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Assembling neuronal circuits for movement 

 
Silvia ARBER 
 
Motor behavior represents the ultimate output of most nervous system activity. The organization 
and function of the mature nervous system relies on the precision with which defined neuronal 
circuits assemble into functional units during development. In the developing motor system, a 
carefully orchestrated process of sequential circuit assembly leads to the gradual emergence of 
mature circuit function. This process entails the establishment of precise peripheral trajectories by 
motor neuron pools in the spinal cord to innervate target muscles and the assembly of central 
connections to motor neurons to regulate their temporal pattern of activity during movement. 
Connections to motor neurons are formed by many distinct spinal interneuron classes, by 
neurons with descending projections from higher brain centers, and by proprioceptive sensory 
neurons, providing feedback from the periphery to coordinate motor output. This presentation will 
focus on recent progress in understanding the genetic pathways and cellular mechanisms 
involved in the establishment of synaptic specificity in the mammalian spinal cord, with an 
emphasis on proprioceptive feedback circuitry.  
 
 
 
 
Analysis of protein complexes at the synapse and their evolution 
 
J Douglas Armstrong and T Ian Simpson 
 
School of Informatics, University of Edinburgh, UK 
 
Information processing in the brain is mediated by the dense protein complexes located at the 
synapses that form the main site of communication between neurons. We have studied the 
protein complement of the synapse in both mammal and invertebrate brains and found it to be 
heavily enriched for proteins linked to cognitive processes and in humans to many neurological 
and psychiatric disorders. These studies also used a range of transgenic methods to introduce 
high affinity epitope tags into endogenously expressed neural proteins. This allows us to affinity 
purify and study different types of synapse, begin to dissect their molecular diversity and map this 
onto specific brain structures. Evolutionary analysis of the complexes we have obtained reveals 
core components of the synapse are conserved in all organisms including those lacking nervous 
systems. However, there is clear evidence for molecular expansion of proteins involved in 
synapse biology in organisms that do have a nervous system and this is most prominent in the 
vertebrate lineage. We have mapped phenotype and other functional information, including 
behaviour and human disease information, onto these models to provide a first insight into the 
evolutionary link between molecular and structural complexity in the brain. 
  



 
 
From Neuron to Network: The Role of DOC2B in Late-Burst Activity 
 
Ayal Lavi, Anton Sheinin, Reut Friedrich and Uri Ashery 
 
Department of Neurobiology, Life Sciences Faculty, Tel Aviv university, Tel Aviv, Israel. 
 
The plasticity of the brain plays a key role in shaping our behavior, learning and memory. It is well 
known that plasticity is associated with alteration in synaptic strength and efficacy. Some of these 
effects correlate with changes in the levels of synaptic proteins. However, the implications of 
genetic alteration in synaptic proteins on the network activity of neurons are not known. We 
examine the effect of DOC2B, a synaptic neuronal Ca2+ sensor that is known for its ability to 
enhance synaptic transmission, on neuronal network activity. For that purpose we use 
MicroElectrode Array (MEA) technology to simultaneously record action potentials from multiple 
neurons in ex vivo neuronal network. Proteins overexpression is achieved by viral infection and 
fluorescent-microscopy combined with long-term time-lapse imaging is employed to study the 
kinetics of the overexpression. Overexpression of DOC2B leads to a significant increase in 
number of spikes in neuronal network bursts and noticeable change in the spiking order within the 
bursts. Furthermore, it causes changes in the distribution of the spikes in the burst, leading to an 
increased spiking activity mainly after the burst peaks. This effect is calcium dependent and is 
blocked by EGTA-AM. This unique combination of genetic manipulation on the neuronal network 
level complements and extends our understandings of the role of DOC2B in synaptic 
transmission. It has been previously suggested that synchronized bursting activities may be 
templates for modifications of network-wide neuronal plasticity. Together, we suggest a novel role 
for DOC2B – tuning of synaptic plasticity to allow imprint of activity patterns.  

 
  



Elucidating the Transcriptional Targets of Pax6 in Mammalian Retinogenesis  
 
Pazit Oren-Giladi, Michael Elgart, Varda Oron-Karni, Ruth Ashery-Padan  
 
Department of Human Molecular Genetics and Biochemistry, Sackler Faculty of Medicine, Tel-Aviv 
University, Israel.  
 
The Pax6 transcription factor is essential and sufficient for eye formation in vertebrates and 
invertebrates species. Previously, Pax6 was documented to be essential for the multipotency of 
retinal progenitor cells (RPCs), as Pax6 loss from RPCs resulted in their exclusive differentiation to 
subtype of amacrine ineterneuorns, while other retinal cell types did not form.  The aim of the 
current study is to reveal genes that are directly regulated by Pax6 in the RPCs and thus mediate 
its role during retinal neurogenesis.  
Two high-throughput experiments were conducted in our lab; including comparison of gene-
expression profiles of mutant and control RPC’s using the Affymetrix Gene Chip microarray and 
ChIP-Chip using Pax6 specific antibodies and Affymetrix Promoter Array. The intersection of the 
two lists produced 215 genes, which are putative direct transcriptional targets of Pax6 in the 
developing retina. Using this novel data, we have selected factors implicated in mediating the 
differentiation of ganglion and horizontal cells, early born cell types that do not develop following 
Pax6 loss. The reduced expression of the selected targets was validated by in-situ hybridization 
and immuno-labeling. The binding of the promoter by Pax6 in vitro was validated by electromoblity 
shift assay (EMSA). Using these approaches three novel direct targets of Pax6 were identified 
Pou4f2, Fgf15 and Sip1. Functional studies on Sip1 revealed its requirement for the specification of 
the horizontal interneurons and subtypes of amacrine cells. Together, this study reveals novel 
components of the gene network regulated by Pax6 in the generation of early born retinal cell 
types.   
 
  



Control of myelination by neurotransmitters 
 
Ragnhildur Káradóttir, Aryna Luzhynskaya, Iben Lundgaard, Zhen Wang , Nicola Hamilton, 
Charles ffrench-Constant and David Attwell 
 
Department of Neuroscience, Physiology & Pharmacology, University College London 
 
Activation of neurotransmitter receptors on oligodendrocyte lineage cells damages the cells and 
causes failure of myelin development, or demyelination, in conditions such as cerebral palsy, 
spinal cord injury, stroke and multiple sclerosis. However, neurotransmitter receptors may also 
positively regulate myelination. We investigated myelination of dorsal root ganglion axons by 
cortical oligodendrocyte precursor cells, and myelination in cultured cortical slices, to study how 
neurotransmitters regulate myelination. In the absence of added neuregulin, myelination of DRG 
axons was not affected by blocking action potentials with TTX, nor by blocking glutamate’s 
ionotropic receptors. With added neuregulin, myelination was increased by 50%, TTX reduced 
myelination by ~50%, and NMDA receptor block reduced myelination by ~80%. Thus, added 
neuregulin switches the mode of myelination, from a mode that is independent of action potentials 
and glutamate release to a mode that depends on action potentials and activation of NMDA 
receptors. Neuregulin acts by upregulating NMDA receptor expression in oligodendrocytes and 
their precursors, making them more sensitive to glutamate which is released from axons by action 
potentials. In cortical slices from P7 rat brains, myelination of axons proceeds over a 2 week 
period in culture. Blocking GABAA receptors, from days 3-14 in vitro, doubled the number of 
oligodendrocyte lineage cells present, but did not affect the myelination produced. These data 
suggest that endogenous GABA acts on GABAA receptors to suppress oligodendrocyte precursor 
proliferation. Thus, neurotransmitters play an important role in regulating oligodendrocyte 
differentiation and myelination. 
 
  



The Nogo Receptor Homolog NgR2 is Crucial for Proper Sensory Innervation of the Skin 
 
Bastian E. Bäumer1, Alesja Rjabokon2, Stephan Sickinger1, Michaela Kress2  
and Christine E. Bandtlow1 
 
1 Division of Neurobiochemistry, Medical University Innsbruck; 
2 Division of Physiology, Medical University Innsbruck 
contact: bastian.baeumer@i-med.ac.at 
 
The Nogo-66 receptor homolog NgR2 is a member of the Nogo-receptor family and is suggested 
to impair axonal regeneration of injured nerve fibers and to restrict structural plasticity in the 
uninjured brain. In the PNS, NgR2 is expressed in dorsal root ganglia (DRG) neurons, but its 
physiological relevance remains unknown. In this study we examined how absence of NgR2 
affects anatomy, gene expression and nociceptive behavior of cutaneous DRG sensory afferents.  
In comparison to wt mice, no change in the percent of nociceptive (IB4-binding and P2X3-
positive) and non-nociceptive (NF200-positive) DRG neurons was found in NgR2 knock-out mice, 
consistent with normal number and caliber of unmyelinated and myelinated axons in a cutaneous 
nerve. Strikingly, nonpeptidergic (CGRP-negative) free nerve endings in footpad epidermis were 
about 50% higher in NgR2-KO mice than in their wild-type littermates. In contrast, the density of 
CGRP-positive epidermal innervation remained unaffected. Interestingly, NgR2-KO mice were 
markedly hypersensitive to mechanical but not to noxious heat stimuli. The cutaneous 
hyperinnervation in NgR2-KO mice was not associated with changed expression levels of 
neurotrophins in the skin or their cognate receptors in DRG neurons. However, dissociated 
NgR2-/- DRG neurons revealed more extensive branching patterns than wt neurons and were 
significantly less inhibited by chondroitin-sulfate proteoglycans such as versican, which is 
abundantly present in glaborous skin. These data demonstrate that NgR2 is required for proper 
cutaneous innervation and suggest that it limits axonal outgrowth and branching of IB4-positive 
neurons. 
  



Axonal de- and regeneration in-vivo: Mechanisms and therapeutic strategies 

 
Bähr, M 
 
Department of Neurology, University of Göttingen Medical School 
 
Axonal degeneration plays an important role in the pathogenesis of many traumatic, 
neurodegenerative and neuroimmunological disorders. Despite variable etiology key features 
seem to be similar like fragmentation of the degenerating axon and the appearance of intraaxonal 
phagocytic vesicles. Influx of extracellular calcium has been suggested to be one of the initiating 
steps, but the exact mechanisms underlying axonal degeneration remain unclear. 
Here, we characterized acute axonal degeneration in the rat optic nerve crush model. Using in 
vivo imaging of the optic nerve after intravitreal application of a calcium-sensitive dye we found a 
rapid increase of intraaxonal calcium levels following crush lesion. Application of calcium channel 
inhibitors prevented this crush-induced calcium increase and markedly attenuated axonal 
degeneration as visualized using in vivo epifluorescence imaging of single retinal ganglion cell 
axons labeled by AAVmediated expression of dsRed. Consistently, the application of a calcium 
ionophore aggravated the degenerative phenotype. Ultrastructural analysis including LC3- 
immunogold-labeling revealed the rapid appearance of autophagosomes within the first hours 
after lesion. Application of the autophagy inhibitor 3-Methyladenine resulted in a significant 
attenuation of axonal degeneration as visualized by in vivo imaging. Finally, we demonstrate that 
calcium channel inhibition not only attenuates axonal degeneration but also leads to a significant 
decrease in post-lesional autophagy. These data suggest that crush lesion of the optic nerve 
induces a rapid calcium influx through calcium-channels. The increased intraaxonal calcium 
concentration results in a secondary induction of autophagy that participates in axonal 
degradation. Both events thus represent promising targets for the manipulation of axonal 
degeneration in future therapeutical settings. 
  



The functional expression of voltage-gated ion channels characterizes distinct 
subpopulations of brain tumor initiating cells 
 
Alonso Barrantes-Freer1, Ella Kim2, Walter Stühmer1, Luis A. Pardo1 
 
1 Oncophysiology Group, Max-Planck-Institute of Experimental Medicine, Göttingen, Germany 
2 The Translational Neurooncology Research Group, Department of Neurosurgery, University 
Medical Center Göttingen 
 
It is well established that brain tumors consist of morphological and functional heterogeneous 
groups of cells that differ in their tumor forming abilities. In fact, it is suggested that only the so-
called brain tumor initiating cells (BTICs) are able to reproduce the phenotype of the originating 
tumor and for this reason, it has been speculated that the isolation of these cells will allow the 
identification of specific molecular properties that can be targeted for therapeutic purposes. 
However, in spite of the emergence of promising markers, it is still not possible to unmistakably 
identify BTICs. The specific expression of particular voltage-gated ion channels (VGICs) has 
been clearly demonstrated in a number of malignancies including Glioblastoma Multiforme. 
Thanks to the patch-clamp technique it is possible to measure the functional properties of VGICs 
at the single molecule level in real time, allowing a precise characterization of the underlying 
molecular identities. Furthermore, the localization of VGICs to the plasma membrane and the vast 
pharmacological repertoire available for ion channels makes them ideal therapeutical targets. We 
propose that, since the simultaneous expression of particular VGICS reflects a cell’s physiological 
state, morphologically and functionally divergent subpopulations (including BTICs) also express 
particular ion channel layouts. To test our hypothesis we performed electrophysiological 
measurements of the glioblastoma cell line G112, grown under standard culture conditions and 
as dissociated spheroids, as well as recordings of xenografted mice tumors. We have found at 
least two distinct subpopulations based on electrophysiological profile and potential candidates 
for the underlying VGICs. Our results offer a novel approach that suggests the potential use of ion 
channels as markers for BTICs. 
 
  



 
Characterisation of immature neurons derived from embryonic stem cells  
 
Barth L. & Vogt K.  
 
Biozentrum, Basel, Switzerland  
 
 
Functional neural networks need to maintain a balance between excitation and inhibition. We are 
interested in the establishment of such a balance in a highly reduced system in which we can 
maximally influence the conditions under which the network forms. Embryonic stem cell derived 
neurons provide such a system. The stem cells are driven towards neuronal differentiation using 
a protocol established by Y Barde. So-called precursor cells are then seeded and develop into 
neurons forming a tight network of synaptic connections. All of these networks contain 10-20%  
interneurons, which dampen activity and prevent synchronized seizure-like events. We are now 
investigating the functional development of these neurons and study the appearance of 
interneurons. Using a cell line which expresses GFP under the control of GAD67 the main 
enzyme necessary for production of the inhibitory neurotransmitter GABA, we were able to 
determine that interneurons or their precursors appeared as soon as 48 hours after precursor 
plating.  
The classic patch clamp technique was used to measure electrophysiological parameters as 
voltage-gated channel activity. During the first days after seeding the precursors possess an 
immature physiology, with high input resistances and few voltage-sensitive conductances. 
In a next series of experiments we want to follow the fate of these interneurons using a live-cell 
imaging system. Using pharmacological tools we want to find conditions under which larger or 
smaller numbers of interneurons than normal are generated.   
  



Multifaceted neuronal cell death orchestrated by mitochondria 
 
*Beart P.M., †*Higgins G.C., †Devenish R.J., †*Nagley P. 
 
*Florey Neuroscience Institutes, University of Melbourne, and †Department of Biochemistry and 
Molecular Biology, Monash University, AUSTRALIA 
 
Neurons undergo diverse forms of cell death across the apoptosis-necrosis continuum. Oxidative 
stress and excitotoxicity are features of chronic and acute neuropathologies, including hypoxic-
ischemic injury such as stroke, which has historically been considered a mix of apoptosis and 
necrosis. However, neuronal death should be appraised in the light of the new understanding of 
programmed cell death (PCD) wherein programmed necrosis (PCD-Type III) has been 
differentiated from accidental necrosis, and from PCD-Type I (apoptosis) and II (autophagy). We 
have investigated the involvement of different forms of PCD in models of brain injury employing 
primary neuronal cultures and range of “pathologic stressors”. In cerebellar granule cells, trophic 
factor deprivation (low K+) produced pure apoptosis characterized by caspase-3 activation and 
early redistribution of cytochrome c. Other stressors produced variable caspase-3 and calpain 
activation with early involvement of caspase-independent mediators AIF and HtrA2/Omi, despite 
morphological evidence of apoptotic-like injury (neuritic blebbing, pyknosis and cell body 
shrinkage) and early phosphatidylserine externalization. Similar results were found for GABAergic 
striatal neurons. Our belief is that in both cases this regulated form of neuronal injury involves a 
substantial component of programmed necrosis. With increasing oxidative stress (hydrogen 
peroxide 50 µM), likely to induce rapid opening of the mitochondrial permeability transition pore, 
regulated caspase-independent programmed necrosis was found in cortical neurons. Injury was 
suppressed by knock-down of the mitochondrial death inducer Endo G, and involved additionally 
an autophagic component. GFP-LC3 labelling, found for both hydrogen peroxide and 
staurosporine, was attenuated by 3-methyladenine, but other evidence, including knockdown with 
siAtg7 and siBeclin-1, indicated autophagy operative in destructive and protective modes, 
respectively. Prolonged superoxide-induced (xanthine-xanthine oxidase-catalase) oxidative stress 
produced a mix of early programmed necrosis and autophagy, but both these forms of PCD 
occurred only transiently before being overwhelmed by unregulated necrosis. From our findings 
has emerged a new understanding of caspase-independent PCD and the parallel recruitment 
(with “crosstalk”) in an insult-related manner of apoptosis, autophagy, programmed and 
unregulated necrosis. 
 
 
  



Increased analytical thinking in depression 

 

Paweł Mazurkiewicz, Katarzyna Czajkowska, Natalia Bielczyk, Michał Nowacki 

 

University of Warsaw, Warsaw, Poland 

 
The term ‘depression’, described by Baillarger in 1894, designates a psychiatric affective 
disorder. Hypotheses about neurochemical basis of depression emphasize the role of dopamine 
and serotonin. Some theories consider depression to have an adaptive sense. Those theories 
stress the fact that depressives think in a more analytical manner.  
From neurobiological point of view, depression is related to increased activation  in parietal and 
frontal lobes of the right hemisphere, decreased volume of brain tissue and decreased activity of 
sgACC, reduced level of neroglia, altered density of neurons, reduced size of neural soma, 
increased volume of brain tissue of rACC, difference in cACC. 
Depressive realism is an exemplary phenomenon of increased analytical thinking in depression. 
The fact that depressive individuals can analyze and estimate predictions referring to reality more 
accurately than non-depressives is questioned by many scientists.  
 
PREVIOUS STUDY 
 
We conducted study aiming at determining if the depressive realism phenomenon exists. 
Subjects underwent a Beck Depression Inventory I (Polish experimental version), Bem Sex Role 
Inventory test (IPP, Polish version), NEO-Five Factor Inventory test (NEO-FFI) and an authorial 
realism-assessment tests based on Weinstein (1980) and Cypryańska and Krejtz (2005).  
Results lead to a conclusion that the depressive realism phenomenon exists, but is related to mild 
depression. Unrealistic optimism negatively correlates with the level of depression. 
 
PROSPECTIVE STUDY 
We plan to examine another aspects of analytic thinking. The planned fMRI experiment involves 
depressive and non-depressive subjects to be presented a crime riddle. Time, accuracy and brain 
activity during the process of extracting data and determining who is guilty of crime will be 
recorded and compared between groups. The assumption is that the groups differ in activity 
patterns during problem solving and the depressive tend to be slower but more accurate than 
others.  
  



 
 
Cell death, survival and plasticity in neonatal ischemic injury 
 
Klas Blomgren, Hongfu Li, Qian Li, Xiaonan Du, Karolina Roughton, Xiaoyang Wang, Guido 
Kroemer and Changlian Zhu 
 
University of Gothenburg, Sweden 
 
Lithium is used in the treatment of bipolar mood disorder. Nine-day-old male rats were subjected 
to unilateral hypoxia–ischemia (HI) and 2 mmol/kg lithium chloride was injected i.p. 
immediately after the insult. Additional lithium injections, 1 mmol/kg, were administered at 24-h 
intervals. Lithium reduced the ischemia-induced tissue loss by 43% 72 h after HI and by 69% 7 
weeks after HI. Lithium reduced the ischemia-induced dephosphorylation of GSK-3 beta and 
ERK, the activation of calpain and caspase-3, the mitochondrial release of cytochrome c and AIF, 
as well as autophagy (as judged by LC3 cleavage). Microglia activation was inhibited by lithium, 
as judged by Iba-1 and galectin-3 immunostaining, and reduced IL-1β and CCL2 (MCP-1) levels. 
Lithium increased neural stem and progenitor cell (NSPC) proliferation in the hippocampus in 
both non-ischemic and ischemic brains, as judged by BrdU labeling 24 h and 72 h after HI and by 
phospho-histone H3 labeling 7 weeks after HI. Lithium also promoted the survival of newborn 
NSPC, without altering the relative levels of neuronal and astroglial differentiation.  
In summary, lithium conferred impressive, long-term protection against neonatal HI, at least partly 
by inhibiting apoptosis and inflammation. It is not clear if the reduced autophagy observed is 
related to the tissue protection or if it is secondary to less injured tissue to be processed. In 
addition, lithium treatment promoted both NSPC proliferation and survival, thereby promoting 
regenerative responses. The doses used are in the same range as those used for adult humans. 
These results strongly suggest that the therapeutic potential of lithium in neonatal HI brain injury 
should be explored further. 
 
