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ANA Minisymposia 

A1.1 

Stress activates the brainstem noradrenergic system via 

volume transmission to maintain a delayed and prolonged 

cortical response 
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Abstract: Stress is generally associated with a fast response to an 

environmental stimulus. Nevertheless, prolonged vigilance confers 

added evolutionary benefit when responding to recurrent challenges. 

The hypothalamic origin of stress reactions are corticotropin-

releasing hormone (CRH)-releasing neurons which directly target 

norepinephrine locus coeruleus neurons and simultaneously trigger 

a hormonal cascade in the hypothalamic  – adrenal medulla axis which 

warrant an immediate response. We here show that acute stress 

activates a third route which equally takes its origin in CRH neurons 

but acts via volume transmission through the cerebrospinal fluid to 

maintain a delayed and prolonged reaction. CRH neurons innervate 

ependymal cells of the third ventricle to induce ciliary neurotrophic 

factor (CNTF) release for transport through the brain’s aqueductal 

system. CNTF then binds to its cognate receptors on nor-

epinephrinergic neurons in the locus coeruleus to trigger site-specific 

phosphorylation of tyrosine hydroxylase, the rate-limiting enzyme of 

norepinephrine synthesis. Activity dependence is mediated via 

secretagogin, a calcium-sensor protein in both rodent and human 

brains. Both CNTF and secretagogin ablation occlude stress-induced 

cortical norepinephrine synthesis, ensuing neuronal excitation and 

behavioral stereotypes. Cumulatively, we identify a multimodal 

pathway that is rate-limited by CNTF volume transmission and poised 

to directly convert hypothalamic activation into long-lasting cortical 

excitability following acute stress. 

Keywords: stress – brainstem – prefrontal cortex – volume 

transmission 

A1.2 

The mammalian hypothalamus: cellular diversity for functional 

multiplicity 

Tibor HARKANY* 

Department of Molecular Neurosciences, Center for Brain 

Research, Medical University of Vienna, Austria 

*E-mail: tibor.harkany@meduniwien.ac.at 

Intrinsic Activity, 2019; 7 (Suppl. 1): A1.2 

doi.org/10.25006/IA.7.S1-A1.2 

Background: The mammalian hypothalamus contains an amazing 

variety of neuroendocrine cells that orchestrate bodily adaptations to 

environmental changes and challenges. The hypothalamus is unique 

in that neurons can code more than one neurotransmitter and switch 

between their uses in a state- and connectome-specific manner. 

Edited by: Thomas Griesbacher (Austrian Pharmacological Society APHAR, 

Otto Loewi Research Centre, Section of Pharmacology, Medical University 

of Graz, Austria; thomas.griesbacher@medunigraz.at) and Ramon Tasan 

(Austrian Neuroscience Association ANA, Department of Pharmacology, 

Medical University of Innsbruck, Austria; ramon.tasan@i-med.ac.at) 
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Moreover, neuroendocrine cells (except some glutamate subtypes) 

contain at least one neuropeptide that is co-released with the primary 

fast neurotransmitter. By now, a direct and precise pairing of neuro-

peptides – neurotransmitters is available and allows the hierarchical 

mapping of hypothalamic neuroendocrine singling and function deter-

mination. 

Methods: While eminent studies have identified and linked many of 

the neuroendocrine command modules to specific bodily states and 

behaviours over the past decades, it was the introduction of single-

cell technologies, particularly transcriptomics combined with opto-

/ chemogenetic probing, that led to establishing causality between 

neuronal (and glial) cell types and specific neuroendocrine outputs. 

Results: Given these advances in molecular neuroendocrinology, 

Austrian and international speakers will provide snap-shots of the 

state of the art; ranging from cell classification to neuropeptide 

functions and disease-induced (gender-specific) hypothalamic 

pathologies. In particular: Barbara Kofler (Paracelsus Medical 

University) will discuss the role of the galanin peptide system in 

behavior, food intake, metabolism and inflammation. Alán Alpár 

(Semmelweis University) will outline novel mechanisms of stress-

induced cortical sensitization, while Solomiia Korchynska (Medical 

University of Vienna) will report on both the anatomical and functional 

diversity of hypothalamic dopamine neurons. 

Discussion: Thus, this symposium will highlight novel organizational 

features of the hypothalamus including the development, use and 

pathological modifications of its neurotransmitter and neuropeptide 

systems. 

Keywords: Ca2+-binding and sensor proteins – hypothalamic 

hormones – neuronal identity – neuropeptides 
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Molecular signaling mechanisms controlling cerebral cortex 

development in health and disease 

Simon HIPPENMEYER1,*, Robert BEATTIE1, Christopher ESK2 and 

Jasmin MORANDELL1 

1Institute of Science and Technology Austria (IST Austria), 

Klosterneuburg, Austria; 2Institute of Molecular Biotechnology, 

Austrian Academy of Sciences (IMBA), Vienna BioCenter, Vienna, 

Austria 

*E-mail: simon.hippenmeyer@ist.ac.at 

Intrinsic Activity, 2019; 7 (Suppl. 1): A1.3 

doi.org/10.25006/IA.7.S1-A1.3 

Abstract: The human cerebral cortex regulates our cognitive 

abilities, is composed of an enormous number of neurons and glial 

cells, and organized into distinct cytoarchitectonic laminae. How the 

cortex, with all its neuronal circuits, arises from the pool of neural 

stem cells during development is a major unsolved question. In our 

symposium we will focus on the molecular and cellular mechanisms 

regulating key properties of neural stem cells and nascent neurons 

during cortical development. Presentations cover the principles that 

regulate neural stem cell lineage progression, new genetic screening 

approaches in human cerebral organoids, and how genetic mutations 

relevant for human autism disorders lead to abnormal cortical 

development and behavioral deficits. Altogether, in our symposium 

we discuss novel conceptual advances that shall contribute to our 

general understanding why human brain development is so sensitive 

to the disruption of key signalling pathways in the pathological 

condition. 

Keywords:  cerebral cortex – neural stem cells – organoids – 

neurodevelopmental diseases 

A1.4 

Structure and function of central synapses 

Peter JONAS* 

IST Austria (Institute of Science and Technology Austria), 

Klosterneuburg, Austria 

*E-mail: peter.jonas@ist.ac.at 
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Abstract: Synapses are key sites of transfer and storage of informa-

tion in the brain. Synapses are also major sites of changes in brain 

diseases. Synapses are traditionally studied by morphological and 

functional techniques in parallel. Working out the relation between 

structural and functional aspects has been challenging. In this mini-

symposium, we will bring together new cutting-edge approaches to 

synaptic structure and function, including nanophysiology (recording 

from cortical presynaptic terminals), nanoanatomy (freeze-fracture 

replica labeling electron microscopy to label single presynaptic 

proteins), and high-pressure freezing electron microscopy (including 

“flash and freeze”, which provides a unique opportunity to link 

structural and functional aspects). The presentations will give insights 

into the relation between structural and functional changes during 

synaptic transmission and plasticity. 

Keywords: central synapses – calcium channel – release sensor 

coupling – exocytosis – transmitter release – synaptic plasticity 

A1.5 

Role of the galanin peptide system in behavior, food intake, 

metabolism and inflammation 
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Roland LANG2 and Susanne M. BRUNNER1 

1Research Program for Receptor Biochemistry and Tumor 
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University, Salzburg, Austria; 2Department of Dermatology, 
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*E-mail: b.kofler@salk.at 
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Background: The neuropeptide galanin (GAL) is a neurotransmitter  / 

neuromodulator / regulatory peptide widely distributed in the central 

and peripheral nervous systems. In the brain, GAL mRNA is 

extensively expressed in the hypothalamic and brainstem areas. It is 

a modulator of various physiological and pathological processes and 

mediates its effects via three G protein-coupled receptors (GAL1– 3). 

The GAL receptor subtypes have substantial differences in their 

functional coupling and signaling activities. GAL1 and GAL2 are 

expressed in various brain regions whereas expression of GAL3 

receptor is more limited and preferably detected in the hypothalamus. 

The GAL system is also widely expressed in peripheral tissues 

including epithelia and immune cells. 

Methods: The involvement of signalling via galanin receptors was 

tested in various behavioural tests and disease animal model 

systems using galanin receptor knockout (KO) animals. Furthermore, 

functions of galanin in the immune system were analysed on isolated 

primary human immune cells. 

Results: GAL3-KO mice exhibited an anxiety-like phenotype in the 

elevated plus maze, open field and light  / dark box tests and were less 

socially affiliated than wild-type (WT) animals to a stranger mouse in 

a social interaction test. Furthermore, GAL3-KO mice exhibited an 

alcohol-preferring phenotype. Studies in various preclinical disease 

models revealed that GAL3, but not GAL2, receptors play a role  

in inflammatory diseases like psoriasis, arthritis and inflammatory 

bowel disease. The involvement of GAL3 reeptors is depending on 

the tissue and immune cell types involved. GAL is highly expressed 

mailto:simon.hippenmeyer@ist.ac.at
http://doi.org/10.25006/IA.7.S1-A1.3
mailto:peter.jonas@ist.ac.at
http://doi.org/10.25006/IA.7.S1-A1.4
mailto:b.kofler@salk.at
http://doi.org/10.25006/IA.7.S1-A1.5


Intrinsic Activity, 2019; 7 (Suppl. 1) Meeting Abstracts: Joint Meeting of ANA and APHAR 2019 

 

© 2019 Intrinsic Activity, ISSN 2309-8503; Austrian Pharmacological Society (APHAR)   page 3 of 40 (not for citation purpose) 

in myeloid cells, especially in macrophages. The most prominent 

galanin receptor expressed in human immune cells is GAL2. GAL1 

mRNA is present in skin mast cells and macrophages. Dendritic cells 

express GAL2 and GAL3 receptors Treatment of different types of 

immune cells leads to significant changes of the expression of 

cytokines and chemokines. 

Discussion: Our studies indicate that galanin peptides not only act 

as classical neuropeptides in the brain but also as components of the 

neuro – immune axis. Yet, it is not clear whether the effects on 

inflammatory diseases are due to local functions only or are also 

involving brain signalling. 

Keywords: galanin – galanin receptors – cytokines – hypothalamus – 

neuroimmunology 
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Anatomical and functional diversity of periventricular 

dopamine neurons 
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Background: Midbrain dopamine neurons are well-known for 

precisely regulating cognition, reward, locomotion and arousal. An 

alternative and equally crucial locus of dopamine signalling is  

the hypothalamus where dopamine neurons populate a continuum  

of nuclei (A11, A12, A13, A14 and A15 groups) with their target-

selective and chronospecific output modulating food intake, prolactin 

secretion and the sleep  – wake cycle. Based on unique transcription 

factor constellations, we have recently suggested the existence of 

molecular domains for function determination amongst dopamine 

neurons using periventricular dopamine (A14) neurons that are wired 

into the circadian circuitry as an example. However, neither the 

anatomical nor the functional diversity of periventricular dopamine 

neurons is known in conjunction with the lack of precise behavioral 

correlates. 

Methods: Here, we subclassify A14 dopamine neurons by using a 

matrix of measures, including anterior  – posterior and dorso  – ventral 

positions, axonal projections, dendrite complexity and orientation, 

transcriptome complexity corrected for biophysical membrane 

properties, neurotransmitter and neuropeptide expression. 

Results: By viral circuit mapping we demonstrate that a subset  

of A14 dopamine neurons establish elaborate extrahypothalamic 

projections which function as a relay hub between suprachiasmatic 

circadian “clock” neurons and the lateral septum. This arrangement 

suggests a previously unknown role of A14 dopamine neurons in 

controlling sleep patterns by both exhibiting diurnal variation in 

neuropeptide sensitivity and correlated neurotransmitter output. 

Discussion: Cumulatively, our findings demonstrate how subclass 

diversity amongst hypothalamic dopamine neurons codes for hitherto 

unknown circuit designs that specify hypothalamic output. 

Keywords: hypothalamus – periventricular dopamine neurons – 

circadian neurons 

A1.7 

Post-tetanic potentiation at the hippocampal mossy fiber  – CA3 

pyramidal neuron synapse shows a low induction threshold 

and is mediated by an increase in the readily releasable vesicle 

pool 

David VANDAEL, Carolina BORGES-MERJANE and Peter JONAS* 

Institute of Science and Technology Austria (IST Austria), 

Klosterneuburg, Austria 

*E-mail: peter.jonas@ist.ac.at 
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doi.org/10.25006/IA.7.S1-A1.7 

Background: The hippocampal mossy fiber synapse, the synapse 

formed between the axons of dentate gyrus granule cells (GCs) and 

the dendrites of CA3 pyramidal neurons, is a key synapse in the 

trisynaptic circuit of the hippocampus. Mossy fiber boutons (MFBs) 

are characterized by a large size, a low release probability (Pr),  

and the presence of an extraordinarily large number of vesicles 

dispersed over multiple active zones. All these peculiar features 

suggest that the MFB might be highly plastic. A hallmark property of 

the MFB – CA3 synapse is the unique magnitude of post-tetanic 

potentiation (PTP) [1]. Interestingly, PTP has been shown to turn the 

MFB from a conditional detonator into full detonation mode [2]. 

However, presynaptic GCs in vivo fire action potentials (APs) only 

very sparsely [3], therefore an open question is whether physiological 

firing patterns suffice to trigger PTP. Furthermore, whether PTP is 

achieved by transiently increasing the Pr or whether it depends on 

recruiting more vesicles to the readily releasable pool (RRP) is 

unknown. 

Methods: Functional data were obtained by paired patch-clamp 

recordings between presynaptic MFBs and post-synaptic CA3 

pyramidal cells. Functional results were subsequently corroborated 

by structural analysis using flash-and-freeze experiments in which 

optogenetic high-frequency stimulation of mossy fiber synapses was 

followed by high-pressure freezing and electron microscopy. 

Results: We showed by direct recordings from single MFB  – CA3 

pyramidal neuron pairs that PTP can be reliably triggered at the level 

of a single presynaptic terminal. Furthermore, PTP does not require 

postsynaptic depolarization and is thus non-associative in nature. 

PTP could be induced by a remarkably low number of presynaptic 

APs, indicating that in vivo occurring firing patterns suffice for its 

induction. From a mechanistic point of view we demonstrate that PTP 

is achieved by mainly increasing the RRP size. This phenomenon 

was accompanied by a slight increase in quantal size. Tetanic 

optogenetic stimulation of channelrhodopsin expressing MFBs led to 

depletion of the docked vesicle pool, followed by pool overfilling and, 

in parallel, a significant increase in the average vesicle diameter. 

Discussion: Our study shows for the first time at both the functional 

and structural level that PTP at the MFB  – CA3 pyramidal neuron 

synapse is supported by an increase in the RRP and quantal size. 

This is in stark contrast to long-term potentiation (LTP) at this 

synapse, which depends on an increase in Pr. By affecting the RRP, 

PTP preserves the low-pass filter function of the MFB – CA3 synapse, 

which allows burst-to-burst transmission. 

Acknowledgements: This project has received funding from the 

European Research Council (ERC) under the European Union’s 

Horizon 2020 research and innovation program (grant agreement 

no. 692692). 

Keywords: post-tetanic potentiation – mossy fiber bouton – 

hippocampus – plasticity 
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Background: Restoration of neuronal connectivity after lesion of the 

central nervous system, such as spinal cord injury, is one of the 

biggest challenges in modern medicine. In particular, the accumula-

tion of axon growth inhibitors at the site of injury constitutes a major 

obstacle to structural and thus functional repair. We identified a 

molecule called ENDF1, a prenylflavonoid from hops that is very 

potent in enhancing regrowth and branching of neurites from dorsal 

root ganglion neurons cultured over growth-promoting substrates. In 

the present study, we investigated ENDF1’s capacity to promote 

regeneration of rat dorsal root ganglion neurons over the three main 

components of the extracellular matrix acting as axon growth 

inhibitors: semaphorin 3A, ephrin A4 and mixed chondroitin sulphate 

proteoglycans. In addition, we investigated for ENDF1’s interaction 

with TrkA, the receptor of NGF, and for the phosphorylation of cofilin, 

a downstream effector of RhoA  / Rock signalling, as two potential 

mediators of ENDF1’s activity in neurons. 

Methods: We seeded DRG neurons (rat P2) on each inhibitory 

substrate, i. e. semaphorin 3A, ephrin A4 and mixed chondroitin 

sulphate proteoglycans, and analysed the percentage of neurons 

displaying neurite regrowth. We measured the length of these 

neurites and counted the number of branching points, as a measure 

for complexity. For the analysis of signalling pathways, PC12 cells 

were treated with ENDF1 and analysed by western blotting. 

Results: We report that ENDF1 application significantly increased 

the percentage of sensory neurons able to regrow their neurites 

despite the presence of ECM inhibitors, and this to an extent similar 

to the one obtained after NGF treatment (positive control). Moreover, 

ENDF1 strongly enhanced the total neurite length and the complexity 

of neurites extending from neurons challenged with axon growth 

inhibitors. Although the impacts of NGF and ENDF1 on the regenera-

tion of DRG neurons were similar, the activity of ENDF1 was not 

mediated by signalling through the TrkA receptor, indicating that 

ENDF1 acts through a different signalling pathway than NGF. 

RhoA  / Rock signalling is a cardinal pathway involved in axonal 

regeneration. However, treatment with ENDF1 did not decrease the 

phosphorylation of cofilin, as would result from a RhoA  / Rock-

dependent signalling. 

Discussion: ENDF1 is a potent pro-neuroregenerative factor, acting 

on alternative pathways promoting neurite regrowth. Learning more 

about ENDF1’s mode of action might open windows to identify novel 

targets for regenerative therapies of the nervous system. 

Acknowledgements: This research was supported by the 

Paracelsus Medical University Research Fund (R-14/03/060-BIE, 

E-15/21/109-COU, S-15/05/008-VOG). 

Keywords:  flavonoids – dorsal root ganglia – axonal outgrowth – 

semaphorin 3A – ephrin A4 – chondroitin sulphate proteoglycans – 

CSPGs – neuroregeneration 
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Background: Inhibitory control, the ability to suppress and cancel 

prepotent responses is a key element of cognitive control. The 

balance between action and behavioral inhibition is biased by 

impulsivity, a highly complex behavior, involving incentive salience, 

attention and fast action response. Maladaptive inhibitory control is 

highly correlated with increased trait impulsivity. Impairment in this 

function underlies both impulsive and compulsive behaviours, which 

are key traits of conditions such as attention deficit / hyperactivity 

disorder (ADHD), obsessive compulsive disorder (OCD), as well as 

addiction. Despite its ethological and clinical significance, neuronal 

mechanisms specifically controlling impulsive responding remain 

largely unknown. We set out to screen for brain regions and potential 

molecular targets dissociating impulsivity from motor control using a 

well-established behavioral task along with functional imaging and 

specific brain-region manipulations. 

Methods: We combined the Go / No-Go task (GNG) with an unbiased 

brain-wide scan using functional imaging (fMRI) to identify brain 

regions associated with naturally occurring trait impulsivity variations 

within a mouse population. Next, we conducted a set of optogenetic 

and pharmacological manipulations along with RNA silencing in order 

to identify brain regions modulating trait impulsivity and to pinpoint a 

potential molecular target. 

Results: We were able to identify the subthalamic nucleus (STN), a 

node of the basal ganglia circuitry primarily linked to general motor 

control, as a hotspot for trait impulsivity via fMRI. Its optogenetic 

inhibition in GNG task increased impulsivity. Furthermore, adminis-

tering a positive allosteric modulator of the metabotropic glutamate 

receptor 4 (mGluR4), a molecule thought to decrease STN firing, we 

were able to phenocopy our optogenetic observations. Using our 

fMRI approach in combination with the pharmacological treatment we 

were able to show that the cross-point of mGluR4 activity and 

impulsivity is indeed the STN. Conversely, shRNAi-mediated 

knocking down of STN mGluR4 reduced impulsivity in our task. 

Importantly, none of our manipulations affect general motor behavior. 

Discussion: Based on our findings we conclude that the STN is not 

only a switch for motor activity but that at a more discrete activity level 

it modulates trait impulsivity. Additionally we identify the mGluR4 as 

the point of dissociation for STN functionality, rendering it a potential 

https://doi.org/10.7554/eLife.17977
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novel biomedical target at the crossroad between motor and cognitive 

functions. 
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Background: Chronic pain is still poorly managed because of the 

lack of efficacious therapies and significant side effects of currently 

available analgesics. Most clinically used opioids target the μ-opioid 

receptor (MOR), and their medical use and misuse have strongly 

increased in the last decades leading to an opioid epidemic. 

Research efforts are directed towards overcoming the limitations of 

present therapies with development of new therapeutic approaches, 

including G protein-biased MOR agonists and multifunctional drugs 

with opioid / non-opioid activities. The later class of drugs may 

interact independently with their respective targets, leading to a 

synergetic antinociceptive effect and fewer adverse effects. This 

study focuses on in vitro and in vivo pharmacological profiles of 

bifunctional peptidomimetic ligands which combine within one 

molecule a MOR pharmacophore and a neuropeptide FF (NPFF) 

receptor pharmacophore. NPFF and its receptors (NPFF1/2R) are 

recognized as a key pronociceptive system involved in opioid-

induced hyperalgesia and analgesic tolerance. 

