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BIENVENIDA AL RECI IX

Estimadas amigas y estimados amigos,

La Red Espafiola de Canales l6nicos (RECI) ha depositado en nosotros el honor de
organizar el IX Congreso RECI en la ciudad de Granada del 13 al 15 de mayo. Somos el
grupo de Neurofarmacologia del Dolor de la Facultad de Medicina y del Instituto de
Neurociencias Federico Oloriz de la Universidad de Granada. Asumimos esta tarea con
entusiasmo y responsabilidad, con el dificil objetivo de mantener el alto nivel cientifico
alcanzado en los congresos anteriores.

Estamos seguros de que esta reunion serd una buena oportunidad para reforzar los lazos
cientificos y personales de los grupos de investigacion que forman parte de la RECI. El
programa cuenta con cinco mesas cientificas, y tendremos la oportunidad de contar con
ponentes internacionales del més alto nivel, con tres conferencias plenarias. Ademas, uno
de nuestros principales objetivos es darle a los jévenes protagonismo, y para ello, se ha
hecho una seleccién entre las comunicaciones recibidas, para que puedan ser presentadas
oralmente como ponencias.

El evento se celebrara en la Facultad de Medicina de la Universidad de Granada, histérica
universidad espafiola, fundada por el rey Carlos | (Emperador Carlos V de Alemania) en el
afio 1531. La actual Facultad de Medicina tiene su sede en un edificio moderno construido
hace pocos afios, en el Parque Tecnoldgico de la Salud (PTS), y dispone de todas las
comodidades y tecnologias. En el PTS también esta la Facultad de Ciencias de la Salud, y
diversos Centros de Investigacion y empresas biotecnoldgicas. En la propia sede tenemos
previstos momentos de relax para poder hablar y estrechar lazos profesionales y personales
durante las comidas, cafés o tomando unas cervezas o unos vinos en el céctel de
bienvenida.

Este evento también es una oportunidad excelente para poder visitar la monumental e
histérica ciudad de Granada, destacando el conjunto de La Alhambra y El Generalife,
Patrimonio de la Humanidad. Decia Antonio Machado en su cita célebre: “Todas las
ciudades tienen su encanto, Granada el suyo y el de todas las demas”. La cena del
congreso se celebrara en el Carmen de la Victoria, una edificacion tipica del Barrio del
Albaicin, barrio que también esta catalogado como Patrimonio de la Humanidad. Ademas,
Granada cuenta con una situacion geografica privilegiada, con Sierra Nevada a poco mas
de 30 Km, y otros lugares con encanto muy cercanos, como Las Alpujarras o La Costa
Tropical.

El programa final cuenta, ademéas de con las 3 conferencias plenarias, con 15 ponencias
invitadas, 16 ponencias cortas y tres sesiones para la discusion de los 43 pdsteres
presentados.

Confiamos que este evento resulte de interés. Para fomentar la participacién, hemos
establecido unas cuotas de inscripcion asequibles para todo el que quiera asistir.

iNos vemos en Granada!

Francisco R Nieto Lopez
Presidente del Comité Organizador
IX Congreso de la Red Espafiola de Canales lonicos (RECI)

Granada, 13-15 de mayo de 2024



WELCOME TO RECI IX

Dear colleagues and friends,

The Spanish Network of lonic Channels (RECI) has given us the honor of organizing the 1X
RECI Congress in the city of Granada from May 13 to 15. We are the Neuropharmacology of
Pain group of the Faculty of Medicine and the Institute of Neurosciences "Federico Ol6riz"
from the University of Granada. We assume this task with enthusiasm and responsibility,
with the difficult goal of keeping the high scientific level achieved in previous congresses.

We are sure that this meeting will be a good opportunity to strengthen the scientific and
personal connections of the research groups that are part of the RECI. The program has five
symposiums, and we will have the opportunity to have international speakers of the highest
level, with three plenary conferences. Furthermore, one of our main goals is to give young
people a leading role, and to do so, a selection has been made among the communications
received so that they can present their work orally.

The event will be held at the Faculty of Medicine of the University of Granada, a historic
Spanish university, founded by King Charles | (Emperor Charles V of Germany) in 1531. The
current Faculty of Medicine is based in a modern building built a few years ago, in the Health
Technology Park (PTS), and has all the comforts and technologies. In the PTS is also the
Faculty of Health Sciences, and various research centers and biotechnology companies. At
the faculty itself, we have planned moments of relaxation to be able to talk and strengthen
professional and personal links during meals, coffees, or having a few beers or wines at the
welcome cocktail.

This event is also an excellent opportunity to visit the monumental and historic city of
Granada, highlighting the Alhambra and the Generalife, a World Heritage Site. The poet
Antonio Machado said in his famous quote: “All cities have their charm, Granada has its own
and that of all the others.” The congress dinner will be held at the "Carmen de la Victoria", a
typical building in the "Albaicin" neighborhood, a neighborhood that is also listed as a World
Heritage Site. In addition, Granada has a privileged geographical location, with "Sierra
Nevada" just over 30 km away, and other charming places very close, such as "Las
Alpujarras" or "La Costa Tropical".

The final program includes, in addition to the 3 plenary conferences, 15 invited talks, 16
short talks, and 3 sessions to discuss the 43 posters presented.

We trust that this event will be of interest. To encourage participation, we have established
affordable registration fees for anyone who wants to attend.

See you in Granada!
Francisco R Nieto Lopez
President of the Organizing Committee
IX Congress of the Spanish Network of lon Channels

Granada, May 13-15, 2024
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OPENING LECTURE

FROM GENES TO ANALGESIC DRUGS

SODIUM CHANNELS AND PAIN
John N Wood PhD FRS
Molecular Nociception Group, University College London, London, UK

Pain is a massive problem, particularly amongst the elderly. The revolution in molecular
genetics in the late twentieth century has provided powerful insights into how pain works, as
well as identifying analgesic drug targets. Peripheral sodium channels are plausible
candidates. Today | will discuss recent successes with drugs targetting the voltage-gated
sodium channel Navl1.8, found in the peripheral nervous system. Nav1.8 mutations have
been linked to cardiovascular problems and even sudden death. The discovery of a role for
a small C-terminal fragment of Nav1.8 in cardiac function enables drugs that avoid actions
on the heart to be developed. A new orally active drug looks very promising.

In terms of human validation, the sodium channel Navl1.7 is a more compelling target.
Humans lacking Nav1.7 are apparently normal but pain-free. However, embyonic pain-free
humans and mice lacking Navl.7 show a distinct mechanism of analgesia from adult
knock-out animals. Intriguingly, embryonic Navl.7 gene deletion enhances endogenous
opioid signalling in peripheral neurons, resulting in diminished neurotransmitter release. In
contrast, adult gene deletion or channel blocking drugs diminish excitability. Navl1.7 is
expressed broadly within the central nervous system, as well as in the autonomic nervous
system and some non- neuronal tissues such as the pancreas. Small molecule drug side
effects are always a problem, and the broad role of Nav1.7 particularly in the autonomic
nervous system means that antagonists of Navl.7 are unlikely to produce side-effect free
analgesic drugs. In contrast, the interaction with the opioid system in embryonic nulls
presents a fascinating potential new route to pain treatment.

As well as targetting ion channels, the cell populations expressing particular ion channels
can be useful analgesic targets. Chemogenetic silencing or deleting neurons expressing
Navl1.8 is a highly effective route to causing analgesia in preclinical studies. In addition,
neuro-immune interactions can be interrogated through studies of neuron-depleted mice.
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TRESK CHANNELS AND NEURONAL EXCITABILITY: ROLE IN PAIN,
ITCH AND PERIPHERAL NEUROPATHIES

J. Llimés-Aubach?, A. Andres-Bilbe!, A. Castellanos?, A. Pujol?, I. Pallas®?, N.
Comes?'?, X. Gasull*?, G. Callejo*?

INeurophysiology Laboratory, Department of Biomedicine, Medical School, Institute of Neurosciences,
Universitat de Barcelona, Barcelona, Spain. 2Institut d'Investigacions Biomediques August Pi i Sunyer
(IDIBAPS), Barcelona, Spain

K2P channels play a crucial role in regulating neuronal excitability through the K*
background current in neural cells. Particularly, TRESK (K2P18.1) is highly expressed in
spinal cord, dorsal root and trigeminal ganglia sensory neurons, influencing their neuronal
excitability and action potential firing. We initially described reduced TRESK expression
following peripheral nerve injury and suggested its involvement in heightened sensory
neuron excitability under such conditions. Sensory neurons from TRESK KO animals
exhibited a lower activation threshold reinforcing its role in neuronal excitability regulation.
Additionally, recordings of skin nociceptive C-fibers reveled increased activation by cold and
mechanical stimuli in KO mice. Consistently, TRESK KO mice displayed reduced mechanical
thresholds and heightened cold sensitivity, with no notable changes in thermal sensitivity to
warm or hot temperatures. According to several transcriptomic studies, TRESK is expressed
in a subset of sensory neurons that also express specific Mas-related G protein-coupled
receptors (MrgprA3 and MrgprD), implicated in itch sensation. Our recent findings highlight
TRESK as a modulator of non-histaminergic pruriceptor excitability. TRESK KO mice
exhibited a heightened scratching response compared to wild-type (WT) mice following
subcutaneous chloroquine (MrgprA3 agonist) injection into the cheek. Notably, spontaneous
scratching responses were also elevated in KO mice across three skin disease models
(psoriasis, allergic contact dermatitis, and dry skin). To further underscore the role of TRESK
in sensory neuronal excitability, we have described that mutations in TRESK channels are
implicated in mechanical hypersensitivity during migraine pain, likely via a dominant negative
effect on TREK-1 channels. Moreover, mutations associated with human small fiber
neuropathies disrupt TRESK function, potentially enhancing neuronal excitability in
neuropathic disorders. In conclusion, TRESK significantly regulates the excitability of specific
sensory neuron populations involved in mechanical and cold pain sensing. Reduced TRESK
expression post-injury or dysfunctional mutations, as observed in neuropathies, may
contribute to hyperalgesia and allodynia in chronic pain conditions. Additionally, TRESK's
role in non-histaminergic itch positions it as a promising therapeutic target for various
pathological sensory disorders.

Supported by research grant PID2020-119305RB-100 (XG & NC), funded by MCIN/AEI/ 10.13039/501100011033
of Spain; LF-OC-22- 001114, Leo Foundation, Denmark (XG); NEA23 CRG184 National Eczema Association,
USA (GC); 2021SGR00292 Generalitat de Catalunya (NC); AGORA: Advancing Guidelines with Original
Research Achievements in pain, ERA-NET NEURON, EU (XG); Instituto de Salud Carlos Ill, Maria de Maeztu
MDM-2017-0729 and CEX2021-001159-M (to Institut de Neurociencies, Universitat de Barcelona).
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TAKING ADVANTAGE OF PERIPHERAL NERVOUS SYSTEM PLASTICITY
TO IDENTIFY NEW TARGETS AND DRUGS FOR NEUROPATHIC PAIN

A. Rodriguez Artalejo

Department of Pharmacology and Toxicology. Veterinary Faculty. Universidad Complutense de
Madrid, Madrid, Spain

Neuropathic pain is defined as pain resulting from a lesion or disease affecting the
somatosensory nervous system, particularly nociceptive neurons. This condition is
characterized by functional disturbances that lead to heightened responsiveness to different
stimuli (mechanical, thermal, chemical), driven by changes in the expression and/or function
of ion channels involved in stimulus transduction and electrical excitability of sensory
neurons. Notably, pain triggers a stress response mediated by the sympathetic nervous
system, further contributing to these functional disturbances.

We have leveraged these pathophysiological changes to identify potential drug targets and
mechanisms suitable for novel chemical compounds and interventions aimed at reducing
nociception in the chronic constriction injury model of neuropathic pain. Specifically, we will
present data on: i) RGM8-51, a novel TRPM8 antagonist; ii) IQM-PC332, a novel DREAM
ligand; iii) SK29661, a selective inhibitor of phenylethanolamine N-methyltransferase; and iv)
surgical denervation of the adrenal medulla.

Our findings demonstrate that these approaches effectively modify nociception in
neuropathic animals while preserving sensitivity to noxious stimulation in control animals.
Consequently, we advocate for continued research into the pathophysiology of chronic
neuropathic pain and target-driven drug synthesis to develop novel analgesics potentially
beneficial for treating neuropathic pain.
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NEW TOOLS FOR THE EVALUATION OF PATHOLOGIC PAIN IN
RODENTS: THE ROLE OF ARTIFICIAL INTELLIGENCE

R. Gonzalez-Cano
Department of Pharmacology and Institute of Neuroscience, University of Granada, Spain

Chronic pain is a widespread public health issue, affecting approximately one in ten adults
each year. The persistent challenge of finding effective treatments for numerous chronic
pain conditions highlights the urgent need for innovative therapeutic strategies and novel
pharmacological targets. Rodent models are essential for understanding human pain
mechanisms and advancing the development of new analgesics. However, traditional pain
assessment methods in these models, predominantly based on reflex-based tests, often fail
to capture the complex and subjective nature of human pain. This discrepancy underscores
a critical need for more accurate and humane evaluation technigues in preclinical research.

This presentation focuses on the introduction and validation of several innovative tools that
employ Atrtificial Intelligence (Al) to revolutionize the assessment of pathological pain in
rodent models. These tools utilize a combination of advanced machine learning algorithms
and computer vision to significantly enhance the accuracy, objectivity, and efficiency of pain
measurements. They do so by analyzing subtle behavioral changes or facial expressions in
rodents indicative of pain, which are often missed by conventional methods.

A key advantage of these Al-based tools is their capacity to handle vast amounts of data
without suffering from human limitations such as fatigue. This capability significantly
increases the speed and accuracy of data processing, extends the evaluation periods, and
potentially allows for the detection of low-frequency behaviors indicative of spontaneous
pain. Furthermore, these tools can help identify new behavioral phenotypes that might
previously have gone unnoticed by human observers. This multifaceted approach not only
promises to accelerate the development of analgesic drugs but also enhances our
understanding of nervous system function.
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TRANSPLANTATION OF DORSAL ROOT GANGLIA OVEREXPRESSING
THE NaChBac SODIUM CHANNEL IMPROVES LOCOMOTION AFTER
COMPLETE SCI

S. Hingorani!, G. Paniagua Soriano!, C. Sanchez Huertas? E. M. Villalba
Riquelme®, E. Lépez Mocholi!, B. Martinez Rojas?!, A. Alastrué Agudo?, S.
Dupraz?, A. V. Ferrer Montiel3, V. Moreno Manzano*

INeuronal and Tissue Regeneration Laboratory, Centro de Investigacion Principe Felipe, E-46012
Valencia, Spain. ?Development and Assembly of Bilateral Neural Circuits Laboratory. Instituto de
Neurociencias de Alicante. Avenida Santiago Ramon y Cajal, s/n, 03550 Sant Joan d'Alacant,
Alicante, Spain. 3Biochemistry and Molecular Biology department. Instituto De Investigacion,
Desarrollo e Innovacién en Biotecnologia Sanitaria De Elche-IDIBE- Avenida de la Universidad, s/n.
Edificio Torregaitan. 03202 Elche, Alicante, Spain. “Laboratory for Axonal Growth and Regeneration,
German Center for Neurodegenerative Diseases (DZNE), Bonn 53127, Germany.

Spinal cord injury (SCI) is a debilitating condition currently lacking treatment. Severe SCI
causes the loss of most supraspinal inputs and neuronal activity caudal to the injury, which,
coupled with the limited endogenous capacity for spontaneous regeneration, can lead to
complete functional loss even in anatomically incomplete lesions. We hypothesized that
transplantation of mature dorsal root ganglia (DRG), genetically modified to express the
NaChBac sodium channel, could serve as a therapeutic option for functionally complete SCI.
We found that NaChBac expression increased the intrinsic excitability of DRG neurons,
promoted cell survival and neurotrophic factor secretion in vitro. Transplantation of
NaChBac-expressing dissociated DRGs improved voluntary locomotion seven weeks after
injury compared to control groups. Animals transplanted with NaChBac-expressing DRGs
also possessed higher tubulin-positive neuronal fiber and myelin preservation, although
serotonergic descending fibers remained unaffected. We observed early preservation of the
corticospinal tract fourteen days after injury and transplantation which was lost seven weeks
after injury. Nevertheless, transplantation of NaChBac-expressing DRGs increased the
neuronal excitatory input, by increased number of VGlut2 contacts, immediately caudal to
the injuries. Our work suggests that the transplantation of NaChBac-expressing dissociated
DRGs can rescue significant motor function retaining an excitatory neuronal relay activity
immediately caudal to injury.

Acknowledgments: The publication of the present research is part of the projects PID2021-1243590B- 1100 and
PID2021-1264230B-C21 (to AFM), funded by MICIN/AEl/ 10.13039/501100011033/FEDER, Ministerio de
Ciencia e Innovacion — Agencia Estatal “Una manera de hacer Europa”; and RISEUP EU grant (Ref. 964562)
from the FetOpen H2020 program. The Generalitat Valenciana with the GVA PROMETEO/2021/031 (to AFM)
and funded part of the equipment employed in this work and co- financed with ERDF funds (OP ERDF of
Comunitat Valenciana 2014-2020) and the UE; Fondo Europeo de Desarrollo Regional (FEDER) included in the
Programa Operativo FEDER de la Comunidad Valenciana 2014-2020. The Grisolia program from the GVA

supported Sonia Hingorani Jai Prakash during her doctoral thesis. Eva Villalba is a recipient of an UMH doctoral
fellowship, funded by project PAR-UMH 2019 (to AFM).
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SUSTAINED ACTION POTENTIAL FIRING IS PRODUCED BY MEMBRANE
POTENTIAL INSTABILITIES GENERATED BY NAv1.9 IN PERIPHERAL
SENSORY NEURONS

E. Velasco'?, M. Mazar34, A. Milicit?, E. Camil, M. J. Giner!®, V. Meseguer>®, J.
Gallar®6, A.M. Binshtok34, J.L. Alvarez?, K. Talaveral

1Laboratory of lon Channel Research, Department of Cellular and Molecular Medicine, KU Leuven,
Leuven, Belgium. 2VIB Center for Brain & Disease Research, Leuven, Belgium. 3Department of
Medical Neurobiology, Institute for Medical Research Israel-Canada, The Hebrew University-
Hadassah School of Medicine, Jerusalem, Israel. “The Edmond and Lily Safra Center for Brain
Sciences, The Hebrew University of Jerusalem, Jerusalem, Israel. ®Instituto de Neurociencias,
Universidad Miguel Hernandez-CSIC, San Juan de Alicante, Spain. fInstituto de Investigacion
Sanitaria y Biomédica de Alicante, 03550 San Juan de Alicante, Spain.

Sustained action potential firing (SAPF) is a feature shared by multiple neuronal types and is
crucial for stimulus encoding, neural communication and circuit plasticity. We aimed at
unveiling the mechanisms underlying SAPF in Peripheral Sensory Neurons (PSNs), a
convenient experimental model for studying single-cell excitability. Current-clamp recordings
in primary-cultured PSNs revealed that tonic depolarization elicits Subthreshold Membrane
Potential Transients (SMPTSs) in 82% of this cells, and statistical analyses indicates that
larger and faster SMPTs are causally associated with SAPF. Pharmacological or genetic
ablation of the voltage-gated Na+ channel NaV1.9 reduced both SMPTs and SAPF.
Computational models of neuronal electrical activity revealed that stochasticity of NaV and
KV channels gating is necessary and sufficient for the generation of SMPTs and SAPF.
Behavioral tests showed that NaV1.9 KO mice are severely impaired in detecting slow and
tonic noxious thermal stimuli. We conclude that stochastic openings of NaV1.9 channels
result in SMPTs that support SAPF and, consequently, nocifensive responses to slow and
tonic noxious stimuli that are critical for animal adaptation and survival.
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MECHANICAL SENSITIVITY IN MRGPRD NOCICEPTORS IS MEDIATED
BY PIEZO2

J. Fernandez-Trillot, E. de la Pefial, F. Vianal, A. Gomis?
linstituto de Neurociencias, Univ. Miguel Herndndez-CSIC, San Joan D'Alacant. Alicante, Spain.

