
PL4
mRNA LOCALIZATION AND PROTEIN SYNTHESIS IN
NEURONS
Schuman, E.M., Cajigas, I.C., Will, T., Tushev, G., Fuerst, N. and
tom Dieck, S.

Max Planck Institute for Brain Research, Frankfurt, Germany

An individual neuron in the brain possesses approximately
10,000 synapses, many of which are hundreds of microns away

from the cell body, which can process independent streams of
information. During synaptic transmission and plasticity, remodel-
ing of the local proteome occurs via the regulated synthesis and
degradation of new proteins. I will discuss previous and current
studies aimed at understanding how local protein synthesis
contributes to synaptic function and plasticity. Using deep-sequenc-
ing techniques and bioinformatic approaches, we can now describe
the local transcriptome- a large population of previously undetected
mRNAs that code for synaptically relevant proteins.
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ESN Young Scientist Lecture 2
YSL3
THE NAD+/NADH REDOX STATE OF ASTROCYTES:
REGULATION AND FUNCTIONAL IMPLICATIONS
Hirrlinger, J.

University of Leipzig, Carl-Ludwig-Institute for Physiology,
Leipzig, Germany

NAD+ and NADH constitute a redox pair crucially involved in
cellular metabolism and function. However, while astrocytes are an
important cell population contributing to brain metabolism and
brain signaling, little is known about the control of the NAD+/
NADH redox state in these cells. Using biochemical and imaging
approaches, we therefore analyzed the regulation of NAD+ and
NADH in astrocytes as well as the influence of the NAD+/NADH

redox state on Ca2+-signals. While the NADH content of astrocytes
was very sensitive to changes in energy metabolism, the NAD+

content was surprisingly constant under these conditions but could,
however, be modulated by NAD+ synthesis and degradation.
Furthermore, application of neurotransmitters like dopamine to
astrocytes evoked a biphasic response of the NAD(P)H-fluorescence
signal dependent of D1-receptors, protein kinase A and 5�-AMP-
activated protein kinase signaling. Finally, the NAD+/NADH redox
state modulated astroglial Ca2+-signals as shown both for sponta-
neous Ca2+-signals and Ca2+-waves. This interdependence of
astroglial metabolism and Ca2+-signals might contribute to fine
tuned participation of astrocytes to neuronal activity and functional
states of the brain.
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Symposium 18
Intracellular Transport in Axons and Dendrites,

and its Related Diseases
S18-01
A VESICULAR SNARE REQUIRED FOR SEMAPHORIN 3A
AXONAL REPULSION
Galli, T., Zylberstejn, K., Petkovic, M. and Burgo, A.

INSERM ERL U950, Institut Jacques Monod, UMR7592, CNRS,
Université Paris-Diderot, Paris, France

Axonal growth cones are guided by attractive and repulsive
molecules, particularly semaphorins. The role of vesicular traffick-
ing in axonal guidance is still largely unknown. Here we show that
the exocytic v-SNARE Synaptobrevin2 (Syb2) is required for
Semaphorin3A-dependent repulsion, but not Semaphorin3C-depen-
dent attraction. Syb2 knockout mice show defasciculation of
Neuropilin 1-positive cortical axons. Syb2 associates with Neuro-
pilin1 and PlexinA1, components of the Sema3A receptor, through
Syb2’s juxta and trans-membrane domain. Syb2 deficient neurons
also fail to collapse and transport PlexinA1 to cell bodies upon
Sema3A treatment. Sema3A inhibits the exocytosis of Syb2 and
inactivation of SNAP-25, Syb2’s target SNARE, blocks Sema3A
repulsion. We conclude that Sema3A repulsion requires the
regulation of Syb2 dependent exocytosis.

S18-02
BICAUDAL-D FAMILY PROTEINS: REGULATORS OF
SECRETORY TRAFFICKING
Hoogenraad, C.C.1,2, Grigoriev, I.1, Akhmanova, A.1 and
Schlager, M.A.2

1Cell Biology, Science Faculty, Utrecht University, Utrecht,
Netherlands

2Neuroscience, Erasmus Medical Center, Rotterdam, Netherlands

Active transport along polarized microtubules allows neurons to
quickly and accurately transport a large variety of subcellular
components to axons and dendrites. Cytoplasmic dynein together
with the accessory complex dynactin, referred to as the dynein-
dynactin complex, form the most important minus-end directed
motor within neurons. The great number and variety of transport
cargoes together with the paucity of minus-end directed motors
necessitates an additional mode of regulation of the motor/cargo
interaction. One way to regulate these interactions is through the use
of adaptor proteins, which link cargo to motor proteins by
interacting with both simultaneously.