  



 
BDNF regulates Arc-dependent LTP consolidation in vivo  
 
Clive R. Bramham 
 
Department of Biomedicine and K.G. Jebsen Center for Research on Neuropsychiatric Disorders, 
University of Bergen, Jonas Lies vei 91, 5009, Bergen, Norway.   
 
Email: clive.bramham@biomed.uib.no 
 
LTP consolidation in the adult dentate gyrus of anesthetized rats depends on sustained 
translation of newly induced, dendritically transported Arc mRNA over a critical time window. Arc 
synthesis during this time is necessary for phosphorylation of cofilin and corresponding expansion 
of F-actin at synaptic sites, which is thought to underlie stable structural changes. This talk 
presents recent findings on translational regulation underlying Arc synthesis and LTP 
consolidation at medial perforant path-granule cell synapses in the dentate gyrus of anesthetized 
rats. We show that Arc synthesis requires a novel mechanism involving ERK signaling to the 
Ser/Thr kinase MNK. MNK, in turn, regulates a key step in formation of the translation initiation 
complex — interaction between the cap-binding protein, eukaryotic initiation factor 4E (eIF4E), 
and the scaffolding protein, eIF4G. In many cellular contexts, including synaptic plasticity in the 
hippocampal CA1 region, initiation complex formation is repressed by 4E-BP, which competes 
with eIF4G for binding to eIF4E. A large body of work implicates rapamycin-sensitive mTORC1 
signaling in release of 4E-BP and activation of cap-dependent translation in the CA1 region. In 
the dentate gyrus, however, 4E-BP is not released from eIF4E following LTP induction. Moreover, 
mTORC1 signaling to p70S6 kinase and ribosomal protein S6 is strongly activated during LTP in 
the dentate gyrus, yet inhibition of this signaling with rapamycin has no effect on LTP 
maintenance during 10 hours of recording. Earlier work showed that LTP induced by local 
infusion of BDNF requires Arc synthesis. Here, brief infusion of the BDNF scavenger TrkB-Fc was 
used to probe endogenous BDNF function in LTP maintenance. We find LTP is rapidly reversed 
by TrkB-Fc application during a critical time window after LTP induction. TrkB signaling was 
necessary for ERK activation, initiation complex formation, and Arc synthesis at synapses.  Taken 
together, these results support the following mechanisms in LTP consolidation: 1) sustained 
release of BDNF and activation of TrkB receptors over a period of hours, 2) TrkB activation of Arc 
transcription and transport of mRNA to dendrites, 3) sustained translation of Arc through TrkB-
ERK-MNK signaling, and 4) Arc-dependent stabilization of nascent F-actin.   
 
  



Combining voltage imaging with other optical techniques 
 

Marco Canepari1,2 

 

1INSERM, U836, Team 3, BP 170, Grenoble Cedex 09, F-38042, France 
2Université Joseph Fourier, Grenoble, France 

 
 

Combining membrane potential imaging with other optical techniques extends the capability of 
this methodology to address more relevant physiological questions. In this talk I will show how to 
achieve simultaneous voltage and Ca2+ measurements with single-trial resolution from sites as 
small as a few microns and how to combine voltage imaging with neurotransmitter photorelease. 
The assessment of these measurements was done by recording either from individual neurons in 
brain slices or from networks of cultured neurons. In particular I will present a variety of 
applications where these combined optical measurements can give unique information. The 
present results open the gate to many novel physiological investigations requiring a spatial 
correlation of voltage and Ca2+ signals or the analysis of membrane potential changes associated 
with local chemical signals. 
  



 

Dynamics of population activity in visual cortex 
 
Matteo Carandini 
 
University College London, London, United Kingdom 
 
The primary visual cortex (V1) codes fundamental attributes of visual stimuli, representing them in 
the coordinated and dynamically-changing activity of populations of neurons. Does this 
representation follow simple mathematical rules? Are these rules stable or do they change 
according to stimulus properties such as a recent history, strength, or configuration? We 
addressed these questions in a series of experiments performed in anesthetized cats, where we 
recorded from populations of V1 neurons using multielectrode arrays. Stimuli were rapid 
sequences of flashed gratings varying in orientation, drifting gratings of various orientations and 
contrasts, and plaids obtained by summing two such gratings. In response to sequences of single 
gratings, the cortex adopts a very simple coding scheme, with a stereotyped response that is 
simply applied over and over to different groups of neurons depending on the stimulus 
orientation. Responses to subsequent stimuli simply sum to each other, thus forming a 
representation that is easily decoded.  This basic linear representation, however, is only the 
scaffolding for more complex, nonlinear operations that make the cortex extremely adaptive. First, 
when stimuli are followed by blank stimuli, the responses persist longer than expected, leaving a 
slightly longer memory trace of the stimulus than could have been possible from a purely linear 
operation. Second, when stimuli are varied in contrast, the cortical responses are scaled in a 
nonlinear way, without disrupting the ratios of firing rate across neurons that participate in the 
response. Third, in response to sums of stimuli of different contrast, the cortex engages in a 
range of behaviors spanning the gamut from simple summation to winner-take-all competition; 
this range of behaviors is simply explained by normalization operations that profoundly affect the 
outcome of linear processing. Fourth, the cortex shows a marked ability to adapt to the statistics 
of the stimuli: it changes the selectivity and responsivity of neurons just as needed to counteract 
any nonuniformities in the recent history of stimulation. We have great hope and reasonable 
expectation that the rules that we have uncovered are not specific to area V1 but are rather 
general rules of operation of cortical populations, and therefore may act as guide to research in 
the underlying mechanisms and circuits and to research in the fundamental neural computations 
that lead to perception and behavior. 
 
  



 
Cerebral amyloid angiopathy reflects an age-related failure of elimination of Aβ from the 
brain along blood vessel walls 
 
Carare R.O, Hawkes C.A  
 
University of Southampton, UK 
 
Alzheimer’s disease (AD), the most common form of dementia, affects more than 800,000 people 
in the UK alone.  Currently approved therapies do little to prevent or reverse disease progression.  
Ageing and expression of the apolipoprotein E4 (apoE4) allele have been identified as major risk 
factors for the development of sporadic AD.  There is evidence that failure of Aβ elimination from 
the brain is a major cause of the accumulation of Aβ in the extracellular spaces of the aged 
brains. A reflection of the failure of perivascular drainage of Aβ with age is the deposition of Aβ in 
the walls of capillaries and arteries as cerebral amyloid angiopathy. Our group has generated 
data to suggest that one of the primary mechanisms by which Aβ is cleared from the brain is via 
interstitial fluid drainage along perivascular pathways.  We have established that when dextran 
tracers of equivalent molecular weight to Aβ are injected into the brain parenchyma, they drain 
along the basement membranes of capillary and artery walls and distribute in the same pattern as 
that of Aβ deposition in AD. The results of the experimental studies and the mathematical models 
that we have developed so far demonstrate that the basement membranes in the walls of 
cerebral capillaries and arteries are key tissue elements in drainage of interstitial fluid from the 
brain. Our aim is to characterise the route for elimination of Aβ along the perivascular drainage 
pathways by which interstitial fluid and solutes drain from the brain. Our working hypothesis is 
that there are changes related to ageing and hypercholesterolaemia in the biochemical 
composition of basement membranes in cerebral arteries.  The functional consequences of the 
changes are reflected in alterations of the perivascular drainage specifically in relation to the 
failure of elimination of Aβ. This leads to impaired homeostasis of the brain, accumulation of Aβ 
and contributes to neuronal dysfunction and dementia. Facilitating the drainage of Aβ along 
ageing artery walls may be a distinct possibility for the treatment and prevention of AD. 
  



A structural basis for memory reconsolidation processes upon learning 
 
P. Caroni 
 
 Friedrich Miescher Institut, Basel, Switzerland 
 
 
Learning of new skills is correlated with formation of new synapses. These may directly encode 
new memories, but they may also have more general roles in memory encoding and retrieval 
processes. Here we investigated how mossy fiber terminal complexes at the entry of hippocampal 
and cerebellar circuits rearrange upon learning, and what is the functional role of the 
rearrangements.  
 
We show that one-trial and incremental learning lead to robust, circuit-specific, long-lasting and 
reversible increases in the numbers of filopodial synapses onto fast-spiking interneurons that 
trigger feedforward inhibition. The increase in feedforward inhibition connectivity involved a 
majority of the presynaptic terminals, and correlated temporally with the quality of the memory. 
We then show that for contextual fear conditioning and Morris water maze learning, increased 
feedforward inhibition connectivity by hippocampal mossy fibers has a critical role for the 
precision of the memory and the learned behavior. In the absence of mossy fiber LTP in Rab3a-/- 
mice, c-Fos ensemble re-organization and feedforward inhibition growth were both absent in CA3 
upon learning, and the memory was imprecise. By contrast, in the absence of ?-Adducin c-Fos 
re-organization was normal, but feedforward inhibition growth was abolished. In parallel, c-Fos 
ensembles in CA3 were greatly enlarged, and the memory was imprecise. Feedforward inhibition 
growth and memory precision were both rescued by re-expression of ?-Adducin specifically in 
hippocampal mossy fibers.  
 
These results establish a causal relationship between learning-related increases in the numbers 
of defined synapses and the precision of learning and memory in the adult. The results further 
relate plasticity and feedforward inhibition growth at hippocampal mossy fibers, to the precision of 
hippocampus-dependent memories. 
  
  



Diversity and Therapeutic potential of human neural stem cells 
 
Cocks G.,  Jeffries, A., Perfect, L. Price J.  
 
Institute of Psychiatry, King’s College London, London, UK. 
 

Stem cells have received substantial interest for their potential as therapuetic agents in a range 
of degenerative diseases of the nervous system.  Of particular interest are human neural stem 
cells, conditionally-immortalised (ci) using cMycERTAM technology.  Such cells derived from the 
human forebrain are currently in clinical trial for ischaemic stroke.  Another  area of particularly 
strong research activity has been in the area of spinal cord injury for which treatment options at 
present are very limited.  We have generated ci lines from human spinal cord, and they do indeed 
have the potential for repair in spinal cord injury in rats. 
An important question in the use of tissue specific neural stem cell lines is the extent to which 
these cells are able to retain the phenotypic characteristics of the tissue of origin after 
immortalisation and prolonged in vitro propagation.  We have performed a detailed assessment of 
their identity in terms of their expression of homeodomain transcription factors and their capacity 
to generate particular neuronal subtypes of the spinal cord. These lines retain a ventral spinal 
cord progenitor phenotype and give rise to neuronal subtypes characteristic of specific ventral 
progenitor subdomains.   
We have also begun to study the molecular basis of stem cell diversity using ci lines from various 
human brain regions.  We have discovered a role for stochastic mono-allelic expression in driving 
diversity.  It transpires that perhaps 5% of all expressed genes in these human stem cell lines are 
subject to such stochastic expression.  We are currently studying the potential inpact of this 
phenomenon as a driver of epigenetic diversity. 
 
  



Mitochondrial morphology and death pathways in neurons 
 
Carsten Culmsee 
 
Institut für Pharmakologie und Klinische Pharmazie, Philipps-Universität Marburg, Germany 
 
Mitochondria play crucial roles in energy metabolism, regulation of free radical formation and 
calcium storage, thereby determining essential metabolic functions and cell survival, in particular 
in neurons. Under physiological conditions, mitochondria are highly dynamic organelles that 
undergo constant fission and fusion and these dynamic morphological changes are essential for 
mitochondrial functions. Consistent with the critical role of mitochondrial dynamics in neurons, 
impairments of mitochondrial fission and fusion are associated with a wide array of inherited or 
acquired neurodegenerative diseases.  In order to elucidate impaired mitochondrial dynamics in 
neuronal cell death, our studies focus on the regulation of mitochondrial integrity in neuronal cells 
in vitro and after cerebral ischemia in vivo. In neuronal HT22 cells, glutamate induces pronounced 
production of ROS followed by mitochondrial fission. The fragmented mitochondria accumulate 
around the nucleus and release apoptosis inducing factor (AIF) which executes cell death in a 
caspase-independent manner. The mechanisms upstream of detrimental mitochondrial fission 
involve concomitant mitochondrial translocation of Bid and dynamin related protein 1 (Drp-1) 
which mediate mitochondrial membrane permeabilization. Inhibition of Bid or Drp-1 preserve 
mitochondrial morphology and provide neuroprotective effects, also after oxygen glucose 
deprivation in primary cultured neurons and in a model of focal cerebral ischemia in vivo.  In 
conclusion, our data suggest that regulators of mitochondrial fragmentation are promising 
therapeutic targets for neuroprotection 
 
 
High-Fidelity Coding with Correlated Neurons 
 
Rava Azeredo da Silveira 
 
Ecole Normale Supérieure, Paris 
 
As soon as one departs from extremely simple sets of stimuli, single-cell coding becomes 
ineffective because neurons respond weakly and unreliably. Information is represented by 
population of neurons. The question then becomes: By which mechanisms do populations code 
for large numbers of stimuli with high accuracy? Both positive correlation and physiological 
heterogeneity in the activity of neurons are widely observed in the brain. In this talk, we shall 
demonstrate that these aspects of neural processing can boost coding performance in a drastic 
manner. 
Previous studies have suggested that correlations are detrimental to the fidelity of population 
codes or at best marginally favorable compared to independent codes. By contrast, we shall 
describe how positive correlations can enhance coding performance by astronomical factors. 
Specifically, the probability of discrimination error can be suppressed by many orders of 
magnitude. Likewise, the number of stimuli encoded can be enhanced by similarly large factors. 
These effects do not necessitate unrealistic correlation values and can occur for populations with 
a few tens of neurons. Furthermore, both effects benefit from physiological heterogeneity. 
Error suppression and capacity enhancement rest upon a class of correlation patterns. In the limit 
of perfect coding, correlation leads to a ‘lock-in’ of activity in the subspace relevant to stimulus 
discrimination. If time allows, we shall touch upon experimental checks of such favorable patterns 
of correlation.  



Physiopathology of calcium signaling in human embryonic stem cells 
 
 
1,2Dayanithi G., 1Forostyak O., 1Kozubenko N., 1,3Verkhratsky A., 1Sykova E  
 
1Institute of Experimental Medicine, Academy of Sciences of the Czech Republic, Prague, Czech 
Republic 
2Centre National de la Recherche Scientifique, France 
3School of Biological Sciences, The University of Manchester, UK 
 
Human embryonic stem cell-derived neural precursors (hESC NPs) are considered to be a 
promising tool for cell replacement therapy in CNS injuries and neurodegenerative diseases. The 
characterization and analysis of NP populations derived from hESCs remains open. Further, no 
clear information is available that provides a connection between the properties of this kind of cell 
in vitro (e.g., ion channels, cell membrane receptors, cell buffering capacities, intracellular 
messengers etc.) and their behavior after transplantation in vivo. Ca2+ is an important second 
messenger participating in virtually all cellular activities including life and death. We have studied 
the role and physiology of Ca2+ and its signalling mechanisms to understand the functional 
properties of CCTL14 hESC NPs during long term propagation in culture (in vitro). Utilizing fast 
fluorescence microspectrofluorimetry, we analyzed the [Ca2+]i responses  to various physiological 
stimuli in single cells in different passages of hESC NPs as well as the responses of [Ca2+]i during 
the course of hES cell differentiation. Our results showed that the number of cells responding to 
various physiological stimuli (e.g., high K+, ATP, glutamate and caffeine) is higher in passage 7 
(P7) NPs when compared to P6, P8 or P10 NPs. These cells (P7) responded to high K+, ATP and 
glutamate by both an influx of Ca2+ and the release of Ca2+ from intracellular stores. Some cells 
(18%) exhibited spontaneous oscillations in [Ca2+]i. In the presence or absence of 2 mM 
extracellular Ca2+, the application of ATP (100 µM) led to a marked rise in [Ca2+]i, suggesting the 
activation of P2Y purinoreceptors and the release of Ca2+ from the intracellular stores. The ATP- 
and glutamate-induced [Ca2+]i responses were reproducible and concentration-dependent. 
Together, these results show that these cells respond to different physiological stimuli by an 
increase in [Ca2+]i that varies during the course of hES cell differentiation. Further, our findings 
suggest that P7 hESC NPs express functional glutamate receptors, purinoreceptors, voltage-
dependent Ca2+ channels and show spontaneous Ca2+ oscillations as typically observed in 
neuronal/endocrine cells. These data contribute to a better understanding of the physiology and 
the functional state of hESC NPs and can help to improve strategies for the use of hESC NPs in 
transplantation and treatment. 
 
Acknowledgements: This work was supported by the Grant Agency of the Czech Republic grants 
GA CR P305/11/2373 and GA CR P303/11/0192.  
 
  



Wired for sex: the neurobiology of Drosophila courtship behaviour 
 
Anna von Philipsborn, Krystyna Keleman, Jai Yu, Tianxiao Liu, and Barry J. Dickson 
 
Research Institute of Molecular Pathology, A-1030 Vienna, Austria 
 
How are innate behavioural repertoires pre-programmed into the nervous system? And how does 
trial-and-error learning allow each individual to fine tune this innate templates to adapt to the 
conditions of the local environment? The courtship behaviour of Drosophila melanogaster males 
offers a tractable genetic model system to address these questions. I will present our efforts to 
define the anatomy and function of neural circuity that generates male courtship behaviour, with a 
specific focus on the sexual dimorphisms sculpted into these circuits by the fruitless gene, and 
how these sex differences may lead to male-specific generation of the courtship song. I will also 
discuss elements of these circuits that mediate learning in the adult fly, so that his courtship 
activity is preferentially directed at the most appropriate target – the receptive virgin female. 
 
 
 
“Fusion-activated“ Ca2+-entry via vesicular calcium channels promotes fusion pore 
opening and exocytotic content release in pneumocytes 
 
Dietl, P. 
 
Institute of General Physiology, University of Ulm, Germany. 
 
Ca2+ is considered a key element for multiple steps during regulated exocytosis. During the post-
fusion phase elevations of the cytoplasmic Ca2+concentration lead to fusion pore dilation. In 
neurons and neuro-endocrine cells, this results from activation of voltage-gated Ca2+ channels in 
the plasma membrane during the pre-fusion stage. However, little is known about Ca2+-entry 
mechanisms during the post-fusion stage. This may be particularly important for slow and non-
excitable secretory cells. We have recently described a novel “fusion-activated“ Ca2+-entry 
(FACE) mechanism in alveolar type II epithelial cells (Miklavc et al., PLoS One 2010 Jun 
8;5(6):e10982). FACE followed initial fusion pore opening with a delayof 200-500 ms. In this talk, I 
shall show that vesicle-associated Ca2+ channels mediate FACE. Using RT-PCR, western 
blotting and immunofluorescence we demonstrate that P2X4 receptors are expressed on LBs. 
Pharmacological and genetic data confirm that FACE is mediated via these vesicular P2X4 
receptors. Furthermore, analysis of fluorophore diffusion into and out of individual vesicles 
following exocytic fusion provides evidence that FACE via P2X4 regulates post-fusion events of 
LB exocytosis. Fusion pore dilation clearly correlated with the amplitude of FACE and vesicle 
content release from fused LBs was accelerated in fusions followed by FACE. Our results 
demonstrate for the first time direct regulation of the post-fusion phase of exocytosis by vesicle-
associated Ca2+ channels. Based on these findings we propose a new concept for regulation of 
the exocytic post-fusion phase in non-excitable cells, where Ca2+-influx via vesicular Ca2+ 
channels regulates fusion pore opening and vesicle content release. 
  



Social interaction prevents cocaine relapse in a rat model: Correlation with functional 
brain mapping 
 
Rana El Rawas¹, Sabine Klement¹, Ahmad Salti², Michael Fritz¹, Alois Saria¹ and Gerald Zernig¹  
 
¹Experimental Psychiatry Unit, Medical University Innsbruck, Austria; ²Institute for Neuroscience, 
Medical University Innsbruck, Austria.  
 
The worsening of drug abuse by drug-associated social interaction is a well studied phenomenon. 
In contrast, the molecular mechanisms of the beneficial effect of social interaction, if offered as a 
mutually exclusive choice to drugs of abuse, are under investigated.  In a rat place preference 
conditioning (CPP) paradigm, four 15 min episodes of social interaction with a gender-matched 
adult conspecific inhibited cocaine-induced reacquisition, a model of relapse, in extinguished rats. 
These protective effects of social interaction were paralleled by a reduced activation assessed by 
Zif268 expression in brain areas known to play critical roles in drug-seeking behavior. Here, we 
show that that social interaction during extinction also reduces FosB/Delta FosB- increased 
expression in the nucleus accumbens shell and core of rats expressing cocaine CPP followed by 
saline extinction. These findings suggest that social interaction, if offered in a context that is 
clearly distinct from the previously drug-associated ones, may profoundly prevent relapse to 
cocaine addiction.   
 
