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LECTURE PRESENTATIONS

L1

MicroRNA-target interactions in neurodegenerative diseases
Hermona Soreq

The Hebrew University of Jerusalem, Israel

SpringerPlus 2015, 4(Suppl 1):L1

MicroRNAs (miRNAs) are short, 22-25 nucleotide long transcripts
that may suppress entire signaling pathways by interacting with the
3’-untranslated region (3'-UTR) of coding mRNA targets, interrupting
translation and inducing degradation of these targets. The long 3'-UTRs
of brain transcripts compared to other tissues predict important roles
for brain miRNAs. Supporting this notion, we found that brain miRNAs
co-evolved with their target transcripts, that non-coding pseudogenes
with miRNA recognition elements compete with brain coding mRNAs
on their miRNA interactions, and that Single Nucleotide Polymorphisms
(SNPs) on such pseudogenes are enriched in mental diseases including
autism and schizophrenia, but not Alzheimer’s disease (AD). Focusing
on evolutionarily conserved and primate-specific miRNA controllers
of cholinergic signaling (‘CholinomiRs’), we find modified CholinomiR
levels in the brain and/or nucleated blood cells of patients with AD
and Parkinson’s disease, with treatment-related differences in their
levels and prominent impact on the cognitive and anti-inflammatory
consequences of cholinergic signals. Examples include the acetyl-
cholinesterase (AChE)-targeted evolutionarily conserved miR-132,
whose levels decline drastically in the AD brain. Furthermore, we
found that interruption of AChE mRNA'’s interaction with the primate-
specific CholinomiR-608 in carriers of a SNP in the AChE's miR-608
binding site induces domino-like effects that reduce the levels of many
other miR-608 targets. Young, healthy carriers of this SNP express
40% higher brain AChE activity than others, potentially affecting the
responsiveness to AD’s anti-AChE therapeutics, and show elevated trait
anxiety, inflammation and hypertension. Non-coding regions affecting
miRNA-target interactions in neurodegenerative brains thus merit
special attention.
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Reacquisition of cocaine conditioned place preference and its
inhibition by previous social interaction: Neurochemical and
electrophysiological correlates in the nucleus accumbens corridor
Alois Saria, Janine Prast, Aurelia Schardl, Kai Kummer

Experimental Psychiatry Unit, Medical University Innsbruck, Austria
SpringerPlus 2015, 4(Suppl 1):L.2

The nucleus accumbens has long been a major target for studies on
the rewarding effects of drugs of abuse or physiological reinforcers,
whereas the brain regions medial of the medial accumbens shell have
received less attention. We investigated if counterconditioning with
dyadic (i.e., one-to-one) social interaction, a strong inhibitor of the
subsequent reacquisition of cocaine conditioned place preference
(CPP), differentially modulates the activity of the diverse brain
regions oriented along a mediolateral corridor reaching from the
interhemispheric sulcus to the anterior commissure, i.e., the nucleus
of the vertical limb of the diagonal band, the medial septal nucleus,
the major island of Calleja, the intermediate part of the lateral septal
nucleus, and the medial accumbens shell and core. EGR1 activation was
predominantly found in dynorphin-labeled cells, i.e., presumably D1
receptor-expressing medium spiny neurons (D1-MSNs), with D2-MSNs
(immunolabeled with an anti-DRD2 antibody) being less affected.
Cholinergic interneurons or GABAergic interneurons positive for
parvalbumin, neuropeptide Y or calretinin were not involved in these
CPP-related EGR1 changes. Glial cells did not show any EGR1 expression
either. Cocaine conditioning increased the spike frequency of neurons
in the septal nuclei, whereas social interaction conditioning increased
the spike frequency in the nucleus accumbens compared to saline
control animals. In addition, social interaction conditioning decreased
the amount of active neuron clusters in the nucleus accumbens.The
present findings could be of relevance for the therapy of impaired
social interaction in substance use disorders, depression, psychosis,
and autism spectrum disorders.

Acknowledgements This work was supported by the Austrian Science
Fund (FWF) grants W1206-B18 (to AS), P26248-B24 (to GZ) and
P23824-B18 (to RER)
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L3

Copper metabolism of astrocytes

Ralf Dringen, Ivo Scheiber, Felix Bulcke

Centre for Biomolecular Interactions Bremen, Faculty 2 (Biology/Chemistry)
University of Bremen, Bremen, Germany

SpringerPlus 2015, 4(Suppl 1):L3

Copper is an essential trace element which is involved in many impor-
tant cellular functions [1]. However, excess of copper can impair cellular
functions by copper-induced oxidative stress. In brain, astrocytes are
considered to play a prominent role in antioxidative defence as well
as in the copper homeostasis [1,2]. To investigate uptake, toxicity,
storage and export of copper in astrocytes, we used primary rat
astrocyte cultures as model system. Cultured astrocytes efficiently
take up copper ions predominantly by the copper transporter Ctr1
and the divalent metal transporter DMT1. In addition, copper oxide
nanoparticles are rapidly accumulated by astrocytes, most likely by
endocytotic processes. Astrocytes tolerate moderate increases in
intracellular copper contents very well. However, if the specific cellular
copper content exceeds after exposure to copper or copper oxide
nanoparticles a threshold level of around 10 nmol copper/mg protein,
accelerated production of reactive oxygen species and compromised
cell viability were observed. Upon exposure to sub-toxic concentrations
of copper ions or copper oxide nanoparticles, astrocytes increase
their copper storage capacity by upregulating the cellular contents
of glutathione and metallothioneins. In addition, cultured astrocytes
have the capacity to export copper ions which is likely to involve the
copper-transporting ATPase 7A. The ability of astrocytes to efficiently
accumulate, store and export copper ions suggests that astrocytes
play a key role in brain copper homeostasis and that an impairment of
astrocytic functions may be involved in diseases which are connected
with disturbances in brain copper metabolism.
Keywords Astrocytes, metals, oxidative stress
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Altered developmental neuroplasticity due to polysialyltransferase
ST8Siall deficiency in mice leads to schizophrenia-like phenotype
Alexander Zharkovsky

University of Tartu, Estonia

SpringerPlus 2015, 4(Suppl 1):L4

Post-translational modification of the neural cell adhesion molecule
(NCAM) by polysialic acid (PSA) is crucial for nervous system
development and brain plasticity. PSA attachment is catalyzed by
the two polysialyltransferases, ST8Siall and ST8SialV. ST8Siall domi-
nates during embryonic and early postnatal development while
ST8SialV is the prevailing enzyme of the juvenile and adult brain. A
growing body of evidence links aberrant levels of NCAM and PSA to
neuropsychiatric disorders, including schizophrenia. To investigate
whether polysialyltransferase deficiency might cause a schizophrenia-
like phenotype, ST8Siall-/- mice, ST8SialV-/- mice and their wild-type
littermates were assessed neuroanatomically and subjected to tests
of cognition and sensory functions. ST8Siall-/- but not ST8SialV-/-
mice displayed enlarged lateral ventricles and a size reduction of the
thalamus accompanied by a smaller internal capsule and a highly
disorganized pattern of thalamocortical and corticothalamic fibers.
Loss of ST8Siall was associated with reduced phosphorylation of
fibroblast growth factor receptor 1 in the frontal cortex of newborn
mice and retarded neuronal differentiation of newly generated cells
in the dentate gyrus of adults. ST8Siall-/- and ST8SialV-/- mice were
both impaired in short- and long-term recognition memory, but only
ST8Siall-/- mice displayed impaired working memory and a deficit in
prepulse inhibition, which could be attenuated by clozapine treatment.
Furthermore, ST8Siall-/- mice exhibited anhedonic behavior and
increased sensitivity to amphetamine-induced hyperlocomotion.
These data reveal that reduced polysialylation in ST8Siall-/- mice leads
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to pathological brain development and schizophrenia-like behavior.
We therefore propose that ST8Siall deficiency has the potential to
cause a neurodevelopmental predisposition to schizophrenia.
Acknowledgements The study was supported by the EU 6FWP grant
LSHM-CT-2005-512012.