Piezo2 is a well-established mechanotransducer for low-threshold tactile stimuli and
proprioceptionl. The participation of this channel in painful processes such as mechanical
allodynia has also been suggested2. Transcriptomic studies show that Piezo2 is expressed
in MRGPRD neurons3, a population of non-peptidergic nociceptors that mediate mechanical
pain in physiological and pathological conditions. However, the role of Piezo2 in these
nociceptors has not been completely elucidated. This study aims to elucidate the functional
role of Piezo2 in MRGPRD nociceptors and its potential contribution to mechanical
hyperalgesia induced by nerve injury.

Through calcium imaging, we functionally characterized MRGPRD neurons isolated from
mouse dorsal root ganglia (DRG) cultures. The analysis revealed two distinct populations:
one responsive to B-alanine, an agonist of the Mrgprd receptor, potentially corresponding to
polymodal nociceptors, and another unresponsive to 3-alanine and previously classified as
pure mechanonociceptors. Whole-cell patch-clamp recordings revealed that approximately
50% of neurons from both subpopulations displayed mechanically activated currents with
different inactivation kinetics. These currents were almost absent in similarly conducted
experiments using DRG obtained from conditional knockout mice lacking Piezo2 specifically
in MRGPRD neurons.

Behavioural experiments using the sciatic nerve chronic constriction injury (CCIl) mouse
model of neuropathic pain demonstrated a reduction in mechanical hypersensitivity in mice
lacking Piezo2 specifically in MRGPRD neurons. This observation was more evident when
mice were stimulated with high intensity mechanical stimuli, known to activate nociceptors.

Finally, in vivo calcium imaging experiments in the sciatic nerve chronic constriction injury
(CCI) model, revealed an increase in the activity of MRGPRD neurons innervating the sciatic
nerve in response to the application of mechanical noxious stimuli to the hind paw. The
ablation of Piezo2 in conditional knockout mice abolished this increase in activity and also
significantly reduced the number of MRGPRD neuros responding to the mechanical
stimulation.

In summary, our findings suggest an important role of Piezo2 in the mechanical sensitivity of
MRGPRD neurons, both in physiological conditions and in the context of neuropathic pain.

References:
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SIGMA-1 RECEPTOR AND PAIN MODULATION: A LINK BETWEEN
TRPV1 AND p-OPIOID RECEPTOR
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Introduction: algogenic compounds produced during painful pathologies sensitize peripheral
sensory neurons to produce pain hypersensitivity. While prostaglandin E2 (PGEZ2) and nerve
growth factor (NGF) sensitize peptidergic C-nociceptors (TRPV1+), glial cell line-derived
neurotrophic factor (GDNF) sensitizes non-peptidergic C-neurons (IB4+) (Woolf & Ma,
2007). Sigma-1 receptor is a Ca2+-sensing chaperone known to modulate analgesia
induced by opioid drugs (S&nchez-Fernandez et al., 2017). This receptor binds both to
TRPV1 and the p-opioid receptor (MOR), although the functional repercussions of these
physical interactions in peripheral sensitization are unknown.

Methods: we tested the effect of sigma-1 antagonism on PGE2-, NGF- and GDNF-induced
mechanical and heat hyperalgesia in mice. We used immunohistochemistry to determine the
presence of endomorphin-2, an endogenous MOR agonist, on dorsal root ganglion (DRG)
neurons. To selectively remove TRPV1+ neurons we used the molecular scalpel
resiniferatoxin. Recombinant proteins were used to study the interactions between sigma-1
receptor, MOR and TRPV1. We used calcium imaging to study the effects of sigma-1
antagonism on PGE2-induced sensitization of TRPV1+ nociceptors.

Results: sigma-1 receptor antagonists reversed PGE2- and NGF-induced hyperalgesia, but
not GDNF-induced hyperalgesia. The antihyperalgesic effect of sigma-1 receptor
antagonism was abolished not only by a sigma-1 agonist, but also by peripheral opioid
receptor antagonism (using naloxone methiodide) and the selective MOR antagonist
cyprodime. These results indicate that the antihyperalgesic effect of sigma-1 antagonists is
mediated by peripheral MOR activation. Endomorphin-2 was detected on TRPV1+ but not
on IB4+ neurons, and administration of an anti-endomorphin-2 antibody to a sensitized paw,
reversed the antihyperalgesia induced by sigma-1 antagonists, indicating that this effect
involves endomorphin-2. We selectively ablated both TRPV1+ neurons and endomorphin-2
labeling by resiniferatoxin, confirming the presence of this opioid peptide on peptidergic C-
nociceptors. Sigma-1 antagonism transfers sigma-1 receptor from TRPV1 to MOR,
suggesting that sigma-1 receptor participate in TRPV1-MOR crosstalk. Moreover, sigma-1
receptor antagonism reversed, in a naloxone-sensitive manner, PGE2-induced sensitization
of DRG neurons to the calcium flux elicited by capsaicin, the prototypic TRPV1 agonist.

Conclusions: sigma-1 receptor antagonism harnesses endogenous opioids produced by
TRPV1+ neurons to reduce hyperalgesia by promoting TRPV1 desensitization and
increasing MOR activity. Our findings are summarized in Figure 1.
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Figure 1. Hypothesis of the mechanism of action of sigma-1 receptor antagonism in the hyperalgesia induced by
peptidergic C-neuron sensitization.
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THE Kv1.3 CHANNEL: A CROSSROADS BETWEEN CELL
PROLIFERATION AND DEATH

A. Felipe
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Biomedicina IBUB, Universitat de Barcelona. Avda Diagonal 643, E-08028 Barcelona, Spain.

The voltage-dependent potassium channel Kv1.3 is a crucial player in the immune response,
impacting leukocyte function. The protein is mainly expressed in the nervous and immunitary
systems, but it also is implicated in several other physiological functions body-wide. Kv1.3
significance extends beyond the plasma membrane, as it also operates within the inner
mitochondrial membrane. While plasma membrane Kv1.3 drives cellular activation and
proliferation, its mitochondrial counterpart (mitoKv1.3) influences cell survival and apoptosis.
Consequently, Kv1.3 emerges as a promising target for cancer therapies, given its dual role
in cellular processes.

Understanding the trafficking of Kv1.3 to distinct cellular compartments is pivotal. While
forward-traffic motifs guide the plasma membrane localization through a COPII-dependent
pathway and caveolin association, the mechanisms governing its mitochondrial import
remained elusive. Kv1.3 exhibits preferential expression in mitochondria, particularly in the
perinuclear region, where it influences the dynamic mitochondrial network throughout the
cell cycle. Notably, Kv1.3 expression is integral to the formation of a hyperfused
mitochondrial network during the G1/S phase, underscoring its regulatory role in cellular
dynamics. In this scenario, we mapped the molecular determinants governing the channel
mitochondrial targeting. Thus, an unconventional mitochondrial routing, which involves
TIM23 complex to translocate to the inner mitochondrial membrane was deciphered. This
mechanism is unconventional because the channel is a multimembrane spanning protein
without a defined N-terminal presequence. We found that transmembrane domains
cooperatively mediate Kv1.3 mitochondrial targeting and identified the cytosolic
HSP70/HSP90 chaperone complex as a key regulator of the process.

The dual physiological functions of Kv1.3—facilitating leukocyte activation and proliferation
while promoting apoptosis in tumor cells—underscore its therapeutic potential in
immunodeficiency and cancer. The cellular localization of Kv1.3 dictates its functional
outcomes; plasma membrane Kv1.3 fosters proliferation, while mitochondrial Kv1.3
modulates apoptotic signaling. Therefore, the balance exerted by these two complementary
mechanisms fine-tune the physiological role of Kv1.3 during cell survival or apoptosis.

In summary, Kv1.3 is a pivotal regulator in immune response and cancer pathogenesis,
operating through distinct mechanisms at the plasma membrane and within mitochondria.
Understanding the intricate interplay between Kv1.3 and its partners and their routing to
distinct cellular compartments provides novel insights into therapeutic strategies targeting
immunodeficiency and cancer.

Acknowledgements: Supported by MICINN/AEI, Spain (PID2020-112647RB-100 and 10.13039/501100011033)
and FEDER.
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THE ROLE OF ORAI1 VARIANTS IN CALCIUM MOBILIZATION AND
MAMMOSPHERE FORMATION IN BREAST CANCER STEM CELLS

I. Jardin?, S. Alvarado?, V. Jimenez-Velarde?, J. Nieto-Felipe!, J.J. Lopez!, G.M. Salido?,
T. Smani 23, J.A. Rosado?

1Department of Physiology (Cellular Physiology Research Group), Institute of Molecular Pathology
Biomarkers (IMPB), Universidad de Extremadura, 10003 Caceres, Spain. 2Instituto de Biomedicina de
Sevilla (IBiS), Hospital Universitario Virgen del Rocio/CSIC/Universidad de Sevilla, Seville, Spain.
SDepartamento de Fisiologia Medica y Biofisica, Facultad de Medicina, Universidad de Sevilla,
Seville, Spain.

Breast cancer cells remodel the expression and activity of multiple calcium-handling
proteins, including Orai and TRPC channels, which contribute significantly to the emergence
of tumorigenic hallmarks like augmented proliferation, migration, and resistance to
apoptosis. However, there exists limited understanding regarding the phenotypic
reconfiguration displayed by breast cancer stem cells (BCSC), a minor cell subset within
breast tumors characterized by low proliferative rates, resilience to chemotherapy and
radiation, self-renewal capacities, potential for differentiation into diverse cell lineages, and
heightened metastatic propensity. Orail constitutes the main pore-forming component of
calcium-release activated calcium channels, which are responsible for mediating store-
operated calcium entry (SOCE) in both excitable and non-excitable cells. Among
mammalian cells, two forms of Orail have been identified: the full-length variant Orai1a (301
aa), and the truncated version Orai1f, which lacks the initial 63 amino acids. By using
different techniques of molecular biology, cell culture and confocal microscopy here we
present the expression assessment, at the transcript and protein levels, of the Orai family
members, Orail-3, and various TRPC channels, specifically TRPC1, 3, and 6, within breast
stem cells (BSC) derived from the non-tumoral breast epithelial MCF10A cell line, as well as
BCSC obtained from the estrogen receptor-positive (ER+) cell line MCF7, the HER2 cell line
SKBR3, and the triple negative breast cancer (TNBC) cell line MDA-MB-231. Our findings
suggest that Orail plays a critical role in mammosphere formation and self-renewal
capabilities—distinctive attributes of stem cells—as well as cyclooxygenase (COX) activity in
the subset of BCSC derived from various breast cancer subtypes, particularly evident in
those derived from TNBC. Moreover, we have demonstrated that both Orai1a and Orai1p
equally support the proliferation and spheroid formation of TNBC-derived BCSC.
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Cytosolic calcium homeostasis is a crucial factor for many aspects of cell physiology.
Calcium entry across the plasma membrane evidently depends on the function of calcium
channels, but the membrane potential plays a crucial role in shaping the magnitude of
calcium uptake. KV10.1, a voltage-gated potassium channel abundantly expressed in the
brain while undetectable in other tissues, has been associated with cancer for many years,
but the detailed mechanistic link remains elusive. Excessive or extemporary channel
expression of a channel with normal function in cancer or altered electrophysiological
function with normal levels of expression in neurodevelopmental diseases (KCNH1
channelopathies) have massive consequences for cell physiology. Besides the distorted
excitability expected for altered potassium homeostasis, cells with dysregulated Kv10.1
show resistance to hypoxia, abnormal mitochondria dynamics, and altered calcium
homeostasis. Loss of the temporal control of channel expression explains the high detection
frequency of Kv10.1 in tumors, which results in a more proliferative and aggressive behavior,
resulting in a correlation between the presence of the channel and a bad prognosis of the
tumor. We previously showed that Kv10.1 participates in the final steps of cell division and
that its expression in healthy cells is limited to a short time window around this crucial event.
In contrast, tumor cells often show sustained channel expression throughout the cell division
cycle. In mitosis, specifically during metaphase, the correct supply of Ca2+ to the highly
dynamic microtubules critically depends on Kv10.1 expression. The channel governs the
proper positioning of Ca2+ entry channels, ensuring accurate chromosomal separation. In
patients bearing gain-of-function mutations, the combination of the impact of excess of
Kv10.1 in neural function together with the predicted alterations in cytoskeletal homeostasis
around mitosis explains the pathophysiology, opening a path for the correction of both
neurological and morphological alterations in these patients through modulation of Kv10.1.
This and its role in cancer increase the therapeutic interest of Kv10.1 targeting and prompt
the search for more potent and specific channel modulators.
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MODULATION OF THE TRPA1 ION CHANNEL BY SIGMA 1 RECEPTOR:
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Chemotherapy-induced peripheral neuropathy (CIPN) is a frequent side effect of the
treatment with different neurotoxic chemotherapeutics, such as platinum derivatives
(cisplatin, oxaliplatin, carboplatin) and taxanes (paclitaxel, docetaxel), which are essential in
the treatment of different tumors. In the case of patients receiving oxaliplatin, a key drug in
the management of colorectall cancer, neuropathy presents as paresthesias, sensory ataxia
due to loss of proprioception, mechanical and thermal allodynia, and pain in both hands and
feet as in the oral cavity. In many patients, the symptoms are very disabling, making it
necessary to reduce the dose of chemotherapeutics, compromising its effectiveness and
patient survivall. On many occasions, these symptoms not only present acutely while the
treatment lasts, but also persist, resulting in chronic pain that considerably reduces the
quality of life of patients.

TRPAL is a polymodal, non-selective cation channel expressed in nociceptors, activated by
physical stimuli and cellular stress products. TRPAL has been linked to different neuropathic
conditions, including CIPN?. Sigma-1 receptor is a ligand-regulated chaperone residing at
mitochondria-associated endoplasmic reticulum membranes, and expressed in many
tissues, including peripheral sensory neurons. Sigma-1 receptors can translocate to the
plasma membrane, regulating the expression and function of many ion channels. Sigma-1
receptor antagonists (S1RA), has shown efficacy in a phase Il clinical trial for oxaliplatin-
CIPNZ. In a mice model of oxaliplatin neuropathy (3 i.p. injections, 6 mg/kg), we found that
TRPAL is involved in the development of mechanical and thermal hypersensitivity. Notably,
the systemic treatment with S1RA, a selective Sigma-1 receptor antagonist, prevented the
development of the painful symptoms in these mice. In calcium imaging studies at cellular
level, the incubation of cultured DRG primary sensory neurons with S1RA prevented
oxaliplatin-induced TRPA1 sensitization. Using biochemical and biophysical approaches in
HEK293-TRPAltransfected cells we demonstrate that TRPA1 inhibition by S1RA depends
of Sigma-1 receptor expression and is not exerted directly on TRPAL1 channels. We also
demonstrate that S1IRA impairs the formation of TRPAL-Sigma-1 receptor complexes,
resulting in reduced TRPA1 expression at the plasma membrane. Alltogether, these findings
provide a mechanistic understanding of the role of Sigma-1 receptor inhibitors in the
alleviation of painful CIPN by oxaliplatin and suggest new strategies for its prevention and
treatment.
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DIRECT MEASUREMENTS OF LUMINAL CA# WITH ENDO-LYSOSOMAL
GFP-AEQUORIN (ELGA) REVEAL FUNCTIONAL IP3 RECEPTORS
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Endo-lysosomes (EL) have emerged as relevant players in subcellular calcium signalling
alongside the better characterised endoplasmic reticulum (ER) (1). Endo-lysosomal Ca2+
has been implicated in most of these organelle functions, such as late endosome-lysosome
fusion, lysosomal exocytosis, or membrane repair. Impaired Ca2+ signalling can cause
defects in the endo-lysosomal trafficking and eventually can provoke lysosome storage
diseases. Various Ca2+-permeable channels have been localized to membranes of late
endosome and lysosome (2). These include Mucolipin transient receptor potential (TRPML1)
channels, two pore channels (TPCs) and P2X4 channels.

Much effort has been devoted to developing reliable indicators for monitoring Ca2+ signals
in acidic compartmets. However, this task is extremely challenging because most of the
fluorescent indicators are sensitive to acidid pH and its fluorescence is quenched. Here we
targeted GFP-aequorin (GA) to the endolysosomal lumen and found that a significant
fraction of the probe is functional within a mildly acidic compartment. We leveraged this
probe (ELGA) to report Ca2+ dynamics in this compartment. We show that Ca2+ uptake is
ATP-dependent and sensitive to blockers of endoplasmic reticulum Ca2+ pumps. We find
that the Ca2+ mobilizing messenger IP3 which typically targets the endoplasmic reticulum
evokes robust luminal responses in wild type cells, but not in IP3 receptor knock-out cells.
Responses were comparable to those evoked by activation of the endo-lysosomal ion
channel TRPML1. Stimulation with IP3-forming agonists also mobilized the store in intact
cells. Our data reveal a physiologically-relevant, IP3-sensitive store of Ca2+ within the endo-
lysosomal system.
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Previous work from our group have demonstrated the efficacy of Kv1.3 blockers as
treatment against restenosis, as they inhibit proliferation and migration of vascular smooth
muscle cells (VSMCs) reducing intimal hyperplasia (IH)1. Nevertheless, signaling pathways
involved in Kv1.3 mechanism remain incompletely understood. It has been reported that
Kv1.3 channel modulates proliferation through the MEK/ERK pathway independently of
mMmTOR pathway2. However, the use of mTOR inhibitors in drug-eluting stents represent the
gold standard in the clinics for the prevention of restenosis after angioplasty. Thus, we
hypothesized that combination of Kv1.3 and mTOR inhibitors could improve IH prevention.

We explore the effects of PAP-1(Kv1.3 blocker) and everolimus (mTOR inhibitor) in IH
development using in-vivo (mice carotid ligation) and ex-vivo (human saphenous vein and
mammary artery in organ culture) models. Also, their effects on VSMC proliferation and
migration was explored in-vitro, using cultured human mammary VSMCs. Both in mice and
human vessels, PAP-1 or everolimus alone reduced IH, but combination of both drugs
abolished their individual effects, indicating a crosstalk between both pathways with relevant
therapeutic consequences. These results were replicated when exploring VSMCs migration,
but not with proliferation. The activation of various proteins involved in both pathways was
studied, and we found that P70S6K phosphorylation correlated with our functional
experiments.

We conclude that the responses to VSMC migration, but not VSMC proliferation, represent a
more reliable indicator of the effects of PAP-1 and everolimus in the development of IH.
Also, we found that P70S6K, represents a good biomarker of the of the triggering of the
signaling pathways promoting IH, as its activation in response to PAP-1, everolimus or their
combination recapitulates the effects of these drugs on VSMCs migration and IH
development.
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DIFFERENTIAL CONTRIBUTION OF PIEZO’S BLADE DOMAIN IN
CHANNEL STABILITY AND LOCALIZATION.
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PIEZO1 and PIEZO2 are major force-gated ion channels, detecting mechanical forces and
transducing them into ionic currents in many eukaryotic cell types, serving essential
physiological roles. PIEZO channels assemble as trimers with a distinctive large 3-blade
propeller shape. The Blade is a large membrane-embedded domain comprising 36
transmembrane fragments organized in 9 Transmembrane Helix Units (THUs). Despite its
suggested role in force transduction, the contribution of the Blade domain in other aspects of
the channel physiology is not fully understood. In this study, we describe the role of each
Blade region on channel localization and stability. We generated truncated PIEZO mutants
by sequentially removing one THU at a time, starting from the outermost (THU1) and moving
inward. Cycloheximide assays determined protein stability and super-resolution imaging
studied the subcellular localization of the truncated channels. Our findings reveal that in both
PIEZO channels, the Distal Blade (THU1-3) plays a central role in protein stability and
localization. Interestingly, the PIEZO2 Distal Blade contains a region mediating the
intracellular retention of the chimeric membrane protein AQP3. These findings indicate that
PIEZO1 and PIEZO2 differ not only in their biophysical properties but also in the regulation
of their localization.
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As key factors modulating single cell excitability, ion channels have a profound impact on
neuronal network function. High-Density Microelectrodes Array (HD-MEA) allow direct
contact between microchips containing 4096 electrodes and biological samples, enabling
electrophysiological recording and stimulation with single-cell resolution and at network
scale.

