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Oral Abstracts 

Sunday July 28, 2019 

Session 1 
S1.1 Intracellular endothelial Pannexin 3 can regulate vasomotor function in resistance arteries 

Abigail Wolpe¹, Matteo Ottolini¹, Swapnil Sonkusare², Scott Johnstone², Kevin Barr³, Frank Beier3, Silvia 

Penuela³, Brant Isakson² 

¹University of Virginia, ²University of Virginia School of Medicine, ³University of Western Ontario 

Pannexin 3 (Panx3) has been routinely observed in intracellular compartments when expressed in skin 

or bone. However, multiple RNAseq studies have demonstrated a consistent, albeit relatively low 

expression of Panx3 that exists in endothelium throughout the circulation. For this reason, a 

physiological role for endothelial Panx3 has yet to be described. To assess the expression of Panx3 in 

intact endothelium, we used multiple Panx3 antibodies raised against different topographical locations 

on the Panx3 protein on third order mesenteric arteries prepared en face, in order to visualize the 

endothelial monolayer. These arteries were chosen due to their role in regulation of total peripheral 

resistance, a key component to blood pressure regulation. Panx3 consistently localized to perinuclear 

membranes and polarized along the direction of blood flow. Panx3 was not observed at endothelial 

plasma membranes. Thus, we generated an inducible endothelial-cell-specific Panx3 knockout mouse 

(Panx3fl/fl/Cdh5-CreERT2+), which exhibits significant protein and mRNA loss of Panx3 in endothelium 

only following tamoxifen-injection. Panx3fl/fl/Cdh5-CreERT2+ mice exhibit normal blood cell 

parameters, heart function, body length, body weight, and fat content. Because we identified Panx3 in 

the endothelial perinuclear region, we began by assessing intracellular calcium and calcium sparks on 

intact third order mesenteric arteries. Loss of endothelial Panx3 reduced intracellular calcium activity in 

endothelium at baseline and upon muscarinic stimulation. Because calcium is vital to arterial dilation, 

we performed pressure myography. We found that resistance arteries lacking endothelial Panx3 exhibit 

a significantly enhanced vasodilation in response to muscarinic stimulation. Due to the role of resistance 

arteries in blood pressure regulation, we hypothesized there may be a change in the blood pressure of 

these mice. We used radiotelemetry to constantly measure blood pressure in freely-moving mice. Loss 

of endothelial Panx3 impairs blood pressure regulation, resulting in spontaneous hypertension 

independent of circadian rhythm (day/night cycle). The sum of this data suggests a novel role for Panx3; 

despite relatively low expression in endothelium, intracellular Panx3 can have dramatic effects on 

vascular function, including vasomotor responses and systemic blood pressure regulation. 

S1.2 Cx43-dependent disruption of intracellular calcium homeostasis in the right ventricle as a 

mechanism of arrhythmogenic right ventricular cardiomyopathy (ARVC) in plakophilin-2-deficient 

mice. 

Joonchul Kim¹, Marta Perez-Hernandez², Mingliang Zhang¹, Francisco Javier Alvarado³, Hector Valdivia¹, 

Marina Cerrone¹, Mario Delmar² 

¹New York University School of Medicine (Cardiology), ²New York University School of Medicine, 

³University of Wisconsin/Madison 
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Background. Plakophilin-2 (PKP2) is classically defined as a protein of the desmosome, an intercellular 

adhesion structure that also acts as a signaling hub to maintain structural and electrical homeostasis. 

Mutations in PKP2 associate with most cases of gene-positive arrhythmogenic right ventricular 

cardiomyopathy (ARVC). A better understanding of PKP2 cardiac biology can help elucidate the 

mechanisms underlying arrhythmic and cardiomyopathic events that occur consequent to its mutation. 

Here we sought to capture early molecular/cellular events that can act as nascent substrates for 

subsequent arrhythmic/cardiomyopathic phenotypes. Methods. We used multiple quantitative imaging 

modalities to study the functional/structural properties of cells/tissues derived from cardiomyocyte-

specific, tamoxifen-activated, PKP2 knockout mice ("PKP2cKO"). Studies were carried out 14 days post-

tamoxifen injection, a time point preceding an overt electrical or structural phenotype. Myocytes from 

right or left ventricular free wall were studied separately, to detect functional/structural asymmetries. 

Results. Most properties of PKP2cKO left ventricular (LV) myocytes were not different from control; in 

contrast, PKP2cKO right ventricular (RV) myocytes showed increased amplitude and duration of Ca2+ 

transients, increased frequency of spontaneous Ca2+ release events, increased [Ca2+] in the cytoplasm 

and sarcoplasmic reticulum compartments, and dynamic Ca2+ accumulation in mitochondria. RNAseq at 

14 days post-TAM showed no relevant difference in transcript abundance between RV and LV, neither in 

control nor in PKP2cKO cells, suggesting that in the earliest stage, [Ca2+]i dysfunction is not 

transcriptional. Rather, we found an RV-predominant, Cx43-dependent increase in membrane 

permeability that can permit Ca2+ entry into the cell. Cx43 ablation mitigated the increase in membrane 

permeability, the accumulation of cytoplasmic Ca2+, the incidence of arrhythmia-inducing calcium 

release events and the early stages of RV dysfunction. Conclusions: Loss of PKP2 creates an RV-

predominant arrhythmogenic substrate (Ca2+ dysregulation) that precedes the cardiomyopathy and 

that is, at least in part, mediated by a Cx43-dependent membrane conduit. Given that asymmetric Ca2+ 

dysregulation precedes the cardiomyopathic stage, we speculate that Cx43-dependent abnormal Ca2+ 

handling in RV myocytes can be a trigger for gross structural changes observed at a later stage. 

S1.3 The Cx43 Carboxyl-terminus Protects Endothelial Barrier Function via a ZO-1 interaction-

dependent modulation of Cx43 Hemichannel activity 

Randy Strauss¹, Jane Jourdan², Robert Gourdie³ 

¹Virginia Tech, ²Fralin Biomedical Research Institute, Virginia Tech, ³Fralin Biomedical Research Institute 

Most forms of heart disease are associated with a breakdown of the cardiac endothelial barrier, 

resulting in a damaging leakage and buildup of fluid between blood vessels and the heart tissue (also 

known as cardiac edema). Treatment has largely focused on heart muscle tissue as a therapeutic target 

while neglecting the endothelium, which plays a critical role in the health of the heart. Multiple studies 

have shown that Cx43 is involved in endothelial barrier function and permeability. In fact, the carboxyl-

terminus(CT) of Cx43 shares a common adaptor molecule and signaling hub, Zonula Occludens 1(ZO-1), 

with adherens junctions and tight junctions, linking multiple families of barrier-associated junctional 

transmembrane proteins to the actin cytoskeleton. The Cx43 CT also interacts with Cx43 itself, which is 

thought to be a mechanism underlying the modulation of Cx43-based hemichannel activity. A number of 

studies have demonstrated that Cx43 hemichannel activity can regulate barrier function. We 

hypothesize that the Cx43 CT mimetic peptide, αCT1, protects barrier function via a ZO-1 interaction 
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dependent modulation of Cx43 hemichannel activity. Using both classical and automated in vitro 

methods of measuring resistance/impedance across cell monolayers, we demonstrated that αCT1 

prevented VEGF-mediated breakdown of barrier function and stabilized tight junctions in a model of 

Age-Related Macular Degeneration (AMD). Moreover, utilizing Electric Cell-Substrate Impedance 

Sensing (ECIS), an automated, impedance-based method used to study cell monolayers, as well as filter-

based transwell permeability assays, we determined that pretreatment with ɑCT1 protected cells from 

thrombin-induced barrier function disruption and hyperpermeability in a human microvascular 

endothelial cell line (HMEC1). In tandem with these effects, recent confocal experiments showed that 

ɑCT1 modulated remodeling of Claudin-5 associated tight junction complexes. Strikingly, when Gap19, a 

selective inhibitor of Cx43 hemichannels was applied, it produced a protective effect similar to ɑCT1 in 

all of the aforementioned assays, while the ZO1 binding-incompetent variant, ɑCT1-i did not. In line with 

this, we found that Gap19 and ɑCT1 blocked pathology-induced membrane capacitance changes, which 

gave us early insight into their effect on Cx43 hemichannels, given that hemichannels traverse the 

plasma membrane. Taken together, ZO1 interaction- dependent Cx43 hemichannel modulation appears 

to be a mechanistic basis for endogenous endothelial barrier function regulation by Cx43's carboxyl-

terminus. Experiments are underway to determine precisely how ɑCT1 affects Cx43 hemichannel 

activity. Understanding how the Cx43 CT regulates barrier function by using mimetic peptides as tools, 

will advance both the fundamental knowledge of Cx43's role in disease processes as well as the 

development of novel endothelial barrier-stabilizing therapeutics for treating edema in the heart and 

other tissues. 

S1.4 S-nitrosylation of Connexin43 hemichannels elicits cardiac stress-induced arrhythmias in 

Duchenne Muscular Dystrophy mice 

Mauricio Lillo¹, Eric Himelman¹, Natalia Shirokova¹, Lai-Hua Xie¹, Diego Fraidenraich¹, Jorge Contreras¹ 

¹Rutgers University 

Patients with Duchene Muscular Dystrophy (DMD) commonly present severe ventricular arrhythmias 

that contribute to heart failure. Arrhythmias and lethality are also consistently observed in adult 

Dmdmdx mice, a mouse model of DMD, after acute b-adrenergic stimulation. These pathological 

features were previously linked to aberrant expression and remodeling of the cardiac gap junction 

protein connexin 43 (Cx43). Here, we report that remodeled Cx43 protein forms Cx43 hemichannels in 

the lateral membrane of Dmdmdx cardiomyocytes and that the b -adrenergic agonist isoproterenol (Iso) 

aberrantly activates these hemichannels. Block of Cx43 hemichannels prevents the abnormal increase in 

membrane permeability, plasma membrane depolarization and Iso-evoked electrical activity in these 

cells. Additionally, Iso treatment promotes nitric oxide (NO) production and S-nitrosylation of Cx43 

hemichannels in Dmdmdx heart. Importantly, inhibition of NO production prevents arrhythmias evoked 

by Iso. We found that NO directly activates Cx43 hemichannels by S-nitrosylation of cysteine at the 

position 271. Our results demonstrate that opening of remodeled and S-nitrosylated Cx43 hemichannels 

play a key role in the development of DMD mice arrhythmias and may serve as therapeutic targets to 

prevent fatal arrhythmias in DMD patients. Funding: An AHA post-doctoral fellowship 

18POST339610107 supported this work to M.A.L., NIH grant 1R01GM099490 to J.E.C., 1R01HL141170 
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S1.5 E2F mediated regulation of connexin 43 and dilated cardiomyopathy 

Balwant Tuana¹ 

¹University of Ottawa 

The E2F pathway regulates cell growth, death and differentiation. During the growth of postnatal 

myocardium a significant increase in gap junctions are observed to comply with the requirements of 

rapid electrochemical coupling of cardiomyocytes as they hypertrophy. We generated a transgenic 

mouse model using the E2F6 transcriptional regulator to specifically modulate the E2F pathway during 

growth of the postnatal myocardium in mice. The expression of E2F6 induced a dilated cardiomyopathy 

which resulted in sudden death. Significant alterations in the electrocardiogram were noted which 

conformed to the aberrant electrical activity and may explain the sudden death. While molecular 

analysis indicated significant changes in signaling pathways impacting metabolic, adrenergic and 

hypertrophic growth, one of the key early changes was the specific down regulation of connexin 43 

(Cx43) in E2F6 Tg myocardium. The deregulation of mircro RNA 206 as well as ketogenic signaling were 

notable in E2F6 expressing cardiomyocytes and linked to the putative demise of Cx 43. These data 

demonstrate that the E2F pathway is critically important in the electrochemical coupling of the 

myocardium via the regulation of Cx43 expression in the postnatal heart and that Cx43 should be a focus 

of idiopathic dilated cardiomyopathy. 

S1.6 Connexin43 phosphorylation at S330 regulates whole cellular ERK and Akt activity and cell 

survival in response to ischemia 

Joell Solan¹, Lucrecia Márquez-Rosado¹, Paul Lampe¹ 

¹Fred Hutchinson Cancer Research Center 

Background: Gap junctions, a subcellular structure composed of connexin proteins, allow for 

intercellular communication of small molecules while also providing a signaling scaffold. Gap junction 

assembly and stability are regulated by a variety of kinases. Here we describe how mutation of Cx43 at 

Casein Kinase 1 (CK1) phosphorylation sites in knock-in mice or in cell lines alters cell survival and 

signaling. Methods: We performed cardiac ischemia-reperfusion injury (IRI) experiments using a 

Langendorff apparatus to compare effects on tissue survival dependent on genotype and age. We 

examined expression and phosphorylation of Cx43, as well as ERK and Akt activity, kinases involved in 

cell survival during IRI. Using cell lines, we examined how interaction between Cx43 and these kinases 

can affected cell signaling. Using an antibody that recognizes epitopes in proteins phosphorylated by Akt 

("PAS" antibody), we probed for novel Akt substrates and phosphorylation-dependent Cx43-interactors. 

Results: In cardiac tissue mutation of the CK1 phosphorylation sites reduced Cx43 expression by over 

50% and increased Cx43 phosphorylation on S279/282 and S262, sites phosphorylated by ERK, 

regardless of age. In young mice, hearts were resistant to damage via IRI and expressed high levels of 

phospho-ERK. In aged wild type (WT) mice hearts exhibited much higher levels of myocardial damage in 

conjunction with an over 50% decrease in phospho-ERK. CK1 mutants, however, were similar to young 

animals both in extent of tissue damage and ability to preserve phospho-ERK. Using the PAS antibody, 

we found that old CK1 animals also maintained high levels of a 50-60kDa protein phosphorylated by Akt. 

These effects were recapitulated in cell lines; ERK could interact directly with Cx43 in a manner 

dependent on S330 being non-phosphorylated. Further, we identified the Akt substrate to be a novel 
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Cx43 interacting protein, NDRG1, whose stability and phosphorylation by Akt was dramatically affected 

by Cx43 phosphorylation; elimination of CK1 sites led to more than double the expression level and Akt 

phosphorylation of NDRG1 while a phospho-mimetic diminished expression. Co-immunoprecipitation 

showed that NDRG1 preferentially interacts with non-phosphoCx43 arguing that this interaction could 

protect NDRG1 from degradation. Conclusion: We propose that in addition to altering gap junction 

stability, Cx43 phosphorylation provides a dynamic scaffold that directly regulates signaling through ERK 

and Akt in response to ischemic injury. Although NDRG1 has not been studied in cardiac tissue, it is a 

hypoxia induced protein that has been shown to promote cell survival potentially mechanistically 

explaining how gap junctions modulate these effects. 

Session 2 
S2.1 PKA phosphorylation of Cx43 and its interaction with VASP reduces cell migration but 

increases directionality 

Kristin Pogoda¹, Ulrich Pohl¹, Petra Kameritsch¹ 

¹Ludwig-Maximilians-University Munich 

Background and aim: The expression of Connexin 43 (Cx43) is associated with enhanced cell migration 

and cytoskeletal dynamics (filopodia formation). The migration enhancing effect is mediated in a 

channel-independent manner and requires expression of the cytoplasmic C-terminal tail (aa257-382). 

Since this part can be modified post-translationally and can interact with several proteins involved in the 

control of cell migration, we analyzed whether phosphorylation by PKA could affect Cx43 dependent 

regulation of cell migration. Methods: Three serines (S364, S369 and S373) of five PKA target residues in 

the C-terminal tail were substituted by site-directed mutagenesis and the mutated Cx43 (Cx43-PKA) was 

covalently coupled to GFP. Migration of HeLa cells expressing wild type (wt) Cx43 or Cx43-PKA was 

analyzed in a wound assay in the presence of forskolin (FSK, 10 µM) or the PKA-inhibitor PKI (30 µM). 

Directionality of migrating cells was determined by immunofluorescence staining of the Golgi apparatus 

using confocal microscopy. F-actin was stained with phalloidin and the amount of filopodia at the 

leading edge was quantified. Immunoprecipitation and Western blot analyses were used to study 

interaction with PKA and its effector protein VASP as well as PKA dependent phosphorylation of VASP 

(Ser157). Endothelial cells endogenously expressing Cx43 were treated with Tat-fused Cx43-peptides 

containing the PKA phosphorylation site to test the effect of PKA on cell migration. Results: Mutation of 

the PKA phosphorylation site resulted in enhanced cell motility (mean accumulated distance: Cx43: 321 

± 23 µm; Cx43-PKA: 483 ± 44 µm) but decreased directionality of migrating cells. Likewise, cell migration 

of Cx43-expressing cells was enhanced by PKA inhibition with PKI. PKA activation by FSK reduced 

migration and filopodia formation of Cx43-expressing cells. In contrast migration of Cx43-PKA or Cx-

deficient control cells remained unaffected by stimulation with PKI or FSK. Activation of PKA by FSK 

increased binding of PKA and the PKA effector VASP to Cx43 and was associated with augmented 

phosphorylation of VASP, which is involved in the control of cell polarity and directed migration. A Cx43-

peptide containing the PKA phosphorylation site fused to Tat for cellular entry prevented the FSK 

induced decrease in migration of HMEC, endogenously expressing Cx43. Conclusions: Our results 

demonstrate that PKA dependent phosphorylation of Cx43 modulates cell motility in a channel 

independent manner and plays a pivotal role in regulating directed cell migration. A PKA dependent 
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phosphorylation has also been shown for other connexins, however, whether this phosphorylation has 

similar effects on cell migration has to be further investigated. 

S2.2 Phosphorylation of Cx43 residue Y313 by Src contributes to blocking the interaction with 

Drebrin and disassembling gap junctions 

Li Zheng¹, Hanjun Li², Andrew Cannon¹, Andrew Trease¹, Gaelle Spagnol¹, Hong Zheng³, Stanley Radio¹, 

Kaushik Patel¹, Surinder Batra¹, Paul Sorgen¹ 

¹University of Nebraska Medical Center, ²Duke University, ³University of South Dakota 

Phosphorylation regulates connexin43 (Cx43) function from assembly/disassembly to coupling at the 

plaque. Src is a tyrosine kinase known to both phosphorylate Cx43 (residues Y247 and Y265) and affect 

gap junction intercellular communication. However, the Cx43 carboxyl-terminal (CT) domain contains 

additional tyrosine residues and proteomic discovery mass spectrometry data identified Y313 as a 

potential phosphorylation target. Based upon the study of Lin et al. (2001) J. Cell Biol., which still 

observed tyrosine phosphorylation by Src when using a Cx43 Y247/Y265F mutant, we addressed the 

possibility of Y313 phosphorylation (pY313) by Src. In vitro Src phosphorylation of purified Cx43CT 

followed by mass spectroscopy revealed that Src also phosphorylates Y313. This observation was 

confirmed by repeating the in vitro phosphorylation using different combinations of Cx43CT Y → F 

mutants and a general anti-pTyr antibody. Next, a phospho-specific antibody was generated to help 

characterize the importance of pY313. We established an in cyto experimental system by stably 

expressing Cx43 WT and mutants (Y247F, Y265F, Y313F, Y247/265F, Y247/313F, Y265/313F, or 

Y247/265/313F) in Cx43-deficient HeLa cells. Cx43 WT and mutants, in the absence of v-Src, localized to 

the plasma membrane and formed gap junctions. When v-Src was over-expressed, Cx43 WT localized 

intracellularly, while all of the single and double mutants remained able to form plaques and transfer 

dye, albeit variable in number and amount, respectively. Complete Src-resistance was only achieved 

with the Cx43 Y247/265/313F mutant. Furthermore, Cx43 Y265F inhibited the ability of v-Src to 

phosphorylate Y247 and Y313 as well as phosphorylation at both Y265 and Y313 was necessary to inhibit 

the Cx43 interaction with Drebrin. Finally, we observed in diseased cardiac tissue, in which Src is active, 

an increase in intercalated disc and intracellular localized Cx43 pY313. 

S2.3 Endothelial pannexin 1 channels controls inflammation by regulating intracellular calcium 

Yang Yang¹, Angela Best-Campbell¹, Edgar Macal Jr¹, Leon DeLalio², Daniela Begandt¹, Jenna Milstein¹, 

Iona Donnelly³, Ashley Miller³, Martin McBride³, Xiaohong Shu¹, Michael Koval¹, Brant Isakson², Scott 

Johnstone² 

¹University of Virginia, ²University of Virginia School of Medicine, ³University of Glasgow 

Our previous data identified a prominent role for endothelial pannexin 1 (Panx1) channel activation in 

leukocyte recruitment. However, the molecular mechanisms whereby Panx1 regulates the inflammatory 

response have not been elucidated. To investigate this, we examined Panx1 in human endothelial cells 

following treatment with the pro-inflammatory cytokine tumor necrosis alpha (TNF). In response to 24 

hour TNF treatment at a range of concentrations, we identified a dramatic increase in Panx1 protein 

expression and glycosylation. Plasma membrane protein-biotinylation experiments show that exposure 

to TNF for 5 hrs increased an intracellular pool of high-mannose (gly0/1) forms of Panx1, whereas longer 
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treatments (24 hrs) enhanced plasma membrane associated complex-glycoprotein (gly2) forms at the 

cell surface. Analysis by whole transcriptome sequencing (RNA-seq), qPCR, and treatment with specific 

kinase inhibitors, revealed that TNF signaling induces NFκβ-associated Panx1 transcription. Using Panx1 

siRNA, we found that this Panx1-NFkβ pathway increased the expression and secretion of a key set of 

pro-inflammatory cytokines (e.g. IL1β). Because enhanced inflammatory responses were associated with 

increased Panx1 expression, we initially hypothesized that increased ATP release by the endothelium 

acted in a paracrine fashion on cells to control cytokine expression. To test this idea, we examined the 

effects on endothelial cells treated: with the ectonucleotidase-stable ATPγS; with apyrase to induce ATP 

degradation; or via pharmacologically blocked P2 receptors, in all cases, there were no changes in 

Panx1-dependent production and secretion of IL1β, suggesting that a non-purinergic pathway involving 

Panx1 was responsible for the response to TNF. High throughput flow cytometric analysis demonstrated 

that TNF treatments lead to elevated intracellular Ca2+ after 24 hours, but not 5 hours of TNF 

treatment, correlating with plasma membrane localization of Panx1. Further studies using Ca2+-free 

Krebs solution, demonstrate a requirement for extracellular Ca2+. Knockdown of Panx1 by siRNA or 

pharmacological blockage of Panx1 reduced TNF-associated increases in intracellular Ca2+, and inhibited 

IL1β transcription. Furthermore, we found that the Ca2+-sensitive NFκβ-p65 protein failed to localize to 

the nucleus after Panx1 siRNA treatment or pharmacological block. Taken together, our study provides 

the first evidence that intracellular calcium regulation via the Panx1 channel induces a feed-forward 

effect on NFκβ to regulate cytokines during the inflammatory response. 

S2.4 Platelet connexins are regulated through a network of proteases, kinases and phosphatases 

Amro Elgheznawy¹, Jonathan Gibbins¹ 

¹University of Reading 

1) Background and Aim Platelets are small blood cells that trigger blood clotting to prevent the loss of 

blood. Vascular disease is associated with unwanted platelet activation within the circulation, causing 

vascular occlusion, heart attack and stroke. The formation of cell-cell contacts is important for thrombus 

formation and has been shown to be controlled via gap junctions between platelets. Our studies 

indicated that the selective inhibition of connexins (Cx37, Cx40 and Cx62) resulted in protection from 

thrombosis. Little is known about the molecular mechanisms of regulation of connexins that control 

platelet function. In this study we therefore explored the signalling mechanisms controlling platelet 

connexin activity. 2) Methods Washed human platelets were exposed to either high levels of 

extracellular Ca2 or platelet activators such as thrombin or collagen in the presence or absence of 

selected inhibitors of proteases, kinases and phosphatases implicated in the regulation of platelet 

function. Epitopes in the N and C terminal domains of Cx62 were detected by immunoblot analysis. 3) 

Results The incubation of human platelets with high levels of extracellular Ca2 or thrombin or collagen 

induced post-translational modifications at both of N (reduced levels of intact protein detected with 

formation of cleavage product) and C (formation of additional bands with higher apparent molecular 

mass) terminal domains of Cx62. Given that connexins in different cell types are known to be post-

translationally modified via proteases (e.g. calpain) and kinases (e.g. PKA, PKC and CAMKII) that can 

interact with phosphatases (e.g. PP2A), we incubated washed human platelets with different series of 

potential proteases, kinases and phosphatases in the presence or absence of platelet activators. The 
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inhibition of calpain prevented the detected changes at the N and C terminal domains indicating that 

calpain is involved in these modifications. Also, we found that a PKC inhibitor blocked the Ca2 or 

agonist-induced C terminal modification, suggesting that C terminal modifications are likely to be related 

PKC-dependent phosphorylation. While CAMKII inhibition did not interfere with C terminal modification, 

it was able to prevent N terminal domain cleavage indicating that CAMKII potentially interacts with 

calpain to regulate its activation. Furthermore, PKA or PP2A inhibition promoted C and N terminal 

modifications even under unstimulated conditions. 4) Conclusions Our data indicate that calpain plays a 

central role in the direct (N terminal) and indirect (C terminal) regulation of Cx62 signalling in platelets. 

While Calpain is potentially upstream regulating PKC to modify C terminal domain, CAMKII, PKA and 

PP2A are potentially lie upstream of calpain to control N terminal cleavage. In conclusion we propose 

that an interconnected network of proteases, kinases and phosphates coordinate together to regulate 

connexin activities in platelets. 

S2.5 Dynamic UTR usage regulates alternative translation to modulate gap junction formation 

during stress and aging 

Michael Zeitz¹, Patrick Calhoun¹, Carissa James¹, Thomas Taetzsch¹, Kijana George¹, Stefanie Robel¹, 

Gregorio Valdez¹, James Smyth¹ 

¹Fralin Biomedical Research Institute at Virginia Tech 

Gap junctions, comprised of connexin proteins, enable direct intercellular metabolic, electrical, and 

immunological coupling. Connexin43 (Cx43, gene name GJA1) is the most ubiquitously expressed 

connexin and historical understanding of its regulation largely falls under transcription and post-

translational modification. Recent studies have shown however, that GJA1 mRNA encodes N-terminally 

truncated protein isoforms arising from alternative translation that regulate Cx43 gap junction 

formation and whose expression is modulated by TGF-beta. Mechanisms regulating internal translation 

of GJA1 mRNA are largely unexplored beyond implication of signal transduction pathways such as 

PI3K/Akt/mTOR and MNK1/2. Dynamic selection of distinct transcription start sites affects translational 

efficiency, leading us to hypothesize a role for cis transcript elements in regulating alternative 

translation. Here, we employ RLM-RACE to assess the contribution of Gja1 transcript variation to 

alternative translation. We identify dynamic expression of distinct Gja1 transcripts differing only in 

5'UTR length. TGF-beta exposure induces expression of Gja1 mRNAs with truncated UTRs, which 

correlates with preferential translation of full length Cx43 over its internal translation product GJA1-20k. 

Introduction of these transcripts into Gja1 -/- cells phenocopies the response of Gja1 to TGF-beta with 

reduced internal translation initiation. Pharmacologically inhibiting pathways downstream of TGF-beta 

selectively regulates levels of Gja1 transcript isoforms and translation products. We identify ERK1/2 and 

p38 mitogen-activated protein kinases as key regulators of Gja1 5'UTR selectivity. In addition to TGF-β, 

we observe comparable changes in UTR expression and corresponding modulation of alternative 

translation in response to hypoxia. We find conservation of GJA1-5'UTR variants in human cells, and 

verify their expression in mouse primary brain and heart tissue. Luciferase reporter assays reveal 

enhanced translational efficiency from shorter Gja1-5'UTR isoforms. We also observe a correlation 

among p38 activity, UTR selection, translation, and reduced gap junction formation in aged heart tissue. 
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Together, these data elucidate a relationship between transcript isoform expression and translation 

initiation regulating intercellular communication. 

S2.6 Cardiac ischemia modulates the sorting of Cx43 into EVs 

Steve Catarino¹, Teresa Ribeiro-Rodrigues¹, Lino Gonçalves1, Tania Martins-Marques¹, Henrique Girão¹ 

¹Faculty of Medicine, University of Coimbra 

A well balanced intercellular communication between the different cells that form the heart is vital to 

ensure cardiac contractility and pumping activity. Not only an impairment of gap junctions-mediated 

intercellular communication but also defects in communication via extracellular vesicles (EVs) have been 

implicated in cardiac functional impairment associated with ischemic heart disease, a major causative 

factor of heart failure (HF). However, the signals that govern ischemia-induced sorting of proteins into 

EVs likely contributing to HF remain largely obscure. We have previously shown that connexin43 (Cx43) 

channels are present at the EVs surface, where they mediate the release of vesicle content into target 

cells. Moreover, we provided evidence that ubiquitination promotes the sorting of Cx43 into EVs. The 

main objective of this study was to evaluate the impact of ischemia in Cx43 release in EVs and to unveil 

the signals that modulate this mechanism. To address this question we evaluated the levels of Cx43 in 

EVs secreted either apically to the extracellular medium, or basolaterally to the extracellular matrix, by 

cardiomyocytes cultured in control or ischemic conditions. Furthermore, we assessed the Cx43 content 

in blood circulating EVs and in EVs retained in the heart of rats subjected to myocardial infarction. Since 

endothelial coronary impairment has been implicated in HF with preserved ejection fraction (HFpEF) we 

hypothesized that ischemia impact on the vesicle content of EVs released by endothelial cells that can 

further affect cardiomyocytes. For that, we investigated the effect of ischemia on the amount of Cx43 

present in EVs released by endothelial cells. Finally, we compared the levels of Cx43 in circulating EVs 

collected either from healthy subjects or patients undergoing myocardial infarction. Overall, our results 

show that ischemia leads to a decrease in Cx43 levels secreted by cardiomyocytes and endothelial cells. 

Moreover, we demonstrated that inhibiting autophagy the levels of Cx43 sorted into EVs are partially 

restored. 

Session 3 
S3.1 Connexin mimetic peptide disruption of human smooth muscle cell proliferation and 

neointimal formation 

Yang Yang¹, George Baillie², Paul Lampe³, James Smyth⁴, Michael Koval⁵, Brant Isakson⁶, Scott 

Johnstone⁶ 

¹University of Virginia, ²University of Glasgow, ³Fred Hutchinson Cancer Research Center, ⁴Fralin 

Biomedical Research Institute at Virginia Tech, ⁵Emory University School of Medicine, ⁶University of 

Virginia School of Medicine 

Arterial blockages that reduce blood flow to tissues such as the heart are the greatest contributors to 

cardiovascular disease (CVD). Blood flow can be restored via angioplasty surgeries combined with 

application of a support stent on the vessel. However, damage caused during surgery triggers smooth 

muscle cell (SMC) de-differentiation to an aggressively proliferating phenotype that thickens the vessel 

wall (neointimal formation) and re-blocks the artery. Consequently, reducing SMC proliferation is a key 
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therapeutic strategy. Our previous data identified connexin 43 (Cx43) as a critical mediator of SMC 

proliferation by forming protein interactions with the cell cycle protein, cyclin E. However, the relevance 

in human pathology, the underlying mechanisms, and the ability to disrupt Cx43-associated proliferation 

have not been elucidated. To investigate this, we first examined Cx43-cyclin E complex formation in 

human vascular tissues and SMC. Proximity ligation assays identified Cx43-cyclin E interactions within 

the SMC layers of human vascular tissues. Treatment of cultured primary human coronary artery SMC 

with platelet derived growth factor (PDGF), resulted in significant increases in Cx43-cyclin E interactions. 

Co-immunoprecipitation analysis revealed that MAPK-phosphorylated Cx43 promotes formation of an 

active complex containing both cyclin E and CDK2 in human SMC. However, we also identified that PKC-

phosphorylated Cx43 binds cyclin E, but these complexes do not include CDK2. These data indicate, for 

the first time, that the differential phosphorylation status of Cx43 may act as a molecular switch to 

regulate cyclin E activity. Next, we used plasma membrane protein-biotinylation studies to demonstrate 

that PDGF stimulation result in a loss of plasma membrane-bound Cx43 in human SMC. 

Immunofluorescence analysis, co-immunoprecipitation studies and nuclear isolation preparations 

revealed that Cx43 re-localizes to the perinuclear region, forms a complex with the nuclear import 

protein importin alpha, and is transported to the nucleus corresponding with SMC proliferation. To 

identify whether disrupting Cx43-cyclin E interactions is sufficient to reduce proliferation in SMC, we 

used peptide arrays to identify critical Cx43-amino acids required for cyclin E binding. Based on this, we 

created a stearate-linked connexin mimetic peptide (CxPep). High throughput flow cytometric analysis 

showed that the CxPep significantly reduces SMC proliferation in response to PDGF. Co-

immunoprecipitation studies demonstrated that the CxPep acts to disrupt Cx43-cyclin E interactions. 

Using an ex vivo human saphenous vein model of neointimal formation, we can demonstrate that the 

CxPep can effectively reduce SMC proliferation-linked neointimal formation. Taken together, our study 

provides evidence of Cx43 regulation of proliferation in human SMC and identifies novel therapeutic 

targets that can limit neointimal formation. 

S3.2 Pannexin 1 activates a purinergic venous-specific cascade to induce endothelial permeability 

Michael Koval¹, Daniela Begandt², H Skye Comstra¹, Samuel Molina¹, Nenja Kruger³, Lauren Biwer³, Scott 

Johnstone³, Alexander Lohman⁴, Miranda Good³, Leon DeLalio³, Kwangseok Hong³, Hannah Bacon³, 

Swapnil Sonkusare³, Brant Isakson³ 

¹Emory University School of Medicine, ²University Hospital, LMU Munich, ³University of Virginia School of 

Medicine, ⁴University of Calgary 

The endothelial cell barrier regulates the passage of fluid between the bloodstream and underlying 

tissues and is of fundamental importance as impairment exacerbates the severity of inflammatory 

insults. Here we analyzed ex vivo murine venules and arterioles cannulated onto glass micropipettes or 

longitudinally opened for electrophysiological Ussing chamber analysis to study the effects of the pro-

inflammatory cytokine TNFα on endothelial permeability and transendothelial resistance in a native 

context. After a 30 minute challenge, TNFα specifically decreased the barrier function of venous 

endothelial cells, whereas arterial endothelial cell barrier function remained intact; this occurred both in 

ex vivo perfused vessels and in cultured endothelial cells in vitro. The effects of TNFα on venules 

required Pannexin 1 (Panx1) channel activation, since TNFα-induced permeability was inhibited by the 
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Panx1 inhibitor sprinolactone and venules from endothelial-targeted Panx1-deficient (VECad-

CreERT2/Panx1fl/fl) mice were resistant to the effects of TNFα. ATP was released through venous Panx1 

channels; however it was hydrolyzed to adenosine by vein-specific CD39 activity that was lacking in 

arterioles, and treatment of venules with the CD39 inhibitor ARL67156 inhibited TNFα-induced 

permeability. We found that the resultant adenosine stimulated Adora2A (A2A) receptors. A2A 

receptors were required for TNFα-induced venous permeability, since A2A-deficient venules resisted the 

effects of TNFα on barrier function. Moreover, Panx1 channels activated transient receptor potential 

vanilloid 4 (TRPV4) calcium channels as determined by measurements of calcium sparklet activity. 

Critically, TRPV4 deficient venules did not show increased leak in response to TNFα, however, the TRPV4 

agonist, GSK1016790A, caused a significant level of venule barrier leak. Taken together, these data 

support a model where TNFα-stimulated Panx1 channels induced a venous-specific adenosine-

dependent pathway to regulate barrier function. Since previous studies have shown that Panx1-

dependent ATP release acts as a homing signal to recruit immune cells to sites of injury, we hypothesize 

that the differential response of venules to ATP vs adenosine enables vessels to remain relatively intact 

until after immune cell recruitment in response to pro-inflammatory cytokines, upon which ATP 

hydrolysis to adenosine increases vessel permeability and releases immune cells for transmigration. 

These data also provide a pathway with the potential to be targeted to promote venous barrier function 

and prevent the deleterious effects of vascular leak in response to inflammation and injury. 

S3.3 Pannexin channel inhibition to prevent triggered arrhythmia 

Grace Salzer¹, Jeevan Jadapalli¹, Bjorn Knollmann¹, Ganesh Halade¹, Sabine Huke¹, Lufang Zhou¹ 

¹University of Alabama Birmingham 

Objective: Triggered arrhythmias are a common complication of heart failure, especially for patients 

with ischemic heart disease. There are currently no effective treatments to prevent these types of 

arrhythmias. Here we test if opening pannexin 1 channels (px1) facilitates triggered arrhythmias and if 

px1 inhibition has promise to prevent triggered activity after myocardial infarction (MI). Methods: For 

proof-of-principle, we utilize a mouse model with high susceptibility for triggered arrhythmias, the 

calsequestrin 2 null mouse (Casq2-/-). Heart rhythm was recorded in anesthetized Casq2-/- and Px1-/-

Casq2-/- double KO mice challenged with the β agonist isoproterenol and in radiotelemetry-implanted 

mice exercised on a treadmill (stress test). Casq2-/- and Px1-/-Casq2-/- double KO mice were treated in 

crossover design with the px1 inhibitors probenecid (200mg/kg) and spironolactone (50mg/kg) and 

heart rhythm was subsequently analyzed while blinded to treatment or genotype. Triggered arrhythmias 

displaying four or more consecutive triggered heartbeats were classified as ventricular tachycardia. We 

utilized a px1 reporter mouse (lacZ) and performed coronary ligation of the left descending coronary 

artery. Results: Surface ECG analysis indicated a lower rate of triggered activity in Casq2-/- mice treated 

with probenecid compared to Casq2 controls (1/5 vs 7/9 respectively) and in Casq2-/- mice treated with 

spironolactone (3/8 vs 7/8 respectively), or after ablation of px1 as compared to Casq2-/- controls (5/15 

vs 17/18 respectively). In telemetry stress-testing experiments, the presence of ventricular tachycardia 

in Casq2-/- mice treated with probenecid compared to Casq2-/- controls (4/16 vs 14/16 respectively) or 

after ablation of px1 as compared to Casq2-/- controls (2/7 vs 7/10 respectively) was significantly lower. 

Additionally, spironolactone decreased the occurrence of ventricular tachycardia in Casq2-/- mice 
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(11/12 vs 4/12). Probenecid treatment lowered the number of triggered heartbeats the first minute 

after exercise (34.4±14.6, in probenecid vs. 103.9±32.9 in control; n=16/group), which was also 

observed in spironolactone treated mice (12±5.6 in spironolactone vs. 163±23.7 in control; n=12/group) 

and in Px1-/-Casq2-/- double KO mice (48.71±34.6 in double KO; n=7 vs 121.60 ±44.8 in control; n=10). 

While px1 expression is low under basal conditions, it drastically increases specifically in the ischemic 

region after coronary ligation of px1 reporter mouse hearts. This ectopic expression was markedly 

increased at day 7 and continued through day 28 post MI,where it is confined to the scar region. 

Conclusions/Broader Impacts: We conclude px1 channels facilitate triggered arrhythmias and that px1 

inhibition is a new promising treatment approach to prevent triggered arrhythmias. This strategy may be 

particularly useful to prevent triggered arrhythmias in ischemic heart disease, as px1 is persistently 

upregulated after ischemic insult. 

S3.4 Connexin37-dependent mechanisms contribute to modulate Angiotensin II-mediated 

hypertension 

Loïc Le Gal¹, Maxime Pellegrin¹, Tania Santoro¹, Lucia Mazzolai¹, Armin Kurtz², Charlotte Wagner¹, Paolo 

Meda³, Jacques-Antoine Haefliger¹ 

¹CHUV, ²University of Regensburg, ³University of Geneva 

Background and aim: Gap junctions provide for communications between endothelial (EC) and smooth 

muscle cells (SMC) of vessels, as well as of renin-secreting cells (RSC) of kidneys, which all participate to 

control blood pressure (BP). In mice, EC and RSC predominantly express Connexin37 (Cx37) and Cx40, 

whereas SMC mostly express Cx43. However, in hypertensive mice, Cx37 is also expressed in vascular 

SMC. Methods: To decipher the role of Cx37 in hypertension, normotensive wild-type (WT) and Cx37-

deficient mice (Cx37-/-) were either 1) infused with the vasoconstrictor agent angiotensin II (Ang II) via 

osmotic mini-pumps; 2) submitted to a two-kidney, one-clip (2K1C) surgery, a renin-dependent model of 

hypertension; 3) treated with N-nitro-L-arginine-methyl-ester (L-NAME), a renin-independent model of 

hypertension. Results: After 2-4 weeks infusion of Ang II, the increase in BP was lower in Cx37-/- than 

WT mice, suggesting an alteration in the renin/Ang II-response. Accordingly, 2 weeks after the 2K1C 

surgery, Cx37-/- mice were less hypertensive than WT mice and 4 weeks after the clipping their BP even 

returned to the levels observed in controls, in spite of chronically increased levels of circulating renin, 

which participates to the formation of Ang II. In contrast, Cx37-/- and WT mice that received L-NAME 

featured a similar and sustained increase in blood pressure. The data indicate that loss of Cx37 

selectively alters the Ang II-dependent pathways. Consistent with this hypothesis, aortas of Cx37-/- mice 

featured an increased basal expression of the Ang II type 2 receptors (AT2R), and increased transcripts 

levels of the downstream signaling proteins Cnksr1 and Ptpn6 (SHP-1). Cx37-/- aortas further showed an 

altered response to an ex vivo exposure to Ang II, since the phosphorylation levels of several proteins 

involved in the AT2R pathway, including MLC2, ERK and AKT remained unchanged. Conclusions: Our 

findings document that loss of Cx37 partly protects against the development of Ang II-dependent 

hypertension, but not against the hypertension induced by L-NAME. The modest increase of BP of Cx37-

/- mice in response to Ang II, associates with increased levels of AT2R in their aortas, with changes in the 

transcripts levels of proteins mediating the AT2R signaling and with an altered phosphorylation of 

downstream targets of the Ang II signaling pathway. The data provide evidence that Cx37 alters the 
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development of renin-dependent hypertension, by reducing the vasoconstrictive effects mediated by 

Ang II. 

S3.5 Development of ADMix cell-based gap junctional intercellular communication assay conducive 

to high-throughput screening 

Yunkyung Heo¹, Eun Ju Choi¹, Jinu Lee¹ 

¹Yonsei University 

Gap junctions (GJs) are intercellular channels that allow the direct transfer of ions and small molecules 

between adjacent cells. Given their essential relationship to diverse disorders, GJs have been considered 

as a viable drug target for more than a decade. However, lack of robust high-throughput screening (HTS) 

technology has delayed the discovery of effective drugs targeting GJs. We have designed a simple and 

versatile platform for gap junctional intercellular communication (GJIC) assay that can quickly measure 

GJ activity of connexin of interest in live cells within less than 30 seconds. It employs two types of GJIC-

deficient HeLa cells: an acceptor cell, which expresses yellow fluorescent protein variant that senses 

elevated intracellular iodide; and a donor cell, which expresses pendrin, an iodide transporter that 

enables influx of extracellular iodide. These were mixed and named as the ADMix cells. GJ activity of 

connexin of interest was assessable by simply introducing the corresponding connexin gene to these 

cells and measuring the fluorescence change induced by GJ-mediated transfer of iodide from the donor 

to acceptor cells. In this study, the assay was successfully applied to measure GJ activity of six different 

major connexin isotypes (Cx26, Cx30, Cx32, Cx40, Cx43, and Cx45). Here we report the development of a 

new GJIC assay conducive to HTS and its broad applicability to drug screening and functional studies on 

various connexin mutants. This assay may pave the way for discovery of isotype-selective GJ modulators 

and for thorough understanding of GJ and its associated disorders. 

S3.6 The amino terminal domain plays an important role in Cx45 gap junction channel gating 

kinetics 

Artur Santos-Miranda¹, Honghong Chen¹, Donglin Bai¹ 

¹University of Western Ontario 

1) Background and aim Gap junction (GJ) channels formed by Cx45 exist in cardiovascular tissues 

participating synchronized activities. The transjunctional voltage (Vj) dependent gating (known as Vj-

gating) of Cx45 GJ showed the highest gating extent (~10% left with ±100 mV Vjs) and the fastest gating 

kinetics among the characterized GJs. The molecular mechanisms determining the gating properties of 

Cx45 GJs are not clear. The crystal and cryo-EM GJ structures of homologous connexins showed that the 

amino terminal (NT) domain folds into the pore and is part of pore lining domains, a position could serve 

a role in Vj-gating. Functional studies on NT domain chimeras or point mutants of other connexins 

showed that their NT domains played an important role in determining their GJ Vj-gating properties. We 

hypothesize that the unique residues in the NT domain of Cx45 are important for its Vj-gating 

properties. 2) Methods Protein sequence alignment of human Cx45 NT domain with connexins in the α 

and β groups reveal the 2nd and the 8th residues in Cx45 are uniquely different. We generated a total of 

14 variants on these two residues and studied their ability to form functional GJs and their Vj-gating 

properties. We also studied their ability to form GJ plaque-like structures at the cell-cell junctions. The 
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functional status and Vj-gating properties were also studied on a GFP-tagged Cx45, Cx45-GFP. 3) Results 

Among our generated Cx45 variants, S2D, R8D, R8E, were unable to form functional GJs, while all the 

other variants showed functional GJs when expressed in N2A cells. Little difference was observed 

between untagged Cx45 GJs and GFP-tagged Cx45 GJs for their Boltzmann fitting parameters on Gj,ss - 

Vj plot. However, the other functional Cx45 variants showed a significantly slower Vj-gating kinetics (Fig. 

1). 4) Conclusions The residues S2 and R8 in the NT of Cx45 are likely to play an important role in Cx45 

Vj-gating kinetics. Multiple mutations at these residues showed a significantly slower gating kinetics. 