 
Adaptation in sensorimotor control of larval zebrafish 
 
Engert F.A., Ahrens M., Portugues, R. 
  
Harvard University, Cambridge, USA 
 
When animals move they receive sensory feedback, which can be used to calibrate future 
movements. We investigated whether larval zebrafish can adapt their motor output to a change in 
this motor-to-sensory transformation. We mimicked the "closed loop" nature of locomotion in a 
setup where the larval zebrafish is held stationary, by recording extracellular motor neuron 
signals of immobilized larvae, and feeding back in real time this fictive motor output as a change 
in velocity of whole-field motion projected at the bottom of the fish tank. This simple virtual reality 
setup mimics a freely swimming fish trying to avoid being swept backward by a water current. 
When the imposed gain between motor output and sensory feedback was high, the fish reduced 
the strength of their motor output, whereas  a weak gain was followed by an increase in strength 
of motor output. To find out whether this sensorimotor homeostasis is mediated simply by a 
change in recent sensory input or whether it is due to a more complex adaptation such as motor 
learning, we inserted periods of standardized or "open loop" stimuli, over which the fish had no 
control. In preliminary experiments, the change in motor drive persisted beyond ten seconds of 
these open loop periods, suggesting that the change in behavior was not merely mediated by 
differences in sensory input. Finally, we paired the behavioral setup with two-photon calcium 
imaging, and found neurons that change their activity levels in accordance with the strength of 
motor output. The recalibration of the sensory-to-motor transformation that we observed may be 
necessary for successful adaptation to changes in body size and strength, and on a shorter 
timescale, to the changes in scaling between motor output and optic flow that occur when the fish 
changes its depth position in the water. 
 



 
Soft-diet feeding reduces prepulse inhibition in young mice after weaning. 
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Soft-diet feeding is believed to inhibit neurogenesis in the hippocampus of mouse. However, 
there is almost no information about the relationship between mastication and other neural 
functions, with the exception of memory. In this study, we used behavioral analyses and 
immunostaining in mice to investigate the effect of mastication after weaning on brain function. 
At the time of weaning mice were randomly divided into the following six groups (n=10 per group): 
1) male mice fed a hard diet (MHD); 2) male mice fed a soft diet (MSD); 3) male mice changed to 
a hard diet from a soft diet at the time of behavioral analysis (MSHD); 4) female mice fed a hard 
diet (FHD); 5) female mice fed a soft diet (FSD); 6) female mice changed to a hard diet from a 
soft diet at the time of behavioral analysis (FSHD).  
The results revealed significantly reduced prepulse inhibition (PPI) in the MSD group compared 
with the MHD group. Home cage activity was significantly higher in the MHD group than in the 
MSD group. The MSD group exhibited a significantly shorter duration of immobility than the MHD 
group in tail suspension tests. Auditory startle response assessment revealed that the MSD group 
had a higher sensitivity than the MHD mice. Previous evidence suggests that deficits in PPI are 
associated with mental illness, including schizophrenia. The number of BrdU-labeled cell in the 
MHD group were significantly higher than that the MSD. This result suggests that the 
neurogenesis in the MSD was declined. Thus, the current findings indicate that soft-diet feeding 
may be related to mental illness in young male mice after weaning. 
 
  



Nano-environments of Cav2 channels in the brain - an analysis by 'functional proteomics' 
 
Fakler, B. 
 
Dept. of Physiology II, University of Freiburg, Germany. 
 
 
Local Ca2+ signaling occurring within nanometers of voltage-gated Ca2+ (Cav) channels is crucial 
for CNS function, yet the molecular composition of Cav channel nano-environments is largely 
unresolved. Here we employed a novel proteomic strategy combining knockout-controlled multi-
epitope affinity purifications with high-resolution quantitative mass spectrometry for 
comprehensive analysis of the molecular nano-environments of the Cav2 channel family in the 
whole rodent brain. The analysis shows that Cav2 channels, composed of pore-forming a1 and 
auxiliary b subunits, are embedded into protein networks that may be assembled from a pool of 
~200 proteins with distinct abundance, stability of assembly and preference for the three Cav2 
subtypes. The majority of these proteins have not previously been linked to Cav channels; about 
two thirds are dedicated to the control of intracellular Ca2+ concentration including G-protein-
coupled receptor-mediated signaling, to activity-dependent cytoskeleton remodeling or to Ca2+-
dependent effector systems that comprise a high portion of the priming and release machinery of 
synaptic vesicles. The identified protein networks reflect the cellular processes that can be 
initiated by Cav2 channel activity and define the molecular framework for organization and 
operation of local Ca2+-signaling by Cav2 channels in the brain. 
 
  



zDEVD-FMK attenuates salicylate-induced neurotoxicity in spiral ganglion neurons of 
guinea pig cochlea 
 
Hao Feng, Shi-Hua Yin* 
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In vivo experiments are conducted to test efficacy of a specific caspase-3 inhibitor, zDEVD-FMK, 
for protecting spiral ganglion neurons (SGNs) from salicylate-induced apoptosis in the guinea pig 
cochlea. We first performed a pilot study to determine salicylate induced caspase-3 activation and 
led SGNs to be apoptotic. Having confirmed the premise, we then discussed if zDEVD-FMK 
would preserve SGNs from apoptosis ascribed to its restraint on caspase-3 activation by the 
means of drug administration in topical through the round window niche (RWN). In particular, the 
inhibitor in a varied concentration was used to evaluate blocking efficiency. We used terminal 
deoxynucleotidyl transferase-mediated dUTP-biotin nick end-labeling (TUNEL) assay to identify 
SGNs undergoing apoptosis, and activated caspase-3 expression was detected by 
immunohistochemistry. Electron microscopy (EM) was also used to demonstrate morphological 
change. Salicylate initiated a significant increase in TUNEL-positive SGNs (P<0.01), in 
coincidence with activated caspase-3 expression (P<0.01), in comparison to the blank control 
and APL. In addition, typical ultrastructural change was evident in the salicylate-treated group 
using EM, characterized with chromatin condensation and nucleus margination and villous matter 
attached on the surface of neuron body. However, the inhibitor zDEVD-FMK in the concentration 
of 500 mM could attenuate injury availably, rather than 125 mM and 250 mM. It is suggested that 
cochlea function alteration caused by salicylate involves apoptosis and blocking apoptosis at the 
caspase level could rescue auditory neuron effectively. 
 
  



The behavioral spatial and temporal cut-off frequencies of the visual system in a nocturnal 
spider 
 
Fenk L.M., Schmid A. 
 
Department of Neurobiology, University of Vienna, Vienna, Austria 
 
Cupiennius salei is a nocturnal hunting spider from Central America. It has, like most spiders, 
eight lens eyes. The anterior median eyes are equipped with two tiny eye muscles that can move 
the retinae and thus shift the eyes' fields of view. All other eyes lack eye muscles and their 
photoreceptor cells are arranged in rows on a light-reflecting tapetum. The interreceptor angles 
that limit spatial resolution are smaller along such a row than normal to it. Our experiments are 
based on the fact that the eye muscle activity increases when moving visual stimuli are detected 
by the secondary eyes. To test the spiders' visual abilities we presented moving gratings and 
flicker stimuli on a computer screen and simultaneously monitored the eye muscle activity using a 
telemetric unit. Our data suggest different spatial cut-off frequencies in the horizontal and vertical 
orientation; the difference is, however, less pronounced than would be expected from the 
interreceptor angles. This can be explained by the temporal intensity modulation and the 
geometry of the photoreceptors (Fenk and Schmid, 2010). In subsequent experiments we could 
show that the spiders respond even to pure intensity modulations. The animals’ response was 
very pronounced for slow flicker stimuli and ceased between 4.3 and 8.6 cyc/s. The low 
behavioral flicker fusion frequency is well in line with the integration time measured by Pirhofer-
Walzl et al. (2007) using intracellular recordings. These results suggest a predominance of the 
spatial domain in the trade-off between temporal and spatial resolution in this nocturnal hunter. 
 
  



 
Imaging the initiation of autoimmune lesions of the CNS 
 
Alexander Flügel, Christian Schläger, Francesca Odoardi 
 
Institute for Multiple Sclerosis Research, Department of Neuroimmunology, University Göttingen, 
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T cells reactive against myelin components are the crucial cellular cause of experimental 
autoimmune encephalomyelitis (EAE), an animal model of multiple sclerosis. When transferred as 
activated T cell blasts the autoaggressive effector cells enter the CNS tissues and evoke a severe 
inflammatory process resulting in neurological deficits. The healthy CNS tissues are shielded 
from the periphery by the blood brain barrier (BBB) preventing the unrestricted access of immune 
cells and macromolecules. Therefore the transgression of the BBB and the locomotion behavior 
of pathogenic effector T cells represent critical steps in the pathogenesis of CNS autoimmunity. 
Using intravital 2-photon imaging of green fluorescent protein-expressing T cells in a Lewis rat 
model of EAE, we recently found that encephalitogenic effector T cells arriving at the BBB enter 
the tissue in at least three distinct stages: after getting arrested effector T cells crawl within the 
lumen of pial vessels preferentially against the blood stream before they transgress the vascular 
walls and migrate on their outer surface. Upon contact with perivascular phagocytes, the T cells 
become re-activated and spread throughout the meningeal surface before they enter deep into 
the CNS parenchyma. Within the parenchyma, the T cells move seemingly at random (references 
Bartholomäus et al. 2009 and Kawakami et al. JEM 2005). Our current work is focused on the 
questions of which factors and mechanisms underlie the locomotion behavior of the 
autoaggressive effector T cells at the blood brain interface and how these cells can be hindered 
to penetrate into the nervous tissue. These studies aim to define new therapeutic targets and to 
understand how established therapies influence the T cell migration in vivo. 
 
  



 
Neuronal circuits and computations in the olfactory system 
 
Friedrich, R.W. 
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Rigorous quantitative insights into the structure and function of neuronal cirucits are key to 
understand how higher brain functions arise from interactions between large numbers of neurons. 
We use a small animal model, the zebrafish, to analyze neuronal computations in the olfactory 
bulb and cortex by a combination of optical, physiological, molecular and theoretical approaches. 
I will focus on two or three recent findings. First, computational modelling and mathematical 
analyses revealed that pattern decorrelation, a basic computation in many neuronal and non-
neuronal systems, emerges naturally from generic properties of recurrent neuronal circuits. The 
underlying mechanisms do not require adaptation to statistical properties of inputs and are 
enhanced by olfactory bulb-like network architecture. Second, we found that odor representations 
across olfactory bulb output neurons are largely invariant to changes in odor concentration but 
switch abruptly when one odor is morphed into another. The olfactory bulb therefore classifies 
sensory inputs into a large number of discrete outputs. This computation creates defined, noise-
limited stimulus representations and acts as a sensory filter. Third, we found that the zebrafish 
homolog of olfactory cortex uses multiple synaptic pathways to integrate sensory information 
across processing channels in the olfactory bulb and create synthetic representations of olfactory 
objects. These results provide mechanistic insights into olfactory computations that may be of 
general relevance for neuronal circuit function, and demonstrate how the small size, genetic tools, 
and optical features of zebrafish can be exploited to analyze neuronal circuit function. 

  



 
The spine apparatus regulates calcium dynamics in dendritic spines 
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Mutant mice deficient in the actin-associated protein synaptopodin fail to develop spine 
apparatuses, characteristic organelles of many forebrain spines, and demonstrate significant 
impairments both in synaptic plasticity and spatial learning (Deller et al., 2003). The mechanisms 
underlying these changes have remained unclear. Since the spine apparatus contains stacks of 
smooth endoplasmic reticulum, a role in calcium storage has been proposed. Calcium transients 
in spines regulate synaptic function and plasticity. We found that calcium transients elicited by 
back-propagating action potentials were significantly reduced in spines, but not dendrites, of 
hippocampal mossy cells deficient in spine apparatuses. These results indicate that the spine 
apparatus regulates calcium dynamics in spines, thereby contributing to processes underlying 
synaptic plasticity and learning. In current studies we aim to rescue the spine apparatus by 
transfecting slice cultures from synaptopodin-deficient mutants with synaptopodin constructs.  
(Supported by the DFG) 
 
Reference: 
Deller T, Korte M, Chabanis S, Drakew A, Schwegler H, Stefani GG, Zuniga A, Schwarz K, 
Bonhoeffer T, Zeller R, Frotscher M, Mundel P (2003) Synaptopodin-deficient mice lack a spine 
apparatus and show deficits in synaptic plasticity. Proc Natl Acad Sci USA 100:10494-10499. 
 
  



 
Vulnerable motoneurons develop a deficit in mitochondrial calcium clearance during 
disease endstage in an ALS mouse model 
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The mechanisms of selective motoneuron degeneration in amyotrophic lateral sclerosis (ALS) are 
still unresolved. Scenarios including mitochondrial damage and excitotoxicity in concert with 
chronic calcium overload of these neurons have been proposed. These pathophysiological 
models have been based on functional evidence for overexcitability in early postnatal (<P10) 
transgenic SOD1G93A ALS mice. However, it is not known whether similar changes in 
electrophysiological properties and calcium handling are conserved during the relevant age (> 
three months) when motoneuron degeneration is initiated and rapidly progresses until death. 
To address this issue directly, we developed an adult brainstem slice preparation to perform 
whole-cell patch clamp recordings and fura-2 calcium imaging on single vulnerable hypoglossal 
motoneurons in >P120 SOD1G93A mice during disease endstage and wildtype controls. We 
studied the neurophysiological properties and the kinetics of calcium clearance after stimulated 
neuronal activity. 
The motoneuronal overexcitability, previously reported in young mice in the preclinical state, was 
not present in endstage disease motoneurons. However, our calcium imaging data showed a 
disturbance in mitochondrial calcium clearance that was associated with increased global calcium 
concentrations during neuronal firing in endstage mice. Our findings identified the first 
pathophysiological mechanism for motoneuronal degeneration in ALS that manifests at the time 
of cell death. 
  



 
Maturation of the inhibitory system in the primary visual cortex.  
 
Julien Gaudias, Ruben Deogracias, and Kaspar Vogt  
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Cortical architecture in sensory cortices is determined by experience during special periods of 
increased plasticity. The critical period in the visual cortex is dependent on the proper level of 
inhibitory synaptic transmission. The maturation of the inhibitory network is linked to the timing of 
the critical period. This timing can be modified by interfering with the level of inhibition. It remains 
unknown if there is any global change in the inhibitory system that can be linked to the increased 
plasticity observed during the critical period. The analysis of the miniature inhibitory events at 
different moments, shows that the number and the strength of the inhibitory connections in the 
layer 2/3 of the visual cortex remain relatively stable during the critical period. BDNF has been 
shown to provide an important link between neural activity and the function of the inhibitory 
system. It is both involved in the development of the inhibitory system and in the timing of the 
critical period. The analysis of miniature inhibitory events during the critical period, in BDNF 
heterozygous mice, reveals that the reduced level of BDNF has only a minimal influence on the 
inhibitory network in layer 2/3 of the visual cortex. Our results show that there is no dramatic 
change in the overall number and strength of inhibitory synapses, during the critical period, that 
can be linked to the increased plasticity observed at the same time. Our approach will be refined 
to point out which elements of the inhibitory system are affected. The critical period is a complex 
phenomenon and several factors play an important role. Together with BDNF, parvalbumin 
positive interneurons, perineuronal nets and changes in the GABAA receptor subunit composition 
(from α3-5 to α1) play an important role in influencing this period and we will investigate their 
action with an electrophysiological and immunohistological approach.  
 
  



 
Astrocytes as functional brain pH sensors 
 
1Gourine A.V., 2Kasparov S. 
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Astrocytes are the most abundant type of brain glial cells. They are closely associated with 
cerebral blood vessels – all penetrating and intracerebral arterioles and capillaries are enwrapped 
by astrocytic endfeet. By having contacts with cerebral vasculature as well as multiple neurons, 
astrocytes are in a position to ‘taste’ the chemical composition of the arterial blood entering the 
brain and integrate this information with that of brain parenchyma. Does it reflect their functional 
importance for the operation of brain interoceptors, which monitor key homeostatic parameters 
including pH, PCO2 and possibly PO2 levels? We found that astrocytes which reside within the 
‘classical’ brainstem chemoreceptor areas located near the ventral surface of the medulla 
oblongata are highly chemosensitive. They respond to small physiological decreases in pH with 
vigorous elevations in intracellular Ca2+ and release of ATP. ATP spreads astroglial Ca2+ 
excitation within the neuropil, activates key chemoreceptor neurons and respiratory neurons of 
the medullary rhythm-generating circuits and induces adaptive increases in breathing. During 
systemic hypoxia ATP is also released and acts to maintain respiratory activity in conditions when 
hypoxia-induced depression of respiration occurs. Mimicking astroglial pH-evoked Ca2+ 
responses by selective light stimulation of astrocytes expressing channelrhodopsin-2 activates 
chemoreceptor neurons via ATP-dependent mechanism and triggers robust respiratory and 
sympathetic responses in vivo. Thus, medullary astrocytes appear to be highly sensitive to 
physiological chemosensory challenges and have the ability to impart chemosensory information 
onto a modified pattern of cardiorespiratory activity. This identifies astroglia as an important brain 
component of one of the most fundamental mammalian homeostatic mechanisms which controls 
breathing during hypercapnia and hypoxia.  
 
  



Neuromodulation of precise auditory processing 
 
Benedikt Grothe  
 
The ability to determine the location of a sound source is fundamental to hearing.  Auditory space 
not not represented in any systematic manner on the basilar membrane of the cochlea, the 
sensory surface of the receptor organ for hearing. In order to create a spatial representation of 
sound, information coming from both ears has to be processed with sub-millisecond 
precision.  Recent studies changed our view of how this is done in the mammalian auditory 
system. Moreover, they revealed unexpected dynamics of the underlying processes as well as 
stimulus and context dependent adaptations at different time-scales already at the first stage of 
binaural processing. 
 
 
 
 
Activity-dependent Ca2+ influx at nodes of Ranvier regulates velocity and reliability of 
axonal action potential propagation 
 
Gründemann, J., Häusser, M., Clark B.A. 
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High sodium channel densities at nodes of Ranvier are essential for action potential (AP) 
propagation in myelinated axons, safeguarding long-range signaling. Potassium channels in the 
paranodes may be engaged in axonal transmission but are difficult to access pharmacologically. 
Although voltage-gated calcium channels (VGCCs) have been observed at nodes of Ranvier, little 
is known about their function. We have investigated the expression and functional role of VGCCs 
in the axons of cerebellar Purkinje cells (PCs). Since PC axons provide the sole output of the 
cerebellar cortex, their transmission properties are key to circuit function in the cerebellar system. 
Although PCs express axonal VGCCs early in postnatal development, their role post-myelination 
is unknown. 
 
Using two-photon Ca2+ imaging in cerebellar slices of P18-P43 mice we identified spatially-
restricted (~5µm) activity-dependent Ca2+ influx at branch points of PC axons, which are typically 
nodes of Ranvier. Baseline nodal [Ca2+] depended on spontaneous firing frequency, and Ca2+ 
influx correlated with the number of somatic APs, suggesting that nodal [Ca2+] is a reporter of 
neuronal activity. Rise times of AP-evoked nodal Ca2+ transients were comparable to the axon 
initial segment and soma, whereas nodal decay times were at least two-fold faster. Simultaneous 
recording of somatic and axonal APs in combination with local nodal application of VGCC 
blockers (Ni2+/Cd2+) reduced axonal spike propagation velocity and led to propagation failure, 
while KCa blockers had no effect. We conclude that nodal VGCCs contribute depolarizing charge, 
which is crucial to facilitate and safeguard axonal spike propagation. 
 
  



 
Sensitivity to perturbations in vivo implies high noise and suggests rate coding in cortex. 
 
London M, Roth A, Beeren L, Latham PE, Häusser M,  

 
It is well known that neural activity exhibits variability, in the sense that identical sensory stimuli 
produce different responses, but it has been difficult to determine what this variability means. Is it 
noise, or does it carry important information-about, for example, the internal state of the 
organism? Here we address this issue from the bottom up, by asking whether small perturbations 
to activity in cortical networks are amplified. Based on in vivo whole-cell patch-clamp recordings 
in rat barrel cortex, we find that a perturbation consisting of a single extra spike in one neuron 
produces approximately 28 additional spikes in its postsynaptic targets. We also show, using 
simultaneous intra- and extracellular recordings, that a single spike in a neuron produces a 
detectable increase in firing rate in the local network. Theoretical analysis indicates that this 
amplification leads to intrinsic, stimulus-independent variations in membrane potential of the order 
of +/-2.2-4.5 mV-variations that are pure noise, and so carry no information at all. Therefore, for 
the brain to perform reliable computations, it must either use a rate code, or generate very large, 
fast depolarizing events, such as those proposed by the theory of synfire chains. However, in our 
in vivo recordings, we found that such events were very rare. Our findings are thus consistent 
with the idea that cortex is likely to use primarily a rate code. 
  