Keywords Neural cell adhesion molecule, sialyltransferase,
neuroplasticity
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Two steps forward, one step back: successes and failures in
structure-based discovery of GPCR ligands

Jens Carlsson

Stockholm University, Sweden

SpringerPlus 2015, 4(Suppl 1):L5

G protein-coupled receptors (GPCRs) are intensely studied as drug
targets and for their role in signaling. High-resolution crystal structures
of GPCRs capturing different receptor conformations are now available,
which have provided insights into the mechanism of activation and
ligand selectivity for this important class of drug targets. | will first
present a series of structure-based screens for novel ligands of the
A2A adenosine receptor (A2AAR), which is a drug target for Parkinson’s
disease (antagonists) and ischemia (agonists). As crystal structures for
bothinactive-andactive-like receptor conformations of the A2AAR have
now been determined, molecular docking screens for novel ligands
can be performed. Virtual screens against different conformations of
the A2AAR were carried out to investigate if structure-based methods
can be used to identify agonists and antagonists. Our results shed light
on the importance of access to crystal structures and the role of the
chemical library in screens for ligands with specific pharmacological
properties. For most GPCRs, no experimental coordinates are available
and structure-based screens are forced to rely on homology models.
However, it is still unclear if models of GPCRs are sufficiently accurate
to be used in ligand discovery. The determination of crystal structures
for dopamine and serotonin receptors, and the challenges to the
community to predict these in the GPCR Dock competitions, have
enabled us to carry out comparisons of ligand discovery from models
versus crystal structures. Our results from these challenges reveal
opportunities and limitations of the use of homology models in ligand
discovery and design of selective lead candidates.
Acknowledgements Symposium organized by COST action

CM1207 - GLISTEN.

Keywords G protein-coupled receptors, chemical biology, virtual
screening

L6

Comparison of A1 and A2A receptor dynamics using FRET based
receptor sensors

Carsten Hoffmann, Anette Stumpf

University of Wuerzburg, Germany

SpringerPlus 2015, 4(Suppl 1):L6

Recently published crystal structures of the adenosine A2A receptor
in the active and inactive state have revealed static endpoints of the
conformational changes associated with the activation process. To
investigate the activation dynamics of different adenosine receptor
subtypes we used fluorescence resonance energy transfer (FRET)
measurements of a modified A1 and A2A receptor construct (A1R,
A2AR). Those optical probes where designed by fusion of the cyan
fluorescent protein (CFP) to the C-terminus of the receptor and
insertion of the fluorescein arsenical hairpin binder (FIAsH) motif into
the 3rd intracellular loop. Based on the ligand binding pocket revealed
from the crystal structure 10 optical probes including individual
mutations were created for each receptor. To compare A1R and A2AR
dynamics, we established HEK293 cell lines stably expressing these
optical probes and investigated the signal amplitude and the receptor
activation kinetics in living cells. We indentified 3 different effects of
these mutations. One class causes problems in membrane localization
of the ATR but not the A2AR. The 2nd group is involved in binding of
the ribose moiety and has stronger effects in the A1R compared to the



SpringerPlus 2015, Volume 4 Suppl 1
http://www.springerplus.com/supplements/4/S1

A2AR.The 3rd class consists of the mutants that are involved in binding
of the adenine moiety and have similar effects for adenosine and
theophylline binding for the A2AR. Thus, our study provides evidence
that amino acids serve different functions within the A1R and A2AR
ligand binding pocket. In summary the different signal amplitudes
and different activation kinetics are indicative for a different activation
behavior of the ATR and A2AR and the data from the receptor mutants
support these findings and gives new insight into the A1R- structure.
Acknowledgements Symposium organized by COST action

CM1207 - GLISTEN.

Keywords Receptor dynamics, adenosine receptor, FRET
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Defining the organizational structure of dopamine and muscarninic
acetylcholine receptors

Graeme Milligan', Marfa José Varela Liste',

Gianluigi Caltabiano Caltabiano?, Elisa Alvarez-Curto’, Sara Marsango'
'University of Glasgow, UK; 2Universitat Autobnoma de Barcelona, Spain
SpringerPlus 2015, 4(Suppl 1):L7

G protein-coupled receptors, including the M3 muscarinic acetylcholine
receptor and the dopamine D3 receptor, can form homo-oligomers.
However, the basis of these interactions and the overall organizational
structure of such oligomers are poorly understood. Combinations
of site-directed mutagenesis and homogenous time-resolved FRET
studies that assessed interactions between receptor protomers at the
surface of transfected cells indicated important contributions of regions
of transmembrane domains |, IV, V, VI and VII, as well as intracellular
helix VIII, to the overall organization. Molecular modelling studies
based on both these results and an X-ray structure of the inactive
state of the M3 receptor bound by the antagonist/inverse agonist
tiotropium were then employed. The results could be accommodated
fully by models in which a proportion of the cell surface M3 receptor
population is a tetramer with rhombic, but not linear, orientation. This
is consistent with previous studies based on spectrally-resolved, multi-
photon FRET. Modelling studies suggest, furthermore, an important
role for molecules of cholesterol at the dimer + dimer interface of the
tetramer, consistent with the presence of cholesterol at key locations
in many G protein-coupled receptor crystal structures. Mutants that
displayed disrupted quaternary organization were often poorly
expressed and showed immature N-glycosylation. Sustained treatment
of cells expressing such mutants with the muscarinic receptor inverse
agonist atropine increased cellular levels and restored both cell surface
delivery and quaternary organization to many of the mutants. These
observations suggest that organization as a tetramer may occur before
plasma membrane delivery and may be a key step in cellular quality
control assessment.

Acknowledgements Symposium organized by COST action

CM1207 - GLISTEN.

Keywords Dopmaine, acetylcholine receptor structure
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Investigation of GPCR allosterism and dimerization in single living
cells using fluorescent ligands

Stehen Hill

Univerisity of Nottingham, UK

SpringerPlus 2015, 4(Suppl 1):L7

Previous work, using fluorescent adenosine receptor agonists and
antagonists, has provided novel insights into the allosteric regulation
of adenosine A3 (A3AR) and A1 (A1AR) receptors by allosteric ligands
and receptor dimerization in single living cells [1,2]. We have also used
a fluorescent analogue of CGP12177 to investigate ligand binding to
the human B1-adrenoceptor. This work has demonstrated that there
is negative cooperativity between the two different ligand-binding
conformations of the 31-adrenoceptor activated by catecholamines
and CGP12177 respectively [3]. Finally, we have used fluorescence
correlation spectroscopy (FCS) to investigate ligand binding to ATAR
and A3AR in small 0.2 um? microdomains of single living cells [4].
FCS studies with a fluorescent A3-agonist have enabled high affinity
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labeling of the active conformation (R¥) of the receptor [4]. We have also
used a fluorescent adenosine A3-antagonist (CA200645) to study the
binding characteristics of antagonist-occupied receptor conformations
(R) in membrane microdomains of single cells [5]. Investigation of
the dissociation kinetics of CA200645 provided further support for
allosteric regulation of this receptor by homodimerization [5].
Acknowledgements Symposium organized by COST action

CM1207 - GLISTEN.

Keywords Ligand binding, fluorescence, cooperativity
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Gliomas and epilepsy: insights from neuropathological studies in
humans

Eleonora Aronica

Department of (Neuro)Pathology, Academic Medical Center and
Swammerdam Institute for Life Sciences, Center for Neuroscience University
of Amsterdam, The Netherlands, SEIN — Stichting Epilepsie Instellingen
Nederland, Heemstede, The Netherlands
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Brain tumors represent a recognized cause of epilepsy in both
children and adults. In principle, any tumor (extra-axial, intra-axial,
benign or malignant, common or uncommon) can cause seizures.
However, patients with supratentorial low-grade glial tumors are
more likely to develop epilepsy. Several clinical studies emphasize
that pharmacologically intractable epilepsy critically affects the
daily life of patients with brain tumors, even if the tumor is under
control. Recently, the term of long-term epilepsy associated tumour
(LEAT) has been introduced. LEATs are low grade, slowly growing,
cortically-based tumours which predominantly occur in young
patients with long histories (often 2 years or more) of drug-resistant
epilepsy. Glioneuronal tumors (GNT), including gangliogliomas (GG)
and dysembryoplastic neuroepithelial tumors (DNTs), represent the
most common tumor within the spectrum of LEAT. The advent of the
neurosurgical treatment of epilepsy-associated brain lesions confirmed
the strong epileptogenicity of these tumor entities. Understanding
the mechanisms that underlie epileptogenesis in LEATs is essential to
identify new treatment targets and to develop an effective therapy.
Mechanisms such as alterations of the balance between excitation
and inhibition and alterations in neuron-glia interactions might be
involved. Astroglial cells express functional receptors for a variety of
neurotransmitters and may critically modulate synaptic transmission.
In addition, an increasing number of observations indicate that pro-
epileptogenic inflammatory pathways are activated in GNT and
may contribute to the onset and progression of seizures. The recent
advances and likely candidate mechanisms and molecules involved in
tumor-associated epileptogenesis will be discussed.
Acknowledgements EA is supported by the National Epilepsy Fund -
“Power of the Small’; the Hersenstichting Nederland (NEF 013-1) and
KIKA (Stichting Kinderen Kankervrij).
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Purinergic transmission in brain tumors and its impact on drug
development