Methods: Receptor binding and [35S]GTPγS functional assays were 

performed with CHO cells expressing the human MOR or NPFFRs. 

β-Arrestin 2 recruitment assay was performed with U2OS cells 

expressing the human MOR. Antinociception was evaluated in mouse 

models of acute nociception (tail-flick test) and chronic inflammatory 

pain (complete Freund’s adjuvant–induced) after subcutaneous drug 

administration. Side effects (hyperalgesia, sedation  / motor impair-

ment, respiratory depression, constipation, analgesic tolerance and 

physical dependence) were assessed in mice. 

Results: In a HTS camping for in vitro activity at MOR and NPFFR of 

a library of bifunctional opioid  – NPFF ligands, we have identified 

KGFF03 as a MOR agonist  – NPFFR agonist, and KGFF09 as a MOR 

agonist – NPFFR antagonist. Both bifunctional peptide ligands 

preferentially biased MOR signaling toward G protein coupling over 

β-arrestin 2 recruitment. In vivo, KGFF03 and KGFF09 produce 

effective and prolonged antinociceptive effects in the tail-flick test and 

CFA-induced hyperalgesia in mice, with higher potencies than that of 

morphine. Behavioral studies established the benefit of G protein-

biased MOR agonist activity, with KGFF03 and KGFF09 showing 

reduced respiratory depression compared to the unbiased parent 

MOR agonist KGOP01. Conversely, neither KGFF03 nor KGFF09 

could alleviate opioid-related constipation in mice. Other behavioral 

observations revealed that, unlike KGOP01 and KGFF03 at the first 

administration, KGFF09 induced a transitory sedative effect with an 

impaired motor coordination that was not observed upon repeated 

administration. Interestingly, only the MOR agonist – NPFFR antag-

onist, KGFF09, exhibited a favorable profile upon chronic admin-

istration with reduced hyperalgesia and development of analgesic 

tolerance. Moreover, KGFF09 displays reduced withdrawal syndrome 

compared to KGOP01 and KGFF03, signifying its potential to cause 

less physical dependence. 

Discussion: Our results establish KGFF09 as a dual ligand acting as 

G protein-biased MOR agonist  – NPFFR antagonist. Merging both 

properties within a single molecule gathers the beneficial effects of 

biased MOR agonists on acute side effects (respiratory depression) 

and those of NPFFR antagonists on chronic side effects (opioid-

induced hyperalgesia, tolerance and withdrawal syndrome). These 

findings pave the way to new pain therapeutics with limited side 

effects on both acute and chronic use. 
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Background: ABCB1 and ABCG2 are two efflux transporters located 

at the canalicular membrane of hepatocytes. Among other transpor-

ters, ABCB1 and ABCG2 mediate the secretion of drugs or drug 

metabolites from the liver into bile. Changes in hepatic ABCB1 and 

ABCG2 transport activity (caused by e. g. disease, drug – drug 

interactions or genetic polymorphisms) may lead to alterations in the 

plasma clearance of drugs, which can affect the pharmacological 

and / or toxicological effect of their substrate drugs. In order to assess 

tissue pharmacokinetic (PK) changes caused by alteration of hepatic 

transport activity, non-invasive quantification methods such as 

positron-emission tomography (PET) can be implemented. In this 

study, we evaluated the suitability of PET imaging in combination with 

the model ABCB1 / ABCG2 substrate [11C]tariquidar to measure 

hepatic ABCB1 / ABCG2 transport activity in humans and mice. 

Methods: [11C]Tariquidar PET scans were carried out in 5 healthy 

volunteers without and with co-infusion of a pharmacological dose of 

tariquidar (225 mg/h). In addition, FVB wild-type, Abcb1a/b−/−, 

Abcg2−/− and Abcb1a/b−/−Abcg2−/− mice underwent PET scans without 

and with pre-treatment with unlabelled tariquidar (15 mg/kg). A three-
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compartment PK model was used to determine the rate constants 

defining the hepatic kinetics of the radiotracer. Moreover, to assess 

potential involvement of basolateral hepatic transporters in the 

uptake of tariquidar from blood into hepatocytes, in vitro uptake 

experiments were performed with [11C]tariquidar or [3H]tariquidar in 

different cell lines overexpressing major hepatic uptake transporters 

(SLCO1B1, SLCO1B3, SLCO2B1, SLC22A1 and SCL22A3). 

Results: In humans, no radiolabelled metabolites of [11C]tariquidar 

could be detected in plasma during the PET scan. The co-administra-

tion of unlabelled tariquidar caused a significant (p < 0.05) reduction 

in the rate constant describing the transfer of radioactivity from liver 

into bile (k3) suggesting saturation of ABCB1  / ABCG2 transport 

activity. In mice, 30 min after radiotracer injection, the percentage of 

unchanged [11C]tariquidar in plasma, liver, bile and kidneys was 

higher than 78  %, indicating that little metabolism of the radiotracer 

was occurring during the duration of the PET scan. Treatment with 

unlabelled tariquidar in mice significantly reduced k3 in wild-type, 

Abcb1a/b−/− and Abcg2−/− mice, but not in Abcb1a/b−/−Abcg2−/− mice. 

Furthermore, in baseline scans, the value of k3 was significantly lower 

in Abcb1a/b−/−Abcg2−/− mice as compared to wild-type and single 

knockout mice. In vitro uptake experiments indicated that tariquidar 

is not transported in the basolateral membrane of hepatocytes by any 

of the studied major uptake transporters. 

Discussion: These results suggest that [11C]tariquidar is a metabol-

ically stable PET tracer which can be used in humans and mice to 

measure hepatic ABCB1 and ABCG2 transport activity without a 

confounding effect of basolateral uptake transporters. Our data point 

to a mutual functional redundancy between ABCB1 and ABCG2 in 

the hepatobiliary excretion of dual substrate drugs. 
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Background: microRNAs (miRNAs) are important modulators of 

multiple processes in health and disease, including neuropathy and 

neuroregeneration. Upon peripheral nerve injury, neurons residing in 

the dorsal root ganglia (DRGs) increase their excitability and noci-

ceptive signalling and exhibit transcriptional alterations that promote 

axonal regeneration. These responses are highly complex and distin-

guishing the mechanisms necessary for regeneration from the ones 

involved in neurodegeneration and neuropathy is challenging. 

Methods: To explore the potential role of miRNAs in processes 

initiated by a peripheral nerve injury, we employed the spared nerve 

injury (SNI) model in mice. DRGs of sham and SNI mice were 

subjected to a combined miRNA-mRNA sequencing approach. 

Sequencing results were further analysed for significant correlations 

between one candidate miRNA and mRNAs of potential target genes 

and protein – protein interaction and DIANA microCDS analyses were 

performed. The expression of the miRNA of interest was validated by 

RT-qPCR and in situ hybridization. Intrathecal injection of a miRNA 

inhibitor and pain-related behavioural testing (von Frey, dynamic 

plantar aesthesiometer, cold plate) were performed to assess the role 

of the miRNA in processes occurring after peripheral nerve lesion. 

Additionally, the outgrowth capacity of DRG neurons overexpressing 

the miRNA was evaluated in vitro. 

Results: miRNA-mRNA sequencing identified a novel miRNA, which 

was highly upregulated in the DRGs of mice subjected to SNI. The 

expression of this miRNA was significantly correlated with a number 

of computationally predicted deregulated mRNAs (FDR < 0.05) in the 

same tissue samples. This miRNA was expressed predominantly in 

neurons, as revealed by RT-qPCR and in situ hybridization validation. 

In vivo, intrathecal injection of a miRNA inhibitor did not alleviate the 

SNI-induced mechanical and cold hypersensitivity, whereas viral 

miRNA overexpression increased neuronal outgrowth in primary 

DRG neuronal cultures. 

Discussion: We propose that this novel miRNA is a potential master 

regulator of mRNA transcripts that are implicated in pathways inhibit-

ing neuronal regeneration. Additional studies on this miRNA could 

provide insight on the different mechanistic aspects that are initiated 

after peripheral nerve injury, as well as novel therapeutic approaches 

in neuroregeneration. 
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Background: The classical schemes for functional magnetic 

resonance imaging (fMRI) experiments comprise block, event-related 

and mixed designs. These are evaluated using a general linear model 

(GLM) for fitting the time courses of the different conditions to the 

data and by comparing the resulting activation maps. However, such 

restrictive designs hardly mirror everyday situations and the stimuli 

timing as well as the shape of the physiological responses need to be 

known in advance. Two less restrictive schemes for which these 

preconditions do not apply are naturalistic paradigms (such as 

watching a movie or listening to a conversation) and pharmacological 

fMRI (phMRI). Inter-subject correlations (ISCs) offer a way to analyze 

such experiments [1] but provide neither information on the under-

lying physiological signals nor ways for comparing the different 

magnitudes of activation. Here, a new analytical model is presented 

that combines the complementary advantages of the GLM and ISC 

approaches. 

Methods: It is known from the analysis of event-related electroence-

phalographic data, that the shape of a physiological response can be 

estimated by averaging over the available epochs  / measurements of 

the study population. Thus, voxel-wise models of the fMRI signal for 

each subject are calculated as the amplitude-normalized average 

over all other subjects. By using a simple leave-one-out approach to 

create pseudo-populations (LOOPP), circularity in the estimation  

is avoided while model variance is minimized. Activation maps are 

then calculated as voxel-wise ordinary least-squares fits. The LOOPP 

method is applied to previously published phMRI data with known 

response time course [2]. The final results are derived using 

parametric and non-parametric inferences and compared to the 

original analysis. 
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Results: The newly developed LOOPP approach reliably identifies 

the same activated regions as the previous model-based analysis 

without requiring any prior information on the shape and timing of  

the expected response. The derived population model provides the 

different time courses of the separate regions. Both, parametric  

as well as non-parametric, inferences result in similar activation 

patterns. 

Discussion: The method introduced here offers a novel and easy 

approach to analyze fMRI experiments when the underlying model is 

unknown, which is the standard situation in phMRI and naturalistic 

scanning. It combines the complementary advantages of the estab-

lished GLM and ISC approaches and eliminates their respective 

weaknesses. Different inference strategies yielded comparable 

results but further investigations are necessary to exactly determine 

the power and false-positive rate of the LOOPP approach. 
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Background: Von Willebrand factor (VWF) plays a major role in 

thrombosis under high shear rates. Antiplatelet drugs induce only a 

moderate relative risk reduction after atherothrombosis. However, the 

inhibitor potencies of P2Y12 and GPIIb/IIIa inhibitors or the irreversible 

cyclooxygenase inhibitor acetylsalicylic acid are attenuated when 

VWF levels are increased. VWF levels rise after desmopressin or 

endotoxin infusion which can be used to model VWF inhibition in 

patients with increased VWF levels. 

Methods: We studied the ex vivo concentration  – effect curves for the 

third-generation anti-VWF aptamer BT200 on VWF activity, platelet 

function under high shear rates, and ristocetin-induced platelet 

aggregation before and after desmopressin or endotoxin challenges 

in placebo controlled trials. 

Results: Desmopressin infusion increased VWF levels almost 3-fold 

and endotoxin infusion more than 2.5-fold (p < 0.001) and both 

elevated circulating VWF activity. Desmopressin enhanced shear-

dependent platelet plug formation but less ristocetin-induced platelet 

aggregation. At baseline, median concentration of 0.5  – 0.6 µg/ml 

BT200 reduced VWF activity to 20  % of normal which increased more 

than 2-fold to 1.3 µg/ml 2 h after desmopressin or endotoxin infusions 

(p < 0.05). BT200 concentrations of 0.6 µg/ml prolonged collagen-

ADP closure times (CADP-CT) to a maximum of 300 s before desmo-

pressin, and 1 µg/ml was needed 2 h after desmopressin infusion. 

Discussion: Both challenges elevated VWF levels representative for 

thrombotic or proinflammatory conditions such as arterial thrombosis. 

Even under these conditions, BT200 potently inhibits VWF activity 

and VWF-dependent platelet function. 
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Background: Congenital insensitivity to pain (CIP) syndromes are a 

group of rare genetic disorders of the peripheral nervous system 

(PNS) marked by the inability to perceive painful stimuli due to 

dysfunctional or absent sensory neurons within dorsal root ganglia 

(DRG). We, and others, have recently reported mutations in methyl 

transferase PR-domain containing member 12 (PRDM12) to cause a 

novel type of autosomal recessive CIP syndrome [1, 2]. We showed 

that PRDM12 is a key regulator of sensory neuronal specification in 

Xenopus leavis and necessary for nocifensive behavior of Drosophila 

melanogaster. Mutations in PRDM12 cause structural instability to 

the protein resulting in large aggregates in the nucleus. Subse-

quently, we reported that PRDM12 is expressed in the PNS early 

during development in mice and is required for directing nociceptor 

specification by regulating TrkA expression [3]. Early developmental 

ablation of PRDM12 expression leads to a marked reduction of DRG 

volume, and a complete absence of TrkA+ sensory neurons. 

Methods: Well-established cellular, molecular, behavioral and 

electrophysiological assays were employed in temporal and spatially 

restricted developmental (PRDM12fl/fl, Avil-Cre) and inducible 

(PRDM12fl/fl, Brn3a-CreERT2 or PRDM12fl/fl, R26-CreERT2) genetic 

mouse models to delineate the function of PRDM12 in pain 

perception. 

Results: We find that PRDM12 is expressed in a specific subtype of 

nociceptors within the DRG. In both developmental and adult 

PRDM12-deficient mice, electrophysiological and behavioral assays 

reveal a complete absence of pain perception. Furthermore, we 

report evolutionary conserved downstream targets of PRDM12 in 

human patient fibroblasts, and validate them in D. melanogaster and 

mouse models of nociception. 

Discussion: We conclude that PRDM12 is required for nociceptor 

outgrowth and function during development, and for pain perception 
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in adulthood. PRDM12-dependent transcriptional program and func-

tion differs during development and adulthood, making it an attractive 

therapeutic pain target. 
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Background: The paracetamol metabolite NAPQI reduces neuronal 

excitability in first- and second-order neurons of the pain pathway. 

This effect is mediated by an increased activity of KV7 channels. 

NAPQI is a cysteine-modifying reagent and cysteine modification of 

KV7 channels is known to increase currents through KV7 channels. 

The aim of the study is to identify if cysteine modification of KV7 by 

NAPQI is responsible for the reported increase of KV7 currents. 

Methods: Various subtypes of KV7 channels (KV7.2 to KV7.5) were 

heterologously expressed and recorded in the perforated voltage-

clamp mode. Cells were clamped to −30 mV and once every 15 s the 

cells were hyperpolarized to −80 mV for time-course experiments. A 

baseline, in presence of 0.1 % DMSP was recorded for 2 min, 

thereafter NAPQI was applied for 10 min followed by a wash-out of  

5 min and subsequent application of XE991. Activation curves were 

recorded between −150 mV and +50 mV, and the current levels at a 

fixed voltage of +60 mV were evaluated. Three activation curves per 

cell were recorded, one in presence of solvent (DMSO 0.1  %), one 

after 3 min of NAPQI application and one after 10 min of NAPQI 

application. NAPQI-mediated effects were tested on wt and mutated 

KV7 channels. 

Results: Currents through KV7.3 channels remained largely unaffect-

ed, but currents through KV7.2, KV7.4 and KV7.5 channels were 

increased by NAPQI-application. The activation curves of the latter 

KV7 channel subtypes were left-shifted and maximal current levels 

were increased. Mutation of a conserved triple-cysteine stretch in the 

S2 – S3 linker region prevented the effects mediated by NAPQI. 

Discussion: The conserved module of three subsequent cysteine 

residues was previously demonstrated to be involved in the oxidation-

mediated current increase. Here, we conclude that covalent modifica-

tion of three cysteine residues is crucial for the effects of NAPQI on 

KV7 channels. 
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Background: Epilepsy is one of the most common neurological 

group of disorders, affecting 0.5  –1 % of the population worldwide,  

of which about one third suffers from pharmacoresistant seizures. 

Within these, emerging groups are the epilepsies in which seizures 

develop due to the development of encephalitis, so the infiltration of 

cells of the adaptive immune system in the central nervous system 

(CNS). The activation of the immune system often leads to a lowered 

seizure threshold [1]. Here, we analyzed the interaction of the 

adaptive and the innate immune system in the CNS to elucidate  

the role of inflammation in seizure generation in human patients.  

We investigated Rasmussen’s encephalitis (RE), which is a prime 

example of T cell-mediated encephalitis with pharmacoresistante 

epilepsy [2, 3]. RE is a fascinating condition since both seizures and 

inflammation only are seen in one of two hemispheres. Although the 

role of T cells in neurodegeneration in RE has been analysed in 

detail, not much is known regarding the role of the innate immune 

system. Moreover, the inflammatory profile of other pharmacoresis-

tant epilepsies, such as epilepsies with cortical malformations (i. e. 

focal cortical dysplasia (FCD) type IIa and IIb, as well as tuberous 

sclerosis (TSC)) has not been analysed in detail. 

Methods: We performed whole-genome transcriptome studies of  

17 RE, 5 FCD IIa, 6 FCD IIb and 6 TSC patients and compared them 

to age-matched controls. We further validated our data by qPCR and 

immunohistochemistry. 

Results: In RE, we could show a broad upregulation of inflammatory 

pathways, ranging from interferon signalling, to T cell receptor 

signalling and major histocompatibility complex (MHC)-I signalling. 

We could validate our data by immunohistochemical analysis of the 

human tissue by staining for key proteins in the inflammatory 

cascade, such as caspase 1, interleukin 1β, interleukin 18 and toll-

like receptor 7. We could show that the innate immune system 

actively recruits the T cells into the CNS, where they then exert their 

detrimental neurodegenerative effect [4]. In FCD IIa, FCD IIb and TSC 

we found differentially expressed pathways pointing towards a 
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different epigenetic profile of the three diseases compared to 

controls, as also recently described by Kobow et al. [5]. Moreover, in 

FCD IIa, kainate receptor signalling was significantly downregulated 

compared to controls. Further, in FCD  IIb and TSC we found a 

significant upregulation of inflammatory pathways. However, 

compared to RE the inflammation was moderate, with MHC-I-related 

pathways being more upregulated in FCD  IIb and MHC-II-related 

pathways more prominent in TSC. In histopathological evaluation of 

T-cell subsets we could show a significant increase of CD3+ T cells 

in areas of cortical malformations compared to control areas of the 

same patients in TSC. Further, pathways linked to oxidative stress 

and heavy metal processing are highly upregulated in TSC and 

FCD IIb. Interestingly, in all three diseases the non-protein-coding 

transcriptome was highly represented, most prominently the small 

nucleolar RNA, C/D box species, which have been shown to be 

involved in methylation of other RNAs and alternative splicing [6]. 

Discussion: We will now further deepen our analysis of the whole-

genome transcriptome data, and validate the differentially expressed 

pathways. Moreover, we will investigate the role of the small nucleolar 

RNA species and if they effect the pro-epileptogenic processes. This 

in-depth analysis will shed light into the different pathomechanisms 

of drug-resistant epilepsies. 
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Background: Parkinson’s disease (PD) therapy currently depends 

on symptomatic treatment strategies and lacks protective or regen-

erative approaches that can slow down or stop disease progression. 

Glial cell line-derived neurotrophic factor (GDNF) was shown to 

protect dopaminergic neurons of substantia nigra (SN), which 

typically degenerates in PD, in in vitro and in vivo models. However, 

clinical trials of GDNF largely failed, which implies a need for novel 

drug delivery methods that provide long and targeted release. Bio-

degradable and biocompatible collagen scaffolds can be a suitable 

option for GDNF delivery to the brain in PD. 

Methods: We used organotypic brain slice cultures from P9 –11 

C57BL/6 pups to test neuroprotection of GDNF released from 

collagen scaffolds in different models. In order to induce dopamin-

ergic cell death, we utilized axotomy as well as the neurotoxins 

rotenone (50 nM, 14 days) and 6-OHDA (5 mM, 10 min). Collagen 

was crosslinked with polyethylene glycol, loaded with GDNF and 

drops of 2 μl collagen scaffold containing 10 ng GDNF were directly 

placed onto organotypic brain slices. Sections were fixed and stained 

with antibodies against tyrosine hydroxylase (TH) after 2 weeks of 

culture and the numbers of dopaminergic neurons in SN and ventral 

tegmental area (VTA) were compared, besides western blot and qRT-

PCR analysis. 

Results: TH+ dopaminergic neurons survived well in organotypic 

brain slice over 2 weeks in culture (420 ± 60 in SN and 189 ± 35 in 

VTA). Rotenone and 6-OHDA caused significant cell death in SN 

(77 ± 53 and 35 ± 10, respectively). Collagen scaffolds loaded with 

GDNF significantly protected dopaminergic SN neurons against 

axotomy and rotenone-induced cell death and showed a tendency of 

neuroprotection in 6-OHDA lesions. In the axotomy model GDNF 

(100 ng/ml in medium) markedly enhanced TH expression, which was 

verified by western blot and qRT-PCR. 

