therapeutics, University of Iowa, Iowa City, Iowa, USA 
 
Triple-negative breast cancer (TNBC) is one of the most aggressive forms of breast cancer that is not able to be 
treated by hormonal therapies. The current standard of care includes surgical removal and aggressive 
chemotherapy regimens. Because of this, there is an urgent need for new, molecular-based therapies to effectively 
treat these patients. Recently, it has been discovered that two proteins are consistently overexpressed in TNBC 
cells: adenylyl cyclase type 8 (AC8) and Orai1, a pore-forming calcium channel. In normal breast epithelial cells, 
the levels of AC8 and Orai1 exist in a ratio that allows for finely tuned calcium entry. When these proteins are 
overexpressed, excess calcium is produced within these cancerous cells, which causes negative cellular effects 
such as proliferation and migration. Additionally, our lab is interested in a third protein involved in this process, 
stromal interaction molecule 1 (STIM1). STIM1 is an endoplasmic reticulum-bound protein that directly binds to and 
activates the Orai1 channel. Currently, the unique interplay between AC8, Orai1, and STIM1 is not fully understood. 
Thus, our lab has utilized the NanoBiT protein interaction system to identify key attributes of each protein-protein 
interaction. Our data suggests that the interaction between Orai1 and AC8 is constitutive whereas the interaction 
between Orai1 and STIM1 is calcium dependent. Our lab aims to use these parameters to conduct a high throughput 
screen to discover small molecule inhibitors of each of these protein-protein interactions. Ultimately, we aim to 
observe how these three proteins act together in concert in a normal and cancerous environment in order to 
elucidate potential therapeutic targets for triple negative breast cancer. 
 
Keywords: Orai1, Adenylyl Cyclase Type 8, STIM1, protein-protein interaction, triple negative breast cancer 
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Cardiomyocyte Prohibitin-1 Ablation leads to Dilated Cardiomyopathy via Disrupted Mitochondrial 
Supercomplex Assembly and Ca2+ Handling 
 
Ran Huo1, MS, Rachel M. Crawford1,2, BS, Kaitlyn A. Berns1, Ethan J. Anderson1,3, PhD 
 

1Department of Pharmaceutical Sciences and Experimental Therapeutics, College of Pharmacy, 2Interdisciplinary 
Graduate Program in Human Toxicology, 3Fraternal Order of Eagles Diabetes Research Center, University of Iowa, 
Iowa City, Iowa USA. 
 
Prohibitins (PHB1/2) are highly conserved lipid-raft associated membrane proteins ubiquitously expressed in all cell 
types and localized to multiple compartments, particularly mitochondria. They are intimately involved in diverse 
cellular processes and implicated in pathogenesis of numerous diseases. In mitochondria, PHBs have been shown 
to be responsible for regulating fission/fusion and oxidative phosphorylation (OXPHOS). PHB1 expression is 
increased in multiple models of heart failure (HF). However, the role of PHB1 in the heart, particularly in HF 
pathogenesis, is not known. To address this question, we created a tamoxifen-inducible cardiomyocyte PHB1 
knockout (cPHB1-/-) mouse model, because in previous work we have determined that constitutive cPHB1-/- leads 
to embryonic lethality at ~E12 (manuscript under preparation). Six weeks after tamoxifen injection, cardiomyocyte 
PHB1 expression was completely absent in adult cPHB1-/- mice compared with WT, yet cardiac function remained 
normal. However, cPHB1-/- mice started to develop decreased ejection fraction 8 weeks after tamoxifen and by 12 
weeks had fully dilated cardiomyopathy. In mitochondria, cPHB1-/- mice exhibited decreased pyruvate and 
palmitoylcarnitine-supported respiration and ATP production starting 6 weeks after tamoxifen and worsening by 12 
weeks. The OXPHOS derangements can be explained in part by the altered expression of individual respiratory 
chain protein subunits and supercomplex formation in cardiomyocytes over time. Furthermore, loss of PHB1 
increased mitochondrial Ca2+ uptake without altering total Ca2+ retention capacity, and led to decreased reverse 
electron flow-mediated reactive oxygen species (ROS) production by complex I. Interestingly, the changes in 
reverse electron flow (but not Ca2+ uptake) in cPHB1-/- mitochondria can be partially restored by incubating with 
recombinant PHB1s. Taken together, these findings illustrate PHB1 as a critical regulator of supercomplex 
assembly and Ca2+ handling in cardiac mitochondria, and establish a framework for determining the role of PHB1 
in HF.  
 

Investigating a role for reward-dependent histone post-translational modifications in a mouse model for 
neurodevelopmental disorder 
 
Benjamin A. Kelvington, Jaekyoon Kim, Yann Vanrobaeys, Ted Abel 
 
Neurodevelopmental disorders (NDDs) create enduring challenges for those individuals affected and their support 
system. However, the molecular etiology of many NDDs is yet unknown. Deletion of one copy of the 16p11.2 region 
(16p11.2 del) is a recurring copy number variant that results in a high penetrance of NDDs such as Autism Spectrum 
Disorder (24%), Attention-Deficit/Hyperactivity Disorder (29%), and Intellectual Disability (30%). Prior research from 
our lab revealed a male-specific deficit for mice modeling 16p11.2 del in an operant learning task involving a natural 
(sucrose) reward, a highly relevant behavior for the study of NDDs, but the molecular mechanisms underlying this 
behavioral deficit remain unclear. Here, we report a male-specific decrease in histone methylation, H3K9 
trimethylation, following chronic reward administration in the striatum of 16p11.2 del animals. H3K9 trimethylation 
is a known marker of transcriptionally inactive chromatin. This decrease is co-occurrent with a trend towards 
reduced ERK1 phosphorylation and phosphorylation of the downstream target H3S10 in 16p11.2 del males 
following chronic reward.  These findings provide insight into the molecular mechanisms controlling experience-
dependent signal transduction and the transcriptional regulation of gene expression that may mediate reward 
learning deficits in 16p11.2 del mice. 
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Stay or Go? Neuronal activity in medial frontal cortex during a voluntary tactile preference task in head-
fixed mice 
 
A.L. Keyes, B.S.1*, Y.C. Kim, Ph.D.2*, P.J. Bosch, Ph.D2, Y.M. Usachev, Ph.D1,2, and G.M. Aldridge, M.D, Ph.D2 
 

1Department of Neuroscience and Pharmacology, University of Iowa, Iowa City, Iowa 
2Iowa Neuroscience Institute, University of Iowa, Iowa City, Iowa 
 
The decision to move is influenced by sensory, attentional, and motivational cues. One such cue is the quality of 
the tactile input, with noxious or unpleasant sensations causing an animal to move away from the cue. Processing 
of painful and unpleasant sensation in the cortex involves multiple brain regions, although the specific role of the 
brain areas involved in voluntary, rather than reflexive movement away from unpleasant stimuli is not well 
understood. Here, we focused on the medial subdivision of secondary motor cortex, which is proposed to link 
sensory and contextual cues to motor action, and tested its role in controlling voluntary movement in the context of 
an aversive tactile cue. We designed a novel, 3D-printed tactile platform consisting of innocuous (grid) and mildly 
noxious (spiked) surfaces (50:50 % of total area), which enabled monitoring neuronal activity in the medial frontal 
cortex by two-photon imaging during a sensory preference task in head-fixed mice. We found that freely moving 
mice spent significantly less time on a spiked-surface, and that this preference was eliminated by administration of 
a local anesthetic. At the neuronal level, individual neurons were differentially modulated specific to the tactile 
surface encountered. At the population level, the neuronal activity was analyzed in relation to the events where 
mice chose to “stop-on” or “go-from” a specific tactile surface and when they “switched” surfaces without stopping. 
Notably, each of these three scenarios showed population activity that differed significantly between the grid and 
spiked tactile surfaces. Collectively, these data provide evidence that tactile quality is encoded within medial frontal 
cortex. The task pioneered in this study provides a valuable tool to better evaluate mouse models of nociception 
and pain, using a voluntary task that allows simultaneous recording of preference and choice.  
 