Maria Abbracchio, Stefania Ceruti, Davide Lecca

Dept Pharmacol Sci, University of Milan, Italy

SpringerPlus 2015, 4(Suppl 1):L10

Extracellular nucleoside and nucleotides acting via adenosine/
P1 and nucleotide P2 (P2X/P2Y) purinoceptors are fundamental
signaling molecules controlling the survival and proliferation of astro-
cytes and oligodendrocytes (Ceruti and Abbracchio, Adv Exp Med
Biol. 2013;986:13). The malignant transformation of these cells to
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progressively more aggressive tumors (respectively, astrocytomas and
anaplastic glioblastoma, and glioblastoma multiforme, containing
proliferating cells resembling Oligodendrocytes Precursor Cells, OPCs)
confers growth advantage and chemoresistance. Characterization
of the specific P1 and P2 receptors on these tumors may unveil new
strategies to reduce cancer growth and/or promote differentiation to
non-cancerous glial phenotypes. The adenosine A3 receptor (A3AR)
has emerged as a potential target. Under hypoxia, a condition typical
of gliomas’ core, A3AR mediates chemoresistance via the PKB/Akt
pathway (leading to inactivation of the pro-apopototic Bad protein)
and by upregulating matrix metalloproteinase-9, that degrades
extracellular matrix and promotes migration of glioma cells towards
healthy brain regions (Ceruti and Abbracchio, and ref therein). Thus,
inhibition of A3AR with selective antagonists could represent an
appealing therapeutic approach. More recently, the P2X7 receptor has
been recently found to be over-expressed in grade IV human gliomas
(Monif et al., J Inflammation. 2014;11:25) and its blockade with the
synthetic antagonist Brilliant Blue G decreased tumour cell number.
Finally, treatment of human glioblastoma multiforme cells with UDP,
UDP-glucose or LTD4, that act as agonists at the new P2Y-like GPR17
receptor, reduced the formation of glioma spheres, suggesting that
GPR17 stimulation on highly proliferating tumor OPCs may drive their
differentiation to the oligodendroglial fate, negatively affecting both
tumor proliferation and self-renewal (Dougherty et al., Cancer Res.
2012;72:4856).

Keywords Cell differentiation, purinoceptors, new targets in glioma
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Cannabinoid signalling in glioma cells

Bozena Kaminska, Aleksandra Ellert-Miklaszewska
Nencki Institute of Experimental Biology, Warsaw, Poland
SpringerPlus 2015, 4(Suppl 1):L11

Cannabinoids, originally derived from Cannabis sativa, as well as
their endogenous and synthetic counterparts, were shown to induce
apoptosis of glioma cells in vitro and tumour regression in vivo via
their specific receptors, cannabinoid receptors CB1 and/or CB2. CB2 are
abnormally expressed in human gliomas and glioma cell lines. Most of
the analysed gliomas expressed significant levels of CB2 receptor and the
extent of CB2 expression in the tumour specimens was related to tumour
malignancy. A synthetic cannabinoid, WIN 55,212-2, down-regulated
the Akt and Erk signalling pathways in C6 glioma cells that resulted in
reduction of phosphorylated Bad levels, mitochondrial depolarization
and activation of caspase cascade leading to apoptosis. We examined
whether synthetic cannabinoids with different receptor specificity:
WIN55,212-2 (a non-selective CB1/CB2 agonist) and JWH133 (a CB2-
selective agonist) affect survival of four human glioma cell lines and three
primary human glioma cell lines. WIN-55,212-2 decreased cell viability in
all examined cell lines and induced cell death. Susceptibility of the cells
to JWH133 treatment correlated with the CB2 expression. Cannabinoids
triggered a decrease of mitochondrial membrane potential, cleavage of
caspase-9 and effector caspases. Induction of cell death by cannabinoid
treatment led to the generation of a pro-apoptotic sphingolipid
ceramide and disruption of signalling pathways crucial for regulation of
proliferation and survival. Increased ceramide levels induced ER-stress
and autophagy in drug-treated glioblastoma cells. We conclude that
cannabinoids are efficient inhibitors of human glioma cells growth, once
the cells express specific type of cannabinoid receptor.
Acknowledgements Studies supported by a grant 2012/04/A/
NZ3/00630 from the National Science Center, Poland

Keywords Cannabinoids, signal transduction, cell death
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The role of integrins in glioma biology and anti-glioma therapies
Patrick Roth

University of Zurich, Switzerland

SpringerPlus 2015, 4(Suppl 1):L12

Integrins are a group of molecules expressed by various cells including
glioma cells and endothelial cells within the tumor. There are 18
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known alpha and beta integrin subunits which form a heterodimer.
Integrins regulate different cellular processes such as proliferation,
adhesion, motility and survival as shown in numerous preclinical
models. Furthermore, integrins control the activity of the transforming
growth factor (TGF)-beta pathway and are involved in the process of
angiogenesis which is indispensable for continued tumor growth.
Because of the high expression levels of some integrins on glioma
cells and their numerous functions, inhibition of integrin signaling
has been considered a promising strategy for the treatment of glioma
patients. Besides blocking antibodies which are currently under clinical
investigation in other cancer entities, the integrin inhibitor cilengitide
has been tested within several trials in glioblastoma patients over the
last years. Cilengitide is a cyclic RDG peptide which targets integrins
alphvbeta3 and alphavbeta5. Based on the results of smaller, initial
trials suggesting an activity of cilengitide against glioblastoma, 2 larger
trials were subsequently performed. However, both trials, which
combined temozolomide-based chemoradiation with cilengitide failed
to demonstrate an improved outcome with the addition of cilengitide.
Ongoing translational analyses suggest that integrin levels in the tumor
tissue are neither prognostic nor predict response to cilengitide. While
the clinical development of cilengitide has been stopped, integrin
inhibition with more effective agents may still be a promising approach
in clinical neurooncology.

Keywords Glioma, integrin, TGF-beta
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Drosophila modelling axonal transport in the face of tau pathology
Amrit Mudher

University of Southampton, UK

SpringerPlus 2015, 4(Suppl 1):L13

Alzheimer’s disease (AD) is a devastating neurodegenerative disease
causing irreversible cognitive decline in the elderly. There is no
disease-modifying therapy for this condition and the mechanisms
underpinning neuronal dysfunction and neurodegeneration are
unclear. Compromised cytoskeletal integrity within neurons is
reported in AD. This is believed to result from loss-of-function of
the microtubule-associated protein tau, which becomes hyper-
phosphorylated and deposits into neurofibrillary tangles in AD.We have
developed a Drosophila model of tauopathy in which abnormal human
tau mediates neuronal dysfunction characterised by microtubule
destabilisation, axonal transport disruption, synaptic defects and
behavioural impairments. Here we show that a microtubule-stabilising
drug, NAPVSIPQ (NAP), prevents as well as reverses these phenotypes
even after they have become established. Moreover, it does not alter
abnormal tau levels indicating that it by-passes toxic tau altogether.
Thus, microtubule stabilisation is a disease-modifying therapeutic
strategy protecting against tau-mediated neuronal dysfunction, which
holds great promise for tauopathies like AD.

