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Abstracts:

Functional specialization of radial glial cells in the dentate gyrus:
Role for Reelin
Bianka Brunne and Michael Frotscher
Institute for Structural Neurobiology, Center for Molecular Neurobiology Hamburg (ZMNH)
Radial glial cells (RGCs) are multipotent precursor cells and serve as guiding structures for migrating
neurons. Our previous work has shown that the extracellular matrix protein Reelin is important for the
establishment of the secondary radial glial scaffold in the dentate gyrus. In reeler mutants the
formation of the dentate radial glial scaffold is severely altered and adult gliogenesis is increased at
the expense of neurogenesis. In our SPP project we aim to understand how Reelin signalling
contributes to the formation of the radial glial scaffold and to cell fate decisions in the dentate gyrus.
As the two different Reelin receptors might be a major key to our understanding of different Reelin
functions, in a first step we aim to localize the two Reelin receptors on RGCs using high-pressure
freezing and immunogold labeling for electron microscopy. In addition we will investigate the different
functions of the receptors in glial cells and neurons by transfecting single cells in hippocampal slice
cultures from receptor double knockout mice with one of the two receptors. On the other hand, we will
visualize the interactions of RGCs and granule cells during dentate gyrus development using realtime microscopy in slice cultures from transgenic mice in which immature granule cells express eGFP
(POMCeGFP), while glial cells express RFP (hGFAP RFP). Finally, we aim to find out whether
decreased adult neurogenesis in the reeler mutant is a direct effect of Reelin, which in the postnatal
period is synthesized by interneurons in the hilus and subgranular layer, the stem cell niche of the
dentate gyrus. We will take advantage of our recently produced conditional Reelin knockout mice and
switch off Reelin expression in adult animals that were allowed to undergo normal development of the
dentate gyrus. These studies will show whether the malformation of the dentate gyrus in the reeler
mutant or direct effects of Reelin on RGCs affect cell fate decisions in the adult dentate gyrus. We
expect that these studies will contribute to our understanding of Reelin`s effects on radial glial cells
and the stem cell niche in the dentate gyrus, respectively.

v-SNARE proteins in astrocytic function and heterogeneity
Dieter Bruns
Institute for Physiology, University of Saarland, Homburg/ Saar
Accumulating evidences show that astrocytes are involved in complex processes like the direct
modulation of synaptic strength or the regulation of synaptogenesis and brain microcirculation. Yet, the
precise molecular mechanisms responsible for the release of gliotransmitters and the relevant SNARE
protein variants that promote vesicle exocytosis has remained unknown.
This project investigates the role of Synaptobrevin II and Cellubrevin, for Ca 2+-dependent exocytosis of
small synaptic-like microvesicle (SLMV) and large dense core vesicles (LDCV) of astrocytes in culture
and in acute brain slices. By using a combination of different v-SNARE null mutants,
electrophysiological recordings and photolytic ‘uncaging’ of calcium to stimulate astrocyte signaling,
SLMV and LDCV exocytosis will be analyzed regarding their v-SNARE dependency and role in the
heterogeneity of glia-neuron communication in the brain.

Significance of bicarbonate transport in cortical astrocytes
Joachim W. Deitmer
General Zoology, TU Kaiserslautern
We have used the H + indicator dye BCECF and confocal microscopy to monitor the cytosolic H +
concentration, [H+]i, in cultured cortical astrocytes of wild-type mice and of mice deficient in
sodium/bicarbonate cotransporter NBCe1 (NBCe1-KO) or in carbonic anhydrase isoform II (CAII-KO).
We tested the hypotheses if, in addition to instantaneous physicochemical H + buffering, rapid
acid/base transport across the cell membrane contributes to the total, ‘effective’ cytosolic H +
buffering. Our results show that within the time frame of determining physiological H+ buffering in
cells, fast transport and equilibration of CO2/H+/HCO3- can make a major contribution to the total
‘effective’ H+ buffer strength. In addition, our results also show that reversed NBCe1, supported by
CAII activity, plays a major role in acid loading cortical astrocytes to support recovery from cytosolic
alkalosis.

Role of protein translation and protein turnover for astrocyte
heterogeneity in the hippocampus, striatum and prefrontal cortex
Daniela C. Dieterich
Institute for Pharmacology and Toxicology, Otto-von-Guericke University Magdeburg
Recent work from several groups suggests that astrocytes directly influence the formation, function,
and stability of synapses, thereby sculpting axonal and dendritic morphology and balancing the activity
levels of neurons. The processes, however, by which this intricate neuron-astroglial network
assembles, and the mechanisms underlying the dynamic and refined properties of the mature system,
e.g. maintenance of individual specialized circuits or the integration of excitatory and inhibitory
neurotransmission, are largely unclear. Astroglial heterogeneity and its morphological, physiological
and molecular consequences within and across different brain regions such as the hippocampus or
somatosensory cortex might be one possibility of how these processes might be implemented. From
our previous studies we know that astrocytes possess the capacity to dynamically react to
neurotrophin-induced changes with a global increase in protein synthesis. These newly synthesized
proteins can be found in the soma but also in the distal parts of the elaborate astroglial processes
close to synaptic contacts. We therefore aim to investigate astroglial heterogeneity on the molecular
level by performing cell-selective proteomic profiling of astrocytes in organotypic cultures and in living
(transgenic) mice using the recently developed techniques BONCAT, FUNCAT and GINCAT in
combination with protein biochemistry, molecular biology and fluorescent in situ hybridization.
Especially with GINCAT and the use of the mutant LtoG-MetRS for the cell-selective incorporation of
non-canonical amino acids it is possible to distinguish for the first time between the protein population
of two different, but functionally interdependent cell-types, and ultimately to obtain a comprehensive
analysis of the individual neuronal and astroglial proteomes during development and synaptic plasticity
within and across different brain regions.