This work was supported by CIHR to DB and AS-M received a travel grant from FAPEMIG 

Monday July 29, 2019 

Session 4 
S4.1 Connexin-46/50 intercellular communication channels in a near-native lipid environment 

resolved by CryoEM 

Jonathan Flores¹, Kimberly Dolan, Bassam Haddad2, Janette Myers2, Craig Yoshioka3, Daniel Zuckerman3, 

Steve Reichow¹ 

¹Portland State University / Oregon Health and Science University, ²Portland State University, 3Oregon 

Health and Science University 

Background: Despite the central importance of gap junctions to physiology and role in a wide-range of 

human disease, there has remained a lack of high-resolution structural information on this family of 

proteins. This dearth of structural information has been due to inherent difficulties associated with 

traditional methods requiring the crystallization of membrane proteins. Recent advances in the field of 

single particle CryoEM have become widely celebrated as an enabling technology for determination of 

membrane protein structures. This cutting-edge technology is now being complemented with tools 

developed for the study of membrane proteins in their native lipid environment--known as lipid 

nanodiscs. Our laboratory recently characterized the structure of gap junction intercellular channels 

isolated from native lens tissue, formed by connexin-46/50, using single particle CryoEM (Myers and 

Haddad et al. Nature 2018). The structure was shown to adopt a stabilized open-state conformation, as 

compared to the structure of connexin-26 previously determined by X-ray crystallography. To extend 

these finding and investigate how these channels interact with their local lipid environment, we used 

lipid nanodisc technology to incorporate connexin-46/50 intercellular channels into a double bilayer 

lipid system, closely mimicking the environment of a native cell-to-cell junction. Methods: Native 

connexin-46/50 intercellular channels were purified from mammalian (sheep) lenses, and incorporated 

into lipid (DMPC) nanodiscs. This reconstituted system was imaged by high-resolution CryoEM, and the 

structure was determined using state-of-the-art single particle 3D reconstruction methods. Results: The 

near-native lipid environment had a remarkable stabilizing effect on these channels, which enabled our 

ability to resolve the structure at a resolution of 2.1 Å - providing an extraordinary level of detail for this 

family of proteins. The structure reveals a bouquet of ordered lipids, stabilized by a conserved binding 

pocket formed at the connexin subunit interface. Remarkably, these stabilizing interactions extend well 

beyond the first layer of annular lipids and effectively immobilize the extracellular leaflet of the two 

connected membranes. In addition, over 150 water molecules are resolved throughout the channel. 

These ordered waters contribute to the interaction network that defines the intercellular permeation 
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pathway, and are integrated into the core of the trans-membrane domain of the protein. Conclusions: 

Lipid and water binding sites identified in Cx46/50 are remarkably conserved across the connexin family, 

suggesting these stabilizing features are key contributors to the structure and function of gap junction 

intercellular communication. The functional relevance of lipid-binding sites in Cx46/50 will be discussed 

in the context of the native environment of the eye lens. 

S4.2 Studying the electrostatic potential effects of calcium binding on hCx26 hemichannels 

Jorge Carrasco¹, Felipe Villanelo², Tomas Pérez-Acle² 

¹Fundacion Ciencia & Vida, ²Fundacion Ciencia & Vida - Centro Interdisciplinario de Neurociencia de 

Valparaíso 

Hemichannels (HC) are hexameric channels in the plasma membrane of almost all eukarotic cells that 

allow the passive diffusion of molecules up to 2 kDa. HC are formed by the protein connexin and they 

are sensitive to voltage, pH and extracellular calcium concentrations. Since the resolution of the 

crystalographic structure of human connexin 26, the application of molecular simulation protocols as a 

counterpart of traditional molecular studies has helped to elucidate structure-function relationships of 

this channel. Experimental evidence indicates that calcium triggers a conformational change that closes 

the channel pore. However, recent crystalographic evidence shows that calcium binding does not 

produce the expected conformational change in the protein. In this work we use simplified models that 

imitates HC dimensions, but are rigid, neglecting any posible conformational change. These models were 

subjected to molecular simulation protocols and the changes in ion movement and the properties of 

solvent molecules were studied, using different simulations conditions. The results indicate that 

regardless of the magnitude of the calcium charges, only one of the ionic species seems to be affected. 

On the other hand, water molecule dynamics, specifically the water molecules orientation, seems to be 

affected by the electrostatics potential of calcium in these models. In this job we find that part of the 

mechanism by which connexins HC are blocked by calcium is the change in electrostatic potential 

produced by this divalent ions, but an additional blocking by a conformational change cannot be 

dismissed. Acknowledgements: FONDECYT grant 1160574, AFB 170004 Fundación Ciencia para la Vida 

and ICM-Economía P09-022-F, CINV. Powered@ NLHPC. This research was partially supported by the 

supercomputing infrastructure at NLHPC (ECM-02). 

S4.3 The characterization of Panx1 and Panx3 in skin using two knockout mouse models 

Brooke O'Donnell¹, Charles Wakefield¹, Julia Abitbol¹, John Kelly¹, Rafael Sanchez-Pupo¹, Danielle 

Johnston¹, Kevin Barr¹, Silvia Penuela¹ 

¹University of Western Ontario 

Pannexins (Panx) are a family of three channel-forming glycoproteins, whose primary function is to form 

large-pore channels to facilitate the passage of metabolites such as ATP and calcium. All three members 

are expressed in the skin, while Panx1 and Panx3 specifically have been reported to function in 

keratinocyte differentiation and wound healing. Our group has previously shown that in the early stages 

of skin development, Panx1 is highly expressed but becomes downregulated with age. We have also 

demonstrated that in Panx1 knockout (KO) mice, dorsal skin is thinner with increased subcutaneous fat, 

and Panx3 is significantly upregulated indicating a potential compensation mechanism. However, 
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current knowledge of the role of Panx3 in skin aging and homeostasis is limited. To investigate the 

function of Panx3 within the skin, we used our previously reported global Panx3 KO mouse model and 

compared it to age-matched wildtype (WT) controls. Using Western blotting, we observed that Panx3 

protein levels (~43kDa) were undetectable in WT dorsal skin at P0, but significantly increased at P5 and 

remained highly expressed with skin aging, contrary to the pattern observed in Panx1 expression. 

Histological analysis of dorsal skin determined that 4-week-old Panx3 KO mice showed increased 

epidermal and dermal areas compared to WT, with no change in subcutaneous fat, which is opposite of 

what we previously observed in the Panx1 KO. To address the issue of Panx compensation between 

these homologous family members, we generated the first global Panx1/Panx3 double knockout (dKO) 

mouse model. dKO mice had significantly smaller litters, as reported previously for the single Panx3 KO, 

but also had reduced body weight compared to WT, unlike any of the single KOs. Histological analysis 

showed that P0 dKO mice had decreased epidermal and dermal areas and the hypodermal area of P4 

dKO mice was increased compared to WT dorsal skin, similar to the single Panx1 KO skin. The epidermal 

area of P0 dKO mice paw skin was also decreased compared to their WT counterparts. However, in later 

ages these differences were no longer significant between dKO and WT mouse skin. Since there are 

many other large pore channels also present in the skin, we tested for potential compensation. We 

found that a smaller isoform of Panx2 was expressed at equal levels (mRNA and protein) in WT and dKO 

and that transcript levels of Cx26, Cx30 and Cx43 showed no evidence of upregulation in dKO skin 

compared to WT. We are currently characterizing primary cells from each genotype to understand the 

mechanism behind these changes upon Panx deletion. Collectively, our findings suggest that Panx1 and 

Panx3 contribute to proper skin architecture in early stages of development, but are non-essential in 

aged skin in the absence of wounding or other challenges. Additionally, the two pannexins may be 

differentially regulated during skin aging and could play opposing roles in skin formation and 

homeostasis. 

S4.4 Pannexin 1 is differentially regulated by unique splice variants of Src kinase 

Andrew KJ Boyce¹, Roger Thomspon¹ 

¹University of Calgary 

Background & Aim: The pannexin 1 (Panx1) channel plays many context-specific roles in neurons, both 

physiological (regulating LTP/LTD) and pathophysiological (stroke and epilepsy). During the anoxic 

conditions of stroke, opening of pannexin 1 channels (Panx1), downstream of hyper-activation of NMDA 

receptors (NMDARs), induces rapid morphological changes in the form of irregular blebs in neuronal 

processes prior to cell death (Nat Neurosci, 2016). The signalling intermediate in this pathway, Src 

kinase, activates Panx1 by phosphorylation at tyrosine 308 (Y308) in the channel-blocking C-terminal 

domain of Panx1. Understanding this mechanism is critical if we hope to help neurons survive stroke to 

reduce long-term disability. NMDARs, Src, and Panx1 are ubiquitously expressed in the nervous system. 

However, pyramidal neurons also express unique Src variants (N1-/N2-Src), arising from short neuron-

specific splice insertions into substrate recognition domain of the ubiquitous Src (C-Src), leading to 

target diversification. Panx1 is modified by Src at another site (Y198; intracellular loop) in the 

cardiovascular system, but the role of this site in neural cells remains unknown. Our aim was to 

determine if a specific Src variant was responsible for mediating Panx1-dependent activation (pY308) 
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upstream of anoxia-induced cell death and if this variant was also responsible for Y198 phosphorylation. 

Methodological Approach & Results: Using phospho-specific antibodies designed by our lab (pY308) 

and others (pY198; Isakson lab, UVa), our preliminary biochemical data suggest that N1-Src 

preferentially phosphorylates Panx1 at tyrosine 308 (Y308). Interestingly, all Src variants were equally 

successful at phosphorylating Panx1 in its intracellular loop at the Y198 site, suggesting Panx1 pY308-

mediated activation may be neuronal-specific. To spatiotemporally resolve Src-Panx1 interactions during 

excitotoxicity, we used fluorescence lifetime imaging of Förster resonance energy transfer (FLIM-FRET) 

in cultured neurons. Upon NMDAR hyper-activation, N1-Src and Panx1 interact in dendritic loci where 

blebs eventually form. Further, N1-Src overexpression increased bleb diameter on a shorter time scale 

relative to C-Src. The contexts underlying Y198 phosphorylation will also be investigated using similar 

approaches. It is possible that phosphorylation of this site is responsible for unique Panx1-dependent 

behaviours in neurons. We developed variant-specific FRET-based biosensors for distinct Src splice 

variant activity. These will be investigated during anoxia and excitotoxicity, as well as under 

physiological conditions. Conclusions: There is evidence to suggest that the Src-dependent 

phosphorylation sites (Y198, Y308) in Panx1 are regulated by distinct neuronal splice variants, 

accounting for the unique activation states and context-specific behaviours attributed to Panx1. 

S4.5 Characterization and functional study of the Gap Junction Gene Innexin in Lymnaea stagnalis 

Brittany Mersman¹, Sonia Jolly¹, Zhenguo Lin¹, Fenglian Xu¹ 

¹Saint Louis University 

All nervous system functions rely on two main types of synapses that are established during early 

development: the chemical (transmitter-mediated) and electrical (gap junction protein-mediated) 

synapses. Emerging research has proved the widespread expression of gap junction (GJ) channels in 

many species including humans and in a variety of brain regions. Increasing evidence have indicated that 

GJs play vital roles in the early development of brains; yet, little is known about the regulatory factors 

(both intrinsic and extrinsic) and the mechanisms that control the development of electrical synapses. 

The current lack of knowledge in electrical synaptogenesis and regulation is partly attributed to the 

complexity of the mammalian brain which does not permit long-term, real-time neuronal recordings 

throughout electrical synapse formation. Therefore, we opt to use an in vitro experimental system, the 

mollusk Lymnaea stagnalis, in which physically large, well-defined neuronal networks and a published 

genome allow unique opportunities to study the cellular, molecular, and synaptic events throughout 

electrical synapse formation in the developing brain. To help gain in-depth knowledge about the role of 

gap junction forming genes in electrical synapse formation and nervous system development, the aim of 

this study is to characterize the expression, localization, and regulation of the GJ-encoding innexin in L. 

stagnalis during development. To do this, the central nervous system (CNS) of L. stagnalis was dissected 

and underwent either subsequent RNA extraction (for cloning) or single-cell extraction. Innexin was 

cloned utilizing degenerate primers and 3' and 5' rapid amplification of cDNA ends (RACE) systems. Our 

cloning experiments revealed the presence of at least eight isoforms of innexin genes (Inx1 - Inx8) in the 

L. stagnalis genome, all with conserved transmembrane domain regions. To elucidate the tissue- and 

cell-specific expression of innexin genes, RT-PCR was performed on various L. stagnalis organs, and qPCR 

was performed on cells in the CNS known to form electrical synapses. Innexin isoforms are expressed 
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ubiquitously throughout L. stagnalis CNS but can vary between animals and across developmental time. 

In situ hybridization experiments with DIG-labeled probes targeting the Inx1 transcript showed cell-

specific localization of Inx1 transcript to the plasma membrane in some known electrical synapse-

forming cells while absent in others, implying genetic differences between functionally identical cells. 

Overall, our results reveal the tissue- and cell-specific expression patterns of innexin genes at different 

developmental time of L. stagnalis, indicating their important roles in the proper development of 

invertebrate nervous system. Acknowledgements: SLU Start-Up Fund, PRF, BFDF awarded to Dr. Xu, and 

the Sigma XI Grant-In-Aid of Research awarded to Ms. Mersman. 

S4.6 Connexin and Pannexin modulation of extracellular potassium concentrations and 

redistribution in the cerebral cortex in vivo 

Azin Amini¹, Paolo Bazzigaluppi², Bojana Stefanovic², Philippe Monnier¹, Georg Zoidl³, Peter Carlen¹ 

¹Krembil Research Institute, ²Sunnybrook Research Institute, ³York University 

Extracellular potassium (Ke) is very tightly regulated but the underlying mechanisms are still poorly 

understood. It has been assumed, but with little evidence, that gap junctional communication plays a 

large role. Previously we demonstrated in the CD1 mouse somatosensory neocortex in vivo (isoflurane 

inhalation) that blocking gap junctional communication generally by applying carbenoxolone to the 

mouse cerebral cortex caused a slow continuous rise in Ke over 1 hour, mimicked by blocking interglial 

gap junctional communication by Gap27. Here we evaluate in vivo the role of intercellular gap junctional 

communication, Cx43 hemichannels, and pannexin channels by measuring changes in Ke following focal 

application of 50 mM KCl via a picospritzer into the CD1 mouse somatosensory neocortex in vivo from a 

nearby and a more remote Ke sensitive microelectrode. Attached to these K elecrodes were electrodes 

measuring the local field potential. The focally applied KCl caused both an increased Ke response and a 

local spreading depolarization response. Carbenoxolone caused an increase in the local Ke response to 

applied KCl and a decreased distal response, indicating that gap junctional communication plays a 

significant role in local K redistribution. A similar but more muted response was seen with a more 

specific blockade of interglial Cx43-based gap junctions. On the other hand, enhancing gap junctional 

communication by trimethylamine diminished the local Ke response to focally applied KCl both 

proximally and distally, suggesting more widespread K redistribution throughout the interconnected 

glial network. Blocking Cx43 hemichannels by applying TAT-gap 19 had no effect. However, blocking 

pannexin channels by brilliant blue dye, decreased the measured Ke response both locally and distally, 

confirming that raising Ke opens pannexin channels, which release more K, thereby adding to the 

measured Ke. All Ke responses were paralled by a concomitant depolarizing field response. These data 

confirm the important roles played by connexin gap junctions and pannexin membrane channels in the 

regulation of K concentration and redistribution in the neocortex in vivo. 

Session 5 
S5.1 Functional plasticity of Cx36 gap junctions is regulated by the actin cytoskeleton 

Jaya Aseervatham¹, Helen Wang¹, Cheryl Mitchell¹, Ya-Ping Lin¹, John O'Brien¹ 

¹University of Texas Health Science Center at Houston 
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Electrical synapses made of Connexin36 (Cx36) are capable of striking functional plasticity that depends 

largely on phosphorylation and dephosphorylation of the connexin. This signaling drives more than an 

order of magnitude change in functional coupling of neural networks in minutes without changes in 

Cx36 expression. We examined how signaling that controls functional coupling is integrated with the 

cytoskeleton. Methods: We studied an internally HaloTag-labeled Cx36 construct expressed in HeLa 

cells. Regulation of functional coupling was measured with Neurobiotin scrape-loading assays with or 

without protein kinase A (PKA) inhibitor or activator; structural changes were assessed through live 

HaloTag fluorescent ligand labeling, subsequent immunofluorescence and confocal microscopy; protein-

protein interactions were assessed with proximity ligation assays (PLA). Results: Cx36-Halo forms large 

gap junctions in transiently-transfected HeLa cells and gap junctions often extend dynamic finger-like 

projections, which we termed filodendrites. Disrupting the actin cytoskeleton with 200 nM cytochalasin 

D (Cy-D) for 2 hr destabilized Cx36 gap junctions while preventing actin elongation with 200 nM 

latrunculin A (La-A) for the same time did not. In contrast, both Cy-D and La-A treatments reduced the 

incidence of filodendrites, indicating that their presence depended on active elongation of actin 

filaments. Remarkably, both Cy-D and La-A treatments also disrupted the integrity of functional 

plasticity controlled by the PKA-protein phosphatase 2A (PP2A) signaling pathway. In routine conditions, 

PKA activation suppresses Cx36 coupling while PKA inhibition enhances it, but La-A reverses this pattern. 

Because functional regulation depended on actin filament elongation, we examined the role of Rho 

family GTPases that control actin remodeling. Inhibition of Cdc42 or activation of RhoA disrupted 

functional plasticity in the same way as La-A, while manipulating Rac1 had no effect. In control 

conditions, actin and PP2A subunit B55alpha were closely associated with Cx36 gap junctions as 

assessed by PLA. Activation of RhoA reduced this association indicating that actin and signaling 

molecules moved away from Cx36. Conclusions: Functional regulation of Cx36 coupling depends on 

actively remodeling pools of actin that harbor signaling molecules including PP2A. Cdc42 activity 

maintains actin and PP2A in close association with Cx36 and generally suppresses coupling, while RhoA 

activity opposes this state, removing actin and PP2A and facilitating enhancement of coupling. Support: 

NIH grants R01EY012857, P30EY028102 and the Louisa Stude Sarofim endowment. 

S5.2 Cryo-EM structures of undocked innexin-6 gap junction hemichannels 

Atsunori Oshima¹, Batuujin Burendei¹, Ruriko Shinozaki¹, Masakatsu Watanabe², Tohru Terada³, 

Kazutoshi Tani¹, Yoshinori Fujiyoshi¹ 

¹Nagoya University, ²Osaka University, ³Tokyo University 

Gap junction channels form intercellular conduits with a large pore size whose closed and open states 

regulate communication between adjacent cells. There are two gene families of gap junction proteins: 

connexin for chordates and innexin for invertebrates. Although a few high-resolution structures of gap 

junction channels have been reported, the structural basis of the mechanism by which gap junction 

channels close remains uncertain. Here we show the cryo-electron microscopy structures of 

Caenorhabditis elegans innexin-6 gap junction proteins in an undocked hemichannel form. In a 

nanodisc-reconstituted structure of the wild-type innexin-6 hemichannel, flat double-layer densities 

obstruct the channel pore. Comparison of the hemichannel structures of wild-type innexin-6 in 

detergent and a nanodisc-reconstituted N-terminal deletion mutant revealed that N-terminal 
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rearrangement and lipid-mediated pore obstruction occur upon nanodisc reconstitution. Molecular 

dynamics simulation showed the penetration of phospholipids through the transmembrane helix 

bundles of adjacent subunits. Functional studies using a single Xenopus oocyte voltage clamp revealed 

that an intact N-terminus is required for normal pore opening. Our results demonstrate that N-terminal 

rearrangement is induced by the lipid bilayer environment and provide insight into how the large-size 

pore of gap junction hemichannels can be completely closed in a lipid bilayer. 

S5.3 Intra-Domain Interactions of the Cx37 Carboxyl-Terminus Necessary for Growth Suppressive 

Function Alter Channel Gating 

Tasha Pontifex¹, Nicole Jacobsen², Samantha Taylor¹, Janis Burt¹ 

¹University of Arizona, ²University of Missouri 

The phenotypic switching between proliferation and either growth arrest or death mediated by 

phosphoisoforms of Cx37 rely on, as yet, unidentified functional properties of the gap junction channels 

(GJChs) formed by the phosphoisoforms. Comparing the induced phenotype of cells expressing various 

phosphomimetic isoforms and partial deletions of the carboxyl-terminus (CT), we concluded that intra-

domain interactions (within the CT) were necessary for cell survival. How such interactions modify 

channel behavior to support growth arrest vs. proliferative phenotypes is unknown. Here, we examine 

whether voltage-dependent gating behavior can be used as a marker of intra-domain interactions to 

distinguish growth suppressive from death-inducing or growth permissive isoforms of Cx37. In addition 

to Cx37-wt (growth suppressive), we examined the following deletion and phosphomimetic isoforms: 

Cx37tr (aa273-333 deleted; growth permissive), Cx37-dM (aa273-317 deleted; death), Cx37-dE (aa318-

333 deleted; death), Cx37-dMD4 (aa273-317 deleted, aspartate substituted for serines 319, 321, 325, 

328; death), Cx37-dETD3 (aa 318-333 deleted with aspartate substituted for serines 275, 285, 302; 

abbreviated growth suppression), and Cx37-S319D (growth suppressive). Growth suppressive isoforms 

(WT and S319D) were weakly voltage dependent, with a V0 of ~60mV and Gmin of 0.4. In contrast, 

growth permissive (Cx37tr) and death-inducing mutants (Cx37-dM, -dE, dMD4) were strongly voltage 

dependent, with V0 of ~20 mV and Gmin of 0.2. Interestingly, the intermediate growth suppressive 

effect of Cx37-dED3 showed an intermediate voltage dependence with V0 of ~45 mV and Gmin of 0.25. 

These data suggest that intra-domain interactions regulate voltage-dependent gating behavior of Cx37 

in a manner predictive of phenotypic effect. Whether the growth arrest phenotype stems directly from 

interaction of the CT conformation supported by these intra-domain interactions and the pore forming 

domain or with other intracellular proteins remains unclear. Nevertheless, our results suggest disruption 

of the intra-domain interaction results in stronger voltage-dependent gating of the Cx37 GJCh, and relief 

of the growth suppressive properties of Cx37. 

S5.4 Connexin mutants lead to compromise of the lens circulation, calcium 

accumulation/precipitation, and cataracts 

Viviana Berthoud¹, Junyuan Gao², Peter Minogue¹, Oscar Jara¹, Richard Mathias², Eric Beyer¹ 

¹University of Chicago, ²Stony Brook University 

Background and aim: Mutants of the lens fiber cell gap junction proteins, Cx46 and Cx50, are linked to 

congenital cataracts. We have been studying mice with connexin mutations (Cx46fs380 and Cx50D47A), 
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which mimic these human defects, to elucidate the mechanism by which they lead to cataracts. 

Methods: Connexin levels were determined by immunoblotting. Gap junctional coupling conductance 

was calculated from intracellular impedance studies of intact lenses. Intracellular hydrostatic pressure 

was measured using a microelectrode/manometer system. Intracellular free calcium ion concentrations 

([Ca2+]i) were measured using Fura-2 and fluorescence imaging. Calcium precipitation was assessed by 

Alizarin red staining and compared to the distribution of opacities detected by darkfield microscopy. 

Results: Levels of both Cx46 and Cx50 were significantly decreased in heterozygous and homozygous 

Cx46fs380 and Cx50D47A lenses compared to wild type lenses. In homozygous Cx46fs380 lenses, Cx46 

levels were reduced to 0.7% and the levels of the co-expressed Cx50 were 23%. In homozygous 

Cx50D47A lenses, Cx50 levels were decreased to 1.2% and those of Cx46 were 30%. In differentiating 

and mature fibers, gap junctional coupling was markedly reduced in heterozygotes and homozygotes 

compared to wild type lenses. It was absent in mature fibers of homozygous Cx46fs380 lenses and 

reduced to 4% in mature fibers of homozygous Cx50D47A lenses. The gradient in hydrostatic pressure 

was significantly increased in both Cx46fs380 and Cx50D47A lenses. At the lens center, the hydrostatic 

pressure was ~3 times the wild type value in both Cx46fs380 and Cx50D47A homozygous lenses. The 

[Ca2+]i was significantly increased in lenses from both mouse lines, reaching values of >2000 nM at the 

center of both homozygous lenses. Because this [Ca2+]i was above the Ksp of many calcium salts, we 

hypothesized that the accumulated Ca2+ might form precipitates. Alizarin red, a dye used to detect 

insoluble Ca2+, stained Cx46fs380 and Cx50D47A lenses. The distribution of Alizarin red-stained material 

was similar to the cataract morphologies. Conclusions: These results demonstrate that expression of 

Cx46fs380 or Cx50D47A disrupts the lens internal circulation leading to an increase in hydrostatic 

pressure and accumulation of Ca2+ to levels so high that it forms precipitates. The similar distributions 

of calcium precipitates and opacities suggest that the crystals correspond to the cataracts. We 

hypothesize that disruption of the lens circulation, Ca2+ accumulation and crystallization is a general 

mechanism by which mutant connexins lead to cataract formation. 

S5.5 Disease modelling of deafness with iPS cell derived gap junction forming cells 

Kazusaku Kamiya¹ 

¹Juntendo University Faculty of Medicine 

Mutation of the Gap Junction Beta 2 gene (GJB2) is the most frequent cause of hereditary deafness 

worldwide and accounts for up to 50% of non-syndromic sensorineural hearing loss cases in some 

populations. GJB2 encodes connexin (CX) 26, a component in cochlear gap junction. We have 

demonstrated that the drastic disruption of gap junction plaque (GJP) macromolecular complex 

composed of CX26 and CX30 are critical pathogenesis starting before hearing onset (Kamiya, J Clin 

Invest, 124(4):1598-1607, 2014). Cochlear delivery of Gjb2 using AAV significantly improved the GJPs 

and auditory responses of Cx26 deficient mice (Iizuka, Hum Mol Genet, 2015, 24(13):3651-61). Cochlear 

CX26-gap junction plaque (GJP)-forming cells such as cochlear supporting cells are thought to be the 

most important therapeutic target for the treatment of hereditary deafness. The differentiation of 

pluripotent stem cells such as induced pluripotent stem (iPS) cells into cochlear CX26-GJP-forming cells 

had not been reported. To develop the effective therapy for GJB2 associated hearing loss, restoration of 

GJP macromolecular complex using iPS cell based drag screenings or regenerative therapy are expected 
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to rescue the hearing function of GJB2 related hearing loss. In this study, we developed a novel strategy 

to differentiate induced pluripotent stem cells into functional CX26-GJP-forming cells that exhibit 

spontaneous ATP- and hemichannel-mediated Ca2+ transients typical of the developing cochlea. 

Furthermore, these cells from CX26-deficient mice recapitulated the drastic disruption of GJPs, the 

primary pathology of GJB2-related hearing loss (Fukunaga, Stem Cell Reports, 7(6), 1023-1036, 2016). 

For disease modeling of GJB2 related hearing loss, we have been developed human iPS cells from the 

patients with Japanese and east Asian typical GJB2 mutations. These in vitro models should be useful for 

establishing inner-ear cell therapies and drug screening that target GJB2-related hearing loss. 

S5.6 Cx30 is required for neural and synapse development in the inner ear 

Hong-Bo Zhao¹ 

¹University of Kentucky Medical Center 

Background: Cx26 and Cx30 predominantly co-express in the cochlea, including the cochlear supporting 

cells, spiral limbus, stria vascularis, and spiral ligament in the cochlear lateral wall. However, there is no 

connexin gap junction expression in the cochlear hair cells; also there is neither Cx26 nor Cx30 

expression in the spiral ganglion neurons. Both Cx26 and Cx30 deficiency and mutations can induce 

hearing loss. Previous studies in our laboratory and other laboratories demonstrated that Cx26 in the 

cochlea is responsible for anionic molecules transjunctional transport between cells, and involves the 

cochlear development, miRNA intercellular transfer, endocochlear potential generation, and 

modification of active cochlear amplification. However, Cx30 channels are impermeable to anionic 

molecules and its function in the cochlea remains largely unclear. Here, we investigate whether Cx30 

has a role in the cochlear neural and synapse development. Methods: Cx30 knockout (KO) mice and 

littermate wild-type (WT) mice were used. ABR threshold, DPOAE, and cochlear microphonics (CM) were 

recorded to assess cochlear and hearing function. The ribbon which is the structural hallmark of 

synapses between cochlear inner hair cell (IHC) and afferent auditory nerves was examined by 

immunofluorescent staining for CtBP2. Results: Cx30 KO mice showed hearing loss in comparison with 

WT mice. Immunofluorescent staining shows that ribbon synapses in Cx30 KO mice were significantly 

reduced in numbers compared to those in WT mice. Ribbon synapses in Cx30 KO mice also 

demonstrated a specific, "deer-hoof-print" like distribution that WT mice do not possess. However, Cx26 

deficient mice had no apparent neural developmental disorders in the cochlea, and also had no ribbon 

synapse reduction, even they had hearing loss. Conclusions: These data indicate that Cx30 deficiency 

can induce the cochlear ribbon synapse degeneration, revealing a novel role of Cx30 in the cochlear 

neural development. Supported by NIH R01 DC 017025 

Session 6 
S6.1 Neural gap junction genes regulate ageing in C. elegans 

Nathalie Vladis¹, Katharina Elisabeth Fischer¹, Karl Emanuel Busch¹ 

¹University of Edinburgh 

The nervous system is a central regulator of ageing and longevity, but it is not well understood how the 

processes that control electrical activity and cellular homeostasis of neurons interface with and affect 

the pathways that signal to other cells and tissues to regulate ageing. Gap junctions are unique 
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intercellular conduits that allow the direct transmission of voltage signals between the coupled cells. 

They functionally join the cytoplasm of the connected cells, enabling biochemical or metabolic coupling. 

Gap junction coupling plays a key role in the propagation of cellular injury, particularly of oxidative 

stress, to "bystander" cells, and has been implicated in the transmission of damage or death signals. 

However, it is currently unknown whether gap junction coupling plays a role in the processes that 

regulate ageing and longevity. Gap junctions are present in virtually all cells and tissues of the nematode 

C. elegans and are formed by twenty-five innexin genes encoding gap junction subunits. We assayed the 

lifespan of null mutants of all C. elegans innexins except of those which have a lethal phenotype. We 

discovered that most innexins have a significant and diverse impact on lifespan - some increase 

longevity, while others shorten lifespan. Surprisingly, mutants of gap junction genes expressed in the 

nervous system generally increased lifespan, meaning that the expression of those genes has a negative 

impact on longevity. Null mutants of unc-9, the most widely expressed innexin gene in the nervous 

system, lived about a third longer than wild-type animals. The effect of unc-9 on longevity is likely due to 

the intercellular coupling this innexin provides, as a null mutant of the stomatin protein UNC-1, which is 

thought to regulate the gating of UNC-9 gap junction channels, extends lifespan in the same manner. 

Lack of unc-9 positively affected the animals' healthspan as well, as mutants sustained locomotion and 

were responsive to touch for longer significantly longer than wild-type animals. Selective removal of 

unc-9 from parts of the nervous system by cell-specific RNAi showed that it may act to control lifespan in 

a specific network of glutamatergic neurons, mostly consisting of mechanosensory neurons and 

interneurons. We found that unc-9 genetically interacts with genes required for mechanosensation to 

control lifespan. Moreover, the antioxidant N-acetyl cysteine had a positive effect on longevity in wild 

type but did not extend lifespan in the unc-9 mutants. We therefore predict that a signal linked to 

oxidative stress may mediate the effect on lifespan exerted by UNC-9 gap junctional coupling. We are 

only beginning to appreciate the diverse and complex roles of gap junctions in brain functioning and 

their roles in development or neuronal injury. Our work for the first time reveals that gap junction genes 

may also play an important role in modulating ageing and longevity. 

S6.2 Investigating Cx43 HC and GJ localization and function in Amyotrophic Lateral Sclerosis 
Jessica Joseph1, Mauricio Lillo Gallardo2, Akshata Almad3, Arens Taga1, Aayush Pokharel1, Sarah Gross1, 
Jorge Contreras2, Nicholas J Maragakis1  

¹Johns Hopkins University, 2Rutgers University, 3Children’s Hospital of Philadelphia 

Background: Connexin 43 (Cx43) is the most ubiquitous connexin in the central nervous system and 

forms hemichannels (HC) and gap junctions (GJ) in astrocytes. Increases in Cx43 expression and activity 

have been observed in neurodegenerative diseases including Alzheimer's, Parkinson's, and Huntington's. 

Our lab recently reported that Cx43 upregulation in astrocytes contributes to motor neuron (MN) 

toxicity in Amyotrophic Lateral Sclerosis (ALS). We demonstrated that astrocyte expression of Cx43 is 

increased in the frontal cortex and spinal cords of ALS patients, and in the SOD1G93A mouse model of 

ALS. We also show in vitro that SOD1G93A astrocyte-mediated MN toxicity was in part mediated 

through Cx43 HC. Given SOD1G93A astrocytes cause rapid disease progression without altering onset, 

this suggests astrocytes, and potentially Cx43, play a key role in disease propagation. Understanding 

why disease progression in the majority of patients with ALS occurs in contiguous anatomic regions over 

time is a fundamental limitation to designing disease modifying therapies after diagnosis. In this study, 
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we aim to understand the role of Cx43 in ALS disease spread by using novel triple transgenic 

SOD1G93A;GFAP-Cre;Cx43 fl/fl mouse and human ALS induced pluripotent stem cell (hiPSC) models to 

examine Cx43 HC localization and function. Methods: In order to determine the ratio of Cx43 HC to total 

Cx43, we employed a previously published method to pulldown HCs for Western blot in vitro. This 

technique utilizes biotin binding on lysine residues of Cx43 HC extracellular domains and biotin-

streptavidin binding to pulldown all lysine residues on proteins and blot for Cx43. We then determine 

the percentage of Cx43 HCs to total Cx43 using total protein linear modeling described by Retamal et al. 

We have performed this in human ALS iPSC astrocyte cultures using six patient lines, including two 

control, familial, and fast sporadic ALS lines. We also used qPCR to test toxicity profiles of WT, disease, 

and the triple transgenic mouse astrocytes. Results: Our data suggest that the overall expression of Cx43 

is dramatically increased in SOD1G93A astrocytes, including Cx43 HC levels. Interestingly, the ratio of 

Cx43 HC to total Cx43 expression is increased and suggests in this disease model there is a greater 

percentage of Cx43 HC on the membrane. Initial studies using human ALS iPSC-derived astrocytes show 

similar increases in Cx43 expression and HC localization. qPCR data suggest the SOD1G93A astrocyte-

mediated toxicity is not related to the A1 toxicity phenotype. Disease astrocytes and Cx43 KO disease 

astrocytes have similar profiles despite the lack of Cx43 expression. Conclusions: Cx43 is a novel protein 

associated with ALS disease progression and the mechanism of HC toxicity has yet to be explored. Using 

ALS rodent and human ALS iPSC-derived astrocytes, our findings shed light on a potential role for Cx43 

HC in ALS disease progression and as a potential therapeutic target. 

S6.3 Targeting connexins at the endothelial-astrocyte interface protects against inflammatory 

blood-brain barrier leakage 

Marijke De Bock¹, Maarten De Smet², Valerie Van Haver², Stijn Verwaerde², Roosmarijn 

Vandenbroucke², Luc Leybaert² 

¹Johnson & Johnson, ²Ghent University 

The blood-brain barrier (BBB) is formed by capillary endothelial cells that express Cx37, Cx40 and Cx43. 

Closely apposed to these BBB endothelial cells are endfeet of astrocytes that express Cx43 and Cx30. 

Here, we investigated whether the peptides Gap27, which inhibit hemichannels rapidly and gap 

junctions with some delay (Cx43 and Cx37), and TAT-Gap19 that inhibits hemichannels but not gap 

junctions (Cx43), could limit BBB leakage induced by systemic inflammation brought about by 

intraperitoneal LPS injection in mice. LPS (25 mg/kg) induced BBB leakage investigated by 3 & 10 kDa 

fluorescent tracers over a 24h observation period. LPS also increased Cx43 expression in endothelial 

cells and astrocytes, and elevated the pro-inflammatory cytokines IL1β, TNFα, IFNγ and IL6 in the plasma 

and IL6 in the brain. Gap27 and TAT-Gap19 intravenously injected just before LPS administration 

significantly diminished BBB leakage over the entire 24h period; TAT-Gap19 suppressed plasma TNFα 

(3h post-LPS) and enhanced brain IL6 (6h post-LPS) while Gap27 had no consistent effects. LPS-induced 

BBB leakage was also strongly reduced by global Cx43 knockdown and Cx43/Cx30 double knockout in 

astrocytes, but not by endothelial Cx43 knockdown. Connexin hemichannels are strongly linked to 

cytoplasmic calcium dynamics, as calcium elevation opens Cx43 hemichannels and open hemichannels 

allow calcium entry. Intravenous administration of the intracellular calcium buffer BAPTA-AM prevented 

the LPS-induced BBB leakage. Moreover, patch-clamp experiments on RBE4 cells demonstrated LPS-
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induced Cx43 hemichannel opening, which was suppressed by Gap27, Gap19 and BAPTA. LPS 

furthermore induced astrogliosis that was prevented by Tat-Gap19 and BAPTA-AM in vivo (intravenously 

administered). To further identify the role of brain parenchymal calcium changes and astrocytic Cx43 

hemichannels, we applied BAPTA-AM and TAT-Gap19 via a cranial window to the exposed cerebral 

cortex instead of via intravenous injection. Interestingly, BAPTA-AM and Tat-Gap19 applied in this 

manner strongly prevented BBB leakage. In vivo hemichannel ethidium bromide dye uptake studies 

demonstrated LPS-induced dye uptake that was inhibited by TAT-Gap19. Patch-clamp experiments 

demonstrated that IL6 triggered Cx43 hemichannel opening in primary cultured astrocytes, indicating 

astrocytic hemichannel opening in response to LPS is mediated by IL6. To summarize, our data indicate 

that targeting Cx43 hemichannels in BBB endothelial cells and astrocytes prevent BBB leakage under 

strong systemic inflammatory conditions. The work suggests that circulating LPS and pro-inflammatory 

cytokines activate hemichannels in endothelial cells, instigating endothelial calcium changes and 

subsequent BBB leakage. In brain parenchyma, IL6 activates hemichannels and calcium signaling in 

astrocytes/astrocytic endfeet surrounding BBB endothelial cells, thereby strongly contributing to BBB 

failure. 

S6.4 Altered connexin43 function in post-traumatic brain injury induced epilepsy 

Carmen Muñoz-Ballester¹, Oleksii Shandra¹, Robert Gourdie², James Smyth³, Samy Lamouille¹, Stefanie 

Robel³ 

¹Virginia Tech, ²Fralin Biomedical Research Institute, ³Fralin Biomedical Research Institute at Virginia 

Tech 

Background and Aim Traumatic brain injury (TBI) affects 10 million people annually with 10-50% of 

patients subsequently at risk for developing epilepsy. Patients often respond poorly to surgery and to 

antiepileptic drugs targeting neurons, resulting in long-term disabilities or even death. Several studies, 

including our own, have now demonstrated that astrocytes are active drivers of the epileptic process. 

Astrocytes form large networks through physical, chemical, and electrical coupling via gap junctions 

(GJs). This coupling is thought to counteract neuronal hyperactivity through clearance of extracellular 

potassium and glutamate. GJ communication is essential for brain function and connexin43 (Cx43) is the 

major component of GJs in astrocytes. In addition, Cx43 also occurs as non-junctional hemichannels that 

are generally closed but open under pathological conditions, releasing neurotoxic molecules such as ATP 

and glutamate. Epilepsy has been associated with alterations in astrocytic coupling, where increased 

coupling has been reported in some studies, but impaired coupling in others. Cx43 also displays 

apparently paradoxical effects: Cx43 levels are increased in epileptic patients but blocking its function 

also causes seizures. This can in part be explained by Cx43 hemichannels opening since their inhibition is 

sufficient to inhibit chemically-induced seizures. For this reason, we aimed to investigate the role of 

astrocyte coupling and Cx43 in post-traumatic epilepsy (PTE). Methods We employed a novel mouse 

model of TBI that results in animals developing spontaneous PTE, recapitulating PTE in humans. Western 

blot and confocal microscopy were used to detect Cx43 expression levels and subcellular localization, 

respectively. Biocytin intracellular injection and two-photon imaging in mice encoding the genetic Ca2+ 

indicator GCaMP5 in astrocytes were used to measure coupling between astrocytes. Results 

Heterogeneity in Cx43 regulation after TBI was found: a subgroup of astrocytes loses Cx43 expression, 
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while an overall increase of Cx43 protein is detected in the cortex. Measuring biocytin spread, we find a 

significant decrease in coupling between astrocytes with low or no Cx43 and the rest of the astrocytic 

network. This finding was corroborated by abnormal spread of Ca2+ observed in vivo. Preliminary 

solubility studies and EtBr experiments suggest increases in presence and activity of Cx43 hemichannels 

in mice that underwent diffuse TBI. Conclusions Our data reconcile previously conflicting data by 

revealing several mechanisms of altered Cx43 function occur simultaneously post-TBI. A subset of 

astrocytes uncouples from their neighbors with simultaneous upregulation of Cx43 protein and 

hemichannel function. Future studies will use mimetic peptides to determine which aspect of Cx43 

function is sufficient and viable as a therapeutic target to interrupt the development of epilepsy post-

TBI. 

S6.5 A bidirectional plasticity rule for central mammalian electrical synapses 

Brandon Fricker¹, Emily Heckman¹, Julie Haas¹ 

¹Lehigh University 

Synaptic plasticity is a fundamental process that is thought to underlie human learning and brain 

development. Activity-based bidirectional learning rules have been well characterized for 

neurotransmitter-based synapses. However, a bidirectional relationship between physiological activity 

and synaptic strength has not yet been established for mammalian electrical synapses. In the thalamic 

reticular nucleus (TRN), gap junctions comprising cx36 form electrical synapses that are the dominant 

source of communication between those neurons. Like all thalamic cells, TRN neurons exhibit two 

primary modes of activity: bursting, which features a low-threshold calcium spike crowned with regular 

sodium spikes; and tonic spiking, where the only spikes are regular sodium-based. These spiking modes 

correspond to different behavioral attention states. Our previous work demonstrated that paired 

bursting in coupled TRN neurons induces long-term depression of electrical synapses between them 

(Haas et al., 2011) that arises from calcium-based mechanisms (Sevetson et al., 2017). Here we show, in 

whole-cell patch recordings of pairs in rodent brain slices of both genders age p11-p14, that low-

frequency tonic spiking in one cell of a coupled pair, in the presence of T-type calcium channel 

antagonists, leads to long-term potentiation (LTP) of the synapse. The magnitude of LTP we observe can 

fundamentally transform the impact of a synapse on the coupled neighbor, from subthreshold to spike-

eliciting. We further show that LTP is specific to single-cell activity, is expressed asymmetrically, and 

depends on intracellular calcium dynamics. Our results lead us to propose a calcium-based bidirectional 

rule for activity-dependent plasticity of electrical synapses, where minimized influx of calcium in tonic 

spiking leads to LTP while larger influx during bursting leads to LTD. We expect that similar bidirectional 

plasticity rules are a widely defined principle of electrical synapses in all brain regions. 

S6.6 Connexin hemichannels and pannexin channels as drug targets in liver toxicity and disease 

Mathieu Vinken¹, Bruno Cogliati² 

¹Vrije Universiteit Brussel, ²University of São Paulo 

Because of its unique function in the body, it is not surprising that the liver is a frequent target in toxicity 

and disease. Liver pathology is typically associated with cell death and inflammation. Connexin (Cx) 

hemichannels and pannexin (Panx) channels have emerged as key players in a plethora of tissues in both 
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processes over the past few years. In this research, it was investigated whether this also holds true for 

hemichannels consisting of Cx32 and Cx43 as well as Panx1 channels in the liver. Focus was hereby put 

on acute liver failure, non-alcoholic steatohepatitis (NASH) and liver fibrosis. It was found that inhibition 

of Cx32 and Cx43 hemichannels by using TAT-Gap24 and TAT-Gap19 peptides, respectively, in 

acetaminophen-induced acute liver failure counteracts inflammation, while their co-administration 

leads to diminished liver damage in mice. Likewise, mice with diet-induced NASH treated with TAT-

Gap19 or TAT-Gap24 peptides display less inflammation and steatosis. Along the same line, TAT-Gap19 

peptide reduces scar formation in carbon tetrachloride-evoked liver fibrosis in mice. Furthermore, 

inhibition of Panx1 channels by 10Panx1 peptide or genetic ablation of Panx1 alleviates liver damage, 

inflammation and oxidative stress in acetaminophen-intoxicated mice. Similar results are seen upon 

inducing NASH in whole body Panx1 knock-out mice, while these genetically modified animals respond 

in distinct ways to different experimental triggers of liver fibrosis. Collectively, these results suggest that 

Cx32 and Cx43 hemichannels as well as Panx1 channels may represent promising pharmacological 

targets for the treatment of acute and chronic liver toxicity and disease. 

Tuesday July 30, 2019 

Session 7 
S7.1 Regulation of malignant features by Cx43 in cancer: CRISPR-Cas9 knockout cell lines identifies 

Cx43 as a regulator of pro-tumorigenic tunnelling nanotubes 

Daniel Domínguez Azorín¹, Laia Vidal-Brime¹, María José Muñoz Guijarro¹, Alexander Tishchenko¹, Chris 

Pearce¹, Trond Aasen¹ 

¹Vall d'Hebron Research Institute (VHIR) 

Cx43 plays a complex role in cancer with many contradicting observations suggesting it has both pro-

tumorigenic and anti-tumorigenic properties. These effects seem highly tissue-dependent, which we 

believe likely reflects uniquely adapted oncogenic signalling pathways active in each specific cancer. We 

therefore focused on studying cancer cell lines that naturally express very high levels of endogenous 

Cx43. We developed a high fidelity CRISRP-Cas9 system to permanently knock out (KO) the expression of 

Cx43 in breast and cervical cancer cell lines. We observed several features consistent with Cx43 having 

anti-tumorigenic properties. Notably, a consistent increase in cell migration and clonogenic colony 

formation capacity was observed upon loss of Cx43 expression. In recent years, long thin structures 

named tunnelling nanotubes (TNTs) or tumour microtubes (TMs) has been shown to connect cells over 

longer distances, providing a syncytium between cells that offer increased metastatic growth and 

resistance to therapeutic treatment. Cx43 has been suggested to be part of TNTs and TMs, potentially 

regulating intercellular communication. Surprisingly, we observe that loss of Cx43 leads to a significant 

reduction in the actual number of and the length of TNTs/TMs. We show Cx43 KO may lead to changes 

in F-actin polymerization and other pathways linked to TNT/TM-formation. We are currently performing 

a variety of assays to elucidate how Cx43 regulates TNTs/TMs including: a) by overexpression of 

truncated Cx43 forms such as GJA1-20k, b) through the application of Cx43-mimetic peptides, and c) 

through the modulation of specific pathways by drugs and cellular conditions. This work provides insight 

into how Cx43 can have anti-tumorigenic properties, but at the same time, can regulate specific cellular 
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features that are pro-tumorigenic, notably by identifying that Cx43 can directly regulate the biogenesis 

or stability of TNTs/TMs. 