Keywords Microtubule stabilisation, tau, NAP
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Recent developments in tau-based therapeutics for Alzheimer’s
disease and related dementsia

Miguel Medina

CIBERNED and CIEN Foundation, Madrid, Spain

SpringerPlus 2015, 4(Suppl 1):.L14

Current therapies for Alzheimer’s disease (AD) and related disorders
have demonstrated very modest, symptomatic efficacy, leaving an
unmet medical need for new, more effective therapies. While drug
development efforts in the last two decades have primarily focused
on the amyloid cascade hypothesis, with disappointing results so
far, tau-based strategies have received little attention until recently
despite that the presence of extensive tau pathology is central to the
disease. The discovery at the turn of the century of mutations within
the tau gene that cause fronto-temporal dementia demonstrated
that tau dysfunction was per se sufficient to cause neuronal loss and
clinical dementia. Development of tau pathology is associated with
progressive neuronal loss and cognitive decline and is the common
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underlying cause of a group of neurodegenerative disorders collectively
known as “tauopathies”. Tauopathies are clinically, morphologically
and biochemically heterogeneous neurodegenerative diseases
characterized by the deposition of abnormal tau protein in the brain.
The neuropathological phenotypes are distinguished based on the
involvement of different anatomical areas, cell types and presence of
distinctisoforms of tau in the pathological deposits. Thus, the spectrum
of tauopathy entities expands beyond the traditionally discussed
disease forms. Emerging evidence strongly suggests that accumulation
of abnormal tau is mediated through spreading of seeds of the protein
from cell to cell. This prion-like mechanism would support the concept
that in AD brains, tau pathology iinitiates in a very small part of the
brain many years before becoming symptomatic, spreading slowly
and progressively to the whole brain following an anatomically
defined pattern. Emerging therapeutic strategies aimed at treating the
underlying causes of the tau pathology will be discussed, including
some novel therapeutic approaches on the verge of providing new
treatment paradigms in upcoming years.

Keywords Tau, Alzheimer, dementia
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The oligodendroglia cytoskeleton in health and disease
Christiane Richter-Landsberg

University of Oldenburg, Molecular Neurobiology, Germany
SpringerPlus 2015, 4(Suppl 1):L15

Oligodendrocytes, the myelin forming cells of the CNS, enwrap neuronal
axons and form multilamellar myelin sheets. They are derived from
oligodendrocyte precursor cells which migrate from the subventricular
zone into the different regions of the brain. Differentiation from the
early progenitor to the mature multiprocessed oligodendrocyte
is characterized by different morphological stages. To support cell
morphology and establish and maintain the myelin membrane, an
intact, spatially organized cytoskeleton with dynamic properties is
essential. In particular microtubules and their associated proteins play
an important role. A variety of microtubule binding proteins, including
tau, are present in oligodendrocytes. Oligodendrocytes in culture
express all six isoforms of tau which are developmentally regulated. Tau
proteins are present in immature and mature oligodendrocytes and
specifically prominent in the branching points of the cellular processes.
Downregulation of tau impairs cell differentiation and the process of
early myelination. In neurodegenerative diseases collectively termed
tauopathies, fibrillary tau accumulations occur not only in neurons but
also in glia. Tau positive coiled bodies originating in oligodendrocytes
are characteristic for the brains of patients with frontotemporal
dementias, such as corticobasal degeneration and progressive
supranuclear palsy. These aggregates are further characterized by the
presence of heat shock proteins and ubiquitin, indicating that stress
situations are causally related to the pathogenesis. In this respect,
proteasomal dysfunctions have been discussed to be involved in
neurodegenerative disorders and the aging process. Data on the
consequences of proteolytic stress in oligodendrocytes and the protein
aggregation process will be presented. Our data demonstrate that an
intact cytoskeleton is essential for cellular defense mechanisms.
Keywords Oligodendrocytes, microtubules, neurodegenerative diseases
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Tau regulates the localization and function of End Binding proteins
in neuronal cells

Carmen Laura Sayas'?3, Elena Tortosa, Flavia Bollati, Sacnicte Ramirez-Rios,
Isabelle Arnal, Jesus Avila

'Centre for Biomedical Research of the Canary Islands (CIBICAN), Spain; ?Institute
for Biomedical Technologies (ITB), Italy; *University of La Laguna (ULL), Spain
SpringerPlus 2015, 4(Suppl 1):L16

Tau is a classical microtubule-associated protein known to regulate
microtubule stability in neurons. In our study, we have addressed
the putative crosstalk between tau and End binding proteins 1 and
3 (EB1/3), the core microtubule plus-end tracking proteins (+TIPs),
in differentiating neuronal cells. We show that tau and EB proteins
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interact directly and that the cellular distribution and mobility of EB
proteins depends on tau localization and expression levels. Moreover,
our data reveal that tau is essential for the proper localization of EB1
at the medial-distal region of the axon shaft in developing neurons.
In summary, we provide evidence for a new function of tau protein
as a direct regulator of EB1/3 proteins. This further indicates that the
interplay between classical MAPs and core +TIPs may be important for
the fine-tuned regulation of microtubule dynamics and stability during
neuronal differentiation.

Keywords Tau, end binding proteins, microtubule dynamics
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Multiple signaling pathways of orexin receptors
Jyrki Kukkonen

University of Helsinki, Finland

SpringerPlus 2015, 4(Suppl 1):.L17

Orexin/hypocretin peptides are central for the regulation of the
sleep/arousal states, and have, in addition, a role in the regulation of
e.g. metabolism, addiction, stress response and pain gating. Orexin
responses are mediated by G-protein-coupled OX1 and OX2 orexin
receptors. Orexin signaling (in different cell types) is very versatile,
ranging from excitation to induction of cell death. Orexin receptor
coupling is promiscuous, engaging members of at least three
different families of G-proteins, namely Gi, Gs and Gqg, and some
non-G-protein mediators as well. Preferred G-protein-coupling of the
receptors appears different in different tissues, but the mechanism
determining this are unknown. The primary signal transducers of
orexin receptors very effectively activate phosholipase cascades,
including PLA2, PLC and PLD, and also PLC-diacylglycerol lipase-
mediated endocannabinoid generation. These cascades may play
a significant role in the regulation of K+ and non-selective cation
channels, which are the effectors for the orexin-mediated neuronal
excitation. In some cell types, orexin receptor stimulation induces
programmed cell death. Some different mechanisms for his have been
proposed, but the picture is still incomplete. Orexin receptors have
been a target for multiple drug discovery projects. Main focus has
been on the antagonists, with insomnia as the indication. For agonist
drugs there are some ongoing smaller academic and semi-academic
projects. Use of orexin receptor agonists is suggested to be beneficial
in narcolepsy (as peptide replacement therapy) and putatively in other
sleep/wakefulness disturbances, metabolic disorders and cancer.
Keywords Orexin, hypocretin, phospholipase
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The effect of galanin is mediated through three GPCR subtypes, GalR1-
3. The limited number of specific ligands to the galanin receptor
subtypes has hindered the understanding of the individual effects of
each receptor subtype. This review summarizes the current data of the
importance of the galanin receptor subtypes and receptor subtype
specific agonists and antagonists and their involvement in different
biological and pathological functions.

Keywords Galanin, neuropeptide, ligand
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G protein coupled receptors (GPCR) comprise a large family of trans-
membrane proteins involved in the regulation of signal transduction
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through the cell membrane in response to various extracellular stimuli.
GPCR have become important targets of many drugs for treatments of
very different diseases. During the last decade several fluorescence-
based methods have been implemented for the characterization
of signal transduction via GPCRs, starting from ligand binding and
including several steps leading up to a response on the level of gene
regulation. We have proposed the fluorescence anisotropy (FA) and
fluorescence intensity (FI) assay to investigate fluorescent ligand
binding properties to different GPCRs (Veiksina et al., 2010). The
implementations of budded baculoviruses that display G protein-
coupled receptors on their surfaces have significantly increased
sensitivity and applicability of these assays (Veiksina et al., 2014). The
developed novel assay systems opened new possibilities for real-time
monitoring of ligand binding to their receptors for understanding
their particular kinetic properties. These assays are also compatible
for homogenous HTS suitable fo ligand screening. There has been
implemented assay systems for receptors of peptides like melanocortin
(MC4R) and neuropeptide Y (NPY1R) as well as for receptors of
monoamines like dopamine (D1DAR) and serotonin (5-HT1AR).
Acknowledgements This work has been financed by Estonian Ministry
of Education and Science (IUT 20-17) and by the European Regional
Development Fund (TK114, 30020).
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Objectives: The PET tracer [11CJORM-13070 was recently validated
for receptor occupancy analysis of brain a2C-adrenoceptors, and PET
experiments in monkeys and humans indicated that tracer uptake
into the caudate and putamen was reduced by interventions that
increased synaptic noradrenaline concentrations in the brain [1-3]. This
study aimed to confirm the sensitivity of [11CJORM-13070 binding to
increased levels of synaptic noradrenaline.