 
Brainstem BBSome Regulates Glucose Metabolism and High Fat Diet Sensitivity 
 
Connor Laule, Deng Guo, Deniz Atasoy, Kamal Rahmouni 
 
Department of Neuroscience & Pharmacology, University of Iowa 
 
Bardet-Biedl syndrome (BBS) proteins form a protein trafficking complex (BBSome) that regulates the composition 
of membrane proteins and contributes to neuron function. Patients harboring mutations in any BBS gene results in 
BBSome dysfunction and the development of metabolic complications including obesity and type 2 diabetes. 
Studies from our lab and others indicate that hypothalamic BBSome is a critical regulator of metabolic homeostasis, 
however the role of the BBSome in the brainstem is unknown. To determine whether hindbrain BBSome contributes 
to metabolic regulation, we crossed Phox2bCre mice with BBS1fl/fl mice (Phox2bCre/BBS1fl/fl) yielding BBS1 deletion 
specifically in brainstem nuclei. BBS1 deletion exclusively in hindbrain nuclei was validated by breeding these mice 
on a tdTomato Cre reporter background. Male Phox2bCre/BBS1fl/fl mice maintained on standard chow diet did not 
exhibit energy imbalance as evident by comparable body weight (37.2±2.8g vs. 35.8±4.4g), body composition (fat 
20.8±2.8% vs 15.6±4.1%, lean 60.6±2.5% vs 64.2±3.0%), and food intake (3.5±0.4g/day vs 3.8±0.5g/day) relative 
to litter-mate controls at 20 weeks of age. Interestingly, hindbrain BBSome disruption impairs glucose clearance 
and induces insulin resistance suggested by glucose (AUC 36,323±3027 vs 26,129±1972) and insulin (AUC 
11,749±1678 vs 7,737±1559) tolerance tests. Strikingly, Phox2bCre/BBS1fl/fl male mice exhibit resistance to diet-
induced obesity indicated by decreased body weight (45.0±1.8g vs. 54.1±1.3g) when maintained on a high fat/high 
sugar diet independent of body composition (fat 42.5±1.6% vs 40.1±2.1%, lean 45.5±0.7 vs 48.4±1.5%) and food 
consumption (2.7±0.2g/day vs 3.0±0.1g/day). Both Phox2bCre/BBS1fl/fl and littermate controls developed diabetes 
when exposed to an obesogenic diet as indicated by glucose (AUC 63,645±4438 vs 62,477±2654) and insulin (AUC 
14,303±3446 vs 16,406±2160) tolerance tests. These findings suggest that brainstem BBSome critically regulates 
glucose metabolism, but not energy balance, in mice maintained on a standard diet regimen. Furthermore, our 
studies indicate that hindbrain BBSome contributes to the development of diet-induced obesity without effecting 
glucose handling and food intake. 
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13 Development and validation of a simple, fast, and robust LC/MS/MS method for the quantification of 
albendazole, albendazole metabolites and praziquantel in human plasma 
 
Peizhi Li, PharmD, Min Xu, MS, Xuanzhen Yuan, MS, Nan Wu, MS, Guohua An, MD, PhD 
 
Division of Pharmaceutics and Translational Therapeutics, College of Pharmacy, University of Iowa, Iowa City, IA, 
52242, USA 
 
Albendazole and praziquantel are commonly co-administered for their anthelmintic effects. Studies showed that the 
concomitant use increases the plasma concentrations of albendazole (ABZ), albendazole metabolites, namely 
albendazole sulfoxide (ABZ-OX) and albendazole sulfone (ABZ-ON), and praziquantel (PZQ). However, the 
analytical method for quantification of albendazole, its metabolites, and praziquantel are limited. We developed a 
robust, simple, selective, and sensitive liquid chromatography coupled with tandem mass spectrometry (LC–
MS/MS) method and validation to quantify all four analytes simultaneously. The extraction of analytes in human 
plasma was performed with protein precipitation with acetonitrile. The separation of the analytes was performed by 
Phenomenex SynergiTM C18 column (150 x 2mm, 4µm) with gradient elution conditions. The LC running time for 
each sample is 7.5 min. ABZ, ABZ-OX, ABZ-ON, and PZQ were detected in positive mode with MRM monitoring 
(ABZ: m/z 266.0→166.2, ABZ-OX: 282.2→240.1, ABZ-ON: m/z 298.2→266.3, PZQ: m/z 313.2→174.0). The 
method achieved linear analytical ranges for ABZ, ABZ-OX, ABZ-ON, PZQ at 1-400 ng/ml, 50-20000 ng/ml, 1-400 
ng/ml, and 25-10000 ng/ml, respectively. For all four analytes, the within and between runs precision (% CV) were 
within 15% at the low, medium and high quality control (QC) levels and 20% at the lower limit of quantification 
(LLOQ), and accuracy (% Bias) were within ±15% at those three QC levels and ±20% at LLOQ. Other parameters 
such as matrix selectivity and injection carry-over were tested and passed successfully. As this validated LC-MS/MS 
method is simple, robust, and reliable, it will be used to quantify the concentration of these four compounds in 
plasma samples collected from a recently completed clinical study.   
 
 
Development of Mitochondrial-targeted L-Carnosine Analogs as therapy for Cardiometabolic Diseases 
 
I-Chau (Emily) Liang, Dylan Gao, Ettore Gilardoni, Robert Kerns, Ethan Anderson 
PSET, College of Pharmacy 
 
Oxidative stress is a common pathogenic feature of many cardiometabolic diseases (CMD), where lipid peroxidation 
and subsequent reactive carbonyl species (RCS) such as 4-hydroxynonenal (HNE) and acrolein are known to 
damage cellular proteins and nucleic acids. Mitochondria are the main producer of ROS in cells, and many studies 
implicate mitochondrial ROS/RCS as causal factors of CMD. Hence, developing therapeutic compounds capable of 
reducing mitochondrial ROS and subsequent RCS could be beneficial for CMD treatment.  

Carnosine is an endogenous histidyl-dipeptide and a potent scavenger of RCS. However, its therapeutic 
potential in humans is substantially limited by carnosinase, an enzyme that hydrolyzes the dipeptide bond and 
renders carnosine unable to form adducts with RCS and facilitate their elimination. For this reason, we are interested 
in developing novel carnosine analogs that are safe for humans, hold similar RCS quenching ability as the parent 
molecule, target mitochondria, and are resistant to carnosinase. 

Triphenylphosphonium (TPP+) is a unique lipophilic cation that accumulates in mitochondria due to the 
delocalized positive charge of the molecule. We synthesized two novel carnosine analogs: TPP+-carnosine and CF3 
TPP+-carnosine. Our group has recently shown that by adding CF3 to the para- position of the phenyl rings the TPP+ 
toxicity is reduced. In vitro kinetic assays confirm that both analogs form adducts with RCS 4-hydroxynonenal and 
acrolein with similar reactivity as carnosine. When incubated with human serum, TPP+-carnosine was determined 
to be highly stable and resistant to carnosinase. Interestingly, CF3 TPP+-carnosine degraded in serum in a manner 
that appears to be independent of carnosinase. Preliminary cytotoxicity analysis in H9c2 cardiomyoblasts suggests 
that both analogs show protection from doxorubicin and erastin, both of which are toxicants and potent inducers of 
mitochondrial lipid peroxidation. Collectively, these findings support the further development and optimization of 
mitochondrial-targeted carnosine as therapy for CMD. 
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15 Dual inhibition of CDK4/6 and MEK sensitizes MPNSTs to immune checkpoint blockades 
 
Joshua Lingo1, Jordan Kohlmeyer PhD2, Amanda Scherer MS6, Courtney Kaemmer BS8, Ellen Voigt BS1,3, Michael 
Chimenti PhD4, Munir Tanas MD5, Ben Darbro MD-PhD7, David Meyerholz DVM-PhD5, Rebecca Dodd PhD6, and 
Dawn Quelle PhD5,8 

 
Cancer Biology1 and Molecular Medicine Graduate Programs2, Medical Scientist Training Program3, IIHG 
Bioinformatics Division4, Departments of Pathology5, Internal Medicine6, Pediatrics7 and Neuroscience & 
Pharmacology8 

 
Background: Malignant Peripheral Nerve Sheath Tumors (MPNSTs) are deadly sarcomas of the myelinating nerve 
sheath that lack effective therapies. Hyperactivation of MEK and CDK4/6 kinases is a hallmark feature of MPNSTs. 
We discovered that dual inhibition of MEK and CDK4/6 (MEK-CDK4/6i), but not either drug alone, causes regression 
of de novo MPNSTs in immune competent mice and significantly delays the outgrowth of drug resistant tumors. 
Transcriptome and immunohistochemical analyses of drug sensitive tumors that regressed with therapy, compared 
to drug resistant or vehicle treated tumors, revealed a unique immune activation signature characterized by plasma 
cell infiltration. The role of plasma cells in tumors is poorly understood and never been studied in MPNSTs, but their 
presence in other tumor types correlates with better patient survival, increased T cell activation in tumors, and 
improved response to immune checkpoint blockade (ICB) therapy. MPNST sensitivity to ICB therapy is essentially 
unstudied, but most sarcomas respond poorly to immune checkpoint blockade. We hypothesized that MEK-CDK4/6i 
therapy and the subsequent increase in plasma cell presence would sensitize MPNSTs to anti-PD-L1 ICB therapy. 

