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SUNDAY 17th July 2022 
 
 

09.30 – 10.15 KEYNOTE 1 
 
FROM CALCIUM TO CONNEXINS: FROM THE HEART OF MATTER TO THE 
BRAIN OF THOUGHTS.  
Prof. Luc Leybaert 
Full Professor, Head of the Physiology Group, Dept. of Basic & Applied Medical 
Sciences, Faculty of Medicine & Health Sciences, Ghent University, Belgium 

 
I will start this talk with an overview of the link between connexin channels and 
cellular calcium signaling, followed by a brief account on the search for specific 
blockers of Cx43 hemichannels. With these basic players in the hand, I will then 
embark on possible roles and contributions of hemichannels in cardiac 
arrhythmogenesis and on disturbed blood-brain barrier function in response to 
systemic inflammation and brain irradiation. 
 
Biography  
Dr. Luc Leybaert is a Professor of Physiology at the Faculty of Medicine and Health 
Sciences, Ghent University, Belgium. He was trained as an electronic engineer, 
continued with an M.D. degree and pursued with a PhD in Physiology and 
Pathophysiology, all at Ghent University, Belgium. He continued as a postdoc in 
the lab of Prof. M. Sanderson at University of Massachusetts Medical School 
investigating calcium wave propagation by connexin-related mechanisms in brain 
glial and endothelial cells (1995-1997) and pursued further training at several sites 
including the lab of Prof. P. Feltz (Dept. General Physiology, U. Strasbourg, 
France, 1992) and Prof. H. Kettenmann (Dept. Cellular Neuroscience, Max 
Delbrück Ctr for Mol. Medicine, Berlin, Germany, 2003). He became assistant 
professor at Ghent University in 1997, associate professor in 2005 and full 
professor in 2006. His teaching activities cover cell physiology, neurophysiology, 
endocrine physiology and physiology of the kidneys & water/ion homeostasis in 
the Medical and Biomedical curricula. He took several institutional research 
responsibilities at Ghent University and Ghent University College from 2011 to 
2018. He received a prize from the Belgian ‘Queen Elisabeth Medical Foundation’ 
for his work on astroglial Cx43 hemichannels as a potential therapeutic target. His 
postdoc team of Dr. Elke Decrock, Dr. Marijke De Bock and Dr. Nan Wang received 
the Galenus prize 2015 for their work on hemichannel inhibiting peptides. 
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16.45-17.30 KEYNOTE 2 
 
AN UNEXPECTED JOURNEY: FOLLOWING PANNEXIN 1 ON THE ROAD TO 
UNDERSTANDING THE DEVELOPMENT OF NERVE CELL CONNECTIONS 
Dr. Leigh Anne Swayne 
Associate Professor in the Division of Medical Sciences at the University of Victoria in 
Victoria, British Columbia, Canada. 

 
Compromised nerve cell connection stability is a hallmark of several neurological 
diseases. Despite its translational importance, the mechanisms underlying nerve 
cell connection stability remain poorly understood. Overall, our work has revealed 
the pannexin 1 (PANX1) ion and metabolite channel protein inhibits the 
stabilization of nerve cell connection structures called dendritic spines. We have 
arrived at this destination via intersecting paths of investigation using a variety of 
neural cell and tissue systems/models, starting with neural precursor cells. From 
our unexpected finding that PANX1 regulates the outgrowth of neural precursor 
cell processes called neurites, 'following the science' led us to the study of 
PANX1 in the development of dendritic spines. Along this journey, we have used 
a combination of advanced microscopy and biochemical tools to define PANX1’s 
neurodevelopmental expression patterns, protein-protein interactions, trafficking, 
and impact on neuronal morphology. The outcomes of these studies have 
brought us to our current working model that PANX1 inhibits dendritic spine 
stabilization by sequestering key cytoskeletal-regulating proteins. Although we 
have come quite far in our understanding of PANX1 regulation of nerve cell 
connections, there is still a long and exciting journey ahead. 
 
Biography  
Dr. Leigh Anne Swayne, PhD, is a cell biologist and Professor in the Division of 
Medical Sciences at the University of Victoria, in Victoria, British Columbia, 
Canada. Leigh Anne studies the connections between cell shape and function in 
the brain and heart, in the context of development and disease. Her work focuses 
primarily on investigating the roles of ion channels and ion channel-interacting 
proteins, and uses a combination of advanced microscopy and biochemistry 
approaches. Leigh Anne is passionate about ‘following the science’ and creating 
opportunities for new scientists to join along in the fun. Leigh Anne contributes to 
the promotion of equity, diversity and inclusion, both in academic settings as well 
as in science outreach. Outside of science, Leigh Anne is a life-long avid 
sportsperson. 
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MONDAY 18th July 2022 
 
 
09.00-09.45 KEYNOTE 3 
 
CONNEXIN MEDIATED COMMUNICATION: BRIDGING THE GAP - A GAP 
JUNCTION FAMILY PERSPECTIVE. IN MEMORY OF PROFESSOR HOWARD 
EVANS 
Dr. Patricia Martin 
Reader in Cell Biology, Department of Biological and Biomedical Sciences, School of 
Health and Life Sciences, Glasgow Caledonian University 

 
Gap Junctions were first identified in the 1960s, when low resistance electrical 
interactions were associated with hexagonal units located at points of cell to cell 
contact. The late Professor Howard Evans was a pioneer in these studies, and in 
the early 1990’s recognised the potential of connexin mimetic peptides such as 
Gap26 and Gap27 as pivotal tools for regulating channel behaviour. During the 
1990s a major focus of the Evans team dissected the trafficking and assembly 
pathways of Connexins while the development of Connexins tagged with reporter 
proteins, such as Aequorin and GFP, brought the dynamics of connexin 
trafficking and signalling events to life. With the recognition that dysfunctional 
connexin expression is associated with a wide array of clinical diseases, these 
tools have enabled us to dissect the molecular mechanisms underpinning diverse 
connexin channelopathies.  Within the skin an array of connexin subtypes are 
expressed, each with a unique role and expression profile. Dysregulation of both 
Connexin 43 and Connexin 26 are primarily associated with chronic non-healing 
wound events and conditions such as psoriasis. The development of 3D 
organotypic models, use of primary human skin cells, connexin mimetic peptides 
and siRNA knockdown strategies have enabled the dissection of connexin 
mediated communication in such conditions. Mutations arising in Cx26, 30 and 
31 are linked with epidermal dysplasia of differing severities. Using mouse 
models and cell based assays alterations in the skin microbiome clearly emerge 
as key regulators of Connexin hemichannel activity leading to inflammation and 
hyperproliferative responses. The talk will explore the progression of early studies 
and collaboration networks stemming from the Evans Team, that paved the way 
for the increasing recognition that connexins are prime therapeutic targets for 
future development in diverse clinical settings.  
 
Biography  
Patricia is Reader in Cell Biology, and Principal Investigator within the School of 
Health and Life Sciences at Glasgow Caledonian University. In 2017 she hosted 
IGJC2017 in Glasgow, attracting over 200 international delegates. She joined 
Professor Howard Evans research team as a Postdoctoral Fellow in 1994 at the 
University of Cardiff where she established her interest in Connexin Research. In 
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2004 she was appointed lecturer in Cell Biology at GCU and set up the GCU 
Connexin Research Team collaborating closely with industry and clinicians; she 
has secured > £1.5M in funding (e.g. BBSRC, British Skin Foundation, Medical 
Research Scotland), supervised over 10 PhD students and published widely in 
the field (>60 publications). As part of the GCU-Bio Research-Teaching Team 
Patricia is Postgraduate Research Tutor responsible for a cohort of over 20 Bio-
PhD students and teaches widely on Undergraduate and MSc Biomedical 
Science programmes. Before joining the International Gap Junction research 
community Patricia held postdoctoral fellowships at the Department of 
Entomology, University Wageningen, The Netherlands (1992-1993) and the 
Institute of Virology, University of Wurzburg, Germany (1991-1992). She has a 
PhD in Molecular Virology from the University of Warwick and graduated with 
BSc Hons in Biochemistry with Microbiology from St Andrews University. 
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TUESDAY 19th July 2022 
 
 
09.00-09.45 KEYNOTE 4 
 
OUR JOURNEY AWAY FROM NMR, ALL BECAUSE OF PYK2 
Prof. Paul Sorgen 
Professor at the Deparment of Biochemistry and Molecular Biology, College of 
Medicine. University of Nebraska Medical Center 
 
I was asked when interviewed at UNMC, are you an NMR spectroscopist or 
biochemist? Not sure why asked; however, I responded “a biochemist.” I spent 
my graduate studies cloning plasmids and running F1F0 ATP synthase 
experiments and it wasn’t until my post-doc where I learned NMR. I felt like I was 
trained such that my lab would be directed by the scientific question and not one 
technique. Years later I asked my Chair about that question, and he wanted to 
make sure my science did not rely solely on NMR. How important this would be! 
For years and with the help of great collaborators, I focused on known proteins 
that regulate GJIC to gain a better mechanistic understanding of the interaction 
via biophysical techniques. However, we were running out of proteins to 
characterize. Thus, we performed screens which generated a long list of potential 
novel binding partners. It was here where we developed our curiosity to go 
beyond the site of interaction and identify their importance in GJ regulation. Thus, 
cell biology and animal studies were introduced into the lab. HeLaCx43 and 
HEK293T cells revealed that Pyk2 is activated by Src, and active Pyk2 interacts 
with Cx43 to decrease GJIC. Pyk2 has a greater impact on Cx43 phosphorylation 
than Src. Inhibiting active Pyk2 in NRVMs reverses the PMA mediated decrease 
in contraction by increasing Cx43 at the plaque. Inhibiting active Pyk2 also 
improved cardiac output and stroke volume in MI-rats (statistically not different 
from Sham). This was caused, in part, by preventing Cx43 lateralization. Keeping 
with the theme of “boldly going where the lab has not gone before,” ongoing 
studies are using a cardiac-specific conditional Pyk2 knockout mouse model and 
hydrogel to directly target the Pyk2 inhibitor to the heart, as well as to identify 
non-connexin benefits of inhibiting Pyk2. 
 
Biography  
Paul Sorgen received his B.S. (Zoology, ‘93) and Ph.D. (Biochemistry and 
Molecular Biology, ‘99) from the University of Florida. Upon graduation, he 
became a Research Associate (Department of Biochemistry) at the Albert 
Einstein College of Medicine and was supported by a NIH Postdoctoral 
Fellowship. It was here that he learned NMR and started his career in the field of 
gap junction biology. In ‘03, Dr. Sorgen obtained a tenure track faculty position in 
the Department of Biochemistry and Molecular Biology at the University of 
Nebraska Medical Center and is currently a Professor with tenure (since ‘13). He 
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has developed and maintains a nationally funded research program through 
awards from the NIH (R01s) as well as the AHA and State of Nebraska. Over the 
past two decades, the goal of Dr. Sorgen’s lab has been to better understand the 
fundamental mechanisms of gap junction regulation, with particular interest and 
expertise in protein-protein interactions mediated by the carboxyl terminal domain 
of connexins. Dr. Sorgen is also PI of the NIHGMS NE-INBRE program (’17; $2.5 
million/year) which enhances biomedical research capacity in the state of 
Nebraska. 
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WEDNESDAY 20th July 2022 
 
 
09.00-09.45 KEYNOTE 5 
 
CONNEXIN CELL BIOLOGY IN HEALTH AND INHERITED DISEASES 
Prof. Dale W. Laird 
Professor Canada Research Chair in Gap Junctions and Disease, Department of 
Anatomy and Cell Biology, University of Western Ontario, London, Ontario (Canada). 

 
Having trained under the supervision of one of the founders of gap junction 
biology, the late Dr. Jean-Paul Revel, it was a privilege to obtain first-hand 
accounts and stories of how innovative morphological, biochemical and 
electrophysiological strategies were employed to firmly establish gap junctions 
as novel sites of direct intercellular communication. This lecture is dedicated to 
those pioneers whose seminal work laid the foundation for over six decades of 
gap junction research. Upon my arrival to the field in the late eighties, connexin 
biology was exploding due to the discovery that this was a ubiquitous and large 
gene family. The view of connexins was expanding dramatically to include both 
channel-dependent and channel-independent roles. Connexin complexity grew 
even further given the realization that connexin isoforms had wide-ranging 
posttranslational modifications, interactomes, subcellular residencies and 
channel-selectivity. Exquisite connexin regulation was found to be critical for 
human health as regulatory changes or connexin-gene mutations inevitably lead 
or contributed to disease. Mutations in 11 connexin genes are now linked to over 
30 inherited diseases that affect the development and function of at least 10 
organs. The challenge remains as to where, when and how mutant connexin 
expression selectively dysregulates the development and function of some 
organs while other mutant expressing organs remain unaffected. In this lecture, 
attention will be given to our use of tissue-relevant cells and genetically-modified 
mice to interrogate the gain-of-function and loss-of-function molecular 
mechanisms underpinning connexin-linked inherited diseases.  Contributions of 
countless investigators have culminated in the realization that some connexin-
linked chronic and acute diseases may be amenable to connexin-targeted 
therapeutics. Final thoughts will reflect on some longstanding questions that 
continue to challenge the field as well as new ones that relate to both canonical 
and non-canonical features of this fascinating gene/protein family. Supported by 
the Canadian Institutes of Health Research and Natural Sciences and 
Engineering Research Council.   
 
Biography  
Dale W. Laird began his career in gap junction biology in 1988 as a postdoctoral 
fellow at the California Institute of Technology studying under the mentorship of 
Dr. Jean-Paul Revel. After becoming a tenured professor at McGill University in 
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1997, he transitioned to the University of Western Ontario where he progressed 
through the ranks to become a full professor in 2002. Dr. Laird’s team was 
instrumental in developing an extensive reagent toolkit for studying connexins that 
has been employed by over 75 gap junction laboratories worldwide. He held a 
Tier 1 Canada Research Chair until 2018 when he became a Distinguished 
University Professor, and in 2021 an Assistant Dean within the Faculty of 
Medicine and Dentistry. In 2006 he expanded his research interests beyond 
connexins to include the newly discovered pannexin family of channel forming 
glycoproteins. In more recent years he has focused on understanding the 
molecular basis of inherited connexin-linked diseases. He has published over 170 
peer-reviewed articles in cell, developmental and cancer biology (~18,000 
citations, h-index 70; Google Scholar). Dr. Laird has served on numerous 
University and National committees including 10-years as Chair of a CIHR grant 
review panel and six years on the Gairdner Foundation Medical Review Panel.  
 
15.30-16.15 KEYNOTE 6 
 
VIEWING CONNEXINS THROUGH A CLOUDY LENS VIVIANNE 
Prof. Viviana Berthoud Barrandeguy 
Professor at Pediatrics-Hematology/Oncology department. The University of Chicago 
 

Connexin mutations have been linked to several diseases, including cataracts, 
the opacification of the eye lens. Gap junction-mediated intercellular 
communication is a critical component of the microcirculation system that 
supports normal lens function and cell homeostasis. Two connexins (Cx46 and 
Cx50) are the major components of gap junctions between lens fiber cells, and 
mutations in their genes have been associated with cataracts in humans and 
rodents. These mutations affect different aspects of the normal cellular and 
functional behavior of these connexins: some impair trafficking to the plasma 
membrane, others affect gap junction and/or hemichannel function, and yet 
others alter their proteasomal- or lysosomal-dependent degradation. The lenses 
of mice carrying connexin mutations that mimic those found in humans with 
congenital cataracts show a significant decrease in lens fiber gap junctional 
coupling. Consequently, the normal ion gradients are disrupted and calcium ions 
accumulate to levels that surpass the Ksp for several of its salts, leading to 
precipitation of the accumulated calcium ions. Recently, we have extended our 
studies to other cataract models that do not carry a connexin mutant to test the 
hypothesis that all cataracts contain calcium precipitates. 
 
Biography  
 
Viviana Berthoud is a Research Professor at the University of Chicago. She 
obtained a licenciature degree in Biochemistry from the University of Chile, 
received a Ph.D. in Neuroscience from the Sue Golding Graduate Division of 
Albert Einstein College of Medicine of Yeshiva University, and did a post-
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doctorate at Washington University in St. Louis. She has been working on the 
field of gap junctions since her Ph.D. studies. She began her studies on lens 
connexins during her post-doctorate. One of her main areas of focus has been 
studies of how cataract-associated mutations cause abnormalities in the life-
cycle of connexins and the mechanisms by which they lead to disease.  
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SUNDAY 17th July 2022 
 
 
10:15 - 10:30 Emerging Star Award 
Osteocytic connexin hemichannel regulation of adiposity through modulation of 
bone marrow cellular populations.  
Francisca Acosta 
Acosta, Francisca(1); Zhang, Jingruo(1); Hernández, Elizabeth(2); Hua, Rui(1); Brey, Eric(2); 
Jiang, Jean(1) 

Department of Biochemistry and Structural Biology, UT Health San Antonio, San 
Antonio, TX, USA(1) ; Department of Biomedical Engineering and Chemical Engineering, 
The University of Texas at San Antonio, San Antonio, TX, USA(2) 

Obesity is a global epidemic and major contributor to some of the leading causes 
of death. Adipose tissue (AT) can be medullary [within the bone marrow (BM) 
cavity] or extramedullary. Myeloid-derived cells, specifically macrophages, that 
have been identified as a source of extramedullary AT, arise from hematopoietic 
stem cells (HSC) originating from the BM.  Medullary and extramedullary AT are 
known to increase with age/disease, with the increase in medullary AT increasing 
myeloid HSC. Osteocytes comprise >90% of bone cells and osteocytic connexin 
43 (Ocy Cx43) richly expressed in bone forms hemichannels (HCs) that facilitate 
the communication of cells with their environment. Using transgenic mice 
predominantly expressing dominant-negative overexpression of Cx43 mutants in 
osteocytes, R76W (inhibiting gap junctions (GJs) with enhanced HC function) and 
?130–136 (inhibiting both HCs and GJs), our lab has shown that Ocy Cx43 HCs 
influence biological function locally and systemically. Locally, an accumulation of 
BM AT (H&E), increased mesenchymal stem cell adipogenic potency (flow-
cytometry & in vitro culturing), alongside increased myeloid BM populations (flow-
cytometry and SC-seq), is seen in ?130–136 mice. Systemically, we see these 
changes further transduced with our results demonstrating that the opening of 
Ocy Cx43 HCs (R76W) reduces total AT (AT weights and DEXA), concomitantly 
decreases myeloid-derived cells in circulation, and improves metabolic 
parameters, ex. glucose, M1/M2 macrophage ratios, and counteracts increased 
inflammatory-marker expression (S100A8/S100A9), whereas lack of Ocy Cx43 
HC (?130–136), has opposing effects. Moreover, to further delineate the role of 
Ocy Cx43 HC in vivo, treatment with a monoclonal Cx43(M2) antibody that 
specifically opens Cx43 HCs demonstrated an improvement metabolic health, 
like that of transgenic mice (R76W). Together, our results provide preliminary 
findings indicating that Ocy Cx43 HCs could be a new therapeutic target for the 
treatment of metabolic diseases, including obesity. 
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11:00 – 13:00 PLENARY 1  
 
Oscillatory shear stress augments endothelial pannexin1 by inhibiting macro-
autophagy.  
Filippo Molica 
Hautefort, Aurélie; Ehrlich, Avigail; Idris, Tahir; Pelli, Graziano; Foglia, Bernard; Molica, 
Filippo; Kwak, Brenda R. 
University Of Geneva, Geneva, Switzerland.    
 

Atherosclerosis preferentially develops in arterial regions exposed to disturbed 
blood flow, which are characterized by a dysfunctional proinflammatory 
endothelial cell (EC) phenotype. ECs release ATP in response to changes in wall 
shear stress (WSS), which regulates the inflammatory response. ATP can be 
released from cells in a controlled manner through Pannexin1 (Panx1) channels. 
We studied the expression of Panx1 in response to WSS and its role in the 
endothelium. 
WSS-modifying casts were placed for 1 week around the carotid artery of mice 
and Panx1 expression was en face analyzed. Panx1 expression was increased 
in carotid regions exposed to oscillatory shear stress (OSS) as compared to high 
laminar shear stress (HLSS) regions. In silico analysis of Panx1 promotor 
revealed binding sites for the WSS-sensitive transcription factors NF?B and 
CREB. To investigate the mechanism of WSS-induced regulation of Panx1 
expression, human ECs were exposed to physiological HLSS and atheroprone 
OSS for 48h using an orbital shaker. Western blots confirmed an increased 
expression of Panx1 protein under in vitro OSS. Quantitative PCR revealed 
similar mRNA levels of NF?B and CREB under OSS and HLSS, however NF?B 
activation (phospho-NF?B) was detected by Western blot under OSS. 
Surprisingly, Panx1 mRNA level was not affected under these conditions, 
suggesting that the increased Panx1 level observed under OSS may be due to 
decreased Panx1 degradation rather than to increased synthesis of the protein. 
Unbiased analysis of differential gene expression by RNA-seq in ECs exposed to 
HLSS or OSS revealed 320 up-regulated and 353 down-regulated genes under 
OSS. Down-regulated genes included proteins involved in macro-autophagy. 
Inhibiting macro-autophagy in ECs by exposing them to chloroquine for 6h 
increased the expression of glycosylated Panx1, indicative for more Panx1 
channels at the plasma membrane. Disturbed blood flow decreases the 
autophagic flux in ECs, which enhances the expression of proinflammatory 
mediators and adhesion molecules and results in exaggerated atherosclerosis. 
Thus, we placed WSS-modifying casts around the carotid artery of 
Tie2CreTgPanx1fl/flApoe-/- mice and Panx1fl/flApoe-/- controls followed by 9 weeks 
high cholesterol diet. Quantification of CD68+ cells revealed that OSS-induced 
atherosclerotic lesions in Tie2CreTgPanx1fl/flApoe-/- mice contained more 
macrophages than the ones in Panx1fl/flApoE-/- controls. 
Altogether, our results show that an OSS-induced decrease in autophagic flux in 
ECs may enhance ATP release through Panx1 channels, thereby counteracting 
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on leukocyte recruitment in atherosclerosis. Panx1 channels in the endothelium 
of OSS regions thus seem to act as a “break” protecting the artery against 
excessive leukocyte recruitment. 
  
Impairment of gap junction turnover causes debilitating morphological and 
functional defects.  
Matthias Falk 
Hyland, Caitlin; Lovine, M. Kathryn; Falk, Matthias M. 
Lehigh University   

 

Gap junctions provide direct cell-to-cell communication by forming clusters of 
hydrophilic channels that bridge the surface membranes of adjacent 
cells.  Furthermore, the double-membrane configuration of gap junctions also 
physically links cells together, similar to tight junctions, adherens junctions, and 
desmosomes.  Gap junctions are composed of connexin (Cx) proteins, the most 
expressed being connexin 43 (Cx43).  Untypically, connexins and gap 
junctions have a very short half-life of only a few hours, an unusual feature of a 
structural membrane protein that remains puzzling.  The short half-life requires a 
constant turnover (biosynthesis and endocytosis) of gap junctions.  We 
previously discovered that gap junction endocytosis is regulated by 
phosphorylation/dephosphorylation of specific serine residues located in the 
cytoplasmic carboxy-terminal domain of the Cx43 protein, e.g., amino acid 
residues 373, 365/368, 272/282, 262, and 255 that trigger binding and release of 
the scaffolding protein, ZO-1, poly-ubiquitination, and AP-2/clathrin endocytic 
machinery  binding.  To test whether impairment of gap junction endocytosis 
could cause functional defects and potentially human disease, we replaced the 
wild type Cx43 coding sequence with a mutant that lagged many of the critical 
endocytosis-driving amino acids using CRISR/Cas9 gene editing technology in 
the zebrafish model system (Delta256-289, termed Cx43lh10).  We found that 
this carboxy-terminal deletion, as expected causes defective gap junction 
endocytosis, larger gap junction plaques, longer Cx43 protein half-life, and 
increased gap junction intercellular communication.  The mutant zebrafish 
exhibited severe developmental abnormalities, including heart, vasculature, and 
fin defects (Bhattacharya et al., 2020; Hyland et al., 2021).  A lower clutch size 
and female infertility was also noted (A. Gottfried and M. Falk, 
unpublished).  Potential pathology-causing molecular mechanisms will be 
discussed.  Taken together, our novel findings demonstrate for the first time that 
continuous Cx43 gap junction endocytosis is an essential aspect of gap junction 
function that -when impaired- gives rise to significant physiological problems, and 
hence should be considered as a possible causative mechanism for gap junction 
related disease. 
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Regulation of the size of Cx43-based gap junctions involves the concurrent 
participation of multiple members of the NEDD4 family of E3 ubiquitin ligases. 
Edward Leithe 
Zachrisson Totland, Max; Lander Rasmussen, Nikoline; Lunder Jensen, Caroline; 
Basing, Sebastian; Zickfeldt Lade, Anna Amalie; Yohannes, Zeremariam; Lothe, 
Ragnhild; Leithe, Edward 
Oslo University Hospital, Oslo, Norway    
 

Increasing evidence suggests that gap junctional intercellular communication can 
be regulated at the level of connexin turnover. Similar to other connexin isoforms, 
connexin 43 (Cx43) has a high turnover rate under basal conditions, typically 
displaying a half-life of 1.5–5 hours. Moreover, many oncogenes and tumor 
promoters, such as the protein kinase C activator TPA (12-O-
tetradecanoylphorbol 13-acetate), are potent inducers of Cx43 degradation. 
However, the molecular basis of the regulation of Cx43 degradation remains 
poorly understood. The NEDD4 (neural precursor cell-expressed 
developmentally downregulated gene 4) family of E3 ubiquitin ligases comprises 
nine members. Here, we show that in cervical cancer cells, three members of this 
protein family - NEDD4, ITCH, and SMURF2 - act in concert to regulate Cx43 
ubiquitination and degradation and, consequently, gap junction levels. 
Simultaneous depletion of NEDD4, ITCH, and SMURF2 by siRNA resulted in a 
significantly lower Cx43 ubiquitination level and reduced Cx43 degradation rate 
compared with their single depletion. The combined knockdown of these E3 
ubiquitin ligases also had an additive effect on the steady-state protein level of 
Cx43 and gap junction size. In addition, the triple knockdown of the three E3 
ubiquitin ligases strongly counteracted the TPA-induced degradation of Cx43. 
Collectively, these data suggest that NEDD4, ITCH, and SMURF2 act together 
to mediate the basal and TPA-induced degradation of Cx43. To our knowledge, 
this study represents the first evidence that Cx43 ubiquitination and degradation 
and, consequently, the size of Cx43-based gap junctions, is controlled by the 
concurrent participation of multiple E3 ubiquitin ligases. 

 
Dynamic rearrangements at the Nt domain of connexin hemichannels control 
atomic ion permeation.  
Jorge Contreras 
Gaete, Pablo(1); Valdez-Capuccino, Juan(2); Liu, Yu(2); Harris, Andrew(2); Luo, Yun(3); 
Contreras , Jorge E. (1)  

Department of Physiology and Membrane Biology, School of Medicine, University of 
California Davis(1); Department of Pharmacology, Physiology, and Neuroscience, New 
Jersey Medical School, Rutgers University(2); Department of Pharmaceutical Sciences, 
College of Pharmacy, Western University of Health Sciences(3)     

Connexin proteins form plasma membrane hemichannels that allow the 
permeation of atomic ions and small molecules. Gating of connexin 
hemichannels is tightly regulated by extracellular Ca2+. At physiological external 
Ca2+, hemichannels remain closed; however, the structural components forming 
the gate that prevent ion permeation remain elusive. Structural data suggest that 
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the N-terminal (NT) domain is folded into the intracellular pore entrance forming 
the narrowest part of the pore. In this study, we aim to assess the dynamics of 
the NT domain in response to gating by extracellular Ca2+. We introduced a 
cysteine at position 2 in the NT domain (Cx26B+2C) to evaluate the state-
dependent formation of disulfide or metal bridges between NT domains. 
Hemichannel activity (ion flux) and disulfide or metal bridge formation were 
determined by two-electrode voltage clamp and non-reducing western blot. Wild-
type and Cx26B+2C hemichannels displayed similar apparent affinity for 
extracellular Ca2+ (KD = 0.306 ± 0.036 vs 0.253 ± 0.032 mM, respectively). 
TbHO2, an oxidant agent, induced a Ca2+-dependent formation of disulfide 
bridges between adjacent NT domains. Similarly, Cd2+, a metal cation, induced 
Ca2+-dependent metal bridge formation. TbHO2 or Cd2+ prevented ionic currents 
mediated by Cx26B+2C but not by wild-type hemichannels. The kinetics of 
disulfide and metal bridge formation was accelerated as a function of extracellular 
Ca2+concentration. Molecular dynamic simulations are consistent with NT 
rearrangenments within the pore in a closed hemichannel conformation. Our data 
indicate that: 1) The NT of adjacent subunits come to close proximity when the 
channel is close by Ca2+, and 2) that there is a allosteric coupling between the 
Ca2+ sensing domain at the extracellular side and the NT at the intracellular side 
of the pore. 
 
Multiple connexin-linked mechanisms underpin Erythrokeratodermia variabilis et 
progressiva.  
Sergiu Lucaciu 
Lucaciu, Sergiu A.; Figliuzzi, Rhett; Shao, Qing; Barr, Kevin; Bai, Donglin; Laird, Dale W. 
The University of Western Ontario      

Primarily autosomal-dominant mutations in the genes encoding Cx30.3, Cx31, 
and Cx43 have all been clinically linked to erythrokeratodermia variabilis et 
progressiva (EKVP), a rare and incurable skin disorder. We anticipate that the 
breadth of pathogenic mechanisms underpinning EKVP likely extends beyond 
the reported hyperactive hemichannels and premature cell death. We are 
investigating whether the deficits exhibited by an understudied subset of 
connexin mutants can be mitigated by co-expressing compatible keratinocyte 
connexins or via treating mutant-expressing keratinocytes with drugs designed to 
improve proteostasis. We hypothesize that Cx30.3, Cx31, and Cx43 
mutants/variants are linked to EKVP through several distinct molecular and 
cellular mechanisms that can be strategically targeted to restore epidermal 
homeostasis. To date, we have identified three additional mechanisms that may 
underpin the root cause of EKVP. First, patch-clamp analysis revealed that a triad 
of GFP-tagged Cx30.3 mutants (G12D, T85P, and F189Y) were found to be 
defective in forming functional gap junction channels primarily due to their 
retention within the endoplasmic reticulum. Co-expression of keratinocyte 
connexins (Cx26, Cx30, Cx30.3, and Cx43) partially restored their trafficking and 
assembly into gap junctions. Second, we found that a P283L Cx43 variant 
exhibits delayed internalization and degradation possibly through the inability of 
nearby serine residues to be phosphorylated. Finally, although a subset of five 
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FLAG-tagged Cx31 mutants (G12S, L34P, E100K, L135V, and L209F) could 
occasionally assemble into gap junctions in keratinocytes that survived, their 
expression caused cell death by a mechanism that does not involve the unfolded 
protein response. These heterogeneous deficits exhibited by connexin mutants 
associated with EKVP raises the question as to whether this disease should be 
reconsidered as having several subtypes that converge on similar clinical 
presentations. We anticipate that a deeper understanding of EKVP pathogenesis 
will eventually lead to effective treatments for this chronic skin condition. 
Supported by CIHR and NSERC. 
 