Nicotine cue reactivity: craving, cortical control, and intracellular molecules  
 
Hiroi,N.  
 
Department of Psychiatry and Behavioral Sciences and Dominick P. Purpura Department of 
Neuroscience, Albert Einstein College of Medicine, 1300 Morris Park Avenue, Bronx, NY, USA 
 
Cue reactivity, the ability of cues associated with addictive substances to induce craving, is a 
major contributor to addiction.  Human imaging studies show that cigarette-associated cues 
activate the insula, orbitofrontal cortex, caudate nucleus and putamen, and induce intense 
craving. While craving includes incentive seeking and withdrawal avoidance, how these regional 
activities functionally contribute to distinct elements of craving remains unclear.  We conducted 
two sets of experiments to explore the neuronal and molecular substrates of nicotine cue 
approach and withdrawal cue avoidance in mice. First, we selectively lesioned the insula or 
orbitofrontal cortex with the excitotoxin ibotenic acid in mice, and their approach to nicotine-
associated cues and avoidance of withdrawal-associated cues were separately examined in 
place conditioning paradigms.  Our data show a double dissociation in which excitotoxic lesions 
of the insula and orbitofrontal cortex selectively disrupted nicotine-induced cue approach and 
withdrawal-induced cue avoidance, respectively.  These effects were not entirely generalized to 
approach to food-associated cues or avoidance of LiCl-associated cues.  Second, nicotine 
selectively activated cGMP-dependent protein kinase (cGK) in the dorsal striatum, and 
constitutive ablation of Prkg2, the gene encoding the cGKII subtype, selectively eliminated 
sustained nicotine cue approach, but not acute expression, during extinction.  This role of Prkg2 
in cue reactivity was not generalized to nicotine-withdrawal cue avoidance.  When Prkg2 was 
locally re-expressed by viral gene transfer in the dorsal striatum of Prkg2-deficient mice, it 
selectively restored sustained expression of nicotine cue approach during extinction.  Taken 
together, our data suggest that these cortical and subcortical regions mediate distinct elements 
and phases of cue reactivity.  
This work was supported by a grant from the NIH (R01DA024330) to NH  
  



 
Examining the relationship between morphology and tonic inhibition in cerebellar granule 
neurons. 
 
Houston C.M., Mateos-Rodríguez P., Troyano-Cuturi K., Hosie A.M., Brickley S.G 
 
Biophysics Section, Department of Life Sciences, Imperial College London 
 
The simple and predictable morphology of cerebellar granule neurons offers the opportunity to 
examine how differences in neuronal shape impacts upon the physiological behaviour of a well 
defined neuronal circuit. However, it is commonly assumed that, unlike other larger and more 
complex neuronal types, morphological differences in granule cell shape will not dramatically alter 
their biophysical properties. In the current study, we have examined to what extent this 
assumption is valid for GABA-mediated inhibitory signalling. Excitatory glutamate release from a 
single mossy fibre occurs within a glomerular synapse on each of the three to four granule cell 
dendrites. The resulting depolarisation can be sufficient to fire an action potential at the axon 
initial segment. At the same time the axon terminals of local interneurons release GABA onto the 
granule cell dendrites. The small number of GABAergic inhibitory synapses that are present 
within the glomerular synapse of a single granule cell will only generate a low frequency of phasic 
inhibitory post synaptic currents (IPSCs). However, the ability of high-affinity extrasynaptic 
GABAA receptors to respond to the ambient GABA levels present in the extracellular space of the 
glomerulus is sufficient to generate a tonic conductance that can effectively shunt the incoming 
excitatory mossy fibre inputs. It is theoretically possible that the number and location of these 
extrasynaptic GABAA receptors will influence the magnitude of the tonic conductance. Therefore, 
we have undertaken a quantitative analysis of the morphological and electrophysiological 
features of granule cells to examine possible correlations between granule cell morphology and 
the magnitude of this tonic conductance. Following electrophysiological recording in adult 
cerebellum, the morphology of biocytin-filled neurons was analysed using fluorophore conjugated 
streptavadin and confocal microscopy. Deconvolution analysis of each optical section was used 
to correct the data for optical distortions and a three-dimensional reconstruction method enabled 
lengths, surface areas and volumes of axonal, somatic and dendritic compartments to be 
measured. These morphological measures were then correlated with accompanying 
electrophysiological parameters such as membrane capacitance, total membrane conductance 
and, most pertinently, the tonic conductance mediated by extrasynaptic GABAA receptors. Finally, 
realistic morphological and biophysical features were included into a computational model to test 
specific predictions related to structure and function of granule cells in the cerebellar cortex. 
  



 
Calneurons provide a calcium threshold for trans-Golgi network to plasma membrane 
trafficking 
 
Hradsky JV1,2, Mikhaylova M1, Reddy PP1, Kreutz MR1 

 
1 – PG Neuroplasticity, Leibniz Institute for Neurobiology, Magdeburg Germany, 2 – DZNE, 
Helmholtz Association, Magdeburg, Germany 
 
Calneurons are a novel subfamily of calcium sensor proteins widely expressed in brain. Recently 
we have demonstrated that Calneurons are involved in calcium dependent regulation of 
Phosphatidylinositol 4-OH kinase IIIβ (PI-4Kβ)-kinase responsible for the local synthesis of 
Phosphatidylinositol 4-phosphate (PI4P) at trans-Golgi network (TGN). Production of PI4P is one 
of the crucial steps in the budding of vesicles from TGN and trafficking to the plasma membrane. 
However, the mechanism of TGN-targeting of Calneurons remains unclear. Sequence analysis of 
Calneuron-1 and -2 revealed a unique C-terminus containing a predicted transmembrane helix 
that has no similarity to any other calcium binding proteins. Indeed, we could show that the C-
terminus of Calneuron-1 is crucial for a proper targeting of the protein to the TGN and sufficient to 
provide the same subcellular distribution pattern like the full-length protein. In addition, self-
insertion into lipid bilayers could be observed for the full length Calneuron-1 as well as the C-
terminus alone, whereas a C-terminal truncated mutant lost this property to a major degree. 
Moreover, Calneuron-1 can bind to a subset of lipids enriched at the TGN. Along with the length 
of transmembranal domain this could provide specific targeting of the protein to the TGN 
compartment. In summary, we suggest that Calneurons might belong to the group of  so called 
“tail anchored proteins”, which undergo a posttranslational membrane insertion. 
 
  



 
Cortical circuits underlying olfaction 
 
Isaacson, J.S., Poo, C., & Boyd, A.  
 
Center for Neural Circuits & Behavior, U.C.S.D., La Jolla, CA, USA 
 
The primary olfactory (piriform) cortex receives direct sensory input from olfactory bulb mitral 
cells, however, the cortical mechanisms shaping odor representations are unclear. In addition to 
excitatory afferent synapses from the olfactory bulb, layer 2/3 pyramidal cells in piriform cortex 
also receive extensive intracortical (associational) excitatory inputs. Do associational synapses 
play an important role in governing odor-evoked excitation in piriform cortex? To address this 
question, we used selective pharmacological manipulation of associational circuits in vivo to 
determine the relative contribution of associational and direct sensory inputs to odor-evoked 
responses in piriform cortex. We find that local intracortical excitatory circuits play a significant 
role in the odor responsiveness of pyramidal cells and shape the tuning of odor-evoked excitation 
in piriform cortex.  In addition to local recurrent circuits, piriform cortex pyramidal cells also make 
long-range feedback connections to the olfactory bulb. Using optogenetic approaches, we find 
that cortical feedback projections can have a strong influence on the initial stages of information 
processing in the olfactory bulb. Together, these results indicate that olfactory information 
processing is shaped by both local and long-distance excitatory circuits arising from cortical 
pyramidal neurons.  
 
 
Clathrin is not required for clathrin-mediated endocytosis 
 
Jorgensen, E.M. 
 
HHMI/University of Utah, Salt Lake City, UT USA 
 
Synapses are robust.  They can sustain high rates of release even though the pool of accessible 
vesicles is relatively small.  Traditionally, it is believed that synaptic vesicles are recovered by 
clathrin-mediated endocytosis.  We are taking a comprehensive genetic approach to the 
molecules involved in synaptic vesicle endocytosis in the nematode C. elegans.  Mutants are 
analyzed using electron microscopy and electrophysiological recordings from neuromuscular 
junctions.  To our surprise, mutations in clathrin and the adaptins have little effect on synaptic 
vesicle endocytosis.  Nevertheless, the ancillary proteins associated with clathrin-mediated 
endocytosis, such as AP180, synaptojanin and endophilin, are required for synaptic vesicle 
endocytosis.  These studies suggest that many of our assumptions about the process could be 
wrong. 
 
  



Active visual processing in awake behaving mice 
 
Keller G.B, Bonhoeffer T., Hübener M. 
 
 
Max Planck Institute of Neurobiology, Martinsried, Germany 
 
Visual processing has been extensively studied in anesthetized animals and awake non-moving, 
visually fixating monkeys. However, little is known about how self generated visual feedback that 
arises naturally during eye and body movements is processed. We address this question in 
awake behaving mice held head fixed on a spherical treadmill (adapted from [Dombeck et al. 
2007]), which is coupled to a simple virtual environment that provides visual flow in response to 
the mouse walking on the treadmill. Two photon imaging of neurons expressing a genetically 
encoded calcium indicator (GCaMP3-AAV2/1) is used to record activity from layers 2/3 and 5 of 
mouse visual cortex. This approach allows us to compare visual processing to identical visual 
stimuli in self generated (closed loop) and passively viewing (open loop) conditions. Preliminary 
results suggest that the responses of most cells we find cannot be explained based solely on a 
classical, passive, feed-forward model of visual processing. Surprisingly few neurons responded 
in a conventional fashion to moving visual grating stimuli. The responses of a subset of cells 
seemed to depend more strongly on the locomotion of the mouse or on a combination of running 
and visual feedback. Another subset of cells responded selectively during phases when the 
mouse ran in the absence of visual flow. We interpret these data to suggest that mouse visual 
cortex receives strong feedback input, potentially in the form of a corollary discharge which in turn 
could be used to amplify neural responses to unanticipated visual input.  
 
  



 
In vivo pathogenesis of immune-mediated axon damage 
 
Prof. Dr. med. Martin Kerschensteiner 
 

Institute of Clinical Neuroimmunology, Ludwig-Maximilians University Munich, Germany 
 
In my talk I want to summarize our recent insights into the pathogenesis of immune-mediated 
axon damage in vivo. Immune-mediated axon damage plays a crucial role in inflammatory 
diseases of the central nervous system (CNS) like multiple sclerosis (MS). In MS, immune cells 
infiltrate brain and spinal cord and attack axons and their surrounding myelin sheets. We know by 
now that the number of axons damaged by immune cells critically determines the clinical disability 
of MS patients, however we still understand very little about the process that leads to axon 
damage. 
We have used an in vivo imaging approach to investigate the pathogenesis of immune-mediated 
axon damage in an animal model of multiple sclerosis. By time-lapse imaging of fluorescently 
labeled axons we could follow the slow and spatially restricted degeneration of axons in 
inflammatory CNS lesions. This “focal axonal degeneration” appears to be a novel type of axonal 
degeneration that can be differentiated from post-traumatic forms of axonal degeneration like 
Wallerian degeneration e.g. by its limited extension and slow speed of progression. We could 
further identify intermediate stages of “focal axonal degeneration” that can persist for several 
days and progress either to the degeneration or full recovery of the affected axons. Interestingly, 
demyelination does not appear to be a prerequisite for the induction of axon damage. In contrast, 
mitochondrial damage appears to be the earliest ultrastructural sign of axon damage. Further, 
early stages of “focal axonal degeneration” are often associated with persistent macrophage 
contacts suggesting that macrophage-derived mediators play a crucial role for the induction of 
this process. We are currently trying to identify the molecular mediators that induce the 
degeneration process and reveal the intra-axonal mechanism that leads to axonal dysfunction 
and fragmentation. We hope that this work will improve our understanding of immune-mediated 
tissue damage in multiple sclerosis and pave the way towards the development of targeted 
neuroprotective therapies.  
 
  



 
GABAergic control of neuronal timing in cortical networks 
 
Thomas Klausberger 
 
Center for Brain Research, Dept. Cognitive Neurobiology, Med. Uni. Vienna, Austria and MRC 
Anatomical Neuropharmacology Unit, Oxford, UK 
 
Cortical neurons can be divided into excitatory pyramidal cells, which use glutamate as a 
neurotransmitter and give both local and long-range axonal projections, and inhibitory 
interneurons, which are GABAergic and control the activity and timing of pyramidal cells mainly 
through local axons. These neurons can be further subdivided on the basis of their distinct axo-
dendritic arborisations, subcellular post-synaptic targets, and by their differential expression of 
signalling molecules, including receptors, ion channels, neuropeptides, transcription factors and 
Ca2+ binding proteins.  
We have recorded identified GABAergic interneurons in the medial prefrontal cortex of 
anaesthetised rats during network oscillations using the juxtacellular recording and labelling 
technique and investigated their contribution to the synchronisation of theta oscillations between 
the hippocampus and medial prefrontal cortex. Our results indicate that axo-axonic and 
parvalbumin-expressing basket cell contribute differentially to changes in network states. 
Furthermore, we recorded the activity of hippocampal and prefrontal interneurons and pyramidal 
cells with tetrodes in freely-moving rats during the learning and execution of a matching-to-place 
task on a continuous T maze. We observed a significant change in the power of network 
oscillations accompanied by the learning of the task. Our results indicate that different GABAergic 
interneurons release GABA at distinct times to different domains of pyramidal cells explaining the 
need of diverse classes of interneurons and thereby contributing to the formation of cell 
assemblies and representations in the hippocampus 
 
  



Does being creative allow to gain better control over own emotions? 
 
Wojciechowska E., Jakubowski M., Rutkowska J., Klemba A.*, Lejk L. 
 
The European Skills Association, Warsaw, Poland; *Military Institute of Medicine, Warsaw, 
Poland   
 
The will of a man to control his own body and its reactions fails to meet one’s expectations and  
effects achieved in practice. The aim of this research was to answer the question whether 
evoking the cognitive process (state of being creative) according to the methodology of 
neurotranslation method in a man enhances his ability to control over his own emotions.  
The subject of this study was to determine the effect of stimulating and maintenance of the 
creative process in patients with neurotranslation method on shifts of Beta2 waves [22-50Hz] 
responsible for the excessive emotional reactions. 
 
The research was conducted with use of EEG and EEG Biofeedback during the therapheutical 
process conducted in accordance with neurotranslation method. 
Neurotranslation method used in the study is a psycho physiological therapy based on the 
concept of translating the language of awareness (words) into the physiology (Neuro-hormonal 
response of the body) and was developed by ETU Patria.During the therapy the cognitive 
process was evoked and patients were taught how to maintain the state of creativeness. At the 
same time the activity of Beta2 waves were examined. Research was carried out during the 
therapeuthical sessions on 72 adults aged  18 - 56 and 16 children aged 6 – 17. Research was 
carried out in individual pattern (6 sessions, 55 minutes each).  
 
This study showed a strong positive correlation between cognitive process evoked during the 
therapy and the reduction of Beta2 wave activity. This is particularly important for designers of 
educational processes of children and adults (brain friendly learning concept), and for fears and 
phobias therapies as well as excessive emotionality. 
Studies show promising, significant impact of neurotranslation method on evoking the creative 
process, reduction of excessive stress and helping people with numerous dysfunctions. 
 
  



Differential activation of nucleus accumbens shell vs. core during acquisition of cocaine- 
vs. social interaction conditioned place preference (CPP) 

 
S.Klement1, M.Fritz1, R. El Rawas1, A. Salti2, M.Bardo3, G. Dechant2, A. Saria1 and G. Zernig1 

 

1Experimental Psychiatry Unit, Medical University Innsbruck, Austria, 2Institute for Neuroscience, 
Medical University Innsbruck, 3Centre for Drug Abuse research Translation, University of 
Kentucky, Lexington, USA 
 
 
Is social interaction as a non-drug (“alternative”) reinforcer able to help the addict reorient his/her 
behavior away from the drug of abuse?  We could previously show (Fritz et al. 2011, Addiction 
Biology, in press) that social interaction is able to speed up extinction of cocaine conditioned 
place preference (CPP), reverses place preference even if cocaine CPP training is continued, 
and can prevent reacquisition of cocaine CPP. The reorientation is dose-dependently enhanced 
by the sigma1 blocker BD1047 (Fritz et al. 2011, Pharmacology 87, 45-48).  In the present study, 
we investigated the contribution of the core (AcbC) and the shell (AcbSh) subregions of the 
nucleus accumbens,  and of the basolateral amygdala (BLA) to the acquisition/expression of 
social interaction CPP vs cocaine CPP. 
 
Male Sprague-Dawley rats (180 – 250 g) were single-housed and CPP-trained for cocaine (15 
mg/kg i.p.) alone, for an i.p. saline injection paired with social interaction (weight- and gender-
matched partner within the confines of the CPP chamber) alone, or concurrently for cocaine- vs 
social interaction CPP     (3-chamber CPP box, 15 min session- and test length; 4 pairings each). 
We performed excitotoxic lesions of the AcbC, the BLA (both quinolinic acid), or the AcbSh 
(ibotenic acid). All groups were tested for CPP expression and brains were collected 2 h later 
after the CPP test (i.e., 26 h after the last cocaine/saline injection) and processed for Zif268 
immunocytochemistry.  
 
Lesioning the AcbSh before the concurrent acquisition and expression of social interaction CPP 
vs cocaine CPP shifted the preference toward cocaine-associated stimuli, whereas AcbC and 
BLA lesions shifted the preference toward social interaction-associated stimuli. These findings 
suggest that the inactivation of the AcbC or the BLA is sufficient to inhibit the incentive salience of 
drug-associated stimuli and increases the motivation for the non-drug stimulus social interaction. 
In addition, different brain areas seem to be engaged during the acquisition and expression of 
social interaction CPP as compared to the reversal of reacquisition of cocaine CPP by social 
interaction.  
 
 
Supported by FWF grant P18787-B05, FWF Lise-Meitner Fellowship M1169-B18 to R.E., and by 
the Verein zur Förderung der Experimentellen Psychiatrie, Psychotherapie und Pharmakologie 
(VEPPP).  
 
  



Overexpression of striatal dopamine D2 receptors selectively enhances in vitro pacemaker 
frequencies of identified mesocorticolimbic dopaminergic neurons 
 
Sabine Krabbe1, Eric R Kandel2, Jochen Roeper1, Eleanor H Simpson2

 

 
1 Institute of Neurophysiology, Neuroscience Center, Goethe University, Frankfurt, Germany 
2 New York State Psychiatric Institute, Department of Psychiatry, Columbia University, New York, 
USA 
 
The pathophysiology of schizophrenia has been linked to increased density and occupancy of 
dopamine D2 receptors (D2R) in the striatum. To explore the pathophysiological consequences of 
enhanced D2R function, transgenic mice were generated that reversibly overexpress D2Rs 
selectively in striatal medium spiny neurons (Kellendonk et al., 2006). These mice exhibit 
impairments in prefrontal cortical function, including working memory, accompanied by an 
increase in dopamine tissue content in medial prefrontal cortex (mPFC). To investigate the 
cellular basis of this prefrontal dopamine dysregulation, we combined retrograde tracing 
experiments with electrophysiological and immunohistochemical techniques in D2R 
overexpressing (OE) and control mice. In vitro patch clamp analyses of retrogradely labelled DA 
ventral tegmental area (VTA) neurons were carried out three weeks after selective stereotactic 
injection of fluorescent tracer beads into the mPFC of adult (4-8 month old) mice. Furthermore, 
we recorded from mesolimbic DA neurons one week after selective tracer injection into the 
nucleus accumbens. Subsequently, neurobiotin-filled cells were immunostained for tyrosine 
hydroxylase to verify their neurochemical identity. Synaptically isolated mesocortical DA VTA 
neurons from D2R OE mice showed significantly faster pacemaker frequencies compared to 
control littermates. This enhancement of spontaneous electrical activity was also present in 
mesolimbic DA VTA neurons, but not in nigrostriatal DA neurons. Just as the working memory 
deficit, the elevated mesocortical and mesolimbic excitability persisted after doxycycline-induced 
suppression of D2R transgene expression in adulthood. The in vivo activity of mesocorticolimbic 
DA VTA neurons in D2R OE mice is under current observation. 
 