Methods: We generated de novo MPNSTs in the sciatic nerve of C57BL/6 mice via CRISPR editing of the Nf1 and 
Ink4a/Arf tumor suppressor genes, the most frequently altered genes in human MPNSTs. Mice with small 200-300 
mm3 tumors were randomized into 4 treatment groups: 1) Vehicle + IgG, 2) Vehicle + anti-PD-L1 antibody, 3) MEK-
CDK4/6i + IgG, and 4) MEK-CDK4/6i + anti-PD-L1 antibody. The kinase inhibitor cocktail was administered daily 
by oral gavage throughout the study whereas only 6 doses of the antibodies were administered (2X per week for 3 
weeks). Tumors were measured using calipers. 

Results: MEK-CDK4/6i therapy caused transient MPNST regression, as expected. Anti-PDL1 therapy alone was 
effective in ~50% of animals at suppressing tumor growth and prolonging survival, similar to the MEK-CDK4/6i 
cohort, whereas half of tumors were non-responsive and mimicked tumor growth in vehicle controls. By comparison, 
nearly all MPNSTs treated with MEK-CDK4/6i plus anti-PDL1 therapy regressed to an undetectable size. The anti-
tumor effects of the MEK-CDK4/6i-anti-PDL1 therapy were sustained with ~35% of animals displaying undetectable 
tumors between 50-90 days after treatment initiation and ~10% showing complete cure 6 months after the start of 
thearpy.  

Conclusions: These data show for the first time that MPNSTs are moderately responsive to anti-PDL1 
monotherapy while targeted kinase inhibition synergizes with anti-PDL1 ICB therapy to promote sustained tumor 
inhibition, and in some cases, complete ablation. This is remarkable for an aggressive cancer that currently lacks 
any effective treatment. Ongoing molecular and histopathologic analyses of the treated MPNSTs will define how 
each treatment modulates the immune cell composition within tumors. Future studies will determine the physiologic 
and mechanistic role of plasma cells in the anti-tumor response to each therapy. 
 
 
  



 

18 | P a g e  
 

16 

17 

Characterization of NTSHSD2 neuron activity in response to aldosterone and sodium ingestion in vivo 
 
Miriam C McDonough1, Amelia M Douglass, Ph.D.2, Alysia B Berns1, Jon M Resch, Ph.D.1 
 

1Department of Neuroscience and Pharmacology, University of Iowa Carver College of Medicine 
2Division of Endocrinology, Diabetes, and Metabolism, Beth Israel Deaconess Medical Center  

 
Sodium is an essential mineral that is vital for growth, development, and regulation of extracellular fluid 

volume. Given the importance of sodium, its intake and excretion are tightly controlled and a key player in this 
control is aldosterone – the primary mineralocorticoid steroid hormone. Aldosterone controls sodium balance 
through sodium retention in the kidney and sodium appetite, the behavioral drive to find and ingest sodium.  The 
mechanism by which aldosterone induces sodium appetite and the neural circuitry involved remains to be fully 
elucidated.  Our current understanding of the neural basis for sodium appetite centers on the uniquely aldosterone-
sensitive neurons located in the nucleus of the solitary tract (NTS) which express the glucocorticoid-inhibiting 
enzyme, HSD2.  NTSHSD2 neurons are necessary and sufficient for sodium appetite, underscoring their importance 
to sodium appetite circuitry. Despite this, we lack significant information regarding the regulation of NTSHSD2 
neurons.  The objective of this project is to investigate the temporal dynamics of signals that activate and inhibit 
NTSHSD2 neurons in relation to sodium intake in vivo.  In order to assess NTSHSD2 neurons activity, we used Cre-
dependent expression of AAV-GCaMP8s, a genetically encoded calcium indicator, and fiber photometry to record 
bulk activity from NTSHSD2 neurons in freely behaving mice.  NTSHSD2 neuron activity increases slowly (on the order 
of hours) in response to sodium depletion induced by the diuretic, furosemide, coupled with low sodium diet., and 
drops acutely (on the order of seconds) in response to sodium ingestion.  These changes in activity are consistent 
with prior c-Fos studies and support the hypothesis that NTSHSD2 neurons are inhibited by oral detection of sodium. 
In the future, we will use a long-term photometry approach to record changes in NTSHSD2 neuron activity during 
aldosterone treatment, allowing for much needed insight into the mechanism of aldosterone-mediated sodium 
appetite. 
 
 
Contribution of ASICs to Cardiac Remodeling and Dysautonomia Associated with Heart Failure 
 
Karley Monaghan, Chad Ward, David Gibbons, Anne Harding, Rasna Sabharwal, Maram El-Geneidy, Harald 
Stauss, Chris Benson 
 
INTRODUCTION: The American Heart Association projects that by 2030 more than 8 million American adults will 
have heart failure (HF). HF is a condition in which the heart muscle is unable to sufficiently pump blood to meet the 
needs of the body. A characteristic of HF, and a major driver of the disease process, is an imbalance in the 
autonomic nervous system. Our lab and others have shown that the Acid Sensing Ion Channel subunit 3 (ASIC3) 
is highly expressed in the sensory nerves innervating the heart. Recent studies showed that chemically ablating 
these nerves attenuates cardiac remodeling after myocardial infarction (MI). METHODS: Wild type (WT) and ASIC3-

/- mice underwent either left anterior descending coronary artery ligation or a sham surgery. Echocardiograms were 
done before surgery as well as two days and three weeks after surgery to evaluate the size and function of the 
heart. Radio telemeters were implanted one week after surgery to record hemodynamic changes to autonomic 
nervous system altering drugs. In a separate cohort a catheter was inserted into the left ventricle and isoproterenol 
was administered to evaluate left ventricular (LV) contractile reserve. Finally, histological staining was done on heart 
slices to quantify the level of fibrosis in each of the groups. RESULTS:  We have demonstrated that knocking out 
ASIC3 prevents disadvantageous remodeling after MI in mice. Two days after MI surgery both WT and ASIC3-/- 
mice have a decrease in their LV ejection fraction (LVEF), a measure for how well the left ventricle is able to pump 
blood to the rest of the body. However, three weeks after MI the ASIC3-/- mice have a significant increase in their 
LVEF compared to their WT counterparts. However, preliminary autonomic studies found no differences between 
WT and ASIC3-/-. Also, there wasn’t a difference between WT Sham and WT MI, indicating that mice don’t undergo 
the same changes in autonomic tone that we see in other animals such as humans or rats. Although not statistically 
significant, isoproterenol infusion shows a trend towards a higher contractile reserve in ASIC3-/- MI mice compared 
to WT MI mice. CONCLUSION: Our echo data shows that ASIC3 contributes to the remodeling that occurs after 
MI. Along with that, our data from the isoproterenol study indicates that knocking out ASIC3 in mice after MI may 
help to conserve cardiac contractile reserve. The preliminary work done for our autonomic studies indicate that the 
dysregulation of the autonomic nervous system in mice is different than what is expected from studies done in 
humans and rats.  
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Design and Synthesis of Small Molecule Insulin-Sensitizers that Target UNC119 for the Treatment of 
Diabetes Mellitus  
 
Autumn E. Moore1, Aschleigh Graham1, Robert J. Kerns1, Julien A. Sebag2  
1Department of Pharmaceutical Sciences and Experimental Therapeutics, University of Iowa, Iowa City, Iowa USA. 
2Department of Molecular Physiology and Biophysics, University of Iowa, Iowa City, Iowa USA. 
 
Type II diabetes (T2D) is a disease that is characterized by insulin resistance. In skeletal muscle and adipose cells, 
T2D is induced by impaired GLUT4 translocation. As a result, insulin is unable to bind receptors that trigger a 
signaling cascade to allow GLUT4 in the vesicles to be pushed to the top of these cells for glucose storage. 
Currently, treatments for diabetes have largely failed to achieve glycemic control or restore insulin-stimulated 
GLUT4 translocation. As a result, a luciferase-based assay was developed to identify small molecules that could 
restore GLUT4 translocation in the presence of endogenous insulin in order to prevent hypoglycemia. Small 
molecule C3, and later C59, were identified as small molecule mediators of GLUT4 translocation in the presence 
of insulin. In knowing this, we are pursuing the design and synthesis of novel C59 analogs toward the development 
of a new class of therapeutics that act as insulin sensitizers by increasing GLUT4 translocation while in the presence 
of insulin. 
 
 
Endoplasmic Reticulum Chaperone Genes Encode Effectors of Long-Term Memory. 
 
