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Nicholas Denton and Amy Kulesza
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Sotorasib, a KRAS-G12C Inhibitor, Induces
Chemoresistance by Activating Human Pregnane
Xenobiotic Receptor

Julia Salamat,1 Kodye L. Abbott,2 Elizabeth L. Ledbetter,1 Chuanling Xu,1 and
Satyanarayana R. Pondugula1

1Auburn University; and 2Yale School of Medicine
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During multidrug combination chemotherapy, activation of the nuclear receptor, human pregnane xenobiotic receptor (hPXR), has
been shown to play a role in the development chemoresistance. Mechanistically, this could occur by upregulation of agonists-in-
duced hPXR-regulated expression of drug-metabolizing enzymes and drug-efflux pumps, such as cytochrome P450 3A4
(CYP3A4) and multidrug resistance protein 1 (MDR1). CYP3A4 & MDR1, contribute to the metabolism and disposition of over 50%
of clinical drugs. Therefore, during multidrug chemotherapy, drug induction of hPXR-regulated CYP3A4 & MDR1 leads to in-
creased drug metabolism & transport, affecting the therapeutic response of co-administered drugs, leading to chemoresistance.
Sotorasib (SOT) is the first FDA approved KRAS-G12C inhibitor for the treatment of advanced non-small cell lung cancer with the
KRAS-G12C mutation. It is currently unknown whether SOT can activate hPXR and upregulate hPXR target gene expression, lead-
ing to chemoresistance. We therefore sought to determine whether SOT, at its therapeutically relevant concentrations, could act
as an hPXR agonist and upregulate hPXR-mediated regulation of CYP3A4 & MDR1 in human hepatocytes, HepG2 liver cancer
cells & LS180 colon cancer cells, and induce chemoresistance in LS180 cells. Reporter gene assays were conducted to determine
the transactivation of CYP3A4 promoter activity by the nuclear receptors. Cell viability assays were performed to assess cytotoxic-
ity. RT-qPCR assays were conducted to study CYP3A4 & MDR1 gene expression. Rhodamine-123 intracellular accumulation as-
says were performed to examine MDR1 function. Competitive ligand binding assays were performed to determine the ability of
SOT to bind to hPXR. SOT, at its therapeutically relevant concentrations, induced hPXR transactivation of CYP3A4 promoter activ-
ity, suggesting that SOT can induce hPXR target gene expression. Indeed, SOT induced endogenous gene expression of hPXR
target genes: CYP3A4 & MDR1. SOT decreased intracellular accumulation of MDR1 substrate rhodamine-123, suggesting that
SOT induces MDR1 functional expression. SOT was able to bind to the ligand-binding domain of hPXR, suggesting that SOT can
directly interact with hPXR to induce hPXR target gene expression. The inductive effect of SOT on CYP3A4 promoter activity as
well as endogenous CYP3A4 & MDR1 gene expression was inhibited by a specific hPXR antagonist SPA70. These findings sug-
gest that SOT induces hPXR target genes by directly activating hPXR. Moreover, while SOT activated hPXR, it failed to activate the
mouse PXR and another related nuclear receptor human constitutive androstane receptor in the reporter gene assays, indicating
that the effects of SOT are both species and nuclear receptor dependent. Notably, SOT decreased the sensitivity of LS180 cells to
both irinotecan and its active metabolite SN-38, suggesting that SOT can induce chemoresistance by activating hPXR. Taken to-
gether, our results suggest that SOT induces chemoresistance by activating hPXR and inducing CYP3A4 & MDR1. The inductive
effects of SOT on CYP3A4 & MDR1 expression caution the use of SOT in conjunction with other medications that are metabolized
and transported via CYP3A4 & MDR1, as this can lead to chemoresistance.

Acknowledgments: This study was supported by Auburn University Animal Health & Disease Research Program to S.R.P.
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Identification and Testing of a Novel HUNK Inhibitor
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Human epidermal growth factor receptor 2-positive (HER2+) breast cancer is one the three clinical subtypes of breast cancer that
is defined by having HER2 gene amplification that coincides with HER2 protein overexpression. HER2 is amplified in 15-30% of
breast cancers and overexpression of this gene is a predictor of survival in breast cancer patients. HER2-targeted therapies have
been successful in treating HER2+ breast cancer; however, over time, HER2+ breast cancer can develop resistance to these ther-
apies establishing an urgent need for novel targets. Hormonally Up-regulated Neu-associated Kinase (HUNK) gene expression is
elevated in HER2+ breast cancer and high HUNK expression is associated with reduced relapse free survival. HUNK activation
has been found to promote autophagy enhancing survival of HER2+ breast cancer cells, which promotes resistance to HER2-in-
hibitors. Prior work shows that HUNK phosphorylates an autophagy protein, Rubicon, in its N-terminal domain at Serine (S) 92,
promoting autophagy. Therefore, based on these findings we investigated the role of S92 Rubicon phosphorylation in HER2+
breast cancer using cell lines developed from the MMTV-neu mouse model. MMTV-neu cells expressing HUNK WT were retrovir-
ally transduced with vector, Rubicon WT, and a Rubicon phospho-deficient mutant (S92A). Using a mammary tumor growth assay
we have determined that Rubicon S92 phosphorylation promotes tumorigenesis, defining a molecular target for HUNK activity.
Ponatinib is a kinase inhibitor that binds but does not inhibit the kinase domain of HUNK. In collaboration with Dr. Herman Sintim’s
lab at Purdue University, we chemically modified the structure of Ponatinib and have now derived a novel inhibitor of HUNK,
HSL119, that inhibits HUNK kinase activity. Therefore, the objective of this study is to demonstrate that HSL119 is a pharma-
cological inhibitor of HUNK activity that inhibits tumorigenesis in HER2+ breast cancer. We have shown using a HUNK ki-
nase assay that HSL119 inhibits HUNK’s phosphorylation of Rubicon at S92. In a HER2-inhibitor resistant cell line, JIMT-1, we
show that HSL119 inhibits Rubicon S92 phosphorylation and reduces viability. Furthermore, using a HER2 PDX model that is re-
sistant to lapatinib and neratinib, we show that HSL119 strongly inhibits tumor growth compared to placebo. Together, our obser-
vations suggest that HUNK activity is inhibited using HSL119 resulting in the desired anti-tumor effect. This establishes that
HUNK activity can be inhibited using HSL119 and that pharmacological inhibition of HUNK is an applicable strategy for HER2+
breast cancer.

Support/Funding Information:

R01-CA187305
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Ethanolic Extract of Origanum syriacum L. Leaves Exhibits
Potent Anti-Breast Cancer Potential and Robust Antioxidant
Properties
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Background: Breast cancer (BC) is the second most common cancer overall. In women, BC is the most prevalent cancer and the
leading cause of cancer-related mortality. Triple negative BC (TNBC) is the most aggressive BC being resistant to hormonal and
targeted therapies.

Hypothesis/Purpose: The medicinal plant Origanum syriacum is a shrubby plant rich in bioactive compounds and widely used in
traditional medicine to treat various diseases. However, its therapeutic potential against BC remains poorly investigated. In the
present study, we identified the bioactive compounds of the ethanolic extract of O. syriacum (OSEE) and investigated its antican-
cer effects and possible underlying mechanisms of action against the aggressive and highly metastatic human TNBC cell line
MDA-MB-231.

Methods: Column chromatography and LC-MS were used to identify the phytochemical constituents of OSEE, MTT, trans-well
migration, and scratch assays were used to assess cell viability, invasion, or migration, respectively. Antioxidant potential was
evaluated in vitro using the DPPH radical scavenging assay and ROS levels were assessed in cells in culture using DHE staining.
Aggregation assays were used to determine cell-cell adhesion. Flow cytometry was used to analyze cell cycle progression. Protein
levels of markers of apoptosis (BCL-2, pro-Capase3, p53), proliferation (p21, Ki67), cell migration, invasion, or adhesion (FAK, E-
cadherin), angiogenesis (iNOS), and cell signaling (STAT3, p38) were determined by immunoblotting. Chorio-allontoic Membrane
(CAM) assay evaluated in ovo angiogenesis.

Results: We demonstrated that OSEE was rich in phytochemical constituents mainly carvacrol. We also found that the OSEE
crude extract had potent radical scavenging activity in vitro and induced the generation of reactive oxygen species (ROS) in MDA-
MB-231 cells, especially at higher OSEE concentrations. Non-cytotoxic concentrations of OSEE attenuated cell proliferation and
induced G0/G1 cell cycle arrest, which was associated with phosphorylation of p38 MAPK, an increase in the levels of tumor sup-
pressor protein p21, and a decrease of proliferation marker protein Ki67. Additionally, only higher concentrations of OSEE were
able to attenuate inhibition of proliferation induced by the ROS scavenger N-acetyl cysteine (NAC), proposing that the anti-prolifer-
ative effects of OSEE can be ROS-dependent. OSEE stimulated apoptosis and its effector Caspase-3 in MDA-MB-231 cells, in
correlation with activation of STAT3/p53 pathway. Furthermore, the extract reduced the migration and invasive properties of
MDA-MB-231 cells through the deactivation of focal adhesion kinase (FAK). OSEE also reduced the production of inducible nitric
oxide synthase (iNOS) and inhibited in ovo angiogenesis. Further studies have been carried out to assess the composition of vari-
ous fractions from the OSEE crude extract, in an effort to identify the bioactive molecules. Interestingly, two fractions have shown
a more potent activity against the proliferation of MDA-MB-231 cells when compared to the crude extract.

Conclusion: Our findings reveal that OSEE is a rich source of phytochemicals and has robust anti-breast cancer properties that
significantly attenuate the malignant phenotype of MDA-MB-231 cells, suggesting that Origanum syriacum may act as a rich
source of potential TNBC therapeutics and poising Origanum syriacum to offer novel avenues for the design novel TNBC drugs.
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Aberrantly upregulated Drp1 induces mitochondrial fission
and promotes colorectal cancer cell migration
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Metastasis is the major cause of cancer death. One of the major challenges in the management of cancer is to identify cancer cells
with high metastatic potential, and to confine the cancer cells to their current location for destruction once detected. Understand-
ing the molecular mechanism that allows cancer cells to acquire migratory abilities can lead to development of novel therapies. Mi-
tochondria exist as dynamic networks that often change size and distribution, and these dynamics are maintained by two
opposing processes: fission and fusion, regulated by Drp1 and mitofusin (Mfn) proteins, respectively. The present study was to in-
vestigate the role and mechanism underlying dysregulation of mitochondrial dynamics (unbalanced fission or fusion) in colorectal
cancer (CRC), the 3rd leading cause of cancer-related deaths in the United States.

We performed immunohistochemical (IHC) analysis of Drp1 protein expression in commercial microarrays of 266 human CRC
specimens and adjacent normal tissues. Average Drp1 staining intensities in carcinoma were increased as compared with normal
or adjacent normal tissues (2.34±0.05 vs 1.12±0.08, P<0.001). Drp1 protein expression was further increased in lymph node me-
tastases as compared to carcinoma (2.96±0.13 vs 2.34±0.05, #P<0.01). These data suggest that upregulation of Drp1 mitochon-
drial fission protein is proportional to the degree of metastasis of these CRCs. We then characterized mitochondrial dynamics in
different CRC cell lines. Mitochondria are tubular network-like structures in non-metastatic SW480 cells whereas in metastatic
HCT-116 and LoVo cells, mitochondria are short tubules and spheres. Transwell migration assay showed that HCT-116 and LoVo
cells have 20-50-fold higher migratory abilities than SW480 cells. Western blot showed that Drp1 was markedly increased in HCT-
116 and LoVo cells as compared to SW480 cells. Silence of endogenous Drp1 expression leads mitochondrial elongation and de-
creases migratory abilities of HCT-116 cells in vitro by over 70% whereas overexpression of recombinant Drp1 induces mitochon-
drial fragment and promotes SW480 cell migration in vitro. Together, our study may provide a novel strategy to prevent metastasis
via target Drp1-dependent mitochondrial fission in CRC patients.

Supported by Nebraska State LB595 grants to YT and PWA
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Designing Tailored Thiosemicarbazones with Bespoke
Properties: The Styrene Moiety Imparts Potent and
Selective Anti-Tumor Activity
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Background: Thiosemicarbazones of the di-2-pyridylketone thiosemicarbazone class possess potent anti-tumor activity via bind-
ing essential metal ions in cancer cells (e.g., iron (Fe(II)), copper (Cu(II)), and zinc (Zn(II)) to form metal complexes. These agents
demonstrate activity at inhibiting the “triad-of-death” in cancer, namely (1) metastasis; (2) tumor growth; and (3) resistance (Rich-
ardson et al. PNAS 2006;103:14901-6; FASEB J. 2020;34:11511-28; FASEB J. 2021;35:e21347). However, clinical trials have indi-
cated that some thiosemicarbazones induce deleterious oxidation of heme proteins such as oxyhemoglobin leading to hypoxia
(Invest. New Drugs. 2010;28:91–97).

Objective/Aim: To design, synthesize, and characterize innovative thiosemicarbazone anti-cancer agents with marked and selec-
tive anti-tumor activity that do not induce problematic oxidation of oxy-myoglobin or oxyhemoglobin.

Hypothesis: That bespoke structural modifications of thiosemicarbazones derived from structure-activity relationships can lead
to frontier agents with marked anti-cancer activity and selectivity.

Design/Approach/Methodology: Medicinal chemistry, cellular and molecular biology, biochemistry, molecular pharmacology,
molecular modeling, and protein docking.

Results: A novel, potent, and selective anti-tumor thiosemicarbazone, PPP44mT, and its analogs were synthesized and charac-
terized and displayed strikingly distinctive properties. This activity was mediated by the inclusion of a styrene moiety, which
through steric and electrochemical mechanisms, prevented deleterious oxy-myoglobin or oxyhemoglobin oxidation relative to
other thiosemicarbazones, namely di-2-pyridylketone-4-cyclohexyl-4-methyl-3-thiosemicarbazone (DpC) or di-2-pyridylketone-
4,4-dimethyl-3-thiosemicarbazone (Dp44mT). This prevention of heme oxidation was due to the ability of the styrene moiety to
prevent the close association of PPP44mT to the heme plane of oxy-myoglobin or oxyhemoglobin. Furthermore, structure-activity
relationship analysis demonstrated that specific tuning of PPP44mT electrochemistry further inhibited oxy-myoglobin or oxyhe-
moglobin oxidation. Both PPP44mT and its Cu(II) complexes showed conspicuous, almost immediate cytotoxicity against SK-N-
MC tumor cells (within 3 h). In contrast, the Zn(II) complex of PPP44mT (i.e., [Zn(PPP44mT)2]) demonstrated a pronounced delay in
activity, taking 48 h before marked anti-proliferative efficacy was apparent. As such, [Zn(PPP44mT)2] was designated as a “stealth
Zn(II) complex” that overcomes the near immediate cytotoxicity of PPP44mT or its Cu(II) complexes. Examining suppression of
oncogenic signaling, [Zn(PPP44mT)2] was superior to DpC or Dp44mT at inhibiting the expression of pro-oncogenic cyclin D1.

Significance: This research demonstrates that thiosemicarbazones can be specifically tailored to achieve bespoke activity that
leads to marked anti-cancer activity and selectivity.

Support/Funding Information: National Health and Medical Research Council of Australia; Australian Research Council;
Thrasher Foundation USA; Cancer Australia; National Breast Cancer Foundation of Australia.
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Histone Deacetylase Inhibitor Belinostat Regulates
Metabolic Reprogramming in Killing Kras-Mutant Human
Lung Cancer Cells

Rebecca Peter,1 Md. Shahid Sarwar,1 Yujue Wang,1 Xiaoyang Su,1 and Ah-Ng Kong1

1Rutgers University
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Aims: Kirsten Rat Sarcoma virus (KRAS) oncogene, found in 20-25% of lung cancer patients, regulates metabolic reprogramming
and redox status during tumorigenesis. Recently, histone deacetylase (HDAC) inhibitors are widely investigated for the treatment
of KRAS-mutant lung cancer. In the current study, we investigate the effect of HDAC inhibitor (HDACi) belinostat on nuclear factor
erythroid 2-related factor 2 (NRF2) and mitochondrial metabolism for the treatment of KRAS-mutant cell lung cancer.

Main methods: LC-MS metabolomic study of belinostat on mitochondrial metabolism was performed in KRAS-mutant non-small
cell lung cancer cells. Furthermore, L-methionine (methyl-13C) isotope tracer was used to explore the effect of the belinostat in
one carbon metabolism. Bioinformatic analyses were performed with the metabolomic data to identify the pattern of the signifi-
cantly regulated metabolites. To study the effect of belinostat on redox signaling Are-NRF2 pathway, luciferase reporter activity
assay was done in stably transfected HepG2-C8 cells (containing pARE-TI-luciferase construct), followed by qPCR analysis of
NRF2 and its target gene in NSCLC cells.

Key findings: Metabolomic study revealed significantly altered metabolic levels related to redox homeostasis including tricarbox-
ylic acid (TCA) cycle metabolites (citrate, aconitate, fumarate, malate and a-ketoglutarate); urea cycle metabolites (Arginine, orni-
thine, argino-succinate, aspartate and fumarate); and glutathione metabolism pathway (GSH/GSSG and NAD/NADH ratio) after
belinostat treatment. 13C stable isotope labeling data indicates potential role of belinostat in creatine biosynthesis via methylation
of guanidinoacetate. Moreover, belinostat inhibited NRF2 activity and downregulated the expression of NRF2 and its target gene
NAD(P)H:quinone oxidoreductase 1 (NQO1).

Significance: Belinostat is effective in killing KRAS-mutant lung cancer cells by regulating mitochondrial metabolism.

Keywords: Belinostat; HDAC inhibitor; Mitochondrial metabolism; KRAS mutation; NRF2; Lung cancer

This work was supported in part by institutional funds and and P30 ES005022 from the National Institute of Environmental Health
Sciences (NIEHS).
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Scaffold protein Scribble is a potent modulator of Sonic
Hedgehog signaling

Jingwen Zhu,1 Sabina Ranjit,2 Yao Wang,3 Frederique Zindy,3 Martine Roussel,3 and
John Schuetz4

1St. Jude Children's Research Hospital and the University of Tennessee Health Science Center; 2St Jude Children; 3St. Jude
Children's Research Hospital; and 4St. Jude Children
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Sonic Hedgehog (SHH) signaling plays a crucial role in cerebellum development by controlling the proliferation of granule neuron
progenitors (GNP). Its aberrant expression results in SHH-Medulloblastoma (MB), which is among the most prevalent pediatric
brain tumors in children younger than 3 years old. Though SHH-MB is genetically understood, current therapies are ineffective.
There is an unmet need to identify new targetable regulators of SHH signaling to improve outcomes. We previously reported that
the ABC transporter ABCC4 was expressed in MB and modulated the intensity of SHH pathway activity1, and have recently identi-
fied Scribble (SCRIB) as a protein that binds to the PDZ motif of ABCC4. SCRIB is a conserved scaffold protein that has known
roles in cell polarity and coordinates several signaling pathways2. A recent study discussed SCRIB’s association with neurodeve-
lopmental disorders3. However, it is unknown whether SCRIB regulates the SHH pathway. In mouse cerebellum, we found that
Scrib is highly expressed at postnatal day 1-7 (when SHH signaling is most active) and specifically expressed in proliferating
GNPs. We hypothesized that SCRIB might regulate SHH signaling by either affecting ABCC4 or acting independently. To test if
SCRIB is required for SHH signaling, Scrib knockdown by siRNAs was performed in NIH-3T3 cells, a model of the SHH pathway.
SHH signaling was initiated by either SHH ligand or Smoothened (Smo) agonist SAG. The activation was assessed by Gli1 expres-
sion, a target gene of SHH signaling. Our results showed that suppression of Scrib remarkably diminished both mRNA (p<0.05)
and protein level (p<0.01) of Gli1, demonstrating that SCRIB is a positive regulator of SHH signaling. We then used CRISPR-Cas9
to develop NIH-3T3 Scrib knockout (KO) clones that affirmed Scrib absence impaired SHH signaling. Because ABCC4 regulates
SHH signaling by affecting cAMP transport, we excluded the possibility that SCRIB modulates the pathway by affecting ABCC4’s
expression, localization and function. We then investigated alternative molecular mechanisms by which SCRIB acts independently
of ABCC4. The expression and localization of key elements in SHH signaling were evaluated in ScribKO clones, including Smo
and Gli2. There was minimal effect on the upstream SHH activator Smo, but subcellular fractionation revealed that Scrib’s ab-
sence dramatically reduced the SHH-induced nuclear expression of Gli2 (p<0.0001), a dominant downstream activator. Cyclo-
heximide turnover studies suggested that SCRIB is required for the stability of GLI2 during SHH signaling. To understand the
influence of SCRIB on the aberrant SHH signaling that drives some SHH-MBs, Scrib siRNAs were applied to mouse fibroblast cell
lines lacking either Ptch1 or Sufu. Loss of Scrib restrained the constitutive SHH pathway activation produced by Ptch1 or Sufu ab-
sence as shown by the dramatic reduction in Gli1(p<0.01). Moreover, SCRIB knockdown in human SHH-MB cell lines, DAOY and
UW228, significantly decreased the proliferation of these tumor cells (p<0.02), highlighting that SCRIB suppression is a viable
strategy to reduce SHH-MB tumor growth. Overall, our data demonstrates that SCIRB is a new potent modulator of SHH signaling
with the potential as a novel target in SHH-MB therapy.

This work is supported by NIH and ALSAC.

Ref:

1. Wijaya, J. et al. Cancer Res.2020

2. Pires, H. R. & Boxem, M. J. Mol. Biol.2018

3. Ezan, J. et al. Sci. Rep.2021.
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Understanding How Cellular Metabolism Affects Clofarabine
Treatment in Acute Myeloid Leukemia

Ashley Gray,1 Yu Fukuda,2 Lauren Brakefield,1 Amit Budhraja,3 Joseph T. Opferman,3 and
John Schuetz2

1St. Jude Children's Research Hospital and University of Tennessee Health Sciences Center; 2St. Jude Children; and 3St. Jude
Children's Research Hospital
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Acute myeloid leukemia (AML) has a poor 5-year survival rate of only 40%. The poor survival rate is in part due to leukemic stem
cells (LSCs) surviving traditional chemotherapeutic treatment; a high proportion of patients experience relapse because LSCs ap-
pear refractory to therapy. Previous research has indicated heterogeneous, but distinct metabolic profiles in hematopoietic stem
cells (HSCs), LSCs, and AML blasts. The impact of these different metabolic pathways on therapeutic response to agents used to
treat AML is not well understood. We hypothesized that the AML metabolic state could impact response to chemotherapy. We
have shown that various AML cell lines of the same French American British (FAB) subtype have different metabolic states by us-
ing the Seahorse bioanalyzer. The basal metabolism of these cells can be shifted to reliance on oxidative phosphorylation (OX-
PHOS) by culturing cells in medium with galactose rather than glucose; cells can also be shifted to rely on glycolysis by treating
cells with the complex I inhibitor, IACS-010759. Utilizing these approaches to shift metabolic state, the chemotherapeutic re-
sponse based on cellular metabolism has been assessed. The current standard-of-care in AML includes a “7+3” regimen treat-
ment with cytarabine (AraC) and an anthracycline as the backbone agents. We screened 4 M5 FAB subtype AML cell lines with
various chemotherapeutic agents under “normal” glucose media culture conditions, or galactose media culture conditions. As
previously reported, resistance to AraC was increased under OXPHOS conditions.1 In contrast, the anthracycline Idarubicin
showed no difference in response under conditions favoring neither glycolysis nor OXPHOS. In 2004, the purine nucleoside analog
antimetabolite—clofarabine—was approved for use in leukemia patients with relapsed or refractory disease. While this drug is not
currently the standard of care for AML treatment, clofarabine is regularly used in AML treatment regimens. Clofarabine was tested
and response was different under either glycolytic or OXPHOS conditions. In the more glycolytic U937 AML cell line, we have
shown that shifting the cells to rely on OXPHOS leads to increased clofarabine resistance. However, the key determinants of this
change in clofarabine sensitivity (e.g., dCK, RRM1) were unchanged by the altered metabolic state of the cells. This indicates a
previously unidentified mechanism of clofarabine toxicity is operative under different metabolic conditions. An unbiased approach
to determine which metabolic pathways affect drug sensitivity can be conducted by a metabolic-focused CRISPR screen. The
metabolic CRISPR screen includes a library containing 29,790 gRNAs which target 2,981 metabolic genes. By conducting a
“drop-out” CRISPR screen, genes important to clofarabine response can be identified. Based on the results from the CRISPR
screen our studies should reveal previously unidentified clofarabine mechanism of action that can be exploited to improve AML
treatment with clofarabine.

References

1 Farge T, et al. Chemotherapy-Resistant Human Acute Myeloid Leukemia Cells Are Not Enriched for Leukemic Stem Cells but Re-
quire Oxidative Metabolism. Cancer Discov. 2017

Funding for this project was supported by the National Institute of Health (NIH) and American Lebanese Syrian Associated
Charities
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Direct Targeting of Menin-MLL1 Interaction Inhibits Cancer
Stem Cells to Inhibit Neuroblastoma Growth

Rameswari Chilamakuri,1 and Saurabh Agarwal2

1St Johns Univ; and 2ST.JOHNS UNIVERSITY
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Epigenetic regulators such as MLL1 play an important role in cancer progression, metastasis, and relapse. MLL1 forms a COM-
PASS complex with Menin and other binding partners to function as an epigenetic enzyme, an H3K4 methyltransferase. Inhibition
of Menin-MLL1 interaction is known to inhibit the epigenetic enzyme functions in different cancers. We hypothesized that Menin-
MLL1 inhibition will inhibit neuroblastoma cancer stem cells (NB CSCs; CD114+ cells) to inhibit overall neuroblastoma (NB)
growth. NB is an extracranial solid pediatric cancer that accounts for 10-15% of all pediatric cancer-related deaths, with the long-
term survival of relapsed NB patients being less than 10%. In the present study, we used a specific small molecule inhibitor, MI-
503, to disrupt the Menin-MLL1 interaction in both in vitro and in vivo tumor models. In vitro cell proliferation studies were per-
formed using MYCN amplified (NGP, LAN-5, IMR-32), and MYCN non-amplified (SH-SY5Y, SK-N-AS, CHLA-255) NB cell lines,
patient-derived xenograft (PDX) cell lines (COG-N-415, COG-N-269, COG-N-357), and control fibroblast cell lines. We observed a
dose-dependent inhibition of NB cell proliferation in both 2D cell proliferation studies and 3D spheroid tumor models, in contrast
to non-cancerous fibroblasts and control treatments. Further, we observed that MI-503 significantly induces apoptosis and blocks
cell cycle progression at the S phase in a dose-dependent manner in different NB cell lines tested. We further observed that MI-
503 inhibits the expression of multiple oncogenic cell signaling pathways, cancer stemness-related genes such as OCT4, and
Nanog, and inhibits different MLL1 fusion partner genes such as HOXA, AF9, and MEIS1. Additionally, and as expected, MI-503
significantly inhibits H3K4me3 levels, as determined by the histone immunoblot assays. Further, we determined the efficacy of MI-
503 in inhibiting the NB CSCs (CD114+ cells) in NB. In our previous efforts, we have defined the CD114+ cells in NB tumors and
found that these cells may drive the refractory NB relapse. Interestingly, we found that MI-503 significantly and in a dose-depen-
dent manner inhibits the NB CSC population in comparison to control treatments in NB cells and in NB mouse models by specifi-
cally inducing apoptosis in NB CSCs, in contrast to non-CSCs (CD114- cells). Further, we determined the efficacy of MI-503 in NB
mouse models and found that MI-503 significantly inhibits overall NB tumor growth and tumor burden by directly inhibiting tumor
NB CSCs. Overall, our data highlights the role of the epigenetic mechanisms regulating the NB CSCs and NB growth. Our study
also highlights the inhibition of Menin-MLL1 interaction by MI-503 as a novel therapeutic approach for NB. In our future efforts, we
will combine epigenetic therapeutic approaches with current chemotherapies to concomitantly target both NB CSCs and bulk tu-
mor cells to develop effective and clinically tractable therapies for NB.
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MCL1 Small Molecule Inhibitor S63845 Synergizes with
Cisplatin in Basal-like Triple Negative Breast Cancer
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Triple negative breast cancer (TNBC) is an aggressive cancer that lacks specific molecular targeted therapies. Thus, current stan-
dard of care requires the use of neoadjuvant therapy with taxol, cytoxan, and platinum-based agents. There is a strong therapeutic
resistance to platinum-based therapy, thus combination of multiple treatments has confirmed promising anti-tumorous effects for
TNBC. The ability to avoid cell death can be attributed increased expression of the anti-apoptotic protein, myeloid cell leukemia 1
(MCL1). Multiple studies have demonstrated that MCL1 enables resistance to chemotherapy and directly correlates with in-
creased tumor size and invasion. We recently demonstrated that MCL1 binds to the DNA damage response protein, p73, and sup-
presses its transcriptional activity. As p73 upregulation is a key mechanism for cisplatin induced DNA damage response and
ultimately cell death, we sought to determine if coadministration of a MCL1 targeted inhibitor with cisplatin would produce a syner-
gistic response in TNBC. This study demonstrates that the MCL1 inhibitor, S63845, combined with cisplatin synergizes in basal-
like TNBC cell lines. Additionally, basal-like lines treated with this combination showed a significant increase in TAp73 mRNA ex-
pression as well as downstream targets where this observation was absent in mesenchymal TNBC. This observation provides a
molecular profile for use of combined MCL1 inhibitors with cisplatin in basal-like TNBC as inhibition of MCL1 effectively initiates
TAp73 anti-tumorous effect on cell cycle arrest and apoptosis.

Support/Funding Information: R01GM117391
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The Paracrine Action of Mutant P53 In Breast Cancer
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Tumor suppressor p53 mutations have been identified in breast cancer-associated fibroblasts, correlating with a poor prognosis
in patients. However, the effects of fibroblastic mutant p53 on breast cancer remain unclear. We aim to investigate whether and
how p53R17H mutant in stromal fibroblasts impacts breast cancer. We hypothesize that fibroblastic p53R172H accelerates
mouse mammary tumor development via paracrine signaling(s) that alter biological pathways in the tumor. A cohort of MMTV-neu;
Fsp-Cre; p53wm-R172H/+ (NP) female mice was established, which develops human-epidermal-growth-factor-receptor 2 posi-
tive mammary carcinomas and contains p53R172H specifically in the fibroblasts. A cohort of MMTV-neu; Fsp-Cre (N) females was
also established, where p53 remains intact in the stromal fibroblasts of HER2 tumors. The NP female mice exhibited a significantly
shorter median tumor free survival than that of the N females. RNA-sequencing of NP and N tumors and mammary glands re-
vealed large number of differentially expressed genes (DEGs) between tumor and mammary glands for each genotype. The DEGs
that are solely present in the NP tumors verse N tumors were subjected to the Gene Sets Enrichment Analysis. Multiple signaling
pathways, including the cholesterol homeostasis, apoptosis, PI3/AKT/mTOR and interferon alpha response, were found enriched
in the NP tumors. Our results show that fibroblastic mutant p53 promotes mammary tumor development, potentially through a
paracrine mechanism that alters gene expression profiles in the tumor.
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The Synergistic Antitumor Effect of Irinotecan and
Flavonoids on Human Colon Cancer Xenograft Mice

Jyotsna Devi Godavarthi,1 Abie Williams-Villalobo,2 Imoh Etim,1 Du Ting,1 Song Gao,1 and
Yun Zhang2

1Texas Southern University; and 2Texas Southern Univ

Abstract ID 53806 Poster Board 44

Camptothecin (CPT)-11 (irinotecan), a DNA topoisomerase I inhibitor, is one of the first-line therapeutic agents in the treatment of
metastatic colorectal cancer, but its efficacy and safety can be compromised because of its severe side effects, such as gastroin-
testinal injury/inflammation and severe diarrhea. Previous studies reported that natural flavonoids such as wogonin and chrysin
have anticancer and anti-diarrheal activities. The purpose of this study is to investigate the efficacy and safety of irinotecan when
co-administered with flavonoids in the human colon cancer xenograft model.

The human colorectal adenocarcinoma cell line HT-29 was cultured, and 2 x 106 cells/mouse were administered subcutaneously
to 6 weeks old nude mice. When the tumor volume was around 500-600 mm3, the flavonoids (wogonin and chrysin mix) were ad-
ministered by oral gavage at 100 mg per kg of mouse body weight (100mg/kg) per day for three days and then co-administered
with CPT-11. CPT-11 was administered intraperitoneally at two different doses i.e., 50 mg/kg and 75mg/kg per day for seven con-
secutive days as a bolus injection. Mice that received CPT-11 monotherapy served as control.

Our study demonstrated that the combination therapy of CPT-11 co-administered with flavonoids had no major impact on mouse
body weights. Furthermore, the combination therapy resulted in lower tumor volume when compared with single-agent treatment.
Tumor volume decreased by 36 % with the treatment of 50 mg/kg CPT-11 plus 100mg/kg/day wogonin/chrysin and 57 % with 75
mg/kg/day CPT-11 plus 100mg/kg/day wogonin/chrysin compared to conventional irinotecan treated animals. Interestingly, fe-
male mice that received the combination therapy, either with a low dose or high dose of CPT-11, showed a 2-fold decrease in tu-
mor volume when compared to CPT-11 only treated group. This confirms the previous reports that females mount a more robust
cellular and humoral response, resulting in greater anti-tumor efficacy. Furthermore, monotherapy and combination therapy led to
the same CPT-11 disposition in blood or tumor tissues, as demonstrated by the Liquid Chromatography-Tandem Mass Spectrom-
etry (LC-MS/MS) analysis.

Taken together, our data show that CPT-11 and flavonoids (wogonin and chrysin) exhibit a synergistic anti-tumor effect and can
be safely administered together for metastatic colon cancer treatment. Therefore, this combination therapy could be a promising
approach in anti-tumor chemotherapy for better clinical outcomes.

Support/Funding Information: NIGMS grant award 1SC2GM135111-01, NIMHD grant award U54MD007605, CPRIT grant
RP180748 and RCMI – CBMHR.
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Epigenetic Regulation of Medulloblastoma Proliferation by
Finasteride-Induced Modulation of BTG2 and CD244 Gene
Methylation
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Medulloblastoma is a common childhood malignant brain tumor occurring mostly in the cerebellum. B-cell translocation gene
(BTG2) is a p53 transcriptional target gene that functions as a coactivator-corepressor and/or an adaptor molecule that modulates
the activities of its interacting proteins. BTG2 is an inhibitor of proliferation and differentiation of medulloblastoma cells, while
CD244 is an upregulator of natural killer cells in medulloblastoma. In prior work aimed at determining the epigenetic effects of fi-
nasteride, a 5-alpha reductase inhibitor, on Leydig cells, we noted the effect of finasteride on the methylation of the BTG2 and
CD244 genes. Results demonstrated that finasteride upregulated BTG2 and CD244 gene expression through differential methyla-
tion. We therefore suggest that the increased expression of the BTG2 and CD244 genes by finasteride should be investigated fur-
ther as a potential treatment for medulloblastoma.
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Targeting mitochondrial protein NIX mediates resistance to
sorafenib in hepatocellular carcinoma through autophagy
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Aims: Although sorafenib benefits patients with advanced hepatocellular carcinoma (HCC), its clinical efficacy is restricted by
drug resistance. The pathogenesis of multisystem tumors is closely related to mitochondrial function, and anticancer drug re-
search has also made significant progress in autophagy, but the regulatory role of mitochondria in the etiology and pharmacology
of liver cancer remains unclear. To this end, we focused on the mitochondrial protein Nix (aka BNIP3L, BCL2/adenovirus E1B in-
teracting protein 3-like), hypothesizing that induction of Nix-activated autophagy might represent a mechanism of sorafenib
resistance.

Methods: We constructed two sorafenib-resistant HCC cell models (HepG2-SR, Huh7-SR) using the concentration-ascending
method. Short hairpin RNA was used to knock down the expression of Nix in drug-resistant strains, and the consequences of au-
tophagy signals and drug-resistant cells were observed. The correlation between Nix, autophagy and sorafenib resistance was
mainly verified by western blot, IHC, qRT-PCR, CCK8 assay, and flow cytometry.

Results: Nix is overexpressed in liver cancer tissues and HCC lines resistant to sorafenib. In addition, the expression level of Nix
was dose-dependent and positively correlated with Sorafenib resistance. Inhibiting the expression of Nix in drug-resistant strains
can enhance its sensitivity to sorafenib. Furthermore, we showed that autophagy was activated in association with Nix-associated
sorafenib resistance and was stopped by Nix knockdown and autophagy inhibitor.

Conclusion: Mitochondrial protein Nix regulated sorafenib resistance through autophagy in HCC, proving that autophagy is a cy-
toprotective mechanism mediating tumor drug resistance. The connection between Nix, autophagy and sorafenib resistance is
first described in this study. These findings are significant as they suggest that the combination of targeting NIX therapy and au-
tophagy provides new insights and strategies for the treatment of HCC.

This study was supported by the National Natural Science Foundation of China (NO.81860654); the Guangxi Portal Hypertension
Key Laboratory Construction Project (NO. ZZH2020006); Guangxi Digestive Disease Clinical Medical Research Center Construc-
tion Project (AD17129027).
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Evaluating the Anticancer Activity of Novel Norethindrone
Analogs in Glioblastoma Cells

Katelyn A. Harris,1 Courtney A. Hollenbacher,1 Eric T. Doyle,1 Samantha T. Szoradi,1

Nicholas A. Reid,1 Laura R. Inbody,1 Richard W. Dudley,1 and Ryan A. Schneider1

1University of Findlay, College of Pharmacy

Abstract ID 56141 Poster Board 47

Glioblastomas are the most aggressive and fatal type of Central Nervous System cancers. Due to limited treatment options avail-
able to slow disease progression and prolong survival, glioblastoma is often associated with a poor prognosis. Given the poor
prognosis and lack of effective therapies, there is a need for drug discovery efforts for glioblastoma. Previous studies have shown
that outcomes are worse in glioblastoma patients with high androgen receptor activity and that silencing of the androgen receptor
led to cell death in glioblastoma cell lines. As such, we investigated the use of the androgen receptor as a potential therapeutic tar-
get. We synthesized a small library of norethindrone (NE) analogs intended to inhibit androgen receptors. Previously, we reported
that analogs in this library demonstrated anticancer activity in the PC3 prostate cancer cell line. We further tested these analogs in
three glioblastoma cell lines to examine their anticancer activity.

To address the need for novel agents to treat glioblastoma, we synthesized a small library of analogs with different aryl and alkyl
substituents at the 17-position of NE using click chemistry in a one-pot microwave-assisted reaction. This reaction took place in
an Anton Parr Monowave-50 reactor that was set at 150? and was then run for 20 minutes.

We examined the anticancer activity of analogs B and C from our library of compounds in three glioblastoma cells lines (U87,
T98G, and A-172) using the XTT viability assay. Analog B demonstrated biological activity in all three glioblastoma cell lines with
IC50 values ranging from 85 mM to greater than 200 mM. Similar to previous results in PC3 cells, analog C demonstrated greater
activity with IC50 values ranging from 15 mM to 35 mM. Additional studies are ongoing to determine the mechanism(s) of anticancer
activity and to further explore the structure activity relationships to determine if further chemical modifications at the 17-position
of NE may enhance the observed anticancer effects.
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Lipin-1 Silencing Alters the Phospholipid Profiles of
Castration-Resistant Prostate Cancer Cells

Morgan C. Finnerty,1 and Brian Cummings2
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PURPOSE: The association between clinical outcomes of prostate cancer (PCa) progression and lipid remodeling is not well un-
derstood. Although it is known that increases in select circulating lipids correlate to decreased patient survival, the mechanisms
mediating alterations in these lipids are not fully explained. We recently reported a correlation between the levels of phosphatidic
acid (PA) and diacylglycerol (DAG) in cells representing castration-resistant prostate cancer (CRPC). We further showed correla-
tions between PA and DAG levels with a decreased expression of a phosphatidic acid phosphatase, specifically lipin-1[MCF1] .
However, the ability of lipin-1 to mediate the PCa lipidomic profile remains unknown.

HYPOTHESIS: We hypothesized that the expression of lipin-1 mediates PA and DAG levels in CRPC cells and controls the overall
lipidomic profile. We further hypothesized that the lipidomic profile of the LPIN1 knockdown CRPC cells will correlate to RNA
alterations.

METHODS: LPIN1 silencing was established using shRNA lentiviral particles and validated with immunoblot analysis. The effect
of LPIN1 silencing on lipin-2 and lipin-3 expression was also analyzed. The cBioPortal for Cancer Genomics online database
(https://www.cbioportal.org/) was used to analyze the expression of LPIN1, LPIN2 and LPIN3 in human prostate carcinoma pa-
tients. Gleason Scores were used to stratify patients into two cohorts (6-7 and 8-10), and changes in LPIN1, LPIN2 and LPIN3
mRNA expression were compared. Lipids were isolated using the Bligh-Dyer extraction method from control shRNA and LPIN1
knockdown PC-3 cell lines. Lipids were analyzed using a targeted-based quantitative HPLC-ESI-Orbitrap-MS approach. RNA al-
terations between control shRNA and LPIN1 knockdown PC-3 cells was analyzed by Illumina NextSeq sequencing.

RESULTS: Our data showed effective LPIN1 knockdown in PC-3 cells, and the silencing of LPIN1 increased the expression of
lipin-2, but not lipin-3. Analysis of mRNA expression of LPIN1, LPIN2 and LPIN3 in PCa patients from two different clinical popula-
tions indicated that patients with higher Gleason scores (8-10) had significantly increased LPIN3 mRNA expression than patients
with lower Gleason scores (6-7). There was no correlation between Gleason Score and LPIN1 and LPIN2 mRNA expression.

CONCLUSIONS: These data suggest that LPIN1 mediates the overall lipidomic profile of CRPC cells and LPIN1 silencing is com-
pensated in these cells by increased lipin-2 expression. Higher LPIN3 expression in patients with a higher Gleason score suggest
that LPIN3 may be used as a potential prognostic biomarker for advanced PCa.

Support/Funding Information: Department of Defense Prostate Cancer Research Program Idea Development Award (PC150431
GRANT11996600)
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Genomic data analysis shows increased LPIN3 mRNA expression in High-Gleason score PCa tissues. (A-C) Data from the TCGA study (Taylor
et al, Cell, 2015) showing a comparison between LPIN1, LPIN2 and LPIN3 mRNA expression in low (6–7) versus high (8–10) Gleason score (n =
279). (D-F) Data from the DKFZ study (Gerhauser et al, Cancer Cell, 2018) showing a comparison between LPIN1, LPIN2 and LPIN3 mRNA ex-
pression in low (6–7) versus high (8–10) Gleason score (n = 118).
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Targeting the Cell Cycle Checkpoints CHK1 and CHK2 is a
Novel Therapeutic Approach for Pediatric Neuroblastoma

Ben Morrison,1 Rameswari Chilamakuri,2 and Saurabh Agarwal3
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Neuroblastoma (NB) is the most common extracranial solid pediatric tumor, and the current treatments are highly toxic and lack
effectiveness. In particular, high-risk NB has an extremely low survival rate and presents a major clinical challenge due to the fre-
quent relapse of both metastatic and refractory tumors. The issues with current NB treatments warrant the development of novel
therapeutic strategies that are less toxic while being more effective. We have analyzed NB patient datasets and found increased
CHEK1 and CHEK2 expression (gene coding for CHK1 and CHK2) which are inversely correlated with overall patient survival.
Checkpoint Kinases 1 and 2 (CHK1/CHK2) are essential cell cycle regulators that play vital roles in the progression of cell prolifera-
tion and growth. Previous studies indicate that dysregulation of CHK1 and CHK2 promotes tumor growth as well as the progres-
sion of multiple cancers including NB. In the present study, we have used a specific small molecule inhibitor of CHK1/2, AZD7762
in NB. In vitro methodologies were used to determine the efficacy of AZD7762 in multiple MYCN amplified (LAN-5, NGP, IMR-32)
and MYCN non-amplified (SK-N-AS, SH-SY5Y, CHLA-255) NB cell lines. MTT assays for determining cell proliferation showed
significant inhibition of NB cell proliferation in a dose-dependent manner in response to AZD7762 with IC50s of 1-2 mM for non-
amplified cell lines and 2-3 mM for amplified cell lines. Clonogenic assays further confirmed the effects of AZD7762 by inhibiting
the colony formation capacity (60-85%) of different NB cell lines. Furthermore, AZD7762 significantly induces apoptosis in SH-
SY5Y and NGP cell lines in a dose-dependent manner. Inhibition of CHK1/2 by AZD7762 significantly blocked cell cycle progres-
sion at the G2/M phase compared to the control treatment in NGP and SH-SY5Y NB cell lines. Additionally, AZD7762 treatments
inhibit CHEK1 and CHEK2 gene expression and phosphorylation of CHK1 in contrast to control treatment, as detected by qPCR
and immunoblotting respectively. Further, we developed a 3D spheroidal assay model that mimics in vivo tumor growth patterns
of NB tumors. AZD7762 treatment significantly and in a dose-dependent manner inhibits overall 3D spheroid growth and prolifera-
tion by inhibiting the live cells in the 3D spheroids. Overall, our results show that AZD7762 significantly inhibits NB proliferation
and colony formation, induces apoptosis, blocks cell cycle progression, and inhibits 3D spheroid growth. These findings support
that the dysregulation of CHK1/2 is vital to NB initiation and growth. Therefore, our study highlights that the inhibition of CHK1 and
CHK2 using AZD7762 is an effective novel therapeutic strategy for NB treatment. In our future efforts, we will analyze the effects of
AZD7762 in NB mice models and combine these strategies with current chemotherapies to develop effective targeted therapeutic
approaches for NB.
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Impact of Microglial RGS10 Regulation of Inflammatory
Mediators in the Glioblastoma Tumor Microenvironment

Phillip Dean,1 and Shelley Hooks1

1Univ of Georgia
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Glioblastoma multiforme (GBM) is the most common and aggressive form of glioma, accounting for approximately 50% of all ma-
lignant brain tumors. The GBM tumor microenvironment (TME), a dynamic ecosystem of multiple cell types and signaling media-
tors, plays a crucial role in development and progression of the disease. Microglia are abundant in the GBM TME, and their
activation induces production of inflammatory mediators that favor tumor progression. Regulator of G protein Signaling 10
(RGS10) is highly enriched in microglia where it suppresses the expression of multiple proinflammatory genes, including the signif-
icant inflammatory enzyme cyclooxygenase 2 (COX-2) and its subsequent product, the bioactive lipid prostaglandin E2 (PGE2).
COX-2/PGE2 is often upregulated in the GBM microenvironment and is associated with therapeutic resistance, immunosuppres-
sion, and poor prognosis. The anti-inflammatory role of RGS10 makes it a prime candidate for a potential therapeutic target in the
GBM tumor microenvironment. Our previous work has demonstrated that RGS10 strongly suppresses lipopolysaccharide (LPS)-
induced COX-2/PGE2 in microglia (this suppression is independent of its canonical G protein-targeted mechanism). Here, we
sought to demonstrate the effect of microglial RGS10 inflammatory mediator regulation on the GBM tumor microenvironment. Mi-
croglia themselves being a member of the GBM microenvironment, we demonstrate that secretory mediators regulated by RGS10
suppress COX-2 in an autocrine/paracrine manner. We further demonstrate RGS10 regulated secretory mediators significantly in-
crease COX-2 in GBM cells. We show evidence that microglial RGS10 regulation suppresses GBM cell migration in coculture and
attenuates chemotherapeutic resistance in GBM cells. Collectively, these results exhibit the ability of microglial RGS10 to sup-
press COX-2 in the GBM tumor microenvironment and have a significant effect on multiple facets of GBM tumor progression dem-
onstrating that RGS10 could be a viable therapeutic target in GBM.
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Characterization of a Mouse Model of Neuropathic Pain
Induced by Calcaneus Implantation of NCTC 2472 Mouse
Sarcoma Cells
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Objective

Cancer metastasis to bone is a major contributor to neuropathic pain onset in patients and affects up to 66% of those in late-stage
cancer. Many preclinical cancer pain models utilize patient derived cancer cell lines and to avoid a host immune response, are im-
planted into immunocompromised rodents. This approach discounts the importance of a healthy and intact immune response in
cancer and cancer pain therapeutic drug development. To address this, we expanded upon previous literature (Wacnik et al.,
2001) and developed a host-derived cancer pain mouse model produced by implantation of murine fibrosarcoma cells into the cal-
caneus bone.

Methods

NCTC 2472 murine fibrosarcoma cells were grown to 80% confluency, and a density of 2 × 105 cells/10 mL was injected into the
right calcaneus bone of adult male and female C3H/HeJ mice. Injection of PBS into other mice served as a sham control. The von
Frey assay was utilized to assess tumor-induced mechanical allodynia. Expulsion of acetone on the paw and recording the time
spent responding was used to measure cold allodynia. Thermal hotplate latencies were used to assess thermal hyperalgesia.

Results

Sarcoma implanted mice exhibited mechanical allodynia as early as 3 days post-implantation and lasted until day 13 post-implan-
tation. Between males and females, the severity of allodynia was not different, despite a differential tumor volume increase. De-
spite the presence of mechanical allodynia, in both male and female mice there was no measurable onset of thermal hyperalgesia
nor cold allodynia among sarcoma implanted subjects. Sham subjects did not exhibit mechanical allodynia, thermal hyperalgesia,
or cold allodynia. Because tumor volume and von Frey responses were consistent from day 3 to day 8 post-implantation, these
days were chosen to test analgesics. The prototypical opioid agonist morphine (1.78, 3.2, 5.6, 10 mg/kg, i.p.) dose-relatedly re-
versed tumor-induced mechanical allodynia. The ED50 of morphine to reverse cancer pain was 3.302 (2.979 – 3.661) mg/kg. Mitra-
gynine, the most prevalent alkaloid found in the natural product kratom, (17.8, 32, 56, 100 mg/kg, i.p.) also dose-relatedly reversed
tumor-induced mechanical allodynia. The ED50 of mitragynine to reverse cancer pain was 47.589 (42.833 – 52.872) mg/kg.

Conclusions

Sarcoma implantation resulted in mechanical allodynia, which was dose relatedly reversed by the prototypical opioid agonist mor-
phine as well as the kratom alkaloid mitragynine. The use of a host-derived cancer pain mouse model produced by implantation of
murine fibrosarcoma cells into the calcaneus bone allows for novel pain therapeutic assessment in immune-intact animals. This
approach will aid in identification of promising analgesic therapeutic options for patients experiencing cancer-induced peripheral
neuropathy.

This work was supported by the National Institute on Drug Abuse DA25267 and DA48353
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Troglitazone Induced Apoptosis in a Human Colon Cancer
Cell Line
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Troglitazone is a member of the thiazolidinedione family which acts primarily through upregulating the peroxisome proliferator-ac-
tivated receptor (PPAR) pathway. The PPARs are members of the steroid/thyroid nuclear receptor superfamily and is important in
coordinating energy systems, including glucose and lipid metabolism. Binding of PPARg agonists such as troglitazone and other
thiazolidinediones results in increased insulin sensitivity and lower glucose levels in patients with type 2 diabetes. Treatment with
troglitazone was withdrawn from its usage in type II diabetics due to hepatotoxicity. Studies have linked PPAR receptors to the de-
velopment of cancer. However, the research is contradictory as to whether these pathways cause tumor genesis or assist with in-
hibiting cell proliferation. We have examined the effect of troglitazone on HCT116 human colon carcinoma cells. Troglitazone
induced cell death was observed at 24hr by concentrations of 50uM or greater. Cell death was confirmed to be apoptosis. Using a
Qiagen RT2 Profiler™ PCR Array Human PPAR Targets platform, we identified numerous PPAR targets that have altered expres-
sion in HCT116 cells. We have confirmed the expression changes using RT PCR from HCT116 cells treated with troglitazone. An-
tagonism of PPARalpha and PPARgamma in the presence of troglitazone will be used to determine if apoptosis is being mediated
through PPAR activation.
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Structural and Mechanistic Basis for Gbetagamma-
mediated Activation of Phosphoinositide 3-kinase-gamma
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Phosphoinositide 3-kinase gamma (PI3K-gamma) converts PIP2 to PIP3 in a key step of chemotaxis. However, it is also highly ex-
pressed in some cancers where it contributes to metastasis, particularly in prostate, breast, and pancreatic cancer. Activation of
PI3K-gamma is coordinately regulated by Gbetagamma subunits and Ras, which are activated downstream of G protein-coupled
receptors (GPCRs) and receptor tyrosine kinases (RTKs), respectively. However, molecular mechanisms underlying the Gbeta-
gamma- and Ras-mediated activation of PI3K-gamma remain unclear. In this study, we determined the cryo-EM structure of na-
tive PI3K-gamma to 3.0Å resolution and demonstrated its Gbetagamma-dependent activation. We went on to obtain various
cryo-EM reconstructions of the PI3K-gamma–Gbetagamma complexes, revealing distinct Gbetagamma binding sites on the
p110-gamma and the p101 subunits. Conformational changes have been observed upon Gbetagamma binding to PI3K-gamma,
and key residues that were identified can be associated to allosteric activation. These findings allow for functional investigation of
Gbetagamma-mediated activation mechanisms and will aid in future drug development targeting PI3K-gamma for selective can-
cer therapeutics. based on its unique responsiveness to Gbetagamma among PI3K isozymes.

This work was supported by American Heart Association Grant #834497/Chun-Liang Chen/2021, Purdue Center for Cancer Re-
search (PCCR) Pilot Grant 2020-21 Cycle 2, and Shared Resource 2020-2021 Cycle 1 (Grant # 30001612).
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In Silico Analysis of DNA Methylation Status of T-Cell
Inflamed Signature Reveals a Therapeutic Strategy to
Improve Immune Checkpoint Inhibitors Efficacy in Wilms
Tumor
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Wilms tumor, commonly known as nephroblastoma, is the most common kidney tumor in children. Despite advances in Wilms tu-
mor care, one out of every four patients acquires negative outcomes such as metastatic or recurrent disease and has a low sur-
vival rate. Immune checkpoint inhibitors (ICIs) have shown encouraging results in adult solid tumors, opening the door for their use
in pediatric solid tumors. Unfortunately, the efficacy of ICIs in pediatric solid tumors is suboptimal. The failure of ICIs in pediatric
solid tumors is attributed to the fact that tumors are less immunogenic. Studies in adult tumors have demonstrated that presence
of a hot immunogenic tumor, including the expression of a T-cell inflamed signature which is a group of genes indicative of T-cell
and dendritic cell infiltrates within the tumor microenvironment (TME), was positively correlated with ICI response. In cold non-im-
munogenic tumors, aberrant epigenetic modifications have been reported which can lead to ICI failure. In our study, we aim to pro-
file the DNA methylation status of T-cell inflamed signature genes in Wilms tumor. A 450K array data containing DNA methylation
of Wilms tumors was selected and analyzed using RStudio. The TSS200 and TSS1500 annotated CpG sites that were located at
gene promotor region of the T-cell inflamed genes were investigated. Differentially methylated sites were identified (defined as
CpG sites with a methylation difference (delta beta) of $ 5%). 36 controls and 37 cases were used for the analysis. Comparing the
methylation status of T-cell inflamed signature genes between controls and cases, we found that 12 of the 37 genes, including
CCL2, CCL5, CD4, GZMB, GZMK, HLA-DMA, HLA-DOA, HLA-DOB, HLA-DQA1, HLA-DRB1, IFNG, and TIGIT, were hypermethy-
lated in Wilms tumors with methylation differences ranging from 5% to 43%, and 7 of them had at least two differentially methyl-
ated sites at promoter region. The most densely methylated gene was CCL2 with an average methylation difference of 28.5%. Our
finding that T-cell inflamed genes were hypermethylated in Wilms tumors elucidated their role in formation of cold non-immuno-
genic TME and subsequent development of ICI resistance. Therefore, utilizing DNA methyl transferase inhibitors (DNMTis) such as
azacytidine to target DNA methylation could be a viable therapeutic method for increasing ICIs effectiveness in Wilms tumors. Fur-
ther preclinical and clinical research are needed to verify our finding.
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Endocrine Disrupting Chemicals as "structural cues" for the
development of drugs for the treatment of Prostate Cancer
(Castration Resistant Prostate Cancer) and PCOS
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Introduction: Endocrine-disrupting chemicals (EDCs) may influence the development of Prostate Cancer by altering the steroid
metabolism. Although their exact mechanism of action in controlling tumor growth is not known, EDCs may inhibit steroidogenic
enzymes such as Cytochrome P450 c17 (CYP17A1) or CYP19A1 involved in the production of Androgens or Estrogens. High lev-
els of circulating androgens are linked to Prostate Cancer (PCa) in men and Polycystic Ovary Syndrome (PCOS) in women. Essen-
tial Oils (EOs) like lavender oil and tea tree oil are reported to act as potential EDCs and contribute towards sex steroid imbalance
in case of prepubertal gynecomastia in boys and premature thelarche in girls due to regular exposure to lavender-based fragran-
ces among the Hispanic population. We screened a range of EO metabolites to determine their effect on CYP17A1 or CYP19A1
activity that might lead to endocrine dysfunction.

Methods: The test compounds, found as major components in EOs had been extracted and purified from natural resources. Com-
putational docking was performed to predict the binding of EOs with CYP17A1 using AutoDock Vina. Human adrenal NCI H295R
cells were treated with 10 mM of test compounds for 24 hours. Extracts of two medicinal plants (GP and VC) from South Asia were
also tested. Enzyme activity was determined using the radiolabelled substrate for CYP17A1 or CYP19A1. Liquid Chromatography
high-resolution Mass Spectrometry assays were performed for steroid profiling in adrenal cells. Cell viability assays were done in
LNCaP prostate cancer cells, to study the effect of the EOs on tumor development.

Results: Docking studies revealed that (+)-Cedrol had the best binding with CYP17A1 and CYP19A1. Though it didn’t inhibit
CYP17A1 activity, it caused 30% inhibition of CYP19A1 activity. Dihydro-b-Ionone showed 30% inhibition of both CYP17A1 and
CYP19A1 activities. Eucalyptol & (-)-a-pinene showed 20% to 40% inhibition of CYP17A1. Many compounds bind close to the ac-
tive site of CYP17A1, indicating possible inhibition of CYP17A1 activity. Compounds showed no significant impact on the whole
steroid profile, except for Eucalyptol having reduced peak ionization suggesting a possible interaction with CYP17A1. GP and VC
extracts showed siginificant inhibition in CYP17A1 activity and LNCaP viability.

Discussion: Due to their anti-androgenic activity, these compounds should be studied further as chemical leads for the treatment
of hyperandrogenic disorders such as PCa and PCOS. Screening naturally occurring EOs provide structural cues to design better
inhibitors for CYP17A1 with lesser side effect and higher efficacy. This becomes essential in the case of Castration-Resistant
Prostate Cancer where the tumor develops a mechanism to escape the androgen dependency and starts recognizing androgen-
like steroids as its precursors for tumor growth and development.

Support/Funding Information: Swiss Government Excellence Scholarship (2019.0385); Swiss Cancer Research (KFS-5557-02-
2022) and Swiss National Science Foundation (310030M_204518)
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Cell Free Targeted Therapy for T-cell Acute Lymphoblastic
Leukemia

Jacob Neethling,1 and Kostandin Pajcini2

1University of Illinois at Chicago College of Medicine; and 2UIC

Abstract ID 21024 Poster Board 239

Notch signaling is a highly conserved signaling pathway essential for metazoan development. Sequencing of patient samples
have revealed aberrant gain-of-function mutations in Notch1 leading to T-ALL in �60% of cases. While the overall survival (OS) in
children is good (�85%), the OS in adults approaches 50%; and in patients with relapsed disease, the overall survival is abysmal
at �7%. Notch inhibition can be achieved with gamma secretase inhibitors (GSIs) and anti-Notch antibodies; however, these ther-
apies are pan Notch inhibitors and carry deleterious and toxic side effects. Therefore, non-targeted, complete abrogation of Notch
signaling is not a viable therapeutic option. We have identified Deltex1 (DTX1) as a promising therapeutic target for Notch1 depen-
dent T-ALL. Through quantitative mass spectrometry (SILAC-LCMS), our work has demonstrated that DTX1 and Notch1 physi-
cally interact at the Notch1 transcriptional activation domain. We hypothesized that Dtx1 acts as an E3 ubiquitin ligase inducing
ubiquitination of Notch1 and its subsequent degradation. Utilizing a luciferase reporter assay, we have shown that Dtx1 can re-
duce the transcriptional activity of hyperactive patient derived Notch1 mutants in-vitro. Compelling preliminary data suggests that
overexpression of Dtx1 limits Notch signaling and cell growth in multiple human T-ALL cell lines. In a collaborative effort, we are
employing anti-CD4-, anti-CD8-coated fusogenic liposomal nanoparticles to specifically target T-ALL cells in-vitro and in-vivo.
This will serve as a proof of principle that nanoparticles can target and deliver a Dtx1 protein specifically into double-positive leu-
kemia cells. Following confirmed delivery of Dtx1 protein payload, we will validate Notch1 receptor degradation, a decrease in cell
growth and tumor burden. Overall, our findings confirm the potential of Dtx-1 in conjunction with a cell free targeted approach as a
viable therapeutic option for specific inhibition of Notch-driven T-ALL.

Targeted therapy has yet to be established for treatment of T-ALL. We will utilize a cell free model employing fusogenic liposomal nanoparticles
harboring anti-CD4, -CD8 antibodies to deliver our therapeutic protein Dtx1 to leukemic lympohblasts.
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Sanggenon G, a Diels-Alder Adduct Screened from Mori
Cortex, Attenuated Irinotecan-induced Late-onset Diarrhea
in Mice via a Dual Inhibition Mechanism
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Irinotecan (IRT) is the first-line treatment of advanced colorectal cancer (CRC). But its dose intensification was limited by severe di-
arrhea resulted from regeneration of the toxic metabolite SN-38 by gut microbial b-glucuronidase enzymes (GUSs)1,2. The ex-
treme structural and functional complexity of GUSs has posed big challenges to identifying GUSs involved in SN-38G
deconjugation3. As a compromise, we employed a specific reaction guided broad-spectrum GUS inhibition strategy to discover
inhibitors for alleviating IRT-induced late diarrhea. Specifically, inhibitors were screened in vitro using a 3-in-1 screening system
consisting of human gut microbiota pool, representative GUS-expressing bacterial isolates and GUS proteins selected based on
their metabolic profiles towards a urinary endogenous compounds pool and/or reported roles in CRC. Natural compounds of dif-
ferent chemical types were screened, among which flavonoid compounds, in particular the Diels-Alder (DA) adducts uniquely dis-
tributed in the plants of Morus genus, showed strong GUS inhibition activity towards the pool. Using activity-guided isolation with
the pool combining virtual screening with EcoGUS from Escherichia coli, SpasGUS from Staphylococcus pasteuri and SagaGUS
from Streptococcus agalactiae, we finally predicted GUS inhibition potentials of >40 DA compounds based on the S and RMSD
values using MOE software and identified key structural factors for the protein-inhibitor interactions. Six DA compounds were iso-
lated from Mori Cortex, all showing strong inhibition towards the GUS activity of the pool (73-94% at 100mM), the isolates and the
proteins. Sangennon G (SGG) which showed IC50 of 0.16-0.64 mM towards purified GUSs was further assessed in mice. SGG (0.5
mg/kg, p.o. twice daily) protected mice from severe diarrhea, high mortality and intestinal injury induced by IRT (50 mg/kg/day,
i.p.), agreeing well with decreased GUS activity, increased intestinal SN-38 glucuronidation and diminished colonic SN-38 accu-
mulation. It’s interesting to note that SGG also effectively suppressed OATP2B1-mediated SN-38 uptake by Caco-2 cells (IC50 4
mM). Amoxapine (2.50 mg/kg, p.o. twice daily), a potent EcoGUS inhibitor, was less effective in rescuing irinotecan-induced toxic-
ity due to weaker GUS inhibition (the pool IC50 >100 mM) and nil effect on SN-38 intestinal uptake. In conclusion, our specific reac-
tion guided broad-spectrum GUS inhibition strategy and the 3-in-1 system were demonstrated to be feasible to cope with the
extreme complexity of gut microbial GUSs. The dual inhibition mechanism makes SGG superior to other known GUS inhibitors in
alleviating IRT toxicity. [Supported by the Science and Technology Development fund of Macao SAR (0091/2021/A2, 0098/2019/
A2), Shenzhen-Hong Kong-Macau Science and Technology Program Category C (SGDX20210823103805038), Guangdong Natu-
ral Science Fund (2019A1515012195), and University of Macau (MYRG2018-00091-ICMS-QRCM)].
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The incidence of melanoma, the most aggressive and lethal form of skin cancer, continues to rise each year in the United States.
Current treatment options include conventional chemotherapy, immunotherapy, and targeted therapy. Disadvantages of these
therapies, such as refractiveness and resistance, have contributed to poor outcomes in a significant number of melanoma pa-
tients. Therefore, there remains a need for new treatments. Imidazole antifungal agents potentially represent a class of new anti-
cancer agents. Our objective here was to analyze the ability of various imidazole antifungal agents to exert anticancer effects in
primary human metastatic melanoma cells, including those harboring well-known cancer mutations.