Complementing patch-clamp data, this technology allows the simultaneous recording of
thousands of cells, providing unprecedented access to network level information. Scientists
across different fields use HD-MEAs to:

. Map neuronal circuits and trajectories

. Study neuronal plasticity

. Characterize functional development of iPSC-derived cells
. Conduct in vitro electrocardiograms

. Record light responses in explanted retina

Join us to discover how HD-MEAs can add more value to your ion channel research,
bridging the gap from single cell excitability to circuit dynamics.
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ROLE OF TRPM8 ION CHANNELS IN THERMOREGULATION AND
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The maintenance of homeothermy in changing external environments requires a close link
between thermosensation, thermoregulation and energy homeostasis. We found that
TRPM8, the main mild cold sensor described so far, plays a key role in thermoregulation and
metabolism. The deletion of TRPMS8 induces a defective thermoregulation, with a fall of core
temperature upon cooling, due mainly to tail heat loss. Furthermore, Trpm8-/- mice raised at
mild cold temperatures develop late-onset obesity and metabolic dysfunction, with daytime
hyperphagia and reduction of fat oxidation as plausible causal factors. Interestingly, TRPM8
is also expressed in the CNS, especially in thermoregulatory-related areas, and in the retina,
principally in amacrine cells and in melanopsin ganglion neurons projecting to the
suprachiasmatic nucleus. Finally, this cold ion channel regulates central and peripheral
clockwork and the circadian oscillations of body temperature.

In conclusion, our results highlight the relevant role of TRPM8 in the crosstalk between
thermoregulation, metabolism and circadian function. Furthermore, they unveil the
importance of ambient temperature and cold sensory information as a new influential factor
in obesity and metabolism, beyond hypercaloric foods and reduced physical activity, and
underlines TRPM8 as a key element and a potential target to combat this epidemic disease.
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MITOCHONDRIA UNLEASHED: NOVEL APPROACH TO
ARRHYTHMOGENIC RIGHT VENTRICULAR CARDIOMYOPATHY

M. Pérez-Hernandez
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Arrhythmogenic right ventricular cardiomyopathy (ARVC) is an inherited cardiac disorder
characterized by high propensity to life-threatening arrhythmias and progressive loss of
heart muscle. More than 40% of reported genetic variants linked to ARVC reside in the
PKP2 gene, which encodes the PKP2 protein (plakophilin-2). PKP2 is classically defined as
a protein of the desmosome, an intercellular adhesion structure residing at the intercalated
disc (ID).

We have described a comprehensive characterization of the ARVC molecular landscape
with heart samples obtained from patients with ARVC with PKP2 mutations and their healthy
relatives; and from PKP2cKO mice.

We observed that PKP2 deficiency leads to transcriptional changes in calcium related
proteins, affecting calcium homeostasis which facilitate a highly arrhythmogenic state.
Moreover, disruption of the ID by loss of PKP2 affects cytoskeleton, which affects nuclear
envelope structure leading to DNA damage, and mitochondria. Mitochondrial damage is
translated in increased reactive oxygen species. We propose therapies that limit oxidant
formation (treatment with sirtuin 3) as a possible intervention to restrict damage in ARVC.
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REGULATION OF VASCULAR CAv1.2 CALCIUM CHANNELS IN
DIABETES
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Smooth muscle cells are vital for the proper functioning of the vascular system, and L-type
CaV1.2 channels are crucial in regulating various physiological functions within these cells.
These channels play a vital role in controlling the excitability, proliferation, gene expression,
and contraction of smooth muscle cells. Recent studies have revealed that the spatial and
temporal properties of CaV1.2 channels depend on the phosphorylation state of serine 1928.
This serine is located in the carboxy-terminal of the pore-forming a1C subunit, and its
phosphorylation response is triggered by various stimuli. Notably, increased phosphorylation
of serine 1928 leads to redistribution of a1C subunits into superclusters, facilitating
cooperative activation of CaV1.2 channels. This gating mode amplifies Ca2+ influx and
regulates the contractility of vascular smooth muscle. In my talk, | will discuss these exciting
findings in more detail and explore their contribution to Ca2+ signaling in vascular smooth
muscle.
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Recent research has revealed the role of leucine-rich glioma-inactivated protein family (Lgil-
4) in the nervous system and its impact on neurological diseases. In neurons, certain Lgi
proteins interact with Kyl and Ky4 channels, modifying their trafficking and/or biophysical
properties. However, the expression and impact of these proteins in the heart is still
unknown. In cardiomyocytes, activation of Ky1.5 channels generates the ultrarapid outward
potassium current (Ikwr), Which is essential for the initial phase of human atrial repolarization.
Initial results indicate that Lgi3 and Lgi4 interact with cardiac Kyv1.5 channels, impairing
Kv1.5/KvB association, and partially reversing the KvB-induced Ik, amplitude increase.
Regulatory proteins associated with ion channels modulate their currents, forming
channelosomes. However, the exact composition of these signalling complexes is yet to be
elucidated. Changes in the properties or functional expression of some Kyl1.5 interacting
proteins may have crucial pathophysiological consequences. Thus, deciphering the
composition of these channelosomes is essential. To study the pathophysiological role of
these proteins, we generated a cardiac-specific mouse model expressing Lgi4. On surface
ECG, the QRS interval was prolonged, and the conduction system was altered in
anesthetized Lgi4 mice. In isolated Lgi4 ventricular myocytes, the duration of early action
potential repolarization was prolonged compared to the control. These results correlated with
the reduced Kv1.5 membrane expression and Ik, density observed in Lgi4 cardiomyocytes,
which were similar to the results in heterologous systems. Lastly, we analised the possible
changes in the expression of these proteins in atrial samples from patients with atrial
fibrillation (AF) compared to sinus rhythm, demonstrating a decrease in Lgi4 at the mRNA
and protein levels in AF. This work provides insight into Ik, modulation by Lgi3-4, claiming
them as components of the Kyl1l.5 channelosome, as well as possible new therapeutic
targets towards AF.
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Hypertension (HT) is the most common maodifiable risk factor for cardiovascular disease,
Strategies to control HT have a limited success, so there is an unmet need for identification
of more efficient treatments for HT. A better understanding of the mechanisms regulating
blood pressure could identify novel pathways that can be potential drug targets, so that we
can treat HT with a mechanistic-driven approach. We have use a mice model of essential
HT (BPN, blood pressure normal, and BPH, blood pressure high) to explore changes in G
protein-coupled receptors (GPCR) contractile responses of mesenteric arteries.

Microarrays of vascular smooth muscle cells (VSMCs) from BPN and BPH mesenteric
arteries provided differential expression of several elements in GPCR signaling pathways,
and some of them were functionally investigated using pressure and wire myography of
mesenteric arteries. Differential transcriptome profiling identified P2Y6 purinergic receptor
MRNA as one of the top upregulated transcripts in BPH, which correlates with augmented
UTP-induced contractions in BPH arteries. Angiotensin-Il (Agll)-induced contraction was
also higher in BPH mice despite having lower AT1R expression and was sensitive to P2Y6R
modulators. Proximity Ligation Assay (PLA) and super-resolution microscopy showed closer
localization of P2Y6R and AT1R at the membrane of BPH VSMCs suggesting a functional
role for P2Y6R/AT1R complexes in the hypertensive phenotype. In spite of this increased
response, we found reduced circulating Agll levels and less hypotensive effect in response
to chronic losartan treatment (a ATR1 blocker), indicating that overstimulation of the renin-
angiotensin aldosterone system does not contribute to HT in BPH. Intriguingly, BPN but not
BPH mice were resistant to Agll-induced hypertension and showed reduced P2Y6R
expression in VSMCs. Altogether, we suggest that increased functional coupling between
P2Y6 and ATIl receptors may contribute to enhanced vascular reactivity during
hypertension. In this regard, P2Y6R blockers could represent a novel strategy to treat
hypertension.
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MOLECULAR INSIGHTS INTO THE EFFECT OF BRUGADA SYNDROME
VARIANTS
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Brugada syndrome (BrS) is an inherited cardiac arrhythmogenic disease that predisposes
patients to sudden cardiac death. It is associated with variants in the SCN5A gene, which
encodes the cardiac sodium channel alpha subunit (NaV1.5). We recently studied sodium
channel currents (INa) in patient-specific human induced pluripotent stem cells-derived
cardiomyocytes (hiPSC-CMs). We found that the pathogenic effect of a BrS-related
heterozygous variant, SCN5A ¢.4573G>A (NaV1.5 p.V1525M), is heavily impacted by the
individual’s genetic background1. In the present work, we aim to further explore the potential
molecular mechanisms that modify the effect of this SCN5A pathogenic variant.

We investigated whether the differences in INa could result from an allelic imbalance
expression between the wild type (WT) and the variant. We did not find any differential levels
in the RNA expression of each allele, suggesting that the observed current levels must result
from functional or trafficking mechanisms.

We then decided to investigate the presence of the recently discovered cardiac-specific
short transcript of the SCN10A gene (SCN10A-short/NaV1.8-short)2. We verified, for the
first time, the presence of the SCN10A-short transcript in hiPSC-CMs. This transcript was
equally found in hiPSC-CMs from the four members of the family and from an independent
control, but not in their respective hiPSCs. However, no evidence for the expression of the
full length form of SCN10A was found. Next, we investigated the effect of NaV1.8-short on
INa, in HEK293T cells co-transfected with NaV1.5 WT or NaV1.5 V1525M. We found that
INa was increased with respect to cells expressing only the NaV1.5 channel, as previously
reported2. This increment in INa was similar between the WT and mutant NaV1.5. These
data suggest that the effect of the NaV1.5_V1525M variant is independent of the NaV1.8-
short modulation of the NaV1.5 channel.
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Vascular complications are major causes of morbidity and mortality in diabetic patients.
Recently, our group identified a novel purinergic signaling pathway involving the
AKAP5/P2Y11/AC5/PKA/Cayl.2 protein axis in arterial myocytes that is activated upon
diabetic hyperglycemia leading to vasoconstriction. This purinergic complex is activated by
the release of nucleotides (e.g. ATP) to the extracellular space in response to hyperglycemic
conditions. Pannexin 1 (Panxl) is a channel that mediates ATP efflux, thus inducing
purinergic signaling activation. In this study, we hypothesize that Panx1 is a critical regulator
mediating ATP release and increasing cAMP synthesis, Cayl.2 potentiation, and
vasoconstriction upon diabetic hyperglycemia. Consistent with this hypothesis, we found that
elevated glucose (HG; 20 mM D-glu) induced an elevation in extracellular ATP
concentrations, and this was reduced in the presence of the Panx1 inhibitor spironolactone
(spiro). Panx1 was found in complex with AKAP5, P2Y11, AC5, PKA, and Cay1.2 in arterial
myocytes. This protein complex was strengthened upon HG treatment, and spiro prevented
this effect. Spiro and genetic ablation of smooth muscle Panx1 (iPanxlsm™) blocked cAMP
production, Cayl.2 potentiation, sustained vasoconstriction, and in vivo elevations in
cerebral artery myogenic tone and reduced blood flow in response to HG. In a mouse model
of type 1 diabetes (e.g. STZ), the increased Cayl.2 potentiation and enhanced myogenic
tone were prevented in arterial myocytes and arteries from iPanxlsm” mice. Altogether,
these data suggest that Panxl is part of the AKAP5/P2Y11/AC5/PKA/Cayvl.2 signaling
module in arterial myocytes. This Panxl-led complex modulates vascular reactivity in
response to diabetic hyperglycemia. Thus, Panx1 could be a new therapeutic target to treat
vascular complications during diabetes.
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ASOR/TMEM206 — A ‘NOVEL’ ACID-ACTIVATED CL CHANNEL IN
CELL DEATH AND ENDOCYTIC TRAFFICKING

Thomas Jentsch
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Since its first description (in Sertoli cells, Auzanneau et al, JBC 2003), a mysterious acid-
activated chloride current has been found by many groups in all mammalian cells where it
had been looked for. This current was mysterious as it needs both strong external
acidification and cytoplasm positive voltages for opening, conditions that are almost never
reached at the plasma membrane of mammalian cells. Since the molecular identity of the
underlying channel (dubbed ASOR for Acid-Sensitive Outwardly Rectifying channel) had
remained unknown, its biological function was enigmatic.

Using a genome-wide siRNA screen, we recently found that it is composed of (ubiquitously
expressed) Tmem206 proteins and identified pore-lining residues by mutagenesis and
electrophysiology (1). Cryo-EM studies show that Tmem206 proteins, which contain two
transmembrane domains, assemble to trimeric channels whose overall topology resemble
ASIC cation channels. In collaboration with Steve Long (Sloan Kettering), we determined the
cryo-EM structure of ASOR at different pH values and obtained for the first time structures
for the open pore (2). These structures are consistent with our previous results and were
further validated by functional assays. In contrast to ASIC and most other channels, opening
of ASOR involves a drastic rearrangement of transmembrane domains. Their movement is
driven by three pairs of extracellular acidic amino-acids which can approach each other only
when protons are interposed (2). pH-dependent gating does not involve a histidine residue
that was previously implicated in this process.

The strongly acidic external pH needed to activate ASOR is reached only under exceptional
conditions in the extracellular space. Accordingly, ASOR plays a role in acidotoxicity and is
deleterious in stroke. However, the main function of ASOR is most likely in intracellular
vesicles that are sufficiently acidic to activate ASOR. Emerging evidence shows that it plays
distinct roles in endocytic processes. We recently examined its role in macropinocytosis, a
ubiquitous from of endocytosis that is of particular importance for immune and cancer cells
(3). We found that ASOR, in parallel to TPC cation channels previously implicated by the
Grinstein lab in this process, is essential for the shrinkage of macropinosomes. Opening of
both channels allows the exit of luminal Na and CI. This leads to osmotic shrinkage which is
followed by vesicle budding. Decreased resolution of macropinosomes results in impaired
recycling of membrane receptors and luminal content. Accordingly, cancer cell nutrition by
albumin uptake was reduced in Tmem206-/- cells (3). ASOR likely modulates several
aspects of endocytosis.
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DISSECTING THE ROLE OF AQUAPORIN WATER CHANNELS DURING
SPERM OSMOADAPTATION: INSIGHTS FROM A FISH MODEL
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The ability of spermatozoa to adapt to the osmotic changes when they are ejaculated into
the female oviduct, or to the aquatic environment in the case of oviparous vertebrates, is
crucial for motility maintenance and fertilization success. Mammalian spermatozoa express
four aquaporin water channels, of which some, in conjunction with ion channels, have been
inferred to play a role in cell volume regulatory responses. However, in most cases the
specific physiological roles of the aquaporins in ejaculated mammalian spermatozoa remain
unknown. In mature marine fish spermatozoa, which experience a large osmotic and
oxidative stress when they are released into the hyperosmotic seawater for motility
activation and fertilization, up to seven aquaporins are expressed. Marine fish spermatozoa
therefore represent excellent models to investigate aquaporin-mediated fluid homeostasis in
male gametes. Here, | will provide a short overview of the increased diversity of aquaporins
in teleosts compared to mammals, and present recent findings showing that selected marine
teleost water channels play different roles regulating spermatozoon physiology. This
includes facilitating motility activation, mitochondrial detoxification, and in cooperation with
ion channels, cell volume regulation. | will also discuss how increasingly sophisticated
regulatory pathways evolved to control marine teleost aquaporin trafficking for the
maintenance of spermatozoon swimming performance under a high osmotic stress.

Acknowledgements: This work has been supported by grants from the Spanish Ministry of Science, Innovation
and Universities and the Norwegian Research Council.

45



S4-02 SYMPOSIUM 4. NON-MAMMALIAN AND ARTIFICIAL ION CHANNELS

ENGINEERING A BACTERIAL PORIN TRAP FOR AMYLOIDS
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Protein amyloid aggregates are ubiquitous in natural environments and typically originate
either from microbial secretions or are released as prion-like proteins from animals, raising
concerns about their infectivity and toxicity in contexts such as gut microbiota or soils (1).

We have recently reported (2) the insertion of an amyloidogenic sequence stretch from a
model bacterial prion-like protein (RepA-WH1) in distinct extracellular loops of the abundant
Escherichia coli outer membrane beta-barrel porin OmpF (3). This approach exploits the
self-assembly potential of amyloids: the expression of the grafted porin enables bacterial
cells to trap on their envelopes the same amyloidogenic sequence when supplemented as
an extracellular free peptide. Conversely, the full-length prion-like protein, including that
amyloidogenic peptide, when immobilized as bait on a surface, can capture bacteria
displaying the grafted OmpF. Polyphenolic molecules known to inhibit amyloid assembly
interfere with peptide recognition by the engineered OmpF, indicating that this is compatible
with the kind of homotypic interaction expected for amyloid assembly.

We have now reconstituted OmpF trimers into nanodiscs, which are model membrane
nanoparticles of defined composition. These devices will enable the biophysical
characterization in vitro of amyloid interactions between target proteins and the porin.

Our studies suggest that synthetic porins may provide suitable scaffolds for engineering
biosensor and clearance devices to address the threat posed by prions.
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THE VOLTAGE-GATED K+ CHANNEL SLSKOR IN TOMATO PLANTS
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In plants, voltage-gated channels dominate the membrane conductance to K+ in most cell
types. Plant voltage-gated channels display structural similarities with animal HCN K+
channels (Nieves-Cordones et al., 2014). They are composed of four subunits with a long
intracellular C-terminal containing at least a cyclic nucleotide binding domain (CNBD)
connected to the last transmembrane domain by a linker region (C-linker) like HCN
channels. Interestingly, different types of rectification are exhibited by plant voltage-gated K+
channels. We have studied the function of the inward-rectifying K+ channel LKT1 and the
outward-rectifying K+ channel SISKOR in tomato plants by using gene-edited knock-out
mutants. LKT1 mediates K+ uptake in root cortical cells whereas SISKOR contributes to K+
load into xylem vessels in root vascular cells (Amo et al., 2021; Nieves-Cordones et al.,
2023). CIPK-CBLs are Ca2+-sensor-kinase complexes that decode Ca2+-signals in plant
cells. They have a prominent role in the plant’s capacity to respond to environmental cues.
In plants, voltage-gated K+ channels are targets of CIPK-CBL complexes. We identified the
SICIPK23-SICBL1/9 complex as an activator of LKT1 and an inhibitor of SISKOR in two-
electrode voltage-clamp experiments in Xenopus oocytes (Amo et al., 2021; Nieves-
Cordones et al., 2023). Regulation of SKOR-like channels by CIPK23-CBL1 complexes was
also present in Medicago, grapevine, and lettuce but not in Arabidopsis and saltwater cress.
Our results provide a molecular framework for coordinating root K+ uptake and its
translocation to the shoot by SICIPK23-SICBL1/9 in tomato plants. Moreover, they
evidenced that CIPK-CBL-target networks have evolved differently in land plants.
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CHARACTERIZATION OF CLC-1 CHLORIDE CHANNELS IN ZEBRAFISH:
A NEW MODEL TO STUDY MYOTONIA.
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The function of the chloride channel CIC-1 is crucial for the control of muscle excitability.
Thus, reduction of CIC-1 functions by CLCN1 mutations leads to myotonia congenital?.
Many different animal models have contributed to understanding the myotonia
pathophysiology. However, these models do not allow in vivo screening of potentially
therapeutic drugs, as the zebrafish model does®. In this work, we identified and
characterized the two zebrafish orthologues (clc-1a and clc-1b) of the CIC-1 channel. Both
channels are mostly expressed in the skeletal muscle as revealed by RT-PCR, Western blot,
and electrophysiological recordings of myotubes, being clc-1a predominantly expressed in
adult stages. Characterization in Xenopus oocytes shows that the zebrafish channels display
similar anion selectivity and voltage-dependence to its human counterpart. However, they
show reduced sensitivity to the inhibitor 9-anthracenecarboxylic acid (9-AC), and acidic pH
inverts the voltage dependence of activation. Reduction of clc-1a/b expression hampers
spontaneous and mechanically stimulated movement, which could be reverted by
expression of human CIC-1 but not by some CIC-1 containing myotonia mutations.
Treatment of clc-1 depleted zebrafish with mexiletine, a typical drug used in human
myotonia, improves the motor behaviour. Our work extends the repertoire of CLC channels
for evolutionary structure-function studies and propose the zebrafish clcnl crispant model as
a simple tool to find novel therapies for myotonia.
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Pseudomonas aeruginosa uses the contact-dependent type six secretion system (T6SS) to
deliver various effectors/toxins in order to manipulate its environment, subvert host cells and
gain an advantage in interbacterial competition. Tse5 is one of these effectors. Its full-length
structure has been recently determined (Gonzalez-Magafa et al., 2023), revealing that the
hydrophobic C-terminal region (Tse5-CT) is encapsulated by a shell-like structure formed by
the protein central domain. It is also known that Tse5-CT detaches from the rest of the
protein and is delivered to the target cell membrane, where it exerts a toxic effect by
depolarising target cells through the formation of membrane pores (Gonzalez-Magafia et al.,
2022). Here, we use planar bilayer electrophysiology to perform a deep characterisation of
Tse5 pore-forming activity using the full-length protein and Tse5-CT. We find that Tse5
induces multi-ionic pores of r ~ 1 nm that prefer cations over anions at neutral pH without
exhibiting chemical specificity. Further, the proteolipidic nature of Tse5-induced channels is
evidenced by changes in lipid composition, pH, and calcium presence. In experiments
reversing the salt concentration gradient or asymmetrical membranes, we find that Tse5
depends on the orientation of the electrical potential across the membrane to form pores,
while Tseb5-CT induces stable currents in all cases. This result suggests that Tse5 preferably
acts from the periplasmic side to deliver its toxic cargo. Although the process of Tse5-CT
delivery from full-length is sensitive to the sign of the electric transmembrane potential,
Tseb-induced currents are of an equilibrium nature. This comprehensive set of
electrophysiological recordings details the properties of Tse5 channels, which helps to
understand its toxicity and, consequently, its mechanism to compete with other
microorganisms in polymicrobial environments.
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The non-selective cationic channel, Transient Receptor Potential Melastatin type 8 (TRPMS3),
is activated by different stimuli, like innocuous cool to cold temperatures (15-28 °C),
membrane depolarization, cooling agents (i.e. menthol and icilin), and different synthetic
molecules.1 Cumulative experimental evidences pinpoint to increased TRPM8 expression in
sensory neurons after nerve injury or inflammation, resulting in enhanced sensitivity to cold
allodynia and hyperalgesia.1,2 Additionally, overexpression of the TRPM8 channel has been
related to the development of various types of cancer, and they are also involved in asthma,
cardiovascular, gastrointestinal and neurodegenerative diseases. Therefore, the search for
new modulators of TRPM8 has been pursued by either pharmaceutical companies and
academic research groups.1,2