  



Sending signals from the NMDA-receptor to the nucleus: Jacob on the move  
 
Anna Karpova, Marina Mikhaylova, Michael R. Kreutz 
 
PG Neuroplasticity 
Leibniz Institute for Neurobiology 
Brenneckestr.6, 39118 Magdeburg, Germany 

 
The activation of N-Methyl-D-aspartate (NMDA)-receptors at synaptic and extrasynaptic sites 
impacts opposite occurrences. While synaptic NMDA-receptors provide plasticity and cell survival 
signals, recent studies have provided strong evidence that their extrasynaptic counterparts trigger 
neurodegeneration in various brain disease states. This fundamental dichotomy in terms of cell 
signaling is reflected by a fundamentally different gene expression. At present, however, it is 
essentially unclear how plasticity and survival as compared to degenerative signals are 
transduced to the nucleus. We now show that Jacob is a protein messenger that enters the 
nucleus following activation of both types of receptors and induces either cell death or survival 
depending on the phosphorylation of a serine at position 180 by the MAP-kinase ERK. In both 
cases the nuclear accumulation of Jacob requires signaling of NR2B-containing NMDA-receptors. 
However only synaptic NR2B-receptors induce the phosphorylation of Jacob at this crucial 
position and the trafficking of Jacob from synaptic and distal dendritic sites after activation of 
synaptic but not extrasynaptic NR2B-receptors depends upon ERK-phosphorylation. The nuclear 
overexpression of a phospho-mimicking mutant of Jacob prevents cell death after extrasynaptic 
NMDA-receptor activation and induces the expression of plasticity-related genes. The Janus face 
of Jacob is based on MAP-kinase activity and ERK-dependent phosphorylation decides whether 
Jacob is a messenger of cell survival or cell death after activation of synaptic or extrasynaptic 
NR2B-containing NMDA-receptors.   
  



 
Role of Abca1 and brain lipoproteins in amyloid deposition and clearance – lessons from 
complex animal models 
 
 
Iliya Lefterov, Nicholas F. Fitz, Andrea A. Cronican, and Rada Koldamova. 
 
Department of Environmental and Occupational Health, Graduate School of Public Health, 
University of Pittsburgh, Pittsburgh, PA, USA 
 
ATP-binding cassette transporter (ABCA1) controls cholesterol efflux and transport, and the 
generation of HDL. In Abca1 knockout mice the amounts of apolipoprotein E (apoE) and 
apolipoprotein A-I (apoA-I) in the brain are signi"cantly decreased. In addition, it has been 
demonstrated, that Abca1 de"ciency in transgenic mice expressing human APP increases 
amyloid plaques and memory de"cits. To better understand the pathogenic mechanisms leading 
to the phenotype of those mice, we have recently focused on the clearance of Aβ from the brain 
of APP/Abca1ko mice and its transport through the blood brain barrier (BBB). APP expressing 
mice with global deletion of ApoE and ApoA-I were used as controls. Our data demonstrate that 
among the genotypes that were tested (APP/Abca1ko, APP/ApoEko, APP/ApoAko, and 
APP/ApoA/Eko), mice lacking Abca1 have the highest level of amyloid plaques and cognitive 
de"cits. The increased amyloid load and memory de"cits in Abca1ko mice correlated to the 
decreased clearance of Aβ as measured by microdialysis experiments. In addition, the transport 
of radioactively labeled Aβ through the BBB was decreased in APP/Abca1ko mice as compared 
to APP/Abca1wt mice and those with a single apolipoprotein deletion. Importantly, in vitro 
experiments show that apoE-containing lipoproteins isolated from Abca1wt astrocytes are lipid-
rich and decrease Aβ aggregation, while apoE-containing lipoproteins isolated from Abca1ko 
cells are lipid-poor and do not affect Aβ aggregation. The results of these combined in vivo and in 
vitro studies suggest that lack of Abca1 increases Aβ aggregation, thus preventing its clearance 
from the brain, ultimately leading to cognitive decline.  



 
Calcium signaling in neurodegeneration – new evidence from Parkinson disease and ALS 
 
Liss, B. & Roeper, J 
 
 
Institute of Applied Physiology, Ulm University, Germany 
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A hallmark of most neurodegenerative diseases is the selective vulnerability of distinct neuronal 
subpopulations. For example, in Parkinson’s disease (PD), a subpopulation of dopamine (DA) 
midbrain neurons in the Substantia nigra (SN) is particularly vulnerable to the degeneration, while 
in Amyotrophic Lateral Sclerosis (ALS) brainstem motoneurons are the predominantly affected 
population. In both diseases, functionally very similar neurons – in PD DA neurons in the 
neighbouring VTA, in ALS oculomotor-neurons – are more resistant to the neurodegenerative 
disease process. The cause for this selective vulnerability of neuronal subpopulations in cause of 
the diseases is still unclear. Activity-dependent calcium overload has been proposed to be a 
central feature of progressive neurodegenerative disorders like PD or ALS. A detailed cell-specific 
analysis of calcium handling and calcium signaling in the respective highly vulnerable as well as 
the more resistant neuronal subpopulations might unravel the converging molecular mechanisms 
of selective neurodegeneration. 
 
Neuronal calcium loading depends on a variety of distinct factors, including the cell-specific 
frequency and pattern of electrical discharge, the recruitment of Ca2+-permeable ion channels 
(including L-type CaV-channels), as well as intracellular calcium handling (both Ca2+ buffering 
and Ca2+-induced release from intracellular compartments). 
 
We found that vulnerable target neurons in PD and ALS show very distinct activity pattern. While 
DA SN neurons switch between slow frequency single spike discharge and transient high 
frequency bursting, hypoglossal motoneurons are driven to prolonged trains of high frequency 
single spike discharges during movement execution. We show in mouse that dopamine-
dependent plasticity of activity pattern in DA SN neurons involves L-type Cav channels in vitro, 
and that burst-firing is potentiated by K-ATP channels DA SN neurons in vivo. Furthermore, we 
found that DA SN neurons from PD patients show high burst firing as well as elevated expression 
of the Ca2+ binding protein calbindin and of the regulatory K-ATP channel subunit SUR1. In 
contrast, hypoglossal motoneurons show frequency-dependent failure of mitochondrial Ca2+ 
buffering during endstage disease in an ALS mouse model. These data indicate that calcium 
signalling is impaired in neurodegeneration in cell-type and disease-specific fashion. 
 
  



Morphometrical assessment of Arcuate Fasciculus. Anatomical study. 
 
Krystkiewicz K., Łukasiewicz K., Wierciński A. 
 

The arcuate fasciculus (AF) is a white matter tract connecting the Broca’s with Wernicke’s 
area. Recent fMRI and DTI investigations revealed this structure to be asymetrical in size and in 
the internal structure. However, these methods do not give possibilities to assess a detailed 
structure of the AF. The medical literature still lacks of information about its precise dimensions 
and lateralization of white matter tracts. 

The aim of our study was to evaluate morphometry and topography of the arcuate 
fasciculus in the aspect of hemispherical asymmetry.  

The study was performed on 18 human brain hemispheres. The fasciculus was prepared 
according to the technique described by Klinger. The AF was dissected with the use of 
microsurgical method; topographical and morphometrical description has been given. Study was 
documented with a digital camera.  

The average dimensions of the left AF were: L (length)=36.25± 14.6 mm, H 
(height)=7.38± 4,17 mm and W (width)=14.75± 3,9 mm; the average distance from median 
cerebral fissure (MCF) was 33.75± 7,15 mm. In the right hemisphere the average AF dimensions 
were: L=34.5± 2,5 mm, H=7.5± 1,28 mm, and W=12.5± 1,5 mm; the average distance from MCF 
was 27.5± 4,5 mm.  

The research showed asymetry of the AF, which was found in all of the examined 
specimens. The left AF had greater dimensions in 60% of cases, the right AF in 40% of cases. 
 
  



 
Roles of GABAergic inhibition in neuronal networks of fear 
 
Andreas Lüthi 
 
Friedrich Miescher Institute for Biomedical Research, Basel, Switzerland 
 
Classical fear conditioning is one of the most powerful models to study the neuronal substrates of 
associative learning and the mechanisms of memory formation in the mammalian brain. In 
unraveling the substrates of memory storage in fear conditioning and other learning paradigms, 
the major focus has been the study of excitatory elements of the brain. However, interneurons are 
critical components of neuronal networks and inhibition plays an important role in shaping spatio-
temporal patterns of network activity, so it is surprising that little is known about the involvement 
and modification of inhibitory circuits in learning and memory. In my talk I will focus on the role of 
precisely timed inhibition in amygdala and cortex mediated by parvalbumin expressing 
interneurons during the acquisition of conditioned fear. 
 
   
 
The endocannabinoid system and ERK signaling in drug addiction  
 
Rafael Maldonado 
 
Laboratori de Neurofarmacologia. Facultat de Ciències de la Salut i de la Vida. Universitat 
Pompeu Fabra. Carrer Dr. Aiguader 80, 08003 Barcelona, Spain. 
 
The endocannabinoid system has been involved in the common neurobiological substrate 
underlying drug addictive processes. This system participates in the primary rewarding effects of 
cannabinoids, nicotine, alcohol and opioids through the release of endocannabinoids in the 
ventral tegmental area. Endocannabinoids are also involved in the motivation to seek the drug by 
a dopamine-independent mechanism demonstrated for psychostimulants and opioids. The 
endocannabinoid system participates as well in relapse to drug-seeking behaviour by mediating 
the motivational effects of drug-related environmental stimuli and drug re-exposure. In addition, 
we have recent data showing the involvement of the endocannabinoid system in the 
neuroplasticity changes induced by palatable food through a mechanisms selectively involving 
the extracellular signal regulated kinase (ERK) and its targets, histone H3 and ribosomal subunit 
S6. These changes share similarities with those produced by drugs of abuse and may be crucial 
in the alteration of food-seeking behavior leading to overweight and obesity. 
. 
  



 
Mitochondrial Ca2+ uptake: An enigmatic, versatile, and critical process in cell signaling 
 
Malli R., Graier F.W. 
 
 
Institute of Molecular Biology and Biochemistry, Center of Molecular Medicine, Medical University 
of Graz, Austria. 
 
Mitochondria are multifunctional organelles that fundamentally impact many different signaling 
pathways thereby conferring novel complexity on the long known cellular power houses. To 
complete this task, mitochondria communicate with other organelles and the plasma membrane. 
This communication turned out to be crucially controlled by mitochondrial Ca2+ uptake. The 
transfer of signaling Ca2+ ions into the matrix of mitochondria has multiple consequences for a 
cell. On one side mitochondria exhibit a Ca2+ sensitive target that respond to an increase of the 
free Ca2+ concentration with either increased rates of respiration and ATP generation or the 
initiation of programmed cell death. On the other hand mitochondrial Ca2+ sequestrations impacts 
on the amplitude and frequency of local and global Ca2+ signals thereby controlling cellular signal 
transduction. Our research is focused on the characterization and identification of mitochondrial 
Ca2+ uptake pathways. Recent findings point to uncoupling protein 2 and 3 (UCP2/3) and a novel 
UCP2/3 interacting protein to function as core components of a distinct mitochondrial Ca2+ uptake 
machinery that adjusts mitochondrial uptake to high and low Ca2+ signals. Experiments with cells 
either lacking UCP2/3 or expressing mutated UCP3 revealed the existence of alternative 
mitochondrial Ca2+ uptake pathways. Depending on both the mode of Ca2+ mobilization and the 
cell type used UCP2/3 independent mitochondrial Ca2+ uptake was either accomplished by Letm1 
(leucine-zipper-EF-hand-containing transmembrane region), a mitochondrial Ca2+/H+ antiporter, 
or MICU 1 (mitochondrial calcium uptake 1), a protein associated with the inner mitochondrial 
membrane containing two canonical EF-hands. Moreover, we tested novel pharmacological tools 
that selectively affected different mitochondrial Ca2+ uptake pathways in different cell types. In 
summary our data point to the existence of individual mitochondrial Ca2+ uptake machineries with 
different cell type specific capacities and Ca2+ sensitivities, which allow mitochondria to accurately 
decode and integrate versatile Ca2+ signals. However, additional research is necessary to identify 
and understand the multiple molecular mechanisms of mitochondrial Ca2+ uptake and the 
(patho)physiological consequences thereof. 
 
  



 
Cortical plasticity imaged over weeks during sensory deprivation 
 
Margolis D. J., Lütcke H., Haiss F., Weber B., Kügler S., Hasan M. T., Helmchen F. 
 
Brain Research Institute, Zurich, Switzerland 
 
Sensory maps in the brain can be reshaped by changes in ongoing experience. The cellular 
mechanisms underlying such experience-dependent plasticity in vivo are not well understood 
because individual neuron activity has not been tracked over long time periods. Here we used 
repeated two-photon calcium imaging to assess response properties of the very same neurons in 
adult mouse barrel cortex over weeks, first under baseline conditions and then following sensory 
deprivation. We measured responses of neurons in layer 2/3 (L2/3) populations upon stimulation 
of two neighbouring whiskers using a genetically encoded calcium indicator. Before deprivation, 
neurons from three broad classes (low-, mid- and high-responsive cells) displayed reliable 
response probabilities across days, while whisker selectivity ('tuning') was more labile. We 
continued to image the same cells over weeks with all but one whisker trimmed. Subsets of 
neurons from all three classes were re-tuned to favour the remaining spared whisker. By tracking 
response probabilities for both trimmed and spared whiskers, we found a differential regulation of 
single-neuron activity depending on cell class. High-responsive cells showed down-regulation of 
responses to both whiskers, nonetheless sharpening their tuning to the spared whisker. In 
contrast, most mid- and low-responsive cells showed potentiation of spared whisker input while 
reducing their responses to deprived input, consistent with competitive plasticity mechanisms. 
Thus, trimming reduced deprived whisker responses while redistributing spared whisker-evoked 
activity between cell classes. These findings highlight the power of longitudinal imaging to 
elucidate principles of functional reorganization in heterogeneous neocortical microcircuits.  
  



 
Nuclear calcium-regulated transcription and dendritic morphology.  
 
D. Mauceri and H. Bading 
 
Department of Neurobiology, Interdisciplinary Centre for Neurosciences (IZN), University of 
Heidelberg, INF 364 69120 Heidelberg, Germany. 

 
Calcium ions (Ca2+) act as second messengers inside the cell to mediate a wide spectrum of 
cellular functions. Neuronal activity-induced changes in the intracellular Ca2+ concentration 
control many processes in the developing and the adult nervous system. Besides acting on 
several substrates in the cytosol, synaptic activity-induced Ca2+ transients can invade the cell 
nucleus where they induce numerous transcriptional events important for neuronal survival and 
the consolidation of changes in synaptic efficacy. At the morphological level, Ca2+ signals 
regulate a variety of neuronal processes underlying the formation, refinement, and maintenance 
of neuronal circuitry. Here we demonstrate that Vascular Endothelial Growth Factor D (VEGFD) 
expression is dependent upon basal neuronal activity and requires nuclear calcium- 
Ca2+/Calmodulin dependent Kinase IV (CaMKIV) signaling. We show that VEGFD, commonly 
known as an angiogenic mitogen, controls the total length and complexity of dendrites both in 
cultured hippocampal neurons and in the adult mouse hippocampus. Moreover, using patch-
clamp and multi-electrode array recordings, we establish a function for VEGFD in the control of 
the activity of individual neurons and neuronal networks. Finally, suppression of VEGFD 
expression in the mouse hippocampus by RNA interference causes memory impairments. Thus, 
in addition to promoting the branching of blood capillaries and lymphatic vessels, VEGFD 
mediates the effect of neuronal activity on the maintenance of dendritic arbors in the adult 
hippocampus, and is required for cognitive functioning. 
 
  



The modulation of extrasynaptic GABAA receptors 
 
Thomas Mc Gee 
 
Imperial College London, Biophysics Section, Huxley Building, South Kensington, SW7 2AZ 
  
The temporally discreet activation of synaptic GABAA receptors leads to conventional phasic 
inhibition at central synapses. In contrast, neuronal inhibition can also involve the persistent 
activation of GABAA receptors in response to the low ambient GABA concentrations present in 
the extracellular space. High-affinity, δ-subunit containing GABAA receptors, which are found 
exclusively extrasynaptically in a number of brain regions, are thought to be responsible for 
generating this particular form of tonic inhibition.  However, few studies have examined the 
properties of these receptors in the presence of realistic levels of ambient GABA under steady-
state equilibrium conditions. 
  
We have expressed α4β2δ and α6β2δ subunit combinations in HEK-293 cells in order to study 
these high-affinity GABAA receptor populations with standard voltage-clamp techniques. The 
peak and steady-state responses to local GABA application were then used to construct 
concentration-response curves for α4β2δ and α6β2δ GABAA receptors. It is apparent from these 
data that α4β2δ and α6β2δ GABAA receptors exhibit profound receptor desensitization at low 
ambient GABA levels. The estimated ED50 for GABAA receptor desensitization was   60nM (n=7) 
and 70nM (n=6-20) for a4β2δ and α6β2δ subunit combinations respectively. These 
concentrations are well within plausible estimates for in vivo ambient GABA levels, and 
considerably lower than ambient GABA estimates associated with certain pathologies.  These 
results place clear constraints on the conditions under which extrasynaptic high-affinity GABAA 
receptors are available for activation by GABA.  Furthermore, this previously unappreciated 
property could have important consequences when considering the potency of clinically important 
drugs such as anaesthetics that are believed to act through δ-subunit containing GABAA 

receptors. 
 
  



 
Preclinical development of a small molecule therapy for Alzheimer’s Disease  
 
McLaurin, J 
 
Tanz Centre for Research in Neurodegenerative Diseases and Laboratory Medicine and 
Pathobiology, University of Toronto 
 
Inositol is a simple polyol with eight naturally occurring stereoisomers. myo-Inositol, D-chiro- and 
epi-inositol have been examined as potential therapeutic agents for various diseases, with 
favourable results, but treatment with scyllo-inositol had not been previously investigated. The 
lead candidate from my work, scyllo-inositol, is entering Phase III clinical trials for AD.   My 
laboratory has shown that scyllo-inositol inhibits cognitive deficits in TgCRND8 mice and 
significantly ameliorates disease pathology, suggesting it might be effective in treating 
Alzheimer’s disease.  Here we show that scyllo-inositol has a sustained ability to treat animals at 
advanced stages of Alzheimer's disease-like pathology.  Significant decreases in insoluble Ab, 
cerebrovascular amyloid and plaque accumulation were observed in the brains of treated versus 
untreated TgCRND8 mice.  We extended these studies to demonstrate the rescue of 
neurovasculature structure and function within the CNS as a result of scyllo-inositol treatment.  
We have determined the temporal and brain region specific gene expression changes as a 
function of scyllo-inositol treatment using microarray analyses.  We show that scyllo-inositol 
treatment effects many pathways previously implicated in AD using microarray analyses and 
highlight novel target pathways for intervention.  
 
  



 
The synapto-nuclear messenger Jacob decodes in the nucleus the synaptic or 
extrasynaptic origin of NR2B-NMDA receptor signals  
 
Marina Mikhaylova1§, Anna Karpova1§, Christina Spilker1, Parameshwar Pasham Reddy1, Philip 
Bethge1, Julia Bär1, Rahul Kaushik1, Werner Zuschratter2, Thilo Kähne4, Eckart D. Gundelfinger3, 
Michael R. Kreutz1* 

 

1 – PG Neurplasticity, Leibniz Institute for Neurobiology, Magdeburg Germany, 2 – Special 
laboratory for Electron- and Laserscanning microscopy, Leibniz Institute for Neurobiology, 
Magdeburg Germany, 3 – Dept of neurochemistry and Mol. Biology, 4 – Institute of Experimental 
Medicine, OvG University, Magdeburg, § - these authors contributed equally  
 
 
The activation of N-Methyl-D-aspartate (NMDA)-receptors at synaptic and extrasynaptic sites 
impacts opposite occurrences. While synaptic NMDA-receptors provide plasticity and cell survival 
signals, recent studies have provided strong evidence that their extrasynaptic counterparts trigger 
neurodegeneration in various brain disease states. This fundamental dichotomy in terms of cell 
signaling is reflected by a fundamentally different gene expression. At present, however, it is 
essentially unclear how plasticity and survival as compared to degenerative signals are 
transduced to the nucleus. We now show that Jacob is a protein messenger that enters the 
nucleus following activation of both types of receptors and induces either cell death or promotes 
survival depending on the phosphorylation of a serine at position 180 by the MAP-kinase ERK1/2. 
In both cases the nuclear accumulation of Jacob requires signaling of NR2B-containing NMDA-
receptors. However only synaptic NR2B-receptors induce the phosphorylation of Jacob at this 
crucial position and the trafficking of Jacob from synaptic and distal dendritic sites after activation 
of synaptic but not extrasynaptic NR2B-receptors depends upon ERK-phosphorylation. The 
nuclear overexpression of a phospho-mimicking mutant of Jacob drastically reduces cell death 
after extrasynaptic NMDA-receptor activation and induces the expression of plasticity-related 
genes. The Janus face of Jacob is based on MAP-kinase activity and ERK-dependent 
phosphorylation decides whether Jacob is a messenger of cell survival or cell death after 
activation of synaptic or extrasynaptic NR2B-containing NMDA-receptors.  
  