The anticancer effects investigated were the induction of cell death via flow cytometry and decreased growth and proliferation via
cell growth assay. Wild-type human melanoma cells, melanoma cells possessing the BRAF V600E mutation, and melanoma cells
with the NRAS Q61R mutation were analyzed. The imidazole antifungal agents, clotrimazole, econazole, and miconazole, each in-
duced significant increases in cell death and decreases in growth and proliferation in wild-type and Braf/Nras melanoma cells with
doses of 10-50 mM. Of the antifungal agents utilized, overall clotrimazole resulted in the most efficacious effects. Interestingly, in
Braf-mutant human melanoma cells, the antifungal agents led to profound decreases in cell growth but lesser effects on cell death.
This may indicate an effect on cell cycle progression in Braf mutant cells. Taken together, these studies indicated that imidazole
antifungal agents were effective in inducing antitumor effects in human metastatic melanoma cell lines, but with differing degrees
of effects on cell death. This data suggests that melanoma tumors of each known genotype can potentially be treated with imidaz-
ole antifungal agents.

In conclusion, this study demonstrated the ability of imidazole antifungal agents to induce anticancer effects in human metastatic
melanoma cells, including those harboring well-known cancer mutations. Since differing levels of effects were observed using dif-
ferent antifungal agents, it is possible that each agent utilized affected different molecular targets in the melanoma cells. These an-
tifungal agents thus appear to be potential alternative treatments, as well as affordable and widely accessible therapies, for
melanoma patients in the future.
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Immunoproteasome Inhibitors for the treatment of ALL
driven by the t(4:11) Translocation
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The t(4;11)(q21;q23) chromosomal translocation that creates the MLL-AF4 fusion protein, confers a poor prognosis in infant acute
lymphoblastic leukemia (ALL). This translocation also sensitizes cells to proteasome inhibitors bortezomib and carfilzomib, which
are approved by the FDA for the treatment of multiple myeloma. Clinical activity of bortezomib in combination with standard che-
motherapy has been documented in several clinical trials of ALL patients, and a case of a single-agent activity against relapsed
leukemia driven by the MLL-AF4 translocation has been described. However, toxicities of bortezomib and carfilzomib may be un-
acceptable to pediatric patients. We found that the overwhelming majority of proteasomes in this subtype of ALL are lymphoid tis-
sue specific immunoproteasomes. Cells with MLL-AF4 translocations were sensitive to pharmacologically relevant
concentrations of specific immunoproteasome inhibitors ONX-0914 and M3258. Furthermore, both compounds dramatically de-
layed growth of orthotopic xenograft tumors in mice. Thus, immunoproteasomes are therapeutic targets in ALL and replacing bor-
tezomib and carfilzomib with immunoproteasome inhibitors in ALL should reduce toxicities associated with inhibition of the
proteasomes in non-lymphoid tissues.

Support/Funding Information: RO1 CA213223
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Direct Targeting of the Cell cycle Regulator WEE1 is a
Novel Therapeutic Approach for Neuroblastoma
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High-risk neuroblastoma (NB) is a solid pediatric tumor that develops from the extracranial sympathetic nervous system. Despite
recent advances in therapeutic regimens of dose-intensive chemotherapies, radiation, and surgery NB often relapses as a meta-
static and drug-resistant tumor. These issues further mandate the identification and development of novel therapeutic approaches
for NB treatment. Cell cycle regulators, Cdk1 in combination with cyclin B1, and Cdk2 with cyclin E regulate the G2/M checkpoint
and G1/S checkpoint respectively, to obstruct the cells from proceeding into mitosis with genomic DNA damage. Wee1, a tyrosine
kinase, regulates the phosphorylation of Cdk1 and Cdk2 at tyrosine residues in response to DNA damage, making them inactive.
Previous studies have reported high expression of Wee1 in NB patients and associate Wee1 with an overall poor NB prognosis. In-
hibition of Wee1 obstructs the Cdk1 and Cdk2 activation and is no more reliant on an intact G2/M checkpoint for survival. In the
present study, we analyzed multiple NB patient datasets and found that Wee1 expression is strongly correlated with poor overall
survival of NB patients. Further, we used a specific small molecule Wee1 inhibitor in NB cells and observed that Wee1 inhibition
significantly and in a dose-dependent manner inhibits NB proliferation and colony formation capacity in both MYCN-amplified and
MYCN non-amplified NB cells. Further, Wee1 inhibition significantly induces apoptosis up to 3-fold in different NB cells in contrast
to control treatments. Additionally, we used NB 3D spheroid models that mimic in vivo NB tumor growth and found that Wee1 inhi-
bition significantly and in a dose-dependent manner inhibits 3D spheroid growth and volume up to 2.3-fold in contrast to control
treatments. Additionally, and as expected, inhibition of Wee1 significantly inhibits NB cell cycle progression by inhibiting cell cycle
S phase and blocking G2/M checkpoint in different NB cell lines. Further, the Wee1 inhibition inhibits the gene expression levels of
different cell cycle-related genes in NB cells such as CDK1, CDK2, CCNB1, CHK2, and BCL-2. Overall, our data suggest that inhi-
bition of the cell cycle regulator Wee1 is an effective therapeutic approach for NB. Further combining Wee1 inhibitors with current
therapies will pave the way for developing effective targeted therapeutic approaches for NB patients.

Support/Funding Information: Department of Pharmaceutical Sciences, College of Pharmacy and Health Sciences, St. John's Uni-
versity, New York
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Production of TNF-a and IL-10 by HepG2 and THP-1 cells
differs depending on whether ethanol conditioned media is
derived from 3D vs. 2D cultured HepG2 cells.
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Background: One of the difficulties in cancer research is bridging the gap between human and animal tumor models. One pro-
posed method of improving the screening of cancer-promoting toxins and novel cancer therapies is the development of pre-clini-
cal 3D human culture models. We are currently developing 3D human hepatocellular carcinoma (HCC) culture models using the
standardized HepG2 liver cancer cell line as a template. Ethanol is being used as a test agent to generate conditioned media (CM)
from 2D adherent vs. 3D HepG2 suspension spheroid cultures. The conditioned media is then applied to human monocytes to de-
termine differences in TNF- a (proinflammatory) and IL-10 (anti-inflammatory) cytokine induction.

Objectives: The experimental goals were to determine differences in the production of TNF-a and IL-10 between 2D and 3D cultured
HepG2 cells, and by THP-1 monocytes treated with conditioned media (CM), +/- ethanol, derived from 2D and 3D HepG2 cells.

Methods: HepG2 cells were grown in both 2D (adherent) and 3D (suspension) cultures to produce two different patterns of cell
growth (Fig. 1). The cells were then switched to fetal bovine exosome-free media and grown with and without 100 mM ethanol to
produce CM. Human monocytes (THP-1 cells) were then cultured in the presence of CM. Cell viability and production of TNF- a
and IL-10 were measured using PrestoBlue™ and Lumit™ immunoassays.

Results: Changes in THP-1 morphology were not observed following treatment with HepG2 CMs derived from 2D or 3D cultures
with or without 100 mM ethanol. Assessment of TNF-a in HepG2 CM demonstrated a trending decrease in TNF-a production for
all CMs evaluated particularly for CMs derived from ethanol treated 2D and 3D HepG2 cells. In contrast, IL-10 content tended to
increase in CMs obtained from ethanol treated or untreated 3D cultured HepG2 cells. In general, induction of TNF-a production by
THP-1s post HepG2 CM treatments hovered around baseline, while induction of IL-10 by THP-1s post HepG2 CM treatments de-
creased. These findings did not relate to cell viability since no significant difference in cell viability for any CM treatment was ob-
served. Tracking the ratio of TNF-a to IL-10 production in THP-1s treated with HepG2 CMs revealed significant differences +/-
ethanol during CM production. Baseline exofree media with ethanol increased the ratio of TNF-a to IL-10. In contrast, the ratio de-
creased for 2D and 3D CMs. CM +/- ethanol from 3D HepG2 cells produced a less dramatic increase in the ratio of proinflamma-
tory TNF-a to immunosuppressive IL-10 production.

Conclusion: A 3D vs. 2D HepG2 model may be more suitable for pre-clinical studies requiring a better approximation of an immu-
nosuppressive HCC microenvironment. Future investigations will explore the individual contributions of CM media components to
these findings to facilitate development of new biomarkers and therapeutic targets for HCC.

Research was supported by the University of Louisville Cancer Education Program NIH/NCI (R25-CA134283), University of Louis-
ville faculty start-up funds to J. L. Hood, and UofL Hepatobiology and Toxicology COBRE NIH NIGMS P20GM113226.

Figure 1. A comparison of 2D vs. 3D HepG2 cell culture morphology. A) 2D adherent cells. Image obtained of HepG2 cells growing in a T-300 cul-
ture l flask. B) 3D suspension spheroid. Image obtained of 3D HepG2 cells in a U-shaped 96 well plate at 48 hours post incubation of 10,000 cells.
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Recombinant miR-7-5p Effectively Inhibits NSCLC Cell
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Non-Small Cell Lung Cancer (NSCLC) makes up 84% of all lung cancer cases and lack of effective treatment options contribute to
low survival rates. RNA interfering (RNAi) microRNA (miRNA or miR) provides researchers with a versatile alternative to modulate
target gene expression to combat disease. Of these, the level of tumor suppressive miR-7-5p (miR-7) is reduced in NSCLC. Nota-
bly, miR-7 downregulates many genes important in metabolism and mitochondrial function including EGFR and VDAC1, and it is a
putative regulator of mitochondrial genes AGK, PPIF, and DTYMK as well as the SLC25A15 transporter. In previous studies, rein-
troduction of miR-7-5p has been reported to inhibit NSCLC cell growth and metastasis, however the miRNA mimics used in those
studies are chemically synthesized in vitro and comprised of extensive modifications that may trigger immunogenic and off-target
responses. By contrast, our laboratory has developed a novel technology to bioengineer RNAi agents (BioRNA) in vivo utilizing
specific tRNA/pre-miRNA carriers to preserve the natural post-transcriptional modifications, folding, and functions of genome de-
rived miRNAs. Using this technology, we aim to develop BioRNA/miR-7 as a novel, bio-synthesized anticancer agent that func-
tions through endogenous RNAi mechanisms to reduce cancer cell viability through the regulation of mitochondrial function. Thus
far, we have successfully cloned and overexpressed leucyl and glycyl tRNA versions of BioRNA/miR-7 in Escherichia coli as veri-
fied by Sanger sequencing and RNA gel electrophoresis, respectively. We have isolated leucyl and glycyl BioRNA/miR-7 from total
bacterial RNA by anion exchange Fast Protein Liquid Chromatography to attain a purity of 99.5% and 98.7%, respectively, as de-
termined by reverse phase High Performance Liquid Chromatography. Additionally, endotoxin assay showed low endotoxin levels
of 0.74 and 0.68 (EU/mg RNA) for leucyl and glycyl BioRNA/miR-7, respectively. Moreover, we have established the effects of Bio-
RNA/miR-7 to reduce cell viability via IncuCyte Live Cell Image Analyzer, validated the processing of glycyl tRNA-BioRNA/miR-7
to target miR-7-5p in NSCLC cells by stem-loop reverse transcription real-time qPCR assay, and assessed the functional capabil-
ity of BioRNA/miR-7 to regulate known miR-7 target gene expression in comparison to a commercial miR-7 mimic by Western blot
and immunofluorescent microscopy. Furthermore, we have established the effects of BioRNA/miR-7 on mitochondrial function
via Seahorse Analyzer and compared treatment-induced changes in mitochondrial morphology by confocal microscopy. The suc-
cess of the BioRNA technology together with previous and preliminary data on miR-7 suggests that miR-7 plays an important role
in mitochondrial function, and BioRNA/miR-7 may be developed as a new therapeutic RNA for the treatment of NSCLC.

Supported by the National Institute of General Medical Sciences [R35GM140835] and National Cancer Institute [R01CA225958
and R01CA253230], National Institutes of Health. Gavin M. Traber is supported by a National Institutes of General Medical Scien-
ces-funded Pharmacology Training Program Grant [T32GM099608 and T32GM144303].
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A range of somatic alterations in both oncogenes and tumor suppressor genes promote cancer development. Synthetic lethal re-
lationships or collateral lethalities have emerged in the context of these genetic driver mutations, revealing new targets for thera-
peutic development. Most variation within cancer genomes results from germline, as opposed to somatic, mutations, but the
genetic dependencies engendered by these variants have not been systematically explored. We sought to define the landscape of
these interactions by leveraging the genome-scale CRISPR/Cas9 screens that were performed as part of The Cancer Dependency
Map (DepMap).

In this study we systematically analyzed the associations between individual germline variants in 612 cancer cell lines and
>16,000 genetic dependencies. Across all genes profiled in this analysis, we identified 121 genes whose dependency profiles are
associated with the presence of specific germline variants. The top association in this analysis was between two functionally re-
dundant Holliday junction resolvases. In this study we seek to define the nature of this synthetic lethal relationship, with a focus on
how this variant impacts protein activity.
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Breast cancer patients treated with adriamycin-cyclophosphamide plus paclitaxel (AC-T) are often challenged with serious ad-
verse effects for which no effective therapies are available. Here, we investigated whether metformin, an antidiabetic drug with ad-
ditional pleiotropic effects could favorably offset AC-T induced toxicities. Seventy non-diabetic breast cancer patients were
randomized to receive either AC-T (adriamycin 60 mg/m2 + cyclophosphamide 600 mg/m2 X 4 cycles Q21 days, followed by
weekly paclitaxel 80 mg/m2 X 12 cycles) alone or AC-T plus metformin (1700 mg/d). Patients were interviewed regularly after each
cycle to record the incidence and severity of adverse events based on the National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI-CTCAE), version 5.0. Moreover, baseline echocardiography and ultrasonography were done and re-
peated after the end of neoadjuvant therapy. The addition of metformin to AC-T resulted in significantly less incidence and severity
of peripheral neuropathy, oral mucositis, and fatigue (p <0.05) compared to control arm. Moreover, the left ventricular ejection
fraction (LVEF%) in the control arm dropped from a mean of 66.69 ± 4.57% to 62.2 ± 5.22% (p= 0.0004) versus a preserved car-
diac function in the metformin arm (64.87 ± 4.84% to 65.94 ± 3.44%, p= 0.2667). Furthermore, fatty liver incidence was signifi-
cantly lower in metformin compared with control arm (8.33% versus 51.85%, p= 0.001). By contrast, hematological disturbances
caused by AC-T were preserved after concurrent metformin administration (p> 0.05). In conclusion. Metformin offers a therapeutic
opportunity for controlling toxicities caused by neoadjuvant chemotherapy in non-diabetic breast cancer patients.
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Triple-negative breast cancer (TNBC) is one of the most aggressive forms of breast cancer that hormonal therapies cannot treat.
Current standards of care include surgical removal of the tumor and aggressive chemotherapy. Consequently, there is an urgent
need for new, molecular-based therapies to treat these patients effectively1,2. On a molecular level, two proteins facilitate finely
tuned calcium entry: Orai1, a pore-forming calcium channel, and stromal interaction molecule 1 (STIM1), a calcium sensor embed-
ded in the ER membrane. Upon ER calcium store depletion, STIM1 undergoes a conformational change to bind to Orai1, which
triggers extracellular calcium entry to achieve homeostasis3. Recently, it has been discovered that a third protein is implicated in
this process: adenylyl cyclase type 8 (AC8)4. The N-terminus of AC8 can bind to the N-terminus of Orai1 to prolong calcium influx,
which ceases upon Orai1 phosphorylation4. In normal breast epithelial cells, AC8 is expressed at a basal level and does not inter-
fere with Orai1-STIM1 calcium entry. However, in TNBC cells, AC8 is grossly overexpressed so that all Orai1 channels become
bound4,5. As AC8 binds to Orai1 on its phosphorylation site, the Orai1 channel cannot be inactivated, leading to excess calcium in-
flux and adverse cellular effects such as proliferation and migration.

Thus, we hypothesize that if we inhibit the interaction between AC8 and Orai1 with a therapeutic small molecule, we will observe
a decrease in proliferation in TNBC cells. We also expect that inhibiting the interaction between Orai1 and STIM1 will produce sim-
ilar effects. Ultimately, we aim to screen a library of small molecules against our protein-protein interactions to find therapeutic in-
hibitors. We will use the NanoBiT system to study each different protein-protein interaction. Briefly, the NanoBiT system tags each
protein with a split luciferase, allowing for the generation of a luminescent signal upon protein binding. Using this method, we
have found that the interaction between STIM1 and Orai1 is strictly governed by calcium, whereas the interaction between AC8
and Orai1 is more constitutive. Interestingly, we found that forskolin, an AC8 activator, prevents AC8 binding to Orai1, as evident
through loss of luminescence. This suggests that AC8 must be inactive to interact with Orai1 and that phosphorylated Orai1 can-
not bind to AC8. These findings have allowed us to conduct Z-Score studies to prime for initial screening, which fall within a 0.6-
0.8 range for each protein-protein interaction. To date, we have accomplished screening two libraries of small molecule com-
pounds; NCI Diversity Set VI and NCI Approved Oncology Set X, which will be extended further to other diversity libraries. In addi-
tion, we plan to test any inhibitors in different TNBC cell lines (MDA-MB-231 and MDA-MB-157) to observe effects on cancer cell
migration. In conclusion, understanding the unique interplay between AC8, Orai1, and STIM1 is critical to understanding how to
prevent TNBC cell proliferation and migration.
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Chemotherapy has remained the mainstay for the treatment of multiple types of cancers. In particular, topical use of chemother-
apy has been used for skin cancers. Though effective, topical chemotherapy has been limited due to adverse effects such as local
and even systemic toxicities. Our recent studies demonstrated that exposure to pro-oxidative stressors, including therapeutic
agents induces the generation of extracellular vesicles known as microvesicle particles (MVP) which are dependent on activation
of the Platelet-activating factor-receptor (PAFR), a G-protein coupled receptor present on various cell types, and acid sphingo-
myelinase (aSMase), an enzyme required for MVP biogenesis. Based upon this premise, we tested the hypothesis that topical ap-
plication of gemcitabine will induce MVP generation in human and murine skin. Our ex vivo studies using human skin explants
demonstrate that gemcitabine treatment results in MVP generation in a dose-dependent manner in a process blocked by PAFR
antagonist and aSMase inhibitor. Importantly, gemcitabine-induced MVPs carry PAFR agonists. To confirm the mechanisms, we
employed PAFR-expressing and deficient (Ptafr-/-) mouse models as well as mice deficient in aSMase enzyme (Spmd1-/-). Using
genetic-based approaches, our studies demonstrated that gemcitabine-induced MVP release in WT mice was blunted in Ptafr-/-

and Spmd1-/- mice. Overall, these findings indicate that pharmacological strategies to target the PAFR/aSMase pathway to block
MVP release could be used as a promising approach for improving gemcitabine efficacy.
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Introduction: We performed single-cell RNA sequencing on samples from Acute Myeloid Leukemia (AML) patients with FLT3 mu-
tations (FLT3+) pre- and post-treatment with the FLT3 inhibitor gilteritinib and identified in unresponsive patients: (i) upregulation
of bone marrow (BM)-derived inflammatory cytokines, previously shown to promote disease progression and relapse in AML; and
(ii) elevated expression of bone marrow kinase on chromosome X (BMX), a non-receptor tyrosine kinase from the Tec family of kin-
ases. In FLT3+ cell lines and primary AML samples, we demonstrated that BMX gene knockout (KO) and inhibition reduced cyto-
kine secretion. Mechanistic studies revealed that BMX kinase promotes AML cell-autonomous gilteritinib resistance through
bypass signaling. Given the novel role of BMX in the cytokine network in vitro, we sought to develop a mouse model to evaluate
AML cell/BM niche cell interactions in vivo to examine the mechanisms of BMX in promoting gilteritinib resistance.

Methods: Genetic engineering was utilized to create a whole-body Bmx KO mouse model. To generate a syngeneic transplant
model of murine Flt3+ AML, splenocytes (250,000 cells) from a female double mutant Npm1cA/+/Flt3ITD knock-in mouse (CD45.2)
that produces spontaneous AML, were injected by tail vein injection (TVI) into male Bmx WT and KO mice. Starting 7 days after
TVI, cohorts of mice were treated with vehicle or gilteritinib 30 mg/kg orally once daily (n=4-5 mice per cohort/per Bmx genotype).
At survival endpoint, spleens were harvested and analyzed for CD45.2 cells (from vehicle-treated mice), gated for AML phenotypic
markers CD11b and CD117 by flow cytometry, and murine cytokines were measured in plasma and spleen lysates by Luminex
multiplex assay (from n=3-4 mice per cohort).

Results: In our syngeneic transplant model of murine Flt3+ AML, gilteritinib treatment resulted in a 24-day median survival advan-
tage over vehicle treatment (52 vs. 27.5 days) in Bmx WT mice, indicating this murine model represents a clinically relevant model
of human FLT3+ AML that responds to a FLT3 inhibitor. However, no difference in survival was observed between Bmx KO and
WT mice treated with gilteritinib. This is consistent with our published data showing an AML cell-autonomous role for BMX in gil-
teritinib resistance and suggests co-treatment with another drug to inhibit BMX or downstream mediators will be required. At
study endpoint, Flt3+ AML cells were confirmed in spleens by expression of CD11b and CD117, compared to the normal spleen.
We next sought to determine if microenvironment changes were occurring in Bmx KO vs. WT mice during gilteritinib treatment by
assessing cytokine in plasma and AML cells in the spleen. We observed: (i) plasma CCLs/CXCLs and growth factors increased
during gilteritinib treatment in Bmx WT mice but decreased in Bmx KO mice; and (ii) CCLs/CXCLs and other cytokines decreased
in the spleens from Bmx KO vs. WT mice treated with gilteritinib.

Conclusion: We generated a syngeneic transplant model of murine FLT3+ AML that mimics BMX-driven cytokine changes, which
will be used to examine mechanisms underlying BMX-mediated AML cell/microenvironment niche cell interactions to promote gil-
teritinib resistance. This model will be used to evaluate a rational drug combination of gilteritnib + BMX inhibitor with translational
potential in FLT3+ AML.

1521-0103/385/S3/supplement: ASPET 2023 Annual Meeting Abstracts dx.doi.org/10.1124/jpet.122.208400
THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS J Pharmacol Exp Ther 385: June 2023
Copyright © 2023 by The American Society for Pharmacology and Experimental Therapeutics

36

https://dx.doi.org/10.1124/jpet.122.208400


Strategies to Circumvent Topoisomerase IIa Intron 19
Intronic Polyadenylation (IPA) in Acquired Etoposide
Resistance Human Leukemia K562 Cells
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DNA topoisomerase IIa (TOP2a, 170kDa, TOP2a/170) is an essential enzyme for proper chromosome dysjunction at mitosis by
producing transient DNA double-stranded breaks and is a significant target for DNA damage stabilizing anti-cancer agents like
etoposide. Therapeutic effects of TOP2a poisons can be limited due to acquired drug resistance. We previously demonstrated de-
creased TOP2a/170 levels in an etoposide-resistant human leukemia K562 clonal subline, designated K/VP.5, accompanied by in-
creased expression of a C-terminal truncated TOP2a isoform (90 kDa, TOP2a/90). TOP2a/90 is translated from TOP2a mRNA
due to Intron19 (I19) intronic polyadenylation (IPA). TOP2a/90 heterodimerizes with TOP2a/170 and is a determinant of resistance
by exhibiting dominant-negative effects against etoposide activity. Previously we gene-edited/optimized the weak TOP2a I19 50
splice site in K/VP.5 cells using CRISPR/Cas9 with homology-directed repair (HDR). In gene-edited cells, TOP2a/90 levels were
reduced, TOP2a/170 levels were restored, and drug resistance was reversed.

Given that no TOP2a sequence differences were identified in K562 vs K/VP.5 cells, we hypothesize that decreased TOP2a/170
and increased TOP2a/90 in K/VP.5 cells is related to IPA and aberrant expression of RNA cleavage/polyadenylation factor(s).

Based on 30-Rapid Amplification of cDNA Ends (30-RACE), polyadenylation site (PAS) #3 (out of 7 PASs found in I19) is the major
site utilized in K/VP.5 which leads to IPA. Therefore, CRISPR/Cas9/HDR and anti-sense morpholinos were utilized to mutate/block
the PAS #3 in TOP2a I19 to eliminate/reduce IPA.

We first mutated PAS #3 from ‘ATTTAA’ to ‘ACCCAA’ in K/VP.5 cells using CRISPR/Cas9/HDR editing, and successfully obtained
one, two and three-allele edited clones assessed by qPCR and Sanger sequencing [Note: three TOP2a alleles are present in K/
VP.5 cells]. In the PAS #3 one-allele edited clone, a �50% decrease of TOP2a/90 and a 4-fold increase of TOP2a/170 mRNA/pro-
tein was detected compared to K/VP.5 cells. Growth inhibitory assays demonstrated a 5-fold reversal of etoposide resistance.
CRISPR/Cas9/HDR re-transfection of the one-allele edited clone resulted in generation/isolation of PAS #3 two-allele and three-
allele edited clones, validated by qPCR and Sanger sequencing. Experiments are planned to assess TOP2a/170 and TOP2a/90
mRNA/protein levels in the new gene-edited clones as well as to evaluate circumvention of drug resistance by etoposide-induced
growth inhibition and DNA damage (Comet assay) studies.

In separate experiments, a customized anti-sense morpholino was used to hybridize and block TOP2a I19 PAS #3 in K/VP.5 cells.
Results showed a 50% decrease in TOP2a/90 level 48 hr after transfection with the antisense morpholino compared to a control
morpholino.

Taken together, results suggest that by mutating/blocking PAS #3, aberrant trans-acting factors regulating I19 IPA can no longer
recognize the PAS thereby preventing TOP2a I19 IPA resulting in restoration of full-length TOP2a/170 levels and circumvention of
chemoresistance in K/VP.5 cells. Future strategies will be directed to identify putative aberrant splicing/RNA cleavage/polyadeny-
lation factor(s) expressed in K/VP.5 cells utilizing an unbiased MS2 (bacteriophage coat protein) tag-trap pull-down strategy and
proteomics analysis.
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Diarrhea is a prevalent side effect of chemotherapeutic treatment that can result in reduction of quality of life, dose limitation, and
death. Irinotecan is a widely used chemotherapeutic in the treatment of unresectable colorectal and metastatic triple-negative
breast cancer. It produces both an acute cholinergic mediated diarrhea and a late onset diarrhea that has yet to be fully character-
ized. Treatment for the acute phase of diarrhea produced by irinotecan is treated with the muscarinic receptor antagonist atropine,
however, late onset diarrhea is treated with the mu opioid receptor agonist loperamide. In a population of patients, however, diar-
rhea becomes refractory to treatment with loperamide. In this study we examine the role of cholinergic response in the develop-
ment of tolerance to loperamide during late onset diarrhea. Previous reports have demonstrated that in a rodent model of
irinotecan-induced diarrhea, choline acetyl transferase (ChAT) and vesicular acetylcholine transporter (VAChT) is increased in
myenteric neurons. We hypothesize that enteric neurons become hyperexcitable following irinotecan treatment resulting in en-
hanced cholinergic activation precluding the efficacy of loperamide in the treatment of late onset diarrhea. In this study we mea-
sured neuronal excitability and nicotine-induced currents in isolated myenteric neurons from irinotecan-treated mice. Briefly male
ICR mice were treated with 75 mg/kg irinotecan administered intra-peritoneally once daily for four consecutive days followed by
monitoring and assessment of diarrhea for two additional days. On day 6 of our paradigm myenteric neurons were isolated and
electrophysiological experiments were conducted to examine changes in basal properties. Animals treated with irinotecan pro-
duced a decrease in body weight over 6 days, increase in fecal water content, and time dependent increase in diarrhea scoring.
We measured the electrophysiological properties of isolated myenteric neurons from irinotecan treated animals. There were no
observed differences in resting membrane potentials of treated animals(fig D). Treated animals, however, produced a statistically
significant increase in action potential amplitude 94.42 ± 3.03 mV (n=14) when compared to their controls 81.75 ± 3.489 mV (n=14)
(P<0001 unpaired t-test) (fig A). Additionally, we found a decrease is the amount of current needed to elicit an action potential
(Rheobase) in irinotecan treated animals 21.3 ± 3.065 pA as compared to their control 32 ± 4.047 pA (P<0.05 unpaired t-test) (fig
B). In Irinotecan treated animals, nicotine inward currents were enhanced in a dose-dependent manner with maximal current at
1mM increased from -91.7 ± 12.21 pA/pF to -57.016 ± 7.426 pF/pA (n=5) (P<0.01 unpaired t-test) (fig C).

Support/Funding Information: NIH-T32DA007027-47
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Currently, pancreatic cancer has a 5-year survival rate of about 11%, making it one of the deadliest malignancies. Better treatment
strategies are required for pancreatic cancer due to late diagnosis, early metastasis, and drug resistance. Tumor growth and me-
tastasis are facilitated by changes in the epigenetic profile caused by DNA and histone alterations. Another key feature of the can-
cer is the ability to elude the control of growth suppressors that monitor cell cycle. We aimed to investigate the combination of
drugs that therapeutically target histone deacetylase (HDAC) and the key cell cycle regulator cyclin-dependent kinase (CDK) in
pancreatic cancer. We used panobinostat, a pan-HDAC inhibitor and abemaciclib, an FDA-authorized CDK4/6 inhibitor for breast
cancer. Our preliminary in vitro results in pancreatic cancer cells shows synergistic cytotoxicity of the combination when adminis-
tered concurrently. Additionally, the proliferation and clonogenic survival of pancreatic cancer cells significantly decreased as a re-
sult of the combined therapy. Our mechanistic research on how this potent combination affects histone modifications, gene
expression, and cell cycle regulation will shed light on interactions between epigenetic modifications and cell cycle in pancreatic
cancer cell death. Our in vitro findings indicate that combining medications that pharmacologically target two crucial components
of pancreatic cancer proliferation has a significant potential for treating this deadly condition and, as such, merits additional
research.

The College of Pharmacy and Health Sciences at St. John's University in New York provided funding for this study together with
the support from the National Institute of General Medical Sciences (Award Number R16GM145557).
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Cetuximab is a monoclonal antibody against epidermal growth factor receptor (EGFR) and can prolong survival in metastatic colo-
rectal cancer (CRC) patients. However, therapeutic resistance can limit its efficiency and use. Our lab has previously identified that
the activation of receptor tyrosine kinases (RTKs) MET and RON contributed to cetuximab resistance. In the absence of activating
mutations of MET and RON, the activity of these RTKs depends on the availability of their ligands, hepatocyte growth factor (HGF)
and hepatocyte growth factor-like (HGFL), respectively. To become biologically active, the inactive precursors of HGF and HGFL
must be processed by serine proteases (HGFA, matriptase, and hepsin). A survey of TCGA datasets indicated that MET and HGF
were overexpressed in several CRC CMS subtypes. We found that the addition of recombinant human HGF conferred cetuximab
resistance to cetuximab-sensitive cells (CC). A cetuximab-resistant phenotype was also observed in cetuximab-sensitive cells we
engineered to overexpress HGF (CC-HGF). Cetuximab resistance induced by HGF addition or overexpression could be overcome
by downstream inhibition with crizotinib, a multi-targeted RTK inhibitor. Our next goal was to investigate whether we could target
the pathway upstream. Our TCGA analysis did not show any consistent overexpression of the serine proteases. Hepatocyte
growth factor activator inhibitor type 1 and 2 (HAI-1/2) are two Kunitz-type serine protease inhibitors. HAI-1 displayed significantly
reduced expression in all CMS subtypes in the TCGA datasets. We demonstrated that upstream inhibition by the addition of re-
combinant human HAI-1 overcomes cetuximab resistance in CC-HGF cells. ZFH7116 is a small molecule inhibitor of the serine
proteases that mimics HAI-1 activity. ZFH7116 suppressed HGF cleavage and maturation in our cetuximab-resistant SC and CC-
CR cell lines. We observed a cooperative effect of ZFH7116 with cetuximab to reduce SC and CC-CR cell growth in 3D collagen
cultures. We are currently investigating if ZFH7116 can overcome cetuximab resistance in CC-HGF. Collectively, our findings sug-
gest that inhibiting HGF cleavage and processing may be a unique strategy for overcoming EGFR-targeted therapy resistance in
colorectal cancer.
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Small cell lung cancer (SCLC) is a more aggressive type of lung cancer with a worse prognosis. Immune checkpoint inhibitors
(ICIs) showed effectiveness against SCLC, however, the response rate was low. Several studies have reported that therapeutic ef-
ficacy of ICIs was improved when the tumor microenvironment (TME) exhibited inflamed phenotype including the expression of a
T-cell inflamed signature which is a set of genes associated with T-cells and dendritic cells anti-tumor response. The induction of
this signature can predict ICI effectiveness. However, epigenetic modifications such as DNA methylation can switch the TME into
non-inflamed phenotype and eventually lead to ICI resistance. The aim of the study was to investigate the alterations in DNA meth-
ylation levels of T-cell inflamed signature genes in SCLC. Publicly available 450K DNA methylation array data of SCLC was used
for our in silico analysis. CpG sites at promoter region of the T-cell inflamed genes were profiled, evaluated, and differentially meth-
ylated sites with a methylation difference (delta beta) of $ 5% were selected. The investigation was conducted on a dataset con-
taining 13 controls and 11 SCLC cases. The analysis revealed that 18 of the total 37 T-cell inflamed signature genes, including
CCL2, CCL5, CD27, CD276, CD4, CMKLR1, FOXP3, GZMB, GZMK, IDO1, IFNG, IRF1, LAG3, NKG7, PRF1, PSMB10, TIGIT, and
TNF, had at least one differentially methylated site at the promotor area and 15 of them had at least two sites. The differentially
methylated genes were hypermethylated in SCLC with methylation differences ranging between 5 % and 36 %. Interestingly,
LAG3 and PRF1 were the most densely methylated genes with eight differentially methylated sites at the promoter region (average
methylation difference = 23% and 17%, respectively). Our discovery of changes in DNA methylation status of T-cell inflamed
genes in SCLC can open a novel avenue for targeting this epigenetic modification to reprogram TME and promote ICI susceptibil-
ity. Moreover, our data provided support for a novel therapeutic approach of combining hypomethylating agents such as decita-
bine or azacytidine with ICIs to improve their outcomes in SCLC. However, additional in vitro and in vivo studies are required to
validate our results.
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Pancreatic ductal adenocarcinoma (PDAC) has one of the highest mortalities of all malignancies, with a mere 5-year survival of
�10%. However, the current first-line treatments have poor patient outcomes, highlighting the urgent need for innovative thera-
peutics. The nuclear factor kB (NF-kB) is a crucial transcription factor frequently activated constitutively in PDAC. It mediates the
transcription of oncogenic and inflammatory genes that facilitate multiple PDAC phenotypes. Thus, a better understanding of the
mechanistic underpinnings of NF-kB activation holds substantial promise in PDAC diagnosis and new therapeutics. The purpose
of this study is to identify novel regulation of NF-kB, with the aim of providing new diagnostic and therapeutic strategies for PDAC.
Here, we report protein O-GlcNAc transferase (OGT) - mediated NF-kB activation through novel serine O-GlcNAcylation of its p65
subunit. We show that overexpression of serine-to-alanine (S-A) mutant at the O-GlcNAcylation site impaired NF-kB nuclear trans-
location and transcriptional activity in PDAC cells. Moreover, these S-A p65 mutants downregulate NF-kB-target genes important
to major cancer hallmarks and inhibit cellular proliferation, migration, and anchorage-independent growth of PDAC cells com-
pared to WT-p65. Interestingly, this modification happens downstream of the inhibitor of NF-kB (IkBa) degradation. Collectively,
we have identified novel OGT-mediated serine O-GlcNAcylation of NF-kB and determined its mechanistic and cellular function in
driving PDAC phenotypes. Thus, our study holds great significance as it uncovers a potential strategy for effective therapeutics
development for PDAC patients.
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Tumor suppressor Liver Kinase B1 (LKB1) activates 5’-adenosine monophosphate protein kinase (AMPK) and maintains energy
homeostasis in response to energy crises. LKB1 and KRAS are the third most frequent co-mutations detected in non-small cell
lung cancer (NSCLC), causing aggressive tumor growth and metastases. Unfortunately, standard treatment with RAS-RAF-MEK-
ERK signaling pathway inhibitors has minimal therapeutic efficacy in LKB1-mutant KRAS-driven NSCLC. Thus, identifying a novel
therapy for patients harboring co-mutations in LKB1 and KRAS is urgently needed. Autophagy degrades and recycles the building
blocks for cancer cells to survive metabolic challenges. Using genetically engineered mouse models (GEMMs), we have previously
demonstrated that autophagy compensates for Lkb1 loss for Kras-driven lung tumorigenesis; loss of an autophagy-essential
gene Atg7 dramatically impaired tumor initiation and tumor growth in KrasG12D/+;Lkb1-/- (KL) lung tumors. This is in sharp contrast
to Lkb1 wild-type (WT) (KrasG12D/+;p53-/- (KP)) tumors that are less sensitive to autophagy gene ablation. To further value our dis-
coveries in clinical translational ability, we treated mouse lung tumor-derived cell lines (TDCLs) with FDA-approved autophagy in-
hibitor hydroxychloroquine (HCQ) and MEK inhibitor Trametinib and found that the combination treatment displayed synergistic
anti-proliferative effects in KL TDCLs compared to KP TDCLs. To elucidate the underlying mechanism of increased sensitivity of
KL TDCLs to Trametinib by autophagy ablation, we performed metabolomic profiling of KL TDCLs with Trametinib, HCQ, or com-
bination treatment and found that several glycolytic and TCA cycle intermediates, amino acids, and ATP levels were significantly
upregulated upon treatment with Trametinib, which were significantly reduced by the combination treatment. In addition, the com-
bination treatment significantly reduced mitochondrial membrane potential, basal respiration, and ATP production in KL TDCLs. In
vivo studies using tumor allografts, genetically engineered mouse models (GEMMs), and patient-derived xenografts (PDXs)
showed anti-tumor activity of the combination treatment on KL tumors, but not in KP tumors. Moreover, we found increased lipid
peroxidation indicative of ferroptosis in KL TDCLs and KL PDX tumors with the combination treatment compared to the single
agents. Finally, treatment with a ferroptosis inhibitor rescued the reduced KL allograft tumor growth caused by the combination
treatment. Taken together, our observations indicate that autophagy upregulation in KL tumors causes resistance to Trametinib
treatment by maintaining energy homeostasis for cell survival and inhibiting ferroptosis. Therefore, a combination of autophagy
and MEK inhibition could be a novel therapeutic strategy to specifically treat LKB1-deficient KRAS-driven NSCLC.

This research has been supported by New Jersey Commission on Cancer Research Predoctoral Fellowship, Steven Cox Scholar-
ship, GO2 Foundation for Lung Cancer Research Award, American Cancer Society Research Scholar Award, and NIH-R01 grant.
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Solid tumors in children represent approximatively 30% of all pediatric cancers. The most prevalent types are Wilms tumor, retino-
blastoma, neuroblastoma, and Ewing's sarcoma. The literature suggested that there is a degree of similarity between these condi-
tions (such as age of diagnosis, prognosis, etc.), indicating that they may share a similar pathogenesis. The objective of our study
was to investigate the DNA methylation profile of common childhood solid tumors in order to find a common signature that can be
used to understand the underlying common molecular mechanism and to identify new pharmacological targets. This was an in sil-
ico study which used publicly available data from a DNA methylation array. Illumina 450K array datasets of the four conditions
were downloaded from the GEO data repository and processed on RStudio. Differentially methylated sites were selected based
on scoring Student’s t-test P-value # 0.001 and a methylation difference (delta beta) $ 20%. Differentially methylated genes were
defined as genes having at least two differentially methylated sites according to the human GRCh37/hg19 annotation. The study
included 82 controls and 357 cases of childhood solid tumors. The analysis revealed that there were 13,472 novel differentially
methylated sites that shared a common methylation profile between all the tumors. Using the hierarchical clustering method, the
differentially methylated sites properly clustered all cases of childhood solid tumors. In addition, the analysis identified 17 differen-
tially methylated genes that were involved in cell-cell communication, signal transduction and immune system pathways. The
novel discovery of the common differentially methylated sites and genes among common childhood solid tumors provided an in-
sight towards understanding their shared molecular pathogenesis. In addition, the identified candidate genes can be used as bio-
markers for the clinical diagnosis and as therapeutic pharmacoepigenomic targets of childhood solid tumors.
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Lung cancer is responsible for more deaths every year than breast, prostate, and colon cancers combined, yet patient treatment
options are still limited. We aimed to characterize a role of a new potential therapeutic target, ERO1a, in non-small cell lung cancer
(NSCLC). Physiologically, endoplasmic reticulum oxidoreductase 1 alpha (ERO1a) participates in formation of disulfide bonds cru-
cial to protein folding in the endoplasmic reticulum (ER). However, high ERO1a expression was shown to be a poor prognostic in-
dicator in multiple cancer types. While the contribution of high ERO1a levels to increased tumor burden and metastatic potential
has been demonstrated, the downstream mechanisms are poorly understood. In this study, CRISPR strategies were utilized to
knockout ERO1a in two lung cancer cell lines, PC-9 and HCC4006. The knockout variants demonstrated a significant reduction in
colony and tumor sphere formation while no changes in cell proliferation and anoikis were observed. This finding correlated with
increased survival and decreased tumor burden in SCID-Beige mice injected with ERO1a knockout cells compared to control cells
(p<0.0045 Log Rank Test). As ERO1a is an ER resident protein, we hypothesized that ERO1a may alter the secretome produced
by NSCLC. In support of our hypothesis, the reduction in colony-formation of ERO1a knockout clones can be rescued by media
conditioned by control cells. Moreover, this effect is lost when conditioned media is subjected to heat denaturation. Together
these data suggest that an ERO1a-dependent secreted protein is responsible for colony formation in lung cancer cells. Analysis of
publicly available lung cancer proteomic data set (CPTAC) shows that high ERO1a expression correlates with enrichment in hall-
marks of cancer, such as inflammatory response and epithelial-to-mesenchymal transition (EMT). Moreover, high ERO1a expres-
sion correlates with increased levels of multiple matrix proteins including Laminin 332, PLOD2, and LOXL2. These findings in
primary patient specimens strongly agreed with the knockout cell line models showing that ERO1a expression is required for se-
cretion of matrix associated proteins in both 2D and 3D systems. We are currently exploring whether the reduced expression of
LOXL2 or LAMC2 is responsible for decreased colony formation observed in ERO1a-depleted cells. Taken together, our data indi-
cate that ERO1a modifies the local tumor microenvironment and is an attractive target for therapeutic intervention in non-small
cell lung cancer.
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Metabolic Rewiring and Mechanism of Action of an
Antiepileptic Drug Repurposed for its Potential in
Glioblastoma
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Glioblastoma multiforme (GBM), a grade IV malignant astrocytoma, is a highly proliferative primary malignant brain tumor with a
dismal 5-year survival rate of �5%. Current treatment strategies including surgery, radiation, and chemotherapy have limited suc-
cess due to resistance to the standard chemotherapeutic temozolomide (TMZ). Moreover, other drug therapies have difficulty per-
meating the blood brain barrier, and tumor invasion in brain regions makes surgical removal challenging. The dire need of a new
chemotherapeutic has thus led us to repurpose an FDA-approved drug stiripentol (STP) with lactate dehydrogenase (LDH) as its
putative target. LDH is a key glycolytic enzyme in the rewiring of cancer metabolism. In fact, decreased expression of an LDH iso-
form has been shown to reduce metastasis and increase apoptosis in GBM. Our previous study demonstrated efficacy of STP in
U87, U138, LN229 and SW1088 GBM cells: STP inhibited proliferation, colony-forming potential, and 3D spheroid growth. STP
also caused G2/M phase arrest of the cell cycle. We also found STP to be effective against TMZ-resistant cells and STP had a rela-
tively high safety profile in normal human dermal fibroblast cells. Our current studies are mainly focused on elucidating the targets
and mechanism of action of STP in GBM. We will study whether LDH and GABA receptors are direct or indirect targets of STP us-
ing silencing and overexpression-based strategies. A phospho-kinase array will aid us in identifying pathways implicated in STP’s
mechanism of action. In addition, we will study the effect of STP on the Warburg effect and other metabolic alterations in GBM
cells. Seahorse assay for extracellular acidification rate (ECAR) and oxygen consumption rate (OCR), as well as mitochondrial
membrane potential (MMP) and reactive oxygen species (ROS) generation assays will be used to elucidate the metabolic effects
of STP in GBM cells. Additionally, we will determine the mechanism of cell death mediated by STP’s actions. The results of our
study can elucidate the mechanistic basis of STP’s anticancer effects and help in developing novel chemotherapeutics for GBM.

This research was supported by an award from the National Institute of General Medical Sciences of the National Institutes of
Health under Award Number R16GM145557 and SC2GM125550 and by funds from the College of Pharmacy and Health Scien-
ces, St. John’s University, NY
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Purpose:

Colorectal cancers (CRCs) are the third leading cause of cancer-related death. Most of these deaths are exclusively due to recalci-
trant disease. The sensitive form of CRCs progresses to a more metastatic and resistant form mainly due to a lack of more potent
and safer chemotherapeutics as chemotherapeutic agents are the mainstay treatment for CRCs. The fluoropyrimidine (FP) drug 5-
fluorouracil (5-FU) is the backbone of conventional chemotherapy regimens (e.g., FOLFOX and FOLFIRI). The several serious side
effects and ineffectiveness of 5-FU along with the urgency to combat these recalcitrant CRCs necessitates the need to develop
safer and more potent FP. We aimed to develop a new second-generation nanoscale FP polymer (CF10) which is safer and more
potent in several preclinical models. Additionally, we also aimed to identify if CF10 blocks thymidylate synthase (TS)-mediated
pro-metastatic activities and overcomes 5-FU resistance in CRCs.

Methods:

We performed immunoblot to identify the markers for stalled replication forks (FANCD2, pChk1-S317) and DNA double-strand
breaks (pChk2-T68, Rad51, pH2AX). We used an alkaline comet assay and immunofluorescence imaging to visualize the extent of
DNA damage, followed by different treatments. The organoid culture of primary colon cancer cells was used to demonstrate the
attenuation of primary colon cancer organoids. We used the Tet-on system to regulate TS expression in HCT-116 cells to further
study the significance of enhanced TS as a factor in CRC metastatic progression and 5-FU resistance. Finally, we performed an in-
vasion and migration assay to demonstrate that TS promotes pro-metastatic activities.

Results:

In CRCs cells, CF10 effectively inhibited thymidylate synthase (TS), increased Top1 cleavage complex formation, and induced
replication stress, whereas identical dosages of 5-FU were ineffective. The CF10 induces more replication stress in rat, mouse, hu-
man-established cell lines, and primary CRC cells compared to 5-FU. In vivo, we observed that CF10 possesses significantly
higher anti-tumor activity when compared with the control. Additionally, CF10 treatment improved survival (84.5 days vs 32 days;
P < 0.0001) relative to 5-FU in an orthotopic HCT-116-luc colorectal cancer mice model that spontaneously metastasized to the
liver. Interestingly, we saw a reduction in metastatic tumors in the CF10 treatment group. This led us to hypothesize further that
CF10 could be inhibiting the TS-mediated epithelial-mesenchymal phenotype in CRCs. We noticed that TS overexpression pro-
moted cell migration and invasion. Strikingly, we discovered that CF10 suppresses the growth of TS-expressing primary CRC or-
ganoids, as seen by the reduction of spheroid formation.

Conclusion:

CF-10 compound induces more replication stress compared to a similar concentration of 5-FU. The overexpression of TS in-
creases epithelial-mesenchymal markers, migration, and invasion. Our findings show that CF-10 may be a successful candidate
for treating recalcitrant CRCs and potential to overcome 5-FU resistance.
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to Gene-Edit Topoisomerase IIb in Human Leukemia K562
Cells: Generation of a Resistance Phenotype
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DNA topoisomerase IIb (TOP2b/180; 180 kDa) is a nuclear enzyme that regulates DNA topology by generation of short-lived DNA
double-strand breaks primarily during transcription. TOP2b/180 is a target for a number of DNA damage-stabilizing anticancer
drugs, whose efficacy is often limited by chemoresistance. Our laboratory demonstrated reduced levels of TOP2b/180 in an ac-
quired etoposide-resistant K562 clonal cell line, K/VP.5. We hypothesized that lower expression of TOP2b in K/VP.5 cells leads to
resistance to TOP2b specific drugs such as XK469. To test this hypothesis, a stop codon was added at the TOP2b gene exon 19/
intron 19 boundary (AGAA//GTAA �a ATAG//GTAA) in parental K562 cells (which contain four TOP2b alleles) by CRISPR/Cas9 edit-
ing with homology-directed repair (HDR) to disrupt production of full length TOP2b/180. Gene-edited clones were identified and
verified by quantitative polymerase chain (qPCR) and Sanger sequencing, respectively. Characterization of a TOP2b gene-edit
clone, with all four TOP2b alleles edited, revealed degradation of TOP2b/180 mRNA and the absence of TOP2b protein. The lack
of TOP2b/180 protein resulted in resistance to growth inhibition induced by XK469, a TOP2b specific inhibitor; in addition, prelimi-
nary studies suggested partial resistance to Etoposide. Together, results support the important role of TOP2b/180 as determinant
of sensitivity/ resistance to TOP2b-targeting drugs.
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Amphotericin A21 reduces cell proliferation and modulates
anti- and pro-apoptotic proteins in MCF-7 cells.
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Amphotericin A21 (AmB-A21) has been developed and evaluated by our research group. It has been found that AmB-A21 induce
cytotoxicity, apoptosis, and reduced lung cancer cells invasion. Therefore, our aim was to evaluate the effect of AmB-A21 on cell
proliferation and apoptosis in MCF7 cells.

Methods: MCF-7 cells (ATCC HTB-22), from breast cancer were used. They were cultured at 37�C, with 5% CO2, in supple-
mented DMEM HG medium. A dose-response curve was performed for cisplatin and AmB-A21 to obtain the IC25. Then cells were
treated for all experiments with cisplatin 24.38 mM or AmB-A21 103.62? mM; cells without treatment were used as negative con-
trol. For cell proliferation cells were seeded into a 96-well plate (1,000/well), incubated for 24 h and then treated with cisplatin and
AmB-A21 for 3 days; after time a MTT assay was performed. For the analysis of cell death, cells were seeded into 6-well plate
(250,000/well) and incubated for 24h at 5% CO2 and 37�C, cell death was identifying using an acridine orange and ethidium bro-
mide staining assay. BCL-2 and BAX expression was carried out by an immunocytochemistry assay, it was used H2O2 30% as
positive control. Finally, active caspase 9 was quantified using the Caspase-GloVR 9 kit following the manufacturer's instructions.

Results: Our results showed that AmB-A21 reduced approximately 50% of proliferation compared to control cells, whereas cis-
platin reduced about 75% of cell proliferation at 72 h (p<0.05). The analysis of cell death revealed that AmB-A21 induced death by
apoptosis in MCF-7 cells. The presence of apoptosis in cells treated with antineoplastic drugs increased 40% in cells treated with
AmB-A21 and 60% with cisplatin (p<0.05) as compared with negative control. It was observed presence of cells in necrosis in
presence of cisplatin, but not AmB-A21. It is well known that caspase 9 and BAX are proteins that induce the progression to apo-
ptosis, whereas BCL-2 is involved in the evasion of cell death, then we proceeded to evaluate those proteins. We found that nu-
clear BAX expression was increased in those cells treated with AmB-A21 (70%) as well as in those cells treated with cisplatin
group (60%) as compared with positive control (p<0.05). But nuclear BCL-2 expression was reduced in cells treated with AmB-
A21 (4-fold) and with cisplatin group (p<0.05) as compared with positive control. We found that AmB-A21 increased 30% caspase
9 activity whereas cisplatin induces 25% as compared with positive control (p<0.05).

Conclusion: Our results demonstrated that AmB-A21 has antineoplastic effects in MCF-7 cells by reducing cell proliferation and
inducing apoptosis. AmB-A21 has the potential for being considered as a antineoplastic drug.
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Rhodanine (derived from thiazolidine), a heterocyclic compound, plays an essential role in the biological system of humans. Its de-
rivatives are present in drugs used in antibiotics, antiviruses, antidiabetics, and antifungals. Rhodanine and its derivatives can pre-
vent HIV-1 integrase, JSP-1 Phosphates, RNA polymerase, hepatitis C virus NS5B polymerase, and PMT1 mannosyl transferase.
We hypothesize that the shape-controlled synthesis of Polyrhodanine will provide an exciting perspective for diagnosing and
treating diseases, including cancer. In our research, we investigate the synthesis of Polyrhodanine in a single-step oxidation-re-
duction reaction in the presence of transition metals in the microwave. Two morphologies for Polyrhodanine have been identified
depending on the metal: core-shell and nanotubular. In the first step of the reaction, the rhodamine monomer forms a one-dimen-
sional complex with the metal ions (Copper (I) Acetate) due to coordinative interaction. In the second step, the oxidation of Rhoda-
nine and the reduction of metal ions result in the polymerization of Rhodanine into core-shell nano-micro spheres with embedded
metal nanoparticles. The product is analyzed via Infra-Red and UV-vis Spectroscopy, SEM (Scanning Electron Microscopy), EDX
(Energy Dispersive X-ray spectroscopy), and TEM (Transmission Electron Microscopy). Subsequently, we tested our compound in
a human lung cancer cell line, namely A549, to measure cell viability by the colorimetric MTT (3- [4,5-dimethylthiazol-2-yl]-2,5 di-
phenyl tetrazolium bromide) assay. The MTT assay is used to measure cellular metabolic activity as an indicator of cell viability
and cytotoxicity. The underlying principle is the ability of NADPH-dependent cellular oxidoreductase enzyme secreted by the mi-
tochondria to convert the tetrazolium dye into insoluble formazan crystals. More formazan crystal formation indicates more viable
cells. In our experiment, 20,000 cells were plated in each well of a 96-well plate and treated with the compound for 48 hours to in-
vestigate the viability of lung cancer cells. Our data shows viability of A549 cells decreases in a dose dependent manner with treat-
ment concentrations ranging from 0.01mM to 1mM in comparison to cells in the DMSO control treatment group. Our present focus
is to investigate the cell signaling pathways, by real-time PCR and Western blotting, that could be altered by our compound to
identify expression of key genes and protein, that are known to be dysregulated in lung cancer. Future studies will focus on investi-
gating effect in other cancer cell lines, including triple negative breast cancer cells.

Acknowledgements: Queensborough Community College NIH Bridges to Baccalaureate Program 5R25GM065096-21 and Re-
search Foundation, CUNY.
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Defining the Role of Mitochondrial Dynamics in Regulating
PDAC Cell Sensitivity to KRAS and ERK Inhibition
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Pancreatic ductal adenocarcinoma (PDAC) is driven by oncogenic activation of KRAS in over 95% of patients. Recent evidence
suggests that mutant KRAS activation rewires cancer cell metabolism, altering mitochondrial morphology and function. KRAS-
mutant PDAC are characterized by fragmented mitochondria. This is mediated through activation of the downstream RAF-MEK-
ERK effector signaling pathway, which leads to the phosphorylation of mitochondrial fission protein DRP1, driving mitochondrial
fragmentation to support PDAC growth. Consistent with this role, we determined that treatment with the ERK1/2-selective inhibi-
tor SCH772984 (ERKi) caused mitochondrial fusion and inhibited PDAC cell growth. Similarly, we found that treatment of
KRASG12D-mutant PDAC cell lines with the KRASG12D-selective inhibitor MRTX1133 (KRASi) also promoted increased mito-
chondrial fusion and suppressed growth. However, whether fragmented mitochondria support KRAS- and ERK-dependent PDAC
proliferation remains unresolved. We hypothesized that preventing mitochondrial fusion by siRNA silencing of the mitochondrial
fusion proteins OPA1 and MFN1, promoting fragmented mitochondria, will drive resistance to inhibition of KRAS-ERK signaling.
To test this, we used siRNA to suppress the expression of OPA1 or MFN1, which caused a hyper-fragmented mitochondrial phe-
notype. These cells were refractory to ERKi-stimulated mitochondrial fusion and retained highly fragmented mitochondria but re-
tained sensitivity to growth inhibition. Thus, mitochondrial fragmentation alone cannot support ERK-dependent PDAC growth.
Ongoing studies are addressing whether sustained mitochondrial fragmentation will drive resistance to direct KRAS inhibitors.

This project was supported by the Gump Family Undergraduate Research Fund administered by Honors Carolina, the American
Society for Pharmacology and Experimental Therapeutics SURF Award, and Carolina Summer Fellowship Program through the
UNC Department of Pharmacology.
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Triple-negative breast cancer (TNBC) has historically had fewer treatment alternatives than other breast cancer types. Therefore, it
is critical to explore and pinpoint potential biomarkers that could be utilized in treating TNBC. By doing this, we will significantly en-
hance a patient’s prognosis and quality of life. Apoptosis-controlling genes could be manipulated to increase the death of cancer
cells. It is essential to comprehend how the genes involved in the apoptotic pathway interact to identify potential therapeutic tar-
gets. Therefore, the current study is aimed to evaluate the gene expression, protein-protein interaction (PPI), and transcription fac-
tor interaction of 27 apoptosis-regulated genes in TNBC using integrated bioinformatics methods to assess the gene expression,
protein-protein interaction (PPI) and transcription factor interaction. Our findings demonstrated that CASP2, CASP3, DAPK1, TNF,
TRAF2, and TRAF3 were substantially associated with the overall survival rate (OS) difference of TNBC patients. The results also
show that breast tissue gene expressions of BNIP3, TNFRSF10B, MCL1, and CASP4 were downregulated compared to normal
breast tissue in UALCAN. At the same time, BIK, AKT1, BAD, FADD, DIABLO, and CASP9 were downregulated in bc- GeneEx-
Miner v4.5 mRNA expression (BCGM) databases. Based on the GO term enrichment analysis, the Cellular process (GO:0009987),
which has about 21 apoptosis-regulated genes, is the top category in the biological process (BP), followed by biological regulation
(GO:0065007). We identified 29 pathways, including p53, angiogenesis, and apoptosis signaling. We examined the PPIs between
the genes that regulate apoptosis; CASP3 and CASP9 interact with FADD, MCL1, TNF, TNFRSRF10A, and TNFRSF10; addition-
ally, CASP3 significantly forms PPIs with CASP9, DFFA, and TP53, while CASP9 with DIABLO. In the top 10 transcription factors,
the androgen receptor (AR) interacts with five apoptosis-regulated genes (p<0.0001; q<0.01), followed by RARA (Retinoic Acid
Receptor Alpha) (p<0.0001; q<0.01) and RNF2 (Ring Finger Protein) (p<0.0001; q<0.01). Overall, the gene expression profile, the
PPIs, and the apoptosis-TF interaction findings suggested that the 27 apoptosis-regulated genes might be used as promising tar-
gets in treating and managing TNBC. Furthermore, from a total of 27 key genes, CASP2, CASP3, DAPK1, TNF, TRAF2, and TRAF3
were significantly correlated with poor overall survival in TNBC (p-value < 0.05), which could play essential roles in the progression
of TNBC and provide attractive therapeutic targets that may offer new candidate molecules for targeted therapy. It was concluded
from this study that genetic alterations altering apoptosis could be possible biomarkers for the prognosis and facilitate the search
for alternative treatment targets for TNBC.

This research was supported by grants from the National Institute of Minority Health and Health Disparities of the National Insti-
tutes of Health through Grant Number U54 MD 007582
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Breast cancer is a prevalent disease among women in the U.S. One of the most aggressive subtypes of breast cancer is triple-neg-
ative breast cancer (TNBC) and is predominantly seen in young African American (AA) women. TNBC is characterized by the lack
of three receptors: estrogen, progesterone, and human epidermal growth factor receptor 2. Current treatment includes surgery,
chemotherapy, and radiation, none of which are successful against TNBC. A signature for the disease is high levels of intracellular
calcium. Therefore, components that regulate calcium could be a potential target for developing novel treatment.

Calcium signaling is immensely complex and maintenance of calcium homeostasis is strictly regulated. Calcium enters the intra-
cellular space via voltage-gated calcium channels. Intracellular calcium is regulated by the gamma-butyrobetaine hydroxylase 1
(BBOX1) 1,4,5-inositol trisphosphate receptor 3 (IP3R3) complex on the endoplasmic reticulum (ER) and the store operated cal-
cium entry (SOCE) mechanism. Binding of BBOX1 prevents IP3R3 ubiquitination. IP3R3 is responsible for protein stabilization, cal-
cium homeostasis, and cellular bioenergetics. IP3R3 sends calcium from the ER to the mitochondria for mitochondrial function
and glycolysis, ultimately leading to cell survival. This depletion of calcium in the ER activates the ER stromal interaction molecule
1 (STIM1) sensor to signal SOCE channels for calcium restoration back to the ER.

Based on this information, this study hypothesizes that calcium channel blockers (CCBs) also exert their effects intracellularly by
acting as a BBOX1 antagonist. By blocking BBOX1, this causes protease degradation of IP3R3 and blocks mitochondrial function
and glycolysis, ultimately leading to cell apoptosis. TNBC cells from AA and European American (EA) women were treated with
CCBs in a dose-dependent and time-dependent manner. Cell viability assessment was performed to test the efficacy of drug
treatment. Western blots and RT-PCR were performed for analysis of protein and RNA expression. Reactive oxygen species assay
was used to test for oxidative stress. Our data has shown that various CCBs decrease cell proliferation in TNBC cells in a dose-de-
pendent and time-dependent manner. In addition, ethnic differences were shown to be dependent on drug treatment. Therefore,
this study presents CCBs as novel therapeutic agents for TNBC.