In recent years, we have intensely been working on a family of amino acid-derived -
lactams, exhibiting important TRPM8 antagonist activity. Extensive structure-activity
relationships have shown the importance of hydrophobic substituents and of the
configuration at the different stereogenic centers, among other structural characteristics
important for activity. A prototype in this series displays noticeable in vivo activity in different
animal models of neuropathic pain, including a model of chemotherapy-induced allodynia.
An analogue of this prototype has been developed as a neurocosmetic and is already
marketed for alleviating the hypersensitivity signs induced by some chemotherapeutic
agents in oncologic patients.
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Drug discovery is a long process where a quick hit identification is critical for advancing in
the early preclinical research of novel drugs. lon channels are involved in multiple
physiological processes, being, therefore, a class of attractive drugs targets. However, only
18% of current approved drugs are acting on ion channels (1). This is attributed to the low
throughput of the different methodologies that had been employed for screening novel drugs
on these different targets. In the last decades, different technological efforts were carried out
in order to develop affordable assays with higher throughput that would allow to carry out
High Throughput Screening assays for ion channels (1,2). These technologies include
radioligand binding assays, ion flux detection, membrane potential-sensitive fluorescent
dyes, ion-sensitive fluorescent dyes, microelectrode arrays and automated patch clamp. To
obtain a comprehensive overview of each of them, we will review several examples of all
these technologies, as well as their application to either target-based or phenotypic assays
(3) together with their strengths and weaknesses for being applied to High Throughput
Screening.
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Megalencephalic leukoencephalopathy with subcortical cysts (MLC) is a rare type of
leukodystrophy mainly caused by mutations in two genes that encode for MLC1, a polytopic
membrane protein of unknown function, and GLIALCAM, a cell adhesion molecule of the
immunoglobulin  superfamily. Recent studies indicated that MLC1 downregulates
transduction signals, but the molecular mechanisms are unclear. As the orphan G protein-
coupled receptor GPRC5B has been identified as a novel GlialCAM and MLC1 interacting
protein, and recent studies found MLC patients containing heterozygous mutations in
GPRCB5B, it has been suggested that GliaICAM and MLC1 might modulate signaling through
GPRCS5B.

Here we show that GPRC5B activates in a constitutive manner G12/G13, Fyn and
beta-arrestin signaling pathways, and MLC1 inhibits GPRC5B-mediated signaling by
interfering with GPRC5B oligomerization. In contrast, GlialICAM releases MLC1 inhibition
and causes GPRCB5B internalization. GPRC5B containing MLC mutations showed increase
stability, can activate signaling pathways but are less internalized by GlialICAM. Previously
characterized GLIALCAM mutations are also less internalized by GPRC5B due to an
increased stability, indicating that reduced GlialCAM internalization by GPRC5B is a
common mechanism for several MLC mutations in different genes. Considering the effect of
depolarization and hypotonicity in the regulated interaction between MLC1, GlialCAM and
GPRCS5B, we propose a working model for the functioning of the MLC signaling complex.
Importantly, our results suggest that GPRC5B activators could be used as new drugs for
MLC disease.
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DECA11 SELECTIVELY INCREASES HUMAN Ina AND Ik1 AND EXERTS
ANTIARRHYTHMIC EFFECTS IN A MOUSE MODEL OF HEART FAILURE
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Co-expression of the 132 aminoacids peptide that constitutes the N-terminal domain (NTd)
of human cardiac Na* channels (Navl1l.5) with Navl.5 or Kir2.1 channels significantly
increases the Na* (Ina) and inward rectifier K* (Ik1) currents in heterologous expression
systems and adult rat cardiomyocytes [1]. A decrease in Ina and Ik1 impairs excitability and
prolongs refractoriness, enhancing the risk of life-threatening ventricular arrhythmias in
patients with heart failure with reduced ejection fraction (HFrEF). Here, we analyzed whether
there is a minimal motif within the NTd of Nav1.5 channels capable of increasing Ina and Ika.
Serial large- and micro-deletion and point mutations of the NTd demonstrated that the
sequence RFTRESLAAIE, named DECAll (Patent Ref#P202330798), significantly
increased Ina and Iki densities in heterologous expression systems and in human
cardiomyocytes derived from induced pluripotent stem cells (hiPSC-CM) being Ser6 critical
for these effects. DECA11 did not modify the voltage- and time-dependent characteristics of
Ina nor the density of its late component (Ina). Consequently, DECAL11l significantly
hyperpolarizes the resting membrane potential (-78.4+1.2 vs. -73+1.3 mV n28, P=0.01) and
increases the action potential (AP) amplitude (108.7£2.5 vs. 95.9+3.4, n=8, P=0.009),
without modifying the duration of the APs recorded in hiPSC-CM. DECAL11 did not affect the
density of the current generated by Navl.1, Navl.2, Cavl.2, Kv4.3, and Kv1l.1 (hERG)
channels. In isolated cardiomyocytes from mice that were infected or not (control) with
adeno-associated particles encoding DECA11 and that underwent or not transverse aortic
constriction (TAC), a pressure overload model of HFrEF, DECAL1 significantly increased the
Ina @and Ika that was decreased in TAC control cardiomyocytes. Furthermore, DECA1l
significantly decreased the capacitance of TAC cardiomyocytes, which was significantly
increased in TAC control cardiomyocytes because of the cardiac hypertrophy. However, it
did not modify the ventricular ejection fraction that was compromised in TAC control animals.
Importantly, in TAC mice infected with DECA11, the ventricular arrhythmia inducibility and
duration were significantly decreased compared with TAC control animals. These results
demonstrated that DECA11 significantly and selectively increases the densities of cardiac Ina
and k1 and that this augmentation exerts antiarrhythmic effects in a mouse model of HFrEF.
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THE CONANTOKIN-DERIVED PEPTIDE EAR-20 AS A NOVEL NMDA
RECEPTOR POSITIVE ALLOSTERIC MODULATOR
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Glutamate is an essential neurotransmitter in the central nervous system (CNS),
coordinating many neurological and physiological processes through the activation of
various glutamate receptors. The N-methyl-D-aspartate receptors (NMDARS) represent a
crucial subtype of ionotropic glutamatergic receptors, playing a fundamental role in
excitatory synaptic transmission. The activation of this ligand-gated ion channel facilitates
Ca?" influx through the channel pore, initiating intracellular cascades that modulate synaptic
plasticity — a fundamental mechanism underlying learning and memory. A growing evidence
of scientific works, spanning from basic science to clinical studies, have linked NMDAR
hypofunction to numerous CNS disorders, including autism, schizophrenia, Alzheimer’s
disease, and intellectual disability, among others. Consequently, there is growing interest in
identifying positive allosteric modulators (PAMs) of NMDARSs as potential therapeutic options
for ameliorating cognitive deficits associated with NMDAR dysfunction. Based on structural
insights from the GIuN2B subunit of NMDARs and conantokin-G toxin interaction, which
selectively targets the aforehead mentioned subunit, a series of peptides (EARSs) predicted
to modulate NMDAR activity have been designed. In this study, we have evaluated the
functional properties of the EAR-20 peptide as a novel PAM for NMDARs. By the use of
patch-clamp technique on HEK293T cells transfected with several NMDAR combinations,
we demonstrate that EAR-20 robustly potentiates whole-cell NMDAR-mediated currents,
exhibiting selective efficacy across distinc heteromeric NMDAR subtypes. Additionally, by
single-channel recordings, we demonstrate that the EAR-20 peptide exerts its effects by
prolonging the duration of receptor occupancy in the open conformation and also diminishing
the desensitization states of the channel, which correlates with our findings in the
macroscopic recordings. Finally, this potentiating effect is also observed in hippocampal
neurons cultured in vitro, where EAR-20 increases the amount of current driven by
spontaneous excitatory postsynaptic currents (EPSCs). Our findings highlight the utility of
rational peptide design in yielding potential therapeutc agents for disorders characterized by
NMDAR hypofunction.
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Macrolides are a class of mostly natural products with a large macrocyclic lactone ring.
Important members within this drug class include the immunosuppressant tacrolimus (TAC),
an inhibitor of the phosphatase calcineurin, and rapamycin (RAP), an inhibitor of the mTOR
kinase. RAP and analogs, called rapalogs, are currently used in the clinic as
immunosuppressants to prevent organ rejection, as tumor suppressors and to mitigate
ocular inflammatory disorders. In addition, RAP is under intense investigation for some
remarkable biological effects; slowing the aging process in mammals.

We found that TRPMS8, a polymodal TRP channel involved in cold temperature sensing,
thermoregulation and cold pain (1) is activated my macrolide immunosuppressants at
micromolar concentrations (2, 3).

In HEK293 cells heterologously expressing mouseTRPM8, TAC or RAP activate non-
selective outwardly-rectifying currents and evoke intracellular calcium responses, in a dose
dependent manner. At low micromolar concentrations, the macrolides potentiate cold-
evoked responses. These effects are conserved in different channel orthologs, including
humanTRPMS8. The effects of macrolides are direct, activating single-channel currents in
purified, reconstituted channels, and cell-attached recordings. Biophysically, TAC and RAP
act as type | agonists (i.e. menthol-like), slowing activation and deactivation of the open
channel. Surprisingly, despite this similarity to menthol effects, TAC and RAP can readily
activate the menthol-insensitive mutant (Y745H), suggesting their interaction with a different
binding site.

In mouse primary sensory neurons, TAC and RAP activate TRPMS8-expressing cold
thermoreceptors. These responses were abolished by TRPM8 antagonists. Selectivity for
TRPM8 was further demonstrated by the near suppression of effects in TRPM8 KO mice,
while responses to other agonists remained unaltered. In current-clamp recordings, TAC or
RAP increased the excitability of cold-sensitive DRG neurons and potentiated their response
to cold temperatures.

TRPM8 agonists are currently under development for the treatment of dry-eye disease, a
multifaceted condition affecting many individuals, specially of old age. In mice, we found that
local application of TAC or RAP increased tearing and blinking, by a TRPM8-dependent
mechanism.

These studies show that TAC and RAP, two clinically approved macrolide
immunosuppressants, are selective activators of TRPM8. Furthermore, our findings suggest
their potential use for the treatment of the symptoms of dry-eye disease.
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Voltage-gated potassium cannel Kv1.3 plays a crucial role during the immune response.
Kv1.3 is the main voltage-gated potassium channel expressed in T lymphocytes and is also
expressed in a variety of leukocytes. The channel has an important role in mediating T-cell
activation, which makes it an important therapeutic target for the treatment of autoimmune
diseases and chronic inflammation. Multiple sclerosis and psoriasis can be effectively
treated, respectively, with fampiridine and dalazatide, two drugs that target Kv1.3 activity.
Functional Kv channels are oligomeric complexes that can associate to ancillary subunits
that regulate their function and can modify their pharmacology. For example, Kv7.1 and
hERG pharmacology is altered by their association with KCNE1 and KCNEZ2, respectively. In
the immune system, Kv1.3 associates with KCNE family member KCNE4. KCNE4 impairs
Kv1l.3 plasma membrane trafficking in a stoichiometry-dependent fashion and also
contributes to accelerate the inactivation of the channel. In this study, we aim to evaluate the
role of KCNE4 in Kv1.3 pharmacology using two drugs: Margatoxin and Psora-4. While
Margatoxin binds to Kv1.3 to the outer pore from the extracellular side, Psora-4 targets the
intracellular mouth of the channel. Our results show that, while KCNE4 does not alter
Margatoxin effects on the channel, Kv1.3 inhibition by Psora-4 is slowed by the presence of
KCNE4. We propose how KCNE4-dependent architectural changes in Kv1.3 intracellular
structure affect Psora-4 accessibility to its binding sites. Moreover, the Kv1.3/KCNE4
configuration varies among immune cell types and the different stages of the immune
response. Rearrangements in channel architecture should be considered during the
development of therapeutical approaches to ensure the proper pharmacological targeting of
Kv1.3.
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A significant proportion of patients with neurodegenerative diseases are affected by
alteration of pain sensation. Alzheimer’s disease (AD) patients have a compromised ability
to report pain and untreated pain contributes to psychiatric symptoms of dementia. Neuronal
degeneration provokes an intense reaction by microglia which, depending on their
phenotypes of activation, may give rise to pain. | will discuss how inflammatory arthritis
affects spinal cord microglial activity and how neuron-microglia communication is altered in
the TASTPM transgenic mouse model of AD. Our evidence shows that 6 months old
TASTPM display cognitive impairment, brain amyloid pathology and reduced thermal
sensitivity compared to WT controls, which is in accordance with the observation that AD
patients exhibit reduced pain intensity compared to cognitive-intact individuals. Under
conditions of persistent inflammatory pain, spinal microglial activity plays a mechanistic role
in central sensitisation, as attenuation of microglial activation correlates with reduced pain-
like behaviours. | will show that in persistent inflammatory arthritis, the release of galectin-3
from primary afferent terminals in the dorsal horn mediates inflammatory allodynia via
interaction with Toll like receptor 4 (TLR4) in microglia. However, this neuron-to-microglia
communication pathway is defective in TASTPM mice that display reduced inflammatory
allodynia and reduced spinal cord microgliosis. Indeed, a cluster of TASTPM microglia lacks
expression of TLR4 and cannot respond to Gal-3 which is expressed and released by
primary afferent fibres in the dorsal horn. Thus, we identified a mechanism through which
nociceptors respond to joint inflammation and establish nociception through the activation of
microglia. Sensory neuron-derived Gal-3 activates microglial TLR4, and promotes
nociceptive signalling via the release of cytokines in the dorsal horn. Intriguingly, in the
spinal cords of the TASTPM mouse model of AD, the emergence of a subset of microglia
devoid of TLR4 is associated with milder inflammatory nociception.
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LIPIDS AS DRUG DISCOVERY PROBES IN TRPV CHANNELS
A. Peralvarez-Marin?, E. Catalina-Hernandez?!, M. Lopez-Martin?

!Biophysics  Unit, Biochemistry and Molecular Biology Department, Institute
of Neuroscience, Universitat Autonoma de Barcelona, Cerdanyola del Vallés, Spain.

Our research is focused on the transient receptor potential vanilloid 2 (TRPV2) ion channel
is a ubiquitous membrane protein responding to several physical stimuli, such as heat,
mechanical stretch, osmotic changes, etc. However, few chemical stimuli have been
identified for TRPV2, and the few that have been identified are non-specific for this channel
[1]. Recently we have defined for the first time the involvement of TRPV2 in vascular
physiology [2], simultaneously identifying novel TRPV2 modulators [3]. Here, we expand our
research to open a new pharmacological venue on lipid-based drug discovery. TRPV2 and
the TRPV channels subfamily are integral membrane proteins, specifcally ion channels
governing cellular transport and signalling, which activity is often governed by lipid bilayer
composition and properties. Lipids bind to specific sites on these proteins, regulating
function, trafficking, and interactions. However, the intricate nature of these interactions,
compounded by experimental challenges, impedes full elucidation of lipid-mediated
regulation mechanisms. In our study, we utilized coarse-grained molecular dynamics
simulations (CG-MD) to investigate lipid-binding sites and interactions across all six TRPV
channels, employing a comprehensive asymmetric membrane composition of 10 lipids. CG-
MD simulations on TRPV apo structures not only validated known binding sites for
cholesterol and phosphatidylinositol-(3,4)-biphosphate but also unveiled potential binding
sites for these lipids and others. By correlating known TRPV drug binding sites with
identified lipid binding sites, both established and putative, we have assigned specific
residues, offering fresh insights for rational drug design targeting TRPV channels. Our
research highlights CG-MD simulations' effectiveness in uncovering potential regulatory
regions on membrane proteins, providing specific insights into TRPV's lipid-protein
interactions. This expansion of our understanding of native membrane protein regulation
complexity lays a foundation for future drug development efforts targeting lipid-binding sites
on TRPVs as a paradigm for ion channels, which can be extensive to integral membrane
proteins.
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Dapagliflozin (dapa) and empagliflozin (empa) are sodium-glucose cotransporter 2 inhibitors
(SGLT2i) used for the treatment of type 2 diabetes (T2D) that significantly decrease mortality
in patients with heart failure with reduced ejection fraction (HFrEF), decreasing the incidence
of ventricular arrhythmias and sudden cardiac death. The SCN5A gene encodes Navl.5
channels that generate the Na* current (Ina), Which is responsible for cardiac depolarization
and excitability. In HFrEF patients, the expression of Nav1.5 channels is reduced, leading to
life-threatening arrhythmias. In human cardiomyocytes derived from induced pluripotent
stem cells (hiPSC-CMs), we recently described that 24-h incubation with dapa or empa, at
therapeutically relevant concentrations (1 uM), increased the density of the cardiac Ina[1].
Here, we have deciphered the ultimate mechanism responsible for the Ina increase by
combining different experimental approaches. Dapa (ECs=0.9+0.09 uM) and empa
(ECs0=1.0+0.1 pM) produced a concentration-dependent increase of Inaas. Single-channel
recordings using the cell-attached patch-clamp configuration showed that dapa and empa
did not modify the ina amplitude at any of the voltage tested nor the single-channel
conductance which averaged 23.1+2.8 pS in control conditions. Empa, but not dapa,
significantly increased the Nav1.5 open time constant (Topen) by up to twice. The increase in
the dwell open time produced by empa is reflected in a significant increase in the mean open
time (1.4+0.1 vs 0.96+£0.04 ms; P<0.05), which was not modified by dapa. Conversely, dapa
significantly augmented channel re-openings and the number of traces with openings.
Because of these effects, both dapa and empa significantly increase the open probability of
Navl1.5 channels. Dapa and empa did not modify the transcriptional activity of the human
minimal promoter of the SCN5A gene while augmented the SCN5A mRNA. Flow cytometry
experiments showed that dapa and empa significantly enhanced the membrane expression
of Navl.5 channels. Fluorescence recovery after photobleaching (FRAP) analysis
demonstrated that empa increased the number of mobile Nav1.5 channels, but neither drug
modified the kinetics of the process. Importantly, by the combination of these effects both
dapa and empa, significantly increased the diminished Ina density in cardiomyocytes
dissociated from mice that underwent transverse aortic constriction, a model of HFrEF.
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TRPM3 is a non-selective cation channel activated by pregnenolone sulfate (PS). PS
contracts mouse aorta by activating TRPM3 in vascular smooth muscle cells (VSMCs)™.
However, PS induces vasodilation in mesenteric arteries by activating channels present in
the adventitial sensory nerve endings?. These opposing effects hinder to interpret the role of
TRPM3 channels in the control of blood pressure (BP). Our aim is to understand the
underlying mechanisms contributing to essential hypertension for developing effective
therapeutic strategies, therefore here we focus on disclose the role of TRPM3 controlling BP
by studying TRPM3-KO mice and to extend our knowledge of the vascular effects of TRPM3
channels studying their role in the kidney vasculature, due to its relevant role in BP control.

