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About Valparaíso
The IGJC 2015 conference will be held (March 28th - April 2nd) at the South American Port of Valparaíso in Chile. Valparaíso 
and its neighboring cities are home to about one million people. However, Valparaíso itself is a small city of about 200,000 
inhabitants, making easy for people to walk and use public transportation. The World Heritage List by UNESCO in 2004 included 
the historic quarter of Valparaíso. The hills, Cerro Alegre and Cerro Concepción, are at the heart of its historic quarter and are 
an important touristic attraction due to its many bars, pubs, restaurants and small hotels, including the best boutique hotels in 
the country. The fifteen urban elevators (funiculares)-heritage of the industrial revolution- and the trolleybuses (the oldest in 
the world that still work) are two unique characteristics of the city. All these things provide a unique image and atmosphere to 
the city. Valparaíso is just one and half hours from Santiago’s International Airport and the city of Santiago, making national and 
international travel easy. From this airport, connections are possible to the major touristic attractions in the country, including 
Patagonia (Torres del Paine), the Atacama Desert (San Pedro de Atacama), and Rapa Nui (Easter Island). In addition, Valparaíso 
is two hours away from the main ski resorts in Latin America, such as: Portillo, La Parva, El Colorado and Valle Nevado.

The Convention Center is in Valparaíso’s Cultural Park, a major cultural center of contemporary architecture and public space 
of 1.5 ha (3.7 ac). The Valparaíso Cultural Park (PCdV) boasts an auditorium with a capacity of 307 seats, and an exhibition 
hall of 462 m2 (4,900 ft2) in which all posters will be displayed throughout the entire length of the conference. The PCdV is a 
10-minute bus ride from the Ibis and Diego de Almagro hotels.  Shuttle buses will provide transportation to all participants 
every day: from the hotels to the PCdV early in the morning, and from the PCdV to the hotels after the last session. 
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International Gap
Junction Conference

The International Gap Junction Conference (IGJC) is a unique interdisciplinary scientific meeting that brings together scientists 
studying connexins, pannexins and innexins. 

This conference is the most important international meeting in the field of connexins, pannexins and innexins and attracts 
scientists from all over the world.  The meeting is a great venue to facilitate discussion of the latest advances in the field as well 
as scientific interactions between young and senior investigators of all different nationalities.  It will be held in South America 
for the first time since its inception in 1983.  
   
Presentations include sessions focusing on the roles of connexins, pannexins and innexins in development, normal physiology 
and pathological conditions and on the use of these proteins as conduits and targets for therapy of diseases.
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Program

Saturday March 28th, 2015
Morning 	
Transportation from Santiago’s airport to Valparaíso.
Buses associated with the conference will be waiting at the airport to bring the attendees to the hotels.

14:00-17:00 	
Registration

17:00-18:00	
Opening lecture at Parque Cultural de Valparaíso 
Eric C. Beyer: History of cell-cell communication channels: “Connexins in the molecular era and beyond”

18:30-20:00	

Visit to Baburizza Museum at Paseo Yugoslavo

20:00 		
Welcome Reception and Dinner at 
Baburizza Museum. 

------------------------------------------------------------------------------------------------------------------------------------------------

 

Sunday March 29th, 2015
9:00-10:00 	
Keynote talk 1 
Tomás Pérez-Acle: “Structure-function relationships coded at the molecular architecture of Cx26 hemichannels”

10:00-11:00 	
Platform session 1
Structural and biophysical aspects of hemichannels and gap junction channels (I)
Chair: Donglin Bai and Jorge E. Contreras

1) 	 The first transmembrane segment of connexins and voltage-dependent gating regulation of hemichannels.  Bernardo 
Pinto-Chile. 

2) 	 Cx43 mutant expressing fibroblasts from oculodentodigital dysplasia patients exhibit diverse properties that predict 
variability in wound healing. John Kelly-Canada.

3)	 GJCs make-up in function of accurate ratios of Cx40/Cx43 and Cx43/Cx45. Thomas Desplantez-France.

4) 	 Cx43 channel gating: evaluating triggers and mechanisms. Jose Ek-Vitorin-USA. 

11:00-11:30
Coffee break 
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11:30-12:30 	
Platform session 2 
Structural and biophysical aspects of hemichannels and gap junction channels (II)
Chair: Janis M. Burt and Virginijus Valiunas

5) 	 Motifs in the permeation pathways of connexin channels that mediate Ca2+ sensing. Jorge E. Contreras-USA.

6) 	 Engineered Cx40 variants showed heterotypic colocalization and increased gap junctional coupling with Cx43. Donglin Bai-
Canada.

7)    Differential properties of N14K and N14Y KID mutant hemichannels: structure-function implications. Vytautas Verselis-
USA. 

8) 	 The SH3-binding domain controls the activity of Cx43 hemichannels. Jegan Iyyathurai-Belgium.

12:30-14:00 	
Lunch at Parque Cultural de Valparaíso (PCdV)

14:00-15:00 	
Keynote talk 2 
Alberto Pereda: “Properties and plasticity of synaptic transmission mediated by gap junctions in the vertebrate brain”

15:00-16:00 	
Platform session 3
Principles and cell biology of electrical synapses
Chair: Vytautas K. Verselis and Thomas Desplantez

9)	 Electrical synapses: First principles last or some things never change. Michael V.L. Bennett-USA.

10)	 Modulation of the IH current enhances coincidence detection between electrically coupled neurons of the mesencephalic 
trigeminal (MesV) nucleus of the rat. Sebastian Curti-Uruguay.

11)	 Mechanisms underlying plasticity of electrical synapses in the thalamic reticular nucleus. Julie Haas-USA.

12)	 Calcium signaling at Cx36 gap junctions in cultured cells and retinal neurons. John O’Brien-USA.

16:00-16:30	
Coffee break

16:30-17:30	
Platform session 4
Pannexin channels in the nervous system

13)	 A non-canonical signaling modality for NMDA receptors and Pannexin 1 in ischemia. Nicholas Weilinger-Canada.

14)	 Pannexin 1 sets the threshold of excitatory synaptic plasticity in the hippocampus from adult mice. Alvaro Ardiles-Chile.

15)	 A novel interaction between Pannexin 1 and Collapsin Response Mediator Protein 2 regulates neuronal development. 
Leigh Wicki-Stordeur-Canada.

16)	 Pannexin 1 activation is required to NMDAR and P2X7R signaling of the nociceptive information in the spinal cord of 
neuropathic rats. David Bravo-Chile.
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17:30-19:30 	
Poster session I 

19:30	
Please find your preferred dinner at Valparaiso´s restaurants.  Information about restaurants will be available at the meeting.

-------------------------------------------------------------------------------------------------------------------------------------------------

Monday March 30th, 2015
9:00-10:00 	
Keynote talk 3 
Eduardo Macagno: “Roles of innexins in nervous system development”
 

10:00-11:00	

Platform session 5
Innexin-, connexin- and pannexin-based channel 
Chair: Michael V.L. Bennett and John O’Brien

17)	 A different role for Innexin2 and Innexin3 proteins from Spodopteralitura in apoptosis under hemichannel-closed Sf9 cells 
infected by recombinant baculoviruses. Kaijun Luo-China.

18)	 Comparing innexin- and connexin-based channels using structure-function analysis. Martha Skerrett-USA.

19)	 ATP-evoked internalization of Pannexin 1 channels. Andrew Boyce-Canada.

20)	 Lack of Pannexin 1 alters permeability of cochlear supporting cells and induces sensorineural hearing loss. Pavel Prado-
Chile.

11:00-11:30	
Coffee break 

11:30-12:30 	
Platform session 6 
Pannexin-based channels
Chair: Jean X. Jiang and Anaclet Ngezahayo

21)  Human development disorders linked to a germ-line missense PANX1 gene mutation. Dale Laird-Canada. 

22)  Pannexin 1 in smooth muscle cells of cerebral arteries can alter cerebral blood flow and response to ischemic stroke via 
regulation of myogenic tone. Miranda Good-USA.

23)  Pannexin 1 in the response of developing neurons to stroke. Leigh Anne Swayne-Canada.

24)    α1-adrenergic receptor activation phosphorylates Pannexin1 at tyrosine 198 via src family kinases.  Leon DeLalio-USA.

12:30-14:00 	
Lunch at Parque Cultural de Valparaíso (PCdV)
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14:00-15:00 	
Platform session 7
Regulation and trafficking of hemichannels and gap junction channels (I)
Chair: Matthias Falk and Mathieu Vinken

25)	 Prevention of Cx37 de-phosphorylation at tyrosine 332 is pivotal for the inhibitory NO effect on GJC. Petra Kameritsch-
Germany.

26)	 Control of astrocyte calcium signaling through NO-dependent regulation of hemichannel opening. Mariela Puebla-Chile.

27)	Cx43 hemichannels in ventricular cardiomyocytes can be activated by an elevation of cytoplasmic Ca2+ and are a potential 
arrhythmogenic substrate in the heart. Luc Leybaert-Belgium.

28)	Ca2+/calmodulin regulation of connexin. Jenny Yang-USA.

15:00-15:30	
Coffee break 

15:30-16:30 	
Platform session 8
Regulation and trafficking of hemichannels and gap junction channels (II)
Chair: Sandra A. Murray and Jonathan M. Gibbins

29) Regulation of gap junction channels and hemichannels by actin cytoskeleton and RhoA. Oscar Jara-Chile.

30)  Hierarchical phosphorylation events in the Connexin 43 tail-domain signal gap junction internalization. Matthias Falk-USA.

31)   Cx43 augments filopodia formation via activation of p21-activated protein kinase 1 (PAK1). Kristin Pogoda-Germany.

32) Signals and mechanisms regulating endocytosis across the connexin protein family. Charles Fisher-USA.

17:30- 18:30 	
Poster session II

18:30 	
Please find your preferred dinner at Valparaiso´s restaurants.  Information about restaurants will be available at the meeting.

-------------------------------------------------------------------------------------------------------------------------------------------------
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Tuesday March 31st, 2015
9:00-10:00	
Platform session 9
Peripheral diseases, inflammation-regeneration and cell-cell communication
Chair: Luc Leybaert and Christian C. Naus

33)	 Molecular characterization of gap junction mediated intercellular communication in platelets. Jon Gibbins-UK.

34)	 Pannexin 1 channels regulate leukocyte emigration through the venous endothelium during acute inflammation. Alexander 
Lohman-USA.

35)	 The cytoplasmic tail of Connexin43 mediates cytoskeletal rearrangements in B-lymphocytes. Linda Matsuuchi-Canada. 

36)	 Cx43 scaffolding CT intracellular domain is required for achieving proper bone architecture and for some, but not all, 
anabolic actions of intermittent PTH administration. Lilian I. Plotkin-USA.

10:00-10:30	
Coffee break 

10:30-11:30	 
Platform session 10
Connexins in inherited and acquired diseases
Chair: Lilian I. Plotkin and Xavier F. Figueroa

37)	 Connexin40 abnormalities and atrial fibrillation. Eric C. Beyer-USA.

38)   The Keratitis-ichthyosis-deafness (KID) syndrome mouse model Cx26S17F exhibits an altered calcium gradient and 
ceramide profile in the epidermis. Klaus Willecke-Germany.

39)  Slow deactivation kinetics of hyperactive heteromeric hemichannels formed by Cx26 N-terminus KID-associated mutants 
and Cx43. Isaac García-Chile.

40)  Possible role of connexins 39, 43 and 45 on muscular damage in dysferlinopathies. Luis Cea-Chile.

12:30-20:00
Trip  for dinner, a Chilean barbeque, which will be held in a nearby farm called “Puro caballo” (approx. 1 hour south of Valparaíso). 
Transportation and a lunch box will be provided.

20:00 		
Trip back to Valparaíso

-------------------------------------------------------------------------------------------------------------------------------------------------
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Wednesday April 1st, 2015
9:00-10:00	
Keynote talk 4 
Akio Suzumura: “Gap junction hemichannels as novel therapeutic targets in neurodegenerative disorders”

10:00-11:00 	
Platform session 11
Cell-cell communication and neuroinflammation
Chair: Juan A. Orellana and Silvia Peñuela

41)   Connexin32 expression by NG2+ progenitor cell limits neurogenic capacity of nestin+ type 1 and 2a progenitors in the 
injured hippocampus. Mark Akins-Canada.

42)  Regulation of the hypoxic activation of Pannexin-1 by amyloid beta. Laura Palmer-Canada.

43)  Death of neurons following injury requires conductive neuronal gap junction channels but not a specific connexin. Andrei 
Belousov-USA.

44)   Therapeutically targeting Connexin43 in ischemic stroke. John Bechberger-Canada.

11:00-11:30	
Coffee break

11:30-12:30	
Platform session 12
Pannexins and connexins in genetic and acquired diseases
Chair: Fabio Mammano and Dale W. Laird

45) The cataract related mutation N188T in Connexin46 (Cx46) inhibits formation of functional gap junction channels by 
impairing docking process of Cx46 hemichannels. Anaclet Ngezahayo-Germany.

46)  The cataract-linked mutant Cx50D47A causes ER stress in mouse lenses. Viviana M. Berthoud-USA.

47) Non-junctional channel function of Connexin26 (Cx26) in the cochlea for Cx26 deficiency induced hearing loss. Hong-Bo 
Zhao-USA.

48) Protective effects of Connexin43 signaling against experimentally induced acute liver failure in mouse. Michael Maes-
Belgium.

12:30-13:30	
Business meeting
 
- Presentation of the IGJC 2017 
- Proposals for the IGJC 2019
- Presentation of student awards.
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Free afternoon 	
Ideal for wine tasting in Casablanca or sightseeing Valparaíso and Viña del Mar. A lunch box will be provided.

19:00	
Final Banquet at “Muelle Baron” (Baron Pier). Attendees should arrive to “Muelle Prat” (Prat Pier) at 18:00 to board typical 
Chilean boats that will bring us to Baron Pier for the banquet.

-------------------------------------------------------------------------------------------------------------------------------------------------

Thursday April 2nd, 2015
9:00-10:00 	
Platform session 13
Cancer and cell-cell communication
Chair: E. Martha Pérez Armendariz and Maria L. Z. Dagli

49)    Targeting endothelial Connexin40 inhibits tumor growth by reducing angiogenesis and enhancing vessel function. Jacques-
Antoine Haefliger-Switzerland.

50) Osteocytic Connexin 43 hemichannels suppress breast cancer growth and bone metastasis. Jean Jiang-USA.

51) The role of Connexin43 in glioma migration and invasion. Christian Naus-Canada.

52) Pannexin1 regulates melanoma progression. Silvia Peñuela-Canada.

10:00-10:30	

Coffee break

10:30-11:30 	
Platform session 14
Connexins as conduits and therapeutic targets
Chair: Patricia E. Martin and Mauricio A. Retamal

53)   Drug discovery: lipidation of connexin mimetic peptides increases efficacy in gap junction inhibition. Maura Cotter-USA.

54)  siRNA therapy: validation of gap junction delivery in vitro and in vivo. Virginijus Valiunas-USA.

55) Pannexin 1 regulation of inflammatory pathways in vascular cells.  Scott Johnstone-UK.

56) Discovery of a selective connexin hemichannel blocker and its use to revert and prevent progression of muscular dystrophy. 
Juan C. Sáez-Chile.

11:30-12:00	
Closing Remarks

Afternoon	
Free transportation from the “Parque Cultural de Valparaíso” to Santiago´s airport or other connections (e.g., bus station or  
Metro station in Santiago). Lunch box will be provided.

-------------------------------------------------------------------------------------------------------------------------------------------------
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Abstracts
Opening Lecture

Connexins in the molecular era and beyond.

Eric C. Beyer. University of Chicago, Chicago, IL, USA

The first DNA sequences encoding gap junction proteins (subsequently named connexins) were cloned 30 years 
ago.  Cloning of one connexin made possible the cloning of many more and the identification of the extended gene family of 
connexins.  These DNAs and the predicted polypeptide sequences made possible a variety of new experiments that propelled 
advances in the field (made by a large number of investigators in many different laboratories).  I will highlight some aspects of 
this progress by describing studies from our laboratory and collaborators (especially concentrating on studies of cardiovascular 
and lens connexins).  The availability of connexin DNAs made possible expression studies that showed that different connexins 
make channels (and hemi-channels) with differing properties and regulation.  Moreover, some (but not all connexins) were 
compatible for formation of heterotypic and hetero-oligomeric channels.  Mutagenesis of connexin clones facilitated structure-
function studies.  Knowledge of connexin polypeptide sequences allowed production of connexin-specific antibodies that were 
used for localization of connexins in cells and tissues and studies of the complexity of connexin biosynthesis and degradation.  
The mapping of a diverse set of diseases to mutations in connexin genes and the production of mice with mutations or 
targeted deletions of connexin genes underscored the biological and clinical importance of connexins.  In recent years, we 
have concentrated on examining the abnormalities by which human connexin mutants contribute to disease pathogenesis.  
Many of the mutants reduce or modify intercellular communication due to channel alterations (including loss of function or 
altered gating), due to impaired cellular trafficking, or due to accelerated connexin degradation.  Many mutants cause additional 
abnormalities (beyond loss of function) including gain of hemichannel function (leading to cell injury and death), formation of 
cytoplasmic accumulations, and induction of ER stress.  Mice that express connexin mutants (like Cx46fs380 and Cx50D47A) 
can closely mimic the corresponding human diseases.  Full elucidation of the roles of connexins in disease pathogenesis and 
their manipulation or targeting for therapeutics will be among the greatest challenges and opportunities for the near future. 
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Keynote Lectures

Structure-function relationships coded at the molecular architecture of Cx26 hemichannels

Tomás Pérez-Acle. Computational Biology Laboratory, Fundación Ciencia & Vida; Centro Interdisciplinario de Neurociencia de 		
		      Valparaíso, Chile

During this talk, emphasis will be paid to describe the structure-function relationships coded at the molecular architecture of 
human Cx26 hemichannel, describing how function may be related to structural properties and how the structural constraints of 
this channel may explain functional processes at the microscopic scale. Using large-scale and non-equilibrium MD simulations, 
we have recently discovered a water pocket (the IC pocket) within the intracellular portion of the hCx26 hemichannel. By 
characterizing water structure and dynamics within this pocket, we gathered enough evidence to hypothesize on its functional 
role, emphasizing on the Arg143 aminoacid residue. To evaluate this hypothesis, we conducted in vitro functional assessments 
of Cx26 wild type (wt) and mutant hemichannels demonstrating that Arg143 is a key residue to the hCx26 hemichannel activity. 
Moreover, our evidence suggests that the IC pocket and, in particular Arg143, may be involved in voltage sensing processes 
of the hCx26 hemichannel. To confirm our hypothesis we are nowadays conducting a set of MD simulations together with 
molecular biology and electrophysiological experiments. Preliminary molecular modeling and electrophysiological data will be 
presented paving the road to get insights on the voltage controlled gating process of the human Cx26 hemichannel. (This work 
was supported in part by FONDECYT 1130652 (T.P.-A.), FONDECYT 1130855 (A.D.M.), PFB16 Fundacion Ciencia Para La Vida, 
ACT1107 (T.P.-A.), ACT1104 (A.D.M.), and ICM-Economía P09-022-F Centro Interdisciplinario de Neurociencias de Valparaíso 
(T.P).
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Properties and plasticity of synaptic transmission mediated by gap junctions in the vertebrate brain

Alberto Pereda. Department of Neuroscience, Albert Einstein College of Medicine, Bronx, NY, USA

In the nervous system, the term ‘synapse’ applies to cellular specializations that, by providing a mechanism for the transfer of 
information between two different neurons, facilitate the processing of information within neural circuits. Most efforts have 
been dedicated toward the understanding of the properties and modifiability of chemical transmission. In contrast, less is still 
known regarding the properties of electrical synapses, whose structural correlate is the gap junction. I will review evidence 
obtained from identifiable mixed (electrical and chemical) synapses in fish indicating that electrical transmission is more 
dynamic and modifiable than was generally perceived. Moreover, electrical synapses are molecularly asymmetric, complex, 
and dynamic structures that functionally interact with chemical synapses. Thus, electrical synapses might be as structurally 
complex and functionally dynamic as their chemical counterparts.
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Roles of innexins in nervous system development

Eduardo Macagno. Division of Biological Sciences, University of California San Diego, CA, USA

Expression patterns of gap junction (GJ) proteins define neuronal coupling networks in the developing nervous system. 
Individual invertebrate neurons and glial cell have been shown to express different subsets of Innexin (Inx) genes, providing 
surface complexes that may function analogously to cell adhesion molecules, mediating cellular recognition and selective 
adhesion. Moreover, during synaptogenesis electrical synapses often herald the later establishment of chemical synapses, 
and thus may serve to define the synaptic circuitry observed at later stages. For example, in the embryonic nervous system, 
ectopic expression of Inxs can lead to the coupling of the expressing cell into novel networks.  Moreover, gap junctions appear 
to mediate interactions among homologous neurons that modulate process outgrowth and stability. In this presentation, I will 
review the evidence that supports the hypothesis that combinatorial expression of unique subsets of Inxs helps define cell 
morphology and connectivity in developing invertebrate nervous systems.
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Gap junction hemichannels as novel therapeutic targets in neurodegenerative disorders

Akio Suzumura. Department of Neuroimmunology, Nagoya University, Japan

Microglia are macrophage-like resident immune cells of the central nervous system (CNS). They function as not only antigen-
presenting cells but also effector cells that have been shown to damage neural cells directly in vitro and in vivo. Microgliosis—i.e., 
the accumulation of activated microglia—is a pathologic hallmark of various neurologic disorders, including trauma, ischemia, 
inflammation, epilepsy, and such neurodegenerative diseases as multiple sclerosis, Huntington\’s disease, Parkinson\’s disease 
(PD), amyotrophic lateral sclerosis (ALS), and Alzheimer\’s disease (AD). Activated microglia release large amounts of glutamate 
and induce excitotoxicity via N-methyl-D-aspartate (NMDA) receptor signaling. NMDA receptor signaling increases Ca2+ influx, 
resulting in energy starvation to induce neuronal dysfunction and cell death (recently termed non-cell-autonomous neuronal 
death). This process has been postulated as a major cause of neuronal damage in many neurologic diseases. Thus, blocking 
glutamate receptors has emerged as a potential therapeutic approach for several neurodegenerative diseases, however, 
associated perturbations in physiologic glutamate signaling lead to severe adverse effects. Whereas inhibition of microglial 
activation has also been considered as a therapeutic strategy, these cells play neuroprotective roles that are mediated by 
release of neurotrophic factors, glutamate uptake, and sequestering of neurotoxic substances. After all, these clinical trials have 
largely failed in the last two decades. Therefore, efforts are underway to target neurotoxic microglia specifically. Gap junctions 
are composed of two adjacent hemichannels, which directly connect the cytoplasmic compartments of adjacent cells and allow 
small molecules and ions to pass freely between cells. Recent evidence suggests that “free” hemichannels on the cell surface 
play an important role as communication channels between the cytosol and extracellular milieu. We previously showed that 
gap junction hemichannels are the main avenue of excessive glutamate release from neurotoxic activated microglia (Takeuchi 
et al. J Biol Chem 2006). We developed the BBB–permeable hemichannel blockers, INI-0602 and INI-1037, and revealed 
that pharmacologic blockade of gap junction hemichannels inhibited excessive glutamate release from activated microglia 
in vitro and in vivo without producing notable toxicity. Blocking hemichannels after disease onset significantly suppressed 
disease progression in mouse models of ALS, AD, and PD (Takeuchi H, et al. PLOS ONE, 2011, Suzuki et al. J Neural Transm 
2014; Patent WO/2010/007788; Patent PCT/JP2014/080732). Recently, we found that INI-0602 also suppressed astrocyte 
hemichannel activity to inhibit neuronal degeneration in juvenile neuronal ceroid lipofuscinosis (Burkovetskaya et al. PLoS One 
2014). Besides these neurodegenerative disorders, BBB-permeable hemichannel blockers were also effective to treat spinal 
cord injury (Uebayashi et al. J Neurotrauma 2014) and intractable neuralgic pain after sciatic nerve ligation (in preparation). 
These results suggest that gap junction hemichannel blockers may represent a new therapeutic avenue to prevent microglia-
mediated neuronal injury and cell death in various neurodegenerative diseases.  (Acknowledgements: This work was supported 
in part by a Grant-in-Aid for Scientific Research on Innovative Areas from the Ministry of Education, Culture, Sports, Science 
and Technology of Japan; a grant from the Advanced Research for Medical Products Mining Program of the National Institute 
of Biomedical Innovation (NIBIO) of Japan; and grants from the Ministry of Health, Labour and Welfare of Japan.)  
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Platform Sessions
Sunday March 29th, 2015

Platform session 1 

Structural and biophysical aspects of hemichannels and gap junction channels (I).
Chair: Donglin Bai and Jorge E. Contreras

1.- The first transmembrane segment of connexins and voltage-dependent  gating regulation of hemichannels. Pinto, Bernardo., Pupo, 
Amaury., García, Isaac., Martínez, Agustín D., Latorre, Ramón., González, Carlos. Centro Interdisciplinario de Neurociencia de Valparaíso, Universidad de 
Valparaíso.

Connexins (Cx) communicate the cytoplasm of two adjacent cells by forming a gap junction channel. Cx can also form hemichannels, a fully 
functional voltage-gated non-selective ion channel, which presents two gating mechanism called “slow” and “fast” gating. Despite the fact 
that hemichannels are voltage activated, Cx lacks homology to any other voltage sensing domain. Charged residues in the amino terminus of 
the protein are related to the voltage dependence of the fast gate. Nevertheless specific residues associated with the voltage dependence 
of the slow gate are unknown. To estimate the voltage dependence of Cx hemichannels, we determined the steady-state conductance/
voltage (G/V) relationship and current relaxation kinetics of Cx26 and Cx46 using two electrode voltage-clamp in Xenopus laevis oocytes. For 
the slow gate of Cx26 and Cx46 the apparent number of gating charges is about 2.0 and 2.9 e0, respectivelywhereas for the fast gate of Cx26 
the apparent number of gating charges is 3.9 e0. We tested if the voltage dependence is affected by the neutralization of different charged 
residues located near the C terminal of the first transmembrane domain (TM-1). Neutralizations of selected residues in this region affect 
the voltage dependence of slow and fast voltage gating mechanism. We hypothesized that these residues are part of Cx voltage sensor and 
they control both types of gating mechanisms. Supported by FONDECYT 1120802, 1110430, 1130855 (C.G, R.L, A.D.M.); ANILLO ACT1104 
(C.G.); CONICYT-PCHA/Magíster Nacional/2014 (B.P.); CINV is a Millennium Institute supported by the Millennium Scientific Initiative of the 
Ministerio de Economía, Fomento y Turismo.

2.- Cx43 mutant expressing fibroblasts from oculodentodigital dysplasia patients exhibit diverse oroperties that predict variability in 
wound healing. Kelly, John1., Shao, Qing1., Jabs, Ethylin2., Sampson, Jacinda3., Auranen, Mari4., Bai, Donglin5., Laird, Dale1. 1Anatomy and Cell Biology, 
Schulich School of Medicine and Dentistry, University of Western Ontario. 2Genetics and Genomic Sciences, Icahn School of Medicine, Mount Sinai 
Medical Center. 3Neurology, The Neurological Institute of New York, Columbia University Medical Center. 4Neurology Helsinki University Central Hospital. 
5Physiology and Pharmacology University of Western Ontario. 

Mutations in the gene encoding Cx43 (GJA1) cause the developmental disorder known as oculodentodigital dysplasia (ODDD). In this study, we 
characterized five Cx43-expressing dermal fibroblast cell lines obtained from ODDD patients with heterozygous Cx43 missense mutations 
(D3N, L7V, G138R, G143S and V216L) with particular attention focused on cellular processes related to wound healing. All mutants formed 
gap junction-like plaques at the cell surface, however cells expressing the D3N, L7V, G138R and V216L mutants were not functionally 
coupled suggesting they were dominant negative to co-expressed wild-type Cx43. All the mutant fibroblasts exhibited defects in cellular 
processes associated with wound healing, which included proliferation and Golgi polarization. However, all fibroblasts retained the ability 
to differentiate into myofibroblasts. Exposure to wound healing cytokines PDGF and TGF-β initiated an increase in Cx43 expression, but 
mutant-expressing cells failed to increase the P2 phosphorylation state, which is indicative of enhanced gap junction assembly. When seeded 
in 3D collagen gels, the D3N and V216L expressing fibroblasts were less efficient at contracting the gels after TGF-β treatment. Fibroblasts 
harboring mutations within the intracellular loop of Cx43 (G138R and G143S) exhibited no change in collagen contraction and, as might be 
predicted, an intracellular loop mutation in a mouse model of ODDD (Cx43I130T) exhibited no significant difference in wound healing in contrast 
to a previously reported mild wound healing delay in Cx43G60S mice. In summary, ODDD-linked Cx43 mutants may exert little effect on co-
expressed Cx43 or be potent dominant-negatives manifesting as variability in wound healing. 

Supported by the CIHR to D.W.L. 
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3.- Specific GJCs make-up in function of accurate ratios of Cx40/Cx43 and Cx43/Cx45. Chaigne, Sebastien1., Dupuis, Sebastien2., Desplantez, 
Thomas2.  1LIRYC Institute University of Bordeaux - CHU of Bordeaux. 2LIRYC Institute University of Bordeaux.

Electrical properties of cardiac gap junction channels (GJCs) are a key factor for regulating the impulse propagation that ensures atrial and 
ventricular contractions. Cardiac Cxs display specific pattern of co-expression in the healthy and diseased heart, which form distinct GCJs 
characterized by specific properties. We aim to further investigate the detailed GJCs make-up in function of distinct ratios of co-expressed 
Cxs. Stably transfected RLE cells that co-express accurate junctional ratios of Cx43:Cx40 (2, 1, and 0.9) and Cx43:Cx45 (5.8, 2.3 and 1) have 
been used. Electrical recordings on cell pairs were performed to determine voltage gating and unitary conductances of GJCs. We observed 
that expression of Cx40 with Cx43 decreased the voltage gating and slowed the deactivation of GJCs, whereas expression of Cx45 with Cx43 
mainly caused an opposite effect. At the single channel level, homotypic Cx43 GJCs appeared majority at a ratio Cx43:Cx40 ≈ 2, whereas Cx43/
Cx40 heteromerization that seems mostly made of Cx43 appeared favored for Cx43:Cx40 ≤ 1. On the contrary,at each ratio of Cx43:Cx45 
mainly GJCs of mixed Cx43/Cx45 composition were observed, while homotypic Cx43 and Cx45 are poorly formed. Our data indicate a fine 
regulation of GJCs make-up and properties in function of distinct Cxs ratios of Cx43:Cx40 and Cx43:Cx45. Ongoing micro-electrode arrays 
recordings will permit correlating such properties to the safe or pro-arrhythmic potential of Cxs patterns and the impulse propagation in the 
healthy and diseased heart. 

(Sponsored by Région Aquitaine 2011-0153; ANR 10-IAHU-04; European Union FP7/2007-2013-HEALTH-F2-2010-261057).

4.- Cx43 channel gating: evaluating triggers and mechanisms. Ek-Vitorin, Jose1., Pontifex, Tasha1., Burt, Janis1. 1Physiology University of Arizona.

Many gating triggers, but few gating mechanisms of gap junction channels (GJCh) have been established. Perforce, some triggers may have 
synergistic or antagonistic effect on the regulation of junctional coupling. To test this idea, a multipronged approach to study junctional 
channel gating is required. We are interested in the functional effects of differential phosphorylation of Cx43. Currently, we are using Cx43 
mutants mimicking phosphoisotypes expected to exist in different circumstances (e.g. normoxia vs. hypoxia) and exploring their channel and 
gating behavior upon the application of other triggers (e.g. transjunctional voltage (Vj), low pH, mimetic peptides). Junctional channels of the 
mutant Cx43-S325,328,330D (mimicking phosphorylation by caseine kinase-1 as found in normal heart and dubbed “CK1-D”) displayed a 
wider range of transition amplitudes than Cx43wt, including some higher than the typical fully (100-120pS) open state. CK1-D junctions also 
displayed high Vj sensitivity that was less affected by the mimetic peptide Gap19, which eliminates the fast Vj-gating of Cx43wt junctions. 
In addition, CK1-D hemichannel (HCh) openings were detected upon the application of +80mV pulses under conditions of normal external 
Ca2+. These data suggest that phosphorylation by CK1 facilitates both opening and fast Vj-gating of GJCh, and agree with studies showing 
that transgenic mice bearing a similar mutation are resistant to pathologic gap junction remodeling. Susceptibility of the CK1-D mutant to 
low pH will be tested. 

(Supported by R01HL58732-15).



INTERNATIONAL GAP JUNCTION CONFERENCE

20

Platform session 2
 
Structural and biophysical aspects of hemichannels and gap junction channels (II).
Chair: Janis M. Burt and Virginijus Valiunas

5.- Motifs in the permeation pathways of connexin channels that mediate Ca2+ sensing. Lopez, William1, Ramachandran, Jayalakshmi 1, Liu, 
Jade1, Harris, Andrew L.1, Contreras, Jorge E.1. 1Department of Pharmacology and Physiology, New Jersey Medical School, Rutgers University.

To maintain cell viability, opening of unapposed plasma membrane hemichannels must be highly regulated. At normal resting potentials, this is 
achieved predominantly by the physiological extracellular divalent cation concentration, which drastically reduces hemichannel activity. Here 
we characterize the regulation of Connexin26 (Cx26) and Connexin46 (Cx46) wild type hemichannels by Ca2+ and Mg2+, and explore the effects 
of mutation of charged residues that may play roles in the regulation by divalent cations. Under physiological ionic conditions, Ca2+, but not 
Mg2+, played a major regulatory role for hemichannels. Our studies in Cx26 suggest involvement of a salt bridge interaction between D50 and 
K61 in the adjacent connexin subunits that stabilizes the open state in low extracellular Ca2+. Mutant cycle analysis supports a Ca2+-sensitive 
interaction between these two residues in the open state. We also explored the role of other charged residues at the extracellular entrance 
of the pore (D46, E47, R75, R184), a region thought to be involved in gating rearrangements by forming electrostatic networks. Consistently, 
substitution of neutral residues for D46 or E47, to eliminate their participation in salt bridges, accelerates deactivation kinetics. Interestingly, 
these mutations at D50 and E47, but not D46, show lower apparent affinities for Ca2+-induced closing than wild-type channels. Mutations 
at positions in Cx46 corresponding to D50 and E46 in Cx26 also show a decrease in affinity for extracellular Ca2+. Strikingly, mutations at 
both sites (double mutant) in Cx46 drastically abolish Ca2+ regulation and produce leaky channels. However, chemical accessibility studies 
indicate that in the closed state induced by Ca2+ these residues do not prevent access of ions/molecules to deeper parts of the pore. Our data 
show that negatively charged residues at pore play a role in (1) stabilizing the open state in the absence of Ca2+, and (2) facilitating closing/
stabilization of the closed state in the presence of Ca2+. We conclude that intraand inter-subunit electrostatic networks at the extracellular 
entrance of the hemichannel pore play critical roles in hemichannel gating reactions and are controlled by extracellular Ca2+. Two negative 
residues in this network are critical for Ca2+ binding, but they do not compose the closed hemichannel gate.

6.- Engineered Cx40 variants showed heterotypic colocalization and increased gap junctional coupling with Cx43. Jassim, Arjewan1., Chen, 
Honghong1., Bai, Donglin1. 1Physiology and Pharmacology, Schulich School of Medicine & Dentistry, Western University, Canada. 

Gap junction (GJ) channel is one of the key players for rapid action potential propagation in the heart. The major atrial connexins, Cx40 and 
Cx43, are often found to be colocalized at the intercalated disks likely forming heteromeric and/or heterotypic GJ channels. However, in vitro 
studies indicate that the ability to dock and form functional Cx40/Cx43 heterotypic GJ channels is so low that the coupling conductance is 
often indistinguishable from the background. The molecular mechanisms of this extremely low efficiency of heterotypic Cx40/Cx43 docking 
are not clear. We hypothesize that amino acid residues at the docking interface of the extracellular domains (E1 and E2) are different between 
these connexins, which are responsible for the low efficient docking and formation of functional Cx40/Cx43 GJ channels. Several putative 
docking residues in the Cx40 E1 and E2 domains are identified and they are distinct from the corresponding residues in Cx43. Point variants 
in these residues on Cx40, e.g. D55N and P193Q, substantially increased the probability forming morphological heterotypic GJ plaques 
between cell pairs expressing fluorescent protein-tagged variants (YFP) and Cx43 (RFP). More importantly functional heterotypic GJ channels 
(Cx40D55N/Cx43 and P193Q/Cx43) were formed. Our study offered a way to improve docking and formation of two main atrial connexins, 
which could be useful in enhancing GJ coupling between atrial myocytes and reduce the high vulnerability of atria to arrhythmias. 

(Supported by CIHR And HSFC)
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7.- Differential properties of N14K and N14Y KID mutant hemichannels: structure-function implications. Sánchez, Helmuth1., Verselis, 
Vytautas1. 1Neuroscience Albert Einstein College of Medicine. (Sponsored by NIH GM54179 (V.K.V.) and NIH Training Grant NS007439 (H.A.S.)) 

Mutations in Cx26 associated with KID syndrome result in severe pathologies in humans, attributable to aberrantly functioning hemichannels 
(HCs).  The mutations cluster in the first extracellular loop (E1) and N-terminal (NT) domains, which contribute to the aqueous pore and play 
important roles in gating.  KID mutants exhibit heterogeneous phenotypes and we have shown an array of aberrant HC properties among 
E1 mutants that suggest genotype-phenotype associations.   Less is known about NT mutants and we report findings on mutations at 
Asn14. Interestingly, mutations at this position result in different phenotypes depending on the amino acid substitution and we find that 
N14K and N14Y HCs exhibit very different properties.  N14K and N14Y produce opposite shifts in HC activation when co-expressed with 
WT Cx26. When expressed alone, N14K, but not N14Y, shows robust HC currents indicating the nature of the substitution strongly impacts 
HC functionality. Also, N14K shows unusual and robust effects on loop gating as well as regulation by pH. The crystal structure places N14 
in the pore. However, unitary properties of N14K are indistinguishable from WT Cx26. Using Cys substitution and thiol modification, our 
findings suggest that this position is exposed to the aqueous pore and that electrostatic interactions introduced by a Lys substitution may be 
responsible for the differential properties of N14K and N14Y HCs.  The marked effect on loop gating is a surprising finding for an NT residue 
and lends new considerations regarding underlying molecular mechanisms for this important gating mechanism responsible for HC opening 
in the plasma membrane.

8.- The SH3-binding domain controls the activity of Cx43 hemichannels. Iyyathurai, Jegan2., Wang, Nan1., D´hondt, Catheleyne2., Leybaert, Luc1., 
Bultynck, Geert2. 1Department of Basic Medical Sciences - Physiology Group, Faculty of Medicine and Health Sciences, Ghent University. 2Department 
of Cellular and Molecular Medicine, Faculty of Medicine, KU Leuven.