Role of dopamine D2R in methamphetamine-induced neurotoxicity 
 
 
Granado N, Ares-Santos S and Moratalla R 
 

Instituto Cajal, Consejo Superior de Investigaciones Científicas, CSIC, 28002 and CIBERNED, 
Instituto de Salud Carlos III, Madrid,  Spain. 

 
Methamphetamine (METH) and 3,4-methylenedioxymethamphetamine (MDMA), 

amphetamine derivatives widely used as recreational drugs, induce similar neurotoxic effects in 
mice, including a marked loss of tyrosine hydroxylase (TH) and dopamine transporter (DAT) in 
the striatum. Although the role of dopamine in these neurotoxic effects is well established and 
pharmacological studies suggest involvement of a dopamine D2-like receptor, the specific 
dopamine receptor subtype involved has not been determined. In this study, we used dopamine 
D2 receptor knock-out mice (D2R-/-) to determine whether D2R are involved in METH- and 
MDMA-induced hyperthermia and neurotoxicity. In wild type animals, both drugs induced marked 
hyperthermia, decreased striatal dopamine content and TH- and DAT-immunoreactivity and 
increased striatal GFAP and Mac-1 expression as well as iNOS and interleukin 15 at 1 and 7 
days after drug exposure. They also caused dopaminergic cell loss in the SNpc. Inactivation of 
D2R blocked all these effects. Remarkably, D2R inactivation prevented METH-induced loss of 
dopaminergic neurons in the SNpc. In addition, striatal dopamine overflow, measured by fast 
scan cyclic voltammetry in the presence of METH, was significantly reduced in D2R-/- mice. Pre-
treatment with reserpine indicated that the neuroprotective effect of D2R inactivation cannot be 
explained solely by its ability to prevent METH-induced hyperthermia: reserpine lowered body 
temperature in both genotypes, and potentiated METH toxicity in WT, but not D2R-/-, mice. Our 
results demonstrate that the D2R is necessary for METH and MDMA neurotoxicity and that the 
neuroprotective effect of D2R inactivation is independent of its effect on body temperature. This 
research was supported by grants from the Spanish Ministerios de Ciencia e Innovación y de 
Sanidad y Política Social, ISCIII: BFU2010-20664, PNSD, RedRTA (RD06/0001/1011) and 
CIBERNED AND SAF2007-65175, FIS PI070892, PNSD 2006/1018, 2008/074; 
RTA06/0001/0006. 
 
  



Loss of Eag1 causes Ca2+ buildup in the presynaptic terminal 
 
Mortensen L.S.1, Sakaba T.2, Ufartes R.1, Stühmer W.1, Pardo L.A.1 
 
1Max-Planck-Institute of Experimental Medicine, Göttingen, Germany 
2Max-Planck-Institute of Biophysical Chemistry, Göttingen, Germany 
 
 
Ether-à-gogo 1 (Eag1) is a delayed rectifier potassium channel that is widely expressed in the 
mammalian brain. High levels of expression are seen in the hippocampus and in the cerebellum, 
but its physiological role remains undescribed. Mutant mice lacking a functional channel are 
viable and show no obvious abnormal behaviour. In this study, we used whole-cell patch 
clamping in acute slices of the mouse cerebellum to investigate the effect of Eag1 gene knock-out 
on synaptic transmission at the parallel fiber (PF) – Purkinje cell (PC) synapse and on firing 
properties of granule- and Purkinje cells. The PF-PC synapse shows strengthening of the 
synapse in response to repetitive stimulation in the second to minute range (short-term 
facilitation). Our data show a significant increase in facilitation at the PF-PC synapse in Eag1-
deficient mice in comparison to the wild type. Current clamp recordings in the cell body of granule 
cells revealed that neither the response to subthreshold current injection nor the evoked firing 
frequencies and properties of the action potential were altered in Eag1-/- cells. This supports the 
idea that the events leading to the increased facilitation take place in the synapse itself. Changing 
the external Ca2+ concentration as well as experiments with EGTA-AM suggests that the initial 
release probability in Eag1-/- cells remains unchanged. Our results indicate an involvement of 
Eag1 in synaptic transmission in such a way that its loss causes a buildup of residual calcium in 
the synaptic terminal and thus leads to increased facilitation without changing the initial release 
probability. Eventually, this could be important for regulation of both motor coordination and 
learning. 
 
  



Mapping synaptic connectivity between functionally characterised neurons in the 
neocortex 
 
Tom Mrsic-Flogel 
  
Neuronal connectivity is fundamental to information processing in the brain. Understanding the 
mechanisms of sensory processing, therefore, requires uncovering how connection patterns 
between neurons relate to their function. This has not been attempted with existing approaches, 
because neuronal functionality has to be assessed in the intact brain (electrode recordings, two-
photon calcium imaging), while synaptic connectivity mapping is only feasible in brain slices 
(paired whole-cell recordings). To provide a solution to this problem, we have combined three 
powerful techniques that enable us first to visualise and characterise response properties of 
hundreds of neurons in the cortex with two-photon calcium imaging, then to identify the same 
neurons in slices of the same tissue using custom 3D image registration algorithms, and finally 
assay synaptic connections between a subset of these neurons with multiple whole-cell 
recordings. Applying this approach to mouse visual cortex, we found that connection probability 
was related to the similarity of visually driven neuronal activity. Neurons with the same preference 
for oriented stimuli connected at twice the rate of neurons with orthogonal orientation 
preferences. Neurons responding similarly to naturalistic stimuli formed connections at very high 
rates, while those with uncorrelated responses were rarely connected. Bidirectional synaptic 
connections were found more frequently between neuronal pairs with strongly correlated visual 
responses. Our results reveal a high degree of functional specificity of synaptic connections in 
local cortical circuits, and point to the existence of fine-scale subnetworks dedicated to 
processing related sensory information. 
  
 
DREAM regulates activity-dependent gene expression 
 
Jose R. Naranjo  
 
Centro Nacional de Biotecnología CSIC Madrid ES 
 
The identities of the regulatory molecules underpinning the storage of information remain 
incomplete. Changes in nuclear Ca2+ homeostasis activate specific gene expression programs 
and are central to the acquisition and storage of memories. Activity-dependent CREB 
phosphorylation was the first transcriptional pathway shown to regulate long-term memory but the 
role of several other transcriptional cascades is now recognized. The DREAM/KChIP family of 
Ca2+-binding proteins includes four members structurally and functionally related. They form 
heterotetramers that bind DNA and repress transcription in a Ca2+-dependent manner. To study 
the function of DREAM/KChIP proteins in the brain, we used transgenic mice expressing a Ca2+-
insensitive/CREB-independent dominant active mutant DREAM (daDREAM). The binding of 
daDREAM to repressor sites is effectively irreversible since derepression requires Ca2+-binding. 

Using a genome-wide analysis we show here that in the hippocampus daDREAM regulates the 
expression of several activity-dependent transcription factors including Npas4, Nr4a1, Mef2C, 
JunB and c-Fos. Expression of daDREAM in the forebrain resulted in a complex phenotype 
characterized by loss of recurrent inhibition and enhanced LTP in the dentate gyrus and impaired 
learning and memory. Our results indicate that DREAM is a major master-switch transcription 
factor that regulates the on and off of several activity-dependent gene expression programs that 
control synaptic plasticity, learning and memory. 



 
Cerebral amyloid angiopathy: its role in the aetiology of Alzheimer's disease and impact 
on Aβ immunotherapy 
 
Nicoll, James AR and Boche, Delphine 
 
Clinical Neurosciences, University of Southampton, Southampton, UK 
 
Accumulation of amyloid β protein (Aβ) in the walls of cerebral arteries as cerebral amyloid 
angiopathy (CAA) occurs frequently in the ageing brain and in most patients with AD.  Unbiased 
approaches correlating the presence of different neuropathological features with dementia 
highlight particularly strong correlations with CAA.  This raises the possibility that CAA may make 
a significant contribution to the pathophysiology that results in dementia.  The rigidity of the 
vessel wall, loss of smooth muscle cells, and probable loss of vascular cholinergic innervation all 
make it likely that control of local blood flow, normally tightly linked to neuronal metabolic 
demand, is faulty and may contribute to dysfunction.  However, very little evidence is available on 
the pathophysiology of blood flow associated with CAA.  Affected blood vessels can bleed, 
resulting in large intracerebral haemorrhages causing a stroke or microhaemorrhages which can 
be associated with dementia in the absence of plaques and tangles.  There is good evidence that 
Aβ produced by neurons can diffuse through the extracellular space to reach the artery walls 
where its accumulation is influenced by many factors that affect the vessel wall structure and 
function.  Such factors, including ageing, APOE genotype, inflammation, hypertension, diabetes 
and cholinergic dysfunction are also risk factors for AD.  Our recent studies of AD patients who 
were immunized with Aβ (Elan Pharmaceuticals AN1792) have highlighted the dynamics of Aβ 
distribution within the brain and the importance of CAA in this context.  As plaques are removed 
from the cortex as a result of immunotherapy, the severity of CAA increases severalfold, 
consistent with exit of plaque Aβ from the brain by the perivascular pathway.  This increase in 
CAA is associated with microhaemorrhages and may be responsible for leucoencephalopathy 
that has been reported in a number of different immunotherapy trials.  In certain patients CAA 
may limit the rate at which Aβ plaques can be removed from the brain as therapy for AD, whether 
by immunotherapeutic or other means. 
 
  



Unconventional exocytosis at hair cell ribbon synapses - Synaptic transmission sans 
neuronal SNAREs? 
 
Nouvian R., Neef J., Bulankina A.V., Reisinger E., Pangršič T., Frank T., Sikorra S., Brose N., 
Binz T. and Moser T 
 
University of Göttingen Medical Center, Göttingen, Germany 
 
Exocytosis of synaptic vesicle critically relies on the SNARE proteins (SNAP-25, syntaxin 1 and 
synaptobrevin 1 or 2), as shown by the severe arrest of synaptic release upon SNARE cleavage 
by clostridial neurotoxins or by genetic ablation. We report that exocytosis in mammalian auditory 
sensory cells (inner hair cells, IHCs) is resistant to clostridial neurotoxins attack. In addition, 
stimulation-secretion coupling was neither impaired in IHCs from lethal-wasting mouse mutant, 
characterized by a loss-of-function of synaptobrevin 1, nor from the synaptobrevin 2/3 and SNAP-
25 null mice. We found mRNA but no synaptically localized protein of neuronal SNAREs in IHCs. 
Thus, auditory sensory cells exocytosis is unconventional and may operate independently of 
neuronal SNAREs. 
 
  



PERSPECTIVES OF RESEARCH ON DEPRESSIVE REALISM PHENOMENON 
 
Katarzyna Czajkowska, Paweł Mazurkiewicz, Michał Nowacki, Natalia Bielczyk 
 
University of Warsaw, Warsaw, Poland 
 
Depressive realism phenomenon (Alloy & Abramson, 1979), describes more precise situational 
analysis and less erroneous calculation of outcome probability in depressive patients. To the 
contrary, most of healthy people show so called unrealistic optimism, which leads to 
overestimation of positive outcome probability and underestimation of negative outcome 
possibility.  
Estimation processes are well described in terms of neurobiology. They involve thalamus, medial 
prefrontal cortex, amygdale, caudate nucleus as well as accumbent nucleus. Furthermore, it is 
known that brain functioning in depressives differs from others, i.e. prefrontal cortex functioning is 
altered. However we still lack research on how depressive brain works while analyzing 
information involving estimation.  
THE PREVIOUS STUDY 
In this work we examined whether depression level, based on Beck Depression Inventory I 
(Polish experimental version) result, influences precision of prediction of success in the task, 
defined by subjects both before and after its completion. The task given was Raven’s Progressive 
Matrices Test (TMS), Standard Plus Version.  
Differences between groups were statistically significant and showed clear tendency for 
underestimation in depressives. Parameter showing time prediction for task completion was not 
differentiated between groups. Furthermore, weak negative correlation was noted between BDI 
and Raven’s Matrices test result. 
CURRENT STUDY 
The aim of the current study is to examine how depressive brain analyzes information during 
evaluation of outcome probability. We suppose brain structures involved in situation analysis 
differ in activity, depending on depression level.  The study will be carried out using 
electroencephalography (EEG). Frontal lobes alpha range asymmetry, P300 potential amplitude, 
which is, supposed to be related to ambiguous situation analysis and N400 potential amplitude, 
calculated during estimation of probability of given situation as well as reaction to humorous 
stimulus (based on dissociation theory in verbal and non-verbal variant) will be analyzed. 
 
  



 
Diversity in the axo-somato-dendritic distribution of ion channels  
 
Zoltan Nusser 
 
Institute of Experimental Medicine, Hungarian Academy of Sciences, Budapest, Hungary 
 
Anatomical, electrophysiological and molecular experiments have revealed a tremendous 
heterogeneity of nerve cells.  It is a general belief that variation in the intrinsic electrical properties 
of neurons is the consequence of the expression of distinct sets of ion channels.  It became also 
apparent that functional role of an ion channel greatly depends on its subcellular location.  
Therefore, we investigated the subcellular distribution of hyperpolarization-activated mixed cation 
(HCN), A-type and delayed rectifier K+ (Kv) and Na+ (Nav) channels in distinct types of nerve cell 
using light- and electron microscopic immunolocalizations.  Our results revealed cell type- and 
subunit-specific distribution patterns.  For example, the density of the HCN1 subunit increases 
along the proximo-distal axis of hippocampal pyramidal cell dendrites, has a rather uniform 
density in olfactory bulb external tufted cell dendrites, but is restricted to the axons of cortical 
basket cells.  Considering a single cell type, the distribution patterns of distinct voltage-gated ion 
channels are very different.  For example, the density of HCN1 increases, whereas that of Nav1.6 
decreases in hippocampal pyramidal cell apical dendrites as a function of distance from the 
soma.  The axon initial segments and nodes of Ranvier of pyramidal cells are also 
compartmentalized by Kv and Nav channels.  The functional consequences of distinct subcellular 
distribution patterns are also investigated and will be discussed.  
 
 
Changes in the neural control of a complex motor sequence during learning 
 
Ölveczky, B.P. 
 
Harvard University, Cambridge, MA, USA 
  
The acquisition of complex motor sequences often proceeds through trial-and-error learning, 
requiring the deliberate exploration of motor actions and the concomitant evaluation of the 
resulting performance. Songbirds learn their song in this manner, producing highly variable 
vocalizations as juveniles. As the song improves, vocal variability is gradually reduced until it is all 
but eliminated in adult birds. Here we examine how the neural control of such a complex motor 
behavior changes during learning by recording song-related neural activity in HVC and RA, two 
motor cortex analogue brain regions, in zebra finches learning their song. We further explore how 
the developing motor program in RA is shaped by activity in HVC, its premotor input, and LMAN, 
the input from a basal ganglia-forebrain circuit, respectively. Our results show that LMAN drives 
motor exploration required for trial-and-error learning by adding variability to the developing motor 
program in RA. As learning proceeds and the motor circuits mature, the relative contribution of 
the basal ganglia circuit is reduced, allowing the temporally precise premotor input from HVC to 
drive an increasingly stereotyped song.  

 
  



Planning and concentration functions after total sleep deprivation and extreme exhaustion 
among sportsmen 
 
Konarska Z., Marczak M., Jurewicz K., Paluch K., Bochyńska A., Lutek K., Pudło M., 
Romanowicz M., Wichowski B. 
 
Faculty of Psychology, University of Warsaw, Warsaw, Poland 

The aim of our research was to observe how extreme effort and severe sleep deprivation 
influence executive functions (on the example of planning abilities and attention). We examined 
32 professional extreme sportsmen, 31 amateurs and 10 patients with frontal lobe syndrome. 
Two tests were used. The Tower of London test, which is particularly sensitive to impairments of 
planning abilities and the Color Trails Test (experimental version), which checks the ability to 
concentrate and changing mental categories. Moreover in time of neuropsychological tests we 
have measured the level of glucose of each participant (except for the patients).  

The track length for the professionals was 450 km, equal to 75 – 108 h of physical strain and 
sleep deprivation, and about 150 km for amateurs (35 – 48 h). In our research we have applied 
the procedure of multiple testing (three samples). We have expected significant differences in 
baseline performance in favor of professional sportsmen compared to the demographically 
matched control group. Furthermore, we assumed that the influence of factors affecting 
professional and amateur sportsmen will depend on the type of cognitive task. The results in 
attention-measuring test CTT have significantly decreased which supported study's hypothesis. 
Surprisingly, however, the TOL test results have improved (although effectiveness of learning 
process was lower than in control group). This demonstrates that various aspects of executive 
functions are differently affected by extreme fatigue and sleep. Relatively high level 
of performance in professional athletes poses questions about motivational and compensatory 
factors. 

 
Synaptic mechanisms of sensory perception 
 
Carl Petersen 
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A key goal of modern neuroscience is to understand the neural circuits and the synaptic 
mechanisms underlying sensory perception. Here, I will discuss our efforts to characterise 
sensory processing in the mouse barrel cortex, a brain region known to process tactile 
information relating to the whiskers on the snout. Each whisker is individually represented in the 
primary somatosensory neocortex by an anatomical unit termed a ‘barrel’. The barrels are 
arranged in a stereotypical map, which allows recordings and manipulations to be targeted with 
remarkable precision. In this cortical region it may therefore be feasible to gain a quantitative 
understanding of neocortical function. We have begun experiments towards this goal using 
whole-cell recordings, voltage-sensitive dye imaging, viral manipulations, optogenetics and two-
photon microscopy. Through combining these techniques with behavioral training, our 
experiments provide new insight into sensory perception at the level of individual neurons and 
their synaptic connections. 



 

Reversal of cocaine conditioned place preference by social interaction 
 
Janine Prast, Michael Fritz, Kai Kummer, Sabine Klement, Vincent Eggart, Michael Mayr, Rana El 
Rawas, Alois Saria and Gerald Zernig 
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A main challenge in the therapy of drug dependent individuals is to help them reactivate interest 
in non-drug-associated activities. Among these activities, social interaction is doubly important 
because treatment adherence itself depends on it. We developed a rat animal experimental 
model based on the conditioned place preference (CPP) paradigm in which only four 15-min 
episodes of social interaction with a gender- and weight-matched male conspecific (i) reversed 
CPP from cocaine to social interaction despite continuing cocaine training and (ii) prevented the 
reinstatement of cocaine CPP (Fritz et al. 2011, Addiction Biology). The reversal of CPP from 
cocaine to social interaction was enhanced by the sigma1 receptor antagonist BD1047 with an 
ED50 of 0.0036 mg/kg (i.p.) (Fritz et al. 2011, Pharmacology 87:45-48). Social interaction also 
reversed cocaine CPP-induced expression of the immediate-early gene zif268 in the nucleus 
accumbens shell, the central and basolateral amygdale and the ventral tegmental area (Fritz et 
al. 2011, Addiction Biology). These findings suggest that social interaction, if offered in a context 
that is clearly distinct from the previously drug-associated ones, may profoundly decrease the 
incentive salience of drug-associated contextual stimuli. In the present study, we investigated if 
the two subregions of the nucleus accumbens (Acb), the core (AcbC) and shell (AbbSh) would 
differentially affect CPP for cocaine vs social interaction. Animals were concurrently trained for 
CPP to cocaine and social interaction (mutually exclusive stimulus presentation during training). 
We are currently investigating which type of neuron in the AcbC is affected by this reversal. 
 
This project is supported by FWF grants P18787-B05, W1206-B18, and M1169-B18, and by the 
Verein zur Förderung der Experimentellen Psychiatrie, Psychotherapie und Pharmakologie 
(VEPPP). 
  



 
Mutations in eIF2B, a key translation factor, and neurological disease 
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Abstract: Autosomal recessive mutations in genes for subunits of eukaryotic initiation factor 2B 
(eIF2B) cause the leukoencephalopathy ‘vanishing white matter’ (VWM; OMIM 603896), VWM 
shows a wide clinical spectrum. eIF2B contains five subunits (α-ε) and catalyses guanine 
nucleotide exchange on eIF2. eIF2B plays a key role in protein synthesis and its control. Here, we 
have examined the functional effects of selected VWM mutations in eIF2Bβ, γ, δ and ε by co-
expressing wildtype and mutated subunits in human cells.  
 