Snehajyoti Peter1,2, Utsav Mukherjee1,2,4, Ethan Bahl3, K Peter Giese5, Jacob Michaelson6,7,8,9, and Ted Abel1,2 
 

1Department of Neuroscience and Pharmacology, Carver College of Medicine, University of Iowa, Iowa City, IA  
2Iowa Neuroscience Institute, University of Iowa, Iowa City, IA  
3Interdisciplinary Graduate Program in Genetics, University of Iowa, Iowa City, IA  
4Interdisciplinary Graduate Program in Neuroscience, University of Iowa, Iowa City, IA 52242, United States 

5Department of Basic and Clinical Neuroscience, King's College London, London, UK 

6Department of Psychiatry, Carver College of Medicine, University of Iowa, Iowa City, IA  
7Department of Biomedical Engineering, College of Engineering, University of Iowa, Iowa City, IA  
8Department of Communication Sciences and Disorders, College of Liberal Arts and Sciences, University of Iowa, 
Iowa City, IA  
9Iowa Institute of Human Genetics, University of Iowa, Iowa City, IA  
 
Consolidation of newly acquired experiences into persistent long-term memories relies on transcription of select 
genes in a precise spatiotemporal fashion within the hippocampus. Despite decades of research, a comprehensive 
molecular signature of transcriptional events that occur during the critical window of long-term memory consolidation 
remain elusive. Recent studies have shown that a set of transcriptional regulatory proteins belonging to the nuclear 
receptor 4a (Nr4a) family constitute an integral component of this learning-induced transcriptional response, and 
the induction of Nr4a members has been shown to facilitate long-term memory and synaptic plasticity. Here, we 
performed unbiased transcriptomic analyses of the rodent hippocampus following spatial learning to demonstrate 
that Nr4a regulates the transcription of genes that encode for chaperone proteins primarily localized at the 
endoplasmic reticulum (ER). The ER chaperones have been known to play a prominent role in combatting ER 
stress, and our study showed that Nr4a-driven expression of these chaperone genes is essential for long-term 
memory consolidation, as well as for the efficient activity-dependent surface trafficking of key receptor proteins 
critical in synaptic plasticity. Impairment in hippocampus-dependent declarative memory is a defining feature of 
several neurodegenerative disorders like Alzheimer’s Disease and Related Dementias (ADRD). Our analysis of the 
human ADRD data revealed that pathological progression of disease burden correlates with the downregulation of 
Nr4a in the hippocampus. Furthermore, in a tau-based mouse model that mimics the neurodegenerative 
phenotypes of ADRD-affected individuals, we found that hippocampal levels of the Nr4a family, and the ER 
chaperone genes downstream of Nr4a, were significantly reduced. Importantly, overexpressing Nr4a1 or the ER 
chaperone Hspa5 ameliorated the hippocampus-dependent long-term memory deficits associated with these mice. 
Thus, our findings provide unprecedented molecular insights into the mechanistic basis of cognitive deficits, and 
establish the ER chaperones, and the protein folding pathways that they regulate, as critical substrates of long-term 
memory and plasticity. This transcriptional control on protein folding machineries appears dysregulated in ADRD, 
pointing us towards novel therapeutic interventions against cognitive deficits in neurodegenerative disorders. 
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The role of Mitochondrial Calcium Uniporter (MCU) and MCUb in Stroke 
 
TH Nguyen, Z Lin, G.C. Walters, N Dhanesha, AK Chauhan, YM Usachev 
 
Stroke is the leading cause of death and long-term disability in the United States and worldwide. Current treatments 
for stroke have a narrow therapeutic window and currently there are no effective treatments to promote recovery 
following a stroke, suggesting the need for new effective therapeutic approaches. Following a stroke, mitochondrial 
dysfunction has shown to play a critical role in pathogenesis and, mitochondrial Ca2+ overload is implicated in 
neurotoxic processes including Ca2+ dependent excitotoxicity and neurodegeneration and can induce 
mitochondrial dysregulation. The mitochondrial calcium uniporter (MCU) is a highly conserved pore-forming subunit 
of the MCU complex that mediates Ca2+ uptake into the mitochondrial matrix. We found that deletion of MCU 
resulted in impaired Ca2+ uptake into mitochondria in neurons, inhibited mitochondrial Ca2+ dysregulation and 
excitotoxicity in brain mitochondria. MCUb is MCU paralog and is thought to function as a negative regulator of the 
MCU complex. We found that MCUb deletion increased mitochondria Ca2+ uptake in neurons. In vitro glutamate 
stimulation on cultured hippocampal neurons revealed that MCUb deletion increased glutamate-induced Ca2+ 
deregulation and excitotoxicity. To further determine the role of MCUb in ischemic stroke, we performed the Middle 
Cerebral Artery Occlusion (MCAO) in MCUb knockout mice. Interestingly, MCUb deletion increased stroke damage 
in male but not female mice. These results show that MCU and MCUb impose counteracting effects on neuronal 
Ca2+ and excitotoxicity and provides evidence of a critical role of mitochondria Ca2+ transport in stroke, which may 
lead to the development of new therapeutics that target MCU for treating this severe cerebrovascular disease.  
 
 
Human dorsal raphe tau pathology: an early indicator of Alzheimer’s pathology? 
 
S. Pierson, BS1; K. Fiock, MS2; M. Hefti, MD2; C. Marcinkiewcz, PhD1 
 

1 Dept of Neuroscience and Pharmacology  
2 Dept of Pathology  
 
Alzheimer’s disease (AD) pathology is thought to begin in the entorhinal cortex and hippocampus, but there is 
growing evidence that pathology first begins in monoaminergic structures. The serotonergic dorsal raphe nucleus 
(DRN) undergoes significant cell loss and tau burden in early stages of AD. Although there are many different 
tauopathies, DRN dysfunction is known to be involved in anxiety, depression, and cognition, all of which are clinical 
manifestations of AD. We therefore hypothesize that tau pathology in the DRN may underlie mood or affective 
changes and early-stages of cognitive decline in AD. To assess whether DRN pathology may be an indicator of AD-
related pathology in cognitively normal individuals, we immunostained for the serotonergic marker TPH2 and 
hyperphosphorylated tau (ptau) in post-mortem samples of 7 cognitively normal individuals, and 10 AD-diagnosed 
individuals. We found DRN tau pathology in 57% of control cases, and 90% of AD cases. Ptau density was 
significantly greater in AD cases than in control cases, indicating the severity of tau burden may increase with AD 
progression. These results suggest that DRN tau pathology may precede changes in cortical structures that 
contribute to the cognitive decline indicative of AD. 
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22 Tumor Hypoxia Regulates Antigen Processing Machinery 
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Antigen presentation is a critical function of the adaptive immune response to cancer that is often subverted to 
evade immune response. Within the antigen presentation pathway, the proteasome is responsible for degrading 
proteins into peptide fragments, which are presented in major histocompatibility complex (MHC) molecules. The 
proteasome has a more immunogenic isoform called the immunoproteasome. It has specialized ꞵ-subunits that are 
responsible for the heighted proteolytic activity. This feature is important for the processing of tumor associated 
antigens (TAAs). While hypoxia as a result of a rapidly proliferating mass is pervasive feature of nearly all solid 
tumors, it’s role on tumor antigen processing remains a significant knowledge gap. To assess the effects of hypoxia 
on the immunoproteasome, we utilized O2 incubators to most accurately represent a hypoxic environment. We used 
interferon (IFN)-γ to stimulate the substitution of the catalytic subunits of the proteasome to form the 
immunoproteasome. We began by analyzing the induction of the immunoproteasome in the A549 cell lung cancer 
cell line. We observed a blockage in the induction of the immunoproteasome under hypoxia as compared to the 
normoxia control. With this data, we began to investigate the underlying mechanisms behind this phenomenon. We 
initially hypothesized that the cause may lie within the JAK/STAT signaling pathway because IFN-γ is an activator 
of it. However, we found that this was not the case as the pathway was intact through phosphorylated STAT. While 
this pathway was largely unaffected by hypoxia, we observed reduced expression of the Interferon Regulatory 
Factor 1 (IRF1) under low oxygen. IRF1 is a master transcriptional regulator of many genes involved in immune 
response and oncogenesis. Our current studies focus on targeting upstream signaling of IRF1, as well as post-
translational modifications, to identify key regulators of the immunoproteasome under hypoxic conditions. With this 
research, we hope to ascertain the impact that hypoxia has on anti-tumor immune surveillance and identify novel 
therapeutic targets that can intervene in tumor immune escape. 
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SNc-selective roles of Regulator of G protein signaling 6 (RGS6) in Parkinson’s disease-like 
neurodegeneration and motor dysfunction 
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Parkinson’s disease (PD) is the second most common neurodegenerative disorder, affecting 1 in 50 people over 
the age of 60.  PD is primarily a non-familial, sporadic, and age-related disorder resulting in the progressive death 
of dopamine (DA) neurons in the substantia nigra pars compacta (SNc).  Unfortunately, the mechanisms underlying 
SNc DA neurodegeneration and PD pathogenesis remain unclear.  We previously showed that RGS6 is restrictively 
expressed in DA neurons within the SNc of mice and that mice with global loss of RGS6 exhibit age-related nigral 
degeneration and PD-like motor dysfunction.  RGS6 is also expressed restrictively within DA neurons in the SNc of 
humans and, despite their loss in PD, all surviving SNc DA neurons express RGS6.  RGS6 undergoes complex 
alternative mRNA splicing producing ~36 protein isoforms with high sequence similarity.  Our previous studies were 
performed employing mice with global loss of RGS6.  Here, we show that selective deletion of RGS6 from SNc DA 
neurons in mice by viral Cre delivery to the SNc of RGS6fl/fl mice produces PD-like motor dysfunction and 
neurodegeneration.  We also show that a novel brain-specific form of RGS6 (RGS6B, 69kD) is upregulated relative 
to ~56kD RGS6L protein isoforms in the SNc of humans with PD compared to control patients.  Interestingly, while 
viral expression of RGS6L in the SNc of RGS6-/- mice partially rescues their age-related motor dysfunction, 
expression of RGS6B impairs motor function.  These findings demonstrate SNc-selective roles of RGS6L in 
preventing neurodegeneration and motor dysfunction and suggest that expression of RGS6B in the SNc of mice 
and humans may contribute to disease pathogenesis.  
 