Interactions that occur between the C-terminal (CT) tail and the 2nd part of cytoplasmic loop (CL) domain critically control Cx43 gap junction 
closure. Similar loop/tail interactions exist in Cx43 hemichannels but with an opposite outcome. Peptides corresponding to L2 or a subdomain 
of L2 (aa 128-136; Gap19) suppress Cx43-hemichannel opening in physiological and pathophysiological conditions. We previously identified 
the last 10 amino acids of the CT tail (CT10) of Cx43 as a critical region for binding the CL region. Furthermore, TAT-CT10, but not TAT-CT10DD/

AA peptide, could restore the activity of CT truncated Cx43M239-based hemichannels. Deletion of the last 18 amino acids (ΔCT18) in the CT 
tail of Cx43 only had a minor impact on its ability to interact with biotin-L2 or biotin-Gap19 in SPR experiments, while deletion of both 
regions (ΔCT18 and ΔSH3) completely blunted binding. At the functional level, we found that TAT-SH3 could overcome the closure of Cx43 
hemichannels by high [Ca2+]intra in a variety of functional assays and could restore the activity of Cx43M239-based hemichannels in ATP-release 
assays. Whole-cell patch clamp experiments revealed that the SH3 peptide could alleviate the inhibition of Cx43 single-channel activity by 1 
μM Ca2+. Finally, we found that phospho-dead mutations of the MAPK-phosphorylation sites in the SH3 domain abolished the ability of the 
SH3 domain to promote Cx43-hemichannel activity, while phospho-mimic mutations displayed similar activities as wild-type SH3 domain. 
These novel data provide further insights in the underlying molecular determinants that control Cx43-hemichannel activity.
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Platform session 3
 
Principles and cell biology of electrical synapses.
Chair: Vytautas K. Verselis and Thomas Desplantez

9.- Electrical Synapses: First principles last or some things never change. Bennett, M.V.L.1 1Department of Neuroscience, Albert Einstein College 
of Medicine.

Gap junctions (GJs) provide aqueous channels between cells. The first approximation, historically and still useful, is that GJs act as linear 
conductances with negligible capacity and leak to the exterior. To list some consequences, DC measurement in non-isopotential systems 
gives a single value for coupling conductance that need not correspond to the actual junctional conductance. Gap junctions with other cells 
increase input conductance, and for impulse generating cells increase both voltage and current thresholds. Impulse transmission across an 
electrical synapse is delayed because of time to charge the postsynaptic capacitance, and the delay can exceed that at a chemical synapse. 
Electrical synapses between excitable cells at different potentials excite the less depolarized cell and inhibit the more depolarized cell. Charge 
transfer associated with the depolarizing phase of an impulse can be much less than that of its after-hyperpolarization, so that the net 
effect is inhibition. If coupling coefficients are small, impulses do not propagate across an electrical synapse, but unidirectional propagation 
can occur across linear GJs between cells with different non-junctional conductances. Weak coupling allows both spatial and temporal 
summation. Electrical synapses are good for synchronization which need not be very precise. Electrical synapses can decrease response 
latency, but axons, in which impulses propagate electrically, can act as delay lines. Evolution uses both electrical and chemical synapses 
and mixed ones as well. Regulatory mechanisms greatly increase the functional repertoire of electrical synapses. Connexins first appear in 
ascidians, and chemical transmission, common among bacteria, long antedates electrical synapses.

10.- Modulation of the IH current enhances coincidence detection between electrically coupled neurons of the mesencephalic trigeminal 
(MesV) nucleus of the rat. Curti, Sebastian1., Davoine, Federico2. 1Physiology, School of Medicine, Universidad de la República. 2Electrical Engineering, 
School of Engineering, Universidad de la República.

Gap junctions mediated electrical transmission endows neural networks with a variety of relevant properties like coincidence detection, which 
refers to the ability of neurons or circuits to selectively respond to temporally correlated (coincident) inputs as opposed to asynchronous 
depolarization. In fact, clusters of coupled cells tend to be strongly activated when they receive simultaneous inputs. Whereas the role 
of electrical coupling is well established, the contribution of the active electrophysiological properties and its modulation to the ability of 
circuits of coupled neurons to detect coincident inputs is not so well understood. Here we show that simultaneous depolarization of pairs of 
coupled MesV neurons produce strong repetitive discharges as opposed to when they are independently activated. The degree of coincidence 
detection quantified as the difference in the number of spikes when cells are simultaneously and independently activated, depends on both 
coupling coefficient and the excitability of coupled cells. Consistently, modulation of the IH current by cGMP produces a dramatic increase 
in neuronal excitability as well as on the degree of coincidence detection. cGMP induces a depolarization of the half activation voltage, an 
increase of the maximal conductance and a reduction of the activation time constant of this current. Computer simulations show that these 
modulatory changes are enough to account for the increase in excitability and coincidence detection. In conclusion, modulation of a single 
voltage-dependent membrane current is capable to enhance the ability of networks of coupled cells to discriminate between inputs based 
on the timing of their arrival. Funding: CSIC-UdelaR-Uruguay.
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11.- Mechanisms underlying plasticity of electrical synapses in the thalamic reticular nucleus. Sevetson, Jessica1., Haas, Julie1. 1Biological 
Sciences Lehigh University. (Sponsored by Young Investigator Award, Brain & Behavior Research Foundation and The Whitehall Foundation (JSH)) 

Neurons of the thalamic reticular nucleus (TRN), which provide the main source of inhibition to thalamocortical relay cells, express a high 
density of connexin36-based gap junctions. The long-term depression (LTD) of electrical synapses in the TRN that follows tetanic activation 
of afferent input is mGluR-dependent (Landisman and Connors 2005), and LTD also results from paired bursting activity in coupled neurons 
(Haas et al. 2011). However, the similarity and downstream mechanisms for these two induction paradigms remain unknown. Using dual 
whole-cell recordings from coupled TRN neurons in vitro, we demonstrate mutual occlusion of these forms of LTD following sequential 
applications of paired bursting and of the mGluR agonist ACPD. Further, application of the specific T-type calcium channel antagonist TTA-A2 
blocked bursting-induced LTD but did not block mGluR agonist-mediated LTD.   Finally, chelation of calcium dynamics in the intracellular 
medium also prevented LTD. Together, these results provide support for a signaling model for induction with separable pathways, whereby 
activity-induced depression is mediated by calcium entry and signaling, while afferent activity-induced depression is independent of calcium 
entry. We hypothesize that the two induction mechanisms converge at a shared downstream pathway.  Thus, our results provide a crucial link 
between electrical synaptic plasticity and other well-characterized mechanisms underlying plasticity at chemical synapses.

  

12.- Calcium signaling at Cx36 gap junctions in cultured cells and retinal neurons. Moore, Keith2., Kothmann, William1., Lin, Ya-Ping2., Mitchell, 
Cheryl2., Diamond, Jeffrey1., O’Brien, J2,3. 1Synaptic Physiology Section National Institute of Neurological Diseases and Stroke. 2Ophthalmology & Visual 
Science University of Texas Health Science Center at Houston. 3Graduate School of Biomedical Sciences University of Texas Health Science Center at 
Houston. 

Electrical synapses made of Cx36 are capable of potentiation via a Ca2+-Calmodulin-CaM kinase II signaling pathway.  This has been observed 
in goldfish Mauthner neurons, mammalian AII amacrine cells and inferior olive neurons.  We hypothesize that such signaling is widespread. 
To study Ca2+ signaling we developed a Cx36-GCaMP3 fusion protein.  We examined Ca2+ signaling by optical imaging and functionality by 
tracer coupling in transfected mammalian cells.  We examined Ca2+ signals in response to glutamate puffs by optical imaging in retina slice 
preparations from a transgenic mouse expressing Cx36-GCaMP driven by the Cx36 promoter.   Cx36-GCaMP formed junctional plaques 
in HEK cells and generated strong, transient fluorescence increases upon addition of ionomycin.   Cx36-GCaMP supported tracer coupling 
in HeLa cells that was regulated by PKA activity as is wild type Cx36.  In HEK cells co-transfected with NMDA receptor subunits NR1 plus 
either NR2A, NR2B or NR2C, Cx36-GCaMP produced transient increases in fluorescence upon perfusion of glutamate.   In slices of retina 
from Cx36-GCaMP transgenic mice, approximately half of fluorescent gap junctions imaged in the inner plexiform layer responded to 2 sec 
puffs of glutamate with fluorescence increases lasting 10-15 sec.  Co-application of the NMDA receptor antagonist CPP blocked or strongly 
attenuated most of those responses, leaving a subset of 7% of gap junctions that still responded strongly to glutamate. We conclude that 
many gap junctions in the retina experience transient Ca2+ increases dependent on NMDA receptors.  Some also experience Ca2+ increases of 
a different origin. This Ca2+ may regulate coupling via CaMKII signaling. 

(Sponsored by NIH, RPB).
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Platform session 4

Pannexin channels in the nervous system.

Chair: Roger J. Thompson and Julie S. Haas

13.- A non-canonical signaling modality for NMDA receptors and pannexin-1 in ischemia. Weilinger, Nicholas1., Rakai, Brooke1., Lohman, 
Alexander1., Ma, Evelyn1., Bialecki, Jennifer1., Maslieieva, Valentyna1., Ikuta, Nathan2., Scott, Lucas1., Colicos, Michael1., Teskey, G.1., Winship, Ian2., 
Thompson, Roger1. 1Hotchkiss Brain Institute, Medicine, University of Calgary. 2Neurochemical Research Unit, Department of Psychiatry, University of 
Alberta. 

Over-activation of neuronal N-methyl-D-aspartate receptors (NMDARs) causes excitotoxicity and is critical for neuronal death. In the 
classical view, these ligand-gated Ca2+ permeable ionotropic receptors require co-agonists and membrane depolarization for activation. We 
report that NMDARs signal during ligand binding without activation of their ion conduction pore. Pharmacological pore block with MK-801 
or physiological pore block with Mg2+ prevented NMDAR currents, but failed to block excitotoxic membrane currents and dendritic blebbing 
induced by NMDA-overstimulation. Recruitment of pannexin-1 (Panx1) channels was critical in this excitotoxic response.   Indeed, Panx1 
opening mediated the bulk of excitotoxic Ca2+ influx during NMDA receptor excitotoxicity. In contrast to MK-801, competitive antagonists 
that prevent ligand binding to the NMDAR prevented downstream Panx1 opening, membrane currents and blebbing. NMDARs, Src family 
kinases and Panx1 were found in a signaling complex and activation of Panx1 involved phosphorylation at Y308.  Block of this NMDAR-Src-
Panx1 signalsome was neuroprotective in vitro and in situ - dramatically reducing Panx1 currents, Ca2+-dysregulation, membrane blebbing, 
and cell lysis. Further, NMDAR/Src-dependent Ca2+-influx through Panx1 was critical in activating the mitochondrial permeability transition 
pore (mPTP) and subsequent dysfunction. Lastly, disrupting NMDAR-Src-Panx1 in vivo was tested by administration of TAT-Panx308 either 
before or 2 hours after transient middle cerebral artery occlusion (tMCAO) reduced stroke lesion volume and preserved neurological output 
in a skilled reaching task. Our observations provide key insights into a novel signaling modality between NMDARs and Panx1 that has broad 
reaching implications for brain physiology and pathology.

14.- Pannexin 1 sets the threshold of excitatory synaptic plasticity in the hippocampus from adult Mice . Ardiles, Alvaro1., Flores-Muñoz, 
Carolina1., Sáez, Juan C.2., Martínez, Agustín1. 1Centro Interdisciplinario de Neurociencia de Valparaíso, Facultad de Ciencias, Universidad de Valparaíso. 
2Departamento de Fisiología, Facultad de Ciencias Biológicas, Pontificia Universidad Católica de Chile. 

Pannexin 1 (Panx1) is the most studied member of the pannexin family and forms single membrane channels called pannexons. In the brain, 
Panx1 is expressed in pyramidal neurons showing a preferential distribution in postsynaptic sites where it co-localizes with scaffold proteins 
and glutamate receptors. Research based on the postsynaptic localization indicates that Panx1 channels stabilize synaptic plasticity and is 
needed for learning. In particular, previous studies have determined that Panx1 channels play a critical role in the establishment of excitatory 
long-term potentiation (LTP). In addition, we found that these channels also modulate long-term depression (LTD) and the balance between 
LTP and LTD. To examine the participation of Panx1 in synaptic plasticity, we used hippocampal slice and recorded in the Schaffer collateral-
CA1 path from adult (6–12 months old) mice lacking Panx1 and age matched wild-type littermates. Absence or blockade of Panx1 channels 
was found to enhance LTP whereas precludes the induction of LTD, modifying the threshold for the induction of excitatory synaptic plasticity 
in the hippocampus of adult, but not young mice. These modifications could be due to changes in GluN2 subunit composition of NMDA 
receptors (NMDAR) since we observed that absence of Panx1 differentially modifies the contribution of GluN2A and GluN2B containing 
receptors to synaptic plasticity. These findings indicate that Panx1-dependent signaling plays a key role in the regulation of synaptic plasticity, 
perhaps by controlling the proper traffic and localization of postsynaptic receptors. 

(Sponsored by FONDECYT 3130759 and 1130855, ANILLO-ACT1104. Centro Interdisciplinario de Neurociencia de Valparaíso is A Chilean Millennium 
Institute (ICM-P09-022-F))
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15.- A novel interaction between Pannexin 1 and Collapsin Response Mediator Protein 2 regulates neuronal development. Wicki-Stordeur, 
Leigh1., Carmona-Wagner, Esther1., Swayne, Leigh Anne1. 1Division of Medical Sciences University of Victoria.

Pannexin 1 (Panx1) is highly expressed in the nervous system in both developing and mature neurons. We initially discovered Panx1 in 
developing neurons of the ventricular zone, and found that it positively regulates their proliferation and migration, and negatively regulates 
neurite outgrowth. In order to understand the specific molecular mechanisms underlying the role of Panx1 in these cells, we performed 
the first unbiased proteomics screen for Panx1 protein interactions partners. Here we identify and validate a direct interaction between 
Panx1 and Collapsin Response Mediator Protein 2 (Crmp2), a cytoskeletal associated protein that plays a key role in neuronal maturation by 
regulating neurite outgrowth. We demonstrate that Panx1 and Crmp2 associate both in vitro and in vivo, in developing and mature neurons, 
and further identify the specific region of interaction. In order to address our hypothesis that Panx1 inhibits neurite outgrowth by disrupting 
Crmp2 function, we next used a cell-permeable (TAT) peptide of the interaction site to block the Panx1/Crmp2 interaction. Treatment of 
developing neurons with this interfering peptide increased neurite outgrowth, consistent with our hypothesis. Overall, we present several 
novel findings that expand our understanding of the molecular players underlying the cellular role of Panx1 in the brain.

16.- Pannexin 1 activation is required to NMDAR and P2X7R signaling of the nociceptive information in the spinal cord of neuropathic 
rats.   Bravo, David1,2., Retamal, Jeffri1., Hernández, Alejandro1., Pelissier, Teresa3., Constandil, Luis1. 1Department of Biology, Faculty of Chemistry and 
Biology, Universidad de Santiago de Chile. 2Kinesiology, Health, Sport and Recreation, Universidad Bernardo O`Higgins. 3Department of Molecular 
Pharmacology, Faculty of Medicine, Universidad de Chile. 

Pannexin 1 (panx1) is a channel expressed in central nervous system (CNS), in mammals and relevant in different CNS pathologies, such as 
epilepsy, ischaemia and neuroinflammation, mainly potentiating the signaling of NMDA and P2X7 receptors. We have recently described 
the participation of panx1 in neuropathic pain, but its functional role remains unclear. Hence, we studied the interaction between panx1 and 
NMDA (NMDAR) or P2X7 (P2X7R) receptor with mechanical nociceptive test (paw pressure test) and potentiation of C-reflex (wind-up) in 
neuropathic rats with transection of the sural nerve. Rats were injected with L-aspartic acid (L-aa) (NMDAR agonist, 100uM i.t.) or BzATP 
(P2X7 agonist, 150uM i.t.) and, one hour later, with 10panx (panx1 blocker, 300uM i.t.). Wind-up and paw pressure test were recorded before 
agonists injection (basal) and 15, 30, 45, 60 minutes after agonist injection. Then, recordings were made post 10panx injection during 60 
minutes, every 15 minutes. We also performed the inverted sequence of injections (10panx following of L-aa or BzATP). We found that, 
after the L-aa or BzATP injection, the wind-up activity, and the nociceptive behavior were increased during the whole experiment and the 
subsequent injection of 10panx significantly reduced both test scores. This data suggest that both, NMDAR and P2X7R, require panx1 
to maintain nociceptive activity. Furthermore, the blockage of panx1 significantly diminished wind-up and nociceptive activity, and these 
conditions were maintained even after injecting NMDAR or P2X7R agonist, thus suggesting that activation of panx1 is required by NMDAR 
and P2X7R signaling in neuropathic pain. 

(This work was supported by grants from FONDECYT 1120952 and grants from CEDENNA FB0807).   
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Monday March 30th, 2015

Platform session 5
 
Innexin-, connexin- and pannexin-based channels
Chair: Michael V.L. Bennett and John O’Brien

17.- A different role for Innexin2 and Innexin3 proteins from Spodoptera litura in apoptosis under hemichannel-closed Sf9 cells infected 
by recombinant baculoviruses. Zhang, Y1., Xiao, W1., Liu, XY1., Li, M1., Yu, DS1., Liu, MW1., Yang, Y1., Hu, JS1., Luo, KJ1. 1School of Life Sciences Yunnan 
University, Kunming 650091, P. R. China. 

Spli-Innexin2 (Inx2) and Spli-Innexin3 (Inx3) proteins promote cell apoptosis in cells with low levels of Akt phosphorylation and apoptosis. 
This type of apoptosis involves the PI3K/Akt signaling pathway. Inx2 and Inx3 have different function in apoptosis. It is not known, however, 
whether Inx2 and Inx3 affect the Akt phosporylation to promote cell apoptosis. In this study, using the Bac-to-Bac system, an anti-apoptotic 
background was generated by increasing Akt phosphorylation in Sf9 cells. Inx2 and Inx3 hemichannels can be closed under recombinant 
baculovirus. The Bac-Inx2 can rescue the apoptosis mediated Inx2 via increasing the level of Akt phosphorylation and the expression of Inx2 
and p-Akt was positive correlation under infection of Bac-Inx2. The Bac-Inx3 cannot inhibit the apoptosis promoted by Inx3. Furthermore, 
Bac-Inx3 accelerates late stage apoptosis and causes living cells to move into early stage apoptosis. Together, these data show the different 
roles of Inx2 and Inx3 in apoptosis and closed hemichannels are an undiscovered anti-apoptotic cellular mechanism utilized by baculovirus. 
These findings will aid in further examinations of apoptosis regulation by the innexin-mediated paracrine signaling pathway. The comparative 
studies of innexins, connexins, pannexins and vinnexins will also provide a basic foundation for understanding the molecular mechanisms 
of insect cellular immune responses to immune challenges. (This study was supported by The National Basic Research Program of China 
(973 Program: 2013CB127600) from The Major State Basic Research Development Program and by a grant (2013FA003) from The Yunnan 
Department Of Science And Technology, National Natural).

18.- Comparing Innexin- and Connexin-based channels using structure-function analysis. DePriest, Adam1., Marks, William2., Skerrett, 
Martha3. 1Department of Cancer Genetics Roswell Park Cancer Institute. 2Department of Pharmacology & Toxicology Virginia Commonwealth University 
School of Medicine. 3Biology Department SUNY Buffalo State.

Very little is known about the structure-function relationships of innexin proteins.  We previously examined two aspects of innexin structure 
and function  using mutagenesis and the oocyte expression system.   In the first study we used tryptophan scanning to show that the 
first transmembrane domain of ShakBL is loosely packed (DePriest et al., 2009. Biophysical J.).   In the second study we employed domain 
swapping methods to examine the role of the amino terminus in voltage-dependent gating of Shaking B innexins (Marks and Skerrett, 
2013. J. Neurophysiology).   In these studies we noticed several similarities between innexin channels and their connexin counterparts. For 
instance, mutations within the transmembrane domains of ShakBL are capable of disrputing function in ways similar to those identified 
in connexins.  One mutation  induced a reverse-gating phenotype, others  altered Vm sensitivity or produced leaky oocytes suggestive 
of hemichannel activation.    Studies of the N-terminus of ShakB innexins also  revealed  similarity to connexin channels.   Deletion of a 
significant portion of the N-terminus rendered the channel non-functional while swapping the N-terminus with that of another   altered 
sensitivity to transjunctional voltage.   These results suggest that there is significant structural similarity between innexins and connexins.  
However, results of tryptophan-scanning, a technique used to identify interactions between transmembrane domains, suggests that 
innexin domains are more loosely packed than those of connexin channels. 
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19.- ATP-evoked internalization of Pannexin 1 channels. Boyce, Andrew1., Prager, Ross1., Wicki-Stordeur, Leigh1., Kim, Michelle1., Swayne, Leigh 
Anne1. 1Division of Medical Sciences, Science, University of Victoria.

ATP is released as a signalling molecule from multiple cell types throughout the brain. As an ATP-release channel, Panx1 contributes 
to extracellular ATP levels. Importantly, recent evidence suggests that high levels of ATP in the extracellular environment inhibit Panx1 
currents. We hypothesize that ATP-mediated inhibition of Panx1 could occur by ligand (ATP)-dependent endocytosis of the Panx1 channel 
from the cell surface, akin to receptor-mediated endocytosis. To explore the influence of ATP on Panx1 plasma membrane localization, we 
transiently inhibited de novo protein synthesis (to stabilize the Panx1 population in the cell) then stimulated with increasing concentrations 
of ATP supplemented in the culture medium. Using a combination of live and fixed cell confocal imaging, and cell surface luminometry, 
we demonstrate striking evidence for dose-dependent ATP-evoked internalization of Panx1 from the plasma membrane with concomitant 
increase in early endosome distribution. Further, we present evidence that implicates purinergic receptors and a Panx1 extracellular loop 
residue in the mechanism of internalization. These results have important implications for the regulation of Panx1 signalling in the brain and, 
because of the expression of Panx1 in most tissues, other contexts where ATP acts as a signalling molecule.

20.- Lack of Pannexin 1 alters permeability of cochlear supporting cells and induces sensorineural hearing loss. Prado, Pavel1., Jara, Oscar1., 
Aedo, Cristián2., Brown, Donald3., Ardiles, Álvaro1., Marfull, Daphne4., Olivares, Virginia4., Saéz, Juan C. 5,1., Delano, Paul2,6., Martínez, Agustín 1. 1Centro 
Interdisciplinario de Neurociencia de Valparaíso, Facultad de Ciencias, Universidad de Valparaíso. 2Programa de Fisiología y Biofísica, ICMB, Facultad de 
Medicina, Universidad de Chile. 3Instituto de Biología, Facultad de Ciencias, Universidad de Valparaíso. 4Escuela de Fonoaudiología, Facultad de Medicina, 
Universidad de Valparaíso. 5Departamento de Fisiología, Facultad de Ciencias Biológicas, Pontificia Universidad Católica de Chile. 6Departamento de 
Otorrinolaringología, Hospital Clínico Universidad de Chile, Universidad de Chile.

Pannexin 1 (Panx1) mediates intercellular communication in vertebrates. This protein is expressed in different cell types, including the 
supporting cells of the organ of Corti. Since Panx1 hemichannels might play a similar role than connexin-based hemichannels in hearing, 
we hypothesize that lack of Panx1 in the cochlea results in sensorineural hearing loss (SNHL). We addressed this question by assessing the 
hearing status of adult knockout mice for Panx1 (Panx1-KO). Auditory brainstem responses (ABR) were acquired in response to pure tones of 
different frequencies. Cochlear histopathology was analyzed by light microscopy. Furthermore, whole cell patch-clamp recording (membrane 
current) and dye uptake experiments (connexin and Panx hemichannel activity) were performed in cochlear supporting cells. Current-voltage 
(I-V) curves and uptake of different permeability tracers were analyzed as a function of the cell type and the effect of pharmacological agents. 
Hearing sensitivity of Panx1-KO mice was significantly decreased –i.e. mean ABR thresholds exceeded in more than 20 dB those observed 
in wild type individuals. Moreover, distortion-product otoacoustic emissions were absent in Panx1-KO animals. SNHL was more evident at 
high hearing frequencies (30 and 35 kHz), which was accompanied by the degeneration of both the organ of Corti and the spiral ganglion at 
the basal cochlear turn. Dye uptake of cochlear supporting cells was partially mediated by Panx1 channels and altered biophysical properties 
were displayed by supporting cells of Panx1-KO animals. Overall, these results suggest that lack of Panx1 affects the communication of 
cochlear supporting cells, finally resulting in mild to severe SNHL. 

(Sponsored by FONDECYT 3150442 to P.P., FONDECYT 1130855 and ANILLO-ACT1104 to A.D.M., The Centro Interdisciplinario de Neurociencias de 
Valparaíso is a Chilean Millennium Institute (P09-022-F))
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Platform session 6

Pannexin-based channels
Chair: Jean X. Jiang and Anaclet Ngezahayo

21.- Human development disorders linked to a germ-line missense PANX1 gene mutation. Shao, Qing5., Lindstrom, Kristin1., Shi, Ruoyang2., 
Jackson, Michael2., Schroeder, Audrey3., Juusola, Jane4., Levine, Kara4., Peñuela, Silvia5., Esseltine, Jessica5., Laird, Dale5.  1Division of Genetics and 
Metabolism, Medicine, Phoenix Children´s Hospital. 2Pharmacology & Therapeutics, Medicine, University of Manitoba. 3Division of Genetics, Medicine, 
University of Rochester Medical Center. 4Gaithersburg, MD, GeneDx. 5Anatomy and Cell Biology, Medicine, University of Western Ontario.

Panx1 is ubiquitously expressed in numerous human organs and is best understood as an ATP release channel. Using whole exome sequencing, 
we report here the first patient with a homozygous PANX1 gene mutation which results in an arginine to histidine substitution at position 
217 (p.R217H). The parents of the patient, who are consanguineous, were heterozygous for this gene mutation. The 17 year old female 
patient  has severe intellectual disability, sensorineural hearing loss that led to a cochlear implant, skeletal defects including kyphoscoliosis, 
and primary ovarian failure.  Expression of the R217H mutant in HeLa, N2A, HEK293T or Ad293 cells revealed that the mutant could traffic 
to the cell surface with similar efficiency to human wild-type (WT) Panx1, and was glycosylated to the classical Gly1-1 and Gly-2 species. 
While dye uptake studies are ongoing, ATP-release assays in HeLa transfectants showed that the mutant was less senstitive than WT Panx1 
to thapsigargin stimulation.  Furthermore, when the mutant was expressed in 293T cells and subjected to voltage-ramp protocols, peak 
currents at 100 mV were found to be 50.8% less than equally expressed WT Panx1 in parallel experiments. Residual currents after treating 
the cells with 100 mM carboxolone were comparable for both mutant and WT Panx1 expressing cells suggesting the change in peak current 
was due to Panx1 function and not differences in background current.   Collectively, our studies report the first loss-of-function PANX1 gene 
mutation linked to developmental anomalies in humans. Supported by CIHR grants to DWL, SP and MJ. 

(Supported by CIHR Grants to D.W.L., S.P. and M.J.)

 

22.- Pannexin1 in smooth muscle cells of cerebral arteries can alter cerebral blood flow and response to ischemic stroke via regulation 
of myogenic tone. Good, Miranda1., Eucker, Stephanie2., Lang, Susan1., Butcher, Joshua1., Johnson, Tyler1., Li, Jun3., Zuo, Zhiyi3., Naresh, Nivedita4., 
Epstein, Frederick4., Isakson, Brant1,5. 1Cardiovascular Research Center University of Virginia. 2Department of Surgery Duke University. 3Department 
of Anesthesiology University of Virginia. 4Department of Biomedical Engineering University of Virginia. 5Department of Molecular Physiology and 
Biophysics University of Virginia.

Pannexin1 (Panx1) regulates adrenergic dependent vasoconstriction in peripheral arteries; however, unlike peripheral arteries, regulation 
of cerebral arteries is, in large part, due to the myogenic reactivity of the smooth muscle cells (SMCs) where increases in luminal pressure 
result in vasoconstriction. Panx1 is expressed in both the endothelial cells (ECs) and SMCs in posterior cerebral arteries (PCAs) of mice. 
Development of myogenic tone in PCAs from wildtype mice was significantly inhibited when the vessels were treated with carbenoxolone or 
10Panx1, broad non-specific inhibitors of Panx1 channels. To identify the cell specific contribution of Panx1 in myogenic reactivity, we used 
inducible Cre expressing mice to selectively knockout Panx1 from ECs (EC-Cre Panx1fl/fl) or SMCs (SMC-Cre Panx1fl/fl). Myogenic reactivity was 
not different between EC-Cre Panx1fl/fl mice treated with vehicle or tamoxifen (knockout), but was significantly depleted in tamoxifen treated 
SMC-Cre Panx1fl/fl mice compared to vehicle controls. Myogenic reactivity is essential for the maintenance of cerebral blood flow (CBF). In 
parallel with the lack of myogenic reactivity in SMC-Cre Panx1fl/fl, preliminary data indicate CBF is higher in these mice as measured by MRI. 
Additionally, since CBF is vital for recovery following an ischemic stroke, we evaluated infarct size 24 hours following a 90-minute middle 
cerebral artery occlusion in our SMC-Cre Panx1fl/fl mice. Our preliminary data suggest a significantly reduced infarct size in mice lacking SMC 
Panx1. Together, these data suggest a vital role for SMC Panx1 in regulating the tone of cerebral arteries which could be vital for recovery 
from ischemic stroke. Funding: HL088554, HL120840, HL007284.
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23.- Pannexin 1 in the response of developing neurons to stroke. Swayne, Leigh1,2., Wicki-Stordeur, Leigh1., Carmona-Wagner, Esther1., Dhaliwal, 
Jagroop3., Sanchez-Arias, Juan1., Gunton, Adrianna1., Kim, Michelle1., Boyce, Andrew1., Shestopalov, Valery4,5., Lagace, Diane3. 1Division of Medical 
Sciences University of Victoria. 2Department of Biology University of Victoria. 3Department of Cellular and Molecular Medicine University of Ottawa. 
4Department of Ophthalmology University of Miami. 5Vavilov Institute of General Genetics Russian Academy of Sciences. 

Immature, developing neurons originating in the ventricular zone are activated by stroke and diverted to the peri-infarct cortex; a growing 
body of evidence suggests that this improves stroke outcomes by as yet unknown mechanisms. Since pannexin 1 (Panx1) is expressed 
developing neurons (Wicki-Stordeur 2012, 2013), and is activated by stroke, we hypothesized that Panx1 plays a role in the activation of 
these cells after stroke. Focal cortical stroke, elicited by photothrombosis, increased Panx1 expression in developing neurons within 4 hours. 
Treatment with the Panx1 blocker probenecid reduced proliferation of these cells. Next we selectively ablated Panx1 in the developing neuron 
population at the time of stroke and quantified them in the ventricular zone and peri-infarct cortex at 2 and 10 days after stroke. Within the 
ventricular zone 2 days after stroke, there were appreciable numbers of Panx1-null cells. At 10 days, Panx1 null developing neurons were 
absent suggesting its presence is critical for maintaining these cells. Conversely, in the peri-infarct cortex at 10 days, Panx1-null cells were 
selectively spared in comparison with Panx1-expressing cells, suggesting that the presence of Panx1 is deleterious to developing neurons in 
this region. Taken together, our data suggest that Panx1 has location-specific effects in developing neurons following stroke. (We thank The 
Heart and Stroke Foundation Partnership for Stroke Recovery (HSFPR) for a National Expansion Grant awarded to L.A.S. and D.C.L.).

24.- α1-adrenergic receptor activation phosphorylates Pannexin1 at tyrosine 198 via src family kinases. DeLalio, Leon1,2., Billaud, Marie2,3., 
Begandt, Daniela2., Lampe, Paul4., Isakson, Brant2,5. 1Pharmacology, University of Virginia. 2Robert M. Berne Cardiovascular Research Center University 
of Virginia. 3Department of Molecular Physiology and Biophysics University of Virginia. 4Molecular Diagnostics Program Fred Hutchinson Cancer 
Research Center. 5Molecular Physiology and Biophysics University of Virginia.

Controlled release of ATP through pannexin1 (Panx1) channels in smooth muscle cells of resistance arteries has emerged as the central 
mechanism for regulating vasoconstriction via the α1-adrenergic receptor (α1-AR; Billaud et al, Circ Res 2011; Billaud et al, Science Sig 
2015). The YLK (198-200) sequence on the Panx1 intracellular loop was found essential for opening Panx1 channels. We hypothesized that 
Panx1 gating may be controlled by tyrosine kinase phosphorylation (Y198), a Ca2+ independent process. Initially, we chelated calcium to 
determine whether Panx1 channel gating is altered in the presence of BAPTA. We found no significant change in ATP release from isolated 
resistance arteries or HEK cells co-transfected with Panx1 and α1-AR. Next we measured vasoconstriction responses of resistance arteries 
treated with Src family inhibitor PP2. Significant reductions in vasoconstriction were only observed with α1-AR agonists, but not other 
vasoconstrictors. To confirm these physiological observations, we developed Panx1 phospho-Y198 polyclonal and monoclonal antibodies. 
Immunoprecipitation experiments using epitope tagged wild-type and mutant Y198 proteins showed enhanced Y198 phosphorylation of 
wild-type, but not mutated Y198 after α1-AR activation. These results correlated with enhanced phosphorylation of Y198 in LA-25 cells 
stably expressing temperature sensitive Src kinase under the permissive temperature. Phosphorylation of Y198 was also detected after 
immunostaining of resistance arteries, specifically after α1-AR stimulation. Hypertensive human resistance arteries had significantly greater 
Panx1 Y198 phosphorylation as compared to normotensive suggesting an etiology of adrenergic hyper-stimulation. Panx1 Y198 tyrosine 
kinase phosphorylation is therefore important for channel gating and physiological vascular function.
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Regulation and trafficking of hemichannels and gap junction channels (I)
Chair: Matthias Falk and Mathieu Vinken

25.- Prevention of Cx37 de-phosphorylation at tyrosine 332 is pivotal for the inhibitory NO effect on GJC. Kameritsch, Petra1., Pogoda, 
Kristin1., Pohl, Ulrich1. 1Walter Brendel Centre of Experimental Medicine, Medicine, Ludwig-Maximilians-University Munich.

We have shown before that nitric oxide (NO) reduces myoendothelial communication via Cx37-containing gap junctions (GJ). In the present 
study we analysed the underlying modification of Cx37 by NO (2µM SNAP) and its effect on GJ- dependent calcium signal propagation in 
HeLa expressing full length Cx37 (HeLaCx37) or mutated Cx37 variants (HeLadel319, HeLaY332A). The removal of the last 14 C-terminal 
AA (del319) blocked the inhibitory NO effect observed in HeLaCx37. Likewise, the NO-effect was completely abolished by exchanging the 
C-terminal tyrosine (position 332, Y332A) by alanine (HeLaCx37: con: 47±5% of cells showed calcium increases due to mechanical stimulation; 
NO: 23±3%; HeLaY332A: con: 72±4%, NO: 70±5%). Incubation of a synthetic peptide representing the sequence of the last ten AA of Cx37 
and exhibiting 100% phosphorylation at position 332 (“P-Tyr”) with HeLa cell lysates showed a significant de-phosphorylation (“Tyr”) under 
control conditions (99±17% Tyr/P-Tyr, MALDI-TOF) which was significantly less pronounced using NO-treated cell lysates. (60±8% Tyr/P-Tyr). 
Incubation of the cells with the tyrosine phosphatase inhibitor orthovanadate (0.5mM) also prevented de-phosphorylation of the peptide 
(con: 54±8% Tyr/P-Tyr) and NO showed no additional effect (NO: 53±7% Tyr/P-Tyr). In functional experiments in the mouse saphenous artery 
ex vivo the incubation with NO significantly increased the endothelial spreading of mechanically induced calcium signals (Fura2) as would be 
expected after inhibition of myoendothelial communication and reduction of a “calcium loss” towards smooth muscle. Our data indicate that 
NO mediates its specific inhibitory effect on Cx37 by reducing de-phosphorylation at tyrosine332, probably by inhibition of a phosphatase. 

26.- Control of astrocyte calcium signaling through NO-dependent regulation of hemichannels opening.  Puebla, M1., Figueroa, Xavier1. 
1Physiology Pontificia Universidad Católica de Chile.

Changes in neuronal activity are coupled to proportional variations in the local cerebral blood flow through a mechanism known as 
neurovascular coupling, which ensures timely nutrients and oxygen supply. The intercellular signaling between neurons and parenchymal 
arterioles is mediated by an increase in asatrocyte intracellular calcium concentration, which propagates to the astrocytic end-feet and 
induces the release of vasodilator signals. The astrocytes express the calcium-dependent enzyme nitric oxide synthase and connexin 43 
(Cx43)-formed hemichannels. As Cx43 hemichannels can be activated by NO, we evaluated if NO is involved in the generation of the astrocytic 
calcium signal activated by glutamate in the neurovascular coupling. Hemichannels activity was evaluated in primary astrocyte cultures by 
assessing ethidium uptake and astrocytes were loaded with Fluo 4 to monitor the changes in intracellular calcium. In addition, the vasomotor 
activity of cortex arterioles was recorded in rat brain slices. Cultured astrocytes and brain slices were stimulated with glutamate or the 
agonist of glutamate metabotropic receptor, t-ACPD. Stimulation with glutamate and t-ACPD induced an increase in hemichannel activity, an 
increment in intracellular calcium concentration and vasodilation of parenchymal arterioles. Blockade of hemichannels with carbenoxolone 
(CBX) inhibited both the increase in intracellular calcium concentration and the vasodilation. Interestingly, a similar result was observed after 
blocking NO production with NG-nitro-L- arginine (L-NA). These results suggest that NO production plays a central role in the control of the 
astrocytic calcium signaling initiated in the neurovascular coupling through regulation of hemichannel opening.
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27.- Cx43 hemichannels in ventricular cardiomyocytes can be activated by an elevation of cytoplasmic Ca2+  and are a potential 
arrhythmogenic substrate in the heart. Leybaert, L1., De Smedt, Maarten1., De Smedt, Maarten1. 1Physiology group, Basic Medical Sciences Ghent 
University.

Cx43 hemichannels are normally closed but open in response to electrical or chemical triggers such as pro-inflammatory cytokines or 
elevation of cytoplasmic Ca2+ ([Ca2+]i). Evidence for hemichannel opening by [Ca2+]i elevation is based on indirect measurements such as 
ATP release or dye uptake (De Vuyst et al., EMBO J., 2006) but conclusive electrophysiological evidence is lacking. Here, we provoked [Ca2+]

i changes in Cx43 expressing cells under voltage-clamp conditions and studied the effect on hemichannel unitary currents making use of 
patch-clamp techniques. We used freshly isolated mouse ventricular cardiomyocytes and exposed them to caffeine to trigger [Ca2+]i elevation 
by ryanodine receptor activation and SR Ca2+ release. Applying short caffeine pulses at resting potential activated an inward current carried by 
electrogenic Na+/Ca2+ exchange that acts to clear the [Ca2+]i change. Superimposed on this macroscopic current, there appeared microscopic 
current spiking activity characterized by a unitary conductance of ~250 pS. Blocking Na+/Ca2+ exchange by replacing extracellular Na+ with 
NMDG+ abolished the macroscopic current but did not affect microscopic unitary currents. However, unitary currents were inhibited by 
buffering [Ca2+]i changes with intracellular EGTA, by conditional Cx43 knockdown (Cx43Cre-ER(T)/fl mice) and by the Cx43-specific hemichannel 
blocking peptide Gap19. The results indicate that Cx43 hemichannels can be opened by Ca2+-stimulation without any associated electrical 
stimulus. The kinetics of Ca2+-triggered activity was very much different from voltage-triggered activity indicating distinct gating mechanism. 
Computational modeling of the impact of electrically/chemically-triggered Cx43 hemichannel opening on cardiomyocyte excitability indicates 
that this may contribute to arrhythmogenesis in the heart.