We observe very diverse functional effects, including defects in complex assembly; binding to the 
regulatory α-subunit; substrate binding; and guanine nucleotide-exchange (GEF) activity. GEF 
activity data for recombinant eIF2B complexes agree closely with those for patient-derived cells 
with the same mutations.  
 
Surprisingly, some mutations do not affect these parameters even though they lead to severe 
disease; some even increase GEF activity.  
 
These findings are important for three reasons: (i) they demonstrate that measuring eIF2B activity 
in patients’ cells is not a reliable diagnostic test; (ii) they imply that severe disease can result from 
alterations in eIF2B function other than defects in subunit assembly, substrate binding or GEF 
activity and, lastly, (iii) the marked diversity of the functional effects of VWM mutations implies 
that the search for agents to manage or treat VWM should focus on downstream effectors of 
eIF2B, not on restoring eIF2B activity. 
 
  



Otoferlin – a multi-tasking protein required for hearing  
 
Reisinger E. 
 
Molecular Biology of Cochlear Neurotransmission Group, InnerEarLab, University of Goettingen, 
Germany 
 
Otoferlin is essential for fast and synchronous transmitter release at the first synapse in the 
auditory pathway. Several recent studies tried to clarify the exact role of this protein, and I’ll give 
an overview over what is known so far and which are the current hypotheses for otoferlin’s 
function. 
The protein consists of at least six C2 domains and a C-terminal transmembrane domain. C2 
domains fold to a sandwich structure comprised of eight beta-strands, and in many cases the 
connecting top loop coordinate Ca2+ through 3-5 aspartate residues. Further, many C2 domains 
bind phospholipids, mostly in a Ca2+ dependent way to the top loops. The C2 domains in otoferlin 
reveal only low sequence similarities to C2 domains of synaptotagmin isoforms or protein kinase 
C, making it difficult to predict exactly the position and length of the beta-strands and connecting 
loops, and thus the Ca2+ binding abilities. The structure of the most N-terminal C2 domain of 
otoferlin has recently been solved by X-ray crystallography, indicating that it folds similarly to the 
Munc13-1 C2B domain and does neither bind to Ca2+ nor to phospholipid membranes.  
The presence of several C2 domains in the protein led to the hypothesis that otoferlin might serve 
as Ca2+ sensor for vesicle fusion in auditory hair cells, similar to the action of synaptotagmin at 
central synapses. A popular theory on otoferlin’s function was that otoferlin would replace 
synaptotagmin-1 (Syt1) which is absent from the auditory hair cell synapse. However, ectopic 
expression of Syt1 in otoferlin deficient hair cells did not rescue fast and synchronous vesicle 
release. In a mirror experiment, we expressed otoferlin in Syt1 deficient chromaffin cells and 
central neurons, but otoferlin was not able to restore fast and synchronous exocytosis in both 
systems. The fact that the two proteins cannot functionally replace each other is likely due to a 
different set of partner proteins used by the hair cell and the neuronal synapse for mediating 
vesicle fusion.  
 
  



 
On the  role of CAPS in catecholamine secretion from adrenal chromaffin cells 
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Calcium-activator protein for secretion (CAPS) is a soluble factor that reconstitutes calcium-
dependent secretion in permeabilized and cytosol-deprived PC12 cells (Hay and Martin, 1992). 
CAPS was first described in Caenorhabditis elegans (Unc-31) (Avery et al., 1993), but 
homologues exist in Drosophila (dCAPS) and mammals. CAPS proteins are present in the 
cytosol, but also associate with large dense-core vesicles (LDCVs) and synaptic vesicles in 
neurons and neuroendocrine cells. Several recent experiments showed that CAPS proteins play 
a key role in the priming process of both LDCVs and synaptic vesicles (Stevens and Rettig, 
2009). 
I will present data summarizing our data on CAPS function in adrenal chromaffin cells. These 
data indicate that CAPS adopts at least two roles: First, it regulates the filling of chromaffin 
granules with catecholamines. Second, it functions as a priming factor to transfer chromaffin 
granules into the readily releasable pool (RRP). 
 
 
The Function of Complexin-3 in Retina Bipolar Cell 
 
JeongSeop Rhee 
 
Max-Planck Institute for Experimental Medicine, Goettingen, Germany 
 
SNARE mediated fusion of synaptic vesicles is controlled by multiple regulatory proteins. Among 
these regulatory proteins are Complexins, which control the speed and Ca2+ sensitivity of the 
SNARE-dependent membrane fusion reaction. The precise mechanism by which Complexins 
function as part of the neurotransmitter release machinery at conventional synapses, is however 
a matter of significant controversy. While Complexin-1 and Complexin-2 are expressed 
specifically in the central nervous system and in non-neuronal tissues, Complexin-3 and 
Complexin-4 are predominantly expressed in the retina, where they are specifically localized to 
ribbon synapses of photoreceptors and bipolar neurons. A study using electroretinographic 
recordings showed that deletion of Complexin-3 and Complexin-4 severely perturbs retina 
function and reduces vision. However, it is still unclear how Complexins contribute to the unique 
vesicle priming and/or vesicle exocytosis efficacy of retinal sensory neurons. To provide this 
information, we directly recorded exocytosis in rod bipolar cell terminals from control and 
Complexin-3 null mutant mouse bipolar cells using patch-clamp capacitance measurements. 
Using this method, we demonstrate that in the absence of Complexin-3, single rod bipolar cell 
terminals display a loss of functional readily releasable vesicles. 
 
  



Tomosyn regulates synaptic transmission and differentiates between early and late 
phases of associative odor memory 
 
Janet E Richmond1 
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 Synaptic vesicle secretion is dependent on the assembly of fusogenic SNARE complexes 
between the vesicle R-SNARE protein synaptobrevin, and plasma membrane Q-SNAREs 
syntaxin and SNAP-25.  Consequently proteins that regulate SNARE complex formation during 
vesicle priming can significantly impact synaptic strength.  The syntaxin-binding R-SNARE protein 
tomosyn has been shown to inhibit priming in both C. elegans and mammalian neurons, possibly 
acting in part to sequester SNARE proteins in non-fusogenic complexes.   
 Analysis of vertebrate tomosyn indicates that the interaction between tomosyn and 
syntaxin is regulated by protein kinase A (PKA), an enzyme implicated in learning and memory. 
We therefore, speculated that tomosyn may be an important effector in PKA-dependent synaptic 
plasticity.  We chose Drosophila to test this hypothesis, as the role of the PKA pathway in fly 
associative learning has been well established.   Since there are currently no Drosophila tomosyn 
mutants, we used RNA interference (RNAi) to reduce tomosyn levels to 30% of wild-type, based 
on quantitative RT-PCR and tomosyn immunostaining at the neuromuscular junction (NMJ).  As 
expected, tomosyn knockdown produced a significant enhancement in synaptic strength at the 
Drosophila larval NMJ, manifest as a slower decay time constant resulting in an increased 
evoked charge integral.  This enhanced release was not due to altered synaptic morphology as 
NMJ size and synaptic bouton density were unaffected in larvae following tomosyn RNAi.  
Measurements of the readily-releasable pool, indicated that quantal content was doubled 
following tomosyn RNAi.  Consistent with this interpretation, under normal extracellular calcium 
conditions we saw an increase in paired-pulsed depression at the larval NMJ at short interpulse 
intervals (20 ms). To explore the possible role of tomosyn in behavioral plasticity, we assayed 
memory performance at two time points (3 mins-early memory and 3 hours-late memory) 
following aversive olfactory learning. While early memory was unaffected by tomosyn knock-
down, late memory was reduced by 50%.  Late memory is a composite of both a stable and labile 
component.  Further analysis determined that tomosyn was specifically required for the labile 
component, previously shown to require cAMP signaling via PKA in mushroom bodies.  Together 
these data indicate that tomosyn has a conserved role in the regulation of synaptic transmission 
and provide the first behavioral evidence that tomosyn is involved in a specific component of 
associative memory.  
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Neuroglial cells are fundamental for brain homeostasis and they represent the intrinsic brain 
defence system. Therefore, all forms of neuropathological processes inevitably involve glial cells. 
Neurodegenerative diseases, including Alzheimer´s disease disrupt brain connectivity affecting 
neuronal-neuronal, neuronal-glial and glial-glial contacts and interaction. In addition 
neurodegenerative processes trigger universal and conserved glial reactions represented by 
astrogliosis and microglial activation. The complex of recently acquired knowledge allows us to 
regard the neurodegenerative diseases as primarily gliodegenerative processes, in which glial 
cells determine the progression and outcome of neuropathological process; as we have recently 
probed by showing: (i) an astroglial generalised atrophy with a concomitant astrogliosis just 
restricted to Ab plaques presence and (ii) an early resting microglial recruitment in the affected 
areas, even before the presence of activated/macrophagic microglial cells. 
 
 
Complex translation regulation in the cortex subserves sensory memory consolidation 
 
Kobi Rosenblum 
 
Neurobiology Department, Center for Gene Manipulation in the Brain, Mount Carmel, University 
of Haifa, Haifa 31905, Israel. 
 
 
The off-line processing of acquired sensory information in the mammalian cortex is an example 
for the unique way biology creates to compute and store information which guides behaviour. The 
relatively short temporal phase in the process (i.e. hours following acquisition) is defined 
biochemically by its sensitivity to protein synthesis inhibitors. Until recently this negative definition 
of molecular consolidation did not reveal the details of the endogenous processes taking place, 
minutes to hours, in the relevant neurons and circuit underlying a given memory.  We use taste 
learning paradigms in order to study this process of molecular consolidation in the gustatory 
cortex.  
Recent results, from our laboratory, obtained from genetic, pharmacological, biochemical, 
electrophysiological and behavioural studies demonstrate that protein synthesis and degradation 
are vital for memory consolidation. Moreover, the spatially and temporally regulated translation 
control at both initiation and elongation phases modify both general and synaptic protein 
expression. We propose a model to explain the interplay between regulation of initiation and 
elongation phases of translation and demonstrate that in certain situations cognitive 
enhancement can be achieved.  
  
 



Turnover of mushroom spines: the role of calcium-dependent control of aromatase activity 
 
Gabriele M. Rune  
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Maintenance of hippocampal spine synapses depends on local activity of aromatase, the final 
enzyme of estrogen synthesis. Here we show that mushroom spines, as defined by spine size 
and by the presence of a spine apparatus, are primarily lost in hippocampal cultures when 
estradiol synthesis is reduced. The spine apparatus is a spine-specific Ca2+ store in mushroom 
spines and requires synaptopodin for its formation. Consistently, letrozole, an aromatase inhibitor, 
downregulates immunoreactivity of synaptopodin in hippocampal cultures and the protein is also 
downregulated in the aromatase knock-out mouse. Along this line, the number of spines, which 
contain a spine apparatus, is reduced in this mutant. On manipulation of Ca2+ transients from 
internal stores, such as the spine apparatus, we found that synaptopodin expression and 
neuronal estradiol synthesis are controlled in a remarkably similar manner. Ca2+ release from 
internal stores downregulates both protein expression and estradiol synthesis, whereas opposite 
effects were achieved after blockade of internal Ca2+ release. Results from control experiments 
reveal that the Ca2+-dependent regulation of synaptopodin is mediated by Ca2+-dependent 
regulation of aromatase activity. Thus, testosterone, stimulating aromatase activity, and estrogen 
receptor blockers abolished the downregulation of synaptopodin in response to Ca2+ release. 
Furthermore, the loss of mushroom spines after letrozole treatment is rescued by thapsigargin, 
upregulating estrogen synthesis. The control of estradiol synthesis by Ca2+ transients in 
hippocampal neurons, which in turn regulate synaptopodin, introduces aromatase activity as a 
hitherto unknown factor in Ca2+-induced signalling cascades, regarding turnover of mushroom 
spines.  
  



Astrocytic calcium: in search for clues 
 
Rusakov D.A. Kaiyu Zheng, Christian Hennberger 
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A growing body of experimental evidence suggests that Ca2+ signals in astroglia can trigger 
release of important signalling molecules into the brain extracellular space affecting neural 
activity. We have recently shown that Ca2+ -dependent release of the NMDA receptor co-agonist 
D-serine from individual hippocampal astrocytes helps to maintain the availability of local NMDA 
receptors at the level sufficient to enable induction of long-term potentiation (LTP) of transmission 
at nearby synapses (Nature 2010, 463: 232). However, astrocytic supply of D-serine and the 
NMDA receptor occupancy remain unchanged during LTP. To understand whether LTP induction 
has longer-term consequences for local astroglia, we have combined two-photon excitation 
imaging with photobleaching techniques, electrophysiology and electron microscopy to monitor 
fine morphological changes in individual identified astrocytes on the micron and sub-micron scale 
in the vicinity of excitatory synapses. Our pilot data indicate that LTP induction is paralleled both 
by changes in astroglial coverage of individual synapses and by fine yet significant overall 
alterations in the architectonics of astrocytic arbours. To understand the relation of such changes 
to microscopic Ca2+ mechanisms acting inside astrocytes, we have implemented a system of 
fluorescence life-time imaging (FLIM) and time-resolved fluorescence anisotropy imaging (TR-
FAIM) coupled with patch-clamp electrophysiology and two-photon excitation microscopy in acute 
brain slices. Experiments are under way to establish whether local intra-astrocytic Ca2+ signals 
could lead to distinct morphological events affecting the functioning of neighbouring synapses.  
 
 
 
Spike Generation in the Peripheral Neurite of the Spiral Ganglion Neuron 
 
Rutherford M.A., Chapochnikov N., Moser T. 
 
Inner Ear Lab, University of Goettingen, Germany 
 
Encoding of acoustic information relies upon the synaptic transmission between cochlear inner 
hair cells and afferent auditory nerve fibers. The speed and reliability of spike generation in the 
peripheral neurite limits the precision of sound encoding. Here we characterize spike generation 
in the first neuron of the afferent pathway 
with intracellular recordings from postsynaptic boutons of spiral ganglion neurons. Nearly all 
spontaneous synaptic potentials evoked an action potential, and current-clamp stimuli evoked 
action potentials at levels much smaller than the average synaptic depolarization. However, spike 
latency varied greatly with stimulus waveform and amplitude, illustrating the influence of EPSC 
shape on the neural representation of sound. Spike generation was highly phasic, and spike 
recovery time course was similar for spontaneous and current clamp stimuli. Spike generation 
was described as a linear integrate and fire model which appropriately 
predicted spike latencies for stimuli which cover the range of monophasic excitatory postsynaptic 
potentials. 
 
  



Local control of release probability through voltage-gated calcium channel auxiliary 
subunits 
 
Timothy A. Ryan, PhD 
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Local control of release probabilities at nerve terminals.  We recently developed methods to 
determine neurotransmitter release properties at individual presynaptic terminals. Using these 
approaches we have shown that following the arrival of an action potential the probability that a 
vesicle in a release-ready state (Pv) will fuse with the plasma membrane is typically on the order 
of ~10% under standard recording conditions. We have shown additionally that this value is 
highly variable from synapse to synapse even in the same axon. Our studies have also shown 
that one of the parameters that keeps Pv at such a low value is the amount of calcium entry. In 
order to investigate what molecular players might be controlling calcium entry in individual nerve 
terminals we are exploring the role of votage-gated calcium channel accessory subunits in the 
context of voltage-gated calcium channel trafficking and function to and within the nerve terminal. 
My lab’s most current results on this subject will be discussed. 
 
 
 
 
Controlling the activity of cortical layers 
 
Shawn Olsen, Dante Bortone, Hillel Adesnik, Massimo Scanziani 
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In the cerebral cortex sensory signals arrive via thalamic afferents and spread through six 
horizontal neuronal layers that are heavily interconnected by vertical projections. It is believed 
that these vertical projections are crucial for proper information processing between layers yet 
how each layer impact the activity of other layers is still poorly understood. 
We have addressed the impact of layer 6, the deepest layer of the cortex, on the activity of more 
superficial layers during sensory processing in the mouse primary visual cortex.   
For this we have used a mouse BAC transgenic line (NTSR1) that selectively expresses Cre 
recombinase in layer 6 pyramidal cells.  We have performed in vivo and in vitro recordings and bi-
directionally manipulated the activity of layer 6 pyramidal cells via microbial opsins virally 
delivered to the visual cortex.  
We have observed that layer 6 very rapidly and profoundly modulates the gain of visual 
processing in all more superficial layers without, however, changing their tuning properties. 
Interestingly, this gain modulation results from the coordinated action of layer 6 direct projections 
to superficial layers and deep projections to the thalamus. Thus, layer 6, via intra-cortical and 
sub-cortical circuits plays a central role in modulating the gain of the earliest steps of cortical 
visual processing. 
 
 
  



 
 
Expression of anti-apoptotic genes decides on early cell death and late plasticity in acute 
brain injury 
 
Jörg B. Schulz, Arno Reich, Christoph Beier 
 
Department of Neurology, Medical Faculty and University Hospital, RWTH Aachen, Germany 
 
Death receptor (DR) signaling has a major impact on the outcome of numerous neurological 
diseases, including ischemic stroke. DRs not only mediate cell death signals, but also 
proinflammatory responses and cell proliferation. Identification of regulatory proteins, which 
control the switch between apoptotic and alternative DR signaling, opens new therapeutic 
opportunities. Fas-apoptotic inhibitory molecule 2 (Faim2) is an evolutionary conserved, neuron-
specific inhibitor of Fas/CD95-mediated apoptosis. To investigate its role during development and 
in disease models, we generated Faim2 deficient mice. The ubiquitous null mutation displayed a 
viable and fertile phenotype without overt deficiencies. However, lack of Faim2 caused an 
increase in susceptibility to combined oxygen-glucose deprivation in primary neurons in vitro as 
well as in caspase-associated cell death, stroke volume and neurological impairment after 
cerebral ischemia in vivo. These processes were rescued by lentiviral Faim2 gene transfer. In 
summary, we provide first evidence that Faim2 is a novel neuroprotective molecule in the context 
of cerebral ischemia. 
In contrast to the acute situation, Faim2 expression may interfere with plasticity in the chronic 
phase of injury. 
  



 
 

Synaptopodin and neuronal plasticity 
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The spine apparatus, an enigmatic structure within dendritic spine neck, has been recently associated 
with synaptopodin (SP), to the extent that SP-knockout mice lack spine apparatus. In earlier studies 
we and others have established an association between calcium stores and SP. Calcium is localized 
in stores within neurons, but the regulation of its release from stores relative to plastic changes in 
neurons is still not well understood. We have used dissociated hippocampal neurons as well as 
cultured slices to explore possible changes in morphology and function of dendritic spines following 
exposure of the neurons to agents that affect release of calcium from stores. Morphological changes 
are measured from stacks of images taken with a standard confocal microscope (for the dissociated 
cultures) or 2-photon confocal microscope (for the cultured slices). Application of caffeine or low 
concentrations of ryanodine which release calcium from ryanodine-sensitive stores cause several 
morphological and functional changes in dendritic spines. A transient rise of [Ca2+]i produced by flash 
photolysis of caged EGTA in dendritic spines of dissociated hippocampal cultures is correlated with 
the presence of SP puncta in a select population of dendritic spines. The morphology of the spine 
head/neck determines the likelihood of its being altered by the store-associated rise of [Ca]2+]i. 
Interestingly, caffeine-induced release of calcium from stores produce an SP-dependent delivery of 
GluR1 into spines, indicating that SP, calcium stores, delivery of GluR1 and synaptic plasticity are 
tightly linked. Finally, the presence of SP is spatially correlated, in different sectors of the 
hippocampus, with the ability of calcium released from stores to affect synaptic plasticity. These 
experiments indicate that SP affects neuronal plasticity through it association with calcium stores in 
central neurons.  

 
  



 
 
Modelling neuroregulation: a systems biology approach to integrating dynamic 
transcriptional and translational data to plasticity in learning and memory 
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Synaptic plasticity requires the co-ordinated synthesis of novel transcripts and proteins and the 
regulation of their stability, localisation and activity. A number of high throughput experimental 
methods have been used to measure the transcript and protein complements of hippocampal 
slices, primary neuronal cultures and cortical preparations in mouse paradigms of learning and 
memory. These mainly comprise RNA microarray, protein mass fingerprinting, and protein-protein 
interaction (PPI) studies that can be analysed to provide candidate lists of transcripts, proteins 
and interactions likely to play functional roles during synaptic plasticity.  
 
In order to better understand the dynamic nature of synaptic plasticity we aim to integrate these 
high-throughput data with de novo protein synthesis, post-translational modification, RNA 
stability/localisation, transcription factor binding site (TFBS) and cis-regulatory module (CRM) 
data to generate dynamic and compartmentalised network models of the synaptic proteome. We 
present some initial modelling work that attempts to connect existing gene expression, proteomic, 
and PPI data during synaptic plasticity using novel tools for PPI, TFBS and CRM inference. 
 