Support/Funding Information: NIH/NCI; HU/Georgetown Collaborative Partnership in Cancer Research (5P20CA242611-03)
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Reductive stress is characterized by an excess of cellular electron acceptors and can be linked with a number of human patholo-
gies including increased cytotoxicity in cancer cells. In order to characterize cellular adaptations to reductive stress, we used step-
wise, incremental selection to generate melanoma cell lines with acquired resistance to rotenone (ROTR, 5-fold), n-acetyl cysteine,
(NACR, 2-fold), or dithiothreitol (DTTR, 23-fold) or rotenone (ROTR, 5-fold). Cells divided more rapidly in resistant lines and intracel-
lular homeostatic redox- couple ratios (e.g., glutathione, NADPH) were shifted towards the reduced state. Resistance caused al-
terations in general cell morphology, but only ROTR cells had significant changes in mitochondrial morphology (higher numbers,
and more swollen; isolated and more fragmented; decrease in networks; greater membrane depolarization). These changes were
accompanied by lower basal oxygen consumption and maximal respiration rates and a more marked reliance on glycolysis for en-
ergy production. Whole cell flux analyses and mitochondrial function assays showed that NACR and DTTR preferentially utilized
TCA cycle intermediates, while ROTR used ketone body substrates such as D, L, b-hydroxybutyric acid. While NACR and DTTR

Each resistant line cells had constitutively elevated decreasedd levels of reactive oxygen species (ROS), in ROTR these were in-
creased. This was accompanied by and spuriously inhibited/activated Nrf2, with concomitant decreased/increased expression of
downstream gene products, such as glutathione S-transferase P in ROTR/ NACR and DTTR. Adaptations to reductive stress also
included enhanced expressionalteredion of proteinsexpression of proteins controlling the unfolded protein response (UPR). These
included BiP, PDI, CHOP, ATF4, ATF6 and PERK and although expression patterns of these UPR proteins were distinct between
the resistant cells, there was an enhancement of expression implying that resistance to reductive stress accompanies a constitu-
tively increased UPR phenotype in each line, but does not result in cell death. Overall, while most tumor cell lines adapt to survive
conditions of high oxidative stress, they are also flexibly capable of adapting various pathways to regulate growth and survival in
conditions concentrations of drugs that would cause cell death throughof reductive stress.

This work was supported by grants from the National Institutes of Health (CA08660, CA117259, NCRR P20RR024485 - COBRE in
Oxidants, Redox Balance and Stress Signaling) and support from the South Carolina Centers of Excellence program and was con-
ducted in a facility constructed with the support from the National Institutes of Health, Grant Number C06 RR015455 from the Ex-
tramural Research Facilities Program of the National Center for Research Resources.
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Medulloblastoma (MB) is the most common malignant pediatric brain tumor. Of the four MB subtypes, Sonic Hedgehog Medullo-
blastoma (SHH-MB) is the most frequent MB subtype diagnosed in infants under 3 years of age. Targeted therapies of SHH-MB
have focused on inhibition of Smoothened (SMO), the key transmembrane activator of the hedgehog (Hh) pathway. Unfortunately,
SHH-MBs have evolved resistance to SMO inhibitors by developing mutations in the Hh pathway. To combat therapeutic resis-
tance and advance SHH-MB therapy, the identification of novel, targetable Hh pathway regulators is required. Recently, we have
identified a preponderance of mutations in the ATP-Binding Cassette Transporter A subfamily of lipid transporters among SHH-
MB. Many of these mutations were found in the orphan transporter ABCA13 suggesting ABCA13 affects the Hh pathway. Proteo-
mic and RNAseq data revealed ABCA13 levels increased upon Hh pathway activity. CRISPR/Cas9-mediated knockout of
ABCA13 in NIH 3T3 cells (a standard cell model to study Hh pathway signaling) demonstrated disrupted Hh pathway signaling
when activated with either SHH ligand or Smoothened Agonist (SAG) via measurement of GLI1 and Patched 1 (PTCH) protein level
by western blot or GLI1 and PTCH mRNA levels by qPCR. Immunofluorescence microscopy data showed unexpected transloca-
tion of SMO into primary cilia in ABCA13 KO cells without activation of the Hh pathway. RNAseq of ABCA13 KO 3T3 cells under
SHH ligand or SAG-activated conditions also showed downregulation of both Hh pathway genes and GLI target genes. Addition
of ABCA13 back into ABCA13 KO cells via transfection partially rescued Hh pathway activity. CRISPR/Cas9-mediated knock-in of
ABCA13 SHH-MB mutations into 3T3 cells showed no defects in Hh pathway activity when treated with SHH ligand or SAG via
measurement of GLI1 and PTCH protein levels, indicating a possible gain of function for these mutations. Taken together, these
results indicate that ABCA13 is required for optimal Hh pathway activity. Further elucidation of ABCA13’s role in Hh pathway regu-
lation may lead to novel treatments for SHH-MB.

Acknowledgements: Funding for the project was provided by the National Institute of Health (NIH) and the American Lebanese
Syrian Associated Charities (ALSAC)
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HUNK regulation of IL-4 promotes polarization of tumor-
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Triple-negative breast cancer (TNBC) is a type of breast cancer that does not express hormone receptors (estrogen receptor (ER)
or progesterone receptor (PR) or human epidermal growth factor receptor 2 (HER2). Therefore, contrary to other types of breast
cancer, TNBC is not sensitive to common endocrine therapy or HER2-targeted inhibitors. Recent new FDA approved treatments
for TNBC include immunotherapy targets such as immune checkpoint inhibitors (ICI) . Unfortunately, inadequate anti-tumor T-cell
effector function and high abundance of tumor-associated macrophages (TAMs) have limited the efficacy of immune therapy.
TAMs constitute one of the most abundant immune cell populations in mammary tumors. Within the tumor, TAMS can be polar-
ized to classically activated M1-like and alternatively active M2-like phenotypes. M2-like macrophages contribute to cancer pro-
gression by inducing tumor angiogenic responses, promoting tumor growth and metastasis. In cancer, the polarization of
macrophages toward an M2 phenotype is directed by cancer-cell-derived factors such as pleiotropic cytokines like interleukin-4
(IL-4). New knowledge suggests that IL-4 expression in cancer cells is regulated by the signal transducer and activator of the tran-
scription 3 (STAT3) transcription factor. Intriguingly, we observed that Hormonally Up-Regulated Neu-Associated Kinase (HUNK),
is responsible for IL-4 production through regulation of STAT3 in the 4T1 mammary tumor cell line, which is considered a meta-
static TNBC model. We engineered 4T1 cells expressing HUNK and HUNK knockdown by shRNA. Our current data shows that
4T1 cells with HUNK knockdown have reduced HUNK expression, reduced levels of STAT3 phosphorylation, IL-4 production, and
secretion compared to control 4T1 cells expressing HUNK. As well, we have observed that HUNK kinase activity is required for IL-
4 production in 4T1 cells by showing that 4T1 HUNK knockdown cells that re-express wildtype HUNK rescue IL-4 production
compared to 4T1 HUNK knockdown cells that re-express kinase inactive HUNK. Furthermore, we show that conditioned medium
from 4T1 control cells induces M2-polarization of macrophages. The loss of IL-4 secretion in 4T1 HUNK knockdown cells corre-
sponds to a reduced ability of conditioned medium from HUNK knockdown cells to induce alternative activation of macrophages.
We also observed that HUNK has a significant effect on the presence of M2-likeTAMs in the tumor microenvironment. Tumors de-
rived from HUNK knockdown 4T1 cells have reduced M2-likeTAMs compared to control tumors. Additional experiments are in
progress to engineer 4T1 HUNK knockdown cells to re-express IL-4 and measure the ability of these cells to rescue the loss of
M2-like TAMs in the tumor microenvironment. Furthermore, we will evaluate the pharmacological inhibition of HUNK and its effect
on M2-like TAMs in the tumor microenvironment. The overall goal of these studies is to evaluate HUNK as a therapeutic target for
TNBC metastasis by modulating the TAM population within the tumor microenvironment. Also, we aim to identify the HUNK sig-
naling pathway that is responsible for pro-metastatic TAM function in TNBC.

Trainee Nicole Ramos Solis was supported by the Indiana University Immunology and Infectious Disease Training Program, NIH
AI060519
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Machine learning (ML) models have demonstrated impressive applicability in classifying hemodynamic signals according to disease-spe-
cific features of overt cardiovascular (CV) conditions like myocardial infarction and hypertension. However, there remains a pressing need
for identifying subtle, subclinical deviations in hemodynamic time-series associated with early disease states, to predict prognosis and
prevent deteriorating processes. Our previous work indicates the predictive capacity of non-linear parameters of blood pressure variability
in discriminating between healthy and prediabetic rats in a sex- and age-specific manner. Whilst pre-diabetic rats lack signs of gross CV
insult, they possess blunted baroreceptor sensitivity and dysfunctional endothelial-dependent vasorelaxation only discernible upon com-
plex, invasive hemodynamic manipulations. Our results show that female rats are relatively protected from prediabetic CV manifestations.

Here, we evaluate the capacity of a ML convolutional neural network (CNN) in segregating arterial pressure (AP) signals collected
from pre-diabetic vs. healthy controls according to disease state, age, and sex. 4-week-old Sprague Dawley, male or female rats
were fed a high-calorie (HC) or a normal diet for 12 or 24 weeks (wks), representing young vs. old rats, respectively. Female rats
fed for 24 wks were further divided into three subcategories: a sham group, one undergoing ovariectomy at wk 12 (OVX), and an-
other receiving estrogen treatment for 12 wks post-surgery (OVX+E2). At weeks 12 or 24, anesthetized rats were instrumented for
invasive hemodynamics monitoring via a pressure transducer inserted through the carotid artery.

AP signals of length n300 seconds were downsampled to 50Hz, sliced to 1000 data points per bin (n16.7s), and Fourier-trans-
formed. Fourier plots were cropped to remove graph labels/axes and were then fed into the CNN. Our model consisted of 5 convo-
lutional layers, separated by batch normalization, ReLU activation, and max pooling. The outcome of the 5th convolutional layer
had 40% of data dropped out and was delivered to a fully connected layer and then to a softmax function. The model utilized cross
entropy for a loss function and ADAM for an optimization function. 80% of the data was randomly allocated for training and 10%
each for validation and testing. Test accuracy (TA), AUROC, and AUPRC were used to evaluate the model.

Our CNN successfully classified rats based on diet (HC vs. control, test accuracy: 97.66%, AUROC: 0.9975, AUPRC: 0.9975), sex
(TA: 96.63%, AUROC: 0.9921, AUPRC: 0.9922), surgical outcome (sham vs. OVX vs. OVX+E2, TA: 96.55%, AUROC: 0.9950,
AUPRC: 0.9904), and age (16 vs. 28 weeks, TA: 96.65%, AUROC: 0.9802, AUPRC: 0.9757). Upon challenging the model with a 4-
way classification task on age and diet (16 wks + control diet, 16 wks + HC, 28 wks + control, and 28 wks + HC), it was able to clas-
sify the above with TA: 92.79%, AUROC: 0.9764, and AUPRC: 0.9603.

Application of a supervised ML model provides the opportunity of capturing several undefined features of hemodynamic control. Utility
of a CNN overcomes the shortcomings associated with the use of other parameters of hemodynamic fluctuations which measure a sin-
gle characteristic, by probing and compiling additional layers of differences and synthesizing a global appraisal of CV signals.

Title: Performance of Convolutional Neural Network (CNN) on Different Comparisons
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Abstract

Subjects with diabetes are more vulnerable to myocardial ischemic-reperfusion injury (MIRI) and less or not sensitive to myocardial
protective interventions such as ischemic preconditioning that are otherwise effective in non-diabetic subjects, and the underlying
mechanism is unclear. Propofol (PPF), a widely used intravenous anesthetics, has been reported to attenuate MIRI through its re-
active oxygen species scavenging property at high doses in vitro and in vivo, while application of propofol at high doses clinically
may cause hemodynamic instability. Salvianolic acid A(SAA) is a potent antioxidant that confers protection against myocardial is-
chemic injuries. PPF and SAA both bear phenolic moieties in their molecular structure, however, whether or not these two mole-
cules may confer synergistic cardioprotection, in particular in the context of myocardial ischemic injury under diabetic conditions,
is unknown. The aim of this study was to investigate the protective effects and its underlying mechanisms of low doses of PPF
combined with SAA against hypoxia/reoxygenation(H/R)-induced cardiomyocyte injury in high glucose (HG) and palmitate-treated
H9c2 cardiomyocytes. Our data showed that culture H9c2 cells under stimulated diabetic condition with HG and palmitate re-
sulted in significant cellular injury evidenced as decreased cell viability and increased lactate dehydrogenase (LDH) leakage that
was concomitant with increased levels of the lipid peroxidation product malondialdehyde(MDA) and significant increase in CD36,
while levels of p-AMPK was significantly reduced. These HG and palmitate-induced cell injuries/damages were further signifi-
cantly exacerbated by H/R (composed of 6 hours of hypoxia followed by 12 hours of reoxygenation) but reversed by PPF or SAA
respectively in a concentration dependent manner in the dose ranges of 12.5, 25 and 50 mM. Co-administration of low concentra-
tions of PPF and SAA at 12.5 mM in H9c2 cells cultured under HG and palmitate significantly reduced the production of reactive
oxygen species, ferrous ion content and lipid peroxidation and reduced CD36, while significantly increased p-AMPK, as compared
to the effects of PPF at the concentration of 25 mM. Moreover, HR-induced cellular injuries and ferroptosis were significantly exac-
erbated by overexpression of CD36. It is concluded that combinational usage of low doses/concentrations of PPF and SAA confer
superior cellular protective effects to the use of high dose of PPF alone, and that inhibition of H/R induced CD36 over-expression
may represent a major mechanism by which PPF and SAA combat against cardiomyocyte H/R injuries under HG and high lipid
conditions.
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Objective: Recent in vivo and in vitro studies have established the role of nicotine in chronic kidney diseases. However, the molec-
ular mechanisms of how nicotine induces chronic kidney disease are still unclear. The present study tested whether acid sphingo-
myelinase (Asm) mediates the nicotine induced NLRP3 inflammasome activation and podocyte injury.

Methods and Results: Confocal microscopic analysis showed that nicotine treatment increased the colocalization of NLRP3 with
Asc in podocytes compared to control cells (n=6/group, p<0.05). Pretreatment with Asm inhibitor, amitriptyline abolished the nic-
otine-induced colocalization of NLRP3 with Asc, suggesting that Asm mediates the nicotine-induced Nlrp3 inflammasomes acti-
vation. Biochemical analysis showed that nicotine treatment significantly increased the caspase-1 activity compared to control
cells. The prior treatment with amitriptyline significantly attenuated the nicotine-induced caspase-1 activity. Immunofluorescence
analysis showed that nicotine treatment significantly decreased the podocin expression compared to control cells. However, prior
treatment with amitriptyline attenuated the nicotine-induced podocin reduction. In addition, prior treatment with amitriptyline sig-
nificantly attenuated the nicotine-induced ceramide production and Asm expression in podocytes.

Conclusion: Based on the above results, it is concluded that Asm is one of the important mediators of nicotine-induced inflamma-
some activation and podocyte injury. Asm may be a therapeutic target for treatment or prevention of glomerulosclerosis associ-
ated with smoking.

This work is supported by NIH R01HL148711 award
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In the USA, resistant uncontrolled hypertensive patients express an increased risk of mortality when compared to untreated hyper-
tensive patients1. The current pharmacopeia of hypertensive medication therefore fails to ameliorate resistant hypertension and
poses a risk to the health of patients, highlighting the need for new drugs and a change in approach to how we treat hypertension.

Colchicine, a microtubule polymerization disruptor, is currently in use for its anti-inflammatory properties in the treatment of gout.
Recently, work from our laboratory indicates a role for colchicine in vascular function recovery within arteries from hypertensive
animals by preventing retrograde trafficking of key components of vascular reactivity2,3. The long-term in vivo consequences of
colchicine treatment within the context of animal models of hypertension remains unclear however. The aim of this project was to
determine the effect of colchicine dosing on the key hallmarks of hypertension including blood pressure, vascular function and
vascular remodeling.

11-16 week old Wistar Kyoto (WKY) and spontaneously hypertensive rats (SHR) were bred and purchased form Janvier Labs,
France, for tandem in vivo and in vitro experiments.

In vivo: Under general anesthesia (isoflurane), animals were fitted with abdominal telemetric devices which allowed for continual
recording of blood pressure and body temperature. Animals were orally dosed with either placebo (PBS), or Colchicine (0.05mg/
kg, in PBS) once daily for 4 weeks. Differences in blood pressure were determined by recordings generated for 1hr prior to dosing.
In week 1, acute changes in blood pressure were determined by a 2hr recording post dosing.

In vitro: changes in vascular function via isometric tension recordings of 3rd order mesenteric arteries (MAs). Concentration effect
curves were generated in response to vasoconstrictors methoxamine (a-1 adrenoreceptor), U46619 (TXA2), 5-HT and KCl from
basal tone, and vasorelaxant isoproterenol (b-adrenoreceptor), sodium nitroprusside, ML213 (KV7.2-5 channel activator) and
NS11021 (BKCa channel activator) on pre-contracted arterial tone (10mM Methoxamine). Changes in vascular remodeling were de-
termined via Sirius red staining of cross sections of 3rd order MAs, in addition to electron microscopy.

Our in vivo investigation revealed a reduction in D Blood Pressure within SHRs treated with colchicine when compared to placebo
controls across the 4 weeks. Further, colchicine mediated no significant acute changes in blood pressure. Our ex vivo investiga-
tions similarly demonstrate an enhanced response to SNP, isoproterenol and ML213 when comparing arteries from Colchicine
treated SHRs to placebo controls. Finally, sirus red and electron microscopy revealed a reduction in media to lumen ratio when
comparing the arteries from the same groups.

Collectively indicating that long-term treatment with colchicine has positive outcomes for BP reduction, via enhanced vascular re-
sponsiveness to vasodilators coupled with a reduction in detrimental vascular remodeling, implicating colchicine as a novel thera-
peutic candidate for the treatment of hypertension.

1. Zhou D, Xi B, Zhao M, Wang L, Veeranki SP. Sci Rep. 2018;8(1):1–7.

2. Lindman J, Khammy MM, Lundegaard PR, Aalkjær C, Jepps TA. Hypertensoin. 2018 Feb;71(2):336–45.

3. Horst J Van Der, Rognant S, Hellsten Y, Aalkjær C, Jepps TA. Hypertension. 2022;79:2214–2227.
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G protein-coupled receptor kinase 2 (GRK2) is upregulated in the injured heart, contributes to heart failure (HF) pathogenesis and
has emerged as a therapeutic target for cardiac disease. One approach used to target GRK2 activity in murine HF models involves
the genetic expression of peptide inhibitors via C- or N- terminal fragments of GRK2. Herein, we subjected transgenic mice with
cardiac restricted expression an N-terminal fragment of GRK2 (bARKnt) to pressure overload and found that these mice exhibit
sexual dimorphism in HF and atrial susceptibility. This recapitulates the clinical data indicating essential differences between men
and women in HF type, epidemiology and pathophysiology. Men are predisposed to the development of HF with reduced ejection
fraction due to heart-related conditions. Women, meanwhile, have a higher incidence of HF with preserved ejection fraction due to
comorbidities and sex-related factors. The poor inclusion of females in clinical trials and murine studies has contributed to a poor
understanding of disease behavior in women. This study carefully dissects both the acute and chronic responses of non-trans-
genic and bARKnt female mice to trans-aortic constriction (TAC) surgery, and whether they differ from our previous observance in
males. Interestingly, while left ventricular (LV) posterior wall thickness during diastole and systole and cardiac ejection fraction
were all significantly higher in bARKnt mice prior to surgery, our data demonstrate proportional LV hypertrophic growth in both the
bARKnt and non-transgenic mice in response to acute cardiac stress. During chronic stress, in contrast to non-transgenic male
mice that transition to heart failure from 10-14 weeks after TAC, ejection fraction was indistinguishable between non-transgenic
Sham and TAC females, with elevated yet consistent levels in the bARKnt TAC and more-so Sham females. bARKnt female mice
exhibited a robust and continual increase in asymmetric hypertrophy across the 14 week time course. This is in contrast to non-
transgenic female mice that have mild, stable and symmetric hypertrophic growth. This is also in contrast to the stable hypertro-
phy and cardioprotection observed in bARKnt male mice, and opposite to the switch from hypertrophy to wall thinning observed
in non-transgenic male mice transitioning into maladaptive remodeling and dilated cardiomyopathy. Additionally, lung weight nor-
malized to tibia length was only elevated in the bARKnt TAC female mice, suggesting pulmonary congestion. Analysis of Masson’s
Trichrome and WGA staining demonstrated that unlike in bARKnt male mice, fibrosis and cardiac hypertrophy are evident in
bARKnt female mice at baseline and more pronounced following acute and chronic pressure overload stress. Further, these data
suggest an increase in immune cell infiltration that is under further investigation. Data in our male mice suggested enhanced meta-
bolic flexibility as part of the mechanism of cardioprotection by bARKnt; however, the opposite was observed in females. Alterna-
tively, RNAseq data suggests dysregulation of phagosome formation and wound healing responses as possible mechanisms for
the increased pathological remodeling in our bARKnt female mice that will serve as a focus of ongoing and future studies. Overall,
increasing our knowledge about the underlying molecular mechanisms involved in the male versus female failing heart will contrib-
ute to more effective sex-specific therapeutic strategies.
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Background: GRK2 is an abundantly expressed GRK in the heart and plays a crucial role in the pathogenesis of heart failure. Tar-
geting GRK2 in HF has been previously reported to be cardioprotective in mouse models of HF, genetically with bARKct and with
paroxetine an FDA-approved SSRI that also has potent GRK2 inhibitory properties. To enhance the GRK2 inhibitory properties of
paroxetine while still retaining its selectivity a library of compounds was generated based on its scaffold. Amongst them, the14as
compound had 50-fold higher selectivity for GRK2 and increased myocyte contractile function in vitro at doses 100-fold lower
than paroxetine. Such profound in vitro effects led to its evaluation in heart failure models in vivo.

Aim: To evaluate cardioprotective effects and an ideal dose of 14as in two different mouse injury models of heart failure.

Methods: 14as was first evaluated in a mouse model of myocardial infarction (MI). 2 weeks post-MI, three different doses of
14as – high 2mg/kg/day, medium 0.5mg/kg/day and low 0.1mg/kg/day were administered via osmotic pumps. Cardiac function
and LV (left ventricular) chamber dimensions were measured by echocardiography. After concluding the ideal dose of 14as in
an MI model, 14as was evaluated in a transverse aortic constriction (TAC) model for its cardioprotective properties. Similar to
the MI model, 14as was delivered via osmotic pumps, and cardiac function was evaluated by echocardiography starting at 2
weeks up to 12 weeks post-TAC.

Results: From the three doses evaluated in the MI model, both the high and the medium doses were cardioprotective. Both
groups had significantly higher ejection fraction (EF) and fractional shortening (FS) with the high dose being better and near identi-
cal to the effects of paroxetine. The high-dose treated hearts displayed a smaller LV lumen size, smaller LV inner diameter at sys-
tole (LVID;s), and displayed a lower heart weight/body weight ratio and lower lung weight compared to the vehicle group, 6 weeks
post MI. Post TAC hearts treated with 14as also had significantly higher EF and FS compared to the control group and a lower LV
mass, LVID;s, smaller LV blood volume at end systole (Vol;s), and lower heart weight/body weight ratio compared to the control
group.

Conclusion: In two fundamentally different injury models of heart failure, high dose 14as not only arrested declining contractile
function but also reversed it and attenuated adverse LV remodeling. Being structurally similar to paroxetine it will potentially exhibit
a similar safety profile in humans and can be explored as a potential new drug for heart failure in clinical trials.

This research was funded by R01 HL061690 and NIH/NHLBI 5R01HL071818-18

1521-0103/385/S3/supplement: ASPET 2023 Annual Meeting Abstracts dx.doi.org/10.1124/jpet.122.525250
THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS J Pharmacol Exp Ther 385: June 2023
Copyright © 2023 by The American Society for Pharmacology and Experimental Therapeutics

63

https://dx.doi.org/10.1124/jpet.122.525250


Role of cyclophilin A overexpression in angiotensin II/
mechanical stretch-induced vascular remodeling: Protective
effect of adiponectin

Zeina Radwan,1 Crystal Ghantous,2 and Asad Zeidan3

1American University of Beirut; 2Notre Dame University-Louaize; and 3Qatar University

Abstract ID 14517 Poster Board 105

Hypertension is associated with an increase in reactive oxygen species (ROS). Cyclophilin A (CyPA) is released from vascular cells
in response to oxidative stress and contributes to hypertension pathophysiology. Thereby, controlling redox imbalance and CyPA
secretion may prevent hypertension-associated complications. Moreover, adiponectin (APN), an adipocyte-released cytokine, ex-
erts protective effects on the cardiovascular system. Yet, the molecular mechanisms by which CyPA induces vascular remodeling
and the role of APN in preventing CyPA secretion still need to be better understood. In this study, we used three models to mimic
hypertension: The in-vivo rat portal vein (RPV) ligation and two ex-vivo models (The mechanically stretched RPVs and the angio-
tensin II treated rat aortas). Our results revealed plasma CyPA levels significantly increased after RPV ligation for 14 and 28 days.
In addition, CyPA protein and mRNA expressions significantly increased in response to mechanical stretch and Ang-II. Further-
more, CyPA increased the wet weight of RPVs while inhibiting AMPK and eNOS phosphorylation/activation. Moreover, the CyPA
effects on blood vessels were attenuated by pre-treatment with APN. In conclusion, CyPA is secreted in response to high blood
pressure and promotes vascular hypertrophy by inhibiting AMPK and eNOS activities and activating the RhoA/ROCK pathway.
On the other hand, APN attenuates the synthesis and release of CyPA induced by Ang-II and mechanical stretch.
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Structural analogs of fentanyl are increasingly associated with human overdose fatalities, yet little is known about the pharmacol-
ogy of these compounds. Here we studied the physiological effects of fentanyl analogs that have appeared in recreational drug
markets worldwide. Six male Sprague-Dawley rats received surgically implanted telemetry transmitters for the measurement of
blood pressure (BP), heart rate (HR), locomotor activity, and body temperature. Rats in their home cages were placed onto teleme-
try receivers for 3 h each weekday, with subcutaneous (s.c.) drug or vehicle injections administered twice weekly. We also exam-
ined the effects of fentanyl and its analogs in assays measuring opioid receptor binding in rat brain tissue, and inhibition of cAMP
accumulation in cells transfected with mu-opioid receptors (MOR). The telemetry results revealed that all fentanyl analogs produce
dose-dependent increases in BP, HR, activity, and temperature, but the potency of the compounds varied substantially. The cal-
culated ED50 values for inducing hypertensive effects showed that fentanyl was most potent (0.01 mg/kg), followed closely by fur-
anylfentanyl (0.014 mg/kg), cyclopropylfentanyl (0.028 mg/kg), and butyrylfentanyl (0.081 mg/kg). Acetylfentanyl (0.166 mg/kg)
was slightly less potent than butyrylfentanyl, but had a potency similar to the illicit opioid heroin (0.215 mg/kg). Valerylfentanyl was
the least potent analog by far (2.071 mg/kg), which had potency similar to the opioid analgesic morphine (2.689 mg/kg). Radioli-
gand binding assays demonstrated that all fentanyl analogs displayed higher affinity for mu-opioid receptors (MOR) over delta and
kappa sites, and all of the drugs induced MOR-mediated inhibition of cAMP accumulation. Importantly, the rank order of potency
for the fentanyl analogs to increase BP was similar to the rank order of affinity at MOR and potency for inhibiting cAMP. We also
tested the ability of opioid receptor antagonists to alter the in vivo effects of fentanyl and butyrylfentanyl. The centrally active opi-
oid antagonist, naltrexone (0.3 mg/kg, s.c.), blocked all of the effects of both drugs, whereas the peripherally restricted opioid an-
tagonist, naloxone methiodide (2.0 mg/kg, s.c.), partially reduced only the BP and HR effects. These findings indicate that
locomotor and temperature effects induced by fentanyl and its analogs are centrally mediated, while cardiovascular effects may
involve peripheral mechanisms. In conclusion, we demonstrate that fentanyl analogs evoke physiological responses that are simi-
lar to fentanyl itself, and these responses are most likely mediated via agonist activity at MOR. With the exception of valerylfen-
tanyl, which is a very low potency agonist, fentanyl analogs are much more potent than morphine, suggesting these analogs may
pose serious health risks to users.

This work was supported by NIDA/NIH.
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Cardiomyocyte-specific Adhesion G Protein-Coupled
Receptor F5 (ADGRF5) participates in cardiac homeostasis
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G protein-coupled receptors (GPCRs) remain the largest family of protein targets for approved drugs due to their impact on nu-
merous physiologic and pathologic processes, as well as the relative ease of modulating their activity at cell surface-accessible
sites. Although the heart expresses hundreds GPCRs, relatively few been explored as targets to reduce remodeling and preserve
contractility during heart failure (HF). Adhesion GPCRs (AGPCRs) are an understudied family of receptors containing numerous
extracellular domains that interact with various extracellular proteins, including many that are known mediators of cardiac remod-
eling responses to pathologic stress, thus may represent novel targets for HF. RNA-sequencing analysis of left ventricle (LV) tissue
isolated from healthy hearts of adult mice identified high expression of several AGPCR family members, including ADGRF5, which
was subsequently shown to become downregulated in transaortic constriction (TAC)-induced HF in mice. Further, analysis of pub-
lished single cell-RNA-Seq datasets confirmed ADGRF5 expression specifically in cardiomyocytes becomes decreased over time
in both mouse and human HF. Thus, to investigate the impact of cardiomyocyte-expressed ADGRF5 on cardiac function and re-
modeling normally or during HF, we crossed floxed ADGRF5 (ADGRF5f/f) mice with aMHC-Cre mice to generate cardiomyocyte-
specific ADGRF5 knockout mice (CM-ADGRF5-KO), which displayed normal cardiac structure and function at 12 weeks of age
versus aMHC-Cre+ control mice, as assessed via echocardiography, gravimetrics and immunohistochemistry. However, CM-
ADGRF5-KO mice developed cardiac dysfunction, maladaptive remodeling, and increased mortality over time, even in the ab-
sence of pathologic insult, suggesting a homeostatic function of cardiomyocyte-expressed ADGRF5. Further, following TAC sur-
gery, CM-ADGRF5-KO mice displayed an accelerated decline in cardiac function with enhanced remodeling and increased
mortality. To attain mechanistic insight into these changes, we performed RNA-sequencing on LV tissue of 12-week-old CM-
ADGRF5-KO mice and subsequently validated differential gene targets in isolated left ventricular adult mouse cardiomyocytes
(AMCM). We identified Scn1b to be differentially upregulated in CM-ADGRF5-KO AMCM, suggesting altered regulation of sodium
currents, whereas overexpression of ADGRF5 in neonatal rat ventricular myocytes (NVRM) resulted in decreased Scn1b expres-
sion. Finally, luciferase reporter, fluorescence resonance energy transfer (FRET) and immunoblotting analyses were performed in
NRVM, revealing that ADGRF5 proximally signals in a Gaq-dependent manner. In all, these results suggest that ADGRF5 contrib-
utes to the maintenance of cardiac health normally and during the development of HF, thus may represent a novel HF therapeutic
target.

Keywords: GPCRs; Adhesion GPCRs; Cardiomyocytes; Heart Failure
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ANGPTL4 attenuates hypoxia/reoxygenation-induced
cardiomyocyte apoptosis via activation of Akt signaling
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Ischemic heart disease (IHD) is a leading cause for morbidity and mortality worldwide. Reperfusion therapy restores blood flow,
but paradoxically exacerbates myocardial injury, known as ischemia/reperfusion injury (I/RI). Apoptotic cell death is one of the
main forms of post-ischemic cell death. Thus, inhibiting apoptosis may limit the extent of I/RI and lead to better prognosis of post-
ischemic myocardial recovery. ANGPTL4, a gene known to regulate lipid metabolism, has been shown to preserve vascular integ-
rity, reduce no-reflow and thus attenuate myocardial I/RI in rabbits. However, whether ANGPTL4 directly impacts cardiomyocytes
and alleviates myocardial I/RI through reducing cell apoptosis is unknown . Therefore, we explored whether ANGPTL4 protects
against hypoxia/reoxygenation (H/R)-induced cardiomyocyte injury through inhibiting apoptosis.

In vivo myocardial I/R model was induced by occluding the left anterior descending (LAD) artery for 30 mins, followed by 2 h reper-
fusion. Sham operations were performed by passing a silk thread under the LAD without occlusion. Infarct size was determined by
using Evans blue/TTC staining. The rat cardiomyocyte-derived cell line H9C2 was transfected with scramble or ANGPTL4 siRNA,
followed by H/R (6 hours hypoxia followed by 12 h reoxygenation) in the absence or presence of pre-treatment with SC-79 (4 mg/
mL, 1h, selective Akt activator) or LW-6 (20 mM, 2h, selective HIF-1a inhibitor). Cell damage was assessed by measuring Lactate
dehydrogenase (LDH) release and cell viability by MTT assay. Protein levels of apoptosis markers [Bcl-2, Bax, cleaved caspase 3]
and proteins related to pro-survival signaling pathway [Akt and phosphorylated Akt (S473)] were determined by Western blotting.

The result showed that ANGPTL4 increased significantly in the mouse myocardium after I/RI and in H/R-stimulated H9C2 cardio-
myocytes, indicating that ANGPTL4 in cardiomyocytes may be involved in the pathogenesis of myocardial I/RI. Indeed, knock-
down of ANGPTL4 in H9C2 cells with ANGPTL4 siRNA significantly aggravated H/R-induced cell injury (increased LDH level and
reduced cell viability) and exacerbated cell apoptosis (greater cleaved caspase 3 expression and Bax/Bcl-2 ratio). Activation of
Akt is well known to protect against myocardial I/RI via inhibition of cell apoptosis. In the present study, a significant reduction in
p-Akt (S473) was observed in the ANGPTL4-knockdown cells upon H/R stimulation, suggesting that inhibition of ANGPTL4 may
exacerbate H/R-induced cell apoptosis via down-regulation of Akt signaling pathway. Indeed, pre-treatment with SC-79 signifi-
cantly reversed H/R-induced cell apoptosis in ANGPTL4 knockdown H9C2 cardiomyocytes, as evidenced by decreased cleaved
caspase 3 expression and Bax/Bcl-2 ratio. Furthermore, HIF-1a is known to be the major transcription factor activated in hypoxia
in ischemic conditions. The induction of ANGPTL4 was significantly reduced when H/R-stimulated H9C2 cardiomyocytes were
pre-treated with LW-6, indicating that HIF-1a may upregulate ANGPTL4 upon H/R stimulation.

It is concluded that upon H/R stimulation, HIF-1a-mediated upregulation of ANGPTL4 may protect against H/R-induced cardio-
myocyte injury through activating Akt signaling.

This study was supported by Joint Postdoc Scheme (P0038982), Guangdong Basic and Applied Basic Research Foundation
(2022A1515011116, 2019A1515110063) and National Natural Science Foundation of China (82002095).

1521-0103/385/S3/supplement: ASPET 2023 Annual Meeting Abstracts dx.doi.org/10.1124/jpet.122.152370
THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS J Pharmacol Exp Ther 385: June 2023
Copyright © 2023 by The American Society for Pharmacology and Experimental Therapeutics

67

https://dx.doi.org/10.1124/jpet.122.152370


Opposing effects of ß2-ARs on ß1-ARs on phospholipase
C-mediated cardiac hypertrophic signaling
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Chronic overstimulation of Gs-coupled ß-adrenergic receptor (ß-AR) signaling by catecholamines, induces pathological cardiac
hypertrophy and ultimately heart failure. ß1-ARs and ß2-ARs are the two major subtypes of ß-ARs present in the human heart and
mediate the activity of sympathetic nervous system. It is known that ß1-ARs and ß2-ARs elicit significantly different or even oppo-
site effects on cardiac functions such as contractility and heart failure, though they share overall sequence and structural homol-
ogy, and both stimulate cAMP production. The molecular mechanisms underlying these distinct biological effects have not been
fully elucidated.

Previously, our laboratory demonstrated that a cAMP/EPAC/phospholipase Ce (PLCe)-mediated signaling pathway at the Golgi
apparatus is important for regulation of cardiac hypertrophy. We also showed that this pathway is selectively stimulated by activa-
tion of ß1-ARs localized at Golgi apparatus but not those at the plasma membrane (PM). Access to intracellular ß1-ARs by cate-
cholamines was mediated by the organic cation transporters (OCTs), and blockade of OCT3 inhibited catecholamine stimulated
cardiomyocyte hypertrophy.

In my current study using adult ventricular cardiac myocytes, I found that the activation of PM ß2-ARs opposes stimulation of the
prohypertrophic EPAC/PLCe pathway at the Golgi apparatus by either Angiotensin II, or Golgi localized ß1-ARs. ß2-AR-depen-
dent inhibition appears to be at the level of PLCe since activation of ß2-AR with salmeterol blocks direct activation of EPAC/PLCe
by the EPAC selective cAMP analog 8-(4-chlorophenylthio)-20-O-methyl-cAMP (CPTOMe)-AM, and blocks PLCeactivation by ATII
which activates PLCe through a pathway that does not rely on EPAC. Blockade of internalization of ß2-ARs with Dyngo-4A abol-
ished this inhibitory signaling. Downstream of ß2-ARs, I found that ß2-AR-dependent PLCe inhibition is not mediated by PKA.
Rather, blockade of Gi with PTX, or Gbg with gallein, inhibited the ability of ß2-ARs to block Golgi PLCe activity. Additionally, inhi-
bition of ERK activation by PD0325901 abolished ß2-AR-mediated inhibition of Golgi PLCe activity. This supports a model where
ß2ARs internalized from the plasma membrane activate Gi releasing Gbg subunits leading to ERK activation and inhibition of PI
hydrolysis at the Golgi apparatus, thereby inhibiting hypertrophic signaling by PLCe. This study reveals a novel potential mecha-
nism for ß2-AR antagonism of the Epac/PLCe pathway that may contribute to the known protective effects of ß2AR signaling on
the development of heart failure. Elucidation of a mechanism for the anti-hypertrophic versus hypertrophic signaling balance from
ß1-ARs and ß2-ARs gives critical insights into the development of new strategies for treatment of heart failure by targeting ßAR
subtypes.
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Oral administration of BAF312, a selective sphingosine-1-
phosphate receptor agonist, attenuates sodium retention
and hypertension in DOCA-salt-treated mice
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Our previous studies have demonstrated that sphingosine-1-phosphate (S1P) agonist stimulates urinary sodium excretion via the
S1P type 1 receptor (S1PR1), that deletion of S1PR1 gene in the renal collecting duct leads to increased sodium retention and en-
hanced salt-sensitive hypertension under the treatment of deoxycorticosterone (DOCA) and high salt (DOCA-salt), and further,
that overexpression of S1PR1 transgene in the renal medulla attenuates DOCA-salt hypertension. A pharmacological intervention
would bear more clinical implications. Therefore, the present study tested the hypothesis that oral administration of a selective
S1PR agonist BAF312 reduces sodium retention by promoting sodium excretion and consequently attenuates DOCA-salt hyper-
tension. Male C57BL/6J mice around 25g bodyweight received daily oral gavage of BAF312 (3 mg/Kg dissolved in PEG-400) or
vehicle for one week. The mice were then implanted subcutaneously with a silicone sheet (silastic, Dow Corning Co.) impregnated
with DOCA (50mg each mouse) plus 1% NaCl drinking water to induce salt-sensitive hypertension. Thereafter, the mice under-
went assessments of acute sodium excretion, chronic sodium balance or chronic blood pressure measurement. There was no dif-
ference in the above assessments between vehicle- and BAF312-treated mice under basal conditions. Under DOCA-salt
challenge, mice with BAF312 treatment showed increased urinary sodium excretion (UNAV) in responses to the acute sodium load-
ing (IV of normal saline at 5% body weight in 30 min), the UNAV were 1.85±0.22 vs. 5.81±1.14 mmol/min/gKW (p<0.05) in vehicle-
and BAF312-treated mice, respectively. The mice with BAF312 treatment also showed enhanced pressure natriuretic responses
to the elevated renal perfusion pressure (UNAV, 4.24±1.14 vs. 13.3±1.57 mmol/min/gKW, in vehicle- and BAF312-treated mice, re-
spectively, p<0.05). Under the chronic DOCA-salt treatment, BAF312-treated mice showed ameliorated sodium retention as dem-
onstrated by the less positive sodium balance (4.78±0.38 vs. 1.23±1.18 mmol/100g BW per 24hr in vehicle- vs. BAF312-treated
mice, p<0.05) and the attenuation of increased blood pressure after 10-day DOCA-salt treatment, the systolic blood pressure
were increased from 119±5.3 to 156.2±9.7 vs. 119±6.9 to 133.8±7.5mmHg in vehicle- and BAF312-treated mice, respectively
(p<0.05). These results suggested that oral administration of the selective S1PR1 agonist BAF312 attenuates sodium retention
and DOCA-induced salt-sensitive hypertension and that BAF312 could be a pharmacological candidate for the management of
salt-sensitive hypertension.

This study was supported by NIH grant R01HL145163
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Ca2+/calmodulin-dependent protein kinase II (CaMKII) is an established negative regulator of cardiac injury. Both the expression
and activity levels of CaMKII are elevated in models of heart failure such as ischemia-reperfusion (I/R) injury and myocardial infarc-
tion (MI). This is due in part to CaMKII’s role in the regulation of excitation-contraction coupling, apoptosis, activation of hypertro-
phic programming, arrhythmias and pro-inflammatory signaling. We have recently identified a novel mitochondrial localization for
CaMKII (mtCaMKII); importantly, there is an observed increase in mtCaMKII activation with left ventricular dilation following injury
in a mouse model of MI. This deleterious post-MI phenotype is rescued with genetic mitochondrial CaMKII inhibition; conversely,
mice with myocardial and mitochondrial CaMKII overexpression (mtCaMKII) present with severe dilated cardiomyopathy and de-
creased ATP production. To date, the molecular mechanisms by which mtCaMKII regulates mitochondrial energetics are not fully
elucidated. We have identified changes in the activity of enzymes in the mitochondrial electron transport chain and TCA cycle in
response to increased CaMKII levels or activity, indicating a novel and critical role in mitochondrial metabolism for this kinase. We
are currently mapping the mtCaMKII interactome via liquid chromatography–mass spectrometry (LCMS) and proteomics analysis
of both scaffolding interactions with proximity labeling utilizing TurboID technology alongside endogenous protein pulldowns. Ad-
ditionally, we are identifying novel CaMKII kinase-substrate relationships using an ATP-analogue labeling, in order to identify met-
abolic enzymes which may be regulated via post-translational modifications by CaMKII. The identification of previously unknown
mitochondrial partners for cardiac CaMKII may uncover promising pharmacological targets for cardiovascular therapeutics, par-
ticularly in treating the progression of HF.

1521-0103/385/S3/supplement: ASPET 2023 Annual Meeting Abstracts dx.doi.org/10.1124/jpet.122.290570
THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS J Pharmacol Exp Ther 385: June 2023
Copyright © 2023 by The American Society for Pharmacology and Experimental Therapeutics

70

https://dx.doi.org/10.1124/jpet.122.290570


Beta-catenin C-terminus inhibition reduces vascular
remodeling by precluding the expression of
sphingosine-1-phosphate receptor-1
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Vascular remodeling is associated with target organ damage and fatal cardiovascular events. The molecular mechanisms that
control vascular remodeling are still poorly understood, limiting effective therapeutic approaches. Vascular smooth muscle cells
(SMCs), in part via activation of the Wnt/b-catenin signaling pathway, contribute importantly to vascular remodeling. The b-cate-
nin C-terminal domain is required in SMCs for artery formation during embryogenesis, but its role in vascular remodeling in adult-
hood is unknown. Thus, the aim of this study was to define the importance of b-catenin C-terminus in SMCs during vascular
remodeling and the underlying mechanisms. We found that mice expressing a C-terminus-deficient b-catenin in SMCs show re-
duced vascular remodeling and decreased SMC proliferation after arterial injury. In line with these findings, we observed that treat-
ment with E7386, a novel b-catenin C-terminus inhibitor, reduces cell proliferation of both human and mouse vascular SMCs.
RNA-seq analysis revealed a downregulation of the sphingosine-1-phosphate receptor 1 (S1pr1) transcript in b-catenin C-termi-
nus-deficient SMCs. This receptor is known to be important in vascular remodeling, but its regulation is not fully elucidated. Inter-
estingly, we found that b-catenin interacts with the S1pr1 promoter and acts through its C-terminal domain to activate S1pr1
transcription and protein expression, resulting in enhanced SMC proliferation. Consistent with these observations, S1PR1 expres-
sion was markedly decreased in SMCs of arteries from mice lacking the b-catenin C-terminus, and re-establishing S1PR1 expres-
sion in SMCs restored vascular remodeling in those mice. Taken together, these findings identify the b-catenin C-terminal output
as a novel upstream regulator of S1PR1 expression and define a functional interaction between the canonical Wnt and sphingo-
sine-1-phospate signaling pathways that drives vascular remodeling after injury. Our study suggests that targeting b-catenin C-
terminus/S1PR1 axis could provide a therapeutic strategy to reduce vascular remodeling and cardiovascular disease.

This study was supported by the American Heart Association Postdoctoral Fellowship 874619 (G.H.O-P), a Career Development
Award from the American Heart Association 19CDA34660217 (D.R-B.), and NIH grant R01HL128066 (N.S.).
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b3AR-dependent BDNF generation limits chronic
post-ischemic heart failure
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Rationale: Lack of brain-derived neurotrophic factor (BDNF) and/or inadequate expression/activity of its associated tropomyosin
kinase receptor B (TrkB) account for brain and cardiac disorder. While b-adrenergic receptor (bAR) is responsible for the local ex-
pression of BDNF in neurons, whether a similar interaction is observed and pathophysiologically relevant in the cardiovascular
system is unknown, especially in the post-ischemic myocardium with adrenergic desensitization. Moreover, it is unclear whether
and how TrkB agonists counter chronic post-ischemic left ventricle (LV) decompensation.

Methods: We conducted in vitro studies with neonatal rat (NRVM)/adult murine cardiomyocytes (CMs), SH-SY5Y neuronal cells,
and umbilical vein endothelial cells. We assessed the degree of impact from ischemia-related injury via either in vivo coronary liga-
tion (myocardial infarction, MI) or ex vivo isolated hearts with global ischemia-reperfusion injury (I/R) in WT, cardiomyocyte-selec-
tive BDNF KO (myoBDNF KO) or b3AR KO mice.

Results: In WT hearts, early after MI (In vitro, the TrkB agonist, LM22A-4 promoted neurite outgrowth and neovascularization.
Moreover, LM22A-4 and another agonist, TrkB, 7,8-dihydroflavone enhanced myocyte contractility. When given to in vivo MI
mice, LM22A-4 rescued, at least in part, LV dysfunction, denervation, and hypovascularity. Of note, when given to isolated my-
oBDNF KO hearts, it no longer benefited post-I/R LV structure and function. Superfusing isolated murine myocyte with the b3AR-
agonist, BRL-37344 enriched these cells with BDNF. Moreover, BRL-37344 limited post-I/R injury in WT mice but not in myoBDNF
KO ones. Finally, the b1AR blocker that upregulates b3AR, augmented BDNF levels in the ischemic myocardium, improving
in vivo post-MI dysfunction.

Conclusions: Lack of BDNF accounts, at least in part, for chronic post-ischemic LV decompensation. By extension, by restoring
intracardiac BDNF levels, TrkB agonists can limit the extent of ischemic injury, both in vivo and ex-in vivo. Direct and indirect car-
diac b3AR stimulation via BRL-37344 or b-blocker, metoprolol, respectively, show another BDNF-centered means to arrest
chronic post-ischemic HF. These findings may have relevant pharmacological implications for the treatment of chronic post-is-
chemic LV decompensation.
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Development of the first vascular-specific KATP channel
inhibitor for the treatment of patent ductus arteriosus in
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The ductus arteriosus (DA) is an essential fetal structure that shunts blood away from the high-resistance pulmonary circulation
and toward the placental circulation, where fetal-maternal gas exchange occurs. Normally after birth, the DA undergoes vasocon-
striction in response to increased arterial blood oxygen tension and secondary smooth muscle cell proliferation. The failure of the
DA to close, or patent DA (PDA), is one of the most common congenital heart disorders, and its pharmacotherapy options are lim-
ited to non-specific medications that target prostaglandin pathways. ATP-regulated inward rectifier potassium (Kir) channels com-
prising Kir6.1 and SUR2B subunits are enriched in the DA compared to other vascular beds, suggesting they may represent novel
drug targets for PDA pharmacotherapy. We hypothesize that inhibitors of Kir6.1/SUR2B will induce vasoconstriction and closure
of the DA. Testing this hypothesis will require the development of highly specific inhibitors that can discriminate between Kir6.1/
SUR2B and Kir6.2/SUR1 channels expressed in the pancreas and brain. We therefore performed a high-throughput screen of
47,872 compounds for novel modulators of Kir6.1/SUR2B. The most potent inhibitor discovered is VU0542270, which inhibits
Kir6.1/SUR2 with an IC50 of approximately 100 nM and is highly selective for Kir6.1/SUR2B over Kir6.2/SUR1 and several other
Kir channels. In pressure myography experiments on isolated mouse DA tissues, VU0542270 enhanced oxygen-dependent DA
constriction in a dose-dependent manner. Future experiments will explore the binding site of VU0542270 on Kir6.1/SUR2B and
the molecular mechanisms of its selectivity.
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Background and Significance: Heart failure (HF) is characterized by aberrant cardiac beta-adrenergic receptor (b-AR) signaling,
leading to upregulation of GPCR kinase 2 (GRK2) and subsequent phosphorylation and desensitization of b-ARs. A peptide inhibi-
tor of GRK2, comprised of the last 194 carboxyl-terminal amino acids of GRK2 (bARKct), has been shown to bind to the G protein
beta-gamma subunits, preventing GRK2 binding and b-AR desensitization. Overexpression of bARKct attenuates HF and im-
proves outcomes in animal models. Emerging evidence indicates that following oxidative stress, mitogen-activated protein kin-
ases (MAPKs) phosphorylate the Ser670 (S670) residue of GRK2, which induces GRK2 binding to Hsp90 and localization to
mitochondria, where pro-death pathways are initiated. As S670 is also found in bARKct it may prevent endogenous GRK2 accu-
mulation in the mitochondria. We hypothesize that bARKct-mediated cardioprotection in HF is due primarily to mitochon-
drial GRK2 blockade by bARKct. To test this notion, our lab has generated a cardiac-specific mutant bARKct-S670A transgenic
mouse harboring a Ser-to-Ala mutation at the S670 residue that prevents Hsp90 binding and allows for endogenous GRK2 to con-
tinue to translocate to the mitochondria upon ischemic injury, while retaining bARKct in the cytosol to act on b-AR signaling
pathways.

Methods: In vivo hemodynamic analysis was performed to assess cardiac function in bARKct and bARKct-S670A transgenic
mice and respective normal littermate controls (NLCs). Additionally, intracellular cyclic AMP (cAMP) levels in AC16 cardiomyo-
cytes transfected with bARKct or bARKCt-S670A, and bARKct-S670D plasmids were quantified in response to increasing doses
of isoproterenol.

Results: Early hemodynamic analysis of the bARKct-S670A mice has demonstrated increased baseline contractility in bARKct-
S670A mice compared to NLC mice, indicating comparable cardioprotective effects to bARKct mice lacking the Ser-to-Ala muta-
tion, which are mediated by canonical pathways. In vitro cAMP quantification revealed AC16s transfected with bARKct, bARKct-
S670A, and bARKct-S670D plasmids increased cAMP accumulation in response to increasing doses of isoproterenol compared
to control.

Conclusion: Studies characterizing the mitochondrial pathways involved in HF rescue following ischemic injury are ongoing.
These findings will identify new mechanistic information of GRK2 inhibition for HF, and elucidate a new method for attenuating mi-
tochondrial dysfunction during HF.

This work is supported by NIH grants R01 HL061690-22 (W.J.K.) and T32 HL091804-11 and AHA predoctoral fellowship
23PRE1019969 (H.C.).
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Background: Diabetes mellitus affects more than 30 million people in the US, and about one-third of these patients develop dia-
betic kidney disease (DKD). Metformin is a widely prescribed antidiabetic medication for patients with type 2 diabetes; however,
its direct effects on renal function are poorly understood. This study investigates the effects of non-glucose lowering, low-dose
metformin treatment against the progression of DKD using a genetic mouse model of type 2 diabetes.

Methods: To accelerate the progression of kidney disease, non-diabetic (control) and diabetic mice were subjected to left ne-
phrectomy at ten weeks of age. Following two weeks of recovery, mice were divided into four treatment groups: and received vehi-
cle or metformin (100 mg/kg/day) for four weeks in four treatment groups: 1) vehicle-treated control, 2) metformin-treated control,
3) diabetic, vehicle-treated, and 4) diabetic, metformin-treated. Mice received vehicle or metformin (100 mg/kg/day) for four
weeks. Urine, plasma, and kidney tissue samples were collected at the end of the study to measure markers of renal dysfunc-
tion—elevations in urine albumin-creatinine ratio (UACR), plasma creatinine, and kidney injury molecule 1 (KIM-1)—markers of re-
nal injury—transforming growth factor-beta (TGF-b), alpha-smooth muscle actin (a-SMA), and NLR family pyrin domain
containing 3 (NLRP3)—and markers of nephroprotection—pyruvate kinase M2 (PKM2), mitochondrially encoded cytochrome c
oxidase II (MTCO2), and microtubule-associated protein 1 light chain 3 type II (LC3II).

Results: Low-dose metformin treatment in diabetic mice decreased UACR (117.5 ± 61.6 vs. 205.3 ± 112.5 ug albumin/mg creati-
nine) and KIM-1 immunostaining (1.5 ± 0.9 vs. 2.7 ± 0.6) compared to vehicle-treated diabetic mice. In contrast, low-dose metfor-
min treatment in diabetic mice did not alter plasma creatinine levels and only marginally reduced renal injury markers (TGF-b,
a-SMA, and NLRP3) or increased nephroprotection markers (such as PKM2, MTCO2, and LC3II) compared to vehicle-treated dia-
betic mice.

Conclusion: Findings from this study indicate modest improvement of renal markers in response to low-dose metformin treat-
ment, mitigating the need to pursue this treatment option for DKD in future studies. Future studies must use a longer-term and
higher dose to investigate metformin’s nephroprotective potential against DKD.

Support or Funding Information: This study was supported by Drake University’s intramural funds - Harris Research Endow-
ment, Kresge Research Endowment, and Provost fund.
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Resolving Unchecked Inflammation in Atrial Fibrillation
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Objective: Persistent inflammation drives the pathogenesis and progression of atrial fibrillation (AF), but pharmacological agents
targeting inflammatory pathways in AF remain under-explored as therapeutics. NLRP3 inflammasome signalling is activated in
atrial cardiomyocytes (CMs) from patients with AF, highlighting the importance of pro-inflammatory mechanisms in non-immune
cells toward AF pathogenesis. Specialized Pro-resolving lipid Mediators (SPMs) derived from N-3 and N-6 polyunsaturated fatty
acids (PUFAs) reduce inflammation by promoting non-immunosuppressive inflammatory resolution via their respective G protein-
coupled receptors (GPCRs). LipoxinA4 (LxA4), an N-6 PUFA-derived SPM, signals via the formyl peptide receptor-2 (FPR2). Down-
stream signalling mechanisms are well-established in immune cells during acute inflammatory injury. This study investigates CM-
specific inflammatory signalling in AF and the role of LxA4-FPR2 signal transduction to attenuate chronic inflammation and AF
pathogenesis.

Hypothesis: LxA4 attenuates cardiac electrical and structural remodeling in AF by FPR2-mediated signalling, which targets the
NLRP3 inflammasome in atrial cardiomyocytes.

Methods: Adult dogs underwent implantation of a pacemaker lead into the right atrial appendage and were atrial tachypaced at
600 beats per minute (cAF) or remained in sinus rhythm for 3 weeks. Hearts from a separate cohort of healthy adult dogs were en-
zymatically digested by Langendorff perfusion to isolate left atrial CMs. Isolated CMs were paced in vitro using the IonOptix C-
Pace100-culture pacer at 1Hz or 3Hz for 24 hours in parallel. Assessment of NLRP3 inflammasome, inflammatory cytokine levels,
and FPR2 expression was done by western blotting and qPCR. To investigate LxA4-FPR2 downstream signalling mechanisms,
iPSCs were generated from healthy adult blood cells and differentiated into iPSC-CMs. GPCR transcript levels were assessed via
bulk RNA sequencing. iPSC-CMs were transfected with the ExRai-AKAR2-NLS biosensor to detect nuclear PKA activity, subse-
quently treated with increasing concentrations of LxA4, and imaged using an Opera Phenix high content screening system.

Results: FPR2 expression was significantly reduced in whole atrial tissue from cAF canines, while expression was unchanged in
CMs paced at 3Hz. NLRP3 inflammasome levels and the inflammatory cytokine, IL-1ss, were increased in paced CMs indicating a
critical role of the inflammasome pathway in arrhythmogenesis. Transcripts for FPR2 and other SPM GPCRs were not expressed
in iPSC-CMs likely due to their immature phenotype. LxA4 treatment of iPSC-CMs does not influence nuclear PKA activity in the
absence of FRP2, indicating a receptor-dependent activity of LxA4.

Conclusions and Future Directions: CM-specific NLRP3 inflammasome signaling and FPR2 expression are disrupted in models
of AF. Preliminary data suggests that LxA4 does not affect downstream PKA activity in iPSC-CMs in the absence of its receptor,
FPR2. Attenuation of the NLRP3 inflammasome pathway via LxA4-FPR2 signalling mechanisms remains to be assessed in our AF
models and iPSC-CMs.

Funding: Canadian Institutes of Health Research and the Courtois Foundation
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SERCA Inhibition by Drugs - A Potential Therapeutic
Strategy in Ischemia
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Ischemia impairs the function of the heart (metabolism, mechanical and electrical). Restoration of blood flow by reperfusion will
end the ischemic event but can paradoxically increase heart damage through processes where intracellular calcium (Ca2+) signal-
ing appears to play a central role (ischemia-reperfusion injury). During ischemia, abnormal sarcoplasmic reticulum (SR) intracellu-
lar Ca2+ store homeostasis induces SR Ca2+ overload. At the onset of reperfusion, SR overload boosts massive SR Ca2+ release
via ryanodine receptors (RyR) causing hypercontraction, excessive production of free-radicals and calpain-mediated proteolysis,
as well as mitochondrial permeability transition (MPT) pore opening. All these events associate with myocyte cell death. We aim to
identify drugs that could prevent or reduce overload during ischemia, by inhibiting SR Ca2+ATPase (SERCA) pumping of Ca2+ into
the SR. The focus is on a drug that could be less toxic than Thapsigargin and cyclopiazonic acid (classic SERCA blockers). Previ-
ous work showed that compounds in the 1,4-benzothiazepine family that associate with cell protection, inhibit SERCA (CGP-
37157, K201). We think that SERCA block could be: 1) A class property of CGP analogs, including novel 1,4-BZTs (PH000-995,
-902) and FDA-approved benzodiazepines (BZDs) and 2) A hidden characteristic of drugs that induce cell protective action in is-
chemia-like conditions. Drug effects on SERCA and RyRs were tested on SR microsomes isolated from rabbit or porcine striated
muscle (cardiac and skeletal) using Ca2+ uptake and leak photometric assays. SERCA ATPase activity was also measured at
constant Ca2+ (0.3, 1, 100 mM). Conditions tested were normal pH (7.0) or acidosis (pH 6.2-6.4) as in ischemia. Bilayers were uti-
lized to test drug effects on RyR channel activity. Novel BZTs reduced Ca2+ uptake in the absence and presence of ruthenium red
(RyR blocker), indicating SERCA block. ATPase assays determined BZTs block of SERCA is Ca2+-dependent (higher potency at
low Ca2+). Ca2+ leak assay and RyR channel studies found PH000902 to have full agonism on RyRs. Other BZTs displayed partial
or no RyR agonism (compared to N-methyl bromoeudistomin). BZT’s properties were maintained in acidosis (pH=6.2-6.4). BZDs
did not inhibit SERCA, despite being homologous to CGP, suggesting a S atom in BZT ring to be crucial for activity. Some BZD
displayed partial RyR agonism. Our results also show that cell protective drugs (pimozide, carvedilol, epigallocatechin gallate)
also inhibit SERCA but did not affect RyR function. In summary, SERCA inhibition is a class property of 1,4-BZTs and analogs of
CGP, yet is not observed in BZDs used in therapeutics. As CGP has been found to have low toxicity in experimental animals, 1,4-
BZTs could have potential for developing specific SERCA blockers to improve therapy of myocardial ischemia to attenuate reper-
fusion injury. Our studies also suggest that prevention of SR Ca2+ overload via SERCA inhibition, may be a mechanism of action of
various drugs associated with cell protection.