28.- Ca2+/calmodulin regulation of connexin. Zou, Juan1., Chen, Yi., Salarian, Mani., Gorkhali, Rakshya2., Yang, J2., 1Chemistry Georgia State Univeristy. 
2Chemistry Georgia State University.

Connexins (Cxs) are a family of proteins constituting the gap junctions (GJs), which mediate intercellular communication. It has long been 
known that an increase in extracellular ([Ca2+]o) and intracellular Ca2+ concentrations ([Ca2+]i) and activation of calmodulin (CaM) result in 
decreased Cx-mediated cell-to-extracellular and cell-to-cell communication, respectively. These forms of regulation play essential roles 
in normal hearing, transparency of the lens of the eyes, and synchronized contractions of the heart. Here, we will report our progress in 
delineating the interaction sites of CaM at different classes of Cxs to regulate their hemichannel and gap junction activities. Using several 
spectroscopic methods such as NMR spectroscopy and fluorescence, we have shown that synthesized Cxpeptide fragments or protein 
domains encompassing predicted CaM binding regions of different Cxs are able to bind CaM with different affinities. In addition, CaM uses 
different action modes to interact with different classes of Cxs and such interactions also alter calcium sensitivities and cooperativity.  We 
will also report direct evidence that calmodulin interacts and regulates Cxs at cellular environment in real time. 
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Regulation and trafficking of hemichannels and gap junction channels (II)
Chair: Sandra A. Murray and Jonathan M. Gibbins 

29.- Regulation of gap junction channels and hemichannels by actin cytoskeleton and RhoA. Jara, O1., Maripillán, Jaime1., Momboisse, Fanny1., 
Garcia, Isaac1., Pinto, Bernardo1., González, Carlos1., Cárdenas, Ana María1., Martínez, Agustín D1. 1CINV, Facultad de Ciencias, Universidad de Valparaíso.

Actin cytoskeleton plays key roles in the regulation of formation and function of Gap Junction channels (GJCs) but less is known about its 
action on Hemichannels (HCs) function and its molecular mechanisms. We have found that in cells stably expressing Cx43, when treated with 
cytochalasin B,to depolymerize the actin cytoskeleton, the size and functional state of GJ plaque decrease; however the amount and activity 
of HCs in non-appositional plasma membranes significantly increase. This was demonstrated by dye uptake experiments,electrophysiology 
and TIRF microscopy of single cell. Interestingly, in cells stably expressing Cx26, actin depolimerization also reduces the size of GJ plaques, 
but without affecting GJCs and HCs functional state. Because the members of the RhoA GTPase family have been shown to regulate many 
aspects of intracellular actin dynamics, and since they have been implicated in the regulation of HC and GJC, we studied if the effects that we 
observed after actin depolimerization are linked to RhoA signaling. We found that the GJ plaques formed by Cx26 and Cx43 decrease in cells 
transfected with cDNA constructs of  a dominant negative form of RhoA  or with a siRNA of RhoA. This constructs produces a gain of function 
of Cx43 HCs, however did not affect the functional state of channels formed by Cx26. These results suggest that GJCs and HCs composed by 
Cx26 or Cx43 are differential regulated by the actin cytoskeleton, and RhoA regulates the traffic but not the function of Cx26 HCs.

30.- Hierarchical phosphorylation events in the Connexin 43 tail-domain signal gap junction internalization. Falk, Matthias1., Fong, John1., 
Kells-Andrews, Rachael1., Nimlamool, Wutigri1., Thevenin, Anastasia1. 1Biological Sciences, Arts and Sciences, Lehigh University. 

We have shown earlier that cells internalize gap junctions (GJs) in a clathrin-mediated endocytosis (CME) process to down-regulate GJ-
mediated intercellular communication (GJIC), and to physically uncouple from neighboring cells, as e.g. is required for cell migration.  However, 
how GJ internalization is initiated mechanistically has not been known.  We and others found that various stimuli, including treatment with 
growth factors (such as VEGF, EGF, PDGF), inflammatory mediators (such as thrombin, endothelin), or phorbol esters (TPA and derivatives, 
analogs of the second messenger molecule diacylglycerol [DAG] that activate PKC); as well as ischemia, wounding, or oncogene activation 
efficiently down-regulate GJIC.  For some of these stimulators (EGF, VEGF, thrombin, endothelin, TPA) concomitant GJ internalization has now 
been shown.  In all these cases, in response to stimulation, specific phosphorylation events occur on connexin 43 serines 255, 262, 279/282, 
and 368 to induce CME-mediated GJ internalization.   Blocking kinase activity prevents GJ internalization.  Thus, phosphorylation on well-
known C-terminal regulatory Cx43 amino acid residues by a series of different kinases evolved as the early molecular signal that triggers 
GJ internalization.  PKC-mediated phosphorylation on S368 likely serves as the lead phosphorylation event that then triggers subsequent 
MAPK-mediated phosphorylation on serines 255, 262, and 279/282 to allow AP-2 and clathrin to access juxtaposed Cx43 binding sites, 
and internalize GJs.  Taken together, our results indicate that activation of a hierarchical kinase program -including MAPK, PKC and likely Src 
induces GJ internalization via sequential phosphorylation of well-known regulatory amino acid residues located in the Cx43 C-terminal tail. 

(Sponsored by NIH-NIGMS Grant GM55725-12)
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31.- Cx43 augments filopodia formation via activation of p21-activated protein kinase 1 (PAK1). Pogoda, Kristin1., Kameritsch, Petra1., Pohl, 
Ulrich1. 1Walter-Brendel Centre of Experimental Medicine, Medicine, Ludwig-Maximilians-University Munich.

We have shown that Cx43 enhanced migration in HeLa and endothelial progenitor cells in a gap junction-independent manner. This was 
associated with an increased activation of p38. Here, we analysed the potential role of its upstream regulator PAK1 in the Cx43 dependent 
augmentation of actin dynamics, underlying cell motility as assessed by cellular formation of filopodia. HeLa cells stably expressing full 
length or truncated Cx43 proteins were studied. Empty vector transfected cells (CTL) served as controls. HeLa-Cx43 exhibited significant 
more filopodia per single cell (mean ± SEM: 30±7) upon serum stimulation than HeLa-CTL (12±3; n=4), and a higher F-actin/G-actin ratio. 
Filopodia formation was a channel-independent Cx-function which required p38 activation. Inhibition of p38 activity decreased the amount 
of filopodia in HeLa-Cx43 but not in HeLa-CTL. Immunoprecipitation studies revealed that Cx43 binds to a p38 upstream regulator, PAK1. 
This was associated with a significantly higher phosphorylation of PAK1 in HeLa-Cx43. Pharmacological inhibition of PAK1 reduced filopodia 
formation and p38 activation to the level observed in HeLa-CTL. The phosphorylation of the p38 target Hsp27, which has an actin-capping 
function in its unphosphorylated state, was higher in HeLa-Cx43 as compared to HeLa-CTL. Accordingly, p38 inhibition decreased Hsp27 
phosphorylation significantly. Our results suggest that the Cx43 dependent p38-mediated augmentation of filopodia formation is due to Cx43/
PAK1 interaction. This enhances PAK1 phosphorylation and enables subsequent activation of p38. The observed Hsp27 phosphorylation in 
response to p38 may at least in part explain the formation of filopodia which requires enhanced F-actin formation.  

32.- Signals and mechanisms regulating endocytosis across the connexin protein family. Fisher, Charles1., Falk, Matthias1. 1Biological Sciences 
Lehigh University.

Twenty-one connexin (Cx) subtypes are expressed in the human genome and most, if not all cause human disease.   Gap junction (GJ) 
turnover and endocytosis are important means of regulating cell-to-cell communication; and recently mis-regulated endocytosis and other 
factors that alter the half-lives and turnover times of Cx43, Cx40, Cx46, and Cx50 have been shown to potentially contribute to the disease 
mechanisms.  Investigating endocytosis of Cx43 revealed that Cx43 utilizes the clathrin machinery, mediated by the clathrin adaptor AP-2, 
to internalize GJs.  AP-2 interacts with Cx43 via motifs called tyrosine-based sorting signals of which two appear and are utilized in the Cx43 
C-terminus.  However, a BLAST sequence search that we performed across the entire Cx family revealed that a number of Cxs (including Cx26, 
Cx31, Cx31.1, Cx40, and Cx46) do not encode any known endocytic motifs (tyrosine or di-leucine based).  These Cxs are of particular interest 
because their endocytic mechanism is likely to differ from Cx43, yet they are known to cause human disease.  Preliminary data we obtained 
investigating Cx26 indicates that Cx26 GJs can efficiently undergo endocytosis, co-localize with clathrin, poly-ubiquitin, and the endocytic 
CLASP Eps15, and thus may utilize this combination of proteins for endocytosis in a non-AP-2 dependent manner.  Ongoing work in our 
laboratory will characterize the endocytic mechanisms and protein components that the other representative connexin family members 
utilize.
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Platform session 9

Peripheral diseases, inflammation-regeneration and cell-cell communication
Chair: Luc Leybaert and Christian C. Naus

33.- Molecular characterization of gap junction mediated intercellular communication in platelets. Vaiyapuri, Sakthivel1., Bye, Alexander1., 
Benn, Michael1., Sakurai, Yumiko2., Lam, Wilbur2., Gibbins, Jon3., 1Institute for Cardiovascular and Metabolic Research, School of Biological Sciences, Life 
Sciences, University of Reading.2Department of Pediatrics, School of Medicine, Medicine, Emory University.3School of Biological Sciences, Life Sciences, 
University of Reading.

Platelets, small circulating blood cells are critical for haemostasis but their inappropriate activation leads to thrombosis, a principal trigger 
for heart attacks and strokes. Although platelets circulate in isolation, upon activation they aggregate together to form a thrombus, where 
they function in a coordinated manner to prevent bleeding. It has been reported that the stability and functions of a thrombus are maintained 
through sustained, contact dependent signalling between platelets through various membrane proteins. Recently, we explored the presence 
of multiple connexins in platelets and demonstrated the roles for Cx37 and Cx40 in the regulation of platelet function using pharmacological 
agents that block these molecules and Cx-deficient mice. In the present study, we have established a protein microarray technology in 
order to characterize platelet intercellular communication and the molecules that are transported between platelets through gap junction 
channels. A microarray of uniformly distributed spots of Alexa Fluor647 labelled fibrinogen on glass slides enabled the organized and controlled 
spreading of platelets. The cells were processed either in live or fixed conditions for further imaging using ultrafast/super resolution confocal 
microscopy. This technique enabled the formation of a lawn of platelets which touch each other on the fibrinogen-coated surface and allowed 
us to monitor the synchronized signalling events in platelets such as calcium mobilization. The mechanisms that regulate the intercellular 
communication mediated platelet function are under investigation. Together, these data provide a platform for detailed characterization of 
connexin functions with implications for the development of improved anti-platelet therapies.

34.- Pannexin 1 channels regulate leukocyte emigration through the venous endothelium during acute inflammation. Lohman, Alexander1., 
Leskov, Igor2., Butcher, Joshua1., Stokes, Tara2., DeLalio, Leon3., Peñuela, Silvia4., Ravichandran, Kodi5., Stokes, Karen2., Isakson, Brant1. 1Department of 
Molecular Physiology and Biophysics, Robert M. Berne Cardiovascular Research Center, University of Virginia. 2Department of Molecular and Cellular 
Physiology Louisiana State University Health Sciences Center. 3Department of Pharmacology, Robert M. Berne Cardiovascular Research Center, 
University of Virginia. 4Department of Anatomy and Cell Biology University of Western Ontario. 5Department of Microbiology, Cancer and Immunology 
University of Virginia.

Acute inflammation is a host defense system defined by inflammatory cell recruitment to local sites of injury and/or infection.   The 
vasculature plays an important role in this process by influencing inflammatory signaling networks and binding interactions essential for 
proper trafficking of immune cells through the venous wall.  Recently, ATP-sensitive P2Y purinergic receptors have emerged as downstream 
regulators of vascular endothelial cell (EC) activation by the pro-inflammatory cytokine tumor necrosis factor alpha (TNFα).  However, the 
source of ATP and mechanism(s) regulating its cellular release in this response remain elusive.   Utilizing in vitro and ex vivo ATP release 
assays, we report that the ATP-release channel Pannexin1 (Panx1) opens downstream of EC activation by TNFα.  Further interrogation of the 
molecular signaling pathway promoting Panx1 activation revealed involvement of Type 1 TNF receptors, recruitment of Src Family Kinases 
(SFK) and SFK-dependent phosphorylation of Panx1 at a regulatory tyrosine residue in the intracellular loop (Y198).  Using a new inducible, 
EC-specific Panx1 knockout mouse line, we report a previously unidentified role for Panx1 channels in promoting leukocyte adhesion and 
emigration through the vascular wall during acute systemic inflammation.  Analysis of downstream targets influencing leukocyte adhesion and 
emigration revealed Panx1-dependent regulation of vascular cell adhesion molecule-1 (VCAM-1).  Genetic depletion of EC Panx1 attenuated 
VCAM1 upregulation by TNFα which was rescued by application of exogenous ATP and blocked by the P2Y-type purinergic receptors reactive 
blue-2.  Taken together, these observations identify a direct role for Panx1 channels in promoting inflammation in the vasculature, linking 
purinergic and inflammatory signaling networks. 

(Sponsored by American Heart Association)  
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35.- The cytoplasmic tail of Connexin43 mediates cytoskeletal rearrangements in B-lymphocytes. Pournia, Farnaz1., Choi, Kate1., Dang-
Lawson, May1., Falk, Letitia1., Lampe, Paul2., Matsuuchi, Linda1. 1CELL and I-3 Research Groups, Life Sciences Institute, Dept of Zoology, Science, 
University of British Columbia,Vancouver, BC V6T 1Z3, Canada. 2Public Health Sciences and Human Biology Fred Hutchinson Cancer Research Centre, 
Seattle, WA, 98109-1024, USA. 

B-lymphocytes respond to B cell antigen receptor (BCR) signaling by undergoing dramatic cytoskeletal changes and membrane spreading 
in order to enhance antigen encounter and B-lymphocyte activation. Integrins and chemokine receptors also promote cytoskeletal 
reorganization that regulates cell adhesion, cell polarity and cell migration. The signaling pathways that link these receptors to remodeling of 
the actin cytoskeleton are only partially understood. The initiation of intracellular signaling pathways often involves transmembrane proteins 
that nucleate the formation of “signalosomes” that contain adaptor proteins, GTPases, kinases, and their targets. We have shown that the 
gap junction protein Connexin43 (Cx43) plays a key role in BCR-induced B-cell spreading and adhesion, as well as chemokine-induced motility 
and directed cell migration. We propose that Cx43 acts as an amplifier of BCR and chemokine receptor signaling in B cells. For BCR-mediated 
spreading, we have shown that the carboxyl-terminal tail (CT) of Cx43 is required for cytoskeletal changes, and that specific amino acids 
in the CT are critical for these effects, independent of the functioning of the Cx43 channel. Identifying specific residues in the Cx43 CT may 
reveal critical protein interactions that are nucleated by Cx43 and link receptors to molecular mechanisms that control cellular cytoskeletal 
architecture, membrane dynamics, and receptor organization in the membrane, key parameters that influence B-lymphocyte development 
and immune responses.   (Financial support from CIHR Operating Grant MOP-111079 to L.M., Trainee Awards From NSERC And MSFHR to 
L.F., and BC Transplantation to K.C.)  

36.- Cx43 scaffolding CT intracellular domain is required for achieving proper bone architecture and for some, but not all, anabolic 
actions of intermittent PTH administration. Pacheco-Costa, Rafael2,1., Sorenson, Chad2., Hon, Mary2., Davis, Hannah2., Hassan, Iraj2., Reginato, 
Rejane1., Katchburian, Eduardo1., Allen, Matthew2., Bellido, Teresita2., Plotkin, Lilian2,3. 1Department of Morphology & Genetics Federal University of 
São Paulo. 2Anatomy and Cell Biology Indiana University School of Medicine. 3Anatomy and Cell Biology Roudebush Veterans Administration Medical 
Center. 

Osteocytic Cx43 deletion increases cortical bone size and decreases its stiffness, an index of resistance to bone fractures. Cx43 carboxi-
terminal domain (CT) modulates channel activity and intracellular signaling. To determine whether the functions of Cx43 in osteocytes are 
mediated by its CT, we crossed mice lacking osteocytic Cx43 with mice in which full length Cx43 was replaced by a truncated Cx43 mutant 
lacking the CT (Cx43ΔCT). Cx43ΔCT/fl mice expressing one copy of Cx43ΔCT and one of full length Cx43 exhibit lower cancellous bone but higher 
cortical thickness than Cx43fl/fl control mice; suggesting that Cx43-CT promotes cancellous bone acquisition but suppresses cortical bone gain 
during growth. Further, Cx43ΔCT expression reversed the changes in cortical bone exhibited by mice lacking osteocytic Cx43, demonstrating 
that domains other than the CT are responsible for Cx43 function in cortical bone. Based on earlier evidence showing that mice lacking Cx43 
in osteoblastic cells failed to exhibit full response to parathyroid hormone (PTH) administration, we examined the requirement of osteocytic 
Cx43 and its CT for bone anabolism by the hormone. PTH administration induced similar increase in bone mass in mice from all genotypes. 
However, PTH did not increase endocortical bone formation or mechanical properties in cortical bone of mice lacking osteocytic Cx43 with or 
without expression of Cx43ΔCT. We conclude that Cx43-CT is required for cancellous bone acquisition but it is dispensable for most functions 
of osteocytic Cx43. Further, osteocytic Cx43 expression is required for some but not all anabolic actions of PTH. 

(Sponsored by NIH R01-AR053643).



INTERNATIONAL GAP JUNCTION CONFERENCE

36

Platform session 10

Connexins in inherited and acquired diseases
Chair: Lilian I. Plotkin and Xavier F. Figueroa

37.- Connexin40 abnormalities and atrial fibrillation. Beyer, Eric C1., Gemel, Joanna1., Simon, Adria1., Patel, Dakshesh2., Levy, Andrew1., Bennett, 
Katherine1., Xu, Qin2., Matiukas, Arvydas2., Veenstra, Richard2. 1Pediatrics, University of Chicago. 2Pharmacology, SUNY Upstate Medical University.

Normal atrial conduction requires similar abundances and homogeneous/overlapping distributions of two connexins (Cx40 and Cx43) that 
are disturbed in atrial fibrillation (AF).   When we examined the abundances and distributions of connexins in the atria of AF patients, we 
found no significant changes in Cx43.   However, immunoblotting showed reductions of Cx40 in samples from patients with AF.   Patients 
with paroxysmal AF exhibited variability of Cx40 staining, but all had some fields with substantial Cx40 heterogeneity and reduced overlap 
with Cx43.  Cx40 immunostaining was severely reduced in all chronic AF patients.  We have also been working to identify physiological or cell 
biological abnormalities of several human AF-linked Cx40 mutants by expression in communication-deficient cells or in HL-1 cardiomyocytes.  
Several mutants (including G38D, V85I, and L229M) formed gap junction plaques, induced significant gap junctional conductances, and 
showed only modest alterations of single channel conductances or gating by trans-junctional voltage as compared to wtCx40.  However, 
immunoblotting indicated that the steady state levels of the mutants were reduced relative to wtCx40, and they disappeared faster than 
wtCx40 after inhibition of protein synthesis with cycloheximide.  Treatment with the proteasomal inhibitor, epoxomicin, greatly increased 
levels of G38D and restored the abundance of gap junctions and the extent of intercellular dye transfer implying accelerated degradation of 
the mutant by the proteasome.  Our findings suggest that multiple mechanisms lead to reductions of functional Cx40 in atrial gap junctions 
and contribute to the pathogenesis of AF.   Cx40 proteolysis may have important roles in the development and stabilization of AF.

38.- The Keratitis-ichthyosis-deafness (KID) syndrome mouse model Cx26S17F exhibits an altered calcium gradient and ceramide 
profile in the epidermis. Bosen, Felicitas4., Celli, Anna1., Vom Dorp, Katharina2., Crumrine, Debra1., Ebel, Philipp4., Jastrow, Holger3., Doermann, Peter2., 
Mauro, Theodora1., Winterhager, Elke3., Willecke, Klaus4.  1Department of Dermatology SF-VAMC and UCSF, San Francisco, USA. 2Institute of Molecular 
Physiology and Biotechnology of Plants University of Bonn, Germany. 3Electron Microscopy Unit, Imaging Center Essen University of Duisburg-Essen, 
Germany. 4Life and Medical Sciences Institute, Molecular Genetics, University of Bonn, Germany.

Previously we have described (Schütz et al., Human Molecular Genetics, 2011) that heterozygous Cx26S17F mice show phenotypic 
alterations very similar to corresponding patients suffering from Keratitis–ichthyosis-deafness syndrome (KID), i.e. dry scaly skin with 
profound hyperplasia of all epidermal layers and hearing impairment. Furthermore, 90% of heterozygous Cx26S17F mice die postnatally with 
an epidermal water barrier defect. The Cx26S17F protein does not form functional gap junctions or hemichannels, but is located like wild type 
Cx26 protein in the granular layer of mouse epidermis. During further characterization of newborn heterozygous Cx26S17F mice we found 
premature lipid secretion in the stratum granulosum and an altered lipid distribution in stratum corneum. Mass spectrometric analyses of 
ceramides extracted from the epidermal surface indicated that linolyl-omega esterified ceramides (which largely contribute to maintenance 
of the water barrier)are strongly decreased. Furthermore, we found a large accumulation of calcium ions in the stratum corneum of Cx26S17F 
mice which were absent in wild type mice. Our results suggest that the defective Cx26 channel function in the Cx26S17F epidermis leads to 
a disturbed formationof the epidermal calcium gradient accompanied by a loss of ceramides in the stratum corneum. This may cause a break 
of the epidermal water barrier and trigger the observed hyperproliferation in the KID syndrome.
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39.- Slow deactivation kinetics of hyperactive heteromeric hemichannels formed by Cx26 N-terminus KID-associated mutants and Cx43. 
Garcia, Isaac1,2., González, Carlos1., Contreras, Jorge2., Martínez, Agustín D1. 1Centro Interdisciplinario de Neurociencia de Valparaíso, Facultad de 
Ciencias, Universidad de Valparaíso. 2Pharmacology and Physiology, New Jersey Medical School, Rutgers University.

Keratitis Ichthyosis Deafness syndrome (KID) is a clinical triad caused by syndromic mutations in Connexin26 (Cx26). The pathogenic mechanism 
of the disease has been related to gain-of-function hemichannels. We recently demonstrated that syndromic mutations located at the 
N-terminus of Cx26 allow aberrant interactions with Cx43 that promote the formation of aberrant hyperactive heteromeric hemichannels, 
but non-functional gap junction channels (García et al., 2015; J Invest. Dermatol). Heterologous expression of these aberrant heteromeric 
hemichannels boosts the membrane permeability to cationic tracers. In order to obtain a mechanistic explanation of this phenomenon, here 
we perform electrophysiological studies that show that heteromeric Cx43/Cx26S17F hemichannels display larger currents when compared 
to their respective homomeric conformations. Although no significant changes in the apparent affinity for extracellular Ca+2 were observed 
compared to wild type Cxs; their kinetic of deactivations were significantly slowed in heteromeric syndromic mutants suggesting stabilization 
of the open hemichannels. These heteromeric hemichannels increase cell membrane permeability, favoring ATP release and Ca2+ overload. 
These results could underlie the severe syndromic phenotype in human skin. Also, points out the relevance of the study of heteromeric 
hemichannels in normal and pathological processes. 

(Sponsored by Supported By Fondecyt-1130855 To ADM; ACT-1104 Grant To ADM And CG; The National Institutes Of Health/National Institute Of 
General Medical Sciences (grant RO1-GM099490) To J.E.C; Fondecyt-3150634 To IEG.). 

   

40.- Possible role of connexins 39, 43 and 45 on muscular damage in dysferlinopathies. Cea, Luis1., Bevilacqua, Jorge2., Cárdenas, Ana3., 
Mouly, Vincent4., Sáez, Juan C.5., Caviedes, Pablo6. 1Programa de Anatomía y Biología del Desarrollo, ICBM, Facultad de Medicina, Universidad de Chile. 
2Programa de Anatomia y Biología del Desarrollo, ICBM, Facultad de Medicina, Universidad de Chile. 3Centro Interdisciplinario de Neurociencia de 
Valparaíso Universidad de Valparaíso. 4Center for research in Myology UPMC-INSERM. 5Departamento de Fisiología, Pontificia Universidad Católica de 
Chile. 6Programa de Farmacología, ICBM, Facultad de Medicina, Universidad de Chile. 

Mutations in the gene encoding for dysferlin are grouped in recessive autosomal muscular dystrophies called dysferlinopathies. 
Dysferlinopathy begins usually between the second and third decades, as a progressive lower-limb weakness. Dysferlin (230 kDa) is mainly 
localized in the sarcolemma of skeletal muscle cells, where its function is to regulate membrane resealing after damage. However, in mice 
bearing dysferlin mutations (an animal model of dysferlinopathy) the recovery of membrane resealing function does not stop the progressive 
muscular damage, suggesting the presence of additional dysferlin-dependent pathogenic mechanisms that have yet to be clarified. In this 
regard, we have demonstrated in other pathological conditions that affect skeletal muscles, that there is a persistent de novo expression of 
functional connexin-based hemichannels (Cx HCs). Such membrane channels are permeable to Ca2+ and are responsible of muscular damage. 
We have now evaluated the potential involvement of Cx HCs in dysferlinopathies. The presence of Cxs 39, 43 and 45 was detected in human 
deltoid muscle biopsies from 6 Chilean dysferlinopathy patients. In addition, an elevated resting intracellular Ca2+ level was observed in 
myotubes obtained from immortalized myoblasts from dysferlinopathy patients, which in turn showed positive immunostaining for Cxs 
39, 43 and 45, as compared with normal cell line RCMH myotubes. The data suggests that Cx HCs could be involved in muscular damage 
associated to dysferlin mutations, as it occurs in other conditions that affect muscle structure (e.g. denervation). 

(Sponsored by ANILLOS Grant #ACT-1121, Proyecto Inserción en La Academia 79140023 and Proyecto ICM-Economía P09-022.).
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Platform session 11

Cell-cell communication and neuroinflammation
Chair: Juan A. Orellana and Silvia Peñuela
 
41.- Connexin32 expression by NG2+ progenitor cell limits neurogenic capacity of nestin+ type 1 and 2a progenitors in the injured 
hippocampus. Akins, M1., Melanson-Drapeau, Lysanne1., Morin, M.1., Morin, M.1., Messier, C.2., Paul, David3., Bennett, Steffany1. 1Department of 
Biochemistry, Microbiology and Immunology, Medicine, University of Ottawa. 2Department of Psychology University of Ottawa. 3Department of 
Neurobiology Harvard Medical School. 

We have shown that a subset of activated NG2+ progenitor cells express the gap junction protein connexin32 (Cx32) in the uninjured adult 
murine hippocampus and that expression, in part, regulates their progression to a mature oligodendrocyte lineage.  In the absence of Cx32, 
both NG2+ progenitor cells and multipotential type 1 and type 2 nestin+ neural stem-like cells hyperproliferate.  Here, we identify Cx32 as a 
key extrinsic determinant of nestin+ stem-like cell fate.  We found that Cx32 is expressed by the majority of hippocampal NG2+ cells activated 
by kainic acid-induced seizure.  We show that this expression is sufficient to inhibit neurogenic capacity of type 1 and 2a nestin+ progenitors in 
vivo and in vitro.  Moreover, ectopic Cx32 expression in primary murine and human NT2/D1 precursor cells blocked neuronal differentiation in 
response to neurogenic stimuli.  In loss of function studies, Cx32 deletion enabled NG2+ cells to direct nestin+ progenitors towards a neuronal 
lineage more efficiently following kainic acid-induced injury effectively restoring CA3 neuronal number and reversing behavioral indices of 
hippocampal-dependent learning and memory impairment associated with seizure-induced damage.  Together, these data identify Cx32 as 
a possible therapeutic target that can be used to regulate neuronal or glial replacement following brain injury. 

(Sponsored by CIHR 62826, MSoc 923).  

42.- Regulation of the hypoxic activation of pannexin-1 by amyloid beta. Palmer, Laura1., Thompson, Roger1. 1Department of Cell Biology and 
Anatomy, Cumming School of Medicine, University of Calgary. 

Stroke is a condition during which blood flow is reduced in the brain, resulting in hypoxia and cell death. During ischemic stroke, there is a 
series of synaptic events such as excessive neurotransmission and impaired neurotransmitter reuptake, which lead to excitotoxicity and 
anoxic depolarizations (aDPs). The aDP is well characterized, and the ion channel pannexin-1 (Panx1) has been demonstrated to be an 
important contributing factor to ionic dysregulation during the aDP. Stroke survivors are at risk of developing neurodegenerative disorders, 
such as Alzheimer’s disease (AD). While the reason for this is not fully defined, it has been reported that brain hypoxia leads to increased 
production of the pathological form of the protein amyloid beta (Aβ). Aβ is aggregated into plaques in patients with AD, and oligomeric Aβ 
is thought to disrupt synaptic activity and initiate inflammation pathways, leading to the hallmark symptoms of the disease. Interestingly, 
little is known about the physiological role of Aβ, and less still is known about the reason behind its increased production during hypoxia. Our 
overall hypothesis is that physiological concentrations of Aβ can modulate responses to hypoxia by interacting with Panx1. Using whole-
cell patch clamp electrophysiology in pyramidal neurons of the CA1 region of the rat hippocampus, the aDP was assayed using low oxygen 
conditions. The results of this study thus far have demonstrated that low concentrations of exogenous Aβ significantly attenuate the anoxic 
depolarization, and may be interacting with Panx1 through NMDA receptors in order to mediate this effect. 

(Sponsored by Alberta Prion Research Institute (APRI), Alzheimer Society of Canada, Alberta Innovates Health Solutions (AIHS))
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43.- Death of neurons following injury requires conductive neuronal gap junction channels but not a specific connexin. Belousov, A1., 
Ramsey, J2., Polk, J1., Koop, A1., Denisova, J1., Fontes, J2. 1Department of Molecular & Integrative Physiology University of Kansas Medical Center. 
2Department of Biochemistry & Molecular Biology University of Kansas Medical Center.

Pharmacological blockade or genetic knockout of neuronal connexin 36 (Cx36)-containing gap junctions reduces neuronal death caused by 
ischemia, traumatic brain injury and NMDA receptor (NMDAR)-mediated excitotoxicity. However, whether Cx36 GJs contribute to neuronal 
death via channel-dependent or channel-independent mechanism remains an open question. To address this, we manipulated connexin 
protein expression via lentiviral transduction of mouse neuronal cortical cultures and analyzed neuronal death twenty-four hours following 
administration of NMDA (a model of NMDAR excitotoxicity) or oxygen-glucose deprivation (a model of ischemic injury). In cultures prepared 
from wild-type mice, over-expression and knockdown of Cx36-containing GJs augmented and prevented, respectively, neuronal death 
from NMDAR-mediated excitotoxicity and ischemia. In cultures obtained form from Cx36 knockout mice, re-expression of functional GJ 
channels, containing either neuronal Cx36 or non-neuronal Cx43 or Cx31, resulted in increased neuronal death following insult. In contrast, 
the expression of communication-deficient GJs (containing mutated connexins) did not have this effect. Finally, the absence of ethidium 
bromide uptake in non-transduced wild-type neurons two hours following NMDAR excitotoxicity or ischemia suggested the absence of 
active endogenous hemichannels in those neurons. Taken together, these results suggest a role for neuronal GJs in cell death via a connexin 
type-independent mechanism that likely relies on channel activities of GJ complexes among neurons. Because clinical trials for NMDAR 
antagonists as neuroprotective agents largely failed, our study suggests that another important therapeutic target for the development of 
new neuroprotective agents can be neuronal GJ coupling. (Supported by NIH (R21 NS076925 and P20 GM104936) to A.B.B.)

44.- Therapeutically targeting Connexin43 in ischemic stroke. Bechberger, John1., Freitas-Andrade, Moises1., Leybaert, Luc2., Giaume, Christian3., 
Lampe, Paul4., Naus, Christian1. 1Department of Cellular and Physiological Sciences University of British Columbia. 2Department of Basic Medical 
Sciences Ghent University. 3Center of Interdisciplinary Research in Biology College de France. 4Department of Global Health Fred Hutchinson Cancer 
Center. 

Astroglial gap junctions have been reported to be involved in neuronal survival in ischemic conditions. In astrocytes, gap junctions are composed 
primarily of the channel protein, connexin43 (Cx43). These channels provide a substrate for the formation of a functional glial networks and 
hemichannels. While several reports have demonstrated that Cx43 is an important factor in cerebral ischemia, the molecular mechanisms 
involved remain elusive. The transmembrane regions of Cx43 are relatively conserved with other connexins, however, the cytoplasmic regions 
are divergent and has been shown to be critical for the regulation of Cx43. We have used a variety of transgenic and mutant Cx43 mice, with 
altered extracellular and intracellular domains, to determine if there are specific neuroprotective regions in this channel protein that can 
provide insight into the mechanisms by which Cx43 functions in stroke. We follow up on these findings by implimenting mimetic peptides to 
target different Cx43 domains as a therapeutic strategy. Taken together, we provide evidence indicating that connexin proteins, in particular 
Cx43 in astrocytes, should be considered as therapeutic targets in stroke, as well as other neurodegenerative disorders. (Sponsored by 
Funded By Heart & Stroke Foundation Of Canada And The Canada Research Chairs Program (CN), The NIH GM-55632 (PL), Heart & Stroke 
Foundation Fellowship (MFA), Fund For Scientific Research Flanders, Belgium (Grant N° G.0298.11, G.0571.12, G.0A54.13 And G.03)
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Platform session 12

Pannexins and connexins in genetic and acquired diseases
Chair: Fabio Mammano and Dale W. Laird

45.- The cataract related mutation N188T in Connexin46 (Cx46) inhibits formation of functional gap junction channels by impairing 
docking process of Cx46 hemichannels. Schlingmann, Barbara1., Schadzek, Patrik2., Preller, Matthias3,4., Schaarschmidt, Frank5,6., Heisterkamp, 
Alexander7,8., Koval, Michael1,9., Ngezahayo, Anaclet2. 1Division of Pulmonary, Allergy and Critical Care Medicine Emory, School of Medicine. 2Institute of 
Biophysics Leibniz University of Hanover. 3Institute for Biophysical Chemistry Medical School Hanover. 4Centre for Structural Systems Biology German 
Electron Synchrotron (DESY). 5Institute of Biostatistics Leibniz University Hanover. 6Institute of Biostatistics Leibniz University Hannover. 7Institute für 
Quantenoptik Leibniz University of Hanover. 8Institute für Quantenoptik Leibniz University of Hannover. 9Division of Pulmonary, Allergy and Critical 
Care Medicine Emory University. 

The mutation N188T of Cx46 was found to correlate with an autosomal dominant congenital nuclear pulverulent cataract. The mutation is 
localized in the second extracellular loop of Cx46 but the functional consequences of this mutation are unclear. To analyze the functional 
consequences we used Xenopus oocytes and Hela cells as expression systems. Structural modeling was used to illustrate the structural 
consequences of the mutation. In Xenopus oocytes Cx46wt and Cx46N188T hemichannels were activated by depolarizing voltages higher 
than -50 mV with half activation voltages of -18.7 and -19.3 mV and respective apparent gating charges of 1.88 and 1.92. To examine the 
expression behavior and formation of functional gap junction channels GFP labeled Cx46wt and Cx46N188T were expressed in HeLa cells. 
We found an average of 1.54, and 0.08 plaques per cell pair in cells expressing hCx46wt and hCx46N188T respectively. Lucifer yellow transfer 
experiments showed that 45%, 12% and 9% of the cell pairs expressing hCx46wt, hCx46N188T and nontransfected controls respectively 
were coupled. Homology modeling of Cx46 revealed that the asparagine residue at position 188 is important for hemichannel docking by 
formation of hydrogen bonds with the residues A180, T189 and D191 of opposing connexins. The mutation N188T disrupts the hydrogen 
bond formation, necessary for hemichannel docking, and therefore prevents formation of gap junction channels. Substitution with the 
structural similar Glutamine at position 188 could not rescue gap junction channel formation leading to the conclusion that the mutation 
N188T hinders the docking of the connexons to form functional gap junction channels. 

(Sponsored by German Academic Exchange Service DAAD, TransRegio TR63)

46.- The cataract-linked mutant Cx50D47A causes ER stress in mouse lenses. Berthoud, Viviana M1., Minogue, Peter J1., Lambert, Paul A2., 
Snabb, Joseph I1., Beyer, Eric1.  1Pediatrics University of Chicago. 2Pritzker School of Medicine University of Chicago.

We are interested in elucidating mechanisms by which connexin mutants cause disease. We have previously shown that No2 mice (expressing 
Cx50D47A) exhibit nuclear cataracts and impaired differentiation. Because Cx50D47A does not traffic properly and homozygous lenses show 
increased levels of the stress responsive αB-crystallins, we assessed whether expression of Cx50D47A led to ER stress in the lens. ER stress 
can be transduced by three different pathways: IRE1α, ATF6 and PERK. We found no evidence for activation of the IRE1α or ATF6 pathways. 
In contrast, heterozygous and homozygous No2 mice showed an increase in phosphorylated PERK and in the phosphorylated/total EIF2α 
ratio (2.4- and 3.3-fold, respectively) compared with wild type.  Levels of ATF4 were similar in wild type and heterozygous mice, but elevated 
in homozygotes (390%). Both heterozygotes and homozygotes showed increased levels of calreticulin protein (184% and 261%, respectively) 
and Chop mRNA (1.8- and 11-fold, respectively). These results suggest that expression of Cx50D47A induces ER stress, triggering the PERK 
pathway-dependent unfolded protein response. 
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47.- Non-junctional channel function of Connexin26 (Cx26) in the cochlea for Cx26 deficiency induced hearing loss. Zhao, H1. 1Dept. of 
Otolaryngology, University of Kentucky Medical Center.

Background: Connexin 26 (Cx26, GJB2) mutations cause a high incidence of nonsyndromic hearing loss. The deafness-inducing mechanism 
still remains largely undetermined. Recently, we have reported that Cx26 deficiency in the cochlear supporting cells can affect outer hair 
cell electromotility to reduce active cochlear amplification leading to hearing loss (Zhu et al., Nat. Commun. 2013), even though hair cells 
have neither connexin expression nor gap junctional coupling. However, the molecular and cellular mechanism underlying this modification 
remains unclear.  Methods: Cx26 deficient mice were created by loxP-Cre technique. Auditory function was measured with ABR and DPOAE 
techniques, and the cochlear and cell morphology was assessed by confocal and electron microscopy (EM) techniques.  Results: Deletion 
of Cx26 in the OHC supporting Deiters cells and outer pillar cells could alter their morphologies. In EM images, Deiters cells appeared fat, 
with plasma membrane of adjacent cells sticking together in a way rarely observed in control animals. The microtubules in DCs and outer 
pillar cells also appeared to be less abundant. However, the cochlea had normal development and the tunnel of Corti was open. Hearing 
function tests showed that mice had hearing loss; auditory brainstem response (ABR) thresholds were increases and the distortion product 
otoacoustic emission (DPOAE), which is produced by active cochlear amplification, was reduced. Patch clamp recording showed that NLC 
was shifted to right in depolarization direction.  Conclusions: Cx26 deficiency can induce morphological changes in cochlear supporting cells, 
probably altering their mechanical properties, to influence OHC electromotility eventually leading to hearing loss.