 
The synaptic mechanism for sensory gain control at a retinal synapse 
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The gain of signaling in primary sensory circuits is matched to stimulus intensity through the 
process of adaptation. In the mammalian retina, multiple adaptive mechanisms are implemented 
by changes in visual scene statistics. Here, we examined how synaptic strength may be regulated 
at a critical site of gain control in rod-mediated vision: the rod bipolar (RB)-AII amacrine cell 
synapse. We mimicked light-evoked depolarization of presynaptic VM by applying varying quasi-
white noise voltage stimuli to the RB. A linear systems analysis of RB-AII recordings 
demonstrated that increasing either stimulus mean or stimulus variance reduced the synaptic 
gain. Adaptation to mean potential (background) resulted from both Ca channel inactivation and 
depletion of the readily-releasable vesicle pool (RRP), whereas adaptation to stimulus variance 
(contrast) resulted from RRP depletion alone. Thus, the intrinsic dynamics of transmission at 
bipolar cell synapses likely play a significant role in adaptation to a changing visual scene. 
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The glutamate theory of alcohol addiction is the most prominent theory in the alcohol research 
field (Spanagel, 2009). Consequently, a variety of novel compounds acting at different glutamate 
receptors are currently being developed by pharmaceutical companies, including mGlu5 receptor 
antagonists, mGlu2/3 agonists, subunit specific AMPA receptor antagonists, glycine transporter 1 
blockers, and others (Spanagel and Kiefer, 2008; Vengeliene et al., 2010). Some of these 
compounds have already passed phase I and are soon to be tested in RCTs. One compound 
which has recently been tested in a phase II study is neramexane – an uncompetitive NMDA 
glutamate receptor antagonist which displays strong voltage dependency and a rapid 
blocking/unblocking kinetic. Neramexane has yielded promising results in preclinical studies, e.g. 
it reduces alcohol consumption following alcohol deprivation (Hölter etal., 2000). In a multicentre 
trial, neramexane was tested against placebo in detoxified alcohol-dependent subjects. Out of 
289 patients screened, 236 were randomised to either the neramexane group (n=117; 2 x 20 mg 
per day) or the placebo group (n=119). After 12 weeks of double-blind treatment, 25% of the 
patients treated with neramexane compared to 31% of the patients treated with placebo had 
remained continuously abstinent. A reason for this lack of effect may have been the low doses 
administered since relatively high doses of the drug should be administered in the context of its 
use as a substitution therapy. Alterations in NMDAR subunit composition in alcohol-dependent 
subjects may also contribute to a lack of effect. Thus NMDAR composed of NR1/NR3A subunits 
exhibit a reduced sensitivity to channel blockers compared with NR1/NR2A receptors. Indeed 
when we co-expressed the NR3 subunit with human NR1a/2A receptors we observed a 
dramatically reduced response to neramexane. Importantly, alcohol-preferring msP rats have 
enhanced brain levels of NR3A and are almost insensitive to neramexane treatment. High 
expression levels of NR3A are also found in the brains of alcohol dependent patients, supporting 
the conclusion that NMDAR channel blockers may only act as an effective substitution therapy in 
alcoholics when sufficient doses of these drugs are administered. In line with this conclusion we 
performed a post-hoc analysis on the relationship between neramexane plasma levels and the 
primary parameter of efficacy and found that patients who achieved neramexane plasma levels > 
20 ng/ml (n=52) had a higher rate of continuous abstinence after 12 weeks of treatment than 
matched placebo patients (n=78). The abstinence rate rose with plasma levels and was between 
5% and 22% higher in neramexane treated patients as compared to the abstinence rate in the 
matched placebo group (linear regression: R2 = 0.88; p < 0.001). We conclude that high dose 
treatment with neramexane results in an effective anti-relapse treatment. 

Hölter SM, Danysz W, Spanagel R (2000) The non-competitive NMDA receptor antagonist MRZ 
2/579 suppresses the alcohol deprivation effect in long-term alcohol drinking rats and 
substitutes the alcohol cue in a discrimination task. J Pharmacol Exp Ther, 292:545-52 
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Voltage-gated L-type calcium channels in heart and vascular smooth muscle are a well-
established drug target for organic calcium channel blockers since decades and are valuable 
therapeutics to treat hypertension and myocardial ischemia. However, these channels are also 
expressed in endocrine cells, sensory cells, and neurons. In most cells the Cav1.2 and Cav1.3 L-
type channel subtypes coexist but, due to their different biophysical properties, serve distinct 
functional roles. Using unique animal models we have shown that Cav1.3 serves as sinoatrial 
node pacemaker channel, triggers excitation-secretion coupling in cochlear hair cells, and 
regulates neuronal excitability. Cav1.3 therefore is not only required for normal cardiac 
automaticity and hearing, but also for emotional and drug taking behaviors. We have recently 
discovered a novel regulatory mechanism within the Cav1.3 C-terminus which is a strong 
determinant of the calcium- and voltage-dependent gating of these channels. Since this 
regulatory domain is absent in short Cav1.3 splice variants, alternative splicing can produce 
Cav1.3 channels with distinct gating properties. We have recently discovered a novel human 
disease (SANDD) resulting from a loss-of-function mutation in the pore-forming Cav1.3a1-subunit 
gene (CACNA1D). Affected individuals suffer from congenital deafness and sinoatrial node 
dysfunction, emphasizing the important role of these channels for cardiac pacemaking and 
neurotransmitter release in sensory cells also in humans. Cav1.3 channels mediate calcium 
transients in dopaminergic substantianigra pacemaker neurons which may underlie their high 
susceptibility to neurodegeneration in Parkinson's disease. Selective Cav1.3 channel blockers 
are therefore pursued as novel neuroprotective agents for Parkinson's disease therapy. 
Support: Austrian Science Fund (P20670). 
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Both embryonic and adult stem cells have been the subject of investigation for their therapeutic 
potential in brain and spinal cord injury (SCI). Hematopoetic and mesenchymal stem cells (MSC) 
from bone marrow, olfactory ensheathing glia (OEG) and human fetal spinal precursors (SPC) 
have the capacity to migrate towards lesions and induce better regeneration. We used a middle 
cerebral artery occlusion model of stroke, rats overexpressing human superoxide dismutase 1 as 
a model of ALS, and a balloon-induced compression lesion model of SCI in adult rats, followed by 
the transplantation of a mononuclear fraction of bone marrow cells (BMC), MSC or SPC labelled 
in culture with iron-oxide nanoparticles; in vivo MRI was used to track their migration and fate. 
After acute (7 days post-injury) or chronic (5 weeks post-injury) transplantation, the animals were 
tested using the BBB (motor) and plantar (sensory) tests once a week for up to 6 months. The 
animals with chronic injury were implanted with a “spinobridge”, either a hydrogel or nanofibers, 
seeded in vitro with cells. Compared to control rats or rats with a bridge only, this strategy led to 
improved motor and sensory scores starting at 4-5 months after implantation (1). In our phase I/II 
clinical trial, patients with subacute SCI (up to 30 days post-injury) or with chronic complete SCI 
received a transplant 10 to 467 days post-injury (2). All patients received autologous BMC within 
5h of harvesting either i.v. or intraarterially by catheterization of a. vertebralis (i.a.). Cells were 
separated via sedimentation and adjusted to a final volume of 20-30ml (i.a.) or 500ml (i.v.). Follow 
up examinations were done at 3, 6, and 12 months after implantation using the ASIA score, MRI, 
MEPs and SEPs.  
In rats, the implantation of all cell types resulted in significantly smaller lesions and higher BBB 
scores. The transplantation of MSC or SPC labelled in culture with nanoparticles and tracked by 
in vivo MRI proved that all cell types migrated into the lesion and survived there for several 
months. Comparing the effects of implanted BMC, OEG and MSC after acute SCI showed that 
there were no significant differences among the cell types. SPC implantation, however, resulted 
in greater improvement, and a number of implanted cells differentiated into motoneurons and 
astrocytes. All the implanted rats with SCI or a stroke lesion significantly improved their motor and 
sensory functions and had significantly smaller lesion cavities. In the ALS model we found a 
significant prolongation of the animals’ life span. The improvement of motor and sensory scores 
in chronic SCI has only been achieved after the implantation of a biomaterial seeded with MSC or 
SPC. Autologous BMC were used in a Phase I/II clinical trial in patients with acute or chronic SCI 
(n=41). The results show that implantation is safe and that the therapeutic window with bone 
marrow mononuclear cells extends up to 3-4 weeks post-injury. A significant improvement was 
observed in 80% of acute patients with a cervical lesion following i.a. administration.  In chronic 
patients we have rarely seen significant improvement, suggesting that cavities prevent 
regeneration. Although mild improvement of the ASIA score was found in patients even 467 days 
post-injury, the treatment of chronic SCI would require a combination of various strategies, e.g. 
stem cells, bridging biomaterials, emzymes such as chondroitinase, growth factors or antibodies 
against Nogo.  
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Denervation-induced remodelling of dendritic spines of granule cells was studied after entorhinal 
denervation in organotypic entorhino-hippocampal slice cultures of Thy1-GFP mice. Time-lapse 
imaging revealed not only layer-specific alterations in spine loss, but also a profoundly decreased 
stability of newly formed spines without changes in spine formation rate in the denervated layer. 
Within the same layer an AMPA-R-mediated increase in excitatory synaptic strength occurred, 
indicating that neurons locally upregulate their synaptic strength in order to maintain net afferent 
drive. Changes in synaptic strength and spine stability appeared to be interdependent, since 
inhibition of network activity increased the stability of spines formed after denervation and 
accelerated the postlesional recovery of spine density. Since synaptopodin (SP) regulates the 
accumulation of AMPA-R at spine postsynapses, we speculated that the postsynaptic increase in 
excitatory synaptic strength requires SP. Indeed, in entorhino-hippocampal slice cultures of SP-
deficient animals crossed with Thy1-GFP mice, neither denervation-induced synaptic scaling nor 
denervation-induced destablization of spines were observed. By crossing the SP-deficient mouse 
with a newly generated transgenic mouse strain which expresses EGFP-tagged SP under the 
control of the Thy1.2. promoter, the ability of dentate granule cells to increase their excitatory 
synaptic strength was rescued. We conclude that SP is essential for the functional and structural 
changes seen in granule cells following entorhinal denervation. (Supported by DFG).  
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The location of inhibitory synapses on pyramidal cells is highly structured and a distinctive feature 
of the different types of cortical interneurons. The  mechanisms by which the location of inhibitory 
synapses affects their signaling capabilities are not well understood. Several labs have postulated 
steep intracellular chloride gradients as one potential mechanism for specific signaling of different 
GABAergic contacts. Voltage-sensitive dye imaging provides an ideal tool to study inhibitory 
synaptic signaling at the subcellular level. We have demonstrated that using proper procedures 
and instrumentation, signals below 1 mV in size can be resolved in small subcellular 
compartments. As an added benefit, the intracellular chloride homeostasis is not perturbed during 
the measurements. Using this technique, we have found highly localized effects of inhibitory 
synapses onto pyramidal cell somata, dendrites and axons. We are now studying the influence of 
different inhibitory signals on action potential backpropagation in pyramidal cells in to measure 
the effect of different inhibitory synapses on signal integration. 
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Astrocytes communicate with synapses via intracellular calcium ([Ca2+]i) elevations but the 
characteristics of local activity in astrocytic processes are unknown. We used two-photon 
microscopy to study calcium dynamics in astrocytic processes at high spatial-temporal resolution. 
In the adult hippocampus we find an intense local astrocytic activity, triggered by physiological 
transmission at neighboring synapses. Astrocytes encode synchronous synaptic events 
generated by action potentials into robust regional [Ca2+]i elevations and random synaptic events 
into highly confined, fast, miniature Ca2+ responses. This local astrocytic Ca2+ activity is 
generated via GTP- and IP3-dependent signaling and is relevant for local synaptic function. Thus, 
blocking P2Y1R, an astrocyte receptor mediating local Ca2+ signals, decreases synaptic 
transmission reliability in minimal stimulation experiments. We previously showed that P2Y1R 
stimulation evokes glutamatergic gliotransmission and causes enhanced transmitter release at 
excitatory synapses via activation of pre-synaptic NMDAR (Jourdain et al., Nat. Neurosci., 2007). 
We now show that this process is controlled not only by GPCR-evoked [Ca2+]i elevations but also 
by TNFα (Santello et al., Neuron, 2011). With constitutive TNFα present, activation of astrocyte 
P2Y1R induces synaptic potentiation. In preparations lacking TNFα, astrocytes fail to induce 
neuromodulation although responding with identical [Ca2+]i elevations. TNFα specifically controls 
the glutamate release step of gliotransmission. In cultured astrocytes lacking TNFα glutamate 
exocytosis is dramatically slowed down due to altered vesicle docking. Addition of low picomolar 
TNFα promptly reconstitutes both normal exocytosis in culture and gliotransmission in situ. 
Alternatively, gliotransmission can be re-established without adding TNFα, by limiting glutamate 
uptake, which compensates slower release. Therefore, we demonstrate that gliotransmission and 
its synaptic effects are controlled by both astrocyte [Ca2+]i elevations and permissive factors like 
TNFα. 
Supported by FNS grant 3100A0-120398.  
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Parkinson's disease (PD) is a progressive neurodegenerative movement disorder which is 
caused by a selective loss of dopaminergic neurons in the substantia nigra (SNc). One of the 
pathological hallmarks of PD is the presence of Lewy bodies in the affected neurons. A major 
component of Lewy bodies is alpha-synuclein, and it is believed that misfolded and abnormal 
accumulation of alpha-synuclein is directly linked to the pathogensis of PD. Alpha-synuclein is the 
first gene that was identified in relation to familial PD and it has been proposed that oxidative 
stress or mutations can enhance the aggregation of alpha-synuclein, which can cause the 
degeneration of dopaminergic neurons in the SNc. To test this hypothesis, we attached a short 
peptide at the C-terminal of alpha-synuclein which promotes its tendency to aggregate. Our 
preliminary results suggest that promotion of alpha-synuclein aggregation can enhance its 
toxicity. A more detailed study is needed to determine how protein aggregation is related to 
cytotoxicity in the neurodegenerative process of PD. 
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GABA acts as the main inhibitory neurotransmitter in the brain. The transmitter is released out of 
distinct interneuron types which spread their synapses over almost the entire plasma membrane 
surface of pyramidal neurons. A single synaptic connection of a pair of interneuron and pyramidal 
cell evokes small inhibitory postsynaptic potentials, so called “unitary inhibitory postsynaptic 
potentials” (uIPSPs). Paired recordings of those synaptically connected cells are normally 
performed by using different types of recording techniques.  
However, these approaches are essentially limited in their spatial resolution. Voltage-sensitive 
dye imaging offers the necessary high spatial-temporal resolution. Our lab has shown (Canepari 
et al., 2010) that we are even able to detect small potential changes like uIPSPs by using the 
imaging technique. 
Here we show optical recordings of uIPSPs from synaptically connected interneuron-pyramidal 
cell pairs. We optically recorded the distribution patterns of IPSPs and detected the location of the 
origin of the potentials. Following the electrical and optical recordings of the postsynaptic 
potentials, patched interneurons were visualized and identified their dendritic and axonal aspects 
and neurochemical content. Optical measurements were done in the dendrite and the axon of 
hippocampal pyramidal cells of GAD67GFP mice.  
The results illustrate that propagation of inhibitory synaptic potentials can be highly non-uniform 
and vary between different subcellular compartments, such as dendrite and axon.   
 



 
Activity-dependent gene expression during sleep  
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Sleep deprivation is very harmful to health. The reasons for this, however, are not clear, although 
many suggestions have been made.  Is sleep „by the brain for the brain“ or does it also benefit 
other parts of the body?  Going to sleep, staying asleep and waking up are all active neuronal 
processes, with sleep induction and maintenance believed to be regulated by a convergence of 
circadian and homeostatic processes. Well studied changes in the circadian clock gene 
expression in the suprachiasmatic nucleus in the hypothalamus drive the circadian rhythm. But 
studies of any genes whose expression might regulate the homeostatic sleep process in the brain 
(e.g. in response to sleep deprivation) are just beginning.  
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Calmyrin1 (CaMy1) is an EF-hand Ca2+-binding protein expressed in several cell types, including 
brain neurons. Using a yeast two-hybrid screen of a human fetal brain cDNA library, we identified 
SCG10 protein (stathmin2) as a CaMy1 partner. SCG10 is a microtubule-destabilizing factor 
involved in neuronal growth during brain development. We found increased mRNA and protein 
levels of CaMy1 during neuronal development, which paralleled the changes in SCG10 levels. In 
developing primary rat hippocampal neurons in culture, CaMy1 and SCG10 colocalized in cell 
soma, neurites, and growth cones. Pull-down, coimmunoprecipitation, and proximity ligation 
assays demonstrated that the interaction between CaMy1 and SCG10 is direct and Ca2+-
dependent in vivo and requires the C-terminal domain of CaMy1 (residues 99-192) and the N-
terminal domain of SCG10 (residues 1-35). CaMy1 did not interact with stathmin1, a protein that 
is homologous with SCG10 but lacks the N-terminal domain characteristic of SCG10. CaMy1 
interfered with SCG10 inhibitory activity in a microtubule polymerization assay. Moreover, CaMy1 
overexpression inhibited SCG10-mediated neurite outgrowth in nerve growth factor (NGF)-
stimulated PC12 cells. This CaMy1 activity did not occur when an N-terminally truncated SCG10 
mutant unable to interact with CaMy1 was expressed. Altogether, these data suggest that CaMy1 
via SCG10 couples Ca2+ signals with the dynamics of microtubules during neuronal outgrowth in 
the developing brain.  
Supported by the Polish research grant N301 109 32/3854. 
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New or improved tools to gain a better understanding of how individual neurons process 
information and modulate activity are critical. Because the principal function of a neuron is to 
process electrical signals, one tool that is most in need for improvement is membrane potential 
imaging with voltage-sensitive probes. Recent dramatic improvements in voltage-imaging 
sensitivity and spatio-temporal resolution, based on laser excitation epi-florescence 
measurements in wide field microscopy mode, will be described and illustrated by several sets of 
novel experimental results. The imaging results will be presented for the olfactory bulb mitral 
cells, hippocampal CA1 pyramidal neurons, cerebellar Purkinje cells, and pyramidal neurons from 
the somatosensory cortex. Two main advantages which make this approach unique will be 
described: (a) the ability to record synaptic and action potentials simultaneously at hundreds of 
sites on dendritic and axonal processes with single spine resolution and (b) the ability to monitor 
signals from structures that are too small for electrode measurements (e.g. axonal collaterals, 
terminal dendrites, dendritic spines). 
 
  



 
In vivo imaging of partially reversible TH17-induced neuronal dysfunction in 
neuroinflammation 
 
Zipp F. 
 
UNIVERSITÄTSMEDIZIN 
der Johannes-Gutenberg-Universität Mainz 
Department of Neurology 

 
Multiple sclerosis (MS) is the most common chronic inflammatory disease of the central nervous 
system in North America and Europe. It is the leading cause of non-traumatic neuronal disability 
in young adults in these areas. The disease course and the neurological symptoms vary from 
patient to patient depending on the spatial distribution of the lesions in the brain and the spinal 
cord. Meanwhile it is accepted that the disease involves the neuronal compartment. However, up 
to now we do not understand the detailed underlying mechanisms and have no therapy protecting 
the neurons with their processes or repairing injured target structures. Models of experimental 
autoimmune encephalopathy (EAE) allow us to investigate relevant issues of the disease.  
In order to elucidate the role of immune cells for early phases of chronic neuroinflammation, we 
performed in vivo monitoring of central nervous system inflammation using two-photon-
microscopy in living anaesthetized mice. EAE was induced in bone marrow chimeric mice 
B6.tdRFP->B6.Thy1.EGFP or B6.tdRFP->B6.Thy1.CertnL15 by subcutaneous immunization with 
myelin oligodendrocyte glycoprotein (MOG35-55) or by adoptive transfer of MOG35-55 specific 
2d2.tdRFP CD4+ T cells. To induce a severe and non-remitting passive EAE, B6.tdRFP TH17 
were transferred to non-irradiated RAG1-/-.Thy1.EGFP.  In the brainstem, we detected interaction 
of the T cells with neurons which led to severe disturbances of neuronal intracellular Calcium 
concentration as an important indicator of neuronal dysfunction. At this stage it was still possible 
to revert the process. Specific direct interaction of CD4+ T cells and neuronal cells, not 
expressing MHC class II, in the course of autoimmune neuroinflammation in demyelinating 
lesions was predominant in MOG-specific TH17-induced adoptive transfer EAE and associated 
with extensive axonal damage. These TH17 cells are capable of inducing apoptosis in neurons 
irrespective of antigen recognition. Thus, our data indicate an important role of the TH17 effector 
phenotype for neuronal dysfunction and clinical deficit in chronic neuroinflammation.  
 

 
 
 
 