Supported by the Eskridge Bequest and W.E. McElroy Charitable Foundation
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b-caryophyllene, a CB2 Receptor Agonist Alleviates
Diabetic Cardiomyopathy via Inhibiting AGE/RAGE-Induced
Oxidative Stress, Fibrosis, and Inflammasome Activation
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Chronic hyperglycemia-induced advanced glycation end products-receptor for advanced glycation end products (AGE-RAGE)
following activation results in the oxidative stress, inflammasome activation, and tissue fibrosis and plays important role in the de-
velopment and progression of diabetic cardiomyopathy (DCM). Provided the emerging role of cannabinoid type 2 receptors (CB2)
in diabetes and its complications, the present study aimed to investigate the role of CB2 receptor activation in murine model of
DCM by its agonist b-caryophyllene (BCP), a dietary phytocannabinoid. The study also investigated underlying signaling path-
ways. The experimental murine model of DCM was induced by feeding high fat diet (45% fat) for four weeks in addition to single in-
traperitoneal injection of streptozotocin (100 mg/kg/body weight). Following the development of diabetes, animals were orally
treated with BCP (50 mg/kg/body weight) for 12 weeks. In one group to demonstrate CB2 receptor specific properties of BCP,
AM630 (1.5 mg/kg), a specific CB2 receptor antagonist, was given 30 min prior to BCP treatment. At the end of the experiments,
metabolic, histopathological, immunohistochemical, electron microscopic and western blotting were performed to evaluate effi-
cacy and demonstrate mechanism. The results revealed that treatment with BCP significantly improved glucose tolerance, en-
hanced serum insulin level along with reducing insulin resistance. BCP restored phosphorylation of cardiac contractile protein
troponin I. BCP was observed to enhance PI3K/AKT phosphorylation, reduce expression of Keap1 which upregulated antioxidant
enzymes (HO1, SOD2) mediated by stimulation of Nrf2 signaling. The AGE-RAGE signaling pathway in the heart of DCM mice was
significantly mitigated by BCP treatment evidenced by reduced expression of AGEs, RAGE and NOX4. Additionally, NLRP3 in-
flammasome activation was downregulated and expression of ASC, pro-caspase1 was significantly reduced which further de-
creased IL-1b and IL-18 expression. The H&E, Masson’s trichome, and transmission electron microscopy results further
supported the finding that BCP mitigated cardiac hypertrophy, collagen deposition, myofilament disarrangement, mitochondrial
disruption, thickened capillary basement membrane, and increased nuclear membrane invaginations. Furthermore, BCP sup-
pressed endothelial-to-mesenchymal transition (EndMT) in DCM mice hearts revealed by decreased expression levels of fibro-
blast markers (a-SMA, vimentin, and collagen I) and increased expression levels of endothelial markers (CD31 and VE-cadherin).
Interestingly, pre-administration of AM630 abrogated the positive effects of BCP in DCM mice. Collectively, these results demon-
strate that inhibition of AGE/RAGE by BCP treatment to DCM mice rescues against diabetes associated complications by reduc-
ing oxidative damage, fibrosis, and inflammasome activation attributed to upregulation of PI3K/AKT/Nrf2 signaling, repression of
EndMT transition, and inhibition of NLRP3 inflammasome activation in a CB2 receptor dependent mechanism. The study results
suggest that CB2 receptors activation may be a vital therapeutic avenue for diabetic cardiomyopathy and BCP could be a novel
agent of natural origin with a rationale based on pharmacological and molecular mechanisms for its use as therapeutic and nutra-
ceutical agent.
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Propofol and salvianolic acid A synergistically ameliorates
LPS-induced H92 cells injury under hyperglycemia via
enhancing SIRT1 to inhibit NLRP3 dependent-pyroptosis
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Cardiac involvement during sepsis frequently occurs, and considerable diabetes mellitus (DM) patients develop sepsis with con-
comitant cardiac complications. Propofol (PPF), one of the commonly used intravenous agents for anaesthesia and sedation, has
been shown to have moderate antioxidant capacity that enables it to confer protection against cardiovascular complications that
are associated with increases in oxidative stress when used at relatively high doses. However, application of propofol at high dose
may cause hemodynamic instability especially in patients with pre-existing cardiovascular depressions such as sepsis and/or ad-
vanced stages of diabetes. Salvianolic acid A (SAA), a water-soluble extract of Danshen (Salvia miltiorrhiza Bunge), is a potent free
radical scavenger that confers cardioprotection without noticeable cardiovascular side effects. PPF and SAA share partial struc-
tural similarity in terms of phenol structure. It is unknown whether or not PPF and SAA may confer synergistic cardioprotection in
subjects with diabetes and sepsis. Rat heart-derived H9c2 cells were exposed to high glucose (HG) for 48 hours, then subjected
to lipopolysaccharide (LPS) for 6 hours. HG+LPS significantly decreased cell viability, increased lactate dehydrogenase (LDH)
leakage in H9c2 cells, all of which were significantly reversed by either PPF or SAA (respectively applied at 12.5, 25, and 50 mM) in
a concentration-dependent manner. Administration of 12.5 mM PPF (P12.5) jointly with 12.5 mM SAA(S12.5) conferred superior
protective effects to higher concentration of PPF alone at 25 mM (P25), manifested as significantly reduced productions of reactive
oxygen species (ROS) and inflammatory mediators, including tumor necrosis factor (TNF)-a, interleukin (IL)-18, IL-1b and IL-6.
Moreover, individual application of PPF or PPF and SAA in combination all significantly reduced HG+LPS-induced myocardial cell
pyroptosis evidenced as reduced expression of NLRP3, ASC, caspase-1 and GSDMD (all P<0.05, NC vs. HG; HG vs. HG+LPS;
HG+LPS vs. HG+LPS+P25 or HG+LPS+P12.5+S12.5). Mechanistically, PPF and/or SAA mediated attenuation of H9c2 cells py-
roptosis was associated with increased SIRT1 expression, and the protective effects were reversed by silencing SIRT1(all P<0.05,
HG+LPS+P25 or HG+LPS+P12.5+S12.5 vs. HG+LPS+P12.5+S12.5+siRNA). Taken together, these results indicated that PPF in-
hibits oxidative stress response of LPS-induced cardiomyocyte injury by targeting SIRT1 to inhibit NLRP3 dependent-pyroptosis
under hyperglycemia and that SAA offers synergistic effect to PPF in cardiac protection, which may represent a novel therapeutic
approach to avoid clinical side effects of high dose PPF.
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HuR-dependent expression of Wisp1 is necessary for
TGF??-induced cardiac myofibroblast activity
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We have previously shown that the RNA binding protein Human antigen R (HuR) directly mediates hypertrophic signaling in car-
diac myocytes (CMs), and that CM-specific genetic deletion or pharmacological inhibition of HuR reduces pathological remodel-
ing and preserves cardiac function following transverse aortic constriction (TAC)-induced pressure overload, in part through a
reduction in pro-fibrotic gene expression. More recently, our lab demonstrated that HuR expression and activity is increased in
isolated primary cardiac fibroblasts (CFs) in response to TGF?? treatment. Pharmacological inhibition of HuR significantly blunts
the initial TGF??-dependent activation of CFs to a pro-fibrotic myofibroblast (MF) phenotype as marked by a decrease in extracel-
lular matrix (ECM) remodeling genes, collagen gel contraction, and in vitro scratch closure. However, the functional role of HuR in
fibroblasts during pathological cardiac remodeling in vivo remains unknown.

To determine the functional role of HuR in CFs, we created a fibroblast-specific deletion of HuR (CF-HuR-/-) using a tamoxifen-in-
ducible cre recombinase under control of the PDGFRa promoter. Characterization of basal cardiac structure and function of these
mice shows no significant changes compared to wild-type control littermates at 10-12 weeks old following tamoxifen treatment.
However, echocardiography results showpreserved cardiac function (as marked by ejection fraction) and reduced LV dilation (left
ventricular end diastolic volume) in CF-HuR-/- mice at 8 weeks following TAC-induced pressure overload.

In addition, we sought to determine whether HuR inhibition in mature MFs (after their initial activation) may also induce resolution
of their pro-fibrotic phenotype. To do this, primary cardiac fibroblasts were treated with TGF?? for 48 hours to induce their activa-
tion to MFs followed by HuR inhibition. Results show that treatment with a HuR inhibitor for an additional 48 hours leads to a re-
duction of the myofibroblast marker gene Wisp1, but not periostin, regardless of whether the cells were maintained under
continued TGF?? stimulation. Similarly, HuR inhibition in MFs appears to reduce the total proteomic content of the MF-derived
ECM.

In summary, our new data suggests that fibroblast-specific deletion of HuR reduces pathological cardiac remodeling and fibrosis
following pressure overload. Furthermore, inhibition of HuR in mature myofibroblasts reduces the expression of some, but not all,
myofibroblast marker genes and appears to initiate remodeling of established fibroblast-derived ECM.

Our primary current funding consists of an NIH R01 (HL158671) and AHA Transformational Project Award (TPA34910086), NIH-
NHLBI Training Grant T32-HL125204
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Cardiomyocyte Signaling Factors are Responsible for
Heart-Fat Communication and Mediate the Development of
Cardiometabolic Disease
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Cardiomyocytes are known to secrete signaling factors that can communicate with other organ systems, particularly in response
to cardiometabolic stressors such as obesity. Under conditions of cardiometabolic stress, the expression and activity of cardiac
GPCR kinase 2 (GRK2), which regulates b-adrenergic receptors in the heart, is upregulated. Previously we have shown that car-
diac signaling factors alter adiposity in mice fed a high fat diet, and specific metabolic responses in adipose tissue are dependent
on cardiac GRK2 levels and activity. However, the mechanisms responsible for this are unknown. We hypothesize that signaling
factors secreted from the heart mediate adiposity and the development of cardiometabolic disease and are regulated by GRK2.
To test this, conditioned media from control and GRK2 overexpressing neonatal rat ventricular myocytes (NRVM) was collected
and applied to 3T3-L1 adipocytes. 3T3-L1 cells were then assessed by BODIPY fluorescent imaging, protein immunoblotting and
qPCR. NRVM conditioned media was also analyzed by mass spectrometry to identify potential signaling factors. Conditioned me-
dia treated 3T3-L1 adipocytes demonstrated reduced lipid accumulation and adipogenic marker expression. Conditioned media
from GRK2 overexpressing NRVMs further decreased lipid accumulation and differentiation in 3T3-L1 adipocytes. Proteomic
analysis of conditioned media revealed several proteins with adipocyte regulatory roles. These findings indicate that cardiomyo-
cyte-released signaling factors influence adipocyte differentiation that is further enhanced by GRK2 overexpression. Future work
aims to identify the specific factors responsible and whether these may be from cardiac secreted exosomes. These findings will
be used to elucidate novel mechanisms involved in heart-fat communication and cardiometabolic disease development.

This research was funded by NIH R01 HL061690, NIH P01 HL134608 and AHA 18MERIT33900036.
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Changes of ACE-2 related-miR-200b-3p expression over
time are a predictive factor of long hospitalization for
COVID-19: in silico, machine learning and validation analysis
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COVID-19 is associated with an increased risk of mortality and adverse cardiovascular (CV) occurrences. ACE2 interaction net-
work caused by virus infection can affect the expression levels of miRNAs and influence severity of the disease. This study aimed
to analyse the diagnostic/predictive utility of ACE2-related miRNAs, which were identified by in silico analysis (miR-10b-5p, miR-
124-3p, miR-200b-3p, miR-26b-5p, miR-302c-5p) in patients with COVID-19, and aimed to unravel the functions of miRNAs, by
using machine learning-SHAP analysis for clinical data and bioinformatic tools.

Methods: Blood samples and clinical data of 79 patients and 32 healthy were collected at; day of admission, 7days in and 21days
after admission. Endpoint was hospitalisation length of stay (>21days) and/or death in follow-up.

Results: Delta low miR-200b-3p expression (after 7days of admission) presents predictive utility in assessment of the hospital
length of stay and/or death in ROC curve analysis (AUC:0.730, p=0.002). Delta low miR-200b-3p expression, diabetes mellitus
(DM) are independent predictors of increased hospital length of stay and/or death (OR=5.78; CI=0.57-21.21; p= 0.008, OR=4.89;
CI=1- 23.86; p=0.04). MiR-26b-5p and miR-10b-5p in patients were found lower at the baseline, 7 and 21-days after admission
compared to the healthy controls (p<0.0001 for all time points). SHAP analysis indicated miR-200b-3p (day 7th), miR-302c-5p
(day 7th), CRP (day 7th), neutrophils (day 0), and D-Dimer (day 0) as the most promising predictors of long hospitalisation. Path-
way-enrichment showed that interleukin-2 signaling pathway, and Pathways in cancer were the top pathways. MiR-200b-3p
showed regulation of COVID-19-related targets associated with T cell protein tyrosine phosphatase and HIF-1 transcriptional ac-
tivity in hypoxia, key pathways in COVID-19. Bioinformatics analysis pointed out the role of those miRNAs in multiple CVDs pheno-
types associated with COVID-19.

Conclusions: In this study we validated and characterized miRNAs which could serve as novel, predictive biomarkers of the long
term COVID-19 hospitalisation and can be used for early stratification of patients and prediction of severity of infection develop-
ment in an individual.

Support/Funding Information: Grant 1M9/1/M/MGED/N/22 and the CEPT infrastructure financed by the European Union-the Eu-
ropean Regional Development Fund within the Operational Program “Innovative economy” for 2007–2013; and CAPES, CNPq
and FAPESP fundings (CNPq proc. 307145/2017-4, FAPESP proc. 2018/18560-6 and 2018/21934-5).
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Figures:
a) and b) Comparison of circulating miRNAs expression between the groups, miR-200b-3p; Mann-Whitney U test and Wilcoxon test were used
appropriately.
c) and d) SHAP values of cofactors and miRNAs
e) Top 5 significantly enriched disease-related pathways associated specifically with COVID19-related targets of ACE2 network related miRNAs.
Red color indicates low p-values (high enrichment), and blue indicates high p-values (low enrichment).
f) Kruskal-Wallis test shows the difference among the four groups
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Downregulation in Connexin43 expression is associated
with reduced ferroptosis and enhanced tolerance to
myocardial ischemia-reperfusion injury in type 1 diabetic
mice
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Patients with diabetes are more vulnerable to myocardial ischemia/reperfusion injury (MIRI). However, animal studies showed that
short-term diabetes may have a protective effect on MIRI, but the mechanism is unclear. Studies showed that abnormal cardiac Con-
nexin43 (Cx43) protein expression is associated with a variety of pathological conditions, such as myocardial ischemia and diabetic car-
diomyopathy, while down-regulating Cx43 can alleviate acute kidney injury by inhibiting ferroptosis. However, the role of Cx43 in
myocardial IRI in diabetic conditions and in particular its potential interplay with cardiac ferroptosis in this pathology is unknown. Thus,
the present study aimed to explore the role and mechanism of Cx43 and ferroptosis in relation to myocardial susceptibility to IRI in dia-
betes. Streptozotocin (STZ)-induced diabetes mice and age-matched control mice were subjected to myocardial IRI by occluding the
left coronary artery for 30 minutes followed by 2 hours of reperfusion respectively at 1,2 and 5 weeks of diabetes induction. In vitro, rat
origin H9C2 cardiomyocytes (H9C2) were exposed to 35 mmol/L high glucose(HG) for 48h in the absence or presence of Cx43 gene
knockdown with siRNA, followed by hypoxia for 6 hours and reoxygenation for 12 hours. Myocardial infarct size was assessed by TTC/
Evan blue staining. The heart function of mice was measured by echocardiography. Myocardial mitochondrial damage was measured
by transmission electron microscopy. Serum CK-MB and malondialdehyde (MDA) levels were measured by ELISA. Cell viability was
detected by the CCK-8 assay, apoptosis by the TUNEL assay. BODIPY staining for ROS production. Western blot analysis was per-
formed to assess cardiac Cx43 protein and ferroptosis-related protein expression. Compared to controls, infarct size was reduced in 1-
2 weeks DM mice after I/R, but significantly increased at DM 5 weeks (p<0.05). Post-ischemic cardiac function was improved in 1
week mice and worsened in 5 weeks DM mice as compared to that in the non-diabetic control mice, which was associated with re-
duced ferroptosis in DM 1-2 weeks and significantly enhanced ferroptosis in DM 5 weeks mice (all p< 0.05 vs. control). Also, cardiac
Cx43 expression was significantly lower after I/R in DM 1-2 weeks mice compared to controls and significantly higher in DM 5 weeks
mice. Cx43 inhibitor GAP19 significantly attenuated ferroptosis and reduced post-ischemic myocardial infarct size in 5 weeks DM
mice. Application of Erastin (ferroptosis activator) reversed the cardioprotective effect of GAP19. In vitro, H9C2 cells exposed to hyp-
oxia and reoxygenation (H/R) under high glucose environment showed a significant increase in cellular injury, as evidenced by in-
creased LDH release, reduced cell viability, significantly increased lipid peroxidation product (MDA) and ferroptosis, which was
concomitant with significantly elevated Cx43 expression. Cx43 gene knockdown in H9C2 resulted in a significant increase in glutathi-
one peroxidase 4 (Gpx4) protein expression, reduction in MDA production and ferroptosis, and subsequently reduced post-hypoxic
cell viability under high glucose (all p< 0.05 vs. control). However, these beneficial effects of Cx43 gene knock-down were significantly
attenuated or eliminated by Erastin. It is concluded that down-regulating the expression of Cx43 in the diabetic myocardium may sub-
sequently inhibit ferroptosis, thereby increasing myocardial tolerance to ischemia-reperfusion injury.
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Heart-rate Corrected QT Interval and Statin use in the
general population. The Polish Norwegian Study (PONS)
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Introduction: Prolonged QT interval is associated with cardiac arrhythmias and sudden death. The hERG potassium channel (IKr)
plays a role in cardiac repolarization. Decreased IKr may lead to QT prolongation. Due to their structural similarity to Ikr blockers,
statins have been suggested to prolong the QT interval in non-human models.

Purpose: To compare the QT interval between statin users and non-users in a large community-based population.

Methods: Cross-sectional data from an ongoing cohort study, following a standardized protocol. The QT intervals were obtained
from digital standard 12-lead resting ECG. Heart rate correction (QTc) was performed with Bazett’s formula. We excluded individ-
uals taking medication known to influence the QT interval (anti-arrhythmics, beta blockers, digoxin, anti-psychotics), as well as
other conditions (coronary heart disease, atrial fibrillation, WPW syndrome, pacemakers). Generalized linear models were used for
confounding control.

Results: The analytic sample was 7439 participants, average age 54. 92 (SD 5.4) , 65.01 % women, 27.11% with hypertension,
4.27% with diabetes type 2. Mean (SD) QTc were 418.18 ms (45.58) for men and 426.41 ms ( 44.79) for women. Mean QTc was
399.5 ms (28.32) in statin users and 393.6 ms (28.88) in non-users. Compared to those not using statins, statin users had a longer
mean QT interval by 3.20 ms (95%CI 0.79 - 5.62) after adjusting for age, sex, smoking, physical activity, hypertension, diabetes,
and by 3.46 ms (95% CI 1.07 -5.84) after additional adjustment for left ventricular hypertrophy, T-wave inversion, presence of Q
wave, ST segment elevation or depression and cardiac blocks. Pathologically abnormal QT prolongation (QTc > 430 ms for men,
> 450 ms for women) was present in 9.61% of statin users and 9.10% of non-statin users (not statistically significant). Lipid lower-
ing drugs other than statins were not associated with the QT interval duration.

Conclusion: In a population free of diagnosed heart disease, we found a modest increase in the QTc interval among statin users
compared to non-users, even after ample adjustment for additional clinical and electrocardiographic characteristics.

Implications: While the overall cardioprotective effect of statins on cardiovascular risk is well-established, awareness of potential
modest QT interval prolongation may be warranted, especially in a more complex clinical context of concomitant QT-prolonging
medication.

FINANCIAL DISCLOSURE: The data collection was supported by a grant from the Polish-Norwegian Research Fund (PNRF-228-
AI-1/07)
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Osteopontin promotes G protein-coupled receptor kinase
(GRK)-2-dependent desensitization of cardiac ß2-adrenergic
receptor anti-fibrotic signaling
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Cardiac b2-adrenergic receptors (ARs) are known to inhibit collagen production and fibrosis in cardiac fibroblasts and myocytes.
b2AR is a Gs protein-coupled receptor (GPCR) and, upon its activation, stimulates generation of cyclic 30, 50-adenosine monophos-
phate (cAMP). cAMP has two effectors: protein kinase A (PKA) and the exchange protein directly activated by cAMP (Epac). Epac1 has
been shown to inhibit cardiac fibroblast activation and fibrosis. Osteopontin (OPN) is a ubiquitous pro-inflammatory and pro-fibrotic
cytokine, including in the heart. We report here that the cardiotoxic hormone aldosterone upregulates OPN via the mineralocorticoid
receptor (MR) in H9c2 cardiomyoblasts. This is prevented by b2AR-activated GPCR-kinase (GRK)-5. GRK5 directly phosphorylates
and inhibits the MR in cardiomyocytes. Additionally, CRISPR-mediated OPN deletion enhances b2AR-dependent cAMP generation in
H9c2 cardiomyocytes and upregulates Epac1. OPN deletion also enables the b2AR to completely abrogate transforming growth factor
(TGF)-b-dependent fibrosis in H9c2 cardiomyocytes. Mechanistically, OPN interacts with Gas subunits in H9c2 cardiomyocytes to fa-
cilitate recruitment of GRK2, the major GRK phosphorylating and desensitizing the cardiac b2AR. This, in turn, augments the GRK2-
dependent functional desensitization of the b2AR, thereby opposing this receptor`s anti-fibrotic cAMP/Epac1 signaling. In conclusion,
we have uncovered a direct inhibitory effect of OPN in cardiac b2AR`s anti-fibrotic signaling via facilitation of GRK2-mediated receptor
desensitization. Thus, OPN blockade could be of value in the treatment and/or prevention of cardiac fibrosis.

Support/Funding Information: 1) American Foundation for Pharmaceutical Education (AFPE) 2) NSU`s President`s Faculty Re-
search & Development (PFRDG) grant
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b-adrenoceptor-mediated vasodilation is enhanced by
acute colchicine-treatment in men with essential
hypertension
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Colchicine treatment has known beneficial effects on cardiovascular health and reduces the incidence of cardiovascular disease.
Studies in isolated rodent arteries show colchicine enhances b-adrenoceptor-mediated vasodilation. In this translational study,
we examined whether this effect of colchicine was present in humans by conducting a double-blinded, placebo controlled inter-
vention study. Middle-aged men with essential hypertension were randomly assigned firstly to acute treatment with either 0.5 mg
colchicine or placebo, and subsequently re-randomized for 3 weeks of treatment with either colchicine 0.5 mg twice daily (n=16)
or placebo (n=15) followed by a washout period of 48-72 h. The vasodilator responses to isoprenaline, acetylcholine and sodium
nitroprusside were determined, as well as arterial pressure, arterial compliance and plasma inflammatory markers. Acute colchi-
cine treatment increased the isoprenaline- and SNP-mediated increase in vascular conductance, but had no effect on the re-
sponse to acetylcholine. Following the washout period, three weeks of twice daily treatment of colchicine did not induce an
accumulated or sustained effect on the b-adrenoceptor response and there was no effect on either arterial pressure, arterial com-
pliance or on the level of measured inflammatory markers. This study provides the first translational evidence for a transient en-
hancement of b-adrenoceptor-mediated vasodilatation by colchicine in humans. The finding of an acute effect suggests that it
may be clinically important to maintain an adequate biovailability of colchicine to support the cardiovascular protective effects
that have been observed with colchicine in various clinical trials.

This work was supported by a grant from Augustinusfonden (19-3644). TAJ was funded by a Lundbeck Foundation grant (R323-
2018-3674). JvH was funded the European Union's Horizon 2020 research and innovation program under the Marie Sklodowska-
Curie scheme (grant agreement no. 081199).
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Ovariectomy Promotes Angiotensin II-induced Renal
Dysfunction and Vasopressin Excretion via
12/15-Lipoxygenase
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Hypertension is a major risk factor that contributes to kidney injury in women. While the female sex hormone 17b-estradiol (E2)
has been shown to be cardioprotective in experimental models of cardiovascular diseases, E2 replacement therapy in postmeno-
pausal women has been controversial. We have shown previously that ovariectomy (used as a tool to deplete endogenous E2)
augments angiotensin (Ang) II-induced increase in blood pressure and plasma level of 12(S)-hydroxyeicosatetraenoic acid (HETE),
a major arachidonic acid metabolite produced by 12/15-lipoxygenase (ALOX15). ALOX15 and its arachidonic acid-derived metab-
olite 12(S)-HETE is implicated in cardiovascular and renal diseases. This study was conducted to investigate the contribution of
ALOX15 to Ang II-induced renal dysfunction in intact and ovariectomized (OVX) female mice. Ang II (700 ng/kg/min) infused subcu-
taneously by osmotic pumps for 2 weeks caused a marked increase in water intake (mL; 10.5±0.64 vs 5.0±0.40), and renal dys-
function as evidenced by increased urine output (mL; 5.06±0.43 vs 1.56±0.15), decreased urine osmolality (mOm/Kg; 1.27±0.04
vs 2.10±0.06) and increased urinary excretion of vasopressin prosegment copeptin (pg/mL; 149.53±3.47 vs 122.13±1.00) mea-
sured by ELISA in OVX but not intact (with ovaries intact) wild type (WT) mice (n=4/group, p<0.05). These effects of Ang II were at-
tenuated in intact and OVX Alox15 knockout (ALOX15KO) female mice (water intake: 4.0±0.41 and 5.25±0.47; urine output:
1.18±0.11 and 1.00±0.10; urine osmolality: 2.56±0.27 and 1.78±0.07; urinary excretion of copeptin: 122.9±0.56 and 118.03±3.76;
n=4/group, p<0.05). Moreover, in OVX-WT mice with depleted plasma E2 (pg/mL; 1.00±0.26 vs 14.71±1.38; n=4, p<0.05, mea-
sured by ELISA), the effects of Ang II on renal hypertrophy expressed as total kidney/body weight ratio (mg/g; 12.19±0.55 vs
9.16±0.22; n=6, p<0.05) and reactive oxygen species production measured by increased 2-hydroxyethidium fluorescence on
staining with dihydroethidium (arbitrary unit; 16.73±0.63 vs 4.33±0.09, n=4, p<0.05), were also enhanced compared to intact WT
mice. These effects of Ang II were attenuated in both intact and OVX-ALOX15KO mice (plasma E2: 13.96±1.75 and 1.29±0.44, kid-
ney/body weight: 9.48±0.18 and 10.10±0.33, reactive oxygen species: 1.55±0.07 and 1.82±0.02). These data suggest that ovari-
ectomy or lack of 17b-estradiol promotes Ang II-induced hypertension and renal dysfunction, most likely by a mechanism
dependent on ALOX15/12 (S)-HETE. Therefore, the selective inhibitors of ALOX15 or 12 (S)-HETE receptor antagonists could be
useful for treating hypertension and associated pathogenesis in postmenopausal, hypoestrogenic women or females with ovarian
failure. Furthermore, it has been reported that that two single-nucleotide polymorphisms in the Alox12 gene, rs9904779 and
rs434473 (encoding a replacement of asparagine by serine in the protein), was associated with onset of natural menopause in a
small set of white women studied. Therefore, it would be important to explore ALOX15 gene polymorphism further in a larger pop-
ulation of diverse groups of normal aging and pre- and postmenopausal females to determine its impact on the contribution of ara-
chidonic acid-ALOX15 derived 12(S)-HETE in hypertension and its pathogenesis.
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Metformin Protects Against Liposaccharide (LPS)-induced
Hyperinflammation in Doxorubicin-induced Senescent
Endothelial Cells
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Introduction: Recently, cancer survivors were shown to have a higher risk of severe infections that require hospitalization. Doxo-
rubicin (DOX) is a widely used chemotherapeutic agent in the treatment of cancer patients. DOX has been shown to induce senes-
cence phenotype in endothelial cells (ECs) characterized by endothelial dysfunction and secretion of pro-inflammatory cytokines
termed senescence-associated secretory phenotype (SASP). Lipopolysaccharide (LPS), a bacterial component that stimulates in-
flammation, has been demonstrated to augment the inflammatory SASP phenotype in endothelial models of replicative senes-
cence and irradiation-induced senescence. However, the effect of LPS in DOX-induced endothelial senescence has not been
established. Therefore, in the current work, we determined the effect of LPS stimulation in DOX-induced senescent ECs in vitro.
Then, we identified the effects of metformin, an anti-diabetic drug that has senomorphic properties, on LPS-induced
hyperinflammation.

Methods: Human umbilical vein endothelial cells (HUVECs) were either treated with DOX for 24 hours followed by 72 hour-incuba-
tion without DOX to establish senescence (Sen-HUVECs) or left untreated as non-senescent proliferating cells (NS-HUVECs). The
effect of LPS was determined by stimulating both Sen-HUVECs and NS-HUVECs with LPS (30 ng/ml) for an additional 24 hours.
The effects of metformin on LPS stimulation were assessed in both types of cells. Culture media were collected to measure SASP
factors using ELISA. Protein expression of the senescence marker, p21, was measured to confirm the induction of senescence.
To delineate the molecular mechanisms, the changes in NF-kB, a major signaling pathway involved in inflammation, were deter-
mined using western blotting.

Results: DOX-induced senescence phenotype was demonstrated by upregulation of p21. A significant hyperstimulation response
to LPS was observed in Sen-HUVECs compared to NS-HUVECs, demonstrated by higher secretion of SASP markers in the media
including IL-6, CXCL2, and MMP3. The protein expression of ICAM-1, a marker of endothelial dysfunction, was also upregulated
in Sen-HUVECs. Pretreatment with metformin blunted LPS-induced upregulation of SASP markers and normalized the expression
of ICAM-1. Metformin effects were mediated by the downregulation of LPS-induced activation of NF-kB.

Conclusions: Our current work shows that DOX-induced senescent endothelial cells show hyperinflammatory response to LPS.
The senomorphic drug, metformin, can be a promising strategy to ameliorate infection-induced hyperinflammation in DOX-treated
cancer survivors.

Research was supported by the National Heart, Lung, and Blood Institute, grant R01HL151740. I.Y.A is supported by the Doctoral
Dissertation Fellowship (DDF) offered by the University of Minnesota and the Bighley Graduate Fellowship from the College of
Pharmacy.
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Sexual Dimorphism of the Fasting Adipose: Mitigation of
Metabolic and Cardiovascular Dysfunction in a Non-Obese
Prediabetic Rat Model
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Prediabetes is a transitional stage in the progression of Type 2 Diabetes where diabetes-related cardiovascular (CV) complications
begin. Our previous work on non-obese prediabetic male rats showed that early CV and metabolic impairments were associated
with confined dysfunction in the thoracic perivascular adipose tissue (PVAT) characterized by inflammation and hypoxia. There
has been neither recommendations for pharmacological treatment to interrupt the hypoxic machinery in PVAT, nor clear sexual di-
morphism in PVAT involvement at this stage, we therefore hypothesized that therapeutic fasting (TF) can alleviate PVAT dysfunc-
tion, metabolic and CV stress among Mild hyper-caloric (MHC)-fed rats in a sex dependent manner. Sprague-Dawley rats from
both sexes (4-5weeks) were allocated into 3 groups: control diet (C), MHC diet and MHC-diet with TF, for 24 weeks. Rats were fed
ad libitum in the first 12 weeks. Afterwards, the TF group were subjected to daily fasting from 7.00pm -7.00am for 12 weeks with
free access to water, and to MHC-diet otherwise. Daily food intake, body weight, blood glucose, body composition (using NMR),
HbA1c, serum insulin levels, echocardiographic parameters, and noninvasive blood pressure were measured. At week 24; rats
were catheterized for invasive hemodynamic examination. Cardiac autonomic neuropathy was assessed by measuring barore-
ceptor sensitivity using the vasoactive method. After sacrifice, aortic contractility and endothelial function were measured using
organ bath experiments and molecular investigation was performed on various adipose pools, in addition to cardiac and aortic tis-
sues. To assess the role of female sex hormones 3 additional groups of females were bilaterally ovariectomized (OVX) on week 12,
then the same feeding groups (C, MHC and MH-TF) were applied for the remaining 12 weeks. The same set of parameters and ex-
periments were measured and conducted. As expected, MHC feeding induced non-obese prediabetes, signs of early cardiovas-
cular and metabolic dysfunction with and PVAT impairment in male rats. Intact female rats resisted MHC-induced derangements,
while OVX females presented an obese prediabetic phenotype, with CV and metabolic impairments and PVAT dysfunction. More-
over, on the molecular and histochemical levels, cardiac and aortic tissues as well as brainstem presented pathologies in the MHC
arms presented by increased macrophage infiltration and oxidative stress in all tissues, plus an increased fibrosis in the cardiac
and aortic ones. Strikingly, TF in the presence of MHC feeding and in the absence of calorie restriction, and estrogen in the case of
females, seemed to substantially correct these alterations in both male and OVX rats and interrupt hypoxia in PVAT. Taken to-
gether, our work suggests a novel understanding whereby TF interferes with the hypoxia machinery in PVAT and mitigates predia-
betes and related CV insults in a sex dependent manner.
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Alterations in pyroptotic signaling mediated by
phosphorylation of GRK2 and mitochondria functional
alterations
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G protein-coupled receptors (GPCRs) mediate signal transduction from the extracellular environment to the intracellular space.
Receptor signaling is terminated via receptor phosphorylation mediated by GPCR-kinases (GRKs). GRK2 is one of the main iso-
forms in the heart and is upregulated in heart failure (HF) patients. Recently, we and others have reported a non-canonical GRK2
signaling cascade that is initiated by ERK phosphorylation of GRK2 and subsequent mitochondrial translocation of this kinase.
Notably, we found that phosphorylated GRK2 at S670 post-ischemia/reperfusion decreases mitochondrial glucose oxidation and
pyruvate dehydrogenase (PDH) activity. A possible link was established between GRK2 and PDH using 2D-SDS PAGE combined
with phospho-proteomics. Using a novel PDHa KI CRISPR Cas HEK cell line, we tested the hypothesis that this phosphorylation
event regulates PDH activity. Utilizing cytosolic and mitochondrially-targeted pyruvate indicators we measured pyruvate levels in
WT and KI HEK cells. Moreover, using a mouse model where GRK2 cannot translocate to the mitochondria (GRK2-S670A), in the
presence or absence of myocardial infarction, we are investigating the role of GRK2 mitochondrial translocation, metabolic altera-
tions, and gasdermin signaling. Further experiments will elucidate the precise role of mitoGRK2 on cardiac metabolism, PDH ac-
tivity, and mechanisms of cell survival a priori and a posteriori to cardiac ischemic events relevant to understanding cardiac
metabolic remodeling in disease progression.
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Investigating High Salt Diet Effects on Stress Responding
and Microglial Activation
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Consuming excess salt (NaCl), the primary source of dietary sodium (Na), has become prevalent in modern society. Across spe-
cies, most research on salt consumption has focused on physiology - in particular, cardiovascular function. As a result, current
health guidelines advise reduced sodium intake to attenuate cardiovascular disease risk. In contrast, less research has examined
how salt consumption affects brain health and function, and consequently, behavior. Much remains to be learned about how this
prevalent, non-caloric component of diet impacts neurophysiology to shift basic behaviors, including responses to stressors/envi-
ronmental threats. Given the challenges and ethics of manipulating salt intake in humans, we use mice to facilitate rigorous control
of salt intake, environment, and stressor exposure. I hypothesized mice consuming excess salt would exhibit increased active
coping strategies (e.g., more swimming/climbing, less immobility) relative to controls. Group housed adult (10-week old) male and
female C57BL/6J mice had access to one or two diets for 4- or 8- weeks, with cages assigned to: 1) control (0.4% NaCl w/w) diet
only; 2) high salt (4.0% NaCl) diet only; or 3) both control and high salt diets (mixed); this last allowed analyses of diet preference
over time. Diet consumption, water intake, and body weight were recorded twice a week. During the final diet manipulation day,
environmental threat response was assessed using a brief swim stressor. In both males and females on either a 4- and 8-week
diet manipulation, swim test results indicated no significant stress responsivity differences in latency to first immobility, nor in time
spent immobile, swimming, or climbing between diet conditions. Contrary to our hypothesis, our findings suggest excess salt con-
sumption for 4-8-weeks does not augment behavioral responses to environmental stressors. Mice (8-week females and 4- and 8-
week males) in the mixed diet condition initially preferred control diet, but consumed significantly more of the high salt diet after
�2 weeks. We are presently analyzing microglial activation in brain regions associated with homeostatic control, stress responses,
and behavioral inhibition (medial prefrontal cortex, paraventricular nucleus of the hypothalamus, and basolateral amygdala). Over-
all, our behavioral findings indicate that high salt intake does not influence behaviors in either sex in response to an acute stress.
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Inhibition of Cardiac GCH1 O-GlcNAc Modification
promotes cardiac BH4/eNOS signaling after myocardial
ischemia-reperfusion in mice with Type-2 Diabetes
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Reperfusion after myocardial infarction may further increase myocardial injury, which can be exacerbated by diabetes. Strategies
have been developed to ameliorate myocardial ischemia/reperfusion injuries (MIRI) yet the effectiveness of these strategies mostly
diminish in diabetes largely due to diminished nitric oxide bioavailability in the cardiovascular system. GTP cyclohydrolase 1
(GCH1) and its product tetrahydrobiopterin (BH4), a co-factor of the endothelial nitric oxide synthase (eNOS), play crucial roles in
cardiovascular physiology and in MIRI. O-GlcNAcylation is a ubiquitous post-translational modification that is extremely labile and
plays a significant role in physiology, especially in the heart. Sustained activation of cardiac O-GlcNAcylation leads to detrimental
effects on cardiovascular function. However, transient elevation of some cardiac protein O-GlcNAcylation can exert beneficial ef-
fects in the heart. When chronic diabetes meets acute ischemic injury, the role and regulation of O-GlcNAcylation and in particular
its impact on cardiac GCH1 are enigmatic. Here we report that hyper-O-GlcNAc modification of GCH1 may impair its enzymatic
activity and subsequently lose its cardioprotective effects against MIRI in mice with type 2 diabetes.

Male C57BL/6 mice with high-fat diet for 6 weeks received intraperitoneal injection of low dose streptozotocin to induce type-II di-
abetes. MIRI model was established by occluding the left coronary artery for 30 minutes, followed by restoring blood flow for 120
minutes. Results showed that post-ischemic cardiac levels of GCH1 protein expression was increased in diabetic mice but cardiac
levels of BH4 and eNOS reduced as compared to non-diabetic control. However, application of the GCH1 inhibitor DAHP in dia-
betic mice to seed up the degradation of cardiac GCH1 proteins resulted in increased post-ischemic myocardial infarct size and
dysfunction in diabetes mice, which was also concomitant with further decreases in cardiac BH4, eNOS, and increases in super-
oxide production. The results indicated that although the level of GCH1 was upregulated in post-ischemic cardiac tissue, its enzy-
matic activity was impaired and loses its cardioprotective effects by underlying factor. On the other hand, abnormal activation of
cardiac GCH1 O-GlcNAcylation level after MIRI in diabetic mice was detected by proteomic mass spectrometry. After the applica-
tion of OSMI-1 (a broad-spectrum inhibitor of protein O-GlcNAcylation) in diabetic mice, the cardiac GCH1 activation and protein
levels of BH4 and eNOS were increased in diabetic mice at baseline and after MIRI. Surprisingly, although inhibition of O-GlcNAcy-
lation of GCH1 restored its enzymatic activity and increased eNOS expression, the application of OSMI-1 exacerbated rather than
attenuated post-ischemic myocardial infarct size in diabetes. Given that suppression of eNOS O-GlcNAcylation promotes eNOS
activity, global inhibition of O-GlcNAcylation may have adversely modulated other cardiac pro-survival signaling proteins such as
Akt. Findings from the current study suggest that strategies to specifically suppress the O-GlcNAcylation of cardiac GCH1 and/or
eNOS in diabetes may be effective means to combat against MIRI in diabetes.

This study was supported by Guangdong Basic and Applied Basic Research Foundation (2022A1515011116, 2019A1515110063)
and Natural Science Foundation of China (82270306; 81970247).
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Modulation of Mitochondrial Bioenergetics in Human Brain
Microvascular Endothelial Cells by Telomerase Reverse
Transcriptase
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Human brain microvascular endothelial cells (HBMECs) play a critical role in preserving brain function by regulating blood flow and
blood-brain-barrier (BBB) integrity. HBMECs use both glycolysis and oxidative phosphorylation as sources of energy. The cata-
lytic subunit of telomerase, telomerase reverse transcriptase (TERT), is known to translocate to mitochondria during stress and
regulate the generation of reactive oxygen species (ROS). This study tested the hypothesis that TERT modulates bioenergetics in
HBMECs.

Cultured HBMECs were used at passage 8. Agilent Seahorse (XFp) Bioanalyzer was used for determining glycolysis and oxidative
phosphorylation (OXPHOS) by analyzing extracellular acidification rate (ECAR) and oxygen consumption rate (OCR). 2-Deoxy-d-
glucose (2-DG) (50 mM) and rotenone/antimycin A (R/A) (0.5 mM), and Mito Stress Test kit (Agilent), respectively, were used to
evaluate different metabolic indices that are indicators of glycolysis and OXPHOS. OCR determined basal and maximal respira-
tion, ATP production, proton leak, spare respiratory capacity, and non-mitochondrial respiration, whereas ECAR defined basal
and compensatory glycolysis, post-2-DG acidification, and glycolytic proton efflux rate (glycoPER). Pharmacological activator or
inhibitor of TERT, cycloastragenol (CAG) or BIBR1532, respectively, was used to determine the role of TERT in mitochondrial
bioenergetics.

BIBR1532 (1 mM) increased basal by 120 ± 5% (p < 0.05) and maximal respiration (determined by FCCP (1.1 mM) -uncoupling) by
157 ± 7% (p < 0.05) (n=5). The spare respiratory capacity and nonmitochondrial respiration were unaltered by BIBR1532 (n=5). No
change was observed in the basal glycolysis by BIBR1532 (n=3) however, the compensatory glycolysis, an indicator of the maxi-
mum glycolytic capacity, was increased (n=3). Post-2DG acidification, an indicator of proton secretion from the non-glycolytic
sources, was increased in the presence of BIBR1532 (n=3). However, glycoPER was unaltered. CAG showed no effect on any of
the parameters of OXPHOS in the concentration range of 0.3-30 mM (n=3).

This study shows that physiological levels of TERT negatively regulate and that acute inhibition of TERT increases OXPHOS and
glycolysis.
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Angiotensin-(1-7) and Gut-Bone Marrow Axis in Aging
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Background: Aging compromises the colon epithelial barrier integrity resulting in chronic systemic inflammation, which increases
risk for cardiovascular diseases. Aging-associated gut microbial dysbiosis is implicated in this pathology. Metabolites derived
from dysbiotic bacteria in aging are known to stimulate myelopoiesis in bone marrow, which directly contribute to the systemic in-
flammation. We have previously showed that the protective peptide of Renin Angiotensin System (RAS), Angiotensin-(1-7) (Ang-
(1-7)), restored epithelial barrier integrity in Old mice via Mas receptor (MasR) activation. This study tested the hypothesis that
Ang-(1-7) modulates gut-bone marrow axis to ameliorate systemic inflammation.

Methods: Young (3-4 months) and Old (20-24 months) male C57Bl/6 mice were treated with saline or Ang-(1-7) by using osmotic
pumps (1 mg/Kg/min for 4 weeks). Colonic organoids were cultured and Wnt3a expression was determined. Gut microbiome was
analyzed by 16S rRNA sequencing of bacterial DNA using MiSeq followed by analysis by Qiime 2.0 and Past 4.10 software. Myelo-
poiesis in the bone marrow cells was determined by using colony forming unit-granulocytes-macrophages (CFU-GM) assay fol-
lowed by flow cytometric enumeration of monocytes (Ly6G-CD11b+Ly6Chi) and macrophages (Ly6G-CD11b+F4/80+Ly6Chi).
Inflammatory cells in the colon wall were characterized by immunohistochemistry. Plasma levels of Trimethylamine Oxide (TMAO),
IL-1b, IL-6, HMGB1, MCP1 and TNFa were analyzed.

Results: Organoid cultures showed decreased size of organoids and expression of Wnt3a in the Old group compared to the
Young (p <0.05, n=6), which were restored by Ang-(1-7). Aging was associated with decreased richness shown by Shannon and
Chao1 diversity indices and altered beta diversity (Bray-Curtis (p < 0.0001) or Jaccard (p < 0.0001)). Microbial dysbiosis is evident
based on altered relative abundance of 222 ASVs in aging. Plasma TMAO levels (6.99 ± 0.44 mmol/L) were higher in aging com-
pared to the Young (3.08 ± 0.23 mmol/L, p < 0.001). Ang-(1-7) modified microbial dysbiosis, reversed changes in alpha and beta
diversity in aging and decreased TMAO levels (3.30 ± 0.24 mmol/L, p < 0.001 vs Old). Bone marrow cells from old mice showed in-
creased myelopoiesis compared to young (p < 0.01, n=6) that were associated with increased infiltration of inflammatory cells in
the colon. Ang-(1-7) decreased the number of monocytes (18 ± 4/106 WBC) than the old group (47 ± 4/106 WBC, p < 0.001, n=6).
Pro-inflammatory macrophages were decreased by Ang-(1-7) in the bone marrow and reduced the infiltration of the colon wall.
Plasma levels of IL-1b, IL-6, HMGB1, MCP1 and TNFa were higher in the old group compared to the young (p < 0.05, n=5), which
were lowered by Ang-(1-7) (p < 0.05, n=5).

Conclusion: Ang-(1-7)/MasR pathway modulates gut-bone marrow axis by reversing microbial dysbiosis and myelopoietic bias in
aging thereby ameliorates systemic inflammation.
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Dexmedetomidine Preconditioning Attenuates Myocardial
Ischemia/Reperfusion Injury by Increasing SIRT1 Expression
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Myocardial infarction (MI) is one of the primary causes of mortality in patients with coronary heart disease. Restoration of blood
supply to the ischemic myocardium may cause further damage to the original ischemic myocardium, a phenomenon known as
myocardial ischemia/reperfusion injury (MIRI). Dexmedetomidine (Dex) could attenuate MIRI, and Dex has been shown to activate
SIRT1/mTOR signaling when applied after the onset of reperfusion. However, the role of SIRT1/mTOR signaling in Dex precondi-
tioning cardioprotection is unclear. Thus, the present study was aimed to explore the effects of and mechanism of Dex precondi-
tioning on MIRI. 6-8 week C57 mice were allowed to adapt to food and environment for a week and were then randomly assigned
to five groups: the sham group, the MIRI group, the MIRI+Dex group, the MIRI+Dex+EX527 (SIRT1 inhibitor) group, and the MIRI+
Dex+EX527+3-methyladenine (3-MA, autophagy inhibitor) group. Mice in the Dex groups were intraperitoneally injected with Dex
at 20mg/kg one day prior to be subjected to 30 minutes coronary occlusion and 120 minutes reperfusion. EX527 (10mg/kg/day)
was intraperitoneally injected for a duration of one week before inducing MIRI. 3-MA was intraperitoneally injected (30 mg/kg) 30
min before inducing MIRI. In vitro, rat-derived H9C2 cardiomyocytes (H9C2) were pretreated with 10mM Dex for two hours in the
absence or presence of 1mM EX527 for two hours. In addition, cells were pretreated with 3-MA for one hours before the addition
of EX527 in the group of MIRI+Dex+EX527+3-MA. After the completion for scheduled treatments above mentioned, the cells were
then subjected to hypoxia/ reoxygenation (H/R) injury (composed of 12 h of hypoxia followed by 6 h of reoxygenation). Myocardial
infarct size was assessed by Evan blue/TTC staining. The heart function of mice was measured by echocardiography. Levels of
serum CK-MB and the lipid peroxidaiton product Malondialdehyde (MDA) were measured by ELISA. Cell viability was detected by
the CCK-8 assay, apoptosis by the TUNEL assay. Western blot analysis was performed to assess cardiac SIRT1 protein expres-
sion and apoptosis-related proteins and autophagy-related LC3, p62 and mTOR proteins. Dex preconditioning significantly de-
creased post-ischemic serum CK-MB, reduced myocardial infarct size, attenuated the increase in autophagic cell death, and
improved left ventricular function in mice as compared to the untreated control group (all P<0.05, MIRI+Dex vs. MIRI), while these
protective effects of Dex were significantly reversed by inhibiting SIRT1 with Ex527 (all P<0.05MIRI+Dex vs. MIRI+Dex+Ex527).
Application of 3-MA inhibited post-ischemic autophagy and reverted Ex527-mediated cancellation of Dex cardioprotective effects
in mice after MIRI. In vitro, H9C2 cell viability was decreased when cells were subjected to H/R, accompanied by increased levels
of LDH and MDA and autophagic cell death, and all these changes were significantly ameliorated by. pre-treatment with Dex. Sim-
ilar as seen in vivo, SIRT1 inhibition with EX527 cancelled Dex mediated protection in cells subjected to H/R, while application of
3-MA reverted EX527-mediated cancellation of Dex cellullar protection despite SIRT1 remained inhibited in the presence of
EX527. It is concluded that Dex preconditioning reduces myocardial ischemia-reperfusion injury by upregulating SIRT1 to inhibit
MIRI or H/R-induced increases in autophagy.
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5-HT1F Agonist Lasmiditan Induces Mitochondrial
Biogenesis And Alters Successful And Failed Repair Genes
In A Mouse Model Of Acute Kidney Injury
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Background: AKI is defined as an onset and progressive decline in renal function and is often accompanied by a persistent reduc-
tion in mitochondrial function, fatty acid oxidation and vascular injury. AKI is an important public health concern with no FDA-ap-
proved treatments. We have shown that FDA approved 5-HT1F receptor agonist lasmiditan stimulates mitochondrial biogenesis
(MB) and accelerates renal recovery in a mouse model of AKI. Kirita et al,2020 recently performed single nucleus sequencing in
mouse AKI and reported conserved cellular responses and profiled successful and failed repair genes. We sought to explore the
role of lasmiditan on selective successful and failed repair genes post-AKI in our AKI model system.

Methods: Male 8-week-old C57B/6J mice were administered 0.3mg/kg of lasmiditan or normal saline 24h after I/R and then every
24h over a 144h period (n=6/group). Kidneys were harvested and snap frozen in liquid nitrogen. Renal cortex samples were used
to analyze gene expression (qRT-PCR) and protein expression (immunoblot) post AKI. One way ANOVA followed by TUKEY multi-
ple comparison test was used to determine statistical significance between treatment groups. A p-value of p#0.05 were used to
identify statistical changes and correct for multiple comparisons.

Results: Serum creatinine and Kidney injury marker 1 (KIM1) was measured and found to be maximally elevated at 24h post I/R
and lasmiditan treated groups decreased serum creatine (�4 fold) and KIM1(�2.7fold) over time compared to vehicle and IR24.
qRT-PCR analysis revealed increase of successful repair genes – ACSM2a, LRP2, SLC5A12 and HNF4A upon lasmiditan treat-
ment and failed repair genes – VCAM, LCN2, RELB and KCNIP4 in 144h of lasmiditan treatment. At 24h and I/R vehicle, mRNA lev-
els of successful repair genes in IR24 decreased and increased in at 144h of lasmiditan treatment. Alternatively, mRNA levels of
failed repair genes were elevated at IR24 and lasmiditan treatment did not reduce the expression of failed markers to sham levels.
These findings were confirmed using immunoblot analysis.

Conclusion: These data affirm the role of 5-HT1F agonist Lasmiditan mediating the transcriptional and translational level of suc-
cessful and failed repair genes thus contributing to fatty acid metabolism, reabsorption of lactate and inflammation but the molec-
ular mechanism is still unclear. This approach will allow us to identify and assess key genes responsible for pathophysiological
changes during AKI and other kidney diseases, and the effects of drugs stimulating repair/recovery.

This work was supported by grant: BX000851 (Department of Veterans Affairs) to RGS.
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Delivery of Human ACE2 Across the Blood Brain Barrier
Attenuated Development of Neurogenic Hypertension Using
An Engineered Liposome-Based Delivery System
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The blood brain barrier (BBB) blocks therapeutic drugs access to the brain cardiovascular regulatory regions in the treatment of
hypertension, which could lead to drug-resistant hypertension. To overcome this challenge, PEGylated liposomes were surface-
modified with transferrin (Tf) for specific binding Tf receptor on the BBB and conjugated to a cell-penetrating peptide (CPP) to en-
hance their cellular uptake into the brain. Here, we evaluated the efficacy of Tf-CPP-liposome to deliver angiotensin-converting
enzyme 2 (ACE2) gene or EGFP (control) gene across the BBB in Sprague Dawley (SD) rats. Systemic administration of the Tf-
CPP-Liposomes carrying a lentiviral vector plasmid encoding EGFP (control) or ACE2 (150 mg/kg, I.V.) significantly increased
EGFP or ACE2 expression respectively in the paraventricular nucleus (PVN) brain area and in the liver, detected using Western
Blots and Real-time PCR. However, without Tf, CPP-Liposome-mediated expression of EGFP was significantly lower than Tf-
CPP-Liposome in the brain. EGFP expressions in the liver are comparable between two liposomes, suggesting modification with
Tf increased the specific delivery to the brain. The immunohistochemistry study demonstrated that the EGFP expression in the
brain was localized on the neurons within the PVN by staining using antibodies against neuronal marker, NeuN and glial cell
marker, GFAP, in the rats which received intravenous administration of Tf-CPP-Liposome EGFP. Next, we examine the effect of
Tf-CPP-Liposome-mediated overexpression of ACE2 in the brain on development of hypertension. Angiotensin II (Ang II, 100ng/
min) were consistently infused into left lateral ventricule (ICV) using osmotic pumps in SD rats. ICV infusion of Ang II significantly el-
evated mean arterial pressure (MAP, from 93.2±4.0 mmHg to 168.4±4.4 mmHg, n=5, P<0.05), reaching to the peak in 7 days
(169.2±11.2 mmHg) and keeping consistent at high level for at least 3 weeks. In addition, Ang II-induced elevation in blood pres-
sure was associated with cardiac hypertrophy and fibrosis. More interestingly, treatment with Tf-CPP-Liposome-ACE2 (150 mg/
kg, I.V.) significantly attenuated Ang II-induced increases in MAP by 30%. However, Tf-CPP-Liposome-EGFP did not alter Ang II-
induced pressor effect on MAP. Tf-CPP-Liposome-ACE2 also did not change the blood pressure in sham rats, which received ICV
perfusion of PBS. Moreover, intravenous administration of Tf-CPP-Liposome-ACE2 significantly attenuated Ang II-induced car-
diac hypertrophy and fibrosis. In summary, Tf-CPP-Liposome successfully delivered ACE2 gene across the BBB; and elevated
ACE2 expression in brain cardiovascular regulatory areas. This Tf-CPP-Liposome-mediated overexpression of ACE2 dramatically
attenuated neurogenetic hypertension by systemic administration.

Support/Funding Information: NIH HL143519 and NIH HL124338.
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Doxorubicin induced cardiotoxicity via inhibiting
PKC-E/SIRT1 pathway
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Malignancy is a dominant cause of death globally and chemotherapy is one of the major therapeutic strategies. Doxorubicin (DOX)
is widely used for the treatment of a variety of cancers. However, DOX is known to induce cardiotoxicity, characterized by in-
creased vulnerability to heart failure and arrhythmias. The mechanism of DOX-induced cardiotoxicity remains unclear. Protein kin-
ese C (PKC)-e has been shown to promote the survival of various cell types by increasing the activation of Akt pathway and up-
regulation of pro-survival factors. Moreover, PKC-e overexpression is closely related to chemotherapy resistance in various cell
types. However, it is unclear whether cardiomyocytes may resist DOX-induced cardiotoxicity through a PKC-e-dependent mecha-
nism. Therefore, the purpose of this study was to explore the role and mechanism of PKC-e in DOX-induced cardiotoxicity. 8-10
weeks C57 / B6 mice were allowed to be adaptive to food and environment for a week before being randomly assigned to drug
treatment group in which DOX(4 mg/kg once per week) was given via tail intravenous injection for a duration of 4 weeks to produce
cardiotoxicity, and mice in the control group were injected with same volume of normal saline. In vitro rat derived H9C2 cardio-
myocytes (H9C2) were exposed to 1 umol/L DOX for 24 hours in the absence or presence of the adenovirus-overexpressed PKC-e
gene. Echocardiography was used to measure myocardial contractile function in mice; Serum CK-MB level was detected by
ELISA and cell viability detected by CCK-8 assay. Cell damage was assessed by measuring LDH release, and apoptosis was de-
tected by TUNEL assay. Intracellular ROS production was detected by DHE staining. Western blot analysis was performed to as-
sess cardiac PKC-e, Sirt1 and apoptosis-related proteins expressions. Compared with the control group, cardiac contractile
function was significantly decreased in DOX group(p<0.05) that was concomitant with significant increases in serum CK-MB and
LDH as well as increases in Bax and Cleaved Caspase 3 proteins expression while PKC-e,Sirt1,Bcl-2 proteins expression were
significantly decreased, (all p<0.05 vs. control). In vitro, exposure of H9C2 cells to DOX significantly increased cell damage, mani-
fested by increased LDH release, decreased cell viability,and significantly increased ROS production and apoptosis, along with
decreased expression of PKC-e,SIRT1 proteins and increased expression of pro-apoptotic proteins. Overexpression of PKC-e in
H9C2 cells increased SIRT1 protein expression, thereby reducing ROS production and apoptosis, leading to increased cell viabil-
ity (all p<0.05). However, Sirt1 inhibitor Ex527 significantly attenuated or eliminated the above mentioned beneficial effects of
PKC-e overexpression. Inhibition of cardiac PKC-e and the subsequent reduction in Sirt1 may represent a major mechanism
whereby Doxorubicin induced cardiotoxicity.

Key words: Doxorubicin; cardiotoxicity; apoptosis; PKC-e; Sirt1.
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Expanding the GRK5 Interactome
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Heart failure (HF) is a pathological state where the activity of the heart is insufficient to meet the metabolic needs of the body. As
HF develops, the body attempts to increase the contraction force of the heart by stimulating cardiac hypertrophy. This compensa-
tory growth is initially helpful but ultimately hinders cardiac function and drives disease progression. There is an unmet need for
therapeutic interventions that can slow the development of HF by preventing cardiac hypertrophy. G Protein-Coupled Receptor
Kinase 5 (GRK-5) plays a key role in driving hypertrophic growth in the heart. Although some pathological mechanisms involving
GRK-5 are well understood, the full interactome of GRK-5 has yet to be determined. Therefore, we performed Biotin Proximity La-
beling (BioID) followed by Mass Spectrometry (MS) in order to identify novel protein/protein interactions involving GRK-5. In this
assay, the protein of interest is fused to BioID2, a promiscuous biotin ligase. When BioID2 comes within n15 nanometers of an-
other protein in the presence of excess biotin, it irreversibly biotinylates the target, which can be subsequently captured on strep-
tavidin beads and analyzed via MS. In this way, many potential protein/protein interactions can be identified, including weak or
transient ones. To this end, we introduced a GRK-5/BioID2 fusion protein into Neonatal Rat Ventricular Myocytes (NRVMs) using
an adenoviral vector. Cells were stimulated +/- phenylephrine to activate hypertrophic signaling pathways. BioID2 expressed by it-
self served as a negative control. Approximately 4500 proteins were identified via MS, including many that were significantly en-
riched in the GRK-5/BioID conditions relative to controls. These data will support the discovery of novel mechanisms by which
GRK-5 facilitates pathological hypertrophy, which may reveal new therapeutic targets for HF treatment.

This work is supported by NIH grant T32HL091804.
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Effects of Dapagliflozin as an Adjunct Therapy to Insulin in
Streptozotocin-induced Diabetic Rats
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Type 1 diabetes mellitus (T1DM) is a chronic metabolic disorder caused by the autoimmune destruction of insulin-producing beta-
cells of the pancreas. Insulin, the mainstay of treatment for T1DM, is often inadequate for optimal blood glucose (BG) control with
dangerous side effects such as hypoglycemia. Adjunct therapies have been proposed to provide better BG control and reduce hy-
poglycemic episodes. Dapagliflozin, a potent sodium-glucose co-transporter 2 (SGLT2) inhibitor, is a new class of hypoglycemic
agents for type 2 diabetes, and its potential as an adjunct therapy to insulin in T1DM has been confirmed in clinical studies. How-
ever, the increased risk of diabetic ketoacidosis associated with dapagliflozin is a major concern preventing its clinical usage as
an adjunct therapy for T1DM. To this end, the efficacy and safety of dapagliflozin in streptozotocin (60 mg/kg)-induced diabetic
rats were evaluated using in vivo (3 weeks of baseline after diabetes induction and 8 weeks of treatment) and ex vivo studies. Male
Sprague Dawley rats (300-400 g) were divided into 5 groups (n=4-6): healthy, diabetic control, diabetic treated with insulin, dia-
betic treated with insulin+dapagliflozin (1 mg/kg PO daily), and diabetic treated with dapagliflozin alone. Treatment with insulin or
insulin+dapagliflozin caused diabetic rats to maintain body weight with reduced urination and water intake compared to diabetic
control. Insulin+dapagliflozin provided better BG control with reduced total insulin injection as compared to insulin alone. Dapagli-
flozin, as expected, increased urine output and water intake. Lipid panel including total cholesterol, TAG, and HDL was not signifi-
cantly different in rats treated with insulin+dapagliflozin vs insulin alone. Ex vivo studies indicated a trend of higher kidney weight/
body weight and increased sizes of glomeruli in rats treated with insulin+dapagliflozin as compared to diabetic control or healthy
rats. Moreover, a significant increase in beta-cell regeneration was observed in the rats treated with insulin alone or insulin+dapa-
gliflozin as compared to diabetic control rats. The plasma concentration of ketones under various experimental conditions will be
determined using a beta-hydroxybutyrate assay kit to assess diabetic ketoacidosis. The significance of this study is investigating
the effects of dapagliflozin in a type 1 diabetic animal model, which allows ex vivo studies to assess its effects on multiple individ-
ual organs and tissues.

Support/Funding Information:

� Southern Illinois University Edwardsville internal research grant
� Southern Illinois University Edwardsville research grants for graduate students
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Paradoxical Effect of Nitric Oxide on GRK2 in the Kidney
and Heart: Implications for Sepsis-Associated Kidney Injury
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Background: Sepsis is defined as a life-threatening organ dysfunction caused by an overwhelming immune response to infection.
Sepsis clinical findings include cardiac hyporesponsiveness, vasodilatation, and decreased reactivity to vasoconstrictors leading
to severe and untreatable hypotension, with nitric oxide (NO) as an important player in this dysfunction. On top of that, sepsis may
lead to kidney injury, increasing sepsis mortality. Although sepsis-associated kidney injury (S-AKI) pathophysiology is not fully un-
derstood, it is known that renal vascular reactivity to catecholamines is preserved in sepsis in opposition to the systemic vascula-
ture. G protein-coupled receptor (GPCR) kinases (GRKs) are protein kinases that recognize and phosphorylate activated GPCRs,
such as adrenergic receptors, labeling them for internalization. It has been shown that NOS-2-derived NO activates GRK2 in the
heart by GC/cGMP/PKG pathway, leading to decreased b1 adrenergic receptor density, which is associated with decreased car-
diac reactivity in sepsis. Therefore, considering the distinct vascular status between the kidney and the systemic circulation during
sepsis, we aimed to evaluate the role of GRK2 and a1 adrenergic receptor and the putative role of NO in the renal response to
sepsis.

Methods: Female wild-type Swiss and C57BL/6 NOS-2-KO mice were submitted to sepsis by cecal ligation and puncture (CLP).
Swiss mice were treated with a NOS-2 inhibitor (1400W; 1 mg/kg), 30 min before and 6 and 12 h after CLP, with a soluble guany-
late cyclase inhibitor (methylene blue; 10 mg/Kg), 6, 12 and 18 h after CLP or with a a1 adrenergic receptor antagonist (prazosin; 1
mg/Kg), 12 h after CLP. In vivo experiments, molecular and biochemistry assays were performed 24 h after CLP. Normal Swiss
mice were treated with a NO donor (SNAP, 10 mg/Kg) and analyses were carried out 4 hours later.

Results: Our results show that i) sepsis decreased the systemic mean arterial pressure and the vascular reactivity to phenyleph-
rine and the basal renal blood flow; ii) treatment with prazosin rescued renal blood flow; iii) sepsis increased NOS-2 expression in
the kidney, NO production, NO metabolites and plasm creatinine and urea levels; iv) GRK2 and b-arrestin levels were decreased,
whereas a1 adrenergic receptor density increased in septic kidney; v) the disappearance of renal GRK2 was prevented in NOS-2-
KO mice or mice treated with 1400W but not with methylene blue treatment; vi) Guanylyl cyclase levels decreased in septic kidney;
vii) GRK2 levels increased in septic heart while b1 adrenergic receptor density and b-arrestin levels were reduced; vii) treatment
with a NO donor reduced GRK2 content in the kidney of non-septic mice.

Conclusions: Our data show that NO decreases renal GRK2 levels, leading to the maintenance of a1 adrenergic receptor density,
in opposition to cardiac hyporesponsiveness and increased cardiac GRK2 during sepsis. The preservation of the density and/or
functionality of this receptor in the kidney, together with a higher vasoconstrictor tonus in sepsis, leads to vasoconstriction. Thus,
the increased concentration of vasoconstrictor mediators together with the preservation (and even increase) of the response to
them may help to explain S-AKI. Future work aims to investigate the mechanism by which NO regulates renal GRK2 and will as-
sess the direct and indirect effects of NO via S-nitrosylation, NO/sGC/cGMP/PKG pathways.
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Mitochondrial GRK2 Dependent Regulation of the Cellular
and Transcriptional Composition after Myocardial Infarction
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Myocardial infarction (MI), an obstruction of coronary blood flow results in significant cardiomyocyte cell loss and subsequent
pathological remodeling that leads to chronic heart failure. Although recent medical advances have provided a decline in annual
death rate in cardiovascular disease, pathological remodeling post-MI remains a prevalent etiology of heart failure. GRK2 [G pro-
tein–coupled receptor (GPCR) kinase 2], essential for de-sensitization of activated GPCRs, is upregulated in human heart failure
patients and is associated with poor cardiac function. Therefore, it is clinically beneficial to targeting GRK2 as a therapy for the
treatment of heart failure.

Our lab has previously shown phosphorylated GRK2 at Ser670 is required for the translocation of GRK2 to the mitochondria in car-
diomyocytes post-IR injury promoting cellular death, however, inducing a S670A knock-in mutation in endogenous GRK2 exhib-
ited a reduction in cardiomyocyte cell death, myocardial infarction (MI), and a preservation of ejection fraction 24 hours post-I/R.
Further in vitro studies using GRK2-S670A in cardiomyocytes showed improved glucose-mediated respiratory function and pre-
served ATP production. New data show that GRK2-S670A mice display a significant improvement of cardiac function and remod-
eling post-MI compared to wild-type (WT) mice out to 4 weeks then show a decline in this improvement with equal dysfunction as
WT mice at 8 weeks. Therefore, the objective of this work is to delineate specific gene expression and cellular populations of
GRK2-S670A mice in the acute to chronic remodeling myocardium post-MI.