14:30 - 15:30 PLENARY 2 
 
Understanding how kinases differentially affect Cx45 and Cx43 regulation under 
similar cellular conditions.  
Gaelle Spagnol 
Spagnol, Gaelle(1); Zheng, Li(1); Trease, Andrew(1); Beuve, Annie(2); Patel, Kaushik(1); 
Sorgen, Paul(1) 

University Of Nebraska Medical Center(1); Rutgers New Jersey Medical School(2)    

Cx45 is primarily expressed in specialized myocytes of the impulse generation 
and conduction system, while Cx43 mediates electrical coupling and impulse 
propagation in the ventricular myocardium. However, in the failing heart, Cx45 
expression is aberrantly upregulated in ventricles, accompanied by Cx43 
remodeling. This enhances the propensity for arrhythmias, which follows from the 
low conductance and high voltage-sensitivity of Cx45 channels relative to Cx43. 
The deleterious impact of Cx45 is likely amplified by the propensity of Cx45 to 
form heteromeric channels with Cx43, in which it exerts a functionally dominant 
effect. We hypothesize that the same kinase can differentially regulate Cx45 and 
Cx43 in the failing heart to promote and inhibit GJIC, respectively. Cx45 is a 
phospho-protein, but only few studies provide evidence that Cx45 channel 
properties are regulated by kinases (e.g. PKC or PKA following chemicals 
activation). There are no data on other kinases, residues targeted by these 
kinases, or the effects of Cx45 phosphorylation on protein partner interactions. 
Therefore, a high-throughput kinase screen was used and identified Cx45 as a 
target for phosphorylation by Src. Opposite to Cx43, activation of Src by EGF 
increases Cx45 GJIC, and this result was reversed by the Src inhibitor 
Saracatinib. We also have evidence that Tubulin binding to Cx45 is enhanced, 
and Drebrin (an actin-binding protein) would not be affected by Src 
phosphorylation, which would promote GJ plaque stabilization. Currently, we are 
using site-directed mutagenesis (inhibit (Y?F) or mimic (Y?E) phosphorylation) of 
Cx45CT tyrosines identified to be phosphorylated by Src via mass spectroscopy 
to assess their role in GJIC and cellular localization. Additionally, two animal 
models of left ventricular hypertrophy where Src is activated, an Ang II-mediated 
and a LAD artery ligation, both showed up-regulation of Cx45 and co-localization 
with Cx43 at the intercalated disc. These heteromeric channels were permeable 
to Neurobiotin and not Lucifer yellow (as previously observed in cell culture 
studies), reflecting that the channel properties of Cx45 are dominant. This 
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presents the first evidence supporting the hypothesis that Cx45 expression in left 
ventricular hypertrophy affects GJIC. 
 
Connexin43 enhances cellular senescence and cell death by apoptosis in BRAF-
mutant tumour cells by regulating mitochondrial biogenesis and DNA damage. 
Amanda Guitián Caamaño 
Guitián-Caamaño, Amanda(1); Varela-Vázquez, Adrián(1); Carpintero-Fernández, 
Paula(1); Carneiro-Figueira, Alexander(1); Varela-Eirín, Marta(2); Montes-Morado, Tania(1); 
Bravo, Susana B.(3); Concha, Ángel(4); Calleja-Chuclá, Teresa(5); Quindós, María(6); 
Sánchez-Laorden, Berta(7); Santamaría, David(8); Fonseca, Eduardo(1)(9); Gómez-Duran, 
Aurora(10); Mayán, María D. (1) 
CellCOM Group, INIBIC, SERGAS, UDC, A Coruña, Spain(1); ERIBA. UMCG, University 
of Groningen, Groningen, The Netherlands (2); IDIS, Proteomics Laboratory, Santiago 
De Compostela, Spain(3); Pathology Department, CHUAC, SERGAS, A Coruña, Spain(4); 
Pharmacy Service. CHUAC, SERGAS. UDC, A Coruña, Spain(5); Oncology Service, 
INIBIC. CHUAC, SERGAS. UDC. A Coruña, Spain(6); Instituto De Neurociencias, 
Consejo Superior De Investigaciones Científicas and Universidad Miguel Hernández, 
San Juan De Alicante, Spain(7); CIC-CSIC. Salamanca, Castilla and León, Spain(8); 
Dermatology Service, SERGAS, UDC, A Coruña, Spain(9); Mitophenomics Lab. Centro 
De Investigaciones Biológicas Margarita Salas. (CIB-CSIC). Madrid, Spain(10)     

Mutations in the oncogenic protein kinase BRAF are involved in the onset and 
progression of several tumours, including more than 50 % of cases of melanoma. 
BRAF/MEK inhibitors (BRAF/MEKi) in monotherapy or in combined therapies 
with immune checkpoint inhibitors have become the standard therapy in BRAF 
mutated melanoma. However, resistance to targeted therapies is a frequent 
cause of therapy failure. 
We have recently found that the channel protein connexin43 (Cx43), a growth 
and differentiation regulator, increases the efficacy of BRAF/MEKi in different 
tumour types with a BRAF driver mutation.Yet, the molecular mechanism 
underlying these observations remains unknown. Here, we show that Cx43 acts 
as a double agent by increasing mitochondrial biogenesis and function while 
promoting oxidative damage, senescence, DNA damage and apoptosis through 
simultaneous interaction with p21 and with BAX. 
Our observations point to a role of Cx43 in the development of new therapeutic 
strategies to combat metastatic melanoma and to improve the potency of 
BRAF/MEKi in BRAF-mutated melanoma patients. 
 
Mechanistic studies of connexins in lens growth, homeostasis and 
cataractogenesis.  
Xiaohua Gong 
Gong, Xiaohua; Xia, Chun-Hong 

Vision Science and Optometry, University of California, Berkeley 

Extensive studies suggest Cx46 (Gja3) and Cx50 (Gja8) play multiple functions 
in the regulation of vertebrate lens growth, homeostasis and cataractogenesis. 
However, the underlying molecular mechanisms for other factors that are 
involved in the functions of Cx46 and Cx50 are not understood. To determine the 
unique role of Cx50 in regulating lens epithelial cell proliferation and lens size, 
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we have performed single-cell RNA-sequencing (scRNA-seq) analysis of gene 
expression in lens epithelial cells of wild-type and Cx50 knockout (Cx50KO) mice. 
The scRNA-seq data reveal the up-regulation of several proliferative inhibitory 
factors as well as an increased Aqp1 in Cx50KO lens epithelial cells while both 
Aqp5 and Cx46 remain unchanged. These data indicate that Cx50 plays an 
important role in the water homeostasis in lens epithelial cells. We have also 
performed genome wide linkage analysis to map and identify periaxin gene 
variants that affect the cataract severities in Cx46 knockout (Cx46KO) mice 
between C57BL/6J (B6) and 129Svjae (129) mouse strains. Periaxin (Prx) is a 
cytoskeletal scaffold protein associated with F-actin filament, it is important for 
maintaining lens fiber cell shape but not lens transparency. High level expression 
of 129-Prx protein is associated with severe nuclear cataracts in Cx46KO lenses 
while low expression of B6-Prx is associated with mild cataract in mature lens 
fibers. We have discovered that 129-Prx appears to be associated with increased 
lens stiffness and have further tested a new hypothesis that 129-Prx acts as a 
gain-of-function variant to facilitate severe nuclear cataract in Cx46KO lenses. A 
loss of Prx in Prx and Cx46 double knockout (DKO) lenses leads to mild nuclear 
cataracts. This new finding indicates that Cx46-mediated calcium homeostasis 
and Prx-mediated membrane-cytoskeletal complex synergistically control lens 
transparency and stiffness.  
 
Heterozygous carriers of Cx26 (GJB2) mutations are susceptible to noise leading 
to hearing loss.  
Hongbo Zhao 
University Of Kentucky Medical School 

Cx26 (GJB2) mutations are responsible for 70-80% of nonsyndromic hearing 
loss. Most of these deafness mutations are autosomal recessive. Homozygous 
mutations cause autosomal recessive deafness (DFNB1). It is estimated that as 
many as 3 of every 1,000 babies have GJB2 homozygous recessive mutations 
leading to deafness; the frequency of heterozygous-mutation carriers is triple or 
even higher. These heterozygous-mutation carriers usually demonstrate normal 
hearing. In this study, we found that the GJB2 heterozygous carriers are 
susceptible to noise and could lead to hearing loss under daily levels of noise 
exposure. We used Cx26 heterozygous conditional KO mice, which were created 
by a Cre-FloxP technique. One group of Cx26 heterozygous KO mice were 
exposed to white noise (95 dB SPL) for 2 hours, one time. Another group of Cx26 
heterozygous KO mice without noise exposure serviced as control. Hearing 
function was assessed by auditory brainstem response (ABR), distortion product 
of acoustic emission (DPOAE), and cochlear microphonics (CM) recordings. We 
found that Cx26 heterozygous KO mice demonstrated normal hearing as 
measured by ABR threshold, similar to normal hearing of Cx26 mutation 
heterozygous carriers observed in the clinic. However, after noise exposure, 
Cx26 heterozygous KO mice demonstrated significant hearing loss in comparison 
with control. We further found that DPOAE in Cx26 heterozygous KO mice was 
increased. CM in Cx26 heterozygous KO mice was also increased. Thus, these 
data demonstrated that heterozygous GJB2 mutation carriers are susceptible to 
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noise leading to hearing loss. These data also demonstrated that Cx26 
heterozygous deficiency increases susceptibility to noise by compensative 
increasing the active cochlear amplification gain in the cochlea. These data 
suggest that Cx26 mutation heterozygous carriers are vulnerable to noise and 
should avoid noise exposure. 
Supported by NIH R56 DC 015019, R01 DC 017025 and R01 DC 019687 
16:00 - 16:45 PLENARY 3 
 
Electrical synapses between interneurons in vivo are stable, yet highly plastic.  
Marcel Weinreich 
Weinreich, Marcel(1); Koser, David Elias(1); Held, Katharina(1); Whittington, Miles(2); Kuner, 
Thomas(3); Knabbe, Johannes(3); Monyer, Hannah(1) 

Medical Faculty of Heidelberg University and German Cancer Research Center, 
Heidelberg, Germany(1); Hull York Medical School, University Of York, Heslington(2); 
Medical Faculty Of Heidelberg University and Heidelberg University Hospital, 
Heidelberg, Germany(3) 

Numerous studies have linked physiological adaption and pathological 
maladaptation processes to plastic changes at chemical synapses. Cortical 
interneurons communicate not only via chemical but also via electrical synapses. 
Plasticity that is mediated by electrical synapses was demonstrated in 
vitro (tetanic stimulation in acute slices of the thalamus). However, the question 
remains whether altered electrical coupling in cortical interneurons occurs in in 
vivo under physiological conditions. 
We performed paired patch-clamp recordings of interneurons in the visual cortex 
in control and 24h visually deprived animals, and found significant changes in 
electrical coupling between fast-spiking, putative parvalbumin-expressing (PV+) 
interneurons. Specifically, electrical coupling decreased more than 5-fold 
following visual deprivation already after 4h and could be reversed by light 
exposure. To identify the underlying mechanism, we performed sparse labelling 
in PVCre x Cx36-EGFP mice and analysed the density, size and distribution of 
electrical synapses within the visual cortex and PV+ interneurons using confocal 
microscopy. The results indicated that plasticity of electrical synapses involved a 
reduction in the size and intensity of EGFP-labelled Cx36-containing gap 
junctions. Since little is known about the turnover of Cx36 in vivo, we conducted 
2-photon imaging of Cx36-EGFP mice over a time-course of several months. We 
detected no significant changes in the density or relative location of the Cx36-
EGFP punctae. Based on 2P-FRAP experiments, we estimate the half-life of the 
imaged punctae to be 3-6 weeks. We currently perform in vivo recordings in 
awake mice during light exposure and visual deprivation. Preliminary data 
suggest that bidirectional structural plasticity results from an increase or decrease 
of Cx36 at already existing electrical synapses rather than de novo formation or 
elimination of electrical synapses between interneurons. Furthermore, our 
experiments provide evidence that Cx36 turnover is slow, but can nevertheless 
be induced by natural stimuli. 
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Respiratory disturbances in the Connexin-36 knockout mouse. 
Luis C. Barrio 
Pérez-Atencio, Leonel F.(1); Casarrubios, Ana M.(1); Ibarz, José M.(1); Barios, Juan A.(2); 
Paul, David L.(3); Barrio, Luis C.(1) 

Unit of Experimental Neurology, “Ramón y Cajal” Hospital (IRYCIS), Madrid, Spain(1); 
Systems Engineering and Automation Department, Miguel Hernández University, Elche, 
Spain(2); Department of Neurobiology, Harvard Medical School, Boston, United States(3)        

Brainstem neuronal networks producing the central motor pattern of respiration, 
the chemoreflexes, and the cardiorespiratory coordination are connected by 
chemical and electrical synapses. However, the role played by electrical 
connectivity, mainly mediated by connexin36 (Cx36), is unknown. To address this 
issue, we analyzed the respiratory phenotype during the postnatal period (P14) 
and adulthood of a mouse strain constitutively devoid of Cx36 (Cx36KO), when 
Cx36 expression reaches peak values and declines to a low level, respectively. 
Cx36-knockout mice at P14 showed respiratory instability at rest, including a 
periodic Cheyne-Stokes breathing, and exacerbated chemoreflexes by hypoxia, 
hypercapnia, and asphyxia (hypoxia- hypercapnia). Furthermore, Cx36KO mice 
presented a higher risk of respiratory arrest when submitted to asphyxia 
protocols, the principal exogenous stressor factor causing sudden infant death 
syndrome (SIDS). The critical events leading to the sudden death of Cx36KO 
mice were identified. Adult Cx36KO mice did not show the physiological reduction 
of breathing and cardiac rates and pulse pressure of wildtype mice during 
postnatal maturation; neither did they exhibit the change with the age of the 
response to hypoxia from a fully adapted to a sustained respiratory rate, nor the 
increase of sensitivity to CO 2 in adulthood. Metabolically, adult Cx36KO mice 
showed a chronic acid-basic imbalance consistent with respiratory acidosis with 
renal compensation. Cx36KO mice also showed a more profound respiratory 
depression during NREM sleep, and breathing was more arrhythmic and apneas 
more frequent during REM sleep. This respiratory phenotype of Cx36KO mouse 
indicates: i) the high postnatal expression of Cx36 plays a critical role in the neural 
control of respiratory rhythmicity and chemoreflexes, protecting against SIDS; ii) 
the decline of Cx36 expression with age may be implicated in the postnatal 
development of the cardiorespiratory system, and iii) the low Cx36 expression at 
adulthood contributes to the maintenance of acid-base balance and prevents 
breathing sleep disturbances. 
 
Molecular basis of junctional current rectification at an electrical synapse.  
Zhao-Wen wang 
Shui, Yuan; Liu, Ping; Chen, Bojun; Wang, Zhao-Wen 
University of Connecticut, School of Medicine 

Rectifying electrical synapses are a common structural motif in the nervous 
systems of diverse species, and have the potential to impact neural circuit 
functions in complex ways. However, the molecular mechanisms of the 
rectification are largely unknown. In C. elegans, gap junctions (GJs) between a 
pair of premotor interneurons, AVA, and cholinergic motor neurons (MNs) allow 
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current flow only in the retrograde/antidromic direction (from MNs to AVA), and 
their functions depend on expression of the UNC-7 innexin in AVA and the UNC-
9 innexin in MNs. While UNC-9 has only one isoform, UNC-7 has multiple 
isoforms that differ in the length and amino acid sequence of the amino terminus. 
To determine whether the rectification property of the UNC-7/UNC-9 GJs 
between AVA and MNs depends on a particular isoform of UNC-7, we analyzed 
biophysical properties of heterotypic GJs formed by UNC-9 and various isoforms 
of UNC-7 using the Xenopus oocyte heterologous expression system. We found 
that only one UNC-7 isoform, UNC-7b, can coassemble with UNC-9 into 
heterotypic GJs that allow unidirectional flow of junctional current (Ij), and that the 
direction of the Ij flow matches that in vivo (from cells expressing UNC-9 to cells 
expressing UNC-7). Specific knockout of unc-7b mostly eliminated the Ij between 
AVA and MNs in C. elegans, whereas expression of wild-type UNC-7b 
specifically in AVA largely rescued the AVA-MN coupling defect of an unc-7 null 
mutant. To determine why UNC-7b may confer the rectification property to UNC-
7/UNC-9 heterotypic GJs, we explored potential contributions from two triplets of 
oppositely charged amino acid residues (HKK and DDD) in UNC-7b N-terminus. 
We found that substitution of either triplet with uncharged amino acid residues 
may abolish the rectification property of UNC-7b/UNC-9 GJs. Based on these 
observations, we propose that the rectification is caused by a ball and receptor 
mechanism, in which a ball formed by the N-terminus of UNC-7b may bind to a 
receptor site inside the UNC-7b hemichannel, and the two triplets of oppositely 
charged residues serve to stabilize the ball-and-receptor interaction through 
electrostatic interactions. 
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09:45 – 10:00 Emerging Star Award 
 
Connexin 43-mediated neurovascular interactions regulate neurogenesis in the 
adult brain subventricular zone. 
Nafiisha Genet 
Genet, Nafiisha(1); Genet, Gael(1); Fang, Jennifer(2); Chavkin, Nicholas(1); Vasavada, 
Hema(2); Goldberg, Josh(2); Bhatt, Neha(2); Baker, Kasey(2); Mcdonnell, Stephanie(1); 
Huba, Mahalia(1); Ma, Gerry(3); Eichmann, Anne(2); Thomas, Jean-Leon(2); Ffrench-
Constant, Charles(3); Hirschi, Karen(1) 

University Of Virginia(1); Yale University(2); University  Of Edinburgh(3) 

In the adult brain, the subventricular zone (SVZ) is the largest neural stem cell 
(NSC) niche where the blood-brain barrier is leaky, allowing direct interactions 
between NSC and endothelial cells (EC). Herein, we found that connexin (Cx) 43 
is highly expressed by both NSC and EC. Mechanisms by which NSC-EC 
interactions in the SVZ control NSC are unclear, hence we aim to determine the 
role of EC- and NSC-expressed Cx43 in the regulation of NSC. In vitro, we show 
that NSC co-cultured with EC exhibit enhanced survival, decreased proliferation 
assessed by EdU, and upregulation of genes associated with NSC quiescence. 
These effects on NSC are prevented when they are co-cultured with EC in which 
Cx43 is knocked down with siCx43 (ECsiCx43). NSC activation is enhanced in 
NSC when co-cultured with EC, where both cell types are treated with siCx43 
and transduced with Cx43CTDelta258, a Cx43 mutant lacking its cytoplasmic tail, 
while Cx43T154A, the Cx43 dead channel mutant had no effect. We observed 
increased ERK activation in NSC co-cultured with EC and the latter is abrogated 
in NSC co-cultured with ECsiCx43. In vivo, with Cx43Cdh5CreiERT2 
(Cx43ECiKO)and Cx43GlastCreiERT2 (Cx43GlastiKO) mice, we studied the effects 
of 1- and 4-week deletion of Cx43 in EC or NSC. At 1- and 4-weeks post-deletion, 
we observed a decrease in the number of GFAP+SOX2+EdU- quiescent NSC in 
both Cx43ECiKO and Cx43GlastiKO SVZ. EGFR+SOX2EdU+ activated NSC were 
increased in both mutants at 1-week, and significantly decreased at 4-weeks 
post-deletion. In the SVZ and the rostral migratory streams of both mutants, DCX+ 

neuroblasts were increased at 1-week post-Tx. In the olfactory bulbs of both 
mutants, EdU+-label retaining cells/NeuN+ neurons were increased. Moreover, 
absence of Cx43 in EC impaired the repopulation of the SVZ niche post Ara-C 
depletion, indicating that EC-expressed Cx43 is required to maintain quiescent 
NSC.  
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10:30 - 12:30 PLENARY 4   
 
Peptide-based targeting Cx26 complex in triple negative breast cancer inhibits 
cancer stem cells and suppresses tumor growth.  
Ofer Reizes 
Rhoades, Emily L.; Mulkearns Hurbert, Erin; Ben-Salem, Salma; Bharti, Rashmi; 
Johnson, Sadie; Myers, Alex; Bandyopadhyay, Samarajit; Downs-Kelly, Erinn; Lathia, 
Justin D.; Reizes, Ofer 
Cleveland Clinic 

Triple negative breast cancer (TNBC) represents the most lethal and treatment-
resistant breast cancer subtype with limited treatment options. TNBC contains a 
cancer stem cell (CSC) population that underlies growth and therapeutic 
resistance.  We leveraged an aberrant intracellular protein complex in TNBC 
CSCs containing the gap junction subunit connexin 26 (Cx26), focal adhesion 
kinase (FAK), and NANOG to develop a peptide based therapeutic strategy. We 
designed peptides based on Cx26 intracellular domains and performed binding 
experiments with NANOG and FAK using surface plasmon resonance. Peptides 
with high affinity were engineered with cell penetrating sequence and assessed 
in functional assays including cell proliferation, self-renewal, and in vivo tumor 
growth studies, along with downstream signaling changes. Binding studies 
revealed the Cx26 cytoplasmic C-terminal tail and intracellular loop bound to 
NANOG and FAK with submicromolar to micromolar affinity. The highest affinity 
peptide was derived from a 5 amino acid sequence in the C-terminal tail of Cx26 
and was engineered with an antennapedia-based cell penetrating peptide 
sequence. The cell penetrating Cx26 C-terminal tail peptide (aCx26-pep) 
disrupted self-renewal as assessed by the tumorsphere formation assay and 
inhibited NANOG target genes in TNBC cells but not in luminal mammary 
epithelial cells. In a pre-clinical setting, aCx26-pep reduced tumor growth and 
proliferation as well as induced cell death in cell culture and mouse studies. Our 
results support the development of therapeutics to disrupt the Cx26/NANOG/FAK 
complex via peptide- and small molecule-based approaches and future efforts 
will also focus on development of a combinatorial treatment strategy with FDA 
approved chemotherapeutics. 

 
An aerosolized Connexin43 mimetic peptide (aCT1) improves clinical metrics in 
animal models of acute lung injury.  
Meghan Bowler 
Bowler, Meghan(1); James, Carissa(1); Jeffers, Lauren(2); Ibrahim, Yasmin(2); Koval, 
Michael(2); Grek, Christina(1) 

Xequel Bio, Inc.(1); Emory University, School Of Medicine(2)    

Acute lung injury (ALI) is precipitated by either a direct (bacterial or viral infection) 
or indirect (sepsis, traumatic injury) insult. In response to ALI, pathological 
inflammation damages the pulmonary epithelial and endothelial barriers, leading 
to edema that disrupts gas exchange. ALI patients are at a high risk of developing 
ARDS, which precedes respiratory failure and multiple organ dysfunction. 
Mortality in ARDS patients remains high (~40%) despite the availability of state-
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of-the-art intensive care. The lack of effective ARDS treatments is often attributed 
to its diverse etiology, underscoring a critical need for novel therapeutic 
approaches. 
aCT1 is a Connexin43 mimetic peptide that stabilizes gap junctions and tight 
junctions, tempering inflammation and promoting tissue repair. Here, we 
evaluated aCT1 in translationally relevant models of ALI/ARDS, including 
COVID-19 and alcohol induced lung injury. In a COVID-19 hamster model, 
aerosolized aCT1 administered in combination with the antiviral remdesivir 
significantly reduced pulmonary inflammatory infiltrate by ~50%. This treatment 
also prevented pulmonary edema, as determined by measuring lung:body 
weight. In an alcoholic lung/endotoxemia injury model, ethanol-fed C57BL/6 mice 
treated with aerosolized aCT1 one hour after intratracheal administration of 
bacterial lipopolysaccharide had decreased ALI and improved pulmonary barrier 
function, as measured using Evans Blue. The physicochemical properties of 
aCT1 enabled a short nebulizing duration, potentially benefiting patients by 
enhancing usability in addition to significantly improving clinical outcomes. aCT1 
has also been shown to reach distal airspaces and have no adverse effect on 
pulmonary function. 
Aerosolized aCT1 has strong potential as a therapeutic agent to treat ALI/ARDS 
caused by a variety of life-threatening insults. Given its efficacy across a range 
of diverse insults, it is likely that aCT1 mitigates the injury response in several 
inflammation-based pulmonary pathologies by strengthening intercellular 
junctions to prevent a root cause of pulmonary injury, thus providing a unique, 
etiology agnostic therapeutic approach. 

 
A central role for gap junctions in the pathophysiology and etiology of 
endometriosis.  
Bruce Nicholson 
Nicholson, Bruce J(1); Chavez, Jefferey(1); Chen, Chun-Wei(2); Wang, Chiou-Miin(1); 
Kumar, Ritikaa(1); Gaczynska, Maria(1); Osmulski, Pawel(1); Robinson, Randall D(1); 
Kirma, Nameer B(1) 

University of Texas Health at San Antonio, Texas, USA(1); University of Massachusetts 
School of Medicine, Worcester, MA, USA(2) 

Endometriosis is a disease afflicting 10% of women worldwide, where 
endometrial cells, translocated via retrograde menstruation, invade the peritoneal 
wall to form lesions (analogous to metastases in cancer). In addition to debilitating 
pain, endometriosis is also a leading cause of infertility, seen in ~ half of women 
with the disease. While gap junctions have been implicated in invasiveness (e.g. 
extravasation and metastasis), and fertility (e.g. implantation, decidualization and 
endometrial vascularization) in other contexts, their role in these same 
pathologies of endometriosis has not been investigated. Single cell expression 
profiling of endometrial stromal (supporting - ESCs) and epithelial (glandular -
EECs) cells from uterine biopsies of control and endometriosis patients, revealed 
changes in gap junction expression that are robust predictors of the disease. This 
is now being developed by Hera Biotech as the first non-surgical diagnostic for 
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endometriosis. The finding also establishes that changes in utero predispose 
patients to subsequent peritoneal lesion formation. 
We have used this collection of control and endometriosis patient ESCs and 
EECs to compare motility, intercellular coupling and invasiveness in vitro. ESCs 
from endometriosis patients show significantly enhanced motility compared to 
control patients. They are also more invasive across a monolayer of peritoneal 
mesothelial cells (PMCs), but only when EECs are also present. This 
invasiveness coincides with a large induction of gap junction coupling between 
ESCs and PMCs that is unique to endometriosis patients. When coupling is 
blocked with GAP27 peptides or expression of Cx43 shRNA or a dominant 
negative Cx43T154A, invasion is prevented. Scanning Atomic Force Microscopy 
was used to demonstrate that ESCs induce a breakdown of the mesothelial 
barrier function. Knock-down of Cx43 in either cell type demonstrated that this 
breakdown depends on ESC-PMC gap junctions and is propagated through the 
mesothelium by PMC-PMC gap junctions. Thus, we believe that gap junction mis-
regulation is central to the etiology of endometriosis. The suppression of gap 
junction expression in utero is likely to be a major contributor to infertility, while 
the subsequent induction of coupling upon contacting the mesothelium is central 
to the invasive process that establishes lesions. 
 
Connexin 43 as a regulator of proliferation and neointimal formation in human 
vascular tissue.  
Meghan Sedovy 
Sedovy, Meghan W. (1); King, D. Ryan(2); Eaton, Xinyan(1); Joshi, Ramya(1); Malek, Arya(1); 
Baillie, George S. (3); Baker, Joseph W. (4); Joseph , Mark(4); Smyth, James W. (1); Isakson, 
Brant E. (5); Johnstone , Scott R. (1) 

Fralin Biomedical Research Institute at Virginia Tech Carilion School of Medicine, 
Roanoke, VA, USA(1); Dorothy M. Davis Heart and Lung Research Institute, College of 
Medicine, The Ohio State University Wexner Medical Center, USA(2); Institute of 
Cardiovascular & Medical Sciences, University of Glasgow, Glasgow, UK(3); Virginia 
Tech Carilion School of Medicine, Department of Surgery, Roanoke, VA, USA(4); Robert 
M. Berne Cardiovascular Research Center At University Of Virginia School Of Medicine, 
Charlottesville, VA, USA(5)      

Vascular damage caused by stent placement triggers smooth muscle cell (SMC) 
de-differentiation, leading to an aggressively proliferating phenotype that thickens 
the vessel wall, blocks the artery, and is a significant cause of coronary stent 
failure. The mechanism underlying vascular SMC proliferation and migration in 
neointima formation is unknown. We previously identified mitogen-activated 
protein kinase (MAPK) phosphorylation of the connexin 43 (Cx43) protein as 
necessary for neointima formation in mice. We also determined that 
phosphorylation of Cx43 by MAPK results in Cx43 interaction with the cell cycle 
protein cyclin E. We hypothesized that disrupting cyclin E/Cx43 binding could 
reduce neointima formation in large arteries. We used peptide arrays to identify 
Cyclin E binding sites on Cx43, and to identify critical phosphorylation residues 
that control their interactions. Based on this we created a 15 amino acid, stearate-
linked, cell-permeable connexin mimetic peptide, termed CycliCx. In cultured 
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human SMC, CycliCx disrupts Cx43/cyclin E interactions and reduces cell 
proliferation and migration. CycliCx inhibits neointima formation in ligation-
induced neointima models in mice and in platelet-derived growth factor (PDGF)-
induced neointima formation in ex vivo human saphenous vein preparations. We 
identified that the CycliCx peptide increases PKC-phosphorylation of Cx43-S368 
and prevents PDGF-induced Cx43 internalization in SMC. These data suggest 
that altering the phosphorylation state of Cx43 from primarily MAPK to PKC could 
provide a protective effect against pathological SMC proliferation, and further 
highlight Cx43 as a drug target for preventing human neointima development. 

 
Connexin-43 (Cx43) inhibition decreases mitochondria transfer between human 
mesenchymal stromal cells and articular chondrocytes.  
Rebecca Irwin 
Irwin, Rebecca M(1); Thomas, Matthew A(1); Mayán, María D(2); Fahey, Megan J(1); Delco, 
Michelle L(1) 

Cornell University(1); INIBIC(2) 

Osteoarthritis is a leading cause of pain and disability, affecting >300 million 
people globally. Mesenchymal stromal cells (MSCs) have shown promise for 
treating degenerative diseases like osteoarthritis, but the mechanisms remain 
unclear. Evidence suggests MSCs can rescue injured cells by donating healthy 
mitochondria. Connexin-43 (CX43) signaling has been associated with 
mitochondrial transfer in several cell types. Further, chondrocyte CX43 is strongly 
upregulated in osteoarthritis. Therefore, our goal was to investigate the role of 
CX43 in MSC-chondrocyte mitochondrial transfer. We hypothesized that CX43 
inhibition and chondrocyte CX43 knock-out (CX43-KO) would decrease MSC-
chondrocyte mitochondrial transfer. 
Human chondrocyte lines (T/C-28a2 WT and CX43-KO) and primary MSCs were 
transduced for mitochondrial fluorescence (GFP and mCherry, respectively). 
Chondrocytes were cultured to near confluence, MSCs were added (1:10, 8, 6, 
4, or 2 MSC:chondrocyte ratio, n=3/group), then co-cultures were treated with 
carbenoxolone (100µM; gap junction inhibitor), Gap27 (100µM; CX43 inhibitor), 
or left untreated (n=4/group). Cells were co-cultured for 3-24 hours and analyzed 
using flow cytometry or fixed for CX43 immunofluorescence imaging. 
Mitochondrial transfer was quantified as cell events positive for both GFP and 
mCherry mitochondrial fluorescence on flow cytometry. Groups were compared 
by one-way ANOVA. 
MSC-chondrocyte mitochondrial transfer events increased over time in co-culture 
(5.8% at 3hrs; 8.3% at 12hrs) and with increasing MSC:chondrocyte ratio (6.7% 
for 1:10; 19.3% for 1:2). Carbenoxolone and Gap27 decreased mitochondrial 
transfer compared to untreated groups by 2.1% and 1.2%, respectively (p<0.01). 
Mitochondrial transfer was not different between CX43-KO and WT groups at 3 
hrs but was significantly lower in CX43-KO at 24hrs by 2.1% (p<0.01). Neither 
inhibitors nor CX43-KO eliminated transfer, suggesting CX43-independent 
mechanisms. Imaging revealed CX43 enrichment at MSC-chondrocyte contact 
sites. These data suggest CX43 signaling is important in mitochondrial transfer 
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between human MSCs and chondrocytes. This is the first evidence to support 
gap junction-mediated MSC-chondrocyte mitochondrial transfer. 
 