Integration of synaptic input by NG2+ glial cells: Basic mechanisms
and impact of regional and developmental diversity of ion channels
and morphology
Dirk Dietrich
Dep Neurosurgery, Exp. Neurophysiol., University Clinic Bonn
NG2 cells have received much attention in recent years because they represent a large and
enigmatic population of macroglial cells existing throughout development and adulthood in all grey
and white matter areas of the central nervous system (CNS). There are two remarkable features of
NG2 cells which make them stand out from other glial cells : Firstly, NG2 cells express a rich set of
voltage gated channels which impress by their nanoampere-scale amplitudes. Secondly and most
remarkably, NG2 cells ubiquitously receive direct synaptic input from neighbouring axons. This
synaptic input is due to classical vesicular transmitter release at morphological sites of contact which
do not appear to differ from classical neuronal synaptic junctions and synaptic currents recorded in
NG2 cells are indistinguishable from synaptic currents recorded in neurons. Glutamate and GABA
are release onto NG2 cells and activate AMPA-type and GABA-A receptors both of which initiate a
depolarizing response in NG2 cells. Evidence is growing that synaptic input to NG2 cells may be a
mechanism enabling neuronal activity to modify the development of oligodendrocytes and myelination
and thereby axonal conduction velocity. However, to date a mechanistic link between synaptic
transmitter relase onto NG2 cells and the development of oligodendroglial cells could not be
established.
This project focuses on identifying the initial step of signal integration, which we consider critical for
understanding how NG2 cells may convert synaptic input into action: The intriguing issue of how NG2
cells may integrate synaptic input without the possibility to generate an action potential?
We will combine patch-clamp recordings of NG2 cells in brain slices with 2-photon calcium imaging
and local neurotransmitter uncaging to assess synaptic signal integration by NG2 cells. We will
determine the mode of synaptic signal integration by NG2 cells and differentiate between a global
and a multi-site local integrator model.

Heterogeneity of NG2-glia: its role and implication in the adult brain
Leda Dimou
Physiological Genomics, Ludwig-Maximilians-University Munich
The adult central nervous system consists of neurons and glial cells. An important glial cell type
resembles the oligodendrocytes, which are building the myelin, a structure that is responsible for the fast,
saltatory nerve conduction. Myelination was thought to take place only during development and should
be completed in young adolescence. Interestingly, the cell type that gives raise to mature
oligodendrocytes during development was identified some years ago also in the adult brain and spinal
cord. These oligodendrocyte progenitor cells (OPCs) that in the adult they are also named NG2-glia (as
they express the proteoglycan NG2) are the only proliferating cells in the adult brain outside the
neurogenic niches. However, despite their high number (around 5% of the neural cells), their role and
potential in the adult brain is still unknown. Although further functions have been speculated, NG2-glia
have been shown to differentiate into mature myelinating oligodendrocytes in a region dependent
manner and with recent transplantation experiments, we could show that NG2-glia in distinct regions are
intrinsically different, pointing to a heterogeneous population. In addition, we generated a novel BACtransgenic mouse line, the GPR17-iCreERT2 line and could recently identify the GPR17+ cells as a
subpopulation of NG2-glia in the adult brain that does not have the ability to differentiate, at least within 3
months after recombination.
The heterogeneity issue is of highly importance as myelin repair in disease or after injury is not sufficient
in the adult brain although NG2-glia exist. Here we aim to understand and unravel the mechanisms
dealing with the heterogeneity of adult NG2-glia at two levels: a/ the interregional heterogeneity: study
the differences of NG2-glia in different regions of the brain b/ the intraregional heterogeneity: study the
differences of GPR17+ and GPR17- NG2-glia in the cerebral cortex. We want to identify candidate genes
and signal transduction pathways that lead to enhanced differentiation of NG2-glia as well as to gain
insights of major biochemical and cell biological processes in the adult NG2-glia.
To achieve this aims we will address following questions: i/ What are the regional differences of adult
brain NG2-glia and what is the implication on their differentiation behavior? ii/ What is the potential and
role of GPR17+ cells amongst the total NG2-glia population?
By answering these questions we are very confident that we can identify key candidates playing a major
role in the proliferation and differentiation properties of NG2-glia. These candidates could then be used
to develop new therapeutic strategies to improve remyelination in demyelinating and neurodegenerative
diseases.

Monitoring glial diversity via complex glycans and its regulation by
the glycan exposing proteins lipoprotein receptor-related-protein-1
(LRP1) and the glycoprotein of the extracellular matrix tenascin-C
Andreas Faissner
Department of Cell Mophology and Molecular Neurobiology, University Bochum
We have shown with specific monoclonal antibodies such as 487LeX and 5750LeX that complex
glycans are differentially expressed by radial glia stem cells and glial progenitors of the CNS and can
be used for the sorting and enrichment of glial sub-populations.
Furthermore, these Lex-glycan-variants are differentially expressed on astrocyte surfaces and
thereby reveal substantial glial heterogeneity. In order to investigate potential regulatory mechanisms,
we have lately characterized carrier proteins of these glycans using mass
spectrometry and identified the glycoprotein of the extracellular matrix (ECM) tenascin-C and the
membrane-based lipoprotein receptor-like protein-1 (LRP1) as Lex-carrier proteins. We have shown
in our preliminary work that tenascin-C regulates the differentiation of astrocyte progenitors in the
embryonic spinal cord. Furthermore, we have provided evidence that LRP1 partakes in the regulation
of the oligodendrocyte precursor differentiation pathway. Selective ablation of LRP1 in radial glia
results in severe functional deficits in the CNS of juvenile mice.
Based on these observations, we plan to investigate i) the mechanisms that mediate the effects of
tenascin-C and neural ECM on astrocyte progenitor differentiation; ii) the regulation of tenascin-C and
interacting extracellular matrix by Sox9, a key regulatory factor of neural stem and glial progenitor
cells; iii) to study the regulation of glial differentiation and function by the receptor LRP1 by crossbreeding LRP1flox/flox mice with transgenic Cre-lines that target the gene in different glial lineages;
iv) to investigate LRP1 and tenascin-C functions and their impact on glial diversification in stem cell
niches of the adult CNS; and v) to characterize subpopulations of glial cells tagged by distinct LeXcarbohydrates further using sorting and systematic gene profiling strategies. Particular emphasis will
be given to the investigation of the biological roles of glial subpopulations in the context of CNS
physiology. The project is embedded in ongoing (Prof. M. Götz, PD Dr. Seidenbecher, Prof. Wegner)
and planned collaborations (Prof. Kirchhoff, Prof. Klämbt, Prof. Steinhäuser) within the SPP 1757.