A well-studied group of adaptor proteins is the evolutionarily
conserved Bicaudal-D (BICD) family. Bicaudal-D was first
described in Drosophila as an essential factor in oogenesis and
embryogenesis and functions by controlling dynein-dynactin med-
iated RNA particle transport. In mammalian systems two BicD
homologues are present, named BICD1 and BICD2, and have both
been implicated in Rab6 secretory vesicle transport. The N-terminal
part of BICD binds to the dynein-dynactin motor complex and is
sufficient to induce microtubule dependent minus-end directed
transport whereas the C-terminal part of BICD contains the cargo-
binding domain and directly interacts with the small GTPase Rab6.

Recently, we have identified two new members of the BICD family,
BICD related protein 1 (BICDR-1) and BICD related protein 2
(BICDR-2). Similar to BICD, BICDR-1 binds to Rab6 as well as
dynein-dynactin and is a key component of the molecular machinery
that controls secretory vesicle transport in developing neurons.
BICDR-1 interacts with kinesin motor Kif1C, the dynein/dynactin
retrograde motor complex, regulates the localization of Rab6-
positive secretory vesicles and is required for neural development in
zebrafish. BICDR-1 expression is high during early neuronal
development and strongly declines during neurite outgrowth. We
propose an important role for BICDR-1 as temporal regulator of
secretory trafficking during the early phase of neuronal differenti-
ation.

S18-03
MOLECULAR MOTOR COORDINATION DURING
BIDIRECTIONAL AXONAL TRANSPORT
Holzbaur, E.L.

University of Pennsylvania, Philadelphia, USA

The microtubule motors kinesin and dynein drive bidirectional
transport along the axon, but the mechanisms that coordinate the
function of these oppositely-directed motors are not well understood.
To investigate the mechanisms that coordinate kinesin and dynein
motors for effective organelle transport, we used high-resolution live
cell imaging to examine late endosome/lysosome dynamics in
primary neurons. We compared these observations to the motility
of purified Rab7-positive late endosomes/lysosomes in vitro in
reconstitution experiments. Photobleaching and quantitative western
blotting indicates that 1–5 dynein and 1–4 kinesin motors are
sufficient to drive robust vesicle motility. These observations, in
conjunction with mathematical modeling, suggest that a small
number of tightly associated motors drive bidirectional vesicle
transport along the axon, and that directional switching at short time
scales is a consequence of the force-dependent dissociation kinetics
of the motors in the absence of external regulation. While stochastic
fluctuations in motor engagement mediate directional switching over
short time scales, regulatory mechanisms likely control net flux on
longer time scales to allow for targeted trafficking of vesicular
cargoes. To better understand the regulatory mechanisms involved,
we focused on JNK (c-jun N-terminal kinase) and the interacting
scaffolding protein JIP1. Pharmacological inhibition of JNK induces
a bidirectional inhibition in the axonal transport of both Rab7-positive
and APP-positive organelles, with significant decreases in both speed
of movement and percent motility. In contrast, activation of JNK
enhances retrograde transport along the axon. Targeted knockdown of
JIP1 also inhibits the motility of late endosomes/lysosomes and APP,
suggesting that JIP1 is a mediator of JNK signaling in the axon.
Biochemical studies demonstrate that JIP1 interacts with both
anterograde and retrograde motor complexes, through interactions
with both kinesin and dynactin. These interactions are mediated by
distinct, non-overlapping domains of JIP1, suggesting that JIP1
serves as a bidirectional co-regulator of these motors. Together, these
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data support a model in which both stochastic fluctuations in motor
activity and active regulation by kinases, mediated via scaffolding
proteins, contribute to the coordination of bidirectional transport
along the axon. Supported by NIH grants GM48661.

S18-04
DISC1 ACTS AS A CARGO ADAPTER FOR NEURONAL
TRANSPORT OF SPECIFIC PROTEINS AND MESSENGER
RNAS
Kaibuchi, K.

Nagoya University Graduate School of Medicine, Nagoya, Japan

Schizophrenia is a severe psychiatric disorder with lifelong
disability. Although the causes of schizophrenia remain largely
unknown, it has been widely reported that schizophrenia has high
inheritance, indicating the existence of genetical risk factors (Owen
et al., 2004; Craddock et al., 2005; Harrison and Weinberger, 2005).
Disrupted-In-Schizophrenia 1 (DISC1) is a candidate gene for
susceptibility to schizophrenia. Accumulating evidence suggests
that DISC1 participates in neurodevelopment such neurogenesis,
neuronal migration and axon/dendrite formation through the