By measuring BP using a tail-cuff system we observe a hypotensive phenotype in TRPM3-
KO mice and resistance to angiotensin ll-induced hypertension. BPH kidneys displayed a 2-
fold increase in TRPM3 mRNA expression, primarily in the renal cortex, via qPCR. TRPM3
channel location throughout the nephron was studied combining RNAscope in situ
hybridization and immunohistochemistry with several antibodies. TRPM3 mRNA is highly
expressed in the glomeruli, the distal convoluted tubule (DCT) and the collecting ducts (CD),
and despite the clear vascular effects, there is no evident expression in the renal
vasculature. Therefore, we investigated the crosslink between TRPM3 activation and several
renal vasodilation systems throughout the nephron measuring renal vascular flow at
constant pressure in isolated kidneys. The blockade of nervous signaling by the CGRP
antagonist BIBN 4096, showed an almost complete loss of TRPM3-mediated vasodilatation
during phenylephrine stimulation. Similar results were obtained where NOS blocker L-NAME
was tested. No effect was observed whit prostaglandin synthesis inhibitor Indomethacin.

Our findings underscore the importance of TRPM3 channels in BP regulation, particularly in
modulating vascular flow in the kidney. However, the absence of TRPM3 expression in the
renal vasculature suggests a complex crosstalk between the nephron and vessels,
suggesting an intricate interplay between TRPM3 channels, tubule-glomerular feedback,
nervous signaling, and NO release. Further experiments are needed to seed light on
mechanistic pathway.
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The Transient Receptor Potential Cation Channel, Subfamily M, Member 8 (TRPMS8), a
member of the TRP superfamily, is a nonselective ion channel that is involved in cold
perception. This channel is also implicated in diverse physiological processes such as pain
signaling, inflammatory responses and cancer, among others. Therefore, there is an interest
in the search of molecules capable of modulating these channels.! During the last years,
significant advances have been made in elucidating the structure of TRPM8 through cryo-
electron microscopy studies. These structures had shed light on their 3D structure, as well
as revealing the molecular details of ligand recognition. TRPM8 channels are organized as a
domain-swapped tetramer, in which each monomer has a transmembrane and a cytosolic
domains. In the latter there are four melastatin homology regions. The transmembrane
region comprises six a-helices, with four constituting the voltage-sensor-like domain (VSLD),
whereas the pore domain (PD) is formed by the remaining two and a pore helix.?2 The VSLD
is the binding site of various ligands, including agonist, as menthol or icilin, or antagonist as
AMTB or TC-I.1

In this communication we present a structural-based virtual screening In house compound
. . . collection
of several of our in-house compounds collections. Using three ectio

homology model of the human TRPMS8 channel based on the | IFD TRPMS
structures of parus major channel (PDB codes and 6072 and 606R)! :
and mus musculus channel (PDB code 8E4L),® an induced fit docking
(IFD) protocol was used to filter 110 compounds. An analysis of the
results based on the score, ligand-channel interactions, and visual
inspection, allowed the selection of 17 derivatives for further biological
testing. The biological evaluation revealed that compounds featuring a
nitrogen six-membered heterocyclic core exhibit promising inhibitory
activity against menthol binding. Interestingly, three derivatives
demonstrated inhibition levels of approximately or greater than 50% at
5 uM concentration. These findings highlight the potential of these derivatives as promising
hits for the development of more potent TRPM8 ligands.
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TRESK (K2P18.1) is a background K* channel expressed in sensory neurons, where it
modulates the resting membrane potential, action potential firing and neuronal excitability. A
subset of these sensory neurons, which express specific TRPs and Mas- related G protein-
coupled receptors (Mrgprs), are activated by pruritogens and mediate itch sensations.
Because TRESK is involved in somatosensation and pain perception, we evaluated the
contribution of this channel to pruritic sensitivity and its potential as a target for the treatment
of chronic itch pathologies including renal or liver failure, Hodgkin's lymphoma and different
types of dermatitis. By combining, RNA in situ hybridization, calcium imaging,
electrophysiological and behavioral approaches, we found that TRESK is involved in the
modulation of non-histaminergic itch. In situ hybridization experiments show that TRESK
coexpresses with mouse MrgprD* and MrgprA3* in sensory neurons. At the behavioral level,
intradermal injection of chloroquine (CQ) a MrgprA3 agonist, in the cheek model produced
an acute scratching response, which was significantly enhanced in mice lacking TRESK.

Interestingly, TRESK knockout (KO) mice also showed alterations in mice models of chronic
itch. Induction of Psoriasis, Allergic Contact Dermatitis or Dry Skin showed a significantly
higher scratching response in mice lacking TRESK compared to their wild- type (WT)
counterparts.

In behavioral tests of acute itch, we corroborate that cloxyquin acts as a specific TRESK
activator. Intraperitoneal pre-treatment with cloxyquin did not produce any effect in TRESK
KO mice, whereas WT mice showed significantly reduced scratching responses.
Furthermore, in a mouse model of imiquimod-induced psoriatic itch, cloxyquin pre-treatment
appeared to decrease spontaneous scratching episodes in WT mice compared to TRESK
KO mice. Additionally, in situ hybridization of human dorsal root ganglia (DRG), also showed
coexpression of TRESK and mice MrgprA3 homologue MrgprX1.

In summary, our data indicate that TRESK is involved in regulating the excitability of sensory
neurons that mediate histaminergic-independent itch. Given the prominent role of this
neuronal subpopulation in chronic itch diseases, TRESK emerges as a potential candidate
for therapeutic intervention.
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TRPMS8 channels, or transient receptor potential cation channel subfamily M, member 8, are
predominantly expressed in sensory neurons, where they play a crucial role in perceiving
cold temperatures and initiating responses to cold stimuli. They are involved in several
physiological processes, such as pain perception and thermoregulation, among others, and
have been implicated in pathological inflammatory and neuropathic pain conditions and
different types of cancer.!

We have previously described a family of amino acid-derived B-lactams, having potent
TRPM8 antagonist activity, but the preparation of these compounds required long synthetic
schemes and the resolution of isomeric mixtures.? In the search for other chemotypes to
modulate TRPM8 channel, we discovered that the 4-trans-hydroxyproline (Hyp) ring is a
suitable central scaffold for new TRPM8 antagonists. Modifications at the the three possible
positions led to some interesting hits. In the way of hit-to-lead optimization, we explore the
combination of the best apendages at N- and C-terminal positiond in an attempt to find
promising leads. This piece of work deals with the synthetic procedures and preliminary
biological characterization of new Hyp derivatives 1 as TRPM8 modulators.

R1 _\O

Figure 1. General structure of 4-trans-hydroxyproline derivatives
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lon channels are proteins present in the plasma membrane or in intracellular organelles of
the cells, where they play important functions. These proteins form signaling complexes or
channelosomes together with other proteins or lipids. The dysfunction of these channels
results in a several disorders named channelopathies, which represent a challenge for study
and treatment.

In the human heart, Ky1.5 channels deserve special mention since their activation generates
an atria-selective current that plays a crucial role in the human cardiac atrial repolarization
(Ikur). This channel is encoded by KCNAS5, and it has been reported that mutations in this
gene, inducing both gain- or loss- of function, enhance atrial fibrillation (AF) susceptibility.
Kvl.5 is considered a potential target for the development of new drugs useful in the
treatment of supraventricular arrhythmias (i.e., AF). However, the great homology between
different ion channels makes very difficult the design of selective compounds useful in the
treatment of AF.

Valenzuela’s group have described the existence of a Ky1.5 channelosome in cardiac rat
ventricle, that is absent in atrium, despite Ky1.5 channels are also expressed in the human
atria, pointing the importance of the animal species studied. Recently, they have

demonstrated that KChIP2 is another new interactor of the Ky1.5 channelosome.[1]

KChIP2 is a potassium channel interacting protein mainly expressed in heart. In our
research group, we have a research line focused on the identification of novel KChIP2

ligands as useful tools to understand the role of Ky1.5 channelosome in atrial fibrillation.[2] In
this regard, structure-based virtual screening could be an important tool to accelerate their
identification. Taking advantage of the single tryptophan residue of KChIP2 located in the
ligand binding site, we used tryptophan fluorescence quenching as initial screening technique
for the identification of novel KChIP2 ligands.

In this communication, we describe a multidisciplinary approach that starts with a structure-
based virtual screening, followed by an iterative process of synthesis/biological evaluation,
leading to the identification of new KChIP2 ligands. Electrophysiology assays have allowed to
study their role in the Ky1.5 channelosome.
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Colon cancer remains one of the most prevalent forms of cancer and a leading cause of
cancer-related deaths in Spain. Most forms of colon cancer are due to loss of APC tumor
suppressor that lead to the c-myc oncogene activation and excess polyamine biosynthesis.
We have shown that colon cancer cells undergo a large remodeling of intracellular Ca?
homeostasis that is partially reversed by polyamine synthesis inhibition with ornithine
decarboxylase suicide inhibitor DFMO. Here, we aimed at investigating possible differences
between K* channel activity and expression between HT29 colon cancer cells and NCM460
normal colonic cells. In addition, we asked whether polyamine depletion may also reverse
the possible differences in K* channel activity and expression. For this end, total K* currents
and currents sensitive to an specific blocker of voltage-gated K* channels: Kv10 and Kv11l
were monitored in HT29 and NCM460 cells. Additionally, expression of all different types of
K* channels was tested using microarrays and differential expression analysis. Finally,
effects of polyamine depletion on K* currents and differential expression of K* channels were
investigated. Our results suggest a deep remodeling of K* channels in colorectal cancer. At
the functional level, HT29 tumor cells exhibit lower total K* compared to normal NCM460
cells. However, the current mediated by the cancer-linked Kv10.1 and Kv11.1 channels is
higher in colon cancer cells. Consistently, differential expression of K* channel genes is
observed between normal NCM460 cells and HT29 tumor cells. Futhermore, we found that
polyamine depletion using DFMO significantly increases the total K* current in HT29 cells,
an effect associated with the increase in the activity of the Kv10.1 and Kv11.1 channels,
which is correlated to changes in the expression of a few genes coding for K* channels or
their modulators. In summary, our results suggest a remodeling of K* channels in colon
cancer that could contribute to cancer hallmarks and is potentially linked to excess
polyamine biosynthesis.
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The gonadal hormone 17B-estradiol (E2) is involved on the maintenance of glucose
homeostasis by its actions through estrogen receptors (ERs) expressed in pancreatic (3-
cells. The electrical activity of this cell type plays a critical role in glucose-stimulated insulin
secretion. We used the human B-cell line EndoC-BH1 and employed patch clamp technique
and gRT-PCR to study the effect of specific agonists of ERs and the endocrine disruptor
BPA on ion channel currents and gene expression, and on the cell electrical activity (1). We
treated the human EndoC-BH1 cell line with 1nM E2, the ERa agonist PPT, the ER[ agonist
DPN, and BPA for 48h. Cells exposed to DPN and BPA exhibited a decrease in K+ currents,
while E2 and PPT had no effect. Experiments using specific K+ channel blockers suggested
that this reduction in the global K+ current induced by BPA was mediated by inhibition of
Kv2.1/2.2 channel type rather than on KCal.l. Subsequent gRT-PCR analysis revealed
down-regulation of Kcnbl and Kcnb2 genes encoding Kv2.1 and Kv2.2 channels
respectively after BPA and E2 treatment. Treatment of cells with BPA in the presence of the
ERPB antagonist PHTPP abolished the effect on K+ currents. Electrical activity recordings
showed an alteration of the action potential frequency and shape, probably as a
consequence of the modification of the K+ current induced by DPN. The altered electrical
activity should modify insulin release and suggest that ion channels are an important target
of the natural hormone E2 and the endocrine disruptor BPA actions on the excitable
pancreatic B-cell.
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Acrolein is a toxic and highly reactive unsaturated aldehyde found in cigarette smoke and
vehicle exhaust gases. Acrolein derived from cyclophosphamide is the major culprit of
bladder neurogenic inflammation induced by chemotherapy in cancer and autoimmune
disease patients. Although the chemosensory cation channel TRPAL was initially described
as the sole target of this compound, recent evidence suggests that TRPV1 may also play a
role in acrolein-induced toxicity. Here we show that, acrolein induces bladder irritation and
nocifensive responses in wild type and Trpal knockout mice, but was ineffective in Trpvl
and double Trpvl/Trpal knockout mice. Ratiometric Ca?* measurements and patch-clamp
recordings in HEK293 cells overexpressing TRPV1 and in primary cultured mouse dorsal
root ganglion neurons demonstrate that acrolein activates TRPV1. Unlike TRPA1, which
displays quickly desensitizing responses, TRPV1 is activated by acrolein in a rather
irriversible manner, with a time course showing an initial slow phase followed by an abrupt
avalanche-like phase. Accordingly, we found the N-terminal amino acid residue C157 to be
critical for acrolein-induced TRPV1 activation, indicating that the action of this compound is
through covalent modification. Notably, single-channel recordings revealed that activation of
TRPV1 by acrolein is enhanced by membrane depolarization, indicating for the first example
of state-dependent action of an agonist on TRP channels. This type of interaction explains
the avalanche-like action of acrolein on TRPV1 currents and suggest that channel
sensitizers can dramatically amplify the action of this compound. Taken together, our results
reveal a mechanism underlying the major role of TRPV1 as mediator for the acrolein-
induced toxicity, unveiling TRPV1 as a potential therapeutic target in a wide spectrum of
noxious conditions, such as exposure to smoke and cancer treatment.
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Store-operated Ca?* entry (SOCE) is orchestrated by the endoplasmic reticulum (ER)-
resident proteins STIM1 and STIM2, which interact with and activate the CRAC channels in
the plasma membrane, where Orail plays a predominant role. Two Orail variants have
been identified in mammalian cells. The long form, Orai1a, comprises 301 amino acids, and
the short form, Orai1f, originates from alternative translation initiation at either methionine
64 or 71. We have investigated the effectiveness of STIM1 and STIM2 in activating Ca?*
signals through Oraila and Orai1p. By epifluorescence microscopy we have found that
STIM1/2 double-knockout HEK-293 cells (DKO cells) lack thapsigargin-induced SOCE. Co-
transfection with CMV-driven or thymidine kinase-driven Orai1la or Orai1 with STIM1
rescued SOCE in DKO cells. For Oraila, STIM2 was less effective than STIM1, while the
efficacy of STIM2 and STIM1 stimulating Orai13 was indistinguishable. Similar results were
observed when Ca?* signals were stimulated with carbachol. By confocal Forster Resonance
Energy Transfer (FRET) and immunoprecipitation we examined the interaction of STIM1 and
STIM2 with Orail variants in HEK293 cells. We found a direct coupling of STIM1 and STIM2
with Orai1a and Orai1 in resting cells, which was significantly enhanced upon stimulation
with thapsigargin. In quiescent cells, the interaction between STIM2 and Oraila is more
pronounced compared to the other studied conditions, which might counteract minor leakage
from the ER. These findings indicate that STIM2 is less effective inducing SOCE by Oraila
but exhibit a similar efficacy to STIM1 activating Orai1B. Interestingly, the significant
interaction between STIM2 and Oraila at rest suggests a major role for Oraila in the
maintenance of resting ER and cytosolic Ca?* levels.
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Extended synaptotagmin 1 (Esytl) belongs to the tethering ER-plasma membrane family of
proteins, involved in lipid transport between both membranes [1]; however, Esytl presents a
unique characteristic with respect to Esyt2 and 3, since it is able to complex Ca?* [2]. Ca?*
interaction with the EF-hand domain of Esytl has been previously described to be crucial for
SOCE activation in some cell types [3]; nonetheless, the role of Esytl in breast cancer cells
remains unexplored, despite changes in the Ca?* homeostasis controls several cancer
hallmarks as previously describe by us and other [6]. Here we show that this protein is highly
expressed in luminal breast cancer cells, like the MCF7 and T47D cell lines, as compared to
the non-tumoral mammary epithelial MCF10A cell line. Esytl expression silencing impairs
the activation of SOCE in T47D, while has not effect in MCF7 or MCF10A cells. Finally, the
viability of T47D cells was reduced by silencing Esytl as denoted by the clearing of calcein
stain, which was in parallel with a significant increase in propidium iodide accumulation.
Summarizing, we conclude that Esytl has a relevant role in Ca?" homeostasis in T47D
luminal breast cancer cells, therefore, it may represent a promising target for developing
new therapeutic strategies for the treatment of patients with luminal breast cancer.
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Store Operated Ca?* Entry (SOCE) is a major mechanism for Ca?* influx controlled by the
intracellular Ca?* stores. The stromal interaction molecule (STIM) protein family, with a
predominant role of STIM1, activate Ca?* channels located in the plasma membrane upon
store depletion and allow Ca?* entry through CRAC channels, mainly Orail. Filamin A
(FLNA), an actin-binding protein located in the cytoskeletal region of the membrane, has
been demonstrated to play an essential role as a negative regulator of SOCE since it
modulates Orail-STIM1 interaction. We first found that FLNA protein is cleaved by calpain in
HT-29 colorectal adenocarcinoma cell line, yielding a fragment containing repeats 16-24
(FLNA16-2%) HT-29 cells exhibit an increased SOCE and Orail and STIM1 expression as
compared to non-tumoral normal mucosal cells (Sobradillo et al., 2010). Calpain inhibition
using calpeptin significantly attenuated FLNA cleaving, which resulted in a decrease of
SOCE and Orail and STIM1 protein expression. To further demonstrate the role of FLNA®
24 as a regulator of SOCE, we expressed in HEK-293 cells dsRED-tagged FLNA24 and
analysed the expression of the key SOCE proteins. Expression of dsRED-tagged FLNA6-24
was confirmed by Western blotting and confocal microscopy. Expression of FLNA¥24 in
HEK-293 cells increased Orail and STIM1 protein level without having any effect on the
expression of Orai3 and STIM2. As a result, SOCE was enhanced in FLNA-?4-expressing
HEK-293 cells as compared to mock-treated controls. Summarizing, our results provide
evidence for a role for FLNA%24 fragment in the regulation of Orail and STIM1 expression
and, therefore, in SOCE in colorectal adenocarcinoma cells.
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Arterial hypertension (HT) is the single major preventable cause of cardiovascular disease
and all-cause mortality. A large number of candidate genes involved in HT traits, including
many ion channel genes, have been proposed. We have performed an exome-wide
association analysis in two large cohorts to test the association of rare (MAF <1%) and
coding variants (with predicted loss-of-function, LoF) with hypertension. We found two LoF
variants in TRPM8 associated with increased diastolic blood pressure (R247T and Y251C),
and with major adverse cardiovascular event (G921V), present in both cohorts. TRPMS8 is a
nonselective ion channel activated by diverse stimuli including cold and menthol, which has
been implicated in blood pressure regulation in both human and animal models of HT3,
Here we characterize the functional properties of these newly identified LoF variants to
determine if they affect TRPMS8 channel properties, thus contributing to HT phenotype.