S7.2 A 3D culture model to investigate Cx43 in glioma invasion 

Kanika Khosla¹, Derek Van Pel¹, Christian Naus¹, Wun Chey Sin¹ 

¹University of British Columbia 

Glioblastoma (GBM) is the most common malignant brain tumor. This aggressive brain tumor affects 

approximately 2 to 3 individuals for every 100,000 people. Despite extensive surgical resection, often 

followed by radiation and chemotherapy, the average survival rate of patients with GBM is between one 

to two years. Therefore, there is a need for further research to increase our treatment options. Tumor 

cells interact dynamically with one another and with the surrounding environment that is constantly 

changing so as to support invasion. Recent studies have demonstrated the environment that envelops 

the cancer cells intimately affects the malignancy of human cancers. Glioma pathology is characterized 

by massive gliosis, an inflammatory response consisting of reactive astrocytes expressing progenitor cell 

protein markers such as nestin, in and around the tumor. Using a synergic intracranial mouse glioma 

model, we have demonstrated that expression of Cx43, a major gap junction protein in astrocytes, is 

significantly enhanced in glioma-associated astrocytes especially at the region adjacent to the tumor 

core. More importantly, the elimination of Cx43 in these astrocytes leads to a reduction of glioma 

invasion into adjacent mouse parenchyma tissue. Through this study we designed a 3D in vitro model of 

GBM in an effort to explore alternate methods to prevent invasion, such as by targeting the GBM 

microenvironment. As a pilot study to confirm our initial observation in the rodent glioma model, we 

generated human glioma stem cells spheroids and co-cultured them with normal spheroids generated 

from wild type and Cx43-knockout mouse pluripotent stem cells. We examined the invasion of glioma 

cells into a mouse spheroid by 3D time-lapse live imaging. Our preliminary study revealed that glioma 

stem cells were less likely to invade into Cx43-knockout spheroids, agreeing with our earlier findings that 

Cx43 channels between glioma and astrocytes facilitate the integration of glioma cells into normal 

tissue. Our glioma platform will potentially account for both tumor heterogeneity and genetic somatic 

variations, complementing the ongoing effort for personalized anti-cancer therapy. This work was 

supported by the Canadian Institute of Health Research (W.C.S. and C.C.N.). C.C.N. held a Canada 

Research Chair. 

S7.3 Activation of osteocytes Connexin43 hemichannels suppresses breast cancer bone metastasis, 

a potential therapeutic target 

Manuel Riquelme¹, Sumin Gu², Jeffrey Chavez¹, Zhiqiang An³, Jean Jiang¹ 

¹UT Health Science Center San Antonio, ²UT Health San Antonio, ³Brown Foundation, UT Health Houston 

Bone is a fertile place for metastasized breast cancer cell (BCC), however, mechanical loading is reported 

to inhibit BCC growth. Osteocytes, representing over 95% of bone cells, are mechanosensitive; they 

coordinate bone remodeling and modulate the extracellular environment. Mechanical loading activates 

osteocityc connexin 43 (Cx43) hemichannels, which mediates communication between the intracellular 

and extracellular space with message of molecules below 1 kDa. We have shown that ATP released by 

osteocytic hemichannels through the activation of BCC P2X7 receptor, inhibits BCC growth and 
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migration. Here, we evaluate if activation of Cx43 hemichannels in osteocytes plays a critical role in 

inhibiting breast cancer bone metastasis. Our lab develops a monoclonal antibody, MHC2, which binds 

to extracellular domain of Cx43 and increases the activity of osteocytic hemichannels. This antibody was 

immune-reactive in HeLa cells transfected with Cx43 and osteocytes cell line MLO-Y4. It also labeled 

mouse osteocytes in situ. MHC2 antibody enhanced the activity of Cx43 hemichannels in cells and in 

vivo osteocytes and promoted the ATP release from osteocytic MLO-Y4 cells. Moreover, conditioned 

media collected from MHC2-treated osteocytes reduced BCC migration in vitro. The weekly injection of 

MHC2 reduced the breast cancer growth in bone in WT mice, but not in specific osteocyte Cx43 

knockout mice. MHC2 antibody increase levels of lymphocytes T cytotoxic (CD3+/CD8+) and helper 

(CD3+/CD4+) in tumor and draining lymph nodes. Moreover, the weekly injection of MHC2, in 

intracardiac injected tumor cells model, in both immunocompetent and immune compromised mice 

increased survival rate and reduced tumor spreading. As is known, osteocytic Cx43 hemichannels are 

permeable to ATP. We showed that P2X7 specific agonist benzoyl ATP reduced in vitro breast cancer cell 

migration, increased cytoplasmic free Ca2+ and induced formation of tubulin bundles, an indicator of 

cytoskeleton reorganization. The effect of benzoyl ATP required activation of CamKII in breast cancer 

cells. Our results suggest that Cx43 hemichannels are likely a potential therapeutic target in treating 

breast cancer growth and metastasizing to the bone, probably through the enhancement of the 

extracellular ATP level and the activation of P2X7/CamKII axis. 

S7.4 Role of tunneling nanotubes containing gap junctions in glioblastoma resistance to therapy 

Silvana Valdebenito¹, Krishna Bhat², Eliseo Eugenin¹ 

¹University of Texas Medical Branch, ²The University of Texas MD Anderson Cancer Center 

Glioblastoma (GB) is an aggressive and devastating type of primary brain cancer, with 5 years of median 

survival. Currently the only treatment available involves surgical resection, with subsequent radiation 

and temozolomide (TMZ) regiment. TMZ is a TMZ is a DNA alkylating, which triggers the mismatch repair 

system leading to a double-stranded break of the genome that results in alteration of the cell cycle and 

induction of apoptosis. The main mechanisms of tumor resistance to alkylating agents is mediated by 

the enzyme O6-methylguanine methyltransferase (MGMT), responsible for removing the methylation 

from an O6 position of guanine, preventing apoptosis of tumor cells and resulting in treatment 

resistance. In this context the cell-to-cell communication is an important mechanism of interaction 

between the tumor cells and the healthy cells surrounding. Gap junctions (GJ) channels and the recently 

described tunneling nanotubes (TNTs) are expressed in cancer GB cells and tissues and they play a key 

role promoting the cancer cell invasion and spread to local and distant and resistance to therapy using 

GJs and TNTs. We identified that tunneling nanotubes (TNTs) and the GJ Connexin 43 (Cx43) contribute 

to tumor resistance to treatment by enabling the transmission and spread of altered mitochondria and 

soluble DNA repair enzymes (MGMT) between connected cells. Using immunofluorescence staining, 

confocal microscopy, live cell imaging microscopy, RT-PCR and western blotting analysis of two GB cell 

lines (U87 and T98G), two GB stem cells (8-11 and 20), and GB tissues we demonstrate that TNTs are 

minimally expressed under physiological conditions, and only induced under cancer conditions, 

providing a unique therapeutic target to reduce the devastating consequences of GB. Our preliminary 

data indicate TNTs induced by cancer have functional GJs at the ends of their membrane extensions. 
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Furthermore, we demonstrate that GB tumors are highly communicated via TNTs resulting in the spread 

of the DNA repair enzyme, MGMT, that mediate repair of damage DNA in response to radiation and TMZ 

treatment. In conclusion, our data indicates that diffusion of key metabolites by TNT processes enable 

sensitive tumor cells to survive treatment. Thus, blocking TNT communication can provide an alternative 

mechanism to treat GB cells. Funding: We would like to thank NeuroBioBank for providing all human 

samples. This work was funded by The National Institute of Mental Health grant, MH096625, The 

National Institute of Neurological Disorders and Stroke, NS105584, and UTMB funding (to E.A.E). 

S7.5 Connexin43 peptide, TAT-Cx43-266-283, selectively targets glioma cells and impairs malignant 

growth in mouse models of glioma in vivo 

Myriam Jaraíz-Rodríguez¹, Rocío Talaverón¹, Laura García-Vicente¹, Sara Pelaz¹, Marta Domínguez-Prieto¹, 

Wun Chey Sin², John Bechberger², José Medina¹, Christian Naus², Arantxa Tabernero¹ 

¹University of Salamanca, ²University of British Columbia 

Malignant gliomas are the most frequent primary brain tumors and remain among the most incurable 

cancers. We have previously reported that TAT-Cx43-266-283, a cell-penetrating peptide based on the 

gap junction protein connexin43, inhibits c-Src activity and exerts important anti-tumor effects in 

different types of glioma cells in vitro. In this study, we reveal that the effect of TAT-Cx43-266-283 is 

cell-selective using different in vitro and in vivo models. Thus, while glioma stem cell proliferation, 

differentiation, migration and invasion are strongly affected by TAT-Cx43-266-283 in vitro, these 

properties were not significantly modified in cultured neurons and astrocytes. In fact, TAT-Cx43-266-283 

exerted lower toxicity in non-tumoral cells than the c-Src inhibitor, dasatinib. Importantly, the present 

study shows that TAT-Cx43-266-283 administered intraperitoneally decreased the invasion of 

intracranial tumors generated by GL261 mouse glioma cells in an immunocompetent mouse model. 

Furthermore, when human glioma stem cells were intracranially injected with TAT-Cx43-266-283 in 

NOD/SCID mice, we found a reduction in the expression of the stemness markers, nestin and SOX-2, in 

human glioma cells at 7 days post-implantation. Consistent with the role of SOX-2 as a transcription 

factor required for GSC tumorigenicity, TAT-Cx43-266-283 strongly reduced the number and the 

stemness of human glioma cells found at 30 days post-implantation in NOD/SCID mice. Taken together, 

our results confirm that TAT-Cx43-266-283 reduces the growth, invasion and progression of malignant 

gliomas without toxicity for non-tumoral brain cells, which stresses the relevance of this compound for 

the design of new therapies against malignant gliomas. 

S7.6 Connexin43 regulates inflammasome activation and inflammatory cell injury through 

modulation of NADPH Oxidase-dependent redox signaling pathway 

Yanru Huang¹, Zhimin Mao¹, Xiawen Yang², Jian Yao¹ 

¹Interdisciplinary Graduate School of Medicine, University of Yamanashi, ²University of Yamanashi 

Objectives: Gap junctions (Gjs), formed by connexins (Cxs), regulate many cell responses, including 

those induced by oxidative and inflammatory insults. Currently, the mechanisms involved are still poorly 

understood. Given that NLRP3 inflammasome activation is a pivotal cellular event contributing to 

inflammatory cell responses and that ROS is the central mechanism underlying inflammasome 

activation, we tested whether and how Gjs regulated inflammasome activation and explored the 
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potential in vivo relevance. Methods: Peritoneal macrophages (PMs) were cultured and exposed to 

inflammasome activators. NLRP3 inflammasome activation marker IL-1β, caspase-1 and NLRP3 were 

detected with ELISA and Western Blot analysis. The redox status was evaluated through measurement 

of ROS, NADPH oxidases, protein carbonylation and redox-sensitive kinases. The effects of Gjs/Cx43 

were determined using inhibitors, siRNA or cells expressing different level of Cx43. In vivo roles of Cx43 

and inflammasome in inflammatory renal injury were assessed using LPS-injected Cx43 wild-type 

(Cx43+/+) and heterozygous Cx43 (Cx43+/-) mice. Results: 1) Exposure of PMs to LPS plus ATP caused 

NLRP3 inflammasome activation, associated with an elevated Cx43. 2) Inhibition of Cx43 with inhibitors 

or siRNA blunted inflammasome activation. Consistently, PMs from Cx43+/- mouse exhibited a weak 

inflammasome activation, compared with those from Cx43+/+ mouse. 3) Further analysis revealed that 

inflammasome activation was associated with an increased intracellular ROS, NADPH oxidase 2 (NOX2), 

protein carbonylation and MAPK activation. Suppression of ROS with antioxidant, inhibition of NADPH 

oxidase or MAPK kinases with inhibitors blunted Cx43 elevation and inflammasome activation. 4) 

Suppression of Cx43 blunted NOX2 expression, reduced protein carbonylation, decreased P38 

phosphorylation and alleviated inflammasome activation. Accordingly, Cx43+/- PMs exhibited a lower 

level of ROS, NOX2, MAPK activation and inflammasome activation than Cx43+/+ PMs. 5) In an in vivo 

model of acute renal injury induced by LPS, Cx43+/- mouse exhibited a significantly lower level of blood 

IL-1β, blood urea nitrogen (BUN), and urinary protein, together with a milder renal pathological change 

and renal expression of NLRP3 and NOX4, as compared with Cx43+/+ mouse. 6) Lastly, inhibition of Cx43 

suppressed IL-1β- and TNF-α-induced expression of NOX4 in cultured glomerular podocytes and tubular 

epithelial cells. Conclusion: Collectively, our study characterized Cx43 as a novel molecule controlling 

inflammasome activation and inflammatory cell injury. This effect of Cx43 was ascribed to its 

modulation on the NADPH oxidase-dependent redox signaling pathway. Our study thus provides novel 

mechanistic insight into the actions of Cx43 and suggests that targeting Cx43 could be developed for the 

treatment of certain inflammatory diseases. 

Wednesday July 31, 2019 

Session 8 
S8.1 The human homologue of Drosophila Disc Large (hDlg) and human papillomavirus E6 proteins 

control intercellular communication via trafficking and degradation of connnexin 43 

Li Dong¹, Andrew Stevenson¹, Paola Massimi², Lawrence Banks², Scott Johnstone³, Sheila Graham¹ 

¹MRC-University of Glasgow, ²International Centre for Genetic Engineering and Biotechnology, 

³University of Virginia School of Medicine 

Connexin 43 (Cx43) gap junction-mediated intercellular communication (GJIC) is controlled by its 

trafficking to and from the plasma membrane. Cx43 interacts directly with the human homologue of 

Drosophila Discs Large (hDlg) that regulates cell contact and polarity. In normal epithelial cells, both 

Cx43 and hDlg co-locate on the plasma membrane and are co-internalized during wound healing. Our 

data show that siRNA knock down reduces levels of membrane localized Cx43 and inhibits GJIC in 

normal keratinocytes. Reducing hDlg also inhibits cell migration in in vitro models of wound healing. This 

suggests that hDlg is required for membrane trafficking and subsequent function of Cx43 in the wound 

healing process. Loss of GJIC is associated with tumour progression. However, the process controlling 
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loss of membrane localization of Cx43 in epithelial cancers is not known. The human papillomavirus E6 

(HPVE6) oncoprotein acts to degrade hDlg. In cervical tumour epithelial cells, complexes containing 

hDlg, Cx43 and HPVE6 are primarily localized to the cytoplasm. Thus, it is possible that Cx43 

relocalization and a loss of GJIC in tumour progression are critically regulated by HPVE6 via its regulation 

of hDlg. We showed previously that increased HPVE6 causes Cx43 cytoplasmic relocation and lysosomal 

degradation in cervical cancer cells. To test if HPVE6 mediated this effect through hDlg, we transfected 

HPVE6-negative C33a cervical cancer cells with a wild-type HPVE6 or an HPVE6-construct containing a 

mutation that cannot bind and degrade hDlg. While C33a cells expressing wild-type E6 displayed 

predominantly cytoplasmic Cx43, the mutant HPVE6-transfected cells retained membrane bound Cx43. 

Taken together our data indicate that hDlg is a physiologically relevant regulator which promotes Cx43 

membrane trafficking. Our data further show that tumour-associated HPVE6 can interfere with Cx43 

membrane targeting through interaction with hDlg. Taken together our data suggest that HPVE6 

mediates a loss of GJIC that could contribute to HPV-associated tumour progression. 

S8.2 Targeting the Cx26/NANOG/Focal Adhesion Kinase complex in triple negative breast cancer to 

attenuate self-renewal via cell penetrating peptides 

Emily Esakov¹, Praveena Thiagarajan¹, Erin Mulkearns-Hubert¹, Justin Lathia¹, Ofer Reizes¹ 

¹Cleveland Clinic Foundation 

Introduction: Breast cancer is the most diagnosed tumor worldwide leading to the highest rates of 

mortality in women's cancers. While a large majority of breast cancers can be treated with targeted 

therapies, triple-negative breast cancer (TNBC) represents a subset of tumors with limited clinical 

options. TNBCs are heterogeneous, chemoresistant, and highly metastatic proposed due to a population 

of cancer cells with stem cell properties termed cancer stem cells (CSCs). Previous studies from our lab 

indicated that CSCs contain increased levels of the gap junction (GJ) protein connexin 26 (Cx26). While 

connexins were reported to be tumor suppressive, our findings indicated that Cx26 in TNBC CSCs is 

predictive of poor patient outcomes. We determined that Cx26 forms an intracellular complex with the 

pluripotency transcription factor NANOG and focal adhesion kinase (FAK), resulting in NANOG 

stabilization and FAK activation. The complex drives self-renewal, was key in maintaining the stem cell 

state, and is only found in TNBC and not luminal breast cancer cells or normal mammary epithelial cells. 

As such, the objective of this study was to develop cell penetrating peptides based on conserved Cx26 

sequences to disrupt the Cx26/NANOG/FAK complex in TNBC cells. Materials and Methods: Surface 

plasmon resonance and molecular docking analyses were performed to determine the sites of 

interactions on the Cx26/NANOG/FAK complex using Cx26 protein domains. To interrogate effects on 

self-renewal and pluripotency, tumorsphere frequency studies were performed on TNBC MDA-MB-231 

and luminal MCF7 cell lines treated with cell penetrating peptides using Antennapedia (Antp)-tagged 

peptides. PCR was also performed to analyze effects in genes regulated by NANOG. Results: We 

determined that the cytosolic tail of Cx26 interacts with NANOG and FAK in a cytosolic organelle within 

TNBC cells leading to stabilization of NANOG and results in increased pluripotency and self-renewal. 

Disrupting the Cx26/NANOG/FAK complex with Antp-tagged cell penetrating peptides against the 

cytosolic tail of Cx26 results in decreased tumor sphere initiation frequency specifically in TNBC cell 

lines. Further, genes normally increased in TNBC tumors, including genes regulated by NANOG such as 
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PIN1, are significantly decreased upon Cx26 cytosolic tail-Antp peptide treatment, suggesting a decrease 

in NANOG stability. Conclusion: Our data challenge the paradigm that connexins are tumor suppressors 

and reveal a unique protein complex that can be targeted to regulate self-renewal, which is essential for 

TNBC CSC maintenance. 

S8.3 Replacement of endogenous with C-terminus Truncated Connexin 43 in Zebrafish: Expected, 

and Unexpected Results 

Matthias Falk¹, Kathryn Iovine¹, Matthias Falk¹ 

¹Lehigh University 

Mutations in the gap junction (GJ) forming proteins, connexins (Cxs) are known to cause a diverse array 

of severe human diseases, including hearing loss, eye lens cataracts, neuropathies, skin disorders, 

craniofacial abnormalities, and cancer. Interestingly, the half-life of GJ channels is short (1-5 hours) 

suggesting that regulated turnover plays an important role in GJ function and that its mis-regulation 

could contribute to disease, an important yet unaddressed hypothesis. Over the past years we have 

characterized in great detail the molecular machinery that turns over GJs, and we identified a number of 

specific amino acid residues in the Cx43 (the most widely expressed and best studied GJ protein) C-

terminal tail that are critical regulators of GJ turnover. To test the hypothesis that mutations on these 

critical sites could function as a disease mechanism, we establish CRISPR/Cas9 gene-editing technology 

in a representative model organism, the zebrafish. We expect, our analyses will show whether 

mutations on turnover-relevant residues can lead to disease and to what phenotypes. As impaired GJ 

turnover should negatively affect cell migration that is particularly critical during development, we 

expect primarily severe developmental phenotypes (including early embryonic lethality). Our hypothesis 

is supported by the fact that a large number of "normal" humans (over 60,000 individuals represented in 

the ExAC data base) do not exhibit mutations (even heterozygous) of any of the residues that we have 

identified. We began by replacing wild type Cx43 with a mutant in which all of the identified amino acid 

residues critical for endocytosis (phosphorylation, K63-polyubiquitination, ZO-1 and AP-2/clathrin 

binding sites) were deleted (Cx43Δ254). As this mutant expresses the critical TM4 juxtaposed 

microtubule-binding site, it trafficked to the cell surface and efficiently formed gap junctions as 

expected. Surprisingly, Cx43Δ254 homozygous and backcrossed zebrafish embryos developed to 

adulthood, although significantly more early embryos exhibited an abnormal, cone shaped morphology 

leading to elevated death around embryonic day 2, suggesting a problem with male fertilization. The 

embryos that made it to adulthood showed a complete loss of drebrin/actin binding, delayed blood 

biosynthesis, a significant slowdown in the rate of their heart beat, and a significant lengthening of fin 

rays, e.g. at the base of the fin, indicating mis-regulated development in organs known to be affected by 

Cx43 mutation. Currently, we are testing whether the surviving fish showing the above-described 

phenotypes are 'rescued' by another connexin type that takes over the functions of Cx43, e.g. Cx40.8. 

Cx40.8 is a close relative of Cx43 that is the relict of a gene duplication that occurred in pre-historic time 

in the teleost family. A summary of our exciting, ongoing study will be presented. 

S8.4 Mechanism by which Connexin43 function in the medial blastema influences joint positioning 

Shashwati Bhattacharya¹, Kathryn Iovine¹ 

¹Lehigh University 
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Background: Mechanisms that regulate joint formation at the appropriate location are unknown. We 

use the zebrafish caudal fin to address the fundamental questions about joint positioning. Connexin43 

(Cx43) plays an essential role in determining the location of joints. Mutation in cx43 results in the short 

fin (sof)mutant, with shorter segment length, whereas the another long fin (alf) mutant shows increased 

Cx43 and joint failure. Knockdown (KD) of Cx43 in alf rescues the joint failure, suggesting that Cx43 

suppresses joint formation. Cx43-KD also leads to an increase in evx1 expression, which is a transcription 

factor required for joint formation. Hence, Cx43 suppresses evx1 expression and joint formation. To 

explore how Cx43 suppresses evx1, we identified two Cx43 dependent genes, Simplet (Smp) and β-

catenin, which suppresses evx1. Interestingly, Cx43 activity in the medial blastema rescues segment 

length in sof mutant which indicates that Cx43 acts non-autonomously to influence evx1 expression. 

Thus, our proposed model suggests that Cx43 activity in the medial blastema influences Smp/β-catenin 

in the lateral skeletal precursor cells (SPCs), which further suppresses evx1 expression in the lateral 

SPCs. Cx43 activities includes Gap junctional intercellular communication (GJIC), hemichannel activity 

and C-terminus scaffolding activity. The key question is which Cx43 activity in the medial blastema 

affects change in gene expression in the lateral SPCs? Methods: To determine if Cx43 works in a 

common pathway with Smp and β-catenin, we completed tests for synergy. We used morpholino to 

knockdown Smp and studied the skeletal phenotypes. Fish were treated with IWR1 which inhibits β-

catenin nuclear localization to study the role of nuclear β-catenin in regenerating fins. To identify 

relevant Cx43 activities that contribute to joint formation, we used an inhibitor of Cx43-GJIC (i.e. 

Gap27), and an inhibitor of Cx43 hemichannel activity (i.e. Gap19), and observed the phenotypes. 

Results: We find evidence of synergy between cx43 and smp. Moreover, Smp also suppresses evx1 

expression, similar to Cx43. Smp is required for the nuclear localization of β-catenin. Indeed, β-catenin 

activity is reduced in both sof and Smp-KD fin lysates. We further show that reduced nuclear β-catenin 

results in a synergistic reduction in segment length in sof heterozygotes. We conclude that both smp 

and β-catenin function in a common pathway with cx43 to influence evx1 expression. To answer how 

Cx43 influences Smp/β-catenin, we inhibited each Cx43 function. We found that Gap27 recapitulated sof 

phenotypes. On the other hand, Gap19 showed no effects. Conclusions: Cx43-GJIC activity in the medial 

blastema influences joint formation in the lateral SPCs, likely via suppressing Wnt/ β-catenin signaling 

upsteam of evx1 expression. 

S8.5 Pannexin1 is a novel regulator of the Wnt signaling pathway in melanoma 

Samar Sayedyahossein¹, Danielle Johnston¹, Kenneth Huang¹, Zameena Lakhani¹, Daniel Nouri-Nejad¹, 

Rafael Sanchez Pupo¹, Silvia Penuela¹ 

¹University of Western Ontario 

Melanoma accounts for 80% of skin cancer-related deaths and is a major health threat with increasing 

incidence worldwide. Despite the advent of immunotherapies, 70% of patients do not respond to 

treatments, highlighting the need for more effective strategies for melanoma management. Pannexin1 

(PANX1) is a glycoprotein that forms large pore channels permeable to metabolites and ions, regulating 

cell communication under physiological and pathophysiological contexts, such as cancer. Recently, we 

published a study that showed inhibiting PANX1 can significantly reduce the tumorigenic properties of 

human melanoma cells, identifying PANX1 as a novel regulator of melanoma progression. However, the 
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mechanisms through which PANX1 modulates melanoma are poorly understood. Using cell-surface 

biotinylation and immunofluorescence imaging, we have found a large intracellular pool of endogenous 

PANX1 both in patient-derived and established melanoma lines that may participate in additional 

processes inside the cell. Analysis of the cancer genome atlas (TCGA) database revealed a significant 

correlation between PANX1 and Wnt signaling effector molecules, such as ß-catenin and GSK3β at the 

mRNA level in melanoma tumours. Given the role of Wnt signaling in tumorigenic properties of 

melanoma, we investigated a potential role for PANX1 in the regulation of Wnt signaling. We discovered 

that both shRNA- or CRISPR/Cas9-mediated depletion of PANX1 results in a substantial decrease in Wnt-

related transcription factors, β-catenin and microphthalmia-associated transcription factor (MITF) 

protein levels. MITF expression is under the control of β-catenin and lymphoid-enhancing factor1 (LEF1). 

Our data indicate that knocking down PANX1 results in a significant reduction in LEF1, β-catenin and 

MITF mRNA levels assessed by qPCR. Using reciprocal co-immunoprecipitation (IP) assays, we found that 

endogenous PANX1 interacts with β-catenin in a Ca2+-dependent manner. Additionally, we found that 

blocking PANX1 with carbenoxolone (CBX) or probenecid (PBN) altered β-catenin subcellular localization 

in A375P cells, and significantly reduced the adhesion capacity of melanoma cells in culture. Previous 

studies have shown a role for PANX1 in intracellular calcium homeostasis via the formation of calcium-

leak channels in the ER. We found that calmodulin, a multifunctional transducer of calcium signals, co-

IPs with PANX1 in melanoma cells. To investigate a possible interaction of PANX1 with calmodulin and β-

catenin through scaffolding proteins, we assessed the interaction of PANX1 with IQGAP1, an important 

scaffold of Wnt signaling, and found that PANX1 also co-IPs with IQGAP1 in melanoma cells. The findings 

of our study indicate that PANX1 is a key component of this important signaling complex and uncover a 

previously undescribed mechanism for PANX1-mediated regulation of Wnt signaling during melanoma 

progression, that may be targeted for therapeutic intervention. 

S8.6 IL-10 and TGFβ differentially regulate gap junction formation and membrane transfer in 

macrophages and macrophage-like cells 

Steven Taffet¹, Elizabeth Eill¹ 

¹SUNY Upstate Medical University 

The aim of our studies was to determine the role of the gap junction protein connexin43 (Cx43) in 

antigen presentation and cross priming by macrophages and dendritic cells. However, the expression 

and regulation of Cx43 in these cells is poorly understood. The intent of this study was to determine 

conditions in which cell-cell junctions formed and allowed intracellular communication. Here we 

demonstrate that inflammatory and anti-inflammatory mediators differentially regulate gap junction 

plaque formation in primary bone marrow-derived macrophages (BMDMs) and the macrophage-like cell 

line RAW264.7. Primary bone marrow-derived macrophages and the RAW264.7 macrophage-like cell 

line were used in this study. RAW264.7 cells were transfected with EGFP-tagged Cx43 in order to 

visualize Cx43 trafficking. Cell junctions were directly visualized in the transfected cells or waere 

visualized after staining in case of BMDM. A flow cytometric technique was used to determine cellular 

communication. This technique utilized a combination of a lipophilic, membrane associated, marker (DiI) 

to mark donor cells and a gap junction permeable dye (calcein AM) to assess intercellular 

communication. LPS, an inflammatory mediator, is a potent inducer of Cx43 in BMDMs and RAW264-
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Cx43-GFP but demonstrated limited trafficking of connexin43 into gap junction plaques. Interestingly, 

the further addition of IL-10, an anti-inflammatory cytokine, resulted in no difference in protein 

expression but significantly increased gap junction plaque formation. In contrast to IL-10, the addition of 

TGFβ decreased Cx43 protein levels and prevented gap junction plaque formation. We utilized a dye 

transfer assay to assess gap junction intracellular communication. We could not demonstrate any 

channel-associated transfer of calcein. Uniquely, macrophages were observed transferring membrane 

particles between cells as visualized with the membrane dye DiI. This often appeared to be through long 

tube-like structures, possibly tunneling nanotubes. This dye transfer was enhanced with IL-10 and 

decreased with TGFβ treatment. The dye transfer was further enhanced by the transfection of Cx43 into 

the RAW264.7 cells. These results suggest that IL-10 and TGFβ differentially regulate Cx43 plaque 

formation in macrophages and macrophage-like cells. This appears to be due to changes in membrane 

localization and stability of the gap junction plaques rather than changes in transcription or translation 

of the protein. The presence of plaques did not result in an increase in gap junction intracellular 

communication as the channel permeable dye, calcein, did not transfer between the macrophages. 

Rather, this corresponded to changes in the transfer of membrane components in a Cx43 dependent but 

channel-independent manner. Overall, these results suggest a complex and novel regulation of Cx43 gap 

junction formation in macrophages and macrophage-like cells. 

Session 9 
S9.1 Connexin and Pannexin signalling in keratinocytes and eccrine cells following pro-

inflammatory challenge 

Carmela Errico¹, Laura Garcia-Vega¹, Patricia Martin¹ 

¹Glasgow Caledonian University 

Background and aim: Eccrine glands are specialised glands in the skin of mammals that release 

secretions onto the skin surface and are involved in thermoregulation and metabolism. Studies have 

identified membrane receptors and proteins involved in ion transport and control of calcium signalling 

in eccrine glands. Poorly understood is the expression and role of gap junctions in this gland. This study 

aimed to assess whether gap junctions play an active role in the signal transduction pathways in eccrine 

gland function preserving the integrity and homeostasis, and compare the gap junction expression 

pattern to keratinocytes, the adjacent cells. Methods: Employing an ion-transporting epithelial cell line 

(derived from the secretory coil of eccrine sweat glands (NCL-SG3)) and a human keratinocyte cell line 

(HaCaT), pro-inflammatory conditions were triggered by exposing cells to 10 υg/ml peptidoglycan (PGN) 

isolated from the opportunistic skin pathogen Staphylococcus aureus for 15 min to 24 hours (h). CX26, 

CX30, CX43, p-CX43(Ser367) and PANX1 expression were characterised in normal and pro-inflammatory 

conditions by western blot and immunofluorescence. The detection of a panel of pro-inflammatory 

cytokines such as IL-6, in the supernatants was quantified by ELISA assay and a Human Cytokine Array. 

Results: Western blot analysis revealed that PANX1 and CX43 were expressed in the NCL-SG3 cells and 

that no significant change in expression occurred following 24h exposure to PGN whilst CX26 and CX30 

were not detected. Immunofluorescence showed a site relocation of CX43 and p-CX43(ser367) from the 

perinuclear region to the plasma membrane region following 15 min PGN exposure and a similar effect 

was observed for PANX1. By contrast in HaCaT cells an increase of CX26 expression after 3h PGN 
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challenge occurred, while CX43 was reduced following 24h PGN exposure and PANX1 remained 

unchanged. IL-6 ELISA assays confirmed the induction of the innate immune response in HaCaT cells that 

was reduced by inhibition of CX26 or CX43 function or expression and NFkB inhibitors (Garcia-Vega et al 

2019). By contrast in the eccrine derived cells a basal level of IL-6 expression was detected under control 

conditions that dramatically decreased following 6h exposure to PGN. Moreover, a Cytokine Array 

showed a different panel of pro-inflammatory cytokines in the supernatants of the two cell lines. 

Conclusions: These results confirm that Connexin signalling plays an important role in the innate 

immune response under pro-inflammatory conditions in the skin. Keratinocytes respond with an 

increase in CX26 expression and IL-6 release following PGN challenge indicating they are targets of TLR2 

activation. By contrast eccrine cells responded differently with no change in CX26 expression observed 

and no release of IL-6 induced, suggesting that the eccrine cells are held within specialised 

communication compartments where we propose PANX1 signalling may be more closely involved. 

S9.2 Induction of Cx26 hemichannels in respiratory airway epithelial cells by stimulation of the A2B 

adenosine receptors 

Anne Dirks¹, Tina Lehrich¹, Almke Bader², Anaclet Ngezahayo¹ 

¹Leibniz University Hannover, ²Hannover Medical School 

Background Adenosine release and gap junction hemichannel activity are enhanced in the respiratory 

epithelium during pathophysiological events such as inflammation. We therefore analysed the 

integration of connexin (Cx) channels in the adenosine signalling of human respiratory airway epithelium 

using the Calu-3 cell line as a model. Methods Dye uptake experiments were used to evaluate the 

activity of gap junction hemichannels. Real time PCR analysis was used to identify the expressed 

connexin isoforms and adenosine receptor subtypes in Calu-3 cells. Pharmacological agents were used 

to analyse the function of the different adenosine receptor subtypes and the induced signalling. The 

contribution of specific connexin isoforms to hemichannel activity and its change by pharmacological 

stimulation of adenosine receptors was performed using specific siRNAs. Further specific siRNAs were 

used to identify the receptor subtype that affected the hemichannel activity. Results Stimulation of 

adenosine receptors by 5'-N-ethylcarboxamidoadenosine (NECA) increased the dye uptake rate in Calu-3 

cells. Gap junction hemichannel inhibitors such as carbenoxolone and La3 reduced the dye uptake rate 

and its NECA related increase, indicating that the dye uptake was due to activity of gap junction 

hemichannels. The effect of NECA depended on stimulated cAMP synthesis and subsequent activation of 

the protein kinase A (PKA) as assessed by measurement of cAMP levels and pharmacological inhibition 

of adenylyl cyclase and PKA. Further pharmacological experiments as well as knockdown experiments 

with specific siRNAs revealed that the adenosine receptor subtype A2B was the most prominent 

adenosine receptor subtype responsible for the increase of hemichannel activity. The effect of NECA on 

the gap junction hemichannel activity correlated with an upregulation of Cx26 expression and protein 

synthesis and was inhibited by siRNA induced knockdown of Cx26. Conclusion The results show the pre-

eminence of the A2B adenosine receptor subtype and Cx26 for the NECA related enhancement of gap 

junction hemichannel activity. Stimulation of A2B adenosine receptor activates synthesis of cAMP, 

which upregulates expression and synthesis of Cx26 leading to an enhancement of gap junction 

hemichannel activity. The study identifies a mechanism that links adenosine release and gap junction 
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hemichannel activity and shows how adenosine signalling and Cx channels may act in concert to 

promote persistent inflammation which is observed in several chronic respiratory diseases. 

S9.3 Pannexin1 deletion from TRAP-expressing cells results in increased osteoclast differentiation 

and function, and reduced bone mass only in female mice 

Lilian Plotkin¹, Padmini Deosthale¹, Jung Min Hong², Harry Sidhu¹, Alyson Essex¹, Angela Bruzzaniti² 

¹Indiana University School of Medicine, ²Indiana University School of Dentistry 

Pannexin1 (Panx1) is expressed in all bone cells - osteoblasts, osteocytes, and osteoclasts - but its role 

on cell differentiation and function is not completely understood. Previous studies showed that 

inhibition of Panx1 channels using mefloquine or small molecule analogs can stimulate or inhibit the 

differentiation of osteoclasts (OCs, the cells that resorb bone) in vitro, depending on the dose of the 

inhibitor used. However, because of the lack of specificity of these inhibitors, it was not possible to 

conclusively determine whether Panx1 has a role in OC differentiation. We therefore generated mice 

lacking osteoclastic Panx1 using Panx1fl/fl mice crossed with TRAP-Cre mice (Panx1ΔOC mice). Panx1 

mRNA levels were ~42% lower in the 5th lumbar vertebra (L5) from female or male mice compared to 

Panx1fl/fl littermates. Dual-energy X-ray absorption (Dxa/Piximus) analysis showed ~22% lower bone 

mineral density (BMD) when measured on whole body, lumbar spine, or femur of 4-week-old female 

Panx1ΔOC mice, but differences were lost after 8 weeks of age. However, BMD was not change in male 

Panx1ΔOC mice up to 12 weeks of age. To further test the effect of Panx1 deletion on OCs, bone marrow 

macrophages (BMM) from Panx1ΔOC and Panx1fl/fl mice were differentiated ex vivo (with 100ng/ml 

receptor activator of nuclear factor kappa B, RANKL, and 20ng/ml macrophage colony stimulating factor, 

MCSF) for 4 days. Panx1 mRNA was ~77% and ~40% lower in in vitro-differentiated OCs from female and 

male Panx1ΔOC mice, respectively, compared to Panx1fl/fl controls. BMM from female Panx1ΔOC mice 

produce 30% more OCs than Panx1fl/fl mice, whereas OC formation was similar in male mice of either 

genotype. Further, the resorbing activity of mature OCs cultured on bone slices was higher for 6-week-

old female Panx1ΔOC mice than control mice, even after normalizing for OC number, as shown by 20% 

more C-terminal telopeptide (CTX, a product of bone breakdown by OCs) released into the culture 

media; whereas OC resorptive activity was unchanged when BMM were isolated from male Panx1ΔOC 

mice. Further, in 6-week-old Panx1ΔOC female mice, mRNA levels of the OC genes CD11b, TRAP, 

NFATc1, DC-STAMP, and MMP9 were 2- to 5-fold higher in L5, compared to Panx1fl/fl mice, consistent 

with accelerated OC differentiation. In males, Only TRAP (4-fold) and OSCAR (2-fold) were higher, 

whereas RANK levels were 0.25-fold lower. Whether the milder effect in male mice is due to a lower 

efficiency/penetrance of Panx1 deletion, or to intrinsic differences in Panx1 cell signaling in male vs 

female OCs remains to be determined. In summary, Panx1 deletion in OCs has a sex-specific effect, 

increasing OC differentiation/activity and leading to transient reduction in bone mass in female, but not 

in male, mice. 

S9.4 Opposite effect of connexin43 in the differentiation of stem cells into hepatocyte-like cells and 

trabecular meshwork-like cells 

Xinbo Li¹, Mengzhou Xue², Mary Kelley¹, Ted Acott¹, James Nagy³, Fengyan Zhang⁴ 

¹Casey Eye Institute, Oregon Health & Science University, ²Dept. of Cerebrovascular Diseases, the Second 
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Affiliated Hospital, Zhengzhou University, ³Casey Eye Dept. of Physiology and Pathophysiology, University 

of Manitoba, ⁴Department of Ophthalmology , First Affiliated Hospital of Zhengzhou University 

Background and aims: Gap junctions play key roles in the cell differentiation, proliferation and 

homeostasis. It is known that connexin43 (Cx43) is expressed in many different stem cell populations, 

including human induced pluripotent stem cells (iPSCs), embryonic pluripotent stem cells and human 

mesenchymal stem cells (HMSCs). It is well established that HMSCs can differentiate into hepatocyte-

like cells, which lack Cx43 expression. Our previous work and others also demonstrated that iPSCs can 

differentiate into trabecular meshwork (TM)-like cells, which play a crucial role for aqueous humor 

filtration and express high levels of Cx43. Here, we investigated the contribution of Cx43-containing gap 

junctions to the differentiation of stem cells into hepatocyte-like and TM-like cells, as well as the 

involvement of Cx43 in the dynamic processes underlying phagocytosis in TM cells. Methods: 

Differentiation of iPSCs into TM-like cells, and HMSCs into hepatocyte-like cells were performed as we 

previously described or using standard protocols. We used RT-PCR, immunofluorescence labeling and 

western blotting of Cx43 as well as markers for iPSCs (OCT3/4, Nanog and Sox-2), TM (ChI3L1, MGP and 

AQP-1) and hepatocytes (HLF4alpha, ALB, AFP, TAT) for characterization of cell phenotype. Periodic acid-

Schiff (PAS) staining was also used to verify glycogen production in hepatocytes. Dye coupling was also 

utilized for validating the presence of gap junctions in the stem cells. Phagocytosis was also performed 

for validating TM cells. Cell transfection and lentiviral transduction of Cx43 shRNA were used for 

knockdown of Cx43 expression in iPSCs and HMSCs, and Cx43 specific blocking peptide and the gap 

junction blocker carbenoxolone (CBX) were administered to explore the functional roles of Cx43 in the 

differentiation of stem cells into TM- and hepatocyte-like cells. Results: Blocking Cx43 in HMSCs by 

lentiviral Cx43 shRNA accelerated the differentiation of these cells into hepatocyte-like cells, as 

demonstrated by increased levels of hepatocyte marker expression (HLF4alpha, ALB, AFP, TAT) and the 

presence of these markers at earlier stages of the differentiation process compared with control shRNA 

treated HMSCs. In contrast, blockade of Cx43 expression in iPSCs or treatment of these cells with CBX 

significantly inhibited their differentiation capacity into TM-like cells, as indicated by reduced TM cell 

marker expression (ChI3L1, MGP) and reduced phagocytic activity of the differentiated cells compared 

with the normally high activity of this process in TM cells. Further, Cx43 was partially co-localized with 

pHrodo labeling in TM and differentiated TM-like cells. Conclusion: Cx43 appears to be a negative 

regulator of HMSCs differentiation into hepatocyte-like cells, while it promotes the differentiation of 

iPSCs into TM-like cells. The mechanisms whereby Cx43 exerts these differential effects on stem cell 

differentiation warrants further investigation. 

S9.5 Multiple mechanisms involving three connexin family members are responsible for 

erythrokeratodermia variabilis et progressiva 

Qing Cindy Shao¹, Akina Au¹, Biao An¹, Bindra Shah¹, Kyra White¹, Nicole Kuntz¹, Ruth Neumann¹, Samina 

Nazarali¹, Dale W. Laird¹ 

¹The University of Western Ontario 

Erythrokeratodermia variabilis et progressiva (EKVP) is a rare, congenital skin disorder often present at 

birth that is characterized by hyperkeratosis resulting in rough thick skin, and erythematous that 

presents as transient areas of patchy red skin often triggered by physical or emotional stress. 
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Surprisingly, mutations in GJB4 (Cx30.3), GJB3 (Cx31) and GJA1 (Cx43) genes that are expressed in 

unique and overlapping strata of the epidermis have all been linked to EKVP. In this study, we compared 

several mutations from each of the involved connexin genes in order to determine if common or distinct 

molecular mechanisms drive the onset of EKVP. Using a differentiation-competent keratinocyte 

platform, we expressed EKVP and non-EKVP linked mutants in rat epidermal keratinocytes (REKs) and 

CRISPR/Cas9 Cx43-ablated REKs that have the capacity to form organotypic epidermis when cultured at 

a liquid/air interface. Cx30.3 mutants (G12D, T85P, and F189Y) were all found to be trafficking defective, 

being retained within the endoplasmic reticulum, while the F137L mutant retained the capacity to 

assemble into small gap junctions. On the other hand, expression of the Cx31 mutants (L209F and 

L135V) initiated keratinocyte cell death which was attenuate when the mutants were co-expressed with 

Cx26 or Cx30. Cx43 mutants (A44V and E227D) linked to EKVP, but not oculodentodigital dysplasia 

(ODDD), successfully assembled into non-functional gap junctions. Given that all EKVP-linked gene 

mutations exhibited many unique properties to the mutant protein, we investigated whether they 

collectively disrupted epidermis function by trans-dominantly inhibiting the fate of Cx26, Cx30 or Cx43 

co-expressed in the epidermis. Our results revealed that GJB4, GJB3 and GJA1 gene mutations lead to 

clinically near identical EKVP through unique connexin mechanisms. These findings emphasize the 

overall complexity of connexin-linked diseases and the importance of tightly regulated connexin channel 

function in skin homeostasis, renewal and disease prevention. Funded by the Canadian Institutes of 

Health Research and the Natural Sciences and Engineering Research Council. 

S9.6 Connexin43 controls body adiposity, glucose tolerance and bone modeling via channel and 

scaffolding functions 

Seung-yon Lee¹, Manuela Fortunato¹, Marcus Watkins¹, Francesca Fontana¹, Roberto Civitelli¹ 

¹Washington University in St. Louis 

Connexin43 (Cx43) is the main gap junction protein expressed in skeletal cells, where it contributes to 

modulating both arms of the bone remodeling cycle. Osteogenic cells share a common precursor with 

adipocytes; thus, Cx43 and functional gap junctions are present in brown adipose tissue (BAT) and white 

adipose tissue (WAT). It has been recently shown that Cx43 mediates WAT "beiging" in response to cold 

exposure, and it is involved in autophagy and mitochondrial homeostasis, processes that can affect cell 

energy homeostasis. We tested the action of Cx43 on adiposity and energy metabolism, alongside its 

skeletal action, using mouse genetics. Heterozygous germline null mutation (Gja1+/-) and mesenchymal 

lineage restricted ablation of Gja1 (cKOTw2) result in reduced body weight and body fat mass that 

become increasingly evident as animals age. Likewise, WAT depots are smaller in cKOTw2 relative to 

control littermates. Although serum glucose, triglycerides, free fatty acids, and cholesterol are normal in 

resting conditions, glucose tolerance is impaired on a standard chow diet in cKOTw2 mice. Importantly, 

specific deletion of Gja1 in mature adipocytes (cKOAdipoq) does not reduce body fat; and cKOAdipoq 

gain the same amount of weight as controls after a high fat diet, suggesting that the action of Cx43 is at 

early steps of adipocyte development. Accordingly, Gja1 ablation in osteogenic lineage cells, driven by 

the Osx or DMP1 promoters, produces cortical bone defects but does not affect body weight or body fat 

mass. In addition to gap junction function, Cx43 also participates in cellular signaling through its C-

terminal tail. Tw2-Cre-driven induction of mutations that interfere with either Cx43 channel 
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(cGja1G138R/+) or signaling function (cGja1D378STOP/+) result in reduced body weight and whole body 

bone density (BMD), by dual-energy X-ray absorptiometry. However, while cGja1G138R/+ mice 

phenocopy the cortical bone modeling defects of cKOTw2 mice, cGja1D378STOP/+ mutants only 

develop signs of metaphyseal dysplasia, demonstrating that the channel and signaling functions of Cx43 

modulate specific aspects of bone modeling. Likewise, cGja1G138R/+ mice have low body fat and WAT 

weight, as do cKOTw2 mice; whereas cGja1D378STOP/+ mice have normal body fat, suggesting that 

their low body weight results from low bone mass. Importantly, cGja1D378STOP/+ mice have impaired 

glucose tolerance compared to control littermates, similar to what has been reported for cKOAdipoq 

mice. In summary, Cx43 plays an unexpected role in body adiposity, favoring WAT accumulation, an 

action that requires gap junction channel function. The positive effect of Cx43 on glucose tolerance can 

be linked to Cx43 signaling/scaffolding function, consistent with an action in mitochondria. Thus, Cx43 

may represent a potential new pharmacologic target for improving metabolic balance in diabetes and 

obesity, while preserving bone integrity. 