Morpho-functional heterogeneity of retinal Müller glial cells
Mike Francke & Andreas Reichenbach
Paul-Flechsig-Institute for Brain Research, Leipzig University

Müller radial glial cells are the dominant glia of all vertebrate retinae but their morphological and
functional features vary greatly among the species, and even within a given retina. We hypothesize
that much of this variability is caused by adaptation to the particular structural and functional
requirements of the species-specific and/or topographically modified neuronal circuits which may differ
greatly in many aspects (e.g., photopic = cone-driven vs. scotopic = rod-dominated; vascularized vs.
avascular retina), and thus should be supported by different glial subtypes. Additionally, several
species possess specialized retinal areas such as various types of foveas and / or areas centralis. The
aim of our project is to test this hypothesis by examining causal relationships between accessible
morpho-functional parameters of Müller cells and the (e.g., photopic / scotopic) specialization of their
immediate neuronal environment (“partner cells”). Physiological experiments (Ca 2+ imaging) will be
carried out on acutely isolated retinae and freshly dissociated Müller cells, and will be complemented
by immunohistochemical studies on fixed tissue / cells (revealing the expression of functionally
relevant ion channels, ligand receptors, transporter molecules, and metabolic enzymes by different
subtypes of Müller cells) and by an assessment of the biomechanical properties of retinal pieces and
isolated Müller cells. It is of central interest to understand the situation in the human (primate) retina
with its transition between Müller cells serving pure cone-driven photopic vision (in the fovea) and cells
supporting rod-dominated scotopic vision (in the periphery) within the very same retina. As only a
limited number of human and monkey retinae will be available, mice will be used as a model of the
strictly scotopic and vacularized retina, and birds – also possessing a fovea – will serve as models for
the cone-dominant (photopic, avascular) retina. Additional studies will be performed on the rabbit
retina which is characterized by a particularly wide variety of Müller cell subtypes caused by different
morpho-functional sub-areas in the retina.

Functional heterogeneity of oligodendrocytes with aging
Sandra Goebbels
Developmental Neurobiology, Department of Neurogenetics, MPI of Experimental Medicine,
Göttingen
Myelination of long axons is a key feature of the vertebrate brain, and it is generally thought that
myelin is maintained throughout life. However, in the aging brain white matter tracts show
characteristic ultrastructural changes, including myelin delamination and outfoldings, which have
been associated with occasional findings of axonal pathology and low-grade inflammation. By myelin
proteome analysis we addressed the question on how the molecular composition of myelin changes
with aging. Here, we found that one of the most strongly down-regulated myelin-specific proteins in
the aging brain is CNP1, partial ‘loss-of-function’ genotypes of which are causative of a unique
catatonia-depression syndrome in mouse and man when combined with aging. Similarly, we found
the abundance of several alpha- and beta-tubulins, the major constituents of microtubules (MT)
decreased in aged myelin. CNP1 and MT localize to non-compact myelin, i.e. the cytosolic channels.
These findings prompt our working hypothesis that an intact system of cytoplasmic channels allowing
vesicular transport is necessary for normal oligodendrocyte function with consequences on both the
maintenance of myelin and other oligodendroglial support mechanisms for axons. We propose that
the channel integrity is dependent on microtubular tracks, motor protein function and CNP1 and we
will analyze whether changed abundances of the respective proteins have consequences for
functionality of cytosolic channels and overall myelin integrity.

Heterogeneity of astrocyte morphology as a determinant of synaptic
release
Christian Henneberger
Institute of Cellular Neurosciences, Rheinische Friedrich-Wilhelms-Universität Bonn

Synaptic transmission is a probabilistic process. The probability of presynaptic neurotransmitter
release (Pr) is a key parameter. It is controlled by converging signaling cascades originating from
neurons and astrocytes. The efficiency of astrocyte control of presynaptic release can depend on
spatial proximity and therefore astrocyte structure (Oliet et al., 2001). At hippocampal Schaffer
collaterals Pr values cover a wide range from less than 20 to more than 60% (Oertner et al., 2002). At
the same time hippocampal astrocytes covering these synapses display a highly variable morphology.
Therefore heterogeneous astrocyte morphology could contribute to the high variability of Pr. We
combine two-photon excitation fluorescence microscopy and electrophysiology at Schaffer collaterals
in acute hippocampal slices to study this unexplored relationship. Preliminary data indeed indicate that
the degree of ramification of fine astrocyte processes is correlated with the paired-pulse ratio (PPR),
an indicator of Pr. 1) We will investigate the presynaptic mechanism underlying the correlation
between astrocyte morphology and PPR. The visualization of astrocyte morphology (dye infused via
patch clamp or expression of fluorescent proteins) will be combined with Ca2+ imaging of axons
passing through the territory of astrocytes and electrophysiological tests. This will reveal if
heterogeneity of astrocyte morphology increases variability of Pr through modulation of presynaptic
Ca2+ signaling. 2) Various signaling pathways involving astrocytes could explain an instructive role of
astrocyte morphology on Pr (e.g. modifications of glutamate/GABA uptake and/or release of
glutamate/GABA/D-serine). This can be directly tested pharmacologically. 3) Astrocyte morphology
shapes intracellular diffusivity and therefore initiation and propagation of intracellular signals such as
Ca2+. Astrocyte Ca2+ signaling is involved in many signaling pathways that could link astrocyte
morphology to Pr. We will therefore test if astrocyte morphology has an impact on spontaneous and
evoked astrocyte Ca2+ (initiation, propagation, spatial extent). Na+ signaling is of interest too because
it is coupled to Ca2+ signaling via the sodium calcium exchanger. 4) The spatial scale on which
astrocyte heterogeneity affects Pr will be characterized by combining optical measurements of Pr and
functional astrocyte coverage from spines of CA1 pyramidal cells with morphological analysis of the
astrocyte covering the synapse. This will allow us to quantitatively study the interaction between
astrocyte synapse coverage and morphology and Pr and its spatial properties. 5) During postnatal
development Schaffer collateral Pr decreases and astrocyte morphology matures. We will therefore
investigate how development of astrocyte morphology shapes presynaptic function. In summary, we
will establish astrocyte morphology and its heterogeneity as novel key factor shaping synaptic
transmission.