Methods: PET imaging of the brain was performed with a 3D High
Resolution Research Tomograph. Eight subjects underwent a control
[11CIORM-13070 PET scan and two PET scans after two different
noradrenaline challenges, i.e. a sub-anaesthetic infusion of ketamine
and oral intake of atomoxetine combined with cold stimulation. Tracer
uptake in the caudate nucleus and putamen was described with AUC
values in scan time windows of 10-20 min and 5-30 min post injection,
and quantified with the ratio method. Voxel-based analysis was
performed with average B/F images. Both challenges caused small but
statistically significant (10-20%, p < 0.05) reductions in tracer uptake in
both target regions. Voxel-based analysis revealed significant clusters
in the dorsal putamen with both challenges. Ketamine was associated
with significant elevations in circulating noradrenaline and adrenaline
levels, while the atomoxetine + cold treatment was not. Strong
experimental support was gained for the feasibility of [11CIORM-13070
PET imaging of brain noradrenergic neurotransmission.

Keywords Adrenoceptor, noradrenaline, positron emission
tomography
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Opioid receptors (OR) are widely known as mediators of the analgesic
effects of opioids and also contribute to the development of tolerance
and dependence. Moreover, opioids are implicated in cell proliferation
and survival. How opioids modulate these downstream signaling
pathways is a research receiving a lot of attention. Our group aims
to define the signaling pathways through which opioid receptors
participate in these physiological processes. Emphasis is given to
unconventional interacting partners of the p and 6-opioid receptors
such as the Regulators of G protein signalling (RGS) proteins and
STAT5B (Georgoussi et al. 2012). Evidence will be presented with which
RGS proteins opioid receptors interact, how RGS members confer
selectivity to receptors to choose a specific subset of G proteins, how
activation of opioid receptors result in recruitment of RGS proteins to
the plasma membrane and exert a differential modulatory effect in
ERK1,2 phosphorylation, agonist-driven adenylyl cyclase inhibition and
internalization of the opioid receptors (Papakonstantinou et al., 2015).
Moreover evidence will be presented on how STAT5B associates with
the 6-opioid receptor and forms selective pairs with selective Ga, GRy
subunits and RGS proteins, and how activation of the 6-opioid receptor
with selective agonists promotes a multi-component signaling
complex involving the STAT5B transcription factor and other signaling
intermediates to mediate neuronal survival and neurite outgrowth
(Georganta et al., 2013). Understanding the mechanism that control
OR signaling is important to address problems related to phenomena
such as pain perception, tolerance and dependence that occur upon
chronic opiate administration and define whether disruption of such
interactions may contribute to the development of novel therapeutic
strategies.

Acknowledgements Supported by the EU “Normolife”-LSHC-
CT2006-037733 and the GSRT, Excellence Il -3722, “NO-ALGOS". Z.G
participates in the EU COST Action CM1207 (GLISTEN).
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Autism spectrum disorders (ASD) are heterogeneous, heritable
neurodevelopmental conditions, affecting ~0.5% of the population
across cultures, with a ~4:1 male/female ratio. ASD are characterized
by social interaction and communication deficits, restricted interests,
repetitive behaviors, and reduced cognitive flexibility. Causes likely
converge at the synapse, as shown by mutations of synaptic genes
or mutations causing quantitative alterations in synaptic protein
expression. Neuroligin4 (NLGN4X) mutations are among the most
frequent causes of heritable ASD. But monogenetic forms altogether
account for 1200 schizophrenic subjects and validated it in Asperger
autists. We hypothesized that a coincidence of unfortunate normal
variation in synaptic or synapse-regulating genes rather than mutations
underlies most autistic phenotypes. We identified ‘proautistic’ variants
in synaptic genes, which in aggregate are associated with high autism
severity. A transcranial magnetic stimulation study on respective
individuals revealed enhanced glutamatergic and GABAergic activity.
IPS-derived cortical neurons from these subjects are now functionally
characterized.

Keywords Autism, synapse, ambral
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Motor neuron disease (MND) is a neurodegenerative disease of mid-life,
with average survival of 3-5 years after diagnosis. The only approved
treatment, riluzole, is only moderately effective and so there is a great
need for novel therapeutics. TAR DNA binding protein 43 (TDP-43) has
held a particular centrality in MND research since its discovery as the
principal protein component of the characteristic protein aggregates
found in the disease. Subsequent work has investigated its role as
an RNA-binding protein and regulator of approximately 3000 RNA
transcripts. In the majority of disease cases, both familial and sporadic,
normally nuclear TDP-43 is sequestered in the cytoplasm in protein
aggregates. Using differentiated motor neuron-like cells (NSC-34) and
primary motor neurons, we have treated cells with the disease-relevant
ER stressor tunicamycin. Overnight treatment with a low concentration
of tunicamycin resulted in the formation of aggregates immunoreactive
for endogenous TDP-43, as visualised by immunocytochemistry
and Western blotting of the RIPA-insoluble fraction. We have found
that these aggregates do not co-stain for TIAR, a well-known marker
of stress granules. However, using the oxidative stressor sodium
arsenite, we are able to induce formation of stress granules, though
they do not co-stain for TDP-43. The tunicamycin treatment also led
to a moderate decrease in cell viability, as shown by MTT and Trypan
Blue Exclusion assays. In this study, we have recapitulated a known
pathological process (ER stress) of MND in vitro, which resulted in the
formation of TDP-43 aggregates. The signalling pathways driving TDP-
43 aggregation are unknown, hence work detailing these mechanisms
is likely to present wide scope for therapeutic intervention.