 
 
Transcriptomic changes in cortico-striatal circuits as a correlate of male vulnerability in a mouse model of 
16p11.2 hemi-deletion 
 
Yann Vanrobaeys, Jaekyoon Kim, Zeru Peterson, Snehajyoti Chatterjee, Thomas Nickl-Jockschat and Ted Abel 
 
While the polygenic architecture of neurodevelopmental disorders (NDDs) has been well delineated, it remains 
open, how multiple genetic variants interact to impact the brain and finally lead to symptoms. Hemi-deletion of the 
16p11.2 region (16p11.2del/+) is a copy-number variation (CNV) that spans over 29 genes and has been robustly 
linked to NDDs such as autism spectrum disorder (ASD). Previous studies in mice modeling 16p11.2 del/+ have 
carried out bulk gene expression analyses to determine transcriptomic changes in these animals, but this 
experimental approach does not assess the complexity and heterogeneity of cell-type specific gene expression. 
Here, we address cell type specificity in cortico-striatal circuits, key neuronal networks implicated in NDDs, by using 
single nuclei RNA sequencing of FACS-sorted neurons from 16p11.2 del/+ male and female mice to investigate the 
downstream molecular processes impacted by this CNV. Cell type clustering allowed the identification of 
subclusters of spiny projection neurons (SPNs), such as direct pathway SPNs and indirect pathway SPNs, as well 
as excitatory cortical neurons from the upper and lower layers of the cortex. Differential gene expression analysis 
revealed a significant overlap with candidate genes for neurodevelopmental disorders as defined by the SFARI 
human database in male, but not female, mice. This male bias was circuit-specific, with the greatest degree of 
differential expression of NDD-associated genes found in the intratelencephalic cortico-striatal circuit. This male 
bias in gene expression changes was explained by a “feminization” of the differentially expressed genes whose 
expression is already affected between female and male wild-type mice. Some significant differential expressed 
genes in males converged to pathways related to glutamatergic synapse (e.g., Grin1, Dlg4) for the direct pathway 
SPNs, revealing a common molecular basis at the synapse of specific cell types that might underlie 
neurodevelopmental disorders. Our findings identify transcriptomic changes in a distinct neuronal circuit as a 
candidate mechanism for mediating male vulnerability to NDDs and might, thus, provide an avenue for novel 
therapeutic approaches. 
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Chemogenetic elevation of cAMP in the hippocampus produces resilience against the effect of sleep 
deprivation on long-term synaptic plasticity 
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Sleep facilitates memory storage and even brief periods of sleep loss lead to impairments in memory, particularly 
for memories that are hippocampus dependent. In previous studies, we have shown that the deficit in memory seen 
after sleep loss is accompanied by deficits in hippocampal synaptic plasticity. Our previous work has also found 
that sleep deprivation is associated with reduced levels of cyclic adenosine monophosphate (cAMP) in the 
hippocampus, and that the reduction of cAMP mediates the diminished memory performance observed in sleep 
deprived animals. Based on these findings, we hypothesized that cAMP acts as a mediator for not only the cognitive 
deficits caused by sleep deprivation, but also the observed deficits in synaptic plasticity. By expressing the 
Drosophila Melanogaster G-protein coupled octopamine receptor (DmOctβ1R) in hippocampal neurons and 
selectively activating the receptors by systemically injecting the ligand octopamine, we were able to increase cAMP 
levels in those neurons during a five-consecutive hour sleep deprivation period. Immediately following sleep 
deprivation, hippocampal slices were prepared for electrophysiological recordings. Our results show that 
chemogenetic enhancement of cAMP during the period of sleep deprivation prevents deficits in a persistent form of 
long-term potentiation (LTP) that is induced at the Schaffer collateral synapses in the hippocampal CA1 region. We 
also found that elevating cAMP levels only in the early or later half of sleep deprivation successfully prevented LTP 
deficits. These findings reveal that cAMP-dependent signaling pathways are key mediators in the impact of sleep 
deprivation at the synaptic level. Targeting these pathways will help us better understand the consequences of 
sleep deprivation and identify areas of intervention. Future experiments to help address this goal will incorporate 
manipulations of sleep/wake circuitry to understand the difference between internally driven wakefulness and 
external drivers of sleep loss, and will examine intra-hippocampal circuits to understand how the plasticity and cAMP 
deficits emerge. 
 
 
MECHANISMS THAT UNDERLIE THE ANTICONVULSANT EFFECTS OF MITOCHONDRIAL Ca2+ UNIPORTER 
DELETION 
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Epilepsy affects approximately 70 million people worldwide and approximately 30% of those people develop 
refractory epilepsy, which cannot be controlled by the current available pharmaceutics. Refractory epilepsy 
increases a person’s risk for sudden unexpected death in epilepsy (SUDEP), which is the leading cause of death 
in epilepsy patients. Epilepsy is characterized by increased neuronal network excitability and an important aspect 
of neuronal network regulation are cytosolic Ca2+ levels. Neuronal cytosolic Ca2+ concentrations are regulated by 
mitochondria which efficiently buffer cytosolic Ca2+ and shape Ca2+ signals. Mitochondrial Ca2+ transport is 
controlled by a complex of proteins though the molecule known as the mitochondrial Ca2+ uniporter (MCU) mediates 
mitochondrial Ca2+ uptake by forming a Ca2+ permeable channel. Deletion of MCU results in impaired Ca2+ uptake 
into mitochondria in neurons, as would be expected. Interestingly, we also found that global MCU deletion resulted 
in a profound anticonvulsant effect in mice in a maximal electroshock seizure threshold (MES) paradigm. 
Electrophysiological experiments revealed increased GABAergic synaptic activity in MCU-KO mice, possibly 
explaining the anticonvulsant phenotype. To further determine if the anticonvulsant effect is driven by increased 
GABAergic signaling, we developed MCU floxed mice and crossed them with pan neuronal specific Nestin-Cre, 
excitatory CaMKII-Cre, and inhibitory VGAT-Cre mice. We determined that pan neuronal and inhibitory neuron 
specific deletion of MCU resulted in increased MES thresholds, but excitatory specific deletion did not. Collectively, 
these experiments elucidate the mechanisms that underlie the robust anticonvulsant effects of MCU deletion. The 
results of these studies begin to provide insights into the role that mitochondrial Ca2+ transport in epilepsy and could 
guide the development of new therapeutic approaches targeting MCU and other mitochondrial Ca2+ transporters for 
treatment of epilepsy. 
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Identification and Characterization of Novel Cardiac Microproteins 
 
Nathan Witmer and Ryan Boudreau 
 
Microproteins (MPs) are peptides that contain less than 100 amino acids and have recently been discovered to 
arise from long-noncoding RNAs, alternatively spliced transcripts, upstream open reading frames, and alternative 
translational start sites of known proteins. Recent advances in ribosome profiling (Ribo-Seq) has uncovered a 
myriad of MPs that serve vital functions in ion channel modulation, cell signaling and energetics, RNA regulation, 
membrane dynamics, and more. There have been several studies aimed at identifying MPs, however, there remains 
a need to thoroughly characterize their function and disease relevance. By examining publicly available ribosome 
profiling in human hearts, we discovered a novel cardiac microprotein arising from an alternative translational start 
site of an upstream of a known protein, which is translated in an alternative open reading frame (altORF). Using 
reporter constructs, we determined this altORF is efficiently translated in vitro and acts to regulate expression of its 
downstream ORF. Interestingly, the altORF peptide is efficiently targeted for proteasomal degradation in vitro, but 
is stable in adult mouse cardiomyocytes. Preliminary in-vitro localization analysis shows the altORF microprotein 
localizes primarily to the nucleus, but also to mitochondria. EKG analysis of AAV-injected mice shows differences 
in PR interval and no measurable changes by echocardiography. Follow up studies are needed to evaluate effects 
on cardiac function during stress (arrhythmia inducing drugs, MI, etc.), to determine its subcellular localization and 
molecular function, and to determine mechanisms of altORF-mediated translational regulation. 
 