Ca2+ signaling of astrocytes in cortical plasticity and blood flow
Hajime Hirase
RIKEN Brain Science Institute, Japan
Global brain state dynamics regulate plasticity in local cortical circuits but the underlying cellular and
molecular mechanisms are unclear. We show that a combined stimulation of mouse whiskers and the
nucleus basalis of Meynert (NBM), the principal source of cholinergic innervation to the cortex, leads
to enhanced whisker-evoked field potential response. This plasticity is dependent on muscarinic
receptors (mAChR) and NMDAR. During the induction of this synaptic plasticity, we find that
astrocytic Ca2+ levels are pronouncedly elevated. Moreover, the elevation of astrocytic Ca 2+ level was
found to be crucial in this type of synaptic plasticity, as the plasticity could not be induced in inositol
1,4,5-trisphosphate receptor type 2 knockout (IP3R2-KO) mice, which lack astrocytic Ca2+ surges. We
also show that the extracellular D-serine (NMDAR co-agonist) levels are elevated with NBM
stimulation in wild type mice, but not in IP3R2-KO mice.
Prolonged activation of the NBM has been reported to also induce significant increases in cerebral
cortical blood flow (CBF) in rodents. Lately, several groups suggested that astrocytes could modulate
local CBF via intracellular Ca2+ signaling. It is conceivable that the activation of the NBM leads to Ca 2+
surges which in turn modulate the CBF. We find that a brief electrical stimulation of the NBM induces
a biphasic CBF response in the somatosensory cortex of C57BL/6J mice as measured by laser
Doppler flowmetry. However, we find that IP 3R2-KO mice show similar CBF changes. Moreover,
whisker stimulation also resulted in similar degrees of CBF increase in IP 3R2 knockout mice and the
background strain C57BL/6J. Our results show that neural activity-driven CBF modulation could occur
without large cytosolic increases of Ca2+ in astrocytes. We are currently working on gain-of-function
experiments by optogenetic G-protein coupled receptors expressed in astrocytes.

Regulation of oligodendrocyte development by proteoglycans
Kazuhiro Ikenaka
Division of Neurobiology and Bioinformatics, National Institute for Physiological Sciences,
In the embryonic spinal cord, several secretory factors, such as Wnt, BMP and Shh, act as
morphogen. Wnt and BMP are secreted from the roof plate and Shh are secreted from the floor plate
and the notochord. They are involved in the patterning of the spinal cord. Wnts and Shh bind to acidic
sugar chains, for example heparan sulfate, chondroitin sulfate and keratan sulfate (KS). We
hypothesized that the interaction between morphogens and acidic sugar chains play essential roles in
the pattern formation of embryonic spinal cord. In this study, we analyzed involvement of KS.
First, we analyzed localization of KS and sulfotransferases that are involved in KS synthesis in the
embryonic spinal cord. Highly sulfated KS was expressed in the floor plate and the notochord. This
expression pattern colocalized with Shh expression. Next, to understand roles of KS, we analyzed the
KS null mouse spinal cord. This mouse is deficient of GlcNAc6ST-1. GlcNAc6ST-1 catalyzed the initial
step in the KS chain elongation. We could not find any changes at E10.5. At E12.5, however, the
domain structure shifted ventrally in the KS null spinal cord. We also obtained a similar result with IHC.
Especially, the pMN domain shifted ventrally and the length of p3 domain was decreased. We then
investigated the cell type generated from the pMN domain, which generates motor neurons till E11.5
and subsequently switches to oligodendrocyte generation. PDGFR , a marker for oligodendrocyte
progenitor cell, was hardly expressed in the E12.5 KS null spinal cord. Moreover, motor neuron
production detected by Islet1/2 expression was increased. Thus the switch from motor neuron
production to oligodendrocyte production is delayed in the KS null mouse.
Since KS depletion affected oligodendrocyte development, KS may regulate Shh signaling and
distribution of Shh.

Heterogeneity of transmitter receptor-linked Ca2+ signals in
astrocytes
Frank Kirchhoff
Institute of Physiology, University of Saarland, Homburg/Saar
Astrocytes represent a main cell population in the central nervous system. Although they are electrically
non-excitable, they display a complex spatial and temporal pattern of Ca2+ signals. The complexity is not
only restricted to the intracellular distribution, but varies also among adjacent astrocytes or astrocyte
subpopulation. Here, we will study the modulation of these Ca2+ signals by astrocyte-expressed receptors
that are responsive to a range of excitatory, inhibitory and modulatory transmitters. Inducible and
astrocyte-specific gene recombination in combination with in vivo two-photon laser-scanning microscopy
and electrophysiology will be employed to study the impact of the purinergic receptor subunit P2Y1, the
NMDA-type glutamate receptor NR1, the GABAB receptor GBR1 and the adenosine A1 receptor on
mouse brain function and behavior.

Functional diversity of Drosophila glia and carbohydrate transport
Christian Klämbt
Institut für Neurobiologie, Münster
We want to understand how neuropil associated glial cells control behavior of Drosophila. In a glial
cell specific RNAi screen we found that rumpel gene function is needed specifically in glial cells to
dampen sensory input. Following rumpel knockdown in neuropile glia, the animals become
hypersensitive and as consequence paralyze. rumpel encodes a sugar transporter related to the SLC5
family. We will discuss the how rumpel function integrates in the carbohydrate metabolism of the
Drosophila brain.

Molecular Analysis of AMPA Receptor Signaling in NG2 Glial Cells
Nikolaj Klöcker
Institute of Neuro- and Sensory Physiology, Heinrich Heine University Düsseldorf
NG2 glial cells comprise a discrete population of CNS macroglia that receives synaptic input from
neurons. The physiological significance of this neuro-glial transmission remains elusive. Here, we
hypothesize that fast excitatory synaptic signaling in NG2 cells, mediated by glutamate receptors of
the AMPA subtype (AMPARs), serves as a critical determinant of the proliferation of NG2 cells and
their putatively heterogeneous lineage progression into oligodendrocytes or other cell types.
Employing an unbiased proteomic approach, we propose to analyze and functionally characterize the
molecular design of AMPAR signaling in native NG2 cells with respect to their developmental stage
and their localization in brain. In the next step, identified NG2 cell-specific AMPAR complex
compositions, which define the receptors’ trafficking and gating properties, will be disturbed in situ to
delineate their functional role in neuro-glial communication. Results are expected to be key to
understand the relevance of glutamatergic signaling in NG2 cell biology.