Discussion: Our results indicate that collagen scaffolds have the 

potential to become a useful therapeutic tool for the targeted delivery 

of GDNF in order to provide neuroprotection in Parkinson’s disease. 
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Background: Voltage-gated calcium channels (VGCC) play impor-

tant roles in the central nervous system (CNS). The auxiliary α2δ 

subunits of VGCCs modulate membrane trafficking, current proper-

ties, synaptic transmission and synapse formation. Four genes 

(Cacna2d1– 4) encode for α2δ subunits (α2δ-1 to α2δ-4) out of which 

https://doi.org/10.1016/j.neuropharm.2012.04.004
https://doi.org/10.1002/ana.10100
https://doi.org/10.1038/ncomms11153
https://doi.org/10.1007/s00401-019-01958-5
https://doi.org/10.1111/epi.14934
https://doi.org/10.1073/pnas.1519292113
mailto:christian.humpel@i-med.ac.at
http://doi.org/10.25006/IA.7.S1-A2.11
mailto:gerald.obermair@i-med.ac.at
http://doi.org/10.25006/IA.7.S1-A3.1


Intrinsic Activity, 2019; 7 (Suppl. 1) Meeting Abstracts: Joint Meeting of ANA and APHAR 2019 

 

© 2019 Intrinsic Activity, ISSN 2309-8503; Austrian Pharmacological Society (APHAR)   page 10 of 40 (not for citation purpose) 

three isoforms are expressed in the brain. The fourth isoform, α2δ-4, 

is specifically expressed in photoreceptor cells of the retina. In 

photoreceptor cells, α2δ-4 has an attributed role in establishing and 

maintaining the specialized ribbon synapse and mutations of α2δ-4 

cause structural and functional abnormalities. By employing an α2δ 

triple knock-out neuronal culture system and reintroducing any of  

the three brain α2δ subunits, our group was able to show that α2δ 

subunits have an essential but highly redundant role in glutamatergic 

synapse formation [Schöpf et al., submitted]. Moreover, their aberrant 

expression can account for alterations in synaptic wiring and the 

formation of mismatched synapses [1]. Here we aimed to compare 

the subcellular localization and the synaptogenic potential of the 

retinal L-type with the brain non-L-type α2δ subunits in cultured 

hippocampal neurons. Comparison of α2δ-4 with the other neuronal 

α2δ isoforms will reveal whether α2δ subunits share redundant 

functions or whether the cell type and / or calcium channel complex 

defines their roles. 

Methods: We first characterized the neuronal surface localization of 

α2δ-4 and the synapse composition under α2δ-4 overexpression. To 

this end we used cultured hippocampal wildtype neurons as 

expression system for extracellular epitope-tagged α2δ subunits and 

performed high-resolution immunofluorescence analysis. 

Results: Using a 2HA-tagged α2δ-4 construct we were able to show 

that α2δ-4 is expressed at the neuronal surface, specifically in axons, 

dendrites and, importantly, at presynaptic terminals. Intriguingly, and 

in contrast to the other α2δ isoforms, it is predominantly located in the 

perisynaptic membrane around a central synapsin cluster. In contrast 

to overexpressing α2δ-2, α2δ-4 did not affect pre- and postsynaptic 

differentiation and did not induce mismatched synapse formation. 

Discussion: In the next step we will test whether expression of α2δ-4 

can rescue the defect in synapse formation in our α2δ subunit triple 

knockout model. This will ultimately reveal the synaptic potential of 

α2δ-4 and contribute to our understanding of basic neuronal 

processes. At present, the perisynaptic localization of α2δ-4 as well 

as the absence of mismatched synapse formation upon overexpres-

sion suggest a functional heterogeneity of α2δ subunit isoforms that 

may require cell- or channel-type-specific mechanisms. 
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Background: Signal transducer and activator of transcription 3 

(STAT3), a multifunctional regulator of transcription, is expressed in 

two alternatively spliced isoforms, full-length STAT3α and truncated 

STAT3β. Although formerly postulated as a dominant negative 

regulator, STAT3β has been attributed with STAT3α-independent 

functions and recently gained attention as a potent tumor suppressor 

in cancer. In acute myeloid leukemia (AML), STAT3 is frequently 

constitutively activated; however, the functions of STAT3 isoforms 

are unknown. Thus, the objective of this study was to gain improved 

understanding of STAT3β and its specific role in AML. 

Methods: Samples, derived from AML patients at diagnosis, were 

analyzed for the STAT3β / STAT3α mRNA expression ratio and its 

correlation with clinical prognosis and overall survival. In addition, an 

inducible Stat3β transgenic mouse model was crossed with Pten-

deficient mice, as a pre-described model for AML. In a second AML 

model, fetal liver-derived stem cells from Stat3β transgenic mice and 

wild-type littermates, transduced with an MLL-AF9 translocation, 

were transplanted in immunocompromised NOD scid gamma mice. 

Results: Here, we demonstrate a correlation between higher 

STAT3β / STAT3α ratios in patient-derived AML samples and a 

favorable clinical prognosis as well as increased overall survival. In 

two separate AML mouse models, elevated levels of Stat3β resulted 

in severely reduced leukemogenesis, delayed leukemic infiltration 

and prolonged survival. Additionally performed RNA-seq analysis 

revealed a small set of genes that are specifically up- or down-

regulated in Stat3β transgenic AML blasts. In particular, genes 

associated with cell-surface interactions at the vascular wall and 

mobilization were found to be regulated by STAT3β, e. g. Sell 

(L-selectin). In vitro, the antibody-mediated blocking of SELL 

successfully extinguished initial differences in colony-formation 

assays with Stat3β transgenic blasts. 

Discussion: In conclusion, these findings indicate that STAT3β can 

serve as an anti-tumorigenic molecule and tumor suppressor in AML 

mouse models via the tumor-intrinsic regulation of novel target genes. 

Furthermore, the STAT3β / STAT3α mRNA expression ratio in AML 

patients correlates with clinical outcome and hence demonstrates 

potential as a future prognostic marker and might help to shape new 

treatment strategies. 
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Background: Alzheimer’s disease (AD) is a neurodegenerative 

disease and the most common form of dementia. It is largely 

recognized that AD is a multifactorial and complex pathology, but its 

exact aetiology remains elusive. In the last years, increasing 

evidence suggests that platelets might contribute to AD pathology, 

particularly in the onset and development of cerebral amyloid 

angiopathy (CAA). Nevertheless, it remains unclear whether platelets 

might as well have a role in AD independent of CAA. To better 

comprehend the potential involvement of platelets in AD pathology, 

we investigated the spatial distribution of platelets within the brain as 

well as the activation status and morphology of circulating platelets in 

APP Swedish PS1 ΔE9 mice (APP-PS1), an AD transgenic mouse 

model with a severe amyloid plaque formation but no CAA pathology. 

Methods: Platelet spatial location in relation to cerebral blood 

vessels was assessed by immunohistochemistry in brain tissue of 

14-months-old APP-PS1 mice and wild-type (WT) age-matched 

control animals. Characterization of platelet morphology and activa-

tion status was performed in blood isolated platelets by transmission 

electron microscopy and flow cytometry, respectively. 

Results: In APP-PS1 mice, a significantly higher percentage of 

platelets was observed outside the cerebral blood vessels in 

comparison with WT age-matched controls. In the brain, APP-PS1 

platelets displayed typical features of platelet activation, i. e. expres-

sion of CD62P activation marker and membrane elongations, and 

were observed in tight interaction with astrocytes. Importantly, 

platelets in the bloodstream of APP-PS1 mice were already activated. 

Moreover, compared to WT platelets, APP-PS1 circulating platelets 

had significantly smaller surface area and presented abnormalities at 

the ultrastructural level, showing a trend towards an enlarged open 

canalicular system (OCS). 

Discussion: These results demonstrate that platelets in the context 

of AD are activated, extravasate and invade the brain. Whether 

platelets have a beneficial or a detrimental function in AD brains 

remains completely unknown, but these findings certainly provide a 

base for future developments. 

Acknowledgements: This study was supported by the Austrian 

Science Fund (P24734-B24), the PMU Rise Project (PMU-FFF) 

(R17/04/097-KNI) and the PMU postgraduate students support 

program DISCITE! (D-19/01/008-BES). 

Keywords: platelets – Alzheimer’s disease – ageing – vascular 

pathology 

A3.5 

Nogo receptor (NgR) – signalling is required for the 

maintenance of the structural integrity of mouse fungiform and 

circumvallate taste buds 

Dominik BRÜCK1, Maja KLOSE1, Sandrine DUBRAC2 and Christine 

BANDTLOW1,* 

1Division of Neurobiochemistry, Biocenter, Medical University of 

Innsbruck, Austria; 2Department of Dermatology, Venereology and 

Allergology, Medical University of Innsbruck, Austria 

*E-mail: christine.bandtlow@i-med.ac.at 

Intrinsic Activity, 2019; 7 (Suppl. 1): A3.5 

doi.org/10.25006/IA.7.S1-A3.5 

Background: Taste bud (TB) cells are constantly renewed and 

therefore require continuous re-establishment of connections 

between existing ganglion processes and newly born taste cells in 

order to maintain proper taste cell  – neuron connectivity and taste 

homeostasis. How this re-wiring system is precisely established is 

unknown, but first lines of evidence suggest that attractive and 

repulsive molecules within the TB may play important roles. We 

recently discovered that the Nogo66 receptors (NgRs), which restrict 

axonal arborization and structural plasticity are expressed by 

geniculate and trigeminal neurons during the period of chemosensory 

innervation. Additionally, we found NgRs and their corresponding 

ligands being expressed in lingual proliferative active keratinocytes 

(K14), which are crucial in taste cell replenishment. Here, we attempt 

to expand upon these findings by investigating the role of NgR 

signaling in the maintenance of taste buds. 

Methods: In situ hybridization (ISH) was performed to determine 

NgR1/2 mRNA expression in the geniculate ganglion and TBs. 

Furthermore, characterization of geniculate ganglion morphology, 

neuronal quantification, TB volume and taste papillae innervation 

pattern was analysed by immunohistochemistry (IHC) on age-

matched wild-type and NgR1/2-DKO animals. Terminal deoxynucleo-

tidyl transferase dUTP nick end labeling (Tunel) was performed to 

determine apoptotic rates in the tongue epithelia. Normally distributed 

data were analysed using the parametric unpaired Student ’s t-test. 

The non-parametric Mann–Whitney U test was used if the data did 

not fit a normal distribution. Significance was taken as p < 0.05 with a 

confidence interval of 95 %. Data are presented as mean ± standard 

deviation. 

Results: Genetic elimination of NgR1/2 caused severe progressive 

changes of TB structure. While total number of TBs were unchanged, 

TB volume and taste cell number of mutant p5 – p21 fungiform (FF) 

and circumvallate (CV) papillae in the anterior and posterior tongue 

were significantly reduced by ~ 30 %. NgR1 and NgR2 ablation lead 

to significantly reduced number of FF 35  % and CV 23 % type-I TB 

cells. Furthermore, we could show significantly diminished FF and CV 

TB innervation at p5 by ~  15 %, whereas p21 FF and CV TBs did show 

reduced TB innervation by 17  % and 9 %, respectively. No apparent 

changes of apoptotic rates (Tunel+) in the tongue epithelia were 

detectable in p21 FF papillae. However, the proliferation marker Ki67 

did show a significant proliferation reduction in p21 NgR1/2−/− mutants 

in FF 20 % and filiform papillae 23 % and the number of sonic 

hedgehog-expressing (Shh+) cells, being important for taste cell 

renewal and differentiation in the TBs, was significantly decreased by 

23 %. 

Discussion: These data suggest that NgR signaling is important for 

taste bud development and / or maintenance. Downregulated basal 

cell proliferation in the perigemmal area affects the replenishment of 

intermediate Shh+ basal cells in TBs and further results in a loss of 

taste cell numbers and subsequently in smaller TBs. In addition, 

reduced innervation and proliferation rates play a synergistic effect in 

NgR1/2 double mutants leading to a smaller TB size. Further in vitro 

studies are necessary to investigate the underlying molecular 

mechanisms of how NgR signaling affects cell proliferation rate of 

tongue keratinocytes. 
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Background: The interaction of neurogenic and inflammatory 

processes contributes to the pathogenesis of inflammatory bowel 

disease (IBD). The regulatory peptide galanin (GAL) is widely 

distributed and mediates its effects via three G protein-coupled 

receptors (GAL1–3). GAL and GAL1–3 receptors are expressed in 

different immune cells and GAL is able to modulate immune cell 

function in vitro. In acute trinitrobenzenesulfonic acid (TNBS)-induced 

colitis GAL treatment improved mucosal damage and in dextran 

sulfate sodium (DSS)-induced colitis GAL increased colonic fluid 

secretion. Here, we use GAL2-KO and GAL3-KO mice to evaluate the 

role of these receptors in IBD. 

Methods: 8 –12-weeks-old mice [GAL3-KO, GAL2-KO and corre-

sponding wild types (WT); n = 9 –11] were treated for 7 days with 2 % 

DSS added to the drinking water. At day 7 of treatment a disease 

activity score (DAS), including loss of body weight, stool consistency 

and presence of blood in the perianal region, was calculated. 

Intestinal inflammation was evaluated by semiquantitative scoring of 

HE stainings. The fecal microbiota was determined in cecal feces by 

qPCR applying species-, genera- or group-specific 16S rRNA gene 

primers. 

Results: The DAS was significantly elevated in all DSS-treated 

animals compared to controls, independent of the genotype. While 

GAL2-KO and corresponding WT lost a similar amount of body weight 

over the course of 7 days, GAL3-KO lost significantly more body 

weight on days 5  – 7 compared to WT. In the colon of GAL3-KOs 

significantly higher MPO levels were found compared to WT. 

Semiquantitative scores evaluating the intestinal architecture and 

inflammatory cell infiltrate showed a significantly exacerbated 

inflammation in the colon of GAL3-KOs compared to WT. Accordingly, 

the cytokines IL-1β, IL-6, IL-17A, IL-22, CXCL1, CCL2 and TNFα 

were significantly higher in the inflamed colon of GAL3-KOs compared 

to DSS-WT. Additionally, colitic GAL3-KO showed significantly higher 

protein levels of IL-6, CXCL1 and CCL2 in plasma compared to WT. 

DSS-treatment was accompanied by significantly higher gene 

numbers of enterobacteria, lactobacilli and bacteroides in all 

genotypes compared to healthy controls. However, DSS-GAL3-KO 

exhibited significantly more enterobacteria and bifidobacteria 

compared to DSS-WT. 

Discussion: The course of DSS-induced colitis in mice remains 

unaffected by lack of GAL2 but is influenced by loss of GAL3. Although 

the clinical severity of DSS-induced colitis develops independent of 

GAL3 expression, increased loss of body weight, a more severe 

intestinal inflammation, increased MPO content, higher inflammatory 

cytokine mRNA and protein levels in colon and plasma and elevated 

microbiota gene numbers clearly show an aggravated course of DSS-

induced colitis in GAL3-KO mice. Consequently, we identified GAL3 

as a novel target in the treatment of IBD. 
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Background: The transmembrane voltage is offset from that at the 

bulk solutions due to fixed charges at the membrane surface. The 

major source of these charges are phospholipid headgroups, but also 

charged residues of proteins that face the aqueous solution can 

contribute. We recently have shown that binding of charged ligands 

to membrane proteins result in a change in transmembrane voltage 

that can be monitored by capacitance measurements. It is conceiv-

able that also rearrangement of solvent-accessible charged residues, 

as can occur in conformational transitions, change the surface 

potential. 

Methods: We tested this hypothesis on the serotonin transporter 

(SERT) by using a multi-disciplinary approach in which structural and 

functional data were linked by a mathematical model. For this, the 

number of water-accessible charges of SERT for different con-

formational states were counted and fed into a kinetic model of the 

SERT transport cycle. By that we were able to calculate the time-

dependent change of the inner and outer net surface charge densities 

during the transport cycle. This allowed us to simulate the expected 

apparent capacitance changes, which were cross-validated by 

experimental data. 

Results: The generated in silico data predicted an apparent change 

in membrane capacitance consisting of two components: a transient 

decrease that is followed by an overshoot in membrane capacitance 

upon initiation of the transport cycle by serotonin. A similar signal 

pattern was seen in experimental data that was comparable in size 

and shape. Thus, the complex capacitance signal of the SERT 

transport cycle derives mainly from changes in surface potential due 

to conformational transitions. 

Discussion: Here we show that capacitance measurements can be 

used to study conformational rearrangements that have an impact on 

the surface potential. We propose that in combination with kinetic 

models it might serve as a useful tool to bridge the gap between 

functional and structural information. 
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Background: Immature neuronal populations can be found in the 

adult mammalian brain. In addition to the new neurons generated in 

the proliferative neurogenic niches, non-proliferative immature 

neurons can be detected in various structures, such as the piriform 

cortex. We recently demonstrated that non-proliferative immature 

neurons become in a stochastic manner structurally mature. The 

extent of functional maturation and integration of these non-

proliferative neuronal precursors in the adult murine piriform cortex is 

largely unexplored. We thus questioned whether neuronal precursors 

eventually become equivalent to neighboring principal neurons upon 

integration or whether they represent a novel functional network 

element. 

Methods: Adult brain neuronal precursors and immature neurons 

(complex cells) were labeled in transgenic mice (DCX-DsRed and 

DCX-CreERT2 / flox-EGFP) and their electrophysiological properties 

were characterized with patch clamp experiments on acute brain 

slices. Additional reporter mice were perfused with 4  % paraformal-

dehyde to allow for immunohistological and morphometric analyses 

of the newly mature neurons and their axon initial segments. 

Results: Young complex cells in the piriform cortex of two- to four-

months-old mice received only sparse synaptic input and fired action 

potentials at low maximal frequency, resembling neonatal principal 

neurons. Following maturation, the synaptic input detected on older 

complex cells was larger, but predominantly GABAergic, despite 

evidence of glutamatergic synaptic contacts. Furthermore, the 

rheobase current of old complex cells was larger and the maximal 

firing frequency was lower than those measured in neighboring age-

matched principal neurons. 

Discussion: The striking differences between principal neurons and 

complex cells suggest that the latter are a novel type of neuron and 

new coding element in the adult brain rather than simple addition or 

replacement for preexisting network components. In our upcoming 

research, exploring the network connectivity of complex cells and the 

neuromodulation controlling their rate of maturation will allow 

understanding their functional role for adult brain networks. 
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Background: Ivabradine lowers the heart rate by inhibition of 

hyperpolarisation-activated cyclic nucleotide-gated (HCN) channels 

mediating the ‘funny’ pacemaker current If in the sinoatrial node. It is 

clinically approved for the treatment of heart failure and angina 

pectoris. Due to its proposed high selectivity for If, administration of 

ivabradine is not associated with the side effects commonly observed 

following the application of other heart rate-lowering agents. Recent 

evidence, however, has shown significant affinity of ivabradine 

towards human KV11.1 (human ether-a-go-go-related gene, hERG) 

potassium channels. Despite the inhibition of KV11.1 channels by 

ivabradine, cardiac action potential (AP) duration and heart rate-

corrected QT interval (QTc) of the human electrocardiogram were not 

prolonged. We thus surmised that compensatory mechanisms might 

counteract the drug’s inhibitory action on KV11.1. 

Methods: The effects of ivabradine on human KV11.1 and KV7.1 

potassium, CaV1.2 calcium, and NaV1.5 sodium channels, heterolo-

gously expressed in tsA201 cells, were studied in the voltage-clamp 

mode of the whole-cell patch-clamp technique. In addition, changes 

in action potential parameters of human induced pluripotent stem cell 

(iPSC)-derived cardiomyocytes upon application of ivabradine were 

studied with current-clamp experiments. 

Results: Ivabradine exhibits significant affinity towards cardiac ion 

channels other than HCN. We demonstrate for the first time inhibition 

of human voltage-gated NaV1.5 sodium channels at therapeutically 

relevant concentrations. Within this study we also confirm recent 

findings of human KV11.1 inhibition by low μM concentrations of 

ivabradine and observed no prolongation of ventricular-like APs in 

cardiomyocytes derived from iPSCs. 

Discussion: Our results provide an explanation why ivabradine, 

despite its affinity for KV11.1 channels, does not prolong the cardiac 

AP and QTc interval. Furthermore, our results suggest the inhibition 

of voltage-gated NaV1.5 sodium channels to underlie the recent 

observations of slowed atrioventricular conduction by increased 

atrial – His bundle intervals upon administration of ivabradine. 
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Keywords: ivabradine – S16257 – human – cardiac ion channels – 

induced pluripotent stem cells 

A3.11 

Dual role of CaV1.1 voltage-sensing domain I in determining 

kinetics and voltage dependence of calcium channel activation 

Yousra EL GHALEB1, Monica FERNÁNDEZ QUINTERO2, Petronel 

TULUC3, Marta CAMPIGLIO1, Klaus R. LIEDL2 and Bernhard 

E. FLUCHER1,* 

1Division of Physiology, Medical University of Innsbruck, Austria; 
2Institute of Theoretical Chemistry, University of Innsbruck, Austria; 
3Department of Pharmacology and Toxicology, Institute of 

Pharmacy, University of Innsbruck, Austria 

*E-mail: bernhard.e.flucher@i-med.ac.at 

Intrinsic Activity, 2019; 7 (Suppl. 1): A3.11 

doi.org/10.25006/IA.7.S1-A3.11 

Background: Voltage-gated calcium channels (CaV) consist of four 

homologous but non-identical repeats (I, II, III, IV), each containing a 

separate voltage-sensing domain (VSD) arranged around the 

common channel pore. Within each VSD the positive gating charges 

(K0, R1, R2, R3, R4) in the transmembrane helix S4 sequentially 

interact with negative counter-charges in helices S2 and S3 to 

support the movement of the gating charges across the electrical field 

of the membrane and thus to activate or deactivate the channel. 