 
 
Pharmacological FGF21 Signals to Glutamatergic Neurons to Enhance Leptin Action and Lower Body 
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Fibroblast growth factor 21 (FGF21) is an endocrine hormone that acts within the central nervous system (CNS) to 
regulate whole body energy homeostasis. Pharmacological administration of FGF21 promotes weight loss in obese 
animal models and patients with obesity. However, the central targets mediating these effects are incompletely 
defined. Here we show that FGF21 signaling to glutamatergic neurons is required for FGF21 to modulate energy 
expenditure and promote weight loss. In addition, we demonstrate that FGF21 signals to leptin receptor-expressing 
cells to regulate body weight, and that central leptin signaling is required for FGF21 to fully stimulate body weight 
loss during obesity. Interestingly, co-administration of FGF21 and leptin synergistically leads to robust weight loss. 
These data reveal an important endocrine crosstalk between liver- and adipose-derived signals which integrate in 
the CNS to modulate energy homeostasis and body weight regulation.  
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Wireless reprogramming of metabolism 
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More than half of patients with type 2 diabetes (T2D) fail to achieve healthy glycemic goals, increasing their risk of 
complications and premature death. A primary cause of treatment failure is non-adherence. Fifty percent of patients 
with T2D do not take their medications as prescribed, most commonly because the current therapeutic regimens 
are too complex, or simply too painful. These therapeutic challenges contribute to the tremendous cost of diabetes 
care, which represents the largest driver of healthcare expenditure in the US. There is an urgent need to develop 
safe and effective therapies for T2D that do not negatively impact adherence. Bioelectronic medicine represents an 
exciting new approach that utilizes electromagnetic fields (EMFs) to simplify disease treatment. However, these 
technologies have not yet been developed to treat T2D due to a limited understanding of the biological mechanisms 
by which EMFs interact. Here, we identify novel mechanisms and present a non-invasive and fully automated 
strategy to treat T2D that takes advantage of a unique property of matter, i.e. spin angular momentum, to enable 
the wireless targeting of glycemic regulating molecules. We have discovered that combined magnetostatic and 
electrostatic fields modulates the interconversion of paramagnetic byproducts of oxygen metabolism, inducing a 
system-wide adaptive antioxidant response that normalizes protein function and insulin action. These effects lead 
to striking improvements in glycemia and insulin sensitivity in rodents and swine models of T2D, which are fully 
attenuated upon scavenging of specific paramagnetic oxidants within the liver. Our findings indicate the existence 
of evolutionarily conserved redox-metabolic switch that listens for EMF signals and transduces metabolic 
information systemically to enable the wireless reprogramming of metabolism. This work lays the foundation for the 
development of innovative medical technologies that target encoded molecular antennae to wirelessly treat T2D. 
 
 
 
Functional characterization of the constitutively active G protein ai/o mutations in breast cancer 
development 
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A constitutively active Gao mutant (R243H) was identified in breast cancer and postulated as an oncogene that 
drives breast tumorigenesis, but direct evidence supporting this hypothesis is lacking. In this study, we characterized 
the function of active Gai/o mutants in breast cancer development using genetic mouse models and cell lines. We 
showed that the normal mammary epithelial MCF10A cells expressing the constitutively active GaoAR243H or 
Gai2R179C mutant exhibited enhanced proliferation in vitro but could not form mammary tumors in nude mice. 
Transgenic mice expressing the Gai2R179C mutant selectively in the mammary gland for up to 20 months did not 
form palpable tumors either. However, in transgenic mice, the Gai2R179C mutant cooperated with the Neu/HER2 
oncogene or PTEN deficiency in the mammary gland to promote lung metastasis, although it did not affect primary 
tumor growth. Additional studies of breast cancer indicate that the GaoAR243H or Gai2R179C mutant enhances 
Src/STAT3 signaling to promote cell migration. Together, these findings indicate that active Gai/o signaling itself is 
insufficient to induce breast cancer formation but can accelerate breast cancer metastasis driven by other oncogenic 
events such as HER2 hyperactivation or PTEN deficiency, probably via the Src/STAT3 pathway. 
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Microneedle-assisted delivery of caffeine loaded gel for Apnea of Prematurity 
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Apnea of prematurity (AOP) is a disorder wherein premature neonates stop breathing for >15-20 sec at a time due 
to an underdeveloped brainstem, which controls breathing. Caffeine, a CNS stimulant, is delivered intravenously or 
orally for AOP treatment, but both administration routes are challenging in neonates. Dermal delivery could be a 
suitable alternative, though caffeine is hydrophilic and lacks ideal skin absorption properties. Microneedle (MN)-
assisted caffeine delivery from a topical gel represents an innovative approach for AOP. We investigated how 
caffeine ionization correlates with permeation across MN-treated skin. Methods: Gels loaded with 1.3%w/v caffeine 
were formulated in 2.5%w/v hydroxyethylcellulose (HEC) and adjusted to pH 5, 6.5, or 7.4. Structural properties 
were evaluated using rheology. Porcine skin was treated with arrays of 50 MNs (650 µm length) and caffeine gel; 
in vitro release and permeation studies were performed using an in-line diffusion setup; non-MN treated skin served 
as controls. Results: All gels were viscoelastic with good spreadability. By 4 hr ~80% of caffeine released from gels 
(n=3) at all pH levels. At pH 6.5, caffeine permeation (154.29 ± 38.75 µg) was less than at pH 5 (539.58 ± 181.69 µg) 
and 7.4 (701.02 ± 137.06 µg) through non-MN treated skin, n=3. MN treatment with gels (n=3) resulted in cumulative 
permeation of 1145.75 ± 702.18, 1232.63 ± 155.10 and 1446.77 ± 469.12 µg at pH 5, 6.5 and 7.4 respectively. 
Absorption lag time at pH 5 (2.10 ± 0.97 h) and pH 7.4 (3.86 ± 0.36 h) through intact skin decreased to 1.85 ± 1.06 
h (pH 5) and 1.99 ± 0.12h (pH 7.4) with MN treatment. Lag time at pH 6.5 increased from 1.67 ± 0.91 h to 2.28±1.05 
h with MN treatment. These data suggest that MN-assisted transdermal caffeine delivery may be a viable treatment 
option for AOP. 
 
 
 
In-vitro evaluation of hydrogels for transdermal co-delivery of naloxone and doxapram for opioid overdose 
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Naloxone (NAL) is the antidote for reversing respiratory depression in opioid overdose victims. However, current 
injection or intranasal delivery approaches possess practical challenges in pre-hospital settings and NAL has a very 
short serum half-life (30 min to 2 hrs), presenting risk of respiratory depression reoccurring. Doxapram (DOX) is a 
short acting respiratory stimulant that has been reported to avert opioid-induced respiratory depression. 
Transdermal co-delivery of NAL/DOX could circumvent limitations of current dosage forms, and possibly synergize 
NAL respiratory effects. Methods: NAL (15%w/v) and DOX (2.5%w/v) were loaded into hydroxyethylcellulose (HEC) 
hydrogels +/- the permeation enhancer propylene glycol (PG). The viscosity of the gels was measured with a 
rotational rheometer. In-vitro release studies was performed via flow through cell with cellulose membranes (n≥3). 
Results: The initial viscosity of 2% HEC gels and 1.7% HEC/10% PG gels was 2.0 Pa.s and 2.7 Pa.s, respectively. 
In release studies, 42.5 ± 1.4% of NAL was released by 2 hrs from the 2% HEC containing only NAL, while 36.4 ± 
1.0% of NAL was released from 2% HEC gels containing NAL/DOX. After 2 hrs 34.3 ± 2.0% of DOX was released 
from 2% HEC containing DOX alone, while 27.1 ± 1.9% of DOX was released from 2% HEC gel containing 
NAL/DOX. Trends were similar for the 1.7% HEC/10% PG gels: 43.2 ± 1.1% of NAL was released by 2 hrs, but this 
decreased to 30.7 ± 3.9% when the gel contained NAL/DOX. For DOX, 31.6 ± 2.3% was released by 2 hrs from the 
1.7% HEC/10%PG containing DOX alone, while 30.4 ± 2.5% of DOX was released from the same gel containing 
both drugs. Conclusions: These results collectively suggest that for both formulations, NAL release was reduced 
when co-delivered with DOX. The impact on DOX release showed the same trend but to a lesser extent. 
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The validation of a sensitive and efficient method for extraction of metronidazole from human plasma using 
LC-MS/MS 
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Metronidazole (MTZ) is a broad-spectrum antibiotic given intravenously, intravaginally, orally, and topically. Topical 
application of MTZ gel or cream results in very low plasma concentrations, requiring an efficient plasma extraction 
method for quantification of plasma concentrations. Shortcomings of previously developed MTZ plasma extraction 
methods include poor recovery or complicated protocols leading in poor quantification. Thus, none are suitable for 
analysis of plasma concentrations after topical application, as undetectable MTZ concentrations commonly occur. 
We validated a simple one-step extraction method for MTZ recovery from plasma and quantified using an LC-
MS/MS analytical method. Methods: Plasma samples were spiked with MTZ (0.5 – 5 ng/mL) and internal standard 
(tinidazole, 2 ng/mL) and extracted by liquid-liquid extraction using ethyl acetate as the extraction solvent. A 
quadrupole mass spectrometer interfaced with an Acquity H-Class HPLC was used to quantify MTZ concentrations 
in positive ion mode. A Kinetix C18 analytical column (150 mm × 4.6 mm i.d., 5 μm particle size) was used for the 
separation of MTZ from samples. The extraction method was validated for various parameters including % recovery, 
precision, accuracy, and stability. Results: The extraction method demonstrated very high recovery of MTZ, ranging 
from 89.8 – 100.8%. The calibration curve prepared using MTZ samples extracted from plasma (0.5 – 5 ng/mL) had 
excellent linearity with R2 = 0.999. The intra- and inter-day accuracy and precision of the extraction assay were 
found to be between 98.1 – 101.5% and 2.6 – 4.7%, respectively. The LC-MS/MS assay was highly efficient and 
with a limit of quantification (0.53 ± 0.04 ng/mL) lower than previously published methods (≥10 ng/mL). The 
extracted samples showed higher autosampler and freeze-thaw stability over the period of 72 hr. The extraction 
method was successfully validated using the LC-MS/MS and can be used to extract and detect trace amounts of 
MTZ in plasma after topical application.   
 