48.- Protective effects of connexin43 signaling against experimentally induced acute liver failure in mouse. Maes, Michael1., Da Silva, 
Tereza Cristina2., Monteiro De Araujo, Cintia Maria2., Tiburcio, Tayna2., Crespo Yanguas, Sara1., Willebrords, Joost1., Zaidan Dagli, Maria Lucia2., Jaeschke, 
Hartmut3., Cogliati, Bruno2., Vinken, Mathieu1. 1Department of In Vitro Toxicology and Dermato-Cosmetology, Medicine and Pharmacy, Vrije Universiteit 
Brussel. 2Department of Pathology, School of Veterinary Medicine and Animal Science, University of Sao Paulo. 3Department of Pharmacology,Toxicology 
and Therapeutics, Medical Center, Kansas University. 

In liver, hepatocytes mainly produce connexin (Cx)32, while non-parenchymal liver cells typically express Cx43. The involvement of connexin 
signaling in cell death and inflammation has been well documented in different liver pathologies, whereby Cx32 production deteriorates in 
hepatocytes and becomes progressively replaced by Cx43. To unravel the relevance of this connexin switch proces, in casu in the context of 
acute liver failure, wild-type (WT), Cx43+/- and Cx32-/- mice were overdosed with acetaminophen. Liver injury was monitored by measuring 
serum levels of alanine and aspartate aminotransferase as well as by histopathological examination of liver tissue and quantification of 
necrotic areas. Inflammation was evaluated based on hepatic and serum quantities pro-inflammatory cytokines next to the assessment of 
oxidative stress and liver regeneration. Overall, acetaminophen triggered more cell death and inflammation in Cx43+/- mice in comparison 
with their WT counterparts. By contrast, Cx32-/- mice seemed less prone to acetaminophen-induced liver damage than WT animals. These 
results could suggest that Cx43 signaling in liver, unlike Cx32-based communication, protects against cellular insults.  

(Sponsored by Agency for Innovation by Science and Technology in Flanders (IWT); European Research Council (ERC); Foundation for Research Support 
of the State of Sao Paulo (FAPESP))
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 Platform session 13
 
Cancer and cell-cell communication
Chair: E. Martha Pérez Armendariz and Maria L. Z. Dagli

49.- Targeting endothelial Connexin40 inhibits tumor growth by reducing angiogenesis and enhancing vessel function. Alonso, Florian3., 
Domingos-Pereira, Sonia1., Le Gal, Loïc3., Meda, Paolo2., Nardelli-Haefliger, Denise1., Haefliger, Jacques-Antoine3. 1Urology, Biology and Medicine, 
Lausanne. 2Cell Physiology and Metabolism, Medicine, Geneva. 3Medicine, Biology and Medicine, Lausanne.

Connexin40 (Cx40) contributes to the regulation of vessel remodeling during ischemia and injury. We examined whether endothelial Cx40 
plays a role in the angiogenic response. Compared to the observations made in wild type (WT) mice, the angiogenic potential of Cx40-
null mice (Cx40-/-) was reduced in both aorta-sprouting assays and in subcutaneously implanted matrigel plugs, and was confirmed by 
targeting Cx40 with a specific mimetic peptide. Reduction of tumor-vessel density and tumor-growth were also observed in melanomas and 
bladder tumors established in Cx40-/- mice. This difference was not dependent on the hypertensive status of Cx40-/- as control growth 
and angiogenesis of tumors were observed when the expression of endothelial Cx40 was restored in hypertensive Tie2-Cx40 mice. The 
defective angiogenesis in the absence of Cx40 was associated to decreased expression of the phosphorylated form of endothelial nitric oxide 
synthase (eNOS), enhanced vessel perfusion and increased recruitment of smooth muscle cells. Systemic treatment with cyclophosphamide, 
a chemotherapeutic drug, resulted in an extended survival of Cx40-/- mice carrying a tumor. Inhibition of Cx40 using mimetic peptides in WT 
mice resulted in reduced tumor-growth. Since Cx40 is also expressed in the vessels of human tumors, these data provide evidence that Cx40 
represents a relevant antiangiogenic target, which may be useful for novel combinatorial cancer therapies. 
 

50.- Osteocytic Connexin 43 hemichannels suppress breast cancer growth and bone metastasis . Jiang, Jean1., Zhou, Jade1., Riquelme, 
Manuel1., Kar, Rekha1., Gao, Xiaoli1., Sun, LuZhe2., Gu, Sumin1. 1Biochemistry University of Texas Health Science Center at San Antonio. 2Cellular and 
Structural Biology University of Texas Health Science Center at San Antonio.

The skeleton is a preferred site for breast cancer metastasis. Connexin (Cx) 43 is richly expressed in bone osteocytes and forms hemichannels. 
Here, we reported an intrinsic self-defense mechanism of bone cells against breast cancer cells; a critical role of connexin (Cx) 43 hemichannels 
in osteocytes in the suppression of breast cancer migration, growth and metastasis. Bisphosphonate drugs are commonly used to treat 
cancer bone metastasis. The treatment of bisphosphonate drugs, either alendronate (AD) or zoledronic acid (ZD), opened Cx43 hemichannels 
in osteocytes. Conditioned media (CM) collected from MLO-Y4 osteocyte cells treated with bisphosphonates inhibited the anchorage-
independent growth, migration and invasion of MDA-MB-231 human breast cancer cells and Py8119 mouse mammary carcinoma cells and 
this inhibitory effect was attenuated with a specific hemichannel blocking Cx43(E2) antibody. The opening of osteocytic Cx43 hemichannels 
by mechanical stimulation had similar inhibitory effects on breast cancer cells and this inhibition was attenuated by Cx43(E2) antibody 
as well. These inhibitory effects on cancer cells were mediated by ATP released from osteocyte Cx43 hemichannels. Furthermore, Cx43 
osteocyte-specific knockout mice and osteocyte-specific Δ130-136 transgenic mice with impaired Cx43 gap junctions and hemichannels, 
showed significantly increased tumor growth. However, R76W transgenic mice, which form functional hemichannels but not gap junctions 
in osteocytes, did not display a significant difference in intratibial tumor growth. Together, our studies establish the specific inhibitory role of 
osteocytic Cx43 hemichannels in breast cancer bone metastasis, which could sever as a potential therapeutic strategy in the treatment of 
breast cancer metastasis to bone.  
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51.- The role of Connexin43 in glioma migration and invasion. Naus, Christian1., Aftab, Qurratulain1., Sin, Wun Chey1. 1Cellular & Physiological 
Sciences, Medicine, University of British Columbia.

Glioblastoma Multiforme (GBM), an aggressive adult brain tumor, is difficult to treat due to its invasiveness. One of the molecular changes 
frequently observed in GBM is a decrease in the gap junction protein connexin43 (Cx43); however, how a reduction in Cx43 contributes to 
glioma malignancy is unclear. A key feature of GBM cells is the ability to invade healthy areas of the brain to establish secondary tumors. To 
delineate the role of Cx43 in migration and invasion, we used human U118 cells to establish an in vitro 3D spheroid migration model that 
mimics the in vivo architecture of tumor cells. Using down-regulation of Cx43 expression, combined with rescue using different mutant 
isoforms, we found that reduced Cx43 increased migration by reducing cell-ECM adhesion, changing the migration pattern from collective 
to single cells. Gap junction intercellular communication played a more prominent role in mediating migration than the C-terminal tail. Live 
imaging revealed that reducing Cx43 expression enhanced relative migration by increasing the cell speed and affecting the direction of 
migration. These findings explored the role of the Cx43 channel in vitro, where we examined the influence of homocellular gap junctions 
on glioma migration. In vivo, homocellular gap junctions are formed between tumor cells and between host cells such as astrocytes. In 
addition, heterocellular gap junctions are formed between GBM cells and astrocytes. Ongoing studies will assess the role of homocellular and 
heterocellular gap junctions in glioma invasion using an in vivo mouse model. 

(Supported by The Canadian Institutes of Health Research and The Natural Sciences and Engineering Research Council of Canada).

52.- Pannexin1 regulates melanoma progression. Harland, Luke1., Peñuela, Silvia1. 1Anatomy and Cell Biology, Schulich School of Medicine and 
Dentistry, University of Western Ontario.

Panx1 is the most prominent member of the pannexin family of channel-forming glyco-proteins. It is ubiquitously expressed in mammalian 
tissues, including skin, and forms a single membrane channel, important for the passage of ATP and other metabolites in paracrine signaling.  An 
earlier study by our group, investigating the role of Panx1 in mouse melanoma progression, demonstrated that reduction of Panx1 in highly 
aggressive B16-BL6 mouse melanomas reverts them to a less aggressive and more melanocytic phenotype, with reduced tumorigenicity 
and metastatic potential. Recently, we found that Panx1 protein is also highly expressed in various human melanoma cell lines via Western 
blotting and immunocytochemistry. We knocked down Panx1 expression, utilizing shRNA, or blocked Panx1 channels using probenecid in 
the highly aggressive A375 human melanoma cells. Panx1 reduction, using shRNA, reduced the growth rates of A375 cells in comparison 
to a scrambled control. Culturing these A375 cells with the known Panx1 channel blocker, probenecid, significantly minimized many of their 
cancerous properties including proliferation and migration rates, and colony formation under anchorage independent growth conditions. 
Probenecid treatment also induced higher melanin production from A375 cells, a marker of differentiation. Using immunohistochemistry 
with anti-Panx1 antibodies in tissue sections from patient-derived melanoma tumour biopsies, we observed higher Panx1 expression in 
primary tumours, nodal and distal metastasis compared to healthy adult human skin. These findings suggest that the dysregulation of 
Panx1 in human melanomas may contribute to their aggressive phenotype, and that Panx1 blockers may be a viable therapeutic option for 
melanoma treatment.
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Platform session 14

Connexins as conduits and therapeutic targets
Chair: Patricia E. Martin and Mauricio A. Retamal

53.- Drug discovery: Lipidation of connexin mimetic peptides increases efficacy in gap junction inhibition. Cotter, Maura1., Boitano, Scott1., 
Vagner, Josef2., Burt, Janis1. 1Physiological Sciences University of Arizona.2Chemistry University of Arizona. 

Peptides mimicking short, conserved sequences in the extracellular loops of connexins (Cxs) are commonly used as reversible inhibitors 
of gap junction channel (GJC)-mediated intercellular communication. These Cx-mimetic peptides also inhibit the diffusion of ions and 
small molecules across hemichannels (HCs), or unapposed hexameric Cx channels that have not yet docked with their HC counterparts on 
neighboring cells to form GJCs.1 The inhibitory actions of mimetic peptides derived from the extracellular loops of Cx43 have demonstrated 
therapeutic benefits, especially with regards to wound healing.2 However, such peptidomimetics are typically used at high concentrations (i.e. 
100-200μM, IC50 ~ 20-30μM3) to achieve HC and GJC block.4 Therefore, development of more potent inhibitors is critical. We hypothesized 
that lipidation of Cx mimetic peptides could improve their ability to localize to the plasma membrane, and thus more effectively interfere with 
HC and GJC function. To quantitatively assess potency and efficacy of our novel lipidated Cx-mimetic peptides, the extent of gap junction-
dependent propagation of mechanically-induced Ca2+ waves in a confluent culture of rabbit tracheal epithelial cells (RTECs) was monitored. 
Using this physiologically-relevant system, we conclude from our current data that lipidation greatly improves the inhibitory action of the 
peptide, increasing its potency by up to five orders of magnitude with an IC50 well into the picomolar range. Our results demonstrate that 
the lipidation approach is a powerful tool for increasing known Cx-mimetic inhibition of GJC communication and represents a paradigm for 
the development of HC, GJC and Cx-specific inhibitory drugs. 

(Sponsored by T32 HL7249, R01 HL58732).  

54.- siRNA therapy: validation of gap junction delivery in vitro and in vivo. Valiunas, V1., Caso, G., Gordon, C., Valiuniene, L., Wang, HZ., Cohen, I., 
Brink, P. Physiology and Biophysics Stony Brook University, Stony Brook, NY 11794, USA. 

We recently demonstrated that cellular delivery of siRNAs to the target cells of a tissue travel in vitro by two distinct intercellular pathways: 
gap junctions and/or vesicular traffic (Physiol Rep, 2015). Here, we provide additional in vitro data focused on efficacy of delivery, and also 
show in vivo delivery of a microRNA (mir-16 mimic) via human mesenchymal stem cells (hMSCs) that suppress growth of human PC3 (prostate 
cancer) cell tumors in mice. In vivo delivery has been accomplished by the injection of 1 million GFP expressing PC3 cells into the dermis of the 
skin of a nude mouse. The injection site was monitored over time via Maestro in vivo imaging system. On day 15 of tumor growth, 1 million 
hMSCs loaded with mir-16 mimic were injected at the site of tumor growth. GFP tumor mass was monitored for an additional 3 weeks. 
Controls were either hMSCs injected without mir-16 mimic or no hMSCs injection at day 15. A single injection of hMSCs with mir-16 mimic 
resulted in 2.5X reduction in tumor size (n=4) relative to control (no hMSCs injection, n=4). Injection of hMSCs alone into tumors has been 
shown to enhance tumor growth, a phenomenon observed here as well. These data demonstrate cellular delivery of miRNA/siRNA, targeting 
either a gene cluster, or potentially a single gene, can significantly reduce tumor growth. The delivery of mir-16 via hMSCs demonstrates not 
only suppression of tumor growth, but also inhibition of hMSCs stimulated tumor growth. 

(Supported by GM88180, GM088181).
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55.- Pannexin 1 regulation of inflammatory pathways in vascular cells. Fitzpatrick, Laura1., Crowe, Lindsay1., Miller, Ashley1., Johnstone, Scott1. 
1College of Medical, Veterinary and Life Sciences, British Heart Foundation Glasgow Cardiovascular Research Centre, Glasgow University of Glasgow.

Cardiovascular diseases (CVD) including atherosclerosis are associated with complications including heart attack and stroke and account for 
1 in 4 deaths worldwide. The most common hallmark of CVD is vascular remodeling resulting from inflammation, cellular apoptosis and cell 
proliferation. Pannexin 1 (Panx1) channels have been linked to ATP release, inflammation, metabolic disease and apoptosis but their roles 
in CVD have never been investigated. ATP is the primary molecule for energy storage within cells but is becoming increasingly recognized as 
an important factor in regulating the inflammatory process. Our data identify that Panx1 channels release ATP in response to inflammatory 
cytokines such as TNF-alpha in vitro. Using whole transcriptome sequencing (RNA-seq) and protein analysis we have identified that 
treatment of human vascular endothelial cells (HUVEC) with inflammatory cytokines e.g. IL-33, increases Panx1 expression and functions. In 
the vasculature, degradation of released ATP and dilution against the flow of blood likely limits its responses. Paracrine stimulation via ATP 
can promote chemokine expression and release. Our studies identify that ATP release through Panx1 channels significantly alters cytokine 
release and monocyte binding in vitro. Taken together our data identifies a novel pathway through which Panx1 channels can potentially 
modulate vascular inflammation. 

(This work was supported through research funding from The University of Glasgow, Lord Kelvin Adam Smith Fellowship)

56.- Discovery of a selective connexin hemichannel blocker and its use to revert and prevent progression of muscular dystrophy. Sáez, 
Juan C.1,2., Cisterna, Bruno1,2., Vargas, Aníbal1,2., Fernández, Paola1., Pérez-Acle, Tomás2,3., Lagos, Carlos4. 1Departamento de Fisiología, Facultad de 
Ciencias Biológicas, Pontificia Universidad Católica de Chile. 2Instituto interdisciplinario de Neurociencias de Valparaíso Valparaíso. 3Fundación Ciencia 
& Vida, Santiago, Chile Computational Biology Laboratory (DLab). 4Departamento de Endocrinología Pontificia Universidad Católica de Chile.

Previously, we described that skeletal muscles of mdx mice, Duchenne disease model, express functional hemichannels (HCs) formed by 
connexins (Cxs) 39, 43 and 45. Moreover, muscle specific Cx43/Cx45 knockout mdx mice did not show apoptotic myofibers (Cea et al., 
IGJC2013, USA). Based upon the Cx26 crystal structure and three-dimensional models of other Cx HCs, a virtual screening approach was 
employed to search the Open NCI Database of compounds (~260,000) using FRED v3.0.1 (OpenEye Scientific Software). The top scoring 200 
molecules from docking simulations were submitted to energy minimization protocol and further ranked according to the relative binding 
energy, favorable shape complementarity, and potential of forming hydrogen bonds with Cx43 HC. A set of 40 diverse compounds according 
to the consensus scoring procedure were requested to the NTP/NCI. The 40 compounds were tested in a semi-quantitative high throughput 
screening assay (Cx26 and Cx43 transfected HeLa cells exposed to divalent cation-free solution) where, compound D4 was confirmed as HC 
blocker. D4 (10 nM) blocked unitary current events (voltage clamp in whole cell configuration) but milimolar concentrations did not affected 
the permeability of gap junctions or pannexin1 channels. Four weeks administration of D4 molecule to 2 months old mdx mice normalized 
the circulating creatine kinase levels and muscle strength (2 or 4 legs hanging test). Thus, Cx HC blockers could be useful to reduce muscle 
degeneration in muscular dystrophy.  

(Acknowledgments: Open Eye Scientific software for providing academic license of their software (to C.F.L.), P09-022-F from ICM-ECONOMIA (to J.C.S. 
and T.P.-A.) and FONDECYT 1130652 (T.P.-A.). 
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1.- Multifaceted analysis of gap junction proteins in lung cancer. Aasen, Trond1., Sansano, Irene2., Romagosa, Cleofé2., Montero, Maria Ángeles2., 
Muñoz, María José1., Salat-Canela, Clàudia1., Moliné, Teresa2., Cabrera, Guadalupe3., Martínez, Alexandre3., Hernández Losa, Javier2., Ramón y Cajal, 
Santiago2. 1Molecular Pathology Vall Hebron Research Institute (VHIR). 2Pathology Vall Hebron University Hospital. 3Oncology Department Vall Hebron 
University Hospital. 

In conjunction with in vitro studies, we have initiated in silico analysis, gene sequencing, and immunohistochemical analysis of gap junction 
proteins in human lung tumours. Online Kaplan-Meier analysis of a microarray dataset of 2437 non-small-cell lung tumours suggests that 
both reduced and increased mRNA expression—in a connexin-dependent manner—is associated with poor survival. Histological subtype 
(adenocarcinoma versus squamous cell carcinoma) strongly influences these associations. Immunohistochemical staining of human tumours 
does not always correlate with in silico microarray data. Critically, we have identified a unique subset of lung tumours expressing nuclear Cx43 
that show worse prognosis, indicating that not only expression levels, but also subcellular connexin localization, needs to be considered. DNA 
sequencing of Cx43 in lung tumours is currently being performed to correlate any mutations with immunohistological and clinicopathological 
parameters.  Nevertheless, further in vivo and in vitro studies are clearly needed to clarify the exact role of different gap junction proteins in 
lung cancer. 

(This work was supported by Funding to Trond Aasen from Instituto de Salud Carlos III Grant PI13/00763 and Grant CP10/ 00624, co-financed by 
The European Regional Development Fund (ERDF))

2.- Involvement of hemichannels in stress-induced pre-activation of glial cells during poly (I:C)-promoted inflammatory response. 
Aguirre, Adam1., Maturana, Carola1., Sáez, Juan C.1,2. 1Departamento de Fisiología, Facultad de Ciencias Biológicas, Pontificia Universidad Católica. 
2Instituto Milenio, Centro Interdisciplinario de Neurociencias de Valparaíso, Universidad de Valparaíso. 

In the central nervous system, microglia act as sensor of adverse conditions including stress and viruses. The latter are the most common 
cause of infections during prenatal life and are detected via TLR3 that recognizes viral double-stranded RNA or the mimetic, poly (I:C). Since 
acute and chronic stress sensitize the neuroinflammatory response to a subsequent proinflammatory challenge and glial cell activation 
requires connexin and pannexin hemichannels, we hypothesize that “stress potentiates the increase in glial cell hemichannel activity induced 
by poly (I:C)”. To this end, offspring (1 day old) of control and dexamethasone treated (last 5 day of gestation) mice were used. Primary 
microglia cultured were stimulated with poly I:C (10 μg/ml) for 48 h. These cells presented elevated levels of CD86 and MHC II, increased 
alostimulatory capacity on T lymphocytes and elevated hemichannel activity (etidium uptake, time lapse). Moreover, the ethidium uptake 
of microglia and mast cells present in brain slices (snap shots and labeling of specific cell markers detected by confocal microscopy) was 
also evaluated. In stressed animals, the hemichannel activity of microglia was evident under basal conditions and poly (I:C) enhanced the 
hemichannel response. Moreover, the response to poly (I:C) was earlier in brain slices of stressed than in control mice. Notably, mast cells 
responded later than microglia both in stressed and control mice. Therefore, hemichannels of microglia could be a novel target with clinical 
applications in brain alterations derived of stress and viral infection. 

(Acknowledgments: FONDECYT Postdoctoral Fellowship 3130632 (to A A.), CONICYT Ph.D. Student Fellowship 21100401 (to C M.), and Chilean 
Science Millennium Institute P09-022 (to J.C.S.))
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3.- Gap junctions in human blood-brain barrier endothelial cells hCMEC/D3 are functionally linked to adenosine receptors via cyclic 
nucleotide gated channels. Bader, Almke1., Begandt, Daniela1., Bintig, Willem2., Ngezahayo, Anaclet1,3. 1Institute of Biophysics, Faculty of Natural 
Sciences, Leibniz University Hannover. 2Charité Cross Over Charité Universitätsmedizin Berlin. 3Center for Systems Neuroscience University of Veterinary 
Medicine Hannover. 

We analysed the gap junction coupling in the cerebral microvascular endothelial cell line hCMEC/D3, an in vitro model of human endothelial 
cells of the blood-brain barrier. RT-PCR showed that the cells expressed connexin37 (Cx37), Cx40, Cx43 and Cx45. Immunocytochemistry 
showed gap junction plaques predominantly composed of Cx40 and Cx43. The adenosine receptor agonist 2-phenylaminoadenosine (2-PAA) 
stimulated synthesis of cAMP and enhanced the gap junction coupling as shown by scrape loading/dye transfer experiments. Application of 
5 µM 2-PAA for 1 h increased the dye diffusion distance up to 132% compared to non-treated cells. Inhibition of the A2B adenosine receptor 
subtype antagonised the 2-PAA-related enhancement of the gap junction coupling, whereas inhibition of the A2A receptor subtype did not 
affect the effect of 2-PAA on gap junction coupling. Pharmacological experiments showed that PKA- and Epac-dependent mechanisms were 
not involved in the 2-PAA-induced increase in gap junction coupling. Ca2+ and membrane potential imaging showed that 2-PAA induced an 
increase of the intracellular Ca2+ concentration and depolarised the cells. Moreover, the 2-PAA-related enhancement of the gap junction 
coupling was significantly reduced if the drug was applied in absence of external Ca2+ or onto cells preloaded with BAPTA. Additionally, L-cis-
diltiazem, the inhibitor of cyclic nucleotide gated (CNG) channels reduced the 2-PAA-induced effect on gap junction coupling. The results 
suggest that the increase of cAMP concentration induced by stimulating adenosine receptors of cerebral microvascular endothelial cell 
activates Ca2+ influx through CNG channels. In turn induced Ca2+-dependent pathways regulate the gap junction coupling. 

4.- Role of hemichannels in Trypanosoma cruzi infection. Barría, Iván1., Silvestre , Claudio1., Estay, Yubitza1., Vega , José L.1., González, Jorge2., Sáez, 
Juan C.3. 1Experimental Physiology Laboratory (EPhyL), Antofagasta Institute, Universidad de Antofagasta. 2Departamento Tecnología Médica, Facultad 
Ciencias de la Salud, Universidad de Antofagasta. 3Departamento de Fisiología, Facultad Ciencias Biológicas, Pontificia Universidad Católica de Chile. 

Introduction: Chagas disease is an endemic zoonotic illness in Latin America and caused by the protozoan Trypanosoma cruzi (T.cruzi). Because 
hemichannels play an important role in microbial infections and protozoan infection causes loss of intercellular communication in astrocytes 
and heart, the aim of our study is to investigate the contribution of hemichannels in T.cruzi infection. Methods: The hemichannel functional 
state was evaluated by dye uptake measurements in neonatal rat astrocytes and cardiac fibroblast or HeLa cells transfected with Cx43 
exposed to T.cruzi. Moreover, parasitemia levels were evaluated in blood collected from female mice infected with T.cruzi and treated with 
hemichannel blocker (1,5 mg/day) or vehicle. Results: Exposure to trypomastigote (10 min) increased dye uptake in astrocytes (~1,8 fold), 
cardiofibroblasts (~2,4 fold) and HeLa-Cx43 (~2 fold) cells. These effects were blocked by lanthanum (200 µM) or carbenoxolone (100 µM) 
and not observed when cells were exposed to epimastigotes (non-infectious form). Moreover, drug-treated animals showed a significant but 
not total reduction in parasitemia at day 6 (2,3±0,2 x106) respect to untreated (0,8±0,1 x106). Discussion: These results suggest that T.cruzi 
induces hemichannels opening a phenomenon that could be involved in invasion, dissemination or inflammation induced by T.cruzi acute 
infection.      

(Sponsored by FONDECYT 11130013 (to J.L.V.), 1131007 (to J.G.), and a CONICYT PhD Fellowship (to I.B.)
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5.- Implication of myocardial Connexin-43 in antiarrhythmic effects of melatonin in hypertensive rats. Benova, Tamara1., Viczenczova, 
Csilla1., Radosinska , J2., Bacova , Barbara1., Knezl, Vladimir3., Dosenko , V4., Zeman , M5., Diez, Emiliano6., Tribulova , Narcisa1. 1Institute for Heart 
Research Slovak Academy of Sciences. 2Institute of Physiology Medical Faculty of Comenius University. 3Institute of Experimental Pharmacology 
and Toxicology Slovak Academy of Sciences. 4State Key Laboratory of Molecular and Cellular Biology Bogomoletz Institute of Physiology. 5Institute of 
Physiology Faculty of Natural Sciences of Comenius University. 6Instituto de Fisiología, Facultad de Ciencias Médicas, Universidad Nacional de Cuyo. 

Objectives: Cardiovascular diseases increase the risk for lethal arrhythmias particularly due to myocardial remodeling and impairment of 
connexin-43 (Cx43) channel mediated cell-to-cell communication. We hypothesize that melatonin exhibits antiarrhythmic effects by affecting 
the expression of Cx43 and protein kinase C (PKC) signaling. Design and Methods: Spontaneously hypertensive (SHR) and normotensive 
Wistar rats received melatonin (40 µg/ml in drinking water during the night) for 4 weeks and were compared with untreated rats. Systolic 
blood pressure (BP), glycemia, cholesterolemia, triglyceridemia (TG) and adiposity were registered at the end of experiment. Left ventricular 
Cx43 mRNA was determined by real time PCR, while the expression of Cx43, PKC-ε and PKC-δ by western blots. Function of the heart and its 
susceptibility to electrically inducible sustained ventricular fibrillation (sVF) was examined using isolated heart. Results: Melatonin significantly 
reduced BP, decreased left ventricular weight and normalized TG in SHR whereas reduced body weight and adiposity in Wistar rats. Melatonin 
increased threshold to induce sVF in SHR from 18.3±2.6 to 33.0±4   mA (p<0.01) without changing it in Wistar (29.2±5 vs 32.5±4 mA). 
Melatonin increased myocardial Cx43 mRNA, total Cx43 protein, its phosphorylated form and PKC-ε, which directly phosphorylates Cx43, and 
suppressed the pro-apoptotic PKC-δ in both SHR and Wistar rat hearts. Conclusions: Results indicate that melatonin protects from lethal 
arrhythmias, in part, via up-regulation of myocardial Cx43 and modulation of PKC signaling. 

(This work was supported by VEGA 2/0046/12, APVV-SK-CZ-0027-11 and Slovak Cardiological Society grants.) 

6.- Panx1 mediates ananamide transport in pyramidal hippocampal neurons. Bialecki, J1., Weilinger, Nicholas1., Nagy, James2., Hill, Matthew3., 
Thompson, Roger3. 1Neuroscience, Medicine , University of Calgary. 2Physiology, Medicine, University of Manitoba. 3Cell Biology and Anatomy , Medicine, 
University of Calgary. 

Ananamide (AEA) is an endogenous fatty acid that modulates synaptic activity though its activity as both an endocannabinoid and 
endovanilloid. In order for AEA to act as an endovanilloid, it must reach a concentration 10x greater than needed for it to activate cannabinoid 
1 (CB1) receptors. To regulate synaptic concentrations of AEA, an unidentified protein transporter is hypothesized to shuttle AEA from 
the synapse to the post-synaptic cell to be degraded. Pannexin-1 is a large pore ion channel which is expressed post-synaptically in CA1 
hippocampal neurons and conducts large molecules. We hypothesized that Panx1 acts as an AEA transporter. We tested this by blocking 
post-synaptic Panx1 with an intracellular Panx1 antibody and observed an increase in the frequency of neurotransmitter release following 
stimulation. The same result was seen with bath application of AEA without Panx1 blocking. Application of AEA in the presence of a Panx1 
block produced no further increase in neurotransmitter release. Since AEA is known to act at TRPV1 channels, we tested a TRPV1 receptor 
antagonist, capsazepine, which prevented any increase in neurotransmitter release seen with exogenous AEA or during Panx1 block. Finally, 
application of AM-404, an AEA transporter antagonist, mimicked increased glutamate release similar to that that seen with Panx1 block. We 
conclude that Panx1 is an important pathway for AEA clearance from CA3-CA1 synapses. Furthermore, our data suggests that Panx1 may 
play a role in regulation of synaptic efficacy. 
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7.- A molecular signature in the Pannexin 1 intracellular loop confers channel activation by the α1 adrenoreceptor in smooth muscle 
cells. Billaud, Marie7,8., Chiu, Yu-Hsin 6., Lohman, Alexander7,8., Parpaite, Thibaud8., Butcher, Joshua8., Mutchler, Stephanie8., DeLalio, Leon7,8., Artamonov, 
Mykhaylo7., Sandilos, Joanna6., Best, Angela8., Somlyo, Avril7,8., Thompson, Roger1., Le, Thu2., Ravichandran, Kodi3,4,5., Bayliss, Douglas6., Isakson, Brant7,8. 
1Hotchkiss Brain Institute; Department of Cell Biology and Anatomy; University of Calgary, Calgary, AB, Canada. University of Calgary. 2Department of 
Medicine, University of Virginia School of Medicine, Charlottesville, VA 22908, USA. University of Virginia. 3The Center for Cell Clearance, University of 
Virginia, Charlottesville, VA 22908, USA. University of Virginia. 4Department of Microbiology, Immunology, and Cancer Biology, University of Virginia, 
Charlottesville, VA 22908, USA. University of Virginia. 5Beirne B. Carter Center for Immunology Research, University of Virginia, Charlottesville, VA 
22908, USA University of Virginia. 6Department of Pharmacology, University of Virginia School of Medicine, Charlottesville, VA 22908, USA University 
of Virginia. 7Department of Molecular Physiology and Biophysics, University of Virginia School of Medicine, Charlottesville, VA 22908, USA University 
of Virginia. 8Robert M. Berne Cardiovascular Research Center, University of Virginia School of Medicine, Charlottesville, VA 22908. University of Virginia.

Both purinergic signaling through nucleotides such as ATP and noradrenergic signaling through molecules such as norepinephrine regulate 
vascular tone and blood pressure.  Pannexin1 (Panx1), which forms large-pore, ATP-releasing channels, is present in vascular smooth muscle 
cells in peripheral blood vessels and participates in noradrenergic responses.   Using pharmacological approaches and mice conditionally 
lacking Panx1 in smooth muscle cells, we found that Panx1 contributed to vasoconstriction mediated by the α1 adrenoreceptor (a1AR), 
whereas vasoconstriction in response to serotonin or endothelin-1 was independent of Panx1. Analysis of the Panx1-deficient mice showed 
that Panx1 contributed to blood pressure regulation especially during the night cycle when sympathetic nervous activity is highest. Using 
mimetic peptides and site-directed mutagenesis, we identified a specific amino acid sequence in the Panx1 intracellular loop that is essential 
for activation by α1AR signaling.   Collectively, these data describe a specific link between noradrenergic and purinergic signaling in blood 
pressure homeostasis.

8.- Tryptophan scanning reveals dense packing of connexin transmembrane domains in gap junction channels composed of Cx32. 
Brennan, Matthew1., Karcz, Jennifer1., Vaughn, Nicholas1., Woolwine-Cunningham, Yvonne2., DePriest, Adam3., Escalona, Yerko4,5., Pérez-Acle, Tomás4,5., 
Skerrett, Martha1. 1Biology Department SUNY Buffalo State. 2Clinical and Translational Medicine University of Buffalo. 3Department of Cancer Genetics 
Roswell Park Cancer Institute. 4Centro Interdisciplinario de Neurociencias de Valparaiso Universidad de Valparaiso. 5Computational Biology Laboratory 
(Dlab) Fundación Ciencia & Vida, Santiago. 

Tryptophan scanning was used to identify sites of transmembrane domain interaction in gap junction channels composed of Cx32. Tryptophan 
was substituted for over 50 residues throughout the transmembrane domains of connexin32 and function was assayed in paired Xenopus 
oocytes. Substitutions in TM1 and TM4 had greatest impact on protein function with many subsitutions abolishing or reducing intercellular 
communication. In TM2 and TM3 distinct helical regions were identifed that lacked sensitivity to tryptophan substitution suggesting that 
these regions face the lipid enviroment or are loosely packed. A comparative model of a Cx32 hemichannel was developed to visualize the 
data and aid interpretation. The model highlights a trptophan-sensitive region midway through the membrane, shows lipid-facing regions  as 
variably tolerant to tryptophan substitution, and pore-facing regions as highly sensitive. Residues facing a putative aqueous crevice between 
the transmembrane helices (IC pocket) were also highly sensitive to tryptophan substitution. Ongoing studies are aimed at separating TM 
domain interactions critical for membrane trafficking and channel formation from those that alter channel properties. Thus far, a subset of 
sites important for voltage gating have been identified and these are located mainly in the mid-region of the channel with focus in TM1. 
Finally, to determine if TM domain interactions are similar in gap junction channels composed of different connexins, TM1 of Cx43 was 
scanned revealing similar but not identical sensitivity to TM1 of Cx32. 

(Sponsored by IMS: AHA National Affiliate SDG. MJB and YW-C: Buffalo State Office of Undergrad. Res. TPA: FONDECYT 1130652, ACT1107, PFB16 
Fundación Ciencia Para La Vida and CINV Millenium Institute Funded by The ICM-Chilean Ministry of Economy P09-022-F)



INTERNATIONAL GAP JUNCTION CONFERENCE

50

9.- Connexin 37-induced, caspase 3-dependent cell death is regulated by S321. Burt, Janis1., Jacobsen, Nicole1., Pontifex, Tasha1. 1Physiology, 
College of Medicine, University of Arizona. 

Serine 321 (S321) in Cx37 is a crucial regulator of Rin cell growth and survival. Rin cells induced to express Cx37-S321D (S321 mutated 
to aspartate) display active hemichannels in normal extracellular Ca2+ and, within 48-72 h of induction, undergo cell death with activated 
caspase 3 evident. In contrast, Rin cells expressing Cx37-S321A (S321 mutated to alanine) are growth arrested, with limited or no cell cycle 
progression and no caspase 3 activation. Since the phosphorylation status of serines 275, 285, 302, 319, 325, and 328 (>90% predicted 
probability of phosphorylation) is unknown in Rin cells expressing either Cx37-S321A or Cx37-S321D, we hypothesized that S321 requires 
interaction with one or more of these other serines to determine cell death or growth arrest phenotype. Results from 4 additional mutants 
were compared to test this hypothesis: Cx37-S321D-S6D6, Cx37-S321D-S6A6, Cx37-S321A-S6A6 Cx37-S321A-S6D6 (with the six additional 
serines mutated to alanine or aspartate). Regardless of the serine/alanine/aspartate status of the additional six serines, Rin cells induced 
to express Cx37 with alanine substitution at S321 were growth arrested and cells with aspartate substitution at S321 underwent cell death 
with activated caspase 3 evident. Importantly, a channel able to open is required for S321 to control phenotype. These data indicate that 
the S321 site is sufficient to determine the growth/death phenotype of Rin cells and suggest that S321 regulates channel function and/or 
structure to induce signaling events leading to growth arrest or cell death. 

10.- Connexin43 amplifies cerebral metabolite alteration due to Bisphenol A exposition. Chepied, Amandine1., Delhamrani, Dounia2., Turi, 
Laurence3., Mesnil, Marc1., Même, Sandra2., Defamie, Norah1. 1IP2C team, Université de Poitiers, CNRS ERL 7368, STIM lab. 2ISCV team, Université 
d´Orléans, CNRS UPR 4301, CBM. 3STIM lab, Université de Poitiers, CNRS ERL 7368. 

Bisphenol A ([4,4’-(propane-2,2-diyl)diphenol], BPA) is a molecule used in plastic manufacturing processes. This molecule is an endocrine 
disruptor acting like estrogens. Moreover, BPA is described as having harmful effects on reproduction and tumorigenesis. BPA lower doses 
exposition during pregnancy and lactation may generate cerebral development disorders. Cerebral concentrations of metabolites, like Glutamin, 
Creatin or Lactate for example, are modified with this exposition type. Preliminary studies have shown that BPA can inhibit Intercellular 
Gap Junction Communication by increase Connexin43 (Cx43) degradation process. Experimentally, wild type or Cx43 heterozygous mice 
were exposed to BPA (intraperitoneal injection of 20µg/kg/day BPA in sunflower oil or vehicle for control) during pregnancy and lactation 
(embryonic day 0 (E0) to day 21 after birth (P21))1. Weight gain and mortality have been determined between birth and natural death of mice 
according to sex and genotype. In parallel, to analyzing changes in brain structure and brain metabolites concentrations (Glutamate, Glutamine, 
Lactate…) of mice exposed to BPA, in vivo magnetic resonance imaging and spectroscopy (MRI and MRS) were realized. Moreover, histology 
(Hematoxylin-Eosin coloration) and functional (immunohistochemistry) studies on brain slices (40µm) were performed. Interestingly, our 
preliminary data suggested that Cx43 seems to be involved in metabolites concentrations alterations due to BPA exposition. 1Experimental 
protocols were approved by the French Animal Experimentation Ethic Committee N°84.     
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11.- SQSTM1/p62 regulates annular gap junction budding to promote Cx31 gap junction recycling.  

Chi, Jingwei2,1., Li, Li2., Dawei, Yang2., Zhang, Z2. 1The Affiliated Hospital Qingdao University. 2State Key Laboratory of Medical Genetics Central South 
University. 

Gap junctions, formed by connexins, play essential roles in development and tissue homeostasis. Mutations in connexins cause various 
monogenic human diseases. Gap junctions are highly dynamic structures with connexons continuously add to the edge of existing gap 
junctions and remove from the center by endocytosis. However, regulation of gap junction dynamics is still not fully understood. In the 
present study, we show that SQSTM1/p62 interacts with Cx31, localizes at Cx31 gap junctions and annular gap junctions, and promotes 
autophagic degradation Cx31 gap junctions. To our surprise, the p62 also regulates Cx31 gap junction recycling via controlling budding from 
the annular gap junctions. The results identify a novel function of p62 in regulating post-endocytotic dynamics of Cx31 gap junctions and 
reveal a molecular mechanism of Cx31 recycling. 