Changes in VSD-I typically result in an acceleration of the 

characteristically slow activation kinetics of CaV1.1, while VSD-IV 
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acts as critical determinant of the voltage-dependence of activation. 

Recently, we showed that a conservative amino acid substitution 

(R165K) of an outer gating charge (R1) in VSD-I resulted in a right-

shifted voltage dependence of activation, without changing its 

kinetics. This indicated a cooperativity of VSDs I and IV in determin-

ing the voltage dependence of CaV1.1 channel gating. Here, we 

examined the molecular mechanism by which VSD-I of CaV1.1 

controls voltage sensitivity and kinetics of channel activation. 

Methods: Structure modeling of CaV1.1 predicted putative ion-pair 

interaction partners of VSD-I gating charges with negative counter-

charges in S2. The functional relevance of these residues was tested 

experimentally using site-directed mutagenesis and whole-cell patch 

clamp analysis of channels reconstituted in dysgenic myotubes. 

Results: Two glutamates at the extracellular end of the IS2 trans-

membrane helix were predicted to form ion pairs with the gating 

charges R3, R2, and R1 sequentially during the activation process. 

Mutating both of these residues (E87A, E90A) resulted in a striking 

acceleration of the activation kinetics as well as in a 17 mV right-shift 

of the voltage dependence of activation (V½). Similar effects on V½ 

and kinetics were obtained when mutating only E90A. However, the 

single mutation of E87A only shifted V½ without accelerating kinetics 

of activation. 

Discussion: These results demonstrate a twofold role of VSD-I in 

regulating voltage dependence and kinetics of activations. Together 

with molecular dynamics simulation of CaV1.1 in resting and activated 

states (see accompanying poster by Monica Fernández Quintero [1]) 

the mutagenesis study suggests that ion-pair interactions stabilizing 

the activated state increase the voltage sensitivity of the VSD, 

whereas ion-pair interactions stabilizing resting states slow down the 

voltage-sensor movement and thus contribute to slow activation of 

CaV1.1 calcium currents. 

Acknowledgements: Support: Austrian Science Fund FWF (grant 

P 30402) and DOC-30 CaVX PhD program. 

Keywords: CaV1.1 channels – voltage gating – activation kinetics – 

voltage sensor – whole-cell patch clamp 

Reference 

1. Fernández Quintero M, El Ghaleb Y, Tuluc P, Campiglio M, Liedl KR, 

Flucher BE: Structure modeling of CaV1.1 calcium channels reveals 

functional inter- and intradomain interactions involved in voltage 

sensing. Intrinsic Act, 2019; 7(Suppl. 1):A3.14.  

doi:10.25006/IA.7.S1-A3.14 

A3.12 

GABAA receptor subtype-selective loreclezole analogues 

targeting an α6-specific site 

Doris ENZ1, Thomas SEIDEL2, Vittorio PACE2, Thierry LANGER2, 

Petra SCHOLZE1, MARGOT ERNST3 and Xenia SIMEONE3,* 

1Department of Pathobiology of the Nervous System, Center for 

Brain Research, Vienna, Austria; 2Department of Pharmaceutical 

Chemistry, University of Vienna, Austria; 3Department of Molecular 

Neurosciences, Center for Brain Research, Vienna, Austria 

*E-mail: xenia.simeone@univie.ac.at 

Intrinsic Activity, 2019; 7 (Suppl. 1): A3.12 

doi.org/10.25006/IA.7.S1-A3.12 

Background: γ-Aminobutyric acid type A (GABAA) receptors are 

pentameric GABA-gated chloride channels that are, in mammalians, 

drawn from a repertoire of 19 different subunits. The existence of this 

wide variety of subunits as well as their diverse assembly into 

different subunit compositions result in miscellaneous receptor sub-

types. In combination with the large number of known and putative 

allosteric binding sites, this leads to a highly complex pharmacology. 

Putative binding sites for loreclezole, an experimental anticonvulsant, 

were described to exist in the transmembrane domain (TMD) of some 

GABAA receptor subtypes. During the past years, the α6 subunit 

raised interest thanks to its highly specific expression pattern in the 

central and peripheral nervous system and its possible involvement 

in sensorimotor gating, trigeminal nociception and depression. One 

of our aims is therefore the generation of α6-specific positive allo-

steric modulators. The second aim is to discover the binding site of 

such ligands. 

Methods: The methods used comprise computational compound 

design, chemical synthesis, pharmacological and mutational analysis 

with two-electrode voltage clamp in Xenopus laevis oocytes. 

Results: Four loreclezole analogues synthesized by our group 

showed a clear α6-over-α1 preference in αβγ-containing receptors. 

Given that the alpha isoforms differ in only one amino acid at the 

alpha minus side of the candidate pocket, we hypothesize that this 

amino acid may be responsible for the observed subtype preference. 

Additionally, the shape similarities between the α6-selective com-

pounds are significantly higher than the similarities of compounds that 

activate α1- and α6-containing receptors unspecifically. 

Discussion: The binding site with which loreclezole interacts with the 

GABAA receptor has never been utilized to develop ligands with 

selectivity for any alpha isoform. We found candidate compounds that 

could provide tool compounds for the detection of α6-containing 

receptor subtypes and the investigation of their abundance and 

distribution. Molecular shape might play a crucial role for subunit 

selectivity and needs to be considered for a successful design of α6-

selective compounds. On the long term, these molecules might be 

suited to treat some neuropsychiatric conditions. 
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Background: Members of the transporter family SLC6 translocate 

their cognate substrate together with Na+ and Cl−. Kinetic models 

exist for the transporters of GABA (GAT1 / SLC6A1) and the 

monoamines dopamine (DAT / SLC6A3) and serotonin (SERT / 

SLC6A4). We posited that the transport cycle of each SLC6 

transporter reflects the physiological requirements they operate 

under. We tested this hypothesis by analyzing the transport cycle of 

glycine transporter 1 (GlyT1 / SLC6A9) and glycine transporter 2 

(GlyT2 / SLC6A5). GlyT2 is the only SLC6 family member known to 

translocate glycine, Na+, and Cl− in a 1 : 3 : 1 stoichiometry. We aimed 

to identify partial reactions in real time by electrophysiological 

recordings. 

Methods: We transiently transfected GFP-tagged GlyT1b and 

GlyT2a in COS-7 cells and recorded glycine-induced currents in the 

whole-cell patch-clamp configuration. The cells were challenged with 

glycine utilizing a rapid application device which allowed for complete 

solution exchange within 100 ms. 
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Results: We found that both GlyTs have a high transport capacity 

driven by rapid return of the empty transporter, after releasing Cl− on 

the intracellular side. Highly cooperative binding of cosubstrate ions 

and substrate further enhanced rapid cycling in both isoforms so that 

their forward transport mode was maintained even under conditions 

of high intracellular Na+ or Cl−. Most importantly, differences in the 

transport cycle of GlyT1 and GlyT2 resulted from the kinetics of 

charge movement and the voltage-dependent rate-limiting reactions: 

GlyT1 kinetics were governed by transition of the substrate-bound 

transporter from outward- to inward-facing conformations, whereas 

GlyT2 kinetics were governed by Na+ binding (or a related conforma-

tional change). Kinetic modeling showed that the kinetics of GlyT1 

are ideally suited for supplying the extracellular glycine levels 

required for NMDA receptor activation. 

Discussion: Based on our data we conclude that GlyT1 and GlyT2 

operate under distinct kinetic rules. In addition to the established 

differences in their stoichiometry, this might be important to meet the 

specific requirements in astrocytes and neurons, respectively. 
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Background: Voltage-gated calcium channels (CaV) consist of four 

homologous but non-identical repeats (I, II, III, IV), each containing a 

separate voltage-sensing domain (VSD) arranged around the 

common channel pore. Within each VSD the positive gating charges 

(R1, R2, R3, R4) in the transmembrane helix S4 sequentially interact 

with negative counter-charges in helices S2 and S3 to support the 

movement of the gating charges across the electrical field of the 

membrane and thus to activate or deactivate the channel. Previously 

we identified an interaction of R1 and R2 with aspartate 1196 (D4) in 

S3 of the VSD-IV of CaV1.1 that is critical for modulation of voltage 

sensitivity and current density by alternative splicing in the IVS3  – S4 

linker. 

Methods: The structure of CaV1.1 [1] was modeled in a lipid environ-

ment and enhanced molecular dynamics (MD) simulations of VSDs  

I and IV were performed to identify resting states. Free energy maps 

and transition times were calculated using a Markov state model. 

Residues predicted to function as counter-charges in the activation  / 

deactivation process were examined using site-directed mutagenesis 

and voltage-clamp analysis. 

Results and discussion: An interaction with a glutamate (E216) in 

S5 of VSD-I that participates in the R1 / R2 – D4 interaction of VSD-IV 

was identified by structure modeling. Charge neutralization (E216Q) 

or substitution with alanine (E216A) in CaV1.1e caused a 7 mV and 

16 mV, respectively, right-shift of voltage dependence of activation 

and a 30 % reduction in current density. This effect is specific to the 

splice variant lacking exon 29 and is quantitatively in the same range 

as previously observed when R1, R2, or D4 were mutated. This 

finding indicates that a trans-domain interaction between repeats  

I and IV participates in the voltage-dependent gating and its modula-

tion by alternative splicing. Furthermore, structure models of CaV1.1 

in the activated and resting states show that the four VSD differ 

greatly regarding their intra-domain interactions, consistent with their 

specific contributions to CaV1.1 gating properties. In particular, we 

found that the gating charges (R1, R2, R3) of VSD-I form multiple 

sequential interactions with counter charges in the S2 helix. MD 

simulation indicated that these interactions stabilize S4 also in its 

resting states, and thus endow VSD-I with thermodynamics proper-

ties corresponding to its slow activation kinetics. These predictions 

were confirmed experimentally (see accompanying poster by Yousra 

El Ghaleb [2]) and allow devising the first mechanistic model to 

explain the current properties of a voltage-gated ion channel based 

on the molecular properties of its structurally and functionally distinct 

VSDs. 
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Background: Special AT-rich sequence-binding protein 2 (Satb2) is 

a highly conserved DNA‐binding protein that regulates higher-order 

chromatin configuration [1]. We have shown that Satb2 is required for 

late long-term potentiation (L-LTP) and long-term memory formation. 

We also showed that Satb2-dependent alterations in miRNA expres-

sion levels likely cause changes in the expression of synaptic 

plasticity proteins like Arc [2]. Recent RNA sequencing and quantita-

tive proteomics data from our lab suggest that differentially expressed 

genes and proteins in Satb2 CamKIICre conditional KO animals are 

enriched for GO terms related to receptor function, oxidative 

phosphorylation and peptide metabolism amongst others. Based on 

these Data we hypothesize that Satb2 is part of a nuclear machinery 

which provides a cell-wide functional homeostatic set point, via 

transcriptional / translational alterations and changes in the 3D 

chromatin loopscape. 

Methods: In order to understand the role of Satb2 in homeo- 

static mechanisms we established primary cortical cultures from 

Satb2Nes-Cre cKO and Satb2fl/fl mice and matured them for 13 days 

in vitro. To induce synaptic scaling, neurons were treated with the 

GABAA antagonist bicuculline (downscaling) or the sodium channel 

blocker TTX (upscaling) for 48 h, and AMPAR scaling was quantified 
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by immunoblotting and mEPSC measurements. Chronic glucocorti-

coid-mediated stress was investigated by applying the corticosteroid 

dexamethasone for 6 h and differential mRNA expression levels of 

glucocorticoid receptor (GR) and mineralocorticoid receptor (MR) 

were quantified. Mitochondrial O2 consumption rate was measured 

using the Agilent Seahorse XF Analyzer. 

Results: We were able to show that upon chronic network activation 

(bicuculline), protein levels of AMPAR subunits GluA1 and GluA2 are 

downregulated in Satb2fl/fl but not in Satb2Nes-Cre cKO neurons. 

Furthermore, we could show that scaling of mEPSC amplitudes upon 

chronic network activation (bicuculline) and silencing (TTX) seems  

to be impaired in Satb2Nes-Cre cKO neurons. Six hours treatment with 

the corticosteroid dexamethasone leads to an impaired negative 

feedback mechanism of the glucocorticoid receptor in Satb2Nes-Cre 

cKO neurons compared to Satb2fl/fl neurons. Preliminary respiratory 

measurements indicate for a potential role of Satb2 for maintaining 

functional oxidative phosphorylation  / mitochondrial function. 

Discussion: Taken together our findings show implications of Satb2 

for cell wide homeostatic mechanisms. Therefore we suggest a 

regulatory role of Satb2 not only for synaptic receptor function but for 

a broad variety of cell-physiological processes like glucocorticoid-

mediated stress response and mitochondrial respiration. 

Keywords:  cortical cultures – homeostasis – synaptic plasticity – 

oxidative phosphorylation – glucocorticoid – stress response 
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Background: Alzheimer’s disease (AD) is the most common form  

of dementia in the elderly. It is characterized mainly due to the  

deposition of extracellular amyloid beta (Aβ) plaques and the forma-

tion of intracellular neurofibrillary tangles (NFT). However, in more 

than 80 % of all cases also a comorbid deposition of Aβ within the 

vessel walls, known as cerebral amyloid angiopathy (CAA) is seen. 

Only a small percentage of both diseases is genetically determined, 

the much more common forms arise sporadically in the course of 

aging, affected by different life-style (vascular) risk factors. However, 

the problem in the currently offered experimental mouse models 

arises, that these models only represent the genetic and not the 

sporadic form of the diseases. 

Methods: The aim of the present study was therefore, to create  

and characterize a new mouse model of sporadic CAA and / or AD. 

We treated young C57BL/6 mice with different vascular risk factors 

for 35 or 56 weeks, which were lipopolysaccharide, social stress, 

streptozotozin, high cholesterol diet and copper in the drinking water. 

Furthermore, four behavioral tests were used to control cognitive 

changes (black-white box, classical maze, cheeseboard maze and 

plus-maze discriminative avoidance task). 

Results: The treated animals showed impaired learning, memory and 

executive functions as well as anxiety with increased age. Moreover, 

they showed increased plasma levels of cortisol, insulin, Interleukin-

1β, glucose and cholesterol. Confocal microscopy analysis revealed 

severe vessel damage already after 35 weeks of treatment. IgG-

positive staining points to a drastic blood  – brain barrier (BBB) disrupt-

tion and furthermore, cerebral bleedings were observed in a much 

higher amount in the treatment group. Interestingly, inclusions of 

beta-amyloid in the vessels indicated the development of CAA, but 

no deposition of beta-amyloid plaques and tau pathology in the brains 

were seen. 

Discussion: In summary, this study offers the first mouse model of 

sporadic cerebral amyloid angiopathy, delineated to an Alzheimer’s 

disease pathology. Therefore, new therapeutic strategies can be 

tested already in a very early stage of the disease. 
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Abstract: Vertebrate behavior is strongly influenced by light. 

Photoreceptors, encoded by opsins, are present inside the vertebrate 

brain and peripheral tissues. Their non-visual functions are largely 

enigmatic. We focus on tmt-opsin1b and -2, c-opsins with ancestral-

type sequence features, conserved across several vertebrate phyla 

and with partly similar expression. Their loss-of-function mutations 

differentially modulate medakafish behavior in a context-dependent 

manner. Specifically, differences in light conditions have differential 

effects depending on age and frequency of the light changes, part of 

which are mediated by TMT-opsin1b acting outside the eyes, while 

the pre-pro-hormone sst1b is regulated by daylength via TMT-

opsin1b in an eye-dependent manner. Analyses of tmt-opsin1b / tmt-

opsin2 double mutants reveals partial complementation of single 

mutant behavioral and molecular phenotypes. Our work starts to 

disentangle the highly complex interactions of vertebrate non-visual 

opsins, suggesting that tmt-opsin-expressing cells together with other 

opsins provide detailed light information to the organism for behav-

ioral fine-tuning. 
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Background: Echinocandins are the antifungals of choice for the 

treatment of invasive Candida infections. Data on echinocandin 

concentrations achieved in wounds are scarce. Therefore, we deter-

mined the penetration of echinocandins into wound secretion of adult 

critically ill patients. 

Methods: Five Austrian intensive care units (ICUs) located in 

Innsbruck, Vienna and Graz were involved. Patients were enrolled if 

they were treated with one of the three clinically used echinocandins 

(anidulafungin, micafungin or caspofungin) and had a wound drain-

age for therapeutic purpose. Wound secretion was collected as a 

single sample or, if possible, pre-dose, 1, 4, 8, 12, 18, and 24 hours 

following the start of infusion. At the same time, blood samples were 

drawn for comparison. Anidulafungin and micafungin concentrations 

were quantified by high-pressure liquid chromatography (HPLC) 

coupled with UV detection. Caspofungin concentrations were instead 

determined by HPLC combined with tandem mass spectrometry 

(MS/MS). 

Results: Twenty-two adult critically ill patients were enrolled into the 

study. Age of the patients was 64 (40  – 83) years and weight 77.5  

(46 –101) kg. Echinocandin levels in wound secretion amounted to 

0.70 (0.00 –1.94) mg/l for anidulafungin, 0.06 (0.00 –1.70) mg/l for 

micafungin and 2.19 (0.18  – 4.04) mg/l for caspofungin. In wound 

secretion, anidulafungin achieved 24  % (0 – 54 %), micafungin 17 % 

(1– 429 %) and caspofungin achieved 16 % (4 – 82 %) of the simul-

taneous plasma concentrations. Values are reported as median 

(range). 

Discussion: Echinocandin concentrations in wound secretion were 

highly variable, but in most of the samples considerably lower than 

the levels measured in plasma taken simultaneously. As the 

effectiveness of a therapy largely depends on the penetration of the 

drug into the site of infection, sub-therapeutic exposure should be 

taken into consideration when treating fungal wound infections with 

echinocandins. 
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Background: Auxiliary α2δ subunits modulate membrane expression 

and current properties of voltage-gated calcium channels (VGCCs) 

and have been implicated in synapse formation. Indeed, by employ-

ing a cellular α2δ triple knockout model in cultured hippocampal 

neurons, we could identify α2δ isoforms as redundant key regulators 

of glutamatergic synaptogenesis (Schöpf et al., submitted). However, 

their role in inhibitory synapses remained so far elusive. 

Hypothesis: Here we show that the specific expression of a single 

isoform, α2δ-2, in presynaptic glutamatergic terminals induces a mis-

matched localization of postsynaptic GABAA receptors (GABAARs). In 

theory, this puzzling observation may be explained by (1) a 

compensatory upregulation of postsynaptic GABAARs, (2) an active 

participation of presynaptic α2δ-2 in the transsynaptic anchoring of 

postsynaptic GABAARs, and (3) aberrant axonal wiring induced by 

presynaptic expression of α2δ-2. 

Methods: In order to distinguish between these hypotheses, primary 

mouse neuronal cultures were transfected with individual α2δ 

isoforms together with soluble eGFP. Using immunofluorescence and 

patch-clamp analysis the consequences of presynaptic α2δ expres-

sion on glutamatergic and GABAergic synapse composition and 

synaptic transmission were studied. 

Results: We show that presynaptic α2δ-2 increases postsynaptic 

GABAARs both in glutamatergic and GABAergic synapses. This effect 

is even stronger in hippocampal cultures lacking the prototypical cell-

adhesion molecules α-neurexins, which are tightly associated with 

neuronal VGCC functions. Therefore, while α-neurexins modulate the 

effect of presynaptic α2δ-2, they are not needed for recruiting 

GABAARs by α2δ-2. Importantly, employing high- and super-

resolution (gSTED) microscopy we demonstrate that presynaptic 

expression of α2δ-2 induces aberrant wiring of glutamatergic axons 

to GABAergic postsynaptic positions, resulting in altered synaptic 

transmission. Finally, using structure homology modeling and 

immunofluorescence analysis we identify a single splice region in 

α2δ-2 responsible for mediating the transsynaptic effect on GABAARs. 

Conclusion: Our results point towards an active involvement of α2δ-2 

in axonal wiring and the recruitment and  / or anchoring of postsynaptic 

GABAARs. Thus, the findings presented here provide novel insights 

into transsynaptic mechanisms and may explain how abnormal α2δ 

subunit expression can result in aberrant neuronal wiring associated 

with neurological disorders, including epilepsy and autism. 
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Background: The Insular cortex is a brain area involved in the 

representation of interoceptive information. Naqvi and colleagues 

showed in their study that patients with insular lesions quitted 

smoking and did not present any craving for cigarettes [1]. A growing 

body of evidence indicates that experimenter-controlled or adminis-

tered social interaction either outside or inside the testing cage can 

decrease drug reward and reinstatement or relapse [2]. Rats that 

chose socializing over drugs had decreased activation of the insular 

cortex [3]. In fact, social interaction changes the activity of specific 

neuronal circuits that control drug preference, craving and relapse. 