 
 
Crosstalk in the Central Autonomic Neurocircuitry Underlying Cardiovascular and Metabolic Control 
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Obesity associated cardiovascular risks such as hypertension are serious medical conditions that increase mortality. 
The brain autonomic networks play an important role in the regulation of cardiovascular function and metabolism. 
Therefore, obesity may represent a cardiovascular-metabolic coupling with possible crosstalk in the central 
autonomic networks. We and others have previously shown the existence of shared nuclei in the autonomic 
networks innervating the kidney, liver, and brown adipose tissue (BAT). However, whether there are shared neurons 
within these nuclei associated with these three organs is unknown. To address this, two groups of mice received 
injections of pseudorabies virus (PRV) expressing a green fluorescent protein (GFP) into both kidneys and PRV 
expressing a red fluorescent protein (RFP) in either the interscapular BAT (iBAT) or the left lobe of the liver. The 
animals were sacrificed 5-7 days post-injection and perfused. The brains were extracted, sectioned at 50 µm 
thickness, stained, and imaged with confocal microscopy. Sections were matched to the mouse atlas (Franklin & 
Paxinos) and neurons co-expressing GFP and RFP throughout the brain were identified. We found several nuclei 
in which neurons were co-labeled with GFP (kidney) and RFP (iBAT or liver). Interestingly, co-expression does not 
appear limited to nuclei of specific regions in the brain. Instead, co-expressing neurons were observed in areas 
such as the cortical regions (motor cortex and amygdala), hypothalamic nuclei (paraventricular nucleus (PVN), 
lateral hypothalamus (LH), and dorsomedial hypothalamus (DMH)), midbrain regions such as the periaqueductal 
gray, and brainstem nuclei such as the locus coeruleus (LC). This is the first study to provide anatomical evidence 
for crosstalk between the autonomic networks regulating cardiovascular and metabolic functions. Moreover, our 
data demonstrate that crosstalk between the autonomic networks controlling cardiovascular and metabolic functions 
is distributed throughout the central nervous system. 
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The role of alpha2-adrenergic receptors in presynaptic regulation of monoamine release 
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The dorsal raphe nucleus (DR) is the largest serotonergic nucleus in the brain and the predominant source of central 
serotonin (5-HT). Here activation of Gq protein-coupled alpha1-adrenergic receptors (alpha1-ARs) produces a long-
lasting membrane depolarization that drives action potential firing. Alpha2-adrenergic receptors (alpha2-ARs) are 
presynaptic autoreceptors that when activated limit further noradrenaline (NA) release. How activation of alpha2-
ARs affects 5-HT and NA synaptic transmission is unknown. In the present study, whole-cell patch-clamp recordings 
were made from DR 5-HT neurons to determine the effects of alpha2-AR activation on 5-HT and NA synaptic 
transmission in mouse brain slices. Application of the alpha2-AR agonist, UK-14,304, abolished NA synaptic 
transmission in DR 5-HT neurons. Iontophoresis of NA produced an inward current in 5-HT neurons, even in the 
presence of UK-14,304, demonstrating that activation of alpha2-ARs eliminates NA synaptic transmission via a 
presynaptic mechanism. In 5-HT neurons, UK-14,304 also produced a significant reduction in the 5-HT synaptic 
transmission. Application of UK-14,304 also produced an outward current and a decrease in membrane resistance 
in some 5-HT neurons likely due to activation of postsynaptic alpha2-ARs activating GIRK channels. In conclusion, 
NA synaptic transmission is regulated by presynaptic alpha2-ARs while GIRK channels are activated by 
postsynaptic alpha2-ARs. Future directions will investigate if 5-HT synaptic transmission is regulated by pre- or 
postsynaptic alpha2-ARs.  
 
 
 
Mitochondrial AKAP1 Protein Is Required for Diet-Induced Obesity, Glucose Dysregulation and 
Hypertension  
 
Deng Fu Guo1,3, Donald A. Morgan1,3, Yuying Zhao1, Ronald A. Merrill1, Stefan Strack1 and Kamal Rahmouni1,2,3 

 
Departments of Neuroscience & Pharmacology1 and Internal Medicine2, The University of Iowa and The Iowa City 
VA Health Care System3, Iowa City, Iowa, USA. 
 
Mitochondria are best known as the powerhouse of the cell playing a critical role in energy metabolism with 
important implications in the development of obesity, a major cause of type 2 diabetes and hypertension. A-kinase 
anchoring protein 1 (AKAP1) is a mitochondrial scaffold protein that promote protein kinase A (PKA)-mediated 
phosphorylation of Drp1(Ser637) by increasing the local concentration of PKA at the outer mitochondrial membrane. 
However, the role of AKAP1 in the regulation of body weight, glucose homeostasis and blood pressure is not known. 
We used AKAP1 deficient mice to understand the physiological significance of this protein. Male and female AKAP1-

/- and AKAP1+/- mice fed normal chow exhibit normal body weight relative to littermate controls. In contrast, AKAP1-

/- and AKAP1+/- mice fed high fat high/sucrose diet (HFHSD) display attenuated weight gain compared to controls 
(male: 39.5+1.7 and 42.5+1.6 vs 47.3+2.3g, and female: 29.7+1.3 and 29.2+1.8 vs 32.5+1.5g). This was associated 
with significant decreased in fat mass in AKAP1-/- (male:16.2+0.9g and female: 8.7+1.1g) and AKAP1+/- 
(male:15.0+2.5g and female: 9.2+1.0g) mice compared to controls (male: 21.2+1.7g and female: 13.9+1.6g) 
whereas lean mass was not different between the three groups. Glucose tolerance test revealed that female AKAP1-

/- mice have improved glucose handling, and insulin tolerance test showed that insulin sensitivity is better in male 
AKAP1-/- mice than controls. Notably, blood pressure was significantly lower in HFHSD-fed male AKAP1-/- (systolic: 
124.4+6 mmHg) and AKAP1+/- (116.4+3 mmHg) mice vs control mice (146.4+5 mmHg). These findings 
demonstrated the importance of AKAP1 in the development of obesity and associated diabetes and hypertension. 
Our data also point to mitochondria function as a potential therapeutic target for treatment of common obesity and 
related diseases. 
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Exploring the mechanisms underlying cognitive deficits in the constitutive E198K KI mouse model of 
Jordan’s syndrome 
 
Chian Ju Jong, PhD1, Chunling Chen, BS1, Ronald Merrill, PhD1, Arminja Kettenbach, PhD2, Gail Healey, BS1, 
Yufang Kong, BS1, Stefan Strack, PhD1 
 

1Department of Neuroscience and Pharmacology, University of Iowa, Carver College of Medicine, Iowa City, IA 
2Department of Biochemistry and Cell Biology, Geisel School of Medicine at Dartmouth, Lebanon, NH  
 