Panx1 in lymphatic endothelium regulates tissue fluid homeostasis and 
absorption of dietary fats.  
Avigail Ehrlich 
Avigail, Ehrlich; Filippo, Molica; Brenda, Kwak 
 
University Of Geneva    

The lymphatic system is a network of capillaries and collecting lymphatic vessels 
allowing for the unidirectional transport of interstitial fluids to the blood circulation. 
Lymphatic vessels are crucial for tissue fluid homeostasis, absorption of dietary 
fats and trafficking of dendritic cells (DCs) to draining lymph nodes (LNs). Panx1 
channels are formed by oligomerization of seven Panx1 proteins, and allow for 
the diffusion of ions, nucleotides and other metabolites between the cytosol and 
the extracellular space. We recently observed impaired lymphatic function in an 
Panx1-deficient mouse model for atherosclerosis (Panx1-/-Apoe-/-). The exact role 
of Panx1 in lymphatic function was however not determined in this study. 
Here, we report that Panx1 is expressed in lymphatic endothelial cells (LECs) of 
LNs and jejunum, and in a LEC line. Using mice with inducible deletion of Panx1 
in LECs (Prox1-CreERT2Panx1fl/fl; hereafter called Panx1LECdel) we found that 
lymphatic drainage is decreased by ~25% (P<0.05; N=12) compared 
with Panx1fl/fl controls after footpad injections with Evans blue. As compared 
to controls, Panx1LECdel mice exhibit tail swelling (P<0.05; N=12), indicating that 
Panx1 deletion from LECs leads to edema formation. Dietary fat absorption was 
also impaired in Panx1LECdel mice; they had reduced level of triglycerides 
(256.7±19.6 vs. 417.3±30.2 mg/dL; P<0.05; N=9) and free fatty acids 
(40.5±2.5 vs. 54.44±4.5 mg/dL; P<0.05) as compared to Panx1fl/fl mice 2 hours 
after an oral lipid tolerance test. To investigate lymphatic-dependent DC 
migration, we performed a skin contact hypersensitivity assay. The percentage 
of migratory DCs arriving in drainingLNs was comparable in Panx1LECdel and 
control mice, suggesting that Panx1 is dispensable for regulatory DC–LEC 
interactions. In conclusion, our results point to an essential role for Panx1 in 
lymphatic endothelium in the maintenance of tissue fluid homeostasis and dietary 
fat absorption, likely by regulating the lymphatic transport efficiency in collecting 
lymphatic vessels. 
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GJA1-20K rescues Connexin 43 trafficking and reduces arrhythmias in the 
demoglein 2 mutant mouse model of arrhythmogenic cardiomyopathy. 
Joseph Palatinus 
Palatinus, Joseph; Valdez, Steven; Taylor, Lindsey; Whisenant, Claire; Shaw, Robin 
University Of Utah 

Arrhythmogenic cardiomyopathy (ACM) is an inherited condition caused by 
mutations of junctional proteins resulting in arrhythmias, heart failure and sudden 
death. ACM patients exhibit a loss of normal trafficking of the gap junction protein 
Connexin 43 (Cx43) to the intercalated disk (ICD). Our group has previously 
demonstrated that the 20 kilodalton isoform of Connexin 43, (GJA1-20k) is 
required for trafficking of Cx43 gap junction channels, and exogenous expression 
of GJA1-20k increases trafficking of full length Cx43 to the ICD. Here, we identify 
a decrease in expression of this critical isoform in both patients with ACM and a 
well-established mouse model.  We hypothesize that expression GJA1-20K will 
reduce dysrhythmias by improving trafficking of Cx43 to the ICD in a mouse 
model of ACM.       
Heart tissue from patients with and without severe ACM underwent biochemical 
analysis via western blotting for levels of Cx43 and GJA1-20k expression. In 
addition, Desmoglein 2 (DSG2) mutant mice were injected with GJA1-20K-GFP 
or GFP viral vector along with wild-type littermates. Echocardiography and 
Telemetry were recorded, and hearts were harvested for subsequent analysis. 
Patients with ACM have a decrease in GJA1-20k levels relative to patients who 
died from non-cardiac causes. Consistent with these data, Hearts from DSG2-
mutant mice have less GJA1-20k expression and a 100 fold increase in 
premature ventricular contractions over 12 hours (2 vs 232  respectively 
p<0.0001) relative to WT littermate controls. Arrhythmia burden was reduced in 
mutant mice that received the GJA1-20k gene therapy (27 vs 232 (p<0.05). 
Quantitative immunofluorescence analysis of hearts confirmed an increase in 
Cx43 localization at the intercalated disc in GJA1-20k treated hearts. 
Our data indicate that GJA1-20K significantly reduces arrhythmias and recovers 
Cx43 trafficking to the intercalated disk in a mouse model of ACM. Taken together 
with our observation of decreased expression of GJA1-20k in patients with end 
stage ACM, our results point to a novel therapeutic option for the treatment of 
ACM related arrhythmias.  
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Channel-independent function of golgi-localized pannexin 3.  
Brant Isakson 
Wolpe, Abigail(1); Luse, Melissa(1); Johnstone, Scott(2); Baryjames, Christopher(1); 
Wakefield, Brent(3); Barr, Kevin(3); Frank, Beier(3); Redemann, Stefanie(1); Penuela, 
Silvia(3); Columbus, Linda(1); Isakson, Brant(1) 

University of Virginia(1); Carilian Institute, VT(2); University of Western Ontario(3)  

In hypertensive resistance arteries from mice and humans, we identified a 
significant decrease in Panx3 expression, where it was only found in endothelial 
cells (EC) and not smooth muscle. En face visualization of resistance arteries 
localized Panx3 exclusively to EC Golgi. Crosslinking endogenous Panx3 from 
arteries suggested stable dimers rather than assumed heptamers. To understand 
how Panx3 dimers were functioning, we created EC Panx3 knockout mouse 
(EC Panx3D/D). Radiotelemetry blood pressure revealed spontaneous 
hypertension, akin to resistance arteries from hypertensive mice and human. To 
understand how Panx3 may regulate blood pressure through channel-
independent functions, we examined B Cell Lymphoma 6 (BCL6), the only known 
interacting protein with Panx3 as pulled out by unbiased mass spec analysis. En 
face proximity ligation assays demonstrated Panx3-BCL6 interaction within EC 
Golgi. The EC Panx3D/D mice exhibited significantly decreased BCL6 protein, but 
not BCL6 mRNA, hinting that Panx3 may stabilize BCL6 at ubiquitination sites. In 
silico “threading” of the Panx3 sequence onto the cryo-EM structure of Panx1 
confirmed these sites of interaction. BCL6 is a NFkB repressor, thus its 
degradation in EC Panx3D/D mice caused an increase in NFkB activity. To confirm 
Panx3-BCL6 interaction, we designed a novel mimetic peptide designed to block 
Panx3-BCL6 interactions (BCLiP). When BCLiP was administered to control 
mice, it recapitulated the EC Panx3D/D phenotype, with an increase in NFkB and 
blood pressure. EC Panx3D/D mice also had increased NOX4, an 
H2O2 generating NADPH oxidase regulated by BCL6. The increase in NOX4 
correlated with a significant increase in plasma H2O2 and hyperoxidized 
peroxiredoxin in EC Panx3D/D mice. In line with this observation, resistance 
arteries from EC Panx3D/D mice had no acetylcholine dilation, but the dilation was 
recovered with H2O2-scavenger catalase (1000U/mL). In summary, our data 
suggests non-heptamer Panx3-BCL6 interaction in the Golgi can regulate 
oxidative stress. 
 
Biological function, trafficking and degradation routes of connexin43 localized at 
the nuclear envelope.  
Tânia Martins-Marques 
Martins-Marques, Tânia(1); Witschas, Katja(2); Leybaert, Luc(2); Girao, Henrique(1) 

University of Coimbra, Coimbra Institute for Clinical And Biomedical Research (ICBR), 
Faculty of Medicine, Coimbra, Portugal(1); Department of Basic Medical Sciences – 
Physiology Group, Ghent University, Belgium(2)     

Classically associated with gap junction (GJ)-mediated intercellular 
communication, Connexin43 (Cx43) has been increasingly recognized to play 
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other non-junctional functions, including upon regulation of gene expression. 
Nevertheless, the mechanisms whereby Cx43 influences diverse biological 
processes beyond cell-cell communication, are currently poorly defined. In the 
present work, using a comprehensive approach resorting to biochemical assays, 
super-resolution microscopy and immunogold transmission electron microscopy 
(TEM), we provide compelling evidence that Cx43 localizes to the nuclear 
envelope, where it forms functional channels. Moreover, we show that nuclear 
Cx43 partially derives from the plasma membrane pool of Cx43 that is transported 
to the nucleus by an importin-ß-mediated pathway, following protein kinase A 
(PKA) and Wnt signaling activation. Post-translational modifications on Cx43, 
namely sumoylation and ubiquitination, signal the trafficking of Cx43 to the 
nucleus. Importantly, our results demonstrate the involvement of autophagy in 
degradation of nuclear Cx43. Microarray-based gene expression analysis show 
that Cx43 significantly impacts the cellular transcriptome, which is likely shaped 
by the interaction between nuclear Cx43 and proteins with transcription factor 
activity, including Y-box-binding protein (YBX)-1. 
Overall, the present work provides an in-depth characterization of the signals and 
pathways involved in intercellular trafficking and degradation of Cx43 localized at 
the nuclear envelope, which might be valuable to unveil novel therapeutic 
strategies aiming at targeting Cx43-mediated gene expression. 
 
Dynamic transcription start site USAge alters GJA1 mRNA 5’UTR composition, 
regulating translation initiation, and modulating gap junction formation.  
Michael Zeitz 
Zeitz, Michael(1); Shrontz, Ellen(2); González Velázquez, Airinés(1); James, Carissa(3); 
Smyth, James(1) 

Fralin Biomedical Research Institute at Vtc, Roanoke, Virginia, USA(1);  Virginia Tech 
Carilion School of Medicine, Roanoke, Virginia, USA(2); Graduate Program in 
Translational Biology, Medicine and Health, Virginia Tech, Blacksburg, Virginia, USA(3)     

Connexin43 (Cx43, GJA1) gap junctions enable electrical coupling of 
cardiomyocytes and pathological disruption of Cx43 expression or localization 
results in arrhythmias of sudden cardiac death. Investigation of Cx43 gap junction 
biology has historically focused on transcription, vesicular trafficking, and post 
translational modifications. The importance of translational regulation however is 
highlighted by the recent discovery that Cx43 mRNA undergoes internal 
translation initiation to yield truncated protein isoforms, including the predominant 
GJA1-20k isoform that regulates gap junction formation. We have found that 
TGF-ß signaling, a hallmark of cardiac stressors, suppresses GJA1-20k 
expression to limit gap junction formation. TGF-ß or hypoxia significantly increase 
translation of full length Cx43 over GJA1-20k, correlating with an increase in 
truncated GJA1 mRNA 5’UTRs. Sequenced UTR isoforms map to genome wide 
transcription start sites (TSS) and transfection of GJA1 mRNAs harboring 
truncated 5’UTRs is sufficient to reduce Gja1-20k translation, phenocopying 
stress models. The IMP family (also termed IGF2BPs) of RNA binding proteins 
(RBPs) regulate translation initiation of several genes, and are responsive to 
growth factor and stress-related signaling. IMP1 is associated with promoting 
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alternative translation initiation, which led us to investigate how IMP1 may impact 
GJA1 mRNA. We hypothesize that alternative TSS usage modifies the inclusion 
of cis acting elements in the Gja1-5’UTR affecting RBP binding to regulate 
translation. A series of deletion mutants within the Gja1-5’UTR and inactivating 
mutations of candidate Gja1 upstream open reading frames (uORFs) were 
transfected into mouse and human Cx43 knockout cell lines, including induced 
pluripotent stem cell cardiomyocytes, to assess translational potential by western 
blotting. Deletion mutagenesis confirms our previous observation that altering 
5’UTR length affects Gja1 mRNA translation and introduction of inactivating point 
mutations in uORFs therein also regulates GJA1-20k expression. Knockdown of 
GJA1 RNA binding protein IMP1 by siRNA and knockout using CRISPR Cas9 
was performed to assess its role in translational regulation, where we find loss of 
IMP1 reduces GJA1-20k expression and, as expected, gap junction formation. 
Super resolution microscopy of single molecule RNA FISH with immunolabeling, 
complemented with RNA-IP biochemistry, demonstrate complexing of specific 
Gja1 transcripts with IMP1. Alteration of Gja1-5’UTR composition therefore 
represents a powerful mechanism connecting alterations in transcription to gene-
specific translational regulation by RBPs such as IMP1, fine tuning intercellular 
communication during stress. Revealing such molecular mechanisms controlling 
full length and internally translated protein products of GJA1 mRNA will inform 
therapeutic interventions aimed at preserving or restoring normal electrical 
coupling in diseased hearts. 
 
Extent of pannexin 1 expression in smooth muscle cells regulates sympathetic 
nerve induced constriction.  
Michael Koval 
Dunaway, Luke(1); Billaud, Marie(2); Macal, Edgar(1); Good, Miranda(3); Lorenz, Ulrike(1); 
Ravichandran, Kodi(4); Isakson, Brant(1); Koval, Michael(5) 

University of Virginia School of Medicine(1); Brigham and Women’s Hospital(2); Tufts 
Medical Center(3); Washington University School of Medicine(4); Emory University School 
of Medicine(5)   

Pannexin 1 (Panx1) forms high conductance channels that secrete ATP upon 
stimulation. We previously demonstrated  alpha-adrenergic stimulation facilitates 
Panx1 channel opening in mice and humans, and genetic deletion of Panx1 in 
smooth muscle cells (SMCs) resulted in reduced  alpha-adrenergic constriction 
and blood pressure. However, the role of Panx1 in mediating constriction in 
response to direct sympathetic nerve stimulation has not been examined. 
Additionally, it remains unknown how the expression level of Panx1 in SMCs 
influences  alpha-adrenergic responses. We hypothesized that the amount of 
Panx1 in SMCs dictates the levels of sympathetic constriction and blood 
pressure. To test this hypothesis, we used a series of genetically modified mouse 
models enabling expression of Panx1 in vascular cells to be specifically varied. 
Genetic deletion of SMC Panx1 prevented constriction by electric field stimulation 
of sympathetic nerves. Conversely, over-expression of Panx1 in SMCs using a 
ROSA26 transgenic model increased sympathetic nerve-mediated constriction. 
Cx43 hemichannel inhibitors did not alter constriction. Next, we evaluated the 
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effects of altered SMC Panx1 expression on blood pressure. To do this we 
created mice combining a global Panx1 deletion with ROSA26-Panx1 under the 
control of an inducible SMC specific Cre (Myh11), resulting in mice expressing 
Panx1 only by SMCs when Cre was induced. Upon tamoxifen treatment, there 
was increased blood pressure that was acutely decreased by the Panx1 inhibitor 
spironolactone. Control mice genetically devoid of Panx1 were unaffected by 
spironolactone. These data suggest levels of Panx1 expression by SMCs could 
regulate the extent of sympathetic nerve constriction and blood pressure. 
    
Function and distribution of gap junction associated sodium channels in neonatal 
myocytes as assessed by super-resolution patch-clamp.  
Robert Gourdie 
Álvarez-Laviada, Anita(1); Gourdie, Robert(2); Gorelik, Julia(1) 

National Heart and Lung Institute, Imperial College London, London, United Kingdom(1); 
Fralin Biomedical Research Institute, Virginia Tech, Roanoke, VA, USA(2) 

Intercellular conduction of action potential (AP) in the heart may involve both gap 
junction(GJ)-based and ephaptic mechanisms. Disruption of cardic AP 
conduction likely contributes to arrhythmias. We have shown that Nav1.5 voltage-
gated sodium channels (VGSCs) trans-interact across a narrow (<30 nm) cleft 
(the perinexus) at the edge of Cx43 GJs between myocytes (PMID: 30106376). 
We further reported that a peptide mimetic of the VGSC b1 (badp1) subunit 
immunoglobulin domain, designed to inhibit b1 trans-adhesion, caused perinexal 
expansion and slowed AP conduction, as well as prompted arrhythmias in Guinea 
pig hearts. To further explore perinexal VGSCs, we used super-resolution patch-
clamp to capture and probe sodium currents in cultures of neonatal rat ventricular 
cells. Scanning ion conductance microscopy resolved junctional topography. 
This was combined with cell-attached Nav1.5 recordings from myocyte-myocyte 
and myocyte-fibroblast pairs in the cultures. A Cx43-EGFP expressing 
adenovirus was used to localize Nav1.5 recording at junctional regions. To 
assess trans-depolarisation, current-clamp and optical measurements were 
combined. Super-resolution patch-clamp indicatedhigher sodium 
currentdensities and larger channel clusters at junctional, compared to non-
junctional regions, between myocytes. Junctional sodium currents and channel 
clusters were also detected at hetero-cellular contacts between myocytes and 
fibroblasts, but were smaller. Treatment with badp1 (50 mM) resulted in 
progressive suppression of sodium current local to junctional regions between 
myocytes, but not non-junctional regions, over a 90 minute time course. Confocal 
microscopy indicated a segregated distribution of Cx43 and b1 signals at 
junctional regions between cultured myocytes, with close apposition between the 
two proteins. Up to 90 minutes following badp1 treatment, this pattern became 
distorted, with junctional regions containing less-organised b1:Cx43 localisation. 
Our findings and biophysical approach elucidate molecular origin of 
arrhythmogenic activity within and around Cx43 GJ regions between cardiac cells 
and suggest a rationale for the anti-arrhythmic effects of b1-mediated adhesion 
at the perinexus. 
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Panx1 as a new target in the prevention of cardiac ischemia/reperfusion injury.  
Olga Rusiecka 
Rusiecka, Olga; Molica, Filippo; Morel, Sandrine; Kwak, Brenda 
Department of Pathology and Immunology and Dept of Cell Physiology and Metabolism, 
University of Geneva, Switzerland                                                                                                                                          

Background: Ischemic heart disease is the main cause of mortality worldwide. 
Ischemia occurs when blood flow to the myocardium is severely restricted. 
Reperfusion is crucial to avoid irreversible cell damage, which may cause heart 
failure. No effective therapy is available in clinics to protect the heart from 
ischemia/reperfusion (I/R) injury. Endothelial cells are activated after I/R, which 
may drive the inflammatory response by releasing ATP through pannexin1 
(Panx1) channels. Here, we investigated the role of Panx1 in cardiac I/R. 
Results: Panx1 was found in cardiac endothelial cells, neutrophils and 
cardiomyocytes. After in vivo I/R, serum Troponin-I and infarct size were less 
pronounced in Panx1-/- mice, but neutrophil infiltration in the infarct area was 
similar between Panx1-/- and wild-type (WT) mice. Serum Troponin-I and infarct 
size were not different between mice with neutrophil-specific deletion of Panx1 
and Panx1fl/fl mice, suggesting that cardioprotection by Panx1 deletion rather 
involved cardiomyocytes than the inflammatory response. Physiological cardiac 
function in WT and Panx1-/- hearts was similar. However, Panx1-/- hearts 
showed better recovery of left ventricle developed pressure, cardiac contractility 
and relaxation after I/R. Both the time to onset of contracture (TTOC) and time to 
maximal contracture (TTMC) were delayed in Panx1-/- hearts. This improved 
cardiac recovery was abolished in Panx1-/- hearts subjected to ischemic 
preconditioning (IPC) prior to I/R. Similarly, TTOC and TTMC did not vary 
between WT and Panx1-/- mice following IPC, suggesting altered mitochondrial 
function in Panx1-/- cardiomyocytes. Finally, Panx1 was found in mitochondria 
and mitochondrial ATP content was increased in Panx1-/- cardiomyocytes.  
Conclusion: Panx1-/- mice display decreased sensitivity to cardiac I/R injury, 
resulting in smaller infarcts and improved recovery of left ventricular function. This 
cardioprotective effect of Panx1 deletion seems to involve cardiac mitochondria 
rather than a reduced inflammatory response. Thus, Panx1 may represent a new 
target for controlling cardiac reperfusion damage. 
 
14:00 – 15:00 Plenary 6  
 
Shear stress activates P2X4 receptor currents by triggering Cx43 hemichannels in 
atrial myocytes: possible role on atrial adaptation to pressure overload.  
Sun-Hee Woo 
Kim, Joon-Chul; Do, Long Nh; Trinh, Tran N; Kim, Luong Phuong; Le, Qui A; Woo, Sun-
Hee 
Chungnam National University 

Increase of afterload induces cardiac hypertrophy leading to contractile failure 
and dilation. Atria to receive venus return should adapt to such mechanical 
changes including shear stress. However, the atrial cell responses to shear stress 
are poorly understood. Recent evidence suggests that atrial myocytes release 
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ATP fast under shear stress via connexin43 (Cx43) hemichannels, which triggers 
action potentials and Ca2+ waves. We explored cellular mechanism for graded 
depolarization under shear stress and its implication on atrial pathogenesis 
during progressive increase in afterload. Using whole-cell patch clamp combined 
with micro fluid-jet system, we found in rat atrial myocytes that shear stress 
activates non-selective cation currents (IS,Cs) that were enhanced by zero external 
Ca2+, but eliminated by La3+, high concentrations of carbenoxolone, anti-Cx43 
antibodies, Gap19 or Cx43 conditional knockout (cKO), suggesting a key role of 
Cx43 hemichannel. Intracellular calcein fluorescence imaging to assess gap 
junction hemichannel activity revealed that shear stress induces a calcein efflux 
from atrial myocytes which was increased by zero external Ca2+ and suppressed 
by Cx43 hemichannel inhibitions (La3+, Gap19 or Cx43 cKO). The IS,Cs was 
eliminated by ATP-metabolizing apyrase and suppressed by antagonists of P2 
receptors, mainly P2X4 receptor (P2X4R), indicating a role of autocrine P2X4R 
activation. Furthermore, in a rat model of left atrial (LA) hypertrophy, induced by 
transverse aortic constriction (TAC) for 5-weeks, IS,Cs and its P2X4R current 
component, and P2X4R protein level were largely increased with unaltered 
hemichannel function. In severely dilated left atria following 20-week-TAC, Cx43 
hemichannel activity and P2X4R-currents of IS,Cs were attenuated again with 
lowered protein levels for Cx43 and P2X4R. Cx43 hemichannel-P2X4R signaling 
could account for increase of atrial excitability under shear stress. Characteristic 
alterations in this response during progressive pressure overload suggest that it 
plays a role in atrial compensatory adaptation to hypertension.  
 
Cx43 modulates reverse electron transfer in subsarcolemmal cardiac 
mitochondria from CX43CRE-ER(T)/FL mice independently of changes in 
mitochondrial membrane potential.  
Marta Consegal Pérez 
Consegal, Marta; Miró-Casas, Elisabet; Ruiz-Meana, Marisol; Inserte, Javier; Benito, 
Begoña; Rodríguez-Sinovas, Antonio 
Vall D'hebron Research Institute, Cardiovascular Diseases Research Group   

Background: Myocardial ischemia leads to accumulation of succinate in the 
tissue, which is rapidly oxidized during initial reperfusion. This gives rise to a 
reverse electron transfer (RET) from mitochondrial complex II to complex I and 
massive reactive oxygen species (ROS) production and cell death. Given that 
connexin 43 (Cx43) may modulate mitochondrial ROS production and potassium 
permeability under some circumstances, in this study we analyzed whether Cx43 
modulates RET using an inducible knock-out Cx43Cre-ER(T)/fl mice model.  
Material and Methods: Wild-type Cx43fl/fl mice and Cx43Cre-ER(T)/fl inducible 
knock-out animals were treated with 4-hydroxytamoxifen (4OHT) to induce a Cre-
ER(T)-mediated global deletion of the Cx43 floxed allele. Fourteen days after first 
induction, mice were sacrificed and subsarcolemmal (where Cx43 is 
predominantly expressed) and interfibrillar cardiac mitochondria were isolated. 
Mitochondrial oxygen consumption was analyzed using a Clarck-type oxygen 
electrode and malate and glutamate as respiration substrates. ROS production 
was determined after incubation with Amplex Red and addition of either malate-
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glutamate or succinate (a condition producing RET), either in the absence or 
presence of rotenone (as a tool to inhibit RET). Mitochondrial membrane potential 
was investigated after incubation with TMRE (succinate±rotenone). Additionally, 
infarct size was assessed in isolated hearts from Cx43fl/fl and Cx43Cre-ER(T)/fl 
animals, submitted to ischemia-reperfusion and treated or not with malonate, a 
complex II inhibitor attenuating RET and ROS production during initial 
reperfusion. 
Results: Oxygen consumption in the presence of malate-glutamate was similar 
in Cx43fl/fl and Cx43Cre-ER(T)/fl animals treated with 4OHT, both in subsarcolemmal 
and interfibrillar mitochondria, and ROS production was low. Contrary, succinate 
induced a massive ROS production in mitochondria from both groups of animals, 
that was markedly attenuated by rotenone, suggesting RET. However, succinate-
dependent ROS production and RET were significantly lower in Cx43-deficient 
animals in subsarcolemmal (ROS production: 0.235±0.028 vs. 0.326±0.041 nmol 
H2O2/min·mg protein in Cx43fl/fl mice, p<0.05; RET: 0.164±0.022 vs. 0.254±0.036 
nmol H2O2/min·mg protein, p<0.05), but not interfibrillar, mitochondria. Analysis 
of mitochondrial membrane potential, a thermodynamic RET driver, showed no 
changes between the different groups. Isolated hearts from Cx43Cre-ER(T)/fl mice 
treated with 4OHT showed a reduced infarct size after ischemia as compared 
with Cx43fl/fl, and lack of protection by malonate.  
Conclusions: Cx43 modulates ROS production and RET in subsarcolemmal, 
but not interfibrillar, mitochondria, and this result is independent of changes in 
mitochondrial membrane potential. These findings may explain, at least in part, 
the reduced infarct size observed in these animals and the lack of protection by 
malonate. 
 
Adenovirus increases arrhythmia susceptibility during acute cardiac infection. 
James Smyth 
Padget, Rachel(1); Blair, Grace(1); North, Michael(2); Zeitz, Michael(3); Tanenbaum, Mira(2); 
King, D. Ryan(1); Hoeker, Gregory(3); Swanger, Sharon(3); Poelzing, Steven(3); Smyth, 
James(3) 

Graduate Program in Translational Biology, Medicine, and Health, Virginia Tech, 
Blacksburg, Virginia, USA(1); Virginia Tech Carilion School of Medicine, Roanoke, 
Virginia, USA(2); Fralin Biomedical Research Institute at Vtc, Roanoke, Virginia, USA(3)                                                                                                                                                 

Myocarditis is responsible for 42% of sudden cardiac death in young adults, yet 
mechanisms underlying virally induced arrhythmia remain elusive. Adenovirus is 
a leading etiological agent of myocarditis, but species-specificity has 
limited development of animal disease models. Normal electrical impulse 
propagation in the heart is achieved through intercellular coupling via gap 
junctions, composed primarily of connexin43 (Cx43). Changes in Cx43 
expression, localization, and/or function underlie the arrhythmias of sudden 
cardiac death. Given that gap junctions also propagate innate and adaptive 
antiviral immune responses, we hypothesized that adenovirus would target Cx43 
to facilitate replication. Our prior work has demonstrated that activation of an 
Akt/ß-catenin signaling axis by the early adenoviral protein E4-ORF1 rapidly 
targets Cx43 during adenoviral infection, limiting Cx43 expression and directly 
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modulating gap junction communication in human epithelial and cardiac cells. We 
now employ a recently described cardiotropic strain of mouse adenovirus, MAdV-
3, to develop our work into whole animal studies and investigate virally-induced 
alterations in cardiac electrophysiology and the molecular mechanisms of the 
resulting arrhythmogenic substrate. Adult mice were inoculated with MAdV-3 and 
sampled after 7 days to model acute cardiac infection. We find MAdV-3 viral 
genomes are specifically enriched in heart tissue, confirming cardiotropism. No 
cardiomyopathy was apparent by echocardiography or histopathology, consistent 
with human acute myocarditis patients. By histopathology we detect no significant 
infiltration of immune cells or damage to cardiac tissues. We find reductions in 
cardiac ion channel and connexin mRNA transcript levels after infection, and at 
the protein level, Cx43 is phosphorylated at residues known to reduce gap 
junction function. Ex vivo optical mapping experiments illustrate decreased 
conduction velocity in infected hearts. In addition to effects on gap junctions, we 
find prolonged action potential duration and impaired K+ currents by patch 
clamping of infected primary adult mouse cardiomyocytes. Finally, employing 
human iPSC-derived cardiomyocytes and human adenovirus type-5, we detect 
increased Cx43 phosphorylation and, using through optical mapping of calcium 
transients, perturbation of intercellular coupling during infection, just as we see 
with MAdV-3. Our data demonstrate that reduced cellular coupling and ion 
channel function during adenoviral infection generates an arrhythmogenic 
substrate prior to an appreciable immune response or cardiomyopathy 
development. Through further elucidation of how early adenoviral proteins, such 
as E4-ORF1, effect this process we aim to identify molecular targets to 
therapeutically modulate gap junction coupling in diseased hearts beyond 
myocarditis alone.  
  