Methods: Pharmacological inhibition of anterior and posterior insular 

during cocaine place preference and sociability and social novelty. 

Results: We show that pharmacological inhibition of posterior insular 

cortex facilitates immediate and long-term (12 days) cocaine condi-

tioned place preference expression. And it also slightly increases 

social novelty. While pharmacological inhibition of anterior insular 

cortex has no significant effect on cocaine-conditioned place prefer-

ence or social preference and social novelty. 

Discussion: Recent work on the role of insular cortex on rodents 

demonstrates that reversible inactivation of posterior insular cortex, 

as well as its electrical stimulation decreased both nicotine self-

administration and reinstatement in rats. In contrary, Pelloux and 

colleagues showed that lesions of anterior part of insular cortex 

potentiate cocaine-seeking behaviours where rats underwent forced 

abstinence. Insular cortex was also recognized as a hub which 

integrates interoceptive signals associated with experience of drug. 

Moreover, it has been shown that cocaine properties include both 

hedonic and aversive effects. Recent findings on the role of posterior 

insular cortex indicate that the posterior insular cortex conveys 

aversive information to the amygdala which is crucial for context-

dependent learning. Our data suggest that inhibition of posterior 

insular cortex reduces the aversive component of cocaine which 

eventually facilitates the rewarding value of cocaine in the condi-

tioned place preference paradigm. 
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Background: Alzheimer’s disease (AD) is a severe neurodegenera-

tive disorder and early diagnosis of AD is essential to treat the 

disease as there appears to be no treatment benefit in the fully 

symptomatic stage. Progressive loss of mitochondrial function or 

defects in mitochondrial metabolism in the disease can lead to the 

generation of reactive oxygen species resulting in oxidation of 

membrane lipids and accumulation of toxic aldehydes such as 

4-hydroxy-2-nonenal (4-HNE) in the brain and blood. Additionally, 

4-HNE accumulates in the hippocampal region of patients with mild 

cognitive impairment and patients with early AD. 4-HNE adduction 

was also found on amyloid proteins and is thought to contribute to 

amyloid plaque formation in a later stage of the disease. The progres-

sive accumulation of amyloid plaques correlates with neurodegenera-

tion and subsequent atrophy of the affected brain regions. Therefore, 

a mechanism for rapid clearance of these highly diffusible and 

harmful aldehydes is crucial to protect cells and tissues from damage. 

In particular, ALDH2 plays a key role in oxidizing endogenous 

aldehydic products that arise from lipid peroxidation under oxidative 

stress. It is therefore possible that diminishing 4-HNE accumulation 

during the early stages of AD may reduce or prevent the disease 

progression. 

Methods: In this study, male transgenic APPSL mice and non-

transgenic littermates received either an ALDH2 activator or vehicle 

via the drinking water for the duration of four months. We performed 

behavioral tests, immunohistochemistry as well as untargeted NMR-

based metabolic phenotyping of all mice. In this approach, different 

behavioral tests like the Irwin test, elevated plus maze test, 

contextual fear conditioning test and Morris water maze test were 

performed to evaluate general health, anxiety as well as striatal and 

hippocampal learning, respectively. Immunofluorescent labeling with 

primary antibodies 6E10, GFAP, Iba-1 and NeuN are performed  

to quantify plaque load, neuroinflammation and brain atrophy. Un-

targeted NMR spectroscopy was conducted to monitor perturbations 

in a large pool of metabolites in serum and tissues like hippocampus, 

cortex, cerebellum or organs (liver, lung, spleen, heart, kidneys) and 

reflects changes downstream of genomic, transcriptomic and prote-

omic fluctuations. 

Results: Analysis of all animals in the Morris water maze test 

revealed a highly significant improvement in spatial learning of 

ALDH2 activator treated animals compared to vehicle treated 

animals. Furthermore, we will show histological analyses of the brain 

of these mice and possible metabolic changes in serum, urine, brain 

regions like hippocampus, cerebellum and cortex as well as organs 

analyzed by NMR-based metabolic phenotyping. These results will 

provide a first insight in the value of this ALDH2 activator for the 

treatment of AD. 

Discussion: By performing behavioral studies, immunofluorescent 

labeling and NMR-based metabolic phenotyping, we will show 

whether the ALDH2 activator can ameliorate AD symptoms in the 

APPSL transgenic mouse model and thus could be an effective drug 

against AD. 
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Background: Calcium is a major regulator of mitochondrial ATP 

synthesis. The Ca2+ influx during neuronal activity stimulates 

mitochondrial metabolism, which appears to provide a mechanism 

how the neurons cope with the energetic burden. However, little is 

known about any source specificity regarding the responsible 

cytosolic Ca2+ rises. One candidate for providing regulatory Ca2+ rises 

is the L-type family of voltage-gated calcium channels (LTCCs, or 

CaV1.x channels). 

Methods: In this study we investigated the impact of modulating 

LTCC-mediated Ca2+ influx on mitochondrial function, which was 

assayed using Perceval, a genetically encoded fluorescence 

indicator of ATP / ADP ratio, and TMRM (tetramethylrhodamine 

methyl ester), an indicator of the mitochondrial membrane potential 

(Ψmt). Furthermore, we employed oligomycin to probe the opera-

tional mode of the mitochondrial ATP synthase. Neuronal activity was 

stimulated by elevating extracellular K+ or by application of the 

GABAA receptor antagonist bicuculline. The activity of LTCCs was 

modulated by application of an agonistic (Bay K8644) or an 

antagonistic dihydropyridine (isradipine). 

Results: Our results demonstrate that LTCC-mediated Ca2+ influx 

regulates the ATP synthase in a bimodal manner, with moderate 

mitochondrial Ca2+ elevations exerting a stimulatory effect, whereas 

higher Ca2+ elevations induce a switch to reverse-mode operation. 

We provide evidence, that the stimulatory effect involves Ca2+-

induced Ca2+ release from intracellular stores, whereas the switch to 

reverse-mode operation requires nitric oxide formation. 

Discussion: Our results suggest that LTCCs are physiological 

regulators of mitochondrial function. LTCCs are able to promote 

mitochondrial ATP synthesis or to turn mitochondria into consumers 

of ATP. 
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Background: Rett syndrome (RTT) is an X-linked progressive neuro-

developmental disorder caused by mutations in the human methyl-

CpG-binding protein 2 gene MeCP2 encoding methyl-CpG-binding 

protein 2 (MeCP2), a transcriptional regulator possessing both 

activation and repression properties. MeCP2 is essential for normal 

brain function and is particularly involved in the maturation and 

maintenance of neurons. Several studies showed that the lack of 

MeCP2 leads to impairments in dendritic arborization, electrophysio-

logical properties and neurotransmitter release of neurons. RTT  

is characterized by an apparently normal development in early 

childhood followed by developmental stagnation and loss of acquired 

language, motor and social skills as well as seizures and hypotonia. 

The purpose of our study is the establishment of a patient-derived 

neuronal cell model for RTT via a non-integrating reprogramming 

strategy. 

Methods: Human fibroblasts from a MeCP2-deficient patient and a 

healthy wild type were transfected with two episomal plasmids which 

encode for the transcription factors PAX6 and SOX2. Transfected 

cells were cultured in reprogramming medium for several weeks, 

resulting in induced neuronal progenitor cells (iNPs), which are in turn 

differentiated into neurons using a two-step protocol [1]. Changes in 

morphology and mRNA expression levels are monitored through the 

reprogramming process. The resultant neurons are characterized by 

immunocytochemical analysis and patch clamp. Moreover, RNA 

sequencing was performed on MeCP2-deficient and healthy wild-type 

fibroblasts, iNPs and neurons. 

Results: iNPs showed elevated expression of PAX6 and SOX2  

in addition to neuronal progenitor associated genes as nestin, 

neurogenin-2 or FOXG1. Differentiated neurons exhibited typical 

neuronal morphology and the expression of the neuronal-lineage 

markers TUJ1, NeuN and MAP2 as well as glutamatergic (vGLUT) 

and GABAergic (GAD65/67) markers. Furthermore, patch-clamp 

experiments demonstrated electrophysiological properties of func-

tionally active neurons showing voltage-dependent sodium and 

potassium channels. RNA sequencing confirmed the presence of 

neuronal cells and also differences in gene expression are observed 

between MeCP2-deficient cells compared with a healthy wild type. 

Discussion: At present, no efficient therapy is able to change the 

illness course. One therapeutic strategy would be a protein replace-

ment therapy using a functional MeCP2 fusion protein [2]. This 

patient-derived cell model for RTT could serve as a promising tool for 

investigating phenotype rescue through the delivery of a recombinant 

MeCP2 protein. 
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Background: Dopamine reuptake inhibitors have been shown to 

improve cognitive parameters in various tasks and animal models. 

Modafinil is a wake-promoting compound with high potential for 

cognitive enhancement. It is targeting the dopamine transporter 

(DAT) with moderate selectivity, thereby leading to reuptake inhibition 

and increased dopamine levels in the synaptic cleft. A series of 

modafinil analogues has been reported so far, but more target-

specific analogues remain to be discovered. A longer life not always 

corresponds to a healthier life. Indeed, aging is associated with 

growing risk factors for illness associated with societal conditions 

(isolation, maltreatment), and neurodegenerative diseases. Even 

normal aging is associated with a cognitive decline that can hinder 

independence and quality of life of the elderly. It was therefore the 

aim of the study to synthetize and test a novel heterocyclic compound 

for cognitive enhancement in a paradigm for reference memory.  

The new cognitive enhancer is a specific and effective dopamine re-

uptake inhibitior of DAT. 

Methods: The reference memory index (RMI) was evaluated in aged 

24-month-old male Sprague-Dawley rats that were intraperitoneally 

injected with CE-123 (10 mg/kg body weight). In order to evaluate 

spatial memory the hole-board test was carried out as pro-cognitive 

effect evaluation. 

Results: CE-123 enhances memory acquisition and memory 

retrieval, represented by significantly increased reference memory 

indices and shortened latency. 

Discussion: CE-123 as a specific reuptake inhibitor was shown to 

increase performance (RMI) and maybe modulated the dopaminergic 

system which is proposed as a possible mechanism of action. 
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Background: Temporally-organized reactivation of previous experi-

ences during awake immobility is thought to underlie cognitive 

functions needed for the solving of tasks. Replay of trajectories has 

first been described for the hippocampus where spatially selective 

cells become active independent of space. The medial prefrontal 

cortex (mPFC) is required for flexibly adapting behavioral strategies 

upon a change in rule. One way in which the mPFC might support 

rule switching is with sequential replay. It is unclear however whether 

the mPFC displays sequential reactivation of behavioral experiences 

during the awake state and whether it has a functional role. 

Methods: With 32-tetrode microdrives, we performed simultaneous 

recordings from the dorsal CA1 of the hippocampus (HPC) and 

prelimbic area of the mPFC of rats performing a rule-switching task 

on a plus maze, known to be mPFC-dependent. We recorded from 

an average of 63 mPFC and 78 HPC pyramidal cells per recording 

session. 

Results: We found that the mPFC neuronal population coded for the 

relative position between the start and the goal arm with a precision 

similar to that of the HPC. During awake immobility periods, the 

mPFC replayed temporally-organized sequences of positions, 

resembling entire spatial trajectories. mPFC trajectory replay at the 

goal positively correlated with rule-switching performance and was 

increased on error trials. HPC trajectory replay at the goal was 

negatively correlated with rule-switching performance. Finally, 

trajectory replay in the HPC and mPFC occurred independently of 

each other. 

Discussion: These results demonstrate that the mPFC can replay 

ordered patterns of activity during awake immobility. The relationship 

of mPFC trajectory replay with performance, suggests that replay 

may be a mechanism underlying the mPFC’s role in flexible behavior. 

Finally, since we did not find a temporal correlation between trajectory 

replay events in the HPC and mPFC, sequential replay in these two 

areas might serve different functions in this task. 
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Abstract: Correct formation of synapses requires reciprocal commu-

nication between presynaptic neurons and their postsynaptic target 

cells. At the neuromuscular junction (NMJ), nerve-induced regulation 

of the postsynaptic differentiation is well-studied, whereas retrograde 

mechanisms, by which the muscle controls the presynaptic motor 

neuron differentiation, are still poorly understood. We have recently 

shown that CaV1.1-driven calcium signals regulate patterning of 

postsynaptic AChRs and outgrowth of the motor axons during NMJ 

formation. Here we utilized two genetic mouse models, both of which 

lack CaV1.1-driven calcium signals, and report a central role of 

activity-induced skeletal muscle calcium signaling in the retrograde 

regulation of presynaptic differentiation at the NMJ. In mice lacking 

CaV1.1 expression and thus activity-dependent calcium signals, 

correct fasciculation and navigation of the motor nerves were 

perturbed during early NMJ development. Motor axons failed to 

recognize their termination territory and motor axon endings grew 

beyond postsynaptic AChR clusters. Moreover, in the absence of 

postsynaptic activity-dependent calcium signaling, proper accumula-

tion of the synaptic vesicles and active zones at nerve terminals failed 
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to occur. Together these observations strongly suggest that post-

synaptic muscle calcium signaling functions upstream of multiple 

retrograde pathways to induce complete differentiation of the motor 

neurons. 
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Background: Understanding the relation between structure and 

function of synapses is a key question in neuroscience. Although 

structure and function of synapses have been studied for decades, 

several fundamental aspects of synaptic transmission remain 

unresolved. For example, the relation between functionally and 

structurally defined synaptic vesicle pools remains unclear. Some 

studies proposed that readily releasable pool (RRP) and docked 

vesicle pool are identical [1], whereas others suggested that they are 

only partially overlapping and that vesicles may be released from 

non-docked pools [2]. As central synapses are structurally and 

functionally diverse, addressing these questions requires correlated 

structural and functional analysis at rigorously identified synapses. 

Methods: We implemented and further developed on the “flash and 

freeze” technique [3], to apply it to hippocampal acute slices and 

organotypic slice cultures and investigate the relationship between 

function and structural changes after synaptic stimulation at the 

hippocampal mossy fiber  – CA3 synapse. We analyzed the docked 

vesicle pool immediately after brief and long stimulation trains. 

Results: Our results reveal several unexpected aspects of structure 

and function at this synapse. First, our analysis shows that the 

docked vesicle pool at active zones at hippocampal mossy fiber 

synapses is substantially depleted by more than 80  % after presynap-

tic stimulation. After depletion, we observed recovery of the depleted 

docked pool 20 s after the end of the stimulus. At this time point, the 

docked vesicle pool not only recovered, but both the number and the 

diameter of docked vesicles increased. Secondly, our results confirm 

that the vesicle diameter at the mossy fiber synapse is variable and 

skewed towards larger diameters, extending previous work on this 

synapse [4]. Intriguingly, we find that, initially, stimulation increases 

the mean diameter of docked vesicles, which then decreases after 

brief and long trains. Finally, moderate repetitive stimulation results 

in the formation of endocytic pits, presumably by a clathrin-

independent mechanism, as previously suggested on the basis of 

capacitance measurements [5]. 

Discussion: Our main conclusions are: (a) RRP and docked vesicle 

pool are highly overlapping at this synapse. (b) The structural 

changes we observed with depletion and recovery of the RRP are 

consistent with our functional findings that after post-tetanic potentia-

tion there is an increase in the RRP. (c) Smaller vesicles are released 

first, implying that they have a higher release probability. Consistent 

with this interpretation, vesicle fusion rate increases with membrane 

curvature [6, 7]. 
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Background: Dynorphins (DYN) and κ opioid receptors (KOR) are 

abundantly expressed throughout limbic brain areas and were shown 

to be involved in stress-induced behavioural alterations, including 

increased aversion, dysphoria, and anxiety. In line with this, the 

DYN / KOR system is implicated in the pathophysiology of depression 

and addiction. Understanding the highly complex organization of the 

DYN / KOR system is a prerequisite for potential therapeutic 

intervention. 

Methods: To gain deeper insight into the functional neuroanatomy of 

the DYN / KOR system, we implemented independent, yet comple-

mentary strategies based on restricted prodynorphin (PDYN) knock-

out or PDYN re-expression within the extended amygdala. Such mice 

were tested in paradigms related to anxiety and stress-coping 

behaviour and cocaine-induced conditioned place preference. 

Results: Stress-induced reinstatement of the conditioned place-

preference was observed in wild-type animals and several control 

groups. By contrast, no reinstatement was observed in animals 

deficient for PDYN expressed in the central amygdala, the bed 

nucleus of the stria terminalis or neurokinin B (NKB)-expressing 

neurons. Still, these animals re-expressed place preference upon 

cocaine challenge. Interestingly, no differences in trait anxiety or 

stress coping behaviour was observed applying standard tests. 
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Discussion: Our findings suggest a critical involvement of specific 

populations of dynorphinergic neurons in stress-induced relapse of 

drug abuse. 
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Background: Paroxysmal depolarization shifts (PDS) have first been 

described by epileptologists in the 1960s. However, today contro-

versy still exists regarding their actual role in neuropathogenesis. 

Seemingly contrary hypotheses on epileptogenic and anti-ictogenic 

effects of PDS have meanwhile emerged, in addition to the initial view 

of a lack of a crucial role in epileptic mechanisms. Evidence for the 

roles of PDS has primarily arisen from investigations of the multi-unit 

correlate of PDS: an electrographic spike termed “interictal” because 

of its continuance during seizure-free periods of epilepsy patients. 

However, interictal spikes have meanwhile been linked with neuronal 

diseases other than epilepsy, for example Alzheimer’s disease, which 

may indicate a broader implication of PDS in neuropathogenesis. 

Notably, PDS come with perturbation of neuronal membrane voltage 

and of intracellular Ca2+. Hence, there are various conceivable patho-

mechanisms by which PDS may lead to neuronal dysfunction. 

Methods: We performed electrophysiological (perforated patch-

clamp) recordings and confocal imaging of various fluorescent dyes 

and genetically-encoded indicators on rat hippocampal neurons in 

primary culture to study the effect of PDS on several cellular and 

intraorganelle parameters. PDS were elicited by application of 

bicuculline (10 µM) together with the L-type calcium channel agonist 

Bay K8644 (3 µM). 

Results: We have recently demonstrated that PDS can acutely inhibit 

neuronal discharge activity, for example seizure-like discharge 

activity elicited by low-Mg2+ solution. In addition we obtained 

compelling evidence that Ca2+ influx via L-type calcium channels 

(which is a crucial component of PDS) affects mitochondrial func-

tions — including ATP synthase reversal  — in a semi-acute fashion, 

with presumably neuroprotective consequences (e. g. maintenance of 

mitochondrial membrane potential). However, we observed that the 

continuous occurrence of PDS leads to alterations in dendritic 

arborization. Hence, in the long term, PDS appear to impact on 

neuronal morphology. 

Discussion: Our results suggest that PDS can exert both beneficial 

as well as detrimental effects. Hence, if, how and at which time point 

of therapy PDS discharge should be targeted, needs to be carefully 

reconsidered. 
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Background: During exploratory behaviour in rodents, electrical 

activity of the hippocampus is characterised by continuous ~  10 Hz 

(theta) oscillations. Fast oscillations in the gamma frequency range 

(30 –150 Hz) co-occurr with theta oscillations and emerge as 

transient bouts of a few waves, nested into ongoing theta cycles. 

Recent evidence in rats and mice revealed multiple hippocampal 

gamma oscillations of distinct spectral distribution, theta-phase 

preference, and spatial localisation along anatomical layers. Gamma 

oscillations are instrumental in coordinating the information transfer 

from intra- and extrahippocampal afferents to the place cells of the 

CA1 hippocampus. We addressed the contribution of a diverse 

population of GABAergic cells within the CA1 area in implementing 

gamma oscillations. 

Methods: Experiments were done in drug-free head-restrained mice 

actively navigating a linear corridor in a virtual reality environment for 

a small water reward. We recorded local field potentials from multiple, 

equally spaced locations along the radial axis of hippocampal CA1 

and dentate gyrus using linear silicon probes. Diffrent gamma oscilla-

tions were separated and localised to anatomical layers by calcu-

lating current source densities. Concomitantly, we recorded the 

spiking activity of one or several putative GABAergic cells using glass 

electrodes or multi-shank silicon probes, and examined their entrain-

ment by the different gamma oscillations. 

Results: Our data revealed a marked heterogeneity of GABAergic 

cells with respect to their entrainment by different hippocampal 

gamma oscillations. GABAergic neurons displayed distinct phase-

coupling profiles to the three gamma oscillations, and showed 

different phase preferences to single gamma oscillations within the 

CA1 area. Our preliminary data based on axonal and dendritic arbori-

sations and protein expression suggest that patterns of modulation 

by gamma oscillations are correlated to cell type classification. 

Discussion: Our data suggest that the evoulutionary diversity of 

GABAergic cells is aligned to the diversity of gamma oscillations to 

support hippocampal information processing. 
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Background: The echinocandin micafungin (MICA) is recommended 

for treatment of invasive candidiasis. However, data on its tissue 

distributions in humans is limited. The penetration of MICA into the 

human CNS is of particular clinical relevance. Therefore, we quan-

tified MICA in cerebrospinal fluid (CSF) and in brain tissue (BT) 

samples of adult patients who had been treated with MICA. 