Impact and regional aspects of glia to neuron exosome transfer in
the CNS
Eva-Maria Krämer-Albers
Molecular Cell Biology, Johannes Gutenberg University Mainz
Oligodendrocytes myelinate axons and in addition maintain axonal integrity by providing support to
neurons. We have shown that oligodendrocytes secrete nano-sized vesicles termed exosomes, which
mediate bidirectional neuron-glia communication. Exosomes represent a subcellular specialization of
oligodendroglia with functional significance for the neuronal performance. However, their impact on
brain physiology is largely unresolved. Exosomes are released by oligodendrocytes upon
neurotransmitter signalling and internalized by neurons via endocytosis delivering a variety of
biomolecules, including RNA, from oligodendrocytes to neurons. The exosome cargo is available to
the neuronal metabolism. Cultured neurons that have received exosomes are more resistant to
oxidative stress and nutrient deprivation suggesting that oligodendroglial exosomes mediate
neuroprotection. Oligodendrocyte-derived exosomes modified to carry Cre recombinase facilitate
recombination of floxed reporter genes in recipient neurons illustrating the glia to neuron transfer of
functional cargo. In the frame of this Priority Programme, we aim to determine the brain regions, where
exosome transfer from oligodendrocytes to neurons is prevalent, and the specific neuronal
subpopulations targeted by exosomes. Our strategy utilizes the Cre/loxP system to trace exosome
transfer in the brain of transgenic mice or after stereotactic injection of exosomes into the mouse brain.
In addition, we will study exosome-dependent neuron-glia communication in organotypic slice cultures
and transwell co-cultures of glia and neurons. Furthermore, we will analyse the molecular and
functional heterogeneity of exosomes derived from different subtypes of glial cells. The phenotypic
impact of glial exosomes on different types of neuronal target cells will be analysed on the proteome
and transcriptome level. The objective is to obtain deeper insight into the prevalence of exosomedependent neuron-glia communication in distinct brain regions and its functional relevance for neural
performance. This is also of importance for myelin diseases, which as a result of the loss of
oligodendroglial support manifest a secondary degeneration of axons. Establishing a spatio-temporal
map of glial exosome transfer in the brain complies with the goals of the Priority Programme aiming to
resolve local determinants of brain activity and furthermore integrates an innovative concept of cell
communication into the glia research network.

Nature and functionality of adult neural stem cell derived
oligodendroglial cells
Patrick Küry
Dept. of Neurology, Heinrich-Heine-University Düsseldorf
Within the adult mammalian central nervous system a certain degree of cell replacement can be
observed. This is mainly based on two resident cell populations within the adult brain and spinal cord.
The first population is represented by oligodendroglial precursor cells while the second population
consists of neural stem cells. Whereas oligodendroglial precursor cells represent a widespread and
equally distributed cell type which upon activation can generate myelinating oligodendrocytes, adult
neural stem cells are located in at least two discrete niches and possess a multipotent character. Our
research focuses on glial cell differentiation mechanisms and regulatory aspects of myelination. In
this context, we have identified a potent intrinsic regulator, encoded by the p57kip2 gene. We found
that the p57kip2 protein efficiently blocks both peripheral Schwann cell maturation as well as
oligodendroglial differentiation. Upon long-term suppression a number of differentiation associated
processes such as cell-cycle exit, morphological maturation, gene expression and myelin production
were affected and maturation was clearly promoted. In addition, we recently identified p57kip2 as a
glial fate decision regulator of adult neural stem cells. Suppression of p57kip was found to neutralize
bone morphogenetic protein signalling and to promote oligodendroglial precursor cell generation at
the expense of astrocytic differentiation in vitro as well as in vivo. This raises the question, if
generated oligodendroglial cells from p57kip2-suppressed adult neural stem cells can give rise to
mature oligodendrocytes or to oligodendroglial-like cells, only, and to what degree these stem cells
can therefore contribute to glial heterogeneity of the adult brain. Moreover, fate determination events
must clearly be separated from processes involved in (accelerated) cellular differentiation within a
given lineage. We will therefore investigate whether these stem cell descendants can equally mature
in white- and grey matter structures and whether they behave similar to grey matter derived- or to
white matter derived resident oligodendroglial precursor cells. To this end we will investigate the fate
determination process that is initiated by means of a forced p57kip2 downregulation using gene
expression profiling. Resulting patterns will be compared to oligodendroglial gene expression patterns
corresponding to either white or grey matter oligodendroglial precursor cells and to patterns of either
neonatal or adult origin. In order to study these cells functionally, we will transplant control stem cells
as well as p57kip2 suppressed stem cells into white and grey matter structures of the adult brain and
investigate site-specific differentiation, tissue integration, neurophysiological properties as well myelin
sheath generation capacities.