         

12.- Non-quantal release of acetylcholine prevents the expression of connexin hemichannels in denervated skeletal myofibers. Cisterna, 
Bruno1,2., Vargas, Anibal1,2., Puebla, Carlos 1,2., Cardozo, Christopher3., Sáez, Juan C.1,2. 1Ciencias Fisiológicas, Ciencias Biológicas, Pontificia Universidad 
Católica de Chile. 2Instituto Milenio, Centro Interdisciplinario de Neurociencias de Valparaíso Universidad de Valparaíso. 3Icahn School of Medicine at 
Mount Sinai Icahn School of Medicine at Mount Sinai. (Sponsored by Centro Interdisciplinario de Neurociencia de Valparaíso)

Several functions of skeletal muscles are controlled by the nervous system. Consequently, denervated muscles manifest atrophy, which is 
preceded by an increase in sarcolemma permeability. Recently, these changes have been related directly to de novo expression of connexins 
43 and 45 hemichannels (Cx HCs). However, the molecular mechanism by which the neuronal input down-regulates the Cx HC expression 
remains unknown. Here, we evaluated the possible role of different molecules released by nerve terminals; ATP, carbachol (acetylcholine 
analogue) and neurotrophins NGF/BDNF. To this end, we used primary adult mice myofibers that retains the nerve ending attached to the 
neuromuscular junction. At 48 hours in culture, this preparation shows an increase of sarcolemma permeability mediated by Cx HCs. This 
increase in sarcolemma permeability was prevented by carbachol, but was not affected by ATP or BDNF/NGF. Moreover, the functional 
expression of Cx HCs was advanced several hours by pancuronium, blocker of acetylcholine receptor. Since this preparation does not show 
action potentials or spontaneous contractions, we propose that down-regulation of Cx HC expression in normal skeletal muscles might be 
induced by non-quantal release of acetylcholine and thus should significantly prevent muscle atrophy.     
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13.- The Cx30.2 is expressed in the mouse exocrine pancreas. Coronel-Cruz, Cristina2,1., Hernández-Tellez, Beatriz1., Castell-Rodríguez, Andrés1., 
Pérez-Armendariz, E. Martha2,1., 1Departamento de Biología Celular y Tisular, Facultad de Medicina, Universidad Nacional Autónoma de México (UNAM), 
México, D.F. 04510, México. 2Unidad de Medicina Experimental, Facultad de Medicina, Universidad Nacional Autónoma de México (UNAM), México, D.F. 
04510, México. (Acknowledgments: To DGAPA-UNAM Grant No. IN224514)

We had previously identified the expression of Cx30.2 in rodent pancreatic islet endothelial vascular and insulin producing beta cells (Coronel-
Cruz, et al., 2013). In this study we investigated whether Cx30.2 is also expressed in blood vessels of the adult mouse exocrine pancreas. 
To achieve it, total RNA and total protein homogenates from mouse pancreas were isolated and analyzed by RT-PCR and Western blot 
(WB) studies using specific Cx30.2 probes. Cx30.2 cellular distribution was also investigated by immunohistochemistry (ICH).   Subcellular 
distribution of this connexin was also studied by double immunofluorescent (IF) labeling of adult pancreatic frozen sections using an antibody 
against the endothelial cell marker protein CD31 and anti-Cx30.2 and analyzed by confocal microscopy. Both Cx30.2 transcript and protein 
were identified by RT-PCR and WB studies in pancreatic preparations, respectively. Cx30.2-IF dots were found to co-localize with anti-
CD31 staining in vascular endothelial cells of the exocrine pancreatic tissue. Cx30.2 labeling was also found in capillaries and arteries as 
well as in veins by IHC. In addition, Cx30.2-IF dots were found located at cell membrane appositions of epithelial cells and muscle cells from 
interlobular and intra-lobular ducts as well as in intra-acinar regions. IHC studies confirm Cx30.2 distribution in medium and large ducts. In 
conclusion, here we demonstrate that Cx30.2 is another connexin abundantly expressed in both the exocrine pancreatic vascular and ductal 
cell compartment. The wide distribution of Cx30.2 in the pancreas suggests its relevant role for nutrient function. 

14.- Gap-junctional intercellular communication: a key factor in cellular resistance of rainbow trout gill cells to heavy metals? . Cronier, 
Laurent1., Didelot, Sandrine3., Clarhaut, Jonathan1., Cognard, Christian1., Bois, Patrick1., Norez, Caroline1., Imbert, Nathalie2., Geneau, Graziello3.  1STIM 
Laboratory ERL7368 CNRS University of Poitiers. 2LIENSs laboratory UMR 7266 CNRS University of La Rochelle. 3LIENSs laboratory UMR 7266 CNRS 
University of La Rochelle, IUT Department of Biology. (Sponsored by University of La Rochelle)

Due to their direct exposure to environmental water, teleost epithelial gill cells constitute the first and main target of aquatic pollutants. A 
heavy metal alteration of membrane integrity has been reported using a rainbow trout gill epithelial cell line (RTgill-W1). Previous studies 
demonstrated that primary rainbow trout gill cultures were able to communicate through gap junctions. In mammals, connexins have been 
shown to be sensitive to environmental contaminants. However, no data are available regarding the role of GJIC as a biomarker of pollutants 
effects in fish gills. In this context, we used RTgill-W1 cells to evaluate the effect of a 4 hours treatment with either cadmium 100 µM or 
mannitol 5% on GJIC. Preloading assay experiments were conducted using a double-labelling of RTgill-W1 cells with Vybrant Dil and calcein-
AM and a subsequent flow-cytometric analysis was performed. Moreover, toxic effects of cadmium and mannitol treatments were assessed 
through a Trypan Blue staining of necrotic cells. In our conditions, 13% of untreated gill cells appeared to communicate through gap junctions. 
Surprisingly, while a treatment with mannitol 5% decreased this ratio to 8%, cadmium increased the rate of coupled cells to 17%. However, 
cadmium treatment also induced a significant necrotic effect on RTgill-W1 cells. These preliminary data suggest that GJIC seems to provide a 
cellular resistance to aquatic contaminants. To further investigate the role of GJIC on metabolic activity and apoptosis of respiratory fish cells, 
the ratio of untreated coupled cells has to be experimentally increased. 
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15.- Modulation of the IH current enhances coincidence detection between electrically coupled neurons of the mesencephalic trigeminal 
(MesV) nucleus of the rat. Curti, Sebastian1., Davoine, Federico2.  1Physiology, School of Medicine, Universidad de la República. 2Electrical Engineering, 
School of Engineering, Universidad de la República. 

Gap junctions mediated electrical transmission endows neural networks with a variety of relevant properties like coincidence detection, which 
refers to the ability of neurons or circuits to selectively respond to temporally correlated (coincident) inputs as opposed to asynchronous 
depolarization. In fact, clusters of coupled cells tend to be strongly activated when they receive simultaneous inputs. Whereas the role 
of electrical coupling is well established, the contribution of the active electrophysiological properties and its modulation to the ability of 
circuits of coupled neurons to detect coincident inputs is not so well understood. Here we show that simultaneous depolarization of pairs of 
coupled MesV neurons produce strong repetitive discharges as opposed to when they are independently activated. The degree of coincidence 
detection quantified as the difference in the number of spikes when cells are simultaneously and independently activated, depends on both 
coupling coefficient and the excitability of coupled cells. Consistently, modulation of the IH current by cGMP produces a dramatic increase 
in neuronal excitability as well as on the degree of coincidence detection. cGMP induces a depolarization of the half activation voltage, an 
increase of the maximal conductance and a reduction of the activation time constant of this current. Computer simulations show that these 
modulatory changes are enough to account for the increase in excitability and coincidence detection. In conclusion, modulation of a single 
voltage-dependent membrane current is capable to enhance the ability of networks of coupled cells to discriminate between inputs based 
on the timing of their arrival. Funding: CSIC-UdelaR-Uruguay. 

16.- Starvation induces autophagy-mediated degradation of Cx43 and limits intercellular communication in bovine corneal endothelial 
cells. D´hondt, Catheleyne2., Iyyathurai, Jegan2., Himpens, Bernard2., Leybaert, Luc1.,  Bultynck, Geert2. 1Physiology Section, Medicine, Ghent University. 
2Cellular and Molecular Medicine, Medicine, KU Leuven. 

Recent evidence produced by other laboratories indicated that different connexin isoforms, including Cx43, are degraded by the lysosomal 
turn-over pathway, autophagy. We here studied the turn-over of endogenous Cx43 proteins, both as gap junctions and hemichannels, in 
response to starvation, a typical autophagy trigger, in primary bovine corneal endothelial cells. We found that nutrient starvation induced 
a time-dependent decline in the Cx43-protein levels. This correlated with a time-dependent decline in mechanical stimulation-induced 
intercellular Ca2+-wave propagation. At the protein level, we also performed cell-surface-biotinylation experiments on primary BCECs to 
assess the gap junction fraction (flow through fraction) and hemichannel fraction (eluted fraction). Starvation caused a decrease in both the 
Cx43 gap junctions and hemichannels. Importantly, the time-dependent decline in Cx43 protein and function correlated with the increase in 
autophagic flux, evident from an increase in LC3-II levels. Next, we blocked autophagy by adding Bafilomycin A for the complete starvation 
period, which prevented the starvation-induced decline of p62 levels. Bafilomycin A prevented the decline in Cx43-protein levels, both as 
gap junctions and as hemichannels. Consistent with this, we found that Bafilomycin A could restore the decline in Cx43-based intercellular 
communication in primary BCECs, using a single-cell mechanical stimulation-induced intercellular Ca2+-wave propagation and EGTA-induced 
dye uptake. These data indicate that starvation triggers the lysosomal degradation of endogenous Cx43 proteins, both as gap junctions and 
hemichannels, thereby suppressing Cx43-based intercellular communication in primary BCECs. 

(This work was supported by Grants of The Research Foundation - Flanders (FWO))
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17.- Unravelling the mechanisms causing astrocytic uncoupling in epileptic hippocampus. Deshpande, Tushar1., Bedner, Peter1., Steinhäuser, 
Christian1. 1Institute of Cellular Neurosciences University of Bonn. 

Astrocytes are connected to each other by gap junctions composed mainly of Connexin43 (Cx43) and Connexin30 (Cx30). These networks 
have been proposed to counteract epileptic activity by facilitating extracellular potassium and glutamate removal. Recently, we got evidence 
that 1) astrocytic coupling is lacking in the sclerotic hippocampus, both in human and experimental epilepsy, and 2) astrocytic uncoupling is a 
very early event in the process of epileptogensis, indicating that it is causative and not merely a consequence of the disorder. An experimental 
model of epilepsy involving intracortical injection of kainate in mouse was employed to investigate underlying mechanisms. First we checked 
the expression of Cx43 protein and revealed that it was not reduced at any of the time points studied despite of reduced coupling. This indicates 
a role of post translational modification. Indeed we found that phosphorylated forms of Cx43 were elevated throughout all three time points. 
Surprisingly, at 3 months after kainate injection, expression of phosphorylated and non-phosphorylated Cx43 was enhanced. Protein levels 
of Cx30, which has a smaller contribution to overall coupling (20%), is reduced at 4 hr after kainate injection. However, Cx30 expression is 
enhanced after 5 days and after 3 months. Understanding of how these changes in protein expression relate to the observed loss of coupling 
is the next step in our research. We will study the subcellular distribution and phosphorylation of Cx43 in hippocampal specimens of epileptic 
patients. The long-term objective of the project is to identify new pharmacological targets to prevent /rescue astrocytic uncoupling. 

(This project is supported by DFG (STE 552/3), The EU (EuroEPINOMICS) and DAAD (A/08/92536))

18.- Connexin-43 as a target of melatonin against low potassium induced arrhythmias.  Diez, Emiliano1., Benova , Tamara2., Prado, Natalia3., 
Lipták , Boris4., Viczenczová, Csilla2., Miatello, Roberto3., Bacová, Barbara2., Tribulova , Narcis 2. 1Instituto de Fisiología, Facultad de Ciencias Médicas, 
Universidad Nacional de Cuyo. 2Institute for Heart Research Slovak Academy of Sciences. 3IMBECU CONICET. 4Institute of Experimental Pharmacology 
and Toxicology Slovak Academy of Sciences. 

Melatonin prevents alterations in the gap junction channels formed by connexin-43 (Cx43) rendering the heart more resistant to electrically-
induced ventricular fibrillation (VF) but its properties in others arrhythmogenic scenarios like hypokalemia remain unknouwn. We hypothesized 
that melatonin may protect against low potassium induced VF in part by affecting Cx43. Isolated rat hearts underwent 10 min of Krebs-
Henseleit  (4.5 mMol/L of K+) perfusion followed by low potassium perfusion (1 mMol/L) in the absence or presence of 100 µM melatonin. 
Low potassium was maintained 25 min unless VF occurred earlier. Two min VF was followed by 25 min normokalemic perfusion. ECG and 
heart function were registered and analyzed using BiolabF software. Samples for western blot and immunofluorescence were taken after: 
stabilization, 5 min of low potassium perfusion, two min VF and, 25 min of normokalemic perfusion. Melatonin reduced the incidence of low 
K+-induced VF from 100% in controls (13/13) to 67% (8/12) (P=0.0391), delayed the occurrence of VF from 7 min (5-12 IQR) to 12 min (9-25 
IQR) (P=0.041) and resulted in a faster recovery of sinus rhythm restitution (P=0.047). Transient arrhythmias, ECG parameters (heart rate, 
PR and QT intervals) and left ventricle developed pressure were no different among groups. The levels of total Cx43 were not changed by 
melatonin, however, treatment prevented dephosphorylation (confirmed by specific antibody against unphosphorilated Cx43) and abnormal 
topology (lateralization) of Cx43. Our results suggest that acute melatonin protects against low potassium induced VF in part by preventing 
acute changes in connexin-43. 
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19.- Connexin45 expression and localization in the human colon: gene and protein expression in Crohn’s disease and ulcerative colitis. 
Diezmos, Erica1., Chahrour, Saira1., Sandow, Shaun1,2., Bertrand, Paul3., Liu, Lu1. 1 Department of Pharmacology, School of Medical Sciences, Faculty 
of Medicine, University of New South Wales Australia. 2Faculty of Science, Health, Education and Engineering University of the Sunshine Coast, 
Maroochydoore DC, QLD. 3School of Medical Sciences RMIT University, Bundoora, VIC, Australia. 

Connexin45 (Cx45) forms intercellular gap junctions, and hemichannels that mediate intercellular communication. Limited studies have 
investigated Cx45 in the human intestine, and the function of Cx45 in the gut is completely unknown, but it may contribute to ATP release and 
signalling. Here we examined the expression and localization of Cx45 in the human colon, and determined if alterations occur in inflammatory 
bowel disease (IBD). Cx45 immunohistochemistry was conducted on cross-sections of intact control, Crohn’s disease (CD) and ulcerative 
colitis (UC) colon specimens. Tissues were separated into mucosa and muscularis layers for determining Cx45 gene and protein expression 
using quantitative real-time PCR and Western blot, respectively. Cx45-immunoreactivity (IR) was localized to the mucosa, particularly on the 
cell membrane of epithelial cells and mucosal crypts. Cx45-IR was also observed on the endothelium of blood vessels and cells within enteric 
ganglia. Disease specimens exhibited damage to the mucosa and Cx45-IR appeared weaker than control. Changes in Cx45 mRNA and protein 
were observed in CD and UC as shown in the table: 

  

Data expressed as fold changes relative to control; (↓), down-regulation; (↑), upregulation; *P<0.05, **P<0.01, ***P<0.001, Mann-Whitney test.   

The reduction of Cx45 protein in CD and UC mucosa supports the immunohistochemistry studies and suggests that Cx45 may be involved 
in disease pathophysiology. Localization in the myenteric ganglia and altered Cx45 expression in muscularis may explain the dysmotility 
associated with IBD. (Funded by NHMRC of Australia). 

20.- Regulation of gap junction hemichannels in GFSHR-17 granulosa cells by purinergic receptors. Dilger, Nadine1., Bintig, Willem2., 
Ngezahayo, Anaclet1. 1Institute of Biophysics Leibniz University Hannover, Germany. 2Cluster of Excellence NeuroCure Charité Berlin, Germany. 
The rat granulosa cell line GFSHR-17 was used as an in vitro model to study the physiology of follicular maturation. Whole-cell patch-clamp 
experiments showed a resting membrane potential of about -30 mV in the GFSHR-17 cells. The stimulation of the cells with ATP induced a 
transient increase of the intracellular Ca2+ concentration, which was followed by a transient hyperpolarisation of the cells. The Ca2+ increase, 
as well as the electrical response, were also induced by UTP and did not need external Ca2+. The reactions could be suppressed by inhibitors of 
the IP3 cascade, such as U73122 or 2-APB. The results suggest that the cells express P2Y receptors. Western blotting experiments showed 
that P2Y2 and 4 were indeed expressed. The stimulation of these P2Y receptors induced the Ca2+ release, which blocked the ion permeability of 
the membrane unspecifically, leading to a hyperpolarisation of the cells. The unspecific ion permeability was also found as strong outward 
and low inward currents, which were evoked by application of voltage pulses between –120 mV and 90 mV. The currents were suppressed 
by the non-specific gap junction inhibitor carbenoxolone (CBX) as well as the connexin43 specific mimetic peptide 43Gap26. Moreover CBX 
hyperpolarised the cells to up to -70 mV while the knockdown of Cx43, using Cx43 specific shRNA, pushed the resting membrane potential to 
-45 mV. Taken together, the results suggest that granulosa cells in maturing follicles express gap junction hemichannels, which are modulated 
by the P2Y2 and 4 receptors via regulation of Ca2+ release. 

Cx45 mRNA
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Cx45 protein
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21.- Exploring the membrane potential of a simple dual membrane system by using a constant electric field. Escalona, Yerko1., Garate, Jose 
A1,2. & Pérez-Acle, Tomás1,2. 1Computational Biology Lab (DLab), Fundación Ciencia & Vida, Santiago, Chile. 2Centro Inderdisciplinario de Neurociencias 
de Valparaiso (CINV), Valparaíso, Chile

Connexins (Cxs) constitute Gap Junction Channels (GJCs). GJCs connect the cytoplasm of adjacent cells providing a hydrophilic path between 
cells that allow the movement, by passive diffusion, of water, cations and small molecules. The opening and closing of GJCs is dependent on 
the voltage difference between the apposed cells and/or the membrane potential. An approach to understand the voltage gating mechanisms 
of GJCs is to study a simplified system that can account for the basic features of a GJC. In this work, we have devised a series of simple 
systems bearing in mind that idea. The systems here presented are: i) a dual membrane, ii) a dual membrane with a pore on each membrane, 
iii) a dual membrane with a channel connecting both membranes and iv) a dual membrane with a channel having explicit charges inside. In all 
cases, membrane and pore were built solely with carbon atoms. Both equilibrium and non-equilibrium MD simulations were performed in all 
systems. Non-equilibrium simulations were produced by applying a uniform external electric field in order to produce a potential difference 
across the membranes. We then performed detailed analyses of the electrostatic potential, ionic current and the potential of mean force of 
an ion through the system pores. This study provided important insights regarding the behavior of the electrostatic potential and ion currents 
inside simple dual membrane systems with or without a connecting channel, and will be useful in understanding of the voltage effects and 
ion transport mechanisms of GJCs. 

22.- Expression of connexin hemichannels by skeletal muscles is an early response of streptozotocin-induced diabetes that worsens 
the development of the disease. Escamilla-Hernández, R1,3., Cea, Luis2., Hernández, Romina1.,Velarde, Victoria1., Sáez, Juan1,3. 1Fisiología Pontificia 
Universidad Católica de Chile. 2Medicina Universidad de Chile. 3Centro Interdisciplinario de Neurociencias de Valparaíso Universidad de Valparaíso. 

Diabetes is a condition characterized by high glycemia that lead to generalized inflammatory response and deterioration of diverse organs, 
including skeletal muscles. In general, glycemia is directly related to tissue deterioration. Moreover, we recently found that skeletal muscles 
express connexin (Cx) hemichannels under several pathological conditions that lead to atrophy.  Therefore, we studied if skeletal muscles of 
diabetic animals express Cxs and if they play a role in the development of the disease. We used adult Sprague-Dawley rats and C57B6 (WT) 
and skeletal muscle specific Cx43/Cx45 KO mice. Animals were treated with streptozotocin and glycemia was evaluated during the length of 
the experiment. The hemichannel activity was evaluated in freshly isolated myofibers using the ethidium (Etd+) uptake technique. In rats, high 
Cx hemichannel activity was evident as early as two days after streptozotocin administration and remained high for the following 4 months. 
The Etd+ uptake was null in myofibers of control rats and was completely blocked by La3+ (200 µM), a Cx hemichannel blocker, in myofibers 
from diabetic rats.  In one month diabetic mice lacking Cx43 and Cx45 expression in skeletal muscles, glycemia was significantly lower than in 
WT diabetic mice. Moreover, Etd+ uptake of WT muscles from diabetic mice was significantly higher than that of double Cx KO diabetic mice. 
We propose that muscle atrophy associated to diabetes is mediated by Cx hemichannels. Since skeletal muscles correspond to ~50% of the 
body mass this tissue could be a critical player in the deterioration of other organs. 
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23.- Relation between Cx46 and resistance to hypoxia. Espinoza, Claudia1., Sepúlveda, Leonardo1., Zlosilo, Tamara1., Retamal, Mauricio1.  1Centro 
de Fisiología Celular e Integrativa, Facultad de Medicina, Universidad del Desarrollo. (Sponsored by Proyecto Fondecyt 1120214 and Anillo ACT 1104)

Connexins are transmembrane proteins that when get together form a hemichannels (HCs). HCs can be found as “free HCs” on the cellular 
membrane, connecting the intra and extracellular space. They can also be found forming part of gap junctions, being an important part of 
intercellular communication. There are certain mechanisms that modulate the opening and closing of HCs, for example: high extracellular 
calcium concentrations close them. Previous studies show that highly hypoxic tissues, like solid tumors before vasculogenesis takes place, 
expressed connexin46 (Cx46) which seems to protect them from hypoxia. Our main objective was to test the relationship between the 
amount of ARNm expressed for Cx46 and the behavior of cells in hypoxic conditions. Were used two cellular lines with different expression 
of ARNm for Cx46; MCF7 (low levels) and SKOV3 (high levels) and we looked for a correlation between the amount of ARNm for Cx46 and 
the behavior of these cells in hypoxic conditions. We used a hypoxia chamber and put the cells in there for 1, 3 and 24 hours. We found 
that exposing cells to hypoxia for 24 hours didn’t produced significant alterations in their morphology. Dye uptake experiments showed a 
direct relation between the time of exposure to hypoxia and the rate of dye uptake. The relevance of our work relays on the importance of 
understanding the mechanisms that allow cancerogenic cells to be resistant to hypoxia before vasculogenesis. 

24.- Modeling Cx43-linked pathologies in the human context. Esseltine, Jessica1., Shao, Qing1., Huang, Tao1., Kelly, John1., Sampson, Jacinda2., 
Laird, Dale1. 1Anatomy and Cell Biology, Schulich school of medicine and dentistry, The University of Western Ontario. 2Department of Neurology 
Columbia University Medical Center. 

For nearly a decade our laboratory has been investigating the link between over 70 GJA1 gene (Cx43) mutations and Oculodentodigital 
dysplasia (ODDD) by expressing disease linked mutants in reference cells, tissue-relevant cell lines, 3 dimensional organ cultures and by 
using genetically-modified mouse models of human disease. While salient features of Cx43 mutants have been revealed, these models do 
not necessarily reflect the complexity of the human context. To further overcome these limitations we have acquired dermal fibroblasts from 
five ODDD-affected individuals featuring a variety of mutations in Cx43, along with two familial controls. We show here that these dermal 
fibroblasts all produce less Cx43 than unaffected subjects and are variably coupled. Importantly, dermal fibroblasts from patients have 
reprogrammed their gene expression signature by expressing unusually high levels of extracellular matrix proteins that include collagen-I, 
integrina5b1, MMP-1 and MMP-2. Since the skin rarely exhibits clinical anomalies in ODDD patients, we are in the process of reprogramming 
ODDD-linked dermal fibroblasts into induced pluripotent stem cells (iPSCs) through the introduction of Oct4, Sox2, Klf4 and c-Myc.  These 
iPSCs will be differentiated toward mesenchymal lineages in which clinical features of ODDD often manifest, specifically chondrocytes and 
osteoblasts.   Finally, we intend to utilize the CRISPR/Cas9 system of gene editing to reverse the single point mutations in these newly 
derived iPSCs in an attempt to correct the altered gene programming and changes in cellular phenotype caused by the disease linked Cx43 
gene mutations.  

(Supported by The CIHR to D.W.L.)
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25.- Lens epithelial cell line HLE-B3 express functional hemichannels sensitive to linoleic acid. Figueroa, Vania A., Oliva, Carolina A., Retamal, 
Mauricio A. Centro de Fisiología Celular e Integrativa, Facultad de Medicina, Clínica Alemana-Universidad del Desarrollo, Santiago, Chile.

The connexin (Cx) hemichannels (HC) mediated communication between the cell and its external environment. Under physiological conditions, 
they show a low open probability, but under pathological conditions can be opened more frequently causing massive flow of ions and small 
molecules that can affect cell viability. Cxs expressed in human lens are essential to maintain its transparency, since mutations in genes coding 
for Cx46 and Cx50, are linked to cataract formation. However, non-congenital cataracts may result from high intake of polyunsaturated fatty 
acids (PUFAs), such as linoleic acid (ω-6LA). The human lens epithelial cell line HLE-B3 has been used as in vitro model for study of human 
lens pathophysiology. Here, we examined the characteristics of HCs endogenously expressed in HLE-B3 cells and the effect of ω-6LA on 
HC functional state. We found, that these cells express Cx43, Cx46 and Cx50 that form functional HC, which open in response to reduction 
of extracellular Ca2+ and Mg2+ and also during plasma membrane depolarization. The HC activity (measured by dye uptake technique) was 
increased by extracellular application of ω-6LA and inhibited by HC blockers. Consistently with these results, ω-6LA increased the membrane 
current mediated by these HC, measured by whole-cell patch clamp. The HC opening induced by ω-6LA was accompanied by intracellular 
increments of free-Ca2+ and Akt kinase activation. Altogether, our results indicate that the HLE-B3 provides a useful model for studying the 
effect of PUFAs on HCs activity and its role in lens physiology and pathology. 

(Acknowledgments: Fondecyt-1120214, Anillo-ACT1104 (to M.A.R.) and Fondecyt-3130577 (to V.F.))

26.- Pannexin and purinergic signaling in fibroblast migration and dermal regeneration. Flores, Carolina1., Vasquéz, Jacqueline1., Maripillán, 
Jaime1., Egaña, Tomás2., Brown, Donald3., Martínez, Agustín D.1. 1Centro Interdisciplinario de Neurociencia de Valparaíso, Facultad de Ciencias, 
Universidad de Valparaíso. 2Department of Plastic and Hand Surgery, Faculty of Medicine, Germany, University of Lübeck. 3Departamento de Biología, 
Facultad de Ciencias, Valparaíso, Chile, Universidad de Valparaíso. 

Healing of skin wound could be positively or negatively affected by alterations in the intercellular communication through gap junctions 
(GJIC) or hemichannels (HCs) formed by connexin and pannexin protein subunits. One of the most critic processes during wound healing is 
the migration of fibroblast in the immflamatory and proliferative phases of healing. Therefore we studied the effects of the lack of Panx1 or 
its specific inhibition by pharmacologic agents on the migration of mouse and human fibroblast in in vitro migration assay (wound healing), 
and in single cell mobility assay. In addition, we performed in vivo studies using artificial scaffolds, as skin substitute, to analyze the role of 
hemichannels in skin healing. We found that inhibition or lack of Panx1 significantly increase cell mobility and accelerate wound healing. 
Moreover, our results suggest an association between purinergic receptor P2X7 and the Panxs activity in slowing down fibroblast migration. 
On the other hand, in artificial skin scaffolds, the Panxs blockers caused acceleration in the migration of skin cells to the scaffolds, including 
fibroblast, but reducing the migration of immflamatory cells. These studies indicate that Panxs have a role in fibroblast migration of the 
skin by activation of cellular mechanisms depending on ATP paracrine signaling that favor migration of inflammatory cells but slows down 
migration of fibroblast and other skin cells during skin regeneration. 

(Sponsored by ANILLO-ACT1104, FONDECYT-1130855 and Centro Interdisciplinario de Neurociencia de Valparaíso, a Chilean Millennium Institute 
(P09-022-F))
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27.- EGF induces efficient gap junction endocytosis in mouse embryonic stem cell colonies via PKC and MAPK-mediated phosphorylation 
of Connexin 43. Fong, John T1., Falk, Matthias  M 1. 1Biological Sciences, Arts and Sciences, Lehigh University

Gap junctions (GJ) traverse apposing membranes of neighboring cells to mediate intercellular communication by passive diffusion of signaling 
molecules.  We have shown previously that cells endocytose GJs utilizing the clathrin machinery.  GJ endocytosis generates cytoplasmic double-
membrane vesicles termed annular gap junctions (AGJs) or connexosomes.  However, the signaling pathways and protein modifications that 
trigger GJ endocytosis are largely unknown.  Here we report that treating mouse embryonic stem cell colonies - endogenously expressing 
the GJ protein connexin43 (Cx43) - with epidermal growth factor (EGF) inhibited intercellular communication by 64% and activated both, 
MAPK and PKC signaling cascades to phosphorylate Cx43 on serines 262, 279/282, and 368.  Upon EGF treatment Cx43 phosphorylation 
transiently increased up to 4 fold and induced efficient (66.4%) GJ endocytosis, as was evidenced by a 5.9 fold increase in Cx43/clathrin co-
precipitation. Blocking kinase activity prevented GJ internalization.   Taken together, our results indicate that growth factors, such as EGF 
activate a hierarchical kinase program, including MAPK and PKC that induces GJ internalization via sequential phosphorylation of well-known 
regulatory amino acid residues located in the Cx43 C-terminal tail. 

(Acknowledgements: NIH-NIGMS Grant GM55725-12)

28.- Promoting oligodendrocyte cell replacement through development of estrogenic compounds to modulate endogenous Cx32 
expression. Fowler, Stephanie1., McLean, Ashleigh1., Taylor, Graeme1., Durst, Tony2., Bennett, Steffany1.  1BMI, Medicine, University of Ottawa. 
2Chemistry, Science, University of Ottawa. 

Gap junctions are trans-membrane channels that form intercellular conduits to pass trophic metabolites amongst coupled cells, to more 
distant cell populations via paracrine signaling, and within cells via transient intracellular protein-protein interactions.   Twelve connexin 
family members are expressed in the CNS, and their properly timed expression patterns control neural and glial progenitor cell fate decisions.  
In particular, Connexin32 (Cx32) expression restricts the fate of oligodendrocyte progenitor cells (OPCs) to mature oligodendrocytes.   We 
show here that Cx32, but not Cx29, Cx30, Cx36, Cx45, and Cx47 is regulated by progesterone and β-estradiol in the hippocampus in both 
intact females and ovariectomized females subjected to hormonal replacement.  We found that Cx32 mRNA levels increase in response to 
progesterone, but not β-estradiol, and that β-estradiol increases Cx32 protein levels.  In context with our aim of promoting remyelinating 
oligodendrocyte replacement in Multiple Sclerosis, epilepsy, and demyelinating neuropsychiatric disorders, our therapeutic approach involves 
designing synthetic estrogen analogs that differentially interact with four cogent receptor subtypes associated with remyelination: (1) 
estrogen receptor α (ERα), (2) ERβ, (3) ER-X, and (4) G-protein coupled ER1 (GPER or GPR30).  In hippocampus, ERβ and GPER predominate, 
and 17-β-estradiol is known to activate both receptor subtypes. We are using an extensive library of synthetic estrogens to deconvolve 
estrogenic remyelinating therapeutics targeting Cx32.  Data to date indicate that mono- or polyfluorinated ring derivatives are more effective 
than the 17-β-estradiol parent compound at elevating Cx32 mRNA and protein levels in murine hippocampus, and will be prioritized for use 
in oligodendrocyte replacement and survival assays.  
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29.- Characterization of innexins in circadian pacemaker neurons of Drosophila melanogaster. 

Fritz, E.1., Fernandez, Paola1., Vargas, Anibal1., Campusano, Jorge2., Sáez, Juan 1. 1Fisiología, Ciencias Biológicas, Pontificia Universidad Católica de Chile. 
2Biología celular y molecular, Ciencias Biológicas, Pontificia Universidad Católica de Chile. 

Introduction: Innexins, functional analogs to connexins in invertebrates, form gap junctions (GJs = electrical synapsis) and hemichannels 
(HCs), which are fundamental for cell-cell communication during development as well as normal functioning of the nervous system during 
adulthood. In Drosophila melanogaster, seven out of the eight innexin-encoding loci are expressed in the nervous system. However, no 
extensive study has been performed to determine their functional or genic expression in neuronal sub-populations. Based on the importance 
of the conserved nature of circadian rhythms across all species, we analyzed innexin expression and activity in circadian peacemaker neurons 
in adult Drosophila melanogaster.  Materials and Methods: To measure innexin expression, single cell mRNA extraction and RT-PCR was 
performed in ventral lateral GFP-expressing PDF-positive (GFP-PDF+) neurons. HC activity was measured by etidium bromide and DAPI 
uptake. Results: The RNAs of innexins 1, 2, 3, 5, 7 and 8 were detected in ventral lateral neurons. In addition, cultured GFP:PDF+ neurons were 
found to present HC activity upon  exposure to extracellular solution free of divalent cations and was inhibited by La+3, a HC activity inhibitor. 
Discussion: Our data indicates that ventral lateral PDF+ neurons of Drosophila melanogaster express functional innexins-based channles and 
GJCs and HCs. Our projections involve knock down with siRNA to determine the identity of functional innexin channels in these neurons.   

30.- Angiotensin II-induced kidney disease is associated to increase Connexin-43 and Pannexin-1 levels and opposite functional regulation 
of hemichannels and gap junction channels in mesangial cells. Gómez, Gonzalo1., Velarde, Victoria1., Sáez, Juan Carlos1,2.  1Departamento de 
Fisiología, Ciencias Biológicas, Pontificia Universidad Católica de Chile. 2Departamento de Neurociencias Instituto Interdisciplinario de Neurociencias 
de Valparaíso.

Chronic kidney disease (CKD) is a life-threatening condition characterized by progressive and irreversible loss of renal functions. Because 
renal functions must be finely regulated, it is conceivable that cellular communication via gap junctions (GJs) and hemichannels (HCs) 
formed by connexins (Cxs) or pannexins (Panxs) could play important roles in this organ. Cx43 levels are known to vary in different models 
of renal damage. However, information on the presence of Panx1 and its possible function role in normal and damaged renal tissue have 
not been reported. Thus, we propose that “Angiotensin(AII) increases Cx43 and Panx1 levels and regulate inversely Cx43/Panx1HCs and Cx43GJs 
in mesangial cells”. Mesangial cells of the cell line from rat MES13 in culture were used to evaluate the effects of AII on HC functional state 
(uptake of ethidium bromide: EthBr) and were acutely inhibited by Cx /Panx1 HC blockers. The functional state of GJs was evaluated using 
the dye transfer technique. Relative levels of Cx43 and Panx1 (Western blot and immunofluorescence analysis) and mRNAs (RT-PCR) were 
also evaluated. AII enhanced EthBr uptake rate and a decreased dye transfer at different times, with the greatest effect at 72 h. At this time, 
blockers of Cx and Panx HCs reduced partially the EthBr uptake rate, but almost complete inhibition was found when both blockers were 
applied simultaneously. In these cells, protein and mRNA levels of Cx43 and Panx1 were significantly increased. Therefore, AII oppositely 
regulates the functional state of HCs and GJs in mesangial cells, which might contribute to CKD. 

(Sponsored by Conicyt Grant #21120081)



Valparaíso / Chile          March 28th - April 2nd 2015

61

31.- Angiotensin (1-7) induces adipogenesis and down regulation of Cx43 in 3T3-L1 cell line; possible role of p38 and focal adhesion 
kinase. Gonzalez-Casanova, J1., Rojas-Gomez, D2., Martinez, AD2., Dhein, S1. 1Cardiac Surgery, Heart Center. University of Leipzig, Leipzig, Germany. 
2Centro Interdisciplinario de Neurociencia, Valparaíso, Chile, Universidad de Valparaiso. 

Rising obesity rates and its relation with other chronic pathologies has given urgency to find therapeutic solutions different from the restriction 
of caloric intake and/or the introduction of lifestyle changes. Pre-adipocytes and adipocytes express Ang II and Ang (1–7) receptors (AT1, AT2 

and Mas receptors, respectively). Ang (1–7)-receptor activation promotes adipogenesis and antagonizes the antiadipogenic effect of AngII-
AT1 activation. However, the role of Ang (1-7) on Cx43 expression and gap-junctional intercellular communication (GJIC) during adipogenesis is 
still not clear. Our results showed that Ang (1-7) stimulated adipogenesis as evidenced by increased Oil Red O staining and the expression of 
adipogenic transcriptional factors (PPARγ, FAS and ACC) in 3T3-L1 cells. Moreover, application of Ang(1–7) during differentiation diminished 
Cx43 expression in a dose-dependent manner.  The addition of A779 (specific Mas receptor antagonist), significantly reduced the stimulatory 
actions of Ang (1–7) on adipogenesis and Cx43-expression.  Ang (1-7) induced activation of p38 and inhibition of FAK. Treatment of SB203580 
(a specific inhibitor of p38) inhibited the adipogenic differentiation of 3T3-L1 cells and produced an inhibition of the effect of Ang (1-7) on 
Cx43 down-regulation. Moreover, treatment with PF573228 (a specific inhibitor of FAK) increased the differentiation and down regulated 
Cx43-expression. These findings showed that the Ang (1-7) down regulated cx43-expression during adipogenesis on 3T3-L1 cells and also 
p38 and FAK are essential for the regulation of Ang(1–7)-Mas signaling on adipogenesis. 

(Work Supported by FONDECYT 1130855 And ANILLO-ACT1104 to ADM. The Centro Interdisciplinario de Neurociencias de Valparaíso is a Chilean 
Millennium Institute (P09-022-F))

32.- Pannexin1 channels in smooth muscle cells are proximal to sympathetic nerves. Good, Miranda1., Patel, Rahul1., Mintz, Ellen1., Begandt, 
Daniela1., DeLalio, Leon1,2., Riveire, Thibaud1., Weaver, Rachel1., Li, Chen2., Patel, Manoj3., Isakson, Brant1,4.  1Cardiovascular Research Center University 
of Virginia. 2Department of Pharmacology University of Virginia. 3Department of Anesthesiology University of Virginia. 4Department of Molecular 
Physiology and Biophysics University of Virginia. 

It has recently been demonstrated that the nucleotide-release pannexin 1 (Panx1) channel in smooth muscle cells of resistance arteries is 
critical for α1-adrenergic mediated vasoconstriction (Billaud et al, Circ Res 2011; Billaud et al, Science Signaling 2015).  It remained unresolved 
whether Panx1 was the only ATP-release mechanism in that compartmentalized space.   We used confocal microscopy on third order 
mesenteric arteries and thoracodorsal arteries to identify the localization of sympathetic nerves and either Panx1 channels, α1-adrenergic 
receptors, connexin 43 or vesicular nucleotide transporter (VNUT).  We determined the Panx1 channels and α1-adrenergic receptors were 
in significantly greater proximity to sympathetic nerve terminals than connexin 43 or VNUT in both types of resistance arteries.  Cx43 was 
localized to aortic smooth muscle and VNUT to pancreatic cells, both as previously demonstrated, indicating the specificity of the antibodies.  
Lastly, proximity ligation assays determined α1-adrenergic receptors and Panx1 were together at the sympathetic nerve terminals.  These 
observations suggest Panx1 is an important source of ATP release in close proximity to α1-adrenergic receptors and the sympathetic nerve 
innervation of smooth muscle.  