GRK2-S670A and wild-type mice were subjected to permanent left anterior descending coronary ligation (MI) and hearts were col-
lected for single nucleus RNA sequence analysis. Preliminary data from snRNA-seq at 1-week post-MI shows UMAP plot of
unique cell clustering of major and minor cell types and composition analysis displayed a higher percentage of cardiomyocyte
population in the GRK2-S670A mice compared to wild-type. Finally, differential expression analysis in GRK2-S670A mice post-MI
show highly divergent gene regulation in major cell types including macrophages, cardiomyocytes and fibroblast compared to
wild-type mice.

In conclusion, snRNA-seq suggest alternative cell types in the myocardium such as fibroblast, endothelial cells, and monocytes/
macrophages contain highly divergent gene expression in the GRK2-S670A mice compared to wild-type mice which could be a
contributing factor to the acute cardio-protective effect observed in vivo that is then loss at 8 weeks post-MI.
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G Protein-coupled Estrogen Receptor 1 and Pregnancy
Confer Protection against Hypertension in Aged Female
Mice
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Hypertension, which is a leading cardiovascular risk factor impacting 40% of American women, is more frequent in aged com-
pared to younger women. Postmenopausal women undergo a decline in the circulating level of estrogen, along with the natural ag-
ing process. It has been shown that G protein-coupled estrogen receptor 1 (GPER1) contributes to the cardiovascular protective
actions of estrogen in different experimental models. Pregnancy augments GPER1-induced vasodilation in rats. However, the po-
tential interaction between GPER1 and pregnancy in impacting the cardiovascular health later in life is not clear. We hypothesize
that GPER1 signaling and pregnancy protects against hypertension in aged female mice. In our study, 16-20 months-old GPER1
knock-out (KO) and wild-type (WT) female mice with and without a history of former pregnancies were implanted with radio-tele-
meters for blood pressure recording. Animals were placed into metabolic cages for collection of 24h urine samples. Then, animals
were euthanized and plasma was collected. To examine whether GPER1 and/or former pregnancies affects circadian blood pres-
sure rhythm in aged female mice, blood pressure was analyzed by cosinor analysis. No significant differences in body weight were
observed between groups. GPER1 deletion in virgin mice did not impact food intake or urinary Na+excretion. Assessment of
plasma sex hormone levels revealed that genetic deletion of GPER1 did not alter plasma estradiol or progesterone levels in virgin
mice. However, previous pregnancies increased plasma levels of estradiol (p=0.0063), but not progesterone (p=0.6748) in GPER1
KO mice. Of note, GPER1 deletion increased mean arterial pressure in virgin mice (KO: 126±3; WT: 107±2 mmHg; p<0.0001). In-
terestingly, prior pregnancies eliminated this genotypic difference in blood pressure. Cosinor analysis revealed augmented mean
arterial blood pressure amplitude in virgin GPER1 KO mice, that was attenuated in previously-pregnant GPER1 KO mice. We also
measured urinary excretion of endothelin and aldosterone which are major contributors to blood pressure regulation. Previous
pregnancies lowered urinary levels of endothelin-1 (p=0.0049) and aldosterone (p=0.0099) in GPER1 KO mice. Overall, our data
demonstrate an elevated blood pressure in GPER1 KO virgin mice compared to WT virgin and previously-pregnant GPER1 KO
aged mice. The current data suggest that GPER1 and former pregnancies provide protection against hypertension in aged
females.

Funded by R00DK119413 to EG.
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Tubulin acetylation attenuates vasorelaxation in a smooth
muscle-dependent manner and contributes to hypertension
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BACKGROUND & AIMS: Post-translational modifications (PTMs) have been known to contribute to both the onset and the sever-
ity of various diseases, due to their ability to regulate protein function, localization, and their involvement in different signaling path-
ways. Acetylation, a common PTM, has been linked to microtubule stabilization via its primary binding site at the Lys40 site of the
a-tubulin subunit, and has been shown to affect microtubule dynamics. Thus, the aim of this study was to evaluate a-tubulin acet-
ylation in spontaneously hypertensive rats (SHR), and to elucidate how this PTM might be linked to attenuated vasorelaxation via
vascular smooth muscle cells (VSMCs).

METHODS: VSMCs isolated from mesenteric arteries of Wistar Kyoto (WKY), SHR, and control rats were assessed for acetylation
by staining for a-tubulin and acetylated tubulin. Acetylation of mesenteric arteries was assessed using Western Blotting (WB) to
probe for a-tubulin and acetylated tubulin levels. To simulate increased acetylation found in the SHR, the histone deacetylase
(HDAC)-6 inhibitor, tubacin, was used to treat control arteries and isolated VSMCs. Artery contraction was assessed using wire
myography to measure changes in contractile tension. Mounted arteries were treated with a microtubule network disruptor (col-
chicine), an eNOS inhibitor (L-NAME), and tubacin.

RESULTS: Isolated VSMCs from the SHR showed increased acetylation compared to WKY myocytes (P<0.01). VSMCs from the
SHR showed no difference in acetylation when treated further with tubacin, indicating a peak acetylation state in hypertensive
VSMCs. Likewise, whole artery acetylation was increased in the SHR compared to WKY vessels (P<0.05). Using wire myography,
we showed that treatment with tubacin improved vasorelaxation when the endothelium was intact (P<0.05). In vessels where nitric
oxide release was blocked via L-NAME treatment, tubacin severely attenuated vasorelaxation (P<0.0001). To investigate whether
the effect of tubacin was microtubule specific, we treated mounted vessels with both tubacin and colchicine (a microtubule dis-
ruptor). When the microtubule network was disrupted via colchicine treatment, no difference in vasorelaxation was observed be-
tween control and tubacin-treated vessels, indicating that microtubule stability contributes to attenuated vasorelaxation and that
the improved vasorelaxation seen in HDAC-6 intervention can be attributed to endothelial presence.

SUMMARY: Recently, HDAC-6 inhibitors, such as tubacin, have been suggested as therapeutics for hypertension in humans. We
have shown that inhibiting HDAC-6 may improve vasorelaxation when the endothelium is intact, due to increased nitric oxide re-
lease. However, HDAC-6 inhibition increases acetylation of the VSMC microtubule network, which we have shown to be associ-
ated with attenuated vasorelaxation. Therefore, future use and consideration of HDAC-6 inhibitors in human trials must be
considered and monitored, to account for the decreased endothelial function often observed in human hypertensive patients.
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The FDA Approved Therapeutic Lasmiditan, Enhances
Primary Murine Renal Peritubular Endothelial Cells Wound
Healing Capacity.
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Background: Acute kidney injury (AKI) is defined as an episode of sudden and rapid decline in renal function and is often accom-
panied by a persistent reduction in mitochondrial function, renal microvasculature dysfunction/rarefication, and tubular injury/ne-
crosis. AKI continues to be an immense public health concern, as there remains no effective FDA-approved treatment options.

A central underlying contributor to AKI, and the subsequent development of other progressive kidney and cardiovascular related
diseases, is renal microvascular endothelial cell dysfunction/rarefaction. This dysfunction/rarefaction exacerbates renal injury and
increases the likelihood of AKI recurrence (�20%). Furthermore, AKI results in a persistent reduction in mitochondrial function,
number, and cellular energetics. Conversely, pharmacological stimulation of mitochondrial biogenesis (MB) has been shown to re-
store mitochondrial function and promote renal vascular recovery post-AKI. However, minimal AKI research has focused on eluci-
dating the cellular mechanisms that govern mitochondrial biogenesis (MB) and neovascularization responses post-AKI; moreover,
how stimulation of MB contributes to renal peritubular endothelial cell repair mechanisms post-AKI remains unknown. Therefore,
we conducted in-vitro wound healing assays with primary murine renal peritubular endothelial cells (MRPEC) exposed to lipopoly-
saccharide (LPS) in the presence/absence of the lasmiditan, a 5-HT1F receptor agonist, and a known inducer of MB within the re-
nal cortex of mice.

Methods: MRPECs were isolated utilizing a refined method by Zhao et al. (2014). Briefly, renal enzymatic tissue digestion buffers
were altered by replacing collagenase type 4 with collagenase type 1 and trypsin with accutase, respectively. Additionally, gentle
MACS-C tubes with automated tissue dissociation were employed to reduce processing times and improve cell viability. Cells
were then subjected to CD326+ magnetic microbead negative selection, to remove epithelial cells, followed by two positive selec-
tion cycles with CD146+ magnetic microbeads. Purified MRPECs were then seeded at a density of 70,000 cells/well into human
plasma fibronectin precoated 35mm Ibidi wound healing chamber dishes and incubated overnight in microvascular specific media
(EGM-MV2; Lonza). MRPECs were then treated with either LPS (1ug/mL) or normal saline in the presence/absence of lasmiditan
(100nM) prior to the removal of chamber inserts. Wound healing dishes were then imaged at 0-, 6-, and 12- hours post treatment
and subsequently analyzed by Ibidi FastTrackAI software.

Results: MRPECs treated with lasmiditan displayed an increase in total wound closure percentage, 1.21 and 1.44 fold compared
to normal saline and LPS treated control cells, respectively. Additionally, MRPECs treated with both LPS and lasmiditan exhibited
an increase in total wound closure percentage, 1.33 fold compared to LPS treated control cells. Lastly, LPS treated MRPECs dis-
played a decrease in total wound closure percentage compared to normal saline controls, 1.18 fold.

Conclusion: In conclusion, we demonstrated that lasmiditan treatment enhanced MRPEC wound healing capacity alone and fol-
lowing LPS induced cellular injury, in-vitro. These results suggest that lasmiditan may promote vascular recovery following kidney
injury.

T32 5T32ES007091-39 (National Institutes of Health; NIEHS) to ADT.

BX000851 (Department of Veterans Affairs) to RGS.

1521-0103/385/S3/supplement: ASPET 2023 Annual Meeting Abstracts dx.doi.org/10.1124/jpet.122.167030
THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS J Pharmacol Exp Ther 385: June 2023
Copyright © 2023 by The American Society for Pharmacology and Experimental Therapeutics

106

https://dx.doi.org/10.1124/jpet.122.167030
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Although we and others have shown that exposure to e-cigarettes (e-cigs) in adulthood is associated with a host of negative health
effects, including in the context of occlusive cardiovascular diseases, whether in utero exposure exerts any effects remains ill-de-
fined. To this end, there is growing evidence that exposure of pregnant women to e-cigs is indeed linked to harm to their offspring,
which is contrary to the misperceptions regarding their safety that are currently held by the general public. Thus, to address the
aforementioned issues, we performed a platelet function and a transcriptomic (mRNA & miRNA) approaches to investigate the ef-
fects and mechanism by which in utero e-cigs exposure increases the risk of thrombosis in the offspring. We used a validated pro-
tocol to expose female mice to e-cigs one week before mating and throughout the entire period of gestation. Exposure stopped at
birth, and offspring the males were utilized for experimentation at 10- 12 weeks of age. Our results showed altered platelet func-
tional responses and gene expression in the mice that were subjected to in utero e-cigs exposure, in comparison to those exposed
to clean air. Our in vivo studies showed that the in utero e-cig exposed mice had significantly shortened bleeding time (M =156.6
sec, SD= 222.1 sec) as well as occlusion time (M = 63 sec, SD = 39.72 sec) in comparison to clean air (M = 366 sec, SD = 108.7
sec) and (M = 187.2 sec, SD = 54.13 sec) respectively. RNA sequencing demonstrated distinct changes in the gene-expression
profile of circulating platelets of in-utero e-cig exposed mice. Gene enrichment analysis of differential expressed genes show
changes in pathways associated with platelet activation, hemostasis, and inflammation. Using miRNA-seq, we found 29 differen-
tially expressed miRNAs in in-utero e-cig exposed platelet compared with clean air. Using miRNA databases, interactions analysis
between differential expressed miRNA and differentially expressed genes showed clear validated interactions. These findings
demonstrate that in-utero e-cig exposure is associated with platelet enhancement, which may contribute to increasing in the risk
of thrombosis in adulthood.
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Using the Caprini Risk Score to increase awareness of
Venous Thromboembolism Awareness in the Community:
Know Your Score II
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Aims and objectives:

1. To assess individual participants’ baseline thrombosis risk scores before injury, illness or hospitalization occur.

2. To increase awareness of VTE in the community regarding thrombosis-related risks.

Background: Venous thromboembolism (VTE) is a condition in which blood clots occur, resulting in a serious morbidity or mortal-
ity. A blood clot develops in the legs, arms, or abdomen and a part or the entire thrombus breaks off, traveling to the lungs resulting
in Pulmonary Embolism. VTE is a worldwide public health and medical care problem due to a high rate of missed diagnosis. An es-
timated number of 375,000 to 425,000 cases of VTE diagnosis and treatment cost the U.S. medical system $7 to $10 billion a
year. While majority are aware of medical conditions such as heart attack (96.1%), stroke (97.2%), diabetes (98.2%), HIV/AIDS
(98.6%), cancer (97.2%) and malaria (98.2%), just a few of the participants are aware of thrombosis (41.5%) and DVT(33.8%). VTE
prevention strategies must be implemented at a specific and tailored level of risk. One of methods for prevention at the level of risk
is to perform a thorough risk assessment using the 40-element Caprini Risk Score (CRS). Education of the public regarding VTE
and individual personal risk level are important goals for the physician. Once this information is obtained ahead of time, it can be
used when a person encounters an accident or in case of emergency or even prior to a planned surgery. The approach to prevent-
ing VTE is greatly enhanced knowing the baseline information is contained in their medical record.

The purpose of this study was to know the individual CRS of the respondents so that when an illness or emergency occurs, they
can be better prepared to discuss with their physician the approach to preventing a serious or fatal blood clot.

Methods: This quantitative study involved cross-sectional design, convenience samples. Participants tested on their own elec-
tronic devices, and the research team was blinded to the identity of the participants. The criteria for inclusion included individuals
ages 18 and above who were able to follow the instructions for inclusion criteria.

Results: The mean CRS was 4.93+/-3.175. Participants had a CSR of 0-4 (N=460, 49.6%), 5-8 (N=394, 42.5%), and CRS of score
9 and more (N-74, 8.0%). A total 247 (26.6%) participants reported a family blood clot history. A total of 130 (52.6%) participants
were less than 40 years old; 324 (34.9%) were women on birth control. Smoking history was reported in 30%, diabetes in 26%,
and 17.3% of the participants reported a history of inflammatory bowel disease.

Conclusions: Family history of VTE is important leading to the development of VTE. Identifying the baseline risks prior to illness
should lead to better selection of patients requiring thrombosis prophylaxis. The proposed strategy is expected to save several
lives by having the CRS handy to the physicians at the time of emergency.
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Background: COVID-19, a highly contagious infectious disease caused by SARS-CoV-2, has emerged as this century's most
consequential global health crisis. It has infected over 600 million people, resulting in more than 6 million deaths. The clinical out-
come of this infection varies remarkably, with most of the patients being asymptomatic or presenting mild symptoms. However, a
portion of the infected population group manifests complications such as acute lung injury and acute respiratory distress syn-
drome, requiring hospitalization, with some patients succumbing to the disease. The virus enters the cell by binding viral spike
protein (S1) to angiotensin-converting enzyme 2 (ACE2) receptors in the epithelial cells. Internalization of ACE2 receptors reduces
the availability of ACE2 protein, a vital regulator of the Renin-Angiotensin System (RAS). ACE2 converts the pro-inflammatory pep-
tide Angiotensin II (Ang II) to the anti-inflammatory peptide Angiotensin 1-7 (Ang 1-7). The resulting accumulation of Ang II acti-
vates the angiotensin 1 receptor initiating an inflammatory process that results in a so-called cytokine storm. It also upregulates
phospholipase A, causing arachidonic acid (ArA) release, propagating the inflammatory cascade furthermore. Given that systemic
RAS plays an essential role in the homeostasis of vital organs such as lungs, heart, liver, and kidneys, we expect that understand-
ing these biomarkers and their association with patient demographic variables will help us predict future complications in these
organs.

Methods: Plasma samples from 30 patients and healthy individuals were collected at the University of Utah hospital based on IRB
approved by the University of Utah and Idaho State University. The plasma samples were disinfected with Triton-X and stored at
-80�C until use. RAS peptides were extracted using solid phase extraction and analyzed using liquid chromatography-tandem
mass spectrometry (LC-MS/MS). ArA metabolites were quantified using liquid-liquid extraction followed by LC-MS/MS analysis.
Statistical correlation and ANOVA analyses were performed using SPss, and p<0.05 was considered statistically significant.

Results: In COVID-19 groups, Ang 1-7 levels were significantly reduced compared to healthy controls, but there was a rise in Ang
II. Higher Ang II level was also associated with high sequential organ failure assessment (SOFA) scores. The Ang 1-7/ II ratio was
not associated with sex; however, it was negatively correlated with age and cardiovascular comorbidities. This ratio was reduced
in the patients with respiratory comorbidities, although the relationship was insignificant. Elevated levels of anti-inflammatory
EETs and DiHETs were observed in infected patients.

Conclusion: The findings indicate that COVID-19 infection disrupts the balance of RAS, leading to increased levels of pro-inflam-
matory Ang II and a diminished ratio of Ang1-7/II, which is associated with an increase in the metabolites of the ArA pathway. This
observation could be explained by Ang II triggering the inflammatory cascade. The strong correlation between RAS and ArA me-
tabolites with SOFA score suggests these biomarkers of COVID-19, which can predict the severity of the disease.

This study was supported through Small Internal Seed Grants by Idaho State University, awarded to Dr. Ali Aghazadeh-Habashi
and Dr. Mary Nies.
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Induced Cardiomyocyte Injury through SIRT1/FOXO3a
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Myocardial ischemia/reperfusion injury (MIRI) often occurs in patients with acute myocardial infarction undergoing reperfusion
therapy. Dexmedetomidine (Dex), a sedative-analgesic, has been reported to protect against MIRI. However, the mechanism of
this protective effect remains inconclusive. This study aimed to investigate the cardioprotective effects of Dex on MIRI and the
role of the silent information regulator 1 (SIRT1) and forkhead box O3a (FOXO3a) signaling. 6-8 weeks C57 mice were allowed to
adapt to food and environment for a week and then intraperitoneally injected with Dex at 20mg/kg one day prior to being subjected
to 30 minutes coronary occlusion and 120 minutes reperfusion, in the absence or presence of intraperitoneal injection of the
SIRT1 inhibitor EX527(10 mg/kg/day) for a duration of one week prior to inducing MIRI. In vitro, rat-derived cardiomyocytes
(H9C2) were pretreated with 10mM Dex for two hours in the absence or presence of 1mM EX527. The cells were then subjected to
hypoxia/reoxygenation (HR) injury (composed of 6 h of hypoxia followed by 12 h of reoxygenation). Echocardiography was used
to measure myocardial contractile function in mice. Serum creatine kinase-myocardial band fraction (CK-MB) level was detected
by ELISA. Myocardial infarction size was measured by Triphenyl tetrazolium chloride staining. Cell viability was assessed by CCK-
8 assay. Cell damage was evaluated by LDH release using ELISA assay. Apoptotic cell death was determined by TUNEL staining.
The production of reactive oxygen species (ROS) was measured using DHE staining. Protein levels of SIRT1, FOXO3a, BAX, BCL-
2, and Cleaved caspase 3 were assessed by Western blot assay. The results showed that Dex pretreatment decreased serum CK-
MB, reduced myocardial infarct size, alleviated histological structure damage, and improved left ventricular function following
MIRI in mice, which was partially yet significantly reversed by EX527 (all P<0.05, IR vs. IR+Dex; HR+Dex vs. HR+Dex+EX527). In
vitro, HR decreased H9C2 cell viability, increased LDH leakage, and the production of ROS (all P<0.05, CN vs. HR), all of which
were significantly reversed by Dex (all P<0.05, HR vs. HR+Dex). Moreover, we found that Dex decreased H9C2 cell apoptosis,
concomitant with increased SIRT1 and FOXO3a expression, decreased BAX/BCL-2 ratio, and Cleaved caspase 3 expressions (all
P<0.05, HR vs. HR+Dex). The protective effects of Dex against HR and H/R injury were reversed by SIRT1 inhibitor EX527(all
P<0.05, HR+Dex vs. HR+Dex+EX527). It is concluded that Dex pretreatment could attenuate MIRI or HR-induced cardiomyocyte
apoptosis and that upregulating SIRT1 and FOXO3a may represent a major mechanism whereby Dex confers cardioprotection.
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Location Biased G Protein-Coupled Receptor Signaling
Modulates Distinct Spatial Conformations of b-arrestins
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G Protein-Coupled receptors (GPCRs) are the largest superfamily of transmembrane receptors. They are ubiquitously expressed
in the body and canonically signal through various effectors, including heterotrimeric G proteins, b-arrestins, and GPCR kinases
(GRKs). Research has shown that the same receptor, when bound to different ligands, can selectively activate some signaling
pathways over others, a concept known as ‘biased agonism’. Additionally, GPCRs possess distinct signaling profiles at different
subcellular locations, a phenomenon termed ‘location bias’. However, the molecular mechanisms underlying the role of location
bias in GPCR signaling are not well understood.

To elucidate these mechanisms, we assessed the subcellular trafficking patterns and location-specific conformations of b-arrest-
ins 1 and 2 following stimulation of the Angiotensin II type 1 receptor (AT1R) with the endogenous ligand angiotensin II (AngII) and
a b-arrestin-biased ligand TRV120023. Utilizing the NanoBiT complementation assay and bioluminescence resonance energy
transfer (BRET), b-arrestins 1 and 2 were found to be differentially trafficked to the plasma membrane and endosomes following
AT1R stimulation. Additionally, a pool of b-arrestins was found to localize at the plasma membrane despite receptor internaliza-
tion, indicating catalytic activation of b-arrestins by the receptor. Using a novel conformational BRET biosensor called NanoBiT
FLAsH, we revealed that b-arrestins 1 and 2 adopt distinct, location-dependent conformations at the plasma membrane, lipid
rafts, and early endosomes. Additionally, the catalytically active pool of b-arrestins at the plasma membrane was found to possess
different conformations from receptor-associated b-arrestins at the plasma membrane or endosomes. These findings suggest
that location-dependent GPCR signaling modulates the conformation of b-arrestins, resulting in differential signaling outcomes.
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A novel combination of an AKT activator with an AKT
inhibitor exacerbates hydrogen peroxide-induced death of
human cardiac microvascular endothelial cells

Zhu-qiu Jin,1 and Austin Qiu1

1California Northstate University
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Ischemic heart disease is a leading cause of death worldwide. Oxidative stress-associated cell death represents a significant con-
tributor to myocardial damage in patients with acute myocardial infarction. Cardiac microvascular endothelial cells play an essen-
tial role in cell survival and cardiac functions. Activation of AKT/protein kInase B is usually associated with cell survival. However,
the combination of AKT activation with AKT inhibition on cell survival remains unknown. In the presented study, human cardiac mi-
crovascular endothelial cells (HCMECs) were cultured in endothelial cell medium supplemented with 5% fetal bovine serum and
endothelial cell growth supplement in 5% CO2 incubator. HCMECs from passage 4 to 7 were sub-cultured in 96-well plates
coated with collagen I. Cells were pretreated with SC-79 (an AKT activator) at 4 mg/mL and MK-2206 hydrochloride (an AKT inhibi-
tor) at 5 mM respectively or in combination for one hour followed by insult of hydrogen peroxide (H2O2, 5 mM for one hour). Cell via-
bility was determined with measurement of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay and lactate
dehydrogenase (LDH) release into medium. H2O2 formation from HCMECs was measured by using fluorometric assay kit. Western
blot was used to determine the protein expression of total AKT and phospho-AKT (Ser473) in HCMECs. Cell treated with H2O2 re-
duced formation of MTT and increased release of LDH as well as formation of H2O2 from HCMECs. The cell death induced by H2
O2 was not affected with pretreatment of either SC-79 or MK-2206 alone. Nevertheless, a combination of SC-79 and MK-2206 en-
hanced cell death (P<0.003 vs H2O2 group) without alteration of H2O2 formation from HCMECs. Our results clearly indicated that
a combination of AKT activator with AKT inhibitor created a novel cell death pathway.

This study was supported by a Seed Grant Award from California Northstate University College of Pharmacy.
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Clopidogrel Induces More Bleeding in P2Y12-deficient Mice:
Optimization of Murine Tail Bleeding Assay

Taylor Rabanus,1 Adam Lauver,1 and Dawn Kuszynski2

1Michigan State Univ; and 2Therapeutic Systems Research Laboratories, Inc

Abstract ID 17622 Poster Board 561

Arterial thrombosis remains the most common cause of death in the developed world. Clopidogrel, a P2Y12 antagonist, is often
prescribed to inhibit platelet activation and aggregation; however, patients who take clopidogrel are known to have cerebral
bleeding events. The purpose of this study was to determine if the clopidogrel bleeding effect is dependent on P2Y12 receptor inhi-
bition. Previous research from our laboratory suggests that clopidogrel possesses inhibitory effects on hemostasis independent
of platelet P2Y12 inhibition. We hypothesized that P2Y12-deficient mice treated with clopidogrel will bleed significantly more than
the P2Y12-deficient mice treated with the vehicle. A tail-bleeding assay was used to determine clopidogrel's effect on hemostasis.
P2Y12 deficient mice were administered clopidogrel (10 mg/kg) or vehicle daily for five days before the procedure was performed.
Bleeding was evaluated using a tail tip amputation assay. After tip amputation, the tail was quickly placed in a tube containing
Drabkin’s reagent. Blood loss was determined by measuring the concentration of hemoglobin in the tube using a standard curve.
P2Y12-deficient animals bled more (5.955 ± 1.159 g/dl) than their wildtype littermates (2.491 ± 0.962 g/dl). Importantly, our data
demonstrated that clopidogrel treatment induced more bleeding in both the P2Y12-deficient mice (7.921 ± 1.015 g/dl) and wildtype
mice (3.898 ± 0.324 g/dl) compared to drug vehicle. These results suggest that clopidogrel’s bleeding effect is not completely de-
pendent on the P2Y12 receptor inhibition. Other elements in the hemostatic system, such as the vessel-related factors, could be
responsible for the observed clopidogrel bleeding effects.

This work was funded in part by the ASPET Summer Undergraduate Research Fellowship.
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Role of ferroptosis in increased vulnerability to myocardial
ischemia-reperfusion injury in type 1 diabetic mice and the
treatment effects of N-acetylcysteine

Dongcheng Zhou, Yuhui Yang,1 Jiajia Chen,1 Jiaqi Zhou,1 Jianfeng He,1 Danyong Liu,1 Anyuan
Zhang,2 Bixian Yuan,1 Yuxin Jiang,1 Ronghui Han,1 Weiyi Xia,1 and Zhengyuan Xia1
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The hearts of subjects with diabetes are vulnerable to ischemia-reperfusion injury (IRI). Interestingly, experimentally rodent hearts
have been shown to be more resistant to IRI at the very early stages of diabetes induction than the heart of the non-diabetic control
mice, while the specific mechanisms are still unclear. Ferroptosis, a new kind of iron-regulated cell death that differs from apopto-
sis and necrosis that can be induced by an oxidative stress response, has recently been shown to play an important role in myo-
cardial IRI including that in diabetes. The present study aimed to investigate whether the antioxidant N-acetylcysteine (NAC)
exerts cardioprotective effect through inhibiting ferroptosis and to explore the potential relationship between the extent of ferrop-
tosis and the degree of myocardial vulnerability to ischemia-reperfusion injury in diabetes. Non-diabetic control (NC) and strepto-
zotocin-induced diabetic (DM) mice were treated with 2 mmol/L of N-acetylcysteine (NAC) in drinking water for 4 weeks starting at
1 week after diabetes induction. Mice were subjected to myocardial IRI induced by occluding the coronary artery for 30 minutes
followed by 2 hours of reperfusion, subsequently at 1, 2, and 5 weeks of diabetes induction. The post-ischemic myocardial infarct
size in the DM group was smaller than that in NC group at 1 week of diabetes but greater than that at 5 weeks of diabetes, which
were associated with a significant increase in ferroptosis at 5 weeks but not at 1 week of diabetes. NAC significantly attenuated
post-ischemic ferroptosis as well as and oxidative stress and reduced infarct size at 2 and 5 weeks of diabetes. Application of era-
stin, a ferroptosis inducer, reverses the cardioprotective effects mediated by NAC therapy. It is concluded that increased oxidative
stress and ferroptosis are the major factors attributable to the increased vulnerability to myocardial IRI in diabetes and that attenu-
ation of ferroptosis represents a mechanism whereby NAC confers cardioprotection against myocardial IRI in diabetes.

This study was supported by National Natural Science Foundation of China (82270306; 81970247).

1521-0103/385/S3/supplement: ASPET 2023 Annual Meeting Abstracts dx.doi.org/10.1124/jpet.122.233180
THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS J Pharmacol Exp Ther 385: June 2023
Copyright © 2023 by The American Society for Pharmacology and Experimental Therapeutics

114

https://dx.doi.org/10.1124/jpet.122.233180


Ga protein signaling bias at 5-HT1A receptor

Rana Alabdali,1 Luca Franchini,1 and Cesare Orlandi1
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Serotonin 1A receptor (5-HT1AR) is a clinically relevant target because of its involvement in several central and peripheral func-
tions including sleep, temperature homeostasis, processing of emotions, and response to stress. As a G Protein Coupled Recep-
tor (GPCR) activating numerous Gai/o/z family members, 5-HT1AR has the potential to modulate a variety of intracellular signaling
pathways. This potential signaling bias in response to different therapeutics has not been thoroughly investigated. Here, we ex-
plored how ten structurally diverse 5-HT1AR agonists exert biased signaling by differentially stimulating Gai/o/z family members.
To this aim, we applied an optimized cell-based Bioluminescence Resonance Energy Transfer (BRET) assay to quantify the activa-
tion of each Ga subtype. Our concentration-response analysis of the activation of each Gai/o/z protein in response to the selected
agonists revealed unique potency and efficacy profiles when compared to the reference 5-HT. Overall, our analysis of signaling
bias identified groups of ligands sharing comparable G protein activation selectivity and also drugs with unique selectivity profiles.
Considering that alternative signaling pathways are regulated downstream of each Ga protein, our data suggest that the unique
pharmacological properties of the tested agonists could result in multiple unrelated cellular outcomes. Further investigation is
needed to expand on how this type of ligand bias could affect cellular responses and to shed new light onto molecular mecha-
nisms underlying therapeutic profile and side effects of each drug.

Support/Funding Information: Ernest J. Del Monte Institute for Neuroscience Pilot Program, University of Rochester, to C. O.;
Taif University Scholarship award to R.A.; John R. Murlin Memorial Fund to R.A.
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Quantitative phosphoproteomic analysis defines distinct
cAMP signaling networks emanating from AC2 and AC6 in
human airway smooth muscle cells

Isabella Cattani-Cavalieri,1 Yue Li,1 Jordyn Margolis,1 Amy Bogard,2 Moom Roosan,1 and
Rennolds Ostrom1
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Human airway smooth muscle (HASM) is the primary target of ssAR agonists used to control airway hypercontractility in asthma
and chronic obstructive pulmonary disease (COPD). ss2AR agonism induces the production of cyclic adenosine monophosphate
(cAMP) by adenylyl cyclases (ACs), which activates PKA and leads a myriad of cellular effects including bronchodilation. Several
other GPCRs expressed in HASM cells transduce extracellular signals through cAMP but these receptors elicit different cellular re-
sponses, suggesting cAMP signaling is compartmentized. Previous work has shown these GPCR can couple to specific ACs that
are localized in distinct membrane microdomains, partly explaining this compartmentation. However, little is known about the
downstream steps of cAMP compartmentation. We developed a proteomic approach to define the downstream signaling net-
works emanating from specific AC isoforms in HASM. Stable Isotope Labeling of Amino acids in Cell culture (SILAC) was used to
identify and quantify phosphorylated proteins in HASM overexpressing AC2 or AC6 after a short stimulus of AC activity by forsko-
lin. Phosphopeptides were analyzed by LC-MS/MS and the quantitative difference between light and heavy labeled SILAC pairs
represented the change in abundance of that peptide caused by forskolin treatment. Forskolin-stimulated cAMP production in
control (lacZ) HASM displayed a logEC50 of -8.14 ± 0.04 and an Emax of 0.328 ± 0.010. In AC2-overexpressing cells, forskolin po-
tency as efficacy was moderately increased (logEC50 of -8.79 ± 0.02 and an Emax of 0.498 ± 0.007). AC6 overexpression led to sim-
ilar increases in forskolin responses (logEC50 of -8.67 ± 0.12 and an Emax of 0.509 ± 0.030). Using a subtractive analysis to identify
effects of just the overexpressed AC isoform (over that natively expressed in control HASM), we found 14 differentially phosphory-
lated proteins (DPPs) linked to AC2 signaling and 34 DPPs linked to AC6 signaling. AC2 and AC6 groups showed in common 4
up- and 3 down-regulated phosphorylated proteins (using fold change $ 1.5 or # 1/1.5 of the light/heavy ratio with p-values
<0.05, n=3). The Gene Set Enrichment Analysis (GSEA) was used to identify statistically significant pathways with a p-value <0.05
reflected with enrichment scores. We identified 11 and 78 significant pathways using AC2 and AC6 differentially regulated pro-
teins. Analysis of the phosphorylated peptides with the STRING protein interaction tool showed that AC2 signaling is more associ-
ated with modifications in RNA/DNA binding proteins and microtubule/spindle body proteins while AC6 signaling is associated
with proteins regulating autophagy, calcium-calmodulin signaling, Rho GTPases and cytoskeletal regulation. One protein, OFD1,
was regulated in opposite directions, with serine 899 phosphorylation increased in the AC6 condition 1.5-fold while in the AC2
condition it decreased to 0.46-fold. In conclusion, quantitative phosphoproteomics is a powerful tool for deciphering the complex
signaling networks resulting from discreet signaling events that occur in cAMP compartments. Our data show key differences in
the cAMP signaling networks generated by AC2 and AC6 and imply that distinct cellular responses are regulated by these two
compartments.

Funding information: GM107094
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Lysophosphatidic Acid (LPA) Salivary Species Detection and
In Situ LPAR Localization in the Intact Mouse Salivary Gland
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Our laboratory has pioneered studying the biology of lysophosphatidic acid (LPA) in oral homeostasis and periodontal disease.
LPA is the simplest lipid mediator and plays key homeostatic and inflammatory roles. Saliva is essential for maintaining oral health,
and salivary glands are thus pivotal, as they participate in regulating immunity and inflammation, especially in oral disease preven-
tion, oral infection control (Papagerakis et al., 2014), and autoimmunity. Salivary gland secretion and function is also affected by
many pharmacological agents. We (Bathena et al. 2011) and others have reported the presence of multiple LPA species in human
healthy normal and in periodontal disease saliva. Therefore, we hypothesized that the same LPA species would also be present in
mouse saliva, and that mouse salivary glands would also express multiple LPARs.

Methods: the simple, sensitive liquid chromatography/tandem mass spectrometry (LC-MS/MS) method we developed in 2011
was used to quantify LPA species (LPA 18:0, LPA 16:0, and LPA 18:1) in C57BL/6 mouse saliva. To further our work, we previously
also developed whole-mount in situ LPA receptor (LPAR) subtype localization for various oral soft and hard tissues (Cerutis et al.
2016). Polyclonal antibodies against LPA1, LPA3, and LPA4 were used in indirect immunofluorescence for labeling normal mouse
salivary glands using this whole-mount in situ technique.

Results: As we reported for humans, LPA species are also present in low, homeostatic concentrations in mouse saliva. As peri-
odontal disease develops, paralleling what we reported in Bathena et al. (2011) for human saliva, some of the LPA species in-
crease approximately 10-fold as well. Confocal microscopy confirmed LPA1, LPA3, and substantial LPA4 labeling; similar but
different patterns of distribution were seen for each GPCR. In conclusion, this confirms LPA1 and LPA3 expression (like in NOD
mice, Park et al., (2017) but is the first report of the presence of LPA4 in mouse salivary gland tissue. The presence of multiple con-
firmed LPARs in mouse salivary glands suggests that these receptors need to be factored into not only studies of autoimmune
conditions but also for pharmacological studies of drugs affecting salivary gland biology and secretion.

Support: NIDCR/NIGMS 1R15DE028687-01(D.R.C).
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Targeting HDAC6 in the Dorsal Root Ganglia for the
Management of Mechanical Allodynia in Models of
Peripheral Nerve Injury
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Histone deacetylase 6 (HDAC6) is a Class IIb histone deacetylase, which is primarily located in the cytoplasm and plays an impor-
tant role in cell cycle progression and transcriptional regulation. Earlier studies from our group and others have shown that HDAC6
inhibitors alleviate sensory signs of chemotherapy-induced and nerve injury-induced peripheral neuropathy. Furthermore, our re-
cent data show that downregulation of HDAC6 in the dorsal root ganglia (DRG), achieved by injection of the sciatic nerve of adult
male HDAC6fl\fl mice with AAV8-Cre-EGFP vectors, results in recovery from mechanical allodynia in paclitaxel chemotherapy in-
duced peripheral neuropathy (CIPN) model.

We demonstrate that DRG-knockdown of HDAC6 prevents the development of mechanical allodynia after the paclitaxel CIPN
model. We also use the murine spared nerve injury (SNI) model of neuropathic pain to determine the impact of the peripherally act-
ing HDAC6 inhibitor ACY1215 (Regenacy Pharmaceutics) on the alleviation of sensory hypersensitivity behaviors. Using the von
Frey assay, we demonstrate that treatment with ACY1215 (30mg/kg) leads to recovery from mechanical allodynia developed after
SNI injury in both male and female mice without affecting locomotor activity. We performed bulk tissue RNA Sequencing analysis
to understand transcriptomic events and pathways in the DRG associated with the antiallodynic actions of ACY1215. We found
over 800 differentially expressed genes (DEG) in the SNI condition between vehicle and ACY1215-treated animals. Most of the
pathways affected by these DEGs are associated with inflammatory disorders and B-cell mechanisms, suggesting a potential im-
pairment of circulating immune cell infiltration in to the DRG after injury, which has been shown to be necessary for the induction
of sensory hypersensitivity. Furthermore, a separate bulk RNA-seq analysis of L3-6 DRGs 7 weeks after SNI highlighted a signifi-
cant upregulation of several alpha- and beta-tubulin transcripts. Prior work by others suggests that this may be a compensatory
response to nerve injury-induced tubulin destabilization. Therefore, we hypothesize that HDAC6 inhibition may address this mo-
lecular maladaptation by increasing acetylated tubulin levels and promoting stability and we are using Western Blot analysis to as-
sess alpha- and beta- tubulin acetylating in the DRG following peripheral nerve injury with and without treatment with HDAC6
inhibitors. An alternative hypothesis is that HDAC6 acts as a transcription factor, and it targets several genes that are associated
with hereditary neurodegenerative diseases. We hypothesize that several of these genes are regulated under SNI conditions that
are rescued under the presence of ACY1215. We are testing this hypothesis by use of qPCR and Western Blot analysis.

Our findings highlight a promising therapeutic role of HDAC6 inhibitors for the alleviation of sensory hypersensitivity behaviors as-
sociated with peripheral nerve injury. Future work will define the mechanisms underlying HDAC6 action in the DRG and will test if
interventions in HDAC6 activity in subjects suffering from prolonged peripheral nerve injury may reverse sensory and affective
manifestations of neuropathic pain.

Support/Funding Information: RO1 NS086444 NINDS.
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Structural Basis of Arrestin and Membrane Interaction
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Two non-visual arrestins selectively interact with activated and phosphorylated G protein-coupled receptors (GPCRs) and play
key roles in modulating many important physiological processes. Arrestins also engage the lipid bilayer surrounding the activated
receptors, which further potentiates arrestin activation and regulates GPCR trafficking. Our recent cryo-electron microscopy
(cryo-EM) structures of atypical chemokine receptor 3 (ACKR3) in complex with arrestin2 and arrestin3 revealed that the arrestin
finger loop directly inserts into the micelles/membrane, instead of the transmembrane core as shown in all previously reported
GPCR–arrestin structures. This suggests that arrestin finger loop plays a novel role as a membrane anchor. Here, we report the
cryo-EM structure of arrestin2 in complex with nanodiscs containing PI(4,5)P2. The structure reveals that the finger loop, PI(4,5)P2
binding sites on C domain, and C-edge loops all contribute to nanodisc/membrane binding. Eliminating one individual site does
not significantly affect arrestin2 binding to the nanodisc. In addition, arrestin2 in basal or pre-activated states show comparable
binding to nanodiscs containing PI(4,5)P2. We site-specifically labelled the finger loop with monobromobimane and detected dif-
ferent level of fluorescence increases in the presence of nanodiscs containing various types of phospholipids. Our study provides
the structural evidence that how arrestins engage the membrane via multiple contact points, which can impact arrestin-mediated
signaling.
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Without a Trace: The Pirin and NF-kB Interaction
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Pirin is a non-heme iron binding protein and was recently identified as a protein target of the CCG-20391 series of small molecules.
The CCG compounds were originally discovered in a high-throughput Rho/MRTF/SRF dependent luciferase screen and have
since been shown to have anti-fibrotic and anti-metastatic properties, but the mechanism of how Pirin affects MRTF/SRF signaling
has yet to be identified. Pirin has been shown to have a role in many different cellular processes, namely epithelial to mesenchymal
transition, ferroptosis, senescence, and more. Interestingly, Pirin has also been thought to be a nuclear co-transcription factor to
various transcription factors, one of which is the NF-kB family of proteins. Therefore, our hypothesis was that modulation of Pirin
through the binding of the CCG compounds may modulate NF-kB pro-inflammatory signaling. To investigate this, we used recom-
binant biochemical techniques like Fluorescence Polarization, Size Exclusion Chromatography, and Gel Shift Assays to investi-
gate the interaction between Pirin and NF-kB. Additionally, we developed a novel Pirin knockout (KO) mouse model to further
determine the functional relationship between Pirin and NF-kB. Surprisingly, we are not able to detect a stable complex of Pirin
and the RelA subunit of NF-kB nor do we observe any modulation of inflammatory genes by qPCR in a Pirin KO mouse model.
Upon closer investigation of the cellular location of Pirin we found that Pirin is localized in the cytoplasm and does not translocate
to the nucleus upon NF-kB activation. We therefore conclude that, based on our observations, Pirin has cellular functions other
than a co-transcription factor. These functions may include modulation of MRTF/SRF signaling and actin polymerization, but do
not affect NF-kB signaling.

This work is supported by NIH RO1 GM115459-07.

1521-0103/385/S3/supplement: ASPET 2023 Annual Meeting Abstracts dx.doi.org/10.1124/jpet.122.264930
THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS J Pharmacol Exp Ther 385: June 2023
Copyright © 2023 by The American Society for Pharmacology and Experimental Therapeutics

120

https://dx.doi.org/10.1124/jpet.122.264930


Structural and Functional Characterization of Phospholipase
C b3
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Phospholipase C b (PLCb) plays an important role in cardiovascular diseases and opioid analgesia. PLCb catalyzes the hydrolysis
of the inner membrane lipid into two crucial secondary messengers, phosphatidylinositol-4,5-bisphosphate (PIP2) to inositol-
1,4,5-triphosphate (IP3) and diacylglycerol (DAG), which activate multiple signaling pathways to modulate cellular behavior. PLCb
is activated downstream of G-protein coupled receptors (GPCRs) by the heterotrimeric G protein subunits Gaq and Gbg. In small-
angle X-ray scattering (SAXS) experiments, the solution structure of PLCb had additional density unaccounted for in crystal struc-
tures, suggesting that its structure was more dynamic than previously thought. To test this, we used cryo-electron microscopy
(cryo-EM) single particle analysis to determine the solution structure of full-length PLCb3 to 4.1 Å resolution. PLCb3 adopted a
compact, autoinhibited conformation under these conditions. This structure confirmed that the proximal C-terminal domain inter-
acts with the core of PLCb, but the autoinhibitory X–Y linker does not, suggesting more complex regulation of the lipase by the
membrane. We are currently working to determine the structure of PLCb3 on a model membrane to reveal the basally active state
of the lipase.
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Examining the mu-opioid receptor bias of fentanyl and
2-benzylbenzimidazole opioids in clandestine drug markets
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Many pain medications act as agonists at the m-opioid receptor (MOR). Unfortunately, MOR agonists can induce severe adverse
effects. The development and misuse of novel synthetic opioids (NSO), many of which are highly selective MOR agonists, have re-
sulted in serious intoxications and fatal overdoses. The newly emerging nitazene analogs appear to be more potent than fentanyl
analogs, posing significant public health risks. As a G-protein coupled receptor, MOR can activate both Gi-proteins and b-arrest-
ins to trigger downstream signaling cascades. Previous studies proposed that Gi-protein biased MOR agonists are safer than
b-arrestin biased agonists. However, other studies argue that the reduced side effects of MOR agonists could be caused by low
intrinsic efficacy. In this study, to rigorously characterize the bias profiles of NSOs, we carried out in vitro functional measurements
of both fentanyl and nitazene analogs at MOR by applying the depletion approach, which involves depletion of MOR using the irre-
versible antagonist methocinnamox. By fitting the data to the operational model, a general mathematical model that explicitly de-
scribes agonism, the results from the cAMP inhibition and b-arrestin2 recruitment assays allow us to estimate the intrinsic efficacy
with tau and to measure the intrinsic affinity (i.e., KA) for each compound in the Gi protein and b-arrestin2 pathways. Overall, fen-
tanyls and nitazenes demonstrated noticeably different pharmacological properties. The calculation of the “bias factor” shows
that fentanyl is biased toward the Gi-protein pathway, while valerylfentanyl demonstrates some b-arrestin2 bias. Among the nita-
zene analogs, N-desethyl isotonitazene and isotonitazene are more potent than DAMGO in both the Gi protein and b-arrestin2 as-
says, but none of the nitazenes shows robust functional bias. Taken together, NSOs tested in this study show somewhat different
bias profiles even within the same series of analogs, suggesting that the in vitro functional bias alone may not be adequate in eval-
uating the toxicity and abuse liability for a given opioid. Thus, a combined interpretation of the results from both in vitro and in vivo
studies is required to fully understand NSOs.

Funded by the Intramural Research Program of NIDA, NIH
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Structural Insights into Phospholipase Ce
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Cardiovascular disease remains the leading cause of death worldwide, and phospholipase Ce (PLCe) is one of the players impli-
cated in these disease pathways. Once activated downstream of G protein-coupled receptors and receptor tyrosine kinases,
PLCe hydrolyzes membrane phosphoinositide lipids to produce inositol phosphates and diacylglycerol. These secondary mes-
sengers allow release of intracellular calcium stores and activation of pro-inflammatory pathways via protein kinase C. In PLCe,
the highly conserved lipase core domains are flanked by N- and C-terminal regulatory domains, including an uncharacterized N-
terminal region and CDC25 domain, and two C-terminal Ras association (RA) domains. We and others have shown that many of
these regulatory domains are flexibly connected to the core, but it is unclear how these regions modulate basal activity and/or reg-
ulation by small GTPases. Using new tools, including AlphaFold2 and cryo-electron microscopy with domain-specific antigen
binding fragments (Fabs), we are interrogating the structure and membrane binding surface of larger PLCe variants and the full-
length enzyme. In parallel, we are using cell-based activity assays to probe inter-domain interactions and to begin characterizing
the membrane binding surface of the lipase. These data will further our understanding of PLCe and aid in developing small mole-
cule allosteric modulators as potential therapies in cardiovascular disease.
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ACAT-1 Inhibition Limits iNOS in an In Vitro Model of
Macrophage Activation

Sung Jae Lee,1 Emily Stevenson,1 and Andrew Gow2
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Abstract ID 29339 Poster Board 86

Each year in the United States, there are 190,600 cases of acute lung injury (ALI), associated with over 74,000 deaths. Data shows
acyl-coenzyme A acetyltransferase-1 (ACAT-1) inhibition improves pulmonary inflammation in an in vivo murine model of ALI. We
hypothesize that ACAT-1 inhibition has anti-inflammatory effects beyond its intended use to reduce cholesterol esterification. The
purpose of this study is to establish an in vitro bone marrow-derived macrophage (BMDM) model to investigate the effect of
ACAT-1 inhibition on macrophage activation. Monocytes were harvested from the bone marrow of 6-8 week old C57BL/6J (wild-
type) mice. Cells were stimulated with M-CSF on d0, 3, and 7 to induce macrophage differentiation. To examine if ACAT-1 inhibi-
tion limits macrophage activation, K-604 was co-administered with M-CSF in the wild-type derived cells. Cells were then treated
with LPS on d7 and harvested after 24h. Nitrite, Nos2 expression, and iNOS protein density were determined through nitrite colori-
metric measurement, RT-qPCR, and western blot, respectively. Glycolytic function and oxygen consumption rate were deter-
mined through SeahorseTM Glycolysis and Mito Stress Tests. Nitrite (mm/protein) was observed to significantly increase (*p<0.05)
in LPS-stimulated cells compared to control (8±1.5* v. 0.9±0.1), which was reduced with K-604 treatment (3.2±1.0). LPS-induced
Nos2 fold change (11,709±2,955* v. 1.0±0.1) was reduced with K-604 conjunctive treatment compared to LPS alone (2,235±586).
These data suggest that LPS-induced NO production was hindered due to a lack of the iNOS protein, which may have implications
for macrophage activation. This aligns with reported in vivo data, where K-604 reduced pulmonary inflammation in a rodent model
of ALI. Metabolic and signaling implications of ACAT-1 inhibition in this model will be discussed.
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A novel UVA-labile b-adrenergic agonist allows for optical
control of subcellular signaling
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Adrenergic receptors are G-protein-coupled receptors (GPCRs) primarily responsible for signaling in the sympathetic nervous sys-
tem, which controls numerous body functions, including increased heart rate, pupil dilation, glycogen metabolism, and adrenaline
secretion. Several significant polymorphisms are found in these receptors leading to their clinical importance. Using the agonist,
Isoproterenol, bound b1-AR structural data, we designed and synthesized a UVA-labile, novel isoproterenol derivative (OptoIso)
to optically control b1-AR signaling. Employing live cell confocal imaging, we examined the initiation of b1-AR specific Gs-coupled
cellular signaling over UVA irradiation of the cells treated with the agonist. Upon UVA exposure of cells incubated with OptoIso,
miniGs protein and nanobody80 (Nb-80) recruitment to the activated receptor. In addition to cyclic AMP generation, cells also
showed Gbg and Gas translocation to the cell interior. Our results demonstrated that OptoIso exposed cells did not show any sig-
naling activity before UVA irradiation, while a few pulses of UVA activated b1AR. Most importantly, by exposing OptoIso incubated
and subsequently washed cells to UVA, we induced endomembrane-exclusive b1-AR signaling. Given the pathological signifi-
cance of deep-organelle b1-AR signaling, including cardiac hypertrophy, OptoIso will be a valuable tool to the pharmacology
community.

Support/Funding Information: R01GM140191
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Mechanistic insights into Rap1A-dependent regulation of
phospholipase C epsilon in the heart
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Phospholipase Ce enzymes are required for normal cardiovascular function, and their dysregulation can lead to cardiac hypertro-
phy and heart failure. PLCe cleaves phosphatidylinositol phosphates into inositol phosphates and diacylglycerol, increasing intra-
cellular Ca2+ and activating protein kinase C. PLCe activity is increased by direct binding of the Rap1A GTPase, following
stimulation of b-adrenergic receptors. This pathway is required for maximum cardiac contractility, but sustained activation causes
cardiac hypertrophy. Rap1A binds to the C-terminal Ras Association (RA) domain of PLCe, and we previously showed that activa-
tion requires long-range conformational changes in the lipase. However, the residues in PLCe involved in the intramolecular rear-
rangements are not known. As a first step, I used cryo-electron microscopy single particle analysis (cryo-EM SPA) to determine
the 4 Å reconstruction of PLCe PH-C in complex with an antigen binding fragment (Fab). This is the largest fragment of PLCe bio-
chemically characterized to date and is robustly activated by Rap1A. The structure defines the basal state of the enzyme and re-
veals a potential membrane binding surface on the PH domain. These studies set the stage for investigating the structure of the
Rap1A–PLCe PH-C complex and its mechanism of activation. Ultimately, this work supports long-term efforts to develop small
molecule modulators of the lipase and its activated complex for treating cardiac hypertrophy.
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Discovery and Validation of RGS2-FBXO44 Protein-Protein
Interaction Inhibitors
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Regulators of G protein Signaling (RGS) proteins are negative regulators of G-protein-coupled receptors (GPCRs). They reduce
the amplitude and duration of GPCR signaling by accelerating the hydrolysis of GTP to GDP through their GTPase-accelerating
protein (GAP) activity. Altered RGS protein function is involved in numerous diseased states. However, the therapeutic regulation
of RGS proteins is challenging as they lack binding pockets for small molecules. Therefore, identifying mechanisms that control
RGS protein activity and expression could be a potential targeting strategy. A notable example where altering RGS protein activity
would be beneficial is asthma, a long-term respiratory disease, characterized by inflammation of the airways, resulting in the ob-
struction of airflow to the lungs. Aberrant activation of Gaq and downstream signaling contribute to chronic symptoms of asthma.
RGS2 is known to be selective for Gaq over other G protein subtypes and has reduced expression levels in asthmatic patients.
Low RGS2 protein levels are also implicated in many other diseases such as hypertension, cancer, and heart failure. Indeed, we
previously showed that pharmacologically stabilizing RGS2 protein levels inhibits Gaq-mediated signaling and are cardioprotec-
tive in a mouse model of cardiac injury, suggesting that enhanced RGS2 protein levels correlate with increased function. There-
fore, targeting the mechanisms that regulate RGS2 protein levels would be a feasible therapeutic strategy.

RGS2 is rapidly degraded through the ubiquitin-proteasomal system (UPS). In the UPS, ubiquitin molecules are covalently
linked to the substrate through the cascade of enzymatic reactions (facilitated by E1: ubiquitin-activating enzyme; E2: ubiquitin-
conjugating enzyme; E3 ligase). The ubiquitinated substrate is then recognized and degraded by the 26S proteasomal complex.
We recently identified the E3 ligase that recognizes RGS2. This E3 ligase complex consists of Cullin 4B (Cul4B), DNA Damage
Binding Protein 1 (DDB1), and F-box Only Protein 44 (FBXO44), where FBXO44 acts as the substrate recognition site for RGS2.
Therefore, we hypothesize that inhibiting the RGS2-FBXO44 interaction will lead to enhanced RGS2 levels. To identify small
molecule RGS2-FBXO44 interaction inhibitors, we utilized NanoLucVR Binary Technology (NanoBiT) to detect the interaction be-
tween RGS2 and FBXO44 in a high-throughput screen (HTS). We developed a HEK-293T cell line stably expressing the RGS2-
SmBit and LgBit-FBXO44 and optimized the NanoBit assay for HTS. Using this assay, we screened 1600 compounds (Life
Chemicals PPI fragment library) at the Purdue Chemicals Genomics Facility. Following hit confirmation and chemical clustering,
the top 20 hits that inhibited the RGS2-FBXO44 protein-protein interaction at least 50% were selected for follow-up. The con-
centration-dependent activity of these 20 hits was performed to only select compounds inhibiting at least 50% of the interaction
and having acceptable inhibition curves (Hill slope 0.5 – 2.0) and potencies (IC50<50mM). We are currently working to further
validate these compounds as RGS2 stabilizers via inhibiting the RGS2-FBXO44 protein-protein interaction. We will also detect
the effects of the selected hits on Gq-mediated signaling. These hit compounds will be optimized by applying iterative rational
drug-design strategies to deliver future lead candidates to stabilize RGS2 protein levels.
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Sigma Ligand-mediated Cytosolic Calcium Modulation in
BV2 Microglia Cells
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While initially protective, prolonged neuroinflammation can result in a disrupted brain microenvironment and lead to neurodegen-
erative diseases. With anti- and pro-inflammatory phenotypes, microglia are primary regulators of neuroinflammation. Calcium is
an important regulator of the microglia phenotype and can be modulated by small, membrane bound chaperone proteins called
sigma receptors. We examined the use of sigma receptor ligands to modulate cytosolic calcium in BV2 cells, a mouse microglia
cell line. Immunofluorescence staining detected both sigma 1 and 2 receptors in the perinuclear region and throughout the cyto-
plasm. Our selection of sigma receptor ligands included both commercially available sources and compounds synthesized in our
laboratories. We used the Fluo-8-AM probe to measure cytosolic calcium concentrations using flow cytometry after 15, 25 and
35-minute ligand exposure. At 1000 nM concentration, we found 9 of the 18 ligands tested significantly increased cytosolic cal-
cium levels in BV2 cells after 15-minute exposure. We determined the location of calcium flux by pretreating cells with thapsigargin
and EGTA to inhibit the endoplasmic reticulum and extracellular sources of entry. We found all four compounds tested (sirame-
sine, PB-28, cis-8-OMe BBZI, and BN-IX-111-F1) promote calcium entry from the extracellular space, but only siramesine pro-
motes calcium entry from both locations. We performed two-drug treatments to identify any potential antagonistic activity by low
potency ligands. No antagonistic effect was observed, suggesting a potential non-receptor mediated effect facilitating the in-
creases in calcium. We tested for a common drug-induced effect called phospholipidosis using LipidTOX phospholipid detection
reagent to determine a relationship between calcium activity and a membrane-mediated effect. Only two (PB-28 and amiodarone)
of five compounds tested resulted in significant phospholipid accumulation at 10 mM treatment. Future investigations are required
to target the exact mechanism of calcium flux and characterize any connection between phospholipidosis and sigma receptor-li-
gand binding. Nevertheless, our work emphasizes the importance of sigma ligand-modulated intracellular calcium dynamics as a
potential therapy, specifically for treatment in neuroinflammation.

This work was supported by funding from SIUE RGGS and SIUE SOP.
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Structure-guided approach to modulate small molecule
binding to the promiscuous pregnane X receptor
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Ligand-binding promiscuity in detoxification systems protects the body from toxicological harm but is a roadblock to drug devel-
opment due to the difficulty in optimizing small molecules to both retain target potency and avoid metabolic events. Immense ef-
fort is invested in evaluating metabolism of molecules to develop safer, more effective treatments, but engineering specificity into
or out of promiscuous proteins and their ligands is a challenging task. To better understand the promiscuous nature of detoxifica-
tion networks, we have used X-ray crystallography to characterize a structural feature of pregnane X receptor (PXR), a nuclear re-
ceptor that is activated by diverse molecules (with different structures and sizes) to upregulate transcription of drug metabolism
genes. We found that large ligands expand PXR’s ligand binding pocket, and the ligand-induced expansion occurs through a spe-
cific unfavorable compound-protein clash that likely contributes to reduced binding affinity. Removing the clash by compound
modification resulted in more favorable binding modes with significantly enhanced binding affinity. We then engineered the unfa-
vorable ligand-protein clash into a potent, small PXR ligand, resulting in marked reduction of PXR binding and activation. Struc-
tural analysis showed that PXR is remodeled and that the modified ligands reposition in the binding pocket to avoid clashes, but
the combined protein/ligand conformational changes result in less favorable binding modes. Thus, ligand-induced binding pocket
expansion increases ligand-binding potential of PXR but is an unfavorable event; therefore, drug candidates can be engineered to
expand PXR's ligand binding pocket and reduce their safety liability due to PXR binding.

Research reported in this publication was supported by ALSAC and National Institutes of Health National Institute of General Med-
ical Sciences [Grant R35GM118041]. The content is solely the responsibility of the authors and does not necessarily represent the
official views of the National Institutes of Health. This work utilized the FMX and AMX beamlines, which are primarily supported by
the National Institutes of Health National Institute of General Medical Sciences through a Center Core P30 Grant (P30GM133893),
and by the U.S. Department of Energy Office of Biological and Environmental Research (KP1607011). As part of the National Syn-
chrotron Light Source II, a national user facility at Brookhaven National Laboratory, work performed at the Center for BioMolecular
Structures is supported in part by the U.S. Department of Energy, Office of Science, Office of Basic Energy Sciences Program un-
der contract number DE-SC0012704.

1521-0103/385/S3/supplement: ASPET 2023 Annual Meeting Abstracts dx.doi.org/10.1124/jpet.122.524030
THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS J Pharmacol Exp Ther 385: June 2023
Copyright © 2023 by The American Society for Pharmacology and Experimental Therapeutics

129

https://dx.doi.org/10.1124/jpet.122.524030


Subcellular Localization Analysis of Sigma 1 Receptor (S1R)
and Binding Immunoglobulin Protein (BiP) for Identification
of Antagonists versus Agonists
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Sigma receptors are attractive therapeutics targets in numerous neurological diseases and cancers. Sigma 1 receptors (S1Rs) are
localized in the endoplasmic reticulum (ER) membranes associated with mitochondria where they may participate in cellular stress
signaling. During ER stress or stimulation by ligands, S1Rs dissociate from binding immunoglobulin protein (BiP) and exert chaper-
one activity. S1R agonists promote dissociation while antagonists maintain the complex with BiP. As S1R and BiP are expressed
throughout the cell, fluorescence microscopy techniques might not be sensitive to localization and co-localization changes upon ER
stress and ligand binding. Therefore, this study aims to perform a quantitative image analysis of S1R and BiP subcellular localization
and co-localization during ER stress, and ER stress with S1R ligand treatment. Chinese hamster ovary (CHO) cells were maintained
in adherent culture and a suspension was prepared by trypsinizing and adjusting to 200 cells/mL. After CHO cell attachment to fibro-
nectin-coated coverslips, one group was treated with 3 mM thapsigargin to cause ER stress, and another group was treated with 1
mM BD-1047 following 3 mM thapsigargin treatment. Hoechst and phalloidin were multiplexed with secondary antibodies for S1R
and BiP primary antibodies. The acquired images were subjected to multistep processing to enable analysis of S1R and BiP localiza-
tion using MetaMorph software. Background and intensity unevenness were corrected with an object size estimation of 3 pixels, and
then high frequencies were suppressed by replacing each pixel intensity with the local average intensity. 90% low threshold values
were subtracted for each image and the resulting images were auto-scaled within 95% low and 4% high range. A sample size of 25
cells per treatment group was analyzed. All the quantifications were done at three different cellular regions: whole cell, perinuclear
and nuclear. The differences among groups were analyzed by a one-way ANOVA followed by Tukey's multiple comparison test in
GraphPad Prism. ER stress increased the average area of discrete objects of both S1R and BiP, increased total S1R and BiP area in
whole cell measurements, and increased S1R area in nuclear and perinuclear regions. Co-localization of S1R and BiP upon ER stress
is observed throughout the cell, nuclear and perinuclear regions. The co-localization is lowered by BD-1047 in perinuclear and nu-
clear regions where S1R and BiP participate in stress signaling activity. We conclude this image analysis approach is useful for po-
tential classification of S1R ligands as either agonists or antagonists and predicting ligand efficiency in particular disease states.

This work was supported by SIUE School of Pharmacy and SIUE Graduate School.

Steps in processing immunofluorescence S1R and BiP images for quantitative analysis.
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Trafficking pathway of T-cell receptor mimic antibodies
(TCRm) RL6A in human brain-derived endothelial cells
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The Blood-Brain Barrier (BBB) protects the human brain by restricting the access of foreign substances to the brain, including
even beneficial therapeutic agents with extremely low permeability. Receptor-mediated transcytosis (RMT) is a pathway to trans-
port macromolecules such as antibodies and peptides across the BBB., which has been widely studied as a drug delivery strategy
to overcome the BBB. We utilized a novel T-cell receptor mimic antibody (TCRm) to target brain endothelial cells with high affinity
and specificity. The TCRm RL6A has been generated to recognize a peptide epitope derived from p68 RNA helicase (YLLPAIVHI)
presented by MHC class-I subtype, HLA-A2, which is highly expressed by brain endothelial cells. Our lab previously showed the
binding and internalization of RL6A in both in-vitro and in vivo brain endothelial cells. Therefore, RL6A could be a potential vector
for brain drug delivery. Based on the preliminary findings, we hypothesized that the upregulated cellular peptide processing and
MHC-I expression levels by Interferon gamma (IFN-g) will increase the internalization of RL6A in brain endothelial cells. Addition-
ally, we have speculated that RL6A antibodies enter the brain endothelial cells via Clathrin-Independent Endocytosis (CIE), a char-
acteristic of MHC I endocytosis.