Protein phosphatase 2A (PP2A) activity is essential for eukaryotic cells and its specificity is regulated by its many 
regulatory subunits.  Mutations in regulatory subunits have been associated with a wide variety of human diseases 
from cancer to intellectual disability (ID).  Currently, there are more than 200 individuals identified with de novo 
mutations in the PPP2R5D gene, which encodes for the PP2A regulatory protein B’delta. The most common 
symptoms include intellectual disability, neurodevelopmental delay, autism spectrum disorder, and seizures. We 
currently have the constitutive E198K knock-in (KI) mouse model of Jordan’s Syndrome (JS), which is the most 
common and severe disease-causing mutation in humans. The E198K KI mouse was generated at the University 
of Iowa Genome Editing Core Facility using the CRISPR/Cas9-mediated gene editing to introduce the E198K 
mutation in the murine Ppp2r5d locus. The E198K KI mice recapitulate most of the common symptoms of JS, 
including cognitive impairment (refer to poster by Chen et al). To further appreciate JS, we investigated the 
underlying mechanisms of cognitive impairment in E198K brains.  The E198K mice were first tested in 2T-ymaze 
and contextual fear conditioning. The mice were then euthanized by focused-beam microwave irradiation to the 
head to preserve labile phosphorylation sites and metabolites, followed by dissection of hippocampus and cortex 
fraction and immediate flash-frozen in liquid nitrogen. SDS lysates were subsequently analyzed by western blotting. 
The E198K KI mice are cognitively impaired as evidenced by a decrease in the novel exploration arm in the 2T-
ymaze and a decrease in the % of freezing time at 24 hours recall in the fear conditioning task. Further investigation 
of the signaling pathways in the E198K brains suggest a hypo-phosphorylation state, which agrees with our 
biochemical data suggesting a gain-of-function mechanism. Therefore, altered PP2A activity in E198K may 
deregulate signaling pathways mediating normal cognitive functions. 
 
 
 
 
Hypomorphism of a novel long ERα isoform causes severe reproductive dysfunctions in female mice 
 
1Kenji Saito, PhD, 1Jacob E. Dickey, 1Samuel R. Rodeghiero, 1Brandon A. Toth, 1Matthew J. Kelly, 1Yue Deng,  
1Uday Singh, PhD, 1Guorui Deng, PhD, 1Jingwei Jiang, PhD, and 1,2,3Huxing Cui, PhD 

 

1Department of Neuroscience and Pharmacology, 2Iowa Neuroscience Institute, 3F.O.E. Diabetes Research Center, 
University of Iowa Carver College of Medicine, Iowa City, IA52242, USA 
 
Estrogen receptor alpha (ERα)-mediated estrogen signaling play pivotal roles in both reproductive and non-
reproductive functions. Transcriptional regulation of ERα gene is highly complex, with multiple transcript variants 
being differentially produced across the tissues. However, tissue-specific variation and physiological specificity of 
the ERα variants are not yet fully understood. In an attempt to generate a Cre-dependently restorable ERα-null 
mice for functional genetic studies, we unexpectedly produced ERα hypomorphic mice with biased downregulation 
of a previously unappreciated long ERα isoform that is enriched in the female reproductive organs (uterus and 
ovaries) and the pituitary but minimally expressed in the brain. Female homozygous mutant mice were capable of 
pregnancy but displayed irregular estrus cycle and rarely kept newborn pups alive without significant morphological 
and pathological changes in reproductive system and the disruption of body weight homeostasis, indicating the vital 
role of this long isoform in female reproductive function. Collectively, our results define a tissue-specifically enriched 
long ERα isoform and its preferential role in female reproductive function rather than body weight homeostasis. 
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A splice acceptor variant in RGS6 associated with intellectual disability, microcephaly, and cataracts 
disproportionately promotes the expression of a subset of RGS6 isoforms 
 
Ahlers-Dannen KE*, Yang J*, Fu D, DeVore A, Spicer MM, Fisher RA 
*Denotes co-first authors 
 
Department of Neuroscience and Pharmacology, The Roy J and Lucille A Carver College of Medicine, University 
of Iowa, Iowa City, IA 52242 

 
Individuals with intellectual disabilities (ID) have an increased risk of developing psychiatric disorders, suggesting 
a common underlying genetic factor.  Of particular interest is regulator of G protein signaling 6 (RGS6), whose 
altered signaling and/or expression is associated not only with ID, but also numerous psychiatric disorders.  RGS6 
is a highly conserved gene that undergoes complex alternative mRNA splicing producing ~36 protein isoforms with 
high sequence similarity which has historically necessitated a global approach in functional studies.  Recently, we 
began addressing this deficiency through a comprehensive analysis of RGS6 isoform expression in mouse.  Using 
novel antibodies, we demonstrated RGS6 is most highly expressed in CNS and that RGS6L(+GGL) isoforms 
predominate.  Interestingly, a recently identified genetic variant in intron 17 of RGS6 (c. 1369-1G>C), associated 
with ID, may provide further clues into RGS6L(+GGL) isoform functional delineation.  This variant is predicted to 
alter a highly conserved canonical 3’ acceptor site creating an alternative branch point within exon 18 (included in 
a subset of RGS6L(+GGL) transcripts) and a frameshift forming an early stop codon.  We previously identified this 
alternative splice site and demonstrated its use generates RGS6Lζ isoforms.  Here, we show that the c. 1369-1G>C 
variant disrupts the canonical, preferred (>90%) intron 17 splice site and leads to the exclusive use of the alternate 
exon 18 splice site, inducing disproportionate expression of a subset of isoforms, particularly RGS6Lζ.  Given RGS6 
global knockout mice do not exhibit ID, ID caused by the c. 1369-1G>C variant likely results from altered RGS6 
isoform expression, rather than RGS6 isoform loss. 
 
 
 
Investigation into the Role of the Skeletal Muscle BBSome in Insulin Sensitivity  
 
Younes Rouabhi, Deng-Fu Guo, PhD, Kamal Rahmouni, PhD 
 
Department of Neuroscience and Pharmacology, The University of Iowa Carver College of Medicine and Iowa City 
VA Health Care System 
 
The BBSome is a protein complex composed of eight Bardet-Biedl syndrome (BBS) proteins including BBS1. 
Humans and mice lacking a functional BBSome display impaired insulin sensitivity, hyperglycemia, and type 2 
diabetes, highlighting the importance of this protein complex in the control of insulin action and glucose 
homeostasis. However, the contribution of the BBSome in insulin sensitive tissues such as the skeletal muscle to 
the control of insulin sensitivity is not clear. We hypothesized that BBSome deficiency in the skeletal muscle will 
lead to insulin resistance and diabetes. To test this, we generated a novel conditional knockout mouse model lacking 
the Bbs1 gene specifically in the skeletal muscle. This was achieved by crossing mice expressing floxed alleles of 
the Bbs1 gene (Bbs1fl/fl) with mice expressing Cre-recombinase in the skeletal muscle (MCKCre). These mice were 
further bred with tdTomato reporter mice to validate Cre-recombinase using red tdTomato protein fluorescence. 
Body weight, glucose handling (measured using glucose tolerance test, GTT) and insulin sensitivity (measured 
using insulin tolerance test, ITT) of Bbs1fl/fl/MCKCre mice were compared to littermate controls. Furthermore, we 
used Western blot to test the ability of insulin to activate Akt, a key signaling pathway associated with the insulin 
receptor. We found that both male and female Bbs1fl/fl/MCKCre mice have no significant alteration in body weight 
relative to wild type controls (31.4±1.5 vs 31.1±1.0 g in males and 24.1±2.2 vs 23.0±1.7 g in females at 16 weeks 
of age). There was also no significant change in glucose handling (GTT AUC: 30608±2106 vs 30741±3480 in males 
and 28836±4466 vs 26530±3334 AUC in females) and insulin sensitivity (ITT AUC: 11017±1285 vs 9935±1080 in 
males and 8223±792 vs 5803±978 AUC in females) between Bbs1fl/fl/MCKCre mice and controls. This was further 
confirmed by the lack of difference in insulin-induced Akt activation in skeletal muscle, liver, and adipose tissue. 
These findings suggest that BBS1 protein in skeletal muscle is not required for insulin sensitivity. Next, we assessed 
whether challenging the mice with high fat/high sucrose diet (HFHSD), starting at weaning, could reveal a role for 
the skeletal muscle BBSome in insulin sensitivity. The weight gain evoked by HFHSD was comparable between 
Bbs1fl/fl/MCKCre mice and controls (32.3±3.1 vs 33.3±1.0 g in males at 10 weeks of age). Once they reach 16 weeks 
of age, the HFHSD mice will be subject to glucose tolerance and insulin sensitivity tests to determine if obesity 
exaggerates hyperglycemia and insulin resistance in Bbs1fl/fl/MCKCre mice. 
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