Preservation of gap junction coupling suppresses arrhythmogenic discordant 
alternans and VT/VF during resuscitation from cardiac arrest.   
Lance Wilson 
Wilson, Lance(1); Piktel, Joseph(1); Pawlowski, Gary(1); Gourdie, Robert(2); Laurita, 
Kenneth(1) 

Metrohealth System, Case Western Reserve University(1); Fralin Biomedical Research 
Institute, Virginia Tech(2)    

Background: Ventricular tachycardia/fibrillation (VT/VF) following return of 
spontaneous circulation (ROSC) after resuscitation from cardiac arrest (CA) is 
common, worsening outcomes. Spatially discordant cardiac alternans, beat-to-
beat alternation of repolarization out of phase in different regions of the heart 
(DIS-ALT), is a mechanism of VT/VF. DIS-ALT is promoted by 
ischemia/reperfusion during resuscitation and can be mitigated by cell-to-cell gap 
junction coupling (GJC). We aimed to determine mechanisms by which GJC 
mitigates DIS-ALT and VT/VF during resuscitation. 
Methods: Hypothermic pigs (32oC, Controls, n=8) underwent placement of 
cardiac plunge electrodes to record electrograms followed by AMI due to left 
anterior descending artery (LAD) occlusion. VF was induced during LAD 
occlusion, persisted for 8 min, then pigs were resuscitated (defibrillation, CPR) to 
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ROSC and the LAD was reperfused. Controls were compared to rotigaptide 
treatment (Roti, 10mcg/kg at CPR, 1mcg/kg/hr infusion) to preserve GJC. Optical 
mapping of membrane voltage or Ca2+ was performed in isolated pig LV wedge 
preparations during ischemia with and without Cx43 mimetic peptide aCT11 (10 
uM) to preserve GJC. 
Results: Overall, DIS-ALT preceded 77% of VT/VFs , suggesting it is a primary 
VT/VF mechanism during resuscitation.   Roti suppressed DIS-ALT (5/5 vs. 1/10, 
p<.01) and VT/VF (8/8 vs. 4/10, p<.05) vs. controls after reperfusion and 
decreased repolarization heterogeneity by 44% (p<.003). Ex vivo, DIS-ALT was 
also suppressed by aCT11 (7/7 vs. 0/7 preparations, p<.001), decreasing action 
potential duration gradients (by 17%, p<.04) further suggesting that maintaining 
GJC mitigated resuscitation-induced repolarization heterogeneities. aCT11 also 
suppressed discordant Ca2+ alternans, implicating a GJC-mediated effect on 
Ca2+ dysregulation as a mechanism of DIS- ALT. 
Conclusions: Maintaining GJC during resuscitation suppresses DIS ALT and 
VT/VF by suppressing ischemia/reperfusion induced repolarization 
heterogeneities and preventing Ca2+ dysregulation.  Maintaining GJC during 
resuscitation may offer a novel approach to improve resuscitation outcomes. 
 
15:30 – 17:00 PLENARY 7  
 
Osteocytic connexin 43 hemichannels regulate remodeling of 
perilacunar/canalicular bone matrix.  
Jean Jiang 
Jiang, Jean(1); Hua, Rui(1); Truong, Vu(2); Fajardo, Roberto(2); Wang, Jingya(3); Cheng, 
Hongyun(1); Gu, Sumin(1) 

University of Texas Health Science Center(1); School of Osteopathic Medicine, University 
of The Incarnate Word(2); Texas A&M College of Dentistry(3)      

The skeleton acts as an important calcium reservoir, especially during lactation. 
Osteocytes, comprising over 90% of bone cells, directly resorb and replace their 
surrounding mineral matrix in perilacunar/canalicular remodeling (PLR) driven by 
elevated parathyroid hormone-related protein (PTHrP) level. Connexin 43 (Cx43) 
is richly expressed in osteocytes, forming gap junctions and hemichannels (HCs). 
Given the key roles of Cx43 channels in bone remodeling, in this study, we aimed 
to investigate their function in PLR process. PTHrP induced Cx43 HCs opening, 
intracellular pH decrease, and PLR markers expression, including matrix 
metalloproteinase-13 (MMP13), ATPase proton pumps, and cathepsin K in MLO-
Y4 osteocytes. However, all the effects were abrogated using an antibody which 
specifically blocks Cx43 HCs. To dissect specific roles of gap junctions and HCs, 
two transgenic mouse models overexpressing dominant negative Cx43 mutants 
in osteocytes were used; the R76W mutation inhibits gap junctions while the 
?130-136 inhibits both gap junctions and HCs. Three-month-old pregnant WT, 
R76W and ?130-136 mice were euthanized on the 12th day of lactation or the 
7th day of post-lactation recovery. While R76W mice had comparable bone mass 
with WT mice, ?130-136 mice showed a protection from bone loss during 
lactation, and attenuated bone accrual during post-lactation by microCT 
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assessment of bone microarchitecture. Histology and back scatter electron 
microscopy indicated sustained bone formation, impaired osteocyte lacunae 
enlargement, along with blunted osteoclastogenesis and osteolysis in ?130-136 
mice during lactation. Real-time PCR revealed suppressed PLR genes 
expression induced by lactation in ?130-136 mice, compared to WT and R76W 
groups. Taken together, inhibition of osteocytic Cx43 HCs impedes PLR in 
response to PTHrP and lactation. This study unveils a previously unrecognized 
role of Cx43 in perilacunar mineral removal and deposition by osteocytes, 
highlighting osteocytic Cx43 HCs as a crucial regulator of PLR. 
 
Regulation of osteocyte morphology, gene expression, and viability by Cx43 and 
the fragile X mental retardation1 gene FMR1.  
Lilian Plotkin 
Deosthale, Padmini; Marakovits, Corinn; Plotkin, Lilian 
Indiana University School of Medicine 

Osteocytes embedded in the bone matrix regulate the generation and function of 
osteoclasts (bone resorbing cells) and osteoblasts (bone forming cells) and 
communicate with each other and with cells on the bone surface through dendritic 
processes. Cx43 is required for osteocyte function and osteocytic Cx43-deficient 
mice exhibit elevated osteocyte apoptosis and osteoclast numbers and altered 
expression of cytokines that modulate osteoclast differentiation; changes 
reproduced in MLO-Y4 osteocytic cells silenced for Cx43 (Cx43-) using shRNA. 
We now report that Cx43 deletion results in increased dendricity, with 84±2% of 
Cx43- cells exhibiting =5 dendrites versus 57±1% of scramble-silenced 
(scramble) cells. Cx43- cells expressed ~2-fold higher levels of fragile X mental 
retardation1 (FMR1), a gene associated with dendrite formation in neurons. To 
determine whether FMR1 is involved in the phenotype of Cx43-deficient 
osteocytes, we silenced FMR1 in scramble and Cx43- cells using CRISPR/Cas9. 
Clones were isolated by FACS and Cx43 and FMR1 levels were measured and 
found to be similarly reduced in cells silenced using FMR1 or control 
CRISPR/Cas9 constructs (~95%) and in scramble and Cx43- cells (>99%), 
respectively. FMR1 deletion reversed the increased dendricity of Cx43- cells, with 
58.4±2.5% cells with =5 dendrites in Cx43-/FMR1- cells. Further, and as 
previously published, RANKL, an osteocytic cytokine required for osteoclast 
formation, was ~400-fold higher in Cx43- cells compared to scramble osteocytes, 
while RANKL levels were unchanged in FMR1- and were reversed to values of 
scramble cells in Cx43-/FMR1- osteocytes, suggesting that FMR1 is required for 
RANKL upregulation in the absence of Cx43. Likewise, the 17-fold higher 
expression of the apoptosis-associated gene FOXO3 in Cx43- cells was 
eliminated, and the ~4-fold increase in dead cells measured by Trypan blue 
uptake was partially reversed (~2-fold) in Cx43-/FMR1- cells, consistent with our 
previous studies showing that osteocyte apoptosis leads to elevated RANKL in 
Cx43- MLO-Y4 cells. Further, as in brain from FMR1-deficient patients, 
expression of the cytoplasmic FMR1-related protein 2, cyfip2, a gene involved in 
neuron actin dynamics, was ~3-fold higher in tibia from FMR1-deficient mice and 
in FMR1-silenced MLO-Y4 cells; was unaltered in Cx43- cells but was ~80-fold 
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higher in Cx43-/FMR1- cells when compared to scramble cells, adding further 
support to the existence of crosstalk between Cx43 and FMR1. Based on this 
evidence, we propose that a pathway comprising Cx43 and FMR1/cyfip2 controls 
osteocyte dendricity, gene expression, and viability, potentially regulating 
osteoclast differentiation and bone resorption and, ultimately, bone mass through 
changes in osteocyte biology. 
 
Pannexin 3 channels regulate tissue architecture, barrier function, keratinocyte 
adhesion, and inflammatory responses during skin aging.  
Brooke O'Donnell 
O'donnell, Brooke(1); Sanchez-Pupo, Rafael(1); Sayedyahossein, Samar(1); Karimi, 
Mehdi(2); Bahmani, Mehrnoosh(3); Zhang, Christopher(1); Johnston, Danielle(1); Kelly, 
John(1); Wakefield, C. Brent(1); Barr, Kevin(1); Dagnino, Lina(1); Penuela, Silvia(1) 

University of Western Ontario(1); Illinois State University(2); Ontario College of 
Pharmacists(3) 

Pannexin 3 (PANX3) is a channel-forming glycoprotein that facilitates the 
passage of ATP and calcium at the cell surface and endoplasmic reticulum, 
respectively. PANX3 is present in adult skin and functions in cutaneous wound 
healing and keratinocyte differentiation, but its regulation throughout skin aging 
and its role in skin homeostasis are not yet understood. Through Western blotting, 
we found PANX3 was undetectable in newborn dorsal skin but became 
upregulated at postnatal day 2, remaining at high levels with age, specifically in 
keratinocytes. We characterized the skin of both male and female global Panx3 
knockout (KO) mice compared to congenic, age-matched wildtype (WT) controls. 
Structurally, we used histological analysis to show that Panx3 KO dorsal skin 
exhibited sex differences at various ages, but generally had reduced epidermal, 
dermal and hypodermal areas compared to aged-matched controls. However, no 
differences were observed in paw skin epidermal areas regardless of genotype 
or challenge. A toluidine blue dye assay revealed compromised epidermal barrier 
function in neonatal KO mice of both sexes, and to understand the signalling 
mechanisms behind these changes to the skin upon Panx3 deletion, we 
performed a Clariom™ S transcriptomic profiling analysis of WT and KO neonatal 
epidermis. Panx3 KO neonatal epidermis showed reduced E-cadherin 
stabilization and Wnt signalling, consistent with the inability of primary KO 
keratinocytes to adhere in culture and the compromised epidermal barrier. Lastly, 
we observed increased inflammatory signalling in KO epidermis, reflected by the 
increased incidence of dermatitis in both male and female aged KO mice. 
Altogether, KO mice were 3.75 times more likely to develop dermatitis than WT 
controls. Collectively, these findings suggest that during skin aging, PANX3 is 
critical in the maintenance of dorsal skin architecture and keratinocyte cell-cell 
and cell-matrix adhesion, and regulates inflammatory responses within the skin.  
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Connexin43 controls the metabolic response to obesogenic diets in mice via 
channel and scaffolding functions.  
Roberto Civitelli 
Lee, Seung-Yon; Fortunato, Manuela; Watkins, Marcus; Fontana, Francesca; Civitelli, 
Roberto 
Washington University in St. Louis, USA            
 

Connexin43 (Cx43) is the most abundant gap junction protein in mesenchymal 
lineages, including bone and fat. In mature adipocytes, Cx43 mediates white 
adipose tissue (WAT) “beiging” in response to cold exposure and maintains 
metabolic activity of brown adipose tissue (BAT). However, we found that ablation 
of Gja1 in cells that give raise to chondro-osteogenic and adipogenic precursors, 
driven by Twist2/Dermo1-Cre (cKOTw2) lowers body adiposity and increases 
glucose tolerance and energy utilization in C57/BL6 mice kept on regular diet. 
Importantly, cKOTw2 mice are partially protected from weight gain and 
development of the metabolic syndrome induced by a high fat diet (HFD). In 
control mice, HFD increases Cx43 expression in BAT, but not in WAT. In cKOTw2 
mice, protection from the effects of high-calorie intake is associated with 
improved serum lipid profile and glucose tolerance, lower insulin, and reduced 
adipocyte hypertrophy but no hepatic steatosis, thus excluding a lipodystrophy 
syndrome. In vitro,glucose uptake, expression of glucose transporters and insulin 
sensitivity increase in cKOTw2 WAT cells. HFD-fed cKOTw2 mice also exhibit 
increased fuel utilization, energy expenditure, non-shivering thermogenesis, and 
accentuated lipolysis, BAT metabolic activity and decreased BAT whitening. 
Such metabolic phenotype is not reproduced by more restricted Gja1 ablation in 
differentiated adipocytes (cKOAdipoq), or in osteolineage cells. Indeed, HFD-fed 
cKOAdipoq gain weight and become less glucose tolerant than control mice. 
Induction of Gja1 mutations driven by Twist2/Dermo1-Cre suggest that while 
abrogation of Cx43 channel function (Gja1G138R/+) reproduces the metabolic 
phenotype, Cx43 role in glucose tolerance can be linked to Cx43 
signaling/scaffolding function (Gja1D378STOP/+). Hence, Cx43 has a hitherto 
unknown role early in the adipocyte lineage, where it functions to restrain energy 
expenditures favoring fat accumulation. Such function is distinct from Cx43 action 
in mitochondrial respiration. These results offer a potential new pharmacologic 
target for improving metabolic balance in diabetes and obesity. 
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9:45 – 10:00 Emerging Star Award 
 
Real-time assessment of inter-platelet communication and coordination of 
calcium signals by connexin gap junctions. 
Kirk Taylor 
Taylor, Kirk(1); Bye, Alex(2); Mitchell, Joanne(3); Ray, Sabina(1); Gibbins, Jonathan(1) 

Institute for Cardiovascular and Metabolic Research, School of Biological Sciences, 
University of Reading, Reading, UK(1); Molecular and Clinical Sciences Research 
Institute, St George's University, Cranmer Terrace, London, UK(2); Department of 
Cardiovascular Sciences, University of Birmingham, Birmingham, UK(3)  

Background: Following vascular injury, platelets rapidly aggregate to prevent 
blood loss and promote wound repair. Mechanisms regulating inter-platelet 
communication and coordination of these responses are incompletely 
understood. Platelets express several members of the connexin gap junction 
family that form intercellular channels. Selective inhibitory peptides of these 
channels reduce thrombus formation in vivo, but inter-cellular signals conveyed 
by platelet connexins remain unclear.  
Aim: To evaluate the role of connexins in coordination of agonist-evoked platelet 
calcium signalling. 
Methods: Calcein diffusion between platelets was employed as a marker of 
connexin activation during thrombus formation assays. Briefly, 10% of platelets 
were co-stained with calcein and CD61 antibodies, allowing monitoring of calcein 
diffusion beyond these ‘donor’ platelets. For calcium imaging, platelets were 
spread on fibrinogen and TRAP6-evoked (thrombin receptor agonist) calcium 
transients were monitored by confocal microscopy. 
Results: Thrombi were formed under arteriolar shear and calcein movement 
between the cytosol of adjacent platelets was tracked. To evaluate the role for 
connexins in this process, we used the pan-connexin inhibitor carbenoxolone or 
the connexin 37 (Cx37)-specific peptide inhibitor 37,43Gap27. In the presence of 
carbenoxolone calcein diffusion was reduced by 60%, whilst 37,43Gap27 led to a 
30% reduction. We therefore investigated whether multiple connexin isoforms 
contributed to inter-cellular communication using a peptide cocktail to target the 
major platelet connexins (Cx37, Cx40 and Cx62). This approach reduced dye 
transfer to the same extent as carbenoxolone. Finally, we studied TRAP6-evoked 
calcium signals in immobilised platelets and calculated the time interval between 
calcium spikes in adjacent cells (lag time). Incubating of platelets with 
carbenoxolone reduced coordination of calciumsignals and increased lag time. 
Conclusions: Connexins facilitate coordination of inter-platelet calcium signals, 
which may involve diffusion of cytosolic calcium or IP3. It is interesting to 
speculate that connexins may relay signals between the core and shell to 
regulate thrombus formation. 
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USP8 modulates Cx43 homeostasis in endothelial cells.  
Teresa Ribeiro-Rodrigues 
Ribeiro-Rodrigues, Teresa(1); Vasconcelos-Cardoso, Maria(1); Catarino, Steve(1); Morel, 
Sandrine(2); Kwak, Brenda R(2); Girao, Henrique(1) 

University of Coimbra, Coimbra Institute for Clinical and Biomedical Research (ICBR), 
Faculty of Medicine, Portugal(1); Department of Pathology and Immunology, Faculty of 
Medicine, University of Geneva, Geneva, Switzerland(2)                                                                                                                                                                                                                                                                                 

Connexin43 (Cx43) is a channel-forming transmembrane protein that mediates 
intercellular communication (IC), being crucial not only in the regulation of 
physiological processes but also participating/modulating pathophysiological 
phenomena such as cardiac infarction and atherosclerosis. The regulation of Cx-
mediated IC can occur at different levels, including internalization and 
degradation. In fact, it was previously shown that internalization and degradation 
of Cx43, the most ubiquitously expressed of Cx family, its partially dependent of 
its ubiquitination, by the balanced action of the E3 ligase Nedd4 and the 
deubiquitinating enzyme (DUB) AMSH. However, it is likely that other DUBs play 
important roles in modulating the levels of ubiquitination of Cx43, with 
consequences at the level of IC. Based on a screening analysis, we identified 
USP8, as a DUB acting upon Cx43. In this study, we show that USP8 interacts 
with Cx43 and mediates its deubiquitination and intracellular trafficking. Using 
siRNA depletion, we demonstrate that decrease in USP8-mediated 
deubiquitination of Cx43, leads to a reduction in degradation rate and increase in 
total and plasma membrane levels of Cx43, accompanied by an increase in Cx43-
channel activity (Cx-43 mediated IC). Importantly, USP8 regulates levels of Cx43 
in endothelial cells (ECs), and consequently, monocytes-ECs adhesion. 
Moreover, we observed that oscillatory shear stress, present at arterial 
bifurcations, and associated with ECs dysfunction and susceptibility to 
atherosclerosis lesion formation, promotes a decrease in USP8 levels. This flow-
mediated modulation of USP8 in ECs, impacts on Cx43 levels and consequently 
modulates monocytes to ECs adhesion. Overall, these data provide strong 
evidence that USP8-mediated deubiquitination of Cx43 constitutes an additional 
level of regulation of Cx43 intracellular trafficking. Furthermore, we suggest that 
impairment of USP8 activity can account to ECs dysfunction, promoted either by 
inflammation or dysfunctional shear stress, in a process mediated/dependent of 
Cx43 potentially contributing to atherosclerosis development and progression. 
 
Role of connexin43 interaction with microtubules in epithelial-mesenchymal 
transition and breast cancer metastasis.  
Christina Wheeler 
Wheeler, Christina; Deaver, Stacie; Sorayya, Aryo; Young, Kenneth; Zeitz, Michael; 
Smyth, James; Lamouille, Samy 
Fralin Biomedical Research Institute at Virginia Tech Carilion, Roanoke, VA, USA                                                                                                                                                    

Breast cancer is the most common cancer diagnosis worldwide with metastatic 
disease accounting for 90% of related deaths. There is therefore a critical need 
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to understand underlying mechanisms of cancer cell replication and spread to 
develop effective therapeutics. Epithelial-mesenchymal transition (EMT), during 
which cancer cells acquire a mesenchymal-like phenotype conferring increased 
motility and invasive characteristics, occurs during metastasis. The gap junction 
protein connexin43 (Cx43) is known to play complex oncogenic roles in cancer 
development. We have previously published enrichment of cytosolic Cx43 during 
EMT, and here we utilize super resolution microscopy to demonstrate increased 
CX43/microtubule complexing during this process. We therefore hypothesize that 
Cx43 binding to microtubules positively regulates cell migration and invasion 
during EMT and breast cancer cell metastasis. To test this, we employ a Cx43 
mutant incapable of binding to tubulin which we ectopically express in TGF-ß-
induced EMT cell models. We find that expression of our Cx43 tubulin binding 
mutant in human and mouse Cx43 knockout cells prevents Cx43/microtubule 
complexing, decreases mesenchymal marker expression, and inhibits cell 
migration and invasion during TGF-ß-induced EMT. We are translating these 
findings in vivo with Cx43 knockout human triple-negative breast cancer (TNBC) 
cells, stably expressing a luciferase/GFP dual reporter and wild-type or tubulin 
binding domain mutated Cx43. Using a xenograft mouse model, we employ 
whole animal in vivo imaging to quantify metastases. Our data confirm Cx43 
regulates tumor size and is correlated with metastatic potential of TNBCs. Cx43 
binding to microtubules therefore represents a viable therapeutic target to limit 
metastatic disease in breast, and likely other, cancers. 
 
Effect of the anti-tumour peptide TAT-CX43266-283 on neural stem cells with 
glioma-driver mutations.  
Andrea Álvarez-Vázquez 
Álvarez-Vázquez, Andrea(1); San-Segundo, Laura(2); Cerveró-García, Pilar(1); Flores-
Hernández, Raquel(1); Ollauri-Ibáñez, Claudia(1); Segura-Collar, Berta(3); Sánchez-
Gómez, Pilar(3); Pollard, Steven M. (4); Tabernero, Arantxa(1) 

INCYL, IBSAL, University of Salamanca, Salamanca, Spain(1); Centre for Cancer 
Research-IBMCC (CSIC), IBSAL, Salamanca, Spain(2); Neuro-Oncology Unit, Health 
Institute Carlos III, Madrid, Spain(3); Centre for Regenerative Medicine, Institute for 
Regeneration and Repair, University of Edinburgh, Edinburgh, UK(4)                                                                                                                                                                                                                                                                                                                                                                                        

Glioblastomas are one of the most malignant tumours. Glioma Stem Cells 
(GSCs) are a subpopulation of cells resistant to standard treatments, responsible 
for tumour recurrence. Strong evidence supports that Neural Stem Cells (NSCs) 
from the subventricular zone (SVZ) are the origin of GSCs. This transition 
frequently concurs with epidermal growth factor receptor (EGFR) overexpression 
or mutations, such as EGFRvIII. Our group designed a cell penetrating peptide 
based on connexin43 (TAT-Cx43266-283) that inhibits the oncoprotein c-Src and 
therefore targets GSCs, increasing survival in glioma-bearing mice. Because c-
Src and EGFR signaling are closely related, we explored the effect of TAT-
Cx43266-283 in the transition of NSCs to GSCs. 
We compared the effect of TAT-Cx43266-283, control peptides, temozolomide and 
erlotinib, a common EGFR inhibitor, in SVZ NSCs (Control-NSCs) and murine 
NSC and patient-derived GSCs with key glioma-driver mutations in Nf1, PTEN 
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and EGFR.  EGFR signaling pathway was analysed by Western blot. 
Furthermore, we are analysing the effect of TAT-Cx43266-283 in a mouse model 
where tumours originate from SVZ NSCs with glioma-driver mutations. 
Our results showed a strong effect of TAT-Cx43266-283 in cell viability of NSCs and 
patient-derived GSCs with EGFR amplification or active EGFRvIII, without 
significant effects in Control-NSCs. Importantly, we found a lower effect of 
temozolomide, erlotinib, and other control peptides in these cells. Western blot 
analyses suggest that TAT-Cx43266-283 decreases EGFR, EGFRvIII and c-Src 
activity. Preliminary in vivo results suggest that TAT-Cx43266-283 decreases 
tumour size and enhances survival in mice bearing gliomas initiated by altered 
NSCs. 
So far, our results show that TAT-Cx43266-283 impairs EGFR signaling pathway 
with the subsequent reduction in the proliferation and survival of NSCs or GSCs 
with EGFR alterations. These results stress the relevance of TAT-Cx43266-283 as 
a future therapy against glioblastoma, alone or in combination with other 
treatments. 
 
Connexin 43 drives glioblastoma cancer stem cell phenotypes through a WNK1 
signaling axis.  
Erin Mulkearns-Hubert 
Mulkearns-Hubert, Erin E.; Hajdari, Nicole; Lathia, Justin D. 
Cleveland Clinic Lerner Research Institute                                                                                                                                                                                                                

Tumors represent a highly dynamic system that relies on coordinated signaling 
to drive growth and adapt to selective pressures, including those induced by anti-
cancer therapies. Given the need for tumors to engage in rapid and coordinated 
cell-cell communication, mechanisms including gap junction intracellular 
communication (GJIC) would be essential. Surprisingly, the connexin proteins 
that make up gap junction channels have traditionally been considered tumor 
suppressors. This hypothesis was based on the loss of GJIC in cancer cells and, 
frequently, lower connexin expression in tumor cells compared to non-neoplastic 
tissue, including in glioblastoma (GBM), where connexin 43 (Cx43) was shown 
to be decreased. However, recent data suggest that this tumor-suppressive effect 
is context dependent and that connexins can function in a tumor-promoting role 
in some situations. We previously found that GBM cancer stem cells (CSCs) rely 
on gap junctional intercellular communication through connexin 46 (Cx46) for 
survival. We now identify a subset of GBM patient-derived xenograft (PDX) CSC 
models that also rely on Cx43 in addition to Cx46. This dependence on Cx43 is 
independent of Cx43 expression level. Knockdown of Cx43 using short hairpin 
RNA (shRNA) in these PDX models compromises their survival and self-renewal 
while inducing apoptosis. We leveraged a protein kinase phospho array to identify 
signaling changes associated with Cx43 knockdown and observed reductions in 
phosphorylation of WNK lysine-deficient protein kinase 1 (WNK1) in addition to 
ERK1/2, AKT, and p38MAPK. We validated a decrease in WNK1 phosphorylation 
after Cx43 knockdown by immunoblotting. Current work is focused on 
interrogating the importance of WNK1 for GBM CSCs and the link among Cx43, 
WNK1 phosphorylation, and downstream signaling events. This work identifies a 



 

 44 

potential new signaling axis downstream of Cx43 in glioblastoma CSCs and 
further strengthens the hypothesis that connexins may act as both tumor 
suppressors and tumor drivers depending on context. 
 
Small extracellular vesicles as drug delivery systems to increase CDK4/6 
inhibitors efficacy in ER+/HER2- breast cancer. 
Paula Carpintero Fernández 
Carpintero-Fernández(1), Paula; Barturen-Gómez, Marta(1); García-Yuste, Alejandro(1); 
Fontelo, Raúl(1); Montes-Morado, Tania(1); Santiago-Freijanes, Maria Paz(2); Mosquera, 
Joaquin(2); Acea, Benigno(2); Mayan, María D(1) 
CellCOM Research Group, INIBIC, SERGAS, UDC, A Coruña, Spain(1); Breast Cancer 
Unit CHUAC, SERGAS. UDC, A Coruña, Spain(2)                                              

Drug resistance is a major problem involved in the effective response to targeted 
cancer therapies. Senescence is described as a barrier against tumor 
progression and pro-senescence therapies such as CDK4/6 inhibitors has 
become an attractive strategy for cancer therapy. CDK4/6 inhibitors induce cell 
cycle arrest in tumor cells enhancing senescence. Besides, connexin43 (Cx43) 
has been reported to enhance senescence and to be dysregulated in breast 
cancer. Connexins are channel-forming proteins involved in cell-to-cell 
communication able to modulate the tumor microenvironment and the response 
to therapies via channel-dependent and independent functions. In this study, we 
used lentiviral vectors and small extracellular vesicles (sEVs)-enriched in Cx43, 
to deliver and restore Cx43 in ER+/HER2- breast cancer cells. The effect of Cx43 
or sEVs-enriched in Cx43 in combination with CDK4/6 inhibitors in senescence 
and apoptosis was studied. Our results demonstrated that the restoration of Cx43 
in ER+/HER2- breast cancer cells enhance senescence and sensitizes breast 
cancer cells to apoptosis increasing the efficacy of the CDK4/6 inhibitors. Our 
results indicate that the combination of sEVs-enriched in Cx43 with CDK4/6 
inhibitors significantly increases CDK4/6 inhibitors efficacy in 2D and 3D models. 
Further, the combination of Cx43, CDK4/6 inhibitors and senolytic drugs, such as 
Navitoclax, resulted in the best strategy to enhance senescence, reduce the 
proliferation of breast cancer cells and increase cell death detected by, increasing 
efficacy and preventing drug resistance. In conclusion, our results show a new 
and effective drug combination strategy based on the use of sEVs to deliver Cx43 
in order to reduce CDK4/6 inhibitors resistance by improving their efficacy in 
breast cancer models. The results obtained could impact in the manage and 
treatment of tumours that respond to CDK4/6 inhibitors treatments and with a 
potential clinical benefit. The results presented were protected in an EU patent 
application. 
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Macrophages enhance the anti-tumour effect of TAT-CX43266-283 in mouse 
glioma models.  
Rocío Talaverón 
Talaverón, Rocío(1); Morado-Díaz, Camilo J(1); Álvarez-Vázquez, Andrea(1); García-
Vicente, Laura(1); Flores-Hernández, Raquel(1); Martín-Estebanéz, María(2); Gómez-
Nicola, Diego(2); Tabernero, Arantxa(1) 

Universidad de Salamanca(1); University of Southampton(2)     

The peptide based on connexin43, TAT-Cx43266-283, is an inhibitor of Src that 
exerts anti-tumour effects in different glioma models. Src is an important 
oncogene involved in several signaling pathways related to cancer, including 
immune activation. Therefore, we investigated the contribution of macrophages 
and microglia (TAMs) to the effect of TAT-Cx43266-283. 
In vivo and ex vivo glioma models in C57Bl6J immuncompetent mice, control vs 
TAT-Cx43266-283 treatment, were analyzed. For the in vivo model, m-cherry Gl261 
glioma stem cells (Gl261-GSCs) were intracranially injected and TAMs were 
analyzed by immunohistochemistry at 7 or 15 days post-implantation. For the ex 
vivo model, Gl261-GSCs were implanted on organotypic adult brain slice cultures 
and visualized by fluorescence microscopy. 
We found a higher percentage of MHCII-positive PU.1 cells (activated TAMs) 
within the tumours of TAT-Cx43266-283-treated animals compared with controls, at 
7 days but not at 15 post-implantation. To identify macrophages derived from 
blood monocytes we analyzed Ly6c expression in PU.1 cells finding an increase 
in the percentage of macrophages in the treated animals compared with the 
controls, at 7 days post-implantation, but not at 15 days. Since these results 
suggest that activated macrophages derived from infiltrating blood monocytes 
might play a role in the anti-tumour effects of TAT-Cx43266-283, we implanted 
GSCs in combination with monocytes and TAT-Cx43266-283 on brain slice cultures. 
Our results showed that monocytes appeared to promote Gl261-GSC growth 
when co-implanted with for 7 days. However, the treatment with TAT-Cx43266-283 

prevented the tumor promoting effect of monocytes, suggesting that TAT-
Cx43266-283 may regulate monocyte function. Indeed, we found an increase in 
dying Gl261-GSCs phagocytosed by MHCII-positive macrophages in TAT-
Cx43266-283-treated mice. 
All together our results suggest that the activation of macrophages in the glioma 
microenvironment contributes to the anti-tumor effects of TAT-Cx43266-283. 
 