(This work was supported by National Institutes of Health grants HL088554, HL120840, and HL007284)    
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33.- Impaired recovery of ischemic hindlimb perfusion and function in female Cx40-/- mice does not reflect excessive acute inflammation 
nor estrogen levels. Good, Miranda1,2., Querin, Lauren2., Barendrick, Lindsay2., Oulton, Jeremy2., Munger, Stephanie2., Angelov, Stoyan2., Burt, Janis2. 
1Cardiovascular Research Center University of Virginia. 2Department of Physiology University of Arizona. 

Cx40-/- mice have significantly impaired recovery of ischemic hindlimb perfusion and function, with acute inflammation and female gender 
negative indicators of outcome. Infiltration of activated neutrophils 8 and 24 hours after induction of mild ischemia was increased in Cx40-

/- mice compared to wildtype (WT) mice. In contrast, the number of activated macrophages was significantly increased only in Cx40-/- mice 
and only 14 days post-ischemic injury. To determine whether increased neutrophil infiltration was causal in impaired post-ischemic hindlimb 
recovery, we depleted mice of circulating neutrophils prior to and during the induction of hindlimb ischemia. Neutrophil depletion did not 
improve recovery of the hindlimb of  WT or Cx40-/- mice. Since hindlimb recovery following induction of mild or severe ischemia was reduced 
in female compared to male WT and Cx40-/- mice, we determined whether 4-vinylcyclohexene diepoxide (VCD)-induced ovarian failure 
(menopause) would improve post-ischemic hindlimb recovery in female mice. Recovery of hindlimb perfusion following severe ischemia 
was enhanced in menopausal compared to cycling WT mice but not Cx40-/- mice and necrotic tissue area was increased in menopausal 
compared to cycling Cx40-/- mice. Together our data suggest that although Cx40-/- mice have an excessive and prolonged ischemia-induced 
inflammatory response, depletion of neutrophils does not improve recovery of ischemic hindlimb perfusion or function. Additionally, although 
ovarian failure (menopause) improves hindlimb recovery in WT mice it does not improve recovery in Cx40-/- mice, suggesting an estrogen-
dependent protective effect that is lost when Cx40 is deleted. 

(Funding: HL058732,HL007249,Sarver Heart Center Grant (University of Arizona)). 

34.- Over-expression of Connexin-43 reduces human melanoma proliferative and metastatic capacity. Guerrero, Israel1., Tempio, Fabian1., 
Avalos, Ignacio1., Lillo, Fernando1., Gleisner, Alejandra1., López, Mercedes1., Mendoza-Naranjo, Ariadna2., Tittarelli, Andrés1., Salazar-Onfray, Flavio1. 
1Institute of Biomedical Sciences, Medicine, Universidad de Chile. 2Immunology, UCL Cancer Institute, University College London. 

Introduction: Alterations in Connexin-43 (Cx43) expression, the most ubiquitously expressed gap junction (GJ) protein, and/or in GJ-mediated 
intercellular communications are implicated in cancer pathogenesis. Herein, we have investigated the role of Cx43 on human melanoma cell 
proliferation and apoptosis sensitivity in vitro, as well as on the metastatic capability and tumour growth in vivo. Methods: Cx43 expression 
levels, GJ-coupling function, and the proliferation rate in four different human melanoma cell lines were evaluated. The melanoma cell line 
FMS was stably transfected to over-express Cx43, and then evaluated as described above. Finally, growth and lung metastasis of high/low 
Cx43-expressing FMS were evaluated in vivo in xenotransplant immunodeficient mice. Results: Cx43 expression correlates with GJ-coupling 
in human melanoma cell lines. The specific inhibition of Cx43 channel activity accelerates melanoma cell proliferation, while overexpression 
of Cx43 increases GJ-coupling and reduces cell proliferation. Moreover, Cx43 overexpression in FMS cells increases the basal and tumour 
necrosis factor a-induced apoptosis. In a xenotransplant model we observed that Cx43 overexpression resulted in decreased melanoma 
tumour growth and in lower number and size of metastasis. Conclusions: Our findings suggest an important role of Cx43 in intrinsically 
controlling melanoma growth, death and metastasis. Therefore the potential use of compounds or drugs that selectively enhance Cx43 
expression in tumour cells and/or melanoma would significantly improve the efficacy of antitumor chemo- and/or immune-therapies.

(Financed by Grants FONDECYT 1130320 and 1130324; FONDEF D11I1036 and Millennium Institute on Immunology and Immunotherapy 
P09/016-F)
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35.- Pannexin 1 and Pannexin 3 regulate osteoblastic differentiation of human bone marrow mesenchymal stem cells in a three 
dimensional macroporous scaffold. Guerrero, Julien3., Oliveira, Hugo3., Aid, Rachida 1., Bareille, Reine3., Letourneur, Didier1., Mao, Yong2., Kohn, 
Joachim2., Amédée Vilamitjana, Joelle3. 1Laboratory for Vascular Translational Science, University Paris 13 , Paris 7, Paris, France, Inserm U1148. 
2Department of Chemistry and Chemical Biology, Rutgers , The State University of New Jersey, Piscataway, New Jersey, United States, The New Jersey 
Center for Biomaterials. 3Tissue Bioengineering, University of Bordeaux, Bordeaux, France, Inserm U1026. 

The multicellularity has required the development of forms of communication in order to allow the complex coordination of groups of cells. 
The intricate control of cell differentiation and synchronization, which occurs during tissue development, is mediated by the intercellular 
diffusion of signaling molecules through gap junctions. In this context, connexin43, a component of gap junctions, has been found in several 
types of bone cells and also in mesenchymal stem cells. The importance of Cx43 for osteogenesis has been demonstrated in vitro  and 
in vivo. Interestingly, another family of membrane proteins named pannexins was recently described to present similar characteristics to 
connexins. Despite the evidence supporting the key role of pannexins in cell communication and function, only a few studies have examined 
their implication in human cells  and on human physiology or disease. Indeed, no study has yet focused on the implication of pannexins in the 
osteoblastic differentiation of human bone marrow mesenchymal stem cells (HBMSCs), when in a 3D environment that would favor bone 
regeneration.Taken together, our vitro / vivo data indicate that Panx1 and Panx3, in conjunction with Cx43, may act on HBMSCs cultured in 
3D, by improving cellular communication within the dense cellular aggregates and supporting their differentiation towards the osteoblastic 
phenotype. Future studies will focus on the mechanism of how Panx1 impacts on the HBMSCs actomyosin cytoskeleton and how it may 
regulate cell differentiation towards an osteoblastic phenotype. Additionally, the use of Panx3 specific inhibitors will allow to identify the role 
of this pannexin in this intricate cell communication.   

(Acknowledgement to Inserm, University of Bordeaux, Paris 7, Paris 13, The FBSE for PhD Fellowship)

36.- Putative MAPK site, serine 275, in connexin 37 carboxyl-terminus controls caspase-independent cell death. Jacobsen, Nicole1., 
Pontifex, Tasha2., Zehri, Asim2., Burt, Janis2. 1Physiological Sciences Graduate Interdisciplinary Program University of Arizona. 2Department of Physiology, 
University of Arizona. 

Expression of connexin 37 (Cx37), but not Cx40 or Cx43, limits proliferation of rat insulinoma (Rin) cells in both a channel- and carboxyl 
terminus (CT)-dependent manner. Data from cells expressing Cx37 with aspartate or alanine substitutions of 7 high probability serines (275, 
285, 302, 319, 321, 325, 328) suggested that the phosphorylated Cx37-CT (Cx37-S7D7) induced Rin cell death whereas the dephosphorylated 
Cx37-CT (Cx37-S7A7) induced cell cycle arrest. Serine 275 in Cx37 aligns with serine 282 in Cx43, a MAPK site that closes Cx43 channels and 
modulates cell growth. We hypothesized that phosphorylation at Ser275 would result in Cx37 channel closure and concomitantly restrict 
growth. Contrary to our hypothesis, aspartate for serine substitution at Ser275 increased open probability of large conductance hemichannels 
(375-500pS) without altering gap junction function, and induced caspase-independent cell death after 4 days. In contrast serine to alanine 
substitution at Ser275 had no significant effect on either cellular proliferation or channel conductance. Interestingly, mutation of serines 
319 and 328 (predicted GSK-3 and PKC phosphorylation sites, respectively) to aspartate relieved the growth suppression induced by Cx37 
and the cell death induced by S275D. Together, the data suggest pSer275 interacts with additional residues in the CT to control growth and 
survival of Rin cells. 
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37.- Connexin 43 hemichannels and mitochondrial Connexin 43 in protecting osteocytes against oxidative stress via MAPK/ERK signaling. 
Jiang, Jean1., Riquelme , Manuel1., Kar, Rekha1. 1Biochemistry University of Texas Health Science Center at San Antonio.

Subthreshold oxidative stress (OS) activates cellular protective mechanisms by increasing the resistance to subsequent injury and connexin 
(Cx) 43 hemichannels (HC) appear to be involved in this process. By time lapse ethidium bromide (EtBr) uptake, we corroborated that OS 
induced a transient increase of Cx43 HC activity in MLO-Y4 osteocytic cells, which was prevented by Cx43(E2) HC blocking antibody. ERK 
pathway was activated after 15 min, with a maximum at 60 min after H2O2exposure. Increased cell surface expression of Cx43 correlated 
with increased HC activity in response to OS. We also observed increased phosphorylation of Cx43 specifically at MAPK/ERK site at a time 
when the Cx43 HC had lower activity. Preincubation with MAPK/ERK inhibitors, PD98059 and U0126, further enhanced effect of H2O2 on HC 
activity. In contrast to HC activity, inhibition of MAPK/ERK reduced cell surface expression of Cx43. This result indicates that the decrease of 
HC activity is likely caused by the increased phosphorylation of Cx43 by MAPK/ERK, but not through the reduction of Cx43 on the cell surface. 
Furthermore, the treatment of H2O2 increased Cx43 protein level and dye uptake in mitochondria, and this increase was attenuated by MAPK/
ERK inhibitors. In conclusion, OS increased Cx43 HC activity in osteocytes, a process regulated by the phosphorylation in Cx43 MAPK/ERK 
consensus site. OS also induced the increase of mitochondrial Cx43 and increased HC activity in mitochondria. The inhibition of MAPK/ERK 
signaling de-regulated the opening of HC and mitochondrial localization of Cx43, and augmented OS-induced cell death.   

38.- Connexin43 mimetic peptide reduces inflammation and improves functional outcomes in a model of macular degeneration. Kim, Yeri1,3., 
Guo, Cindy2,1., Acosta, Monica2,1., Green, Colin3,1. 1New Zealand National Eye Centre, Faculty of Medical and Health Sciences, University of Auckland. 
2Department of Optometry and Vision Science, Faculty of Medical and Health Sciences, University of Auckland. 3Department of Ophthalmology, Faculty 
of Medical and Health Sciences, University of Auckland. 

Age-related macular degeneration (AMD) is a leading cause of blindness with one in seven people over the age of 50 affected. An underlying 
cause of AMD appears to be progressive dropout of the choroid vasculature, the choriocapillaris, but current treatments focus on retinal 
neovascularization in the late stage of AMD and potentially exacerbate disease progression. We have shown that Cx43 hemichannels 
contribute to endothelial cell loss after injury, but connexin channel modulators promote vascular recovery.  Here we investigated whether 
Cx43 mimetic Peptide5 modulation of hemichannels protects retinal function in a light-induced injury model of AMD.  Albino Sprague-Dawley 
rats were exposed to intense light (2700 Lux, 380 to 760 nm wavelengths, 24 hours) to induce light mediated damage starting in the choroid. 
Peptide5 (20 µM final) was delivered via two intravitreal injections (two hours into and at the end of the light-damage period). Retinal 
function was measured using electroretinogram and the inflammatory response by immunolabeling for Iba-1, CD45 and GFAP. Rod and cone 
pathways showed significant reductions in neuronal activity after light damage with a marked inflammatory response in both the choroid 
and retina. However, Peptide5 treatment significantly reduced inflammation compared to sham-treated controls and significantly improved 
functional outcomes. These findings highlight a role for Cx43 hemichannels in choroid vascular injury with implications for hemichannel 
modulation as a potential treatment for all stages of AMD. 

(Supported by the Maurice and Phyllis Paykel Trust Travel Grant to Y.K., Health Research Council of New Zealand and the Auckland Medical Research 
Foundation)     



Valparaíso / Chile          March 28th - April 2nd 2015

65

39.- Thy-1-induced migration of TNF-treated primary astrocytes requires a pathway that includes β3-Integrin, Connexin 43 and Pannexin 1. 
Lagos-Cabré, Raul1., Álvarez, Alvaro1., Kong, Milene1., Burgos, Francesca1., Cárdenas , Areli1., Quest, Andrew1., Leyton, Lisette1. 1Laboratory of Cellular 
Communication, Biomedical Neuroscience Institute (BNI), Center for Molecular Studies of the Cell (CEMC), Advanced Center for Chronic Diseases 
(ACCDIS), Institute of Biomedical Sciences (ICBM), Facultad de Medicina., Universidad de Chile. 

Injured brain increases cytokine release inducing astrogliosis and astrocyte migration. Neuronal glycoprotein Thy-1 promotes cell migration 
of DITNC1 astrocytes through interaction with αvβ3-Integrin and Syndecan-4, and the activation of a pathway involving Connexin 43 and 
Pannexin 1. Primary rat astrocytes have low levels of β3-Integrin and are unresponsive to Thy-1. Whether there is a correlation between these 
two facts is presently unknown. We propose that a proinflammatory environment increases β3-Integrin as well as other protein, allowing 
the Thy-1 response. Primary astrocytes from neonatal rats were cultured in the presence of TNF-α for 48 hours and then protein levels, 
intracellular calcium concentration ([Ca2+]i), cell migration and ATP release were determined by western blot, Ca2+ kinetics, wound-healing 
assay and luminescent assay, respectively. TNF-α treatment induced β3-Integrin, Pannexin-1, Connexin-43, P2X7R, GFAP and Syndecan-4 in 
primary astrocytes. TNF-a-treated primary astrocytes enabled migration and increased [Ca2+]i and ATP release in an hemichannel-dependent 
pathway when stimulated with Thy-1. Silencing β3-Integrin before TNF-α treatment prevented Thy-1-induced migration. Furthermore, over 
expression of β3-Integrin was enough to allow Thy-1-induced migration without TNF-α treatment.   Therefore, TNF-α promotes migration 
of primary astrocytes by increasing expression levels of β3-Integrin and hemichannels, among others proteins and events related to cell 
migration such as [Ca2+]i increase and ATP release. Thus, a proinflammatory environment regulates astrocyte migration induced by neuronal 
molecules, such as Thy-1, process likely important in scarring the damage brain. 

(Sponsored by FONDECYT #3140460 (R.L.C.), #1110149 (L.L.) And #1130250 (A.Q.), CONICYT #24001198 (A.A.), BNI P09-015-F (L.L.), ANILLO 
ACT1111 (A.Q.), FONDAP ACCDIS #15130011)

40.- Interplay between Connexin40 and nitric oxide signaling during hypertension. Le Gal, Loïc1., Alonso, Florian1., Mazzolai, Lucia1., Meda, 
Paolo2., Haefliger, Jacques-Antoine1. 1Department of Medicine CHUV. 2Department of Cell Physiology and Metabolism University of Geneva. 

Aim: Connexins (Cxs) and endothelial Nitric Oxide Synthase (eNOS) contribute to the adaptation of endothelial (ECs) and smooth muscle cells 
(SMCs) to hemodynamic changes. To decipher the in vivo interplay between these two factors, we studied Cx40-null mice (Cx40-/-), a model 
of renin-dependent hypertension displaying altered endothelium-dependent relaxation of the aorta due to reduced eNOS levels. Design & 
methods: These mice, which were either untreated or subjected to the one-kidney, one-clip (1K1C) procedure, a model of volume-dependent 
hypertension, were compared to control mice submitted to either the 1K1C or the two-kidney, one-clip (2K1C) procedure, a model of renin 
dependent hypertension. Results: All operated mice became hypertensive and, compared to untreated controls, featured hypertrophy and 
altered Cxs expression of the aorta. The combination of volume- and renin-dependent hypertension raised blood pressure and cardiac weight 
index over the values observed in Cx40-/- mice. Under these conditions, all aortas showed increased levels of Cx40 in ECs, and of both Cx37 
and Cx45 in SMCs. The increased expression of Cx40 and Cx37 enhanced the interaction of these two Cxs with eNOS. This interaction could 
not be observed in mice lacking Cx40, which also featured decreased levels of eNOS. In these animals, the volume overload caused by the 
1K1C procedure resulted in increased phosphorylation of eNOS and higher NO release. Conclusion: The findings provide evidence that Cx40 
and Cx37 play an in vivo role in the regulation of eNOS, and that a post-translational mechanism compensates for the loss of eNOS in mice 
lacking Cx40. 
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41.- The role of pannexins in fat accumulation and metabolism. Lee, Vanessa3., Barr, Kevin1., Laird, Dale2., Peñuela, Silvia3. 1Physiology and 
Pharmacology, Schulich School of Medicine and Dentistry, University of Western Ontario. 2Anatomy and Cell Biology and Physiology and Pharmacology, 
Schulich School of Medicine and Dentistry, University of Western Ontario. 3Anatomy and Cell Biology, Schulich School of Medicine and Dentistry, 
University of Western Ontario

Obesity is a worldwide epidemic related to systemic inflammation. The pannexin channel-forming glycoproteins Panx1 and Panx3, have 
been shown to regulate cell proliferation and differentiation and exhibit links to inflammation. Mice globally lacking Panx1 or Panx3 (PanxKO) 
were used to assess the impact on metabolism and obesity. PanxKO mice gained significantly less weight after being fed a high-fat diet 
(60% kCal fat) while food intake was equal to wild type mice (WT). There were no changes between groups in blood pressure or lean-mass 
composition measured by EchoMRI, while total body fat was lower in Panx1KOs. Serum levels measured by ELISA for leptin and insulin 
were also significantly lower in Panx1KOs, with no differences in triglyceride, cholesterol, adiponectin or fed-blood glucose levels compared 
to WT. Mouse epididymal adipose tissue and primary adipocytes showed expression of Panx1 and Panx3 as indicated by Western blot 
and Immunohistochemistry. Therefore, it was hypothesized that the loss of Panx1 or Panx3 in the adipocytes affects differentiation, fat 
metabolism, and obesity associated inflammation. Adipose-derived stromal cells (ASCs) isolated from Panx3 KO adipose tissue showed 
decreased proliferation compared to WT based on growth curves. Our data indicates that pannexins may regulate adipocyte proliferation, 
resulting in less fat accumulation in KO mice under a high-fat diet conducive to obesity. The mechanism by which Panx1 and Panx3 play a 
role on fat accumulation and metabolism in adipocytes will continue to be investigated. We have identified the pannexin channels as potential 
new targets for therapeutic intervention against obesity and related co-morbidities. . (Funded by CIHR to D.W.L. and S.P.)

42.- Cx43-formed hemichannel activation by S-nitrosylation contributes to the increase in intracellular Ca2+ concentration associated 
to the endothelium-dependent vasodilation of resistance arteries. Lillo, Mauricio1., Poblete, Ines1., Figueroa, Xavier1. 1Fisiologia, Facultad de 
Ciencias Biológicas, Pontificia Universidad Católica de Chile

Connexins (Cxs) form Gap junction channels and hemichannels. Endothelial cells express Cx37, Cx40 and Cx43. Endothelial gap junctions 
play a central role in the coordination of vasomotor tone, but the contribution of hemichannels to endothelial cell function has not been 
determined. We evaluated the participation of Cx-formed hemichannels in the Ca2+-dependent, endothelium-mediated vasodilation induced 
by acetylcholine (ACh). Hemichannel activation and Cx S-nitrosylation were detected in mesenteric resistance arteries by assessing ethidium 
uptake, and through biotin switch, respectively. Changes in [Ca+2]i were assessed in primary cultures of mesenteric endothelial cells using 
the fluorescent Ca2+ indicator, Fluo-4. Stimulation with ACh or SNAP, a NO donor, induced an increase in ethidium uptake and [Ca+2]i that 
was inhibited by the connexin hemichannel blocker La3+ and the connexin mimetic peptides 37,43Gap27 and 43Gap26. The response to ACh 
was also inhibited by the NO synthase inhibitor NG-nitro-L-arginine. The increment in ethidium uptake and [Ca+2]i  was not affected by the 
mimetic peptide 40Gap27. Cx37, Cx40 and Cx43 were S-nitrosylated in basal conditions, and ACh enhanced the S-nitrosylation of Cx40 
and Cx43. Interestingly, dithiothreitol, a reducer of sulfhydryl groups, also induced an increase in hemichannel activity and [Ca+2]i. Although 
this response was sensitive to La3+ and 37,43Gap27, was not affected by 40Gap27 or 43Gap26. These results indicate that ACh-induced NO 
production activates Cx43-based hemichannels by S-nitrosylation, which contributes to the increase in [Ca+2]i associated to the response. 
Although Cx37-formed hemichannels are inhibited by S-nitrosylation, they are also permeable to Ca2+. 

 (Sponsored by Proyecto Puente 30/2014, AT 21120178 and FONDECYT 1150530)
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43.- Pannexin 1 channels regulate leukocyte emigration through the venous endothelium during acute inflammation.  Lohman, Alexander1., 
Leskov, Igor2., Butcher, Joshua1., Stokes, Tara2., DeLalio, Leon3., Peñuela, Silvia4., Ravichandran, Kodi5., Stokes, Karen2., Isakson, Brant1. 1Department of 
Molecular Physiology and Biophysics, Robert M. Berne Cardiovascular Research Center, University of Virginia. 2Department of Molecular and Cellular 
Physiology Louisiana State University Health Sciences Center. 3Department of Pharmacology, Robert M. Berne Cardiovascular Research Center, 
University of Virginia. 4Department of Anatomy and Cell Biology University of Western Ontario. 5Department of Microbiology, Cancer and Immunology 
University of Virginia.

Acute inflammation is a host defense system defined by inflammatory cell recruitment to local sites of injury and/or infection.   The 
vasculature plays an important role in this process by influencing inflammatory signaling networks and binding interactions essential for 
proper trafficking of immune cells through the venous wall.  Recently, ATP-sensitive P2Y purinergic receptors have emerged as downstream 
regulators of vascular endothelial cell (EC) activation by the pro-inflammatory cytokine tumor necrosis factor alpha (TNFα).  However, the 
source of ATP and mechanism(s) regulating its cellular release in this response remain elusive.   Utilizing in vitro and ex vivo ATP release 
assays, we report that the ATP-release channel Pannexin1 (Panx1) opens downstream of EC activation by TNFα.  Further interrogation of the 
molecular signaling pathway promoting Panx1 activation revealed involvement of Type 1 TNF receptors, recruitment of Src Family Kinases 
(SFK) and SFK-dependent phosphorylation of Panx1 at a regulatory tyrosine residue in the intracellular loop (Y198).  Using a new inducible, 
EC-specific Panx1 knockout mouse line, we report a previously unidentified role for Panx1 channels in promoting leukocyte adhesion and 
emigration through the vascular wall during acute systemic inflammation.  Analysis of downstream targets influencing leukocyte adhesion and 
emigration revealed Panx1-dependent regulation of vascular cell adhesion molecule-1 (VCAM-1).  Genetic depletion of EC Panx1 attenuated 
VCAM1 upregulation by TNFα which was rescued by application of exogenous ATP and blocked by the P2Y-type purinergic receptors reactive 
blue-2.  Taken together, these observations identify a direct role for Panx1 channels in promoting inflammation in the vasculature, linking 
purinergic and inflammatory signaling networks.   

(Sponsored by American Heart Association)

44.- Connexin43 inhibition prevents human vein grafts intimal hyperplasia. Longchamp, Alban3., Allagnat, Florent3., Alonso, Florian3., Kuppler, 
Christopher1., Ozaki, Charles-Keith2., Berceli, Scott1., Déglise, Sébastien3., Haefliger, Jacques-Antoine3. 1Malcom Randall Veterans Affairs Medical Center, 
Division of Vascular and Endovascular Surgery, University of Florida College of Medicine. 2Department of Surgery, Brigham and Women`s Hospital, 
Harvard Medical School, Boston, MA, USA. 3Vascular Surgery, Biology and medicine, Lausanne. 

Venous bypass grafts often failed following arterial implantation due to excessive smooth muscle cells (SMC) proliferation and consequent 
intimal hyperplasia (IH). The saphenous vein is the conduit of choice in bypass graft procedures. Haemodynamic factors play a major role 
in the development of IH and subsequent bypass failure. To evaluate the potential protective effect of external reinforcement on such a 
failure, we developed an ex vivo model for the perfusion of segments of human saphenous veins under arterial shear stress (EVPS). We 
showed that an external scaffold decreases IH and maintains the integrity of veins exposed to arterial pressure. We further investigated 
the specific contribution of Cx43 to the development of vein graft IH and SMC proliferation. Using a bilateral rabbit jugular vein graft model, 
the EVPS model and human primary SMC, we studied the regulation and the role of Cx43 during the development of IH. Cx43 was rapidly 
upregulated in rabbit vein grafts, and in human veins subjected ex-vivoto arterial hemodynamics. Cx43 knock-down using specific siRNAs, or 
adenoviral-mediated Cx43 overexpression, respectively inhibited or stimulated the proliferation of primary human SMC. Furthermore, Cx43 
blockade with carbenoxolone or the specific Cx43 peptide 43gap26 prevented the burst in myointimal proliferation and IH formation in human 
saphenous veins. Thus, targeted Cx43 inhibition using inhibitory peptide 43gap26 is a promising strategy to reduce IH.     
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45.- Glutathione release through connexin hemichannels: Implications for chemical modification of pores permeable to large 
molecules.   Lopez, W1., Tong, Xuhui1,2., Ramachandran, Jayalakshmi1., Ayad, Wafaa1., Liu, Jade1., Harris, Andrew1., Contreras, Jorge1. 1Pharmacology 
and Physiology, Rutgers University. 2Physiology Bengbu Medical College. 

Cysteine-scanning mutagenesis combined with thiol reagent modification is a powerful methodology to define pore-lining elements 
of channels and the changes in structure that accompany channel gating. To help identify the position of the gate of connexin26 (Cx26) 
hemichannels, using the Xenopus oocyte expression system and two-electrode voltage clamp, we performed cysteine-scanning mutagenesis 
of several pore-lining residues, followed by chemical modification using a methanesulfonate (MTS) reagent. Surprisingly, we observed that the 
effect of MTS modification on the currents was reversed within minutes of washout. This reversal should not occur unless reducing agents, 
which can break the disulfide thiol-MTS linkage, have access to the site of modification. Given the relatively wide pore of connexin channels, 
we tested whether cytosolic glutathione, the primary cytosolic reducing agent, was reaching the modified sites through the connexin pore. 
Reduction of cytosolic glutathione by inhibition of gamma-glutamylcysteine synthetase by buthionine sulphoximine decreased the cytosolic 
glutathione in Xenopus oocytes and reduced reversibility of MTS modification, as did acute treatment with t-butyl-hydroperoxide, which 
oxidizes glutathione. Cysteine modification based on thioether linkages (e.g., maleimides) cannot be reversed by glutathione and did not 
reverse with washout. Using reconstituted hemichannels in a liposome-based transport-specific fractionation assay, we confirmed that 
homomeric Cx26, Cx32 and heteromeric Cx26/Cx32 are permeable to glutathione and other cellular reductants. These results show that for 
connexin pores are permeable to cytosolic reductants agents and reversibility of MTS-based thiol modification can be dramatically affected 
by accessibility of these reductants.  

(Sponsored by Grants RO1-GM099490 to J.E.C.)

46.- The connexin mimetic peptide Gap27 influences channel and non-channel functions in in vitro wound healing model systems.   
Lorraine, Claire1., Wright, Catherine1., Martin, Patricia1., 1Department of Life Sciences, Institute for Applied Health Reserach, Glasgow Caledonian 
University. 

Connexin43 is enhanced at the wound edge of chronic non-healing wounds. Antisense and peptidomimetic technologies targeting Cx43 
emerge as prime therapeutic agents. However, it remains unresolved whether inhibiting gene expression or blocking channel function is a 
key regulator in wound closure.  We examined the impact of the connexin mimetic peptide Gap27 on in vitro wound healing events. Gap27 
attenuated gap junction coupling in dermal fibroblasts and keratinocytes in normal and diabetic conditions. Hemichannel activity was 
inhibited by Gap27 in these cells and in primary dermal fibroblasts isolated from neonatal wild-type mice, but not in those from Cx43-/- mice. 
Cx43-serine 368 phosphorylation and the rate of scrape-wound closure in in vitro mouse and human organotypic skin model systems was 
enhanced by Gap27. However, closure rates were reduced in dermal fibroblasts isolated from Cx43-/- mice. A panel of genes associated 
with extracellular matrix remodelling, including MMP9, were altered in normal and diabetic dermal fibroblasts exposed to Gap27. siRNA 
knockdown of Cx43 in HaCaT cells, a keratinocyte cell line, and dermal fibroblasts isolated from Cx43-/- mice also illustrated enhanced MMP9 
expression. No change in collagen 1 deposition was observed. A consequence of wounding is an enhanced pro-inflammatory response that 
can be simulated in vitro by exposure to peptidoglycan. Gap27 reduced the induction of IL-6 expression in dermal fibroblasts and keratinocytes 
with no impact on Cx43 expression. Our data suggests Gap27 has diverse roles in driving wound repair; and illustrates that maintaining Cx43 
protein expression whilst targeting channel function holds translational value.     
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47.- Astrocytic and neuronal large-pore (hemi)channels: Activation and permeability. MacAulay, N1., Bloch Hansen, D1., Ye, Z-C2., Calloe, K3., 
Hartig Braunstein, T4., Hofgaard, J4., Ransom, B2., Nielsen, Morten S.4. 1Department of Cellular and Molecular Medicine, Faculty of Health and Medical 
Sciences, University of Copenhagen. 2Department of Neurology University of Washington. 3Department of Veterinary Clinical and Animal Science, 
Faculty of Health and Medical Science, University of Copenhagen. 4Department of Biomedicine, Faculty of Health and Medical Science, University of 
Copenhagen. (Funded By The Danish Medical Research Foundation (to N.M.) and The Danish National Research Foundation (to M.S.N.))

Connexin hemichannels may form open channels in the plasma membrane when exposed to specific stimuli, e.g. reduced extracellular 
concentration of divalent cations. Hemichannels would, as such, allow passage of fluorescent molecules and presumably a range of smaller 
physiologically relevant molecules, in a manner analogous to their gap junction configuration. Several of these large-pore hemichannels have 
similar characteristics with regard to activation, permeability, and inhibitor sensitivity. Consequently, their behaviors and roles in cellular 
(patho)physiology remain undefined. We took advantage of the Xenopus laevis expression system to determine the individual characteristics 
of several large-pore channels in isolation. Expression of connexin Cx26, Cx30, Cx36 or Cx43 yielded functional hemichannels with isoform-
specific characteristics: Distinct sensitivity to alterations of extracellular Ca2+ and non-proportional permeability to dyes, biological molecules, 
and small atomic ions (conductance). These results demonstrated isoform-specific characteristics amongst large-pore membrane channels; 
an open hemichannel is not a non-selective channel and dye-uptake cannot be translated as equal to permeability of smaller physiologically 
relevant molecules in a given setting.   

48.- Inhibition of Pannexin1 channels alleviates acetaminophen-induced hepatotoxicity in mouse. Maes, M1., Da Silva, Tereza Cristina2., 
Decrock, Elke3., Willebrords, Joost1., Crespo Yanguas, Sara1., Luc, Leybaert3., Peñuela, Silvia4., Jaeschke, Hartmut5., Cogliati, Bruno2., Vinken, Mathieu1. 
1Department of In Vitro Toxicology and Dermato-Cosmetology, Medicine and Pharmacy, Vrije Universiteit Brussel. 2Department of Pathology, School 
of Veterinary Medicine and Animal Science, University of Sao Paulo. 3Department of Basic Medical Sciences, Medicine and Health Sciences, Ghent 
University. 4Department of Anatomy and Cell Biology University of Western Ontario. 5Department of Pharmacology, Toxicology and Therapeutics, 
Medical Center, Kansas University. 

Background/aims: Pannexins (Panx) constitute a relatively new family of transmembrane proteins that form channels linking the cytoplasmic 
compartment with the extracellular environment. The pannexin family consists of 3 members. A number of reports have documented 
the presence of Panx1 in liver, where it plays an important role in inflammatory responses such as occurring upon ischemia-reperfusion 
injury and experimentally induced non-alcoholic steatohepatitis in mouse. In the present study, it was investigated whether Panx1 equally 
underlies inflammation in acute liver failure. In this respect, an inhibitor of Panx1 channels, 10Panx1, was tested for its potential to reduce 
acetaminophen-induced liver injury. Method: Mice were overdosed with acetaminophen followed by a post-treatment with 10Panx1. Sampling 
was performed 24 hours after acetaminophen administration. Evaluation of the effect of Panx1 channel inhibition was based on a number 
of clinically relevant read-outs, including serum levels of alanine and aspartate aminotransferase as well as histopathological examination of 
the liver tissue with quantification of necrotic areas. Inflammation was evaluated based on hepatic and serum quantities of pro-inflammatory 
cytokines, next to the assessment of oxidative stress and liver regeneration. Results: All parameters measured point to alleviation of hepatic 
inflammation and cell death upon suppression of Panx1 channels. Conclusion: These results could open new perspectives for the clinical 
treatment of acute liver failure. 

(Sponsored by Agency for Innovation by Science and Technology in Flanders (IWT); European Research Council (ERC); Foundation for Research Support 
of the State of Sao Paulo (FAPESP))



INTERNATIONAL GAP JUNCTION CONFERENCE

70

49.- Critical role of gap junction communication, calcium and nitric oxide signaling in bystander responses to focal photodynamic injury. 
Mammano, F1,2., Calì, Bianca2., Ceolin, Stefano3., Ceriani, Federico3., Bortolozzi, Mario3., Agnellini, Andrielly3., Zorzi, Veronica3., Predonzani, Andrea4., 
Bronte, Vincenzo5., Molon, Barbara4. 1Istituto di Biologia Cellulare e Neurobiologia (IBCN), Director, Consiglio Nazionale delle Ricerche (CNR). 2Venetian 
Institute of Molecular Medicine, I-35129 Padua, Italy Foundation for Advanced Biomedical Research. 3Department of Physics and Astronomy, I-35131 
Padua, Italy University of Padua.4I-35128 Padua, Italy IRCCS, Istituto Oncologico Veneto. 5Department of Pathology and Diagnostics, Immunology 
Section, I-37134 Verona , Italy Verona University Hospital. 

Ionizing and nonionizing radiation affect not only directly targeted cells but also surrounding “bystander” cells. The underlying mechanisms 
and therapeutic role of bystander responses remain incompletely defined. Here we show that photosentizer activation in a single cell triggers 
apoptosis in bystander cancer cells, which are electrically coupled by gap junction channels and support the propagation of a Ca2+ wave 
initiated in the irradiated cell. The latter also acts as source of nitric oxyde (NO) that diffuses to bystander cells, in which NO levels are 
further increased by a mechanism compatible with Ca2+-dependent enzymatic production. We detected similar signals in tumors grown in 
dorsal skinfold chambers applied to live mice. Pharmacological blockade of connexin channels significantly reduced the extent of apoptosis 
in bystander cells, consistent with a critical role played by intercellular communication, Ca2+ and NO in the bystander effects triggered by 
photodynamic therapy. 

(Partially supported by a University of Padua Grant (prot. CPDA094904), The Italian Ministry of Health (GR-2009-1558698), Italian Ministry of 
Education (FIRB Cup: B31J11000420001), Italian Association for Cancer Research (AIRC, Grants 6599, 12182 And 14103)

50.- Inhibition of connexin hemichannels prevents PTZ-induced epilepsy. Maturana, Carola1,2., Aravena, Camila1., Lagos, Carlos F.3., Sáez, Juan 
C.1,2. 1Departamento de Fisiología, Pontificia Universidad Católica de Chile. 2Instituto Interdisciplinario de Neurociencias de Valparaíso, Valparaíso. 
4Endocrinology, Pontificia Universidad Católica de Chile, Santiago. 

Epilepsy is one of the most common chronic neurological disorders in the world and only 70% of patients respond to pharmacological 
treatment while the remaining 30% is refractory. The current antiepileptic agents are directed to molecular targets located in neurons but not 
in glial cells. We propose that increased neuronal activity promotes activation of glia hemichannels (HCs) perpetuating a condition that favors 
recurrence of neuronal activity. Using molecular modelling of connexin (Cx) 26 HC structure, we have identified a selective Cx HC blocker (D4) 
that does not affect the functional state of pannexin1 channel or connexin gap junctions. In the present work, adult male mice (C57BL/6) 
were treated with pentylenetetrazol (PTZ), an epileptogenic agent that is a nonselective agonist of GABAA receptors. Animals developed 
seizures at 7-10 min post-administration, followed by a period of several hours, in which they manifested sporadic contractions, very low 
motor activity and survival of only 60%. However, animals pretreated with D4 showed only a brief convolution period at 7-10 min post-PTZ 
administration and then their behavior was comparable to that of animals not treated with PTZ and none of them died. In addition, we found 
that PTZ induced glia HC opening that was inhibited with La3+, blocker of Cx HCs or carbenoxolone, blocker of Cx HCs and pannexin channels. 
Therefore, Cx HCs expressed by glial cells might serve to treat refractory patients and possibly improve the outcome of those patients that 
respond to drugs currently used.

Funded By CONICYT 21100401 and P09-022-F from ICM-ECONOMIA
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51.- Involvement of mastocytes, microglia and astrocytes on mRNA levels of molecular elements of inflammasome in oligodendrocytes 
under prenatal stress.  Maturana, Carola1,2., Escamilla, Rosalba1,2., De Maio, Antonio3., Sáez, Juan C.1,2. 1Departamento de Fisiologia, Pontificia 
Universidad Catolica de Chile. 2Instituto Interdisciplinario de Neurociencias de Valparaíso, Valparaíso and 3School of Medicine, University of California 
San Diego.

Prenatal stress is believed to underline several psychiatric disorders where inflammation plays a critical role. The involvement of glucocorticoids 
via corticotropin-releasing hormone receptor 1 (CRHR1) induces rapid degranulation of mast cells releasing numerous pro-inflammatory 
molecules promoting activation of microglia and astrocytes, altering  the neuronal development. However, inflammasome activation in 
oligodendrocytes induced by prenatal stress remains unknown. Pregnant mice were treated the last 8 days of gestation with dexamethasone  
and oligodendrocyte cultures and brain slices were prepared from the offspring. The mRNA levels were evaluated by qRT-PCR and the 
hemichannel activity was evaluated by ethidium uptake. Levels of TLR4, CD14, P2X7R, TNF-α, pannexin1 (Panx1), connexin29, connexin32 
mRNAs were increased while level of connexin47 mRNA were reduced and levels of IL-1β and iNOS were not affected in oligodendrocytes 
of stressed mice. Nonetheless, conditioned medium of astrocytes or microglia from stressed animals increased the levels of all above 
molecules with the exception of connexin47 that was reduced. In brain slices of stressed mice the ethidium uptake of oligodendrocytes was 
increased and inhibited by blockers of hemichannels (10panx1 and Gap26 peptides) and P2X7R (A740003), CRHR1 (Antalarmin) or mast 
cells (Masitinib). These responses were not reversed in pups maintained for 60 days with none stressed mothers. The inflammasome of 
oligodendrocytes is activated by stress via CRHR1 (Mast cells), Panx1 (Microglia and Astrocytes), connexin43 (Astrocytes) hemichannles and 
persists at least for several weeks. Thus, it might be a relevant factor that alters perinatal neurogenesis.   