Methods: CSF samples were obtained from critically ill patients on 

MICA who had undergone lumbar puncture or external ventriculos-

tomy for therapeutic purpose. BT specimens were taken at routine 

autopsies of patients who had died on MICA treatment or up to 30 

days after MICA administration. MICA concentrations were measured 

with high-pressure liquid chromatography (HPLC) and UV detection. 

In CSF samples proteins were precipitated by acetonitrile, and 

subsequently samples were purified by solid-phase extraction. BT 

specimens were processed by protein precipitation with acetonitrile 

and mechanical homogenisation with a Precellys homogenizer. MICA 

quantification was validated according to guidelines of the European 

Medicine Agency (EMA). The lower limit of quantification (LOOQ) was 

0.01 µg/ml in CSF and 0.1 µg/g in BT. 

Results: BT was obtained from 7 autopsy cases. CSF was taken from 

3 patients. MICA concentrations ranged from 0.17 to 2.8 µg/g in BT, 

and from 0.092 to 0.159 µg/ml in CSF. The simultaneous plasma 

levels were 1.155 to 9.759 µg/ml. MICA kinetics could be determined 

in CSF in one patient. Cmax in CSF was amounted to 0.159 µg/ml and 

occurred 4 hours after the start of infusion and in plasma a Cmax of 

9.759 µg/ml was reached after 1 hour. 

Discussion: MICA concentrations in CSF and BT were comparable 

with those of anidulafungin [1]. CSF levels are much lower than the 

simultaneous plasma concentrations and slightly below the BT 

concentrations. Based on our findings the achievement of therapeutic 

CNS concentrations of MICA cannot be anticipated in critically ill 

adults. 
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Background: Many women report on an increase in forgetfulness 

during pregnancy and some people assume that the decline in 

cognitive capacity is related to an increase in sex steroids during 

pregnancy. In addition to sex steroids, cortisol levels increase during 

pregnancy. Several studies have documented that cortisol correlates 

with cognitive impairments. However, despite numerous anecdotal 

descriptions of pregnancy-related cognitive disturbances and 

memory impairment, scientific reports on this topic are rare. In the 

present study, we used a standardized forgetting paradigm to 

quantify induced forgetting in pregnant in comparison to non-

pregnant women. Immediately after learning list 1, we instructed our 

subjects to forget list 1, but to remember list 2. All published studies 

agree on the finding that a forget cue impairs list-1 recall (list-1 

forgetting) and a remember cue increases list-2 recall (list-2 enhance-

ment). In the present study, we compared list-1 recall across women 

having a natural menstrual cycle as well as in women in the first, 

second, and third trimester of their pregnancy. Furthermore, we 

evaluated whether cortisol correlates with recall of list-1 items. 

Methods: In the present study, we used a directed forgetting 

paradigm consisting of two lists of words. Each list contained twelve 

nouns. Subjects were instructed to encode list 1 as well as list 2. 

Immediately after encoding list 1, subjects received the cue to forget 

list 1, but to remember list 2. Following presentation of both lists and 

a distraction phase of 30 seconds, subjects were asked to recall list-1 

items first and list-2 items second. Salivary cortisol was quantified 

using a commercially available ELISA kit (Demeditec Diagnostics 

GmbH, Germany). 

Results: Pregnant women recalled less list-1 items than naturally 

cycling women. Using an ANOVA and Tukey post hoc test showed 

that third trimester women recalled significantly less list-1 items than 

naturally cycling women. Pregnant women showed significantly 

higher salivary cortisol levels than naturally cycling women. Regres-

sion analysis did not reveal a significant association between the 

percentage of recalled list-1 items and baseline salivary cortisol level 

in naturally cycling women. We also did not observe a correlation 

between list-1 recall and salivary cortisol levels in pregnant women. 

Discussion: Our study demonstrates that pregnant women show an 

increased forgetting, using a standardized forgetting paradigm. 

Although free cortisol reaches higher levels in pregnant women than 

in naturally cycling women and cortisol is known to impair memory 

recall, our correlative study did not identify a significant association. 
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Background: In the tumour microenvironment, the rewiring of 

metabolism in response to oncogenic stimuli is recognized as an 

adaption mechanism to cope with hypoxia, acidosis and cellular 

stress. Interestingly, amino acids substitute as energy source, feed 

lipid biosynthesis and represent part of the secretome of tumour  

cells. We have recently determined the amino-acid composition of 

conditional media of melanoma cell lines from different disease 

stages and used multivariate data analysis to identify principle 

components of the amino-acid profile responsible for growth differen-

ces [1]. Proline was found to be taken up by early-stage melanoma 

cells. Intracellularly, proline is synthesized from either glutamate or 

ornithine, but alternatively, extracellular proteolysis of collagen in the 

tumour microenvironment may substitute as another source for 

proline. However, the biological role of extracellular proline in defined 

melanoma cell lines remains to be elucidated. 

Methods: Human melanoma cells lines reflecting early radial growth 

phase (WM35) and advanced metastatic stage (A375) were studied 

for proliferation, migration in scratch assays and proline uptake 

experiments under a confocal laser scanning microscope. The two 

cell lines contain the BRAFV600E mutation. Cells were exposed to 

proline, dansylproline, vemurafenib or the PI3K inhibitor LY294002. 

Treatments were analysed for multiple comparison with ANOVA  

and post hoc Student – Newman – Keuls test for statistical significance 

(p < 0.05). 
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Results: The fluorescent dansylproline was readily taken up into 

WM35 cells reaching a saturation plateau after 40 min. Dansylproline 

distributed over the cytosol and accumulated in the perinuclear  

area. Increasing concentrations of unmodified proline significantly 

enhanced proliferation of WM35 cells, while metastatic A375 cells 

were virtually unaffected. In gap-closure experiments with WM35 

cells, proline significantly enhanced migration into the cell-free  

area. Co-administration of the PI3K inhibitor LY294002 partially 

reversed growth advantage in the presence of proline. Conversely, 

the BRAFV600E inhibitor vemurafenib fully reversed the proline effects. 

However, vemurafenib lead to morphological changes indicating pro-

apoptotic mechanisms. 

Discussion: These data confirm a microenvironmental signalling role 

for the specific amino acid proline, including functional consequences 

on proliferation and migration independent of the BRAFV600E mutation. 

Moreover, usage of the fluorescent proline analogue allows screening 

for amino-acid uptake inhibitors and thereby possible therapeutic 

intervention. 
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Background: Expression of 5-lipoxygenase, the rate-limiting enzyme 

in the leukotriene pathway, is elevated in the brain of Alzheimer’s 

disease (AD) mouse models and in the hippocampus of AD patients. 

Leukotrienes are involved in a number of pathological hallmarks of 

AD such as neuroinflammation, blood  – brain barrier disruption, and 

reduced neurogenesis via signaling through leukotriene receptors. 

Leukotriene receptors are therefore recognized as potential drug 

targets in AD. A novel pharmaceutical formulation of the leukotriene 

receptor antagonist montelukast (MTK) (VersaFilm™, IntelgenX), i. e. 

a buccal mucoadhesive film containing the active drug has shown 

improved bioavailability compared to the standard MTK tablet  

and has demonstrated a CNS pharmacokinetic profile suggesting a 

pharmacological active concentration. 

Methods: For the preclinical experiment 45 five-months-old 5xFAD 

mice, a commonly used transgenic mouse model of AD, were orally 

treated with two different doses of MTK VersaFilm™ or placebo for  

13 weeks. Effects on cognition were assessed with behavioural tests. 

Immunohistochemistry was performed on brain slices to analyze 

brain-resident immune cells and plaque pathology. RNA sequencing 

was done using hippocampal tissue. Furthermore we present the 

design of a phase II A clinical trial testing safety and efficacy  

of this novel MTK formulation in patients with mild to moderate AD 

(NCT03402503): The primary study objective is to evaluate whether 

26 weeks of treatment with 10 mg MTK administered once a day is 

safe as well as superior to placebo, assessed at week 26 using  

the global neuropsychological test battery (NTB) composite score. 

This composite score is based on an equally-weighted average of 

standardized change from baseline scores on the ISLT, ISLT-Delay, 

One Back Test, One Card Learning Test, Verbal Fluency Test, 

Category Fluency Test, Identification Test and Detection Test. 

Results: In our preclinical in vivo study we demonstrate that inhibition 

of leukotriene signaling with prolonged oral treatment MTK VersaFilm 

did show improvements in cognitive tests compared to placebo. 

Furthermore, treatment significantly increased the number of micro-

glia primarily located in plaque-free areas, whereas numbers of 

microglia surrounding plaques did not change significantly. However, 

mRNA levels of various genes related to neuroinflammation (e. g. 

CST7, Tyrobp) were significantly downregulated in the high-dose 

treatment group compared to placebo. 

Discussion: The results from the preclinical study indicate that MTK 

improves cognitive function and influences neuroinflammation. Given 

the inherent attributes of montelukast VersaFilm™, this might be a 

novel effective therapeutic and treatment modality as part of the 

armamentarium against AD. 
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Background: The bed nucleus of the stria terminalis (BNST) is a 

center of integration for limbic information and valence monitoring. 

Neurons within the BNST are capable of modulating aversive and 

appetitive behaviors. The BNST is also a rich source of distinct 

neuronal subpopulations containing various neurotransmitters, 

neuropeptides and their receptors. Neurokinin B (NKB) is one such 

neuropeptide, which is highly expressed in the BNST. Our focus is to 

characterize this subpopulation of NKB neurons and to elucidate their 

role in metabolic and fear processing. 

Methods: Dual immunohistochemical, in situ hybridization and 

neuronal tract tracing techniques were used to characterize and map 

the elaborated axonal network of BNST NKB neurons. Experimental 

mice were exposed to various environmental challenges such as 

sustained fear conditioning or short-term fasting. Interaction of BNST 

NKB neurons with their major projection targets was studied by 

combining immediate early gene c-Fos immunolabelling and retro-

grade tracing techniques. A modulatory role of BNST NKB neurons 

during metabolic challenge were identified through chemogenetic 

stimulation of NKB neurons in transgenic Tac2cre mice. 

Results: NKB neurons and their fibers were preferentially found in 

the dorsolateral nuclei of the BNST. Neurochemical characterization 

showed that about 60 % of these neurons also co-express calretinin. 

NKB-expressing BNST efferents majorly target the periaqueductal 
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gray (PAG), lateral hypothalamus, central medial amygdala and 

ventral tegmental area. Hence, they could modulate various meta-

bolic and behavioral functions. For instance, we identified that about 

one third of posterior BNST neurons which are activated by sustained 

fear response are projecting to the ventrolateral PAG. 

Discussion: The results suggest that the BNST NKB neurons 

targeting the PAG are involved in sustained fear processing. Next, 

we would explore these neuronal ensembles in more detail, in terms 

of neurochemical, cellular as well as metabolic and fear-associated 

behavioral properties. 
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Background: The hippocampal mossy fiber synapse onto CA3 

pyramidal neurons (MF  – CA3 synapse) is a key element in informa-

tion processing in the hippocampal trisynaptic circuit. This synapse 

acts as a ‘conditional detonator’, implying that temporal and / or spatial 

summation of presynaptic inputs is required to trigger CA3 pyramidal 

neuron firing. Post-tetanic potentiation (PTP) is a transient enhance-

ment of synaptic transmission that lasts tens of seconds following 

sustained high-frequency presynaptic activity. This form of short-term 

plasticity converts the MF  – CA3 synapse into a ‘full detonator’ so that 

single presynaptic inputs can trigger postsynaptic action potentials 

[1]. PTP at this synapse primarily increases the size of the readily 

releasable pool of synaptic vesicles (RRP), leaving release 

probability (Pr) largely unaffected. Although the cAMP  – PKA pathway 

is thought to be involved in the synaptic potentiation at the MF – CA3 

synapse [2], the exact molecular mechanism and the effect on 

quantal parameters (RRP and Pr) remain to be elucidated. 

Methods: To investigate the involvement of the cAMP  – PKA pathway 

in PTP at the unitary synaptic level, we performed paired recordings 

from mossy fiber boutons and CA3 pyramidal neurons in brain slice 

preparations, with selective and minimally invasive stimulation of 

single mossy fiber boutons in the tight-seal cell-attached configure-

tion. We applied adenylyl cyclase activators and PKA inhibitors to  

test how these pharmacological manipulations affect the quantal 

parameters estimated from cumulative EPSC amplitudes during 

50-Hz trains of 10 stimuli [3]. 

Results: First, we applied forskolin (50 µM), which is thought to 

increase intracellular cAMP levels via stimulating adenylyl cyclase. 

Forskolin potentiated synaptic responses in CA3 pyramidal neurons 

by increasing RRP size but not Pr (n = 10), suggesting that the cAMP-

dependent pathway is involved in PTP at the MF  – CA3 synapse. 

Therefore, cAMP activation and PTP might lead to similar changes in 

single-synapse computations. Second, a blocker of the catalytic sites 

of PKA (H89, 10 µM) reduced basal transmission and largely 

abolished PTP induction (n = 7), suggesting that PTP accompanied 

by increase in RRP size requires PKA activation. 

Discussion: Unlike in other synapses [4], the cAMP  – PKA pathway 

seems to be involved in PTP in the MF  – CA3 synapse. Given that 

neuromodulators such as dopamine and noradrenaline can induce 

cAMP signalling cascades via activating G protein-coupled receptors, 

their role in synaptic potentiation at the MF  – CA3 synapses needs to 

be investigated. 
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Background: The hippocampal CA3 region plays an important role 

in episodic memory retrieval. Synapses between CA3 pyramidal 

neurons (PNs) are thought to be endowed with Hebbian synaptic 

plasticity to support the reactivation of neuronal ensembles during 

partial input stimuli, a phenomenon referred to as pattern completion 

[1]. However, the classical view of a homogeneous pyramidal neuron 

population that uniformly contributes to diverse cognitive functions of 

the hippocampus has been challenged recently [2]. The main 

arguments include an anatomical gradient in terms of functional 

properties and connectivity from dentate gyrus (DG), entorhinal 

cortex and CA3 interconnection along the proximo  – distal axis within 

CA3 [3, 4]. Moreover, a novel type of CA3 PNs was described, which 

lacks the input from DG granule cells and was proposed to be 

involved in sharp-wave generation [5]. However, the exact behavioral 

implication of the described CA3 PN heterogeneity in vivo and their 

role during cognitive functions remains enigmatic. 

Methods: To shed light on cellular mechanisms and intrinsic 

parameters involved in CA3 PN activity, we combine intracellular 

patch-clamp with local-field-potential recordings in head-fixed mice 

navigating on a linear treadmill apparatus. While the animals run for 

a water reward, a series of somatosensory cues is presented, which 

allows the recording of sequential place-field activity. In order to 

correlate the anatomical position and morphological properties  

of CA3 PNs with their network and behavioral function, recorded 

neurons are filled with biocytin for post hoc morphological analysis. 

Results: In a sample of 7 morphologically identified CA3 PNs, highly 

heterogeneous activity patterns were observed. Sub-threshold and 

supra-threshold activity include silent CA3 PNs receiving only sub-

threshold EPSPs, spikelets, single spikes, short bursts of 3 – 4 APs 

with prolonged membrane potential (Vm) ramps, and complex spikes 

without preceding Vm ramps. In a subset of CA3 PNs (6 out of 20 

cells), running induced hyperpolarization and converted bursting into 

single-spike activity (2 out of 20 cells). In another subset of CA3 PNs 
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(4 out of 20 cells), locomotion mildly increased the mean action 

potential frequency. Finally, in 2 out of 20 cells, firing was unchanged. 

Discussion: CA3 PNs in awake, running mice exhibit a wide range 

of subthreshold and suprathreshold activity patterns and are hetero-

geneously modulated during locomotion. This heterogeneity in Vm 

dynamics might suggest a differential role of CA3 PNs in pattern 

completion and other cognitive functions. 
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Background: The nucleus accumbens (Acb) is a major target for 

studies on the rewarding effects of drugs of abuse or physiologic 

reinforcers since it mediates earlier-stage non-automatic drug-

seeking behaviour [1]. Our group found that a history of dyadic social 

interaction conditioned place preference (CPP) profoundly inhibited 

cocaine CPP-associated activation of the medial Acb shell and core 

[2]. Since our group found that dopamine D1 receptor-expressing 

medium spiny neurons (D1-MSNs) seem to be more involved than 

D2-MSNs [2] our aim is to map the direct inputs to a genetically 

defined neural population, the D1-MSNs in the medial Acb. Further-

more we focus on agranular insular area (AI) projection to Acb since 

it is known to be involved in drug seeking and social behaviour 

(reviewed in [3]), important features of our work. 

Methods: To define the direct inputs to the D1-MSNs in the medial 

Acb, we have combined the rabies virus mono-trans-synaptic tracing 

method [4] with a specific Cre-expressing mouse line (Drd1a-

Cre::TVA-lacZ). 

Results: Several brain regions were identified with direct inputs to 

medial Acb D1-MSNs: infralimbic, prelimbic, piriform and insular 

cortex (mainly the ventral region), the paraventricular nucleus of the 

thalamus and basolateral amygdala. To support our results we also 

injected fluorescent cholera toxin B (CTB), a non-cell-type-specific 

retrograde tracer, in the same injection site. Robust retrograde 

labelling was found in many brain areas similar to the rabies virus 

tracing, an example being our area of focus, the AI. Thus, to further 

investigate the insular cortex projection to the medial Acb, we have 

injected the anterograde tracer Phaseolus vulgaris leucoagglutinin 

(PHA-L) in the AI. However, we only found labelled PHA-L fibers in 

the medial Acb in a more anterior bregma compared to injection site 

for the rabies technique. Moreover, this result was only observed 

when the PHA-L injection site was also at a specific bregma in the AI. 

Discussion: These findings give an important insight of the precise 

region / location of neurons in AI that innervate a specific region of the 

medial Acb. The increasing knowledge about the regional variations 

in the connection between AI and medial Acb should be an essential 

criterion to be taken into account in the design of an experiment and 

in data interpretation. Therefore, the comprehensive maps of direct 

inputs to Acb D1-MSNs, particularly the insula – accumbens pathway, 

will assist future functional dissection of the neuronetworks mediating 

motivated behaviour. 
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Background: Executing behaviors are contingent on environmental 

settings, for instance conditionally withholding stereotypic responses 

in time. Impairment in this function underlies both impulsive  

and compulsive behaviors, which are symptoms of conditions such 

as: attention deficit / hyperactivity disorder (ADHD), obsessive 

compulsive disorder (OCD), as well as addiction. Maladaptive 

inhibitory control is highly correlated with increased trait impulsivity, 

a highly complex behavior, involving incentive salience, attention and 
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the ability to suppress and/or cancel prepotent responses. In our 

study we have used the symmetrical, free-moving Go / No-Go task 

(GNG) as a model for behavioral inhibition to provide a deeper 

understanding of evolution of behavioral states in an impulsivity-

related setting. 

Methods: Here we combined the GNG task, with a machine learning 

approach to investigate animal behavioral strategies in the task. We 

have determined mouse behavioral states in a data-driven fashion 

using unsupervised clustering algorithms across several behavioral 

measures (i. e. distance traveled, position in the cage, immobility 

state, port visit among others). The results were benchmarked on 

mean data set from high / low impulsive, trained animals. Next, we 

evaluated how these states evolve during learning of the task. Finally, 

we have investigated how these parameters are affected by pharma-

cological manipulation using compounds known to affect impulsivity 

in both rodents and humans. 

Results: In the first step we have determined mouse behavioral 

states in a data-driven fashion across different learning sessions, as 

well as in trained animals. We have successfully developed a 

machine learning pipeline to combine sensor data with video analysis 

into behavior states. Analysis of high and low impulsive animals show 

different temporal behavioral profile, probabilities and shifts within 

these states that are more complex than a simple mirror image as 

would be expected when looking at classical measures alone. This 

suggests that the animal behavior in the task goes beyond a simple 

poke execution. Lastly, we have investigated how these parameters 

are affected by pharmacological manipulation using compounds 

known to affect impulsivity in humans. Our preliminary data suggest 

that this analysis detects drug-induced changes in behavioral 

patterns that go beyond the classically investigated parameters. 

Similarly comparing this natural split and drug-induced impulsivity 

revealed use of divergent strategies in animals having comparable 

impulsivity levels (i. e. low impulsive animals vs. atomoxetine treat-

ment) as measured by classical measures. 

Discussion: Our preliminary data suggest that this analysis detects 

drug induced changes in behavioral patterns and strategies in animal 

behavior that go beyond the classically investigated parameters. 
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Background: The regulatory peptide galanin (GAL) is broadly 

distributed in the central / peripheral nervous system but also in non-

neuronal tissues. GAL exerts its diverse physiological functions via 

three G protein-coupled receptors (GAL1– 3-R). Regulatory peptides 

are important players in the cross-communication between the 

nervous and the immune system and are in focus as therapeutics  

for diverse inflammatory diseases. Various studies on immune cells 

and inflammatory animal models revealed either a pro- or an anti-

inflammatory role of GAL, suggesting a complex regulation of GAL 

signaling at the tissue and cellular level. However, the microenviron-

ment of tissues upon an immune challenge is dynamic and depends 

on the type of stimulus and duration, and might be important for the 

specific actions of GAL during inflammation. Thus, we aimed to 

elucidate the role of GAL in macrophages. 