Session 10 
S10.1 Targetting Cx43 hemichannels with Gap19 and blocking MAPK phosphorylation reveal a 

common mechanism for neuroprotection in stroke. 

Moises Freitas-Andrade¹, Nan Wang², John Bechberger³, Marijke DeBock², Paul Lampe⁴, Luc Leybaert², 

Christian Naus³ 

¹University of Ottawa, ²Ghent University, ³University of British Columbia, ⁴Fred Hutchinson Cancer 

Research Center 

Connexin43 (Cx43) function is influenced by kinases that phosphorylate specific serine sites located near 

its C-terminus. Stroke is a powerful inducer of kinase activity, but its effect on Cx43 is unknown. We 

investigated the impact of wild-type (WT) and knock-in Cx43 with serine to alanine mutations at the 

protein kinase-C site Cx43S368A (PKC), the casein kinase-1 sites Cx43S325A/328Y/330A (CK1) and the 

mitogen-activated protein kinase sites Cx43S255/262/279/282A (MK4), on a permanent middle cerebral 

artery occlusion (pMCAO) stroke model. We demonstrate that MK4 transgenic animals exhibit a 

significant decrease in infarct volume which was associated with significant improvement in behavioral 

performance. An increase in astrocyte reactivity with a concomitant decrease in microglial reactivity was 

observed in MK4 mice. In contrast to WT, MK4 astrocytes displayed reduced Cx43 hemichannel activity. 

Pharmacological blockade of Cx43 hemichannels with TAT-Gap19 significantly decreased infarct volume 

in WT animals. This study provides novel molecular insights and charts new avenues for therapeutic 

intervention associated with Cx43 function. This work was supported by a Heart and Stroke Foundation 

of Canada fellowship (MFA), by a grant from the Canadian Institutes of Health Research and the CIHR 

Team Grant on "Vascular Cognitive Impairment: Animal Models of Co-morbidity" (CCN, MFA), Grant 

GM55632 from the US National Institutes of Health (PDL), and the Fund for Scientific Research Flanders, 

Belgium (grant G.0A82.13N to LL), the Interuniversity Attraction Poles Program (grant P7/10 to LL), and 

Geneeskundige Stichting Koningin Elisabeth (grant STI.DI2.2017.0004.01 to LL). 

S10.2 Is the Inflammatory Response the Cause of Tissue Dysfunction in Several Chronic Diseases? 

Juan Sáez¹ 

¹Universidad de Valparaíso 
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Organ dysfunction is a frequent outcome of inflammatory responses. This becomes obvious when we 

cash a cold because we feel much better with anti-inflammatory drugs (commonly, we do not take anti-

viral drugs). Now a day, the most prevalent diseases are chronic but the long term treatment with most 

available anti-inflammatory drugs is not recommended because they induce organ failures that could be 

fatal. Under experimental conditions, Inhibitors of the inflammasome have been effective but the 

applicability in chronic human diseases still needs to be improved. Therefore, it is important to find new 

molecular targets to prevent or reduce activation of the inflammasome in chronic diseases. An 

alternative could be to prevent the increase in intracellular free Ca2+ concentration since it activates the 

inflammasome. Interestingly, during all inflammatory condition so far studied there is up-regulation of 

non-selective channels permeable to Ca2+. Among them are some connexin hemichannels, and we 

found potent and specific blocker of them that prevent or greatly attenuate the inflammatory response 

and organ dysfunction of several acquired or inherited chronic diseases (i.e., animal models of Alzheimer 

disease, epilepsy, channelopathy of sepsis and muscular dystrophies). Hence, the inflammatory 

response promoted by the etiopathogenesis seems to explain the organ dysfunction of diverse chronic 

diseases. 

S10.3 Cx43 secretome as a mediator therapeutic resistance & malignancy in glioma 

Vincent Chen¹ 

¹Brandon University 

Therapeutic resistance and invasion are critical aspects underlying the lethality of high-grade glioma. 

Cancer cell invasion requires the coordination of cellular programs regulating epithelial-mesenchymal 

transition, motility, and remodeling of the ECM. The most prominent feature underlying glioblastoma 

multiforme (GBM) malignancy is drug resistance and the ability of tumor cells to invade. A key goal of 

glioma research has been to seek a deeper understanding of the tumor microenvironment with the 

overall goal of developing approaches to limit infiltration. C6 cells expressing connexin demonstrate 

lower cell proliferation that maintain a commonly held view of Cx43 being an inhibitor of GBM. 

However, a number of recent reports have uncovered a "connexin paradox" in which Cx43 is a promoter 

of glioma malignancy. Amongst these studies, Cx43 has been found to increase migration and invasion, 

and resistance to the frontline chemotherapeutic agent Temozolomide (TMZ). The local 

microenvironment of cancer cell plays a critical role in the progression of a number of diseases, 

including cancer. Despite being a rich source of therapeutic targets, the extracellular changes that drive 

malignancy in glioma have yet to be fully resolved. Our lab has an interest in identifying signaling 

pathways modulated by Cx43 including compositional changes in the secretome and protein-protein 

interactions. We have previously demonstrated the application of conditioned media from Cx43-

expressing glioma increased motility of the slower moving parental line; with comparative analysis of 

Cx43 secretome demonstrated patterns of protein expression linked to the migration and invasion of 

cancer. Quantitative secretome analysis of Cx43-expressing glioma demonstrated the selective 

engagement of ECM remodeling networks, including near-binary increase of osteopontin (SPP1), matrix 

metalloproteinase-3 (MMP3) and aldoketoreductase (ARK1B10). High-resolution multiple reaction 

monitoring (QTOF-MS/MS), SDS-PAGE/western-blotting, gelatinase and fluorogenic (NFF-3) assays 

confirmed MMP3 expression and proteolytic activities. This study identifies a novel role for connexin in 
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the control of the secretome/microenvironment, and implicates ECM remodeling and matrikine signals 

downstream of Cx43 as possible avenues to inhibit GBM. Using approaches in computational chemistry 

and rational drug design, we are currently developing compounds and the computational framework to 

predict the inhibition of MMPs and other candidate enzymes identified by our Cx43-proteomic screens. 

Interactions between protein-drug and secretome-wide changes will be further used to monitor 

structure/activity relationships the performance of our newly synthesized drugs. 

S10.4 Connexin43 mimetic peptide alters fundamental scar tissue structure through modulation of 

dermal fibroblast behavior 

Jade Montgomery¹, Katherine Degen¹, Linda Jourdan², Robert Gourdie² 

¹Virginia Tech, ²Fralin Biomedical Research Institute 

After injury to the skin, the normal adult wound healing process can result in cutaneous scars that are 

not only unpleasant to look at, but also stiff, painful, and liable to cause further injury at the wound site, 

sometimes severely affecting the patient's quality of life. A peptide mimic of the carboxyl terminus of 

Connexin 43 (Cx43), αCT1, reduced Cx43 hemichannel activity (PMID 21411628), and in preclinical 

studies prompted faster wound closure, reduced scar area, and mechanically stronger scars (PMID 

19317641). In a Phase II study αCT1 treatment resulted in improvements in cutaneous scar appearance 

by 9 months (PMID 27856288). Our goal was to explore the mechanism by which αCT1 improves long-

term scar appearance. Patient scar biopsies sampled 1 month post-wounding from an earlier Phase 1 

clinical trial and splinted rat scar biopsies at 2,4 & 6 weeks were examined for collagen matrix 

organization and density using Picrosirius Red stained samples at multiple birefringent angles. NIH 3T3 

fibroblasts were treated with αCT1 or control peptide and then live-imaged. Dermal fibroblasts isolated 

from transgenic mice expressing GFP-tpz on the α2 chain of collagen 1 were also treated with peptide 

and live-imaged for cell movement and GFP-tpz expression, and then stained after 7 days for collagen 1 

and paxillin to indicate focal adhesions. The results from NIH 3T3 cells were used to parameterize a 

computational model that predicts collagen matrix formation. Patient scars treated with αCT1 exhibited 

significantly increased collagen matrix disorganization and increased sub-regional matrix variance, with 

a trend towards increased matrix density. Rat scars also showed significantly increased collagen matrix 

disorganization in αCT1-treated samples and increased density in 2 & 4 week samples, with the matrix 

more disorganized, but similar in density at 6 weeks, suggesting fibroblasts in αCT1-treated scar tissue 

deposit the initial fibrous matrix more quickly with less organization and this disorganization persists 

through the scar remodeling phase. Corresponding to these in vivo findings, NIH 3T3 fibroblasts exposed 

to αCT1 moved more quickly with less directional persistence in a dose-dependent fashion and αCT1-

treated Col1GFPtpz mouse dermal fibroblasts also move more quickly and with less directionality on 

aligned collagen substrate. When αCT1-induced changes in fibroblast motility were programmed into a 

computational model, the simulated collagen matrix generated resembled that of αCT1-treated human 

scar biopsies. Treatment with Cx43 mimetic peptide αCT1 stimulates wound healing and causes 

fibroblasts to construct an initial collagen matrix more quickly, with fiber organization more similar to 

unwounded skin. This fundamental change in scar construction persists through long-term remodeling, 

and may explain how αCT1-treated scars appear more similar to surrounding unwounded skin in both 

appearance and mechanical strength after long-term scar remodeling. 
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S10.5 Novel inhibitors of Cx43-Ezrin-PKA complex for treatment of patients with glioblastoma 

Aleksandra Dukic¹, Rafi Ahmad², Kjetil Tasken³ 

¹University of Oslo, Institute of Cancer Research, ²Inland Norway University of Applied Sciences, 

³University of Oslo, Oslo University Hospital, Institute of Cancer Research 

Glioblastoma (GBM), the most frequent primary brain tumor, is one of the most devastating forms of 

cancer. Therapy has been based on maximal surgical reduction followed by radiotherapy and concurrent 

chemotherapy with temozolomide, but the strongly invasive nature of the disease precludes complete 

surgical removal and the disease invariably recurs. Thus, there is a strong unmet medical need for novel 

therapeutic strategies that can improve patient survival and reduce recurrence. Cx43 gap junction 

channels play important roles in invasiveness and GBM cell resistance to temozolomide chemotherapy. 

Closing gap junctions or inhibiting their conductivity would be beneficial in the primary tumor. We aim 

at developing novel small molecular protein-protein interaction disruptor drugs with a new mechanism. 

The prospective drugs are targeting gap junction intercellular communication as a means to block cancer 

invasiveness and delay or inhibit disease progression. We have identified and characterized a 

supramolecular complex comprising the gap junction protein Cx43, the A kinase anchoring protein Ezrin 

and protein kinase A (PKA). The Cx43-Ezrin-PKA complex regulates gap junction permeability and could 

be an important target for new treatments of GBM. We have shown that Cx43-Ezrin interaction can be 

modulated by various interaction inhibitors. Based on that, we have started developing novel small 

molecular compounds which can inhibit the protein-protein interaction. We have, following completion 

of a 45K compound library screen (using AlphaScreen assay) and several rounds of analog screens, 

identified a few promising hit compounds which show biological activity on patient-derived GBM cells. 

We have performed in vitro experiments on three different patient-derived GBM cell lines with two 

leading hit compounds. The hit compounds have shown promising activity in inhibiting sphere growth of 

patient-derived GBM cells. Next, they significantly reduced the invasion of the cells into 3D collagen. 

Highly invasive GBM cells are in mesenchymal-like state, characterized by high motility and low 

proliferation as well as impaired expression of EMT/MET (epithelial-mesenchymal transition) markers. 

The hit compounds induced MET, shown by the changes in MET marker expression. In addition, the hit 

compound reduces migration ability of GBM cells. We have also completed preliminary QSAR analysis, 

identifying multiple structural scaffolds forming the basis for hit optimization through chemical 

derivatization aimed at developing novel chemical entities of superior potency. These promising results 

of the unique inhibitors provide the possibility to develop a small molecular drug for treatment of newly 

diagnosed GBM aimed at inhibiting invasive growth and spread in the brain. Our next step is to develop 

pharmacological acceptable candidates for in vivo testing and further pre-clinical documentation. 
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Poster Abstracts 

A - Cancer 
P-A-1 The inhibitory effect of fenofibrate on Cx43-dependent diapedesis of cancer cells 

Jarosław Czyż¹, Milena Paw¹, Justyna Sośniak¹, Edyta Kwiecień¹, Karolina Piotrowska¹, Katarzyna 

Piwowarczyk¹ 

¹Faculty of Biochemistry, Biophysics and Biotechnology, Jagiellonian University 

Background and aim: Extravasation of circulating cancer cells is a limiting step of cancer metastatic 

cascade and the promising target of chemotherapy. This process is regulated by the intercellular and 

intracellular signaling pathways that locally impair endothelial barrier function. Here, we elucidated the 

interrelations between Cx43-dependent and Cx43-independent strategies of cancer cell extravasation. 

We also addressed the sensitivity of these pathways to the anti-hyperlipidemic drug - fenofibrate (FF). 

Methods: Identification of the pathways involved in cancer cell diapedesis and quantification of the 

effect of pharmaceutics on their activity is enabled by the monitoring of human umbilical vein 

endothelial cells' (HUVECs) and cancer cells' (DU145, PC3, A549) behavior in co-cultures. In this 

approach, time-lapse video analyses of endothelial mobilization in the proximity of naive and drug-

resistant cancer cells are complemented by estimation of adhesive cell properties in co-cultures and by 

identification of intercellular signaling pathways involved in this process. Results: Human prostate and 

lung cancer cells impair endothelial barrier function via the local activation of endothelial cells. This 

process is mediated by cancer cell-specific intercellular communication systems, which are related to 

channel-dependent/independent Cx43 function and paracrine signaling. Cancer cells' diapedesis was 

attenuated by transient Cx43 silencing and remained sensitive to the inhibition of gap junctional 

intercellular coupling and to chemical inhibition of EGF/ERK1/2-dependent signaling. Cx43-dependent 

diapedesis of naive and drug-resistant cancer cells was also sensitive to fenofibrate. Fenofibrate 

inhibited Cx43-mediated gap junctional coupling, down-regulated Cx43 expression and attenuated 

ERK1/2 activation in co-cultures. Independently, fenofibrate interfered with HUVEC susceptibility to 

paracrine signals in co-cultures with A549, DU145 and PC3 cells. Conclusion: Our observations identify a 

diversity of Cx43-dependent and Cx43-independent strategies employed by lung and prostate cancer 

cells to impair endothelial barrier function during their diapedesis. Fenofibrate can interfere with the 

diapedesis of lung and prostate cancer cells through the interference with Cx43/GJIC-dependent 

intercellular axes, however it also reduces susceptibility of endothelium to paracrine stimuli. These 

findings provide the rationale for the implementation of fenofibrate into the therapy of malignant lung 

and prostate cancers. *financially supported by the Polish National Science Centre 

(2015/17/B/NZ3/01040 and, in part, 2013/09/N/NZ3/00204) 

P-A-2 A new preventive strategy for targeting gap junction in prostate cancer stem cells 

Daiki Endo¹, Tomohiro Yano¹, Saki Kaneko¹, Kazunori Kato¹, Takumi Yamazaki¹ 

¹Toyo University 

Prostate cancer is the highest prevalence cancer of all cancer in males. The previous studies have 

indicated that an androgenic hormone closely relates to carcinogenesis, and hormone therapy has been 

mainly used for the treatment. However, most of patients who received hormone therapy have 
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castration-resistant prostate cancer (CRPC) which multiply under the low androgenic density after 

treatment during several years, and most of the patients result in death for less than two years after 

CRPC was diagnosed. In a recent study, it is demonstrated that the prostate cancer stem cells which are 

resistant to androgen deprivation therapy can survive in vivo under decreased immunity by the cancer 

treatment, leading to the reoccurrence. Connexin 43 (Cx43) forming a gap junction participates in 

maintenance of the homeostasis between the cells and the induction of differentiation in the cells, and 

contributes to cancer cell growth control. It is reported that the suppression of prostate cancer cell 

growth depends on the induction of Cx43, on the other hand, the detailed mechanism is still unclear. 

Therefore, this study was undertaken to clarify the contribution of Cx43 induction by an adequate 

phytochemical to the differentiation in prostate cancer stem cells, finally leading to establishment of a 

new preventive approach against prostate cacner. Since we have reported that Bowman-birk protease 

inhibitor (BBI) from soybeans can acts as a tumor suppressor gene in some cancer cells via the induction 

of Cx43, we selected the phytochemical as a candidate. We selected LNCaP cell as an androgen-

dependent human prostate cacner cell line. Cell viability was measured by WST-8 assay, levels of mRNA 

and protein were determined by qRT-Real-time PCR and Western blotting, respectively. In addition, we 

estimated the localization of Cx43 to a cell membrane by immunohistological analysis. BBI treatment 

suppressed cell viability in LNCaP stem cells. In linked with this event, BBI increased the levels of mRNA 

as well as protein in Cx43, and the localization of Cx43 into cell membrane and the formation of gap 

junction were enhanced by the treatment. Also, Cx43 which localized in the cell membrane of LNCaP 

stem cells suppressed the activation of c-Src, representative one of the cell survival signals. These results 

suggested that BBI could attenuate cancer stemness in LNCaP stem cells by inactivation of c-Src via the 

function recovery of Cx43. From these results, it is concluded that BBI acts as a useful phytochemical to 

prevent the reoccurrence of androgen-independent prostate cancer after the hormone therapy via the 

restoration of Cx43-dependent functions in prostate cancer stem cells. 

P-A-3 Non-SUMOylated Cx43 changes the function and recruitment of cellular components into 

exosomes and prevents drug resistance to BRAF/MEK inhibitors in metastatic melanoma 

Adrián Varela Vázquez¹, Amanda Guitián-Caamaño1, Alejandro Castro-Iglesias¹, Susana B. Bravo2, Teresa 

Calleja-Chuclá3, Eduardo Fonseca-Capdevila4, María Mayán¹ 

¹Instituto de Investigación Biomédica de A Coruña (INIBIC), 2Instituto de Investigación Sanitaria de 

Santiago de Compostela (IDIS), Complexo Hospitalario Univers, 3Hospital Teresa Herrera. Servicio Galego 

de Saúde (SERGAS)., 4Hospital Abente y Lago. Servivio Galego de Saúde (SERGAS) 

Connexin43 (Cx43) a transmembrane protein involved in cell-cell communication and signalling, has 

been described as a tumor suppressor factor in melanoma, however its role in disease progression 

remains under debate. Extracellular vesicles (EVs), including exosomes are circulating nanovesicular 

carrier of molecules, which provide signals and "educate" neighboring or distant cells. The presence of 

Cx43 in exosomes provides these particles with an additional capacity to exchange small molecules such 

as RNAs, metabolites or peptides with target cells via gap junction channels (GJs). In this study we have 

investigated the role of Cx43 and exosomal Cx43 in metastatic melanoma. Low and SUMOylated Cx43 in 

human melanoma cell lines were associated with cytoplasmic distribution and low incidence of dye 

coupling (GJIC). Ectopic Cx43 gene expression using vectors increased total Cx43 levels, restored Cx43 
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native band detected by western-blot, plasma membrane localization and raised GJIC. Interestingly, 

exosomes isolated from melanoma cells overexpressing Cx43 contain non-SUMOylated Cx43, which 

changed the recruitment of RNA and proteomic components identified by RNA-Seq and mass 

spectrometry, switching the messages and the function of these EVs. When BRAF-mutated melanoma 

cell lines were exposed to exosomes containing Cx43, the EVs significantly decreased cell proliferation 

and blocked colonies growth. Besides, ectopic expression of Cx43 during BRAF/MEK inhibitors 

treatments significantly increased cellular senescence and triggered apoptosis preventing drug 

resistance. Our results indicate that Cx43 and exosomal particles containing non-SUMOylated Cx43 

might represent a new therapeutic target against BRAF-mutated melanoma. Further understanding of 

the role of Cx43 in the exosomes will have implications for the development of new therapeutic 

strategies to combat metastatic melanoma and to improve the potency of BRAF/MEK inhibitors in BRAF-

mutated melanoma patients 

P-A-4 Suppression of osteosarcoma progression by ATP and bone osteocyte Connexin 43 

hemichannel activity 

Daniel Shropshire¹, Manuel Riquelme¹, Jeffrey Chavez¹, Jean Jiang¹ 

¹UT Health Science Center San Antonio 

Osteosarcoma is the most common primary bone cancer and primarily occurs during the pubertal 

growth spurt. Prognosis has not improved over the last three decades. Osteocytes are the predominant 

bone cell and our previous studies have shown that ATP released by Cx43 hemichannels in osteocytes 

inhibits breast cancer bone metastasis. Here, we first investigated the ability of ATP, which is released 

through hemichannels, to inhibit osteosarcoma cells in vitro. ATP inhibited individual and collective 

osteosarcoma migration and invasion. BzATP, which preferentially activates P2X7 receptors also had this 

effect. A monoclonal antibody that promotes the activity of Cx43 hemichannels was investigated in both 

cell and mouse models. Media conditioned from osteocyte-like cells treated with this antibody inhibited 

osteosarcoma migration in vitro and this effect was blunted by addition of apyrase, which hydrolyzes 

ATP. We developed three murine orthotopic disease models and monitored disease progression by 

bioluminescent imaging. Antibody treatment led to reduced tumor size compared to control mice in OS-

17 and 143b human osteosarcoma models. Moreover, life span was increased in a highly metastatic 

DLM8 murine osteosarcoma model. Together, this study suggests that ATP released by activated Cx43 

hemichannels, through purinergic signaling, inhibits osteosarcoma progression and improves survival, 

which could be developed into a potential therapeutic strategy for the disease. 

P-A-5 a-Connexin carboxyl-terminal peptide enhances antiproliferative effect of Bowman-Birk 

inhibitor from soybeans in canine oral melanoma cells 

Ayami Sato¹, Ivone Izabel Mackowiak da Fonseca¹, Elizabeth Yeh², Maria Lucia Zaidan Dagli¹ 

¹University of Sao Paulo, ²Medical University of South Carolina 

1) Background and aim: Oral melanoma is an aggressive and highly metastatic cancer in dogs. 

Interestingly, it is reported that connexin (Cx) 43 upregulation inhibits human and murine melanoma 

progression. We employed a unique 25-amino acid length peptide, a-connexin carboxyl-terminal 

peptide (ACT1), that mimics a cytoplasmic regulatory domain of Cx43 to evaluate whether targeting 
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Cx43 affects melanoma cell growth. On the other hand, we previously demonstrated that Bowman-Birk 

protease inhibitor (BBI), a component of soy beans, induces the restoration of Cx43 in several types of 

tumor cells as function of trypsin -chymotrypsin inhibitor. In this study, we aim to investigate the 

combination effect of ACT1 and BBI on melanoma cell proliferation. 2) Methods: A human (SKMEL28), a 

murine (B16F10), and five canine oral melanoma cell lines (CBMY, CBMT, TLM1, CMGD2, CMGD5) were 

used. ACT1 peptide and its reverse sequence peptide (R-Pep) were synthesized by the American Peptide 

Company as described before. BBI was purchased from Sigma-Aldrich. Cell viability was analyzed by 

PrestoBlue assay after treatment of the cell lines for 2, 3, 4, and 5 days. 3) Results: There was little or no 

effect of ACT1 (200 microM) on cell viability compared with R-Pep in all cell lines we used. BBI (400 

microM) suppressed cell viability in all cell lines and these effective treatment time were different. 

Notably, the suppression effect of cell viability by combination treatment of ACT1 and BBI in canine 

melanoma cell lines were remarkable compared with human and murine melanoma cell lines. 4) 

Conclusions: It is thought that Cx43 expresses in intracellular rather than cell membrane in many cancer 

cells including melanoma. ACT1 was designed to redirect uncoupled Cx43 hemichannels into gap 

junctions, thereby reducing gap junction turnover and enhancing gap junction aggregation, without 

effecting Cx43 protein levels. Additionally, our previous studies indicated that BBI increases Cx43 

expression both of mRNA and protein levels. Considering these findings, it may be required to induce 

some Cx43 expression in cell membrane to exert the effect of ACT1 although we haven't examined the 

mechanism in detail. In conclusion, treatment strategy targeting Cx43 in canine oral melanoma may lead 

to new effective therapy for this aggressive cancer. 

P-A-6 ATP released by mechanical loading inhibits breast cancer cell migration through down-

regulation of CXCR4 

Xiaowen Liu¹, Manuel Riquelme¹, Yi Tian¹, Sumin Gu¹, Jean Jiang¹ 

¹ UT Health Science Center San Antonio 

Bone is a primary site for breast cancer cells metastasis. Osteocytes, comprising over 95% of total bone 

cells, are the most abundant cell type in the bone which are mechanosensitive. Our previous data 

showed that osteocytic connexin43 (Cx43) hemichannels opened during mechanical loading. The ATP 

released by hemichannels activates purinergic signaling on cancer cells and inhibits the osteolytic 

growth of breast cancer cells in the bone. Interestingly, it is reported that mechanical loading on bone 

up-regulates several C-X-C motif chemokines. Among them, CXCL12, which is the ligand of CXCR4, plays 

an important role in promoting breast cancer metastasis and breast cancer cell becomes insensitive to 

the increased CXCL12 after mechanical loading. To study the underlying mechanism, we studied the 

migration of MDA-MB-231 (human triple negative breast cancer cells) and MDA-BoM-1833 (human 

triple negative bone trophic breast cancer cells) by wound healing and transwell assay in the presence of 

ATP receptors agonist ATPgammaS and BzATP. Both ATP receptor agonists showed inhibition on both 

MDA-MB-231 and MDA-BoM-1833 migration. In addition, CXCR4 expression was determined in both 

RNA and protein level after treatment with ATPgammaS and BzATP. The level of CXCR4 RNA was 

decreased in both MDA-MB-231 and MDA-BoM-1833. Moreover, CXCR4 protein level was also reduced 

in MDA-BoM-1833. Furthermore, to explore which purinergic pathway is involved in this process, we 

used P2X7 receptor antagonist, A804598 and P2Y11 antagonist, NF157. However, both antagonists did 
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not alleviate the reduction of breast cancer cell migration and CXCR4 expression induced by 

ATPgammaS, indicating the potential involvement of other purinergic receptors. Interestingly, NF157 by 

itself decreased both cancer cell migration and CXCR4 expression, indicating that the activation of P2Y11 

may promote breast cancer cell migration through up-regulating CXCR4. Taken together, these results 

suggest that mechanical loading induced osteocytic ATP release inhibits breast cancer cell migration by 

activating purinergic receptors. Down-regulation of CXCR4 by ATP in breast cancer cell, is likely to blunt 

the chemoattractant effect of CXCL12 in promoting breast cancer cell migration and metastasis. 

P-A-7 The moonlight role of Cx46 in the local and long-distance communication in breast cancer cells 

Rodrigo Acuna¹, Mauricio Retamal¹ 

¹Universidad del Desarrollo 

1) Background and aim, Connexins (Cxs) is four times the transmembrane protein, under normal 

conditions almost all types of human cells communicate with their neighboring cells through Gap 

junction Channels (GJC), facilitating cells and tissue homeostasis. For many years was believed that the 

loss of intercellular GJC communication was a hallmark in cancer development. But now, the role of Cxs 

in cancer is an open question. Cx46 is almost exclusively expressed in the lens, but also is upregulated in 

breast cancer, where has been implicated in cancer cell ś hypoxia adaptation. Here, we demonstrated 

two new roles of Cx46, first Cx46 promote metastatic related processes in MCF-7 breast cancer cells and 

a second role; Cx46 contained in extracellular vesicles (EVs) which are strongly associated to the 

malignancy of cancer cells, and are considered key players in cancer development and aggressiveness. 

EVs act as a natural carrier of biological cargos, such as proteins, RNAs, miRNAs, and lipids between cells 

promoting metastatic related processes at long distances. 2) Methods, Local effect: Cx46 with a GFP tag 

was overexpressed in MCF-7 breast cancer cells, migration and transwell invasion assay in MCF-7 and 

Cx46 overexpression MCF-7 cells, RT- qPCR to evaluate EMT and stemness-related genes, Pro-angiogenic 

factors secretion was evaluated using a Luminex MAGPIX System. Sphere formation assay to evaluate 

cancer stem cells potential. Long distance effect: Extracellular vesicles isolated under differential 

ultracentrifugation in Cx46 positive cells and Cx46 absent cells, western blot to evaluate exosomes 

markers and Cx46. Nanotracking Particles Analysis (NTA) to evaluate the size and concentration of 

exosomes. Transmission electron microscopy (TEM), and immunogold to evaluate size, shape and Cx46 

presence. Exosomes labeling to evaluate cell uptake under confocal microscopy, migration/invasion 

assay in the presence of Cx46-EVs, EMT related genes in the presence of Cx46-EVs. Pro-angiogenic 

factors secretion in the presence of Cx46-EVs and Sphere formation in presence or absence of Cx46-EVs. 

3) Results, Cx46 promote metastatic related processes locally and over long distance through exosomes 

contained Cx46. 4) Conclusion, Our results show the new function of Cx46 in local and long-distance 

communication, and open the possibility of the development of a new biomarker; the establishment of 

their presence with a stage of breast cancer would help the search new therapies in the fight against this 

disease.  

P-A-8 The role of osteocytic Connexin 43 channels and oxidative stress in breast cancer growth and 

bone metastasis 

Yi Tian¹, Manuel Riquelme¹, Jean Jiang¹ 

¹ UT Health Science Center San Antonio 
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Breast cancer bone metastasis is frequently diagnosed in post-menopausal women. Reduction of 

estrogen is associated with bone loss, poor bone quality and elevated level of oxidative stress (OS). 

Osteocytes are the most abundant bone cell type, which is embedded in the mineral matrix and plays a 

critical role in maintaining bone microenvironment and homeostasis. Osteocytes express connexin 43 

(Cx43) hemichannels, which are involved in the bone remodeling and osteocyte survival. Previous 

studies have shown that estrogen deficiency decreases osteocytic Cx43, reduces the resistance of 

osteocytes to environmental stress, such as OS, aging or tumor metastasis. However, the underlying 

mechanism is largely unknown. To understand the roles of osteocytic Cx43 hemichannels in breast 

cancer growth in the bone, we conducted intratibial implantation of PY8119, a murine triple negative 

breast adenocarcinoma cells in sham and ovariectomized (OVX) WT and two transgenic mice 

overexpressing Cx43 dominant negative mutants. Cx43R76W mutant inhibits gap junction channels and 

Δ130-136 mutant inhibits both gap junctions and hemichannels . Consistent with our previous study, 

Δ130-136 mice had more tumor growth in bone compared with WT and Cx43R76W mice, but there was 

no difference between WT and R76W mice, supporting the tumor suppression function of Cx43 

hemichannels. Under OVX condition, WT mice had similar tumor growth as sham control, but R76W 

mice had more tumor growth than sham, implying the potential involvement of gap junctions under 

OVX. Interestingly, for Δ130-136 mice OVX group exhibited a significant decrease of tumor growth. We 

had previously shown that Δ130-136 OVX mice had significantly increased OS level compared with sham, 

while this difference was not observed in WT and R76W groups. High OS is shown to have a negatively 

impact on breast cancer colonization. To study the effects of OS on breast cancer in bone, we did 

intratibial tumor implantation in WT mice and fet mice with a reductant, N-Acetyl cysteine (NAC) rich 

diet. NAC diet increased tumor colonization in WT mice after a week, supporting the notion that 

increased OS may hinder breast cancer colonized in bone. Furthermore, we showed that treatment of 

hydrogen peroxide in co-culture model with osteocyte MLO-Y4 cells decreased growth of Py8119 cells 

compared to non-treated controls. We showed that treatment with hydrogen peroxide decreased tumor 

cell numbers, and co-culturing with MLO-Y4 cells attenuated the reduction, indicting the supportive role 

of osteocytes in tumor growth under OS conditions. Hydrogen peroxide also increased osteocytic Cx43 

hemichannel activity. However, the involvement of hemichannels in this process is yet to be 

determined. Together, these studies suggest the functional involvement of Cx43 channels in osteocytes 

in the response of breast cancer cells to OS in the bone. 

P-A-9 Cx43-mediated gap junction intercellular communications participate in the cytotoxic 

immunological synapse enabling tumor killing by CTL 

Francisca Hofmann¹, Javiera Álvarez¹, María Alejandra Gleisner¹, Flavio Salazar-Onfray¹, Andres Tittarelli¹ 

¹Universidad de Chile, Institute of Biomedical Sciences 

The development of antitumor immune responses requires the communication between different 

immune cells, and the specific immune recognition of tumor cells by T cells. Upon tumor cell 

recognition, CD8+ cytotoxic T lymphocytes (CTLs) and natural killer (NK) cells form the Cytotoxic 

Immunological Synapse (CIS), a specialized supramolecular structure fundamental for the polarized 

delivery of cytotoxic granules and the specific tumor cell killing. Recently, it has been described the 

participation of gap junction (GJ) intercellular communications (GJIC) formed by connexin 43 (GJIC-Cx43) 
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in the NK cell CIS activity. Despite that CTLs and NK cells present functional and structural similarities in 

the CIS formation, the participation of GJIC-Cx43 in the CTL-formed CIS remains unexplored. In this work 

we have studied the role of GJIC-Cx43 in the activity of the CIS formed between CTLs from pMEL-1 mice 

and B16F10 melanoma cells. First, we evaluated by immunofluorescence the polarization of Cx43 to the 

contact site between CTLs and B16F10 during CIS formation. We found that Cx43 localizes at the contact 

site of CIS and this polarization depends on the activation status of the CTLs and is an antigen-driven 

process. Then, we knockdown the Cx43 expression in B16F10 cells using small interference RNA (siRNA) 

against Cx43 (siRNACx43-B16F10) and evaluated the participation of Cx43 in the formation of functional 

GJ channels by calcein-AM transfer assays and in the cytotoxic activity of CTLs by granzyme B activity 

assays. We found that CTLs, but not naïve CD8+ T cells, efficiently transfer calcein to B16F10, and 

therefore form functional GJs with tumor cells. In addition, when siRNACx43-B16F10 cells were used as 

target cells, we observed a decrease in the calcein transfer and granzyme B activity in comparison to 

control B16F10 cells, indicating that GJIC-Cx43 are formed between CTL and B16F10, and suggesting that 

their formation is important for tumor cell-killing by CTLs during CIS formation. Financed by grants 

FONDECYT 1171213, 11160380; FONDEF ID16I10148 and MIII P09/016-F. 

P-A-10 Hypoxia-induced microRNAs are transfer from melanoma to immune cells by Cx43 channels 

Francisca Hofmann¹, Marcelo Lizana¹, Flavio Salazar-Onfray¹, Andres Tittarelli¹ 

¹Universidad de Chile, Institute of Biomedical Sciences 

Gap junctions (GJ) are connexin (Cx)-formed channels that via cell-to-cell passive diffusion of small 

molecules regulate a plethora of physiological functions, including immunity, where the Cx43 isoform is 

the most relevant. While recent data have been show that tumor cells can form Cx43-GJ mediated 

communications with immune cells, and that hypoxia increases Cx43 expression in tumor cells. However 

the transfer of hypoxia-induced microRNAs from hypoxic tumor cells to immune cells via Cx43-GJs and 

its consequences in the modulation of the antitumor immune responses remain completely unexplored. 

In this work we evaluated the contribution of Cx43-GJs in the shuttling of tumor-derived hypoxia-

induced microRNAs from melanoma to immune cells. We evaluated the expression levels of Cx43 and 

functional GJ formation in human and murine melanoma cell lines cultured in normoxic or hypoxic 

conditions. Cx43 expression and GJ-mediated intercellular communications were induced under hypoxic 

conditions in melanoma cells. We identified a group of microRNAs highly induced by hypoxia in 

melanoma cells (miR-192-5p, -504-5p, -135a-5p, -449a, -148a-3p, -210-3p). Our results also indicated 

that some of these microRNAs could be transferred from hypoxic melanoma cells to dendritic cells (DCs) 

or cytotoxic T cells via a Cx43-dependent mechanism. Preliminary data showed that some of these Cx43-

transferred microRNAs induced immuno-evasive mechanisms via the modulation of immune gene 

expression. Financed by grants FONDECYT 11160380, and MIII P09/016-F. 

P-A-11 The association between Pannexin 1 expression and cancer prognosis: an exploratory 

approach 

Cleofé Romagosa¹, Carme Dinarès¹, Irene Sansano¹, Jordi Temprana¹, Vicente Peg¹, Elena Martinez-Saez¹, 

Teresa Moline¹, Javier Hernández-Losa¹, Santiago Ramón y Cajal¹, Trond Aasen¹ 

¹Vall d'Hebron Research Institute (VHIR) 
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Pannexin 1 (Panx1) is a channel protein implicated in cancer. However, the expression of Panx1 at the 

mRNA and protein level and its association with patient prognosis or malignancy, is insufficiently 

described. By using numerous in-silico analysis approaches, we summarise Panx1 gene-expression in 

various cancer types and identifies an association with poor patient prognosis in several cancers. By 

immunohistochemical analysis we show that Panx1 protein is expressed in a great number of human 

tumours, including breast, cervix, colon, lung, uveal melanoma and brain. Notably, in colon cancer 

significant increased expression of Panx1 is observed in the metastatic lesions compared to matched 

cases of primary tumour samples. Overall, our data suggests Panx1 expression generally seems to be 

associated with poor prognosis, although tissue-specific differences likely exists. 

P-A-12 Inhibition of human neuroblastoma growth by Probenecid and Carbenoxolone 

Marie-Eve St-Pierre¹, Stephen Holland¹, Hisham Mohamed¹, Ahmed Hammad¹, Cem Dural¹, Stéphanie 

Langlois¹, Kyle Cowan¹ 

¹ Children's Hospital of Eastern Ontario (CHEO) Research Institute, University of Ottawa,  

Background and Aim: Neuroblastoma (NB) is a developmental cancer of the sympathetic nervous 

system that is thought to arise during neural crest cell differentiation. It is the most common cancer in 

infants and the most common extracranial solid tumour of childhood. Although NB represents 7-10% of 

all paediatric malignancies, it is responsible for 15% of all paediatric cancer deaths. While patients with 

low and intermediate risk disease have an excellent prognosis with current therapy, the majority of 

patients present with metastatic high-risk disease. Despite aggressive surgery and dose-intensified 

chemotherapy, the survival rate of these high-risk NB patients remains below 50%, thus highlighting the 

urgent need for improved NB treatments. It was recently shown that the murine NB-derived cell line 

N2a expressed pannexin 1 (Panx1) channels and that probenecid significantly reduced N2a cell 

proliferation. Based on this, the goal of this study was to determine the levels of PANX1 expression in 

human NB and assess whether inhibition of PANX1 channels by probenecid or carbenoxolone alleviates 

human NB malignant properties. Methods: PANX1 protein levels were examined by western blotting in 

six NB patient specimens and seven high-risk NB patient-derived cell lines. Cell proliferation was 

assessed using a 5-bromo-2'-deoxy-uridine (BrdU) Elisa kit, while apoptosis was examined by measuring 

caspase-3/7 activity using the Incucyte live imaging system. Finally, 3D spheroid growth assays were 

performed using cells engineered to express the green fluorescent protein (GFP) and measured using 

the Incucyte live imaging system. All the assays were performed using our seven high-risk NB patient-

derived cell lines in the presence of probenecid, carbenoxolone, or the vehicle control. Statistical 

significance was analyzed using two-tailed Student's t-test. Results: Our results indicate that PANX1 is 

expressed in high-risk patient derived NB cell lines as well as in NB tumour specimens and may be 

upregulated in undifferentiated/poorly differentiated human NB. Probenecid and carbenoxolone 

reduced NB growth by inhibiting cell proliferation and/or triggering apoptosis. Furthermore, treatment 

with probenecid and carbenoxolone significantly reduced 3D spheroid growth and in some cases 

induced tumour regression in vitro. Conclusions: Altogether our findings indicate that PANX1 is 

expressed in human NB and that treatment with probenecid or carbenoxolone reduced NB malignant 

properties in vitro. Based on these promising findings, in vivo preclinical assays are being initiated. 
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Altogether these experiments will determine whether treatment with probenecid or carbenoxolone may 

constitute a novel therapeutic approach for high-risk NB patients. 

P-A-13 Over-expression of Connexin 46 in cancer cells as a facilitator of tumor progression. 

Ainoa Fernández¹, Mauricio Retamal¹ 

¹Universidad del Desarrollo 

BACKGROUND: Connexins (Cxs) are widespread in terms of their expression and play a key role in cell 

growth, differentiation and in maintenance of homoeostasis in vertebrate tissues. However, Cxs also 

have important roles in pathological conditions. In cancer this relationship remains controversial 

because Cxs can act either as tumor suppressors or facilitator of tumor progression. On the other hand, 

channel-dependent (canonical) and -independent (non-canonical) functions of Cxs are associated with 

different isoforms and this could explain the pro or anti-tumor effects attributed to the same Cxs. As far 

as we know, the canonical role of Cxs in cancer has been mainly considered, leaving the non-canonical 

role only as a complement. Thus, we believe that it is important to deepen knowledge of the non-

canonical pathway of Cxs in cancer. AIM: The aim of this study is to evaluate if the overexpression of the 

C-terminal (CT) portion of Cx46 in cancer cells is commanding the transition of the cell to a more 

malignant phenotype. METHODS AND RESULTS: The breast cancer cell line -MCF7 cells- were 

transfected with Cx46 wild type (Cx46), or a Cx46 without its CT (Cx46-NT) or only with its CT (Cx46-CT), 

in order to study the non-canonical role of Cx46 on cancer aggressiveness. Our immunofluorescence 

results reveal that while some of the Cx46 was translocated to the nucleus, the Cx46-CT was almost 

entirely translocating to it. Cx46 and Cx46-CT were correlated with the transformation of MCF-7 cells 

into a more invasive phenotype. The tumorigenic potential was evaluated through 2D migration, 

invasion, 3D culture and hypoxia resistance. All these characteristics were higher in the Cx46-CT 

transfected cells. In addition, an upregulation of the stemness marker Sox2 in the Cx46-CT transfected 

cells was accompanied by a higher clonogenic potential evaluated in 2D and 3D cultures. CONCLUSION: 

We conclude that Cx46 and overall its CT can be a factor to setup cancer aggressiveness and we suggest 

that Cx46-CT could be acting as a transcription factor in the cell nucleus. 

P-A-14 Cx46 regulates HIF-1A levels in melanoma cells 

Viviana Orellana¹, Francisca Peña¹, Mauricio Retamal¹ 

¹Universidad del Desarrollo 

BACKGROUND: Melanoma is a skin cancer which has shown a constant increase over the past 20 years, 

and is one of the most fatal cancer showing high heterogenetic and aggressiveness behavior. Gap 

junction channels (GJCs) loss and connexin (Cx) misexpression has been described as an early common 

event in the tumor progression including melanoma. We recently found an enriched expression of the 

mRNA of Cx46 in melanoma samples from The Genome Cancer Atlas (TCGA) and melanoma cell lines 

from Cancer Cell Line Encyclopedia (CCLE). Suggesting that Cx46 could be important for melanoma 

progression. However, its role is far to be understood. AIM: Evaluate if Cx46 is regulating the expression 

and/or stabilization of HIF-1α in normoxic conditions through the regulation of its canonical degradation 

pathway which controls HIF-1α expression in an oxygen-dependent manner. METHODS AND RESULTS: 

We perform a Rna-Seq analysis form TCGA over melanoma samples and found mRNA Cx46 is 
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overexpressed in early stages of melanoma (I-III) while HIF-1α do not show changes. However, in 

metastatic stage (IV) Cx46 is downregulated while HIF-1α is overexpressed. Additionally, we perform a 

study of the degradation pathway of HIF-1α, which involves PHD2 (Prolil hydroxylase 2) and VHL (Von 

Hippel Lindau) in SK-MEL-2 melanoma cell line that express constitutively Cx46 and HIF-1α in normoxic 

conditions. A partial silencing of Cx46 (≈70%) increase over three times HIF-1α protein expression and 

decrease significatively the expression of VHL protein meanwhile in PHD2 tend to decrease. We evaluate 

aggressive characteristic such proliferation rate, migration and invasion, finding decreasing proliferation 

rate in silencing cells and no significant changes in migration and invasion phenotype. CONCLUSION: 

These results suggest that Cx46 could regulate the HIF-1α degradation pathway and promoting more 

aggressive behavior in melanoma cancer cells through HIF-1α pathway. This work was supported by 

Grants PMI UDD1204 and Fondecyt 1160227. 

P-A-15 Pannexin 1 is upregulated in patient derived glioblastoma multiforme cells and its inhibition 

can impair cancer cell viability and tumor formation 

Danielle Johnston¹, John Kelly¹, Rafael Sanchez-Pupo¹, Brooke O'Donnell¹, Carolina Herrera¹, Andrew 

Deweyert¹, Hu Xu¹, Matthew Hebb¹, John Ronald¹, Silvia Penuela¹ 

¹University of Western Ontario 

Glioblastoma multiforme (GBM) is the most common primary brain tumor, is virtually incurable, and has 

an abysmal survival time of only 12-18 months despite surgery, radiotherapy and chemotherapy. New 

treatments aimed at key regulators of GBM growth are needed. Pannexin 1 (PANX1) plays an important 

role in the development of many tissues and has also been implicated in cancer. Although previous 

research has shown Panx1 has tumor suppressive effects in rat C6 glioma cells, Panx1 has also been 

shown to accelerate C6 tumor aggregates. Here we aim to explore the expression of PANX1 in GBM and 

the influence of PANX inhibitors on tumor growth. We examined patient RNA sequencing data from 

GEPIA (Gene Expression Profiling Interactive Analysis) to compare normal brain tissue to GBM tissue. 