TRPM8 mutations were introduced in the hTRPM8 by PCR-directed mutagenesis. Whole-
cell currents from WT or mutant channels expressed in HEK cells were recorded using
patch-clamp techniques. [Ca?']; was measured with Fluo-4 microfluorometry.

Application of cold (15-18 °C) of menthol (100uM) activated TRPM8-mediated currents that
were significantly smaller in the case of the G921V variant. Also, the increase of [Ca?]; upon
exposer to the agonists was reduced, confirming in silico prediction of G921V as a LoF
TRPMS8 variant.

Regarding R247T and Y251C, we found larger menthol-activated outward currents
compared to TRPM8-WT, together with different desensitization kinetics. Also, R247T
TRPM8-mutant exhibited larger unstimulated outward currents However, menthol-induced
[Ca?*)i increase was augmented only in Y251C variant. Contrary to the prediction, both
variants represent TRPM8 channels with gain-of-function, albeit with different modulation.
The functional characterization of these common variants will help to improve knowledge of
HT molecular mechanisms, individual risk stratification and prediction of response to more
targeted therapies.
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Propionic acidemia (PA) is a metabolic disorder caused by the deficiency of the
mitochondrial enzyme propionyl-CoA carboxylase (PCC) and due to mutations in the PCCA
or PCCB genes that encode the two PCC subunits. PA has been associated to some
alterations of cardiac electrical activity, including prolongation of the QT interval of the
electrocardiogram, life-threatening arrhythmias and sudden cardiac death, although the
underlying mechanism is unknown. We analyzed whether the presence of the mutations
itself can produce direct cardiac electrophysiological alterations. Using whole-cell patch-
clamp we recorded action potentials (APs) and ion currents in ventricular-like induced
pluripotent stem cells-derived cardiomyocytes (hiPSC-CMs) obtained from a PA patient
carrying two highly pathogenic mutations in the PCCA gene [p.Cys616 Val633del and
p.Gly477Glufs*9) (PCCA cells) and in hiPSC-CMs from a healthy subject (Healthy cells). In
cells driven at 1 Hz, the mutation delayed AP triggering and prolonged the AP duration
measured at 20% of repolarization (APDx= 21837 vs. 120+20 ms; P<0.05), without
modifying APDso, APDgo, resting membrane potential or AP amplitude. Furthermore, delayed
afterdepolarizations appeared at the end of the repolarization phase only in PCCA cells. We
next recorded the L-type calcium (lca), the Na-Ca exchanger (Incx), and sodium (Ina)
currents in PCCA and healthy cells. The mutation significantly reduced Ica. density (-6.8+1.8
vs -19.3+5.0 pA/pF at 0 mV) and increased the Incx density measured as the Ni?*-sensitive
current (-19.7+2.3 vs -10.9+0.4 pA/pF at -80 mV). Moreover, it significantly reduced peak Ina
by 46%, but increased the late Ina measured as the tetrodotoxin-sensitive current (0.650.1
vs 0.26+£0.06% of peak Ina). Some PA-associated mutations can severely affect the ionic
mechanisms controlling cardiac APD and cytosolic Ca?* handling, increasing the risk of
arrhythmias independently of the organ damage induced by the systemic acidemia.
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Vascular calcification (VC) is the result of the pathological deposition of mineral
hydroxyapatite on the arterial wall, which associates to increased risk of heart disease,
stroke and atherosclerotic plaque rupturel. Phenotypic modulation (PM) of vascular smooth
muscle cells (VSMCs) to an osteochondrogenic phenotype is the main factor leading to
arterial medial calcification (AMC). AMC is an early event during chronic kidney disease
(CKD), triggered by uremia and alterations in mineral metabolism. AMC is preceded by
increased arterial stiffness due to elastin degradation. We have previously reported that
uremic serum (US) induces Kv1.3 channel upregulation in cultured human VSMCs, which ca
be partially reverted by Kv1.3 inhibition2. Here we explore the contribution of Kv1.3 to PM to
AMC in aortas from a CKD model both in vivo and ex vivo, in organ culture.

Aortas were obtained from C57-Sham (control) and C57-CKD mice induced by 5/6
nephrectomy. Aortas were either analyzed upon dissection (t=0) or after 10 days incubation
in MEM supplemented with control, high phosphate (HP) or US, with or without a Kv1.3
blocker (100nM PAP-1). VC was explored using gPCRs and histological techniques as well
as with myography to analyze arterial stiffness.

We found an increased stiffness in vivo in the CKD model, which was reproduced in organ
culture with US. PAP-1 application could prevent US-induced stiffness but cannot revert it
once established, as in the in vivo CKD model. The histological analysis did not show
macroscopic calcification, but we found medial elastin degradation, which associated with an
increased expression of MMP2 elastase by gqPCR. Altogether, our data suggest that
changes in vessel stiffness in the our CKD model could be reflecting early stages of the
process of AMC, supporting an important role of Kv1.3 channels at that initial step of VSMCs
dedifferentiation towards an osteogenic phenotype.
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Cardiovascular diseases are the leading causes of mortality worldwide. Type 2 diabetes
(T2DM) increases the prevalence of vascular disease, with more aggressive forms of
disease and worse outcomes. Under T2DM chronic inflammatory signalling in the
vasculature sustains endothelial dysfunction, leukocyte infiltration, and a pro-thrombotic
environment. This low-grade metabolic inflammation appears to be triggered by the
recruitment and activation of macrophages, which exhibit a metabolic-disease-specific
phenotype (MMe) different from the classical activated M1 phenotypel.

We have previously found that Kv1.3 blockers inhibit intimal hyperplasia, preventing
restenosis. Moreover, systemic application of Kv1.3 blockers also ameliorates metabolic
dysfunction in a T2DM model2, independently of their effects on vascular smooth muscle.
Because of the importance of the macrophage in the pathogenesis of atherosclerosis in
diabetes, we explore if changes in Kv1.3 channels have a functional role in the development
of MMe macrophages, contributing to increasing risk of vascular complications in T2DM.

Hypertensive (BPH) mice were fed on a high fat diet (HFD) for 12 weeks to generate a
T2DM model. We used bone marrow derived macrophages (BMDM) isolated from male and
female control or HFD mice, differentiated to MO or M1 phenotypes. We obtained outward
potassium currents using whole-cell electrophysiology and mRNA levels of macrophages
markers (TNFa, iNOs, CD36) and several K channels (Kv1.3, Kir2.1, KCa3.1). Female HFD
BMDM showed a higher expression of CD36 (a MMe markerl), in MO and decreased Kv1.3
expression. In contrast, Kvl1.3 mRNA and Kvl.3-mediated currents were significantly
increased after LPS stimulation in HFD compared to control. Functional studies showed that
Kv1.3 did not contribute to BMDM phagocytosis, but was relevant in cellular respiration and
cell migration rate. Altogether, we found gender differences in Kv1.3 functional expression in
BMDM, suggesting that MMe Kv1.3 channels could represent a potential target to reduce
T2DM-associated vascular complications in females.
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Kv4.2 and Kv4.3 voltage-dependent potassium channels generate the transient potassium
outward current (o), which determines phase 1 repolarization in cardiac action potentials.
The characteristics of this current are only observed when these channels interact with
auxiliary subunits that develop a modulating function on their activity, forming signaling
complexes or channelosomes. Abnormal changes in the expression levels of the
channelosome components and/or in their biophysical properties are related to the
development of cardiac pathologies such as atrial fibrillation (AF), the most common type of
arrhythmia. Lgil and Lgi3, members of the leucine-rich glioma inactivated protein family,
have proven to modulate the activity of Kyl and Kv4 channels in neurons, modifying their
trafficking, stability, and/or biophysical properties. We have demonstrated that Lgi3 and Lgi4
are the only members of this protein family present in the human myocardium.
Consequently, we are interested in unraveling the electrophysiological effects that Lgi3 and
Lgi4 induce on the activity of Kv4.2 and Kv4.3 channels. For this purpose, potassium
currents were recorded in CHO cells transiently transfected with cDNA encoding the channel
and the auxiliary protein of interest, using the whole-cell configuration of the patch-clamp
technique. Our results show that Lgi3 and Lgi4 induce important changes in the
electrophysiological properties of Kv4.3, while their effects on Ky4.2 channels are not
biologically significant. Specifically, the magnitude of the Ky4.3 current in the presence of
Lgi3 and Lgi4 is, respectively, 3- and 2-fold greater than that observed in the absence of
these proteins. Also, Lgi3 slows down the activation and the inactivation kinetics of Ky4.3;
whereas Lgi4 accelerates the recovery kinetics of this channel. Thus, the increase in the
magnitude of the Kv4.3 current produced by Lgi3-4 could be explained by: i) the delay in the
channel inactivation for Lgi3 and ii) the acceleration of the recovery kinetics for Lgi4. From
this study, we establish Lgi3 and Lgi4 as relevant modulators of Ky4.3 channels to be
considered in the study of cardiac electrophysiology.

References:

1. Niwa, N. and Nerbonne, J.M. 2010. Molecular determinants of cardiac transient outward potassium current
(I(to)) expression and regulation. J Mol Cell Cardiol, 48(1):12-25.

2. Schulte, U., Thumfart, J., Klécker, N., Sailer, C.A., Bildl, W. et al. 2006. The epilepsy-linked Lgil protein
assembles into presynaptic Kvl channels and inhibits inactivation by KvB1. Neuron, 49(5):697-706.

3. Kozar-Gillan, N., Velichkova, A., Kanatouris, G., Eshed-Eisenbach, Y., Steel, G. et al. 2023. LGI3/2-ADAM23
interactions cluster Kvl channels in myelinated axons to regulate refractory period. J Cell Biol,
222(4):e202211031.

Acknowledgements: Funded by PID2019-104366RB-C21 and PID2022-1372140B-C21 grants by
MCIU/AEI/10.13039/501100011033; CIBERCV program CB/11/00222 (to C.V.) funded by the Instituto de Salud
Carlos lll, and S2022/BMD-7223 funded by CAM (to C.V.). MRM holds a predoctoral grant (PREP2022-000706)
funded by MCIN/AEI/10.13039/501100011033 and the FSE+.

77



P19 POSTERS

SPATIAL ARRANGEMENT OF THE Kv1.3 CHANNEL AT THE
IMMUNOLOGICAL SYNAPSE

J. Caperal?, M. Navarro-Pérez?, A. Jainarayanan?, S. Valvo!, A. Benavente-Garcia?, J.H.
Felce!, M.L. Dustin®, A. Felipe?

1 The Kennedy Institute of Rheumatology, Nuffield Department of Orthopaedics Rheumatology &
Musculoskeletal Sciences, University of Oxford, Oxford, United Kingdom. 2 Molecular Physiology
Laboratory, Departament de Bioquimica | Biomedicina Molecular, Institut de Biomedicina (IBUB),
Universitat de Barcelona, Barcelona, Spain.

The voltage-gated potassium channel Kv1.3 participates in glucose homeostasis. In this
sense, channel inhibition increases insulin sensitivity and glucose uptake playing a role in
obesity and type 2 diabetes. Moreover, because of the cross talk between the immune
system and some metabolic disorders, Kv1.3 is associated to the onset of metabolic
diseases, including autoimmune type 1 diabetes, ulcerative colitis, and Crohn disease. In
this context, T-effector memory (Tem) lymphocytes exhibit an exacerbated Kv1.3 expression
and activation, and selective channel inhibitors alleviate symptoms. Therefore, proper T cell
functions require a controlled Kv1.3 activity, which is regulated by the timing and distribution
of the channel at the immunological synapse. In this work, we describe for the first time the
heterogeneous arrangement and behavior of Kv1.3 at the synaptic platform. The channel is
recruited at early stages of the immunological synapse formation, accumulating at the
central and distal supramolecular activation complexes (cCSMAC and dSMAC). Interestingly,
Kv1.3 accumulation at the dSMAC is potentiated by the activation of the CD2/CD58 axis,
which ensures efficient T cell activation and sustained Ca?* signaling. Moreover, Kv1.3
displays different dynamics depending on its localization, moving faster and travelling longer
distances at the dSMAC. The decreased mobility at the cSMAC facilitates endocytic and
exocytic processes. Hence, once Kvl1.3 function is terminated, the channel is further
recruited to the cSMAC to be either endocytosed in a clathrin-dependent manner or released
in extracellular vesicles. Either mechanism (internalization or release) serves for
downregulating Kv1.3 and thus, terminate Ca?* signaling fine-tuning T cell activation. These
results shed light on the regulation of Kv1.3 in the immunological synapse, whose
distribution, timing, and activation determine the degree of T cell activation triggering
autoimmune diseases, such as type | diabetes. Therefore, spatial distribution of the
leukocytic Kv1.3 arises as a new therapeutic strategy for treating metabolic disorders.
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Catecholaminergic polymorphic ventricular tachycardia (CPVT) is an arrhythmogenic
disease characterized by adrenergically-induced ventricular tachycardia associated to
sudden cardiac death. We studied a CPVT mutation in type-2 ryanodine receptor (RYR2),
RYR2_p.G357S, found in a large family from the Canary Islands.! We obtained skin biopsies
from heterozygous and homozygous donors, and iPSC-CM were subsequently derived from
those samples.

The objective of this study was to assess the functional impact of this mutation on native
RYR2, and to investigate whether the number of mutated alleles can have an additive effect.
We generated iPSC-CM using a heparin-based differentiation protocol. Cells derived from
three heterozygous and two homozygous patients, and from one non-carrier healthy donor
used as control. Calcium imaging techniques were employed to assess RYR2 caffeine
sensitivity under basal conditions and B-adrenergic stress induced by 100 nM isoproterenol
(1SO).

Calcium transients elicited by 1s-caffeine pulses of increasing concentrations were analysed
to construct concentration-response curves. An increase in caffeine sensitivity was observed
in all CPVT iPSC-CMs compared to control, suggesting that the mutation promotes a gain of
function in basal conditions. RNA and RYR2 protein levels were similar between the CPVT
iPSC-CM CPVT and the control. Thus, the heightened RYR2 activity could not be attributed
to changes in expression levels. Upon [B-adrenergic stimulation, no further increase in
caffeine sensitivity was observed in CPVT iPSC-CMs. Caffeine concentration-response
curves obtained from iPSC-CM from two heterozygous and one homozygous individuals
were not modified by the presence of 1ISO. Moreover, in the two remaining iPSC-CM cell
lines (one from a heterozygous and one from a homozygous individual) the caffeine
sensitivity was even reduced.

Collectively, our results suggest that this familial mutation produces a RYR2 gain of function
in basal conditions and an aberrant response to B-adrenergic stimulation. gPCR experiments
demonstrated that the response to ISO observed in CPVT iPSC-CMs was not caused by
differential expression of B-adrenergic receptors. We propose that this abnormal response
may underlie the fatal arrhythmic events observed in this family. Finally, no additive effects
of the mutation were observed in homozygous iPSC-CM. Thus one mutated
RYR2_p.G357S allele is enough to produce a gain of function.

References:

1. Wanglemert, F., Bosch Calero, C., Pérez, C., Campuzano, O., Beltran-Alvarez, P., Scornik, F. S., Iglesias, A.,
Berne, P., Allegue, C., Ruiz Hernandez, P. M., Brugada, J., Pérez, G. J., & Brugada, R. (2015). Clinical and
molecular characterization of a cardiac ryanodine receptor founder mutation causing catecholaminergic
polymorphic ventricular tachycardia. Heart Rhythm, 12(7), 1636—-1643.
https://doi.org/10.1016/J.HRTHM.2015.03.033.

Acknowledgements: This research was funded by Obra Social La Caixa and the eRARE/Accion Conjunta
Internacional (AC15/00032). D.C. acknowledges a predoctoral fellowship from the Agencia de Gestié d’Ajusts
Universitaris | de Recerca-Generalitat de Catalunya (2018FI1_B00969) and European Social Fund (ESF).