Pannexin 1 expression and inhibition in patient-derived glioblastoma multiforme. 
Danielle Johnston 
Johnston, Danielle(1); Van Kessel, Carlijn(1); Kelly, John(2); Sánchez-Pupo, Rafael(1); 
O'donnell, Brooke(1); Lau, Rebecca(1); Herrera, Carolina(1); Deweyert, Andrew(1); Xu, 
Hu(1); Ronald, John(2); Hebb, Matthew(3); Penuela, Silvia(1) 

University of Western Ontario(1); University of Western Ontario, Robarts Research 
Institute(2); University of Western Ontario, London Health Sciences Centre(3)     

Glioblastoma multiforme (GBM) is the most common primary brain tumor, with a 
median survival of 12-18 months, highlighting a need for new treatment targets. 
We observed that Pannexin 1 (PANX1), an ATP channel important in purinergic 
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signalling, is upregulated in GBM compared to normal tissue.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 these primary GBM cells and 3 GBM commercial lines compared 
to brain tissue and control glial cells. Immunofluorescent staining indicated mostly 
intracellular patterns of PANX1 in GBM lines. Growth curves of cells treated with 
PANX1 blockers Probenecid (PBN) and spironolactone (SPIR) demonstrated a 
significant reduction in live cell numbers and a reduction in migration via scratch 
assay. A CRISPR/Cas9 PANX1 KO clone showed an even further reduction in 
cell growth and migration with a significant reduction in beta-catenin. A spheroid 
assay was developed by plating GBM17 cells on ultra-low attachment plates and 
treating spheroids with PBN and SPIR. The intracellular PANX1 staining was 
unaffected by channel inhibition; however, both blockers dramatically decreased 
F-actin filament formation. PANX1 and B-actin protein levels remained 
unchanged with blocker treatment, but ACTB (B-actin) mRNA expression was 
increased in both monolayer and spheroids, and IL-8 (Interleukin-8) mRNA 
expression was decreased in the spheroids.Tumours grown on a chick 
chorioallantoic membrane (chick-CAM) model showed a reduction in tumor cell 
viability as imaged with bioluminescent imaging (BLI) on an IVIS Lumina XRMS. 
Chick-CAM tumors treated with PBN showed reduced pro-inflammatory IL-8 
mRNA expression, similar to the spheroid model.We provide evidence that 
PANX1 is upregulated in GBM, and that PANX1 inhibition reduces several 
tumorigenic properties of GBM cells across multiple model systems. These new 
insights support further investigation of PANX1 as a potential GBM target. 
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Role of Cx43 in invadopodia formation of human glioblastoma cells: 3D studies 
and analysis.  
Gaboriau Aymerick 
Aymerick, Gaboriau(1); Sabrina, Penna(2); Wun-Chey, Sin(3); Christian, C. G. Naus(3); 
Annie-Claire, Balandre(1); Anne, Cantereau(4); Aubin, Penna(2); Marc, Mesnil(1); Norah, 
Defamie(1) 

Comet Laboratory, University of Poitiers(1); 4cs Laboratory, University of Poitiers, 
France(2); Department of Cellular & Physiological Sciences, The University of British 
Columbia, BC, Canada(3); Image Up, University of Poitiers, France(4)                                                                                                                                                                                                                                                                                                                                                                            

Grade IV glioma (glioblastoma) is the most malignant and common primary brain 
tumour in adults characterized by invasive cells infiltrating the brain tissue. These 
infiltrated cells, resistant to therapy, lead to a lethal recurrence of the tumour 
within 2 years after diagnosis. Invadopodia, which are membrane protrusions that 
allow the degradation of the extracellular matrix is one of the major mechanisms 
by which glioblastoma cells migrate and invade the brain tissue. 
Previous studies from our laboratory have shown that connexin43 (Cx43) is 
localized to invadopodia, participating in their formation and function in the human 
U251 glioblastoma cells (Chepied et al., 2020). From these findings, we 
hypothesized that Cx43 contributes to the formation of invadopodia by promoting, 
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via its carboxyl tail (CT), physical interaction between invadopodia key proteins 
(i.e. cortactin) and Src. In order to better understand the role of Cx43, we used 
two other human glioblastoma cell lines exhibiting either low (Ln229 cells) or high 
(U118 cells) level of endogenous Cx43 expression. As additional controls, we 
also expressed exogenous Cx43 in U118 cells in which the endogenous Cx43 
was eliminated by shRNA (clone U118 shRNA) either as a complete protein 
(clone U118 shRNA+Cx43), CT-truncated (clone U118 shRNA+Cx43-deltaCT) 
or a gap-junction deficient isoform (clone U118 shRNA+Cx43-T154A). Similar 
Cx43 mutants have been expressed in the Ln229 cells for comparison (clones 
Ln229 -Cx43, -Cx43deltaCt, -Cx43T154A). By using 3D confocal microscopy, we 
confirmed that Cx43 is necessary for the formation of invadopodia. Moreover, we 
were able to distinguish the relative importance of the three Cx43 functions 
(junctional communication, hemichannel, CT-mediated protein interactions). We 
plan to confirm specific role of Cx43 in the formation of invadopodia by live 
microscopy in real time. 
In summary, our data reveals an exciting possibility that Cx43 might be 
considered as a therapeutic target to eliminate infiltrating glioblastoma cells. 
 
LPS increases the activity of Cx26 hemichannel in epithelial cells of the respiratory 
airways.  
Anaclet Ngezahayo 
Dierks, Anne(1); Lehrich, Tina(1); Schaefer, Anne-Marie(1); Tamm, Stephanie(2); Braubach, 
Peter(3); Stanke, Frauke(2); Ngezahayo, Anaclet(1) 

Department of Cell Physiology And Biophysics, Institute of Cell Biology and Biophysics, 
Leibniz University Hannover, Hannover, Germany(1); Department of Pediatric 
Pneumology, Neonatology and Allergology, Hannover Medical School, Hannover, 
Germany(2); Institute for Pathology, Hannover Medical School, Germany(3)                                                                                                                                                                                                                                                                                                                                                                                                                                                 

We analysed the contribution of Connexin (Cx) hemichannels to the response of 
the epithelial cells of the respiratory airways to lipopolysaccharides (LPS) using 
Calu-3 epithelial cells and human primary bronchial epithelial cells (PBECs) 
expanded from donor lung tissue from explanted lungs. Dye uptake experiment 
was used to evaluate the activity of Cx hemichannels in the cells. RT-PCR, 
western blotting and immunofluorescence staining was used to identify the 
expressed Cx isoforms, toll-like receptor (TLR) subtypes and purinergic receptor 
subtypes. Pharmacological agents were used to analyse the functionality of TLR-
4, TNF-a receptors and the P2X4. Specific siRNAs were applied to identify the 
Cx isoforms and purinergic receptor subtype involved in response to LPS. We 
found an increased rate of dye uptake in PBECs and Calu-3 cells that were 
cultivated with LPS for at least 3 h as compared to respective cells cultivated 
without LPS. Pharmacological inhibition of TLR-4 receptors blocked the LPS 
related increase of the rate of dye uptake. Carbenoxolone or La3+ inhibited the 
dye uptake and Cx26 specific siRNA suppressed the LPS-related increase of the 
rate of dye uptake. Furthermore, pharmacological inhibition of the TNF-a 
secretion and the TNF-a receptor antagonized the LPS-related enhancement of 
the rate of dye uptake. Pharmacological inhibition and specific siRNA of the P2X4 
reduced the LPS related enhanced dye uptake rate. The results showed that LPS 
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by stimulating the TLR-4 receptor induced a release of TNF-a, which in turn 
induced an enhancement of Cx26 hemichannel activity in the bronchial epithelial 
cells. Since increased activity of Cx hemichannels may increase the release of 
intracellular metabolites serving as injury signals, the data suggest a participation 
of Cx hemichannels in the induction of inflammatory reaction in the tissue. 
 
Role of connexin43 in modulating cellular senescence.  
Marta Varela Eirín 
Varela Eirín, Marta(1); Nehme, Jamil(2); Mayán, María D. (1); Demaria, Marco(1) (2) 

European Research Institute for The Biology of Ageing (ERIBA), University Medical 
Center Groningen (UMCG), University of Groningen (RUG), Groningen, The 
Netherlands(1); INIBIC, SERGAS, UDC. A Coruña, Spain(2)                                                                                                                                                                                                    

Cellular senescence is characterized by a stable cell-cycle arrest, 
macromolecular alterations and a proinflammatory secretory phenotype (SASP). 
Senescent cells play a pivotal role in ageing, and preclinical studies have 
demonstrated that senotherapeutics can alleviate multiple age-related diseases 
(ARD). Osteoarthritis (OA) represents the irreversible loss of cartilage in joints 
and is the most common form of age-associated arthritis. We have previously 
shown that both cell senescence and the gap junction component connexin43 
(Cx43) contributes to OA progression by limiting cartilage regeneration. However, 
the role of Cx43 for induction and establishment of senescence-associated 
phenotypes remain to be defined. Here, we have studied Cx43 gene and protein 
expression after DNA damage-induced senescence. Senescence was evaluated 
by cell cycle arrest (EdU incorporation), senescence associated ß-Galactosidase 
(SA-ß-Gal) activity and RNA/protein analysis of several SASP factors. GJIC and 
hemichannel activity were evaluated by flow cytometry or ATP release, 
respectively. RNA interference (siRNA) experiments were used to further 
investigate the involvement of Cx43 in the senescent phenotype. Our results 
show that human chondrocytes, skin fibroblasts (SFs), retinal pigment epithelial 
cells and fibroblasts isolated from different mouse tissues (cartilage, bone, skin, 
lung, kidney, muscle) display Cx43 overexpression at 4 and 10 days after 
senescence induction. In senescent cells, Cx43 is preferentially located in the 
plasma membrane, but GJIC activity was impaired. Genetic downregulation of 
Cx43 in senescent cells dramatically reduces the expression of several SASP 
factors, and interferes with paracrine induction of NF-kB activity. These results 
indicate that Cx43 may be involved in the inflammatory loop in senescent cells, 
hence participating in the development of OA and other ARD. 
 
The 20KDA isoform of connexin-43 (GJA1-20K) alters the transcriptome and DNA 
methylome of brain endothelial cells.  
Chelsea Phillips 
Phillips, Chelsea M.; Bonefas, Katherine M.; Iwase, Shigeki; Andjelkovic, Anuska V. 
University of Michigan, Ann Arbor, Michigan, USA 

GJA1 contains six internal methionine residues, each corresponding to an N-
terminally truncated isoform of connexin 43 (Cx43). The 20 kilodalton isoform, 
GJA1-20k, has the highest expression aside from Cx43 and has been 
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characterized as a signaling protein. Functions of GJA1-20k include Cx43 
trafficking, mitochondrial transport, and developmental regulation of transcription. 
We have demonstrated that GJA1-20k compromises endothelial barrier integrity, 
with GJA1-20k overexpression resulting in increased Cx43 expression and gap 
junction intercellular communication, destabilized tight junction complexes, and 
increased endothelial monolayer permeability. Our study aims to elucidate the 
mechanism through which GJA1-20k alters the phenotype of brain endothelial 
cells and the endothelial barrier. 
To determine how GJA1-20k alters the brain endothelial cell phenotype, control 
and GJA1-20k-overexpressing mouse brain endothelial cells (mBECs) were 
used. Paired-end mRNA sequencing (RNA-seq) and reduced representation 
bisulfite sequencing (RRBS) were conducted to investigate transcriptome and 
methylome changes, respectively. Western blot was used to determine GJA1-
20k localization and measure protein expression of differentially expressed genes 
(DEGs) of interest. 
Localizing to the nucleus, GJA1-20k alters the endothelial cell transcriptome, with 
DEGs involved in immune processes, vascular development, and the 
extracellular matrix. Interestingly, DNA methyltransferase (DNMT) 3A transcript 
expression, but not DNMT1 or DNMT3B, was decreased in GJA1-20k-
overexpressing cells, which was confirmed via western blot. RRBS analysis 
demonstrated that GJA1-20k overexpression alters the methylome, with 
differentially methylated cytosines (DMCs) located on genes encoding cell-cell 
junctions and involved in development. Promoter methylation negatively 
correlates with expression of specific DEGs, which are involved in metabolism 
and cell polarity.  
Collectively, our data further characterize the signaling role of GJA1-20k, as we 
demonstrate that GJA1-20k localizes to the nucleus and mediates transcriptomic 
and epigenomic changes in brain endothelial cells. 
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OUTER MEMBRANE CURRENT RECORDINGS IN NUCLEI ISOLATED FROM HEK-
CX43 CELLS DEMONSTRATE CX43 HEMICHANNEL OPENING ACTIVITY.  
Witschas, Katja(1); Marques, Tânia(2); Leybaert, Luc(1); Girao, Henrique(2) 
Department Of Basic And Applied Medical Sciences-Physiology Group, Ghent 
University, Belgium(1); Coimbra Institute for Clinical and Biomedical Research (ICBR), 
Faculty of Medicine, University of Coimbra, Portugal(2)                                                                                                                                                                                                                                                                      

Connexin43 (Cx43) forms gap junctions and unapposed hemichannels (HC) at 
the plasma membrane, but it is also present as a full-length protein or as 
truncated isoforms thereof in the nucleus of both normal and malignant cells. The 
function of nuclear Cx43 is largely unknown. Multiple types of ion channels have 
been reported to be present in the nuclear membranes. Cx43 is localized in the 
inner and outer nuclear membrane (ONM). Integrity of the nuclear envelope and 
nuclear transport are tightly regulated by phosphorylation-dephosphorylation 
events. The phosphorylation state of an ion channel is an important parameter to 
control membrane transport. The ion channel behavior of full-length Cx43 in the 
ONM was characterized using the on-nucleus patch-clamp technique. Nuclei 
were isolated from cultured Human Embryonic Kidney (HEK)-293 cells stably 
expressing Cx43 in the nucleus (HEK-Cx43 cells), and parental untransfected 
HEK-WT cells. 
Ion channel activity was recorded from the ONM of HEK-Cx43 cells when positive 
or negative voltage (>30 mV) was applied to the pipette. Single-channel currents 
appeared primarily as brief openings. Channel activity featured a conductance of 
~220 pS in symmetrical CsCl (50 nM free Ca2+) and was diminished after 
application of the Cx43 HC inhibitor Gap19 (100 µM). Nuclei from HEK-WT cells 
mainly showed current traces without activity. Incubation with alkaline 
phosphatase (100 units, 20 U/µL) greatly increased channel activity in the ONM 
of HEK-Cx43 nuclei, confirming previous observations with Cx43HC 
reconstituted in lipid vesicles and mitochondrial Cx43HC. The increased ion 
channel activity after dephosphorylation was characterized by a unitary 
conductance of ~220 pS and inhibited by Gap19 (100 µM). 
These results provide the first strong evidence for functional Cx43 HC in the 
nuclear membrane and press for further studies to determine the role of Cx43 HC 
in conditions where nuclear transport is dysregulated such as aging, 
neurodegenerative disorders, cardiovascular diseases, and cancer. 
 
STRUCTURE-FUNCTION ANALYSIS OF PANNEXIN-1 PERMEABILITY TO 
ANANDAMIDE. 
Anderson, Connor; Thompson, Roger. 
University of Calgary     

Pannexin-1 (Panx1) is an ion and metabolite channel with broad cell/tissue 
expression, including neurons and glia of the central nervous system. Panx1 is 
best known for its efflux of ATP, contributing towards a multitude of 
patho/physiological mechanisms. With the Panx1 cryo-EM structures recently 
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reported, unique gating mechanisms have been uncovered, including a pore-
lining N-terminal helix (NTH) rearrangement to allow migration of bilayer lipids 
into the pore pathway, blocking ion flux. These gating mechanisms could explain 
how Panx1 channels functionally ‘close’ to small molecule flux. We recently 
described a novel role for Panx1 in controlling extracellular concentrations of the 
endocannabinoid - anandamide (AEA). Here, we hypothesize that Panx1 
facilitates AEA permeation across the plasma membrane to regulate uptake of 
AEA for extracellular clearance and degradation. Using combinations of 
electrophysiology, fluorescent dye uptake, and mutagenesis in HEK293T cells 
over-expressing Panx1, we are investigating structural regions within Panx1 that 
may govern AEA permeability. Our data show Panx1 expression increases the 
uptake of a fluorescent AEA molecule (CAY10455: CAY). In addition, the 
application of physiological concentrations of non-labelled AEA alters the uptake 
of CAY, suggesting the compounds ‘compete’ for channel permeation. 
Furthermore, we have found that deletion of the Panx1 NTH introduces a switch 
of function mutation by knocking out ion flux and increasing CAY permeability. 
This data proposes a novel route of small molecule permeability through Panx1 
channels. 
 
GJA1-20K REGULATES INFLAMMATION IN THE DSG2 MUTANT MODEL OF 
ARRHYTHMOGENIC CARDIOMYOPATHY. 
Valdez, Steven; Taylor, Lindsey; Shaw, Robin; Palatinus, Joseph. 
University of Utah   

Arrhythmogenic cardiomyopathy (ACM) is a genetic disease characterized by a 
normal cardiac phenotype at birth followed by progressive fibrofatty infiltration, 
arrhythmias, and sudden death. Most cases of ACM are directly related to 
mutations in desmosomal proteins including plakophilin-2, desmoplakin, and 
desmoglein-2 (DSG2). Recent evidence has implicated myocardial inflammation 
in the progression of the disease. The mechanistic link between the causative 
mutations and inflammatory pathways is incompletely understood, but 
pharmacotherapies targeting specific fibrotic and inflammatory pathways such as 
osteopontin and NFkB signaling can mitigate the ACM phenotype. Here, we 
confirm an increase in inflammatory mediators and extracellular matrix (ECM) 
proteins in the DSG2 mutant mouse model of ACM. Furthermore, we show 
treatment with GJA1-20k, the alternatively translated isoform of connexin 43, 
reduces expression of these inflammatory mediators and ECM proteins in this 
model. 
Wild type (WT) and DSG2 mutant mice were administered a viral vector 
expressing either GJA1-20K-GFP or GFP alone via retroorbital injection. Sixteen 
weeks after treatment, hearts were excised for histology and western blotting, 
and in parallel, cardiomyocytes were isolated via Langendorff perfusion. Whole 
hearts were analyzed by histological analysis and western blotting, and isolated 
cardiomyocytes were subjected to analysis via Illumina RNA sequencing and 
quantitative PCR. 
Whole hearts from GFP-treated DSG2 mutant mice demonstrated increased 
expression of osteopontin, a marker of fibroblast activation, relative to WT 
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littermates. Treatment with GJA1-20k reduced osteopontin expression. RNA 
sequencing of isolated cardiomyocytes from DSG2-mutant mice revealed 
upregulated gene expression of inflammatory and extracellular matrix elements 
which were reduced with GJA1-20k treatment. However, Masson’s trichrome 
staining of DSG2 mutant hearts revealed increased fibrosis relative to WT 
littermates independent of GJA1-20k treatment. 
Our data confirm an increase in inflammatory and ECM elements within the DSG2 
mouse heart. Furthermore, GJA1-20k reduces expression of osteopontin and 
associated genes in this model, but this reduction in pro-fibrotic signaling is 
insufficient to reduce fibrosis in the DSG2 mutant mouse heart. Further work will 
focus on how GJA1-20k regulates fibrotic pathways between cardiomyocytes and 
fibroblasts within the ACM heart, and whether changing dose or delivery system 
of GJA1-20k reduces fibrosis in this disease. 
 
DIETARY GLYCEMIC STRESS IMPACTS LEVELS OF CX43 AND CX45 IN MOUSE 
BRAIN REGIONS. 
Aragonès, Gemma(1); Francisco, Sarah(1); Smith, Kelsey(1); Rowan, Sheldon(1); 
Whitcomb, Elisabeth(1); Zheng, Tong(1); Shukitt-Hale, Barbara(1); Taylor, Allen(1); 
Bejarano, Eloy (2) 
USDA HNRCA-TUFTS(1); Universidad CEU Cardenal Herrera(2)     

Gap junctional intercellular communication plays a major role in cognitive and 
sensory functions. Changes in levels of connexins have been reported in age-
related diseases and normal aging but how the diet might affect levels of 
connexins in brain tissues has not been well-characterized. We evaluated the 
impact of consuming high or low glycemic index diet on Cx43, the predominant 
gap junction protein expressed in mature astrocytes, and Cx45, a highly 
expressed connexin isoform in neurons.  
Male C57BL/6J mice aged 7 months were fed equal amounts of either a HG diet 
or LG diet for 9 months. Within the 9-month feeding period, half of the HG-fed 
animals were switched to the LG diet (HGxLG) at 4.5 months. The diets were 
isocaloric, but the HG starch was composed of 100% rapidly digested 
amylopectin, and the LG diet contained a 30% amylopectin/70% amylose mixture 
of starch and was therefore digested much slower.  
The animals were weighed weekly, and underwent intraperitoneal glucose 
tolerance tests to evaluate the glycemic response. Tissue samples from different 
brain regions including cerebellum, striatum, hippocampus, and cortex were 
collected at time of euthanasia. The brain samples were extracted with 1% Triton 
X-100 and soluble and insoluble fractions were immunoblotted for Cx43 and 
Cx45. 
The HG-fed animals had significantly increased body weights compared to the 
LG-fed mice. This weight gain was reversed in mice that were switched to the LG 
diet, such that the HGxLG crossover animals’ body weight was not different from 
the LG-fed controls at 15 months.  
Western blotting revealed that Cx43 and Cx45 levels were equal across the 
groups in the soluble fraction, previously reported to be enriched in non–gap 
junctional connexins. Cx43 levels were increased in the insoluble fraction of the 
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HG-fed animals in cerebellum and hippocampus, and this accumulation was 
attenuated in the HGxLG group. Cx45 insoluble levels were enhanced in the 
cortex and cerebellum of HG-fed animals. 
These findings suggest differential effects on connexin isoforms by dietary 
manipulation. The different impact of diet on connexins’ expression in different 
brain regions highlights a need to better understand their localization and 
function, and how the diet leads to changes in protein levels. Importantly, the 
effect of an HG diet on connexin levels in mouse brain are reversible. Switching 
dietary habits may provide potential nutritional intervention to modulate age-
related changes in connexins levels and subsequent downstream functions. 
 
EXPRESSION OF CONNEXINS IN THE RETICULUM OF BOVINE FETUSES, 
NEWBORN CALVES AND ADULT BOVINES, AND THEIR IMPORTANCE FOR 
ORGAN GROWTH AND REMODELING. 
Lopes Olio, Rennan(1); Palma Rennó, Francisco; Dagli, Maria Lúcia; Hernandez-
Blazquez, Francisco Javier 
Institute of Biomedical Sciences, University of São Paulo; Departament of Animal 
Nutrition,School of Veterinary Medicine And Animal Science, University of Sao Paulo; 
Departament of Pathology, School of Veterinary Medicine And Animal Science, 
University of Sao Paulo; Department of Surgery, School of Veterinary Medicine And 
Animal Science, University of Sao Paulo                                                                                                                                                         

The reticulum, one of the ruminant’s pre-stomachs, develops by somatic growth 
until the end of the milk feeding period and its mucosa undergoes extensive 
adaptation while preparing to fully function after weaning as a digestive organ.  
 This study focused in the characterization of some epithelium adaptations of the 
reticulum which contribute to the development of this fetal (FE, 110-150 days), 
newborn calf (NC) pre-stomach into an adult (AD) organ. 
The expression and localization of connexins 26, 32, 40, 43 and the Ki67 
proliferation index and caspase-3 apoptosis index were investigated by 
immunohistochemistry.  
 Connexins 26, 32, 40 and 43 are expressed by the reticular epithelial cells, either 
in cytoplasmic stores or forming communicating junctions (CJ). Their histologic 
localization varies with age and with the epithelial stratum studied. 
Cx32 and 40 form CJ in the basal stratum only in FE and NC. This stratum is 
responsible for the renewal process of epithelial cells as revealed by the Ki67 
proliferation index. In adults, Cx26 appears to be the prevalent connexin type in 
CJ of this stratum, although it is found stored in the cytoplasm in all other cases. 
In the upper strata of the epithelium, where Cxs may contribute to cell 
differentiation, migration, maintenance, and synchronization of epithelial events, 
and where the apoptosis index by Caspase-3 was higher, Cx32 form CJ in FE 
and NC, but not in AD; Cx40 is absent from CJ in  FE, and Cx26 forms functional 
CJ  in the upper strata at all ages. 
Because Cx43 is found in CJ in all epithelial strata and all ages groups, it seems 
to have a more generic role in epithelial cellular events, while the other Cxs seem 
to contribute more specifically and locally, depending on the age group and the 
biological process that predominates in the analyzed strata. 
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Briefly, for reticular epithelial proliferation and renewal control at the epithelial 
basal layer Cx32 and 40 appear to be important for FE and NC, while Cx32 
assumes this role in AD. For cell differentiation, migration and maintenance in the 
upper epithelial strata Cx40 is important for NC and AD and Cx32 for FE and NC. 
Cxs26 and 43 are important at all age stages in the upper strata. 
As a general conclusion, connexin type and localization variability during 
reticulum growth seems to be important for coordinating its evolution towards a 
fully functional organ in bovines. 
  
Financial support Fapesp, grant 2015/50095-3 and Capes (first author 
fellowship). 
   
THE HYDROPHOBIC RESIDUES IN AMINO TERMINAL DOMAINS OF CX46 AND 
CX50 ARE IMPORTANT FOR THEIR GAP JUNCTION CHANNEL ION PERMEATION 
AND GATING.  
Jaradat, Roa'a; Stathopulos, Peter; Donglin, Bai. 
Western University 

Lens gap junctions (GJs) formed by Cx46 and Cx50 are important to keep lens 
transparency. Functional studies on Cx46 and Cx50 GJs showed that the Vj-
gating, single channel conductance (?j), gating polarity, and/or channel open 
stability could be modified by the charged residues in the amino terminal (NT) 
domain. The role of hydrophobic residues in the NT on GJ properties are not 
clear. Crystal and cryo-EM GJ or hemichannel structures have been resolved, 
but the NT domain structure is either not resolved or showed very different 
orientation depending on the GJ or hemichannel component connexin and 
possibly other experimental conditions, making it difficult to understand the 
structural basis of the NT in Vj-gating and ?j.  
Here we generated point variants in sheep Cx46 and Cx50 NT domain and 
studied their properties by recombinant expression and dual whole-cell patch 
clamp experiments on connexin-deficient N2A cells.  
The NT variants (Cx46 L10I, N13E, A14V, Q15N, and Cx50 I10L, E13N, V14A, 
N15Q) were all able to form functional GJs with similar coupling%, except Cx46 
N13E with a significantly reduced coupling%. The GJs of Cx46 N13E, A14V and 
Cx50 E13N, N15Q showed a reduced coupling conductance. Vj-gating of Cx46 
L10I was partially impaired while Vj-gating of other variants were apparently 
normal. The ?j of Cx46 N13E, A14V, Cx50 E13N, and N15Q GJs was reduced to 
51%, 49%, 87%, and 74%, respectively, to their wildtype ?js. Homology modeling 
based on Cryo-EM structure of Cx46 predicted that Cx46 A14V created steric 
clash with the TM2 hydrophobic residues and similar steric clash could be 
observed in Cx50 S89T, which failed to form functional GJ.  
Our experimental results and homology structure models indicate hydrophobic 
interactions between NT and TM2 domain are important for their Vj-gating and ?j 
in these and possibly other GJs. Supported by NSERC. 
 
THE ELECTRICAL CONNECTIVITY OF RETINAL PIGMENT EPITHELIUM DEPENDS 
ON GAP JUNCTIONS AND CONNEXIN HEMICHANNELS.  
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Fadjukov, Julia(1); Wienbar, Sophia(2); Schwartz, Gregory(2); Ihalainen, Teemu(1); 
Nymark, Soile(1) 
Tampere University, Tampere, Finland(1); Northwestern University, Chicago, IL, USA(2)         

The retinal pigment epithelium (RPE) is a monolayer of postmitotic cells that play 
several crucial roles in photoreceptor maintenance. Gap junctions have been 
found to be particularly dense in these epithelial cells and their contribution to 
many acute and chronic retinal diseases has been recognized. Yet, the electrical 
connectivity has not been previously characterized in RPE. Here, the aim was to 
investigate the coupling of RPE cells both in mouse monolayers and human 
embryonic stem cell derived RPE cultures. We investigated the Cx isoform 
distribution and gap junction localization by immunolabeling, and we studied the 
gap junction regulation by following their phosphorylation status modifications 
such as Ser373. The electrical connectivity and presence of Cx43 hemichannels 
was studied by dye coupling and by performing whole-cell patch clamp 
recordings either by recording from a single cell or by simultaneously recording 
from two connected cells. These recordings were carried out with or without the 
universal gap junction blocker meclofenamic acid (MFA) and the Cx43 
hemichannel blocker TAT-Gap19. Our immunolabeling results showed that RPE 
cells display a network of Cx43 based gap junctions, and in addition to this 
junctional localization, weak labeling for Cx36 was found in the apical membrane. 
The recordings showed that electrical connectivity was diminished by MFA, and 
that blockade of either gap junctions or Cx43 hemichannels significantly 
increased the input resistance of RPE cells. These results demonstrate that in 
addition to mediating intercellular transfer of endogenous molecules and ions, 
gap junctions regulate electrical excitability in RPE. 
 
CHARACTERISATION OF CONNEXIN-43 AND PANNEXIN-1 ACTIVITY AND THEIR 
INVOLVEMENT IN PURINERGIC SIGNALLING IN A HUMAN ECCRINE SWEAT 
GLAND CELL LINE.  
Errico, Carmela(1); Swanzy-Krah, Marino E. (1); Garcia-Vega, Laura(1); Evans, 
Richard L. (2); Martin, Patricia E. (1) 
Glasgow Caledonian University(1); Unilever Research & Development(2) 

The skin is divided into communication compartments that includes the epidermal 
layers consisting of keratinocytes and specialised tissues such as the eccrine 
sweat gland.  Connexin and pannexin expression profiles were examined to 
determine the link with purinergic signalling in response to alterations in the 
cellular environment. Previously, we determined that peptidoglycan isolated from 
Staphylococcus aureus evoked a hemichannel response by release of ATP in the 
model HaCaT keratinocyte cell line, followed by a pro-inflammatory response 
inhibited by connexin channel blockers and a TLR2/NfkB mediated pathway. In 
the present work we explore further the role of the purinergic signalling pathway 
in both cell lines.  
Using keratinocyte (HaCaT) and eccrine (NCL-SG3) cell lines the expression of 
P2X7, P2Y1, P2Y2 and P2Y4 receptors, connexin-43 (Cx43) and pannexin-1 
(Panx1) genes and proteins were determined by RT-qPCR, western blot and 
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immunofluorescence (n=3). Cells were challenged with PGN for 6-24h in the 
presence or absence of carbenoxolone, Gap27, suramin or A43079. 
RT-qPCR and WB demonstrated lower levels of Cx43 in NCL-SG3 compared to 
keratinocytes, whilst both cell types expressed Panx1. While HaCaT cells 
express P2X7 receptor, the eccrine cells express P2YR1, P2YR2 and P2YR4 
being of comparable levels. Challenge of cells with PGN evoked a IL-6 response 
in HaCaT cells that was inhibited by the generic connexin channel blocker CBX, 
the mimetic peptide Gap27, but not siRNA knockdown of Cx43. Furthermore, the 
P2X7 inhibitor A43079 reduced the PGN-IL6 response as did suramin the P2Y 
inhibitor.  By contrast, in NCL-SG3, PGN did not evoke IL-6 response and no 
changes in Cx43 or Panx1 expression were observed by WB or 
immunofluorescent staining, where Cx43 and Panx1 proteins were mainly 
located in the plasma membrane in NCL-SG3. 
Eccrine cells and keratinocytes express diverse connexin, pannexin and 
purinorecptors that enable distinctive tissue responses to be evoked to different 
environmental challenges. 
 