Keywords TDP-43, MND, aggregation
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Spinal and bulbar muscular atrophy (SBMA) and amyotrophic lateral
sclerosis (ALS) are motoneuron diseases. A mutation in the androgen
receptor (ARpolyQ) gene is responsible for SBMA. Mutations in the
SOD1, in the TDP-43, in the FUS-TLS or in the CO9ORF72 genes are
responsible for familiar form of ALS. The mutated coded proteins misfold
and aggregates. Efficient protein quality control (PQC) is required
for the maintenance of physiological and soluble protein pool in
affected motoneuron. The balance between autophagy and ubiquitin-
proteasome system (UPS) prevents protein aggregation and increases
degradation of SBMA and ALS misfolded proteins. Dynein binds the co-
chaperone BAG3 and transports the mutant proteins at microtubule
organization center where misfolded proteins interact, aggregate and
can be degraded by autophagy. However, here misfolded proteins
may blocks autophagy flux. In NSC34 cells, dynein is sequestered into
ARpolyQ aggregates suggesting the role of dynein into aggregates
formation process. Unexpectedly, the silencing of dynein heavy chain
resulted in a drastic reduction of ARpolyQ retained in filter retardation
assay (FRA). Moreover, dynein silencing drastically altered autophagic
markers localization (LC3 and p62) by immunofluorescence. Notably,
treatment with a dynein inhibitor (EHNA) drastically reduced the
retention of ARpolyQ, mutSOD1 and mutTDP43 aggregates in FRA,
even when autophagy was inhibit with 3-MA. Conversely UPS blockage
with MG132 counteracted the reduction induced by altered dynein
transports. RTg-PCR on NSC34 cells treated with EHNA showed an
increased BAG1:BAG3 ratio that can targeting the misfolded proteins
to UPS. Moreover, in NSC34 cells, EHNA increased the degradation of
proteasome reporter GFPu, while BAG1 overexpression reduced the
level of aggregates retained in FTA. These data suggest that, when
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autophagy is overload, by misfolded proteins, dynein inhibition
restores the physiological and soluble protein pool via UPS.
Keywords MNDs, PQC, dynein
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Diabetic retinopathy (DR) is a neovascular, inflammatory and neuro-
degenerative disease. The neovascular component is treatable but no
therapeutic agents are available for the other two components. Early
changes in the diabetic retina include neuronal death of amacrine
and retinal ganglion cells (RGC) (Barber et al., J Clin Invest, 1998), and
elevated levels of inflammatory mediators (Yoshimura et al., Plos One,
2009). Nerve Growth factor (NGF) receptors, namely TrkA and p75NTR,
are expressed in RGC. The TrkA receptor activates prosurvival, while
p75NTR activates inflammatory and apoptotic pathways (Mysona et
al., Expert Rev Ophthalmol, 2014). Dehydroepiandrosterone (DHEA)
binds to both receptors, mimicking NGF. It affords anti-apoptotic,
neuroprotective and anti-inflammatory effects in the retina (Kokona et
al., Neuro-pharmacol, 2012, Straub et al., J Clin Endocrinol, 1998). The
therapeutic use of DHEA is restricted due to its metabolic products.
The main objective of this study was to investigate and compare the
neuroprotective and anti-inflammatory effects of DHEA and its spiro-
epoxy derivatives BNN27 and BNN20 (Calogeropoulou et al., J Med
Chem, 2009) (not metabolized to estrogens and androgens), in the rat
streptozotocin model of DR. BNN27, via TrkA activation, protected in a
dose-dependent manner (2, 10, 50 mg/kg, ip) bNOS (brain nitric oxide
synthetase) and TH (tyrosine hydroxylase) expressing amacrine cells
and ganglion axons (NFL immunoreactivity) similar to DHEA's actions,
while BNN20 was less effective. BNN27 activated the TrkA prosurvival
signaling pathway ERK1/2 kinase. It reduced the activation of SAPK/
JNK kinase and the expression of p75NTR. BNN27 also increased the
expression of anti-inflammatory cytokines (IL10). These results suggest
that NGF TrkA receptor is involved in the neuroprotective and anti-
inflammatory effects of BNN27 and is a valuable target via which
BNN27 could afford efficacious therapeutics for the treatment of DR.
Acknowledgements Funded by GGET. ARISTEIAII.
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Perinatal complications are a serious clinical problem, in particular
hypoxic-ischemic (HI) episodes, caused by birth asphyxia or uterine
and fetal blood flow interruption. HI corresponds to 23% of neonatal
deaths, being one of the top 20 leading causes of disease burden.
Preconditioning (PC) is a stimulation below the injury threshold that
activates endogenous protective mechanisms to prevent damage.
Low doses of carbon monoxide (CO) play a beneficial role through PC
induction. Herein, CO cytoprotection was explored in distinct brain
models. The used experimental models range from monoculture of
astrocytes, co-cultures of neurons and astrocytes, to the whole organism
with the rat model of perinatal ischemia. In primary cultures of astrocytic
cells, CO not only impairs mitochondrial membrane permeabilization,
by ANT glutathionylation, but also strengths mitochondrial oxidative
metabolism, by modulating COX activity, increasing mitochondrial
biogenesis and ATP amounts. Also, CO reinforces astrocytes-neurons
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communication towards neuronal survival. Purinergic molecules are
the main mediators for this non-cell autonomous effect. Our results
seem to indicate that the main pathway involved includes ATP release
from astrocytes, its metabolization and A2A receptor binding to initiate
protective mechanisms within the neurons. Rat pups were exposed
to CO before hypoxia-ischemia induction (Vannucci model). 24 h
after HI the brains were collected for cell death and tissue protection
assessment (histological and immunohistochemical analysis). It was
found limited apoptosis in hippocampus following cerebral ischemia:
lower cytochrome c release and caspase-3 activation yielding an
increased Bcl-2 expression. Altogether, one can conclude that there is
not just a unique pathway for the CO-induced endogenous protection,
brain tolerance is the result of a complex cellular change in response to
injury. Indeed, CO regulates cell death pathways and modulates cellular
metabolism.

Keywords Carbon monoxide, preconditioning, ischemia
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Severe hypobarichypoxia (180 mmHg) isa harmful stimulus thatinduces
structural and functional injures of susceptible brain neurons in the
neocortex and hippocampus. In contrast, moderate hypobaric hypoxia
(360 mm Hg) activates endogenous cellular defensive mechanisms.
The rate of neuroprotection afforded by the mild hypoxia depends on
the quantity of hypoxic sessions. In particular, preconditioning (pre-
exposure) by three trials of mild hypoxia protects from deleterious
effects of subsequent severe hypoxia whereas preconditioning with
one mild hypoxic trial does not. The molecular mechanisms induced by
mild hypoxic preconditioning are unclear. Pro-survival proteins, such as
neurotrophic factor BDNF and anti-apoptotic factor Bcl-2 are supposed
to be involved in this process. In the present study, the effects of three-
trial and one-trial hypoxic preconditioning on the expression of pro-
survival proteins BDNF and Bcl-2 as well as their up-stream activator
pCREB, have been studied in the neocortex and hippocampus of
rats. As revealed by quantitative immunocytochemistry, the severe
hypobaric hypoxia didn't affect or down-regulated the neuronal
levels of pCREB, BDNF and Bcl-2 at 3-24 h after the exposure. The one-
trial preconditioning did not change this effect of severe hypoxia. In
contrast, preconditioning by three trials of mild hypoxia (360 Torr, 2 h,
24 hintervals, 3 times) significantly enhanced the pCREB, BDNF and Bcl-
2 neuronal expression in response to severe hypoxic challenge. Three-
trial mild hypoxia alone also up-regulated the expression of molecular
factors examined in the neocortex and hippocampus at 24 h whereas
one trial of the mild hypoxia did not. The results of the present study
indicate that development of the neuronal hypoxic tolerance induced
by the three-trial, in contrast to one-trial, mild hypoxic preconditioning
is apparently largely associated with the activation of CREB, as well as
BDNF and Bcl-2 overexpression.

Keywords Hypoxic preconditioning, brain hypoxic tolerance, pCREB
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Ankrd11 is a potential transcriptional regulator that is implicated
in cognitive dysfunction and ASD, but has no known function in the
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brain. We show that Ankrd11 is expressed in the embryonic cortex,
and that when it was knocked-down in murine cortical precursors this
caused decreased proliferation, reduced neurogenesis, and aberrant
neuronal positioning in developing cortex. Knockdown of Ankrd11 in
human forebrain neural precursors phenocopied Ankrd11 knockdown
in murine neural precursors. Decreased proliferation of embryonic
and adult neural precursors and neuronal mispositioning were also
observed in Yoda mice carrying a point mutation in the histone
deacetylase (HDAC)-binding domain of Ankrd11. Yoda mice also
displayed ASD-like behavioural abnormalities. Consistent with a role for
Ankrd11in histone acetylation, Ankrd11 was associated with chromatin
and co-localized with HDAC3. Also, expression and histone acetylation
of Ankrd11 target genes were altered in Yoda neural precursors. Finally,
the Ankrd11 knockdown-mediated decrease in precursor proliferation
was rescued by inhibiting histone acetyltransferase activity or
expressing HDAC3. Thus, Ankrd11 is a crucial epigenetic regulator
of neural development that regulates histone acetylation and gene
expression, thereby providing a likely explanation for its association
with cognitive dysfunction and ASD.

Keywords Chromatin, stem cells, brain development
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Endocannabinoids (eCBs) are bioactive lipids which primarily influence
synaptic communication in the nervous system. They are synthesized
by neurons but also by microglia, especially under inflammation. To
exert their function, eCBs travel across the intercellular space. However,
how eCBs move extracellularly remains obscure. Our recent evidence
indicates that reactive microglia release extracellular vesicles (EVs),
which may represent an ideal vehicle for the transport of hydrophobic
eCBs. Hence, in this study we investigated whether microglial EVs carry
eCBs and may influence neurotransmission. First we analyzed the eCB
content of EVs and found a clear enrichment of anandamide (AEA) in EVs
relative to parental microglia. This analysis revealed higher AEA levels
in EVs shed from the plasma membrane (microvesicles), compared to
those which originate from the endocytic compartment (exosomes).
To bioassay the activity of vesicular AEA, we used patch clamp analysis
of miniature inhibitory post-synaptic currents (mIPSC) on hippocampal
neurons in vitro. Exposure of neurons to microvesicles (MVs) induced
a significant decrease in mIPSC frequency, mimicking the action of
CB1R agonists. The involvement of vesicular AEA in this phenomenon
was inferred from the ability of the CB1R antagonist SR141716A to
block the reduction of mIPSC frequency evoked by MVs. Western blot
analysis showed that MVs induces an increase in ERK phosphorylation,
which was completely inhibited by SR141716A. This indicate that CB1R
activation by AEA-storing MVs translates into downstream signaling.
Finally, consistent with a surface localization of AEA, MVs membranes
maintained their capability to decrease mIPSC frequency. Overall, this
study shows that microglial MVs carry AEA on their surface to stimulate
CB1R on target GABAergic neurons thus playing a crucial role in the
modulation of inhibitory transmission.