79



P21 POSTERS

PIEZO1 AND PIEZO2 BLADE DOMAINS DIFFERENTLY IMPACT
CHANNEL FUNCTION

S. Sarri6-Ferrandez, E. Selva, F.J. Taberner
Instituto de Neurociencias (CSIC/UMH), Alicante, Spain.

PIEZO1 and PIEZO2 are the key mechano-gated ion channels for transducing internal and
external mechanical stimuli into ionic currents in many eukaryotic organisms. CryoEM and
structure-functional studies have revealed that three PIEZO monomers assemble as a 3-
blade propeller highlighting essential structural elements for channel function. It contains a
central permeation pore surrounded by 3 blade-like domains. The Blade domain is
organized in 9 Transmembrane Helix Units (THU) comprising 36 transmembrane (TM)
fragments, 4 TMs each THU. Despite its suggested role in force transduction, the
contribution of the Blade domain in channel physiology remains unclear. To explore the
actual role of each Blade’s section in channel function. We have generated a set of PIEZO
mutants by sequentially removing one THU each time, starting from the Distal blade and
going inward. We then characterize the channels' electrical responses by Poking-membrane
displacement (Whole-Cell) and Stretch-negative pressure (Single-Channel). Strikingly, our
study indicates that the PIEZO2 Distal Blade (THU1-3) is completely dispensable for proper
channel function. However, it is essential for PIEZO1's normal functioning. Suggesting that
there are minor structural differences that condition each PIEZO channel function.
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To comprehend the brain’s dynamic physiology, we must understand the mechanisms
underlying neuronal excitability, crucial for neurons’ electrical activation during synaptic
communication. Of particular interest is controlled potassium current leakage via two-pore
domain potassium (K2P) channels which finely modulate the intrinsic excitability of neurons.
TRESK, the latest discovered channel of the K2P family, has a well-characterized pivotal
role in nociception. Intriguingly, it also exhibits widespread expression throughout central
nervous systeml, yet its function within the brain has remained unexplored. We are
combining in-situ hybridization RNAscope technique and electrophysiology experiments to
examine the contribution of TRESK to hippocampal excitability. We observed TRESK mRNA
in excitatory and inhibitory neurons along the CA1-CA3 regions and dentate gyrus.
Functionally, field potential and whole-cell patch-clamp recordings in acute slices revealed
that TRESK knockout mice exhibit decreased paired-pulse facilitation and impaired long-
term synaptic plasticity in the Schaffer Collateral pathway. Additionally, in the absence of
TRESK, CA3 pyramidal neurons displayed enhanced excitability via reduced rheobase
current and a tendency for a more depolarized resting membrane potential. Accordingly,
there was an increased number of cells that were spontaneously active and they had higher
firing frequencies compared to control slices. We are currently exploring the role of TRESK
in GABAergic cells. Our findings highlight the involvement of TRESK in hippocampal
excitability and synaptic plasticity. These data serve as a foundation for future experiments
to elucidate the role of TRESK channels in hippocampal intrinsic plasticity, which will provide
insights into principles governing the dynamics of neural networks in memory formation.
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Calcium signaling is key to understanding the active involvement of astrocytes in the
nervous system?. Over the past few decades, emphasis has been placed on the role that ion
channels play in this phenomenon. In this regard, AMPA receptors (AMPARS) play an
important role in glutamatergic neurotransmission, being essential in learning and memory
processes. However, they are also present in glia and, while the presence of GRIA genes in
hippocampal astrocytes is well established?, the functional expression of AMPARS in these
astrocytes remains a subject of debate. In this work, primary astrocytic cultures were
prepared from hippocampal tissue and their purity was confirmed using specific astrocytic
markers. Calcium-imaging experiments were performed by loading astrocytes with fura-2, a
calcium-sensitive dye, to measure intracellular calcium changes upon astrocyte stimulation.
Western blotting experiments were performed to confirm the protein expression of AMPAR
subunits, and patch-clamp recordings were conducted in whole-cell configuration to
investigate AMPAR functionality. Our results demonstrated significant changes in
intracellular calcium levels upon stimulation with the selective agonist AMPA, providing
evidence for the functional presence of AMPARSs in hippocampal astrocytes. Western blot
analysis confirmed the expression of GluAl, GIuA2, and GluA4 subunits of AMPARSs in
hippocampal astrocytes while patch-clamp recordings revealed distinct subpopulations with
different kinetics and steady-state current, further supporting the presence of diverse
functional AMPARs. Additionally, we evidenced that calcium permeable AMPARs are
present eliciting fast calcium signaling and we also observed that AMPA stimulation is
capable to lead a cross-talking between astrocytes involving ATP release that augment the
calcium response. In conclusion, our findings contribute to the ongoing discussion regarding
the functional expression of AMPARS, establishing their presence and role in calcium
signaling in vitro. Further investigation is warranted to fully understand the contributions of
hippocampal astrocytic AMPARs to glutamatergic neurotransmission specially taking into
consideration other crucial proteins in AMPAR function such as auxiliary AMPAR subunits.
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We have shown that cultured human colon cancer cell lines show dramatic changes in
intracellular Ca2+ homeostasis (Ca2+ remodeling) relative to normal human colon mucosa
cells that may contribute largely to colon cancer hallmarks. Specifically, cancer cells show
enhanced store-operated Ca2+ entry (SOCE) and decreased intracellular Ca2+ store
content that may lead to enhanced cell proliferation and resistance to cell death.
Transcriptomic analysis shows differential expression of a large number of genes involved in
intracellular Ca2+ transport. However, cell lines studied are not from the same genetic
background and differences could be due to reasons other than colon cancer. Concretely,
we have used microarrays technology to carry out a comprehensive transcriptomic analysis
of 20 paired samples of human colon cancers obtained from a public tumor bank repository.
In addition, we have also carried out a meta-analysis with similar public data set from five
independent studies. Our results indicate that a few molecular players involved in
intracellular Ca2+ homeostasis are differentially expressed in colon cancer samples relative
to paired normal colonic tissue from the same patients. We found that 6 molecular players
involved in SOCE are differentially expressed. Specifically, colon cancer samples
overexpressed ORMDL3, septins 8 and 11 and underexpressed MS4A12 and septins 1 and
6. For transient receptor potential (TRP) channels, colon cancer samples overexpressed
only TRPV1 and underexpressed TRPM2 and TRPP5. Regarding Ca2+ release channels at
the endoplasmic reticulum, colon cancer samples also overexpressed IP3R3 whereas IP3R1
channels were and downregulated. Regarding Ca2+ extrusion systems, colon cancer
samples overexpressed SERCA2, SPCA1 and 2. Finally, regarding mitochondrial Ca2+
transporters, 7 out of all 11 molecular players were upregulated in colon cancer samples
including MCU, MICU1, MICU2, MCUR1, NCLX, VDAC1 and 3. Accordingly, our data show
that colon cancer samples show overexpression of 15 genes and downregulation of only 6
genes involved in Ca2+ transport. These results suggest that calcium remodeling in paired
colon cancer samples may differ from changes previously reported in cell lines. A further
meta-analysis carried out show similarities as well as differences with differential expression
data obtained in both cell lines and the paired data shown here.
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Various transient receptor potential (TRP) channels are notorious for their proposed roles as
sensors of chemical, thermal and mechanical stimuli in multiple cell types. While the roles of
TRP channels as mechanotransducers in physiological conditions remain debated, it has
been proposed that most of them can be activated by mechanical stimulation (Liu and
Montell, BBRC, 2015, 460(1):22-5; Startek et al., IIMS, 2019, 20(2):371). Thus, the main
objective of this study was to provide a theoretical framework serving to assess the
determinants of TRP channel mechanosensitivity. We hypothesized that the mechanically-
induced activation is boosted by the weak voltage dependence of TRP channels, as
previously proposed for thermal stimuli and chemical agonists. To test this hypothesis, we
examined the properties of an existing close-open gating model, which we extended to
consider the influence of an external mechanical stimulus, in addition to the known
contribution of temperature and the transmembrane membrane potential. The model
predicts that the thermal and mechanical responses are determined by the balance between
an energy component associated to the protein volume and another associated to the
protein-membrane surface, in such a way that the channel volume, the corresponding
membrane interface area, their ratio, and their mechanical rigidities emerged as morpho-
mechanical determinants along with the gating valence. The model supports the hypothesis
linking the mechanical- and voltage-dependent gating by predicting inverse relationships
between the mechanical activation and the gating valence. In addition, it serves to explain
how TRP channels can act as secondary mechanosensors by being stimulated by second
messengers generated upon mechanical activation of signaling pathways. We speculate
that, natural selection of ionic channels with low gating change yielded better sensors of
thermal, chemical and mechanical stimuli. On the other hand, it may be possible that a TRP
channel functioning primarily as thermo- or chemo-sensor is also found to the
mechanosensitive in special experimental conditions, by the reason of having a low gating
charge, without necessarily having a physiological role as mechanotransducer.
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Gestational diabetes mellitus (GDM) is defined as any degree of glucose intolerance with
onset or first recognition during pregnancy. It is the most common metabolic disorder of
pregnancy’. The prevalence of GDM has experienced a marked increment in the last two
decades due primarily to an increase in obesity at childbearing age. GDM develops when
pancreatic 3-cells fail to overcome maternal insulin resistance, a physiological condition that
develops to maintain the supply of foetal energy throughout gestation. Potential causes of
inadequate 3 cell function in GDM are myriad and not fully described.

The aim of the study was to explore the role of TGF[B signalling pathway during pregnancy
and in the etiology of GDM. We also aim to evaluate the cross-talk regulation with the
hormonal pregnancy-environment which is key for the normal functioning of pancreatic 3-cell
and its adaptive response. To this end we have established an animal model based on
nutritional manipulation which resembles the pathology of GDM. Appropriate non-pregnant
control animals have been included in the study.

We have characterized the metabolic changes including glucose homeostasis, insulin
sensitivity as well as the functional adaptations at the endocrine pancreas level which take
place during pregnancy in control and GDM mice. We found that GDM mice developed
severe glucose intolerance, aggravated insulin resistance as well as impaired pancreatic j3-
cell function and a-cell response to glucose, hallmark features of GDM. Furthermore, ex
vivo, we observed that the islets from GDM mice exhibited decreased glucose-stimulated
insulin secretion and content and altered expression of certain genes which are known to be
important for B-cell function and identity such as insulin, Mafa or Hnf4o. among others. As a
correlate of function, calcium signalling and electrical activity including voltage-dependent
calcium currents (VDCCs) and voltage dependent potassium currents were also
characterized. In addition, we have identified a number of key elements of the TGFf
signalling pathway which are differently regulated in the pancreatic 3-cells in GDM compared
to normoglycemic pregnant mice.

The results obtained may provide new insights into the pathophysiological mechanisms
involved in the etiology of GDM.
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The envelope (E) protein of SARS coronavirus 2 (SARS-CoV-2), the pathogen that caused
the recent COVID-19 pandemic, and its predecessor SARS-CoV-1, are found in the
endoplasmic reticulum—Golgi intermediate compartment (ERGIC), where virion budding
takes place, and are considered viroporins. It has been claimed that E protein promotes the
formation of “cation-selective channels”. However, whether this term represents specificity to
certain ions (e.g., potassium or calcium) or the partial or total exclusion of anions is a matter
of controversy. Herein, we discuss this claim based on the available data for SARS-CoV-1
and -2 E and on new experiments performed using the untagged full-length E protein from
SARS-CoV-2 in planar lipid membranes of different types, including those that closely mimic
the ERGIC membrane composition. Our experimental evidence shows that the selectivity of
E-induced channels is very mild and depends strongly on lipid environment. Thus, despite
past and recent claims, we found no evidence that the E protein forms cation-selective
channels impermeable to anions, and even less that E protein forms bona fide specific
calcium channels. In fact, the E channel maintains its multi-ionic non-specific neutral
character even in concentrated solutions of Ca?* ions. Also, in contrast to previous studies,
we found no indication that SARS-CoV-2 E channel activation requires a particular voltage,
high calcium concentrations or low pH, in agreement with previous data from SARS-CoV-1 E
pointing to a mildly-selective proteolipidic channel. The available atomic resolution channel
3D structures cast doubts about the E protein oligomerization state in the membrane and the
involvement of lipids in the actual channel conformation. We run sedimentation velocity
experiments suggesting that the E channel population is mostly pentameric, but very
dynamic and probably heterogeneous, consistent with the broad distribution of conductance
values typically found in functional experiments. We also performed additional
electrophysiology measurements using E-enriched liposomes at different protein-lipid ratios
to investigate whether peptide oligomerization affects E channel activity and modulates its
conductance and selectivity. Our results are promising in the aim of reconciling the apparent
inconsistency between available structural and functional data regarding SARS-CoV-2 E
channel activity.
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Brugada syndrome (BrS) is a rare inherited cardiac disorder characterized by ventricular
arrhythmias and a high risk of sudden death. It often displays with a family history and
arrhythmogenic symptoms typically emerging in the fourth decade of life. It is 8-10 times
more prevalent in men than women, with varying rates depending on the geographical
region. Historically, BrS has been considered a monogenic disease, being SCN5A the main
gene associated to BrS. SCN5A encodes the a subunit of the major cardiac voltage-gated
sodium channel isoform Nay1.5. About 25% of BrS cases carry deleterious single nucleotide
variants (SNVs) in SCN5A. Another gene associated with BrS is SCN10A, which encodes
the a subunit of neuronal sodium channel Nay1.8. Altogether, variants in cardiac ion channel
genes account for 30-35% of the cases, while for the rest (65-70%) the etiology remains
unknown. Multiple studies suggest a complex inheritance pattern and heterogeneous
genetic basis, warranting investigation into molecular mechanisms affecting cardiac sodium
currents. Our studies have demonstrated that the composition of a haplotype comprising 7-
SNVs in the SCN5A-SCN10A locus is associated with different susceptibilities to BrS
(Pinsach-Abuin et al. 2021). Among these, the most common haplotype in the population
and found in homozygous BrS patients is the so-called haplotype 1 (Hapl), followed by
Hap2 and Hap3. In order to determine the haplotype composition of the SCN5A-SCN10A
locus in European BrS cases and control individuals, we use long-read nanopore
sequencing. Additionally, we are also examining the functional effects of the SCN5A-
SCN10A haplotype composition in cardiomyocytes derived from human induced pluripotent
stem cells (hiPSCs) to determine the association between BrS risk/protection and haplotype
composition at a functional level. To this end, we are converting a risk (Hapl/Hapl) to a
protective (Hap2/Hap3) haplotype using a CRISPR/Cas9 genome editing technique. The cell
line generated will be then differentiated into cardiomyocytes. This should allow us to study
cardiac gene expression levels and sodium currents in a valuable cellular model preserving
the patient’s genetic background.
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Aims: Short QT syndrome type 3 (SQTS3) is a rare arrhythmogenic disease caused by
gain-of-function mutations in KCNJ2, the gene coding the inward rectifier potassium channel
Kir2.1. We used a multidisciplinary approach and investigated arrhythmogenic mechanisms
in an in-vivo model of de-novo mutation Kir2.1E299V identified in a patient presenting an
extremely abbreviated QT interval and paroxysmal atrial fibrillation.

Methods and results: We used intravenous adeno-associated virus-mediated gene transfer
to generate mouse models, and confirmed cardiac-specific expression of Kir2.1WT or
Kir2.1E299V. On ECG, the Kir2.1E299V mouse recapitulated the QT interval shortening and
the atrial-specific arrhythmia of the patient. The PR interval was also significantly shorter in
Kir2.1E299V mice. Patch-clamping showed extremely abbreviated action potentials in both
atrial and ventricular Kir2.1E299V cardiomyocytes due to a lack of inward-going rectification
and increased IK1 at voltages positive to —80 mV. Relative to Kir2.1WT, atrial Kir2.1E299V
cardiomyocytes had a significantly reduced slope conductance at voltages negative to -80
mV. After confirming a higher proportion of heterotetrameric Kir2.x channels containing
Kir2.2 subunits in the atria, in-silico 3D simulations predicted an atrial-specific impairment of
polyamine block and reduced pore diameter in the Kir2.1E299V-Kir2.2WT channel. In
ventricular cardiomyocytes, the mutation increased excitability by shifting INa activation and
inactivation in the hyperpolarizing direction, which protected the ventricle against arrhythmia.
Moreover, Purkinje myocytes from Kir2.1E299V mice manifested substantially higher INa
density than Kir2.1WT, explaining the abbreviation in the PR interval.

Conclusion: The first in-vivo mouse model of cardiac-specific SQTS3 recapitulates the
electrophysiological phenotype of a patient with the Kir2.1E299V mutation. Kir2.1E299V
eliminates rectification in both cardiac chambers but protects against ventricular arrhythmias
by increasing excitability in both Purkinje-fiber network and ventricles. Consequently, the
predominant arrhythmias are supraventricular likely due to the lack of inward rectification
and atrial-specific reduced pore diameter of the Kir2.1E299V-Kir2.2WT heterotetramer.
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Sensory ion channels, such as TRPs and Piezos, mediate cellular responses to thermal,
chemical and mechanical stimuli. Elucidating how these channels transduce environmental
stimuli into electrical and biochemical signals is crucial to understand their roles in
physiological processes and human diseases. We used a two-state gating model to assess,
theoretically, the molecular determinants of polymodal gating in sensory ion channels. We
found that the equations of channel sensitivities to different stimuli (X), determined as the
first derivative of the open probability, have the same structure. This is, the variance of the
open probability 62 = P,(1 — P,) multiplied by the negative derivative of the opening free

energy with respect to the stimulus: % =g2- (—?—Xg). Multi-state models yield a similar

equation, with o2 as a recurrent factor, indicating that the channel sensitivity is proportional
to how much the channel can alternate between states of distinct conductance. This is
reminiscent of a cornerstone result of Shannon Information Theory stating that the efficiency
of a communication channel depends on how variable (or entropic) the output of the channel
is. The calculated steady-state Shannon entropy, which quantifies the average information
produced at the channel output, equals to the sum of two terms. One, is a positive term
related to the standard deviation of the open probability, while the other is a negative term
related to how much the energy of the stimulus biases the gating of the channel towards the
open or closed states. Application of this rationale to experimental data on TRP and Piezo
channels reveal how channel gating stochasticity and physical sensitivity contribute
distinctively in different ranges of applied stimuli. These results illustrate that sensory ion
channels can be viewed as information channels encoding input stimuli into output ionic
currents and that they can be studied with Shannon Information Theory, a meta-disciplinary
formalism originally conceived to assess the efficiency of communication channels. Future
studies using this framework may shed light into other intriguing aspects of these channels,
such as their regulation mechanisms, the relevance of polymodality and their interactions
with other components of cellular signaling pathways.
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Introduction: Pain associated with rheumatoid arthritis (RA) is highly prevalent and the
main concern of patients with this disease [1]. However, there are no specific drugs for
treating this pain, and classic analgesics, mainly NSAIDs, are used. These are often
ineffective and have adverse effects that limit their use [2]. Tetrodotoxin (TTX), a voltage-
gated sodium channel blocker, has shown efficacy in various animal models of pain and in
clinical trials (phase IIl) for cancer-associated pain [3]. The aim of this study is to evaluate
the effect of tetrodotoxin treatment on pain associated with RA.

Methods: The collagen-induced arthritis (CIA) model was employed in female Wistar rats.
Peripheral inflammation was evaluated by measuring paw thickness with an electronic
caliper, mechanical allodynia with the von Frey test, and heat hyperalgesia with the
Hargreaves test. TTX was administered subcutaneously on day 13 after immunization.
Doses of 6 and 9 pg were used, and behavioral assessments were performed 0.5, 1, and 24
h after administration.

Results: Paw inflammation began on day 11-12 and reached its maximum value on day 18.
However, mechanical allodynia and heat hyperalgesia appeared earlier, on day 8, and by
day 13, they were nearly maximal. Acute treatment on day 13 with TTX reduced mechanical
allodynia and heat hyperalgesia in a dose- and time-dependent manner. The effect
completely disappeared 24 h after administration.

Conclusion: Acute treatment with TTX reverses mechanical allodynia and thermal
hyperalgesia associated with collagen-induced arthritis. These results suggest that TTX
could be useful for treating pain associated with rheumatoid arthritis.
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The large conductance calcium-activated potassium channels (BK channels) are
characterized by responding to two distinct physiological stimuli: intracellular Ca?* and
membrane depolarization. In neurons, these channels are activated in a coordinated manner
by both stimuli, but elevated concentrations of intracellular Ca?* (between 1 and 10 uM) are
required for them to respond to physiological voltage changes. Therefore, it is believed that
most BK channels are located in nanodomains (about 20-50 nm distance) near sources of
Ca?*, such as N-methyl-D-aspartate receptors (NMDAR). Isaacson and Murphy's work in
2001 first demonstrated NMDAR-BK channel coupling in the olfactory bulb (1). Since then,
new evidence has emerged regarding the existence of functional coupling between NMDAR
and BK channels in other regions of the brain (2), as well as their physiological relevance in
neuronal function (3). Several inherited and de novo mutations in genes encoding NMDAR
subunits have been directly associated with neurodevelopmental disorders, such as
intellectual disability, epilepsy, and autism spectrum disorders. An example is the V15M and
V618G mutations in the GRIN2B gene, which encodes the GIuN2B subunit of NMDAR,
linked to the pathology of EIEE27 (early infantile epileptic encephalopathy). By employing a
combination of electrophysiological, immunohistochemical, and imaging techniques, we
further characterized the effect of these GIUN2B mutations on NMDAR-BK channel coupling.
Overall, our results suggest that: i) despite the V15M mutation reduced membrane
expression, these channels are capable of efficiently couple with BK channels, and ii) the
V618G mutation shows an increase in membrane expression and has a Ca?* permeability
comparable to GIUN2B(WT); however, it selectively disrupts functional coupling with BK
channels. Future studies will be necessary to determine the molecular basis responsible for
the effects on BK channel coupling produced by the V618G mutant. Taken all together, our
findings reveal some disease-related GIuN2B mutations that reduce the NMDAR-BK
interaction, either by altered interactions with the BK channels and/or by functional
uncoupling the NMDAR-BK complexes. This research highlights the importance of
elucidating the molecular mechanisms underlying such mutations, providing crucial insights
into the pathophysiology of neurodevelopmental disorders and offering potential avenues for
therapeutic intervention.
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Evidence indicate that cancer cells show changes in intracellular Ca?* homeostasis (Ca?
remodeling) that may contribute to cancer hallmarks. Understanding of these changes may
lead to new markers and/or treatments for cancer. Here we aimed at investigating Ca?*
remodeling in glioblastoma, the most malignant form of human brain tumors. For this end,
fresh samples of human glioblastoma were quickly obtained at the time of surgery and
pooled into two parts. A part was frozen for transcriptomic analysis and the remaining tissue
was used to establish a primary culture. After 24-48 h, cultured tumor cells were used for
calcium imaging experiments. Other, less malignant tumors were also used for comparison.
Calcium imaging experiments in glioblastoma cells and cells from other brain tumors indicate
that glioblastoma cells show intermediate levels of resting intracellular [Ca?'], very low Ca?*
responses to activation of voltage-gated Ca?* channels but large responses to ATP and to
activation of store-operated Ca?* entry (SOCE) that increases with tumor malignancy.
Mitochondrial depolarization inhibits SOCE, suggesting mitochondrial Ca?* uptake prevents
SOCE inactivation in glioblastoma. Consistently, mitochondrial depolarization and SOCE
antagonist BTP2 inhibit glioblastoma cell proliferation. Transcriptomic analysis was carried
out using illumina to identify genes involved in intracellular Ca?* homeostasis in
glioblastoma. Our results show that glioblastoma cells express six different types of voltage-
gated Ca?* channels including Cav1.2, Cavl.3, Cav2.1, Cav2.3, Cav3.1 and Cav3.2; seven
purinergic receptors including ionotropic P2X4, 6 and 7 and metabotropic P2Y1,6,12 and 13;
fourteen different types of transient receptor (TRP) channels including TRPC1,3,4 and 6,
TRPV1-3, TRPM2,3,4 and 7, TRPML1 and TRPP1 and 2. Glioblastoma cells also express
most players involved in SOCE including ORAI1-3, STIM1-2 and the following modulators
CRACR2A, STIMATE, ORMDL3, SARAF and Septins2 to 11. Glioblastoma cells express
also three different Ca?* release channels at the endoplasmic reticulum, IP3R1-3 and RYR1
and 3. Regarding Ca?" extrusion systems, glioblastoma cells express six different types of
Ca?* pumps including PMCA1,2, and 4, SERCA2 and 3 and SPCA1; two types of Na*/Ca?
exchangers, NCX1 and 3; and, finally, all tested mitochondrial Ca?* transport systems.
These results may provide new insights on Ca?* remodeling in glioblastoma.
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In recent years, pain research has experienced an exponential growth. However, despite
these advancements, our understanding of this very complex subject remains far from
comprehensive. The majority of research efforts in the field of nociception have focused on
elucidating the role of ion channels and receptors in sensory and spinal cord (SC) neurons.
Conversely, there has been relatively less emphasis on exploring the involvement of
intracellular proteins in this phenomenon. One such protein is carnitine palmitoyltransferase
1C (CPT1c), which plays multiple roles in different processes ranging from learning and
memory to lipid metabolism. Particularly relevant to our study is CPT1c's ability to modulate
the surface expression of AMPA-type glutamate receptors by interacting with them within the
endoplasmic reticulum, specifically with the GIUAL1 subunit. In this study, we employed a
combination of molecular biology techniques, electrophysiology, calcium imaging and
behavioral assessments in mice to explore the potential role of CPT1lc in modulating
nociception through the regulation of AMPARSs in both sensory neurons from the dorsal root
ganglia (DRGs) and spinal cord neurons.