Patients with lower PANX1 expression did not have longer overall survival, however PANX1 expression 

was significantly higher in tumor samples (N=163) compared to non-diseased brain tissue (N=207) Fresh 

surgical specimens from 5 GBM patients were used to generate primary patient derived cell lines. 

Western blot analysis revealed significantly increased PANX1 expression in patient derived primary GBM 

cells and 3 human GBM commercial cell lines (U87, U251 and LN229) compared to brain tissue and 

control glial cells. Immunofluorescent staining of GBM cell lines and patient derived cells showed mostly 

intracellular patterns of PANX1. When treated with 1 mM of Probenecid, a growth curve of the patient 

derived cell line GBM17 showed a significantly reduced number of live cells at day 3 and day 4. The 

newly reported PANX1 blocker Spironolactone was applied at 10 µM and also demonstrated a significant 

reduction in the number of live cells at day 3 and day 4. PANX1 knockout clone generated from GBM17 

cells using CRISPR/Cas9 showed a significant reduction in the number of live cells at days 2-4 compared 

to control and cells treated with blockers. Migration was assessed using a scratch assay in a 96 well 

plate. Probenecid and Spironolactone treated cells showed a significant reduction in migration. 

Interestingly, the Panx1 KO clone showed a more pronounced reduction in migration compared to all 

groups. GBM17 cells were transduced with LV-tdTomato-Luc2 to express Firefly luciferase, and 4 x 10Λ6 

cells were mixed with Matrigel and implanted onto a branching vessel in the chick chorioallantoic 
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membrane model on day 10. Tumours were treated with HBSS (N=5) or 1 mM PBN (N=5) for 7 days and 

tumours were evaluated on day 17 by bioluminescent imaging (BLI) on an IVIS Lumina XRMS scanner. A 

significant reduction in tumor cell viability was observed with PBN treatment. We postulate that PANX1 

channels are upregulated in patient derived GBM cells and blocking PANX1 in these tumours may reduce 

tumor growth and cellular migration. This highlights PANX1 as a potential new target for this disease 

that requires further investigation. 

P-A-16 Effect of Cx45 overexpression on metastatic potential of mouse melanoma cells 

Mikako Saito¹, Toshiki Saito¹, Tomohiro Hatakenaka¹, Naruwa Tokunaga¹ 

¹Tokyo University of Agriculture and Technology 

1)Background and aim: It is argued that the intercellular communication function via gap junctions is 

largely involved in the metastatic potential of cancer cells. However, the involvement of the specific Cx 

isomer was unclear. We found that Cx45 and Cx26 exhibit contrasting expression kinetics based on 

comprehensive expression analysis of Cx isomers in melanoma B16-F1 and B16-BL6 cells. The purpose of 

this study is to focus on Cx45 and Cx26, and analyze the effect of enhancement or suppression of these 

Cxs on metastatic potential. 2)Methods: B16-F1 cells (low metastatic cells) and B16-BL6 cells (high 

metastatic cells) were used as different metastatic potential. B16-BL6 cells over expressing Cx45 (Cx45-

BL6 cells), and B16-BL6 cells over expressing Cx45 and knocked down of Cx26 (Cx45-Cx26i-BL6 cells) 

were developed. The proliferation ability, migration ability and metastasis ability of these cells were 

analyzed. 3)Results: Compared with B16-F1 cells, B16-BL6 cells exhibited lower Cx45 expression levels 

and higher Cx26 expression levels. The proliferation capacity of Cx45-BL6 cells decreased. The 

proliferation capacity and migration capacity of Cx45-Cx26i-BL6 cells decreased. However, when Cx45-

BL6 cells were administrated to mice, the number of metastatic colonies to the lungs was unexpectedly 

increased, as compared to B16-BL6 cells. On the other hand, the effect of overexpression of Cx26 in B16-

F1 cells on migration ability in vitro and metastatic ability in vivo was examined. As expected, the 

migration ability and metastatic ability increased. 4)Conclusions: The effect of Cx45 over expression was 

reversed in the in vitro and in vivo tests. It was speculated that Cx45 dynamically changes its 

involvement in metastasis in response to changes in the microenvironment in vivo. Analysis of such 

environment-sensitive functions of Cx45 is important for understanding the involvement of Cx isomers. 

P-A-17 A role for Connexin 43-mediated miRNA transfer in glioblastoma invasion 

Sean McCutcheon¹, David Spray¹ 

¹Albert Einstein College of Medicine 

Background and Aim: Glioblastoma multiforme (GBM) is the most aggressive and deadly CNS cancer. Its 

dismal prognosis is attributed to difficulty of resection, chemotherapeutic resistance, and invasion along 

brain vasculature. Elucidating mechanisms by which GBM invades is critical for development of effective 

surgical protocols and adjuvant therapies. GBM invasion involves alteration of non-cancerous cells, 

namely endothelial cells and astrocytes, in the tumor microenvironment toward a cancer-friendly 

phenotype. Evidence suggests post-transcriptional regulation by miRNAs may be the culprit. Previous 

studies have highlighted potential transfer of miRNAs from GBM to astrocytes by means of Cx43 

channels, however it is known that gap junctions have a size exclusion of 1 kDa, and miRNAs are 
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approximately 14 kDa. We seek to address how gap junctions are implicated in the expression or 

transfer of miRNAs whether by direct passage through Cx43 junctions or other pathways. Methods: 

Invasion assays were done using matrigel coated transwell inserts with pore diameter of 8.0µm. Cells 

were plated in the upper compartment in serum free medium, and medium containing 10% fetal bovine 

serum was placed in the bottom chamber for chemoattraction. Invasion index was quantified for GL261, 

U87, primary astrocytes, immortalized astrocytes, and immortalized Cx43 knockout astrocytes 

individually, in cocultures, and treated with 100µM carbenoxolone. An ex vivo slice culture invasion 

model was used to measure invasion potential of U87 cells in a pseudo-3D environment with native 

astrocytes. 350µm whole brain coronal slices were injected with 250 µm diameter U87 spheroids (150-

200 Cells) and cultured for 0-3 days, then quantified for tumor outgrowth. miRNA sequencing on 

cocultures of U87 cells with immortalized wild type or Cx43 knockout astrocytes, utilizing genetic GFP 

labeling, FACS, and small RNA isolation identified targets for miRNA localization and trafficking studies. 

Results: We confirm that functional Cx43 homotypic gap junctions form between GBM and astrocytes in 

vitro. Further, presence/absence and functionality of astrocyte-GBM Cx43 channels alter the invasion 

potential of GBM in vitro and ex vivo. GBM-GBM Cx43 junctions limit invasion and promote tumor 

cohesion, while astrocyte-GBM junctions promote invasion and dissemination of GBM cells along 

vascular tracts. Presence of GBM-astrocyte Cx43 junctions causes a shift in miRNA profile for cells 

cocultured with the GBM cell line U87-MG, such that miRNA found in GBM pre-coculture appeared in 

wild type but not Cx43 knockout astrocytes post-coculture. Conclusions: Cx43 junctional mating and 

channel function are implicated in the degree of GBM invasion and are coincident with astrocyte miRNA 

expression changes in an in vitro and ex vivo coculture model of highly invasive GBM, consistent with 

previous studies. Further work seeks to pursue the mechanism for miRNA transfer. 

P-A-18 Intercellular communication ameliorates antiviral response in polarized airway epithelium 

Aderonke Sofoluwe¹, Marc Chanson¹ 

¹University of Geneva 

Influenza A virus (IAV) is a respiratory pathogen, which causes severe infections that lead to exacerbated 

inflammation and tissue damage. The airway epithelium maintains homeostasis by acting as a physical 

barrier. It also initiates the innate immune response that leads to establishment of an antiviral state, 

hence limiting viral spreading. Extracellular ATP has been shown to modulate the immune response in 

various cell types to infection. In this context, cell-cell communication during viral infection could be 

relevant. Here, we tested the contribution of the intercellular communication network, through ATP 

release, via Cx43 and/or Panx1 channels in the innate immune response after IAV infection of polarized 

airway epithelium. We used the Calu-3 cell line, which is an established airway epithelium model that 

expresses Cx43 and Panx1. In order to investigate the role of Cx43 in antiviral responses, we created a 

Cx43 knockout (Cx43-KO) cell line using a lentiviral CRISPR-Cas9 system and verified reduced Cx43 levels 

in bulk cells by western blot. To test the role of extracellular ATP in the antiviral response, Calu-3 cells 

were pre-incubated with apyrase (ATP scavenger) or AR-C 118925XX (P2Y2 antagonist) prior to infection. 

Infection experiments were performed at 8h, 24h, 48h and 72h at multiplicity of infection 0.05. Samples 

were collected for cytokine/chemokine (IL6, IL8 and IP10) release and viral growth. Viral infection was 

confirmed by immunofluorescence detection of IAV nuclear protein. Plaque assays showed increased 
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viral titers over time. IL6, IL8 and IP10 transcripts were detected in infected cells at different time points, 

which correlated with the increased IAV growth. Cx43 and Panx1 transcripts were detected in infected 

Calu-3 cells and no significant differences were observed upon infection. Interestingly, apyrase or AR-C 

118925XX strongly reduced the IL6, IL8, and IP10 expression at 48h post-infection. We also observed 

reduced IL6, IL8 and IP10 mRNA levels in Cx43-KO cells (48h post-infection) while IAV growth was 

unchanged when compared to infected control cells. Our preliminary data indicates a role of ATP release 

and purinergic signaling cascade in the initiation of the immune response of the airway epithelium, 

potentially through Cx43 channel functionality. Ongoing work should provide detailed insights into the 

functional role of Cx43 gap junctions, connexons and pannexons in IAV induced immune response. 

P-A-19 Heterocellular adhesion and communication reciprocally modulate mesenchymal stem cells in 

hematopoiesis and in Leukemia 

Tala Mohsen-Kanson¹, Remi Safi², Farah Kouzi³, Jamal El-Saghir², Hussein Chhouri⁴, Kazem Zibara¹, 

Marwan El Sabban² 

¹Lebanese University, ²American University of Beirut, ³University of Tours, ⁴Normandie University 

Introduction: A specialized microenvironment in the bone marrow, composed of stromal cells including 

mesenchymal stem cells (MSCs), support hematopoietic stem cells (HSCs) self-renewal and 

differentiation in physiological conditions and leukemogenesis in pathological conditions. Although the 

role of paracrine interaction through soluble factors has been extensively explored, the intercellular 

interaction through adhesion and direct communication are not fully elucidated. In this study, we 

investigated the reciprocal role of HSCs and acute myeloid leukemia (AML) cell lines (THP-1, Molm13 

and OCI) in modulating MSCs differentiation, through direct interaction and explored the role of 

connexin 43 (Cx43) and N-cadherin. Methods: A co-culture model was established of MSCs in direct 

interaction with HSCs and with AML cell lines. Following co-culture, the expression of stem markers and 

adhesion and communication markers were evaluated by RT-PCR and western blotting. The interaction 

between N-cadherin and Cx43 was explored by immunofluorescence and further confirmed by duo-link 

proximity ligation assay. The functionality of gap junction formation was measured using the Calcein dye 

transfer assay. The osteogenic differentiation potential of MSCs was assessed by Alizarin Red S staining 

and immune-labeling of alkaline phosphatase protein. Results: Under physiological conditions, after 24 

h of direct co-culture, the expression of MSCs stemness markers decreased, whereas the expression of 

adhesion markers specifically N-cadherin and Cx43 significantly increased. Interestingly, the clonogenic 

potential of HSCs was increased after co-culture with MSCs accompanied with a significant up-regulation 

of communication and adhesion markers. Furthermore, MSCs exhibited attenuated osteogenic 

differentiation when cultured in the presence of HSCs. The staining patterns for Cx43 and N-cadherin 

were coincident, at the membrane level highly suggesting that the cell-cell communication between 

MSCs and HSCs is mediated through junctional complexes. These results were further confirmed by the 

Calcein dye transfer assay. Under pathological conditions, the co-culture of MSCs with AML cell lines 

induced an increase in the stemness markers concomitant with a decrease in the osteogenic potential of 

MSCs. However, not only the expression of the communication and adhesion markers was decreased, 

but also the co-localization between Cx43 and N-cadherin proteins was reduced following the direct co-
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culture with leukemia cells. These results suggest that the communication between MSCs and AML cell 

lines might be partially mediated through gap junctional complexes. 

P-A-20 Pannexin1 is associated with enhanced epithelial-to-mesenchymal transition in human patient 

breast cancer tissues and in MDA-MB-231 breast cancer cells 

Nour Jalaleddine¹, Hassan Dakik², Abdullah Shaito³, Jessica Saliba⁴, Layal El-Hajjar¹, Hussein Chhouri⁵, 

Kazem Zibara⁴, Marwan El-Sabban⁶ 

¹Beirut Arab University, ²University of Tours, ³Lebanese International University, ⁴Lebanese University, 

⁵Normandie University, ⁶American University of Beirut 

Background: Pannexin1 (PANX1) is a channel-forming glycoprotein involved in the communication of the 

cell with its environment and is upregulated in breast cancer metastatic foci; however, PANX1 

contribution to breast cancer disease progression and metastasis onset remains ambiguous. Methods: 

Transcriptional expression of PANX1 was evaluated in 59 archived breast cancer tissues and on RNAseq 

data of 1071 breast cancer (BRCA) cases deposited in The Cancer Genome Atlas (TCGA) database. 

Patient overall survival (OS) and event-free survival (EFS), using Kaplan-Meier survival analysis, were 

compared between the TCGA BRCA cases with low/high PANX1 expression. Geneset enrichment analysis 

(GSEA) based on the Kyoto encyclopedia of genes and genomes (KEGG) gene ontology database was also 

applied to the TCGA BRCA cases with low/high PANX1 levels. PANX1 expression and functionality were 

assessed in vitro in MDA-MB-231 breast cancer cells. Probenecid was used for pharmacological blockade 

of PANX1 channels and CRISPR/Cas9 gene editing system for genetic knock-out of PANX1 in MDA-MB-

231 cells. Transcriptional and translational levels of PANX1 and transcriptional levels of epithelial-to-

mesenchymal-transition (EMT) markers were assessed. Cell proliferation and invasiveness, upon PANX1 

activity inhibition, were evaluated by cell cycle analysis, Real-Time Cell Analysis and zymography. 

Results: PANX1 mRNA levels were higher in breast cancer tissues compared to normal breast tissue in 

archived cases. This was further confirmed in silico, by evaluation of TCGA BRCA samples where PANX1 

mRNA was also significantly upregulated, compared to normal breast tissue (109 cases). Interestingly, 

PANX1 expression was significantly upregulated in all breast cancer subtypes (Normal-like, Luminal A, 

Luminal B, and Basal) in archived breast cancer samples and in the BRCA TCGA samples, compared to 

normal breast tissue. Higher PANX1 expression correlated with shorter OS and poorer EFS. KEGG-based 

GSEA analysis revealed several cell adhesion pathways that were enriched when PANX1 was 

upregulated; in particular, genes involved in EMT pathway. Pharmacological inhibition or genetic 

ablation of PANX1 in MDA-MB-231 cells confirmed an interaction between PANX1 and the EMT pathway 

in breast cancer. PANX1 downregulation in MDA-MB-231 cells attenuated cell growth and invasiveness 

and promoted a mesenchymal-to-epithelial transition (MET), evidenced by decreased expression of 

mesenchymal marker N-cadherin and increased expression of epithelial marker E-cadherin. Conclusions: 

PANX1 expression could predict OS of breast cancer patients, regardless of breast cancer subtype. 

PANX1 over-expression in breast cancer is associated with a shift towards an EMT phenotype, in silico 

and in vitro. This novel association offers a potential opportunity for future targeted therapy for breast 

cancer. 

P-A-21 Identifying differential intracellular interactions between Cx46 and Cx43 in glioblastoma 

cancer stem cells 
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Erin Mulkearns-Hubert¹, Justin Lathia¹ 

¹Cleveland Clinic Foundation 

Background and aim: Glioblastoma, the most commonly occurring primary malignant brain tumor, 

remains uniformly fatal despite aggressive therapy including surgery, radiation, and chemotherapy. 

Increased understanding of the molecular alterations underlying tumorigenesis has not translated to 

clinical success; patient prognosis remains poor, with a median survival of only 14-16 months and 5-

year-survival rates of less than 3%. Based on the increased cellular density of tumors, we investigated 

mechanisms of cell-cell communication in glioblastoma. We showed that glioblastoma cancer stem cells 

(CSCs) primarily express connexin 46 (Cx46), while their non-stem tumor cell counterparts primarily 

express Cx43. CSC expression of connexin 46 (Cx46) is required for the maintenance of properties 

including proliferation, survival, self-renewal, and tumor initiation. Differentiation of CSCs into non-CSCs 

led to a downregulation of Cx46 and an upregulation of Cx43, suggesting that expression of a specific 

connexin is tied to cell state in glioblastoma cells and contrasting with the traditional idea that 

connexins are tumor suppressors. The aim of this project is to determine why CSCs require Cx46 

expression rather than Cx43. Based on the high degree of homology between the protein sequences of 

Cx46 and Cx43, we hypothesized that differential protein binding to the C-terminal tails, the most 

divergent region of the two proteins, drives a differential effect of Cx46 and Cx43 on the CSC program. 

Methods: We purified the C-terminal tails of Cx46 and Cx43 using a 6x His-biotin-TEV cleavage (HBT) tag 

and used them as bait for pulldowns of lysates from glioblastoma patient-derived CSCs. The bound 

proteins were then detected by mass spectrometry. The top hits from the binding assays were validated 

by additional pull-down and immunoprecipitation approaches. Results: Mass spectrometry identified a 

list of approximately 35 proteins that were preferentially bound to the Cx46 C-terminal tail compared to 

that of Cx43 and an HBT tag-only control in at least two of the three patient-derived CSC specimens 

tested. Preliminary results support the binding of Cx46 to a Golgi-associated protein involved in 

intracellular protein trafficking and to a multi-functional protein that plays a role in DNA double-strand 

break repair and has been implicated in multiple forms of cancer. Conclusions: Using mass 

spectrometry, we have identified putative proteins that preferentially bind to Cx46 compared to Cx43 

and preliminarily validated two binding partners. Future work will continue to validate candidate binding 

partners, map interaction regions, and determine the importance of the interaction to the stem cell 

machinery, with the eventual aim of disrupting protein binding for therapeutic purposes. 

P-A-22 Ivestigations for nicotinic impact on stem cells' property for HSV-tk/GCV therapy against 

glioma 

Hiroaki Kenmochi¹, Tomohiro Yamasaki², Tomoya Oishi², Makoto Horikawa², Taisuke Yamamoto², 

Shinichiro Koizumi², Tetsuro Sameshima², Hiroki Namba² 

¹Seirei Mikatahara General Hospital, ²Hamamatsu University School of Medicine 

Background: Enzyme/prodrug-based therapy, also know as suicide gene therapy, is one of feasible 

therapeutic strategies for defeating malignant gliomas. In herpes simplex virus-thymidine 

kinase/ganciclovir (HSV-tk/GCV) system, GCV-triphosphate, a tumoricidal active metabolite from 

prodrug, needs to spread from effector cells to adjacent glioma cells by gap junctional intercellular 

communication (GJIC), which is a key mechanism for bystander effect. In the past two decades, it is 
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revealed that stem cells, such as neural stem cells or mesenchymal stem cells, have intrinsic migration 

capacities to glioma, making this strategy realistic as stem cell-based suicide gene therapy. However, 

GJIC between stem cells and glioma cells has not been elucidated intensively. Nicotine, a familial 

chemical agent, is known to have potential to negatively affect stem cells' property including tumor 

tropism and GJIC. To elucidate some aspects of cellular interactions between stem cells and glioma cells, 

we investigated nicotinic impact on these properties which can swing effectiveness of this therapy. 

Methods: Induced pluripotent stem cell (iPSC)-derived neural stem cells (miPS-NSCs) and human dental 

pulp mesenchymal stem cells (hDPSCs) were used. Nicotine cytotoxicity for 24 hours was evaluated by 

MTT assay for seeking non-toxic nicotine concentrations to stem cells and various glioma cells; GS-9L 

and C6 (rat glioma cell lines), GL261 (mouse glioma cell lines), U251 and U87 (human glioma cell lines). 

Tumor tropism to glioma-conditioned medium (CM) with or without nicotine at non-toxic concentration 

was assessed by Matrigel Invasion Chamber. Nicotine effect on GJIC was assessed with scrape 

loading/dye transfer assay (SL/DT assay) for co-culture of stem cells and glioma cells (stem cells/glioma 

cells) or parachute assay for glioma cells themselves using high-content analysis. Results: MTT assay 

revealed 1 µM of nicotine, equivalent to serum nicotine concentration of habitual smoking or nicotine 

replacement therapy, is maximum safety concentration for miPS-NSCs, hDPSCs and glioma cells. Tumor 

tropism of miPS-NSCs to GL261 and hDPSCs to U251 or U87 was not affected by nicotine concentration 

of 0.1 µM or 1 µM. In SL/DT assay, GJIC of miPS-NSC/GL261 and hDPSC/U251 did not change under 1 

µM of nicotine for 24 hours, which was consistent with results from western blotting detecting connexin 

43 (Cx43), a major component protein of gap junction. Also, parachute assay showed GJIC within glioma 

cells (GS-9L, C6, GL261 and U251) was not affected by 1 µM of nicotine. Conclusions: Physiological 

nicotine presence did not affect (1) stem cells' tumor tropism to glioma and (2) GJIC between stem cells 

and glioma cells or within glioma cells themselves. Our results may cast light on research about nicotinic 

effect on stem cell properties required for stem cell-based suicide gene therapy. 

P-A-23 Development of a Cx46 targeting strategy for cancer stem cells 

Erin Mulkearns-Hubert¹, Luke Torre-Healy², Daniel Silver², Defne Bayik², Masahiro Hitomi², Justin Lathia¹ 

¹Cleveland Clinic Foundation, ²Cleveland Clinic 

Background and aim: Gap junction intercellular communication (GJIC) enables cells to synchronize 

complex processes. We previously found that glioblastoma cancer stem cells (CSCs) rely on expression of 

connexin 46 (Cx46) to maintain CSC properties, suggesting a pro-tumorigenic rather than tumor-

suppressive role for Cx46. The aim of this project was to determine whether this requirement for Cx46 in 

CSC maintenance was due to its role in GJIC or hemichannels. Methods: We utilized point mutants to 

disrupt specific functions of Cx46 and then performed a parachute assay screen for small molecule 

inhibitors of Cx46-mediated GJIC. We then tested the top candidate for its ability to inhibit CSC 

properties using proliferation, apoptosis, and tumor initiation assays. Results: Using previously 

described Cx46 mutations, we found that Cx46-mediated gap junction coupling but not hemichannel 

activity was critical for CSCs. To develop a Cx46 targeting strategy, we screened a clinically relevant small 

molecule library of 727 compounds via parachute assay and identified the anti-leprosy treatment 

clofazimine as an inhibitor of Cx46-specific GJIC. Clofazimine was specific for Cx46 GJIC compared to 

Cx43, Cx45, and Cx37. Clofazimine attenuated proliferation, self-renewal, and tumor growth and 
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synergized with temozolomide, the standard of care chemotherapy for glioblastoma, to induce 

apoptosis of CSCs but had little effect on non-CSCs. Treatment of a subcutaneous tumor model with 

clofazimine decreased tumor growth and final tumor size at endpoint. Conclusions: Cx46-mediated GJIC 

is essential for glioblastoma CSC properties, and inhibition of Cx46-mediated GJIC via either genetic or 

pharmacological methods compromises these cells. Although clofazimine is not able to cross the blood-

brain barrier, the combination of clofazimine derivatives optimized for brain penetrance with standard-

of-care therapies may efficiently target glioblastoma CSCs. Furthermore, these results support a pro-

tumorigenic role for Cx46 in glioblastoma and demonstrate the importance of targeting cell-cell 

communication as an anti-cancer therapy. 

B - Cardiovascular 
P-B-24 Cx43 hemichannel intracellular Ca2+/RyR2-dependent activation in cardiomyocytes 

Alessio Lissoni¹, Paco Hulpiau², Tania Martins-Marques³, Nan Wang⁴, Geert Bultynck⁵, Rainer Schulz⁶, 

Katja Witschas¹, Henrique Girão³, Maarten De Smet¹, Luc Leybaert¹ 

¹Ghent University, ²HOWEST University of Applied Sciences, ³Faculty of Medicine, University of Coimbra, 

⁴University of Bristol, ⁵KU Leuven, ⁶JustusLiebig Universität Giessen 

Background and aim: Connexin-based gap junctions are crucial for electrical communication in the 

heart; they are each composed of two docked hemichannels, supplied as unpaired channels via the 

sarcolemma. When open, unpaired hemichannel form a large pore, high-conductance and Ca2+-

permeable membrane shunt pathway that may disturb cardiomyocyte function. Hemichannels 

composed of connexin43, a major cardiac connexin, can be opened by electrical stimulation but only by 

very positive membrane potentials. Here, we investigated the activation of connexin43 hemichannels in 

mice ventricular cardiomyocytes voltage-clamped at -70 mV. Methods: We used whole-cell patch clamp, 

Co-IP, Western blot analysis, immunocytochemistry, proximity ligation assays and protein docking 

studies to study Cx43 HC in HeLa cells and acute isolated mouse ventricular cardiomyocytes. <br> <br> 

Results: We found that stimulation of ryanodine receptors (RyRs) triggered unitary currents with a 

single-channel conductance of ~220 pS, which were strongly reduced by connexin43 knock-down. 

Recordings under Ca2+-clamp conditions showed that both RyR activation and intracellular Ca2+ 

elevation were necessary for hemichannel opening. Proximity ligation studies indicated close 

connexin43-RyR2 apposition (<40 nm), and both proteins co-immunoprecipitated indicating physical 

interaction. Molecular modeling suggested a RyR-mimicking peptide (RP1C), which inhibited RyR/Ca2+ 

hemichannel activation but not voltage-triggered activation. Conclusions:  Our results demonstrate that 

connexin43 hemichannels can be activated in ventricular cardiomyocytes at negative diastolic 

membrane potential by concomitant RyR activation and [Ca2+]i elevation, two fundamental players in 

cardiomyocyte excitation-contraction coupling. Here we define conditions that could lead to Cx43 

hemichannel opening in ventricular cardiomyocytes, which may potentially contribute to 

arrhythmogenic processes, and introduce a tool to prevent such openings. 

P-B-25 Functional Cx43 hemichannel-dyadic nanodomains at the intercalated disc impact 

cardiomyocyte excitability 

Maarten De Smet¹, Alessio Lissoni¹, Timur Nezlobinsky¹, Nan Wang¹, Eef Dries², Marta Perez-Hernandez³, 

Xianming Lin³, Katja Witschas¹, Eli Rothenberg³, Alexander Panfilov¹, Mario Delmar³, Karin Sipido², Luc 
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Leybaert¹ 

¹Ghent University, ²KU Leuven, ³New York University School of Medicine 

Background & aim: Connexins (Cxs) are a family of channel-forming proteins, which assemble as gap 

junctions (GJs) composed of 2 docked hemichannels (HCs) contributed by the connected cells. Cx43 is 

the prime Cx isotype in ventricular myocardium. Cx43 HCs are located at the 'perinexus' zone, that 

surrounds the GJ plaques ('nexus') at the intercalated disc (ID). HCs may open in response to various 

signals (e.g. changes in intracellular Ca2+ concentration). Given the biophysical properties of Cx43 HCs 

(poor ionic selectivity and Ca2+ permeability), we hypothesized that uncontrolled opening of these HCs 

may significantly affect cellular excitability by facilitating electrical current flow and modulating Ca2+ 

homeostasis. Methods: We used a panel of quantitative biophysical techniques including single-channel 

recording, cellular electrophysiology, Ca2+ imaging and single-molecule light microscopy (SMLM using 

dSTORM) to structurally and functionally characterize Cx43 HC-dyad relation and its impact on 

arrhythmogenic events. Results: Acutely isolated adult mouse and pig left ventricular cardiomyocytes 

were voltage-clamped at -70 mV. We provoked Ca2+-release from the sarcoplasmic reticulum (SR) by 

caffeine and by pacing and isoproterenol (ISO), which activated inward NCX-based currents. 

Superimposed on the NCX current, there appeared microscopic currents with a unitary conductance of 

~220 pS. These currents were frequency-dependent, positively modulated by beta-adrenergic 

stimulation and dependent on SR Ca2+ release. Unitary current activity with ~220 pS conductance also 

occurred spontaneously, not associated with Ca2+ dynamics, especially with ISO. Unitary currents were 

abolished by Gap19 (Cx43 HC blocker), promoted by CT9 (Cx43 HC enhancer) and in myocytes isolated 

from Cx43 knockdown mice. SMLM revealed enrichment of the sarcoplasmic proteins RyR2 and 

phospholamban and t-tubular proteins Cav1.2 and NCX at the cardiomyocyte cell ends, approaching the 

ID. Distance analysis indicated that 30-50% of these proteins were located ≤20 nm of Cx43; additionally, 

RyR2 preferentially organized as superclusters in this region. Macropatch unitary activity recording of 

Cx43 HCs, L-type Ca2+ channels and NCX currents at the cell ends revealed that Cx43 HCs associate with 

functional sarcolemmal constituents of excitation-contraction coupling. Confocal Ca2+ imaging showed 

Cx43 HC-mediated Ca2+ sparklets at the cell end and patch-clamp guided by scanning ion conductance 

microscopy revealed that Cx43 HCs may be activated at Ca2+ signaling nanodomains. Finally, Cx43 HC-

blockade and Cx43 knockdown significantly reduced ISO-induced arrhythmogenic Ca2+-release, 

associated NCX currents and delayed afterdepolarizations (DADs). CT9 significantly promoted SR Ca2+-

release and DADs. Conclusions: Cx43 HCs associate with functional constituents of dyads at cell ends 

and form a bimodal Ca2+ activation/Ca2+ entry nanodomain that impacts cardiomyocyte electrical 

excitability. 

P-B-26 Targeting Connexin37 alters angiogenesis and vessel maturation in the developing mouse 

retina 

Lauriane Hamard¹, Tania Santoro¹, Florent Allagnat¹, Paolo Meda², Denise Nardelli Haefliger¹, Florian 

Alonso³, Jacques-Antoine Haefliger¹ 

¹CHUV, ²University of Geneva, ³Université de Bordeaux 

Background and aim: Connexin37 (Cx37) forms intercellular channels between endothelial cells (EC), 

and contributes to coordinate the motor tone of vessels. We investigated the contribution of Cx37 
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during physiological angiogenesis. Methods: We used the mouse retina model in which vascularization 

occurs postnatally and compared wild-type mice and mice deleted for Cx37. Results: We documented 

that the genetic deletion of Cx37 in mice (Cx37-/-) decreases the extension of the superficial vascular 

plexus of retina during the first 6 days after birth (P6), compared to that observed in WT mice. At this 

time, the angiogenic front of Cx37-/- mice showed a higher density specifically restricted to the venous 

network, due to an increase in the proliferative rate of EC and in sprouting events. These alterations are 

associated with an increase and a misallocation of tip cells. Moreover, loss of Cx37 led to a decrease of 

the mural cells coverage of the newly formed vessels. Parallel in vitro studies documented that, in the 

absence of Cx37, HUVEC displayed a decreased release of platelet-derived growth factor b (PDGF-b) and 

increased secretion of angiopoietin-2 (Ang-2), two proteins involved in the chemo-attractive recruitment 

of mural cells. The number of arteries and veins remained lower in the superficial plexus of Cx37-/- than 

in that of WT littermates, from stage P6 onwards, and till the adult stage. Treatment of mice with an 

inhibitor of the Notch signaling pathway (DAPT) decreased Cx37 transcripts and protein levels in both 

WT retinas and human venous EC (HUVEC), and partially mimicked, in WT retinas, the alterations 

observed in Cx37-/- mice. Conclusions: These findings document that EC Cx37 is involved in 

developmental angiogenesis of retina, possibly by interacting with the Notch pathway. They further 

imply that Cx37 contributes to control the growth and maturation of neo-vessels, specifically by 

modulating the tip and stalk cells identity and the EC coverage by mural cells. Thus, Cx37 may represent 

a valuable target for treatments against pathological ocular angiogenesis. 

P-B-27 Participation of Connexin37 in the control of blood pressure and vessel function 

Marion Albasini¹, Tania Santoro¹, Steeve Menetrey¹, Anne-Christine Peyter¹, Florent Allagnat¹, Jacques-

Antoine Haefliger¹ 

¹CHUV 

Background and aim: Intercellular gap junctions allow cell-cell communication between endothelial cells 

(EC) and smooth muscle cells (SMC). In mice aortas, EC express Cx37 and Cx40, whereas SMC are 

connected by Cx43 and Cx45. However, we previously demonstrated that SMC also expressed Cx37 in 

hypertensive conditions. Methods: To decipher the role of Cx37 in hypertension, normotensive wild-

type (WT) and Cx37-deficient mice (Cx37-/-) were treated with N-nitro-L-arginine-methyl-ester (L-

NAME), a renin-independent model of hypertension. Blood pressure was measured continuously by 

non-invasive tail vein plethysmography. We further evaluated the vasoreactivity of thoracic aortas rings 

of WT and Cx37-/- normotensive or hypertensive mice. Results: A time course analysis of blood pressure 

(BP) measurements revealed a delayed response to the L-NAME treatment in Cx37-/- mice. Thus, the BP 

increased slower in Cx37-/- mice compared to WT. However, mice from both genotypes featured a 

similar increase in BP after four weeks of treatment. Further study of the vasoreactivity of thoracic 

aortas rings of WT and Cx37-/- mice revealed that loss of Cx37 increased the vessel relaxation induced 

by acetylcholine after pre-contraction with thromboxane A2. Specific vasorelaxation experiments using 

the NO donor DEANO (sodium 2-N,N-diethylamino-diazenolate-2-oxide) and the NOS inhibitor nitro-L-

arginine (NLA) highlighted that Cx37 regulates the NO-mediated relaxation specifically at the SMC level. 

Interestingly, the vasorelaxation data correlated with the delayed L-NAME-induced hypertension in 

Cx37-/- mice. Moreover, Cx37-/- mice have a thickened aortic wall compared to WT aortas indicating 
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vessel remodeling in absence of Cx37. However, the aortas of WT and Cx37-/- hypertensive mice 

showed a similar increased media thickness. Conclusions: Our data suggest that Cx37 is involved in the 

development of hypertension by regulating SMC relaxation. Further investigations are undergoing to 

identify the SMC-dependent signaling pathways regulated by Cx37 and their role in the pathophysiology 

of vessels during hypertension. 

P-B-28 Pannexin 1 channels in renin-expressing cells regulate renin secretion and blood pressure 

homeostasis 

Leon DeLalio¹, Miranda Good¹, Ester Masati², Suresh Mendu², Claire Ruddiman², Scott Johnstone¹, Jenna 

Milstein², T.C. Stevenson Keller², Rachel Weaver², Nick Guagliardo², Angela Best-Campbell², Kodi 

Ravichandran², Douglas Bayliss², Maria Luisa Sequeira-Lo 

¹University of Virginia School of Medicine, ²University of Virginia 

Kidney function and blood pressure (BP) homeostasis are regulated by purinergic signaling. These 

autocrine/paracrine signaling pathways are initiated by the release of cellular ATP, which influences 

renal hemodynamics and steady-state renin secretion from juxtaglomerular (JG) cells. However, the 

mechanisms controlling ATP release from renin secreting cells remains unclear. Pannexin 1 (Panx1) 

channels, which localize to afferent arterioles and JG cells, form transmembrane conduits that support 

ATP release in the kidney and the vasculature. We hypothesized that Panx1 channels in renin-expressing 

cells regulate renin secretion in vivo. Using a renin cell-specific Panx1 knockout model, we found that 

Panx1 deficient mice exhibit a heightened, sex-dependent activation of the renin-angiotensin-

aldosterone system (RAAS), marked increased plasma renin and aldosterone concentrations, and 

elevated mean arterial pressure. We found constitutive Panx1 channel activity in As4.1 renin-secreting 

cells; Panx1 knockdown reduced extracellular ATP accumulation in As4.1 cells, lowered basal 

intracellular calcium concentration, and recapitulated a hyper-secretory renin phenotype. Moreover, in 

response to a decrease in BP, Panx1-deficient animals exhibited impaired "renin recruitment" (i.e., 

reactivation of renin expression in pre-glomerular arteriolar smooth muscle cells). Thus, renin-cell Panx1 

channels affect renin dynamics by both suppressing autonomous renin secretion and regulating renin-

cell fate and plasticity. 

P-B-29 Targeting pannexins to rejuvenate senescent EPCs for cell therapy 

Ting-Yi Tien¹, Yih-Jer Wu¹, Cheng-Huang Su², Yi-Nan Lee³, Chin-Ling Hsieh³, Yeu Su⁴, Hung-I Yeh² 

¹Mackay Medical College, ²Mackay Memorial Hospital, ³Mackay Memorial Hospital, Taipei, Taiwan, 

⁴National Yang-Ming University 

Background Endothelial progenitor cells (EPCs), playing an important role in vascular repair and new 

vessel formation, have been shown beneficial in clinical trials of cell therapy for treating tissue ischemia. 

Currently, a main limitation for clinical applications of EPCs is replication-induced senescence and hence 

reduction of therapeutic potential during ex vivo expansion. Pannexins, structurally similar to connexins, 

oligomerize to form pannexon channels, which allow the passage of ion and small molecules such as 

Ca2+and ATP. We recently found up-regulation of pannexin 1 (Panx1) in senescent human EPCs and 

hypothesized that Panx1 is involved in EPC senescence. Methods and Results Human EPCs with surface 

markers CD34, KDR, AC133 and CD31, cultured from peripheral blood mononuclear cells, predominantly 
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expressed Panx1, compared to Panx2 or Panx3. Replication-induced senescence dramatically increased 

the Panx1 mRNA and protein level in EPCs. In order to clarify the role of Panx1 in cellular activities of 

EPCs, cell migration, proliferation and tube formation of EPCs were evaluated after Panx1 siRNA 

transfection. The results showed that, post the transfection, Panx1 expression could be decreased 75 to 

93% in mRNA level and 55% in protein level of EPCs. Cell migration and tube formation, but not 

proliferation, of EPCs could be enhanced by Panx1 down-regulation, accompanied by increased viability 

and reduced apoptosis through inhibition of caspase 3 cleavage, when the cells were cultured in a 

starvation condition. The supernatant of cultured EPCs were analyzed and showed that IGF-1 was 

increased, while IL-1 alpha, IL-2 and CCL-5 were reduced after down-regulation of Panx-1. Conclusion 

Panx1 expression in human EPCs is up-regulated when the cells undergo senescence. Down-regulation 

of Panx1 not only enhances angiogenic potential of EPCs but also help EPCs to cope with environmental 

stress mimicking ischemia. These findings suggested that targeting pannexin expression could be 

developed as a novel strategy to rejuvenate human EPCs for cell therapy of tissue ischemia. Key words: 

Pannexin-1, endothelial progenitor cells, senescence, coronary artery disease 

P-B-30 Connexin43 down-regulation attenuates paracrine effects of human smooth muscle 

progenitor cells through inactivation of NF-kappa B and Akt 

Hung-I Yeh¹, Ting-Yi Tien², Cheng-Huang Su¹, Hsueh-Hsiao Wang², Chin-Ling Hsieh¹, Yeu Su³, Yih-Jer Wu² 

¹Mackay Memorial Hospital, ²Mackay Medical College, ³National Yang-Ming University 

Background Angiogenesis is a physiological response to tissue ischemia. Parallel lines of reports had 

indicated that both circulating endothelial progenitor cells (EPCs) and smooth muscle progenitor cells 

(SPCs) participate in post-ischemic neovascularization and contribute to tissue repair following ischemia. 

Our previous studies showed that down-regulation of connexin43 (Cx43) impairs angiogenic potential of 

EPCs. However whether down-regulation of Cx43 also affects the angiogenic potential of SPCs remained 

unclear. Methods and Results Human SPCs isolated from peripheral blood expressed SMC markers, such 

as SMMHC, caponin, desmin and CD140B. Real-time PCR assay showed that Cx37, Cx43 and Cx45, but 

not Cx40, existed in the SPCs and Cx43 is the most abundant. To evaluate the role of Cx43 in cellular 

activities of SPCs, short interference RNA specific to Cx43 (Cx43siRNA) was used. The results showed 

that Cx43 expression was reduced 90% in both transcript and protein level. Gap junctional intercellular 

communication (GJIC), migration and proliferation of SPCs were also reduced. In mouse ischemic 

hindlimb injected with Cx43siRNA-treated SPCs, compared to untreated SPCs, worse outcome, lower 

perfusion ratio and reduced capillary density were seen, indicating that therapeutic potential of SPCs 

was impaired by down-regulation of Cx43. To explore the underlying mechanism, the supernatant of 

Cx43siRNA-treated SPCs was added to human aortic endothelial cells (HAECs). The results showed that 

migration, proliferation and tube formation of HAECs were reduced. Analysis of the supernatant from 

the treated SPCs showed decreased levels of IL-6, IL-8 and HGF, with NF-kappa B and Akt pathway 

inactivation in the cells. To clarify the role of NF-kappa B and Akt pathway, betulinic acid (an NF-kappa B 

activator) and SC79 (an Akt activator) were applied to the Cx43siRNA-treated SPCs. IL-6, IL-8 and HGF 

expression could be recovered by betulinic acid, HGF expression was also recovered by SC79. 

Conclusions Gap junctions existed in human SPCs and mainly made of Cx43. Reduced expression of Cx43 

lead to decreased therapeutic potential of SPCs through both NF-kappa B and Akt pathway inactivation 
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with subsequent suppressed production of angiogenesis-related cytokines and growth factors, 

suggesting that Cx43 not only forms gap junction but also plays a key role in the repairing activity of 

SPCs.  

P-B-31 Analysis of Connexin-43 (Cx43) and sodium channel colocalization at the post-infarct injury 

border zone 

Tom Liu¹, Jane Jourdin², D. Ryan King², Daniel Hoagland², Jia He³, Robert Gourdie² 

¹Virginia Tech Carilion School of Medicine, ²Fralin Biomedical Research Institute, ³Virginia Polytechnic 

Institute 

Rationale: Myocardial infarction (MI) is associated with redistribution of connexin 43 (Cx43) gap 

junctions (GJs) from the intercalated disc (ID) within the infarct border zone (IBZ) - a process called 

lateralization. Cx43 lateralization is inhibited by the Cx43 mimetic peptide αCT1. Prior studies have 

demonstrated that the β1(SCN1B) subunit of the voltage-gated sodium channel complex preferentially 

localizes to the perinexus, a nano-domain adjacent to Cx43 GJs. In this study, we sought to characterize 

changes in β1 distribution in response to MI, and whether patterns of β1 distribution, and co-

distribution with Cx43, are altered by αCT1. Methods: Male 8-10 week old Sprague Dawley rats (n=12) 

were subject to a ventricular ischemia-reperfusion injury and treated with αCT-1 (n=6) or PBS vehicle 

(n=6) injection at the injury site during surgery. Using novel β1 antibodies developed in our laboratory, 

we examined their distribution in immunolabeled cardiomyocytes at the IBZ and ventricular tissue 

regions remote from the IBZ at acute (24 hours) and chronic (28 days) time points. The distribution of 

immunolabeled β1 and Cx43 at IBZ and remote regions were imaged by laser scanning confocal 

microscopy (LSCM) and quantified using Matlab and ImageJ. Results: β1 punctae at the IBZ were not 

significantly different overall in average size or frequency compared to remote myocytes. However, the 

percentage of ID-localized β1 punctae was significantly reduced in IBZ compared to remote (36% vs 59%, 

p<0.0001) myocytes. The average size of disc localized β1 punctae in αCT1-treated rats was larger at the 

acute injury stage, although there were no differences in punctae frequency. IBZ myocytes 

demonstrated less colocalization of Cx43/β1 at both acute (5.0% vs 6.5%, p=0.028) and chronic (3.3% vs 

6.0%, p=0.0007) injury stages compared to remote myocytes. Within the IBZ group, αCT1-treated 

myoctes demonstrated the highest level of Cx43/β1 colocalization (5.7%), and was significantly 

increased at the ID in the context of acute injury (7.5%, p=0.009). Conclusion: The β1-subunit of the 

VGSC is reduced at the intercalated disc of injury border zone myocytes. However, application of αCT1 

increases colocalization of Cx43 and the sodium channel β1 subunit. Our results suggest that targeting 

the scaffolding function of Cx43 may alter organizational patterns of perinexal sodium channel complex 

constituents. 

P-B-32 A mutant mimicking an ischemic preconditioned phospho-form of Cx43 lacks Vj-gating 

Jose Ek-Vitorin¹, Tasha Pontifex¹, Janis Burt¹ 

¹University of Arizona 

In normal conditions, the Cx43 residing at gap junction plaques in the heart is abundantly 

phosphorylated by casein kinase 1 (CK1, at serines 325, 328 and 330), but not by protein kinase C (PKC, 

at serine 368). In response to ischemic preconditioning (IPC), phosphorylation at serine 368 (pS368) 
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increases, and Cx43 remaining at the intercalated disk following longer ischemic insults is 

phosphorylated by both CK1 and PKC, while the Cx43 that relocates to lateral borders is 

dephosphorylated at both these kinase sites. IPC also reduces Cx43 lateralization and delays electrical 

uncoupling, which promote tissue resilience during subsequent ischemic episodes. The beneficial effects 

of IPC are replicated by treatments that enhance PKC activity, while impaired PKC function increases 

cardiac susceptibility to ischemia. These observations all point to phosphorylation at S368 as an event 

that is protective of Cx43 protein/channel behavior, cardiac integrity and overall cardiac function. 