Keywords Endocannabinoids, extracellular vesicles, microglia-neuron
signaling
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Peripheral nerve injuries are an important part of everyday medical
practice since there are reported over 600,000 cases in Europe and
in the United States annually [1]. Many of such nerve injures cause
gaps between nerve stumps. Without intervention, they can lead
to the formation of a stump neuroma, what can result in functional
impairment of the nerve fiber. The current approaches to regeneration
of damaged peripheral nerves include: autografting, allografting, and,
last but not least, the implantation of polymeric tubes and conduits
between nerve stumps. Nerve autografting is considered as the “gold
standard” technique for the repair of peripheral nerve discontinuities,
but it has a number of limitations, such as the requirement for the
second surgical procedure to harvest the graft tissue, the donor site
morbidity, additional injuries and scarring as well as the increased
recovery time. Allografts (e.g., cadaver nerve grafts) and xenografts
(e.g. animal nerve grafts) can be an alternative to autografts, but their
main drawback lies in the high possibility of an undesirable immune
response. The most promising materials for peripheral nerve conduits
preparation are natural biopolymers. They are obtained from natural
sources, exhibit similar properties to the tissues they are replacing
and reveal good cell adhesion. Furthermore, they tend to accelerate
regeneration processes due to specific chemical interactions within
the human body, e.g. with extracellular matrix (ECM) molecules. The
purpose of our study is to create a conduit with properties that will
mimic the ones of the extracellular matrix of the peripheral nervous
system. Our focus is put on natural polymers, especially chitosan.
In addition, we use chemotactic factors which exhibit properties
beneficial in regeneration of the peripheral nervous tissue.
Keywords Biomaterials, hydrogel, nerve regeneration
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Ginkgo biloba extract is a neuroactive agent that is widely used for
correction of age-associated impairment of memory, attention deficit
and other cognitive functions. It has been shown that ginkgolides and
bilobalides, Ginkgo biloba extract components, are potent blockers of
glycine receptors [1,2]. However, the effect of ginkgolic acid, the other
Ginkgo biloba extract constituent, on ligand-gated ion channels was
not investigated. In the present study, using patch-clamp technique
and transient transfection of different subunits in CHO cells we have
shown that glycine receptors (GlyRs) are modulated by ginkgolic acid
in a subunit-specific manner. After pre-application of ginkgolic acid
(0.5-2 min), glycine-induced currents mediated by al GlyRs were
strongly potentiated, while currents mediated by a2 GlyRs exhibited
weak inhibition. There was no significant effect of ginkgolic acid on
amplitudes of currents mediated by a3 GlyRs or on GABAARs composed
of 1a/1B/2y subunits. In order to further investigate subunit-specific
effect of ginkgolic acid we have focused on possible interaction sites for
this compound inside different GlyR domains. We found that mutation
of three residues (T59A/A261G/A303S) in a2 subunit can convert
the inhibitory action of ginkgolic acid into potentiation. Indeed,
application of ginkgolic acid to cells expressing a2 T59A/A261G/A303S
subunits resulted in an increase of responses to low concentrations
of glycine and abolishment of the inhibitory effect, typical for wild
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type a2 GlyR. Our results suggest that (i) ginkgolic acid selectively
enhances the function of a1 GlyRs and attenuates the function of a2
GlyRs, (i) mutation of a2 subunit converts effect of ginkgolic acid from
inhibition to potentiation.

Keywords Glycine receptor, ginkgolic acid, patch-clamp
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Iron oxide nanoparticles (IONPs) are frequently used for biomedical
applications including magnetic resonance imaging, drug delivery or
tumor treatment by hyperthermia. Since IONPs can reach the brain
from periphery or are directly applied into the brain, the investigation
of potential adverse effects of IONPs on properties and functions of the
different types of brain cells is an important task. In order to directly
compare different types of brain cells concerning the uptake and
toxicity of IONPs, we synthesized fluorescent IONPs and characterized
these BODIPY-labeled particles regarding their physicochemical
properties. In the medium used for the cell studies, these particles
had a hydrodynamic diameter of around 158 + 28 nm and a negative
surface charge with a zeta-potential of —10 + 2 mV. Exposure of primary
cultures of rat astrocytes, neurons and microglial cells revealed that
among these cell types, microglial cells accumulated IONPs most
rapidly. However, microglial cells were also most vulnerable towards
acute IONP-induced stress while astrocytes and neurons were not
acutely damaged by IONPs. In microglial cells, but not in astrocytes
or neurons, IONPs were found to be localized in lysosomes and large
amounts of reactive oxygen species (ROS) were observed after IONP-
exposure. The IONP-induced toxicity in microglial cells was prevented
by neutralizing lysosomes or by chelation of intracellular ferrous iron
ions, suggesting that the toxic potential of IONPs in microglia involves
rapid particle uptake, liberation of ferrous iron from the internalized
IONPs in the acidic lysosomal compartment and iron-catalyzed ROS
formation. These data suggest that also in brain IONPs may harm
microglial cells and compromise microglial functions.

Keywords Toxicity, protection, nanoparticles
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Regulated trafficking of mitochondria in neurons is essential for
providing ATP at the correct spatial location to power neural function
and computation, and for providing calcium buffering at sites of
calcium entry or release. Indeed the regulation of mitochondrial distri-
bution, morphology and function are proposed to play an important
role in neuronal development and survival but the regulatory
mechanisms remain unclear. Miro family proteins (Miro1 and Miro2
in mammals) contain a transmembrane domain locating them to the
outer mitochondrial membrane, along with two GTPase domains and
two calcium-sensing EF-hand domains that face into the cytosol, and
play a key role in regulating mitochondrial transport. Miro proteins
mediate mitochondrial trafficking in neurons by linking mitochondria
to kinesin and dynein motor proteins for their transport in axons and
dendrites. Miro proteins are also targets for the Parkinson’s Disease
associated PINK1/Parkin mitophagy pathway and are therefore
implicated in altered mitochondrial dynamics during mitophagy. Here
| will present our recent results on the role played by Miro proteins in
regulating mitochondrial trafficking and quality control. The role that
Miro-mediated control of mitochondrial trafficking and turnover plays
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in regulating neuronal development, function and pathology will also
be explored.
Keywords Mitochondria, mitophagy, parkinson’s
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Mitochondrial fusion-fission dynamics play a crucial role in many
important cell processes. These dynamics control mitochondrial
morphology, which in turn influences several important mitochondrial
properties including mitochondrial bioenergetics and quality control,
and they appear to be affected in several neurodegenerative diseases.
The molecular machineries behind mitochondrial fusion and fission
events are relatively well known. The regulation of fusion and fission
events beyond the molecular machinery involved is less clear, fusion
and fission are not random occurrences but form a cycle whereby
fission typically follows fusion. Mitochondrial fission machinery may
somehow sense mitochondrial length and become active when the
mitochondrionis oversized and cease when mitochondria are smaller.In
contrast, mitochondrial fusion events depend heavily on mitochondrial
trafficking. Fusion only takes place when two mitochondria meet and
motile mitochondria will be more likely to encounter one another.
In cultured cortical neurons, for example, only one in every 14th
contact between mitochondria results in fusion. The purpose of this
presentation is to provide insight into the complex crosstalk between
different processes involved in mitochondrial fusion-fission dynamics
and to discuss the potential physiological purpose of mitochondrial
fusion and fission.