Electrophysiological recordings of small-diameter DRG neurons show hyperexcitability with
no changes in action potential (AP) threshold, particularly in non-peptidergic nociceptors,
which highly express GIuAl under wild-type conditions. Analyses of APs also indicate an
elevated afterhyperpolarization phase in CPT1c-deficient nociceptors, suggesting potential
alterations in K* conductance. Intracellular calcium mobilization in response to AMPA and
glutamate stimulation are enhanced in CPT1lc KO SC neurons in culture. Consistent with
these findings, AMPA-evoked currents from cultured SC neurons are also slightly increased
in the KO group. Western-blot analyses show sex-differences in AMPAR subunit expression.
We found a decrease in GIuAl expression in the SC of CPT1c female animals, but not in
males. Additionally, samples from KO males exhibit a significant reduction in GIuA2
expression. Lastly, behavior assessments of CPT1lc-deficient animals exhibit enhanced
sensitivity to mechanical stimuli, especially in females.

Taken together, our findings suggest that the increased sensitivity observed in KO animals
may result from enhanced nociceptive input from the periphery combined with alterations in
AMPAR composition in the spinal cord, ultimately impacting neurotransmission and
nociception.
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Calcium plays fundamental roles in many facets of neuronal physiology such as gene
expression, growth and differentiation, synaptogenesis, dendritogenesis, membrane
excitability, neurotransmitter release, synaptic plasticity and learning and memory (1).
Voltage-gated calcium (Cay) channels are required for many of those brain functions.
Among the Cay channel family, R-type calcium (Cayv2.3) channels play important roles in
hippocampal functions including synaptic plasticity (2), a neuronal process known to be
altered in neurodegenerative diseases. However, no information is available about the
potential alteration of Cay2.3 in Alzheimer’s disease (AD). The goal of this work is to
determine the possible alteration of Cav2.3 in AR and tau pathology. Here, we provide a
guantitative description on the expression and distribution patterns of Cay2.3 in three
transgenic mice models (APP/PS1, P301S and 5xFAD mice) of Alzheimer’s disease (AD),
combining histoblots and immunoelectron microscopic approaches. Using the histoblot
technique we revealed differences in the expression of Cay2.3 that is directly dependent on
the transgenic mouse model. Thus, the expression of Cayv2.3 was significantly reduced in
the hippocampus of 5xFAD mice in a laminar-specific manner at 10 months of age but was
unaltered in APP/PS1 mice at 12 months or in P301S at 10 months compared to age-
matched wild type mice. This reduction in the expression of Cay2.3 protein was confirmed
using western blot analysis. Ultrastructural approaches using the pre-embedding
immunogold technigue, demonstrated that the subcellular localization of Cay2.3 was
significantly reduced along the neuronal surface of CAl pyramidal cells. Altogether, our
findings provide evidence of specific alterations of Cav2.3 in the hippocampus in AR
pathology, suggesting the involvement of Cav2.3 in the mechanisms causing abnormal
network activity of the hippocampal circuit and cognitive impairment characteristic of 5xFAD
mice.
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Zinc is known to participate actively in the functioning of the nervous system. Its distribution
is tightly regulated, predominantly found in glutamatergic neurons tuning the excitability. The
excessive release of zinc has been demonstrated to contribute to excitotoxicity upon
transient ischemic insults or epileptic seizures, partly facilitated by TRPM7 activity, a zinc-
permeable cation channel. Zinc has been shown to increase reactive oxygen species (ROS)
production via the NADPH oxidase and mitochondrial dysfunction.

Amyotrophic Lateral Sclerosis hallmarks include glutamatergic excitotoxicity, ROS
generation, and metal imbalance. Studies have shown that zinc levels are elevated in the
cerebrospinal fluid of ALS patients. Moreover, a genetic association between TRPM7 and
ALS has been established. We hypothesize that increased zinc levels can potentiate TRMP7
activity, leading to relevant pathological processes in the context of motor neuron disease. In
this study, we show electrophysiological data of TRPM7 in HEK293 cells illustrating that
TRPM?7 activity is enhanced by pathophysiological concentrations of zinc. Using NSC-34
cells, a motor neuron-like cell model, we show that TRPM7 activation causes cell death in a
zinc-dependent manner. To elucidate the pathological mechanism, we characterize zinc
movements in the mitochondria, we measure the mitochondrial membrane potential and we
assess the generation of ROS upon activation of TRPM7. Overall, our findings confirm that
zinc imbalance and its effect on TRPM7 causes the death of NSC-34 cells by disrupting
mitochondrial physiology. The validation of these results in other motor neuron models and
in vivo models will be essential. Currently, there is no cure for ALS and treatment options
are limited. Further confirmation of these results could open the door for novel
pharmacological interventions for ALS patients.
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Alzheimer’s disease (AD) is the most common dementia affecting nearly hundred of
thousand patients only in Spain. Unfortunately, a few treatments are available and none of
them is efficient in terms of interrupting the progression of the disease. The most important
risk factor for developing AD is aging. However, aging is most frequently not taken into
account when designing models and/or strategies for developing new treatments. AD is
associated to excess of amyloid B peptide and excitotoxicity that may lead to synaptic
dysfunction and neuron cell death by a mechanism that may involve changes in intracellular
Ca?" homeostasis that are exacerbated by aging. We have introduced recently long-term
cultures of newborn rat hippocampal neurons as cell models for studying Ca?* remodelling in
aging and AD. Here we used these cell cultures to investigate the effects of novel
compounds based in heterocycles on cell death induced by glutamate receptor agonists and
amyloid B peptide oligomers (ABo). We found that several heterocycles failed to inhibit
neuron cell death induced by NMDA and ABo. However, two novel compounds named AB1
and AB2 significantly prevented neuron cell death induced by NMDA and ABo as assessed
by Annexin V assay. In addition, we also found that NMDA and ABo induced large increases
in intracellular Ca?* in aged neurons in vitro. We studied the possible effect of these
compounds on Ca?* responses induced by activation of glutamate receptors, voltage-gated
Ca?* channels and Ca?* rises induced by oligomers of amyloid B peptide (ABo). Accordingly,
we present novel selected heterocycles that prevent neuron cell death induced by
excitotoxicity and ABo and the possible role of Ca?* responses in neuroprotection against
AD.
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TRESK background potassium channel plays a critical role in modulating the action potential
firing and excitability of primary sensory neurons. It is selectively expressed in populations of
neurons involved in the perception of touch (low-threshold mechanoreceptors) and pain
(nociceptors) and its depletion results in enhanced pain sensitivity. Recent studies indicate
that TRESK channel reduces mice’s cold and mechanical sensitivity. Nevertheless, it is not
clear whether it is involved in the cold sensing mediated by neurons from the dorsal root
ganglia (DRG).

Using wild type and TRESK knock-out mice, we have explored the role of the channel in a
population of DRG nociceptors expressing the MrgprD receptor (MrgprD* neurons). In a
multidisciplinary study, we have validated that TRESK is expressed in 70% of MrgprD*
neurons and that it modulates their excitability, reducing the number of neurons activated by
the MrgprD specific agonist p-alanine in male and female mice, and by cold temperatures in
female mice. Moreover, we have also observed that TRESK modulates the cold
responsiveness of other populations of DRG nociceptors and TRPMS8-expressing primary
Sensory neurons.

Although we have found that TRESK seems to modulate mice’s MrgprD* neurons-mediated
cold sensitivity, knocking out the channel does not influence DRG-mediated mice's cold
sensitivity. Moreover, we have found that TRESK inactivation by the calcineurin inhibitor
Tacrolimus does not affect DRG-mediated mice’s sensitivity to cold temperatures.
Nevertheless, activating DRG MrgprD* neurons with B-alanine seems to increase the cold
sensitivity of TRESK KO but not WT mice.

In summary, TRESK modulates the excitability of MrgprD* nociceptors and their activation
by cold temperatures. Moreover, the channel seems to participate in the mice’s cold
sensitivity mediated by MrgprD* neurons, which is not sufficient to impact mice’s DRG-
mediated cold sensitivity in physiological conditions and in a model of calcineurin inhibitor-
induced pain syndrome.
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Chronic pain, such as neuropathic pain, is very disabling and very prevalent. Pregabalin
modulates the a2 auxiliary subunits of some voltage-gated calcium channels and is one of
most-used drugs for neuropathic pain, but unfortunately, it is not fully effective and produces
many side effectsl. We studied the modulation of pregabalin-induced analgesia by sigma-1
receptor (0;-R) inhibition in order to improve its therapeutic range (without increasing side
effects) in two translational models of preclinical pain.Experiments were performed on
female CD-1 mice. To induce mechanical allodynia we used intraplantar capsaicin (1ug); we
also evaluated mechanical allodynia and thermal hyperalgesia in a model of neuropathic
pain. Pregabalin (0.312-60 mg/kg) and S1RA (5-120 mg/kg), a 0i1-R antagonist, were
injected alone or in combination subcutaneously (s.c.). To test the influence of ¢;-R
inhibition, the 01-R agonist PRE-084 (5-40 mg/kg; s.c.) was administered. To investigate
whether the association of S1RA and pregabalin potentiates the adverse effects of
pregabalin, we evaluated the effect of these drugs on two frequent adverse effects produced
by pregabalin: motor incoordination with the rotarod test and constipation by measuring the
inhibition of gastrointestinal transit. The association of sub-analgesic doses of pregabalin
and S1RA markedly potentiated both capsaicin- and neuropathic-induced mechanical
allodynia, and produced additive effects on neuropathic-induced thermal hyperalgesia,
without alteration of motor coordination or gastrointestinal transit. The administration of PRE-
084 together with S1IRA and pregabalin completely abolished the potentiated effects on
capsaicin-induced pain and neuropathic pain, without affecting that of pregabalin per se. The
results of this study show that the association of the 0;-R antagonist S1RA and pregabalin is
very advantageous since it increases the therapeutic range of pregabalin, inhibiting the
painful hypersensitivity associated to capsaicin and neuropathic pain at low doses, without
producing the typical adverse effects produced by pregabalin at higher doses. The
association of pregabalin and S1RA might represent a new therapeutic strategy in
neuropathic pain.
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Oxaliplatin is one of the most common chemotherapeutic agents prescribed for digestive
tract tumors. Unfortunately, it induces a severe peripheral neuropathy (OIPN) that can
provoke acute and chronic pain, drastically limiting its clinical use. It is well-known that this
neuropathy originates from the functional alteration of peripheral sensory neurons. Among
the molecular mechanisms involved, Nay channels are potential key therapeutic targets due
to their crucial role in neuronal excitability. However, the contribution of Nay channels from
nociceptors to oxaliplatin-induced sensitization is poorly understood. In this study, we
investigated the oxaliplatin direct effect on the electrical and Nay activities of small-diameter
dorsal root ganglion (DRG) neurons. To do this, we developed an OIPN in vitro preclinical
model by incubating the DRG neuronal cultures for 48 hours with oxaliplatin. As a result, the
oxaliplatin treatment resulted in a potent and selective increase in the excitability of the
IB4(+) population of neurons. The hyperexcitability detected correlated with a potentiation of
the somatic Nay currents. Pharmacological dissection of these currents showed a major
effect on tetrodotoxin (TTX)-resistant currents, where oxaliplatin treatment caused an
increase in the sodium current amplitude, an 8-mV hyperpolarizing shift in its activation
curve, and a faster recovery from inactivation. Furthermore, the potential sex differences
were examined by analyzing male and female rat DRG cultures separately. While both
sexes exhibited increased action potential firing frequency and reduced current rheobase
following oxaliplatin treatment, females displayed greater sensitivity, with augmented
spontaneous activity and depolarized resting membrane potential. Male and female TTX-
resistant currents showed a higher amplitude and hyperpolarizing shift, appearing as major
contributors to the nociceptor hyperexcitability caused by oxaliplatin in both sexes.
Nevertheless, we could not discard a minor contribution of TTX-sensitive Nay channels in
the hyperexcitability of male nociceptors due to the slower inactivation kinetics found in TTX-
sensitive currents and the hyperpolarizing shift detected in the voltage dependence of
Nav1.6. Altogether, our findings underscore TTX-resistant channels as potential therapeutic
targets for attenuating OIPN symptoms and highlight the utility of in vitro preclinical models
for investigating signaling pathways and sexual dimorphism in peripheral neuropathies.

References:

1. Villalba-Riquelme, E., de la Torre-Martinez, R., Fernandez-Carvajal, A., & Ferrer-Montiel, A. (2022). Paclitaxel
in vitro reversibly sensitizes the excitability of IB4(-) and IB4(+) sensory neurons from male and female rats.
British journal of pharmacology, 179(14), 3693-3710. https://doi.org/10.1111/bph.15809

Acknowledgements: This study was funded by the Grants GVA PROMETEO/2021/031 and
IDIFEDER2018/020, from AEI (MCIU) PID2021-1264230B-C21 (to AFM and AFC) co-funded with FEDER funds
from EU “Una manera de hacer Europa”, and a grant from the UMH, PAR2019 (to AFM). EVR was a recipient of
the UMH doctoral fellowship “Ayudas para el Apoyo a la Formacién de Personal Investigador”.

99



P41 POSTERS

INVESTIGATION OF GABAERGIC COMMUNICATION WITHIN THE
AXONS OF PRIMARY SENSORY NEURONS IN A MICROFLUIDIC
CULTURE SYSTEM
S. Figolil, N. Gamper 12

IFaculty of Biological Sciences, University of Leeds, Leeds, United Kingdom. 2Department of
Pharmacology, Hebei Medical University, Hebei Province; Shijiazhuang, China.

The GABAergic cross-talk between the cell bodies of primary sensory neurons within the
Dorsal Root Ganglia (DRGs), has been shown to modulate the transmission of painful
stimuli*2. However, the possibility of crosstalk between the nerve fibers within the peripheral
nerve, is yet to be explored. To address this aspect, we recapitulated the sensory neuron
axonal morphology in a novel compartmentalized microfluidic system?. This setup included
co-culturing DRG and dorsal horn (DH) neurons, which allowed not only to better mimic the
physiology and morphology of the peripheral neuron in vitro, but also to carry out
investigation of signaling processes at distinct segments of somatosensory axon. Our
observations reveal a subset of DRG neurons exhibiting typical pseudo-unipolar morphology
with T-junction and polarized axonal branches, traversing both, ‘peripheral and DH
compartments. Immunocytochemical investigations revealed the expression of GABAa
receptor subunits, including y2, a1 and ay, along cultured DRG neurons axons and selective
axonal stimulation with GABA (100 mM), evoked calcium events associated with action
potentials (APs) at the cell bodies. Interestingly, lodide imaging of HEKgasaa -EYFP reporter
cells co-cultured with DRG neurons axons, showed that Capsaicin and KCI application at
the peripheral compartment triggered GABA release both from axons themselves and from
cell bodies, likely via vesicular exocytosis. These experiments reveal new level of axonal
crosstalk within the peripheral nerves. The microfluidic culture system constitutes a valuable
tool for exploring axonal dynamics contributing to the modulation of the transmission of
sensory information.
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Neuropathic pain (NeuP) arises from lesions or diseases affecting the somatosensory nervous
system, with origins ranging from trigeminal neuralgia to diabetic neuropathy and small-fiber
neuropathy (SFN). The complex pathophysiology requires a multidisciplinary approach to study
NeuP effectively. Patients commonly report a wide range of abnormal sensations such as stabbing
or burning pain, itching, numbness, hyperalgesia, or allodynia. Since pharmacological treatments
often offer limited relief, understanding the genetic basis of NeuP is crucial for advancing its
management. We have recently identified novel potentially pathogenic gene variants in KCNK18,
which encodes the leak K* channel TRESK, and the transient receptor potential channels TRPA1,
TRPM2, TRPM8, TRPV1, and TRPV3, along with ANO3 encoding a Ca?'-gated CI channel in
SFN patients. It highlights the involvement of these ion channels in sensory processing and pain
perception'?. TRESK, encoded by KCNK18, exhibits a predominant expression in the dorsal root
ganglia and the trigeminal ganglia, where leaky K* currents act as a regulatory mechanism to
attenuate neuronal activation. Thus, TRESK KO mice manifest an enhanced mechanical
sensitivity and cold allodynia®. The p.(Met370Cysfs*?) and p.(Ser252Leu) KCNK18 variants have
emerged as two of the most relevant and potentially pathogenic mutations in the analyzed patient
cohorts. Specifically, the heterozygous thymine deletion at ¢.1107 (p.(Met370Cysfs*?)) results in a
frameshift mutation, leading to an extended out-of-frame C-terminus. By quantifying current
density with whole-cell patch clamp, we observed a significant reduction of basal current density in
the p.(Met370Cysfs*?) TRESK compared to the wild-type TRESK. It may heighten neuronal
susceptibility to stimuli, potentially contributing to increased excitability. These findings are further
supported by the reduced expression of the p.(Met370Cysfs*?) TRESK at the plasma membrane,
as revealed by our confocal microscopy studies. In addition, the p.(Ser252Leu) KCNK18 exhibits a
notable reduction in basal current density, possibly attributed to altered channel phosphorylation,
suggesting a potential compromise in neuronal excitability. Notably, we have found larger
response to intracellular Ca?* concentration in the p.(Ser252Leu), indicating an altered calcineurin-
dependent modulation. We currently aim to elucidate genotype-phenotype correlations to deepen
our understanding of the genetic basis of NeuP and to improve its management, ultimately
seeking for enhanced treatment outcomes.
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Paclitaxel-induced peripheral neuropathy (PIPN) is a challenging side effect arising from
treatment of several anti-cancer agents that constitutes a major medical and societal
problem because there is no effective prevention or treatment method. The direct impact
paclitaxel on sensory neuron excitability and potential gender differences remains unclear.

We employed a long-term (15 days in vitro) primary culture of mice dorsal root ganglion
(DRG) neurons to examine how two consecutive administrations of paclitaxel influence the
electrical activity of IB4(+) and 1B4(-) sensory neurons of male and female adult mice during
sensitization and resolution. Paclitaxel was found to enhance spontaneous activity and
amplify tonic firing of action potentials in both IB4(-) and IB4(+) neurons. Although these
effects vanished 96 hours post-initial treatment, they remained consistent after the second
administration. Paclitaxel also decreased the current rheobase for action potential firing by
expediting the after-hyperpolarization phase. Furthermore, the drug influenced Na* ion
currents, notably increasing the activity of TRPV1, TRPM8, and TRPA1 channels upon the
second dose. Intriguingly, female DRGs neurons exhibited greater sensitivity to paclitaxel-
induced sensitization compared to their male counterparts.

Our findings suggest that paclitaxel enhances the electrogenicity of sensory neurons by
altering the activity of thermoTRPs and unveil sex-related differences. Our in vitro, pre-
clinical PIPN model serves as a valuable tool for exploring the dynamics and molecular
mechanisms underlying nociceptor sensitization and desensitization by chemotherapeutics
and algesic agents, as well as for evaluating modulators of neural excitability with high
clinical translational potential.
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