Glial control of behavior and brain damage
Ko Matsui
Division of Interdisciplinary Medical Science
Center for Neuroscience, Tohoku University Graduate School of Medicine
Recent accumulating evidence shows that there are direct and rapid mechanisms for neurons to
communicate with glial cells; however, without the evidence for a signaling pathway leading back from
glial activity to neuronal activity, we remain uncertain of the glial participation in rapid information
processing. Release of transmitters from glial cells (gliotransmitter) has been proposed to mediate
such glia-to-neuron communication. Here, we introduced a transgenic mouse line in which
channelrhodopsin-2 (ChR2), a light-gated non-selective cation channel, was selectively expressed in
astrocytes including cerebellar Bergmann glial cells. Selective photostimulation of these astrocytes
lead to release of glutamate which was sufficient to activate AMPA receptors on Purkinje cells (PCs)
and to induce long-term depression of parallel fiber to PC synapses through activation of mGluRs on
PCs. We also show that neuronal activation by astrocyte stimulation also works in vivo and can lead to
accelerated cerebellar motor learning. These results provide evidence that astrocyte activation can
serve as a modulatory mechanism for setting the tone of neuronal activity and behavior.We further
studied the mechanism of glial glutamate release. As the major cation that flows through
channelrhodopsin-2 (ChR2) is proton, this could be regarded as an optogenetic tool for instant
intracellular acidification. We found that lowering the intracellular buffering capacity of pH produced
stronger intracellular acidification in response to ChR2-photostimulation and this stronger acidification
caused larger amount of glutamate release from astrocytes. This result suggests that acidification is a
trigger for glial glutamate release.
We next studied the glial contribution to excitotoxicity because the form of astrocyte-to-neuron
signaling that we found would likely manifest most under pathological conditions. Brain ischemia is a
situation that occurs upon cessation of blood supply to the brain. Two major events occur; acidosis
and excess release of glutamate. However, the cellular source of excess glutamate and the
mechanism of its release have not been well determined. We simply hypothesized that the extreme
acidification in astrocytes causes excess glutamate release. Optogenetic countering of astrocytic
acidification with archaerhodopsin (ArchT) dramatically inhibited glutamate release from astrocytes
upon brain ischemia. This result suggests that pH-dependent astrocytic glutamate release is one of
the major causes of excitotoxicity. Previous studies have considered fluctuation of intracellular calcium
as the only key signal that controls astrocytic activity. Here, we showed the importance of previously
underrated signal, the intracellular pH.

A novel function of white matter oligodendrocytes: NMDA receptor
signalling for the metabolic support of long axons
Klaus-Armin Nave & Johannes Hirrlinger
MPI of Experimental Medicine, Göttingen
Oligodendrocytes are functionally heterogeous and my proposal aims at understanding a novel role of
adult oligodendrocytes in maintaining the energy balance of long axons. We will study how glutamate in
white matter tracts triggers oligodendroglial NMDA receptors to upregulate glucose transporters in the
glial plasma membrane. The mechanisms of glutamate-regulated glucose import, lactate release, and
metabolic support of axonal mitochondria and ATP generation will be dissected with genetic tools and
molecular imaging techniques.

Region-specific differences in astrocyte plasticity in the mouse
forebrain
S. Ohlig1, L. Sirko 1, M. Götz1,2
1

Institute for Physiological Genomics, Ludwig-Maximilians-Universität, Munich

2

Institute for Stem Cell Research, Helmholtz Center Munich

Astrocytes play a major role in the central nervous system, for example guidance and support of
neuronal migration during development and maintenance of the neural microenvironment. Still it is
unsown to which extent specific astrocyte subtypes would be dedicated to specific functions. Our lab is
in particular interested in astrocytes which can function as neural stem cells. During development
radial glial cells in the brain act as neural stem cells and adult neural stem cells in the neurogenic
niches in the adult brain also resemble radial & astroglial cells. Based on this mode of function, we
have examined astrocytes outside the typical neurogenic stem cell niches in the brain parenchyma
searching for subsets with a higher plasticity than others. As a first approach we performed genomewide expression analysis of astrocytes isolated from the diencephalon or cerebral cortex parenchyma.
This revealed a significant set of differentially expressed genes highlighting the region-specific
differences of astrocytes at the transcriptional level. To our surprise, diencephalic astrocytes also
shared a significant amount of their transcriptome with neural stem cells from the subependymal zone
– one of the niches of continued neurogenesis in the adult mouse brain. To examine this striking
finding at the functional level, we examined the capacity of cells from the diencephalon to form
multipotent and self-renewing neurospheres – the in vitro read out for stem cell properties. While cells
from the adult cerebral cortex generated very few, if any neurospheres, cells isolated from the
diencephalon (sparing the region around the third ventricle) have a profoundly higher neurosphere
forming capacity. We further show that these diencephalic spheres are able to self renew over several
passages and have the capacity to generate neurons, astrocytes and oligodendrocytes when exposed
to differentiation conditions. Importantly, genetic fate mapping confirmed that the neurosphere-forming
cells are indeed derived from astrocytes. These results suggest that a fraction of diencephalic
astrocytes are endowed with neural stem cell potential even in the absence of any pathological trigger
thereby revealing a novel parenchymal stem cell niche in the adult murine brain.

Gap junctional communication among glial cells in the central
nervous system
N. Richter, C. Nolte and H. Kettenmann
Max Delbrueck Center for Molecular Medicine Berlin
In the last years we have studied the gap junctional coupling among glial cells. This intercellular
communication is important for coordinated functions of cell assemblies, allowing diffusional
exchange of ions, metabolites and second messengers. It is believed to be vital to maintain proper
brain functions.
We studied functional coupling by biocytin injection in combination with the whole-cell patch clamp
technique in conjuction with cell identification either using cell-type specific antibodies or indicator
mouse lines. We found that astrocytes, but not oligodendrocytes form coupled networks in early
postnatal development (postnatal day 8 to 9) in the corpus callosum. Oligodendrocytes become part
of the panglial network only after postnatal day 10.
In a previous study we found that Cx47 expressed by oligodendrocytes and Cx30 expressed by
astrocytes are essential components of the panglial gap junctional network. Interference with panglial
coupling affects myelin maintenance and function (Tress et al., 2012).
We also determined whether microglial cells are part of the panglial network since there are reports of
Cx43 expression in cultured microglia. We found no evidence for functional microglial coupling in the
normal brain or in microglia and macrophages associated with glioma cells. This was confirmed by a
lack in Cx43 expression in microglia or macrophages/monocytes freshly isolated from glioma tissue.
Tress O, Maglione M, May D, Pivneva T, Richter N, Seyfarth J, Binder S, Zlomuzica A, Seifert G,
Theis M, Dere E, Kettenmann H*, Willecke K* (2012) Panglial gap junctional communication is
essential for maintenance of myelin in the CNS. J Neurosci.32:7499-7518. * equal contribution