Methods: CD14+ monocytes were isolated from human buffy coats 

and differentiated for 6 days with GM-CSF (M0-GM-Mφ) or M-CSF 

(M0-M-Mφ), without or with GAL co-treatment. Differentiated cells 

were treated with GAL alone for 20 hours or they were polarized with 

IFNγ + LPS, IL-4, or IL-10 to generate M1-GM-Mφ-, M2a-M-Mφ-, or 

M2c-M-Mφ-type macrophages, respectively. Polarization was also 

performed with and without GAL co-treatment. Relative mRNA 

expression levels of inflammatory cytokine and chemokines, and the 

GAL system were analyzed by qPCR. Protein levels of cytokines and 

chemokines, and GAL in cell culture supernatants were analyzed by 

ELISA. 

Results: Macrophage subtypes exhibited varied GAL secretion and 

a distinct balance of GAL1-R and GAL2-R expression. GAL itself 

affected the cytokine  / chemokine expression profile of macrophages 

differently, depending on differentiation and polarization and mainly 

modulated the expression of chemokines (CCL2, CCL3, CCL5 and 

CXCL8) and anti-inflammatory cytokines (TGF-β, IL-10 and IL-1Ra) 

especially in type-1 macrophages. Cytokine / chemokine expression 

of IFNγ + LPS-polarized macrophages were upregulated, whereas 

cytokine / chemokine expression levels of unpolarized macrophages 

were downregulated upon GAL treatment after 20 hours. 

Discussion: These results demonstrate that galanin can regulate 

macrophage chemokine and cytokine secretion. However, a more 

detailed analysis of the effect of galanin on chemokine secretion of 

macrophages will be reported. 
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Background: Multiple system atrophy (MSA) is a fatal neuro-

degenerative disease characterised by widespread oligodendroglial 

alpha-synuclein deposits and secondary neuronal degeneration. 

Neuroinflammation plays a pivotal role during the progression of the 

pathology. Microglia, in particular, represent especially intriguing 

actors during these events; however, their exact role within disease 

progression, as well as relevant mechanisms, still need to be clarified. 

This study aims to analyse the pathways involved in the neuroinflam-

matory region-specific events occurring, over the disease course, in 

a transgenic mouse model of MSA. 

Methods: PLP-α-Syn transgenic mice (overexpressing alpha-

synuclein in oligodendrocytes under the proteolipid protein promoter, 
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PLP) and wild type C57BL/6 controls of 2, 5 and 15 months of age 

were used. Immunohistochemistry was performed to observe  

the distribution of proteins related to specific neuroinflammatory 

pathways. Biochemical analysis was applied to assess levels of 

cytokines  / chemokines. All analyses were performed on specific brain 

regions involved in the pathology. 

Results: We show differential expression of specific cytokines and 

chemokines in a region- and age-specific way, which might selec-

tively contribute to the disease pathogenesis and progression. Early 

microglial activation is particulalry robust in the substantia nigra of 

PLP-α-Syn mice compared to control animals, as assessed by 

different markers. 

Discussion: Our findings show that the differential pathology 

observed in the brains of PLP-α-Syn mice is accompanied by region-

specific neuroinflammatory events. Furthermore, they suggest an 

important role of the early, alpha-synuclein-triggered neuroinflamma-

tion for the progressive neurodegeneration of the substantia nigra in 

the disease. The PLP-α-Syn model provides an opportunity for a 

more detailed understanding of the specific pathways involved in 

such events, opening new possibilities for tailored therapeutic options 

for MSA. 
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Background: Although exposure-based behavioural therapy (EBT) 

is an efficacious psychotherapeutic intervention for the treatment of 

many anxiety- and trauma-related disorders, its success is restricted 

by the occurrence of fear relapse after initial response. One reason 

is that in patients the central process underlying EBT, namely the 

formation of a new, fear-inhibitory memory in the course of fear 

extinction, is often impaired. We have recently shown that enhancing 

dopaminergic signalling by L-DOPA treatment facilitates fear extinct-

tion in extinction-deficient 129S1/SvImJ (S1) mice [1]. This finding 

raises the interesting hypothesis that a dopaminergic dysfunction 

may contribute to deficient fear extinction. 

Methods: We used a combination of in vitro and in vivo techniques 

including microinjection, microdialysis, multi-electrode array (MEA), 

quantitative PCR (qPCR), quantitative receptor autoradiography, 

functional imaging and optogenetics in order to study dopaminergic 

neurotransmission in fear extinction-deficient S1 and extinction-

competent C57BL/6 mice. 

Results: Compared with extinction-competent subjects evidence of 

a reduced dopaminergic neurotransmission in the extinction-relevant 

infralimbic cortex (IL) of S1 during fear extinction was obtained. This 

dopaminergic neurotransmission seemed to be critically involved in 

fear extinction since the selective inhibition of the main dopaminergic 

input projections from the ventral tegmental area (VTA) to the IL 

decelerated extinction learning in usually extinction-competent DAT-

Cre mice. On the other hand, increasing dopamine availability 

selectively in the IL was sufficient to rescue fear extinction in S1 mice 

in the long-term. Furthermore, while pre-extinction systemic L-DOPA 

did not protect against fear relapse, L-DOPA-induced rescue of fear 

extinction was boosted by the application of a cognitive enhancer 

immediately after the extinction training. 

Discussion: The present findings suggest that a dysfunctional 

prefronto – cortical dopaminergic neurotransmission is a mechanism 

underlying impaired fear extinction. This dysfunction can be over-

come by the systemic administration of L-DOPA whereby the IL  

is a critical substrate in mediating extinction-promoting effects of  

L-DOPA. Thus, targeted approaches to increase dopamine may 

represent a powerful strategy to overcome extinction resistance and 

to protect from spontaneous recovery of fear. 
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Background: The amygdala plays a crucial role in attaching 

emotional significance to environmental cues. Its intercalated cell 

masses (ITC) are tight clusters of GABAergic neurons, which are 

distributed around the basolateral amygdala complex (BLA) and 

appear to be involved in the acquisition as well as extinction of 

conditioned fear responses. As their ablation results in a deficit of the 

expression of fear extinction, ITC have been the subject of intense 

investigations. The aim of our study is to characterize neuron sub-

types and plastic properties of pre- and postsynaptic partners of ITC 

neurons within the medial paracapsular cluster (mpITC). 

Methods: To address the question whether changes in AMPA and 

NMDA distribution and density correlate with functional synaptic 

changes observed during different fear states, a detergent-digested 

freeze-fracture replica labelling approach was used. This allows us to 

investigate the spatial distribution as well as density of ionotropic 

glutamatergic receptors from thalamic inputs within postsynaptic 

specializations in mpITC neurons. Furthermore, we combined whole-

cell patch-clamp recordings and biocytin labelling to anatomically 

reconstruct mpITC neurons and analyse their synaptic contacts. 

Results: Electrophysiological studies showed that thalamic inputs to 

mpITCs are modified by fear learning. Here, we suggest that func-

tional changes in the AMPA  / NMDA ratio are attributable to changes 

in the expression of AMPA receptors. Furthermore, we confirm the 

presence of heterogeneous mpITC projection subtypes. Our data 

suggest that projections to the amygdalostriatal transition zone 

(AStria) and, hence, potentially to the striatum, might be a major 

pathway of the mpITC. 
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Discussion: The mpITC is most likely implicated in a much more 

complex microcircuit than originally proposed, functioning only as a 

relay station between the BLA and the main output station of the 

amygdala, the central amygdala. Together, our results further a 

circuit-based understanding of how ITC activity can contribute to high 

and low fear states. 
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Background: Selective serotonin reuptake inhibitors (SSRls) are 

frequently prescribed to treat patients suffering from mood disorders 

such as major depression. These agents act by blocking the serotonin 

transporter (SERT), which leads to elevated serotonin levels in the 

synaptic cleft [1]. While gray matter changes in the brain after SSRI 

administration have already been investigated [2], assessments of 

white matter alterations are largely missing. In this study, mean diffu-

sivity (MD), fractional anisotropy (FA), axial (AD) and radial diffusivity 

(RD) were calculated using in vivo diffusion-weighted imaging (DWI). 

A constant SSRI infusion was applied while patients and healthy 

controls underwent MRI scanning before and after the application 

within one scanning session to assess rapid effects of SSRI treatment 

on white matter microstructure. 

Methods: In total, 81 subjects (controls: n = 48, age = 28.0 ± 8.8 

years (mean ± SD); patients: n = 33, 29.2 ± 9.6 years) were included 

in this study. All participants underwent two DWI sessions twice  

on two separate days receiving either the study drug or placebo  

using a randomized, double-blind, cross-over design. Subjects were 

measured before and after 40 minutes after the study drug  / placebo 

application using a constant infusion of 8 mg citalopram for 7.5 

minutes. Scans were acquired with a 3-Tesla Siemens MR scanner 

using a single-shot diffusion-weighted echo planar imaging sequence 

(TR = 8800 ms, TE = 76 ms, matrix = 128 ×128 ×70, resolution = 2 mm 

isotropic, flip angle = 180 °). Thirty diffusion encoding directions with 

a b-value of 1000 s/mm2 and 3 non-diffusion reference images were 

acquired. The analysis was conducted within FSL 5.0.11 [3]. After an 

initial brain extraction step, data were corrected for susceptibility 

artefacts and eddy currents. Subsequently, the diffusion tensors were 

calculated with DTIFit using the rotated b-vectors generated during 

the eddy correction step. Voxel-wise analysis was conducted using 

tract-based spatial statistics (TBSS) [4]. Treatment effects were 

assessed within FSL’s Randomise tool and by using the threshold-

free cluster enhancement method (TFCE) [5]. A two-way mixed 

effects ANOVA was conducted to investigate main SSRI effects and 

to test for differences between the groups. 

Results: No interaction between group and treatment was found. 

However, a significant main effect (p < 0.05, corrected) for treatment 

was observed. Specifically, our results revealed MD decreases in  

the tracts comprising the anterior corona radiata (ACR) and the  

genu of the corpus callosum (t-value: 4.88; MNI: −16 / 31/ −11). In 

addition, reductions in the superior frontal blade (t-value: 3.77; MNI: 

−19 / 43 / 21) and the superior longitudinal fasciculus (SLF) (t-value: 

3.50; MNI: −31/ −23 / 41) were observed. Reductions in AD were also 

found in the SLF (t-value: 4.69; MNI: −32 / −22 / 41) next to decreases 

in the external capsule (t-value: 4.76; MNI: −28 / −9 /18), while RD 

reductions were also most pronounced in the ACR (t-value: 3.77; 

MNI: −23 / 23 / 5), similar to the results observed for MD. However, no 

changes for FA were found. 

Discussion: This analysis suggests that SSRI administration leads 

to significant decreases in diffusivity in several white matter tracts 

even after a short period of time, reflected by changes in MD, AD and 

RD. While MD decreases indicate a general reduction in diffusivity, 

AD and RD can be interpreted as specific decreases in diffusivity 

along the axon (AD) or perpendicular to it (RD). Interestingly, no 

increases were found and also no changes in FA were observed. 

Furthermore, SSRI administration did not lead to different effects 

between groups. These results may indicate changes in fiber bundle 

organization including axonal or dendritic adaptions. However, 

axonal swelling or changes in protein transport may also be respon-

sible for these observations. 
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Background: Human-specific polymorphisms in nicotinic acetyl-

choline receptor (nAChR) genes have been associated with several 

disorders including cognitive deficits, epilepsy, language impairment, 

acute stress disorder, attention deficit hyperactivity disorder, schizo-

phrenia, hypotonia and many others. The CHRNA7 gene, which 

encodes for the α7 nAChR subunit, is located on the proximal part of 

chromosome 15, one of the least stable regions in the genome with 

frequent microdeletions and duplications. In this unstable region, 

about one million years ago, the CHRNA7 gene duplicated partially 

and fused with the gene FAM7A forming a novel human-specific gene 
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called CHRFAM7A. This gene encodes for the dupα7 nAChR subunit, 

which is slightly truncated at the extreme N-terminus, and therefore 

lacks the agonist binding site, but otherwise shares all structural 

elements with α7. Since CHRNA7 and CHRFAM7A are still in 

unstable gene regions both genes can be duplicated or deleted, 

resulting in humans with varying copy numbers of either of the two 

genes. In the current project, we want to study the phenotypical effect 

of neurons which express constant levels of α7 but increased or 

reduced levels of dupα7. 

Methods: There is a lack of animal models for human-specific genes 

and human neurons as a cell source are even more limited. There-

fore, we differentiated human induced pluripotent stem cells (hiPSCs) 

with different dupα7 expression levels into cortical neurons in order 

to investigate the functional properties of α7- and dupα7-containing 

nAChRs using Fura-2 Ca2+ imaging and / or patch-clamp electro-

physiology. 

Results: We started to differentiate a hiPSC line expressing average 

levels of α7- and dupα7-nicotinic receptors. First, neural rosettes 

including neural progenitor cells (NPCs) were obtained from hiPSCs. 

Next, terminally differentiated cortical neurons were generated from 

NPCs. Concordantly, hiPSC-derived neurons were stained by using 

fluorescently labelled neuronal markers for molecular characteriza-

tion. Additionally, we used Fura-2 Ca2+ imaging and patch-clamp 

electrophysiology to assess the functionality of neurons. We found 

that hiPSC derived neurons expressed the neuronal markers  

MAP2 and vGluT1. Moreover, we observed many neurons firing 

healthy trains of action potentials. They evoked voltage-dependent 

responses resulting in sodium currents and rapidly inactivating 

potassium currents. For Fura-2 Ca2+ imaging, hiPSC-derived neurons 

responded to the α7-specific agonists choline or PNU-282987 with or 

without the positive allosteric modulator PNU-120596. 

Discussion: We were able to differentiate hiPSC into functional 

cortical neurons and started to characterize them using patch-clamp 

electrophysiology and Fura-2 Ca2+ imaging. In future experiments,  

we plan to repeat those experiments using hiPSCs with higher 

expression levels of dupα7 (after lentiviral infection) or with reduced 

expression levels (through CRISPR/Cas9 technology). In conclu-

sion, analyzing the molecular consequences of human-specific 

CHRFAM7A copy number variations will be critical for understanding 

the possibly disease-causing phenotypes of this nAChR poly-

morphism. 

Acknowledgements: The authors thank Marija Zivaljic for her 

support. The project was funded by ERA-NET-Neuron and by the 

Austrian Science Fund FWF (project I 3778-B27). 
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Background: The abnormal extra- and intracellular accumulation of 

α-synuclein protein (α-syn) in neurons is considered to be the major 

hallmark of neurodegenerative disorders collectively referred to as 

α-synucleinopathies. These include, among others, Parkinson’s 

disease (PD) and dementia with Lewy bodies (DLB). Although several 

missense mutations in the α-syn gene (SNCA) encoding for α-syn 

have been linked to familial PD, the majority of PD cases occur 

sporadically with non-mutated α-syn forms. The molecular mecha-

nisms involved in α-syn aggregation are yet not fully understood, thus 

treatment options are limited and only aiming to reduce associated 

symptoms like tremor, rigidity and bradykinesia. Neuroinflammatory 

processes in the brain evoking neurodegenerative conditions gain 

increased attention and are mediated by so-called lipid mediators of 

inflammation, namely leukotrienes. Leukotrienes arise from 

arachidonic acid and their production is initiated by the rate limiting 

enzyme 5-lipoxygenase (5-LOX). 

Methods: With this work, we investigate the involvement of the 

leukotriene pathway, specifically 5-LOX expression, in relation to the 

α-syn aggregation in two well-established transgenic mouse models 

of α-synucleinopathies that overexpress wild-type human α-syn 

(D-line and Line 61). While in the D-line α-syn expression is restricted 

to several brain regions under control of the human platelet-derived 

growth factor-β (PDGF-β), α-syn expression is more widespread 

throughout the brain in Line 61 mice where α-syn is controlled by the 

murine Thy-1 promoter. 

Results: Free-floating immunohistochemical stainings of brain 

sections of mice at pre-symptomatic, symptomatic and late-symp-

tomatic stages of disease progression (D-line: 3, 6 and 9 months; 

Line 61: 1.5, 3 and 6 months) revealed hotspots of intra- and extra-

cellular α-syn accumulation in the hippocampus, cortex, olfactory 

bulb and pons. Additionally, α-syn was highly expressed in the 

cerebellum of Line 61. Focusing on these areas, we investigated the 

protein expression of 5-LOX and the 5-lipoxygenase-activating 

protein (FLAP), via immunohistochemical staining. Quantitative 

analysis of leukotriene synthesis related gene expression (Alox5, 

Alox5ap, LTC4S) will be performed using qPCR. 

Discussion: The aim of this study is to investigate possible altera-

tions in leukotriene signaling, i. e. 5-LOX and FLAP expression, at 

different time points of disease progression. This analysis might 

uncover a new mechanism underlying the α-syn accumulation and 

may highlight the leukotriene signaling pathway as an ideal drug 

target for the treatment of PD, DLB and related neurodegenerative 

diseases. 
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Background: The adaptor protein STAC3, previously identified as an 

essential component of the excitation – contraction (EC) coupling 

machinery, was reported to have three distinct functions: (1) it facili-

tates the membrane expression of CaV1.1; (2) it is crucial for the 

function of CaV1.1 as a voltage sensor and as a calcium channel;  

(3) it is essential for the conformational coupling between CaV1.1 and 

the RyR1. We and others have previously identified two distinct 

interactions that STAC3 establishes with CaV1.1, one between the 

SH3-1 domain of STAC3 and the II  – III loop of CaV1.1, and one 

between the C1-linker region of STAC3 and the proximal C-terminus 
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of CaV1.1. However, which of these interactions is responsible for 

each function is still elusive. 

Methods: Using the CRISPR / Cas9 method, we generated a double 

STAC3 / CaV1.1 KO skeletal muscle cell line. As previously reported 

in mouse KO myotubes, in the newly generated cell line, CaV1.1 

currents are negligible and EC coupling fails unless STAC3 expres-

sion is rescued. In order to determine which CaV1.1 / STAC3 interac-

tion is responsible for each function of STAC3, we are going to 

reconstitute STAC3 KO myotubes with STAC3 fragments that contain 

the domain responsible for that particular interaction. 

Results and discussion: Ongoing recordings of CaV1.1 currents in 

the presence of either STAC3 fragment indicate that the interaction 

one between the C1-linker region of STAC3 and the proximal 

C-terminus of CaV1.1 is essential for the functionality of CaV1.1 as a 

calcium channel, whereas the one between the SH3-1 domain of 

STAC3 and the II – III loop of CaV1.1 is dispensable. 

Acknowledgements: Grants: Austrian Science Fund FWF (T 855 

and DOC30-B30) and Tyrolean Science Fund TWF (0404-2238). 

Keywords: excitation – contraction coupling – STAC3 – CaV1.1 

channels 

A3.48 

CD8+ T-cell-mediated contribution to neuropathology in a 

transgenic Alzheimer’s disease mouse model 

Michael S. UNGER1,2,*, Lukas SCHARNAGL1,2, Eva M. H. LI1,2, 

Rodolphe POUPARDIN2, Heike MROWETZ1,2, Pia ZAUNMAIR2,3, 

Johannes ATTEMS4, Thomas M. WEIGER5 and Ludwig AIGNER1,2 

1Institute of Molecular Regenerative Medicine, Paracelsus Medical 

University, Salzburg, Austria; 2Spinal Cord Injury and Tissue 

Regeneration Center Salzburg (SCI-TReCS), Paracelsus Medical 

University, Salzburg, Austria; 3Institute for Experimental 

Neuroregeneration, Paracelsus Medical University, Salzburg, 

Austria; 4Institute of Neuroscience, Newcastle University, Newcastle 

upon Tyne, UK; 5Department of Biosciences, University of Salzburg, 

Austria 

*E-mail: michael.unger@pmu.ac.at 

Intrinsic Activity, 2019; 7 (Suppl. 1): A3.48 

doi.org/10.25006/IA.7.S1-A3.48 

Background: Neuroinflammation is a major contributor to disease 

progression in Alzheimer’s disease (AD) and is characterized by the 

activity of brain-resident glial cells, in particular microglia cells, and 

by the infiltration of peripheral immune cells. The role of T lympho-

cytes in the AD brain and their beneficial or detrimental contribution 

to AD pathology are still controversially discussed. We recently 

identified CD8+ T cells in the brain parenchyma of APP-PS1 trans-

genic mice forming strong immune interactions with microglia. 

Methods: To address their functional relevance in AD, we ablated 

the pool of CD8+ T cells from APP-PS1 transgenic mice for a total of 

4 weeks using an anti-CD8 antibody treatment. 