THE AMINO TERMINAL DOMAIN OF CONNEXIN36 IS INVOLVED IN REGULATION 
OF GAP JUNCTION CHANNELS BY INTRACELLULAR MAGNESIUM IONS.  
Kraujalis, Tadas(1); Gudaitis, Lukas(2); Kraujaliene, Lina(1); Snipas, Mindaugas(1); 
Palacios-Prado, Nicolás(1); Verselis, Vytas K. (2) (3) (4) (5) 
Lithuanian University Of Health Sciences, Kaunas, Lithuania(1); Kaunas University Of 
Technology, Kaunas, Lithuania(2); Pontificia Universidad Católica De Chile, Santiago, 
Chile(3); Universidad De Valparaíso, Valparaíso, Chile(4); Albert Einstein College Of 
Medicine, New York, NY, USA(5)                                                                                                                                                                                              

Neurons in the mammalian CNS are coupled mainly by the connexin36 (Cx36) 
gap junction (GJ) channels, which uniquely possess a high sensitivity to 
intracellular Mg2+. Although a putative Mg2+ binding site was previously identified 
to reside in the first extracellular loop (E1) domain, the involvement of the N-
terminal (NT) domain in the atypical response of Cx36 GJs to pH was shown to 
depend on intracellular levels of Mg2+. In this study, we examined the role of the 
NT domain on Mg2+ modulation of Cx36 GJs. We found that charge substitutions 
at the 8th, 13th, and 18th positions had the most prominent effects on Mg2+ 
sensitivity. Notably, the A13K substitution completely abolished sensitivity to 
Mg2+. To assess potential mechanisms of Mg2+ action, we developed new 
mathematical models that took into account contingent gating of the component 
hemichannels in a Cx36 GJ channel as well as Mg2+ binding to each hemichannel 
in open and/or closed states. Simultaneous model fitting of measurements of 
junctional conductance and transjunctional Mg2+ fluxes suggested that the most 
viable mechanism for Cx36 regulation by Mg2+ entails the binding of Mg2+ to and 
subsequent stabilization of the closed state in each hemichannel. All substitutions 
with the exception of E3Q, also exhibited reduced permeability to Mg2+, with A13K 
showing the largest, ~10-fold, reduction of Mg2+ permeability. Homology 
modeling of all examined NT variants, however, showed only a moderate 
correlation between a reduction in the negative electrostatic potential and a 
reduction in the permeability to Mg2+. This study suggests that the NT domain 
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can be an integral part of Mg2+ modulation of Cx36 GJs likely through the coupling 
of conformational changes between NT and E1 domains. 
 
GAP JUNCTIONS INCREASE CELL VOLUME DYNAMICS THROUGH SOLUTE 
TRANSPORT.  
Beahm, Derek(1); Bone, Alexandra(1); Haley, Hope(1). 
Suny Buffalo State(1) 

Cell volume and its regulation are critical to the health and normal functioning of 
cells, and volume changes affect many cellular processes. Gap junctions are 
permeable to water and the majority of osmolytes (ions and small organic 
molecules) that determine cell volume, but few studies report on the relationship 
between gap junction communication and volume dynamics. In this study, we 
explore how cells with different membrane water permeabilities respond to 
osmotic challenges in the presence and absence of functional gap junctions. 
Homogeneous and mixed populations of CHO cell lines stably expressing 
aquaporin-4 (CHO-AQP) or a control protein (CHO-CD81) were stimulated to 
generate robust Cx43 coupling levels as verified by dye-transfer techniques. An 
impedance-based microfluidic platform was used to measure swelling kinetics of 
cell monolayers in real time during exposure to a 50% hypoosmotic challenge. 
Volume change in homogeneous monolayers is well fit by single exponential 
curves with time constants of ~10 sec for CHO-AQP and ~40 sec for CHO-
CD81.   Mixed monolayers (1:1) swell with kinetics best fit by two exponentials (a 
fast and slow component) representative of the two individual cell types. Gap 
junction communication resulted in 30-50% reduction in the slow time constant 
when compared to the same monolayer exposed to gap junction blockers 
(carbenoxolone, octanol). This data suggests that the rate-limiting CHO-CD81 
cells achieve isotonicity with the external media faster when coupled to the CHO-
AQP cells. Possible explanations involving gap junctions include 1) water entry 
from CHO-AQP cells causes CHO-CD81 cells to swell faster, or 2) solute loss 
from CHO-CD81 cells to CHO-AQP cells causes the CHO-CD81 cells to require 
a smaller volume change to reach isotonicity with the external media. To 
distinguish between these possibilities, confocal microscopy was used to 
determine cell height changes of individual cells within mixed monolayers under 
isotonic and hypotonic conditions. In the presence of gap junction blockers, CHO-
AQP and CHO-CD81 neighboring cells undergo similar height changes (3% 
difference) whereas in gap junction coupled populations the CHO-AQP cells 
showed a greater height change compared to the CHO-CD81 neighboring cells 
(25% difference). Together, the data suggest that gap junction communication 
can increase volume kinetics within a cell population primarily through solute 
transport from slower swelling cells to faster swelling cells which leads to 
heterogeneity in individual cell volumes. These studies represent an attempt to 
better characterize the relationship between gap junction communication and cell 
volume dynamics.  
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IMPAIRMENT OF AUTOPHAGIC FLUX: ANOTHER ANTITUMOR EFFECT OF TAT-
CX43266-283 IN GLIOBLASTOMA STEM CELLS.  
G. Pelaz, Sara(1); Ollauri-Ibáñez, Claudia(1); Lillo, Concepción(1); Tabernero, 
Arantxa(1). 
Neuroscience Institute of Castilla y León (INCYL), Institute of Biomedical Research of 
Salamanca (IBSAL), University of Salamanca, Salamanca, Spain(1)                                                                                                       

Connexin43 (Cx43) is a component of gap junction channels and hemichannels, 
with a long cytoplasmic C-terminal that interacts with c-Src, the first 
protooncogene described. In glioma cells, the C-terminal of Cx43 recruits c-Src 
and its inhibitors CSK and PTEN, causing the inhibition of c-Src and its oncogenic 
pathways. Unfortunately, glioblastoma stem cells have low Cx43 expression and 
high c-Src activity. We designed a cell-penetrating peptide (TAT-Cx43266-283) 
containing the TAT sequence fused to residues 266-283 of Cx43, which includes 
c-Src binding domain. We have previously demonstrated that TAT-Cx43266-283 
reverses stem cell phenotype, impairs migration, invasion and metabolic plasticity 
of GSCs. Here, we study the effect of TAT-Cx43266-283 in autophagy, a 
physiological process that recycles damaged and non-essential cellular 
components contributing to survival under stress conditions. Western blot, 
immunochemistry and transmission electron microscopy were use to this aim. 
We demonstrate that TAT-Cx43266-283 blocks autophagic flux in glioblastoma 
stem cells (GSCs) under basal and nutrient-deprived conditions. Under 
starvation, GSCs acquire a dormant-like phenotype that is disrupted by inhibition 
of autophagy with TAT-Cx43266-283 and the classic autophagic inhibitor 
chloroquine, producing GSCs death. Curiously, the most used c-Src inhibitor 
(Dasatinib) does not replicate TAT-Cx43266-283, suggesting for the first time that 
there may be mechanisms other than c-Src inhibition by which TAT-Cx43266-283 
exerts its effect or that the different mechanism of c-Src inhibition affects 
autophagy. Anyway, TAT-Cx43266-283 has advantages over chloroquine and 
dasatinib, since, while the effect of these drugs depends on the nutritional 
environment, our peptide destroys GSCs under both basal and nutrient-deprived 
conditions. Finally, we did a bioinformatic analysis of autophagy-related proteins 
in healthy and glioma donors showing that autophagy is upregulated in 
glioblastoma. This supports our idea that TAT-Cx43266-283 could be a good 
therapeutic option for the most aggressive and deadly primary brain tumour 
known. 
 
EXPRESSION OF THE METHYLCYTOSINE DIOXYGENASE TET-2 AND CX43 IN 
INFLAMMATORY BOWEL DISEASE AND COLORECTAL CANCER.  
El-Harakeh, Mohammad(1); Saliba, Jessica(2); Sharaf Aldeen, Kawthar(1); Haidar, 
May(1); El Hajjar, Layal(1); Kallassy, Mireille(3); Hashash, Jana(1); Shirinian, 
Margret(1); El-Sabban, Marwan(1) 
Faculty Of Medicine, American University Of Beirut, Beirut, Lebanon(1); Faculty Of 
Sciences, Lebanese University, Beirut, Lebanon(2); Faculty Of Science, Université Saint-
Joseph De Beyrouth, Beirut, Lebanon(3)   

Background: Inflammatory bowel disease (IBD) constitutes a substantial risk 
factor for colorectal cancer. Connexin 43 (Cx43) is a protein that forms gap 
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junction complexes involved in intercellular communication, and its expression is 
altered under pathological conditions such as IBD and cancer. Recent studies 
have implicated epigenetic processes modulating DNA methylation in the 
pathogenesis of diverse inflammatory and malignant diseases. The Ten-Eleven 
Translocation-2 (TET-2) enzyme catalyzes the demethylation and hence activity, 
of various cancer-promoting and tumor-suppressor genes. 
Aims: To investigate Cx43 and TET-2 expression levels and 5-hmC mark under 
inflammatory conditions, in vitro and in vivo. 
Methods: TET-2 expression was evaluated in parental HT-29 cells and in HT-29 
cells expressing low or high levels of Cx43, a putative tumor-suppressor gene 
whose expression varies in IBD and colorectal cancer, and which has been 
implicated in the inflammatory process and in tumor onset. The DSS-induced 
colitis model was reproduced in balb/c mice, to evaluate the expression of TET-
2 and Cx43 under inflammatory conditions in vivo. In addition, archived colon 
tissue sections from normal, IBD (ulcerative colitis), and sporadic colon 
adenocarcinoma patients were obtained and evaluated for the expression of 
TET-2 and Cx43. Expression levels were reported at the transcriptional level by 
qRT-PCR, and at the translational level by Western Blotting and 
immunofluorescence. 
Results: Under inflammatory conditions, Cx43 and TET-2 expression levels 
increased compared to non-inflammatory conditions. TET-2 upregulation was 
more pronounced in Cx43-deficient cells. Moreover, colon tissue sections from 
normal, ulcerative colitis, and sporadic colon adenocarcinoma patients 
corroborated that Cx43 expression increased in IBD and decreased in 
adenocarcinoma, compared to tissues from non-IBD subjects. However, TET-2 
expression and 5-hmC mark decreased in samples from patients with ulcerative 
colitis or cancer. Cx43 and TET-2 expression levels were also investigated in an 
experimental colitis mouse model. Interestingly, mice exposed to carbenoxolone, 
a gap junction inhibitor, had upregulated TET-2 levels. Collectively, these results 
show that TET-2 levels and activity increase under inflammatory conditions, in 
cells downregulating gap junctional protein Cx43 and in colon tissues from mice 
exposed to carbenoxolone. 
Conclusion: These results suggest that dysregulated TET-2 levels observed in 
ulcerative colitis and in sporadic colon carcinoma may, at least partly, contribute 
to inflammation-induced carcinogenesis. 
 
THE CARBOXYL-TERMINAL ALPHA-CONNEXIN PEPTIDE (ACT1) EXERTS 
DIFFERENTIAL EFFECTS ON THE VIABILITY OF BENIGN AND MALIGNANT 
CANINE MAMMARY CELL LINES.  
Mackowiak Da Fonseca, Ivone Izabel(1); Nagamine, Marcia Kazumi(1); Sato, 
Ayami(1); Yeh, Elizabeth Shinmay(2); Dagli , Maria Lucia Zaidan(1) 
University Of Sao Paulo, School Of Veterinary Medicine And Animal Science(1); Indiana 
School Of Medicine Department Of Pharmacology And Toxicology (2)   

Canine mammary cancers are very prevalent in non-castrated animals. In this 
study, we analyzed the activity of the peptide ?-carboxyl-terminal connexin 
(ACT1) for its potential to reduce the population of neoplastic cells from mammary 
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tumors in dogs. Seven canine mammary cell lines were used in this study, being 
one normal canine epithelial mammary cell line, two canine mammary adenomas 
and four canine mammary adenocarcinomas. The a-connexin therapeutic 
peptide (ACT1) carboxy-terminal peptide corresponds to a short Cx43 C-terminal 
sequence linked to an internalization sequence called antennapedia. After 24 
hours of incubation, 62.5 µl of the respective medium containing increasing 
concentrations of ACT1 peptide 25, 50, 100, 150, 200, 250 and 300µM (4x 
concentrates) were added, each dose was represented in triplicate on the plate. 
For control, we used only the culture medium. Cell lines CF41.mg and LOEC-
MCA1 for 24, 48, 72 and 96 hours, as well as LOEC-NMG , LOEC-MCA2, LOEC-
MCA3, LOEC-MAd1, and LOEC-MAd2 for 48, 72 and 96 hours. The MTT assay 
was used to assess cell viability. The results have shown that the normal 
mammary cell line is resistant to the treatment with ACT1, and this is compatible 
with a former study with human mammary cell lines. One of the adenoma cell 
lines (myoephithelial adenoma) was also resistant to the treatment with ACT1, 
although the other (mixed adenoma) was susceptible to the treatment., mostly at 
72 hours after the treatment. Regarding the 4 canine adenocarcinoma cell lines, 
it has been seen that they differ regarding the susceptibility to the treatment with 
ACT1. One of the canine mammary cell line (LOEC-MCA3) is resistant to the 
treatment, so that no reduction in cell viability has been observed after the 
treatment with ACT1 for 48, 72 or 96 hours. Three cell lines: a canine mixed 
carcinoma (LOEC-MCA1), a canine complex carcinoma (LOEC-MCA2) and the 
commercial canine mammary carcinoma cell line CF41 were susceptible to 
treatment with ACT1. Only the commercial cell line CF41 had its viability reduced 
at 48, 72 and 96 hours, after the treatment with ACT1. We do not have an 
explanation on why these cells differed in their response to ACT1; they are being 
evaluated regarding their genetic profile, expression of connexins, and 
subcellular localization of the connexin 43 in order to obtain information on the 
mechanisms involved in the inhibition of viability by ACT1 in canine mammary 
cell lines. 
 
BOOSTING SUSCEPTIBILITY OF MELANOMA CELLS TO IMMUNE CELL-MEDIATED 
KILLING BY CX43 TARGETING AGENTS.  
Andrés, Tittarelli; Natalia, Hassan 
Universidad Tecnológica Metropolitana       

Immunotherapy is a validated and clinically relevant therapeutic approach for 
cancer care. Its success mainly relies on the elimination of tumor cells by 
cytotoxic T lymphocytes (CTL) and natural killer (NK) cells. CTL and NK cell-
mediated killing of target cancer cells requires the formation of cytotoxic 
immunological synapses. Recent data generated in our group indicate that 
connexin-43 (Cx43)-formed gap junction (GJ)-mediated intercellular 
communications (Cx43-GJIC) have important role in cytotoxic immunological 
synapse functions, contributing to CTL and NK cell-mediated melanoma cell 
elimination. Importantly, aberrant Cx43 expression and/or loss of Cx43-GJIC are 
hallmarks of different cancers, leading to lower susceptibility to CTL and NK cells. 
Now, we have explored the use of two different Cx43 targeting agents that 
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promote GJICs, the mimetic peptide alpha-CT1 and the nonpeptidic analog of 
AAP10 known as danegaptide, as potential boosters of immune cell-mediated 
cytotoxicity. Our results showed that treatment with alpha-CT1 or danegaptide 
increased GJIC (measured by calcein transfer assays) and susceptibility to NK- 
and CTL-attack (determined by intracellular granzyme-b and caspase activities) 
in human and murine melanoma cells. Interestingly, the co-delivery of both Cx43 
targeting agents by functionalized nanoparticles of poly D,L-lactic-co-glycolic 
acid, improved GJIC and immune cytotoxicity in treated melanoma cells. These 
results suggest that Cx43-mediated communications could be an attractive target 
for rational combination with cancer immunotherapeutic approaches. 
 
MODULATION OF CELL TO CELL ACTION POTENTIAL CONDUCTION BY THE 
DYNAMIC CLAMP TO STUDY THE ROLES OF GAP JUNCTION AND EPHAPTIC 
COUPLING.  
Valiunas, V; Cohen, I S; Brink, P R; Mathias, R T 
Department Of Physiology And Biophysics, Stony Brook University, Stony Brook, NY, 
USA 

The most widely accepted model assumes cardiac conduction relies almost 
exclusively on gap junctions (GJs). However, it has also been suggested that 
ephaptic transmission, which relies on the presence of Na+ channels (Nav1.5) in 
the intercalated disc, may be involved in action potential (AP) conduction when 
GJ coupling is reduced. Here, we use the two-cell syncytium, employing the 
dynamic clamp to experimentally modulate cell to cell AP transmission by varying 
the magnitude of GJ conductance (gj) and Nav1.5 current.  
APs were generated in passive HEK293 cells expressing Nav1.5 by electronically 
adding the inward rectifier (IK1)and the pacemaker current (If). The computed IK1 
and If were injected via patch pipette under current-clamp conditions into: (1) 
physically GJ coupled pairs, (2) virtually via dynamic clamp coupled pairs, and 
(3) physically GJ coupled pairs that were virtually uncoupled. 
We determined the time delay (Dt) for the AP moving from one cell to the other 
in physically and virtually GJ coupled HEK293/Nav1.5 cell pairs. In all cases, Dt 
increased (slower conduction) with reduced gj following a non-linear 
relationship.  Conduction failure occurred when gj fell below 1 nS. Ephaptic 
transmission was revealed, when gj was eliminated in Cx43 knockout 
HEK293/Nav1.5 cells. With dynamic clamp and physically touching cell pairs, 
some pairs allowed the propagation of an AP as determined by Dt when gj was 
below 1 nS. Moreover, our structurally based mathematical model of the 
intercalated disc predicted the voltage response of ephaptically activated current 
in the recipient cell. 
The experimental data imply ephaptic transmission occurs when GJ conductance 
is reduced, if physical contact is sufficiently tight. These results also demonstrate 
that the dynamic clamp and a two-cell syncytium of analogous cells is a useful 
model to study the determinants of cardiac conduction.   
Supported by NIH R01GM 088181 (VV). 
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OVEREXPRESSION OF ENDOTHELIAL PANNEXIN1 IMPAIRS POST-ISCHEMIC 
STROKE CEREBRAL BLOOD FLOW RECOVERY.  
Tomas Gracia, Maria(1); Duffy, Colleen K(1); Shahab, Guleer(2); Medina, Chris(2); 
Ravichandran, Kodi S(3); Isakson, Brant E(2); Good, Miranda E(1) 
Tufts Medical Center(1); University Of Virginia(2); Washington University School Of 
Medicine(3)        

Ischemic stroke is a leading cause of morbidity and mortality. Purinergic signaling 
via pannexin 1 (Panx1)-dependent release of purines has been shown to regulate 
vascular function, including arterial myogenic reactivity and inflammation, and 
plays a role in ischemic stroke outcome. We previously demonstrated that 
deletion of endothelial cell (EC) Panx1, but not smooth muscle cell Panx1, 
significantly reduced cerebral infarct volume via both regulation of cerebral 
myogenic tone and leukocyte infiltration. We found that Panx1 protein levels are 
increased in the ischemic stroke hemisphere of mice compared to control mice. 
Therefore, we created a novel mouse model overexpressing human Panx1 
specifically in endothelial cells, Cdh5-CreERT2+ ROSA26-hPanx1Tg, to test the 
hypothesis that endothelial Panx1 overexpression is detrimental to ischemic 
stroke severity. Myogenic tone development is significantly increased in cerebral 
arteries from mice overexpressing endothelial Panx1 without altering peripheral 
vascular function or blood pressure. Interestingly, female mice appear to have a 
greater increase in cerebral myogenic tone with overexpression of endothelial 
Panx1 compared to male mice. We induced an ischemic stroke in our mice by 
occluding the middle cerebral artery for 45 min followed by a 24hr reperfusion 
period. Preliminary data suggest that infarct volume is not significantly changed 
with overexpression of endothelial Panx1; however, cerebral blood flow recovery 
following an ischemic stroke is reduced in mice overexpressing endothelial 
Panx1. To evaluate the impact of endothelial Panx1 content on post-stroke 
neuroinflammation, we are examining inflammatory markers and infiltrated 
leukocytes in mice following an ischemic stroke. Our data suggest that 
endothelial Panx1 content dictates cerebral artery myogenic tone and regulates 
post-stroke cerebral blood flow reperfusion, indicating that endothelial Panx1 is a 
possible novel target for therapeutic intervention of ischemic stroke. 
 
THE LOSS OF GAP JUNCTIONS IN EXCITABLE CELLS PROMOTES 
MITOCHONDRIAL STRESS-INDUCED LONGEVITY IN C. ELEGANS. 
Busch, Karl Emanuel(1); Vladis, Nathalie(2); Marcu, Daniel-Cosmin(1) 
Hmu Health And Medical University, Potsdam(1); Brandeis University(2)   

The nervous system is a central regulator of longevity, but how communication 
between excitable cells influences lifespan and ageing is poorly understood. We 
investigated whether gap junctions play a role in regulating longevity and ageing, 
and found that loss of the genes that encode gap junction proteins in the 
nematode Caenorhabditis elegans has extensive and diverse effects on lifespan. 
Loss of the innexin unc-9 from either the nervous system or muscles, for example, 
increases longevity by a third and also improves healthspan. This unc-9-
dependent extension of lifespan requires reactive oxygen species. The loss of 
intercellular coupling by UNC-9 increases mitochondrial respiration and triggers 
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a systemic induction of the mitochondrial-specific unfolded protein response 
(UPRmt) to promote longevity. Thus, the coupling by gap junctions in excitable 
cells regulates lifespan and ageing through altering mitochondrial respiration. 
 
PANX1 DYSFUNCTION ON THE RETINAL GANGLION CELLS DURING NATURAL 
AGEING.  
Harcha, Paloma(1); Araya, Joaquín(2); Neira, David(1); Ibaceta, Cristobal(1); Reyes, 
Pablo(3); Escobar, María José(3); Minozino, Jean-Gabriel(4); Palacios, Adrián(1) 
Instituto De Neurociencias y Centro Interdisciplinario de Neurociencia de Valparaíso, 
Facultad de Ciencias, Universidad de Valparaíso, Valparaíso, Chile(1); Escuela de 
Tecnología Médica, Facultad de Salud, Universidad Santo Tomás, Chile(2); 
Departamento de Ingeniería Electrónica, Universidad Técnica Federico Santa María, 
Valparaíso, Chile(3) ;Escuela de Ingeniería Informática, Universidad de Valparaíso, 
Valparaíso, Chile(4)                                                                                                                                                                                                

Aging is a chronic degenerative process developed through life. In the retina 
aging decrease photoreceptors and retinal ganglion cell (RGCs) numbers, 
together with low-grade chronic inflammation. Since pannexin-1 (PANX1) 
channels have been related to several age-related inflammatory conditions (such 
as diabetic retinopathy, glaucoma, and age-related macular degeneration) and 
are expressed in the retina, we hypothesized that PANX1 alterations could also 
affect RGCs function during aging.  
In this work, we use: (1) western blot and immunostaining to evaluate PANX1 
expression along the retina; (2) dye uptake assay (4',6-diamidino-2-
phenylindole), to evaluated PANX1 channel activity of RGCs; and (3) an 
electrophysiology approach (252 Multielectrode Array) to study RGCs from young 
and older wild-type mice. 
Increased levels of PANX1 was detected on aged retinas (from 5- to 14-month-
old) respect younger animals, particularly on the RGC layer. Consistently, aged 
retinas showed higher dye uptake induced by picrotoxin (100uM) in the RGC 
layer, which was prevented by both PANX1 and connexin inhibitors (1mM 
probenecid and 200 uM lanthanum).  
During different light pattern conditions [scotopic, photopic, white noise, and 
flashes protocol], RGCs activity was recorded before and after 10Panx1 mimetic 
peptide treatment. PANX1 inhibition significantly increased the neuronal firing 
rate respect untreated conditions in a selected RGC population of both young 
and aged retinas. Further characterization of this population, showed that PANX1 
inhibition decrease the latency and the transient response, increasing the speed 
and sustained response of RGCs. Although these properties were also observed 
in aged retinas, induced RGC activity was significatively lower in all light protocols 
used respect younger retinas. 
Together these data suggest that there is a loss on PANX1 modulation of RGC 
activity during ageing, inviting us to further think about future developments to 
approach functional restorative treatments to compensate for this loss.  
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DYNAMIC ROLE OF CONNEXIN-45 IN MODULATING BLOOD BRAIN BARRIER 
INJURY IN CEREBRAL AMYLOID ANGIOPATHY.  
Situ, Muyu; Citalan-Madrid, Ali; Andjelkovic, Anuska 
University of Michigan, Ann Arbor, Michigan, USA 

Cerebral Amyloid Angiopathy (CAA) is cerebral small vessels disease 
characterized by accumulation of amyloid-ß (Ab) around the small caliber vessels 
(arterioles and capillaries).  Structural alterations and loss of integrity in the 
neurovascular unit/blood-brain barrier (NVU/BBB) in CAA results in “leakier” 
microvessels, microhemorrhage, increased risk of stroke, and cognitive 
impairment. Regulation of paracellular permeability is attributed to the junctional 
complexes (tight, adherens and gap junctions) formed between endothelial cells 
supporting the physical, selective, and protective BBB. Gap Junctions (GJs) (e.g., 
connexins) have a central role in modulating barrier homeostasis but also could 
promote the spread of injury between cells. Our RNA sequencing and protein 
analysis of isolated microvessels from a CAA murine model uncovered an 
upregulation of connexin 45, not expressed in healthy brain endothelial cells 
(BECs). Among the other altered expression of connexins, Aß1-40 and Aß1-42 

exposure upregulated Cx43, both in vivo and in vitro. Our present study aims to 
understand how GJ dynamics/relationships foster changes in barrier integrity and 
cause brain’s vasculature injury in CAA condition.  Using the CAA model in vitro, 
BECs established in microfluid (mSiM device) and exposed to Aß1-40 and Aß1-42 

for 24 hours, we found that alteration of connexin expression is associated with 
increased gap junction formation between brain endothelial cells, increased 
number of hemichannels, brain endothelial barrier hyperpermeability and pro-
inflammation phenotype of BEC. Our further analysis showed that Aß induced 
increased heterophilic interaction and formation of Cx43-Cx45 gap junctions, 
altering the intracellular Ca2+ metabolism in BECs.  Modifying Cx45 expression 
(knocking down with Cx45 siRNA) in Aß exposed BECs reduced brain endothelial 
barrier hyperpermeability and reverses the pro-inflammatory phenotype. 
Collectively our data suggest that microvascular (BBB) injury in CAA condition is 
driven by structural and functional alteration of gap junction in brain endothelial 
cells that could foster the CAA pathogenesis. 
 
CONNEXIN43 EXPRESSION AND FUNCTION IN BOVINE MILK-DERIVED 
EXOSOMES.  
Marsh, Spencer; Stanley, Kari; Jourdan, Jane; Gourdie, Robert 
Fralin Biomedical Research Institute   

Small extracellular vesicles known as exosomes (nanovesicles of <150 nm 
diameter) are secreted by nearly all cell types and are thought to have key 
assignments in intercellular signaling. Reports that exosomes evade immune 
detection, show propensity to cross tissue boundaries (e.g. the blood-brain 
barrier) and can be orally administered has also attracted increasing interest in 
therapeutic applications, including as drug delivery devices.  We recently 
developed a method for large-scale purification of bovine milk-derived 
extracellular vesicles (PMID:34367882). From 1000 mLs of milk, our method 
yields over 150 mL of purified extracellular vesicles (mEVs) at ultra-dense 
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concentration (>1x1012 mEVs/mL). Girao and co-workers determined that 
Connexin 43 (Cx43) is present in exosomes derived from cultured cells 
expressing Cx43, where this gap junction protein has assignments in cellular 
uptake of exosomal cargo (PMID:26285688). We used Western blotting with 
multiple antibodies against different Cx43 epitopes, determining that a carboxyl-
terminal truncated Cx43 isoform is likely present in bovine mEVs. Immuno-
electron microscopy also suggested that a significant proportion of mEVs 
demonstrated signals consistent with Cx43. To probe the role of Cx43 in milk-
derived exosomes, we undertook studies of response to mEVs in scratch-
wounded monolayers of Human Dermal Fibroblasts and Madin-Darby Canine 
Kidney (MDCK) lines expressing high (MDCK Cx43-high) and low levels of Cx43 
(MDCK Cx43-low). Our results indicate that scratch-wounding in all three cell 
lines resulted in significant (p<0.05) increases in mEV uptake over uninjured 
cells. Interestingly, baseline levels of mEV uptake in uninjured MDCK Cx43-high 
cells were an order magnitude higher than that of MDCK Cx43-low cells - a 
difference that was further increased by scratch wounding. In ongoing work, we 
seek to further probe the function of mEV Cx43 using in vitro models of cellular 
injury, as well as determine whether mEV uptake is also upregulated following 
injury in vivo.  
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MATHEMATICAL-COMPUTATIONAL MODEL FOR SIMULATING KINETIC AND 
STEADY-STATE VOLTAGE-DEPENDENT GATING OF GAP JUNCTIONS. 
Snipas, Mindaugas(1); Kraujalis, Tadas(1); Maciunas, Kestutis(1); Kraujaliene, Lina(1); 
Gudaitis, Lukas(1); Verselis, Vytas K. (2) 
Lithuanian University Of Health Sciences(1); Albert Einstein College Of Medicine(2) 

Gap junction channels can gate robustly in response to transjunctional voltage, 
Vj, the voltage difference between two coupled cells. Vj gating of gap junction 
channels could play a physiological role, particularly in excitable cells, which can 
generate large Vj transients during the propagation of action potentials. To assess 
these properties, we developed a mathematical-computational model of gap 
junction channel Vj gating that takes into account Vj distribution and contingent 
gating of two series hemichannels.  
First, to validate our model, we fitted various data sets obtained from 
electrophysiological recordings in cell cultures expressing cardiac connexins 
Cx43 and Cx45, using global optimization methods. The results showed that the 
model is capable of describing both steady-state and kinetic properties of 
homotypic and heterotypic gap junction channels composed of these connexins.  
To demonstrate the applicability of the model, we show its ability to adequately 
describe complex behaviors of gap junction channels, which connects the 
networks of excitable cells. For example, our electrophysiological and modeling 
data show that Vj transients, which develop during the spread of cardiac action 
potentials, are capable to significantly reduce junctional conductance of 
heterotypic Cx43/Cx45 GJ channels. In addition, the model can reproduce strong 
coupling asymmetry in cells connected through Cx43/Cx45 channels, which was 
observed in voltage and current clamp experiments. Moreover, we address 
models applicability for evaluation of single channel characteristics, such as an 
open state probability and average dwelling times, from macroscopic recordings 
of junctional conductance. This could help to reduce the amount of technically 
difficult experiments at a single-channel level.  
Overall, this model can serve as a tool for the studying of GJ channel gating and 
its effects on the electrically coupled cells. 
 