Developmental and regional heterogeneity in astrocyte sodium
signalling
Christine R. Rose
Institute of Neurobiology, Heinrich Heine University Düsseldorf
Increases in the intracellular sodium concentration of astrocytes alter the activity of sodium-dependent
plasma membrane transporters and are key signals in neuro-metabolic coupling. We have recently shown
that excitatory synaptic activity results in long-lasting sodium transients in hippocampal astrocytes of
juvenile mice. These are mediated by sodium-dependent uptake of glutamate and rapidly propagate to
neighbouring cells through gap junctions. Because both sodium influx pathways into astrocytes as well as
gap junctional coupling change during postnatal development and differ between different regions of the
brain, these results, however, are likely to reflect the situation in the juvenile hippocampus only. Based
these considerations, we postulate that a significant heterogeneity in the properties of astrocyte sodium
signalling exists depending on the developmental stage and on the brain region. Furthermore, we
hypothesize that such specializations will functionally affect the surrounding neural networks. With the
present study, we aim (1) to uncover the presumed developmental and regional heterogeneity in sodium
signalling of astrocytes, (2) to elucidate the mechanisms that generate these specializations and (3) to
study their consequences for astrocyte function and the activity of the surrounding networks.
To this end, we will employ quantitative and high-resolution dynamic sodium imaging in
astrocytes in acute tissue slices of hippocampus and neocortex of mice at different developmental stages,
combined with electrophysiology and appropriate stimulation techniques. Pharmacological tools as well as
transgenic mouse models provided by our cooperation partners will enable us to uncover the mechanisms
that generate sodium signals in the different developmental stages and brain regions investigated. In vivo
imaging in the primary visual cortex will provide proof-of-principle and enable analysis of glial sodium
transients induced by physiological input and activity. To address the consequences of sodium signalling,
we will study the interplay between sodium and calcium transients and the function of the sodium/calcium
exchanger (NCX) in astrocytes. Physiological studies will be complemented by immunocytochemistry to
reveal the subcellular localization of sodium-dependent transporters, as well as by data generated by a
computational study and through cell-specific gene profiling approaches within the consortium. Our project
will thus provide a comprehensive understanding of the developmental and regional heterogeneity of
activity-related sodium signals in astrocytes and reveal the consequences of this specialization for neural
function.

Combining deep RNA sequencing and molecular barcode sensors to
study the regional heterogeneity of astrocytes and their contribution
to adult plasticity
Moritz Rossner
Molecular Neurobiology and Behavioral Biology of Psychiatric Diseases, LMU Munich
Increasing evidence suggest that glial cell type heterogeneity contributes to higher order brain
functions. Astroglial cells, for example, are essential in maintaining the metabolic integrity of neurons
and participate in synaptic transmission. In the proposed project, we aim at using deep sequencing of
FACS purified astrocyte population from different brain regions to build a comprehensive molecular
database of glial cells of the brain. In parallel approach, we will apply a novel and innovative
molecular barcode approach called EXTassay to unravel regional differences of signaling pathways
in astrocytes. We will furthermore use RNAseq and EXTassays to identify molecular signatures
altered in cortical astrocytes that may contribute to enhanced memory consolidation in Sharp1 and -2
double null mutant mice. Identified candidate mechanisms will be finally validated with AAV2 virus
mediated gain- and loss-of-function approaches directed to the cortical regions involved in long term
memory consolidation.

Glial adaptation to altered peripheral metabolism
Gesine Saher
Neurogenetics, MPI of Experimental Medicine, Göttingen
Proper brain function relies on peripheral supply that is imported into the brain via the blood-brain
barrier. Directly connected to and influencing blood-brain barrier properties are astrocytes, NG2 cells
and NG2-positive pericytes. How do astrocytes and NG2 expressing cells in vivo react to peripheral
changes of energy source? We have shown that feeding a cholesterol-rich diet improves myelination
in a mouse model of Pelizaeus-Merzbacher Disease, a fatal leukodystrophy characterized by dys- and
demyelination. However, the treatment benefit depended on the age of mice. In this project, we aim at
elucidating in vivo the changes in astrocytes and NG2 expressing cells in response to feeding
comparing e.g. fasted mice with fed mice and mice on special

Impact of AMPA and GABAA receptors in grey matter NG2 cells on
proliferation and signal transmission
Gerald Seifert and Christian Steinhäuser
Institute of Cellular Neurosciences, University of Bonn
The physiological impact of neuron-NG2 glia synapses in grey matter is unclear. Specifically, it is not
known whether synaptically activated NG2 cells feed back to neurons or glial cells through release of
neuroactive molecules. We will reveal this presumed NG2 cell-neuron back signalling by studying
neuronal network function under normal conditions and after inducible NG2 cell-directed genetic
deletion of AMPA receptors and Kir4.1 channels. Grey matter NG2 cells display heterogeneous
properties. Specifically, previous work has shown that stimulus-induced postsynaptic responses of
NG2 cells in the cerebellum exceed those of hippocampal NG2 cells by more than one order of
magnitude. The reasons for this functional diversity are not known. We will investigate whether
differences in AMPA and GABA receptor expression contribute to the distinct responsiveness in
these two regions. Finally, we will investigate in the hippocampus and cerebellum whether the
synaptic innervation of NG2 cells differentially regulates their proliferation, differentiation and process
motility. To reach these goals, the following issues are addressed:
i) What is the impact of AMPA receptors in hippocampal and cerebellar NG2 cells; do
synaptically activated NG2 cells signal back to neurons?
We will investigate whether inducible knockout of AMPA receptors differentially influences Ca 2+
signalling, process motility and proliferation of hippocampal and cerebellar NG2 cells as well as
neuronal network activity.
ii) Do differences in AMPA receptor expression pattern contribute to the stronger
responsiveness to synaptic activation of cerebellar vs. hippocampal NG2 cells?
To address this question, we will correlate functional properties with molecular analyses of AMPA
receptor subunits, splice variants and auxiliary subunits. In addition, postsynaptic proteins in NG2
cells and their impact for proper neuronal signaling onto these cells will be investigated.
iii) Do the reported developmental changes in Kir current density regulate the efficiency of
synaptic activation of NG2 cells?
Use our newly generated inducible conditional Kir4.1 knockout mouse will allow us testing whether
this channel regulates stimulus-induced depolarization and Ca2+ transients in the processes of NG2
cells and influences cell proliferation, differentiation and neuronal network activity.
iv) Are synaptic and extrasynaptic GABA A receptors in NG2 cells developmentally regulated?
We will investigate in the hippocampus at different developmental stages, which GABA A receptor
subunits mediate synaptic and tonic receptor currents in NG2 cells and what is their respective
impact on proliferation, differentiation and process motility. We will also test whether NG2 cells in the
molecular layer of the cerebellum express GABAA receptors and whether they differ from those in the
hippocampus.