We studied these mechanisms on hCMEC/D3 cells, an immortalized human brain endothelial cell line, and on human induced plu-
ripotent stem cell (iPSC) derived brain microvascular endothelial cells (hBMEC). Cells were pre-incubated with antibodies at 4�C
for 30min and the internalization was initiated by adding warmed media, and then cells were incubated at 37�C at different time
points up to 120 min. Then, cells were further processed for analysis by flow cytometry or confocal miscroscopy. Our flow cytome-
try data showed that RL6A internalized from the surface of hCMEC/D3 cells in a biphasic pattern with an initial rapid phase (>30%
internalized within 10 min) followed by a slower phase at later time points. Furthermore, the mean fluorescence intensity (MFI) for
surface-bound RL6A increased approximately two-fold for the interferon-gamma (IFN-g) treated cells in both hCMEC/D3 and
hBMEC cells. For the trafficking study in hCMEC/D3 cells by confocal microscopy, we used pixel-based and object-based analy-
sis in AIVIA software to quantify the colocalization fraction between RL6A and endogenous early endosome proteins. The results
showed that the fraction of RL6A colocalized with the small GTPase ARF6 increased from 6.5% ± 9.6% (mean ± SD) at 10 min to a
maximum of 34.3% ±14.2% at 30min, and then gradually decreased at 60 min and 120 min (11.1% ± 7.8%, p<0.0001 vs 30 min).
The time course for RL6A colocalization with Rab5 was similar to ARF6, but the maximum reached only 11.3% at 30 min. The co-
localization of RL6A and early endosomal marker EEA1 showed slower dynamics, with a peak fraction of 5.7% ± 3.5% at 60 min.
The absolute number of internalized RL6A reached a plateau after 60 min.

In conclusion, TCRm RL6A internalization occurred mainly in the first 30 min after endocytosis initiation. IFN-g treatment upregu-
lated the expression level of the YLL-A2 complex and increased the RL6A binding and internalization for both hCMEC/D3 and
iPSC-derived hBMEC cells. The colocalization analysis expanded on our previous results and demonstrated that RL6A undergoes
CIE.
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Object-based colocalization analysis between RL6A and A) ARF6 and B) Rab5
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Quantifying Acid Adaptivity of Normal and Cancer Cells
Using a Next Generation Genetically Encoded pH Biosensor
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Acidic pH is a threat to the viability of most cell types. As such, cells within tumor microevironments (TMEs) must adapt to acidic
conditions caused by the Warburg effect. In the extreme, this selective pressure is thought to evolve tumor cells with enhanced
proliferative, survival, and metastatic characteristics. The proteins that facilitate these advantages may hold great potential as
druggable vulnerabilities specific to cancer cells. However, the identity of druggable targets that initiate and sustain acid adaptivity
remain largely unknown. As a first step to address this longstanding gap in knowledge, we are developing new approaches and
technologies for quantifying acid tolerance in normal and cancer cell lines. Here we report a new best-in-class genetically encoded
pH biosensor that uses Bioluminescent Resonance Energy Transfer (BRET) for real-time measurement of cellular pH. The charac-
teristics of our new pH biosensor, which we have named ratiOmetRIc prOton seNsor (ORION), mark a significance advance in our
ability detect and quantify pH gradients, signals, and dynamical states in mammalian cell models. Having a 20-fold dynamic range
over 3.5 pH units (pH 4.25 to 7.75), ideally positioned pH midpoint of 6.0, and complete lack of autofluorescence, the signal-to-
noise and applicability of ORION is unmatched. Using yeast and HEK293 cell models, we demonstrate the utility and scalability of
ORION using a variety of chemical and biological stressors that alter intracellular pH. Additionally, we confirm our previous find-
ings using another pH bionsensor, pHluorin, that intracellular pH changes with extracellular pH in the widely used HEK cell model.
With the advent of ORION, it is now possible to study pH (dys)regulation and acid adaptivity of normal and cancer cells at an un-
precedented pace and scale. As such, we are extending our studies to a variety of cell lines and will report on our progress.

This work was supported by NIH/NIGMS 5R35GM119518 to D.G.I.
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Urothelial Knock-in of the Engineered Chloride Channel
EG3RF as a Potential Treatment for Cystitis-Induced
Bladder Inflammation
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Bladder inflammation, overactivity, and pain are adverse side effects of Interstitial Cystitis/Bladder Pain Syndrome (IC/BPS), a
pathological bladder condition characterized by urinary urgency, bladder pain, and inflammation that affects up to 17% of Ameri-
can women. IC/BPS has proven to be resistant to standard anti-inflammatory treatments and analgesics, therefore research has
focused on developing new treatments for IC/BPS-associated chronic pain. One such potential avenue for treatment lies in the ex-
pression of non-native, engineered ion channels in bladder afferent nerves that can selectively reduce nerve excitability in re-
sponse to inflammatory conditions or after activation with a designer ligand. To this end, we have created an engineered chloride
channel, EG3RF, that is activated by both the acidic pH that is a hallmark of inflammation as well as bioactive amines, such as cys-
teamine or propylamine. We have previously shown that expression/activation of this channel in the bladder can inhibit bladder hy-
peractivity in cyclophosphamide (CYP) treated rats (a model of IC/BPS), likely by hyperpolarizing bladder afferent nerves.
Surprisingly, preliminary data suggested that EG3RF activity also reduced CYP-induced bladder inflammation, suggesting sec-
ondary actions on the urothelium itself. Bladder inflammation occurs downstream of urothelial ATP release by lysosomal exocyto-
sis, which is associated with increased lysosomal calcium release. Thus, we hypothesized that EG3RF activation may inhibit
bladder inflammation by interfering with this signaling in urothelial cells. Fura-2 based calcium imaging demonstrated that EG3RF
activation in urothelial cells decreases the calcium response to the TRPML1 agonist ML-SA1. Furthermore, while expression of
EG3RF alone slightly decreases calcium release (-22.15%), cotreatment of EG3RF-transfected cells with ML-SA1 and a biogenic
amine increases EG3RF’s efficacy. Experimental results show that cysteamine is less harmful to cells and produces a greater de-
crease in calcium release (-52.77%) for EG3RF-transfected cells than propylamine (-21.90%). To further explore EG3RF’s role in
reducing bladder inflammation, next steps include identifying its intracellular location in transfected cells and confirming the effect
of EG3RF activation on urothelial ATP release.

Funding: R01DK117884 (Beckel), R01DK117383 (Xu).
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GPCR cargo modifies lipid order in clathrin-coated pits

G. Aditya Kumar,1 and Manoj A. Puthenveedu1

1Univ of Michigan
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Endocytosis of G protein-coupled receptors (GPCRs) via clathrin-coated pits (CCPs) is crucial for receptor desensitization and sig-
naling. The core protein machinery that mediate CCP initiation, maturation, and scission have been heavily studied. Although this
core protein machinery is broadly distributed and shared between all CCPs, these structures are initiated at spatially non-random
sites on the membrane and are restricted to specialized regions in some cell types. Whether the physical properties of the mem-
brane itself contribute to this specialization is not well understood. Here, we use high resolution multichannel total internal reflec-
tion fluorescence microscopy (TIR-FM) to measure lipid order in the plasma membrane using a dual channel ratiometric
fluorescence readout from a solvatochromic pyrene-based probe. Lipid order imaging in CCP clusters showed that CCPs repre-
sent membrane domains of a lower order relative to the rest of the plasma membrane. The lipid order in endocytic clusters exhib-
ited time-resolved changes during CCP maturation. The prototypical GPCR, b2-adrenergic receptor (b2AR) clusters into a subset
of CCPs in response to activation by its agonist isoproterenol. Interestingly, b2AR-containing CCPs exhibited higher lipid order rel-
ative to CCPs that did not contain the receptor. However, such a difference was not observed in case of another class A GPCR,
the delta opioid receptor (DOR), and the constitutively internalizing cargo, transferrin. b2AR, unlike DOR, has been shown to ex-
tend CCP lifetimes and receptor residence times on the membrane via a C-terminal PDZ ligand that links the receptor to the actin
cytoskeleton. We show here that the difference in lipid order between b2AR-containing CCPs and CCPs that do not contain b2AR
was abrogated upon disruption of the b2AR C-terminal PDZ ligand. Overall, our results show that CCPs represent specialized
membrane domains with a distinct lipid order, and that lipid order is an important determinant of cargo-specificity in GPCR
endocytosis.
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Insurmountable Antagonism by Buprenorphine at Human
Mu Opioid Receptors
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In 2017 the US government declared a public health emergency to address the national opioid crisis. Despite this focused effort
and increased awareness, opioid overdose deaths have since increased by over 50%. Individuals with opioid use disorder have in-
creased risk of opioid related death, and medication assistance can facilitate recovery by reducing opioid cravings and withdrawal
effects. One such medication is buprenorphine, an FDA approved drug for the treatment of opioid use disorder sold under the
brand SuboxoneVR , SubutexVR , and ZubsolvVR . While buprenorphine is clinically described as a partial agonist of the mu opioid re-
ceptor (MOR), the literature demonstrates that its pharmacological characteristics are complex. In ongoing studies we are rigor-
ously characterizing the pharmacological actions of buprenorphine at the human MOR.

A genetically encoded biosensor was used to monitor cAMP levels in real time in HEK293 cells expressing a low density of the hu-
man MOR. In these cells, pretreated buprenorphine acted as an antagonist, shifting the concentration response curve of the MOR
agonist, DAMGO, to the right (reduced potency) in a concentration-dependent manner, similar to the action of the MOR antagonist
naloxone. Unlike the effect of naloxone, buprenorphine also decreased the maximal response of DAMGO (insurmountable antago-
nism), an effect that saturated with increasing concentrations of buprenorphine. Similar antagonism by buprenorphine was ob-
served when fentanyl was used as the MOR agonist. The effect of buprenorphine to decrease the potency of DAMGO was
reduced by washout of buprenorphine. In contrast, the reduction in the maximal response to DAMGO was resistant to washout of
buprenorphine. Both effects of buprenorphine (on DAMGO potency and efficacy) were prevented by pre-treatment with naloxone,
followed by rigorous washout. This suggested that buprenorphine’s effects were mediated by a naloxone-sensitive binding site,
presumably the orthosteric site.

Given the slow rate of dissociation of buprenorphine binding to MOR in several published studies and the rapid time-course in-
volved in the cAMP response, we considered the possibility that the observed insurmountable antagonism of buprenorphine was
due to insufficient agonist-antagonist re-equilibration (hemi-equilibrium). Computations conducted using hemi-equilibrium equa-
tions support the hypothesis that the insurmountable antagonism of buprenorphine in this system is due to hemi-equilibrium. In-
deed, the reduction of the maximal response of DAMGO by buprenorphine was abolished when measurements were taken two
hours following DAMGO addition. As a frontline treatment for opioid use disorder, an understanding of the apparent insurmount-
able antagonism of buprenorphine may inform clinical practice in patients recovering from opioid use disorder.

This work is supported by the Institutional National Research Service Award (DA031115) Postdoctoral Training in Drug Abuse Re-
search: Behavior & Neurobiology at UT Health San Antonio and a grant from NIH/NIDA (RO1 DA038645).
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Amyloid Beta Protein (Ab1-42) induced Endolysosome Iron
Dyshomeostasis caused increases in Reactive Oxygen
Species, Mitochondrial Depolarization, and Neurotoxicity
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Alzheimer’s disease (AD) is a widely prevalent age-associated neurodegenerative disease that is characterized clinically by de-
creased cognitive abilities and dementia as well as pathologically by the presence of amyloid beta plaques and intraneuronal ac-
cumulations of the highly fibrillogenic amyloid beta 1-42 (Ab1-42) protein and hyperphosphorylated tau protein. Implicated as well
in the pathogenesis of AD are increased levels of reactive oxygen species (ROS) and iron dyshomeostasis. Amyloidogenesis is
well known to occur in endolysosomes; acidic organelles that amongst other things contain high levels of divalent cations and
these cations are released from endolysosomes when de-acidified. Endolysosomes are considered “master regulators of iron ho-
meostasis”, and neuronal cell death and neurodegenerative disorders continue to be linked to ferrous iron (Fe2+) induced ROS
generation via Fenton-like chemical reactions. Because endolysosome de-acidification can induce lysosome stress responses
that cause Fe2+ to be released from endolysosomes it was important for us to determine the extent to which and mechanisms by
which Ab1-42 affect endolysosomes and induce neuronal cell death. Recently, the endolysosome-specific iron chelator deferox-
amine (DFO) was found to reduce the amyloid beta burden in AD but by unclear mechanisms. We reported previously that DFO is
endocytosed and by chelating endolysosome stores of ferric iron (Fe3+) it prevented the efflux of the readily releasable endolyso-
some stores of Fe2+ into the cytosol and other organelles. Thus, it was important for us to determine the effects of Ab1-42 on the
endolysosome iron pool that might lead to an iron imbalance and increased ROS. Here, using SH-SY5Y neuroblastoma cells we
show that Ab1-42 de-acidified endolysosomes, decreased endolysosome Fe2+ levels, increased cytosolic Fe2+ and ROS levels, in-
creased mitochondria Fe2+ and ROS levels, depolarized mitochondrial membrane potentials, and increased cell death; effects all
blocked by DFO. Therefore, an increased understanding of Ab1-42 -induced endolysosome iron disruption may provide novel in-
sight into the Ab1-42 burden of AD and possibly new therapeutic targets.

Support/Funding Information: [P20GM139759, P30GM100329, U54GM115458, R01MH100972, R01MH105329, R01MH119000,
2R01NS065957, 2R01DA032444]

1521-0103/385/S3/supplement: ASPET 2023 Annual Meeting Abstracts dx.doi.org/10.1124/jpet.122.212100
THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS J Pharmacol Exp Ther 385: June 2023
Copyright © 2023 by The American Society for Pharmacology and Experimental Therapeutics

137

https://dx.doi.org/10.1124/jpet.122.212100


PTBP1 Contains a Novel Regulatory Sequence, the rBH3,
that Binds the Pro-Survival Protein MCL1
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The maturation of RNA from its nascent transcription to ultimate translation or utilization in alternate biological processes (e.g.
miR-mediated RNA silencing) is an intricately coordinated series of biochemical reactions. RNA binding proteins (RBPs) are the
sites at which these biochemical reactions occur, and therefore serve as the effectors of RNA maturation and processing. Over
the past several decades, there has been extensive effort to elucidate the biological factors that control the specificity and selec-
tivity of RNA target binding and downstream function. Polypyrimidine tract binding protein 1 (PTBP1) is an RNA binding protein
that is not only involved in all steps of RNA maturation but serves as a key regulator of alternative splicing of many cellular tran-
scripts, therefore understanding its regulation is of critical biologic importance. While several mechanisms of RBP specificity have
been proposed (e.g. cell- or tissue-specific expression of RBPs, secondary structure of target RNA), recently protein-protein inter-
actions with individual domains of RBPs have been suggested to be important determinants of downstream function. Here we
demonstrate a novel binding interaction between the first RNA recognition motif (RRM1) of PTBP1 and the pro-survival protein
MCL1. Applying both in silico and in vitro analysis, we have demonstrated that MCL1 binds a novel regulatory sequence on RRM1
termed the rBH3. NMR spectroscopy reveals that this interaction allosterically perturbs key residues in the RNA binding interface
of RRM1 and negatively impacts RRM1 association with target RNA. Pulldown of MCL1 by endogenous PTBP1 has verified that
these proteins interact in an endogenous cellular environment, establishing the biological relevance of this binding event. Overall,
the current study proposes a novel mechanism of regulation of PTBP1, in which a protein-protein interaction with a single RRM
can impact RNA association.

This work was supported, in part, by funding from the National Institutes of Health Grants R01GM117391 (to W.J.P.) and National
Institutes of Health Grants T32GM008361 (to T.Y.). The content is solely the responsibility of the authors and does not necessarily
represent the official views of the National Institutes of Health.
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b-arrestin1 Directs Substrate Lysine Selection and Linkage
Type Specificity by E3 Ubiquitin Ligases
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b-arrestins are multifaceted adaptor proteins that regulate the desensitization, internalization, and signaling of G protein-coupled
receptors (GPCRs). Arrestins interact with many signaling molecules, including E3 ubiquitin ligases, to facilitate ubiquitination of
both GPCRs and non-GPCR binding partners. However, b-arrestins are not required for the ubiquitination of the chemokine re-
ceptor CXCR4, although they are believed to play a role in the ubiquitination of the non-GPCR interacting partner STAM1. STAM1
is an endosomal sorting protein, and ubiquitination of STAM1 regulates CXCR4 lysosomal trafficking and thus receptor abun-
dance and signaling, yet very little is known concerning STAM1 ubiquitination. Here, we report that b-arrestin1 acts as an adaptor
for the ubiquitination of STAM1 and dictates lysine selection and linkage-type specificity. We developed a cell-free, reconstituted
system to study in vitro ubiquitination of STAM1 by b-arrestin1 via the E3 ligase AIP4. We provide evidence that b-arrestin1 dose-
dependently increases ubiquitination of STAM1 by AIP4. This pattern is not observed when using a b-arrestin1 variant that is un-
able to bind to STAM1, consistent with b-arrestin1 serving as an adaptor for STAM1 ubiquitination by AIP4. Further establishing
this adaptor role downstream of CXCR4 signaling, a pre-activated version of b-arrestin1 mimicking the receptor-bound conforma-
tion enhanced STAM1 ubiquitination. To learn more about STAM1 ubiquitination, we set out to define the ubiquitination sites and
the type of polyubiquitin chains by mass spectrometry. Mass spectrometry analysis revealed that several lysine residues on
STAM1 are modified by ubiquitin with potentially multiple common ubiquitin linkage types. In addition, we identified the potential
formation of M1-linked chains, a type of ubiquitin linkage previously only described for one other E3 ubiquitin ligase. Further mass
spectrometry and mutagenesis studies provide evidence that b-arrestin1 specifies M1-linked ubiquitin chain formation by AIP4 at
Lys136 on STAM1. Using a combination of wild-type and lysine-free ubiquitin, we provide evidence that b-arrestin1 directs
STAM1 modification with an anchor ubiquitin moiety at Lys136, which is then subsequently modified with M1-linked polyubiquitin
chains. These data provide evidence for the first time that b-arrestin1 coordinates lysine selection and specifies M1-linked polyu-
biquitination of a substrate by an E3 ubiquitin ligase. This is the first report describing AIP4 conjugating M1-linked ubiquitin chains,
making it the second E3 ligase known to conjugate such chains. Our study expands the roles of ubiquitin into GPCR signaling and
trafficking.

Support/Funding Information: NHLBI Ruth L. Kirschstein Individual Predoctoral Fellowship F31 Award, Medical College of
Wisconsin
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GRK2 Enhances ß-arrestin Recruitment to the D2 Dopamine
Receptor Through a Mechanism that is Independent From
Receptor Phosphorylation or G Protein Activation
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The D2 dopamine receptor (D2R) interacts with and signals through both G proteins and ss-arrestins to regulate important physio-
logical processes, such as movement, reward circuitry, emotion, and cognition. ß-arrestins are believed to interact with G protein-
coupled receptors (GPCRs) at two interfaces: the receptor core and the phosphorylated C-terminal tail or intracellular loops.
GPCR kinases (GRKs) are the primary drivers of GPCR phosphorylation, and for many receptors, this post-translational modifica-
tion is indispensable for ß-arrestin recruitment. However, GRK-mediated receptor phosphorylation is not required for ß-arrestin
recruitment to the D2R, and the role of GRKs in D2R-ß-arrestin interactions remains largely unexplored. In this study, we used
GRK knockout cells engineered using CRISPR-Cas9 technology to determine if ß-arrestin recruitment to the D2R was GRK-de-
pendent. Genetic elimination of all GRK expression significantly decreased, but did not totally eliminate, both ß-arrestin recruit-
ment to the D2R and receptor internalization. However, these processes were rescued upon re-introduction of various GRK
isoforms in the cells via transient transfection. Further, treatment with compound 101, a pharmacological inhibitor of GRK2/3 iso-
forms, dose-dependently decreased ß-arrestin recruitment and receptor internalization, highlighting the importance of these kin-
ases for D2R-ß-arrestin interactions. Interestingly, these results were recapitulated using a phosphorylation-deficient (PO4-null)
D2R mutant, emphasizing that GRKs enhance D2R-ß-arrestin interactions independently from receptor phosphorylation. As
GRK2/3 are well known to interact with the ß-g subunits of G proteins following heterotrimer dissociation, we investigated the role
of G proteins in GRK functionality at the D2R. Inhibition of G protein signaling with pertussis toxin modestly decreased ß-arrestin
recruitment to the D2R in cells expressing endogenous amounts of GRKs but had no effect when GRK2 was overexpressed. We
also used a mutant GRK2 that is unable to bind to ß-g G protein subunits (GRK2-R587Q) and found that ß-g interactions were not
necessary for this function of GRK2. Next, we investigated if the catalytic activity of GRK2 is required to enhance D2R-ß-arrestin
interactions. Overexpression of a catalytically inactive GRK2 mutant (GRK2-K220R) did not enhance ß-arrestin recruitment or re-
ceptor internalization in cells expressing endogenous amounts of GRKs. However, when transfected into GRK-KO cells, GRK2-
K220R rescued ß-arrestin recruitment and D2R internalization, albeit to a slightly lesser extent than WT GRK2. However, we found
that GRK2-K220R is recruited to the D2R less efficiently than WT GRK2 in both parental and GRK-KO cells. Therefore, its lack of
effect when overexpressed in parental cells could be due to competition from endogenous GRKs. Further, the reduced ability of
GRK2-K220R to interact with the D2R could explain its reduced ability to drive ß-arrestin recruitment compared to WT GRK2. In
summary, we demonstrate that GRKs, especially GRK2/3, are necessary for maximal agonist-stimulated D2R-ß-arrestin interac-
tions, however, their kinase activities are not required. We hypothesize that GRK2 might act through a novel non-catalytic, scaf-
folding mechanism to enhance ß-arrestin recruitment to the D2R, highlighting the diversity with which GPCRs can interact with
signal transduction proteins.
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Molecular Determinants of Ligand-Induced Allosteric
Coupling to Gq and Gi at the Angiotensin II Type 1 Receptor
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The angiotensin II type 1 receptor 1 (AT1R) is a G protein-coupled receptor that is a critical regulator of blood pressure and a vali-
dated drug target for cardiovascular disease. AT1R signaling is initiated when binding of an extracellular ligand allosterically
changes the conformation of the intracellular transducer binding site to activate transducers like heterotrimeric G proteins, GRKs,
and ss-arrestins. The AT1R is known to activate several different G protein subfamilies, including Gq/11 and Gi/o. However, these
subfamilies exhibit very distinct patterns of allostery at the AT1R. Gq shows strong allosteric coupling to a select few AT1R li-
gands, but Gi shows relatively weak allosteric coupling to a much broader range of AT1R ligands. Here, we employ mini G pro-
teins, built on a Gs protein scaffold, to demonstrate that eight subtype-specific residues from the C-terminal a5 helix of Gq and Gi
are sufficient to recapitulate ligand-specific patterns of allosteric coupling to the AT1R. Within this subset of G protein residues, a
few key sites disproportionately contribute to Gq’s strong allosteric effects on ligand binding. These data provide insights into the
specific conformational features that different transducers recognize and could ultimately contribute to the design of ligands bi-
ased towards the activation of specific G protein subtypes.

LMW is a Whitehead Scholar and a Pew Scholar in the Biomedical Sciences, supported by The Pew Charitable Trusts.
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Multiomics approach to interrogate translational regulation
to GPCR signaling and its spatial bias
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Ligand activation of G protein-coupled receptors (GPCRs) induces a plethora of cellular responses that ultimately culminate in
changes in protein expression. Our lab and others have demonstrated that certain GPCR-dependent responses that feed into pro-
tein expression changes are biased by receptor localization. Specifically, we have shown that gene transcription is stimulated
downstream of endosomal receptors. However, transcription represents only one layer of gene expression regulation, and there-
fore analysis of steady-state RNA abundance alone does not adequately capture the full breadth of changes that underlie protein
expression. To address this, we apply a multiomics approach to interrogate the comprehensive landscape of transcriptional and
post-transcriptional changes in cellular responsiveness to receptor activation, and assess their dependence on GPCR localization.
We pair RNA-seq and Ribo-seq and identify hundreds of target genes downstream of the prototypical beta-2-adrenergic receptor
(B2AR) to be regulated exclusively at the transcriptional or translational level. Strikingly, none of the translational targets identified
here have been previously linked to GPCR signaling. In addition, we find distinct functional categories over-represented across
each set of targets (transcriptional vs translational), suggesting that unique cellular processes downstream of B2AR activation are
subject to discrete regulatory mechanisms. In further studies, we show that the vast majority of these genes likely represent con-
served translational targets downstream of Gas-coupled receptors. Lastly, we are probing the spatial dependence of the novel
translational targets. In preliminary work, we have identified genes encoding complexes involved in iron homeostasis as exclusive
translational targets, and show that at least one of these genes requires endosomal B2AR signaling for its translational regulation.
These mechanisms are of broad biological relevance as they appear to be conserved in both tractable and physiologically-relevant
adrenoceptor cell types such as iPSC-derive human CMs. In summary, we have successfully developed an experimental pipeline
to probe gene expression regulation at multiple levels. This work is extending our understanding of the cellular processes depen-
dent on compartmentalized receptor signaling and their underlying regulation.
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MiR-146b inhibits lung fibroblast proliferation and
differentiation by targeting EGFR and TGFbR signaling
pathways
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Idiopathic pulmonary fibrosis (IPF) is the most common type of pulmonary fibrosis. It is progressive and usually fatal. Current treat-
ments have not significantly improved survival, leaving an unmet need for novel anti-fibrotic therapies. Excess fibroblast prolifera-
tion and differentiation into myofibroblast in response to profibrotic mediators such as transforming growth factor (TGF) a and b1
are considered key steps in IPF progression. TGFa and TGFb1 bind and stimulate the epidermal growth factor receptor (EGFR)
and TGFb receptors (TGFbR1/2), respectively. Upregulation of EGFR and TGFbRs and their signaling in lung fibroblasts play an
important role in the pathogenesis of IPF. Thus, suppressing EGFR/TGFbR-dependent fibroblast proliferation and differentiation
are attractive targets for preventing IPF progression and death.

MicroRNAs (miRs) are important posttranscriptional gene expression regulators and several miRs are known to be dysregulated in
IPF, but the mechanisms for their dysregulation and pathological effects remain largely unknown. We used both RNA sequencing
and quantitative RT-PCR strategies to systematically study TGF-b1-indued alternations of miRNAs in human lung fibroblasts
(HLF). While miR-21, miR-145, miR-424 and miR-133a were among the TGFb1-induced miRNAs that were previously shown to
promote or inhibit pulmonary fibrosis, miR-146b is one of the most reduced miRNAs in TGFb1-treated cells. Quantitative RT-PCR
confirmed that miR-146b expression was significantly reduced by 70% in HLFs in response to TGF-b1 treatment. Interestingly,
normal expression of miR-146b is highest in lung fibroblasts but was markedly downregulated by about 50% in IPF patients or
mice with experimental pulmonary fibrosis. Using mouse precision-cut lung slices as an ex vivo 3D model of fibrosis, we found
that miR-146b deficiency exacerbated fibrotic pathohistological changes in response to profibrotic mediators TGFa and TGFb1.
Human lung fibroblasts from IPF patients (HLF-F) also show stronger fibrotic mediator responses than non-fibrotic HLF-N. In-
creasing expression of miR-146b in HLF-F suppresses TGFa-stimulated proliferation and blocks TGFb1-induced myofibroblast
differentiation by 60-90%, whereas deletion of miR-146b in lung fibroblasts significantly increases fibrotic responses. RNA-se-
quencing and KEGG pathway analysis revealed that miR-146b downregulates the cell cycle pathway and TGFb signaling. Western
blot analysis further confirmed miR-146b targets EGFR/TGFbR-mediated proliferative and fibrogenic signaling pathways.

Together we identified miR-146b as an important endogenous anti-fibrotic factor in lung fibroblasts. It inhibits lung fibroblast pro-
liferation and differentiation by targeting EGFR and TGFbR signaling pathways. Importantly, TGFb1 repression of miR-146b pro-
vides a novel mechanism that integrates the profibrotic and hyper-proliferative aspects of human IPF.

(Supported by grants from NIH R01HL116849 to YT, R35HL144481 to BBM and SKH; Nebraska State LB595 to PWA).
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Molecular mechanisms of Gbg-stimulated activation of
PLCb
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G protein-coupled receptors (GPCRs) transduce extracellular stimuli into intracellular signaling events through activation of the
heterotrimeric G protein subunits, Ga and Gbg. G proteins in turn activate effector enzymes, such as phospholipase C b (PLCb),
to produce second messengers. The four human PLCb isoforms (PLCb1-4) are all potently activated by direct binding of Gaq, but
only PLCb1-3 are also directly activated by Gbg. Dysregulation of the G protein-phospholipase C signaling axis has been impli-
cated in numerous pathologies and disease states. Direct inhibition of these pathways has shown therapeutic potential in models
of inflammation, cardiac hypertrophy, opioid analgesia, and cancer. Much is known about how Gaq binds to and activates PLCb,
but despite decades of research, the molecular details of Gbg-stimulated activation have been elusive. Using a protein engineer-
ing strategy and single particle cryo-electron microscopy, we have now determined high-resolution structures of functional
Gbg–PLCb3 complexes. The structures reveal that the Gbg interacts with PLCb3 through multivalent interactions with the PH do-
main, EF hands and the C2 domains of PLCb. The structures differ in the engagement of the Gbg subunit with the PH-EF hand in-
terface. Intriguingly, one conformation of the Gbg–PLCb complex is compatible with simultaneous binding of Gai, which has not
been observed for any other Gbg–effector enzyme complex. Cellular activity assays suggest that this conformation is less sensi-
tive to Gbg-dependent activation, and, in assays with purified components, that crosslinked Gbg-PLCb complexes still sensitive
to Gai inhibition. Thus, Gbg or the Gaibg complex may also function as a scaffold for PLCb, in which a pre-activated complex is
maintained at the membrane. Current efforts in the lab include investigating the scaffolding function of these complexes and
PLCb insensitivity to Gbg activation.
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Visualizing the chaperone-mediated folding trajectory of the
G protein b5 b-propeller by high resolution cryo-EM
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The cytosolic chaperonin CCT and its co-chaperone phosducin-like protein 1 (PhLP1) play important roles in G protein hetero-
trimer assembly by folding G protein b subunits (Gb) into b-propeller structures. To understand this process at the molecular level,
we have isolated the CCT-Gb5-PhLP1 folding intermediate in both the open and closed CCT conformations and determined its
structure by high resolution cryo-electron microscopy (cryo-EM). In the open structures, Gb5 interacts in an unstructured state
with the N- and C-termini of the CCT subunits deep inside the folding chamber between the CCT rings. Two copies of PhLP1 bind
to the apical domains at the rim of the folding chamber on either end of CCT, allosterically enhancing Gb5 binding to CCT. In the
closed CCT structure, Gb5 moves from between the CCT rings into one of the folding chambers, suggesting a path for release of
Gb5 from CCT during its ATPase cycle. The other chamber is occupied by one copy of PhLP1, which reaches across to Gb5 in the
opposite folding chamber to stabilize Gb5 folding. 3D classification and variability analysis of the closed structure captured Gb5 in
progressively folded states that reveal its folding trajectory. CCT initiates folding on Gb5 blade 4 and folding progresses radially
around the b-propeller as CCT makes contacts with blades 3 and 2 in one direction and blades 5 and 6 in the opposite direction.
Closing of the b-propeller occurs with the folding of blades 1 and 7 without making additional contacts with CCT. Unexpectedly,
CCT interacts exclusively with hydrophilic surface residues of Gb5, which leaves the hydrophobic core free to coalesce into its
b-sheet structures. These findings provide unprecedented molecular views of CCT-dependent folding of Gb5 that prepares it to in-
teract with RGS proteins and perform their essential functions in G protein signaling.
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Treatment of Osteoarthritis via Stem Cell Therapy
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Osteoarthritis (OA) is a degenerative bone disease which is occur in inflammation condition of the joint cartiladge. Approximately
58 million adults in the world are affected with this disease which is characterized by pain, stiffness, and a decrease in bone den-
sity. The current medication for the treatment of OA is non-steroidal anti-inflammatory drugs (NSAID), opioids, and cyclooxygen-
ase (COX)-2-specific drugs which reduce the pain but not improving the cartilage disorder. The first approach to treatment of OA
drugs have gastrointestinal problem, cardiovascular effects, and addiction ability. To overcome the limitations of knee OA drug
treatment, stem-cell-based therapy is being utilized to recover the knee from the pain and regenerate the cartilage from its recent
damaged state. The objective of this study is to effectively manage osteoarthritis by Human Mesenchymal Stem Cell (hMSC) deliv-
ery to bone cartilage. In our study, OA in rat knee was produced by intra-articular papain enzyme injections and was observed by
pain behavior assay. Latencies in rats treated by papain enzyme was significantly decreased compared to saline. We observed
that female rats was produced more arthritis by papain enzyme than male rat The results of the hot plate test showed that paw-
withdrawal threshold was significantly decreased following stem cell administration. We found 52% response by von Frey test in
enzyme treated with stem cell delivery osteoarthritis rat whereas above 80% response was observed in only enzyme treated rat. In
this study, we observed that stem cell delivery contributes the improvement of cartilage degradation of rat knee. Our research
demonstrates that stem cell therapy could be a promising treatment in terms of combating tissue regeneration of rat knees to im-
prove the pain state in the target area.

Support/Funding Information: Pilot Research and Scholarship Grant Program from Fish College of Pharmacy
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Structure–Activity Relationships of a Brain-Penetrant D3
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Investigation of its Binding Site
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Dopamine receptors (DARs) are G-protein coupled receptors (GPCRs) that regulate diverse physiological functions including cog-
nition, mood, movement, and reward-related behaviors, and are involved in the treatment or etiology of many neuropsychiatric
disorders including schizophrenia and substance use disorder (SUD). DARs are classified as either D1-like (D1R and D5R) or D2-
like (D2R, D3R, and D4R) based on structural homology and pharmacological profiles. Antagonists of D2-like DARs are currently
used in the therapies for many neuropsychiatric disorders, but D3R-selective antagonists may be better therapeutics for schizo-
phrenia or SUD as they could attenuate psychotic or drug craving symptoms without the motor side effects frequently produced
by D2R-preferring antagonists due to limited distribution of the D3R in the brain. However, discovery of D3R-selective compounds
is challenging due to high sequence homology of the D2R and D3R within their orthosteric binding sites, leading to the potential
for off-target side effects produced by currently available compounds due to simultaneous antagonism of both subtypes or other
closely related receptors. Our lab has endeavored to overcome the selectivity challenges posed by orthosteric antagonists by uti-
lizing a D3R-mediated b-arrestin recruitment assay to screen the NIH Molecular Libraries Program 400,000+ small molecule library
for compounds that inhibit the D3R via binding to less conserved allosteric sites. The most potent hit compound, MLS6357, was
selective for the D3R versus the D2R and D4R in several functional outputs including b-arrestin recruitment and G-protein activa-
tion. Radioligand binding and functional assays using closely related GPCRs revealed that MLS6357 has very limited cross-reac-
tivity with other GPCRs. Additionally, Schild-type functional assays showed that MLS6357 acts as a purely non-competitive
negative allosteric modulator (NAM) of the D3R. We synthesized and characterized > 70 analogs of MLS6357 using iterative me-
dicinal chemistry approaches which produced analogs that are 100-fold and 60-fold more potent than the parent compound in
D3R-mediated b-arrestin recruitment and G-protein activation assays, respectively, and revealed structure–activity relationships
for further optimization of the scaffold. Moreover, some analogs appear to display functional selectivity for inhibition of G-protein
activation versus inhibition of b-arrestin recruitment, and vice versa, and some also display inverse agonist activity in G-protein
signaling assays. Using in vivo pharmacokinetic experiments in mice via i.p. administration, one of the lead analogs was found to
be brain penetrant and achieved sufficient concentrations to occupy the D3R in vivo. To identify the allosteric binding site for the
MLS6357 scaffold on the D3R, we utilized various D3R/D2R chimeras, receptor mutants, and molecular modeling techniques to
reveal and characterize receptor regions necessary for compound efficacy. Further refinement of the binding pocket for MLS6357
will inform future medicinal chemistry efforts. Ultimately, this novel scaffold may be of benefit as a pharmacological probe or thera-
peutic lead for D3R-related pathophysiology.
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The unique physiochemical properties and tunable surface reactivity of gold nanoparticles made them promising materials in bion-
anomedicine. Although they are not themselves serious toxicants, however, they produce either direct or indirect nucleic acid
(DNA and RNA) damages. Yet, the actual mechanism(s) are not fully understood. Investigating their real time damaging mecha-
nism(s) on a single nucleic acid molecule (DNA in this study), in native environment, is essential to understand their genotoxicity.
Hence, we applied the four dimensions Atomic Force Microscopy, as an imaging and nano-characterization tool, to explore their
actual pathway(s) of DNA damaging, in vitro, in the absence of Particle-Induced Reactive Oxygen Species (ROS). To further exam-
ine whether the size and chemical conjugation of these AuNPs are properties that control their toxicity, we exposed the individual
DNA molecules to small (�10 nm diameter) naked AuNPs, large (�22 nm diameter) naked AuNPs and large conjugated (�39 nm
diameter) AuNPs. Our results provided real time molecular dynamic evidences that all AuNPs can cause fast (in minutes), direct,
time-dependent DNA damages in vitro, in the absence of ROS and may help in designing efficient nanomedicines for viral treat-
ment, cancer therapy and bio-diagnosis.

Time lapse images of the effect of AuNPs on an individual DNA plasmid in 1mM PBS, Images = 560 nm x 340 nm.
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Transcriptional Analysis of RGS10 Function in Microglia
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Chronic neuroinflammation characterizes Parkinson’s disease, Alzheimer's disease and aging. Neuroinflammation is driven by mi-
croglia, which are CNS resident immune cells. In a healthy brain, microglia exist in a “resting” state where they regulate homeosta-
sis. Upon an inflammatory stimulus, they polarize into the pro-inflammatory 'M1 active' state where they are highly cytotoxic,
secrete cytokines, and permeabilize the blood brain barrier. In aging, microglia are primed towards this pro-inflammatory state
which causes the build-up of cytotoxic factors resulting in neurodegeneration. Regulator of G protein signaling 10 (RGS10) has
emerged as a prominent negative regulator of neuroinflammation. It is highly expressed in the resting state, and its levels are sup-
pressed during neuroinflammation. RGS10 inhibits gene expression of pro-inflammatory factors in microglia, and protects neu-
rons from degradation. However, the mechanisms that drive RGS10 suppression, regulation, and neuroprotection are unknown.
To address this, we studied the transcriptomic landscape of microglia using RNA-Sequencing (RNA-Seq). We used the murine mi-
croglial cell line (BV-2; WT) and used CRISPR to generate RGS10 knockout BV-2 cells (RGS10 KO). To study the effect of RGS10
under conditions of microglial activation, we treated cells with vehicle and an endogenous inflammatory stimulus, Interferon-g
(IFNg). Thus, we had 4 conditions – BV-2 +/- IFNg and RGS10 KO +/- IFNg, with 5 replicates for each condition. 1580 genes were
differentially regulated in the RGS10 KO cells when compared to the BV-2 WT cells under untreated conditions. Bioinformatic
analyses revealed that genes involved in chemotaxis, immune cell migration and locomotion were the most prominent changes
between the WT and RGS10 KO cells. Other changed processes between genotypes included synapse organization, hydrolase
activity and trans-synaptic signaling. 3924 genes were differentially regulated in response to IFNg in BV-2 WT cells. Unsurprisingly,
the processes associated with these genes were a part of immune and defense responses. In RGS10 KO cells, we found 4150
genes to be differentially regulated in response to IFNg. In addition to immune processes, as expected, cell division related pro-
cesses like DNA repair and mitotic sister chromatid segregation were also significantly enriched. Canonically, RGS10 functions as
a GTPase accelerating protein that inhibits Gai-mediated signaling; however, non-canonical RGS10 functions have been sug-
gested as well. Our RNA-Seq data suggest that RGS10 might be playing a prominent role in regulating processes such as chemo-
taxis and cell division, in addition to inflammatory responses to IFNg stimuli. Studies validating the role of RGS10 in regulating
these processes are currently underway.
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Curcumin ameliorates experimental colitis by suppressing
PERK-UPR-signaling pathway
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In this study, we investigated the underlying mechanism of the effects of curcumin on the PERK-UPR signaling pathway in experi-
mental colitis induced in Sprague-Dawley male rats by intrarectal instillation of trinitrobenzene sulphonic acid (TNBS). Animals
were treated with curcumin and 5-amino salicylate (5-ASA) daily starting 2hr prior to induction of colitis and sacrificed 2hr after the
treatment on day 7 post-TNBS. Colitis was associated with an induction of the colonic expression of Grp78, ATF4, eIF2a and
eIF2a-P PERK-pathway proteins. These changes were reversed by curcumin and 5-ASA treatments. Immunoprecipitation using
anti-Grp-78 antibodies demonstrated depletion of Grp78-bound-PERK in inflamed colon suggesting activation of PERK signaling
pathway. TNBS-induction of eIF2a-P in inflamed colon was also supported by immunofluorescence confocal microscopy find-
ings. However, expression of the eIF2a mRNA and protein, and the yield and quality of total RNA remained unchanged in the test
conditions. Therefore, the flow of eIF2a into eIF2a-P is independent of an enhanced transcription or translation of eIF2a and is
likely due to stabilization of eIF2a protein in the present condition. In view of higher levels of the translational inhibitor eIF2a-P, in-
duction of PERK, Grp78 and ATF4 seems to be independent of the expression of eIF2a in this case. In conclusion, we demonstrate
induction of the ER-stress and its reversal by curcumin through inhibiting the PERK-signaling pathway in the present model of coli-
tis. These findings add new insights into the disease pathogenesis and suggest that curcumin may serve as an adjunct treatment
for IBD.

Acknowledgments: The Kuwait University Research sector for financial assistance through a grant (YM03/19) and the College of
Graduate Studies. The Research Core Facility, HSC, Kuwait University.
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Calcium-dependent regulation of G protein-coupled
receptor kinases

Konstantin Komolov,1 Daniela K. Laurinavichyute,1 Anshul Bhardwaj,1 and Jeffrey L. Benovic2

1Thomas Jefferson University; and 2Thomas Jefferson Univ

Abstract ID 24257 Poster Board 285

Changes in intracellular calcium regulate a variety of cellular processes including G protein-coupled receptor (GPCR) desensitiza-
tion mediated by GPCR kinases (GRKs). At elevated calcium, Ca2+-binding proteins like calmodulin (CaM) and recoverin (Rec) tar-
get GRKs to terminate GRK-mediated phosphorylation of GPCRs at the plasma membrane and facilitate restoration of basal
conditions in the cell. Recently, we demonstrated that calcium regulation of GRKs is more complex than merely inhibition of
GPCR phosphorylation. For example, GRK5 can translocate to the cytoplasm and phosphorylate additional substrates in re-
sponse to Ca2+/calmodulin binding. Strong activation of GRK5 through CaM-assisted ordering of the amphipathic aN-helix of
GRK5 and allosteric disruption of kinase-RH domain interaction promotes GRK5-mediated phosphorylation of cytoplasmic sub-
strates. Here, we addressed whether other members of the GRK family can be regulated in a similar manner. Despite Rec and
CaM binding to the alphaN-helix of GRK1 and GRK6, respectively, this doesn’t induce strong enzyme activation as was observed
in GRK5. Both complexes also lack additional high-affinity C-terminal binding sites leading to relatively low affinity of the interac-
tion. We found that the C-terminal binding site is critical for stable association of CaM with GRK5 and its truncation promotes dis-
sociation of the complex. Moreover, the specific geometry of the C-terminus in GRK5 is supported by a C-terminal kink enabling
close proximity of N- and C-terminal sites for bipartite interface within CaM-GRK5 complex, thereby contributing to high-affinity
binding and strong activation of GRK5. We also found that CaM coupling to GRK5 is independent of its conformation since CaM
binding is equally strong when GRK5 is locked in an inactive conformation or preactivated by disruption of an electrostatic contact
between the RH and catalytic domains. Together, our data support evolution of calcium regulation across the GRK family from
simple modulation of GPCR phosphorylation at the plasma membrane (GRK1 and GRK6) to broad effects on GRK localization, ac-
tivity and substrate specificity (GRK5).
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Dry eye syndrome (DES) is caused by a lack of tear of severe evaporation of tear, also induced by various imaging devices such as
mobile phone and computers. Ecdysterone (20-Hydroxyecdysone) is a naturally ecdysteroid hormone that have insect metamor-
phosis, antioxidant activity and anti-inflammation. Recently, in addition, ecdysterone has received the focus of attention for the
role in disease prevention and health promotion. However, the exact mechanism for treatment of DES by ecdysterone is still unex-
ploited. In the present study, we investigated whether ecdysterone has the protective effect against DES in hyperosmolar stress-
stimulated human conjunctival cells and the extra-orbital lacrimal gland excised rats. In vitro, hyperosmotic media have signifi-
cantly increased oxidative stress. However, antioxidant enzyme, superoxide dismutase (SOD), and antioxidant proteins, heme
oxygenase-1 (HO-1), catalase (CAT), and Nuclear factor-erythroid factor 2-related factor 2 (NRF2) was considerably recovered by
treatment of ecdysterone at 50 and 100 mM. Additionally, inflammatory genes, interleukin-1beta (IL-1b), tumor necrosis factor-al-
pha TNF-a, IL-33 and Matrix metallopeptidase 9 (MMP9), and apoptotic protein, Bcl-2-associated X protein (BAX) and activated
caspase 3 were significantly inhibited by treatment of ecdysterone. In vivo, eye drops of formulated ecdysterone (FES) (0.01 %,
and 0.05%) to the extra-orbital lacrimal gland excised rats were remarkably restored on tear volume. Moreover, damaged corneal
condition by lacrimal gland excision was significantly attenuated by FES at 0.01 % and 0.05%. In conjunctival tissue, reduced
goblet cells by DES was highly increased by eye drops of FES through inhibition on mRNA expression of inflammatory genes, IL-
1b, TNF-a, interferon-gamma (IFN-g) and IL-6. Taken together, these results demonstrated that ecdysterone prevents dry eye
syndrome in human conjunctival cells and the extra-orbital lacrimal gland excised rats. Our study also proposes the insight to the
mechanisms of ecdysterone underlying the regulation of oxidation, inflammation and apoptosis.
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G protein-coupled receptors (GPCRs) are the largest family of druggable targets in the human genome. They initiate a plethora of
signaling pathways, including responses to most neurotransmitters and two-thirds of hormones, primarily by activating heterotri-
meric G-proteins (Gabg) inside the cell. Traditional approaches to measure GPCR activity rely on indirect reporters subject to am-
plification or cross-talk. Biosensors that directly measure G protein activity (i.e., formation of Ga-GTP or Gbg dissociation) are not
limited by these factors, but often require overexpression of exogenous G protein, which can affect endogenous signaling, and
are not suitable for implementation in physiologically relevant models. We set out to overcome all these limitations by generating
transgenic mouse lines for the conditional expression of biosensors that can detect the activity of endogenous G proteins in any
primary cell type compatible with in vitro culture. These sensors are named BERKY, for BRET biosensor with ER/K linker and YFP.
We designed the mouse lines based on previously described BERKY biosensors for free Gbg, Gaq-GTP, Ga13-GTP, or Gai-GTP,
and now present progress on the development of a new BERKY biosensor for Gas-GTP, which would ensure coverage of the de-
tection of activity of all G protein families. We currently have mouse lines for four biosensor breeding in our facilities, and have vali-
dated for some of them that endogenous G proteins activity can be detected upon conditional, Cre-dependent expression of the
biosensor in primary cells. Moreover, our results also indicate that the expression of this biosensor does not interfere with endoge-
nous G protein signaling. In summary, we are developing a platform of transgenic mice that will allow to measure the endogenous
activity of any G protein subtype in physiologically relevant cell types without affecting native G protein signaling.
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The b2-adrenergic receptor (b2AR) is implicated in numerous physiological functions. It is activated by endogenous catechol-
amines and primarily signals via the canonical Gs-adenylyl cyclase-cAMP-PKA pathway. In parallel, G protein-coupled receptor
kinases (GRKs) and b-arrestins regulate b2AR signaling by promoting b2AR desensitization and internalization, as well as down-
stream signaling often antithetical to the canonical pathway. Exogenous b-agonists, by targeting the b2AR, are the primary thera-
peutic medications in the treatment of asthma. This class of drugs has shown good efficiency in relieving bronchoconstriction, but
patients can also experience severe side effects, ultimately worsening asthmatic attacks. Several studies have correlated the
bronchodilation effects of b-agonists with activation of Gs signaling, while side effects were associated with b-arrestin functions.
Recently, we reported that Gs-biased agonists for the b2AR may provide a strategy to improve the functional consequences of
b2AR activation in treating airway diseases. However, since these agonists were not subtype-selective, we also focused on identi-
fying allosteric modulators for the b2AR, since such molecules are often subtype-selective and can bias signaling. To this end, we
screened small molecule libraries for allosteric modulators that selectively inhibit b-arrestin recruitment to the b2AR. This screen
identified several compounds with the required profile, and of these, DFPQ was found to be a selective negative allosteric modula-
tor of b-arrestin recruitment to the b2AR while having no effect on b2AR coupling to Gs. DFPQ effectively inhibited GRK-mediated
phosphorylation as well as agonist-promoted internalization of the b2AR and protected against the functional desensitization of
b-agonist-mediated regulation in cell and tissue models. The effects of DFPQ were also specific to the b2AR showing minimal ef-
fects with other GPCRs, including the structurally related b1AR. Molecular modeling, mutagenesis, and medicinal chemistry stud-
ies support DFPQ and DFPQ derivatives binding to an intracellular region of the b2AR, including residues within transmembrane
domains 3 and 4 and intracellular loop 2. Thus, DFPQ represents a novel class of biased allosteric modulators that targets an intra-
cellular allosteric site of the b2AR. The pharmacological characteristics of DFPQ can pave the way for the design of safer drugs for
treating asthma and may elucidate the mechanisms behind receptor-biased signaling.
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The canonical view of G protein-coupled receptors (GPCR) function is that receptor trafficking is tightly coupled to signaling.
GPCRs remain on the cell surface until they are activated, after which they are desensitized and internalized into endosomal com-
partments. This canonical view presents an interesting context for proton-sensing GPCRs because they are more likely to be acti-
vated in acidic endosomal compartments than at the cell surface. However, whether proton-sensing receptors are active in
intracellular compartments, and whether trafficking is coupled to this signaling, are not known. Here we show that the trafficking of
the prototypical proton-sensor GPR65 is fully uncoupled from signaling, unlike that of other known mammalian GPCRs. GPR65 in-
ternalizes and localizes to early and late endosomes, from where they signal at steady state, irrespective of extracellular pH. Acidic
extracellular environments stimulate surface receptor signaling in a dose-dependent manner, although endosomal GPR65 is still
required for a full cAMP response. Receptor mutants that were incapable of activating cAMP trafficked normally and were internal-
ized and localized to endosomal compartments. Our results suggest a model where GPR65 is constitutively active in endosomes.
Changes in extracellular pH reprogram the spatial pattern of receptor signaling and bias the location of signaling to the cell
surface.

This material is based upon work supported by the Rackham Merit Fellowship (RMF) and the National Science Foundation Gradu-
ate Research Fellowship Program (NSF-GRFP) under Grant No. DGE 1256260. Any opinions, findings, and conclusions or recom-
mendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science
Foundation.
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Physiological responses to catecholamines in many organs, such as the heart, airways, and pancreas, rely on accurate signaling
through the beta 2 adrenergic receptor (B2AR), a prototypical G protein-coupled receptor. It is becoming increasingly clear that a
complete B2AR physiological response is integrated from many discrete receptor signaling events, separated in time, that origi-
nate from different subcellular locations in cells. The spatiotemporal fidelity of these discrete signaling events relies on two critical
processes–those that localize receptors to specific compartments, and those that ensure that the receptors couple to the correct
signaling components in these compartments. The biochemical networks that mediate these processes, however, are still not fully
understood.

In this study, we focused on endosomal compartments to identify novel protein-protein interactions that ensure B2AR localization
and signaling on endosomes. Using unbiased APEX proximity labeling to capture transient interactions of B2AR during endosomal
localization, we identified 14-3-3 proteins–a physiologically relevant family of phosphopeptide binding proteins–as novel regula-
tors of B2AR function. Multiple 14-3-3 protein isoforms preferentially associated with B2AR in a phosphorylation-dependent man-
ner. 14-3-3 proteins acted as negative regulators of both global cAMP production and gene transcription downstream of B2AR
activation in endosomes, without affecting ERK activation. Our results identify 14-3-3 proteins as important regulators of endoso-
mal B2AR signaling, and suggest that B2AR interacts with discrete and regulated protein complexes at different subcellular sites
to ensure spatiotemporal fidelity in signaling.
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Molecular regulation of G protein prenylation under
sub-optimal conditions

Ajith Karunarathne,1 Mithila Tennakoon,1 Waruna Thotamune,1 and John L. Payton2

1Saint Louis University; and 2Kenyon College
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Prenylation is an irreversible post-translational modification of proteins that are involved in many physiological and pathological
processes. During prenylation, either a 15-C farnesyl or a 20-C geranylgeranyl isoprenyl lipid is covalently attached to the car-
boxy-terminal Cysteine residue in the CaaX motif that determines the type of prenylation. Isoprenyl Lipids are synthesized by the
pathway that produces Cholesterol, the mevalonate (HMG-CoA reductase) pathway. Cholesterol-lowering medications (statins)
target the rate-limiting HMG-CoA reductase enzyme. We previously showed that statins significantly disrupt the membrane locali-
zation and signaling of G protein bg in a Gg subtype-dependent manner. Here we elucidate the molecular processes that regulate
the efficacy of G protein g prenylation using live-cell imaging, optogenetics, and pharmacological strategies. Our findings provide
reasonings underlying differential prenylation sensitivities of G proteins likely to be found in pharmacologically- or genetically-in-
duced hypolipidemic conditions.

Support/Funding Information: NIH-NIGMS: grant number R01GM140191
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Novel GaGTP Sensors to probe Subcellular signaling of
Endogenous heterotrimeric G proteins

Dhanushan Wijayaratna,1 and Ajith Karunarathne1

1Saint Louis University
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GPCRs are the world's major drug target due to their involvement in nearly all body systems. GPCRs perceive highly spatially and
temporally variable stimuli from the outer cell environment and activate G proteins. G protein heterotrimers are comprised of a, b,
and g subunits. Based on the type of Ga subunit in the heterotrimer, G protein pathways are grouped into four families: Gas, Gaq,
Gai, and Ga12/13. In the inactive GPCR form, Ga is bound to GDP, and exchanges to GTP upon GPCR activation, which induces
Gbg dissociation from GaGTP. GaGTP and free Gbg broadcasts the extracellular signals into the cell interior at the site of their ori-
gin as well as upon translocation to various subcellular organelles and interacting with a broad range of effectors to elicit cellular
responses. Understanding the dynamics of endogenous G proteins upon subcellular GPCR activation and recapitulating in-vivo
signaling environments can allow pathological signaling identification. Here, we show the engineering of Ga-GTP sensors to probe
endogenous GaiGTP and GaqGTP in cells. Compared to examination of overexpressed fluorescently-tagged Ga, our sensors
provide the extent and kinetics of endogenous G proteins with native fidelity. Here, our data with the Gai-GTP sensor suggest that
G protein heterotrimer dissociation (GPCR activation) and reformation (GPCR inactivation) is Gg-subtype dependent. Further, our
newly engineered sensors allow for the detection of endogenous Ga-GTP generation with subcellular resolution. Collectively, the
new Gai and Gaq sensors shed light on the underexplored endogenous G protein signaling paradigms.

This work was funded by NIH through NIGMS grant R01 GM140191.
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Structure-activity relationship of G protein-coupled receptor
kinase 5 (GRK5) and its mutants

Priyanka Naik,1 Qiuyan Chen,2 and John JG. Tesmer1
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G protein-coupled receptors (GPCRs) are the largest class of membrane receptors in eukaryotes. They regulate diverse functions
like cardiac output, vision, and migration. GPCR kinases (GRKs) function as ‘brakes’ for GPCR signaling and thereby allow cells to
adapt to changes in extracellular cues. Altered GRK activity is however implicated in cardiovascular diseases, diabetes, and can-
cer. In this study, we sought to define how GRK5 interacts with rhodopsin, a canonical model GPCR. After failing to capture the
complex via chemical crosslinking, we introduced alterations into GRK5 to increase its affinity for rhodopsin such as swapping the
N-terminus of GRK5 with that of GRK1, the native kinase for rhodopsin, and installing a K194R mutation to remove a crosslinking
site that might compete for complex formation. We tested the mutants for kinase activity using a radiometric assay and for struc-
tural stability using a Thermofluor assay. We observed minimal changes in the kinase activity of these mutants, but deletion of the
C-terminus decreased the structural stability of GRK5. We also studied the activity of GRK5 in the presence of c8-PIP2, a soluble
version of the common phospholipid PIP2 known to activate GRKs, and demonstrated inhibition. This inhibition is likely due to
nonspecific binding of the compound to the catalytic domain of GRK5. Our findings confirmed that the mutants retain kinase activ-
ity and minimally altered structural stability, setting the stage for us to obtain a stable GRK5-rhodopsin complex for structural
analysis.
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Enhanced cAMP-based assay for GPCR deorphanization

Luca Franchini,1 Lindsay R. Watkins,2 and Cesare Orlandi1
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G-protein coupled receptors (GPCRs) are the target of almost 30% of marketed drugs. However, only a small percentage of the
whole GPCR repertoire is well characterized for both endogenous ligand and signaling pathways activated, with �100 GPCRs still
considered orphans (i.e. their endogenous ligand is unknown). Nonetheless, orphan GPCRs are increasingly recognized for their
essential pathophysiological roles. As new pharmaceutical targets, this pool of uncharacterized GPCRs offers a lot of unrealized
potential. Several methods have been exploited to discover new ligand-receptor pairs and characterize receptor-signaling cou-
pling, for example luciferase reporter systems modulated by specific Ga protein signaling, b-arrestin recruitment (PRESTO-
Tango), TGF-a cleavage by ADAM17 in combination with Gaq protein chimeras (TGF-a shedding assay), and calcium mobilization
assays with the promiscuous Ga15. However, in the last few years the number of deorphanized GPCRs has not grown as ex-
pected. According to the GPCRdb, nearly two-thirds of GPCRs are coupled to Gi/o/z proteins, for which currently available assays
display low sensitivity. To address this problem, we recently applied a set of genetic reporters in combination with Ga protein chi-
meras to measure the constitutive activity of a library of orphan GPCRs expressed in a heterologous system. Ga protein chimeras
enabled to reroute the signaling of Gi/o/z-coupled receptors to readily measurable readouts. This approach revealed Gi/o/z-cou-
pling for 8 out of 19 orphan GPCR tested. Later, we developed a highly sensitive assay to screen for ligands activating Gi/o/z-cou-
pled GPCRs by combining the use of G protein chimeras and real-time measurements of cAMP levels through the GloSensorTM.
By measuring the activation of several ligand-activated Gi/o/z-coupled receptors, we defined ideal assay conditions that take into
account various system-influencing factors. Our data suggest that expression of the GsGz chimera in combination with pertussis
toxin (PTX) and the phosphodiesterase inhibitor IBMX result in an extremely high sensitive assay. Finally, we further developed
this cell-based assay to detect the activation of GPCRs coupled to any of the four G protein families. To this goal, we combined
three G protein chimeras, GsGz, GsGq and GsG13 (Gs is endogenously expressed), in the same system and tested the activation of
a subset of Gs, Gq/11, Gi/o/z and G12/13 coupled receptors. Using an innovative approach to cell transfection, we are now generating
stable cell lines expressing stoichiometric ratios of each component of our enhanced cell-based assay. This universal assay is
blind to the G protein-coupling profile of the examined receptor and, therefore, it will be extremely useful in high-throughput identi-
fication of endogenous and synthetic compounds activating orphan GPCRs.

The Foundation Blanceflor supported Luca Franchini in his research.
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Identification of a sequence of the activity-dependent
neuroprotective protein (ADNP) that is necessary for its
interaction with G??i1

Nathalie Momplaisir,1 Naincy R. Chandan,2 and Alan V. Smrcka2

1Univ of Michigan; and 2University of Michigan
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The activity-dependent neuroprotective protein (ADNP) is crucial for the proper development and maturation of the brain. A
number of reports have shown its interaction with members of the SWI/SNF complex as well as microtubule interaction partners
to mediate neuroprotective functions. Recently, using an unbiased proximity-dependent labeling method coupled to mass
spectrometry and immunoblotting in our laboratory, we identified ADNP as an interactor of the active subunit of the Gi subfamily
of G proteins. This interaction has not previously been shown in the literature.

G proteins are important transducers of signaling downstream of relevant therapeutic targets, which are G protein-coupled recep-
tors (GPCRs). Considering the relevance of G proteins and the neuroprotective function of ADNP, the biochemical and functional
characterization of its interaction with G??i1 is needed.

To continue characterizing this interaction, we used a nanoluciferase-based complementation assay where we fused a small frag-
ment of nanoluc - small BiT (SmBiT) and natural peptide (NP), to the N and C termini of ADNP and assessed their interactions with
G??i1 fused to the large fragment of nanoLuc, LgBiT. Results show a nucleotide-dependent interaction of ADNP with G??i1. This
nucleotide-dependent interaction was not observed with G??s, or G??q. We also investigated the localization of both proteins and
observed a prominent nuclear localization of ADNP. In the presence of inactive and active G??i1, a subset of cells showed partial
membrane localization despite its prominent nuclear localization.

Further characterization of this interaction was directed at the identification of the region of ADNP important for its interaction with
active G??i1. We created truncation mutants of ADNP followed by the nanoluciferase-based complementation assay. We ob-
served loss of the GTP-dependent interaction of ADNP with G??i1 upon truncating ADNP at residue C687 but not 733. We also
found the deletion of amino acids 687-733 to abolish this interaction; this suggests that this region is necessary for the nucleotide-
dependent interaction between ADNP and G??i1. Ongoing work is focused on the biological relevance of this interaction, more
specifically on microtubule regulation and Gi-dependent regulation of genes via ADNP in PC12 cells.