EFFECT OF GLOBAL BRAIN ISCHEMIA AND SYSTEMIC INFLAMMATORY 
RESPONSE ON CONNEXIN43 AT THE BLOOD-BRAIN BARRIER AFTER SUDDEN 
CARDIAC ARREST. 
Piktel, Joseph(1); Fillioe, Seth(2); Abboud, Bisan(1); Pawlowski, Gary(1); Laurita, 
Kenneth(1); Wilson, Lance(1); Decker, Michael(1) 
Metrohealth, Case Western Reserve University(1); Case Western Reserve University(2)  

Background: Every year, >250,000 people succumb to sudden cardiac arrest 
(SCA) and survivors suffer neurologic dysfunction, possibly caused by systemic 
inflammation and subsequent blood-brain barrier (BBB) disruption. Gap junctions 
sustain BBB integrity. This study’s objective was to determine whether increased 
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systemic inflammation after SCA impacted gap junctions and BBB integrity. All 
studies were approved by the Case IACUC.   Methods: Sprague-Dawley rats 
(300-500g) were intubated and underwent rapid electrical pacing until cardiac 
arrest for 4-6 minutes and then resuscitated. Blood and brain tissue was obtained 
at either 6h or 24h after resuscitation. BBB integrity was assessed using Texas 
Red (3kD). Hippocampal quantification of connexin 43 (Cx43) and GFAP was 
determined by Western Blot, and Endothelial and astrocyte Cx43 location was 
identified by confocal microscopy using Hyugens colocalization analysis (SVI, 
Denmark).  Statistical analysis was performed using student’s t-
test.  Results: Systemic inflammatory markers were elevated 6h after SCA (Il-
6=122±28 vs. 62±2 pg/mL, p<.001, TNFa=5.5±2 vs. 2±2 pg/mL, p=.06) and 
remained elevated at 24 hr.  BBB integrity was disrupted at 6 h but returned to 
normal by 24 h. Total hippocampal Cx43 increased by 20±2% (p=0.03) at 6 h 
ischemia and returned to baseline at 24 h.  No changes were seen in GFAP, a 
marker for astrocytes.  Cx43 colocalized to the endothelium was decreased at 6h 
after arrest by 63±9.7% (p<.001) but returned to baseline at 24 h. Similarly, Cx43 
colocalized to GFAP decreased by 85±15% at 6 h and remained decreased by 
61±8.5% at 24 h(both p<.001)   Conclusion: Post-SCA increase in systemic 
inflammation was associated with increased hippocampal Cx43 at 6 h and  BBB 
disruption.  Interestingly, a concomitant reduction in endothelial and astrocytic 
colocalization of Cx43 was identified. Interventions augmenting gap junction 
integrity may provide novel therapeutic targets against neurologic injury in cardiac 
arrest. 
 
CONNEXIN TYPE- AND PROTEIN KINASE-SPECIFIC MODULATION OF GAP 
JUNCTION INHIBITOR POTENCY BY PHOSPHORYLATION. 
Raškevičius, Vytautas; Mickus, Rokas; Skeberdis, Vytenis Arvydas. 
LSMU    

Chemical modulators of gap junction intercellular communication (GJIC) are 
being used in cases of various communication-dependent diseases, in particular 
those of cardiac, neurological, and oncological origin. Recently we found that the 
potency of inhibition of Cx43 GJs by monoterpene a-pinene can be allosterically 
regulated by Ca2+/calmodulin-dependent protein kinase II (CaMKII). Since Cx43 
C-terminus has been shown to be phosphorylated at 21 sites by various kinases, 
we used dual whole-cell patch-clamp techniques and selective inhibitors to 
determine whether the potency of a-pinene depends on the activity of other 
kinases: PKC, PKA, PKG, v-Src, Akt, MAPK, casein kinase, and cyclin-
dependent kinase. We found that in addition to CaMKII only another Ca2+-
dependent kinase PKC was involved in the observed phenomenon. Further, we 
performed molecular docking of several known GJ inhibitors: octanol, 
carbenoxolone, mefloquine, flufenamic acid, glycyrrhetinic acid, and sevoflurane 
and found that only the potency of sevoflurane that docked to the similar site on 
Cx43 as a-pinene was phosphorylation-dependent. Finally, we examined 
whether the potency of inhibition of GJs composed of other Cx isoforms by a-
pinene is also dependent on phosphorylation and found that non-selective 
inhibitor of kinases staurosporine, in contrast to Cx43 channels, did not modify 
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the inhibitory effect of a-pinene on Cx36 and Cx45 GJs typical to neurons and 
cardiac cells, respectively, exhibiting high electrical activity and phosphorylation 
levels. Taken together, our data suggest that the observed phenomenon of 
allosteric modulation of GJ chemical gating is inhibitor-, protein kinase-, and Cx 
type-dependent. 
 
AIN’T NOTHING BUT A HEARTBREAK: EFFECTS OF CHRONIC HYPOXIA ON 
CARDIAC ISCHEMIC INJURY RESPONSE. 
Montgomery, Jade; Rusiecka, Olga; Morel, Sandrine; Brenda, Kwak. 
University Of Geneva      

Cardiovascular disease is the leading cause of death worldwide. Previous studies 
have found that reducing or inhibiting connexin43 (Cx43) reduces 
ischemia/reperfusion (I/R) injury in healthy mice. However patients typically 
possess comorbidities, such as chronic obstructive pulmonary disease, which 
can cause more severe I/R injury in ways not represented in otherwise healthy 
models. 
Here we explored the effects of chronic hypoxia on acute I/R events in Cx43 and 
its alternative translation fragment GJA1-20k. Microvascular cardiac endothelial 
cells (MCECs) or primary cardiac fibroblasts (PCFs) were cultured in a hypoxic 
incubator for in vitro models of chronic hypoxia prior to 30 minutes 
oxygen/glucose deprivation (OGD), while mice were subjected to in vivo chronic 
hypoxia with ex vivo Langendorff perfusion to model I/R. 
In vitro, chronic hypoxia reduced baseline GJA1-20k present in cells (p<0.05) and 
mitochondria (p<0.01). Normoxic MCECs exposed to OGD increased Cx43 
mRNA (p<0.05) and doubled the amount of GJA1-20k present in the cells 
(p<0.05). In normoxic PCFs, GJA1-20k protein expression remained unchanged, 
but instead full-length Cx43 was increased (p<0.05). However, when MCECs or 
PCFs were exposed to chronic hypoxia prior to the OGD event there was no 
change in protein or mRNA expression. While the change in Cx43 and GJA1-20k 
expression in whole cell lysates during chronic hypoxia was similar (p<0.05; 
p<0.01), there was no response in MCEC mitochondria to short-term OGD 
events. In vivo, chronic hypoxia induced Cx43 lateralization prior to ischemia 
without changing overall Cx43 expression and increased infarct area post-I/R.  
In conclusion, acute I/R-induced changes in Cx43 and GJA1-20k are cardiac cell-
type and organelle specific. Chronic hypoxia reduced GJA1-20k, reorganizing 
Cx43, eliminating those acute I/R-related responses, and increasing injury in an 
ex vivo ischemia model. Enhancing our knowledge of the effects of comorbidities 
on acute I/R events may help to better adapt cardioprotective treatments to 
specific patient groups. 
 
PHOSPHORYLATION-DEPENDENT REGULATION OF CX43 GAP JUNCTION 
INHIBITOR POTENCY. 
Mickus, Rokas; Raškevičius, Vytautas; Mikalayeva, Valeryia; Sarapiniene, Ieva; 
Skeberdis, Vytenis Arvydas. 
Institute Of Cardiology, Lithuanian University Of Health Sciences 
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Cx43 is responsible for gap junction intercellular communication (GJIC) in the 
majority of tissues. Recently we have identified several new GJ inhibitors derived 
from nutmeg essential oil. In the current study, we aimed at pharmacological 
characterization of the effect of one of these inhibitors, monoterpene a-pinene, 
on Cx43 and Cx43-EGFP GJs in HeLa cells using dual whole-cell patch-clamp 
techiques. Unexpectedly, we found that at concentrations close to IC50 (27 µM) it 
exerted extremely unequal effects ranging from „no effect“ to „full block“ of Cx43 
or Cx43-EGFP GJ conductance. Since the activity of several protein kinases 
varies along the cell cycle, we guessed that in randomly chosen cell pairs the 
potency af a-pinene could differ depending on Cx43 phosphorylation levels. 
Indeed, a non-selective inhibitor of protein kinases staurosporine (0.1 µM) 
completely reversed the effect of a-pinene (50 µM). This effect of staurosporine 
could be further overcome by higher doses of a-pinene; however, a maximal 
staurosporine-induced shift of dose-response curve for a-pinene was limitted 
to  ?2.5 fold suggesting that phosphorylation could act as an allosteric effector of 
positive cooperativity. To examine whether a-pinene potency depends on 
phosphorylation of Cx43 CT, we used Cx43 truncated at amino acid 258 with few 
remaining phosphorylatable amino acids. Cx43K258Kstop-msfGFP GJ channels 
still were sensitive to a-pinene, but became completely insensitive to 
staurosporine. More specifically, we demonstrate that the effect of staurosporine 
could be reproduced by inhibitors of Ca2+/calmodulin-dependent kinase II 
pathway. Compounds, the potency of which depends on their receptor 
phosphorylation might be of particular interest in developing targeted therapies 
for diseases accompanied by high kinase activity, such as cardiac arrhythmias, 
epilepsy, stroke, essential tremor, inflammation and cancer.  
 
CONNEXINS ARE POST-TRANSLATIONALLY MODIFIED IN ACTIVATED 
PLATELETS; POTENTIAL ROLE OF CALPAIN. 
Elgheznawy, Amro(1); Taylor, Kirk; Parkes, Sarah(2); Gibbins, Jonathan(2) 
Medical Clinic II, Division Of Hepatology, University Hospital Würzburg(1); Institute For 
Cardiovascular And Metabolic Research, School Of Biological Sciences, University Of 
Reading, Reading, UK(2)                                                                                                                                    

Background Platelets express several connexins that assemble as 
hemichannels at the plasma membrane or dock to form gap junctions with 
adjacent cells facilitating the release or transfer of bioactive molecules. Selective 
inhibition of connexin 37 (Cx37), Cx40 or Cx62 reduces thrombus formation in 
vivo and limits platelet activation in vitro. To date, several mechanisms of post-
translational modification (PTM) are known to regulate the activity of connexins. 
The regulation of platelet connexins by PTMs warrants further investigation. 
Aims To investigate the role of calpain-mediated proteolysis of Cx62. 
Methods Proteolytic cleavage of Cx62 was assessed by immunoblot and 
functional studies were performed to assess platelet aggregation, calcium flux 
and thrombus formation. We utilised calcein movement to monitor Cx62 
activation. 
Results Immunoblot analysis of platelets revealed a Cx62 cleavage product that 
appeared following activation and was blocked by calpeptin. In silico analysis of 
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Cx62 for potential PTMs predicted a calpain cleavage site in the extracellular 
loop. Calpain has also been shown to cleave an extracellular region of endothelial 
PAR1 (protease-activated receptor 1). 
To probe the functional consequence of Cx62 PTM on platelets, we designed a 
mimetic peptide for the predicted cleaved Cx62 N-terminal sequence (62Pept-NT) 
as a decoy substrate to diminish Cx62 PTM in platelets. Incubation with 62Pept-
NT delayed calcein efflux from activated platelets without impacting platelet 
aggregation. Calpain cleavage of Cx62 was prevented following activation of PKA 
(protein kinase A) or PPA (protein phosphatase A). Finally, we studied the 
functional consequence of calpain cleavage of platelet Cx62 within thrombi. In 
the presence of the scrambled peptide, we observed calcein movement between 
platelets during thrombus formation. Indicative of a role for calcein, 62Pept-NT 
reduced calcein transfer by 30%. 
Conclusion Our data demonstrate that gating of platelet Cx62 is regulated by 
calpain cleavage. We propose that calpain release from activated platelets 
mediates this process. 
 
EFFECT OF TAT-CX43266-283 PEPTIDE ON THE EXPRESSION AND 
LOCALIZATION OF CONNEXIN26, CONNEXIN30 AND CONNEXIN43 IN AN 
IMMUNOCOMPETENT MURINE GLIOMA MODEL. 
Flores-Hernández, Raquel; García-Vicente, Laura; Álvarez-Vázquez, Andrea; 
Talaverón, Rocío; Tabernero, Arantxa. 
University Of Salamanca   

Glioblastoma is one of the most aggressive primary brain tumors. They are 
composed by a heterogeneous population of cells, including some with stem-cell-
like properties, called glioma stem cells (GSCs). These cells are highly 
tumorigenic and resistant to standard therapies. 
Connexins are a family of integral membrane and ubiquitously expressed 
proteins, which form intercellular gap junction channels and hemichannels that 
release paracrine signals. In addition, they possess channel-independent 
functions, including intracellular interaction with signalling molecules. In fact, 
connexin43 (Cx43) inhibits the activity of the oncoprotein c-Src by recruiting c-
Src and its inhibitors. Based on this, we developed a cell-penetrating peptide 
containing the region of Cx43 interacting with c-Src (TAT-Cx43266-283). TAT-
Cx43266-283 inhibits c-Src activity, reducing the growth and invasion of glioma 
cells, without presenting toxic effects in neurons and astrocytes, in several 
preclinical glioma models. Consequently, TAT-Cx43266-283 enhances the survival 
of glioma-bearing mice. 
Due to the different roles played by connexins, they can have pro- or anti-
tumorigenic effects in gliomas. In the present study we addressed the expression 
and localization of Cx26, Cx30 and Cx43 in glioma cells and the tumor 
microenvironment in an immunocompetent murine glioma model, in the presence 
or absence of TAT-Cx43266-283. To do so, murine Gl261-GSCs were intracranially 
injected in C57BL/6 mice. For the treated group, TAT-Cx43266-28 was coinjected 
with Gl261-GSCs and IP administered twice a week. We first optimized the 
immunohistochemical protocol to analyze different connexins in brain sections. 
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Then, we studied the effect of TAT-Cx43266-283 on the expression and localization 
of these proteins in glioma cells and within the tumor microenvironment, mainly 
in astrocytes. Knowledge on connexin expression and localization within glioma 
cells and the tumor microenvironment upon TAT-Cx43266-283 treatment could 
encourage further research on the field of connexin dysregulation and cancer. 
 
STIMULATION OF TRANSIENT RECEPTOR POTENTIAL VANILLOID 4 (TRPV4) 
CHANNELS OPENS CONNEXIN HEMICHANNELS. 
Ek Vitorin, Jose; Shahidullah, Mohammad; Lopez Rosales, Joaquin; Delamere, 
Nicholas. 
University Of Arizona 

Mature lens fibers display abundant gap junctions, have no organelles or nuclei, 
and their ion and water homeostasis depend on transporter mechanisms in the 
epithelial monolayer at the anterior lens surface. The epithelium expresses 
TRPV4 cation channels that enable the lens to sense mechanical stimuli and 
respond by changing transporter activity. Swelling and stretch stimuli cause a 
TRPV4-dependent increase of cytoplasmic calcium in the epithelium along with 
a pattern of ATP release and propidium iodide uptake that suggests connexin 
hemichannels (HCh) opening. The responses can be replicated by the TRPV4 
agonist GSK1016790A (GSK) and blocked by the TRPV4 antagonist HC067047. 
To explore the apparent linkage between TRPV4 activation and HCh opening we 
performed patch-clamp recordings on cultured mouse lens epithelial cells. GSK 
was found to cause a fast, variable and generally large non-selective increase of 
whole cell membrane conductance (WC Im). This GSK-induced “leak Im” was 
prevented by ~30 minutes HC067047 exposure. The leak Im was proportionally 
larger at negative voltages and coincided with fast depolarization and the 
simultaneous disappearance of an outward current, likely a K+ current. 
Interestingly, the presence of this outward current in control conditions appeared 
to be a predictor of a cell’s response to GSK treatment. Recordings combining 
cell-attached and whole-cell patch clamp configurations showed channel events 
of at least two amplitudes (~50-70pS and 180-220pS, consistent with Cx43) 
following GSK application through the patch pipette. Studies on a different cell 
type, Human Umbilical Vein Endothelial cells (HUVEC), recorded smaller 
outward currents than lens epithelial cells, less spontaneous activity of connexin 
HChs, and upon GSK exposure, a small increase of WC Im and an increased 
frequency of HCh opening. Taken together, the findings support the notion of a 
functional link between TRPV4 and probably Cx43, whereby TRPV4 stimulation 
induces fast HCh opening.  
 
TARGETING CONNEXIN43 TO REVERSE RESISTANCE TO PARP INHIBITOR 
THERAPY AND TO ENHANCE THE ANTI-TUMOUR IMMUNE RESPONSE IN BRCA1 
MUTATED TRIPLE NEGATIVE BREAST CANCER. 
Rodriguez-Candela Mateos, Marina(1); Roeder, Jasmin(2); Wels, Winfried(2); 
Santiago, Paz(1); Calleja, Teresa(3); Almenar, Eloy(1); Fontelo, Raúl(1); Montes, 
Tania(1); Carneiro, Alex(1); Mosquera, Joaquín(1); Acea, Benigno(1); Mayán, María D. 
(1) 
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Cellcom Research Group, INIBIC, SERGAS.  A Coruña, Spain(1); Institute For Tumor 
Biology And Experimental Therapy, Georg-Speyer-Haus, Frankfurt, Germany(2); 
Pharmacy Service. CHUAC, SERGAS. A Coruña, Spain(3)                                                                                                                                                                                                                                                                                                                                                                                                                    

Triple negative breast cancer (TNBC) is characterized by the highest 
aggressiveness and poorest prognosis among breast carcinomas, lacking 
efficient targeted treatments. PARP inhibitors (PARPi) combined with immune 
checkpoint inhibitors stand out among the novel encouraging strategies to treat 
BRCA1/2 mutated TNBC but are often associated with resistance, accentuating 
the need to design new therapeutic approaches. Connexins (Cxs) are 
transmembrane proteins involved in cellular signaling, and their role in the 
development of breast cancer is far from being elucidated. 
This work demonstrates that Cx43 restoration in TNBC BRCA1 mutated 
HCC1937 cells, de novo resistant to PARPi olaparib, profoundly resensitizes 
them, reducing by half their IC50 and their 2D and 3D spheroid proliferation upon 
treatment. Olaparib decreases total protein PARylation (PARP1 activity indicator) 
and leads to significantly higher levels of DNA damage, PARP1 cleavage and 
caspase 3-mediated apoptosis in Cx43-restored cells. Wild type cells but not 
Cx43-restituted ones accumulate RAD51 foci after drug treatment, denoting a 
potential resistance mechanism. Furthermore, olaparib induces total reactive 
oxygen species production in Cx43-restored but not in wild type cells, apparently 
not leading to mitophagy and thus potentially accumulating damaged 
mitochondria. Cx43 also increases programmed cell death and DNA damage, 
and reduces global PARylation in HCC1937 cells after olaparib treatment under 
Anoikis-inducing conditions. These results were further recapitulated in BRCA1 
mutated ovarian carcinoma cells. In order to assess the therapeutic potential of 
extracellular vesicles as drug nanocarriers, Cx43-enriched vesicles were shown 
to improve olaparib efficacy against wild type HCC1937 cells versus olaparib 
alone. Moreover, Cx43-restored cells triggered a significantly higher cytotoxic 
antitumour response of primary and EGFR-CAR(chimeric-antigen-receptor)-
natural killer (NK) cells than wild type HCC1937. 
This research presents Cx43 as a novel therapeutic target to resensitize de novo 
resistant BRCA1 mutated TNBC to PARPi and to enhance NK cytotoxicity against 
TNBC. These results have been protected by a EU patent. 
 
EXOSOMAL CX43 ACTIVATES P53-MEDIATED CELLULAR SENESCENCE IN 
PRIMARY CHONDROCYTES, SYNOVIAL AND BONE CELLS CONTRIBUTING TO 
THE PROGRESSION AND SPREAD OF DEGENERATIVE JOINT. 
Varela-Eirín, Marta(1); Carpintero-Fernández, Paula(1); Guitián Caamaño, Amanda(1); 
Varela-Vázquez, Adrián(1); García-Yuste, Alejandro(1); López-Díaz, Iñaki(1); 
Sánchez-Temprano, Agustín(1); Bravo-López, Susana B. (2); Yañez-Cabanas, 
José(3); Fonseca, Eduardo(1); Largo, Raquel; Mobasheri, Ali(4); Caeiro, José 
Ramón(3); Mayán, María D. (1) 
INIBIC, SERGAS, UDC. A Coruña, Spain(1); IDIS, CHUS, USC. Santiago de 
Compostela, Spain(2); CHUS, USC. Santiago de Compostela, Spain(3); Faculty of 
Medicine, University Of Oulu. Oulu, Finland(4)                                                                                                                                         
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The accumulation of senescent cells is a key characteristic of aging, leading to 
the progression of age-related pathologies such as osteoarthritis (OA). Previous 
data from our laboratory has demonstrated that high levels of connexin43 (Cx43) 
are associated with a senescent phenotype in chondrocytes from OA cartilage. 
OA has been reclassified as a musculoskeletal disease characterized by the 
breakdown of the articular cartilage affecting the whole joint, subchondral bone, 
synovium, ligaments, tendons and muscles. However, the mechanisms that 
contribute to the spread of pathogenic factors throughout the joint tissues are still 
unknown. Here, we show for the first time that small extracellular vesicles 
(EVs/exosomes) released byhuman OA-derived chondrocytes contain high 
levels of Cx43 and are able to induce a senescent phenotype in targeted primary 
chondrocytes, synovial and bone cells contributing to the formation of an 
inflammatory and degenerative joint environment by the secretion of senescence-
associated secretory associated phenotype (SASP) molecules, including IL-1ß 
and IL-6 and MMPs. Further, the presence of Cx43 in the sEVs changes the 
protein profile and activity of the secreted sEVs. We have demonstrated by using 
a siRNA targeting p53 that this effect is dependent on p53, since sEVs released 
by p53-knockdown cells reduce the activation of senescence and inflammation 
in target cells. Our results indicate a dual role for exosomal Cx43 inducing 
senescence and activating cellular plasticity via p53 in target cells, mediated by 
NF-kß and the extracellular signal-regulated kinase 1/2 (ERK1/2), inducing 
epithelial-to-mesenchymal transition (EMT) signaling program and contributing to 
the loss of the fully differentiated phenotype. These results highlight the 
importance for futures studies to consider sEVs positive for Cx43 and p53 as new 
biomarkers of disease progression and new targets to treat OA. 
  
AN IMPACT OF THE AMINO TERMINAL DOMAIN ON VOLTAGE GATING OF 
CONNEXIN36 GAP JUNCTION CHANNELS. 
Gudaitis, Lukas(1); Snipas, Mindaugas(1) (2); Kraujaliene, Lina(1); Kraujalis, Tadas(1) 

(3); Verselis, Vytautas K. (4)  
Institute of Cardiology, Lithuanian University of Health Sciences, Kaunas, Lithuania(1); 
Department of Applied Informatics, Kaunas University of Technology, Kaunas, 
Lithuania(2); Department of Mathematical Modelling, Kaunas University of Technology, 
Kaunas, Lithuania(3); Dominick P. Purpura Department of Neuroscience, Albert Einstein 
College Of Medicine, New York, USA(4)                                                

Gap junction (GJ) channels formed of connexins (Cx) are sensitive to 
transjunctional voltage (Vj). This biophysical property is particularly important in 
excitable cells. Cx36 is shown to be the main Cx forming mammalian electrical 
synapses between neurons. Specific biophysical properties of Cx36 have 
hindered studies of Cx36 channels. These properties include a very low unitary 
conductance, a low functional efficiency manifested as low percentage of 
functioning channels within a GJ channel cluster or plaque, a low sensitivity to 
transjunctional voltage (Vj) and an inability to form heterotypic GJ channels with 
other connexin isoforms. The new insights about regulation mechanisms of Cx36 
by Vj could be very valuable in understanding the role of electrical synapses in 
different physiological and pathological states.  
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It has been shown that amino acids in amino terminal (NT) domain of Cx are 
important to Vj-gating and define Vj-gating polarity at which fast gates tend to 
close. We used single amino acid substitutions to evaluate an impact of amino 
acids in NT domain on Vj-gating of Cx36 gap junction channels. The experimental 
and mathematical modelling results showed that charge substitutions at 8th and 
18th positions had most prominent effect on Vj-gating of homotypic channels. E8Q 
channels exhibited lower sensitivity to Vj, although the Vj-gating kinetics of these 
channels seemed to be the fastest of all analysed GJ channels. H18K channels 
exhibited an increased sensitivity to Vj as well as slower Vj-gating kinetics 
compared to Cx36 channels. Experimental and modelling results of heterotypic 
channels revealed that Cx36 has a positive Vj-gating polarity for the fast gate. 
Glutamic acid at 3rd position is crucial for determining Vj-gating polarity of Cx36. 
 
SENOTHERAPEUTIC ACTIVITY OF CONNEXIN 43 PEPTIDES FOR THE 
TREATMENT OF OSTEOARTHRITIS. 
López-Díaz, Iñaki(1); Varela-Eirín, Marta(1); Carpintero-Fernández, Paula(1); García-
Yuste, Alejandro(1); Guitián-Caamaño, Amand(1)a; Varela-Vázquez, Adrián(1); 
Montes-Morado, Tania(1); Learte-Aymamí, Soraya(2); Caeiro, José R. (3); Pazos, 
Elena(4); Mascareñas, José L(2); Vázquez, M. Eugenio(2); Mayán, María D(1) 
INIBIC, SERGAS, UDC. A Coruña, Spain(1); CIQUS, USC. Santiago de Compostela, 
Spain(2); CHUS, USC. Santiago de Compostela, Spain(3); Facultade de Ciencias and 
CICA, UDC. A Coruña, Spain(4)                                                                                                                                                                                                                                                                                                                                                                                                                                              

Chondrocytes in articular cartilage undergo dedifferentiation and senescence, 
restricting cartilage regeneration and favoring osteoarthritis (OA) progression, a 
chronic disease characterized by cartilage and joint degeneration. OA is the most 
prevalent musculoskeletal disease worldwide and there is no an effective 
treatment yet. Connexin 43 (Cx43) is an integral membrane protein that forms 
gap junction channels (GJs) and hemichannels, which mediate the exchange of 
signaling molecules, ions and metabolites between cells. We have previously 
identified Cx43 as a new therapeutic target for OA as this channel 
protein regulates dedifferentiation and increases the synthesis of metabolic 
factors such as IL-1ß, leading to accumulation of senescence cells in OA 
models. In this study, we designed new peptides containing binding motifs and 
phosphorylation sites of the C-terminal domain (CTD) of Cx43. Our results 
indicate that two of the designed peptides significantly reduced Cx43 protein 
levels and gap junction intercellular communication in chondrocytes from 
osteoarthritic patients. The downregulation of Cx43 led to chondrocyte 
redifferentiation by downregulation of the epithelial-to-mesenchymal transcription 
factor Twist-1 and to a decreased accumulation of senescent chondrocytes, as 
detected by the senescent markers p16 and p21, together with decreased 
expression of SASP components including MMP-3, IL-1ß and IL-6. 3D culture 
confirmed the restoration of chondrocyte phenotype by showing an increase in 
the synthesis and deposition of cartilage extracellular matrix components in the 
presence of both peptides. Our results indicate that Cx43-CTD peptides 
efficiently interfere with Cx43 levels and functions promoting redifferentiation and 
decreasing the accumulation of senescent cells, whose elimination has been 
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lately demonstrated to restore the regenerative capacity of cartilage. We have 
identified 2 new peptides with potential application for the development of a new-
targeted therapy in OA and with benefits to other age-related disorders 
characterized by accumulation of senescent cells and upregulation of Cx43. 
 
SEX, DIET, AND EXERCISE AFFECT THE SIGNIFICANCE OF DELETING PANX3 IN 
MOUSE MODELS OF OBESITY AND OSTEOARTHRITIS. 
Wakefield, Brent(1); Lee, Vanessa(1); Johnston, Danielle(1); Boroumand, Parastoo(2); 
Pillon, Nicolas(2); Sayedyahossein, Samar(1); O'donnell, Brooke(1); Tang, Justin(1); 
Sanchez-Pupo, Rafael(1); Barr, Kevin(3); Gros, Robert(3); Flynn, Lauren(1); 
Borradaile, Nica(3); Klip, Amira(2); Beier, Frank32; Penuela, Silvia(1). 
Department Of Anatomy And Cell Biology, Schulich School Of Medicine And Dentistry, 
Western University(1); Cell Biology Program, The Hospital For Sick Children(2); 
Department Of Physiology And Pharmacology, Western University(3);                                                                                                                                                     

Pannexin 3 (Panx3) has been implicated in chronic diseases, such as obesity 
and osteoarthritis (OA), that are caused by both genetic and behavioral factors. 
Our group has shown that deleting Panx3 in mice plays a protective role in injury-
induced OA but augments disease progression during ageing. Panx3 can be 
regulated by inflammatory dietary mediators and mechanical stimulation, 
suggesting diet and exercise may modulate PANX3. Here, we characterized the 
knee joint and body composition of Panx3 knockout (KO) mice challenged with 
daily treadmill exercise or a high fat diet. Wildtype (WT) and KO mice of both 
sexes were fed a chow diet and allocated to either sedentary or exercise from 24 
– 30 weeks of age. An additional cohort of male WT and KO mice were fed a high 
fat diet from 12-28 weeks of age. Panx3 expression in fat tissue was higher in 
males compared to female WT mice. High fat diet further increased protein levels, 
however, the addition of exercise blunted this effect. Male KO mice had reduced 
body weight and fat mass to the same extent as 6 weeks of exercise in WT mice. 
Additionally, male KO mice had lower expression of multiple proinflammatory 
markers in fat tissue. While consuming a high fat diet, there were no significant 
differences in body weight between genotypes, however KO mice continued to 
have lower fat tissue inflammation. Related to joint health for males, KO mice had 
higher cumulative osteoarthritis scores in the femoral condyles compared to WT 
mice. In exercised females, KO mice had significantly more subchondral bone, 
smaller cartilage area, and higher osteoarthritis scores in the lateral tibia. These 
results suggest that Panx3 regulates body composition, inflammation, and 
osteoarthritis, however, sex, exercise, and diet impact its significance in mouse 
models. 
 
MOLECULAR MODELING AND SIMULATION REVEAL DYNAMIC AND STABLE 
PROTEIN/LIPID/WATER INTERACTIONS WITHIN THE TRANSMEMBRANE CORE 
OF A GAP JUNCTION CHANNEL. 
Zimmerly, Andrew; Im, Wonpil; Falk, Matthias M. 
Lehigh University   

Single particle reconstruction in lipid-based nanodiscs recently has significantly 
enhanced the success of solving the structure of membrane proteins at atomic 
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resolution, including gap junction (GJ) channels assembled from connexins, 
innexins, and panexins.  Generally, however, due to technical limitations the 
reconstitutions are done in a single lipid species (usually DMPC) and thus can 
only partially reconstitute the natural protein/membrane environment.  To 
overcome this limitation, we used CHARMM-GUI based molecular modeling and 
simulation to build and analyze an all-atom structure of a complete connexin 26 
(Cx26) GJ channel in lipid membranes consisting of POPC (phosphatidylcholine, 
32%), POPS (1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-L-serine, 20%), PSM 
(sphingomyelin, 30%), and cholesterol (18%), thus simulating a much more 
natural membrane lipid environment.  We found that lipids surrounding the 
channels remained highly dynamic, yet POPC accumulated and was stabilized 
within pockets formed by the hexagonal channel especially in the outer 
membrane leaflet compared to the inner leaflet similarly to what was found 
recently for a Cx46/50 gap junction channel.  Unexpectedly, we also found a 
significant amount of water not only inside the channel, but also within the protein 
wall, and the lipid-facing outside of the channel especially at the membrane/liquid 
interphase, but also within the membrane core, again comparable to what has 
been seen recently for a Cx46/50 GJ channel.  Taken together, our results 
suggest that gap junction channels in general form stable interactions with certain 
membrane lipids while the majority of lipid surrounding the channels remains 
dynamic.  In addition, surprisingly a significant number of water molecules are 
bound to the transmembrane GJ channel core protein structure even within the 
hydrophobic membrane environment.  Our studies shed new light on the dynamic 
protein/membrane lipid interactions of gap junction channels. 
 