Molecular Mechanisms und Functional Role of Heterogeneity in the
Myelin Structure

Mikael Simons
Neurologie Universität Göttingen/Max-Planck-Institute for Experimental Medicine
Heterogeneity of oligodendrocyte morphology was already described by Del Rio Hortega in 1928.
However, it has so far not been able to refine the concept of oligodendrocyte heterogeneity and to
associate these various oligodendroglial subtypes with different functions. In this proposal we plan to
analyze whether subtypes of oligodendrocytes generate myelin with different structural and functional
properties. We propose that there are fundamental differences of how the uncompacted areas
containing “cytoplasmic channels” are organized in myelin of axons with different calibres. Our central
hypothesis is that these cytoplasmic channels provide tracks for molecular transport and therefore
determine whether myelin is able to actively support axons. The molecular organization and the
mechanism underlying the biogenesis of the channels will be addressed. In addition, the ultrastructure
of the cytoplasmic channels will be analyzed after myelin damage and subsequent remyelination.
Overall, we plan to use an integrative approach by combining advanced electron microscopy, genetics
and cell biology to gain insight into how heterogeneity is generated in a complex membrane
architecture. If successful the project may also provide new data relevant for our understanding of the
pathogenesis of progressive multiple sclerosis.

Addressing the specificity and function of NG2 cell-neuron synaptic
contacts: NG2 cells as modulators of the neuronal network?
Jacqueline Trotter
Molecular Biology, Fachbereich Biologie, Johannes Gutenberg-University, Mainz
In this project we will focus on the potential role of NG2 cells in modulating the neuronal network. This
will be by examining gene products made by NG2 cells with neuroregulatory function and elucidating
their temporal and spatial heterogeneity of expression in this cell population. We will utilise
information we already have in hand as well as new candidates isolated by deep sequencing of
neuronal-NG2 cell “synaptosomes” to identify locally translated mRNA. Furthermore, we will examine
whether the activity-dependent cleavage of NG2 that we have recently discovered, which releases
the ectodomain into the brain extracellular matrix, is a general phenomenon or shows regional
variation in the NG2 cell population. We will examine how this affects the neuronal network by
electrophysiological analysis of neurons in the somatosensory cortex and hippocampus.

Molecular determinants of the differential properties of embryonic
oligodendrocyte precursors and adult NG2 cells
Julio Vera-González & Michael Wegner
Department of Dermatology, University Hospital Erlangen & Institute of Biochemistry University of
Erlangen
Embryonic oligodendrocyte precursor cells (OPC) and adult NG2 cells represent two functionally
specialized populations of a single macroglial cell type. We attempt to molecularly define and explain
this heterogeneity. For that purpose, we will combine mouse mutants and high-throughput analyses to
identify differential gene expression and microRNA signatures, use bioinformatics and system biology
approaches to reconstruct regulatory networks, and deduce from these results nature and molecular
cause of the differences between embryonic OPC and adult NG2. These will then be experimentally
validated and special emphasis be placed on the role of Sox9. In collaboration with other SPP1757
groups we will extend our studies to include other aspects of OPC/NG2 cell heterogeneity. Our data
will not only help to understand the behavior of both cell populations, but eventually allow us to alter
NG2 cell properties with implications for cell replacement strategies in the adult CNS.

Activity dependent myelination and impaired motor learning as the
result of its disruption
Hiroaki Wake
Division of Brain Circuits, National Institute for Basic Biology, NINS, Okazaki, JAPAN
Myelin, a multilayered membrane insulation wrapped around the axons, increases axonal conduction
velocity at least by 50 fold. Myelination around the axon is thought to be crucial for information
processing by changing the timing of neural firing patterns during development and learning.
Additionally, Stimulating myelination as a result of impulse activity in axons could enable myelin to be
regulated by environmental experience, which could contribute to information processing and learning
in the brain. We have demonstrated that local translation of MBP mRNA in oligodendrocyte
processes is initialized myelin formation at the site of connection between oligodendrocytes and
axons depending on neural activity. These findings provide new insight into how myelination, and
thus conduction velocity and function of neural circuits, can be regulated by nervous system activity.
Then to consider how activity dependent myelination can be involved in information processing, we
used myelin proteolipid protein 1 (PLP1) over expression mouse (PLP-tg). PLP1 is one of the major
protein components of the myelin sheath and is thought to have important roles for myelin
homeostasis. To understand the neural basis of the cognitive impairment caused by the reduction of
the neural conduction velocity, we used two-month-old PLP-tg mice which have a slight reduction of
conduction velocity and combined in vivo two photon microscopy with a motor learning task. GFPbased Calcium Calmodulin probe (G-CaMP) was induced by an adeno-associated virus (AAV)
injection in layer 2/3 of the M1 cortex to enable detecting a difference in the firing pattern of neuronal
activity with a lever pulling motor learning task. PLP-tg showed increased spontaneous activity in
response to lever pulling motor movement compared with wild type littermates, which associates with
a disruption in the timing of synaptic inputs and a performance of the motor learning task. We would
like to suggest that reduced axonal conduction velocity results in reduced synchronous activation of
neurons within learning circuits to result in impaired motor learning task.

Directions to the K.I.T.
1.5 km, 20 min walk
Address: K.I.T., Mannesmannufer 1b, 40123 Düsseldorf,
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Directions to the Hirschchen
1.1 km, 15 min walk
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How to get to the Haus der Universität
Arriving by public transport:
Travel information
We suggest using the Rheinbahn's timetable to find the quickest way to reach
your goal:
Tram: Stop "Jan-Wellem-Platz"
Underground: Stop "Heinrich-Heine-Allee"
Arriving by plane
Düsseldorf Rhine-Ruhr airport is one of the biggest in Europe. There is a good
connection to the main station by city train (S-Bahn) and from there to Haus der
Universität by underground (see below).
Arriving by train
Düsseldorf main station is connected to all international long-distance train routes.
Three underground trains go from the main station next to the Haus der
Universität.
Directions: D-Lörick (U74), D-ESPRIT arena / Messe Nord (U78), D-Wittlaer oder
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