Support/Funding Information:

The National Science Foundation Graduate Research Fellowship (NSF-GRFP)

T32 Pharmacological Sciences Training Program (PSTP)

The Rackham Merit Fellowship (RMF)
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Insights into Affinity Improvement of an Engineered Tissue
Inhibitor of Metalloproteinases from Molecular Dynamics
Simulations

Matt Coban,1 Thomas R. Caulfield,1 and Evette S. Radisky1
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Matrix MetalloProteinases (MMPs) are a family of 23 multidomain zinc-dependent endopeptidases that primarily target extracellu-
lar matrix proteins for degradation. An array of physiological functions rely on MMP activity; dysfunction results in diseases/disor-
ders, including cancers, cardiovascular and pulmonary disease, and arthritis. Despite considerable long-term efforts towards
MMP-targeted pharmacology, most potential therapeutics fail in clinical trials due to off-target toxicity against MMPs and other
zinc-dependent endopeptidases. Our group has been applying protein engineering efforts towards endogenous Tissue Inhibitors
of MetalloProteinases (TIMPs) to create high-affinity and selective inhibitors for disease-associated MMPs. We previously utilized
semi-random mutagenesis and yeast surface display to identify an ultrabinder variant of TIMP1 with enhanced affinity towards
MMP3, a target in cancer and lung fibrotic diseases, and solved a co-crystal structure of MMP3 bound to this engineered ultra-
binder TIMP variant. Here, we employ modeling and molecular dynamics simulations on unbound and MMP3-bound TIMP1 and
the ultrabinder variant to investigate the biophysical etiology of MMP-TIMP molecular recognition and of mutation-induced affinity
improvements. Our simulations reveal localized induced fit at the zinc-chelating portion of TIMP upon binding MMP, whereas
other binding interface regions seem to rely more on innate shape complementarity and conformational selection. Inter-residue
motion covariance matrices reveal that MMP binding also reorganizes motion coupling throughout TIMP globally; this suggests
that allosteric regulation of the binding interface differs between the unbound and MMP-bound states. Comparisons of molecular
dynamics trajectories were made between WT TIMP1 and the ultrabinder TIMP1 variant. Time-resolved analyses of ultrabinder
TIMP1 shows that it possesses stable secondary structural alterations that increase TIMP interdomain interactions, as well as pro-
tein-protein interactions with MMP3. Dynamical network analyses show that the engineered TIMP1 is able to propagate internal
motions with greater efficiency, which appears to suppress motions perturbing TIMP from MMP-congruent configurations. In both
the unbound and the MMP-bound states, variant TIMP1 has reduced conformational variability compared to WT TIMP1, with
greater representation of conformations resembling that of the bound crystal structure, and more favorable predicted binding en-
ergy to MMP3. Overall, our results show that the engineered ultrabinder TIMP1 variant possesses altered protein dynamics that
promote MMP3 compatibility in multiple ways, both via preconfiguration of unbound TIMP and via maintenance of the MMP/TIMP
complex. These data suggest strategies that utilize intrinsic protein dynamics to improve affinity and selectivity of TIMPs in future
engineering efforts towards biopharmaceutical development.

This research is supported by NIH R01GM132100
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Spatial Compartmentalization of mTORC1 to the Nucleus to
Regulate Transcription and Impact Nuclear Erk Signaling

Ayse Sahan,1 Yanghao Zhong,1 Consuelo Sauceda,1 David J. Gonzalez,1 and Jin Zhang1
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Mechanistic target of Rapamycin (mTOR) complex 1 (mTORC1) integrates inputs from multiple pathways and senses diverse sig-
nals to regulate cell growth, protein translation, and proliferation. Given that signal compartmentalization can enhance signaling
specificity and efficiency, spatial regulation of mTORC1 appears to be critical for this multifaceted signaling complex as it has
been reported at many subcellular locations. For example, mTORC1 at the lysosome is regulated by both amino acids and growth
factors and functions to promote translation and suppress autophagy. We have also previously reported a nuclear pool of
mTORC1 that is regulated by nuclear Akt, by a regulatory mode distinct from the lysosomal pool of mTORC1. However, the func-
tions of subcellular pools of mTORC1, in particular in the nucleus, are not well understood. A major limitation in the field is the
availability of tools to assess the activity and function of spatially compartmentalized signaling enzymes in living cells. We have de-
veloped a genetically encodable inhibitor of mTORC1, TerminaTOR, that can be spatially compartmentalized to specifically inhibit
a subcellular pool of mTORC1. Using TerminaTOR, we conducted a phosphoproteomics study to elucidate the role of nuclear
mTORC1 in regulating transcriptional proteins. Several transcription-related proteins were differentially expressed or phosphory-
lated upon nuclear mTORC1 inhibition. Furthermore, the phosphoproteomics data revealed interesting crosstalk between nuclear
mTORC1 and Erk activity, which we investigated more in depth by imaging and biochemical assays. Based on our findings, we hy-
pothesize that there is a mechanism of spatially regulated crosstalk between nuclear Erk and nuclear mTORC1 that may play a
role in transcription.
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Glial Cell Development is Changed by Genetic
Overexpression of MeCP2 in a Pitt-Hopkins Syndrome
Mouse Model
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Introduction: Pitt-Hopkins syndrome (PTHS) is a neurodevelopmental disorder caused by monoallelic mutations or deletions in
the Transcription Factor 4 (TCF4) gene. PTHS symptoms include developmental delay, intellectual disability, lack of speech, and
motor incoordination. Due to the established role for TCF4 in regulating the maturation of oligodendrocyte progenitors and a sub-
population of astrocytes (Phan et al., 2020; Wang et al., 2021), Kim et al. (2022) attempted to normalize Tcf4 specifically expres-
sion in oligodendrocytes; however, aberrant behavioral phenotypes were not reversed. A known phenotypic overlap between
PTHS and Rett syndrome (RTT) indicates that there are possible common signaling pathways between the two neurodevelopmen-
tal disorders. We have found that increasing expression of Methyl-CpG-Binding Protein 2 (MeCP2), the causative protein in most
cases of RTT, decreases hyperactivity and corrects impairments in learning and memory in a mouse model of PTHS (Tcf4+/-). Re-
cent studies in our lab using Tcf4+/- mice have also indicated that levels of astrocytes, oligodendrocytes and microglia are
changed after MeCP2 upregulation.

Aim: The current study sought to understand if the effects of MeCP2 overexpression on behavioral phenotypes in the Tcf4+/-

model were due to a change in the functioning of glial cells.

Methods/Results: We generated four animal genotypes (WT, MECP2Tg1/o, Tcf4+/-, MECP2Tg1/o; Tcf4+/-) and performed quantita-
tive RT-PCR from the cortex, hippocampus and striatum followed by immunohistochemistry studies using specific markers for as-
trocytes (Glial Fibrillary Acidic Protein; GFAP), oligodendrocytes (Oligodendrocyte Transcription Factor 2; OLIG2) and microglia
(Ionized Calcium-Binding Adapter Molecule 1; IBA1) to analyze morphology and expression of these cells in our experimental
groups. Both techniques revealed that some glial-associated targets are differentially expressed in MECP2Tg1/o; Tcf4+/- mice,
most evidently in the cortical regions. We are currently isolating these cells in a primary culture to analyze potential functional
changes after MeCP2 upregulation.

Conclusions: Our results support that behavioral phenotypic rescue in MECP2Tg1/o; Tcf4+/- mice may result from differential glial
cell development mediated by MeCP2 overexpression.

Funding: The Pitt Hopkins Foundation and the International Rett Syndrome Foundation
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Pharmacological Modulation of Hsp70 to Selectively
Remove Misfolded Neuronal Nitric Oxide Synthase
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The accumulation of misfolded proteins can result in various diseases, including several neurodegenerative disorders. Critical pro-
teins that are associated with the onset of some of these disorders are client proteins of the heat shock protein (Hsp) 90 and
Hsp70 chaperone system that selectively regulates their stability and degradation. Previously, we’ve determined the opposing
roles Hsp90 and Hsp70 have on client protein stability using neuronal nitric oxide synthase (nNOS), a well-established client pro-
tein. Hsp90 stabilizes misfolded client proteins and prevents their ubiquitination, whereas Hsp70 enhances their ubiquitination
and degradation. Thus, the Hsp90/70 chaperone system is a promising target for the development of treatments for these disor-
ders. Over 20 inhibitors of Hsp90 have been developed but all clinical trials to date have failed, in large part, due to toxicity issues.
In that Hsp90 inhibition may target functional client proteins in near native states, we hypothesize that targeting Hsp70 may be
more selective for misfolded proteins. In the current study, we have developed a cellular model stably expressing native nNOS or
C331A mutant of nNOS, which represents a slightly misfolded but functionally active nNOS, to better test this hypothesis. We
showed that Hsp70 modulators, such as YM-1 and JG-98, caused a time- and dose- dependent decrease in C331A mutant of
nNOS while the native nNOS was not affected under the same conditions. The Hsp90 inhibitor, radicicol, was not as selective as
loss of both C331A nNOS and wild type nNOS were observed. These results suggest that Hsp70 modulation selectively removes
the misfolded client protein while sparing the natively folded or near native nNOS proteins. Future studies will focus on developing
and characterizing other Hsp70 modulators to identify small molecules that may better enhance the ubiquitination and degrada-
tion of misfolded nNOS.

This was supported in whole or in part, by National Institutes of Health Grant GM077420 and the University of Michigan Medical
School's Protein Folding Diseases Initiative. AMG is a trainee of the University of Michigan, Training Program in Translational Sci-
ence (NIH T32-GM141840) and a Department of Pharmacology Lucchesi Fellow.
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Intracellular metabotropic glutamate receptor 5 (mGlu5)
triggers ER calcium release distinct from cell surface
counterparts in striatal neurons
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Metabotropic glutamate receptor 5 (mGlu5) is widely expressed throughout the central nervous system and plays a fundamental
role in synaptic plasticity. As such, mGlu5 serves as a potential therapeutic target for various neurodevelopmental and psychiatric
disorders including depression, anxiety, and autism. Recent work from our lab showed that mGlu5 is one of a growing number of
G protein coupled receptors (GPCRs) that can signal from intracellular membranes. Specifically, more than 90% of mGlu5 is pre-
sent on intracellular membranes where it can be activated by ligands that can be transported across cell membranes. Activated in-
tracellular mGlu5 leads to the upregulation of extracellular signal-regulated kinase (ERK1/2), ETS transcription factor Elk-1, and
activity regulated cytoskeleton associated protein (Arc) in striatal neurons. Using cytoplasmic Ca2+ indicators such as Oregon
Green Bapta, previously we showed that the cell surface mGlu5 agonist DHPG induced a transient Ca2+ increase while the intra-
cellular mGlu5 agonist Quis mediated a sustained Ca2+ elevation in striatal neurons. To determine the source of Ca2+ release, here
we transfected dissociated striatal neurons with a genetically encoded endoplasmic reticulum (ER)-targeted Ca2+ indicator (ER-
GCaMP6-150). Fluorescent changes in individual neurons were monitored in real time following application of either DHPG or
Quis. As a control we used the membrane permeant Ca2+ ionophore, ionomycin. One hundred seconds after ionomycin applica-
tion 78% of somal ER Ca2+ was reduced. In comparison to ionomycin, activation of cell surface mGlu5 using DHPG led to �18%
decline in ER Ca2+ whereas activation of intracellular mGlu5 using Quis, resulted in a �29% ER Ca2+ decline. Quis resulted in a
more rapid ER Ca2+ release (T1=2=29sec) versus DHPG (T1=2= 43 sec). These results confirm and extend mGlu5-localized signaling
differences which may facilitate the development of location-specific drugs.

This work was supported by National Institutes of Health Grants MH119197, NS102783, MH101874 and IDDRC Grant P50
HD103525.
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Agonist concentration-dependent conformational changes
of formyl peptide receptor 1 contribute to biased signaling
in phagocytes

Richard Ye,1 and Junlin Wang1
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Phagocytes are innate immune cells that may be exposed to ligands such as inflammatory factors at sub-nanomolar to micromolar
concentration range. Therefore, the G protein-coupled receptors on these cells such as formyl peptide receptor 1 (FPR1) must
adapt to this concentration variation with desired physiological responses. The bacteria-derived formyl peptide fMet-Leu-Phe
(fMLF) is a potent chemoattractant of phagocytes that induces chemotaxis at sub-nanomolar concentrations. At higher concentra-
tions, fMLF inhibits chemotaxis while stimulating degranulation and superoxide production. While this switch of cellular activities
in response to different concentrations of the same agonist allows effective killing of invading bacteria by the activated phago-
cytes, the underlying mechanism was unclear. Using a bioluminescence resonance energy transfer (BRET)-based FPR1 biosen-
sor, we found that fMLF at sub-nanomolar and micromolar concentrations induced distinct conformational changes in FPR1.
Neutrophils exposed to sub-nanomolar concentrations of fMLF polarized rapidly and migrated along a chemoattractant concen-
tration gradient surrounding the cells. These cells also developed an intracellular Ca2+ concentration gradient. In comparison,
higher concentrations of fMLF triggered the PLC-b/diacyl glycerol/inositol trisphosphate pathway following activation of heterotri-
meric Gi proteins, leading to Ca2+ mobilization from intracellular stores and Ca2+ influx from extracellular milieu. A robust and uni-
form rise in cytoplasmic Ca2+ level was required for degranulation and superoxide production but disrupted cytoplasmic Ca2+

concentration gradient and inhibited chemotaxis. In addition, elevated ERK1/2 phosphorylation and b-arrestin2 membrane trans-
location were associated with diminished chemotaxis in the presence of fMLF above 1 nM. These findings provide an example of
agonist concentration-dependent biased signaling through induction of different receptor conformational changes.

Supported by funds from the National Key R&D Program of China (2019YFA0906003) and the 70th batch of General Projects
from China Postdoctoral Science Foundation (2021M703092).
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Fluorescence Resonance Energy Transfer (FRET)
Spatiotemporal Mapping of Atypical P38 Reveals an
Endosomal and Cytosolic Spatial Bias
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Mitogen-activated protein kinase (MAPK) p38 is a central regulator of intracellular signaling, driving physiological and pathological
pathways. With over 150 downstream targets, it is predicted that spatial positioning and the availability of cofactors and sub-
strates determine kinase signaling specificity. The subcellular localization of classical mitogen-activated kinase kinase 3/6 (MKK3/
6) dependent p38 is highly dynamic to facilitate the selective activation of spatially restricted substrates displaying rapid nuclear
translocation. In addition to classical MKK3/6-dependent p38 activation, the adaptor protein TAB1 can selectively bind to p38, in-
ducing p38 autophosphorylation in a pathway termed atypical p38 activation. Recent studies have linked atypical p38 activity to a
wide range of pathological signaling responses, including vascular inflammation and ischemic damage. However, the spatiotem-
poral profile of atypical p38 inflammatory signaling has not been studied and would provide valuable insight into how atypical p38-
driven pathological responses.

To address this critical gap, we developed genetically encoded fluorescence resonance energy transfer (FRET) biosensors to track
p38 activity with subcellular resolution. Through comparative analysis of plasma membrane, cytosolic, nuclear, and endosomal
compartments, we established a characteristic profile of nuclear bias for MKK3/6-dependent p38 activation. Conversely, atypical
p38 activation via thrombin-mediated G-protein coupled receptor (GPCR) protease-activated receptor 1 (PAR1) activity led to the
sequestration of p38 at the endosome and cytosol, limiting nuclear translocation, a profile conserved for additional inflammatory
GPCRs, including prostaglandin E2 activation of EP2. Intriguingly, perturbation of GPCR endocytosis with the dynamin inhibitor
Dyngo4A led to spatiotemporal switching of atypical signaling, reducing endosomal and cytosolic p38 activation and increasing
nuclear activity. Suggesting that a critical and yet unknown endosomal regulator drives the spatial bias of atypical p38 signaling.
The data presented provide the first live-cell examination of the spatiotemporal dynamics for p38 activity and provide critical in-
sight into how atypical p38 signaling drives differential signaling responses through spatial sequestration of kinase activity.

JB supported in part by the National Center for Advancing Translational Sciences of the National Institutes of Health under Award
Number UL1TR002378 and TL1TR002382, and

NG, JB Supported in part by NIH NIAID R03AI171967-01
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Cargo-selectivity of Vesicle-associated Membrane Proteins
in GPCR Exocytosis
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1University of Michigan; 2Carnegie Mellon Univ; and 3Univ of Michigan

Abstract ID 53076 Poster Board 350

Vesicle fusion at the plasma membrane is a critical process for releasing hormones and neurotransmitters and delivering cognate
GPCRs to the cell surface. Although the fusion machinery of soluble NSF-attachment receptor protein (SNARE) complex mediat-
ing neurotransmitter release is extensively studied, the SNARE complex that mediates GPCR surface delivery is largely unknown.
Using multiple microscopy methods, we find subtype-dependent cargo-selectivity underlying the v-SNAREs, vesicle-associated
membrane proteins (VAMPs). VAMP2 was preferentially enriched in vesicles that mediate the surface delivery of mu opioid recep-
tor (MOR), and was required selectively for MOR recycling, but not for beta2 adrenergic receptor or transferrin receptor. Interest-
ingly, VAMP2 was not preferentially presenting on endosomes that contained MOR, suggesting the involvement of local sorting
mechanism. Together, our results identify VAMP2 as a cargo-selective v-SNARE and suggest that surface delivery of specific
GPCRs is mediated by distinct SNARE complexes.

H.C. was supported by Rackham Graduate Student Research Grant under JE RGSGss0666 from the University of Michigan.
M.A.P. was supported by NIH grant GM117425 and DA055026, and NSF grant 1935926.
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Delineation of the G Protein-Coupled Receptor Kinase
Phosphorylation Sites Within the D1 Dopamine Receptor
and Their Role in Regulating Receptor Function
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Arun K. Ghosh,3 John JG. Tesmer,3 Carsten Hoffmann,2 David R. Sibley,1 and Amy E. Moritz1
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Dopamine receptors (DARs) are G protein-coupled receptors (GPCRs) that regulate diverse physiological functions including
movement, mood, cognition, and motivation, and are involved in the pathology and treatment of numerous neuropsychiatric disor-
ders. The D1-like DARs (D1R and D5R) activate adenylyl cyclase and increase cAMP levels, while D2-like DARs (D2R, D3R, D4R)
inhibit adenylyl cyclase and decrease cAMP levels. Additionally, all DARs recruit b-arrestin, leading to separate signaling cascades
and the initiation of receptor desensitization and internalization. b-arrestin recruitment to the D1R is closely linked to receptor
phosphorylation, and the D1R has been shown to be phosphorylated by various kinases including protein kinase A (PKA), protein
kinase C (PKC), and G protein-coupled receptor kinases (GRKs). The D1R contains 32 intracellular serine and threonine residues
within the C-terminus and third intracellular loop (ICL3) that serve as potential phosphorylation sites. Using mutational analyses,
we previously identified the PKA- and PKC-mediated phosphorylation sites and showed that GRK4 constitutively phosphorylates
the receptor. We have now identified the D1R residues that are phosphorylated by GRKs in response to dopamine (DA) stimulation
and found that mutation of these residues severely impairs b-arrestin recruitment, but has little effect on G protein-mediated sig-
naling. Our results also suggest that most of the DA-induced GRK phosphorylation of the D1R occurs at residues T360 and S362
in the proximal C-terminus, and that these residues are primarily responsible for b-arrestin recruitment to the receptor. We next
sought to determine which GRK subtypes are involved in DA-induced b-arrestin recruitment to the D1R. Using CRISPR-edited
HEK293 cells in which all the endogenous GRKs were knocked out, we found that DA-induced b-arrestin recruitment to the D1R is
severely impaired in the absence of GRKs, but can be rescued by exogenous GRK overexpression. The kinase activity of the
GRKs appears to be necessary for this effect, as a catalytically inactive K220R GRK2 mutant is unable to rescue DA-induced b-ar-
restin recruitment to the D1R. Using individual or combinatorial GRK KO cells, we found that GRK2 and GRK3 play little to no role
in mediating DA-stimulated b-arrestin recruitment to the D1R, which contrasts with diminished b-arrestin recruitment to the D2R
in GRK2 KO cells. However, we found that DA-induced b-arrestin recruitment to the D1R was significantly impaired in GRK5/6
and GRK6 KO cells. We found similar effects using multiple GRK2/3-selective inhibitors, in that they had no effect on b-arrestin re-
cruitment to the D1R, while they severely diminished DA-induced b-arrestin recruitment to the D2R. We are currently using GRK5/
6-selective inhibitors to determine if pharmacological inhibition of GRK5/6 imitates GRK5/6 knockout. Taken together, these re-
sults suggest that GRK6 is prominently involved in DA-induced b-arrestin recruitment to the D1R, and that different GRK subtypes
regulate b-arrestin recruitment to the D1R vs. the D2R. Because GRK subtype distribution varies by tissue and brain region, it is in-
triguing to postulate that D1R phosphorylation by different GRKs may add layers of regulatory fine-tuning through differentially di-
recting D1R signaling or trafficking outcomes.
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Protective Effects of Ozanimod in Cisplatin-induced
Neuropathic Pain in Mice: Insights from Single-cell
Transcriptomic Profiling in Spinal Cord Tissues
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Chemotherapy-induced peripheral neuropathy accompanied by neuropathic pain (CINP) is a major neurotoxicity of cisplatin,
which is a platinum-based drug widely used for the treatment of lung, ovarian, and testicular cancer. CINP causes drug discontin-
uation and severely impacts quality of life; there are no FDA-approved interventions. We have reported that platinum-based drugs
increase levels of the sphingolipid, sphingosine 1-phosphate (S1P) in the spinal cord and drive CINP through activation of the S1P
receptor subtype 1 (S1PR1). However, the cellular and molecular mechanisms that are engaged downstream of S1PR1 remain
poorly understood. Using a single-cell transcriptomic analysis of spinal cord from a mouse model of CINP, we found that cisplatin
upregulated biological pathways that promote neuron death and axon myelination dysfunction. We further analyzed genes upre-
gulated by cisplatin and reversed by the functional S1PR1 antagonist, ozanimod, in different cell types. In microglia, we discov-
ered genes enriched in ERK1/ERK2 cascade and Cd74, the gene encoding the macrophage migration inhibitory factor (MIF)
receptor that is known as a positive regulator of neuropathic pain. Similar analysis in astrocytes uncovered genes enriched in
S1PR1 trafficking and Wnt signaling. In addition, our analyses revealed that the proportion of astrocytes with high S1pr1 expres-
sion was increased by cisplatin and normalized by ozanimod. Overall, our results provide a comprehensive mapping of cellular/
molecular changes engaged by cisplatin in CINP and deciphers novel mechanisms of action of which may facilitate the develop-
ment of new therapeutics, including those targeting astrocytes and microglia.

Fundings: This study was funded by the National Institutes of Health Grant R01CA261979 (NIH) to Daniela Salvemini. All other au-
thors claim no conflicts.
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Design and Development of Novel Barbiturates of
Pharmacological Interest
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GABA(A) receptors are ubiquitous in the CNS system where they mediate inhibitory synaptic signaling. These channels are targets
of many pharmacological agents such as general anesthetics, sedatives, anticonvulsants, anxiolytics and anti-epileptics. GA-
BA(A)Rs function is modulated by positive, negative and null allosteric modulators/ligands (PAMs, NAMs and NALs) that bind in
the interfaces between the subunits. It is intuitive that these allosteric ligands influence the conformational stability and conse-
quently the kinetic equilibria of different states of the channel during gating. Our goal is to design and develop NALs for GABA(A)Rs
as reversal agents for general anesthesia and potentially non-sedative antiepileptics. These agents would attenuate the postoper-
ative anesthesia-related complications such as, memory loss and confusion, by expediting the recovery from general anesthesia.
The only clinically used NAL, flumazenil, binds to the benzodiazepine (BDZ) site in the extracellular domain’s (ECD) a+/g- interface,
and is an antagonists of benzodiazepine sedatives. We embarked on a drug design campaign based on the structures of etomi-
date, flavanols and barbiturates, ligands that bind in the transmembrane domain sites (TMD). In the design and discovery of the
new molecules, we used computational docking, structure-activity relationship studies and radioligand binding assays. We found
that novel spiro-barbiturates analogs of phenobarbital bind to the GABA(A)Rs and reverse the R-mTFD-MPAB-induced anesthe-
sia, while having only a marginal effect on agonist, [3H]muscimol, binding. The SAR study guided by the radioligand binding assays
and the in vivo experiments of these novel barbiturates will be presented. The discovery of the first NALs that reverse anesthesia
induced by positive allosteric modulators (PAMs) of GABA(A)Rs bound to the TMD will help understand GABAergic actions in the
CNS, and potentially lead to antidotes for general anesthesia and other GABAergic CNS drugs.

Support/Funding Information: National Institute for General Medical Sciences, R01 GM135550
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Dopamine may increase Akt through D1-like receptor
activation of PI3 Kinase in Macrophages

Dayna Robinson,1 Breana Channer,1 and Peter Gaskill2
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Macrophages are innate immune cells that regulate a variety of essential processes involved in the immune response. We and
others have connected several of the pathways underlying these processes to dopamine receptor activation, demonstrating that
dopamine drives inflammation in primary human monocyte derived macrophages (hMDMs). Our data specifically show that expo-
sure of hMDM to elevated dopamine levels increases the activation of the transcription factor NF-kB and the production of inflam-
matory cytokines such as IL-6 and IL-1b. To examine whether these effects are mediated by dopamine driven Akt signaling, we
treated hMDMs with either dopamine itself or dopamine receptor agonists or antagonists and evaluated changes in Akt phosphor-
ylation by Western blot. Akt activation requires phosphorylation at both serine 473 and threonine 308, and our data show that do-
pamine significantly increases phosphorylation at both sites. Phosphorylation was also induced by the D1-like receptor agonists
SKF 38389 and A68930, but not the D2-like receptor agonist Quinpirole. To further define the pathway by which dopamine recep-
tors act on Akt, we used the phosphoinositide kinase 3 (PI3K) inhibitor, Buparlisib (BKM 120) and the protein phosphatase 2A
(PP2A) inhibitor, okadaic acid (OA). BKM 120 eliminated the capacity of dopamine to phosphorylate Akt, but dopamine had no ef-
fect on OA mediated changes in Akt phosphorylation. This suggests that dopamine may act on Akt via activation of D1-like dopa-
mine receptors that stimulate PI3K signaling. However, additional treatments with dopamine or A68930 in the presence of the
pan-dopamine antagonist flupentixol show that dopamine can also increase Akt phosphorylation when dopamine receptors are
blocked. This suggests that dopamine could act on Akt through both dopamine receptor dependent and independent pathways,
such as adrenergic receptor activation. Future studies using receptor agonists and antagonists for dopamine and adrenergic re-
ceptors will further define and verify these processes. These data add clarity to the mechanisms by which dopamine drives macro-
phage immune function, potentially enabling the manipulation of dopamine-driven inflammatory activity.
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The Adhesion GPCR GPR114/ADGRG5 is Activated by its
Tethered-Peptide-Agonist Following Receptor Fragment
Dissociation
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The second largest group of G protein coupled receptors (GPCRs) is the class B2 group or adhesion GPCRs (AGPCRs). AGPCRs
are distinguished by variable extracellular regions that contain a membrane-proximal GPCR autoproteolysis-inducing (GAIN) do-
main that self cleaves to generate two receptor fragments, the N-terminal fragment (NTF) and the C-terminal fragment (CTF), or
seven transmembrane domain (7TM). The fragments remain non-covalently bound after self-cleavage. We hypothesize that bind-
ing of the NTF to its ligand(s) that are presented by a neighboring cell or the extracellular matrix, anchors the NTF, while the
AGPCR-expressing cell moves to generate force that dissociates the NTF/CTF to expose the AGPCR tethered-peptide-agonist
(TA). The decrypted TA rapidly binds to its orthosteric site within the CTF to stabilize the AGPCR active state. The orphan AGPCR
GPR114 was purported to be a non-cleaved, yet still capable of TA-dependent activation. This prompted confounding models of
AGPCR activation, such as the TA was proposed to reside simultaneously within the GAIN domain and the CTF orthosteric site.
This seems improbable as GPR114 has an identical cleavage site and TA as its closest homolog, the efficiently-cleaved AGPCR,
GPR56. Here we used immunoblotting of dually epitope-tagged and untagged GPR114 to show that it is a cleaved AGPCR. Fur-
thermore, FLAG-tagged GPR114 NTF was isolated from the culture medium of suspension cells expressing the holoreceptor,
demonstrating its ability to be spontaneously shed from the cell surface. Urea treatment of AGPCR membrane homogenates is an
established proxy means to induce AGPCR NTF dissociation and invoke tethered agonism. The wild type receptor, but not cleav-
age-defective GPR114-H225S, was activated by urea treatment to induce strong Gs activation. GPR114-H225S was activated by
the AGPCR Group VI selective small molecule agonist 3-a-DOG or a synthetic peptidomimetic of its tethered agonist. Finally, engi-
neered protease activated receptor (PAR1) / AGPCR fusion proteins of GPR114 and GPR56 were acutely stimulated with thrombin
protease and shown to activate Gs and G13 respectively. Together, these results show that the GPR114 activation process typi-
fies that of other AGPCRs and requires NTF/CTF dissociation to permit the tethered agonist to bind its CTF orthosteric site. Addi-
tional evidence demonstrating endogenous GPR114 self-cleavage mediated activation in primary cells will be presented.
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A positive allosteric modulator of M1 Acetylcholine
receptors improves cognitive deficits in male and female
APPswe/PSEN1DE9 mice via divergent mechanisms
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Alzheimer's disease (AD) is an age-related neurodegenerative disorder characterized by progressive cognitive decline with no ef-
fective treatments to slow its progression. Beta-amyloid (Ab) protein is considered the principal neurotoxic species in AD brains
that accumulates as the disease progresses. The M1 muscarinic acetylcholine receptor (mAChR) plays a key role in learning and
memory and has been identified as a promising therapeutic target for AD-associated cognitive decline. Indeed, M1 mAChR ago-
nists showed pro-cognitive activity in clinical trials but was associated with many cholinergic adverse effects that hinder their clini-
cal utility. A newly developed M1 mAChR positive allosteric modulator (PAM), VU0486846, is devoid of direct agonist activity and
adverse effects but was not tested for efficacy in AD mice. Here, we tested the efficacy of VU0486846 in AD mice by treating 9-
month-old male and female APPswe/PSEN1DE9 (APPswe) and wild-types with VU0486846 in drinking water (10mg/kg/day) for
eight weeks. Cognitive function of all mice was assessed after treatment and brains were harvested for biochemical and immuno-
histochemical assessment. Eight-week treatment with VU0486846 improved cognitive function of male and female APPswe mice
when tested in novel object recognition and Morris water maze. VU0486846 also improved the anxiety-like behavior of male and
female APPswe mice in the open field arena. Interestingly, the improvement in cognitive function and anxiety-like behavior in
APPswe mice was associated with a reduction in hippocampal soluble Ab oligomer levels in female but not male mice. Our find-
ings also show that VU0486846 can shift the proteolytic processing of amyloid precursor protein from amylogenic to non-amyloi-
dogenic cleavage to reduce Ab production in female but not male APPswe hippocampus. Thus, targeting M1 AChR using novel
PAMs can improve cognitive deficits with minimal adverse effects in male and female AD patients via sex-specific mechanism(s).
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Investigating the Intertwine Effect of Insulin Resistance and
Lipocalin Prostaglandin D2 Synthase in Non-alcoholic Fatty
Liver Disease using HepG2 Cells
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Despite non-alcoholic fatty liver disease (NAFLD) being the most common chronic liver disease worldwide, molecular mechanisms
contributing to its etiology and progression are still unclear. This gap in knowledge has prevented both the understanding of its ba-
sic biology, pathogenesis, and the development of novel therapeutic agents. There are currently no FDA-approved therapies for
NAFLD. A vast majority of prior studies that investigated NAFLD were performed using obese animal models since obesity and
NAFLD are strongly intertwined. Therefore, the role of insulin resistance in NAFLD in non-obese has been overlooked. Interest-
ingly, our previous study demonstrated that L-PGDS knockout mice develop insulin resistance but remain comparatively light
weight despite developing fatty liver on consuming a high-fat diet. Briefly, Lipocalin Prostaglandin D2 Synthase (L-PGDS) func-
tions as a prostaglandin synthase where it catalyzes the isomerization of PGH2 to PGD2. PGD2 regulates its physiological function
through two individual G-protein coupled receptors named DP1 and DP2. This finding led us to delve into the role of L-PGDS, and
precisely PGD2, in NAFLD. Since L-PGDS KO mice developed NAFLD and insulin resistance, it is crucial to understand this inter-
play of insulin and L-PGDS functioning. Therefore, we aimed to modulate the levels of L-PGDS to study its effect on glucose and
fatty acid metabolism in HepG2 cells. HepG2 cells are an appropriate in-vitro model to investigate insulin signaling because
HepG2 show a gluconeogenic, hepatokine and lipogenic gene-expression pattern similar to the one observed in in-vivo settings.
We used a plasmid expressing myc-FLAG-tagged L-PGDS to overexpress and siRNA to silence L-PGDS expression in HepG2
cells. Our data indicates that modulation of L-PGDS expression is feasible in HepG2 cells. We will determine the level of L-PGDS
mRNA and protein expression in insulin-sensitive and insulin-resistant HepG2 cells. Briefly, based on our preliminary data, we will
culture HepG2 cells in presence of high glucose (30mM) alone or in combination with insulin (500nM) for 24hrs to mimic the human
insulin resistance model. Further, we will identify the localization of L-PGDS in insulin sensitive and insulin-resistant HepG2 cells.
Finally, we will study the function of L-PGDS on lipid accumulation in insulin-sensitive and insulin-resistant HepG2 cells. Once, we
fully understand the role of L-PGDS, pharmacological agents that block hepatic lipid accumulation could be developed to treat
NAFLD effectively possibly involving PGD2 receptor agonist or antagonist. Collectively, our research will shed new light onto the
role of L-PGDS in liver physiology and diabetes-induced NAFLD and highlight new therapeutic targets for future studies.

This research was supported by Seed Grant and Summer Support of Research internal funding award from the St. John’s Univer-
sity, New York.

1521-0103/385/S3/supplement: ASPET 2023 Annual Meeting Abstracts dx.doi.org/10.1124/jpet.122.539140
THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS J Pharmacol Exp Ther 385: June 2023
Copyright © 2023 by The American Society for Pharmacology and Experimental Therapeutics

176

https://dx.doi.org/10.1124/jpet.122.539140


Designer Autocrine Signaling Networks for Discovering
GPCR-modulating Nanobodies
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Nanobodies are small antibody-derived proteins suited for recognizing structural motifs and surface facets of target proteins with
high specificity. Unlike their larger antibody counterparts, nanobodies can also access protein cavities normally accessible only to
ligands or unique protein interaction partners. With such abilities, nanobodies have garnered much attention in G protein-coupled
receptor (GPCR) research, as these receptors contain both extracellular- and intracellular-facing cavities for accommodating li-
gands and G proteins, respectively. Most efforts in GPCR nanobody development have focused on identifying those that stabilize
defined receptor conformations for solving GPCR structures. That said, using these same approaches for identifying nanobodies
that directly modulate receptor function has been a major challenge. Here, we present a new cell-based nanobody discovery plat-
form specially designed for identifying functionally relevant GPCR nanobodies. In the engineered system, nanobody-receptor in-
teractions are reported only when receptor function is influenced. Additionally, the interface at which nanobody-GPCR
interactions occur can be finely controlled, enabling user-defined discovery of nanobodies that interact at/near the receptor’s li-
gand- or G protein-binding site. To date, we have demonstrated the platform’s ability to identify both extracellular- and intracellu-
lar-binding nanobodies and have shown both negative and positive modes of GPCR modulation. We are currently using the
designed platform to identify similar nanobodies for over 30 unique GPCRs. We anticipate these efforts will yield a large panel of
nanobodies for further exploring and enhancing structural, cellular, and pharmacological studies of GPCRs, providing valuable re-
search tools and therapeutic candidates for basic and translational research alike.

This work was supported by NIH/NIGMS R35GM119518 to D.G.I.
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Morphological effects of caffeine and creatine on
Caenorhabditis elegans
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Creatine and caffeine are two supplements widely used by young adults in the U.S. Creatine is important for storing energy and to
help fuel muscle contraction. Taken misguidedly as a wonder supplement to boost muscle-building, nonetheless there is promis-
ing research outcomes for creatine as a nutraceutical that improves muscle wasting linked to cancer and other chronic diseases.
Caffeine is the most used psychoactive stimulant in the world. Increasingly, these supplements are taken jointly to promote fat ca-
tabolism while simultaneously increasing muscle anabolism. Caenorhabditis elegans (C. elegans) are nematode roundworms that
are emerging as excellent models of drug effects, particularly those related to development, metabolism, and aging. This is due to
their predictable and short lifecycle, high sequence orthology and homology to humans, and their entirely sequenced malleable
genome. C. elegans represent an excellent model to determine impact of these commonly consumed supplements on growth and
development. C. elegans were age matched and exposed to 8.75 mM caffeine, creatine, both caffeine and creatine, or a vehicle
control for 4 hours during the L1 phase of development. The worms were then allowed to age to the L4 stage, at which point they
were immobilized with sodium azide, mounted on slides and photographed using bright field microscopy. The volume of each
worm was quantified using imageJ. Worms exposed to creatine had 2.0-fold larger volumes than vehicle control treated animals
(p=0.000052, n=149 vehicle and 97 treated worms). However, worms treated with caffeine were not significantly different than
controls (p=0.4, n=25 vehicle and 47 treated). Preliminary data suggest an epistatic interaction between caffeine and creatine, but
more data is needed to confirm this interaction. Future directions include quantification of other morphology metrics, quantifying
the localization and amount of various lipids, and determining the effects of caffeine and the combination of caffeine and creatine
on survival rates of C. elegans. Given the prominence of the co-administration of caffeine and creatine it is important to understand
the effects of these two compounds on the physiology of growth and development. This work will guide further research in verte-
brates and humans on the effects of caffeine and creatine on these variables.

This work was supported by the Lechleiter fund for science research at Xavier University.
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Proximity Labeling-Based Network Analysis to Probe
Molecular Functions of Adenylyl Cyclase-Containing
Macromolecular Complexes in Cardiomyocytes

Taeyeop Park,1 Yong Li,1 and Carmen Dessauer1

1Department of Integrative Biology and Pharmacology, McGovern Medical School at the University of Texas Health Science
Center

Abstract ID 23771 Poster Board 483

The second messenger cAMP is essential for sympathetic and parasympathetic regulation of cardiomyocytes. The spatial organi-
zation of cAMP signaling is key to the unique functional responses elicited by different hormonal inputs. This organization is
achieved in part by means of scaffolding proteins that coordinate adenylyl cyclase (AC) localization in conjunction with down-
stream effectors of cAMP pathway, thus sensitizing the system to low levels of cAMP. However, the composition and dynamics of
AC-containing macromolecular complexes in heart disease remain mostly unknown, particularly for different AC isoforms. We
have carried out a comprehensive proteomic approach of AC complexes in the heart using BioID (proximity-dependent identifica-
tion of near-neighbor interaction). We have fused the mini-Turbo biotin ligase with three different cardiac AC isoforms and control
GFP and have expressed these fusion proteins in neonatal cardiomyocytes using adenoviruses. Neonatal cardiomyocytes were
subsequently incubated with biotin for 3 hours and harvested for streptavidin pull-down and mass spectrometry. Proteins identi-
fied by BioID were incorporated into Significance Analysis of INTeractome (SAINT) and high-confidence prey proteins were se-
lected by Saint Score (0.7 and above). High-confidence prey proteins have been classified with their enriched Gene Ontology
terms (GO) and cellular compartments using gProfiler, SAINT, and UniProtKB. Distribution of interactomes represented unique
protein patterns for different AC isoforms, particularly with respect to GO localization terms and cellular responses to stress. To
confirm our screening results, we performed Flag-pull down mass spectrometry with different AC isoforms and compared the de-
rived interactomes with those from BioID. Proteins identified by Flag-MS overlapped with BioID-derived interactors (35-60%, de-
pending on the AC isoform), with similar enrichment in GO terms relating to protein folding, localization, and small GTPase binding
function. We further validated one specific prey protein for AC5 and AC6 that was identified by BioID and Flag-MS - an E3 ubiquitin
ligase, STUB1 (also called CHIP). STUB1 interaction with AC5/6 has been assessed by IP-Western blot analysis, immunocyto-
chemistry, and its functional consequences on AC activity verified by knock-down siRNA experiments. Our current comprehen-
sive network analysis of complex formation is expected to provide important insights for understanding the spatial and functional
significance of AC-containing macromolecular complexes in the heart.

This research was funded by National Institute of General Medical Science RO1GM060419 and the Mathers Foundation
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The G protein alpha subunit G??q is a critical mediator of cells’ response to a variety of external stimuli as a result of activation of
Gq-coupled GPCRs. G??q-dependent signaling influences an array of physiological processes, including neurotransmission and
vasoconstriction; additionally, dysregulated G??q-dependent signaling has been firmly linked to several pathologies, including
uveal melanoma and maladaptive cardiomyocyte hypertrophy. One established mechanism by which activated G??q subunits
might promote these processes involves activation of phospholipase C beta isoforms (PLC??), which catalyze the hydrolysis of
PI(4,5)P2 into inositol (1,4,5) trisphosphate (IP3) and diacylglycerol (DAG), ultimately leading to Ca2+ mobilization and protein ki-
nase C activation. However, G??q subunits also signal independently of PLC??, through p63RhoGEF and Trio, for example. Re-
cently, our lab conducted a proximity labeling proteomic screen in HEK293 cells comparing wild-type G??q and constitutively
active G??q Q209L each fused to TurboID, a promiscuous biotin ligase. From this, we identified numerous proteins that were se-
lectively enriched in cells expressing G??q-Q209L-TurboID compared to cells expressing G??q-WT-TurboID. These enriched pro-
teins included known G??q interactors (PLC??, Trio, and GRK2) as well as several proteins that have not been previously shown to
interact with active G??q, such as SMARCD3, a regulatory component of the SWI/SNF chromatin remodeling complex. Subse-
quently, in COS-7 cells, we found that co-transfection of SMARCD3 selectively inhibits G??q-stimulated, but not G????-stimu-
lated, PLC?? activity, indicating that SMARCD3 competes with PLC?? for access to active G??q. Moreover, in HEK293 cells, we
found that (1) SMARCD3 co-immunoprecipitates with G??q and (2) preferentially interacts with active G??q in a nanoluciferase
fragment complementation (NanoBiT) assay. Taken together, these data indicate that SMARCD3 interacts with G??q in COS-7
and HEK293 cells. Currently, we are probing for the amino acid sequences that govern SMARCD3’s interaction with G??q. Based
on a predicted structure from AlphaFold, SMARCD3 consists of a relatively unstructured N-terminal region, a “core” region that
contains ??-sheets and a SWIB/MDM2 domain, and an extended, ??-helical C-terminus. Preliminary NanoBiT assay results with
SMARCD3 truncation mutants suggest that deletion of either terminus does not affect SMARCD3’s interaction with G??q. There-
fore, our ongoing studies will further define residues in SMARCD3’s “core” region that coordinate interaction with G??q. The SWI/
SNF complex regulates gene transcription by modulating chromatin accessibility. Therefore, we are also testing whether G??q’s
interaction with SMARCD3 regulates transcription in mammalian cells. These endeavors may reveal a novel connection between
G??q signaling and chromatin remodeling and, ultimately, may inform therapeutic strategies for combatting pathologies marked
by aberrant G??q signaling.

This work was supported by NIH/NIGMS R35 GM127303-01 (to A.V.S), an AHA Predoctoral Fellowship (902574, to J.F.L.), and an
NIH F31 Predoctoral Fellowship (1F31HL163927-01A1, to J.F.L.)
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ADGRE5 is a prototypical adhesion GPCR (aGPCR) that is expressed mainly on T lymphocytes, monocytes/macrophages, granu-
locytes, NK cells (especially CD56bright) and smooth muscle cells. Importantly, ADGRE5 expression is upregulated in many can-
cers (e.g., gastric/colorectal/pancreatic carcinomas, various leukemias, glioblastoma), whereas the corresponding normal tissues
express relatively little or no ADGRE5. Previous studies indicated that ADGRE5 plays an important role in modulating cell adher-
ence/detaching, migration, invasion, and metastasis, making ADGRE5 a potential drug target in oncology/immuno-oncology. Yet,
the development of assays enabling the discovery of drugs acting on aGPCRs has been complicated by the lack of functional ago-
nists and the complex multimodal mechanisms believed to govern receptor activation. Current methods rely on artificial methods
of activation that preclude the identification of allosteric modulators acting upon ADGRE5’s tractable long extracellular N-terminal
fragment.

We describe a novel in vitro enhanced bystander (eb)BRET-based assay allowing to detect the activity of the full-length (native)
form of human (h)ADGRE5 via its physiological activation mode (i.e., following mechanical stimulation (MS)). Indeed, subjecting
full-length hADGRE5 isoform1- or isoform2-transfected HEK293 to vigorous orbital shaking resulted in a rapid time-dependent re-
cruitment of ssArrestin 2 (ssArr2) to the plasma membrane. Such mechanosensitivity was not observed with a control receptor
(mu opioid receptor), despite its ability to engage ssArr2 following ligand stimulation. Interestingly, MS-induced ssArr2 engage-
ment was absent with hADGRE5 harboring a mutated GPCR proteolysis site (GPS), which is believed to play an important role in
aGPCR activation through the exposure of a tethered agonist following cleavage. Lack of activity was not related to defective cell
surface expression of the GPS mutant, as both WT and GPS mutant forms of hADGRE5 displayed comparable surface expression
when evaluated by flow cytometry. Similarly, MS provoked a delayed internalization of WT hADGRE5 but not that of the GPS
mutant.

CD55/DAF is one of four ligands described to interact with hADGRE5’s adhesive EGF-like folds and has been shown to promote
MS-dependent downregulation of leukocyte ADGRE5 in vivo. We showed that CD55/DAF is expressed endogenously by HEK293,
leading us to hypothesize that trans-signaling complexes between CD55/DAF and hADGRE5 could mediate the hADGRE5 activity
observed in our MS assays. Indeed, addition of a neutralizing anti-CD55 antibody significantly dampened MS-induced hADGRE5
ssArr2 recruitment. Finally, the robustness of the MS ssArr2 recruitment assay was evaluated in 96-well plates and resulted in a
Z’ = 0.73, thus rendering this assay compatible for high-throughput screening of compound libraries.

Collectively, our ebBRET-based assay is robust and will help identify and characterize novel therapeutic agents acting on (patho)-
physiologically relevant mechanisms of ADGRE5 activation through both orthosteric and allosteric receptor sites.
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Acute pancreatitis (AP) is a frequent gastrointestinal disorder that causes significant morbidity, and its incidence has been pro-
gressively increasing in recent years. Pancreatitis starts as a local inflammation in the pancreas, leading to systemic inflammatory
response and complications mediated via the NF-kB pathway. Approximately 25% of patients with AP develop a severe disease
progression that leads to systemic inflammation and multiple organ dysfunction with mortality rates of up to 50%. AP remains
without specific therapy, and understanding its pathogenesis's molecular mechanisms will aid in therapeutic intervention. a large
body of evidence supports the use of phytochemicals and natural herbal extracts with anti-inflammatory properties as a potential
adjuvant therapy. However, the lack of mechanistic understanding hampers the ability to refine these approaches into clinically
supported treatments. Zyflamend (hereinafter referred to as PHB) is a commercially available well-defined poly-herbal blend of 10
herbal extracts, each included at a low dose relative to single-use compounds. Previous research investigated PHB for its anti-
cancer properties because it ability to activate the AMP-activated protein kinase (AMPK). Treatment of pancreatic cancer cells
with human equivalent doses of PHB led to inhibition of carcinogenesis through various proposed pathways and processes, in-
cluding ER stress, autophagy, and the NF-kB pathways. The current study aims to investigate the effects of PHB treatment on AP
and characterize the underlying molecular mechanisms. To achieve this goal, complementary in vivo and in vitro approaches were
employed to investigate the effects of PHB on cerulein-induced acute pancreatitis in mice and pancreatic acinar cells. Preliminary
findings demonstrated that amylase and lipase activities were lower in Zyflamend-treated mice compared with controls injected
with cerulein. In addition, while control mice exhibited a significant increase in local and systemic levels of inflammatory cytokines
concomitant with pancreatic activation of inflammatory signaling pathways, Zyflamend treatment alleviated systemic and local in-
flammation. Although still preliminary, our data suggest that Zyflamend may serve a potential natural approach for the treatment
and prevention of AP that is less invasive and capable of achieving long-term clinical significance.
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GPR37 is a class-A orphan G protein-coupled receptor that is most highly expressed in the human spinal cord with lesser expres-
sion in other brain regions including the amygdala, basal ganglia, hippocampus, and frontal cortex. GPR37 has been identified as
a promising target for multiple conditions such as Parkinson’s disease, inflammatory pain, ischemic stroke, and some forms of
cancer. GPR37 is suggested to modulate cellular signaling through the activation of Gi/o signaling pathways; however, this has not
been fully verified, and a natural ligand for GPR37 has yet to be identified. Here, we sought to elucidate GPR37 cellular signaling
pathways by assessing basal or agonist-stimulated changes in cAMP levels using the Glosensor assay, release or influx of calcium
using a real-time fluorescence imaging plate reader (FLIPR) assay, and b-arrestin2 recruitment using the Tango assay. Through
these assays, we discovered that transient expression of wild-type human GPR37 in HEK293 cells significantly decreases cAMP
levels in a pertussis toxin-insensitive manner, suggesting a potential signaling mechanism involving the activation of Gz but not
Gi/o. When expressed in HEK293 cells, or in human oligodendroglioma (HOG) cells, wildtype human GPR37 and the mature N-ter-
minally truncated form of GPR37, equally reduced cAMP levels. In addition, we determined that GPR37 expression strongly re-
cruited b-arrestin2. These cellular studies also determined two previously suggested GPR37 agonists, TX14A and NPD1, fail to
induce calcium signaling using the robust FLIPR assay, in opposition to previous reports. TX14A and NPD1 also failed to show a
robust activation or inhibition of cAMP signaling, but both compounds decreased basal GPR37 b-arrestin2 recruitment. The infor-
mation attained from this work suggests that human GPR37 is highly constitutively active to reduce cAMP signaling and to recruit
b-arrestin. Further research is needed to confirm additional GPR37 signaling mechanisms and to verify if TX14A and NPD1 are ac-
tivators or inhibitors of this orphan receptor.

Acknowledgments: The UTMB Center for Addiction Research

Support/Funding Information: NIH NINDS R61NS12728
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Heat shock protein 90 inhibition in the spinal cord
upregulates Src kinase in microglia to enhance opioid
antinociception in acute pain
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Chronic pain remains a huge social and economic burden throughout the world and the United States. With few safe treatment op-
tions, many physicians turn to opioid analgesics; however these medications can have serious deleterious side effects including
tolerance, addiction and respiratory depression. This has contributed to the opioid addiction crisis, emphasizing the need to find
new ways to improve opioid therapy and decrease side effects. One such research area is the signal transduction cascades
evoked by opioid receptor activation, which could be modulated to enhance their effects on pain management while decreasing
negative side effects. Previously, our lab discovered that the molecular chaperone protein Heat shock protein 90 (Hsp90) when in-
hibited in the spinal cord through intrathecal (IT) administration of 17-N-allylamino-17-demethoxygeldanamycin (17-AAG) in mice
led to a significant increase in morphine anti-nociception, which could enable an opioid dose-reduction strategy. Seeking a mech-
anism for this effect, we performed proteomic analysis of mouse spinal cord treated with 17-AAG, and found an upregulation of
Src kinase. We thus hypothesized that Src kinase leads to enhanced opioid pain relief after Hsp90 inhibition. To test this hypothe-
sis, CD-1 mice were treated with 17-AAG and the Src inhibitor Src-I1 intrathecally followed by morphine subcutaneously. Antinoci-
ception was measured with a thermal tail flick assay and a mechanical post-surgical paw incision model. The enhanced anti-
nociceptive effects seen with 17-AAG were completely abolished with Src inhibition, suggesting that Hsp90 inhibition activates
Src signaling to lead to enhanced opioid pain relief. CRISPR knockdown techniques confirmed the behavior seen with the inhibi-
tor. Interestingly, the group that did not receive 17-AAG but did receive Src-I1 also showed a decrease in the anti-nociceptive ef-
fects of morphine, thus suggesting a role for Src in the opioid receptor pathway at baseline. Analysis by Western blotting showed
upregulation of Src by 17-AAG treatment with the selective m opioid agonist DAMGO, and also showed that ERK activation was
downstream of Src upregulation. Immunohistochemistry confirmed the upregulation of Src in the spinal dorsal horn and co-local-
ized the activation to microglia cells. We used minocycline to inhibit microglial activation and were able to mimic the 17-AAG be-
havior effects, and using lipopolysaccharide to activate microglia we were able to mimic the Src inhibitor effects. A second
CRISPR knockdown using a custom construct to target Src only in spinal microglial cells confirmed that microglial Src is essential
to the enhanced opioid antinociception seen with spinal Hsp90 inhibition. This has helped elucidate a key molecular mechanism
by which Hsp90 regulates opioid signaling and leads to enhanced opioid antinociception, creating potential targets for future ef-
forts to improve opioid treatment.

This work was funded by NIH R01DA052340 to JMS. We also acknowledge shared equipment and resources from the University
of Arizona Comprehensive Pain and Addiction Center. JMS is an equity holder in Teleport Pharmaceuticals, LLC and Botanical Re-
sults, LLC; however, these companies do not work in the Hsp90 space. The authors have no other relevant conflicts of interest to
declare.
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The Gnb5 gene encodes a unique G protein b subunit. Unlike other Gb, Gb5 dimerizes with regulators of G protein signaling (RGS)
proteins of the R7 family instead of the Gg subunit. The interaction between R7 and Gb5 is obligatory and is essential for stability
of these complexes, so that the knockout of Gnb5 causes proteosome degradation of the entire Gb5-R7 family. We reported pre-
viously that the global Gnb5 knockout (Gnb5-/-) mice were lean and were resistant to a high fat diet-induced body weight increase
throughout their lifetime. Intriguingly, the Gnb5 heterozygous (Gnb5-/+) mice exhibited an opposite phenotype: they were heavier
than the Gnb5+/+ age- and sex-matched littermates and had increased adiposity, insulin resistance, and liver steatosis. Here, we
tested our hypothesis that the creation of a local knockout of Gnb5 in the hypothalamus using Cre-lox technology may result in
obesity. We generated the conditional Gnb5 knockout using mice were he first exon of the Gnb5 gene was flanked by lox P sites
and the Cre recombinase was delivered by two alternative approaches. In the first approach, floxed Gnb5 or wild-type mice were
injected with a Cre-carrying AAV. In the second, floxed Gnb5 mice were crossed with those carrying Cre under a hypothalamus-
specific promoter. Our data show that consistent with our hypothesis, the resulting animals do have the increased body weight
and adiposity, and the more detailed phenotypic analysis is ongoing. We conclude that the selective reduction of Gb5-R7 level in
hypothalamus is sufficient to perturb animal metabolism. These findings may contribute to understanding the earlier observations
of genetic linkage between R7 family mutations and obesity in humans.

Supported in part by National Institutes of Health grants R56DK119262 and RO1DK126735 (to V. S.)
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Background: Podocytes are terminally differentiated visceral epithelial cells that are necessary for maintenance of the glomerular
filtration barrier. Podocyte loss is characteristic of multiple kidney diseases, including focal segmental glomerulosclerosis (FSGS)
and rapidly progressive glomerulonephritis (RPGN) which have a high risk of progression to end-stage kidney disease, requiring
dialysis. In these diseases, podocyte loss triggers the activation and proliferation of neighboring parietal epithelial cells (PECs)
which reside along the bowman’s capsule. Aberrant PEC proliferation leads to crescent or pseudo-crescent formation in the bow-
man’s space and eventual glomerular injury.

Recent evidence suggests that in the setting of injury podocytes might be capable of physically interacting with neighboring cells
by forming cytoplasmic bridges from one cell to another. Similar intercellular bridges were identified in a variety of cell types in-
cluding neuronal cells, epithelial cells, and immune cells, and have been established to serve as a direct mechanism of cell-cell
communication. However, the role of these bridges between podocytes and PECs has not been previously characterized. The
goal of this study is to investigate how podocyte-PEC bridges form, what they do, and whether they are pathological or physiolog-
ical. The long-term impact of this project is to investigate intercellular bridges as potential therapeutic targets for ameliorating po-
docyte loss.

Methods: We investigated the formation of intercellular bridges in three models of podocyte injury: podocyte-specific loss of
Kr€uppel-like factor 4 (Klf4DPod) nephrotoxic serum nephritis (NTS) and diabetic nephropathy. Immunohistochemistry, immunoflu-
orescence staining, and electron microscopy were used to identify intercellular matrix extensions in glomeruli. Single nucleus
(sn)RNA-seq was performed on each injury model.

Results: Periodic-acid schiff staining and electron microscopy revealed de novo bridges glomeruli of Klf4DPod mice and in mice
treated with NTS. Intercellular bridge formation appeared to be correlated with the severity of injury, as few intercellular bridges
were observed in mice with diabetic nephropathy. We also observed colocalization of endogenous podocyte markers (synaptopo-
din, nestin) and markers for activated PECs (CD44), suggesting that intercellular bridges form between podocytes and activated
PECs. Enrichment analysis of differentially expressed genes between wild type and Klf4DPod mice and NTS treatment showed
common upregulated pathways including focal adhesion (ACTN1, COL4a4, COL4a5, BIRC3), axon guidance (ROCK2, MYL12A,
MYL21B), and actin cytoskeleton regulation (FGFR2, MYH9, MSN) in the podocyte and PEC clusters.

Conclusions: This is one of the first studies to demonstrate that intercellular bridges extend between injured podocytes and acti-
vated PECs.

Support/Funding Information: NIH/NIDDK, Veteran Affairs, Dr. W. Burghardt Turner Fellowship
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Though light-sensitive G protein-coupled receptors (GPCRs), such as opsins, can activate some of the G protein signaling path-
ways with subcellular special control, the lack of approaches to control signaling of selected heterotrimeric G proteins down-
stream of GPCRs with a user-defined spatial and temporal control has been a limitation in understanding how such signaling
regulates cell physiology and behavior. Gaq-family G proteins primarily activate phospholipase C b (PLC b) and hydrolyze inner
membrane phosphatidylinositol 4, 5-bisphosphate (PIP2), generating inositol 1, 4, 5-triphosphate (IP3) and diacylglycerol (DAG),
which mobilizes Ca2+ and activates protein kinase C (PKC), respectively. PKC and Ca2+ control various physiological functions, in-
cluding cytoskeletal remodeling, muscle contraction, opioid-induced pain sensitivity, membrane dynamics, cell proliferation, and
survival. Therefore, PLC b signaling involves many diseases, such as impaired platelet activation, heart diseases, cancers, and di-
abetes. However, the molecular basis of intricate PIP2 hydrolysis regulation is poorly understood. Employing the minimum essen-
tial domain of the Gaq-interacting helix-turn-helix (HTH) of PLC b as the template, we have engineered a series of optogenetic
inhibitors to disrupt Gaq-PLC b signaling with varying efficacies and near-zero noise. Employing subcellular spatial and millisec-
ond temporal control of Gaq- PLC b signaling, we have gained insights into Gaq-pathway-governed directional cell migration.

This work was funded by NIH through NIGMS grant R01 GM140191.
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Lysophosphatidic acid receptor 3 (LPA3), is a receptor that mediates different physiological functions and pathological processes.
We aimed to determine the phosphorylation pattern of LPA3 under distinct conditions such as baseline, agonist-activated and
phosphorylated by protein kinase C. We hypothesize that the phosphorylation pattern of this receptor differs when activated with
LPA as compared to under the action of PKC and that this might promote differential activation of distinct signaling pathways.
LPA3 receptors tagged with the green fluorescent protein at the carboxyl tail were expressed in an inducible cell system (HEK293
TRExTM cells). These receptors were functional, as reflected by their ability to induce calcium signaling, ERK 1/2 phosphorylation,
association with b-arrestin, and internalize in response to LPA; the action of PMA was also studied. LPA3 receptors were immuno-
precipitated, subjected to SDS-PAGE, electrotransferred to nitrocellulose membranes, and analyzed by mass spectroscopy. The
results showed that LPA3 receptors have 11 phosphorylation sites in the intracellular loop 3 and the carboxyl terminus. Interest-
ingly, the LPA3 phosphorylation pattern of the receptor differs under the distinct conditions studied (i.e., baseline, LPA-activation,
and phosphorylated in response to phorbol esters). The relationship between the phosphorylation of particular sites and the re-
ceptor's function is currently being studied.
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Pirin is a 32 kDa protein that belongs to the extended cupin superfamily of plant proteins with only one human homolog. It is highly
conserved across species, but its functions in mammals are very poorly understood. It is expressed ubiquitously and is over-ex-
pressed in some cancers. Pirin has been implicated in cancer, inflammation, oxidative stress, immune response, apoptosis, fer-
roptosis, and autophagy and has quercetinase activity. Much of the current literature, however, describes pirin as a transcriptional
co-regulator for NF1, the NFkB subunit p65, and others. Our own studies have revealed that our series of anti-fibrotic and anti-
cancer compounds (e.g. CCG-1423, CCG-257081, etc.) which inhibit the Rho/MRTF/SRF-mediated gene transcription pathway
can bind to pirin though pirin’s role in their mechanism is not clear.

To help define functional mechanisms of pirin, we undertook a multi-omics analysis using metabolomics and pirin-BioID-fusion-
mediated biotinylation interactome analysis. A pirin-BioID fusion and a control myc-BioID fusion were transiently transfected into
HEK293T cells in triplicate and treated with biotin. The biotinylated proteins were denatured, affinity-isolated using streptavidin-
coupled beads, digested with trypsin and identified by Mass Spectrometry (MS) analysis. Proteins significantly enriched (FDR <
0.01) in the pirin-BioID vs myc-BioID samples included TUB4A, GSN, DNAJA2, ARF4, and RANBP2. Ingenuity Pathway Analysis
(IPA) and EnrichR analysis were undertaken and implicated EIF2 signaling, EIF4/p70S6K, tRNA charging, Regulation of Actin Cyto-
skeleton, Amino Acid Metabolism, and Protein Processing in Endoplasmic Reticulum. Metabolomics analysis was done in NIH3T3
fibroblasts with shRNA-mediated knockdown of pirin or treatment with CCG-257081. IPA analysis showed changes in synthesis
and degradation of multiple amino acids, citrulline, and ribonucleic acids as well as changes in tRNA charging. These results paral-
lel those from the BioID analysis and implicate actions of pirin related to the Endoplasmic Reticulum (ER) and protein synthesis.
Other proteins showing increased biotinylation in the pirin-BioID samples included multiple eIF proteins (EIF2B1, EIF3H, EIF3A,
EIF4A2) and ribosomal proteins (RPL27A, RPL3).

Surprisingly, these studies did not result in any evidence of pirin involvement with transcription or transcription factors, as reported
in the literature. Consistent with this, immunocytochemistry showed no nuclear localization of pirin but rather a perinuclear locali-
zation and co-localization with protein disulfide isomerase (PDI), a marker of the ER.

Further studies will confirm the identified interactions and explore pirin’s functional effects on these pathways. However, it will be
important to reconsider the literature related to pirin and gene transcription and include the ER as a likely target of pirin’s role in
mammalian cells and cancer.