DYNAMICS OF THE UNSTRUCTURED C-TERMINAL PORTION OF A HYBRID CX43 
GAP JUNCTION CHANNEL. 
Zimmerly, Andrew; Im, Wonpil; Falk, Matthias M. 
Lehigh University   

Cryo electron microscopy (cryoEM) and single particle reconstruction in lipid-
based nanodiscs in recent years has significantly enhanced the success of 
solving the structure of membrane proteins at atomic resolution that in general 
are inaccessible to crystallization, including gap junction channels assembled 
from connexins, innexins, and panexins.  In addition, artificial intelligence (AI)-
based computer programs such as AlphaFold2 and RoseTTAFold can now 
predict the 3D folding of proteins with accuracies almost matching experimental 
data.  However, none of these techniques can resolve the structure of dynamic 
(=unstructured) protein domains such as the cytoplasmic carboxy (C)-terminal 
domains of gap junction connexins.  Solving the structure of connexin C-terminal 
domains is important, e.g., of connexin 43 (Cx43) because they function as the 
protein’s signaling hub as they harbor multiple protein-protein interaction sites, 
numerous serine and tyrosine phosphorylation sites, lysine poly-ubiquitination 
sites, endocytic AP-2/clathrin interaction sites, etc.  To gain structural information 
of the Cx43 C-terminal domain, we used CHARMM-GUI based molecular 
modeling and simulation to build and analyze an all-atom structure of a complete 
connexin 26 (Cx26, transmembrane portion)/Cx43 (cytoplasmic C-terminal 
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portion) hybrid GJ channel in lipid membranes.  We modeled unphosphorylated 
(P0) channels, and channels phosphorylated on serine 368 (P1), serines 368, 
282, 279 (P3), and serines 368, 282,279, 262, 255 (P5) as phosphorylation on 
these sites previously has been found critical for gap junction endocytosis, as 
well as other gap junction functions.  We found that the Cx43 cytoplasmic 
channel portion is structured dynamically and is much less extended as 
suggested by the NMR lowest energy solution structure solved by the Sorgen 
lab.  In addition, phosphorylation opened up the packing of the cytoplasmic 
channel portion, specifically around each phosphorylated residue, providing 
greater exposure of those residues to the intracellular environment and reduced 
its rigidity, suggesting that phosphorylation increases the access of enzymes to 
post translationally modify the C-terminal Cx43 domains.  Taken together our 
data provide the first structural information of the cytoplasmic Cx43 gap junction 
channel portion, and for the first time display the structure of a complete gap 
junction channel including its unstructured carboxyterminal domain. 
 
IMPAIRMENT OF GAP JUNCTION TURNOVER CAUSE INFERTILITY IN ZEBRAFISH. 
Gottfried, Anna; Iovine, M Katherine; Falk, Matthias M. 
Lehigh University   

Gap junctions (GJs) provide direct cell-to-cell communication by forming clusters 
of hydrophilic channels that bridge the surface membranes of adjacent cells, thus 
allowing the passage of small signaling molecules (up to about 1.5 kDa in size), 
second messengers, chemical gradients, and electrical currents.  The double-
membrane configuration of GJs also physically links cells together, similar to tight 
junctions, adherens junctions, and desmosomes.  Gap junctions are composed 
of connexin (Cx) proteins, the most expressed being connexin 43 
(Cx43).  Untypically, connexins have a relatively short half-life of only a few 
hours, an unusual and not well understood feature of a structural membrane 
protein.  The short half-life requires a constant turnover (biosynthesis and 
internalization) of gap junctions.  The Falk lab previously discovered that gap 
junction turnover is regulated by phosphorylation/dephosphorylation of specific 
serine residues that are located in the cytoplasmic carboxy-terminal domain of 
the Cx43 protein, e.g., amino acid residues 256-289.  To test whether impairment 
of gap junction endocytosis could cause functional defects and potentially human 
disease, Caitlin Hyland, a former PhD graduate student in the Falk lab, replaced 
the wild type Cx43 coding sequence with a mutant that lagged the critical amino 
acids 256-289 using CRISR/Cas9 gene editing technology in the zebrafish model 
system (termed Cx43lh10).  The mutant zebrafish exhibited severe 
developmental abnormalities, including heart, vasculature, and fin defects.  A 
lower clutch size and fertility was also noted.  We hypothesize that unsuccessful 
release from mitotic arrest as well as unsuccessful release of oocytes from 
mature follicles resulting from impairment of gap junction endocytosis causes the 
decreased reproductive ability of the female Cx43lh10 mutants.  
 
EFFECT OF DIFFERENTIAL KERATINOCYTE CONNEXIN EXPRESSION ON THE 
PHENOTYPE OF CUTANEOUS SQUAMOUS CELL CARCINOMA. 
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Leighton, Stephanie; Barr, Kevin; Johnston, Danielle; Lucaciu, Sergiu; O'donnell, 
Brooke; Penuela, Silvia; Laird, Dale. 
University of Western Ontario, London, ON, Canada 

Up to 10 connexins are differentially expressed in human keratinocytes where 
they collectively function to ensure healthy epidermal differentiation and renewal. 
Disruptions to this complex connexin communication network may contribute to 
the onset and progression of skin cancers. Interestingly, in cutaneous squamous 
cell carcinoma cells (SCC-13), qPCR, immunofluorescence, and immunoblotting 
revealed that keratinocyte connexin expression is minimal and the connexins 
expressed are mislocalized to intracellular sites. We hypothesize that selective 
restoration of one or more keratinocyte connexins will attenuate or revert the 
SCC-13 transformed phenotype through a process that may be GJIC-dependent 
or independent. SCC-13 cells are in the process of being engineered to express 
well-characterized GJIC-competent fluorescent protein-tagged Cx26 or Cx43 
and/or a GJIC-incompetent epitope-tagged Cx31.1. Since wildtype Cx31.1 is 
unusual and may not form gap junctions, it is first being characterized in rat 
epidermal keratinocytes and human N/TERT1 keratinocytes to determine 
whether it is capable of assembling into functional gap junction channels and 
whether it has a transdominant-negative effect on co-expressed connexins. 
Preliminary data suggests that Cx31.1 does not form gap junctions in 
keratinocytes and fails to impact Cx26, Cx30.3, Cx31, or Cx43 gap junction 
formation. Early results further indicate that Cx31 may partially rescue Cx31.1 
gap junction assembly, suggesting Cx31.1 may need to intermix with one or more 
keratinocyte connexins to enable the formation of gap junction plaques. Looking 
forward, an Incucyte® live-cell analysis system will be used to assess SCC-13 
cell invasion, migration, and proliferation when one or more keratinocyte 
connexins are expressed. We anticipate that restoration of keratinocyte connexin 
expression will differentially regulate tumour growth and sensitivity to commonly 
used SCC therapeutics. This investigation will provide important knowledge 
regarding whether GJIC-competent or incompetent connexins provide value in 
controlling SCC growth and enhancing treatments. Funded by CIHR and NSERC. 
 
THE ANTIEPILEPTIC DRUG VALPROATE CAUSES THE OPENING OF CX43 
HEMICHANNELS, WHICH COULD BE DETRIMENTAL TO PATIENTS BY 
ENHANCING NEUROINFLAMMATION. 
García-Rodríguez, Claudia(1); Duarte, Yorley(2); Ardiles, Álvaro(1); Sáez, Juan 
Carlos(1) 
Departamento de Neurociencias, Centro Interdisciplinario de Neurociencias de 
Valparaíso, Valparaíso, Chile(1); Center for Bioinformatics and Integrative Biology, 
Facultad de Ciencias de La Vida, Universidad Andrés Bello, Santiago, Chile(2)                                                                                                                                                                                                                                                                            

Neuroinflammation in chronic diseases, such as epilepsy, may be the cause of 
the tissue dysfunction that characterizes the disease. The hemichannels formed 
by connexin43 (Cx43 HCs) expressed by glial cells contribute to 
neuroinflammation characterized by an increase in cytoplasmic Ca2+. This favors 
the synthesis and release of pro-inflammatory molecules that promote the 
release of glutamate and ATP, causing seizures. Current antiepileptic drugs 
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(AEDs), such as valproate, have a pleiotropic action on neuronal molecular 
targets and their action on glial HCs remains elusive. Through molecular docking 
studies, we predicted the preferred binding orientation of valproate on Cx43 HCs, 
suggesting that it could directly affect the activity of HCs. Our experimental results 
indicate that valproate increases the activity of Cx43 HCs in an exogenous 
expression system. The effect of valproate was more evident in cells 
preincubated in the absence of extracellular divalent cations when the HC open 
probability is increased. This is consistent with the bioinformatic study, since the 
predicted binding site of valproate to Cx43 HC is on the intracellular side, so 
valproate could be entering through the HCs when they activity is increased due 
to reduction of the extracellular Ca2+, which occurs during seizures. Valproate 
also increases the ATP release through Cx43 HCs, suggesting that it promotes 
neuroinflammation, which may contribute to explaining why ~30% of epileptic 
patients are drug-refractory. 
 
CONNEXIN-43 (CX43) IS INVOLVED IN MESENCHYMAL STROMAL CELL (MSC) 
MICROVESICLE MEDIATED MITOCHONDRIAL TRANSFER TO ARTICULAR 
CHONDROCYTES. 
Thomas, Matthew; Irwin, Rebecca; Fahey, Megan; Delco, Michelle. 
Cornell University    

Osteoarthritis is a debilitating joint disease affecting >300 million people globally. 
Mesenchymal stromal cells (MSCs) have shown therapeutic promise for treating 
osteoarthritis, with evidence suggesting MSCs donate healthy mitochondria to 
rescue injured cells. Our group has demonstrated MSCs package functional 
mitochondria into microvesicles (mitoEVs), which can be taken up by 
chondrocytes. It is not yet understood how this mechanism works. Connexin-43 
(CX43) is involved in mitochondrial transfer to other cells and may help direct 
MSC microvesicle to chondrocyte mitochondrial transfer. Therefore, the goal of 
this study was to investigate the presence of CX43 in mitoEVs and determine if 
gap junction inhibition affects the quantity of MSC microvesicle to chondrocyte 
mitochondrial transfer.  
Murine MSCs with endogenous, mitochondria-specific Dendra2 fluorescence and 
murine chondrocytes with no endogenous fluorescence were separately cultured 
to 80% confluence. Microvesicles were isolated from serum-free MSC 
conditioned media and incubated with chondrocytes for 12 hours with or without 
the gap junction inhibitor carbenoxolone (100µM). Cells were analyzed on flow 
cytometry or fixed for CX43 immunofluorescence imaging. Mitochondrial transfer 
was quantified on flow cytometry as single chondrocytes that took up Dendra2 
fluorescence from MSC microvesicles (n=1).  
Immunofluorescent imaging showed co-localization of CX43 and Dendra2 
mitochondrial fluorescence, indicating MSCs release microvesicles containing 
CX43 and mitochondria. In this pilot, flow cytometry showed 0.54% of 
chondrocytes contained Dendra2 mitochondrial fluorescence after incubation 
with MSC microvesicles. This dropped to 0.35% when chondrocytes and MSC 
microvesicles were treated with carbenoxolone. These data support that gap 
junctions are involved in mitochondrial transfer from MSC microvesicles to 
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chondrocytes. Notably, carbenoxolone treatment did not prevent mitochondrial 
transfer, indicating gap junction independent transfer mechanisms. Our control 
chondrocyte group which did not receive microvesicles had a 0.027% 
mitochondrial transfer rate, validating our quantification method. These data are 
the first to link gap junctions with MSC microvesicle-mediated mitochondrial 
transfer to chondrocytes. 
 
CARDIOMYOCYTES-DERIVED EXTRACELLULAR VESICLES MODULATE 
TUMORIGENIC FEATURES. 
Vasconcelos-Cardoso, Maria(1); Aasen, Trond(2); Martins-Marques, Tânia(1); Girao, 
Henrique(1). 
Univ Coimbra, Coimbra Institute For Clinical And Biomedical Research (ICBR), Faculty 
Of Medicine, Portugal(1); Patologia Molecular Translacional, Vall D'hebron Institut de 
Recerca (VHIR), Vall D'hebron Hospital Universitari, Barcelona, Spain(2)                                                                                                                                                                       

Myocardial infarction (MI) is the leading cause of mortality worldwide. Although 
advances in MI treatment have improved the patients’ outcome, it also poses 
other challenges to MI survivors, particularly a higher incidence of cancer. 
Accordingly, recent epidemiological studies have suggested that cardiac events 
elicit cancer progression. Despite the first studies addressing this connection are 
now emerging, they already envision a promising role for circulating factors, 
including extracellular vesicles (EV). The biological response elicited by EV can 
modulate not only cell behavior, but also microenvironment remodeling, which 
relies on vesicle content, namely miRNA. We hypothesized that EV released by 
the injured heart, namely carrying pro-oncogenic miRNA, play a crucial role in 
bridging MI and cancer. In addition to few studies showing that miRNA can be 
selectively sorted by the interaction with specific RNA-binding proteins 
(hnRNPA2B1) or membrane proteins (Caveolin-1), recent results from our lab 
ascribe to connexin 43 (Cx43) a role in the sorting of miRNA into EV. Thus, in the 
present work we hypothesise that a heart damage-associated remodelling of 
Cx43 can impact on the profile of miRNA being released by cardiac cells, thus 
modulating the crosstalk between cardiac injury and cancer onset and 
progression. To address these questions, we used cell-based approaches 
resorting to cardiomyocytes and breast tumour cells. Our results show that the 
presence of Cx43 modulates the miRNA landscape of secreted EV, and that 
miRNA enriched in EV-derived from Cx43-overexpressing cells are related with 
tumorigenic pathways. Moreover, our findings suggest that EV released by 
cardiac cells subjected to in vitro ischemia modulate oncogenic features in target 
cancer cells, namely migration and proliferation. This study constitutes an 
important advance in the elucidation of the mechanisms associated with cross-
disease communication, focused on the noncanonical roles of Cx43. 
 
  



 

 81 

CX43 MODULATES THE SORTING OF MIRNA INTO EXTRACELLULAR VESICLES. 
Girao, Henrique(1); Costa, Marina(2); Catarino, Steve(1); Simoes, Isaura(3); Enguita, 
Francisco(2); Aasen, Trond(4); Martins-Marques, Tânia(1). 
FMUC-ICBR(1); FMUL-IMM(2); CIBB(3); VHIR(4)   

Extracellular vesicles (EV) are key players in cell-cell communication, through the 
exchange of information across distant cells and tissues, in the form of lipids, 
proteins and nucleic acids, which have been implicated in a wide range of 
physiological and pathological processes. Mounting evidence has demonstrated 
that EV-mediated transfer of microRNAs (miRNA) largely contributes to the 
biological effects elicited by EV after being taken up by target cells. Although 
some molecular mediators have already been disclosed, the mechanisms 
underlying the selective sorting of miRNA into EV remain elusive. Previous 
studies demonstrated that the gap junctional (GJ) protein connexin43 (Cx43) 
forms functional channels at the EV surface, mediating the communication with 
recipient cells. In the present study, we show that Cx43 participates in the 
selective sorting of miRNA secreted into EV. Moreover, we provide compelling 
evidence that Cx43 can directly bind to specific miRNAs, namely those 
containing stable secondary structure elements, including miR-133b. Although in 
vitro data demonstrate that formation of a multiprotein complex between Cx43 
and heterogeneous nuclear ribonucleoprotein (hnRNP)-A2B1 or hnRNPQ 
strengthens miRNA binding, both RNA-binding proteins appear to be dispensable 
for selective sorting of miRNAs by Cx43 in cultured cells.Furthermore, Cx43 
facilitates the delivery of EV-miRNA into recipient cells. Overall, our study 
ascribes another biological role to Cx43, through the selective incorporation of 
miRNAs into EV, thereby contributing to modulate multiple biological processes 
in target cells, namely autophagy, which may have important implications for 
human health and disease. 
 
INTERPLAY BETWEEN THE UBIQUITIN-RELATED MODIFIER-1 AND CONNEXIN 43 
IN BREAST CANCER CELL LINES. 
El-Hajjar, Layal; Saliba, Jessica; Sabban, Marwan E. 
Faculty Of Medicine, American University Of Beirut, Beirut, Lebanon                                                                                                                                                                                       

Background: Gap junction-forming connexins are exquisitely regulated by post-
translational modifications (PTMs). Particularly, post-translational modification of 
connexin 43 (Cx43), a tumor suppressor protein, regulates its synthesis, 
trafficking, channel forming capacity, and protein-protein interactions. 
Methods: We report a novel PTM of Cx43, by a ubiquitin-related modifier (URM-
1) in two breast cancer cell lines, the highly metastatic triple negative MDA-MB-
231 overexpressing Cx43 (MDA-Cx43D cells) and the luminal breast cancer cell 
line, MCF-7. 
Results: We demonstrated that Cx43 co-localizes and interacts with ubiquitin, 
URM-1 and small ubiquitin-like modifier (SUMO)-1. These interactions and PTMs 
of Cx43 were accentuated upon cellular stress. In cells with downregulated URM-
1, Cx43 expression decreased significantly and SUMOylation by SUMO-1 
seemed to be compromised, suggesting that URMylation stabilizes Cx43 and 
may be a prerequisite for interaction with SUMO-1. In addition, epithelial-to-
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mesenchymal transition (EMT) marker expression increased, with the 
concomitant decrease of Cx43 expression, in cells with downregulated URM-1, 
leading to increased proliferation, migration and invasion potential. Inversely, 
upregulation of URM-1 upregulated Cx43 expression and reversed the EMT-
induced processes, underpinning a role of this PTM in the observed phenotypes. 
Conclusion: Our study highlights a novel PTM of Cx43 in breast cancer cells, 
potentially stabilizing it and preventing its degradation. Downregulation of URM-
1, and subsequent loss of Cx43, might contribute to the malignant phenotype in 
breast cancer cells.  
 
IDENTIFYING THE ROLE OF CONNEXIN-43 IN DOXORUBICIN MEDIATED 
CARDIOTOXICITY BY USING IN VITRO, EX-VIVO, AND HUMAN CARDIAC 
SPHEROID MODELS. 
Veerman, Ben(1); Martins-Marques, Tânia(2); Macquaide, Niall(1); Girao, Henrique(2); 
Currie, Susan(1); Cunningham, Margaret(1). 
Strathclyde Institute Of Pharmacy And Biomedical Sciences, Glasgow, UK(1); Faculty of 
Medicine, Coimbra, Portugal(2)                                                                                                                                                                                    

The chemotherapeutic drug doxorubicin is widely used in the treatment of 
different cancers but patients showed dose-dependent cardiotoxicity that were 
manifested as arrhythmias, ischemia, cardiomyopathy, systolic dysfunction and 
heart failure (Mitry and Edwards, 2016). Cardiac malfunction has been linked with 
a disorganisation and dysfunction of connexin-43 (Michela et al., 2015). The aim 
of this study is to investigate the role of connexin-43 in doxorubicin induced 
cardiotoxicity. 
Adult male Sprague-Dawley rats (weight: 248 – 315 g, age: 7-9 weeks) were used 
for Langendorff perfusion in order to assess the impact of doxorubicin (1.0µM for 
1 hour) on connexin-43 expression and localisation. Human Coronary Artery 
Endothelial Cells (HCAECs), Human Cardiac Fibroblasts (hCFs), and AC16 
human cardiomyocyte cells were treated with 0-10µM doxorubicin for 24 hours. 
Calcium imaging was performed by using a Cal-520 calcium dye after a 24 hour 
treatment with 1.0µM doxorubicin. 
Changes in connexin-43 protein expression levels were identified in response to 
doxorubicin in rat hearts. Total connexin-43 protein levels were significantly 
reduced in HCAECs and also showed a re-localisation. Similarly, AC16 
cardiomyocytes and hCFs showed also a decrease in connexin-43 levels in 
response to doxorubicin. Whether connexin-43 is downregulated or secreted 
through extracellular vesicles is yet to be determined. However, optimisations of 
culturing human iCell cardiomyocytes are currently ongoing, pre-liminary data 
indicates a change in contractility in response to doxorubicin. To allow paracrine 
communication between different cell types, spheroids with HUVECs, hCFs, and 
iCell cardiomyocytes were generated and showed spontaneous contraction. 
Our studies identified changes of connexin-43 expression levels in human 
cardiovascular cells in response to doxorubicin. These changes, in alignment with 
subcellular re-localisation, could contribute to the detrimental effects of 
doxorubicin on the heart. Future work will include 3D cardiac spheroids and to 
investigate the effect on connexin-43 in this model in response to doxorubicin. 
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CARDIAC STRESS-INDUCED ARRHYTHMIAS VIA SPECIFIC GENETICALLY 
PHOSPHODELETED SITES IN CONNEXIN-43 CHANNELS. 
Munoz, Manuel(1); Nguyen, Thao(1); Quan, Jonathan(1); Lillo, Mauricio(2); Contreras, 
Jorge E. (1) 
Department Of Physiology And Membrane Biology, School of Medicine, University of 
California Davis(1); Department Of Pharmacology, Physiology And Neuroscience, 
Rutgers University(2)                                                                                                                                                      

Connexin 43 (Cx43) gap junction remodelling is observed in various cardiac 
pathologies and is linked with pro-arrhythmogenesis behaviours and sudden 
death. Cx43 post-translation modifications, in particular phosphorylation and S-
nitrosylation, are altered during pathological states of the heart and are thought 
to play a role in cardiac remodelling and arrhythmogenesis. Here, we took 
advantage of two genetically phospho-deleted Cx43 knock-in mouse lines to 
assess cardiac electrical signals and arrhythmias in the normal and stressed 
heart. In these mouse lines, serine residues were replaced with alanine in the 
corresponding sites for phosphorylation via mitogen-activated protein kinase 
(S255/262/279/282A, Cx43MK4 mice) and casein kinase 1a 
(S325A/S328A/S330A; Cx43S3A mice). Upon basal condition or isoproterenol 
stimulation, wild-type animals did not display arrhythmogenic behaviors. 
However, Cx43S3A mice after isoproterenol treatment showed a prolongated QTc 
and several types of arrhythmias such as single premature ventricular contraction 
(PVC), double PVCs, triple PVCs and non-sustained ventricular tachycardia 
(NSVT) when compared to wild-type animals. While Cx43MK4 mice displayed an 
increased number of single PVCs when compared to wild-type animals, not 
significant differences were observed for more severe types of arrhythmias. 
Immunofluorescence and biochemical data showed that cardiac Cx43 co-
localized with N-cadherin at the intercalated disks in wild-type animals, but it is 
found lateralize membrane of cardiomyocytes in Cx43S3A or partially internalized 
in the Cx43MK4 mice. The data suggest that the severity of arrhythmias promote 
by b-adrenergic stimulation is likely due to different types of Cx43 cardiac 
remodeling. 
 
DIFFERENTIAL SUBSTRATE SPECIFICITY OF MITOGEN-ACTIVATED PROTEIN 
KINASES (MAPKS) TOWARD CONNEXIN 43. 
Perez, Liz(1); Turk, Rim(1); Conage-Pough, Jason(2); Cusimano, Marissa(1); Vargas, 
Victoria(1); Arora, Sonal(1); Gallo, Michael(1); White, Forest(2); Thévenin, Anastasia(1). 
Moravian University(1); Massachusetts Institute of Technology(2)                                                                                                                                                                                                                                      

Phosphorylation of connexin 43 (Cx43) is an important regulatory mechanism of 
gap junction (GJ) function. Cx43 is modified by several kinases on over 15 sites 
within its ~140 amino acid-long C-terminus (CT). Treatment of cells with growth 
factors causes activation of the ERK (extracellular signal-regulated kinase) 
pathway and phosphorylation of Cx43CT on S255, S262, S279 and S282; this 
leads to GJ closure and recruitment of endocytosis machinery. ERK is a member 
of the mitogen-activated protein kinase (MAPK) family that consists of two 
additional members: JNK (c-jun N-terminal kinase) and p38.  Phosphorylation of 
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Cx43CT by ERK has been widely documented in several cell lines, by a large 
number of investigators.  Phosphorylation by JNK and p38, on the other hand, is 
not well-established.  Indeed, ERK is a kinase activated by growth factors and is 
upregulated in diseases, such as cancer.  JNK and p38, however, have a largely 
tumor-suppressive function due to their stress-activated and apoptotic role.   
 
In this work, we set out to investigate substrate specificity of all three MAPKs 
toward Cx43CT, both in vitro and in two cell lines (MDCK - non-cancerous, 
epithelial cells and LNCaP - prostate cancer cells).  We co-expressed each 
MAPK with their upstream kinases in E.coli and purified ERK, JNK and p38 by 
affinity chromatography.  We tested the ability of each MAPK to phosphorylate 
pure Cx43CT in vitro, using alanine mutants at S255, S262, S279 and S282 as 
negative controls. Cx43 phosphorylation was monitored through gel-shift assays 
on an SDS-PAGE, immunodetection with phospho-Cx43 antibodies and LC-
MS/MS analyses.  Similarly, experiments in LNCaP and MDCK cells expressing 
full length Cx43 under ERK, JNK or p38-activating conditions are currently 
ongoing. Our results demonstrate clear differences in specificity of each MAPK 
toward Cx43, and underscore the importance of delineating the effects of ERK, 
JNK and p38 on Cx43 and GJ function.  
 
THE EFFECT OF 1,8-CINEOLE ON CARDIAC CX43 IN A PULMONARY ARTERIAL 
HYPERTENSION MODEL. 
Zuzarte, Mónica; Alves-Silva, Jorge M; Girao, Henrique. 
Univ Coimbra, Coimbra Institute for Clinical and Biomedical Research (ICBR), Faculty of 
Medicine, Coimbra, Portugal                                                                                                                                       

Pulmonary arterial hypertension (PAH) is a rare, life-threatening pulmonary 
vascular disorder that rapidly progresses to right ventricle (RV) failure. The initial 
adaptive process can progress into a maladaptive one due to metabolic 
dysfunction, increased stiffness, dilatation, and fibrosis culminating with heart 
failure. Current therapies only alleviate symptoms, acting as pulmonary 
vasodilators by targeting endothelial and smooth muscle cells but fail to target 
RV fibrosis and dysfunction, the ultimate cause of RV failure. Therefore, an 
understanding of the molecular mechanisms underlying PAH is vital to design 
therapeutic approaches primarily directed to the RV. Cardiac hypertrophy 
characterized by an increase in cardiomyocyte size, protein synthesis, and 
sarcomeres reorganization has been implicated in disease progression. Some 
studies have suggested that intercellular communication also underlies this 
detrimental progress mainly due to gap junction remodeling associated with 
arrhythmia, that may ultimately lead to heart failure. However, the association 
between intercellular communication derailment and PAH progression, making 
gap junctions a potential therapeutic target, has never been investigated. In this 
study, resorting to cell-based approaches and an animal model of PAH we aim 
to disclose the impact of disease onset and progression in intercellular 
communication impairment and evaluate the therapeutic effect of 1,8-cineole, a 
plant metabolite, as a cardioprotector. Using transmission electron microscopy, 
we show a disarrangement of the intercalated disc (IDs) in the pre-clinical 
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monocrotaline (MCT)-induced PAH model, in alignment with the reported defects 
in the anisotropic propagation of the electric signal that contribute to RV 
dysfunction. Interestingly, IDs architecture changes were improved in animals 
treated with 1,8-cineole, thus suggesting a protective effect of this compound. 
Moreover, as cardiac remodeling associated with PAH is often accompanied by 
Cx43 redistribution, decreasing heart function, we also assessed the effect of 1,8- 
cineole in Cx43 levels and subcellular distribution in the RV of diseased animals. 
Supporting the previous results, Cx43 in the IDs in the MCT group was diminished 
with a decrease in the co-localization between Cx43 and N-cadherin. Moreover, 
immunofluorescence studies demonstrated that in MCT animals, Cx43 localized 
to the lateral membrane of cardiomyocytes, thus likely contributing to impair the 
anisotropic propagation of the electrical signal. Nevertheless, in diseased animals 
treated with 1,8-cineole, we observed not only a recovery in the total Cx43 levels 
but also a decrease in the amount of Cx43 detected at the lateral membranes. 
Overall, our results ascribe for the first time a cardiac remodeling effect to 1,8-
cineole with a strong impact at Cx43 level. 
 
PANNEXIN 3 CHANNELS REGULATE TISSUE ARCHITECTURE, BARRIER 
FUNCTION, KERATINOCYTE ADHESION, AND INFLAMMATORY RESPONSES 
DURING SKIN AGING 
O’Donnell, Brooke(1); Sanchez-Pupo, Rafael(1); Sayedyahossein, Samar(1); Karimi, 
Mehdi(2); Bahmani, Mehrnoosh(3); Zhang, Christopher(1); Johnston, Danielle(1); 
Wakefield, Brent(1); Kelly, John(1); Barr, Kevin; Dagnino, Lina(1); Penuela, Silvia(1) 
University of Western Ontario(1); Illinois State University(2); Ontario College of 
Pharmacists(3)       
Pannexin 3 (PANX3) is a channel-forming glycoprotein that facilitates the 
passage of ATP and calcium at the cell surface and endoplasmic reticulum, 
respectively. PANX3 is present in adult skin and functions in cutaneous wound 
healing and keratinocyte differentiation, but its regulation throughout skin aging 
and its role in skin homeostasis are not yet understood. Through Western blotting, 
we found PANX3 was undetectable in newborn dorsal skin but became 
upregulated at postnatal day 2, remaining at high levels with age, specifically in 
keratinocytes. We characterized the skin of both male and female global Panx3 
knockout (KO) mice compared to congenic, age-matched wildtype (WT) controls. 
Structurally, we used histological analysis to show that Panx3 KO dorsal skin 
exhibited sex differences at various ages, but generally had reduced epidermal, 
dermal and hypodermal areas compared to aged-matched controls. However, no 
differences were observed in paw skin epidermal areas regardless of genotype 
or challenge. A toluidine blue dye assay revealed compromised epidermal barrier 
function in neonatal KO mice of both sexes, and to understand the signalling 
mechanisms behind these changes to the skin upon Panx3 deletion, we 
performed a Clariom™ S transcriptomic profiling analysis of WT and KO neonatal 
epidermis. Panx3 KO neonatal epidermis showed reduced E-cadherin 
stabilization and Wnt signalling, consistent with the inability of primary KO 
keratinocytes to adhere in culture and the compromised epidermal barrier. Lastly, 
we observed increased inflammatory signalling in KO epidermis, reflected by the 
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increased incidence of dermatitis in both male and female aged KO mice. 
Altogether, KO mice were 3.75 times more likely to develop dermatitis than WT 
controls. Collectively, these findings suggest that during skin aging, PANX3 is 
critical in the maintenance of dorsal skin architecture and keratinocyte cell-cell 
and cell-matrix adhesion, and regulates inflammatory responses within the skin.  
 

 
 