Keywords Mitochondrial dynamics, neurons, mitophagy
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Mitophagy specifically describes autophagy of damaged or dys-
functional mitochondria and occurs in programmed cell death
when mitochondria fragment and remodel their cristae. Cellular
bioenergetics is entwined with mitochondrial dynamics, and
mitochondrial insults, including depolarization and inhibition of
electron transport chain, trigger mitochondrial fragmentation.
Here we investigated mitophagy in neurons during manipulation
of mitochondrial bioenergetics. Dysfunction of mitochondria was
induced by pharmacological inhibition of respiratory chain complexes
|-V (rotenone, 3-nitropropionic acid, antimycin A, KCN & oligomycin,
respectively) in primary cultures of cerebellar granule cells. The
extent of bioenergetic failure was determined by measuring [ATP],
depolarization of mitochondrial membrane potential and decrease in
oxygen consumption rate in the Seahorse XF24. All stressors produced
mitochondrial dysfunction as shown by concentration- and time-
dependent decline in [ATP] over 4-24 h. Complexes |, lll or IV showed
rapid loss of mitochondrial membrane potential and decreases in
oxygen consumption rate over 4-24 h. Autophagolysosomal flux was
increased as shown by increased LC3-Il and labelling of acidic vacuoles
with monodansylcadaverine. Immunocytochemistry for PINK1 showed
translocation of PINK1 from cytoplasm to mitochondria after injury,
indicating likely involvement of mitophagy during bioenergetic
dysfunction. Transfection of fluorescent pH-biosensor Rosella (Rosado
CJ, et al. Autophagy. 2008;4:205) targeting mitochondria indicated
the pH of the mitochondrial location dropped with the inhibition of
complex | and Il, implying acidification of mitochondria, presumably
in acidic vesicles undergoing mitophagy. Dieback of neuronal arbor
observed here paralleled that seen with a GFP-plasmid. Together these
data indicate that bioenergetic dysfunction produces mitophagy in
primary neurons and is likely to be involved in neuronal dynamics.
Keywords Mitophagy, PINK1, autophagolysosome
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The genes encoding the E3 ubiquitin protein ligase Parkin (PARK2) and
the mitochondrial serine/threonine kinase PINK1 (PARK6) are mutated
in clinically similar, autosomal recessive early onset Parkinson’s disease
(PD) forms. Over the past ten years, a number of studies in different
model systems have demonstrated that PINK1 and Parkin regulate
jointly several processes relevant to maintenance of mitochondrial
quality, including mitochondrial trafficking and dynamics, mitophagy
and biogenesis. By using a combination of approaches of cell
biology, confocal imaging and biochemistry in different cell models,
we recently showed that loss of protein import efficiency triggers
recruitment of Parkin by PINK1 in proximity of the translocase of outer
mitochondrial membrane (TOM). We provided evidence that the
degradation of specific TOM subunits plays a key role in initiating the
autophagic degradation of damaged mitochondria. We also showed
that PINK1 and Parkin interact with the TOM machinery on polarized
mitochondria. Our results suggests that this interaction modulates
the import of the multifunctional mitochondrion-protective matrix
enzyme 17beta-hydroxysteroid dehydrogenase 10, which is depleted
in Parkin-deficient mice and Parkinson’s disease patients. Electron
and confocal microscopy, and calcium imaging approaches used to
characterize the endoplasmic reticulum (ER)-mitochondria interface,
a compartment previously linked to neurodegenerative processes,
revealed enhanced juxtaposition between these organelles, associated
with increased ER-to-mitochondria calcium transfer in cells from Parkin-
deficient mice and patients with PARK2 mutations. Our current work
aims at investigating the relevance of mitochondrial quality control
mechanisms regulated by PINK1 and Parkin in different cell types of the
central nervous system, to evaluate the contribution of each of them to
the physiopathology of autosomal recessive Parkinson’s disease.
Keywords Parkinson’s disease, mitophagy, ER/mitochondria interface
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We have originally discovered activity-dependent neuroprotective
protein (ADNP) as a major regulatory gene, a component of the SWI/
SNF chromatin remodeling complex, essential for brain formation.
Others found ADNP as a most frequent autism spectrum disorder (ASD)-
associated gene. Furthermore, ADNP is the only protein significantly
decreasing in the serum of Alzheimer’s disease (AD) patients. Our most
recent results revealed sex-related learning/memory differences in
mice, reflecting hippocampal expression changes in ADNP and ADNP-
controlled AD/ASD risk genes1. Hippocampal ADNP transcript content
was doubled in male vs. female mice, with females showing equal
expression to ADNP+/- males and no significant genotype-associated
reduction. Increased male ADNP expression was replicated in human
postmortem hippocampal samples. The hippocampal transcript
for ApoE (the major risk gene for AD) was doubled in female mice
compared with males, and further doubled in the ADNP+/- females,
contrasting a decrease in young ADNP+/- males. ADNP regulates
>400 genes during embryonic development, with ApoE being a major
target. Other AD related proteins regulated by ADNP include tau (with
pathological tau constituting the neurofibrillary tangles and with
AD being the major tauopathy). Furthermore, ADNP associates with
microtubule end binding proteins, controlling dendritic spine density,
which is compromised in AD and ASD. Previously, overexpression
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of the eukaryotic translation initiation factor 4E (elF4E) led to ASD-
like phenotype in mice and we have shown that hippocampal elF4E
expression was specifically increased in young ADNP+/- male mice.
Understanding ADNP expression, positioned as a master regulator of
key ASD and AD risk genes, introduces a novel concept of hippocampal
gene-regulated sexual dimorphism toward gender-based biology and
therapeutics.
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Neurotrophin brain-derived neurotrophic factor (BDNF) is a growth
factor that has important roles in the development and functioning
of nervous system by promoting the survival, differentiation and
synaptic plasticity of specific neuronal populations. Modifiability of
neuronal connectivity by formation of new synapses, and alteration
of the strength and stability of existing synapses, is regarded as the
main cellular basis for memory and long-term behavioral adaptations.
The gene encoding BDNF is considered to be one of the master genes
of synaptic plasticity. BDNF has also received particular interest for
its deregulation in nervous system disorders. Decreases of BDNF
and its receptor TrkB levels and activity are accompanied by and are
believed to lead to several pathologies, particularly nervous system
diseases like neurodegenerative, psychiatric and cognitive diseases.
Therefore knowledge about the regulatory mechanisms of BDNF gene
is important both for understanding of nervous system function and
for finding new drug targets. Results of our studies on the molecular
mechanisms of neuronal activity-regulated expression of BDNF gene in
the nervous system will be presented and discussed.
Acknowledgements Supported by by Estonian Research Council
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Hypoxic preconditioning is a pre-exposure to the repetitive mild
hypoxia which results in development of brain hypoxic/ischemic
tolerance and cross-tolerance to injurious factors of another nature. The
endogenous defense processes mobilized by hypoxic preconditioning
and resulting in formation of brain tolerance are based on evolutionary
acquired gene-determined mechanisms of neuroprotection and
adaptation. Key event is an activation of pro-adaptive transcriptional
factors HIF-1, CREB, NF-kB, c-Fos, NGFI-A and down-stream expression
of their target genes in vulnerable brain neurons. An important role can
thus be suggested for the epigenetic regulation of gene expression, in
particular, acetylation of core nucleosome histones leading to changes
in chromatin structure which ensure access of the transcriptional factors
activated by the preconditioning to the promoters of target genes. It
has been shown that hypoxic preconditioning considerably increases
an acetylation status of all histones and, particularly, H3 in the neurons
of rat hippocampus and neocortex, whereas injurious severe hypoxia
causes global repression of histone acetylation. Diverse effects of the
severe hypoxia and mild hypoxic preconditioning on the methylation
of DNA and histones have also been observed. The complex of the
epigenetic modifications induced by the hypoxic preconditioning is
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attributed to the relaxed DNA which becomes available for activation of
gene expression by pro-adaptive transcriptional factors up-regulated
by the preconditioning.
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Understanding the mechanisms regulating gene expression in
the course of development and adaptation of the organism to the
permanently changing environment and in the case of pathology is
fundamentally important. Special attention in recent years has been
paid to the processes of epigenetic regulation of neuronal genes
involving chromatin modifications at the level of DNA methylation
and histone acetylation. In these processes an important role belongs
to the histone deacetylases (HDAC) which control gene silencing.
Recently it was shown that the amyloid precursor protein (APP) and
its intracellular domain (AICD) participate in regulation of expression
of a number of neuronal genes, including those involved in amyloid
metabolism and clearance. The list of APP-regulated genes includes the
major amyloid-degrading enzyme neprilysin (NEP), a transport protein
transthyretin (TTR), aquaporin and others. Our studies strongly indicate
that AICD regul