FundedBy CONICYT 21100401 And P09-022-F From ICM-ECONOMIA

52.- Aberrant localization of Connexin 43 during in vitro lung epithelial cell carcinogenesis induced by NNK.  Mennecier, Gregory1., Torres, 
Luciana2., Cogliati, Bruno2., Sanches, Daniel2., Mori, Claudia2., Latorre, Andreia2., Chaible, Lucas2., Mackowiak Da Fonseca, Ivone2., Nagamine, Marcia2., 
Silva, Tereza2., Fukumasu, Heidge2., Dagli, M2. 1Department of Pathology, School of Veterinary Medicine and Animal Science, University of Sao Paulo, 
Brazil. 2Department of Pathology, School of Veterinary Medicine and Animal Science, University of Sao Paulo.  

NNK is the most potent tobacco carcinogen. Recently, an in vitro carcinogenesis model using NNK and mouse epithtelial cells E10, was 
created (Mennecier et al., Mol Carcinog. 2014 May;53(5):392-402). The aim of this study was to report the alterations of Connexin 43 in this 
model. Immortalized non-neoplastic alveolar epithelial cells type II, (E10 cells), from BALB/c mice were exposed to NNK (100pM) during 5, 10, 
15 and 20 cycles of 48h. NNK-transformed cells showed an increase of proliferation rate and motility. Connexin 43 expression was studied 
trough immunocytochemistry. E10 cells normally express Cx43 and these are located in cell membranes. After the treatment with NNK, Cx 
43 was aberrantly found in the cytoplasm at phases E10- NNK5, E10-NNK10, E10-NNK15 e E10-NNK20. This aberrant localization of Cx43 
could contribute to the loss of growth control that led to carcinogenesis. It is known that the localization of Cx43 is regulated by the process of 
phosphorylation and dephosphorylation, Normal degradation of Cx 43 involves the PKC (Protein Kinase C) that phosphorylates Cx43 in serine 
368, activating its degradation through proteasomes.  It is supposed that NNK alters phosphorylation of Cx 43 in serine 368 in E10- NNK5 e 
E10-NNK10 cells, during the in vitro carcinogenesis, and it is possible that this will contribute to its cytoplasmic localization. Therefore, our 
results show that prolonged exposures to NNK led the cells to increasingly acquire malignant properties, including the aberrant localization 
of Cx43. Keys words: in vitro carcinogenesis, tobacco-specific nitrosamine, type II pneumocyte, lung cancer, hallmarks of transformed cells. 

(Acknowledgements: Authors are thankful to FAPESP and to CNPq for the financial support)
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53.- Post embryotic malformation of vertebrae in zebrafish caused by the mutation in Cx43. Misu, Akihiro1., Watanabe, Masakatsu1., 
Yamanaka, Hiroaki1., Skerrett, Ingrid2., Kondo, Shigeru1. 1Graduate School of Frontier Biosciences Osaka University. 2Department of Biology Buffalo 
State University. 

Spinal columns are central skeletal structures composed of successive vertebrae. Although the size of each vertebrae  enlarges during 
growth, they maintain their shape. To elucidate how the bone shape is maintained, we focused on the zebrafish mutant, stöpseldtl28d (stp), 
that seems to control the proportion of the zebrafish vertebra. Heterozygous adult fish of stp mutant shows shorter vertebrae than that of 
wild type. The number and the thickness of vertebrae are not affected by the mutation. Therefore we assumed that stp is responsible to 
maintain the proportion of vertebrae during body growth. In this study we performed positional cloning and identified G233T mutation in the 
ORF of connexin43. The mutation causes W78L amino acid substitution at the second trans-membrane domain in Connexin43. Knockout 
experiment of Cx43W78L allele in stp heterozygote rescued the stp phenotype, confirming that stp gene is cx43. Interestingly, cx43 has 
been already known as a responsible gene for another zebrafish mutant, short fin (sof), which shows short fin ray segments but has normal 
vertebrae proportion. To elucidate the difference of Cx43 properties between stp and sof mutants, we performed oocyte clamp experiments 
and found that hemichannel activity was highly increased in stp-Cx43W78L comparing to those of WT-Cx43 and sof-Cx43P191S. On the 
other hand gap junction activity of stp-Cx43W78L was similar to that of WT-Cx43 while sof-Cx43P191S shows very low gap junction activity 
as published. Our data clearly shows that mutations which brought different properties in gap junction and hemichannel caused different 
phenotype such short fin and short vertebrae of zebrafish, respectively. 

(Sponsored by Shigeru Kondo)

54.- Compatibility determinates that guide heteromeric and heterotypic gap junction channel formation: a model. Molina, Samuel1., Koval, 
Michael1. 1Division of Pulmonary, Allergy and Critical Care Medicine Emory University School of Medicine. 

It is well recognized that multiple connexins can specifically co-assemble to form mixed gap junction channels as a means to regulate 
intercellular communication.  Little is known about the processes involved in the formation of these heterotypic and heteromeric channels. 
We have constructed an interaction model based on the primary amino acid sequence of the connexins known to interact and further refined 
the model based on known gap junction structural elements. In this model, the R- and W-type molecular determinates at the cytoplasmic-
membrane interface coordinate heteromeric compatibility, whereas the K/N- and H-type determinates in the second extracellular loop domain 
coordinate heterotypic interactions. We propose that these interactions mediate both homomeric/heteromeric and homotypic/heterotypic 
interactions during protein maturation in the ER and/or Golgi compartments and at the cell membrane, respectively. There remains a need 
to understand the prevalence and roles for mixed gap junction channels in human physiology. This model is based on validated connexin 
interactions and is used to speculate on interactions that need validation with either wet lab or in silico experimental approaches in order 
to understand the contribution of mixed gap junction channels to overall tissue physiology. With this model, we aim to outline how the gap 
junction community can address these issues. 

(Sponsored by NIH-NIAAA, NIH-NHLBI, CFF)
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55.- Pannexin 1 channels: a new actor in the regulation of catecholamine release from adrenal chromaffin cells. Momboisse, Fanny1., 
Olivares, María J.2., Baéz, Ximena1., Guerra, María J.1., Flores-Muñoz, Carolina1., Saez, Juan C.3., Martínez, Agustín D.1., Cárdenas, Ana M.1. 1Centro 
Interdiciplinario de Neurociencia de Valparaíso Universidad de Valparaíso. 2Centro Interdisciplinario de Neurociencias de Valparaíso Universidad de 
Valparaíso. 3Departamento de Fisiología Pontifícia Universidad Católica de Chile. 

Introduction: Pannexin proteins form non-selective membrane channels involved in manyphysiological and pathological processes 
by amplifying ATP release and/or Ca2+ signals. In the nervous system, Pannexin 1 (Panx1) modulates synapse plasticity and neuroglial 
communication, and also contributes to pathophysiological settings, such as inflammation, ischemia, and epileptiform activity. However, 
its role in the neuroendocrine system is poorly known. In this work, we studied the role of Panx1 hemichannels as potential regulators of 
the secretory activity of neuroendocrine chromaffin cells. Materials and methods: We used RT-PCR, single cell RT-PCR and Western blot 
analysis to evaluate Panx1 mRNA and protein levels in bovine chromaffin cells and adrenal gland. The catecholamine release induced by the 
nicotinic agonist dimethyl-phenyl-piperazidium (DMPP) was monitored using amperometry in cultured cells or measuring the absorbance 
of the oxidation products of catecholamines released from perfused bovine adrenal glands. Intracellular calcium levels were determined by 
microfluorometry using Indo-1. Results: Panx1 was detected in both cultured chromaffin cells and intact adrenal glands. Panx1 blockers such 
as carbonexolone, probenecid or 10Panx1 peptide drastically reduced the intracellular calcium signals and catecholamine release induced 
by the activation of nicotinic receptors. Conclusions: We show for the first time that Panx1 hemichannels play a role in controlling the Ca2+ 
signals and consequently the secretory activity of the adrenal chromaffin cells. 

(Sponsored by FONDECYT Grants 3120221 (to F.M.) and 1110552 (to A.M.C.), P09-022-F de ICM-ECONOMIA)

56.- Mechanism of deafness mutations associated to the first extracellular loop of Cx26 unveils a new cis interaction properties between 
connexins.  Mujica, P1., Jara, Oscar2., Maripillan, Jaime3., Martinez, Agustin3. 1Bioquimica, Ciencias, Pontificia Universidad Católica de Valparaíso. 
2Laboratorio de Comunicacion Internacional, Facultad de Ciencias, Universidad de Valparaíso. 3Laboratorio de Comunicacion Intercelular, Facultad de 
Ciencias, Universidad de Valparaiso. 

Mutations in Cx26 gene lead to genetic deafness, which can be nonsyndromic or syndromic, in the last condition deafness is associated to 
skin disease. Syndromic mutations located in the first extracellular loop of Cx26, like Cx26G59A, which cause palmoplantar keratoderma and 
deafness, are dominant. Interestingly, other mutation in this position (Cx26G59V) produces nonsyndromic deafness. Previous report shows 
that co-expression of Cx26G59A with wild-type (wt) Cx26 or Cx43 cause decrease of Gap Junction (GJ) functional state. Because at normal 
conditions, Cx26 doesn´t oligomerize with Cx43, the mechanism of negative dominance of this mutant over Cx43 function is intriguing. 
When expressed in HeLa Cells both mutants localized at cellular appositional membranes forming few and small GJ plaques compared to 
those formed by wtCx26. Consistently, cells that express the mutants have reduced intercellular coupling. Through velocity sedimentation 
analyses we found that that these mutations affected Cx26 oligomerization. Accordingly, biotinylation experiments indicated that these 
mutants doesn´t reach plasma membranes. However co-expression of mutants with Cx43 allows mutant Cx26 to localize in large GJ plaques, 
but mutants and Cx43 segregates in different areas of the plaque. In addition, we found more mutant Cx26 in the plasma membrane, but 
co-expression of Cx43 with either mutant reduced coupling index. Our results suggest that there is another kind of interaction between Cx43 
and these mutants that isn’t typically hetero-oligomerization neither heterotypic interaction. 
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57.- Analysis of annular gap junction vesicle processing. Murray, Sandra1., Bell, Cheryl1., Steed, Mesia2., Shakespeare, Teresa3., Bisher, Margaret1. 
1Department of Cell Biology University of Pittsburgh, School of Medicine. 2Department of Biological Science Winston Salem University. 3Department of 
Biology Fort Valley State University. 

Internalization of gap junction plaques results in the formation of annular gap junction vesicles. We previously demonstrated that annular gap 
junctions undergo a dynamin-dependent fission process. Traditionally, gap junction puncta seen with conventional immunocytochemistry 
have been classified as annular gap junctions, mainly based on the size of the puncta, whereas secretory vesicles containing gap junction 
proteins were considered to be much smaller in size (less than 200nm). In this study, we used time lapse, super-resolution, and transmission 
(TEM) microscopy to describe the events in annular gap junction formation and degradation. We have defined the molecular architecture of 
annular gap junction vesicles and demonstrate with super-resolution a lumen typical of that seen with TEM.  Annular gap junction vesicles 
were observed to undergo a fission process that resulted in a near equal division of the vesicle. In addition, vesicles were observed to bud 
from annular gap junctions that were similar in size to what would be classified as secretory vesicles. It is becoming increasingly clear that 
annular gap junction vesicles may undergo processing events in preparation for degradation. Information on the process of gap junction 
turnover and the regulation of cell communication as well as methods to analyze the details of annular gap junction processing will increase 
our understanding of gap junction function. 

(Sponsored by NSF #MCB-1408986 and #NIH-5T36GM008622)

58.- Gap Junctions Modulate Glioma Invasion by Direct Transfer of MicroRNA. Naus, Christian C1., Hong, Xiaoting1, 2., Sin, Wun Chey1., and 
Harris, Andrew L2. 1 Department of Cellular and Physiological Sciences, The Life Sciences Institute, University of British Columbia, Vancouver, British 
Columbia, V6T1Z3, Canada. 2 Department of Pharmacology & Physiology, New Jersey Medical School, Rutgers University, Newark, New Jersey, 07103, 
USA.

The invasive nature of high-grade glioma is the primary reason for poor survival following therapeutic treatment. The interaction between 
glioma cells and surrounding astrocytes is crucial to the invasion process. Here we investigate the role of gap junction-mediated transfer of 
miRNA in this context. Glioma cells form gap junctions with each other and with astrocytes at the margins of tumor growth. We manipulated 
gap junction functions by using gap junction inhibitor, siRNAs, and a dominant negative connexin mutant, demonstrating that functional 
glioma-glioma gap junctions suppress glioma invasion while glioma-astrocyte and astrocyte-astrocyte gap junctions promote it in an 
in vitro transwell invasion assay. We then demonstrated that glioma-astrocyte gap junctions are permeable to microRNA, using a non-
mammalian miRNA as a “tracer”. By comparing the microRNA profiles of the astrocytes before and after co-culture with glioma cells, we 
identified specific microRNAs as candidates for transfer through gap junctions from glioma cells to astrocytes. Further analysis showed 
that transfer of miR-5096 from glioma cells to astrocytes is through gap junctions, and that this transfer is responsible, in part, for the pro-
invasive effect. Our results establish a role for heterocellular (glioma-astrocyte) gap junction mediated microRNA signaling in modulation of 
glioma invasive behavior. The results also indicate that gap junction coupling among astrocytes magnifies the pro-invasive signaling. Taken 
together, our findings reveal the potential to develop therapeutic interventions based on abolishing alteration of stromal cells by tumor cells 
via manipulation of microRNA and gap junction channel activity. 

(Supported by a grant from the Canadian Cancer Society to CCN and WCS, and by a grant from the NJMS Dean’s Biomedical Research Program to ALH)
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59.- VEGF induces efficient gap junction endocytosis in porcine pulmonary artery endothelial cells via PKC and MAPK-mediated 
phosphorylation of Connexin 43. Nimlamool, Wutigri1., Falk, Matthias1. 1Biological Sciences, Arts and Sciences, Lehigh University. 

Gap junctions (GJs) exhibit a complex modus of assembly and degradation to maintain balanced intercellular communication (GJIC).  Several 
growth factors, including vascular endothelial growth factor (VEGF) have been reported to disrupt cell-cell junctions and to abolish GJIC.  VEGF 
directly stimulates VEGF-receptor tyrosine kinases on endothelial cell surfaces.   Exposing primary porcine pulmonary artery endothelial 
cells (PAECs) to VEGF for 15 minutes resulted in a rapid and almost complete loss of connexin43 (Cx43) GJs at cell-cell appositions and a 
concomitant increase in cytoplasmic, vesicular Cx43.  After prolonged incubation periods (60 minutes), Cx43 GJs reformed and intracellular 
Cx43 restored to levels observed before treatment.  These dynamic internalization and relocation events correlated with efficient inhibition 
of GJIC, up to a 3-fold increased phosphorylation of Cx43 serine residues 255, 262, 279/282, and 368, and depended on clathrin-mediated 
endocytosis.  Phosphorylation of serines 255, 262, 279/282 was mediated by MAPK, while serine 368-phosphorylation was mediated by 
PKC.   Pharmacological inhibition of both signaling pathways significantly reduced Cx43 phosphorylation and GJ internalization.   Together, 
our results indicate that growth factors, such as VEGF activate a hierarchical kinase program, including MAPK and PKC that induces GJ 
internalization via sequential phosphorylation of well-known regulatory amino acid residues located in the Cx43 C-terminal tail. 

(Sponsored by NIH-NIGMS Grant GM55725-12)

60.- Photoreceptor gap junctional coupling is controlled by a conserved set of opposing G-protein coupled receptor signaling pathways. 
O’Brien, J1,3., Zhang, Zhijing1., Chuang, Alice1., Blackburn, Michael2,3., Wang, Steven1,3., Ribelayga, Christophe1,3., Li, Hongyan1. 1Ophthalmology & Visual 
Science University of Texas Health Science Center at Houston. 2Biochemistry and Molecular Biology University of Texas Health Science Center at 
Houston. 3Graduate School of Biomedical Sciences University of Texas Health Science Center at Houston. 

Electrical synapses among vertebrate photoreceptors suppress noise and allow rod signals to enter the cone pathway, expanding rod 
pathway dynamic range.  In mammals and teleosts, rod input into the cone pathway is suppressed by light adaptation and by a circadian 
mechanism attributed to dopamine secretion during the daytime. We further examined the mechanism that controls coupling. We 
measured photoreceptor coupling in AB zebrafish and C57BL/6 mouse retina by cut-loading Neurobiotin.  Gap junction phosphorylation 
was measured with Cx36-phospho-S293 antibodies. Dopamine and dihydroxyphenylacetic acid were measured by HPLC. In mouse and 
zebrafish, photoreceptor coupling changed 10-20 fold depending upon light adaptation state and time of day, with high coupling at night 
and low coupling in the day. Coupling was quantitatively correlated with Cx36 phosphorylation and was dependent on PKA activity.  Cx36 
phosphorylation in mouse retina showed a rhythm that was neither directly driven by light nor by dopamine secretion, although D4 receptor 
activation reduced phosphorylation. In both mouse and zebrafish, activation of adenosine A2a receptors enhanced Cx36 phosphorylation in 
the day and inhibition of A2a receptors reduced Cx36 phosphorylation at night.  In zebrafish, the higher affinity adenosine A1 receptor also 
reduced Cx36 phosphorylation during the day.  Knockout of the A1 receptor in mice disrupted the daily rhythm of Cx36 phosphorylation. 
In summary, photoreceptor coupling is controlled by opposing actions of a conserved set of GPCRs, with dopamine D4 and adenosine A1 
receptors reinforcing the closed state in the daytime, while adenosine A2a receptors drive the open state at night.   

(Sponsored by NIH, RPB)
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61.- Prenatal LPS exposure increases hemichannel opening and activation of astrocytes in the offspring  Orellana, Juan A1., Avendaño, 
Beatriz1., Montero, Trinidad1., Chavez, Carolina1., von Bernhardi, Rommy1. 1Departamento de Neurología, Facultad de Medicina, Pontificia Universidad 
Católica de Chile. 

Several epidemiological studies indicate that children from mothers exposed to infections during gestation, have an increased risk to develop 
neurological disorders including schizophrenia, autism and cerebral palsy. However, whether astrocytes and their crosstalk with neurons 
participate in the above mentioned brain pathologies remain to be elucidated. Our aim was to address if paracrine signaling mediated by 
hemichannels could be affected in astrocytes from the offspring of LPS-exposed dams during pregnancy. Ethidium uptake experiments 
showed that prenatal LPS-exposure increases the activity of astroglial connexin 43 (Cx43) and pannexin 1 (Panx1) hemichannels in the 
offspring.   Moreover, hemichannel opening induced by prenatal LPS exposure depended onintracellular Ca2+ levels, cytokine release and 
activation of the p38 MAP kinase/iNOS pathway. Biochemical assays and Fura-2AM/DAF-FM time-lapse fluorescence images revealed 
that astrocytes from the offspring of LPS-exposed dams display increased spontaneous Ca2+ dynamics and NO production, whereas iNOS 
levels and release of IL-1β/TNF-α were also found elevated. Interestingly, we found that prenatal LPS exposure enhanced the release of ATP 
through astroglial hemichannels in the offspring,  resulting in increased neuronal death by activation of neuronal P2X7 receptors and Panx1 
hemichannels. Thus, altogether this evidence suggest that astroglial hemichannel opening induced by prenatal LPS exposure depended on 
the inflammatory profile and level of activation of astrocytes. The understanding of mechanisms underlying astrocyte-neuron crosstalk could 
contribute to the development of new treatments to ameliorate the brain abnormalities induced by prenatal inflammation in the offspring. 

(This work was supported in part by Grants FONDECYT 11121133 (to J.A.O.) and FONDECYT 1131025 (to R.vB).)

62.- Is there a voltage-controlled hydraulic gating mechanism in human connexin hemichannels? Pareja, Claudia1., Perez-Acle, Tomas1., 
Escalona, Yerko1., Garate, Jose Antonio1., Bernardin, Alejandro1., Martinez, Agustin2., Garcia, Isaac2., Saez, Juan C.2., Araya, Raul1., Huynh, Tien3., Khan, 
Seung-gu3., Zhou, Ruhong3. 1Computational Biology Lab (DLAB) Fundación Ciencia & Vida. 2Centro Interdiciplinario de Neurociencias de Valparaíso 
(CINV) Universidad de Valparaíso. 3Computational Biology Center IBM Thomas J. Watson Research Center. 

Connexins (Cxs) are proteins constituents of gap junction channels that connect the cytoplasm of adjacent cells by the end-to-end docking of 
two Cx hemichannels. Despite the broad interest to understand the functional state of Cx-based channels, there are still many unanswered 
questions regarding structure-function relationships, perm-selectivity, and gating mechanisms. Using molecular dynamics simulations 
to characterize hCx26 internal water structure and dynamics, six intracellular (IC) pockets were identified per hemichannel. During our 
molecular dynamics simulations, we found that the IC pocket becomes quickly hydrated from the early stage of equilibration remaining 
hydrated afterward for the rest of the production. A detailed characterization of the dynamics and ordering of water including conformational 
variability of residues forming the IC pockets, together with multiple sequence alignments, allowed us to propose a functional role for this 
cavity. Then, we found that Arg-143 and Phe-29 establish strong interactions with water molecules within the IC pocket. In vitro experiments 
demonstrate that Arg-143 plays an essential role on the hCx26 hemichannel activity. These findings might provide new insights into the 
molecular mechanism on gating of hCx26 hemichannels as well as novel potential drug design strategies for Cx-related diseases. (This work 
was supported in part by FONDECYT 1130652 (to T.P.-A.), FONDECYT 1130855 (to A.D.M.), PFB16 Fundación Ciencia Para La Vida, ACT1107 (to T.P.-A. 
and C.P.), ACT1104 (to A.D.M.), and Centro Interdisciplinario de Neurociencias de Valparaíso P09-022-F (to T.P.-A.)



Valparaíso / Chile          March 28th - April 2nd 2015

77

63.- Cartilage-specific deletion of Panx3 prevents the development of surgically induced osteoarthritis. Peñuela, Silvia7., Moon, Paxton1., 
Barr, Kevin7., Pin, Christopher1,2,3,4., Welch, Ian5., Attur, Mukundan6., Abramson, Steven6., Beier, Frank1., Laird, Dale7.  1Physiology and Pharmacology, 
Medicine, University of Western Ontario. 2Paediatrics, Medicine, University of Western Ontario. 3London Children´s Health Research Institute. 4Oncology, 
Medicine, University of Western Ontario. 5Animal Care Services, Medicine, University of British Columbia. 6Division of Rheumatology, Medicine, New 
York University. 7Anatomy and Cell Biology, Medicine, University of Western Ontario. 

Osteoarthritis (OA) is a highly prevalent, disabling joint disease with no existing therapies to slow or halt its progression. Cartilage degeneration 
hallmarks OA pathogenesis, and pannexin 3 (Panx3), a member of a novel family of channel proteins, has been shown to be upregulated 
during this process. The function of Panx3 remains poorly understood but a close family member, Panx1, has been conclusively shown to 
be important in ATP release and further evidence suggests that Panx3 may serve a similar role.  Here we developed and characterized the 
first global and conditional Panx3 knockout mice to investigate the role of Panx3 in OA. Interestingly, global Panx3 deletion produced no overt 
mouse phenotype and had no obvious effect on skeletal development even though Panx3 is expressed in both bone and cartilage. However, 
mice lacking Panx3, specifically in cartilage, were markedly resistant to the development of OA following destabilization of medial meniscus 
surgery. Consistently, during OA we also observed a strong increase in Panx3 immunostaining in cartilage lesions in both mice and human 
patients suggesting it may facilitate disease progression. These data indicate a specific catabolic role ofPanx3 in articular cartilage during 
OA and highlights Panx3 as a potential therapeutic target for OA therapies. Lastly, while Panx1 has been linked to over a dozen human 
pathologies this is the first in vivo evidence for a role of Panx3 in disease.   

(Supported by CIHR to D.W.L., S.P. and F.B.)

64.- Linoleic acid via G-protein receptor 40 and AKT kinase induces hemichannel activity in human gastric epithelial cells. Puebla, Carlos1., 
Cisterna, Bruno1., Lampe, Paul2., Sáez, Juan C.1,3. 1Departamento de Fisiología, Facultad de Ciencias Biológicas, Pontificia Universidad Católica de Chile, 
Santiago, Chile. 2Translational Research Program Fred Hutchinson Cancer Research Center, Seattle, WA 98109, United States. 3Centro Interdisciplinario 
de Neurociencia de Valparaíso Universidad de Valparaíso, Valparaíso, Chile. 

Introduction: Linoleic acid (LA) is an essential fatty acid that activates G-protein receptors (GPRs), such as GPR40. The connexin (Cx) proteins 
form hemichannels (HCs) in the plasma membrane, which are involved in paracrine/autocrine cell signaling. Cxs have been identified in gastric 
epithelium but their functions and regulation by LA remain unknown. Here, we evaluated the effect of LA on HC activity in gastric epithelial 
cells. Methods: MKN28 cell line derived from human gastric epithelium and HeLa-Cx43 cells were used. The expression of Cxs (26, 32 and 
43) and GPR40 were evaluated by RT-PCR and immunoblotting. Activity of HCs was evaluated by cell uptake of ethidium (Etd+). Down-
regulation of GPR40 was accomplished using siRNA (siRNA-GPR40). Results: Expression of Cxs was detected in MKN28 cells. Basal Etd+ 
uptake increased (~3-fold) in cells bathed with divalent cation-free solution (DCFS) that increases the open probability of Cx HCs. The Etd+ 
uptake was also increased (~2-3 fold) by LA (100 μM) as early as ~6 min and lasted at least 6 h. GW9508 (GPR40 agonist) also increased 
Etd+ uptake (~3-fold). Cells transfected with siRNA-GPR40 did not show HC activity in response to LA but were positive upon exposure to 
DCFS. Moreover, cells preincubated (30 min) with AKTi (AKT inhibitor) did not show LA-induced Etd+ uptake. LA also induced Etd+ uptake in 
HeLa-Cx43 cells but not in HeLa-S373ACx43 cells (S373 is a phosphorylation site for AKT kinase). Conclusions: We suggest that LA-induced 
increase in HC activity via GPR40 and requires AKT kinase activity.   

(Funded by FONDECYT: 3130662(to C.P.); 1111033 (to J.C.S.))
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65.- Purinergic signaling in vasculogenic mimicry in ovarian cancer. Racordon, D1., Owen, Gareth1., Fernández, Paola1,2., Harcha, Paloma1., 
Oliva, Bárbara1., Sáez, Juan C.1,2. 1Fisiología, Ciencias Biológicas, Pontificia Universidad Católica de Chile. 2Centro Interdisciplinario de Neurociencia de 
Valparaiso Universidad de Valparaíso. 

Vasculogenic mimicry describes the process by which certain tumor cells express endothelium-associated markers and rearranges themselves 
forming a network of interconnected tubular structures, both in vitro and in vivo. Despite the fact of being correlated with poor prognosis, 
little is known about the mechanisms involved in this process. In this study, we tested the hypothesisthat purinergic signaling is involved in 
cell-to-cell communication necessary in vasculogenic mimicry. Suramin induced a dose-dependent decrease in tubular structure formation. 
In cells loaded with FURA2-AM, suramin induced (1) a 10-fold decrease in intracelular calcium basal levels and (2) a delay in plateau phase of 
calcium signal. Carbenexolone treatment completely blocked vasculogenic mimicry in vitro. These results support the idea of ATP, released 
by connexin hemmichannels, acting on P2 receptors, necessary for vasculogenic mimicry. To identify P2 receptor(s) and connexin(s) involved 
in this process couldpossibly provide new targets for cancer treatment. 

(Sponsored by Beca Doctorado Nacional and Beca Gastos Operacionales CONICYT)

66.- Linoleic acid induces lens epithelial cell death through the opening of connexin hemichannels. Retamal, Mauricio1., Figueroa, Vania1., 
Oliva, Carolina1. 1Centro de Fisiología Celular e Integrativa, Medicina, Universidad del Desarrollo. 

Connexins are proteins that form ion channels known as hemichannels, which allow the flow of ions and large molecules between the 
cytoplasm and the extracellular space. Under normal conditions, these channels remain mostly closed but when open massively they induce 
and/or accelerate cell death. The main purpose of the lens is to transmit and focus light onto the retina. This is performed by its transparent 
properties and lack of blood supply. It is known that unsaturated fatty acids -in particular linoleic acid (LA), induce lens epithelial cell death. 
However, their mechanism of action remains unknown. Given that cells in the lens express different type of Cx, we studied if the effect of 
LA on cell death depends on hemichannel opening. This study was performed in the human lens epithelial derived cell line (HLE-B3) and the 
role of hemichannels was studied using Cx-hemichannel blockers.  We found that 50 mM LA induced HLE-B3 cell death after 2 h exposure. 
The cell death was completely prevented by the hemichannel blocker (Gap26), 20 mM extracellular Ca2+ concentration and reducing agents. 
An important increase in hemichannel opening was observed only a few minutes after LA application. Also, we found that LA increased ROS 
production, mitochondria depolarization, and Calpain activation. Thus, we conclude that LA induces HLE-B3 cell death due to a massive 
hemichannel opening, which is triggered by an increase in ROS production.  

(Sponsored by Fondecyt 1120214 and Anillo ACT1104 (to M.A.R.) and Fondecyt 3130577 (to V.A.F.))
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67.- The effect of extracellular Ca2+ on carbon monoxide modulation of Cx46 hemichannels. Retamal, Mauricio1., León-Paravic, Carmen1., 
Figueroa, Vania1., Fiori, Mariana2., Altenberg, Guillermo2., Reuss, Luis2. 1Centro de Fisiología Celular e Integrativa, Medicina, Universidad del Desarrollo. 
2Department of Cell Physiology and Molecular Biophysics, and Center for Membrane Protein Research Texas Tech University Health Sciences Center. 

Hemichannels (HCs) are located either at cell contacts forming gap-junction channels or at non-contacting regions forming “free HCs”. The 
latter are involved in paracrine and autocrine cell communication, and under pathological conditions may induce and/or accelerate cell death. 
Therefore, the study of the mechanisms of regulation of HC function is of great significance. It is known that gaseous transmitters such as 
nitric oxide (NO) affect the activity of Cx43 and Cx46 HCs.  Another gaseous transmitter, carbon monoxide (CO), is a redox signaling molecule 
that modulates the activity of several ion channels, but its effect on HCs has not been explored. We studied the effect of CO donors on 
Cx46 HCs expressed in Xenopus laevis oocytes using two-electrode voltage clamp. CORM-2 inhibited Cx46 HC currents in a concentration-
dependent manner. The inhibition was independent of the presence of the Cx46 C-terminal domain and of intracellular Cys, and it was not 
prevented by guanylyl-cyclase or PKG inhibitors, or by thioredoxin, and was not due to endocytosis of HCs. However, the effect of CORM-2 
was dependent on the presence of extracellular Ca2+. We found that in the presence of Ca2+ CO maintains the HCs closed, but when Ca2+ was 
absent, CO maintains the HCs in the open state. We also determined that CORM-2 induced Cx46 carbonylation in vitro. The carbonylation of 
purified Cx46 HCs induced by CO suggests a direct effect. These results could help us to understand some of the biological actions of CO in 
physiological and pathological conditions.  (Sponsored by Fondecyt 1120214 and Anillo ACT1104 (to M.A.R.))

68.- Inhibition of 3T3-L1 adipogenesis by Angiotensin II: differential regulation of the gap junction protein Connexin 43 and β-catenin 
signaling. Rojas-Gomez, D1., Gonzalez-Casanova, J2., Dhein, S2., Martinez, Agustín D1. 1Centro Interdisciplinario de Neurociencias de Valparaíso, 
Universidad de Valparaíso, Valparaíso, Chile. 2Cardiac Surgery, Heart Center, University of Leipzig, Leipzig, Germany. 

Angiotensin II (Ang II) plays a role in promoting an anti-adipogenic effect on preadipose cells, however, the underlying mechanisms have not 
been fully delineated. In other cells, Ang II signaling has been shown to regulate expression of connexin43 (Cx43), a gap junction protein, 
as well as gap junction assembly. Since previous work demonstrated that wnt signaling regulates Cx43 expression and/or gap-junctional 
intercellular communication (GJIC), the objective of this study was to determine if Ang II regulates Cx43 expression and/or GJIC mediated by 
wnt signaling during adipogenesis in 3T3-L1 cells. In this study, we foundthat treatment of 3T3-L1 cells with Ang II 1 µM  reduced significantly 
triglyceride accumulation and the protein expresion of both C/EBPα and PPARγ, the two major adipogenic transcription factors induced 
during adipocyte differentiation.   In addition, treatment with Ang II induced up-regulation of Cx43 protein in a dose-dependent manner, 
which was significantly inhibited by losartan (Ang II receptor type 1 inhibitor). Ang II induced GSK3β activation and beta catenin expresion 
in cultured 3T3-L1 cells during differentiation. Otherwise, blockade of wnt/beta catenin pathway with IWR-1 significantly inhibit Ang II-
induced Cx43 over-expression. Taken together, this study demonstrates that the wnt/beta catenin signaling cascade plays an important role 
in the inhibition of adiopogenesis induced by Ang IIand Cx43 over-expression. Targeting this signaling pathway may offer therapy against 
the development of obesity. (This work was supported by FONDECYT 1130855 and ANILLO-ACT1104 to A.D.M. The Centro Interdisciplinario de 
Neurociencias de Valparaíso is a Chilean Millennium Institute (P09-022-F))
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69.- Translational regulation and functional analysis of N-terminally truncated Cx43 isoforms. Salat-Canela, Clàudia1., De Koninck, Magali1., 
Muñoz, Maria José1., Cabrer, Alejandro1., García Vega, Laura1., Santamaría, Anna2., Coll, Olga3., Gebauer, Fátima3., Sesé, Marta1., Ramón y Cajal, Santiago1., 
Aasen, Trond1. 1Molecular Pathology Vall Hebron Institut de Recerca. 2Cell cycle laboratory Vall Hebron Institut de Recerca. 3Gene Regulation Centre for 
Genomic Regulation. 

We recently showed internal translation of a 20-kDa C-terminal fragment from the Cx43 transcript through a unique cap-dependent 
mechanism. Here, we provide evidence that phosphorylation of the initiation factor eIF4E, in conjunction with several other trans-acting 
factors, regulates internal translation efficiency. We have performed mass spectrometry analysis of Cx43 RNA immunoprecipitation 
experiments to identify potential novel trans-regulatory proteins influencing internal translation. Moreover, the expression of the 20-kDa 
isoform is linked to the cell cycle, specifically by induction during the M phase. The functions of the putative C-terminal fragments remain 
poorly defined but our retroviral overexpression studies suggest major isoform-specific differences in terms of localization (to the cytoplasm, 
mitochondria, or nucleus) and function. We intend to correlate our results with our cardiac disease models and our clinicopathological analysis 
of human tumours. 

(This work was supported by Funding to Trond Aasen from Instituto de Salud Carlos III Grant PI13/00763 and Grant CP10/ 00624, co-financed by 
The European Regional Development Fund (ERDF).)

70.- Role of gap junctions on the cytotoxic against tumor cells mediated by NK and CD8+ T cells. Salazar-Onfray, Flavio1., Guerrero, Israel1., 
Lillo, Fernando1., Gleisner, Alejandra1., López, Mercedes1., Tittarelli, Andrés1., Mendoza-Naranjo, Ariadna2. 1Institute of Biomedical Sciences, Medicine, 
Universidad de Chile. 2Immunology, UCL Cancer Institute, University College London. (Financed by Grants FONDECYT 1130320 and 1130324; FONDEF 
D11I1036 and Millennium Institute on Immunology and Immunotherapy P09/016-F)

Introduction: Gap junctions (GJs) mediate intercellular communication between adjacent cells. Previously, we showed that connexin 
43 (Cx43), the main GJ protein in the immune system, mediates Ag transfer between human dendritic cells (DCs) and is recruited to the 
immunological synapse during T cell priming. Nevertheless, the role of Gap Junction in cytotoxic cells against tumor cells remains unexplored. 
In this study, we analyzed the role of GJICs on cytotoxic activity of CD8+ T cells and NK cells against human melanoma cells. Methods: Using 
immunofluorescence techniques, we evaluated the localization of Cx43 plaques in co-cultures between CD8+/NK cells and melanoma cells. 
Gap Junctions function was evaluated by intercellular transfer of Calcein-AM (cell tracker) by Flow Cytometry and Cr51 release by tumor cells 
as readout of the cytotoxic activity. Results: We found polarization of Cx43 at the NK/tumor and CD8+/tumor cell-contact sites, accompanied 
by the formation of functional GJs between NK/tumor and CD8+/tumor cells, respectively. Blockade of Cx43-GJIC with reported inhibitors 
decreased the activation of effector cells and influx of Calcein-AM from the donor to acceptor cells. Moreover, blocking Cx43 strongly inhibited 
the NK and CD8+ cells–mediated tumor cell lysis associated with inhibition of granzyme B activity and Ca2+ influx. Conclusions: Our data 
identify a novel andactive role for Cx43-GJIC in human cytotoxic cells and antitumor effector functions that may be important for the design 
of new immune therapeutic strategies.   
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71.- Glucose increases opening of hemichannels through a glycolytic-dependent mechanism. Salgado, Magdiel1., Orellana, Juan A.2., 
Carril, Claudio1., Elizondo-Vega, Roberto1., Saez, Juan C.3., García-Robles, María1. 1Biología Celular, Ciencias Biológicas, Universidad de Concepción. 
2Departamento de Neurología, Escuela de Medicina, Pontificia Universidad Católica de Chile. 3Departamento de Fisiología, Facultad de Ciencias 
Biológicas , Pontificia Universidad Católica de Chile. 

Tanycytes are specialized glial cells that interact with hypothalamic peri-ventricular neurons of the arcuate nucleus; they express glucose-
sensing proteins, including glucose transporter 2, glucokinase (GK) and ATP-sensitive K+ (KATP) channels, indicating their involvement in 
hypothalamic glucosensing. Moreover intracellular GK localization is modulated by GK regulatory protein in tanycytes (GKRP). Here, we 
examined whether extracellular glucose modulates the intracellular free Ca2+ concentration (Ca2+signal) in cultured tanycytes. Measurements of 
intracellular Ca2+ signal (Fura-2: ratio 340/380) and hemichannel activity (ethidium uptake: time-lapse fluorescence intensity measurements) 
revealed that glucose increased the Ca2+ signal in a concentration-dependent manner and increased connexin 43 (Cx43) hemichannel activity. 
Glucose metabolism through GK limited this process since alloxan-induced GK inhibition significantly decreased the Ca2+ signal. In addition, 
the adenovirus-mediated GKRP overexpression decreased hemichannel activity promoted by glucose to agreater extent than by alloxan. 
On the other hand, extracellular glucose increased both GK and GKRP nuclear compartmentalization in primary cultures of tanycytes. These 
results suggest that in tanycytes activation of GK leads to the sequential and quick activation of Cx43 hemichannels, a process modulated by 
GKRP, followed by a rise in Ca2+ signal and cellular redistribution of glucose sensing proteins.  

72.- Generation of concatemeric connexins to investigate the oligomerisation behavior. Schadzek, Patrik1., Hermes, Doris1., Ngezahayo, 
Anaclet1,2. 1Institute of Biophysics Leibniz University of Hannover, Germany. 2Center for System Neurosciences (ZSN) TiHo Hannover.