Treatments that activate PKC in the heart (including ischemia) also activate other kinases that target 

Cx43, making it difficult to understand how S368 phosphorylation might benefit cardiac function. To 

address the mechanistic basis for pS368-linked cardioprotection, we created a Cx43 mutant with serine 

to aspartate substitutions of both CK1 and PKC targets (Cx43-S325,328,330,368D; deemed Cx43pc), to 

mimic the phospho-form present at gap junction plaques of preconditioned hearts. Using the rat 

insulinoma (Rin) cell expression system, we performed patch-clamp experiments to document the 

electrical behavior of Cx43pc. Initial results show that Cx43pc displays: i) frequent hemichannel (HCh) 

openings at sustained, highly depolarizing membrane voltages (Vm = +80 mV); ii) multiple gap junction 

channel (GJCh) transition amplitudes suggesting visits to multiple subconductance states; and iii) lack of 

gating sensitivity to transjunctional voltages (Vj) in the ± 100 mV range. These changes in gating 

behavior of HChs and GJChs hint that the phospho-form simulated by Cx43pc would favor persistent 

intercellular electrical and chemical communication between ischemic cells in the heart. 

P-B-33 Arrhythmogenic subversion of cardiac gap junctions during adenoviral infection 

Patrick Calhoun¹, Jordan Taylor², Carissa James¹, Michael Zeitz¹, Rachel Padget³, Allen Phan², James 

Smyth¹ 

¹Fralin Biomedical Research Institute at Virginia Tech, ²Virginia Tech Carilion School of Medicine, ³Virginia 

State University and Polytechnic Institute 

Adenoviruses are causative agents of an extensive range of pathologies including acute respiratory 

disease, gastroenteritis, meningoencephalitis, and viral myocarditis. Connexin43 (Cx43) gap junctions 

are known to propagate innate and adaptive antiviral immune responses but the relationship between 

Cx43 and adenoviral pathology is essentially unexplored. Myocarditis accounts for up to 42% of sudden 

cardiac death in young adults and human adenovirus type 5 (Ad5) is increasingly identified as a major 

causative agent in this disease. We hypothesized that Cx43 expression and function is targeted during 

Ad5 infection to facilitate viral replication, leading to an arrhythmogenic substrate. In primary and 

immortalized cell lines we find a rapid reduction in Cx43 protein and mRNA during Ad5 infection. We 

investigated transcription factors known and predicted to affect GJA1 expression and find increased 

beta-catenin phosphorylation at a transcriptionally-active site coincident with beta-catenin nuclear 

enrichment during infection. Utilizing LF3, a small molecule inhibitor of beta-catenin complexing with 

TCF/LEF cofactors necessary for transcriptional effects, we rescue GJA1 mRNA during Ad5 infection. 

Cx43 undergoes a phosphorylation cascade leading to reduced conductance and eventual channel/gap 

junction internalization. Using phosphorylation-specific antibodies we find increased Cx43 

phosphorylation at Ser373, a site known to precede phosphorylation at Ser368 which affects channel 

conductance, in infected cells. Utilizing scrape-load dye-transfer on epithelial cells we demonstrate a 
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reduction in gap junction function during Ad5 infection prior to reduction of Cx43 protein levels. 

Research in adenoviral myocarditis is lacking, partly due to the fact that species specificity results in Ad5 

not replicating efficiently in mouse cells. It is now possible to model viral infection of human cardiac 

muscle cells utilizing human induced pluripotent stem cell-derived cardiomyocytes (HiPSC-CM). Our Ad5 

HiPSC-CM infection data recapitulate changes in Cx43 expression and function observed in epithelial 

cells, and live-cell optical mapping of calcium transients demonstrate arrhythmogenic alterations in 

coupling and calcium handling. These findings provide novel insight into mechanisms of Cx43 and gap 

junction inhibition during viral infection and insight into arrhythmogenic mechanisms of myocarditis. 

Furthermore, using Ad5 infection as a model we aim to reveal critical cellular mechanisms of 

transcriptional and post-translational Cx43 applicable to a broad array of pathologies involving 

perturbed gap junction function independent from viral infection. 

P-B-34 Opening of remodeled and hypophosphorylated Connexin43 hemichannels is sufficient to 

promote arrhythmias upon cardiac stress. 

Mauricio Lillo¹, Andrew Lee¹, Eric Himelman¹, Lai-Hua Xie¹, Diego Fraidenraich¹, Jorge Contreras¹ 

¹Rutgers University 

In cardiac tissue, cardiomyocytes connect from end to end and joined through intercalated discs. The 

intercalated discs of healthy cardiomyocytes contain junctional channels (or gap junctions), which act as 

low resistance channels to apposing cardiomyocytes. Connexin 43 (Cx43) is the most abundant connexin 

forming gap junction channels in the working myocardium. The cellular biogenesis of Cx43 gap junction 

is critically affected in several pathological cardiac conditions, including ischemia, hypertension, 

hypertrophy and Duchene muscular dystrophy (DMD). For instance, unhealthy cardiomyocytes display 

an abnormal Cx43 distribution on the plasma membrane outside of the intercalated discs with 

significant levels at lateralized regions, a phenomenon known as cardiac remodeling. We recently found 

that remodeled Cx43 protein function act as non-junctional channels (hemichannels) in a muscular 

dystrophy animal model. Upon cardiac stress, there is an increase in the activity of these hemichannels 

that promote life-threatening arrhythmias, as cardiomyocyte membrane and action potential are 

disrupted. Because almost all cardiac pathologies display remodeling of Cx43 protein, we wondered 

whether opening of Cx43 hemichannels is a general mechanism to alter cardiomyocyte excitability or 

specific to cellular dysfunction associated with the DMD pathology. To address this, we examine knock-

in mice with specific mutations in a triplet of serine residues S325/S328/S330 by non-phosphorylatable 

alanines (S3A), which leads to reduced gap junction formation and increased remodeling of Cx43. Upon 

β-adrenergic stimulation, we observed that isolated cardiomyocytes from the S3A mice display 

activation of remodeled Cx43 hemichannels, which promotes prolongation of the cardiac action 

potential, membrane plasma depolarization, and subsequently triggered activity. Opening of Cx43 

hemichannels is mediated by direct S-nitrosylation as previously observed in the DMD mice. We propose 

that opening of remodeled Cx43 hemichannels is sufficient to promote cellular dysfunctions that lead to 

arrhythmias. This finding suggests that Cx43 hemichannels might be the common player to the 

development of arrhythmias in multiple cardiac pathologies. Funding: An AHA post-doctoral fellowship 

18POST339610107 supported this work to M.A.L., NIH grant 1R01GM099490 to J.E.C., 1R01HL141170 
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C – Cell biology 
P-C-35 Pannexin 2 localizes at ER-mitochondria contact sites 

Maxence Le Vasseur¹, Vincent Chen², Kate Huang¹, Wayne Vogl¹, Christian Naus¹ 

¹University of British Columbia, ²Brandon University 

Endomembrane specialization allows functional compartmentalization but imposes physical constraints 

to information flow within the cell. However, the evolution of an endomembrane system was associated 

with the emergence of contact sites facilitating communication between membrane-bound organelles. 

Contact sites between ER and mitochondria are highly conserved in terms of their morphological 

features but show surprising molecular diversity within and across eukaryote species. ER-mitochondria 

contact sites are thought to regulate key processes in oncogenesis but their molecular composition 

remains poorly characterized in mammalian cells. In this study, we investigate the localization of 

pannexin 2 (Panx2), a membrane channel showing tumor-suppressing properties in cancer cells. Using a 

combination of subcellular fractionation, particle tracking in live-cell, and immunogold electron 

microscopy, we show that Panx2 localizes at ER-mitochondria contact sites in mammalian cells and 

sensitizes cells to apoptotic stimuli. Funding: M.L.V. was the recipient of the Alexander Graham Bell 

Canada Graduate Scholarship from the Natural Sciences and Engineering Research Council of Canada 

(NSERC). This work was also supported by the Canadian Institute of Health Research (C.C.N.). C.C.N. held 

a Canada Research Chair. 

P-C-36 Endocytosis across the Connexin protein family 

Charles Fisher¹, Matthias Falk¹ 

¹Lehigh University 

Proteins fated to be internalized by clathrin mediated endocytosis require an endocytic motif where AP-

2 or other adaptors can bind and recruit clathrin. Tyrosine and di-leucine based sorting signals have 

been characterized to be such canonical motifs. Studies by us and others have shown that Cx43 has two 

canonical tyrosine based endocytic motifs that recruit clathrin and mediate its endocytosis. Here, we 

have examined amino acid sequences across the connexin protein family to identify canonical and 

possible non-canonical endocytic motifs to determine how non-Cx43 gap junctions might be 

endocytosed. Analyses showed that surprisingly, quite a number of mammalian connexins do not 

contain any recognizable endocytic motifs. Moreover, through Clustal Omega sequence alignment, we 

have shown that unexpectedly, there is very little conservation of endocytic motifs between connexins, 

except for between Cx30 and Cx32. While most connexins that have recognizable endocytic motifs have 

them located in the C-terminal portion, some have canonical signals instead located in the intracellular 

loop (e.g. Cx36). We then demonstrate through an assortment of GFP-tagged connexins that either 

contain or do not contain recognizable endocytic motifs and video microscopy, that even endocytosis of 

connexins without recognizable endocytic motifs can occur; even in cells that do not express any other 

connexin type (HeLa, MDCK2 cells). Thus, the endocytic mechanisms that are embodied across the 

connexin protein family are unexpectedly diverse and needs to be investigated further. The reason for 

this diversity currently is not known, but it is tempting to speculate that it correlates with connexin-

species function, and/or the tissue the connexin type is expressed in. An overview of these unexpected 

findings will be given in this presentation. 
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P-C-37 Cx36 endocytosis 

Charles Fisher¹, Matthias Falk¹ 

¹Lehigh University 

Connexin36 (Cx36) is the connexin that forms electrical synapses as well as being responsible for the 

synchronous release of insulin from pancreatic β-cells. Much interest has recently developed around 

Cx36 as we learn more and more about the wide distribution and critical functions of electrical synapses 

in the nervous system. The endocytosis mechanism of Cx36 is not understood, nor is it known whether 

Cx36 in neurons turns over similarly to Cx36 in pancreatic β-cells. Yet, a regulated turnover is likely in 

both cell types, as Cx36 in both locations, regulates complex tissue functions. Here, we demonstrate 

that Cx36 with a GFP tag on its C-terminus can be endocytosed in HeLa as well as MDCK2 cells (both do 

not express any endogenous connexin types) and, consistent with previously published reports, has a 

cycloheximide-determined half-life of approximately 2 hours. We have evidence to support that clathrin 

and dynamin2 are a part of its endocytic process, but not AP-2 (the canonical plasma-membrane clathrin 

adaptor). We show that Cx36 can still undergo endocytosis even if substantial cytoplasmic portions of 

the protein are truncated, and surprisingly even when the only identifiable endocytic motif, a YxxΦ 

signal located in the intracellular loop is deleted. We also show that actin and Arp2/3 are present at 

Cx36 on annular gap junctions, but through knockdowns of Arp3, we do not have evidence to suggest 

that the actin-Arp2/3 pathway is primarily responsible for Cx36 endocytosis. Instead, evidence suggests 

that actin, and actin polymerization are involved in plaque stabilization and inward trafficking of 

internalized Cx36 annular gap junctions. Furthermore, a constitutively active mutant of CDC42 (an 

upstream activator of Arp2/3) is shown to decrease the number of Cx36 gap junctions between cells and 

to make Cx36 plaques smaller, which may further hint at a role of actin in gap junction plaque 

stabilization, and not its internalization. Interestingly, although we have strong evidence of extensive 

ubiquitin/Cx36 co-localization, we are not confident that ubiquitination is driving Cx36 endocytosis. 

Taken together, our data suggest a novel and complicated not yet understood mechanism of Cx36 

endocytosis. An overview of our findings will be given in this presentation. 

P-C-38 The Connexin43 Carboxyl Tail influences cytoskeleton dependent processes in B-Lymphocytes 

Farnaz Pournia¹, Kate Choi¹, May Dang-Lawson¹, Victor Mo¹, Linda Matsuuchi¹ 

¹University of British Columbia 

Connexin43 (Cx43) is important for cytoskeleton-dependent cellular processes such as adhesion, 

membrane spreading, process extension, motility, and cell migration. These events are necessary for 

normal development and for cellular functions. For example, in B-lymphocytes (B cells), signaling 

through the B cell antigen receptor (BCR), chemokine receptors and integrins results in remodeling of 

the cytoskeleton that is critical for B cell development and for immune responses. We have previously 

shown that the carboxyl tail (CT) of Cx43 is important for adhesion to fibronectin, BCR-mediated 

membrane spreading, motility, and chemokine SDF-1 directed migration. Studies using a chimeric 

protein composed of the CT fused to the transmembrane protein CD8, further confirmed the 

importance of CT for such processes. Additionally, we showed that the region between amino acids 246-

307 that contains a number of important phosphorylation sites is a key part. Our aim was to identify 

important residues within this key area of the CT to be able to understand how Cx43 CT influences 
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cytoskeleton dependent processes. By making mutations, and using a cell-spreading assay as a read-out 

to assess cytoskeletal rearrangements, the effects of individual Cx43 point mutations or combinations of 

mutations was studied. Our analysis of the serine mutants changed to alanine (S255A, S262A, S279A and 

S282A) showed that these residues had differential effects on BCR-induced signaling and membrane 

spreading. We speculate that this reflects unique roles for these serine residues in the complex 

recruitment of interacting proteins that lead to actin remodeling. Current studies include determining 

the effects of these mutations, and others, in assays that specifically monitor changes in cell adhesion, 

process extension and chemokine-driven cell migration. The results will reveal critical interaction sites 

that are nucleated by Cx43 and link receptors to molecular mechanisms that control cellular cytoskeletal 

architecture that influence B-Lymphocyte development and immune responses. 

P-C-39 An anti-migraine agent, flunarizine, inhibits gap junctional intercellular communication. 

Joo Hye Yeo¹ 

¹Yonsei University 

Gap junctions (GJs), which consist of connexins, are cell membrane channels that allow diffusion of 

molecules smaller than 1 kDa between adjacent cells. GJs and connexins have been referred as 

emerging therapeutic targets for various diseases. Numerous compounds were screened by our recently 

developed iodide yellow fluorescent protein gap junctional intercellular communication (I-YFP GJIC) 

assay and we found that flunarizine (FNZ), used for prophylaxis of migraine and add-on therapy for 

epilepsy, inhibits GJIC in human glioma cell, LN215. In the present study, we confirmed that FNZ inhibits 

GJIC using I-YFP assay and gap-fluorescence recovery after photobleaching (gap-FRAP) assay. We 

demonstrated that FNZ inhibits GJ activities by its unique way which is regardless of calcium channel, 

dopaminergic D2, histaminergic H1, or 5-HT receptors. We also showed that FNZ significantly increases 

phosphorylation of Cx43 on the cell surfaces without altering the total amounts of Cx43. The beneficial 

effect of FNZ on migraine and epilepsy might be related to GJ inhibition. 

P-C-40 Development of GJIC assay system from cells with endogenous expression of Cx45 

Eun Ju Choi¹, Jinu Lee¹ 

¹Yonsei University 

Iodide-yellow fluorescent protein gap junctional intercellular communication (I-YFP GJIC) assay was 

developed previously to be used in high throughput screening. The GJIC assay is simple, inexpensive, and 

shows high Z' factor. Each assay takes only 10 s in most cells that express functional GJ. Furthermore, its 

Z' factor and sensitivity can be enhanced by extending the assay time. We applied this assay system to 

HeLa cells to investigate the presence of functional GJs in these cells. HeLa cells, for decades, have been 

considered to be GJ-deficient. Thus, many scientists have utilized HeLa cells to study functions of specific 

connexin isotypes by exogenously introducing corresponding connexin genes to these cells. In this study, 

however, we found out that HeLa cells do possess native, functional GJs. While GJIC was nearly 

undetectable when the assay was done for 10 s, a weak, but measurable level of GJIC was observed 

when the assay time was extended over 2 min. To identify the major functional connexin expressed in 

HeLa cells, we first investigated which connexins are expressed in HeLa cells by RT-PCR. All primers for 

RT-PCR were designed so that each amplicon spans two exons. The mRNA expression of Cx31.1, Cx43, 
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and Cx45 were detected in HeLa cell. Then, we knocked out each of these identified connexin genes 

from HeLa cells via CRISPR/Cas9 and observed changes in GJIC. Only Cx45-null HeLa cells lost GJIC 

activity, while Cx31.1-null or Cx43-null HeLa cells did not show any changes. Genetic ablation in Cx45-

null HeLa cells was confirmed by immunoblot using anti-Cx45 antibody. Lucifer yellow uptake assay 

showed that Cx45-null HeLa cells had lower connexin hemichannel activity than wild type HeLa cells. 

These results suggest that HeLa cells express functional GJs and hemichannels composed of Cx45 and 

that HeLa cells can be used as a cellular model in which Cx45 is expressed endogenously. 

P-C-41 Connexin 37 growth suppressive phenotype is regulated in a site-specific, phosphorylation-

dependent manner 

Samantha Taylor¹, Tasha Pontifex¹, Nicole Jacobsen¹, Janis Burt¹ 

¹University of Arizona 

Connexins support the coordinated function of virtually all tissues in the body by supporting 

intercellular, transmembrane, and intracellular signaling. Connexin 37 (Cx37), which plays a role in 

vascular development, remodeling and response to injury, suppresses the proliferation of rat insulinoma 

cells (iRin, with pTET--ON) in a manner dependent on gap junction channel (GJCh) functionality and the 

presence and phosphorylation status of its carboxyl-terminus (CT). We recently reported that serine 319 

(S319) of Cx37 is frequently (~40%) phosphorylated in cells growth arrested by induced Cx37 expression. 

Here, we determined whether phosphorylation at this site was necessary and sufficient for Cx37-

mediated growth suppression of iRin cells. To do so, we replaced S319 with either alanine or aspartate, 

to constitutively mimic the dephosphorylated (S319A) and phosphorylated (S319D) states, respectively, 

and stably transfected and isolated clonal populations of cells that express Cx37-S319A or Cx37-S319D 

upon doxycycline induction. Induced expression of Cx37-S319A did not suppress the proliferation of the 

iRin37-S319A cells whereas expression of Cx37-S319D potently suppressed the proliferation of iRin37-

S319D cells. Both mutants formed functional GJChs and hemichannels (HChs). As previously predicted 

for growth suppressive isoforms of Cx37, Cx37-S319D GJChs and HChs rarely opened fully, displaying 

instead a strong preference for the closed state and an open state of intermediate conductance (GJCh: 

~212pS; HCh: ~450pS). In contrast the growth permissive Cx37-S319A formed GJChs and HChs that 

preferred open states, rarely closing but opening to multiple open states. These data indicate that 

phosphorylation at S319 is both necessary and sufficient for Cx37 to suppress proliferation of iRin cells 

and implicate, as previously predicted, the closed state of the HCh and GJCh as the necessary state for 

growth suppression. That the preferred functional state for growth suppressive effect is the closed state 

suggests that phosphorylation at S319 may induce a conformation of the CT that enables interaction 

with required partner proteins to effect growth suppression. 

P-C-42 EHD1 promotes lateralization of the gap junction protein Cx43 in the ischemic heart 

Tania Martins-Marques¹, Steve Catarino¹, Alexandre Gonçalves², Inês F Pires², Henrique Girão¹ 

¹Faculty of Medicine, University of Coimbra, ²Faculty of Medicine, University of Porto 

Myocardial infarction is acknowledged as the main etiology of heart failure (HF), posing as a major cause 

of morbidity and mortality in developed countries. In fact, myocardial ischemia has been demonstrated 

to cause both systolic and diastolic dysfunction, being frequently regarded as a major underlying 
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pathogenic factor in both HF with reduced ejection fraction (HFrEF) and preserved ejection fraction 

(HFpEF). An efficient communication between heart cells is vital to ensure a correct anisotropic 

propagation of the electrical impulse, a function that is mainly conducted by gap junctions (GJ). 

Expectedly, dysfunctional GJ-mediated intercellular communication has been associated with several 

cardiac disorders. Besides acute Cx43 alterations in the setting of myocardial ischemia, altered 

distribution and function of GJ channels has been strongly associated with HF progression. Previous 

studies from our lab showed that Cx43-channels are degraded by autophagy during heart ischemia and 

ischemia/reperfusion. However, the molecular mechanisms underlying the redistribution of Cx43-GJ and 

its contribution to the development of HF are not fully understood. Recently, in a proteomic analysis, we 

showed that ischemia promotes interaction of Cx43 with Eps15 homology domain-containing protein 1 

(EHD1) in rat hearts. Given that EHDs have been implicated in pathological trafficking of cardiac ion 

channels and transporters, the main objective of the present study was to investigate the role of EHD1 

on ischemia-induced remodeling of GJ. We used ex vivo Langendorff-perfused rat hearts and human 

biopsies to evaluate the association of EHDs with Cx43. To gain further mechanistic insights, we 

performed genetic manipulation of EHD1 in cell-based models. Our results show that co-localization of 

EHDs with mislocalized Cx43-channels increased in diseased hearts. In addition, knockdown of EHD1 

increased the amount of plasma membrane-localized Cx43 and preserved GJ-mediated intercellular 

communication in HL-1 cells. Additionally, we demonstrated that interaction of Cx43 with EHD1 can be 

promoted by increased Cx43 phosphorylation and ubiquitination. Overexpression of EHD1 increased 

localization of Cx43 into early endocytic compartments, and exacerbated ischemia-induced lateralization 

of Cx43 in isolated adult cardiomyocytes. Overall, we identified EHDs as novel players on pathological 

remodeling of GJ, by transiently associating with Cx43 during myocardial ischemia, which might open 

new avenues towards the establishment of therapeutic strategies to prevent ischemia-induced 

arrhythmias and progression into HF. 

P-C-43 BioID as a novel tool for studying the Pannexin 1 interactome 

Xiao Xiang¹, Stéphanie Langlois², Kyle Cowan2 

¹University of Ottawa, ²Children's Hospital of Eastern Ontario (CHEO) Research Institute, University of 

Ottawa 

Background and Aim: Recent advancements in pannexin 1 (Panx1/PANX1) research has started to 

uncover a number of its interacting partners that are implicated in key cellular processes such as P2X7 

receptor for purinergic signalling, cytoskeletal proteins Arp2/3 for mechanical force generation, 

components of inflammasome (such as NLRP1, Casp 1, Casp 11 and XIAP) and Crmp2 involved in neurite 

formation. Our laboratory has recently reported novel tumour-suppressive roles of PANX1 in 

rhabdomyosarcoma (RMS) but the molecular mechanisms involved remain to be investigated. 

Identification of PANX1 interactors is expected to unveil members of the signaling pathway by which 

PANX1 abrogates RMS growth. A powerful method for studying protein-protein interactions has been 

recently developed called proximity-dependent Biotin identification (BioID). Proximal biotinylation of 

interacting proteins by a tagged biotin ligase, BirA*, offers advantages such as capturing proteins with 

weak or transient interactions that could be missed by co-immunoprecipitation. Therefore, we have 

sought to investigate whether BioID can be used a novel strategy to identify the PANX1 interactome in 
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RMS. Methods: BirA-PANX1 was generated and its expression, subcellular localization, and channel 

function were assessed in HEK293T cells. Liquid Chromatography-Mass Spectroscopy (LC-MS) was then 

used to identify proteins labeled by BirA-PANX1 in RMS cell lines Rh18 and Rh30. Results: Stable Rh18 

(eRMS) and Rh30 (aRMS) cell lines that over-express carboxyl terminus BirA- and myc-tagged PANX1 

under control of a cumate inducible switch were generated. BirA- and myc-PANX1 showed glycosylation 

and subcellular localization patterns similar to those of untagged PANX1, and BirA-PANX1 induced 

similar tumour suppressive effects in RMS as assessed by 3D spheroid formation and growth assays. 

BirA-PANX1 and untagged PANX1 showed similar levels of mechanosensitive dye uptake capacities in 

HEK293T cells suggesting no impairment of its channel function by the C-terminal BirA tag. Streptavidin 

detection of biotinylated proteins from Western blotting showed unique banding patterns with BirA-

PANX1 compared to that of free BirA and myc-PANX1 negative controls. Following LC-MS analyses 97 

and 120 hits from Rh18 and Rh30 cells, respectively, were identified. Interestingly, 92 hits were present 

in both Rh18 and Rh30 cells, which accounts for 73.6% of all identified hits. PANTHER and IPA analyses 

showed that 39% of the hits were cytoskeletal and plasma membrane associated proteins. We are 

currently confirming these interactions with PANX1 and their functional significance in mediating 

tumour suppression in RMS. Conclusion: Our results thus far indicate that BioID offers a novel approach 

for the discovery of PANX1 protein interactors and holds great potential for use with other pannexin 

family members as well as connexins. 

P-C-44 Cx37-13k fails to reproduce phenotypic effects of Cx37 in rat insulinoma cells but alters Cx37’s 

hemichannel function when co-expressed 

Andrew John Alamban¹, Margaret Fye1, Tasha Pontifex1, Janis Burt1 

¹The University of Arizona 

Expression of Cx37-WT in rat insulinoma (Rin) cells arrests cell growth in a phosphorylation-dependent 

manner, with some phosphomimetic mutations inducing cell death (e.g.: Cx37-S321D and Cx37-S275D). 

Growth-suppressing Cx37 isoforms require the protein be able to form functional gap junction channels 

(GJChs) regulated by the Cx37 carboxyl-terminal domain (CT). In contrast, death induction by Cx37 

isoforms occurs by multiple mechanisms not all of which involve functional GJChs or hemichannels 

(HChs), suggesting the CT could be sufficient for death induction. The CT of Cx43 is sufficient for growth 

suppression in many cell types and Cx43-20k (20kDa product of an internal ribosomal entry site located 

at methionine 213, which is conserved across all alpha and most beta connexins) serves as a stress 

response protein able to protect the heart from ischemia/reperfusion injury and enhance the trafficking 

of full-length Cx43. Here, we examined Cx37-13k (13kDa product of putative IRES at M213 in Cx37) and 

two phosphomimetic mutants, Cx37-13k-S321D and Cx37-13k-S275D, for CT-mediated phenotypic effect 

in Rin cells and for possible regulation of co-expressed Cx37-WT. Since the phenotypic effect of Cx37 is 

phosphorylation-dependent, we determined using tandem mass spectrometry whether Cx37-13k was 

phosphorylated comparably to Cx37-WT; like Cx37-WT ~30% of S319-containing fragments observed in 

Cx37-13k were phosphorylated at this site, with phosphorylation at S275 and S321 also observed at low 

frequency. Despite a similar phosphorylation pattern, 21-day proliferation assays showed that none of 

the constructs suppressed growth nor induced death. Co-immunoprecipitation results showed no 

detectable interaction between full-length Cx37 and Cx37-13k in either soluble or Triton-insoluble 
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fractions. In silico analysis of Cx37-13k for possible membrane anchoring suggested that it may not be 

anchored, but immunocytochemical co-localization experiments revealed localization to the 

endoplasmic reticulum and golgi (but not the plasma membrane). When co-expressed, Cx37-13k-S321D 

modified the behavior of Cx37-WT HChs, increasing the incidence of large transition amplitudes and the 

preference to dwell in a ~110 pS conductance state (n=5). Together, these data indicate that unlike 

Cx43-CT and Cx43-20k, Cx37-13k is not sufficient, by itself, to alter the proliferative phenotype of Rin 

cells to either a growth arrested or death phenotype. Further, despite a similar phosphorylation profile, 

our data suggest that the conformation of Cx37-13k (or phosphomimetic mutants) differs from that 

their full length counterparts such that they are unable to interact with binding partners that work with 

the CT to produce growth suppressive and death phenotypes. *contributed equally to this study 

P-C-45 Connexin-43 isoform, 20-Cx43, induces brain endothelial barrier permeability 

Chelsea Phillips¹, Allison Johnson¹, Anna Hu¹, Richard Keep¹, Anuska Andjelkovic¹ 

¹University of Michigan 

BACKGROUND AND AIM: Cerebral cavernous malformation type III (CCM3) is associated with null 

mutations in programmed cell death 10 (PDCD10 or CCM3) and is characterized by vessel dilation and 

increased blood-brain barrier (BBB) permeability, leading to cerebral hemorrhage. Our lab 

demonstrated that the absence of CCM3 in a mouse brain microvascular endothelial cell (mBEC) line 

leads to increased connexin 43 (Cx43) expression, gap and tight junction (TJ) remodeling, and increased 

permeability. Absence of CCM3 also leads to increased expression of a 20 kDa Cx43 isoform (20-Cx43). 

Our study aims include analyzing the role of 20-Cx43 in increased permeability and TJ complex 

reorganization in CCM3 knockdown (CCM3KD) mBECs and dissecting signaling pathways involved in 

endogenous and pathological 20-Cx43 expression. METHODS: The role of 20-Cx43 in brain endothelial 

barrier permeability was analyzed in CCM3KD mBECs, transfected with CCM3 siRNA, and mBECs 

overexpressing 20-Cx43. Morphological and functional alterations of CCM3KD and 20-Cx43-

overexpressing mBECs were analyzed through immunoblotting and immunofluorescent staining, FRET 

analysis, and transendothelial electrical resistance (TEER) assays. To assess whether the 20-Cx43 is a 

product of cleavage or internal translation, CCM3KD mBECs were treated with Batimastat, a non-

selective matrix metalloproteinase (MMP) inhibitor, or transfected with mitogen-activated protein 

kinase (MAPK)-interacting kinase (MNK) or mammalian target of rapamycin (mTOR) siRNA. Following 

inhibitor treatment or transfection, 20-Cx43 expression was determined through immunoblotting. To 

determine whether altered activity of these signaling pathways lead to increased 20-Cx43 expression in 

CCM3, phosphorylation patterns of mTOR, MNK, and their downstream substrates in CCM3KD mBECs 

were measured through immunoblotting. RESULTS: 20-Cx43 overexpression increases brain endothelial 

permeability and TJ reorganization, as 20-Cx43-overexpressing mBECs had decreased Claudin-5 and 

zonula occludens-1 (ZO-1) expression, disrupted ZO-1 incorporation into TJ complexes, and decreased 

Claudin-5/ZO-1 interaction. MMP inhibitor treatment did not decrease 20-Cx43 expression in CCM3KD 

cells, indicating that 20-Cx43 is not a cleavage product. 20-Cx43 expression, however, was altered 

following inhibition of signaling pathways involved in internal translation, indicating 20-Cx43 is an 

internal translation product. In CCM3KD mBECs, mTOR, MNK, and their downstream mediators 

demonstrate a trend of altered phosphorylation, suggesting aberrant activity of both pathways leads to 
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increased 20-Cx43 expression in CCM3. CONCLUSIONS: Generated through internal translation, 20-Cx43 

is directly involved in TJ complex reorganization and brain endothelial barrier permeability in CCM3KD 

mBECs. 

P-C-46 The pivotal role of TRPV4 and Connexin43 channel transactivation in mediation of 

aminoglycoside-elicited renal tubular cell injury 

Xiling Zhang¹, Zhimin Mao², Yanru Huang², Jian Yao² 

¹The 4th affilliated hospital of China Medical University, ²Interdisciplinary Graduate School of Medicine, 

University of Yamanashi 

Background and aim: Aminoglycoside-initiated renal injury greatly limits its clinic use. Currently, the 

mechanisms involved are still poorly understood. Given that TRPV4 and connexin43 (Cx43) channels play 

an important role in the regulation of intracellular calcium and oxidative status, two of the well-reported 

mechanisms underlying the toxicity of aminoglycoside, we speculated a potential implication of these 

channels in the cytotoxicity of aminoglycoside. Methods: Tubular epithelial cell line NRK-E52 cells were 

exposed to aminoglycosides in the presence or absence of TRPV4/Cx43-modulating agents. The change 

in channel activities, calcium, oxidative stress and cell viability was evaluated. Results: (1) 

Aminoglycoside G418 and gentamycin induced renal tubular cell injury, which was significantly 

prevented by calcium chelator BAPTA-AM, antioxidants, TRPV4 and Cx43 inhibitors. 2) Activation of 

TRPV4 with agonists mimicked the cytotoxicity of aminoglycoside. This effect was associated with an 

early elevation in Cx43 expression and function. Inhibition of Cx43 prevented the cell injury. 3) TRPV4 

activation caused an influx of calcium. Depletion of intracellular calcium suppressed, whereas induction 

of intracellular calcium exaggerated TRPV-4-initiated cell injury. 4) TRPV4 caused a calcium-dependent 

elevation in TXNIP (a negative regulator of the major antioxidant thioredoxin) and oxidative stress. 

Downregulation of TXNIP with siRNA significantly suppressed aminoglycoside- and TRPV4-elicited cell 

injury. (5) Inhibition of Cx43 channels counteracted the effect of TRPV4 on TXNIP and oxidative stress. 

Conclusion: Our results indicate a pivotal role of TRPV4/Cx43 channel transactivation in mediation of 

aminoglycoside-elicited renal tubular cell injury. Channel transactivation could be a presently 

unrecognized mechanism behind the cytotoxicity of aminoglycosides. 

P-C-47 A novel phosphorylation site present in ancestral and derived Pannexin 1 variants regulates 

glycosylation, trafficking and cell viability 

Daniel Nouri-Nejad¹, Brooke O'Donnell¹, Chetan Patil², Rafael Sanchez-Pupo¹, Danielle Johnston¹, Kristina 

Jurcic¹, David Litchfield¹, Michael Jackson², Gregory Gloor¹, Silvia Penuela¹ 

¹University of Western Ontario, ²University of Manitoba 

Pannexin 1 (PANX1) is a glycoprotein that forms large pore channels at the cell surface capable of 

passing ions and metabolites such as ATP for cellular communication. Different domains of this 

transmembrane protein are responsible for regulation of its channel function. In this study, we 

interrogated the effect of single amino acid changes in various PANX1 domains by introducing naturally-

occurring variants reported in cancer patient tumors. PANX1 variants reported in cBioPortal cancer 

genomic database (Q5H, Y150F, G168E, T176I, H190Y, S239L, Q264*) were transiently transfected into 

Normal Rat Kidney (NRK) cells, and breast cancer (Hs578T) and melanoma (A375P) cell lines lacking 
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endogenous PANX1 expression after CRISPR/Cas9 deletion (KO). Immunofluorescence labeling showed 

that all variants retained the capacity to localize to the cell surface, except for the truncated Q264* that 

failed to produce detectable protein levels. Immunoblotting revealed that only Y150F had a different 

banding pattern with a prevalent Gly1 band and reduced complex glycosylation (Gly2). De-glycosylation 

assays indicated that Y150F protein was partially resistant to EndoH digestion (targets high-mannose 

species) and was partially modified to a complex Gly2 level. Y150F was more abundant at the cell 

membrane as quantified by cell-surface biotinylation and had increased dye uptake capacity compared 

to controls. Since Y150 is a predicted phosphorylation site, we analyzed immunoprecipitated PANX1 

from Y150F and controls with electro-spray mass spectrometry and confirmed that Y150 is a novel 

phosphorylation site in the intracellular loop of PANX1. In contrast, we studied another variant (Q5H), 

also present in cancer databases, that had been previously associated with collagen-induced platelet 

reactivity and reported to have increased ATP release. However, when stably expressed in Hs578T 

PANX1 KO cells, Q5H did not differ in N-glycosylation, cell-surface localization or channel activity 

compared to WT (Q5), as measured by dye uptake and whole-cell patch clamp electrophysiology. 

Migration and cell growth assays on cancer cells stably expressing Q5 or Q5H showed no differences 

between the variants. Interestingly, we observed through bioinformatic analysis that Q5H has a greater 

allele frequency than Q5 in melanoma and colorectal cancer cohorts but was not associated with 

increased cancer risk. However, we discovered that Q5H is indeed a highly-conserved ancestral allele of 

PANX1, and this greater allele frequency is also present in global cohorts where approximately 90% of 

humans carry at least one Q5H allele. This is in contradiction with Q5 being the annotated reference 

sequence for human PANX1 (RefSeq, NCBI). In conclusion, using naturally-occurring variants of PANX1 

we discovered a novel phosphorylation site that can regulate glycosylation, trafficking and function, and 

the ancestral allele of PANX1 that is the most representative variant of PANX1 within human 

populations. 

P-C-48 The role of Connexin43 containing gap junctions and unopposed hemichannels in HIV CNS 

damage mediated by lipids 

Daniela D'Amico¹, Brendan Prideaux¹, Eugenin Eliseo¹ 

¹University of Texas Medical Branch 

HIV-associated neurocognitive disorder (HAND) is a serious comorbidity in virologically suppressed HIV-

infected individuals. The mechanism of HAND relates to an early transmigration of HIV infected cells into 

the brain, infection of microglia/macrophages and a small population of astrocytes, and subsequent 

bystander damage of neighboring uninfected and HIV-infected cells by host and viral mediators. Despite 

antiretroviral therapies (ARTs) block peripheral viral replication, they cannot prevent HIV protein 

synthesis by long lasting HIV viral reservoirs within the brain. HIV-astrocyte reservoirs can induce 

bystander damage into neurons, astrocytes and endothelial cells via Connexin43 (Cx43) containing gap 

junctions (GJs) and unopposed hemichannels (uHCs). uHCs allow secretion into the extracellular space of 

intracellular inflammatory signals such as ATP and Prostaglandin E2 (PGE2), which are elevated in the 

sera of virologically suppressed HIV-infected patients. In agreement with a lipid dysregulation observed 

in latently HIV infected cells, Mass Spectrometry Imaging (MSI) preliminary data of human HIV-infected 

HAND brain tissues indicate that sulfatide is also upregulated in grey and white matter and its 
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localization changes into non-myelinated rich areas. Therefore, PGE2 and sulfatide could be potential 

biomarkers of neurodegeneration in HIV infected population that shows Cx43 containing GJs and uHCs 

constitutively open in brain viral reservoirs. So, we analyze the effect of PGE2 and sulfatide in vitro 

focusing on Cx43 containing GJs and uHCs functionality and synaptic activity. In vivo, we evaluate Cx43 

level associated to HIV-integrated DNA, HIV mRNA and HIV proteins positive cells and lipid distribution. 

Thus, we propose that lipid dysregulation metabolism in HAND is mediated PGE2 and sulfatide 

dysregulation resulting in synaptic impairment via Cx43 dependent mechanism. Funding: The National 

institute of Mental Health grant MH096625, The National Institute of Neurological Disorders and Stroke 

grant Ns105584 and UTMB internal funding (to E.A.E). 

P-C-49 ATP is a key regulator of astrocytic Gap Junction channels in NeuroHIV. 

Anna Gorska¹, Jonathan Geiger², Eliseo Eugenin¹ 

¹University of Texas Medical Branch, ²University of North Dakota School of Medicine and Health Sciences 

Since the discovery of anti-retroviral therapy (ART) Human Immunodeficiency Virus (HIV) become a 

manageable, chronic disease. Despite the successful ART and minimal peripheral viral replication, at 

least half of the HIV-positive population develop HIV-Associated Neurocognitive Disorder (HAND) as a 

result of chronic brain inflammation. One major mechanism that contributes to HAND is the entry of 

HIV-infected cells across the blood-brain barrier (BBB) into the CNS where virus promotes infection of 

resident CNS cells including microglia, macrophages, and a small percentage of astrocytes. Our data 

demonstrate that HIV-infected astrocytes become viral reservoirs and trigger apoptosis in neighboring 

cells by connexin-43 (Cx43) and pannexin-1 (Panx-1) mediated mechanism. So far we demonstrate that: 

1. Cx43, despite inflammation, expression remain high; 2. Gap Junction (GJ) communication is enhanced; 

3. HIV-tat, the transactivator of the virus, bind to the Cx43 promotor; 4. Hemichannels (HC), Cx43 and 

Panx-1 become open resulting ATP and PGE2 release. Furthermore, we demonstrate that Panx-1 

channels are open in peripheral blood mononuclear cells (PBMC) isolated from HIV-infected individuals 

in connection with increase circulating level of ATP and PGE2 in serum or plasma. In contrast to healthy 

individuals where the Panx-1 channels are closed and level of circulating ATP and PGE2 is minimal. In all 

examine HIV-positive individuals increase ATP level correspond with cognitive impairment, which 

suggest that ATP can be a potential biomarker of cognitive impairment in the HIV-infected population. 

Moreover, we demonstrate that circulating ATP level could also contribute to BBB compromise and 

transmigration of HIV-infected PBMC in response to CCL2 into the brain in Panx-1 dependent manner. 

Our hypothesis is that increasing circulating level of ATP contribute to maintain Cx43 expression within 

the CNS. Here we demonstrate that circulating level of ATP contribute to the localization of Cx43 

containing GJ channels. Thus, targeting of ATP controlling GJ and HC may provide the alternative therapy 

to reduce cognitive impairments in NeuroHIV. Funding: The National Institute of Mental Health grant, 

MH096625, the National Institute of Neurological Disorders and Stroke grant, NS105584. 

P-C-50 HIV infection and meth abuse result in glial-neuronal dysfunction and CNS compromise 

Maribel Donoso¹, Eliana Scemes², Eliseo Eugenin1 

¹University of Texas Medical Branch, ²New York Medical College 
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HIV infection and meth abuse result in glial-neuronal dysfunction and CNS compromise Maribel 

Donoso1, Eliana Scemes2 and Eliseo A. Eugenin1 1Department of Neuroscience, Cell Biology and 

Anatomy, University of Texas Medical Branch (UTMB), Galveston, TX, USA. 2Department of Cell Biology 

and Anatomy, New York Medical College, Valhalla, NY, USA. HIV infection compromises the central 

nervous system (CNS) in more than half of HIV infected individuals, resulting in neurological dysfunction 

ranging from minor cognitive impairment to dementia, with the underlying brain pathology 

characterized by chronic synaptic damage, glial activation, vascular compromise, and local 

neuroimmune activation. Epidemiological studies indicate that individuals with HIV who are substance 

abusers, have a higher incidence of HIV-associated CNS disease. Methamphetamine (meth) is a CNS 

stimulant used worldwide that results in psychological and physical dependency. The long-term effects 

of meth within the CNS include neuronal plasticity changes, blood-brain barrier compromise, 

inflammation, electrical dysfunction and neuronal/glial toxicity. In addition, several studies have found a 

strong correlation between substance abuse and non-adherence to antiretroviral treatment in HIV 

patients, thereby limiting the potential benefits of antiretroviral treatment. Thus, there is a clear 

correlation between drugs of abuse, systemic inflammation/HIV replication, and CNS disease. However, 

the cellular and molecular mechanisms underlying this correlation are not known. Our data indicates 

that HIV infection of glial cells, astrocytes and microglia, in conjunction with meth results in alterations 

in viral replication, immune activation, and synaptic stability (chemical and gap junction synapses), 

contributing to CNS compromise. Thus, we examined in detail the mechanism by which both, HIV and 

meth, alters CNS function and toxicity using different techniques, including electrophysiology, glutamate 

quantification, gap junction coupling, dye uptake and secretion of metabolites, amongst others. We 

conclude that meth, alone or in concert with HIV infection, alters astrocyte and microglia 

communication systems, gap junctions and hemichannels, resulting in glial-neuronal dysfunction 

contributing to CNS compromise. The results obtained will provide novel therapeutic targets to reduce 

the devastating consequences of HIV infection and meth abuse. Funding: This work was funded by The 

National Institute of Mental Health grant, MH096625, The National Institute of Neurological Disorders 

and Stroke, NS105584, and UTMB funding (to E.A.E). 

P-C-51 A novel motif in the proximal C-terminus of Pannexin 1 regulates cell surface localization 

Sarah Ebert¹, Anna Epp¹, Juan Sanchez-Arias¹, Leigh Wicki-Stordeur¹, Andrew Boyce¹, Leigh Anne Swayne¹ 

¹University of Victoria 

Background and aim: The Pannexin 1 (Panx1) ion and metabolite channel is found on the plasma 

membrane as well as intracellular membranes of a wide variety of cells. The subcellular localization of 

Panx1 most likely has a major impact on its function. Previous work suggests that a region within the 

proximal Panx1 C-terminus (Panx1CT) regulates its trafficking to the cell surface. Here we investigated 

the molecular determinants of the proximal Panx1CT necessary for Panx1 cell surface expression. 

Methods: We used bioinformatics tools to examine the Panx1CT for potential motifs that could be 

implicated in the regulation of Panx1 localization. We discovered a putative LRR motif consisting of a 

highly conserved segment (HCS) and a variable segment (VS). The HCS perfectly matched the consensus 

sequence criteria. We created Panx1 deletion mutants for the complete LRR (Panx1∆LRR-EGFP) for the 

HCS (Panx1∆HCS-EGFP) and VS (Panx1∆VS-EGFP). We examined the surface expression via cell surface 
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biotinylation and confocal microscopy in HEK293T cells. In parallel, we also examined cell surface 

oligomerization using a cell-impermeable crosslinker (BS3) and glycosylation status of the deletion 

mutants using de-glycosylation enzymes. Trypan blue proliferation assays were used to investigate the 

impact of Panx1-EGFP or Panx1 deletion mutant expression in HEK293T cells. Results: Panx1∆LRR-EGFP 

and Panx1∆HCS-EGFP exhibited markedly reduced surface localization compared to Panx1-EGFP. 

Panx1∆VS-EGFP also exhibited statistically significant loss of cell surface distribution, albeit to a much 

lesser degree. Cell surface oligomerization analysis revealed Panx1-EGFP hexamers as well as 

intermediate oligomers (dimers or trimers). Panx1∆VS-EGFP formed oligomers much like Panx1-EGFP. 

Notably, Panx1∆LRR-EGFP and Panx1∆HCS-EGFP exhibited cell surface intermediate bands even though 

they overall exhibited markedly reduced cell surface expression. As expected, deletion mutants enriched 

at the cell surface were also complexly glycosylated, while the majority of deletion mutants exhibiting 

decreased surface expression presented with immature glycosylation status. Moreover, expression of 

Panx1∆HCS-EGFP was unable to reproduce the effects of Panx1-EGFP on cell proliferation. Conclusions: 

Together, our new findings reveal the presence of a putative LRR motif in the Panx1CT that impacts on 

Panx1 cell surface localization. Our findings also reveal the potential presence of intermediate Panx1 

oligomers at the cell surface that now warrant further validation/study. Note that a manuscript 

describing this work (Epp et al. 2019) is currently under review. 