Results: Here, we demonstrate successful ablation of the CD8+  

T-cell pool in the blood and from the brains of the animals. While there 

were no changes in plaque pathology and only minor changes  

in neuroinflammation, RNASeq analysis revealed highly altered 

neuronal gene expression in the hippocampus of CD8+ T-cell-ablated 

APP-PS1 transgenic mice. We identified a variety of significantly 

differentially expressed genes in APP-PS1 mice treated with anti-

CD8 antibody. Gene expression for immediate early genes (IEGs) 

such as activity-regulated cytoskeleton-associated protein (Arc) and 

neuronal PAS domain protein 4 (Npas4) was upregulated in APP-

PS1 transgenic mice lacking CD8+ T cells in the brain. Gene ontology 

enrichment analysis revealed that biological processes such as 

“neuronal synaptic plasticity” were over-represented in the hippocam-

pus upon CD8+ T-cell ablation. 

Discussion: Therefore, we assume that CD8+ T cells contribute to 

neuronal dysfunction in modulating synaptic plasticity along AD. 

Further analysis will be essential to uncover the exact mechanism of 

how CD8+ T cells contribute to AD pathology and to develop new 

treatment options. 
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Background: In clinical practice diagnostical categories as major 

depressive disorder (MDD) remain less definable, which potentially 

leads to inappropriate treatment and hence to insufficient treatment 

response. Machine learning algorithms based on structural MRI has 

been applied fairly successfully for classification purposes. In a meta-

analytical report sensitivity and specificity rates where 70  % and 71 %, 

respectively, in order to discriminate patients with MDD from healthy 

subjects [1]. Morphological segmentation pipelines entail a new 

degree of resolution of complex structures as the neocortex as well 

as subcortical brain regions. Structural MRI generates estimations of 

parameters as cortical thickness and surface area along cortical 

volume [2] as well as on subfields of the hippocampus and nuclei of 

the amygdala and thalamus [3, 4]. Nevertheless, there is a lack of a 

neurobiological biomarker and of established methods to classify 

diagnostical entities. Therefore, we aim to discriminate patients with 

MDD from healthy subjects based on various cortical gray matter 

parameters (cortical thickness, area and volume) as well as on 

subcortical regions and subunits of the hippocampus, amygdala and 

thalamus. 

Methods: We analysed cross-sectional 3-Tesla MRI data (sequence: 

MPRAGE) of 24 patients with MDD and 39 healthy study subjects. To 

estimate mean cortical thickness, area and volume we utilized the 

FreeSurfer software (version 6.0). Thirtyfour regions where extracted 

on defined regions by the Desikan-Killiany atlas [5]. In addition, 

comprehensive segmentation of the hippocampus, amygdala and 

thalamus into specific sub-compartments was executed. Predictive 

analytics was performed by using the statistical software “R” and 

“randomForest” (RF). Next to the mean accuracy, sensitivity and 

specificity, RF selected the most informative sets of predictors based 

on cortical and subcortical gray matter parameters. 

Results: When performing a separate RF model for each of the 

structural MRI measures (cortical thickness, surface area, cortical 

volume, subcortical brain regions, subfileds of the hippocampus or 

amygdala or thalamic nuclei), a maximum accuracy over 0.67 for the 

validation sets across repeats was attained. In a combined RF model, 

using all structural MRI measures, we achieved a mean accuracy for 

the validation sets across repeats over 0.74, with an excellent 

sensitivity and poor specificity (0.90 and 0.47, respectively). Feature 

selection emphasized cortical gray matter regions or subcortical 

structures across all measures. 
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Discussion: Machine learning and randomForest revealed highest 

accuracy (0.74; sensitivity of 0.90 and specificity of 0.47) to discrimi-

nate MDD from healthy subjects when sMRI measures of all regions 

and subdivisions where utilized in the model. These interesting 

findings need further confirmation on an external study sample. We 

are currently in the process of allocating a viable cooperating working 

group that could provide an external validation data set and are 

optimistic with regards of verifying our findings in the near future. 

Keywords: machine learning – randomForest software – structural 

MRI – FreeSurfer software – major depressive disorder – 

classification  
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Background: Mild traumatic brain injury (mTBI) and posttraumatic 

stress disorder (PTSD) are common impairments among military 

service members who took part in armed conflicts as well as among 

civilians all over the world. Both mTBI and PTSD could cause  

long-term alterations in cognitive processes such as general informa-

tion processing and decision-making. The simplest way to model 

decision-making in the study is the simple choice reaction (CR) task. 

Methods: A simple computer CR task (with two types of neutral visual 

stimuli) was used to test participants. CR time of responses was 

detected. EEG was recorded at sampling rate of 500 Hz during the 

whole testing procedure. sLORETA was applied for EEG source 

localization (i. e. mapping) to identify brain regions involved in CR [1]. 

Also, statistical non-parametric mapping in sLORETA was used to 

display differences between activation of brain regions of participant 

groups [2]. Functional connectivity was assessed with EEG cohe-

rence analysis between all possible coupled pairs of electrodes  

in delta (0.5 – 3.9 Hz), theta (4.0 – 7.9 Hz), alpha (8 –12 Hz), beta-1  

(14 –19.9 Hz) and beta-2 (20 – 35 Hz). The significant level of cohe-

rence value was established equal or greater than 0.7 [3]. Statistical 

analysis of CR time of responses (CRT) was done in STATISTICA. 

Results: The CRT of the mTBI group was greater than that of  

the control group (471 [446; 579] ms vs. 410 [392; 430] ms (U = 116; 

p = 0.002)), while no difference was revealed between PTSD group 

and control group (434 [405; 485] ms vs. 410 [392; 430] ms (U = 135; 

p = 0.087)). In the control group activation of fronto-parieto-occipital 

and temporo-occipital regions as well as connectivity between 

respective regions in the theta band were observed. The PTSD group 

demonstrated activation of the right fronto-parieto-temporal regions 

and the right insula in comparison to zero. There was no difference 

between the PTSD group and the control group (p = 0.493).  

The PTSD group connectivity pattern was specific because of 

coherence between prefrontal regions in the delta band and lack of 

interhemispheric coherence in all bands. Nevertheless, the same 

fronto-parieto-occipital connectivity was present as seen in the 

control group. The mTBI group had greater activation of the left 

temporo-occipital regions, the left insula and posterior cingulate 

cortex compared to the control group (p = 0.018; threshold = 0.574)). 

Coherence analysis showed general weak functional connectivity in 

the mTBI group: lack of interhemispheric and fronto-parieto-occipital 

coherences. 

Discussion: In view of the disruption of neural networks as the result 

of TBI [4] the following assumption can be made: mTBI results in the 

slowing of information processing caused by altered fronto-parieto-

occipital functional integrity. At the same time intact fronto-parieto-

occipital functional connectivity in PTSD and the control group 

provide efficient performance in the CR task. 
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Background: Echinocandins such as anidulafungin (ANI) are recom-

mended for the treatment of invasive candidiasis in critically ill 

patients. Data on target-site penetration in human tissues are sparse. 

Therefore, we assessed ANI concentrations in liver, lung, spleen, 

kidney, pancreas, myocardium and muscle tissue. 

Methods: Human tissue samples were taken at routine autopsies of 

patients who had been treated with standard doses of ANI. ANI was 

measured by high-pressure liquid chromatography (HPLC) and UV 

detection. Sample preparation was performed by protein precipitation 

via acetonitrile and methanol, followed by mechanical homogenysa-

tion (Precelly’s homogenizer) and centrifugation. For establishment 

and validation of the method and for preparation of HPLC standards, 

porcine and bovine tissues spiked with ANI were used. The lower limit 

of quantification (LLOQ) was 0.05 µg/g. 

Results: The method fulfilled the requirements of the European 

Medicine Agency (EMA). Samples were obtained from four autopsy 

cases. Highest concentrations were found in the liver (13.5  – 56.2 

µg/g) followed by the spleen (3.2  – 28.3 µg/g) and the lung (1.3  –18.6 

µg/g). Concentrations in pancreas (1.36  –13.5 µg/g), kidney (0.0  –

11.37 µg/g), myocardium (0.3 – 4.1 µg/g) and muscle (0.5 – 8.2 µg/g) 

where lower. Duration of treatment ranged from 6 to 17 days, thus all 

patients were at steady state. Cumulative dose ranged from 700 to 

1,800 mg. Time from last ANI infusion to death was 11.5 – 299 hours. 

Discussion: ANI concentrations were highly variable, even within  

the same tissue. In most of the samples, ANI tissue concentrations 

exceeded the minimal inhibitory concentrations (MICs) reported for 

Candida albicans (0.008 to 2.0 µg/ml) and C. glabrata (0.015 to 4.0 

µg/ml). ANI could be measured in the liver, in the lung, in the spleen, 

in the pancreas, in myocardium and in muscle tissue, even 11 days 

after the last infusion. 
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Background: Successful memory performance requires remember-

ing of new encoded information as well as forgetting the old out-of-

date information, thus updating of the memory system. Depending on 

whether a stressor is applied before encoding or before memory 

retrieval, stress responses promote either an increase or a decrease 

in memory performance. In long-term memory performance, a stress-

related increase in cortisol before or immediately after the stressor 

facilitates memory consolidation, whereas a stress-related cortisol 

increase before memory retrieval impairs memory recall perfor-

mance. Despite the well-documented dichotomy of cortisol on 

memory performance in long-term memory, less is known about the 

impact of cortisol in short-term memory performance. In the present 

study, we evaluated the impact of a cold-water stressor on memory 

recall as well as on the association of endogenous cortisol on memory 

performance in young men. In directed forgetting paradigms, subjects 

are instructed to forget a previously encoded list of items, but  

to memorize a subsequent list of items. In general, subjects recall 

less of the forget-cued list (list-1 forgetting) but recall more of the 

remember-cued list (list-2 enhancement). 

Methods: Sixty-three young men participated in the present study: 

21 men exposed their lower arm either to warm water, 21 to ice-cold 

water, and 21 subjects were used as a control group. Salivary cortisol 

was quantified using an ELISA assay (Demeditec Diagnostics GmbH, 

Germany). The directed list-forgetting paradigm used in the present 

study consisted of two lists of words. Each list consisted of 12 words. 

After encoding list items, the participants received a “forget list 1, 

remember list 2” cue. In the temperature-challenged groups, water 

exposure was immediately before list-1 encoding. 

Results: Sixty-seven % of the participants responded to cold pressor 

stress (CPS) with an increase in free cortisol. Baseline and post- 

test cortisol levels were significantly associated with each other in 

CPS conditions (R2 = 0.61; t = 5.14; p < 0.001). Cortisol-responders 

revealed lower baseline salivary cortisol levels than cortisol non-

responders. The subjects recalled 30.7 ± 3.6 % of the list-1 items in 

control conditions and 36.5 ± 5.4 % of the list-1 items in CPS 

conditions. Cortisol non-responders recalled 16.7 ± 3.3 % in control 

and 58.6 ± 12.7 % in CPS conditions. Cortisol-responders recalled a 

similar percentage of list-1 items in control (35.9 ± 4.7 %) and CPS 

conditions (32.7 ± 5.3 %). Regression analysis revealed a negative 

association between baseline cortisol level and the percentage of 

recalled list-1 items (R2 = 0.22; t = −2.31; p < 0.05). 

Discussion: As the participants revealed a higher recall rate in CPS 

conditions, our findings indicate that list-1 forgetting is mitigated in 

temperature-challenged subjects. Furthermore, the present study 

indicates an association between free cortisol levels and recall of 

forget-cued items. Thus, at least in men, elevated baseline cortisol 

levels may impair recall of encoded items in a short-term memory 

paradigm. 

Keywords:  directed forgetting – memory performance – impact of 

temperature – cortisol – men 
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Background: CaV1.4 L-type calcium channels are predominantly 

expressed in retina where they are essential for glutamatergic release 

from photoreceptors (PRs) to bipolar cells (BCs) during transmission 

of light-evoked signals. Their importance is supported by the fact that 

mutations identified in the gene encoding CaV1.4 are associated with 

congenital stationary night blindness type 2 (CSNB2) in humans. 

Among all the mutations, patients carrying the mutation Ile745Thr  
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(IT) presented with a severe CSNB2 phenotype including a drastic 

reduction in the ERG’s b-wave that points to dysfunctional synapses 

between PRs and the BCs. The IT mouse models’ ERG shows similar 

features and can therefore be considered a valid model to study 

CSNB2 and the role of CaV1.4 in the retina. In this study we investi-

gated the BC visual pathways in this animal model to understand the 

mechanism underlying the pathogenesis of CSNB2. 

Methods: By means of microelectrode array (MEA), we investigated 

the retinal output upon light stimulation of whole-mounted retinas of 

IT mice and wild-type (WT) controls. Photoreceptors were stimulated 

with full-field flashes of scotopic (rods-only) and photopic (cone-only) 

light delivered by a digital light projector. Their retinal morphology 

was examined immunohistochemically in retinal sections and whole-

mounts. 

Results: In IT retinae only 26 % of the ganglion cells (GCs) respond-

ing to scotopic stimulation were also responsive to photopic light 

suggesting a major defect in the primary cone pathway (cone   cone 

BCs  GCs). Compared to WT mice the cone marker, cone arrestin 

showed abnormal arrangements of cones in whole-mount retinas  

and irregular formation of telodendria which are fine protrusions 

electrically connecting cones and rods. To test whether the electrical 

synapses were functional we directed the light signal only through the 

secondary rod pathway (rod  cone  cone BCs  GCs), by applica-

tion of 50 µM L-AP4 or 2 µM strychnine. Using this pharmacological 

approach, we completely abolished the scotopic response in IT but 

not WT mice, suggesting that cones are more affected by the IT 

mutation, presumably due to a lack of cone-to-rod electrical signaling. 

Discussion: Taken together, we showed a strong reduction of  

the cone-driven signal in the IT mouse model as inferred by the 

significant loss of photopic response. The communication failure 

between cones and rods, seen while pharmacologically isolating the 

secondary rod pathway, might be due to the increase of Ca2+ influx in 

the synaptic terminals. In fact, the gain-of-function nature of the IT 

mutation may lead to an increased Ca2+ influx that could cause a 

dysregulation of connexin. Why cones are more affected that rods  

in this animal model still remains an open question, but adds an 

important piece of information relevant also for future medical 

treatments. 
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Background: Sparse activity is a hallmark feature of the dentate 

gyrus granule cells (GCs) and is thought to play an important role in 

network computations, such as pattern separation. Data acquired by 

tetrode recording and calcium imaging showed that only a minority of 

granule cells was active at a very low frequency when animals 

explored an open field environment. However, the mechanisms 

underlying the sparse activity of the GCs and the subthreshold 

membrane potential dynamics during spatial navigation remain 

unknown due to limitations of previously used recording techniques. 

Methods: To address these questions, we performed whole- 

cell patch-clamp recordings from morphologically identified GCs, 

together with local field potential (LFP) recordings in head-fixed mice 

running on a linear belt. 

Results: We found that firing properties of morphologically identified 

GCs were highly sparse and heterogeneous. Whereas 43  % of cells 

were silent, 57 % of cells were active to a variable degree, generating 

single spikes and bursts of action potentials (APs). Interestingly, 

active GCs had more complex dendritic trees than silent GCs, with a 

larger number of higher-order branches (n = 22 / 27, p = 0.001). 

Active GCs showed larger AP amplitude, faster AP rise and shorter 

AP duration (n = 26 / 24, p = 0.015, 0.0001 and 0.003). Analysis of 

membrane potential (Vm) dynamics during spatial navigation revealed 

that GCs with spatially tuned spiking also received spatially tuned 

inputs, indicated by more depolarized Vm, higher variance of Vm  

in-field than out-field, and spatial tuning vector length significantly 

different from that of shuffled data. Unexpectedly, we found that 25  % 

non-place active GCs and 22 % silent GCs also received spatially 

tuned inputs. Finally, a machine learning algorithm using the 

morphological, intrinsic and extrinsic properties of the current data 

set was able to predict the GC firing patterns. 

Discussion: Our data suggests that a combination of morphological, 

intrinsic and extrinsic properties may synergistically contribute to the 

sparse and heterogeneous firing pattern of GCs in vivo. Spatially 

tuned inputs may prime GCs to encode spatial information. 
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Background: The medial prefrontal cortex (mPFC, homolog of  

the primate dlPFC) plays an important role in the cognitive  

and affective modulation of pain. Parvalbumin-expressing GABAergic 

interneurons (PVINs) in the mPFC are known to mediate an 

increased feed-forward inhibition of mPFC output after peripheral 

nerve injury. Conversely, inhibition of these PVINs consequently 

mediates analgesia in neuropathic pain. However, the cellular and 

molecular underpinnings of this phenomenon have remained unclear, 

and it is not known how the projections originating from the mPFC 

might modulate downstream targets in neuropathic states. The mPFC 

has been shown to exhibit reciprocal connections with the basolateral 

amygdala (BLA), a brain region that receives ascending sensory 

inputs from the spinal cord. Moreover, the mPFC sends projections 

to the ventrolateral periaqueductal gray (vlPAG) region which is 

known to be involved in descending pain modulation. We thus 

hypothesized that the observed alterations in mPFC function may 

originate from BLA inputs and that the processing of these inputs in 

the mPFC alters downstream pathways such as PAG projections. 
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Methods: We used optogenetics approaches, combined with patch-

clamp electrophysiology, in vivo pharmacology and behavioral 

assessment to examine the role of specific glutamatergic BLA inputs 

into the mPFC and to elucidate the downstream brain circuitry that is 

involved in neuropathic pain. 

Results: Our data show that peripheral nerve injury strengthens 

synaptic input from the BLA onto inhibitory interneurons located in 

layer 5 of the prelimbic mPFC, as a result of reduced expression of 

CB1 receptors. Optogenetic inhibition of these inputs weakens feed 

forward inhibition to boost mPFC output, leading to analgesia. This 

effect is lost by ablation of mPFC  – vlPAG projections, or by ablating 

projections from the vlPAG to the rostroventral medulla (RVM) and / or 

locus coeruleus (LC). Spinal administration of serotoneric and 

noradrenergic receptor antagonists blocks the analgesic effects 

mediated by optogenetic inhibition of BLA to mPFC inputs. 

Discussion: Our data reveal that peripheral nerve injury leads to a 

selective augmentation of BLA inputs into GABAergic interneurons in 

the mPFC as a result of weakened endocannabinoid signaling. The 

selective enhancement of glutamatergic inputs onto PVINs results in 

an overall inhibition of layer 5 output towards the vlPAG. Within the 

vlPAG, the decreased input from mPFC causes reduced activity of 

glutamatergic neurons, and increased activity of GABAergic neurons. 

Altogether these alterations in the vlPAG result in a decrease in 

serotonergic and noradrenergic output from the RVM and LC to the 

spinal cord dorsal horn, respectively, thus leading to compromised 

descending modulation of ascending nociceptive transmission. 

Specific optogenetic inhibition of the BLA inputs into the mPFC 

weakens the feed-forward inhibition, thereby enhancing mPFC inputs 

into the vlPAG and its downstream targets including the RVM, LC and 

spinal cord, leading to analgesia. Our data presented here provide 

new insights into the understanding of the functional connectomics of 

the BLA – mPFC – PAG – spinal cord pathway, and establish a causal 

link between the dysregulation of this circuit and hypersensitive 

behavior during neuropathic pain. 
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Background: The precise balance of axonal outgrowth and pre-

synaptic maturation is crucial for a correct synapse formation. In  

our recent work, we have identified protein kinase N1 (PKN1), a 

serine / threonine kinase belonging to the protein kinase C super-

family, as a novel key player in fine-tuning this process in cerebellar 

granule cells (Cgc). The only cerebellar output neuron, the Purkinje 

cell (PC), receives excitatory input from climbing fibers (CF), 

originating from inferior olivary nuclei, and parallel fibers (PF), 

originating from Cgc. The formation of the PF – PC synapse is a 

hallmark during cerebellar development as it drives the correct 

segregation of PF and CF territories and is important for motor 

coordination and cerebellar long-term function. The lengthy process 

to achieve cerebellar synaptic maturity makes it particularly suscep-

tible to developmental abnormalities, which may finally result in 

neurodegeneration and disabilities such as cerebellar ataxia. 

Methods: We have studied morphological, immunohistochemical 

and electrophysiological properties of wild-type (WT) and Pkn1−/− 

cerebella derived from young postnatal to adult animals. Further-

more, adult WT and Pkn1−/− animals were assessed for motoric 

deficits in behavioural tests. Cultured Cgc from both genotypes were 

analysed for axonal length and presynaptic maturation and used to 

investigate the effect of si-RNA mediated knockdown of AKT. 

Results: We could show that PKN1-mediated AKT inhibition during 

PF growth results in a reduction of NeuroD2 levels, a neurogenic 

transcription factor preventing presynaptic maturation, and a subse-

quent increase in presynaptic specifications in Cgc. Consequently, 

postnatal Pkn1−/− animals showed higher AKT  / NeuroD2 activity and 

a defective PF – PC synapse formation, as measured with electro-

physiological recordings and immunohistochemical stainings. The 

long-term effect of Pkn1 knockout was further seen in cerebellar 

atrophy and ataxia in adult animals. 

Discussion: These exciting new results demonstrate that PKN1 

functions as a developmentally active gatekeeper of AKT activity, 

thereby fine-tuning axonal outgrowth and presynaptic differentiation 

of Cgc and subsequently the correct PF – PC synapse formation. 

Results have been described in detail in [1]. 
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