Supported by NIH R01GM115459-07
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Effects of RS17053 at Subtypes of alpha1-Adrenergic
Receptors in Rat Vas Deferens and Aorta
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RS17053 is classed as an alpha1A-adrenergic receptor (alpha1A-AR) selective antagonist but has actions distinct from those of
the commonly used alpha1A-AR antagonist RS100329. In radioligand binding studies, RS17053 shows affinities (-logM) of 8.74,
7.24 and 7.25 at alpha1A-, alpha1B- and alpha1D-ARs, respectively (mean of 3 published studies). We have examined its profile
of action in functional studies at all subtypes of alpha1-AR. We have studied isometric contractions of rat aortic rings and rat vas
deferens in organ bath studies of contractions to norepinephrine (NE). Isometric contractions evoked by NE in vas deferens involve
alpha1D-adrenoceptors in the phasic component, and alpha1A-ARs in the tonic component to contractions. RS17053 (10-5M)
shifted NE potency and virtually abolished tonic contractions to NE, with little or limited effects on phasic contractions. The al-
pha1D-AR antagonist BMY7378 (3x10-7M) significantly reduced the remaining phasic component of the contractions, and the al-
pha1A-AR antagonist RS100329 (10-7M) further blocked the residual tonic contraction. Hence, RS17053 shows high selectivity
for alpha1A-ARs over alpha1D-ARs in rat vas deferens. Isometric contractions of rat aortic rings to NE involve alpha1D- and al-
pha1B-ARs. However, RS17053 (10-5M) produced a large shift in the potency of NE in rat aorta, with a pKB of 6.82. Large shifts of
NE potency in rat aorta are consistent with actions at least partly involving block of alpha1B-ARs. In summary, results in rat vas
deferens demonstrate low potency of RS17053 at alpha1D-ARs, but results from rat aorta can only be explained as demonstrating
alpha1B-AR antagonism by RS17053. In conclusion, RS17053 is an alpha1A-AR antagonist with high potency at alpha1A-ARs in
rat vas deferens, intermediate potency at alpha1B-ARs in rat aorta resulting in limited alpha1A-AR selectivity, but we have found
surprisingly low potency at alpha1D- ARs in rat vas deferens. This differs from the ligand binding profile. This functional profile
may make RS17053 a useful pharmacological tool.
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Biomolecular condensates defined by Activator of G protein
Signaling 3 exhibit distinct properties and regulation
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Activator of G-protein Signaling 3 (AGS3), a receptor independent activator of G-protein signaling, consists of 7 tetratricopeptide
repeats (TPR) upstream from 4 G-protein regulatory motifs (GPR), each of which interact with GalphaGDP. AGS3 oscillates among
different subcellular compartments in a regulated manner, which is intimately related to the functional diversity of the protein.
AGS3 also exhibits an inherent and apparently regulated propensity to form biomolecular condensates (BMCs). BMCs are non-
membranous, micron-scale compartments involving liquid-liquid phase separation within the cell in a regulatable manner. BMCs
provide a platform to coordinate the assembly of a specific subset of molecules sequestered from the rest of the cytoplasm and
are engaged in a wide range of biological and chemical events within the cell. To further address the properties and regulation of
AGS3 BMCs, we asked initial questions regarding a) the distribution of AGS3 across the broader BMC landscape with and without
cellular stress, and b) the core material properties of these punctate structures. Cellular stress (arsenate treatment) induced the
formation of distinct stress granule BMCs and AGS3 BMCs as determined by fluorescent microscopy in two cell lines (Hela,
COS7). In contrast, AGS3 colocalized with processing (P) body BMCs and this colocalization was disrupted by cellular stress with
the generation of distinct AGS3 BMCs. Immunoblots of fractionated cell lysates indicated that cellular stress shifted AGS3 to the
membrane pellet fraction, whereas the protein markers for stress granule and P-body BMCs remained in the supernatant. These
data suggest that AGS3 BMCs may define a distinct type of BMC. To further address this hypothesis, we characterized the AGS3
BMCs by a) analysis of cell lysates under non-reducing gel electrophoresis and b) through examination of AGS3 diffusion dynam-
ics in specific BMCs using fluorescence recovery after photobleaching (FRAP). Stress-induced AGS3 BMCs migrated as higher
order structures as determined by immunoblots following non-reducing gel electrophoresis and the stress-induced properties of
AGS3 BMCs were reversed by co-expression of the AGS3 binding partner Gialpha3. Results from a series of FRAP experiments
indicated differences in the diffusion dynamics of AGS3 in AGS3-DVL2 BMCs versus stress-induced AGS3 BMCs as well as
AGS3 BMCs generated by changes in phosphorylation status. These data indicate that AGS3 BMCs, the formation of which is reg-
ulated by both cellular stress and the signaling proteins Gialpha3 and DVL2, define a new type of BMC that may serve as previ-
ously unappreciated signal processing nodes.
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Regulation of GPCR Signaling by Sorting Nexins
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G protein-coupled receptor (GPCR) signaling is primarily regulated by GPCR kinases (GRKs) and b-arrestins. GRKs phosphorylate
ligand-activated GPCRs, which promotes b-arrestin recruitment and binding. b-arrestin binding prevents G protein coupling while
also targeting the GPCR for internalization via clathrin-coated pits. However, in some cases, b-arrestins are recruited to the recep-
tor and promote its desensitization but fail to target it for internalization. For example, we show that ligand-stimulated internaliza-
tion of the GPCR CXCR4 remains intact in HEK293 or HeLa cells that have been deleted of b-arrestins by CRISPR/Cas9 gene
editing, despite the fact that b-arrestins are required for desensitization of CXCR4 signaling. Here, we report on an endocytic re-
modeling protein as a novel ligand-stimulated adaptor protein that mediates b-arrestin-independent GPCR internalization. This
protein is sorting nexin 9 (SNX9), a protein that we previously showed by proximity labeling to be in the CXCR4 signaling network.
We show that depletion of SNX9 by RNAi or knockout by CRISPR/Cas9 gene editing along with depletion of related protein
SNX18 significantly decreased ligand-stimulated internalization of CXCR4 in HEK293 cells. In contrast, SNX9 and SNX18 deple-
tion did not impact the internalization of GPCRs that require b-arrestins for internalization. Using bioluminescence resonance en-
ergy transfer (BRET) based cellular assays we show that SNX9 is recruited to CXCR4 following ligand stimulation at the plasma
membrane. Through a combination of in vitro and cellular biophysical assays, we show that SNX9 interacts directly with the C-tail
of CXCR4 in a phosphorylation-dependent manner. The determinants of this interaction do not overlap with previously identified
determinants of the CXCR4/b-arrestin interaction. Further, we show that SNX9 is functionally relevant to CXCR4 signaling as
SNX9 and SNX18 deficient cells show reduced desensitization to ligand stimulation compared with control cells. Here, we define a
new internalization pathway for ligand-activated GPCRs that is dependent on the membrane remodeling protein SNX9. We pro-
vide evidence for the first time that SNX9 acts as an adaptor protein by binding directly to a phosphorylated GPCR and targeting
the receptor for internalization. This represents a previously undescribed function of SNX9, which we propose is independent of
its previously described role as an accessory protein during constitutive internalization. Our study expands our understanding of
the mechanisms regulating GPCR signaling.

Support/Funding Information: R01 GM106727
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Mechanisms and Consequences of Compartmentalized
GPCR Signaling in Neurons

Katherine Hall1
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Abstract ID 17816 Poster Board 530

While it was canonically assumed that G protein coupled receptors (GPCRs) such as the beta-2 adrenergic receptor (B2AR), initi-
ate signaling solely at the plasma membrane, it is now appreciated that signaling can occur from multiple intracellular compart-
ments, such as the endosome. As a result, B2AR signaling is compartmentalized to initiate downstream phosphoproteomic and
transcriptomic responses in a site-selective manner. Yet, most of this research has been done in non-physiological models, such
as HEK293 and HeLa cells. Therefore, it is not clear whether compartmentalized signaling also operates in more physiological
models. To address this, we seek to elucidate the mechanisms and consequences of compartmentalized B2AR signaling in neu-
rons. We have preliminary data showing that compartmentalized signaling is occurring in both iPSC-derived neurons as well as
primary hippocampal neurons. Through candidate-based approaches, we have evidence that blocking endosomal B2AR signal-
ing affects transcription of B2AR-dependent genes and phosphorylation of B2AR targets. Therefore, we are currently extending
this analysis to globally profile the impact of endosomal B2ARs on the neuronal phosphoproteomic, transcriptional, and post-tran-
scriptional responses through unbiased approaches. In parallel, we are exploring the mechanisms that underlie these processes
through unbiased approaches. B2ARs are essential for many neuronal processes such as synaptic plasticity which regulate
proper learning and memory formation. Furthermore, dysregulation of B2ARs is associated with many neurological disorders.
Thus, expounding upon mechanistic groundwork of B2AR signaling in the brain is essential to our understanding and treatment of
such pathologies affected by dysregulated signaling.
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Molecular Dynamics Studies for Nirmatrelvir and the Main
Protease from Variants of the Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2)
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COVID-19 is a contagious worldwide disease that is caused by a virus called severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) and currently cases have risen to over 633 million with 6.6 million deaths cases. COVID-19 transmission is rapid and
infected individuals experience diverse symptoms that include respiratory complications. Currently there are 4 vaccines available for
prevention with alternative therapies including monoclonal antibodies. For small molecule drugs, there are limited treatment options
that include Veklury (remdesivir), baricitinib, molnupiravir, and Paxlovid for patients with mild-to-moderate disease to reduce the risk
of progression to severe disease. Paxlovid is a combination anti-viral oral drug that contains nirmaltrevir and ritonavir to combat
against SARs-CoV-2. Nirmatrelvir is a viral main protease (MPro) inhibitor that inhibits protein processing needed for viral replication.
Ritonavir is co-administered as a CYP3A4 inhibitor to aid in boosting the pharmacokinetic profile of nirmatrelvir. Viruses like SARs-
CoV-2 continuously evolve into variants as selective mutations occur. Variants such as omicron, lambda, and zeta have mutations in
MPro that confer amino acid changes; these mutations are located remotely from the drug binding site. Previous in vitro studies sug-
gest that variants remain susceptible to nirmaltrevir, but currently, there is limited data on overall efficacy of nimratrelvir for clinically-
relevant variants. Given the concern for variants, the objective of our study was to model mutations in coronavirus variants specifi-
cally in MPro and conduct molecular dynamics (MD) studies to evaluate the effects of mutations on nirmatrelvir affinity. Using pro-
grams such as Maestro and Desmond, we made in silico mutations representing amino acid changes from mutations observed on
MPro for variants delta, omicron, zeta, and lambda. After energy minimizing the models, we conducted MD simulations using Des-
mond to understand the dynamic effects of the mutations. MD was conducted for 10 nanoseconds (ns) with standard temperature
and pressures. Four simulations were generated for variants delta (wild-type), omicron (with Pro132His mutation in MPro), zeta (with
Leu205Val mutation in MPro), and lambda (with Gly15Ser mutation in MPro) with nirmatrelvir. In comparing the simulations for the 4
variants, we found that water networks are present in the omicron variant simulation with nirmatrelvir containing the Pro132His muta-
tion. For variants zeta and lambda, these water networks are negligible and more direct contacts between functional groups in nirma-
trelvir and amino acids in the binding site of MPro are observed. The mutations in zeta and lambda do not promote additional water
networks in the binding site. As water molecules are commonly displaced during drug binding, we believe that retention of water mol-
ecules may affect the overall thermodynamics of nirmatrelvir and MPro (Pro132His) binding affinity. Results from the MD simulations
suggest that these water networks may be unfavorable for binding interactions between nirmatrelvir and MPro (Pro132His) in the omi-
cron variant. In future work, we will evaluate other MPro inhibitors and variants for this effect on binding affinity.

Molecular model of nirmatrelvir and the Main Protease from the omicron variant of Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2)
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Differential Regulation of Formyl Peptide Receptor 2 Protein
in Non-alcoholic Fatty Liver Disease on High Fructose and
High Fat Fed Male and Female C57BL/6 Mice
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Nonalcoholic fatty liver disease (NAFLD) has been a challenging health concern globally which transitions into nonalcoholic stea-
tohepatitis (NASH) in a short span of time if remains untreated. Clinically, prevalence and severity of NAFLD/NASH are higher in
men than premenopausal women which still remains a puzzle speculating possible sex specific differences in pathophysiology.
But if occurs, severity and progression of fatty liver disease in post-menopausal women gets more aggressive than men. Recently,
formyl peptide receptor 2 (FPR2) has caught our attention due its inflammatory responses in several organs; however, its role in
the liver is unknown. Investigation of this protein became more exciting since it is more highly expressed in healthy liver of females
than males possibly due to its regulation under the influence of estradiol. Obesity and fatty liver disease have a strong correlation
but recently besides high fat, consumption of fructose rich western diet has been a significant contributor towards fatty liver dis-
ease development. Reason, unlike glucose, which is a ready-made source of energy, fructose is metabolized by the liver and trig-
gers fat synthesis. Therefore, we aimed to investigate the regulation of FPR2 protein in both sexes in high fructose and high fat fed
male and female C57BL/6 mice. Briefly, we divided both male and female mice into four separate groups and kept on chow, chow
plus high fructose, high fat, and high fat plus high fructose diet for 22 weeks. Interestingly our preliminary hematoxylin and eosin
staining data clearly showed significantly severe NAFDL in male mice compared to female mice on fructose groups. Significant
body weight gain and other metabolic parameters in male mice on high fructose diet compared to female mice also strengthened
the fatty liver data. Further, FPR2 protein expression was measured in liver cytoplasmic fraction but showed no significant change
in male mice compared to female mice. Since protein localization of FPR2 is not fully understood yet, next we will investigate
FPR2 expression using membrane as well as nuclear tissue fractions. Masson's trichrome will be performed to study a degree of
fibrosis. Additionally, we will study gene expression, immunohistochemistry, and Enzyme-linked immunosorbent assay (ELISA) for
FPR2 in both the sexes kept on different diets. Once regulation of FPR2 is fully understood, it can be considered as a potential fu-
ture target for the treatment of fatty liver disease for pre- and post-menopausal women.

This research was supported by Seed Grant and Summer Support of Research internal funding award from the St. John's Univer-
sity, New York.
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Role of orphan G Protein-Coupled Receptor GPRC5B in
retinoic acid induced depressive-like behaviors
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Orphan G Protein Coupled Receptors (GPCRs) are GPCRs whose endogenous ligands are unknown or still debated. Due to the
lack of pharmacological modulators, the physiological function of orphan GPCRs is understudied. However, relevant physiological
roles associated with orphan GPCRs have been revealed by analysis of animal models and genome-wide association studies illu-
minating an untapped potential for drug discovery. G Protein-coupled Receptor class C group 5 member B (GPRC5B) is an orphan
GPCR originally described as a retinoic acid-inducible gene. GPRC5B is ubiquitously expressed with an enrichment in the brain
where it is one of the highest expressed GPCRs. We recently generated an exhaustive profile of Gprc5b mRNA transcripts in
mouse brains, with a detailed dissection of excitatory versus inhibitory neurons in several brain regions. However, less is known
about its physiological function. Independent transcriptomic studies have shown that GPRC5B is significantly altered in the post-
mortem brain of patients diagnosed with depressive disorder. Moreover, GPRC5B protein levels have been found to be signifi-
cantly increased in the hippocampus and hypothalamus in a depressive mouse model. Retinoic Acid (RA) is a fat-soluble deriva-
tive of vitamin A involved in vertebrate development, vision, and mood. Besides being a well-established regulator of embryonic
development, RA is also involved in adult neurogenesis, a process tightly associated with the onset of depressive symptoms. In-
triguingly, both preclinical studies and clinical reports indicate that chronic treatments with RA induce depression in humans and
depressive-like behaviors in rodents. Based on this, we hypothesize that GPRC5B plays a role in RA-induced depressive-like
phenotypes.

Interestingly, our detailed in situ hybridization study revealed enrichment of Gprc5b in the dentate gyrus and other brain regions in-
volved in adult neurogenesis. Notably, our frequency distribution analysis showed a significantly higher expression of Gprc5b in
dentate gyrus glutamatergic granule neurons than in GABAergic interneurons. To confirm Gprc5b as a RA inducible gene, we
used quantitative RT-PCR and found an upregulation of Gprc5b after RA treatments in SH-SY5Y neuroblastoma cells. Then, to in-
vestigate how RA affects GPRC5B levels in the brain, we performed chronic intraperitoneal injections of RA on adult mice. We
tracked the behavioral effects of RA with a sucrose preference test and confirmed RA-induced anhedonia. Additionally, using a
validated custom polyclonal antibody, we analyzed how GPRC5B protein levels are modulated by RA in several mouse brain re-
gions. Finally, to gain further insight into physiological functions of GPRC5B, we generated GPRC5Bflx/flx::Nestin-Cre (neuronal
and glial specific Gprc5b KO) mice. These conditional GPRC5B KO (cKO) mice will be subjected to a battery of behavioral tests to
illuminate the role of GPRC5B in affective disorders including depression. Later, the same cKO mice will be tested in our model of
RA-induced depression to obtain definitive evidence supporting a role for GPRC5B as a mediator of the behavioral effects of RA
as suggested by our preliminary data. In the long term, we plan to expand our behavioral characterization of the different roles
played by GPRC5B in the central nervous system taking advantage of the tools we developed.
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Development of a Genetically Encodable Fluorescent
Biosensor to Examine the Spatiotemporal Regulation of
NEK Kinases in Living Cells
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Never in mitosis A-related kinase (NEK) family members are an understudied, yet important, family of 11 mitotic kinases that play a
critical role in cell division and the cellular response to replication stress and DNA damage. The pleiotropic relationship between
this kinase family and human disease is widely recognized, yet poorly understood, particularly with respect to the spatial and tem-
poral regulation of NEK family members within the cell. Characterizing NEK kinase activity within the endogenous cellular environ-
ment requires the development of molecular tools, such as genetically targetable fluorescent biosensors, that can track changes
in the activity profiles of NEK family members in living cells with high spatiotemporal resolution. Here, we describe the develop-
ment and initial characterization of a novel excitation ratiometric indicator-based NEK activity reporter (ExRai-NEKAR). ExRai-NE-
KAR, which was created using a generalizable molecular cloning strategy based on Gibson Assembly, exhibited a 5.5-fold
increase in its 395 nm/475 nm excitation ratio in the presence of NEK1 and ATP in vitro. In contrast, no change in the excitation ra-
tio was observed when the non-hydrolyzable ATP analog, AMP-PNP, was substituted for ATP in the assay, suggesting that the ob-
served changes in ExRai-NEKAR’s excitation ratio are dependent on NEK1-mediated phosphorylation and not protein-protein
interactions. Interestingly, while ExRai-NEKAR was also efficiently phosphorylated by NEK5 leading to a robust response, incuba-
tion with either NEK2 or NEK9 caused only marginal changes in ExRai-NEKAR’s excitation ratio, consistent with previous studies
suggesting that NEK1 and NEK5 share a similar consensus motif that is distinct from those preferred by NEK2 and NEK9. Impor-
tantly, treatment of 293T cells with 200 mM H2O2 led to a similar increase in ExRai-NEKAR fluorescence in situ, consistent with
NEK1’s role in the DNA damage response (DDR). We are currently using a series of novel NEK inhibitors and other pharmacologi-
cal agents to further characterize ExRai-NEKAR’s response in cells and to better understand the regulation of NEK family mem-
bers within the endogenous cellular environment. Together, our data suggest that ExRai-NEKAR is efficiently phosphorylated by
some NEK family members (e.g., NEK1 and NEK5) but not by others (e.g., NEK2 and NEK9). Likewise, live cell imaging experi-
ments suggest that ExRai-NEKAR and its derivatives could be useful tools for monitoring real-time changes in the activity profiles
of specific NEK family members with high spatiotemporal resolution under a variety of cellular conditions such as in response to
pharmacological, toxicological, or pathological agents.

This research was supported by DoD Grant #78992-DD-RTL (to RHN), NIH/NCI grant 1R01CA273095 (to DHD and RHN), NSF
grant #DBI-1852319 (to RHN).
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HIV-1 gp120- and Morphine-Induced Endolysosome Iron
Release Triggers Disruption of the Reactive Species
Interactome and Cell Death
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Altered iron metabolism is implicated in many neurodegenerative disorders including HIV-1-associated neurocognitive disorders
(HAND). Implicated in the pathogenesis of HAND is the HIV-1 coat protein gp120 as well as comorbid substance abuse, which in-
duce iron dysregulation and the formation of reactive species that cause neuronal death. Because HIV-1 proteins and the inges-
tion of substances of abuse induce oxidative stress, drug-abusing patients are at a greater risk of oxidative stress-induced
neuronal injury and HAND. Previous research has studied the individual effects of gp120- and morphine-induced neurotoxicity
with a focus on the formation of reactive oxygen species (ROS); however, their combined neurotoxicity and effects on the newly
defined reactive species interactome (RSI) remain largely unknown. Endolysosomes are subcellular acidic organelles known for
their function in regulating cellular iron metabolism and redox signaling. Recently, we showed that HIV-1 gp120 and morphine
cause endolysosome iron dyshomeostasis, yet the impact of impaired endolysosome iron balance on the RSI remains unknown.
Here using SH-SY5Y neuroblastoma and U87MG human glioblastoma cells, we found that HIV-1 gp120 and morphine (1) de-acid-
ified endolysosomes, (2) decreased endolysosome Fe2+ levels, (3) increased cytosolic and mitochondrial Fe2+ levels, (4) increased
endolysosome ROS, lipid peroxidation (LPO) and nitric oxide (NO) levels and decreased endolysosome hydrogen sulfide (H2S) lev-
els, (5) increased cytosolic ROS levels and decreased cytosolic H2S levels, (6) increased mitochondrial ROS and LPO, and NO lev-
els and decreased mitochondrial H2S levels and (7) induced cell death; effects blocked by the endolysosome-specific iron
chelator deferoxamine. Thus, an increased understanding of the endolysosome Fe2+ pool that plays a critical role in regulating in-
ter-organellar iron signaling, in RSI homeostasis, and in contributing to HIV-1 gp120 and morphine neurotoxicity may provide new
insight into potential therapeutic targets for HAND progression.

Support/Funding Information: [P20GM139759, P30GM100329, U54GM115458, R01MH100972, R01MH105329, R01MH119000,
2R01NS065957, 2R01DA032444]
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ABCC4 Impacts Megakaryopoiesis by Regulating
Intracellular cAMP levels
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The role of ABC transporters in megakaryopoiesis, that is the process of platelet formation from megakaryocytes, is unknown. Re-
cent GWAS studies1 indicated ABCC4 as one of the novel genetic candidates affecting platelet number. In our study, complete
blood count analysis from WT or Abcc4-/- mice treated with 6-mercaptopurine (6-MP), revealed a profound reduction in the plate-
lets among the Abcc4-/- mice but not the lymphoid and erythroid cells. The platelets from both Abcc4-/- and WT mice were equally
sensitive to 6-MP and displayed no enhanced apoptosis or alteration in expression of pro- or anti-apoptotic Bcl2 family members.
However, the strong reduction in platelets, relative to platelet half-life, suggested 6-MP might affect platelet production. 6-MP re-
duced megakaryocyte number but not the megakaryocyte progenitors. ABCC4 protein expression also increased when the mega-
karyoblastic cell line, Meg01 was differentiated with the phorbol ester, PMA. In vitro differentiation with thrombopoietin of Abcc4-/-

fetal liver-derived megakaryocytes revealed defective proplatelet formation and impaired polyploidization. To determine if ABCC4
impacted megakaryopoiesis in vivo, we treated WT/Abcc4-/- mice with 5-flurouracil (5-FU), which destroys all cycling cells and
drives quiescent hematopoietic stem cells to differentiate. 5-FU treated Abcc4-/- mice exhibited delayed platelet formation but not
erythropoiesis, compared to WT. Because of the profound defect in platelet formation from fetal liver megakaryocytes and the
small defect in vivo, we hypothesized that differences in gene expression might exist in vivo in megakaryocytes. RNA-seq analysis
of megakaryocytes derived from the bone marrow of WT/Abcc4-/- mice revealed that several genes related to cytokines/chemo-
kines, transcription factors and polyploidization, that regulate megakaryopoiesis, were significantly higher in WT mice compared
to Abcc4-/-. However, only few genes associated with platelet formation were upregulated in Abcc4-/- mice. We extended our find-
ings in the human megakaryoblastic Meg01 cells. Meg01 cells treated with PMA differentiated to platelets. The ABCC4 specific in-
hibitor, Ceefourin 2 significantly impaired polyploidization in PMA-differentiated Meg01 cells. Transmission electron microscopy
of differentiated Meg01 cells revealed defective cytoplasmic maturation and abnormal platelet formation after ABCC4 inhibition.
The defective megakaryopoiesis due to ABCC4 inhibition was also reflected in the gene expression of differentiated Meg01 cells.
cAMP, a substrate of ABCC4, is known to inhibit megakaryopoiesis. We observed that intracellular cAMP level increased during
Meg01 differentiation, which further increased after ABCC4 inhibition. Treatment with the PKA specific inhibitor (PKI-14-22) dem-
onstrated that cAMP/PKA activity induced phosphorylation of p-38 which regulates downstream effectors involved in megakaryo-
poiesis. Excessive accumulation of intracellular cAMP after ABCC4 inhibition, inhibited PKA activity, as indicated by reduced
phosphorylation of PKA substrates. Altogether, our results suggest that ABCC4 impacts megakaryopoiesis by regulating intracel-
lular cAMP level and suggests it as a potential therapeutic strategy to control thrombocythemia.

1. Gieger, C. New gene functions in megakaryopoiesis and platelet formation. (Nature, 2011)

This work was supported by NIH and ALSAC.
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Comparison of D9-tetrahydrocannabinolic acid A (THCA-A)
and Delta-9-tetrahydrocannabinol (THC) in neuronal cell
functions

Khalil Eldeeb,1 Sandra Leone-Kabler,2 and Allyn Howlett3
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D9-tetrahydrocannabinolic acid A (THCA-A) is a compound produced in the female cannabis plant that might serve as an endoge-
nous tissue-protective signal. When heated, it can be converted into THC, although it is not always complete. While research on
its pharmacological properties is limited, available evidence suggests that THCA-A may have therapeutic analgesic effects unre-
lated to its conversion to THC. This study compared the effects of THCA-A to THC on cell signaling in N18TG2 mouse neuroblas-
toma cells expressing the CB1 cannabinoid receptor using cAMP and ERK phosphorylation assays. We found that both THC and
THCA-A induced CB1-dependent signaling in a dose-dependent manner. THC inhibited initial-rate FSK-stimulated cAMP accu-
mulation (four minutes) in a dose-dependent fashion (1mM: 77 ±7.2% of FSK stimulation). Co-incubation with CB1R antagonist
SR141716 1mM reversed the THC-mediated inhibition to (102 ±9.9% of FSK stimulation). THCA-A also inhibited FSK-stimulated
cAMP accumulation in a dose-dependent fashion (1mM: 55 ±8.8% of FSK stimulation). This effect was reversed by co-incubation
with SR141716 (1mM) to (99 ±5.3% of FSK stimulation). In N18TG2 cells treated with the diacylglycerol lipase inhibitor, tetrahydro-
lipstatin (THL, Orlistat; 1mM for two hours), ERK phosphorylation was assessed after four minutes of incubation with the drugs us-
ing the in-cell western assay. THC stimulated ERK phosphorylation in a dose-dependent manner (1mM, 140 ±8% over basal).
Coincubation with SR141716 inhibited this stimulation (110 ±1.8%). Similarly, THCA-A induced a dose-dependent ERK phosphor-
ylation (1mM, 134 ±9% over basal) that was inhibited in the presence of 1mM SR141716A (121 ±7% over basal). In conclusion, in
our hands, both THC and THCA-A could stimulate CB1-dependent signaling in the N18TG2 neuroblastoma cell line. Future stud-
ies will explore other signaling pathways and binding targets (e.g., PPARs, GPR-55) that may be involved in the analgesic effects
of this agent.

This research was funded by NIH grants R01-DA042157
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Optimization of a Novel D2 Dopamine Receptor-Selective
Antagonist into Lead Candidates for the Treatment of
Neuropsychiatric Disorders
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Juan J. Marugan,3 and David R. Sibley5
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Schizophrenia is a devastating neuropsychiatric illness impacting approximately 1% of the global population and is the 15th lead-
ing cause of disability worldwide. Schizophrenia is characterized by positive (hallucinations, delusions, paranoia), negative (flat af-
fect, decreased motivation) and cognitive symptoms. Current therapies treat mostly the positive symptoms and are associated
with a plethora of off-target side effects such as sedation, weight gain, and diabetes, among others. All FDA-approved antipsy-
chotic medications target the D2 dopamine receptor (D2R) but also exhibit poly-pharmacology with other receptors. Further, there
are few D2R antagonists that can selectively inhibit the D2R without also antagonizing the D3 and D4 dopamine receptors (D3R,
D4R, respectively). We recently identified a D2R-selective antagonist scaffold, MLS6916, from a high throughput screen of the
D2R. When counter-screened against 168 GPCRs using b-arrestin recruitment as a functional readout, 10 uM MLS6916 only in-
hibited the D2R, and to a lesser extent, the D4R. Further, using radioligand binding competition assays, MLS6916 was >200-fold
D2R>D3R selective and 12-fold D2R>D4R selective. Despite its promising D2R selectivity, MLS6916 was found to exhibit poor
metabolic stability when assayed using rat liver microsomes. Interestingly, we found high species variability with respect to meta-
bolic stability using rat, mouse, and human liver microsomes. While many analogs exhibited poor metabolic stability in rat liver mi-
crosomes, we observed equal or worse stability in mouse liver microsomes, but dramatically higher stability in human liver
microsomes. High metabolic stability in humans is essential for moving a compound into the clinic, but preclinical studies will re-
quire at least moderate metabolic stability in rodents to employ animal models that are predictive of antipsychotic efficacy and/or
adverse side effects. Thus, to chemically optimize this scaffold and explore its structure-activity relationships, greater than 100
analogs were synthesized to identify modifications that might result in improved metabolic stability. All analogs were also evalu-
ated for D2R, D3R, and D4R activities using radioligand binding competition and b-arrestin recruitment assays. Lead compounds
were identified that possessed D2R Ki values of <100 nM, were highly selective versus the D3R and D4R, and exhibited improved
metabolic stability in mouse and/or human liver microsomes. We further determined the pharmacokinetic profiles of the most
promising compounds in mice since this species has good models for predicting antipsychotic efficacy. After injecting 30 mg/kg
i.p., we found that the compounds exhibited t1=2 values of 5-6 hr in both plasma and brain. Importantly, the compounds exhibited
1:1 brain-plasma ratios with Cmax values >10 uM indicating excellent brain penetration. In summary, we have identified lead can-
didate compounds that have exceptional D2R-selectivity, excellent metabolic stabilities in human liver microsomes, and sufficient
metabolic stability in mice to conduct behavioral studies. Future studies will investigate preclinical antipsychotic efficacy in mouse
models as well as the potential for on-target side effects such as catalepsy. These advanced leads may have the potential to treat
neuropsychiatric disorders with greatly reduced off-target side effects.

1521-0103/385/S3/supplement: ASPET 2023 Annual Meeting Abstracts dx.doi.org/10.1124/jpet.122.194840
THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS J Pharmacol Exp Ther 385: June 2023
Copyright © 2023 by The American Society for Pharmacology and Experimental Therapeutics

201

https://dx.doi.org/10.1124/jpet.122.194840


N-cadherin Signaling via PI3Kb-Akt3 Stabilizes Occludin
Tight Junctions in the Blood-Brain Barrier
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Tight junctions (TJs) seal brain endothelial cells (BECs) to form a restrictive blood-brain barrier (BBB) to selectively control the in-
flux of circulating substances into the central nervous system. Critical to the integrity of BBB are pericytes, cells that physically in-
teract with BECs through Neural (N)-cadherin adhesion. Using brain samples from donors of different ages, we observed a
significant loss of N-cadherin junctions in middle-aged patients. This change in N-cadherin was associated with a significant dis-
ruption of occludin TJs, suggesting a potential important crosstalk between N-cadherin and TJs. Therefore, to better understand
the role of N-cadherin function in the BBB, we generated an inducible, EC-specific knockout of N-cadherin in mice. We demon-
strated that mutant mice lacking N-cadherin exhibited greater BBB permeability as well as impairments in TJ ultrastructure. Ana-
lyzing different TJ proteins in the microvasculature of the brain cortex, we also found significant disruption of occludin but not
claudin TJs in these mutant mice. Furthermore, analysis of occludin kinetics in BEC monolayers lacking N-cadherin adhesion re-
vealed significantly greater internalization rates of occludin from TJs, suggesting that N-cadherin signaling stabilizes occludin TJs.
We showed that N-cadherin induces the activation of phosphoinositide 3-kinase (PI3K), leading to Akt phosphorylation. Depletion
of PI3K p110b or Akt3, but not other p110 or Akt isoforms, increased occludin internalization from TJs in BECs with intact N-cad-
herin adhesion. Our data indicate that N-cadherin adhesion activates PI3K p110b-Akt3 signaling in BECs that is essential for the
stabilization of occludin TJs to strengthen the BBB.
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Cannabinoid Receptor Interacting Protein 1a (CRIP1a)
Associates with Gai in a GTPgS or Agonist Dependent
Manner
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Cannabis usage in recent years has increased due to the legalization of both recreational and medical use, making it important to
understand how psychoactive cannabinoids modulate cellular signaling in neurons. The CB1 cannabinoid receptor (CB1R) is a G-
protein coupled receptor (GPCR) found in the central nervous system (CNS) and modulates neuroprogenitor development, neural
commitment, and neurotransmitter release. Cannabinoid receptor interacting protein 1a (CRIP1a) is an abundant 20 kDa protein in
the CNS, which we recently determined to be a beta-barrel protein similar in structure to homologous proteins that serve as intra-
cellular carriers of lipidated proteins. In-vitro binding studies demonstrated that recombinant CRIP1a interacts directly with myris-
toylated Gai-derived peptides (Booth et. al. 2021). CRIP1a interacts with the CB1R to modulate its cellular signaling; however, the
mechanism by which CRIP1a impacts CB1R-Gi heterotrimer interactions in neurons is unknown. We hypothesized that CRIP1a
modulates CB1R signaling via an association with the Gai subunit after the Gai subunit is released from the GPCR. We tested this
hypothesis by treating N18TG2 mouse neuroblastoma detergent-free cell homogenates with GTPgS to dissociate Gai. After sedi-
mentation into cytosolic versus membrane fractions, immunoprecipitated CRIP1a co-migrated on SDS-PAGE gels with Gai with a
shift in mobility for these proteins. Immunoblotted CRIP1a and Gai band densities were quantitated using LI-COR Empiria soft-
ware for statistical analyses. CRIP1a and Gai co-migrated as an SDS-resistant complex, consistent with the myristoylated-Gai in-
tercalating within the hydrophobic interior of the CRIP1a barrel structure. The density of the mobility-shifted complex appeared to
move from the membrane to cytosolic fraction within 10 minutes of treatment of the homogenate with GTPgS. The shift from mem-
brane to cytosolic fraction is consistent with Gai disassociating from the G-protein heterotrimer after binding of the non-hydrolyz-
able GTP analog. The CB1R full agonist CP55940 was also used to treat N18TG2 cell homogenates within a similar time-course.
We further tested the hypothesis by using a proximity ligation assay (PLA) to detect CRIP1a and Gai within 40 nm of each other,
and cellular marker staining in intact N18TG2 cells. N18TG2 cell treatment with 100 nM CP55940 determined that CRIP1a and Gai
co-localize near the plasma membrane (stained with Na/K-ATPase or extracellular CB1R antibodies) within 30-90 seconds of ago-
nist treatment. Collectively, these data suggest CRIP1a is a cargo-carrying protein capable of binding the myristoylated-Gai subu-
nit near the plasma membrane in a GTPgS and agonist-dependent manner.

These studies were supported by NIH grants R01-DA042157, and F31-DA056188, and the Wake Forest University Cowgill
Fellowship.
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Early Life Adversity Disrupts Social Preference and Opioid
Reward Mechanisms in Adolescent Mice
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Early life adversity in form of poor postnatal care is a major developmental stressor impacting behavior later in life. Previous studies
have shown the impact of early life stress on behavioral and neural abnormalities. Specifically, research have demonstrated how
early life stress in form of reduced bedding and nesting materials can result in sex-specific behavioral deficits and aberrations in
the cerebellar regions of adult rodents. Little is known about how such alterations in cerebellar regions due to early developmental
stress impact drug-seeking and reward mechanisms. To address this question, we assessed behavioral outcomes in adolescent
C57/BL6 mice who were exposed to limited bedding and nesting materials at postnatal days 2–9. The animals were tested for a
battery of behaviors including open field, novel object recognition, social preference, elevated plus maze, and morphine-induced
conditioned place preference. There was a significant reduction in social preference in animals that underwent early-life stress
compared to normally reared animals (t-test, p<0.05). Our results also indicated that animals undergoing post-partum adversity
had increased preference towards the morphine-paired chamber in the morphine-induced conditioned place preference test (t-
test, p<0.05). No differences were observed between the groups in novel object recognition or elevated plus maze. To identify cer-
ebellar epigenetic markers that might underlie these behavioral deficits, we performed mRNA analysis of deep cerebellar nuclei
and identified putative factors that might have a role in these behaviors. The current study aims to further understand how stress-
induced neurodevelopmental changes can influence neuronal remodeling and affect addiction vulnerability in adolescents.

This project was funded by grants R01DA044999 and P20GM103434 from the National Institutes of Health.
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Nicotinamide Adenine Dinucleotide (NAD) Attenuates the
Rate-Decreasing Effects of Oxycodone Withdrawal in Rats
with No Apparent Abuse Liability
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Background: Two current treatments for opioid use disorder (OUD) are the chronic administration of buprenorphine (partial opioid
receptor agonist) or methadone (full opioid receptor agonist), as both of these agonists can alleviate withdrawal symptoms. How-
ever, neither of these drugs transition individuals with OUD to abstinence, and they both have an abuse liability. We examined
whether the intravenous administration of the small molecule NAD+ could effectively attenuate withdrawal and transition individu-
als to abstinence (Experiment 1) while also having no abuse liability (Experiment 2).

Methods: In Experiment 1, prior to establishing oxycodone dependence, seven Long-Evans rats (4 male and 3 female) were
trained to lever press under a fixed-ratio 30 schedule for food reinforcers. When responding stabilized, subjects were administered
an increasing chronic regimen of oxycodone (i.e., 3.2 mg/kg of oxycodone once daily, 3.2 mg/kg twice daily, and 10-18 mg/kg
twice daily) until both spontaneous and precipitated withdrawal were reflected by disruptions in overall response rate (responses/
second) and pre-ratio pausing (seconds). Precipitated withdrawal was demonstrated by administering increasing cumulative
doses of naltrexone i.p. (0.32-3.2 mg/kg). After disruption of behavioral responding (withdrawal) was demonstrated consistently,
indicating dependence, surgery was performed to implant a catheter and port. Twenty-four hours following catheterization, the
chronic oxycodone regimen was restarted for the recovery period from surgery and for reestablishing responding under the oper-
ant schedule. When responding stabilized, the chronic regimen of oxycodone was permanently discontinued, and subjects were
infused i.v. with either saline or 180 mg/kg of NAD+ each night for 10 hours per day for 10 consecutive days. Subjects responded
under the operant task every afternoon during the 10 days to assess the disruptions in behavior. In Experiment 2, four male
Sprague-Dawley rats were trained to respond under a fixed-ratio 10 schedule of oxycodone reinforcement after catheterization.
During these sessions, overall response rate and pre-ratio pausing (PRP) were recorded. After self administration was established
for an oxycodone training dose of 0.032 mg/kg/infusion, saline or NAD+ (1.57 or 3.2 mg/kg/infusion) was substituted for oxyco-
done until one of three criteria were met.

Results: In Experiment 1, precipitated and spontaneous withdrawal from oxycodone decreased response rate and increased
PRP. When oxycodone was permanently discontinued, subjects given 10 days of i.v. NAD+ recovered their pre-chronic baseline
of responding after 2 days of oxycodone cessation, while the saline group recovered their pre-chronic baseline after 4 days. PRP
was also restored more quickly in the NAD+ group than the saline group. In Experiment 2, the mean number of oxycodone infu-
sions was 23.6 ± 7.6, whereas the number of infusions was markedly reduced when saline (6.7) or NAD+ (6.2 ± 3.7 and 1.6 ± 0.89)
was substituted for oxycodone.

Conclusion: In our rodent model of opioid-dependence, i.v. NAD+ infusions reduced the duration and magnitude of the rate-de-
creasing effects of oxycodone, which were a direct reflection of withdrawal. Of the NAD+ infusion doses tested, neither dose
substituted for oxycodone and produced levels of responding closer to those for saline. These results reveal that NAD+ may have
promising potential as a treatment for dependence.
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R-(-)2,5-dimethoxy-4-iodoamphetamine [(-)-DOI] decreases
cocaine demand in a 5-HT2AR-mediated manner
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Aims: Drug overdose deaths within the U.S. reached an unprecedented high, surpassing 100,000 in 2021. Cocaine overdoses ac-
count for �15,000 deaths each year and cocaine use disorder (CUD) remains a challenge to treat, with the current standard of
care reliant primarily on psychosocial interventions, such as cognitive behavioral therapy. Efficacious pharmacotherapeutic sup-
port for CUD is an important goal in our field. In the last decade, there has been a resurgence of interest in serotonergic psyche-
delics as potential therapeutics for substance use and mental disorders, including CUD. Agonist actions at the serotonin (5-HT)
5-HT2A receptor (5-HT2AR) contribute importantly to psychedelic mechanisms of action, and the efficacy of these compounds in
limiting cocaine intake is unknown. In the present studies, we tested the hypothesis that the psychedelic 5-HT2AR agonist R-
(-)2,5-dimethoxy-4-iodoamphetamine (DOI) will decrease cocaine demand in a rodent behavioral economics model.

Methods: Male, Sprague-Dawley rats (n = 28) were trained to self-administer cocaine (0.75 mg/kg) for daily 180-min sessions until
stability on an FR3 schedule of reinforcement. Upon stability, daily sessions on the threshold procedure were initiated. During
each 110-min session, progressively smaller doses of cocaine were available. The duration of infusion decreased by 0.25 log per
block across 11 blocks lasting 10-min each, decreasing the dose of drug earned per infusion from 0.75 mg/kg/inf to 0.003 mg/kg/
inf. Pharmacological testing with DOI treatment (0.03, 0.1, 0.3 mg/kg; s.c., 20 min prior to session) began upon establishment of
stable demand elasticity (a) and demand intensity (Q0). Treatment with the selective 5-HT2AR antagonist M100907 (0.01 mg/kg;
i.p., 30 min prior) was employed to assesses the role of the 5-HT2AR in the behavioral effects of DOI. Demand curves for each sub-
ject were plotted with number of reinforcers earned[KC1] (consumption, mg) as a function of FR requirement (price) and the data
were fitted using an exponential model. The effect of DOI on measurements of cocaine demand was analyzed with an experiment-
wise error rate of a=0.05.

Results: Analysis indicated that DOI treatment dose-dependently decreased cocaine demand elasticity, price point at maximum
expenditure, maximum expenditure, essential value, breakpoint, and the area under the demand curve (p < 0.05) without altering
measurements of task disruption. DOI did not significantly alter cocaine demand intensity. The selective 5-HT2AR antagonist
M100907 prevented DOI-induced suppression of most measures in the cocaine demand paradigm (p < 0.05[KC2] ).

Conclusions: The current studies reveal that the psychedelic DOI decreases the motivational effects of cocaine, which were re-
versed by the 5-HT2AR antagonist M100907. These data suggest that while cocaine may still be reinforcing[ANC3] at minimal pri-
ces, the rats are less willing to work for cocaine after DOI pretreatment, and provide support for expanded interrogation of the
efficacy of 5-HT2AR agonist psychedelics in counteracting the behavioral effects of cocaine.

This work was supported by Center for Addiction Research at the University of Texas Medical Branch.
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Opioid-related discriminative stimulus, antinociceptive and
respiratory depressant effects of substituted 3-hydroxy-N-
phenethyl-5-phenylmorphans
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Aim: Delta opioid receptor (DOR) signaling mechanisms have been proposed to decrease the side effect liability associated with
morphine-like prescription opioids. We evaluated this proposition by determining the acute effects of six novel opioid agonists in
assays of morphine discrimination in rats, and antinociception, operant performance and respiratory function in nonhuman
primates.

Methods: 6 novel 3-hydroxy-N-phenethyl-5-phenylmorphans (C9-alkyl substituted compounds with varying stereochemistry)
were synthesized at the NIDA and NIAAA IRP. In vitro assays using commercially available kits (e.g. HitHunter for cAMP accumula-
tion) indicated the compounds have no efficacy at kappa opioid receptors (KOR), no to low efficacy at DOR, and some inhibitory
effects at DOR or KOR. The compounds had efficacy ranging from low (105) to moderate (76a, 111, 90b) to high (76b, 142) at mu
opioid receptors (MOR). In behavioral studies, full dose-effect functions for all six compounds were first determined in rats (n=7-9)
trained to discriminate 3 mg/kg morphine from saline. Next, effects in squirrel monkeys (n=3-5/group) were determined using cu-
mulative dosing procedures in two assays. In one set of studies, tail-withdrawal latency from 52oC water (antinociception) and ef-
fects on food-maintained operant responding (behavioral disruption) were concurrently evaluated. In other studies, whole body
plethysmography in the presence of normal air and air mixed with 5% CO2 was used to obtain respiratory parameters (breathing
frequency, tidal volume, minute volume).

Results: Four compounds (76b, 105, 142, and 111) fully substituted for morphine in discrimination studies; one compound (76a)
partially substituted (>70% drug-lever responding), and one compound (90b) did not generalize from the morphine stimulus
(�25% drug -lever responding). All morphine-like discriminative stimulus effects were attenuated by pretreatment with 0.1 mg/kg
naltrexone. In squirrel monkeys, compounds 76b and 142 had antinociceptive effects, behaviorally disruptive, and ventilatory ef-
fects similar to those of morphine. The remaining compounds had similarly disruptive effects on food-maintained operant re-
sponding but produced only limited effects on ventilation. Only three of the four (111, 90b, and 76a) had moderate to full
antinociceptive effects.

Conclusion: These data demonstrate that the presence of agonist or antagonist activity at DOR may have greater influence on the
effects of partial MOR agonists (76a, 111, and 90b) than on either full agonists (76b, 142) or very low efficacy agonists (105).

Supported by NIH Grant DA047574
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Behavioral and Neurochemical Effects of Extended Access
to Stimulant Self-Administration in Rats
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Approximately 20 million people in the United States are classified as having a substance use disorder. Given the chronicity of this
disorder, it is crucial to gain a better understanding of the toxicity associated with prolonged drug use. Regarding stimulants,
monoamine releasers (e.g., methamphetamine) rather than monoamine reuptake inhibitors (e.g., cocaine) are typically associated
with neuroinflammatory and neurodegenerative effects that are thought to underlie cognitive dysfunction. Interestingly, recent
data suggest that MDPV (a synthetic cathinone that functions as a monoamine reuptake inhibitor), has neurotoxic effects; how-
ever, the cognitive and neurochemical consequences of MDPV self-administration remain largely unexplored. Furthermore, de-
spite the fact that drug preparations that contain MDPV often also contain caffeine, little is known regarding the toxic effects
produced by of co-use of these two stimulants. The current study aims to investigate the degree to which self-administered MDPV
and a mixture of MDPV+caffeine can produce deficits in recognition memory relative to methamphetamine and cocaine. Male
Sprague-Dawley rats (n=8/group) were allowed 90-min or 12-h access to grain pellets on one lever and infusions of either MDPV
(0.032 mg/kg/inf), MDPV+caffeine (0.032 mg/kg/inf + 0.11mg/kg/inf, respectively), methamphetamine (0.1 mg/kg/inf), cocaine
(0.32 mg/kg/inf), or saline on the other lever for 5 days per week, for 6 weeks. Novel object recognition was evaluated prior to any
drug self-administration history, 3 and 6 weeks after rats had begun self-administering, and once more following a 3-week drug-
free period. Rats that had 12-h access to MDPV, MDPV+caffeine, or methamphetamine exhibited time-dependent deficits in the
novel object recognition assay relative to rats given access to saline. No deficits were observed in rats that self-administered co-
caine in 12-h sessions. Rats provided 90-min access to a mixture of MDPV+caffeine also exhibited deficits in recognition memory,
whereas 90-min access to other reinforcers did not result in recognition memory deficits. Degrees of monoamine depletion largely
coincided with recognition memory deficits. These data suggest that unlike cocaine, the prototypical monoamine reuptake inhibi-
tor, MDPV is capable of producing memory deficits often associated with neuroinflammation and/or neurodegeneration. These
data also demonstrate that mixtures of MDPV+caffeine produce deficits in recognition memory following both 90-min and 12-h
access, suggesting that caffeine might be enhancing toxicity produced by MDPV. Future studies will evaluate markers of neuroin-
flammation in these rats and explore pharmacological avenues to mitigate stimulant-induced cognitive deficits.

Supported by NIH/NIDA [(R01DA039146; GTC), (P20GM121307, R01NS120676; KSM)], and the IRPs of NIDA and NIAAA (KCR).
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Eating a High Fat/High Carbohydrate or Ketogenic Diet
Does Not Impact Sensitivity to Morphine-induced
Antinociception in Rats with Hindpaw Inflammation

Katherine M. Serafine,1 Madeline K. Elsey,2 Nina M. Beltran,1 and Vanessa Minervini3

1Univ of Texas at El Paso; 2Univ of Texas, El Paso; and 3Creighton University
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The obesity epidemic continues to be a pervasive, global concern, and individuals diagnosed with obesity have a higher preva-
lence of chronic pain. While obesity is thought to be caused by a multitude of factors, one contributing factor that has received at-
tention in recent years is the overconsumption of high fat/high carbohydrate foods. Previous literature has demonstrated that
eating high fat/high carbohydrate diets can increase sensitivity of rats to stimulant drugs, such as cocaine, but it is not known if
eating a high fat/high carbohydrate diet might impact sensitivity to other drugs, such as opioids (e.g., morphine) in the context of
inflammatory pain-relief. Further, not all high fat diets are associated with increased weight gain or obesity. For example, the keto-
genic diet (which is high in fat and very low in carbohydrates) has been associated with weight loss. To explore whether these die-
tary manipulations impact sensitivity of rats to morphine-induced antinociception in a model of inflammatory pain, in the present
study 24 female Sprague Dawley rats (n=8/group) ate a standard laboratory chow (17% kcal from fat), a traditional high fat/high
carbohydrate chow (60% kcal from fat), or a ketogenic (high fat/low carbohydrate) chow (90.5% kcal from fat). It was hypothesized
that rats eating high fat chow would be more sensitive to the effects of morphine than rats eating other diets. Rats ate their as-
signed diets for 5 weeks before the experimental testing began. Approximately 24-hours before the first test, unilateral hindpaw in-
flammation was induced by injecting 0.1mL of complete freund’s adjuvant (CFA) or saline into the footpad. A saline injection,
followed by 4 cumulative injections of morphine (1.0-17.8 mg/kg IP) were administered every 15 minutes, and 13 minutes after
each injection, the force that resulted in paw withdrawal was recorded. Morphine tests were repeated once per week, for 4 con-
secutive weeks. Morphine dose-dependently increased paw withdrawal force across all groups for both the CFA- and saline-in-
jected paws; however, there were no group differences between rats eating different diets during any of the 4 weeks of morphine
testing. These results suggest that while dietary factors can impact neurochemistry and sensitivity to other types of drugs, the anti-
nociceptive effects of morphine appear to be comparable regardless of the type of food an individual might consume. Future stud-
ies will explore potential sex-differences and assess the impact of dietary manipulation on other opioid-induced effects, including
their rewarding and reinforcing effects.

M.E. was supported by NIGMS linked awards RL5GM118969, TL4GM118971, and UL1GM118970 and by an ASPET SURF
award.

K.M.S., was supported NIDA award R25DA033613, and this project was also sponsored by a NIDA RCMI supplement under
award 3U54MD007592-29S4.
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GPR183 Activation in the Peripheral Nervous System
Induces Behavioral Hypersensitivities in Rats
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and Daniela Salvemini4
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Neuropathic pain is a global health concern. Neuropathic pain is poorly managed; current pharmacological therapies have limited
efficacy and multiple side effects. Novel therapeutic approaches are needed. Our group has identified the G-protein coupled re-
ceptor (GPCR), GPR183, as a non-opioid based target for therapeutic intervention with selective GPR183 antagonists. GPR183 is
expressed in a number of immune cells known to be involved in neuropathic pain states such as T cells, as well as in glia and neu-
rons. Interestingly, this expression in the nervous system correlates with key areas of the pain neuroaxis including in human spinal
cord and dorsal root ganglia. We have recently reported that GPR183 plays a role in central sensitization. However, the role of
GPR183 in peripheral sensitization is not known and was the subject of our investigation. In rats, intraplantar injection of 7a,25-di-
hydroxycholesterol (7a,25-OHC), the most potent ligand for GPR183, induced behavioral hypersensitivities associated with neu-
ropathic pain states (i.e. thermal hyperalgesia and mechano-allodynia). These effects were blocked by an inhibitor of GPR183,
SAE14. At the molecular level, we found that GPR183 induced hypersensitivities were driven by the mitogen activated protein ki-
nase, ERK. Indeed, U0126, a well characterized MEK/ERK inhibitor blocked 7a,25-OHC-induced behavioral hypersensitivities.
Our results provide the first evidence implicating GPR183 signaling in the development of peripheral sensitization and first mecha-
nistic insight on molecular pathways engaged downstream, of this GPCR opening the doors for future investigations into this novel
pathway.

Supported by start-up funds of Dr. Salvemini and Dr. Arnatt, the National Institutes of Health (NIH) Grant R01NS128004, and the
NIH Training Grant T32 GM141602-01 A1 (KDO)
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KATP channel prodrugs reduce hypersensitivity in
neuropathic and inflammatory pain models, morphine-
induced hypersensitivity, and reduce withdrawal behaviors
in mice

Amanda Klein,1 Alexis Doucette,1 Kayla Johnson,1 Shelby Hulke,1 Sunna Mujteba,1 Elena
Miller,1 and Peter I. Dosa1

1University of Minnesota
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Pharmaceutical strategies to utilize KATP channels for therapeutics have been hindered due to low solubility and/or ability to be
delivered systemically.Recently developed novel prodrugs with high aqueous solubility, called cromakalim prodrugs (CKLP), are
based on the structure of the KATP channel opener cromakalim. Cromakalim, and other KATP channel openers, has been shown
to reduce hyperalgesia in various chronic pain models in rodents. KATP channels are also downstream of mu-opioid receptor
singaling, and opioid antinociception can be attenuated after blocking or downregulating KATP channel function. The objective
ofthis study is to test novel KATP channel-targeting prodrugs in rodent models of neuropathic and inflammatory pain in addition to
opioid tolerance after chronic morphine administration. Male and female mice were subjected to spinal nerve ligation (SNL) or in-
traplantar injection of Complete Freund's Adjuvant (CFA) to induce a model of neuropathic and inflammatory pain, respectively. In-
trathecal administration of either of the KATP channel prodrugs, CKLP1, CF3-CKLP1, or CKLP2 (0-60ug) attenuated mechanical
hypersensitivity after SNL or CFA compared to vehicle (saline). Mechanical hypersensitivity was improved in mice during chronic
morphine treatment (15mg/kg, twice daily, 5 days) with administration of either CKLP1, CF3-CKLP1, or CKLP2. Naloxone precipi-
tated withdrawal behaviors, were improved after CKLP2 administration, including jumping and rearing measured one day after
thecompletion of morphine tolerance. These results are consistent with our previous data indicating non-water soluble KATP
channel agonists produce analgesia and attenuate morphine tolerance in mice. Newly developed, cromakalim prodrug 1
(CKLP1), CF3-CKLP1,and CKLP2 are water-soluble KATP channel openers that could be useful to reduce chronic pain, opioid tol-
erance, and withdrawal.

This research was funded by National Institutes of Health (K01DA042902, R01DA051876 to Klein) and the University of Minnesota
Pain Consortium. This work was also partially funded by the Summer Undergraduate Research Program from the UMD Chemistry
and Biochemistry Department and the Undergraduate Research Opportunity Program from the University of Minnesota.
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Differential effects of kappa opioid receptor activation and
blockade on the development of methamphetamine-
induced sensitization in adult male and female rats

Manoranjan D'Souza,1 Madison Snyder,2 and Sarah Seeley2
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Over the last decade the illicit use and abuse of methamphetamine has increased in the United States. Repeated and intermittent
use of methamphetamine can lead to sensitization of brain circuits, which can promote continued abuse of methamphetamine.
However, neural substrates underlying methamphetamine-induced sensitization are not fully understood. In this proposal, we
specifically evaluated the role of kappa opioid receptors (KORs) in the development of methamphetamine-induced sensitization in
adult male and female rats. In animals, methamphetamine-induced sensitization manifests as enhanced behavioral response to a
dose of methamphetamine after a period of repeated intermittent methamphetamine treatment compared to response to the
same dose of methamphetamine prior to exposure to repeated methamphetamine treatment. The experiment was conducted
over 28 days and locomotor activity (primary dependent measure) was measured on Days 1, 2, and 28. All animals received saline
on Day 1. Animals then received methamphetamine (0.5 mg/kg; i.p.) on Day 2 and Day 28. Animals were treated daily with a single
injection of methamphetamine (1 mg/kg; i,p,) for 6 days (Days 3-8; period of repeated intermittent exposure). Animals received no
methamphetamine treatment between Days 9-27 (drug-free period). This drug-free period allows for methamphetamine-induced
neurobiological changes to take place, which are hypothesized to play a role in the sensitized response to methamphetamine. To
assess the role of KOR receptors, animals received a single injection of either the KOR agonist (U50488; 1.5 mg/kg; s.c.) or saline
(1 ml/kg; s.c.; control) daily for 6 days (Days 3-8), 30 minutes prior to receiving methamphetamine (1 mg/kg; i.p.). Other groups of
animals received either the KOR antagonist (norBNI; 15 mg/kg; s.c.) or saline (1 ml/kg; s.c.; control) on Day 2 after measurement of
methamphetamine-induced locomotor activity. Animals received only one injection of the KOR antagonist (norBNI) because of its
long duration of action (�28 days). Data obtained from the study suggests that activation of the KORs using the KOR agonist
(U50488; 1.5 mg/kg; i.p.) significantly decreased methamphetamine-induced sensitization in adult female, but not male rats, com-
pared to respective controls. In contrast, blockade of the KORs using the KOR antagonist (norBNI, 15 mg/kg; s.c.) significantly in-
creased methamphetamine-induced sensitization in adult male, but not female rats, compared to respective controls. Based on
the data we can suggest an inhibitory role of KORs in the development of methamphetamine-induced sensitization in adult male
rats, which was unmasked by blocking KORs prior to methamphetamine exposure. Together, the data suggest a sex-dependent
differential role for KORs in the development of methamphetamine-induced sensitization in adult male and female rats.

Dr. D'Souza was supported by an endowed fellowship (Pharmacy Centennial Alumni Chair) and a Bower, Bennett and Bennett
summer grant awarded by the Raabe College of Pharmacy, Ohio Northern University (ONU), Ada, Ohio.
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Inhibition of ACAT as a Therapeutic Target for Alzheimer’s
Disease is Independent of ApoE4-lipidation

Ana Valencia,1 Deebika Balu,2 Naomi Faulk,1 Jason York,1 and Mary Jo LaDu3

1University of Illinois at Chicago; 2Univ of Illinois at Chicago; and 3Univ of Illinois-Chicago
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Background: While the mechanism(s) underlying APOE4-induced AD risk remains unclear, apoE4 levels in the brains of humans
and transgenic mice (Tg) expressing human APOE4 are lower than those expressing APOE3, and apoE4-lipoproteins are poorly
lipidated compared to apoE3-lipoproteins. Increasing the lipidation of apoE4 can stabilize apoE4-lipoproteins, thus making this
process an attractive therapeutic target. Several enzymes affect CNS cholesterol levels including ACAT (acyl-CoA:cholesterol-
acyltransferase), which catalyzes the formation of intracellular cholesteryl-ester droplets, reducing the intracellular free cholesterol
(FC) pool. Inhibition of ACAT increases the FC pool, making the lipids available for secretion to extracellular apoE-containing lipo-
proteins. Previous studies using commercially available ACAT inhibitors, including Avasimibe (AVAS), as well as ACAT-knock out
(KO) mice, demonstrate reduced plaque burden, gliosis, amyloid-beta peptide (Ab), and altered amyloid precursor protein (APP)
processing in familial AD (FAD)-Tg mouse models. However, the effects of AVAS in the presence of human apoE4 remain un-
known. Our hypothesis is that AVAS, via inhibition of ACAT, will increase the FC pool, promoting ABCA1-mediated efflux of cho-
lesterol to nascent apoE4-lipoproteins. This correction of apoE4 structure via lipidation will restore its function in the CNS,
including clearance of oAb and reducing neuroinflammation.

Methods: Male E4FAD-Tg mice (5xFAD+/-/APOE4+/+) were treated by oral gavage with AVAS from 6-8 months. Synaptic proteins
were measured by Western blot and learning and memory by Morris Water Maze (MWM). Lipid droplets/cell were analyzed by
staining with LipidSpot. Ab pathology was evaluated by measuring Ab solubility (3-step sequential extraction followed by ELISA)
and Ab/amyloid deposition (immunostaining). Neuroinflammation (astrogliosis and microgliosis) were evaluated by immuhisto-
chemistry. ApoE levels and lipidation were analyzed by apoE-ELISA and native gels.

Results: AVAS treatment significantly reduced intracellular lipid droplets, demonstrating indirect target engagement, increased
MWM measures of memory and postsynaptic protein levels, indicating surrogate efficacy, and reduced pathological changes in
Ab solubility/deposition, and neuroinflammation, all critical components of APOE4-modulated AD pathology. However, there was
no increase in apoE4 levels or lipidation, while amyloidogenic processing of APP was significantly reduced.

Conclusion: This study suggests that the AVAS-induced reduction in Ab via reduced APP processing was sufficient to reduce AD
pathology, while apoE4-lipoproteins remained poorly lipidated.

This study was partially sponsored by AbbVie, Inc. AbbVie contributed to the study design, research, and interpretation of data, re-
viewing, and approving the manuscript.
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Characterizing a Mesolimbic Circuit for Opioid Reward

Ruben A. Garcia-Reyes,1 and Daniel Castro2
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2Washington University School of Medicine in St. Louis
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A circuit mechanism was recently identified by our lab in which mu opioid peptide receptors (MOPRs) act to control reward con-
sumption. We found that MOPRs are expressed on the lateral dorsal raphe nucleus (LDRN) terminals that project to the nucleus
accumbens medial shell (mNAcSh) and are activated by retrogradely released enkephalin from mNAcSh itself (LDRN!mNAcSh).
While MOPRs in mNAcSh are important for reward consumption, MOPRs necessarily act in concert with other neurochemical ac-
tuators. Recent data demonstrated that stimulation of non-specific LDRN!mNAcSh terminals could evoke either inhibitory or ex-
citatory postsynaptic potentials in mNAcSh neurons, indicating that both GABAergic (vGAT) and glutamatergic (vGlut2)
subpopulations are included in the LDRN!mNAcSh circuit. Whether vGAT or vGlut2 subcircuits have distinct roles in reward con-
sumption is unknown. To isolate the potential subpopulation driving the expression of reward consumption behaviors, we simulta-
neously recorded vGlut2 and vGAT terminal activity using two calcium biosensors via dual-color fiber photometry in a sucrose
consumption task. In this task, mice were allowed to consume sucrose pellets that were non-contingently delivered throughout
the test session. Mice were tested ad libitum or after 24 hours of acute food deprivation. Additionally, mice were tested after sys-
temic administration of the opioid antagonist naloxone to test if terminal activity depended on endogenous opioid receptors. We
hypothesized that vGlut2, but not vGAT, terminal activity would decrease at the onset of sucrose consumption, and this decrease
would be opioid dependent. Our rationale was informed by extensive literature indicating that consummatory behavior in mNAcSh
is primarily mediated by decreased neural activity. Preliminary data suggests that vGlut2 terminal activity was reduced during re-
ward consumption. Oppositely, vGAT terminal activity appears to slightly increase activity during the same behavioral epoch.
While these results were represented across all conditions, the decrease in vGlut2 terminal activity was more robust during the
food deprivation state. These findings provide initial, but greater understanding of the complex transient interactions glutamate
could be playing in our LDRN!mNAcSh circuit. In the future, we will target each neural subpopulation via optogenetic stimulation
to modulate reward consumption.
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