P-C-52 Direct interaction with LC3 modulates Cx43 degradation in endothelial cells 

Teresa Ribeiro-Rodrigues¹, Steve Catarino¹, Daniela Batista-Almeida¹, Christine Abert², Sascha Martens², 

Henrique Girão¹ 

¹Faculty of Medicine, University of Coimbra, ²University of Vienna 

Connexin43 (Cx43) is a transmembrane protein present in gap junctions (GJ), forming intercellular 

channels which permit the metabolic and electrical coupling between adjacent cells. Several heart 

pathologies, including ischemic heart disease, that often leads to heart failure, are associated with 

defects in GJ-mediated intercellular communication. HF with preserved ejection fraction (HFpEF) as 

been associated with an endothelial coronary impairment that ultimately results in diastolic dysfunction 

of cardiomyocytes. However, the mechanisms underlying Cx43 downregulation in endothelial cells 

remains elusive. Previous studies from our group showed that ischemia induces GJ degradation by 

macroautophagy in cardiomyocytes. Moreover we demonstrated that this process requires 

ubiquitination of Cx43 and subsequent recognition by the autophagy adaptor p62, which links 

ubiquitinated substrates to the autophagosome, through the microtubule-associated protein-1 light 

chain 3 (LC3). However, depletion of p62 does not completely abolish the interaction between Cx43 and 

LC3, suggesting that an alternative pathway recruits Cx43 to autophagy vesicles, in a process that is 

ubiquitin- and p62-independent. Proteins that interact with LC3, like p62, contain a short hydrophobic 

LC3-interacting region (LIR). A main objective of this study was to evaluate whether Cx43 possesses a LIR 

motif that mediates the direct binding of Cx43 to LC3 and the potential impact of this interaction in 

physiological/pathophysiological conditions. Analysis of the amino acid sequence of the connexin family 

proteins suggested the presence of a conserved LIR motif in most of its members. To evaluate whether 

this putative LIR motif is functional we performed point mutations on Cx43 to silence the motif and 

evaluated its role in mediating the direct interaction between Cx43 and LC3 family members. The results 
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obtained in this study demonstrated that mutations in the LIR motif of Cx43 lead to a decrease in its 

interaction with LC3 proteins. Moreover, we showed that LIR mutants are more stable than wild type 

Cx43 when coronary endothelial cells are subject to hypoxia, suggesting that the LIR motif is involved in 

Cx43 degradation. Additionally, inhibition of Cx43 ubiquitination, does not fully compromise its 

interaction with LC3. Altogether, the results obtained in this study establish a novel non-canonical 

pathway of degradation of Cx43, that implies the direct binding of Cx43 to LC3, without the need of 

ubiquitin and p62, that can impact on endothelial dysfunction associated with HFpEF. 

P-C-53 Mesenchymal stem cells exposed to e-cigarette smoke recover Connexin 43 expression and 

osteogenic differentiation potential following smoke cessation 

Jessica Saliba¹, Abdullah Shaito², Rawya Hijazi¹, Rajaa Akawi¹, Lama Maaliki³, Yasmine Hashem³, Ahmad 

Husari³, Marwan El-Sabban³ 

¹Lebanese University, ²Lebanese International University, ³American University of Beirut 

Background/Rationale: Long-term smokers suffer from diseases such as chronic obstructive pulmonary 

disease, osteoporosis and cancer, highlighting an underlying defect in repair mechanisms. The electronic 

cigarette (e-cigarette) has become popular and is currently promoted as a safer alternative to 

conventional tobacco (cigarette) smoking. We have previously shown that mesenchymal stem cells 

(MSCs) exposed to cigarette or e-cigarette smoke decreases their proliferation rate and their ability to 

undergo osteogenic differentiation, partly through loss of Connexin 43 (Cx43) expression and gap 

junction-mediated intercellular communication (GJIC). In MSCs, Cx43 expression is prevalent and 

indispensable for osteogenic differentiation. In this study we evaluated the effect of both cigarette and 

e-cigarette smoke extracts on MSCs in terms of survival, maintenance of gap junctions and 

differentiation potential into osteoblast-like cells, after cessation of the smoke insult. Methods: Bone 

marrow-derived MSCs were exposed in vitro to cigarette and e-cigarette smoke extracts for 2 weeks, 

followed by a washout period (smoke cessation). MSCs were induced into osteogenic differentiation 

using dexamethasone, ascorbic acid and β- glycerophosphate. Morphology and cell growth were 

recorded. Generation of reactive oxygen species (ROS) was also assessed. Ability of MSCs to 

differentiate into osteoblast-like cells was determined by assessing the deposition of mineralized matrix, 

using Alizarin Red S staining. Expression of different junctional complex proteins (N-cadherin, Zonula 

occludens 1 [ZO-1] and Cx43) were evaluated at the transcriptional and translational levels. Results: 

Both cigarette and e-cigarette extracts caused an increase in ROS generation and compromised 

osteogenic differentiation, evident by decreased expression of terminal osteogenic markers and 

mineralization of MSCs. While levels of N-cadherin and ZO-1 were maintained in all experimental 

conditions, decreased MSC differentiation potential was concomitant with severe down-regulation of 

Cx43 expression. Following smoke cessation and a 3-week washout period, cigarette-exposed MSCs did 

not regain their Cx43 expression, proliferation and differentiation potential, suggesting permanent loss 

of repair mechanisms. However, MSCs exposed to e-cigarette smoke extracts recovered, at least 

partially, their Cx43 expression and the ability to proliferate and differentiate into osteoblast-like cells 

during the washout period. Conclusion: Exposure to both cigarette and e-cigarette compromises MSC 

survival and differentiation ability, partly due to loss of Cx43 expression and impairment of GJIC. While 
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cigarette smoke damage seems permanent, cells exposed to e-cigarette smoke partially regained Cx43 

expression and recover from smoke-induced damage upon cessation of the smoke insult. 

P-C-54 A novel interactome analysis of Panx1 in neural cells 

Simona Frederiksen¹, Leigh Wicki-Stordeur¹, Leigh Anne Swayne¹ 

¹University of Victoria 

Background and aim: The ion and metabolite channel, Pannexin 1 (Panx1), is implicated in neuronal 

excitability and synaptic plasticity of the brain and has been associated with multifactorial disorders 

such as Autism spectrum disorder and migraine. Several Panx1 interactors have been described (e.g. 

NMDA receptor channels, cytoskeleton proteins), but due to the complexity of protein-protein 

interactions much remains to be revealed. To increase the understanding of the Panx1 interactome 

complexity, we aimed at identifying Panx1 interactors in the mouse Neuro-2A (N2a) neuroblastoma-

derived cell line. Methods: We previously used an anti-GFP antibody to perform immunoprecipitations 

(IP) from N2a cells transiently expressing Panx1-EGFP or EGFP control (Wicki-Stordeur & Swayne, 2013). 

Proteins precipitating with GFP were identified by liquid chromatography-tandem mass spectrometry 

(LS-MS/MS). To identify proteins selectively interacting with Panx1, all proteins co-precipitating with 

GFP from EGFP-expressing cells were removed from the list of proteins co-precipitating with GFP from 

Panx1-EGFP-expressing cells. This paradigm was repeated 3 times. In the current study, we pooled the 

identified putative Panx1-interacting proteins and performed novel bioinformatics analyses. We 

categorized Panx1-interacting proteins into protein classes and conducted gene ontology (GO) and 

PANTHER pathway enrichment analyses using Fischer's exact test corrected for multiple testing (p-value 

< 0.05/number of tests; genes annotated to the GO term ≥ 10) in PANTHER version 14.1. We limited our 

selections to the least specialized protein class and the most specialized GO term within each category. 

Results: We identified 483 unique Panx1-interacting proteins categorized into the following classes: 

Nucleic acid binding (N = 61), chaperone (N = 10), cytoskeletal protein (N = 39), G-protein (N = 13) and 

RNA binding protein (N = 36). To increase our understanding of the function of the identified interactors 

at gene level, we identified 7, 5 and 3 enriched GO terms within the biological process domain, 

molecular function domain and cellular component domain, respectively. The most enriched GO terms 

within each domain, were intracellular protein transport (GO:0006886, p-value = 8.57E-13), GTPase 

activity (GO:0003924, p-value = 2.78E-11) and actin cytoskeleton (GO:0015629, p-value = 5.72E-07) and 

the most enriched PANTHER pathway was Parkinson disease (P00049, p-value = 5.33E-04). Conclusions: 

Our interactome analysis indicates that Panx1 interactors are involved in intracellular protein transport, 

GTPase activity, modulation of the actin cytoskeleton amongst others. Our study also confirms the link 

between Panx1, the cytoskeleton and cytoskeletal proteins and suggests that the Panx1 interactors 

identified in cells are overlapping those involved in the neurodegenerative disease, Parkinson. 

P-C-55 Differential action of Src on Cx45 and Cx43 mediated through binding partners 

Gaelle Spagnol¹, Andrew Trease¹, Li Zheng¹, Paul Sorgen¹ 

¹University of Nebraska Medical Center 

GJs composed of Cx43 mediate electrical coupling and impulse propagation in the normal working 

myocardium. In the failing heart, Cx43 remodeling contributes to ventricular arrhythmia. However, the 
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failing heart also aberrantly upregulates expression of Cx45 in ventricles, where it is normally at very low 

levels. This greatly enhances the propensity for arrhythmia, which follows from the low conductance 

and high voltage-sensitivity of Cx45 channels relative to Cx43. Crucially, the deleterious effect of Cx45 is 

likely amplified by the propensity of Cx45 to form heteromeric channels with Cx43, in which it exerts a 

functionally dominant effect. Our hypothesis is that differential regulation of Cx45 and Cx43 in the 

failing heart involves specific phosphorylations and protein interactions of their cytoplasmic domains. A 

few studies provide evidence that kinase regulation of Cx45 is different from Cx43; they all used 

chemicals to activate an intended kinase. For example, activation of PKC with PMA. Our preliminary data 

indicate that PMA also activates Pyk2, Src, ERK1/2, and p38. Thus, while the use of PMA was an 

important first step to identifying that a difference exists, the necessary next step is identifying the exact 

kinases involved and mechanism by which Cx45 can be differently regulated from Cx43. For Cx43, this 

information was critical to model the interplay among CK1, PKA, Akt, MAPK, PKC, and Src, each of which 

phosphorylates a distinct set of residues resulting in different effects on Cx43 regulation. Using a 

combination of a high-throughput kinase screen, mass spectrometry, and biochemical methods, we 

demonstrate that Cx45 is a target for phosphorylation by Src. Opposite to Cx43, activation of c-Src by 

EGF increases Cx45 GJIC (as well as the interaction with protein partners that promote GJ plaque 

stabilization); a result that is reversed by the Src inhibitor Saracatinib. In addition, using a model of 

heteromeric Cx43 and Cx45 expression, we demonstrate that Cx45 prevents Cx43 internalization despite 

Cx43 having a phosphorylation pattern consistent with channel closure and internalization. Our data 

provide evidence that the effects of a kinase on the regulation of a Cx family member is dictated by the 

Cx protein rather than the kinase and that the presence of Cx45 can affect the regulation of Cx43. 

P-C-56 Mouse pancreatic beta cells express connexin 30.2 during whole postnatal pancreatic 

development 

Cristina Coronel-Cruz¹, Lourdes Cruz-Miguel¹, E. Martha Perez-Armendariz¹ 

¹Universidad Nacional Autónoma de México 

We had previously identified the expression of Cx30.2 in mouse pancreatic islet endothelial vascular and 

insulin producing beta cells (Coronel-Cruz, et al., 2013) as well as in epithelial ductal cells and 

endothelial vascular cells of the exocrine pancreas (Coronel Cruz, et al, 2018). Here we investigated 

when during postnatal development Cx30.2 begins to be expressed in pancreatic beta cells. To answer 

this question, pancreatic sections at 3, 21, 28 postnatal days and adult pancreas used as a positive 

control, were co-stained with anti-Cx30.2 and anti-insulin antibodies. In addition, total RNA was isolated 

from batches of isolated mouse pancreatic islets at the mentioned ages and analyzed by qRT-PCR using 

specific Cx30.2 and GAPDH oligonucleotides. In pancreatic sections of 3, 21, 28 anti-Cx30.2 staining was 

found in islet beta cells but not in alpha cells. No anti-Cx30.2 staining was found in pancreatic sections 

incubated only with secondary antibody used as a negative control. Cx30.2 transcript was identified in 

pancreatic islet preparations, at 3, 21, 28 days postpartum as well as in the adult stage, but not in 

reactions where H20 substituted cDNA. Cx30.2 relative levels of expression increase four times from day 

3 to 21 where they reach their maximum. Similar levels were found in the adult stage. In conclusion, 

here we demonstrate that Cx30.2 is expressed in pancreatic beta cells throughout whole pancreatic 

development suggesting its relevant role for nutrient function. Acknowledgments, Biologist Ivonne 
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Sánchez Cervantes, for her excellent technical assistance and DGAPA-UNAM, Mexico, Grant Num. 

IN224514 and IN225417. 

P-C-57 Connexin43-positive exosomes efficiently induce cellular senescence via p53/p16(INK4A) in 

target cells contributing to osteoarthritis progression 

Marta Varela-Eirín¹, Adrián Varela-Vázquez¹, Amanda Guitián-Caamaño1, Susana Bravo-López2, Alfonso 

Blanco3, Raquel Largo4, Eduardo Fonseca¹, José Caeiro5, María Mayán1 

¹ Instituto de Investigación Biomédica de A Coruña (INIBIC), 2IDIS, 3UCD Conway Institute, 4Rheumatology 

Department, 5Complexo Hospitalario Universitario de Santiago de Compostela (CHUS) 

Osteoarthritis (OA) is a degenerative joint disease that is accompanied by cartilage degradation, 

impairment of mobility and persistent pain. Osteoarthritic chondrocytes (OACs) undergo phenotypic 

changes and senescence, limiting cartilage regeneration in OA patients. Like other wound healing 

disorders, CH and synovial cells (SV) from patients with OA show a chronic increase in the gap junction 

(GJ) protein connexin43 (Cx43) involved in disease progression. Extracellular vesicles (EVs), including 

exosomes, have been shown to harbour Cx channels that additionally allow the formation of GJs 

between the EVs and target cells. However, the role of the exosomal-Cx43 in OA has not been studied 

yet. The aim of this study was to investigate the role of exosomal Cx43 in cellular plasticity and 

senescence in joint tissues from OA patients. EVs were obtained by differential ultracentrifugation, 

characterized using different techniques and their protein content was analysed by LC-MS/MS. Our 

results showed that OACs have increased Cx43 levels within their EVs in comparison to the EVs from 

healthy donors. Interestingly, the treatment of CH, bone cells (BC) and SV with EVs containing Cx43 and 

released by OACs, led to a significant increase in Cx43 mRNA and protein levels in the recipient cells and 

to the induction of cellular senescence and the senescence‐associated secretory phenotype (SASP) via 

p53/p16 and NF-kß activation. Cx43-EVs also acted as positive regulators of the reversion of the 

recipient cells to a less differentiated state via activation of transcription factors involved in EMT 

including Twist-1 and Smad2/3 associated with increased levels of the mesenchymal markers CD105 and 

CD166, N-cadherin and Vimentin. Further, the protein cargo analysis of the Cx43-EVs showed 

enrichment of proteins related to senescence, immune response, catabolic mediators and wound-

healing pathways. These results indicate that Cx43-EVs released by OACs may be involved in the spread 

of senescence, inflammatory and reprogramming factors involved in wound healing failure to 

neighbouring tissues in the joint, spreading OA among cartilage, synovium and subchondral bone. 

Further understanding of the role of exosomal Cx43 in OA might also help to stop disease progression in 

OA patients by halting tissue degeneration and also by preventing the spread of the disease to from one 

joint to another. 

D – Channel structure-function/Biophysics 
P-D-58 The role of C-terminus in voltage-dependent Cx43 hemichannel gating, a systematic analysis 

by a graphical-user interface 

Katja Witschas¹, Nele Vandersickel¹, Nan Wang¹, Alessio Lissoni¹, Maarten De Smet¹, Timur Nezlobinskii¹, 

Jan De Neve¹, Alexander Panfilov¹, Karin Sipido², Luc Leybaert¹ 

¹Ghent University, ²KU Leuven 
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Background and aim: Hemichannels (HC) in ventricular cardiomyocytes are voltage-gated 

transmembrane channels consisting of mainly Cx43 facilitating passage of ions and signaling molecules 

less than 2 kDa. Gap19 selectively inhibits Cx43 HC by disrupting interaction between the C-terminal tail 

(CT) of Cx43 and the cytoplasmic loop (CL). The aim of our study was to develop a graphical-user 

interface (GUI) that allows us to conduct a statistical multiresolution analysis for voltage-dependent HC 

gating. Methods: All experimental data were obtained with the use of patch-clamp whole-cell recording 

technique. The electrophysiological data were processed in two steps. The initial step involved filtering 

of recorded data followed by characterizing transition event properties including transition amplitude 

and time constant of transition events. Intermediate idealized traces were constructed and used as an 

input for generating baseline traces in the second step. Baseline of the raw trace was then corrected 

with the assistance of a GUI. The final output of the program was composed of transition-event based 

conductance histograms, all-point based conductance histograms, time constant graphs, and idealized 

traces. Results: Our analysis confirmed that bulk gating transitions occurred between the closed and the 

fully open states in wildtype Cx43 HC. There was no statistical evidence for gating to a prominent 

subconductance state due to low incidence of the events. However, incomplete HC closures (125-200 

pS) displayed rapid transition kinetics (< 7 ms) as opposed to the overall slow transitions of other gating 

events (> 9 ms). Inclusion of Gap19 not only reduced the frequency of gating between the closed and 

open states, but also increased the incidence of gating between the closed and a subconductance state. 

The subconductance state was accessible from the fully open state through a fast gate and from the 

closed state through a slow gate. The finding of a dominant closure of the fast gate at positive Vm 

underpins the bipolar nature of Cx43 HC: slow and fast gates close for the opposite voltage polarities. 

Gap19 peptide interfered exclusively with the slow gate while tagging an enhanced fluorescent protein 

(EGFP) to the end of Cx43 CT kept the slow gate intact but impeded the gating transitions. A main 

unitary conductance of 170-200 pS identified in pig cardiomyocytes appeared to be smaller than that 

characterized in non-excitable cells such as HeLa-Cx43, suggesting that ionic conductivity of Cx43 HC 

may be cell-type dependent and controlled by post-translational modification at the CT. Conclusions: 

Here, we developed a graphical user interface that unempirically identifies each HC gating event based 

on transition segmentation. The program requires no a priori assumptions about channel conductance 

and kinetics. Our study provides functional evidence that the C-terminus of Cx43 serves as a key 

modulator of the voltage-sensitive gate of Cx43 HC. 

P-D-59 Pannexin1 attenuates P2X7 receptor mediated Calcium influx 

Rutambhara Purohit¹, Amal Kanti Bera¹ 

¹Indian Institute of Technology, Madras 

Background and aim Pannexin1 (Panx1) works as a major ATP release channel in many cell types. 

Extracellular ATP acts as a ligand for purinergic P2X and P2Y receptors. The opening of ATP-gated P2X7 

receptor (P2X7R) causes an influx of Ca2+, which in turn activates Panx1. This interdependency of P2X7R 

and Panx1 requires their spatial proximity for efficient and fast functional coupling. Earlier reports have 

suggested physical interaction between Panx1 and P2X7R. Based on their interaction, we hypothesized 

that Panx1 might influence the functioning of P2X7R. The effect of Panx1 on P2X7R-mediated 

intracellular Ca2+ rise was studied. Methods P2X7R was activated with BzATP, and intracellular Ca2+ rise 
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was monitored using Fura-2. Different mutants of rat Panx1 were generated following standard method. 

Cells were transfected transiently with different cDNA constructs using Lipofectamine-2000. Results 

BzATP, an agonist of P2X7R increased intracellular Ca2+ in CHO cells, that express endogenous P2X7R. 

Overexpression of Panx1 attenuated P2X7R mediated intracellular Ca2+ rise. Blocking of Panx1 with 

Carbenoxolone could not disinhibit P2X7R, suggesting that the observed inhibition is independent of ion 

flux through Panx1. For identifying the regions of Panx1 associated with P2X7R-inhibition, different 

deletion mutants were generated by removing amino acids sequentially from the C-terminus of Panx1. 

Panx1∆406 and Panx1∆386 lacking last 20 amino acids and 40 amino acids respectively, retained their 

ability to inhibit P2X7R-mediated Ca2+ influx. Cells transfected with Panx1∆370, lacking the last 56 

amino acids resulted in significant cell death and hence could not be studied. Interestingly Panx1∆350, 

lacking last 76 amino acids had no cytotoxic effect, but it failed to inhibit P2X7R though its membrane 

targeting has not been compromised. It implies that the C-terminal tail of Panx1 is involved in the 

inhibition of P2X7R and the region between amino acid 350th and 386th is crucial for this. To probe it 

further, cells were transfected with the plasmid encoding only the C-terminus of Panx1, i.e. the region 

from Leu350 to Cys426. Like full-length Panx1, the C-terminus alone was able to attenuate the Ca2+ 

influx through P2X7R. Conclusion Using its C-terminal tail, Panx1 attenuates P2X7R-mediated 

intracellular Ca2+ rise. This inhibitory modulation of P2X7R possibly plays an important role in 

physiology and pathophysiology. 

P-D-60 Functional gap junction channels formed by endogenous Pannexin1 proteins show unique 

biophysical properties 

Nicolas Palacios-Prado¹, Paola Fernandez¹, Paola Soto¹, Juan Carlos Saez¹ 

¹Pontificia Universidad Catolica de Chile 

Background and Aim: Functional Gap Junction (GJ) channels formed by pannexin1 (Panx1) protein have 

been shown in exogenous expression systems. However, several studies have questioned the validity of 

these data claiming that exogenous expression conditions do not constitute a valid demonstration of the 

existence of Panx1-based GJ channels under physiological conditions. The aim of this project is to 

demonstrate that GJ channels are formed by endogenous Panx1 channels in vertebrate cells under 

certain culture conditions. Material and Methods: We combined electrophysiological methods, dye 

transfer, and molecular biology techniques in vertebrate cells that express endogenous Panx1. For this 

purpose, we used human TC-620 cells derived from oligodendrocytes. Results: We demonstrate that 

endogenous Panx1 expressed in a TC-620 cells form functional GJ channels. We found that confluent 

cultures (>80%) show a temperature-dependent intercellular transfer of DAPI and a 2-fold increase in 

normalized junctional conductance (gj) when rising the bath temperature from 20 to 35 oC. 

Preincubation with siRNA against Panx1 drastically reduced DAPI transfer and the amount of total 

Panx1, suggesting that the observed DAPI transfer is mediated by Panx1-based GJ channels. Other 

fluorescent permeability tracer molecules, such as Lucifer yellow, ethidium bromide and propidium 

iodide, did not spread to neighboring cells. Moreover, we found that DAPI transfer between cells was 

resistant to 0.5 mM octanol or heptanol, but inhibited by 5 μM carbenoxolone or 1 mM probenecid. In 

addition, Panx1- based GJ channels showed octanol-resistant gj and asymmetrical gj-Vj dependency with 

strong sensitivity to changes in non-junctional membrane potential (Vm); gj decreased if both cells were 
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depolarized to +80 mV, and increased when both cells were hyperpolarize to -80 mV. The asymmetry in 

Vj-sensitivity was also detected at the single channel level, showing the same single channel 

conductance in both Vj polarities. This suggests that changes in Vj and Vm affects open probability 

rather than single GJ channel conductance. Conclusions: Some innexins form GJ Channels with 

pronounced Vm-sensitivity, suggesting that these electrophysiological properties are conserved in Panx1 

GJ channels. These findings endorse the existence of a second type of direct intercellular communication 

pathway in vertebrate cells mediated by Panx1 GJ channels, opening new avenues of research in cell-cell 

communication under physiological and pathological conditions. 

P-D-61 Changes on ion conductivity caused by IC-pocket mutation in hCx26 hemichannel 

Joaquin Jensen Flores¹, Felipe Villanelo², Jorge Carrasco¹, Tomas Pérez-Acle² 

¹Fundacion Ciencia & Vida, ²Fundacion Ciencia & Vida - Centro Interdisciplinario de Neurociencia de 

Valparaíso 

Changes on ion conductivity caused by IC-pocket mutation in hCx26 hemichannels Joaquín Jensen 

Flores1, Felipe Villanelo1,2, Jorge Carrasco1, Tomás Perez-Acle1,2. 1Computational Biology Lab, 

Fundación Ciencia & Vida, Santiago, Chile 2Centro Interdisciplinario de Neurociencia de Valparaíso, 

Valparaíso, Chile Connexins (Cx) are a protein family in vertebrates, that form hexameric channels or 

hemichannels (HC) in the plasma membrane. Alternatively, two HCs can form -a gap junction channel 

(GJC) that connect two neighbor cells. HCs allow the diffusion of ions, metabolites and molecules around 

2 kDa between the cytoplasm and the extracellular space. Their function is sensitive to the voltage 

difference across the membrane, changes of pH and extracellular calcium concentrations. Previously, it 

has been described an intracellular water pocket, named IC-pocket, in each monomer of HCs formed by 

human Cx26. In this pocket, the water molecules has different properties from the solvent in the bulk, 

being less dynamic. Inside the IC-pocket there are highly conserved residues, like R143 that lies in the 

middle of the pocket, in TM3, and interacts with others residues that are important to the proper 

hemichannel function. In this work, we study this residue using four different R143 mutants, replacing 

the original residue for residues E, A, K and Q. We built models of WT and R143-mutant HCs using the 

force field CHARMM v36 and performed molecular simulations with NAMD package. Then, the 

trajectories were analyzed with the MDAnalysis python library. We found changes in the ionic 

permeation through the HC, accompanied by differences in the solvent properties inside the IC-pocket 

in the mutants respect to the WT. Other properties were studied like distribution of the potassium and 

chloride ions, solvent properties and electrostatic potential generated inside the HC pore. The R143 

mutations changes the solvent properties inside the IC-pocket and ionic currents across the HC. 

Moreover, the distribution of the potassium and chloride ions, and the electrostatic potential inside the 

pore is different in the mutants compared to the WT. We have found that the half-life time of water 

molecules survival inside the pore changed in the mutants compared to WT and we observed the same 

tendency that we observed at the IC-pocket. We conclude that R143 mutations can change the solvent 

properties inside the IC-pocket and the pore. This phenomena could explain the changes in ion 

permeation through the pore. Acknowledgements: FONDECYT grant 1160574, AFB 170004 Fundación 

Ciencia para  la Vida and ICM-Economía P09-022-F,  CINV.  Powered@ NLHPC.  This research was 

partially supported by the supercomputing infrastructure at NLHPC (ECM-02). 
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P-D-62 Role of Pannexin 1 channels in satellite cells and skeletal muscle regeneration 

Emily Freeman¹, Tammy Le Pham¹, Cem Dural¹, Marie-Eve St-Pierre¹, Stéphanie Langlois¹, Kyle Cowan¹ 

¹ Children's Hospital of Eastern Ontario (CHEO); University of Ottawa,  

Background and Aim: Satellite cells (SCs) are the stem cells of skeletal muscle and the cellular source of 

regeneration of injured myofibers in adulthood. SCs are normally quiescent but, in response to injury, 

they exit their dormant state and quickly expand. Most of these SCs differentiate, and either fuse with 

existing fibers or give rise to new myofibers, thereby fully restoring damaged tissue. In many aspects, 

this de novo myofiber formation recapitulates embryonic myogenesis. Activated SCs also undergo 

asymmetric division, generating progeny that replenish the pool of quiescent SCs. Any abnormalities in 

SC proliferation, differentiation, or self-renewal will lead to muscle atrophy and can aggravate chronic 

muscle diseases. We recently described a key functional role for pannexin 1 (PANX1) channels in 

myogenesis. PANX1 (Panx1 in rodents) levels are very low in undifferentiated primary skeletal muscle 

myoblasts and increase during myogenesis in vitro. Blocking PANX1 channel function inhibited myoblast 

differentiation while PANX1 over-expression promoted this process. In vivo, Panx1 levels are tightly 

modulated during skeletal muscle development, as well as during muscle regeneration similar to the 

expression pattern seen in vitro. In addition to differentiated myoblasts and myofibers, PANX1/Panx1 is 

also endogenously expressed in human and mouse SCs. Here, we investigate the role of Panx1 channels 

in regulating SC function and myofiber regeneration. Methods: PANX1 channel activity was inhibited in 

human primary SCs in culture using probenecid (PBN) and/or carbenoxolone (CBX) and assessed for 

proliferation and differentiation in vitro. The effect of CBX on skeletal muscle regeneration was 

examined after inducing acute muscle injury using cardiotoxin in mice. Results: Treatment with PBN or 

CBX significantly diminished human primary SC proliferation as well as the percentage of SCs positive for 

the differentiation markers myogenin and myosin heavy chain after having been placed in 

differentiation medium for six days. Furthermore, the percentage of cells with 2-4 nuclei increased 

following treatment with PBN or CBX, while the percentage of cells with 10 or more nuclei decreased, 

indicating an inhibitory effect on cell fusion. In vivo, we found that the levels of the regeneration marker 

embryonic myosin heavy chain 3 (Myh3) significantly increased 4 days following cardiotoxin injury. 

However, treatment with CBX prevented Myh3 expression over the 14 day period following injury 

indicating an impairment of muscle regeneration. Conclusions: Overall, our data suggest that pannexin 1 

channels play an important role in skeletal muscle regeneration through processes that include 

regulation of SC proliferation and differentiation. 

P-D-63 4-Hydroxynonenal-induced Cx46 hemichannel inhibition through its carbonylation 

Mauricio Retamal¹, Mariana Fiori², Jimmy Stehberg³, Guillermo Altenberg² 

¹Universidad del Desarrollo, ²Texas Tech University Health Sciences Center, ³Universidad Andres Bello 

Hemichannels are channels formed by a protein known as connexin (Cx), and they allow the exchange of 

ions and signaling molecules (e.g., ATP and glutamate) between the cytoplasm and the extracellular 

milieu. Under physiological conditions, hemichannels present a low open probability. However, under 

certain pathologies their open probability increases, condition associated with cellular damage and in 

some cases cell death. Pathological conditions are characterized by the production of several 

proinflammatory molecules. Among them, 4-hydroxynonenal (4-HNE) is one of the most common lipid 
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peroxides produced in response to inflammation and oxidative stress. The aim of this work was to 

evaluate whether 4-HNE modulates the activity of hemichannels formed by Cx46. We found that in HeLa 

cells transfected with human Cx46 fused to GFP (Cx46GFP), incubation with 4-HNE (100 uM) decreases 

the rate of Dapi uptake, a reduction that was partially restored by 10 mM dithiothreitol. Additionally, 

exposure to 4-HNE produced posttranslational modifications of Cx46GFP shown by changes in its 

apparent molecular weight. In Xenopus laevis oocytes injected with the mRNA of rat Cx46, 100 uM 4-

HNE decreased hemichannel currents formed by wild-type Cx46 or a mutant expressing only one 

extracellular cysteine (Cx46C3A). Interestingly, the chemical modification of extracellular cysteines by 

MTSES, also reduced hemichannel activity in Xenopus oocytes. In conclusion, this work demonstrates for 

the first time that Cx46 is post-translationally modified by a lipid peroxide and supports the hypothesis 

that Cx46 extracellular Cys are sensitive to redox potential. 

P-D-64 Novel biophysical properties of molecular transport in connexin, pannexin and CALHM 

channels 

Pablo Gaete¹, Mauricio Lillo¹, William Lopez¹, Yu Liu¹, Andrew Harris¹, Jorge Contreras¹ 

¹Rutgers University 

Channels that are permeable to molecules such as ATP and glutamate are emerging as important 

regulators in health and disease. Nonetheless, mechanisms of molecular permeation and selectivity of 

these channels remain largely unexplored due to lack of quantitative methodologies. Accordingly, we 

have developed a novel two-electrode voltage clamp/dye uptake assay to interrogate the kinetics of 

molecular permeation of channels formed by human connexins (Cxs), pannexins (Panxs) and the calcium 

homeostasis modulator (CALHM1). hCx26, hCx30, hPanx1 and hCALHM1 were individually expressed in 

Xenopus laevis oocytes. To quantify the uptake of small molecular dyes through these channels, we 

developed a protocol that renders oocytes translucent without affecting functional properties of the 

expressed channels. Voltage-activated current amplitudes were recorded to normalize uptake to 

channel expression. Strikingly, we found that: (1) All of these channels display transport that could be 

described by Michaelis-Menten kinetics, with apparent KM and Vmax. (2) The observed KM and Vmax 

values were sensitive to modulators of channel gating (e.g., voltage and extracellular calcium). (3) 

Significant transport of molecules is detected when there are little or no ionic currents through the 

channels. (4) Permselectivity differed significantly among related channel isoforms. (4) Human Cx 

mutations in the N-terminal region significantly affected kinetics of transport and permselectivity of Cx 

hemichannels. Our results reveal that molecular permeability of these channels displays enzymatic-like 

properties of transport. Our methodology permits quantitative exploration of permeation of molecules 

in wide-pore channels. This enables testing of molecular mechanisms associated with transport and how 

human mutations alter kinetic properties and permselectivity. 

P-D-65 Electrophysiological and behavioral charactertization of seizure following pannexin-1 blockade 

or genetic knockout in mice 

Mark Aquilino¹, Paige Whyte - Fagundes², Mark Lukewich¹, Liang Zhang³, Berj Bardakjian¹, Georg Zoidl², 

Peter Carlen¹ 

¹University of Toronto, ²York University, ³University Health Network 
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Objective: Recent evidence has highlighted a connection between Pannexin-1 (Panx-1) and modulation 

of neuronal excitability. This work assesses the changes in behavioral and electrophysiological markers 

of seizure, across three distinct models of epilepsy, with and without the functional presence of Panx-1. 

Methods: Four groups of C57Bl6 mice were used: Panx-1 genetic knockout, strain-matched controls, 

controls pretreated with Brilliant Blue-FCF, and controls pretreated with Probenecid. Animals of both 

sexes were subjected to either acute injection of pentylenetetrazol (PTZ), acute electrical kindling of the 

CA3, or in vitro brain slice incubation with 4-aminopyridine. Results: Panx-1 knockout or 

pharmacological blockade of Panx-1 suppressed the severity and incidence of seizure-like responses 

across all models of seizure-induction. In mice subjected to acute intraperitoneal injection of PTZ, the 

control group had more severe seizures compared to Panx-1 deficient mice, spending a greater 

proportion of time following injection in higher Racine scale stages. Panx-1 knockouts outperformed 

controls when subjected to a paradigm of rapid kindling, having shorter after-discharges and fewer 

seizure-like events. Furthermore, brain slices of Panx-1 knockouts demonstrated fewer electrographic 

seizures when subjected to bath incubation with 4-AP than their control counterparts. Pretreatment 

with Brilliant Blue-FCF or Probenecid recapitulated the knockout phenotype. Cross-frequency coupling 

features of layer 2/3 neocortical field potentials highlight differential patterns in the control and 

knockout groups, suggesting Panx-1 plays a role in maintaining certain neurophysiological rhythms. 

Significance: Neuronal excitability is significantly impacted by the functional absence of Panx-1. Genetic, 

pharmacological, or stimulation-based paradigms of targeting Panx-1 function may have a therapeutic 

effect in the treatment of seizures and epilepsy. This work is supported by CIHR, NSERC, and the Ontario 

Brain Institute. 

P-D-66 Dissecting the role of the solvent for the functional activity of connexin hemichannels 

Felipe Villanelo¹, Jorge Carrasco¹, Joaquin Jensen Flores¹, Tomas Pérez-Acle² 

¹Fundacion Ciencia & Vida, ²Fundacion Ciencia & Vida - Centro Interdisciplinario de Neurociencia de 

Valparaíso 

The connexin hemichannels (HC) has gone from being considered simple wide-open channels, to 

become complex transport systems, whose function is dependent on several cellular and chemical 

factors such as voltage difference, Ca2+ concentration and pH. Nowadays, an active debate on the 

community proceeds, focusing on the putative conformational changes that HC undergoes in the closed 

state derived from exposure to extracellular Ca2+ calcium at physiological concentration. These changes 

have been postulated from low-resolution imaging techniques (e.g. AFM) and indirect biochemical 

assays (e.g. cysteine accessibility). Nevertheless, the nature of this change remains elusive for 

experimental techniques such as protein crystallography. However, this could be a challenge from a 

thermodynamics perspective, because a very high energy should be needed to move such a massive and 

structurally stable channel. Based on the crystallographic structure of calcium-bound human Cx26-GJC 

some authors have suggested a crucial role for electrostatics, when closure is promoted by Ca2+ 

binding. This proposal is very provocative because may highlight a role for solvent in the ionic transport 

mechanism. Indeed, water diffusion through carbon nanotubes are modulated by the presence of 

charges along the pore, when a voltage difference is applied. Notably, this phenomenon is entirely 

dependent on the electrostatic properties of water molecules. Some characteristics of HC, such as its 
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wide lumen, the fine-tuned presence of charged residues along the pore and, its sensibility to voltage 

differences, lead to us to consider the HC as a biological nanotube. Therefore its internal water behavior 

could be the key to understand its function. Within this context, our lab is focused in dissecting the role 

of the solvent -water and ions- for HC function, with particular emphasis on how the kinetic and 

thermodynamic properties of water can be modulated by electrostatics perturbations. To dissect this 

role, we follow a transdisciplinary approach combining molecular dynamics simulations with cellular and 

electrophysiological techniques. From the theoretical point of view, we rely on different models of Cx26-

HC; ranging from very simple nanotube-like models to all-atom models embedded in a lipid bilayer. Both 

kinetics and thermodynamics properties of solvent are explored in different simulations conditions. Our 

current results indicate that solvent properties change when the electrostatics of the system is 

perturbed, and this is perturbation is related to the transport properties of the HC. Our results indicate 

that electrostatic changes in the pore can actually modulate the rate of ionic transport. Moreover, our 

results highlight the need for additional factors that may reduce the free energy barriers that promote 

the closed state of the channel. Acknowledgments: FONDECYT grant 1160574, AFB 170004 Fundación 

Ciencia para la Vida and ICM-Economía P09-022-F, CINV. Powered@ NLHPC. 

E – Development and reproduction 
P-E-67 Gap junction network for stripe pattern formation of zebrafish 

Masakatsu Watanabe¹ 

¹Osaka University 

Connexin39.4 and Connexin41.8 are expressed both in melanophores and xanthophores, and are 

involved in zebrafish skin pattern formation. Because oligomerization process and intercellular network 

of gap junction are very complicated, understanding of connexin/gap junction function in vivo is a 

challenging issue. In this study, by the arrangements of Cx39.4 and Cx41.8 expressions in pigment cells, 

we reconstructed the simplest gap junction network to make the stripe. In addition, we performed 

patch clamp recording of Cx39.4-gap junction and showed that Cx39.4-gap junction has spermidine 

dependent rectification property. Our results support that Cx39.4 is involved in the unidirectional 

transfer of a signal through gap junction, namely, activation signal for melanophore survival sent from 

xanthophore to melanophore. 

P-E-68 Panx1 regulates Parvalbumin-positive interneurons in the murine postnatal cerebral cortex: 

preliminary findings 

Olga Shevtsova¹, Simona Frederiksen¹, Juan Sanchez-Arias¹, Leigh Anne Swayne¹ 

¹University of Victoria 

Background and aim: The mammalian neocortex is composed of networks of physically and functionally 

interconnected groups of co-activated neurons, known as network ensembles, whose outputs control 

sensation and behaviour. The pannexin 1 (Panx1) ion and metabolite channel is expressed in excitatory 

(glutamatergic) and inhibitory (GABAergic) cortical neurons. Recent work from our laboratory has shown 

that cultured cortical neurons from global Panx1 knockout (Panx1 KO) mice exhibit more network 

ensembles. In the same study, we discovered that glutamatergic neuron-specific Panx1 KO increased 

cortical neuron dendritic spine density. Given the direct association between dendritic spine/synapse 
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formation and network ensemble development, these findings suggest Panx1 expression in 

glutamatergic neurons shapes network ensemble formation by regulating dendritic spine formation. 

However, interneurons, such as those expressing the calcium-binding protein Parvalbumin (PV), are also 

known to play a critical role in neuronal network development by tightly controlling the timing of 

excitatory neuron activity. In our previous study, we did not directly investigate the potential 

involvement of Panx1-expressing inhibitory neurons in network development. To bridge these important 

knowledge gaps, here we investigated the impact of Panx1 KO on PV interneurons during early postnatal 

development. Methods: We obtained coronal sections from wildtype (WT) and Panx1 KO mouse brains 

(5 mice per group, 4 sections per mouse) at P14 and P29. We quantified PV neuron density using 

confocal immunofluorescence microscopy. We used additional layer and cell-type specific markers (e.g. 

vesicular glutamate transporter VGluT2 to identify layer IV, GAD67, marker for GABAergic interneurons; 

NeuN, neurons; and GluA4, Ca2+-permeable AMPAR subunit found in PV neurons), to determine the 

density of PV-expressing interneurons in the supragranular and granular layers (layers I-IV) and the 

infragranular layer (layers V-VI) of the cerebral cortex. Results: In our preliminary study, PV neuron 

density in layers I-IV and V-VI was significantly higher in Panx1 KO compared with WT at P29. Within 

Panx1 KO, specifically layers I-IV, PV neuron density was also higher at P29 than at P14. For the latter 

comparison group, the same tendency (albeit non-significant) was observed in layers V-VI. Note that 

these findings are preliminary and full data collection and analysis is ongoing. Conclusions: We 

anticipate that the outcomes of this study will shed new light on the role of Panx1 in regulating different 

cortical neuronal populations, with important implications for the regulation excitatory-inhibitory 

balance. 

F – Emerging areas/Other 
P-F-69 Direct translation of truncated connexin proteins: more than one mechanism, more than one 

connexin 

María José Muñoz Guijarro¹, Trond Aasen¹ 

¹Vall d'Hebron Research Institute (VHIR) 

We and others showed that N-terminally truncated protein forms of Cx43 can be synthesised through a 

mechanism involving direct internal translation initiation. Here, we expand upon this discovery to 

provide further insight into the molecular mechanism regulating this phenomenon. We suggest leaky 

ribosomal scanning is a critical modulator of translation in Cx43. However, in addition, intricate 

mechanisms underlie this event, including the possible translation from non-AUG initiation codons. We 

also provide evidence that internal translation initiation of truncated protein forms occurs across the 

connexin family, although the extent is highly connexin specific and in part regulated by different 

signalling pathways. The functional implications, including the relevance to disease, will be presented. 

The discovery and elucidation of how truncated connexins are regulated and function provides insight 

into the complex roles of connexin in healthy and disease. 

G – Inherited diseases 
P-G-70 p62/SQSTM1 and cataracts caused by a connexin50 mutant 

Oscar Jara¹, Peter Minogue¹, Viviana Berthoud¹, Eric Beyer¹ 

¹University of Chicago 
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Background and aim: We have been studying mice expressing the non-functional connexin50 mutant, 

Cx50D47A, to learn how it and other lens connexin mutants cause cataracts. Both heterozygous and 

homozygous Cx50D47A mice develop cataracts. Their lenses are smaller than those of wild-type animals, 

and their lens fiber cells contain increased abundance of nuclei and other organelles (suggesting 

impaired differentiation). The mutant lenses have low levels of both Cx46 and Cx50 (consistent with 

increased degradation of these connexins). The adaptor protein, p62/SQSTM1 (p62), has been 

implicated in cataract formation in other mouse models and is important for selective autophagy. 

Because p62 is involved in proteasomal and autophagic degradation and connexins are substrates of 

these proteolytic pathways, we investigated whether p62 contributed to the abnormalities of Cx50D47A 

lenses. Methods: We studied lenses from 1month old mice by immunoblotting and microscopy. Image J 

was used to quantify lens sizes and the integrated density of cataracts in darkfield micrographs. Results: 

Immunoblots of lens homogenates showed that levels of total p62 or p62 phosphorylated on Ser-349 (P-

p62-S349) did not differ between wild type and heterozygous Cx50D47A mice. However, levels of total 

p62 and P-p62-S349 and the ratio of P-p62-S349/total p62 were significantly increased in homozygous 

mutant lenses as compared to wild type lenses. Therefore, we tested the importance of p62 for the 

abnormalities in these animals by breeding homozygous Cx50D47A mice with mice that were p62-null. 

Immunoblots verified that mice containing one or two p62 null alleles had reduced or absent levels of 

p62. We found no significant differences in lens sizes or cataracts between Cx50D47A and 

Cx50D47A/p62-null mice. Immunoblots showed that levels of Cx46, Cx50, several crystallins, histone H3, 

and the mitochondrial protein TOMM20 did not differ between lenses of homozygous Cx50D47A mice 

regardless of whether they expressed p62. Conclusions: These results show that changes in the levels of 

p62 and its phosphorylation occur in the lenses of homozygous Cx50D47A mutant mice. However, 

deletion of p62 did not ameliorate or exacerbate the cataracts or the biochemical changes in these 

lenses. We conclude that p62 is not critical to cataractogenesis or abnormalities of lens differentiation 

caused by expression of a Cx50 mutant. 

H – Nervous system 
P-H-71 GJA1 (connexin43) is a key regulator of Alzheimer's disease pathogenesis 

Yuji Kajiwara¹, Erming Wang¹, Minghui Wang¹, Wun Chey Sin², Kristen Brennand¹, Eric Schadt¹, Christian 

Naus², Joseph Buxbaum¹, Bin Zhang¹ 

¹Icahn School of Medicine at Mount Sinai, ²University of British Columbia 

GJA1 (connexin43) has been predicted as the top key driver of an astrocyte enriched subnetwork 

associated with Alzheimer's disease (AD). In this study, we comprehensively examined GJA1 expression 

across 29 transcriptomic and proteomic datasets from post-mortem AD and normal control brains. We 

demonstrated that GJA1 was strongly associated with AD amyloid and tau pathologies and cognitive 

functions. RNA sequencing analysis of Gja1−/− astrocytes validated that Gja1 regulated the subnetwork 

identified in AD, and many genes involved in Aβ metabolism. Astrocytes lacking Gja1 showed reduced 

Apoe protein levels as well as impaired Aβ phagocytosis. Consistent with this, wildtype neurons co-

cultured with Gja1−/− astrocytes contained higher levels of Aβ species than those with wildtype 

astrocytes. Moreover, Gja1−/− astrocytes were more neuroprotective under Aβ stress. Our results 

underscore the importance of GJA1 in AD pathogenesis and its potential for further investigation as a 
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promising pharmacological target in AD. This study was supported in parts by grants from the National 

Institutes of Health/National Institute on Aging (R01AG046170, RF1AG054014, RF1AG057440, 

R01AG057907). This study has been made possible through the support of Brain Canada and the 

financial support of Health Canada, Michael Smith Foundation for Health Research, Genome BC and the 

Pacific Alzheimer's Research Foundation to CCN and WCS. CCN held a Canada Research Chair 

P-H-72 Pannexin1 facilitates retinal ganglion cells loss via inflammasome and pyroptosis 

Valery Shestopalov¹, Weijun An¹, Dien Pham¹, Alexey Pronin¹, Galina Reshetnikova¹, Marcus Spurlock¹, 

Vladlen Slepak¹ 

¹Bascom Palmer Eye Institute University of Miami School of Medicine 

Background and aim. Pannexin1 is expressed at high levels in retinal ganglion cells (RGCs). In the 

homeostatic retina, it is involved in purinergic signaling and in physiological responses of RGCs, as 

evidenced by pattern electroretinogram (PERG) recordings. Previously, we showed that the high activity 

of Panx1makes cells highly sensitive to mechanical and ischemic stresses, such as those imposed by 

elevated intraocular pressure. In retinal pathology, induced by elevated intraocular pressure, Panx1 

activity was linked to retinal ganglion cell (RGC) death. However, molecular mechanisms contributing to 

the death of these neurons are not completely characterized, which was the aim of this study. Methods. 