Gap junction channels are composed of two connexons or hemichannels, which consist of six protein subunits, called connexins (Cx). Formation 
of gap junctions between cells is a complex process and also the formation of heteromeric connexons has been proposed. We generated 
eGFP labelled hCx26, hCx46 and four different concatemeric tandems: two homodimers hCx46-hCx46, hCx26-hCx26 and two heterodimers 
hCx46-hCx26 and hCx26-hCx46. We expressed the different constructs in gap junction deficient HeLa cells to analyse their capability to 
form functional gap junction channels. Western blot experiments showed that the four different tandems were expressed as complete 
proteins with the expected sizes. Confocal laser scanning microscopy revealed that the tandems were able to form gap junction plaques. 
Quantification of the plaque size showed that the tandems formed smaller plaques than the monomeric hCx26 and hCx46 expressing cells. 
All tested tandems and the monomeric hCx46 and hCx26 formed metabolically coupled gap junction channels, as revealed by dye transfer 
experiments. These experiments showed for the first time that the concatemerization of different connexins leads to heteromeric connexons 
which dock to build functional gap junction channels between adjacent cells. Our results constitute a first attempt to analyse the formation 
of heteromeric connexons. They open up the possibility to study the interaction specificity between connexins during gap junction channel 
formation.  
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73.- Mapping complete coupling networks in the mammalian retina.   Sigulinsky, Crystal1., Lauritzen, J.1.,Rapp, Christopher1., Sessions, Alex1., 
Emrech, Daniel1., Rapp, Kevin1., Watt, Carl1., Anderson, James1., Jones, Bryan1., Marc, Robert1. 1Ophthalmology University of Utah. 

Purpose:   Gap junctions are abundant within the mammalian retina, but their roles, partners and patterns are poorly understood. 
Computational connectomics is a powerful new discovery tool for tracking coupling. Methods:  Heterocellular coupling between identified 
ganglion cells (GCs) and amacrine cells (ACs) and homocellular coupling within bipolar cell (BC) populations were mapped in retinal connectome 
RC1:  a synaptic resolution volume of rabbit retina, built by automated transmission electron microscopy and computational assembly, with 
interleaved molecular markers for cell classification. Results:  Coupling between specific GCs and GABAergic AC classes via largely suboptical 
gap junctions, is sparse but pervasive. These ACs either couple or synapse with specific target GC classes. Such indirect coupling between 
cells in a GC class likely influences GC spike correlations. Multipoint coupling in cone BC classes creates stratified sheets of coupled cells. 
These suboptical gap junctions form near branch tips, suggesting a role in directing cone BC terminal tiling. Many cone BC classes also exhibit 
cross-class coupling with other specific cone BC classes, but only within their ON or OFF superclasses. Such coupling may smooth transitions 
across BC operating ranges. Conclusions:  Connectomics strategies uniquely afford simultaneous identification of gap junctions and coupling 
partners in highly complex networks, enabling discovery of novel coupling motifs, target specificities, and spatial correlations. Incorporating 
coupling topologies and weights into the next generation of network models will provide more powerful predictions of network function. 
(This work was supported by NIH/NEI (EY002576, EY015128, EY014800, 1T32EY024234), NSF 0941717, RPB. 

74.- Innexin hemichannel in the protozoan Trypanosoma cruzi.  Silvestre , Claudio3., Moraga, Claudio3., Lagos, David3., Barria, Ivan3., Estay, Yubitza3., 
González, Jorge1., Sáez, Juan C.2., Vega, José Luis3 , 1Departamento de Tecnologia Medica, Facultad Ciencias de la Salud, Universidad de Antofagasta. 
2Departamento de Fisiologia, Facultad de Ciencias Biológicas, Pontificia Universidad Católica de Chile. 3Experimental Physiology Laboratory (EPhyL), 
Antofagasta Institute, Universidad de Antofagasta. 

Introduction: Innexin proteins are described as the primordial gap-junction molecules and has been identified in virus or metazoan organisms 
such hydra. However, not yet described in protist organisms. The aim of our study is to investigate whether Trypanosoma cruzi (T.cruzi) have 
innexin-formed hemichannels. Methods: The hemichannels functional state was evaluated by dye uptake measurements into T.cruzi form (i.e. 
epimastigote and trypomastigote) and several inhibitors (i.e. La3+, Cbx, FFA, AGA and oleamide) were used to pharmacological characterization. 
PCR was performed using primers designed from C.elegans and D.melanogaster innexin gene sequences and genomic-DNA of T.cruzi used as 
template. Also, we searched into kinetoplastid genomic on-line resource (TriTrypDB.org) for the existence of innexin orthologs and paralogs 
genes. Results: T.cruzi incorporated ethidium bromide (1+, 394.8 Da) in basal condition, effect blocked by La3+ (200 µM). However, Evans blue 
dye (4-,960.8 Da) was not incorporated. Fluorescein isothiocyanate-dextran (70,000 Da) did not enter the cells, indicating that dye uptake 
was not the result of cell membrane damage. PCR product with the expected size was amplified using primers from INX-5 gene sequence of 
C.elegans. Blast analysis using amino acid sequence of Inx-5 of C.elegans identified two genes in T.cruzi genome which coding for two putative 
proteins.  Discussion: Since innexin proteins are not present in vertebrates, identify innexin-formed hemichannels in T.cruzi could open new 
pharmacological target to the design effective new therapies to Chagas disease.   

(Sponsored by FONDECYT Nº11130013 (to J.L.V.) and Nº1131007 (to J.G.). Barria I. holds a CONICYT PhD Fellowship. Silvestre C. holds a UA UG-Thesis 
Fellowship)
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75.- Role of Connexin40 in the renal endothelial derived hyperpolarization. Sorensen, Charlotte1., Brasen, Jens Christian2. 1Biomedical Sciences, 
Health, University of Copenhagen. 2Electrical Engineering Technical University of Denmark.

In small arteries, smooth muscle cells (SMCs) and endothelial cells (ECs) are connect by myo-endothelial junctions (MEJ), usually extending 
from the EC. Ca2+ activated IK and SK channels located in the MEJ are suggested to play a role in NO-independent endothelium derived 
hyperpolarization (EDH) of SMCs. The IK and SK channels could affect the SMC through direct electrical coupling via myo-endothelial gap 
junctions. Another possibility is that K+ released from the EC into the intercellular space between EC and SMC activates SMC Kir and Na/
KATP-ases.   Experiments were conducted in the wire myograph using renal interlobar arteries from wild-type and Cx40 knock-out mice. 
Nitric oxide synthase and the cyclooxygenase were inhibited using L-NAME and indomethacin. Preconstriction was performed with 100 nM 
NE. EDH was elicited with ACh (1 nM – 10 µM).   We hypothesized that EDH would be reduced in renal vessels from Cx40 knock-out mice. 
Also, inhibition of IKCa and SKCa or Kir channels and the Na/K-ATPases should significantly reduce EDH in both wild-type and Cx40 knock-outs.   
The EDH elicited in renal vessels from wild-type and Cx40 knock-out mice were not significantly different. Inhibition of IKCa and SKCa using 
TRAM-34 and Apamin significantly reduced EDH in renal vessels from both wild-type and Cx40 mice. Inhibition of Kir and Na/K-ATPases had 
no significant effect on EDH in wild-type mice. We conclude that Cx40 plays no major role in the renal EDH whereas activation of IKCa and SKCa 
channels is significant. Possibly other connexins constitute the major part of renal MEJs.

76.- Regulation of Cx43 by tyrosine kinase 2 phosphorylation. Sorgen, Paul1., Li, Hanjun1. 1Biochemistry and Molecular Biology University of 
Nebraska Medical Center. 

Our previous studies have focused on Src because this is the only known tyrosine kinase that directly phosphorylates (pY247/pY265) and 
affects Cx43 GJIC. The Cx43CT contains additional tyrosine residues (Y267/286/301/313) and mass spectroscopy data identified them as 
potential candidates for phosphorylation (PhosphoSitePlus). Unfortunately, the tyrosine kinases directly involved were not identified nor the 
functional significance of phosphorylation at these sites. Therefore, we performed an in vitro phosphorylation screen and Tyrosine kinase 
2 (Tyk2) phosphorylated purified Cx43CT. GST-tagged Cx43CT was immobilized on glutathione-sepharose beads and lysate from MDA-
MB-231 cells was used to pull downTyk2. Constitutively active Tyk2 was transfected into NRK cells and phospho-specific tyrosine antibodies 
(anti-pY247 and -pY265) showed that Tyk2 increased the level of pY247, but not pY265. No change was observed in the total level of 
Cx43 and activated Tyk2 interacted with Cx43 at the plasma membrane. These results are important because they indicate that Tyk2 can 
directly phosphorylate Cx43 in cells with an effect different than Src, which increases both levels, but pY265 to a greater extent. On-going 
experiments will identify the domains involved in and binding affinity of the interaction between Cx43CT-Tyk2 (NMR) and if other Cx43 
tyrosine residues are phosphorylated by Tyk2 (mass spectrometry).Based upon the correlation between increased Ang II levels leading to 
increased activation of Tyk2, downregulation of ventricular Cx43 GJIC, and increased risk of arrhythmia, the cardiomyocyte cell line HL-1 will 
be used to determine if Tyk2 mediates Ang II’s effects on Cx43 expression and altered cellular localization.    

(Sponsored by National Institutes of Health GM072631)
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77.- Effect of pH and phosphorylation on the secondary structure of the CT domain from different connexin isoforms. Sorgen, Paul1., 
Spagnol, Gaëlle 1., Al-Mugotir, Mona1., Zach, Sydney 1., Li, Hanjun1., Trease, Andrew1., Grosely, Rosslyn1. 1Biochemistry and Molecular Biology University 
of Nebraska Medical Center. 

The CxCT domain contains many functionally important sites, notably those involved in channel gating, phosphorylation, and protein partner 
interactions. As a key player in the regulation of GJs, the CT presents itself as a target for manipulation intended to modify function. However, 
a critical step towards unlocking the therapeutic potential of the CxCT is defining residues that can form and conditions that can manipulate 
the secondary structure. To accomplish this goal, we developed methods to enable the biophysical characterization of CxCT domains 
attached to their 4th transmembrane domain (TM4). Previous studies using TM4-Cx43CT and TM4-Cx45CT demonstrated that the influence 
of membrane-tethering on the CT structure cannot be predicted from the soluble domain alone nor does membrane-tethering have a similar 
influence on a CxCT domain. Therefore, studies were extended to characterize other Cx isoforms to define the similarities and differences in 
structure between TM4-tethered CT domains. CD and NMR identified the isoforms with the greatest amount of α-helical structure in their 
CT domain (pH 5.8): Cx45 > Cx43 > Cx50 > Cx32 > Cx40 > Cx37 > and Cx26. Studies also identified that Cx32 X-linked Charcot-Marie Tooth 
disease mutants R219H, R230C, and F235C affect the formation of CT α-helical structure and Cx26 hearing loss mutants L214P and K224Q 
affect the formation of TM4 α-helical structure. Since most Cxs are regulated by CT phosphorylation by more than one kinase at a time, we 
are also using TM4-Cx43CT to characterize structures that more resemble the phosphorylation pattern during assembly and disassembly.  

(Sponsored by National Institutes of Health GM072631)

78.- Determining the functional significance of Cx45 carboxyl-terminal domain dimerization. Sorgen, Paul1., Trease, Andrew1., Contreras, Jorge 2., 
Harris, Andrew 2. 1Biochemistry and Molecular Biology University of Nebraska Medical Center. 2Pharmacology and Physiology Rutgers University. 

Our previous studies have identified a high-affinity dimerization between Cx45 CTs. Dimerization occurs via hydrophobic contacts in a Cx45CT 
region of α-helical structure (A333-N361). To determine the physiological importance of Cx45CT dimerization, we have undertaken a three-
tiered approach which includes cell biology, electrophysiology, and structural biology experiments. A Cx45 CT dimerization incompetent 
mutant (called 6E; L335,L338,I342,L349,I353,Y356→E) expressed in MDCK cells does not interfere with channel assembly and transport to 
the plasma membrane. Sucrose gradient fractionation in the presence of trafficking inhibitors identified that endogenous Cx45 does not 
form hexamers in the ER or cis-Golgi. Overexpression of Cx45 caused hexamer formation in the ER; however the fractionation pattern of 
overexpressed Cx45 6E resembles endogenous Cx45. The data are important as the phenotypic difference between overexpressed Cx45 
WT and 6E strongly suggest CT dimerization is inhibited in cells. Ongoing studies include using Cx45 6E in Xenopus oocytes to test the 
hypothesis that CT dimerization modulates junctional conductance and voltage sensitivity. We are also using the soluble Cx45CT domain to 
solve the structure of the monomer conformation and define the dimerization domain. Our plan is to identify molecules that interact with 
the monomer conformation, thereby blocking dimerization. We believe this strategy is more feasible than breaking the dimer due to the high 
energetic cost needed for a molecule to disrupt such a robust dimerization. The study of Cx45CT dimerization is important because any novel 
mechanism that differentiates the properties of cardiac Cxs presents a potential target for therapy.   

(Sponsored by National Institutes of Health GM072631)
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79.- Cx26 knockdown predisposes the mammary gland to primary mammary tumours in a DMBA-induced mouse model of breast 
cancer. Stewart, Michael1., Bechberger, John2., Welch, Ian3., Naus, Christian2., Laird, Dale4,1. 1Physiology and Pharmacology University of Western 
Ontario. 2Cellular and Physiological Sciences, Life Sciences Institute University of British Columbia. 3Animal Care Services University of British Columbia. 
4Anatomy and Cell Biology University of Western Ontario. 

Down-regulation of connexin26 (Cx26) is an early event following breast cancer onset and has led to Cx26 being classically described as 
a tumour suppressor. However, as breast cancer progresses towards metastatic disease, the role of Cx26 remains unclear as Cx26 has 
also been described to act as a tumour facilitator in the later stages of the disease. Interestingly, both autosomal dominant and recessive 
mutations in theCx26 gene (GJB2) reduce or ablate Cx26 gap junction channel function and are the most common cause of genetic deafness. It 
is currently unknown if females with loss-of-function GJB2 mutations have a greater susceptibility to breast tumorigenesis or altered breast 
cancer progression. To investigate these possibilities, 7,12-dimethylbenz[α]anthracene (DMBA)-induced tumor development was evaluated 
in BLG-Cre; Cx26fl/fl mice expressing Cre under the β-Lactoglobulin promoter (Cre+) compared to Cx26fl/fl  controlmice (Cre-) following pituitary 
isograft driven Cx26 knockdown. A significantly increased number of DMBA-treated Cre+ mice developed mammary tumours and developed 
multiple tumours compared to Cre- mice. Primary tumours of Cre+ mice were of multiple histological subtypes and had similar palpable 
tumour onset and growth rate compared to tumours from Cre- mice. Lungs were evaluated for evidence of metastases revealing a similar 
percentage of potential lung metastases in Cre+ and Cre- mice. Together, our results suggest that loss of Cx26 predisposes the mammary 
gland to chemically induced mammary tumour formation, but not to increased metastasis, which may have important implications to patients 
harboring loss-of-function GJB2 mutations. 

(Funded by the Canadian Breast Cancer Foundation (D.W.L., C.C.N.))

80.- Connexin32 signaling attenuates liver damage, hepatic steatosis and lipid peroxidation in a murine model of nonalcoholic fatty liver 
disease. Tiburcio, Taynã2., Willebrords, Joost1., Pereira, Isabel 2., Araújo, Cintia 2., Crespo Yanguas, Sara 1., Maes, Michaël 1., Da Silva, Tereza2., Dagli, Maria 
Lucia2., Vinken, Mathieu1., Cogliati, B2. 1In Vitro Toxicology and Dermato-Cosmetology, Medicine and Pharmacy, Vrije Universiteit Brussel. 2Pathology, 
School of Veterinary Medicine and Animal Science, University of Sao Paulo. 

The nonalcoholic fatty liver disease (NAFLD) is a major worldwide health problem and is closely related to obesity and metabolic syndrome 
in humans. This liver disease ranges from simple steatosis through steatohepatitis to cirrhosis and, hepatocellular carcinoma. In the liver, 
normal hepatocytes mainly express connexin32 (Cx32) and the gap junction intercellular communication plays an important role in tissue 
homeostasis, normal development and physiology. The involvement of Cx32 signaling has been well documented in different liver diseases, 
however, almost nothing is known about these mechanisms on liver steatosis. In this context, we investigated the role of Cx32 signaling in a 
dietary model of NAFLD in Cx32-knockout (KO) mice. Eighth-week-old male Cx32-KO and wild-type (WT) C57BL/6 mice were fed a normal 
diet or a choline-deficient and high fat (CDHF)-diet (35% total fat, 54% trans fatty enriched) for 8 wk. Body weight and retroperitoneal/
epididymal fat weight were similar between WT and Cx32-KO mice under CDHF-diet feeding. However, the relative liver weight, serum AST, 
ALT, and cholesterol levels; hepatic triglyceride content and lipid peroxidation were significantly increased in Cx32-KO mice. Additionally, 
Cx32-KO mice showed lower liver IL-10 levels, but no differences were observed in liver IL-6, IL-β1, IFN-γ and TNF-α levels. Overall, the results 
showed protective effects of Cx32 signalling against hepatocellular injury, triglyceride accumulation and lipid peroxidation in a murine model 
of NAFLD. These findings could suggest the potential therapeutic role of connexin32 against liver damage related to lipid accumulation and 
oxidative stress. 

(Sponsored by Foundation for Research Support of the State of Sao Paulo (FAPESP); Agency for Innovation by Science and Technology in Flanders (IWT); 
European Research Council (ERC))



INTERNATIONAL GAP JUNCTION CONFERENCE

86

81.- The first extracellular domain plays an important role in single channel conductance of Cx50 gap junction channels. Tong, Xiaoling2., 
Aoyama, Hiroshi1., Sudhakar, Swathy2., Chen, Honghong2., Bai, Donglin2.  1School of Pharmaceutical Sciences Osaka University. 2Physiology and 
Pharmacology Western University, Canada. 

Homotypic Cx50 gap junction (GJ) channels are drastically different from those of Cx36 in their unitary channel conductance (γj) and 
transjunctional voltage-dependent gating (Vj-gating). The underlying molecular domains/residues responsible for their unique properties are 
not clear. Experimental evidence showed that residues in the first extracellular domain (E1) of Cx50 likely line the GJ channel pore and may 
play an important role in determining γj and Vj-gating. We aligned the E1 sequence of Cx50 with that of Cx36 and found 10 different residues 
(4 out of 10 residues involve a change in charge). We generated a chimera Cx50Cx36E1, in which the E1 of Cx50 was replaced by the E1 of 
Cx36, and 4 point mutations in the Cx50 E1 domain (G46D, D51M, E62N and E68R). Dual patch clamp study on the homotypic GJ channels 
formed by the chimera or the point mutants in N2A cell pairs indicate that the Cx50Cx36E1 channel showed little change in the Vj-gating 
properties, but displayed a significantly reduced γj. Surprisingly, homotypic G46D and E62N channels increased γj and showed little change 
in Vj-gating properties. D51M failed to form functional GJ channels likely due to a failure in clustering at cell-cell junctions. Our homology 
structure models of the chimera and the mutants indicate that the electrostatic properties of the pore-lining residues in the E1 likely play a 
role in ion permeation. While these E1 residues play little role in the Vj-gating properties of Cx50 and possibly other GJ channels.   

(This work is supported by NSERC)

82.- Cx39 forms hemichannels but not gap junction channels in HeLa cells. Vargas, AA1., Cisterna, Bruno A1., Vielma, Alex2., Schmachtenberg, 
Oliver2., Sáez, Juan C1,2. 1Fisiología, Ciencias Biológicas, Pontificia Universidad Católica de Chile. 2Centro Interdisciplinario de Neurociencias de Valparaíso, 
Universidad de Valparaíso. 

Connexin39 (Cx39) is transiently expressed during the ontogeny of skeletal muscles and after denervation of adult fast muscles. This 
connexin does not form gap junctions in exogenous expression systems as determined by the dye coupling technique but electrical coupling 
has not been determined. However, it remains unknown whether it forms functional hemichannels. We used HeLa cells transfected with 
Cx39 and HeLa parental cells. Macroscopic, and microscopic membrane currents and electrical coupling were evaluated under voltage clamp 
using the whole cell configuration. The permeability properties were evaluated with fluorescent permeability tracers (DAPI2+MW: 350, 
ethidium+ MW: 394, propidium2+ MW: 668, Evans blue-4 MW: 961, Hexidium+ MW: 497, Procion Orange MW:715, Methylene blue+ MW: 320, 
ethidium Homodimer+4 MW:857, and brilliant blue G (BBG-) MW: 854) in time lapse experiments. Both membrane currents and permeability 
measurements were performed in cells bathed with saline solution with and without divalent cations (DCFS). No electrical coupling between 
adjacent HeLa-Cx39 cells was observed and the membrane current and permeability to dyes were very low in cells bathed with saline 
solution containing divalent cations. However, in DCFS the macroscopic current was significant higher than in parental cells; was zero at Vm= 
0 mV; was blocked by La3+. The unitary currents events were frequent at positive membrane voltages and corresponded to conductance of 
~75 pS.  In permeability experiments, all dyes but not propidium, BBG and ethidium homodimer, uptake was detected and was inhibited by 
La3+.  Cx39 forms hemichannels inhibited by divalent cations.The molecular selectivity of Cx39-HCs still remains to be determined.   

(Sponsored by FONDECYT 1111033 and P09-022-F from ICM-ECONOMIA.)



Valparaíso / Chile          March 28th - April 2nd 2015

87

83.- Recombinant expression of human connexin 26 in E. coli to study the gating mechanism with single molecule fluorescence microscopy. 
von der Hocht, Iris1., Vergara, Ignacio1., Zeilinger, Carsten2., Fitter, Jörg1. 1ICS-5 Forschungszentrum Jülich. 2Biophysik Leipzig Universität Hannover. 

Intercellular communication of multicellular organisms is mediated by gap junctions. The central pore of these connexin-dodecamers allows 
for the transfer of small molecules and ions. Thus, the adjacent cells are coupled chemically as well as electrically. Electron Microscopy, atomic 
force microscopy as well as x-ray scattering data together with MD simulations provide structural information and various functional studies 
of different connexin isoforms have been performed. However, the mechanism of gating is not fully understood yet. Models of the underlying 
conformational changes closing the gap junction channel are insufficient. There is evidence for a plug formation due to conformational 
changes of the N-terminal helices. But blocking of the pore due to binding events to the cytoplasmic loop or the C-terminus inducing a 
conformational change in the transmembrane helices has to be considered also. Single molecule techniques like single molecule Förster 
resonance energy transfer allow to investigate conformational changes of individual molecules. Measurements of a well defined system with 
a known number and concentration of interaction partners facilitate the study of individual binding events and subsequent conformational 
changes. A bacterial expression system offers comprehensive genetic modification, a high yield and straightforward purification via His-tag. 
The compact structure and the high α-helical content of connexin 26 facilitates solubilisation from inclusion bodies and functional refolding 
into detergent solution. Likewise, the oligomerisation and reconstitution into an artificial lipid system is possible. Expression of the human 
gene in BL21 strains supplemented with rare t-RNAs and purification using metal chelating affinity chromatography was successful as 
verified by western blotting. 

84.- The role of Connexin43 hemichannels in limbic seizures. Walrave, Laura1., Vinken, Mathieu2., Leybaert, Luc3., Smolders, Ilse4.  
1Pharmaceutical Chemistry, Drug Analysis and Drug Information, Medicine & Pharmacy, Vrije Universiteit Brussel. 2Toxicology, Dermato-cosmetology 
and Pharmacognosy, Medicine & Pharmacy, Vrije Universiteit Brussel. 3Basic Medical Sciences (Physiology group), Medicine & Health Sciences, Ghent 
University. 4Pharmaceutical Chemistry, Drug Analysis and Drug Information, Medicine & Pharmacy, Vrije Universiteit Brussel. 

Nowadays, the contribution of astrocytic connexin43 hemichannels (Cx43-HCs) to brain functioning and dysfunctioning hasn’t been fully 
elucidated. In this study, we want to screen Cx43-HCs as novel antiepileptic drug targets through the in vivo screening of a newly developed 
and selective Cx43-HC-inhibitor (compound X) in different acute models of seizures. In the acute pilocarpine rat model, we found that an 
intrahippocampal perfusion of 12.5 µM compound X was able to significantly reduce the seizure-related behavioural movements (based 
on Racine’s scale) induced by pilocarpine. In the acute pilocarpine mouse model, ECoG recordings were used to compare seizure severity 
because of the unclear behaviour in these animals. We found that an intrahippocampal perfusion of 25 µM compound X significantly reduced 
the total seizure duration (sum of duration of all individual seizures displayed on ECoG recordings). We will also determine the concentration 
of glutamate and D-serine in the dialysate samples which were collected during this experiment in view of the hypothesis that Cx43-HCs 
might release these gliotransmitters in vivo. In the six Hertz (6 Hz) mouse model, an electrical model of therapy-resistant seizures, we 
found that an intracerebroventricular injection of 1 nmol compound X and an intraperitoneal injection of 25 mg/kg compound X leads to a 
significant decrease in the total seizure duration. These results suggest that Cx43-HCs play a role in seizure generation. Additionally, it is of 
very high importance to screen compound X in chronic models of epilepsy in order to unravel the role these channels play in epilepsy and 
epileptogenesis.     
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85.- Trafficking and turnover of Cx36 in HeLa cells studied by fluorescent pulse-chase labeling. Wang, Helen1,2., Mitchell, Cheryl1., O´Brien, 
John1,2. 1Ophthalmology & Visual Science University of Texas Health Science Center at Houston. 2Graduate School of Biomedical Sciences University 
of Texas Health Science Center at Houston. 

Electrical synapses formed of Cx36 show a great deal of functional plasticity, much dependent on changes in connexin phosphorylation.  
However, turnover may also be important for regulating cell-cell communication.  We performed fluorescent pulse-chase analysis of 
HaloTag-labeled Cx36 turnover in transiently transfected HeLa cells. HeLa cells were pulse labeled with Oregon Green (OG) HaloTag ligand 
and chase labeled with tetramethylrhodamine (TMR) ligand. Cells were fixed 30 minutes after initiation of chase labeling.  Cx36-Halo formed 
large junctional plaques and was also contained in many intracellular vesicles.  Pulse (OG) labeled GJ protein was gradually replaced by newly 
synthesized Cx36 labeled with the chase ligand (TMR).  The half-life of Cx36 in junctional plaques was 3.1 hours.  The turnover rate of Cx36 
in HeLa cells was not affected by treatment with Sp-8-cpt-cAMPS or Rp-8-cpt-cAMPS, while coupling was significantly changed by these 
treatments within 20 min.  Disruption of Golgi with brefeldin A prevented addition of new connexins to junctional plaques.  Two classes of 
intracellular vesicles were observed.  Small chase-labeled vesicles that were observed fusing to existing GJs were interpreted to be trafficking 
Cx36; large ring-shaped vesicles containing pulse and chase label were interpreted to be endocytic and degradation vesicles. Finally, chase-
labeled Cx36 was found throughout GJs, indicating that connexons diffuse laterally through the GJ.  In conclusion, two-color fluorescent 
pulse-chase labeling revealed unique aspects of connexin trafficking to and from gap junctions.  In HeLa cells, turnover of Cx36 occurred on a 
much longer time scale than phosphorylation-dependent plasticity, but could contribute to long-term changes in coupling. 
 
(Sponsored by NIH, RPB)

86.- Arrhythmogenic consequences of connexin hemichannel openings in the heart. Wang, Nan1., Vandersickel, Nele2., Gadicherla,  Ashish3., 
Sipido , Karin 4., Leybaert, Luc5. 1Basic Medical Sciences, Physiology Group Ghent University. 2Department of Physics and Astronomy Ghent University. 
3Basic Medical Sciences Ghent Univeristy. 4Experimental Cardiology KU Leuven. 5Basic Medical Sciences Ghent University. 

A common triggering event of premature ectopic heartbeats is a sudden increase in adrenergic drive associated with Ca2+ release from the 
sarcoplasmic reticulum outside the normal cardiac cycle, as observed in ischemic hearts. In the present study, we addressed activation of 
cardiac Cx43-hemichannels in response to abnormal Ca2+-handling and examined their contribution to ventricular arrhythmia using a pig 
model of chronic myocardial ischemia. Acutely isolated pig ventricular cardiomyocytes were subjected to 400 ms-voltage steps from -70 to 
+40mV (mimicking voltage changes during an action potential [AP]) at a frequency of 1 or 2Hz. The basal hemichannel activity was limited 
under control conditions but augmented after activation of beta-adrenergic receptors by isoproterenol (50nM) which induced a >10-fold 
increase in the number of hemichannel-opening-events. The same voltage protocol was employed to assess hemichannel activities under 
conditions of chronic ischemia, the cardiomyocytes isolated from the peri-infarct zone (MI cardiomocytes) displayed a 6-fold increase as 
compared to those from sham-operated animals. The latency to the first hemichannel opening was reduced from 187.7±43.7 to 64.4±7.2ms. 
Concomitantly, AP- duration was significantly prolonged in the MI cardiomyocytes and was associated with elevated beat-to-beat variability 
of repolarization (BVR) that serves as a biomarker for arrhythmogenic risk. Gap19 that selectively blocks Cx43-hemichannels prevented the 
AP-duration prolongation and decreased the BVR from 26.5±6.9 to 7.8±2.5ms. Collectively, our findings suggest that excessive hemichannel 
openings may alter the repolarization reserve in the ischemic cardiac tissue, leading to exaggerated temporal and spatial variability of 
repolarization and possibly leading to increased arrhythmogenicity. 
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87.- Characterization of gap junctions working on skin pattern formation of zebrafish. Watanabe, Masakatsu1., Sawada, Risa1., Aramaki, 
Toshihiro1., Skerrett, I2., Kondo, Shigeru1. 1Graduate School of Frontier Biosciences Osaka University. 2Biology Department SUNY Buffalo State. 

Zebrafish shows stripe skin pattern on its body. Gap junctions formed by Cx41.8 and Cx39.4 are involved in the skin pattern formation. 
Previously we showed that the mutations at the N-terminus of Cx41.8 causes various skin patterns. The importance of gap junction for 
pattern formation is well known, however the mechanism how connexin(s) contributes to the pattern formation remains largely unknown. 
In this study we performed voltage-clamp recording using Xenopus oocyte to characterize Cx41.8, Cx39.4 and their mutants. The voltage 
gating of gap junction formed by Cx41.8 displayed a high degree of conservation to ortholog, RatCX40. On the other hands Cx39.4 did not 
exhibit strong sensitivity to transjunctional voltage when paired homotypically. Gating current was not detected when Cx41.8M7 mutant 
was expressed. Next we examined the ability of Cx41.8 and Cx39.4 to form heteromeric gap junction because it is hypothesized that these 
connexins function in a coordinated manner to make stripe pattern of zebrafish. In this study we used Cx41.8M7 mutant because this mutant 
could show negative effect to other connexins. When Cx39.4 was co-expressed with Cx41.8M7, gating current was reduced. These results 
suggested that Cx41.8 and Cx39.4 could form heteromeric gap junction. Next we characterized gap junction by MKLCx41.8 mutant and 
found that the gap junction showed low sensitivity to transjunctional voltage. We focused on the basic residue at the N-terminus, performed 
mutagenesis experiment and found that the Lys at the 2nd position caused the low sensitivity to transjunctional voltage and related to the 
breaking stripe phenotype of zebrafish. 

88.- Promoter analysis and targeted mutagenesis of the zebrafish Cx79.8 gene. Yoshikawa, Shunichi1., Vila, Alejandro1,2., O’Brien, J1,2. 

1Ophthalmology & Visual Science University of Texas Health Science Center at Houston. 2Graduate School of Biomedical Sciences University of Texas 
Health Science Center at Houston. 

We report analysis of the zebrafish Cx79.8 gene (annotated as Cx50.5 based on a partial sequence), an ortholog of GJA8. We analyzed 
gene regulation in vivo by making transiently transgenic zebrafish using the 5’ flanking region of Cx79.8 with a GFP reporter. We generated 
targeted mutants using the CRISPR/Cas9 system. The targeted region contained a BsrBI recognition sequence, which was used for mutant 
screening.  In transient transgenic embryos with a 5.3-kb upstream fragment, GFP signal was observed in the lens at 3 days post-fertilization 
(dpf). Additional signal was detected in neurons at the midbrain-hindbrain boundary and in the retina at 5 dpf; retinal signal correlated 
with gap junctions found by immunostaining with anti-Cx79.8 antisera.  We tested shorter promoter fragments and found 120-, 80- and 
40-bp fragments showed 61%, 21% and 0% positive embryos, respectively. The important region contained TFAP2A, GATA2 and SOX9/10 
binding consensus sequences. Transgenic constructs with mutations in these sites suggested AP2 and SOX were important for lens-specific 
expression while GATA2 was dispensable. To obtain the heritable mutants lines, F1 offspring of CRISPR/Cas9-injected animals were screened 
and we found that 9 out of 26 F0 fish showed BsrBI-resistant Cx79.8 alleles. We confirmed by sequencing that all 9 alleles were mutated by 
deletions and/or insertions. In conclusion, the cis-regulatory element of the zebrafish Cx79.8 gene was located in 120 bp upstream region 
and the transcriptional factors AP2 and SOX were necessary for the lens-specific expression during early development. We successfully 
generated Cx79.8 mutant zebrafish. 

(Sponsored by NIH, RPB)
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P
Pacheco-costa Rafael 35
Palmer Laura 38
Pareja Claudia 76
Parpaite Thibaud 49
Patel Dakshesh 13, 36
Patel Manoj 61
Patel Rahul 61
Paul David 38
Pelissier Teresa 25
Penuela Silvia 28, 34, 43, 66, 67, 69, 77
Pereda A 15
Pereira Isabel 85
Perez-acle T 14
Perez-acle Tomas 45, 49, 76
Pérez-armendariz E 52
Pérez-armendariz E. Martha 52
Pin Christopher 77
Pinto Bernardo 18, 32
Plotkin L 35
Poblete Ines 66
Pogoda Kristin 30, 33

Pohl Ulrich 30, 33
Polk J 39
Pontifex Tasha 50, 63
Pournia Farnaz 35
Prado Natalia 54
Prado Pavel 27
Prager Ross 27
Predonzani Andrea 70
Preller Matthias 40
Puebla C 51
Puebla Carlos 51, 77
Puebla M 30
Pupo Amaury 18

Q
Querin Lauren 62
Quest Andrew 65

R
Racordon D 78
Radosinska J 48
Rakai Brooke 24
Ramachandran Jayalakshmi 20, 68
Ramón Y Cajal Santiago 46, 80
Ramsey J 39
Ransom B 69
Rapp Christopher 82
Rapp Kevin 82
Ravichandran Kodi 34, 49, 67
Reginato Rejane 35
Retamal Jeffri 25
Retamal Mauricio 57, 58, 78, 79
Reuss Luis 79
Ribelayga Christophe 75
Riquelme Manuel 42, 64
Riveire Thibaud 61
Roja-gomez D 61, 79
Romagosa Cleofé 46

S
Saez Juan Carlos 24, 27, 37, 45, 46, 47, 56, 60, 70, 71, 73, 76, 
77, 78, 81, 82, 86
Sakurai Yumiko 34
Salarian Mani 31
Salat-canela Clàudia 46, 80
Salazar-onfray Flavio 62, 80
Salgado Magdiel 81
Sampson Jacinda 18, 57
Sanches Daniel 71
Sanchez Helmuth 21
Sanchez-arias Juan 29
Sandilos Joanna 49
Sandow Shaun 55
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Sansano Irene 46
Santamaría Anna 80
Sawada Risa 89
Schaarschmidt Frank 40
Schadzek Patrik 40, 81
Schak Nielsen M 69
Schlingmann Barbara 40
Schmachtenberg O 86
Schroeder Audrey 28
Scott Lucas 24
Séaz J 51
Séaz Juan 51
Sepúlveda Leonardo 57
Sesé Marta 80
Sessions Alex 82
Sevetson Jessica 23
Shakespeare Teresa 74
Shao Qing 18, 28, 57
Shestopalov V 29
Shestopalov Valery 29
Shi Ruoyang 28
Sigulinsky Crystal 82
Silva Tereza 71
Silvestre C 82
Silvestre Claudio 47
Simon Adria 13, 36
Sin Wun Chey 43, 74
Sipido Karin 89
Skerrett I 88
Skerrett Ingrid 72
Skerrett Martha 26, 49
Smolders Ilse 87
Snabb Joseph I 40
Somlyo Avril 49
Sorensen Charlotte 83
Sorenson Chad 35
Sorgen Paul 83, 84
Spagnol Gaëlle 84
Steed Mesia 74
Steinhäuser Christian 54
Stewart Michael 85
Stokes Karen 34, 67
Stokes Tara 34, 67
Sudhakar Swathy 86
Sun LuZhe 42
Suzumura A 17
Swayne L 29
Swayne Leigh 29
Swayne Leigh Anne 25, 27

T
Taylor Graeme 59
Tempio Fabian 62
Teskey G. 24
Thevenin Anastasia 32
Thompson Roger 24, 38, 48, 49
Tiburcio Tayna 41, 85
Tittarelli Andrés 62, 80
Tong Xiaoling 86
Tong Xuhui 68
Torres Luciana 71
Trease Andrew 84
Tribulova Narcis 54
Tribulova Narcisa 48
Turi Laurence 50

V
Vagner Josef 44
Vaiyapuri Sakthivel 34
Valiunas V 44
Valiuniene L 44
Vandersickel Nele 88
Vargas A 51
Vargas AA 86
Vargas Anibal 45, 51, 60
Vasquéz Jacqueline 58
Vaughn Nicholas 49
Veenstra Richard 13, 36
Vega José Luis 47, 82
Velarde Victoria 56, 60
Vergara Ignacio 87
Verselis Verselis 21
Viczenczova Csilla 48, 54
Vielma A 86
Vila Alejandro 89
Vinken Mathieu 41, 69, 85, 87
Vom Dorp Katharina 36
Von Bernhardi Rommy 76
Von Der Hocht Iris 87

W
Walrave Laura 87
Wang Helen 88
Wang HZ 44
Wang Nan 21, 88
Wang Steven 75
Watanabe Masakatsu 72, 89
Watt Carl 82
Weaver Rachel 61
Weilinger Nicholas 24, 48
Welch Ian 77, 85
Wicki-stordeur Leigh 25, 27, 29
Willebrords Joost 41, 69, 85
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Willecke Klaus 36
Winship Ian 24
Winterhager Elke 36
Woolwine-cunningham Yvonne 49
Wright Catherine 68

X
Xiao W 26
Xu Qin 13, 36

Y
Yamanaka Hiroaki 72
Yang J 31
Yang Y 26
Ye Z-C 69
Yoshikawa Shunichi 89
Yu DS 26

Z
Zach Sydney 84
Zaidan Dagli Maria Lucia 41
Zehri Asim 63
Zeilinger Carsten 87
Zeman M 48
Zhang Y 26
Zhang Z 51
Zhang Zhijing 75
Zhao H 41
Zhou Jade 42
Zhou Ruhong 76
Zlosilo Tamara 57
Zorzi Veronica 70
Zou Juan 31
Zuo Zhiyi 28
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Sponsors

www.cinv.cl

www.iniciativamilenio.cl www.conicyt.cl

www.nanion.de

www.grupobios.cl www.4id.cl

www.loncotec.com

 www.pcdv.clwww.municipalidaddevalparaiso.cl

www.uv.cl www.uc.cl
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