Inflammasome activation was assessed using ASC-citrin bioindicator strain. The effects of inflammasome 

inactivation were studied in mice with ablation of Panx1, ASC, Casp1/Casp11 and in WT mice injected 

with MCC950 and VX-765 inhibitors. The Il-1β release was measured by ELISA, changes in gene 

expression by quantitative RT-PCR and validated by Western blot analysis and immunohistochemistry. 

Results. We discovered homeostatic activity of NLRP1 and robust activation of the NLRP3 and Aim2 

inflammasome in the mouse retina under pathological conditions of intraocular pressure (IOP)-induced 

ischemia and/or glaucoma. These inflammasomes were selectively induced by distinct populations of 

retinal neurons and retinal glial cells. Panx1-facilitated selective loss of RGC, which was blocked by either 

gene ablation or pharmacological channel blockade. Remarkably, such blockade also suppressed an 

acute increase in the levels of Il-1β release, Casp1 and Casp11 activation in the retina. The increased 

levels of caspases-1, -8 and -11 and gasdermin D, as well as secretion of mature IL-1β were significantly 

decreased in the protected retinas of Panx1-null or wild type (WT) probenecid-treated animals. The 

suppression of these gene levels was similar to those observed in injured eyes of Casp1-null and VX-765 

treated WT mice relative to untreated control retinas. These results imply that high-level Panx1 

expression in RGCs makes these cells prone to pyroptotic cells death, triggered by NLRP1/NLRP3 

inflammasomes upon activation by ocular hypertension. Conclusions. These findings show that Panx1 

activity is a significant contributor to RGC death via activation of NLRP1/NLRP3 inflammasome and 

induction of gasdemin D-mediated pyroptosis. Manipulation of these pathways can protect retinal 

neurons in conditions like ocular hypertension and acute glaucoma. 

P-H-73 Danegaptide treatment following a novel ischemic/reperfusion stroke model in mice reduces 

cell death by increasing astrocytic gap junctional coupling 

John Bechberger¹, Moises Freitas-Andrade¹, Jasmine Wang², Ken Yeung2, Shawn Whitehead2, Rie Schultz-

Hansen3, Christian Naus1 

¹University of British Columbia, ²Western University, 3Zealand Pharma A/S 
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The presence of Connexin43 (Cx43) in astrocytes can be found to occur in two functional states, as a gap 

junctional plaque (channels) and as hemichannels. The hemichannel (pore) of Cx43 has been observed 

to be detrimental under stress whereas the gap junction channels are beneficial. The goal of this study is 

to explore the therapeutic potential of the antiarrhythmic dipeptide ZP1609 (danegaptide) in a novel 

rodent stroke model of ischemia/reperfusion. In vitro studies showed that primary cultures of mouse 

astrocytes treated with ZP1609 (247nM - 2.47mM) increased astrocyte GJC by 22.2% at 247nM 

concentration. For in vivo stroke studies, we used a 60 min transient unilateral middle cerebral artery 

occlusion (MCAO) followed by reperfusion over a 20 min interval in 3-4 month old C57BL6 male mice. 

This transient blockage is analogous to the human clinical condition compared to most current animal 

models. At 50 min, saline (pH 7.4) or ZP1609 (75ug/kg) was injected into the tail vein. After a further 10 

min, the restriction in the MCA was released to allow reperfusion. Mice were treated with subsequent 

ZP1609 injections at 1, 2 and 3 hr after the initial injection. The mice were euthanized at 48 hrs post-

stroke and infarct volume was measured. In saline treated mice, infarct volume was 26.2 + 2.9 mm3 

(n=10), while ZP1609 treatment animals showed a significant reduction (P<0.002) in infarct volume 14.3 

+ 1.3 mm3 (n=11). To assess ZP1609 levels in the brain, 10 μm thick coronal brain sections were 

processed for imaging mass spectrometry in positive reflectron mode on the 5800 TOF/TOF Sciex 

instrument. The spatial distribution of ZP1609 was observed throughout the brain tissue, consistent with 

passage through the blood brain barrier. Our results show that ZP1609 enhances GJC in mouse 

astrocytes, and provides a protective effect in transient brain ischemia with reperfusion. Funded by 

Zealand Pharma and the Canada Research Chair Program. 

P-H-74 Mouse Hepatitis virus impairs Connexin43-mediated gap junctional intercellular 

communication between astrocytes by disrupting ERp29, a PDI family molecular chaperone 

Abhishek Bose¹, Deepthi Thomas¹, Priyanka Mukherjee¹, Mahua Maulik¹, Michael Koval², Jayasri Das 

Sarma¹ 

¹Indian Institute of Science Education and Research Kolkata, ²Emory University School of Medicine 

In the central nervous system (CNS), gap-junctions (GJs) directly connect the cytoplasm between 

neighbouring cells creating a "panglial syncytium" that is critical for metabolic coupling and brain 

homeostasis. It has been recognised for several years that certain RNA and tumor viruses decrease gap 

junctional communication among infected cells. Recently, we showed in a mouse model of 

demyelination that Mouse Hepatitis Virus (MHV) infection disrupts Connexin43 (Cx43)-containing GJs 

predominantly expressed by astrocytes. Specifically, MHV infection repressed Cx43 trafficking to cell 

surface by a microtubule-dependent mechanism during the acute phase of inflammation following 

infection. However, the mechanism of depletion of Cx43 expression from the cell surface as well as its 

reduction at mRNA and total protein level is not well understood. We hypothesize that MHV induces ER 

stress that amplifies the unfolded protein response leading to defects in Cx43 processing and gap-

junction channel formation. Consistent with inducing ER stress, MHV infection upregulated GRP78 (Bip) 

in a dose-dependent manner in primary astrocytes and DBT astrocytoma cells. Furthermore, MHV 

infection down-regulated ERp29, an ER resident thioredoxin family protein known to promote Cx43 

assembly and trafficking to the plasma membrane. Since ERp29 normally enhances Cx43-mediated gap 

junctional intercellular communication (GJIC) we tested whether increasing ERp29 could antagonize the 
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deleterious effects of MHV on Cx43. DBT cells mimic infected astrocytes in that they express 

endogenous Cx43, but it is retained in an intracellular compartment. Stably transfecting DBT cells to 

express increased ERp29 rescued the trafficking of Cx43 to the cell surface where it formed GJs. 

Supporting this observation, Cx43 trafficking to the cell surface and GJIC was re-established by 

treatment of infected primary astrocytes or DBT cells with 4-phenylbutyrate (4-PBA), a histone 

deacetylase inhibitor known to upregulate native ERp29 expression. Further studies showed that 

increasing exogenous ERp29 expression antagonized the effects of MHV on infectivity, replication and 

virus-induced fusogenicity both in DBT cells and primary astrocytes. Our findings describe a previously 

unidentified, viral-induced ER stress pathway involving ERp29 that can be a potential target to restore 

proper trafficking of Cx43 and re-establish GJIC in the CNS. Current work is exploring mechanisms linking 

the antiviral host response to ERp29 rescued GJIC as well as defining other regulatory roles of ERp29 in 

the response to MHV infection beyond control of Cx43. 

P-H-75 What role do electical synapses play in neural circuits? 

Tuan Pham¹, Julie Haas¹ 

¹Lehigh University 

As information about the world traverses the brain, the signals exchanged between neurons are passed 

and modulated by synapses, or specialized contacts between neurons. While neurotransmitter-based 

synapses tend to exert either excitatory or inhibitory pulses of influence on the postsynaptic neuron, 

electrical synapses, composed of plaques of gap junction channels, continuously transmit signals that 

can either excite or inhibit a coupled neighbor. A growing body of evidence indicates that electrical 

synapses, similar to their chemical counterparts, are modified in strength during physiological neuronal 

activity. The synchronizing role of electrical synapses in neuronal oscillations has been well established, 

but their impact on transient signal processing in the brain is much less understood. To investigate the 

impact of electrical synapses on transient signals, we constructed computational models based on the 

canonical feedforward neuronal circuit, wherein two principal neurons, connected by an excitatory 

synapse, are also connected by disynaptic feedforward inhibition. We used Izhikevich-type neurons for 

all cell types. We progressively expanded models and analysis from a single circuit to a pair of circuits, 

and finally to network composed of canonical circuits. We provided these models with single closely 

timed inputs, in order to determine how the embedded electrical and inhibitory synaptic connections 

between interneurons influence subthreshold integration and spiking statistics at the output stage of 

the model. Our simulations highlight the diverse and powerful roles that electrical synapses play even in 

simple circuits. In pairs of canonical circuits, electrical synapses either delay interneuron spiking by 

increasing leak or act to coordinate interneuron spiking, with impacts in both cases on output principal 

neuron summation. The presence or absence of chemical synapses between electrically coupled 

interneurons also shapes subthreshold summation at the output stage. In networks of canonical circuits, 

electrical coupling between interneurons can delay or accelerate, and sharpen spiking of output 

principal neurons, depending on connection strength. Because these canonical circuits are represented 

widely throughout the brain, we expect that these are general principles for the influence of electrical 

synapses on transient signal processing across the brain. 
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P-H-76 Astrocyte and neuronal pannexin1 differently affect seizure progression 

Eliana Scemes¹, Libor Velisek¹, Jana Veliskova¹ 

¹New York Medical College 

Pannexin1 (Panx1) is an ATP releasing channel that plays important physio-pathological roles in various 

tissues, including the CNS. The first in vivo evidence that Panx1 plays a role in the maintenance of the 

epileptiform activity came from our group using mice with global deletion of Panx1 [Santiago et al., 2011 

PLOS One 6(9):e25178]. Using the KA-seizure model in 2 weeks-old mice, we demonstrated that opening 

of Panx1 channels contributes to the development of status epilepticus but has no effect on seizure 

initiation. Because Panx1 expression is ubiquitous, we here report on the relative contribution of 

astrocytes and neuronal Panx1 to seizures. Using the KA-seizure model in 3 weeks-old mice with Panx1 

deleted from neurons or astrocytes, we found a marked difference in the progression of seizures, such 

that mice lacking Panx1 in astrocytes displayed a much faster onset of forelimb clonus than did mice 

lacking Panx1 in neurons. Immunohistochemistry of brains of seized mice revealed increased adenosine 

kinase (ADK) reactivity only in mice with targeted deletion of Panx1 in astrocytes. The pre-treatment of 

mice with iodo-tubercidin, an inhibitor of ADK, delayed the onset of forelimb clonus and decreased 

immunoreactivity of ADK in mice lacking Panx1 in astrocytes without affecting either ADK staining or the 

time course of seizures induced by KA in control mice. These results show that astrocyte and neuronal 

Panx1 differentially contribute to seizure progression and suggest that Panx1 has both excitatory and 

inhibitory effects on brain activity depending on the cell type where it is expressed; in astrocytes, Panx1 

modulates ADK expression/function and thus alter the extracellular levels of the inhibitory modulator 

adenosine, while in neurons, Panx1 by releasing the ATP contribute to increase neuronal excitation. 

P-H-77 Investigating a seizure mechanism in Panx1 knockout zebrafish 

Paige Whyte - Fagundes¹, Daria Taskina¹, Nickie Safarian¹, Cristiane Zoidl¹, Peter Carlen², Georg Zoidl¹ 

¹York University, ²Krembil Research Institute 

The hallmark of epilepsy is recurrent seizures, which are spontaneous events wherein groups of neurons 

fire in coordinated bursts, along with concomitant glial and neurovascular activity. This epileptiform 

activity is associated with impaired brain functions, which may interfere with energy metabolism, 

changing osmolarity, pH, or producing endogenous toxins altering the balance of excitation and 

inhibition in the nervous system. Other than metabolic factors, important pathophysiological 

mechanisms include altered homeostasis of major excitatory and inhibitory neurotransmitters, 

glutamate, and GABA. In addition to focal brain lesions, such as trauma, ischemia, and tumors causing 

epilepsy, evidence from epidemiological, clinical and molecular studies suggest genetic as well as 

epigenetic contributions to epileptogenesis. To date, the exact roles of Panx1 in epilepsy have yet to be 

formally established, but several lines of evidence suggest that this channel protein is a molecular hub in 

cellular and physiological processes leading to seizures. <p>Altered GABAergic and purinergic signaling 

are implicated in modifying neuronal excitation leading to the transition from normal brain function to 

seizures. Evidence has emerged suggesting that Panx1, an interacting partner with purinergic (P2) 

receptors, has dual roles either increasing seizure activity or acting as an anticonvulsant. To resolve this 

conflict, zebrafish genetically modified with TALEN technology to lack Panx1 expression were used to 

study the mechanism behind the involvement of Panx1 in seizures. RNA-Seq analysis of Panx1 knockout 
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fish, which was confirmed using RT-qPCR, demonstrated a regulation of GABA receptor subtypes as well 

as various P2 receptor subtypes; consistent with reports demonstrating Panx1 and P2R interactions 

altering excitability in various cell types. Therefore, the mechanistic involvement of Panx1 and P2Rs was 

tested by in vivo electrophysiological field recordings taken from forebrain and tectal regions of 

immobilized zebrafish larvae in an experimental model of seizures induced by pentylenetetrazol (PTZ). 

These results were paired with standard behavioural testing to classify seizure stages. Together, results 

revealed that targeting Panx1 and P2Rs can mediate seizure activity and improve seizure outcomes. 

With almost 40% of epileptics having recurrent seizures uncontrolled by medication, these zebrafish 

lines represent a toolbox for exploring seizures from genes to behaviour; highlighting the interplay of 

Panx1 and P2Rs at the core of these investigations as an experimental platform for translational drug 

discovery. 

P-H-78 Pannexin1 channels and dopamine receptor signaling; old players and new prospects 

Nickie Safarian¹, Paige Whyte - Fagundes¹, Cristiane Zoidl¹, Georg Zoidl¹ 

¹York University 

The pannexin-1 gene (Panx1) encodes for a voltage-gated ATP release channel ubiquitously expressed in 

vertebrates from fish to humans. In the CNS panx1 expression is abundant in neurons of the visual, 

auditory, olfactory and gustatory systems. In excitatory neurons, Panx1 is located in the postsynaptic 

spine in a prominent location lateral to the postsynaptic density, exposing Panx1 channels to the 

dynamic molecular, structural, ionic and electrical changes in spines and in the synaptic cleft of actively 

communicating neurons. Different lines of evidence suggest that Panx1 channels are relevant for 

regulating synaptic transmission in the CNS and sensory systems acting as a significant molecular hub for 

signaling pathways involving the P2X/P2Y/P1 purinergic, ionotropic and metabotropic glutamate 

receptors, and α1/α2-adrenergic receptors. Genetic ablation of Panx1 in mice has profound 

consequences for CNS and sensory function, such as altered synaptic plasticity in the hippocampus, 

learning, and memory, and it can affect vision and hearing. The intellectual disability and sensorineural 

hearing loss found in the first human with germline mutation in Panx1 strongly supports the importance 

of this channel. <p>Aiming at a comprehensive perspective on Panx1 functions in synaptic transmission, 

we generated a zebrafish knock out model using TALEN technology. RNAseq demonstrated that loss of 

zebrafish panx1a had a distinct impact on the transcriptome; 931 mRNAs were upregulated and 

specifically genes involved in photo-transduction as well as in the development of the visual system. 

1901 mRNAs were downregulated genes representing the cells transportome, which collectively refers 

to ion channels, purinergic and neurotransmitter receptors, solute carrier (SLC) transporters and other 

related categories of proteins which provide a fundamental membranal/motile scaffold involved in the 

development and physiology of the nervous system. The observed molecular changes were confirmed 

by qPCR. In vivo electrophysiological recordings of local field potentials (LFPs) in the optic tectum 

showed specific alterations to gamma wave oscillations in response to light changes. The visual motor 

behavioral assay (VMR) demonstrated altered visual motor activity of panx1a-/- larvae. Larvae exhibited 

a disruption of the dopamine (DA) signaling pathway involving pre-synaptic dopamine synthesis and 

release processes and post-synaptic dopamine signaling through D2R-like pathways. Pharmacological 

interventions with dopamine receptors mimicked the wild type phenotype and were rescued by D2R 
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agonist treatment. Together, a novel mechanism was discovered affecting dopaminergic transmission 

and DA receptors in panx1a knockout larvae. We conclude that the association between Panx1 and 

dopaminergic signaling provides an opportunity to study roles of Panx1 in regulating synaptic 

transmission through dopamine in an animal model suitable for high-content analysis. 

P-H-79 Plasticity of electrical coupling in a sensory neural circuit contributes to modulation of 

behaviour by environmental context 

Katharina Elisabeth Fischer¹, Dennis Walzl¹, Karl Emanuel Busch¹ 

¹University of Edinburgh 

To survive, animals dynamically adjust their behaviour so that they can adapt to ever changing 

environmental conditions. The functional output of neural circuits is therefore never fixed but shaped by 

many factors such as previous experience, integration of multiple sensory inputs or metabolic state. 

With these diverse factors affecting their function, what mechanisms govern how neural circuits can 

generate adaptive behaviour? This question is particularly relevant for the maintenance of homeostasis 

of the body, where nervous systems must continuously monitor and respond reliably to sensory 

information key for survival, such as ambient oxygen levels. While numerous studies have investigated 

the roles of neuromodulatory signalling and chemical synaptic transmission in the plasticity of neural 

circuit function, the role and plasticity of electrical synapses in homeostatic adaptation is poorly 

understood. The nematode Caenorhabditis elegans provides a unique opportunity to explore how 

sensory responses are modulated by environmental context in the living organism. We focus on the 

neural circuit regulating oxygen homeostasis to investigate the impact of electrical coupling on O2 

responses during short and long-term exposure to environmental extremes. This circuit, based on just 

four sensory neurons, generates well-defined and reproducible behavioural responses to O2. Despite 

the circuit's structural simplicity, oxygen responses are highly plastic and shaped by previous experience 

and environmental context. To explore how electrical coupling contributes to context-dependent 

plasticity, we created a strain in which the O2 sensors can only signal via gap junctions to downstream 

neurons, and assayed oxygen responses while the animals were exposed to long or short-term 

environmental stresses such as high [CO2] or elevated temperature. We found a number of contexts 

where these environmental stresses alter O2 responses. Some of these contexts regulate behaviour 

independently of electrical coupling, while specific contexts appear to change behavioural output by 

modulating gap junction coupling. 

P-H-80 Myeloid Pannexin-1 channels promote neuroinflammation after traumatic brain injury 

JoonHo Seo¹, Miloni Dalal¹, Frances Calderon¹, Jorge Contreras¹ 

¹Rutgers University 

Neuroinflammation is a major component of secondary damage after traumatic brain injury (TBI). The 

activation of inflammatory cells at the injury site causes the release of pro-inflammatory cytokines and 

chemokines, which mediates the recruitment of more microglia and leukocytes to the injury site. If this 

process persists or exacerbates, it prevents the resolution of the inflammation and enhances secondary 

injury damage. Elevated extracellular levels of adenosine 5′-triphosphate (ATP) released upon injury 

have been shown to be pro-inflammatory. Recently, Pannexin-1 (Panx1) channel proteins have been 
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identified as an important conduit for ATP release from dying cells, enhancing the inflammatory 

response in peripheral immune cells. Our previous work has shown that pharmacological inhibition of 

Panx1 channels reduces neuroinflammation and improves outcome after TBI. In addition, we found that 

Panx1 blockers significantly decrease ATP release and migration from activated microglia and 

macrophages cell lines in vitro. In the present work, we generated a myeloid-specific Panx1 conditional 

knockout (cKO) mice to examine the monocyte/microglia specific role of Panx1 in brain trauma. Using 

the murine controlled cortical impact (CCI) as a model of TBI, we report that the CCI induced markedly 

reduced immune cell infiltration to the parenchyma in the Panx1 cKO mice compare to flox/flox mice. 

Magnetic resonance imaging shows reduced blood brain barrier leakage to the parenchyma of CCI-

injured Panx1 cKO mice when compared to CCI-injured flox/flox mice. Consistently, biomarkers of tissue 

damage and blood brain barrier leakage were also reduced in the Panx1 cKO mice after CCI. An 

improved motor and memory function after CCI were observed in Panx1 cKO mice when compared to 

flox/flox mice. Using dye uptake and flow cytometry, we confirmed that Panx1 channel are gated 

specifically in myeloid cells isolated from the CCI-injured brain, but not sham mice. We propose that 

activation of Panx1 channels in myeloid cells is a major contributor to the pathologies following TBI, and 

that myeloid Panx1 channels may serve as an effective therapeutic approach to improve outcome after 

TBI. 

P-H-81 Role of Cx30 in neurogenesis and hippocampal function 

Shannon Thompson¹, Stephanie Fowler¹, Graeme Taylor¹, Steffany Bennett¹ 

¹University of Ottawa 

Connexin 30 (Cx30) is a member of the large gap-junction proteins. In the CNS, Cx30 is expressed in 

astrocytes and plays a role in cell proliferation, migration and differentiation during brain development. 

Recently, Cx30 has been detected in (a) type one neural stem cells and (b) progenitor cells in the sub 

granular zone (SGZ) of the hippocampus where its absence is marked by increased cell proliferation and 

enhanced overall survival of newborn cells. However, until now, the behavioural phenotype of Cx30 WT 

and KO mice remained elusive. Using a battery of behavioural tests, I present here Cx30 WT and KO mice 

do not display elevated anxiety, nor autistic-like behaviours. However, Cx30 KO showed learning and 

memory impairments in the MWM test, where Cx30 KO mice exhibited longer escape latencies and had 

reduced capacity to switch navigational search strategies to efficiently locate the hidden platform. I 

further show in vitro and in vivo that NG2-Glia (Cx32):NPC (Cx30) communication regulates type 1 and 

type 2a neural progenitor cells proliferation. Further, I show that Cx30-mediated gap junctional 

intercellular communication between astrocytes and type 1 and 2a NPCs is sufficient to induce 

neurogenesis in vitro. These data provides evidence that Cx30 impacts neural stem cell division in the 

SGZ which may affect proper cognitive function. 

P-H-82 Diversity and loss of diversity in connexins used as electrical synapses 

John O'Brien¹, Eduardo Rosa-Molinar² 

¹University of Texas Health Science Center at Houston, ²University of Kansas 

At least 5 connexins are known to form electrical synapses in mammals, but a large majority of electrical 

synapses are formed from Cx36 or gjd2. Early work on retinal connexins in fish also identified Cx34.7, a 
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connexin closely related to Cx36 and subsequently labeled gjd1. A number of studies in fish have 

determined gjd1 and gjd2 to occupy distinct niches, with gjd1 forming peri-synaptic and gjd2 non-

synaptic electrical synapses in the same retinal cone photoreceptors, and gjd1 and gjd2 forming 

heterotypic electrical synapses in glutamatergic mixed synapses with gjd1 exclusively post-synaptic and 

gjd2 exclusively pre-synaptic. This study was undertaken to investigate the evolutionary conservation of 

these electrical synapse genes. Methods: Data from whole genome sequencing projects were BLAST 

searched for gjd1 and gjd2 genes, identifying both annotated and un-annotated genes. In species with 

advanced genome assemblies, gene positions were examined in the NCBI genome browser. Sequence 

analyses were performed on translated amino acid sequences using Phylip version 3.695. Results: Two 

genes related to gjd1 and gjd2 can be found throughout the vertebrates. In the gnathostomes, these 

genes are clearly gjd1 and gjd2, while in the more basal cyclostomes, the two genes are most closely 

related to each other and are intermediate in character between gjd1 and gjd2. Related genes were not 

found in tunicates, although connexin-like genes are present. gjd1 and gjd2 amino acid sequences have 

subtle but distinctive distinguishing characteristics that remain conserved throughout the gnathostome 

vertebrates. gjd1 has been separately lost in mammalian and crocodilian lineages, leaving only gjd2 as a 

dominant electrical synapse gene. In teleost fish, a genome duplication event has resulted in duplication 

of both gjd1 and gjd2, resulting in 4 connexin genes coding for the predominant electrical synapses in 

model organisms such as zebrafish and perch. Within these groups, gjd2b has retained a remarkably 

high degree of sequence conservation, while gjd2a has diverged somewhat more. Likewise, gjd1b has 

retained a high degree of sequence conservation while gjd1a has diverged more. In one lineage of 

teleost fish including the Ovalentaria, gjd2a has been lost. This lineage includes model organisms such as 

Medaka, pufferfish and Gambusia. Conclusions: The presence of two related electrical synapse genes 

throughout the vertebrate lineage has allowed for the use of different connexins in specialized niches 

within the central nervous system. The loss of gjd1 in mammals and crocodilians has left these groups 

without a specialized electrical synapse gene. This may account for the lack of observed peri-synaptic 

electrical synapses in mammalian photoreceptors and the relative sparsity of mixed synapses observed 

in the mammalian CNS. Support: R01EY012857, P30EY028102 and Louisa Stude Sarofim endowment 

P-H-83 Inhibition of connexin hemichannels and Pannexin1 channels decreases Cortical Spreading 

Depression phenomena and changes on transcriptomic profile studied in brain slices 

Anibal Vargas¹, Juan Tichauer², Paola Fernandez³, Juan Sáez³, Juan Montiel¹, Maximiliano Rovegno² 

¹Universidad de O'Higgins, ²Pontificia Universidad Católica de Chile, ³Universidad de Valparaíso 

Inhibition of connexin hemichannels and Pannexin1 channels decreases Cortical Spreading Depression 

phenomena and changes on transcriptomic profile studied in brain slices. A. Vargas1,4, J. Tichauer2, P. 

Fernández3,4, JC. Saéz3,4, J. Montiel1,5, M. Rovegno2 1. Instituto de Ciencias de la Salud, UOH. 2. 

Departamento de Medicina Intensiva, Facultad de Medicina, PUC 3. Departamento de Fisiología, 

Facultad de Ciencias Biológicas, PUC 4. Instituto de Neurociencias, CINV, UV. 5. Centro de Investigación 

Biomédica, CIB, Facultad de Medicina, UDP Introduction: Cortical spreading depression (CSD) is a 

massive slow brain depolarization that affects neurons and glia. Acute brain injuries can be complicated 

by CSD in more than 50% of severe cases. It produces a metabolic overload that increments secondary-

damage. The mechanisms associated with its initiation, propagation and transcriptomic profiles changes 
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associated to CSD are not clear. Here, we described a relevant connexin hemichannel (CxHC) and 

pannexin-1 (Panx1) role in the initiation of CSD phenomena induced by brief high K+e concentration in 

murine brain slices, simulating a traumatic brain injury condition. Methods: CSD was induced in brain 

slices, by 3M KCl puff and evaluated by a real-time-lapse record. CxHC and Panx1 activity was evaluated 

by ethidium uptake and [Ca2+]i (FURA signal). Blockers of CxHC (La3+, TAT-GAP19), Panx1 (probenecid) 

or both (carbenoxelone) were used to understand their contribution in the initiation and/or propagation 

phenomena. Experimentally validated functional and protein-protein interaction networks of CxHC and 

Panx1 were constructed using STRING v.11 and compared to hippocampal differentially expressed 

transcripts (Bonferroni corrected P<0.05 and two-fold changes) in order to define functional gene 

expression pathways associated to traumatic brain injury. Results: The distance/speed of swelling wave 

induced by CSD was more sensitive to effect of probenecid than CxHC inhibitors. Furthermore, ethidium 

uptake and Ca2+i increased signal induced by CSD were completely prevented by probenecid. 

Surprisingly, transcriptomic networks exhibited a Cx43 phosphorylation pathway overexpressed in the 

hippocampus but no other cerebral-connexin like Cx26, Cx32, Cx36 or Panx1 involvement. Discussion: 

Preliminary results suggest a dominant role of Panx1 channels in CSD initiation. Cortical Panx1 activity is 

triggered by high K+e in brain cells including neurons and astrocytes. Phosphorylate-related Cx43 gene 

pathways, but not Panx1 functional interactions, were activated in the hippocampus after CSD, which 

could be associated to inflammation as a leading secondary-damage process after CSD. Cerebral cortical 

transcriptome analysis along with physiological recording and specific inhibition will allow us to 

elucidate Panx1 and associated pathways involvement in CSD model. 

P-H-84 Coupling architecture of the retinal Aii/ON cone bipolar cell network and alteration in 

degeneration 

Crystal Sigulinsky¹, Rebecca Pfeiffer¹, James Anderson¹, Christopher Rapp¹, Jeebika Dahal¹, Jessica Garcia¹, 

Jia-Hui Yang¹, Daniel Emrich¹, Hope Morrison¹, Kevin Rapp¹, Carl Watt¹, Mineo Kondo², Hiroko Terasaki³, 

Robert Marc¹, Bryan Jones¹ 

¹Moran Eye Center, University of Utah, ²Mie University, ³Nagoya University 

Background and aim: Gap junctions are prevalent throughout the neural retina, with expression by 

every major neuronal class and at every level of signal processing. Yet, the functional roles and 

expressing cells/participating networks for many remain unknown. Spontaneous network hyperactivity 

observed during retinal degeneration contributes to visual impairment and requires gap junctional 

coupling in the Aii amacrine cell/ON cone bipolar cell (CBC) network. However, it remains unclear 

whether this hyperactivity reflects changes in the underlying circuitry or dysfunction of the normative 

circuitry. Here, we used connectomics-based mapping of retinal circuitry to 1) define the coupling 

architecture of the Aii/ON CBC network in healthy adult rabbit retina using connectome RC1 and 2) 

evaluate changes in coupling motifs in RPC1, a pathoconnectome from a rabbit retinal degeneration 

model. Methods: RC1 and RPC1 are connectomes built by automated transmission electron microscopy 

at ultrastructural (2 nm/pixel) resolution. RC1 is a 0.25 mm diameter volume of retina from a 13-month 

old, light adapted female Dutch Belted rabbit. RPC1 is a 0.07 mm diameter volume of degenerate retina 

from a transgenic P347L model of autosomal dominant retinitis pigmentosa (10-months old, male, New 

Zealand White background) presenting with ~50% rod loss. ON CBCs, Aii amacrine cells, and their 
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coupling partners were annotated using the Viking application. Coupling motifs and features were 

explored with 3D rendering and network graph visualization. Gap junctions were validated by 0.25 nm 

resolution recapture with goniometric tilt when necessary. Results: Complete reconstruction of 37 ON 

CBCs in RC1 yielded 1339 gap junctions and revealed pervasive in- and cross-class coupling motifs 

among ON CBCs that produce complex network topologies within the coupled Aii network. Robust 

rulesets underlie class-specific coupling profiles with specificity defined beyond geometric opportunity. 

These coupling profiles enabled classification of all 145 ON CBCs contained within RC1 into 7 distinct 

classes. In RPC1, two ON CBC classes appear to retain their class-specific coupling profiles, accepting and 

rejecting specific combinations of Aii and ON CBC class partnerships. However, aberrant partnerships 

exist, including both loss of motifs and acquisition of novel ones. Conclusions: Gap junctions formed by 

ON CBCs are prominent network components, with specificity rivaling that of chemical synapses. These 

gap junctions not only subserve canonical signal transfer for night vision, but also extensive coupling 

within and across the parallel processing streams. Clearly aberrant morphological and synaptic changes 

exist in RPC1, including changes in the coupling specificity of both Aii and ON CBCs. Thus, circuit 

topology is altered prior to complete loss of rods, with substantial implications for therapeutic 

interventions for blinding diseases that depend upon the surviving retinal network. 

P-H-85 Pannexin 1 regulates neuronal networks and dendritic spine formation in cortical neurons 

Juan Sanchez-Arias¹, Mei Liu¹, Catherine Choi¹, Sarah Ebert¹, Craig Brown¹, Leigh Anne Swayne¹ 

¹University of Victoria 

Background and Aim: Pannexin 1 (Panx1), one of the members of the pannexin channel-forming protein 

family, is highly enriched in the early postnatal brain. Work from our group has established that Panx1 

regulates neurite outgrowth in vitro and interacts with multiple neuronal cytoskeletal elements, while 

work by others have associated Panx1 with synaptic plasticity. Based on these premises, we investigated 

the impact of Panx1 deletion on the formation of neuronal networks and dendritic spines, the 

microscopic protrusions that grow from dendrite shafts and enable excitatory neurotransmission 

between interconnected neurons. Methods: We used Ca2+ imaging and in silico network analysis to 

investigate spontaneous neuronal network activity in wildtype (WT) and Panx1 KO primary cortical 

neuronal cultures. Because dendritic spines provide the structural basis for converging excitatory 

synapses and their formation is required to incorporate neurons into networks, we measured dendritic 

spines in WT and Panx1 (global and cortical-glutamatergic specific) KO layer 5 somatosensory pyramidal 

neurons labelled with a lipophilic dye, DiI, as well as in WT and Panx1 KO cortical neuronal cultures using 

phalloidin. In parallel, we also examined protein expression of postsynaptic glutamate receptors and the 

scaffolding-protein PSD-95 in synaptosome fractions from WT ad Panx1 KO cortices. Results: Panx1 KO 

cortical cultures exhibited more and larger spontaneous groups of co-activated neurons, known as 

network ensembles. Based on our previous work demonstrating Panx1 negatively regulates neurite 

growth, we hypothesized that an increase in dendritic spine density could account for these network 

activity differences. Accordingly, Panx1 KO layer 5 somatosensory pyramidal neurons showed significant 

increases in spine densities at P14 and P29, a critical period for dendritic spine and synapse formation. 

Dendritic spine length was not different between groups, suggesting the additional spines in Panx1 KO 

neurons are of similar nature to those of WT littermates. Similar observations in Panx1 KO primary 
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cortical neurons and our cortical-glutamatergic specific Panx1 KO demonstrated this dendritic spine 

phenomenon is cell-autonomous. Moreover, analysis of protein expression in synaptosome fractions 

revealed significant increases in PSD-95, GluA1, and GluN2A in Panx1 KO cortices. Conclusion: Taken 

together, our findings point to a new role of Panx1 in the formation of neuronal networks by acting as a 

'brake' for the development of dendritic spines in cortical neurons. Note that a manuscript describing 

this work (Sanchez-Arias et al. 2019) is currently under review (eN-NWR-0503-18R1). 

I – Sensory system 
P-I-86 Formation of heteromeric Cx26S17F/Cx30 channels in syndromic deafness and its functional 

consequences on channel function and purinergic responses 

Ana Abbott¹, Jaime Maripillán¹, Mauricio Reyna¹, Helmuth Sánchez¹, Agustín Martínez¹ 

¹Universidad de Valparaíso 

Deafness is the most common condition associated with mutations in connexin genes, being mutations 

in Cx26 gene (GJB2) the most prevalent. Specific mutations in Cx26 also produce syndromic deafness, 

like Keratitis-Ichthyosis-Deafness (KID) syndrome, in which patients with deafness manifest alterations in 

the skin, alopecia, bad nail formation, autoamputation of the last phalanges of the fingers and even 

blindness. In the main organs affected by KID, Cx26 is co-expressed with Cx30, in the skin they are 

coexpressed in basal keratinocytes, and in the cochlea, in different types of supporting cells (SC). One 

mutation observed in KID patients is mutation Cx26S17F, which affect the N-terminal of Cx26, a Cx 

segment that is involved in the closure and opening of hemichannels (HC). Previously we determined 

that Cx26S17F form aberrant hyperactive heteromeric channels with wild type Cx43, which may explain 

the disease phenotype in the skin. However, Cx26 is not coexpressed with Cx43 in the cochlea, but is 

largely colocalized with Cx30. Therefore, in this study we investigated the functional properties of 

heteromeric channels formed by Cx26S17F and Cx30. First, we observe that Cx26S17F interact with Cx26 

in exogenous expression systems, like HeLa cells, forming heteromeric hemichannels (HC). Second, we 

found that heteromeric HC formed by Cx30 and Cx26S17F are hyperactive, but gap junction channels 

formed by these HCs are less active. Third, the heteromeric HC formed by Cx26S17F and Cx30 HC have 

reduced responses to extracellular calcium (Ca+2e), and they do not respond to HC blocker La+3. 

Because ATP is a very relevant paracrine molecule in the cochlea, we evaluated the ATP-induced Ca+2 

response in HeLa cells expressing different Cxs. In the presence of Ca+2e, cells expressing 

Cx26S17F/Cx30 HC showed decreased response to the stimulation with ATP. Likewise, cells expressing 

Cx27S17/Cx30 showed diminished response to ionomycin. Both results suggest an increased basal level 

of Ca+2i, which could be part of the symptoms in KID. In addition, spontaneous Ca+2 signal was 

detected in almost 70% of cells expressing Cx26S17F/Cx30 but very few cells co-expressing wild type 

Cx26/Cx30 present spontaneous Ca+2 signals. Similar results have been found in cochlear explants from 

Cx26F17F cKI mice model, where Ca+2 responses induced by ATP are reduced in some SC. 

Aknowledgments to: Beca Doctorado Nacional CONICYT (AA), Beca Puente (AA), Fondecyt (AM), 

Instituto Milenio (AM) 

P-I-87 Sensorimotor behavior in the Connexin-35b (Cx35b) knock-out Zebrafish (Danio Rerio) 

Cherie Brown¹, Georg Zoidl¹ 

¹York University 
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In mammals, connexin-36 (Cx36) is the major component of electrical synapses, also found alongside 

chemical synapses in mixed synapses throughout the vertebrate brain. This research aims to elucidate 

the role of Cx36 in sensorimotor circuitry in an animal model suitable for fundamental and statistically-

strong in-vivo studies. The zebrafish (Danio rerio) is ideal for this purpose as a well characterized model 

for genetic, developmental, and behavioral studies. Here, targeting the gjd2b gene was the primary 

focus since its corresponding ortholog, Cx35b, demonstrates the highest sequence similarity to Cx36. 

Although previous studies have demonstrated that Cx35b is highly expressed in the visual system, the 

motor-controlling Mauthner neurons and throughout the brain, current literature has yet to explicitly 

explore its contributions to circuitry or behavioral phenotypes. As such, we hypothesized that complex 

alterations to neuronal circuitry via Cx35b knock-out (KO) would affect vision, sensorimotor gating and 

plasticity-dependent cognitive processing. We suspect that the evolutionary divergence of the GJD2 

gene has led to unique morphological and physiological properties of each Cx36 ortholog. As such, 

zebrafish could serve as an ideal model organism investigate the functionality of Cx35b in vivo and to 

better elucidate the multiple cellular roles of mammalian Cx36. Targeted ablation of Cx35b was achieved 

using Cas9/CRISPR technology by delivering sgRNAs by microinjection at the 1- to 2-cell stage of 

embryonic development. Adult homozygous Cx35b KO fish showed no morphological abnormalities and 

bred normally. For high-throughput analyses, sensorimotor phenotypes were determined in six- (6dpf) 

and seven-day old (7dpf) larvae when all major brain areas, including sensory organs, are developed 

which allows testing of locomotor behavior under different light conditions. Cx35b KO larvae did not 

present any noticeable malformations nor did the KO interfere with the physical development of the 

larvae as determined by the heartrate and head-to-tail measurements. Alterations in neuronal circuitry 

was determined by tracking locomotor activities including swim speed, distance, burst, freeze, and total 

swim duration in KO and wild-type (WT) age-matched larvae. Normal swimming behaviors controlled by 

the central pattern generators (CPG) circuitry appeared functionally intact in Cx35b KO larvae as 

determined by the comparable swim speed between KO and WT larvae. However, the Mauthner-driven 

burst swimming was significantly impaired in Cx35b KO in light and dark conditions. Cx35b KO larvae 

also demonstrated more anxiety-like behavior shown by an increase in their freeze duration. 

Additionally, optomotor responses were compromised in KO larvae suggesting severe visual 

impairments. To our knowledge, we are the first to demonstrate that Cx35b is critical in modulating 

Mauthner-neuronal circuity integrating sensory perception, particularly vision, and locomotion. 

J- Therapeutic applications 
P-J-88 The lipidated connexin mimetic peptide, SRPTEKT-Hdc, is a potent inhibitor of Cx43 channels 

with specificity for the pS368 phospho-isoform 

Maura Cotter¹, Paul Lampe², Joell Solan², Josef Vagner¹, Jose Ek-Vitorin¹, Janis Burt¹ 

¹University of Arizona, ²Fred Hutchinson Cancer Research Center 

Connexin (Cx) mimetic peptides derived from extracellular loop II sequences (e.g. Gap 27: SRPTEKTIFII; 

Peptide5: VDCFLSRPTEKT) have been used as reversible, Cx-specific blockers of hemichannel (HCh) and 

gap junction channel (GJCh) function. These blockers typically require high concentrations (HCh: ~5 μM, 

< 1 hour; GJCh: ~100 μM, > 1 hour) to achieve inhibition. We have shown that addition of a hexadecyl 

(Hdc) lipid tail to the conserved SRPTEKT peptide sequence, SRPTEKT-Hdc, results in a novel, highly 
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efficacious and potent inhibitor of mechanically-induced Ca2+-wave propagation (IC50: 64.8 pM) and 

HCh-mediated dye uptake (IC50: 45.0 pM) in Madin-Darby canine kidney cells expressing rCx43 

(MDCK43). The lack of similar effect on dye coupling suggested channel conformation-specific inhibition. 

Here we report that SRPTEKT-Hdc inhibition of Ca2+-wave propagation, dye coupling, and dye uptake 

depended on the functional configuration of Cx43 as determined by phosphorylation at serine 368. 

Ca2+-wave propagation was enhanced in MDCK cells expressing single site mutants of Cx43 that 

mimicked (MDCK43-S368D) or favored (MDCK43-S365A) phosphorylation at S368 as well as in wild-type 

MDCK43 cells with PKC-induced phosphorylation at S368. Further, SRPTEKT-Hdc potently inhibited GJCh-

mediated Ca2+-wave propagation (IC50: 230.4 pM), dye coupling, and HCh-mediated dye uptake in 

MDCK43-S368D, -S365A, and PKC agonist-treated MDCK43 cells. In contrast, Ca2+-wave propagation, 

dye coupling, and dye uptake were largely unaffected (IC50: 12.3 μM) by SRPTEKT-Hdc in MDCK43-

S368A and -S365D cells, mutations that mimic or favor dephosphorylation at S368, as well as in MDCK43 

cells in which PKC was inhibited to eliminate pS368. Together, these data indicate that SRPTEKT-Hdc is a 

potent inhibitor of physiologic Ca2+-wave signaling mediated specifically by the pS368 phospho-form of 

Cx43. 

P-J-89 Cx43 gap junctions are essential for cellular delivery of therapeutic oligonucleotides 

Virgis Valiunas¹, Chris Gordon¹, Laima Valiuniene¹, Richard Lin¹, Ira Cohen¹, Peter Brink¹ 

¹Stony Brook University 

Background and aim: In cancers, anomalies in gene programs can occur affecting cell function. Delivery 

of oligonucleotides (siRNA/miRNA) targeting specific genes can have a profound effect regulating 

cellular function, and thus has potential in cancer therapy. We examined the capability of human 

mesenchymal stem cells (hMSC) to deliver two synthetic oligonucleotides (AllStars Cell Death siRNA and 

miR-16 mimic) to tumor cells via gap junctions in vitro. hMSCs possess functional gap junction channels 

(Valiunas et al., 2005) and can be loaded with siRNA/miRNA. We now hypothesize that specific 

miRNA/siRNA can be delivered via Cx43 gap junctions and suppress tumor cell growth. Methods: We 

targeted three human cancer lines: prostate cancer (PC3), pancreatic cancer (PANC1) and cervical cancer 

(HeLa) cells. All three lines express Cx43 either endogenously (PC3, PANC1) or were stably transfected 

(HeLaCx43). Cx43 expression was demonstrated by western blots and immunohistochemistry, while 

functional heterologous gap junction coupling of hMSCs and cancer cells was tested via double patch 

clamp and/or cell-cell fluorescent dye transfer. To evaluate tumor cell growth, seeded cells were 

monitored and counted in the same areas of interest over time (up to 96 hrs). Results: We found that 

direct transfection of AllStars siRNA induced cell death in all cell lines. Transfection with mir-16 mimic 

inhibited cell growth for all tumor cells and significantly (~14 times) decreased PC3 cell number over 96 

hrs. For gap junction mediated cellular transfer, the source hMSCs were transfected with 100nM AllStars 

siRNA and co-cultured for 72-96 hrs with the target PC3, PANC1 and HeLaCx43 cells. This induced cell 

death and the cell number of all target cancer lines was significantly reduced (up to 95%). When miR16-

mimic loaded hMSCs were co-cultured with PC3 cells, PC3 cell growth rate was reduced by ~97% in 

comparison to control cells. To eliminate Cx43 gap junction mediated delivery in co-culture experiments, 

we used connexin deficient HeLaWT (wild-type cells). Furthermore, in PANC1 and PC3 cells, endogenous 

Cx43 was knocked out via CRISPR/Cas9 gene editing. HeLaWT cells co-cultured with AllStars siRNA 
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loaded hMSCs exhibited significant growth with cell number increasing ~2 times over 96 hrs. PANC1-

Cx43KO and PC3-Cx43KO cells also proliferated at a similar rate in co-culture with hMSCs loaded with 

AllStars siRNA or miR-16 mimic, respectively. Compared to their control counterparts, PC3-Cx43KO, 

PANC1-Cx43KO and HeLaWT cells were resistant to the growth inhibitive hMSCs loaded with siRNA/miR-

16. Conclusions: These data show that Cx43 mediated coupling between donor and target cancer cells is 

essential for cellular delivery of therapeutic siRNA/miRNA. Gap junction mediated delivery is far more 

effective than extracellular transfer and an essential factor in delivering to tumors synthetic nucleotides 

that can significantly reduce tumor cell growth. Support: NIH R01GM088181(VV) 
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