interaction with NUDEL/LIS1, FEZ1 and GSK3b. We also found
that DISC1 accumulates at the tip of axons and regulates the axonal
transport of NUDEL/LIS1/14-3-3 epsilon complex (Taya et al.,
2007), Grb2 (Shinoda et al., 2007) and Girdin (Enomoto et al.,
2009) through Kinesin-1 in rat hippocampal neurons. However, its
modes of action remain largely unknown. Here, we comprehen-
sively screened for DISC1-interacting proteins by proteomic
analysis and identified many RNA-binding proteins including
Hematopoietic zinc finger (HZF), which acts as a component of
RNA-transporting granules and participates in the dendritic local-
ization of inositol 1,4,5-trisphosphate receptor type 1 (IP3R1)
mRNA. DISC1 co-localizes with HZF and RNA-transporting
granules in hippocampal dendrites. DISC1 directly associates with
IP3R1 mRNA and is co-transported into dendrites. Impairment of
DISC1 function prohibits both the dendritic transport and BDNF-
induced local translation of IP3R1 mRNA. Because Kinesin-1 also
interacts with DISC1 and mediates the transport of DISC1 and
IP3R1 mRNA along microtubules, we propose that DISC1 with
HZF binds IP3R1 mRNA and thereby regulates its dendritic
transport as a cargo adaptor for the local translation.
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Symposium 19
Septin Research and Neuronal Disease

S19-01
ROLE OF THE SEPTIN IN NEURAL CELL MIGRATION
DURING BRAIN DEVELOPMENT
Nagata, K., Shinoda, T., Nishimura, Y.V. and Ito, H.

Institute for Developmental Research, Aichi Human Service Center,
Kasugai, Japan

Septins are GTP/GDP-binding proteins interacting with cell
membranes and the cytoskeleton, and thought to play pivotal roles
in neuronal cell polarity, neurotransmitter release and development.
Recent studies have revealed that abnormalities in the genetic
expression and molecular function of septins are involved in
neurological diseases such as Alzheimer’s disease, Parkinson’s
disease and schizophrenia.

On the other hand, correct neuronal generation, migration and
positioning during cortical development are essential for proper
brain formation and functions, and abnormalities during cortico-
genesis may cause developmental disorders including mental
retardation and epilepsy. In the study, we focused on the functions
of septin family members, Sept14 and Sept4. By in utero
electroporation, we found that the two septins, in a coordinated
manner, play important roles in the brain development through
regulation of neuronal morphology and migration. We then screened
interacting molecules for Sept4 and Sept14 to investigate the
molecular mechanism of their functions. By using a method
combining affinity column chromatography with shotgun liquid
chromatography tandem mass spectrometry (LC-MS/MS), we
isolated �100 candidates with various affinities to Sept4 and
Sept14.

S19-02
EVIDENCE FOR THE INVOLVEMENT OF SEPTINS IN
SCHIZOPHRENIA AND BIPOLAR DISORDER
Cotter, D.R.1, Focking, M.1, English, J.1,2 and Cagney, G.2

1RCSI, Dublin, Ireland
2CIPRC, Dublin, Ireland

Schizophrenia is amongst the most debilitating of disorders and
its core pathophysiology is poorly understood. Significant support
exists for the presence of altered myelination, synaptic plasticity and
GABergic function in the disorder. We have undertaken proteomic
studies to identify novel mechanisms of disease pathogenesis in
schizophrenia and in bipolar disorder. 2D gel eletrophoresis was
used to characterise differential protein expression in the prefrontal
cortex and hippocampus. In keeping with previous work we have
found evidence of mitochondrial and cytoskeletal dysfunction.
Remarkably, we have also found robust evidence implicating the
septin family of proteins. First, in dorsolateral prefrontal cortex we
observed upregulation of septin 5, 6 and 11 in both schizophrenia
and in bipolar disorder. Septin 5 has roles in the presynaptic SNARE
complex and cytoskeletal stability, functions which are implicated in
schizophrenia. Subsequently, in hippocampus, using differential in-
gel electrophoresis (DIGE) we observed prominent reductions in the
expression of Septin11 in both disorders in the CA2/3 and also in

CA4 subregions. We confirmed this reduction in Septin 11 by
western blotting in CA4 in schizophrenia and in bipolar disorder.
Septin11 has roles in myelination, dendrite spine morphology and
GABAergic synaptic connectivity. Alterations of Septin11 are thus
highly relevant to schizophrenia. The implications of Septin
involvement in major psychiatric disorders will be discussed.

S19-03
A SEPTIN MULTIMER STABILIZES CENTRAL NERVOUS
SYSTEM MYELIN
Werner, H.B.

Department of Neurogenetics, Max Planck Institute of Experimental
Medicine, Goettingen, Germany

Rapid nerve conduction in vertebrates is achieved by the
insulation of neuronal axons with myelin, a multi-layered com-
pacted membrane system extended from glial cells. We are
interested in the molecules contributing to the structural organiza-
tion of myelin. Based on the observation that mature myelin is actin-
free we hypothesized that proteins of the septin family may
constitute a cytoskeletal membrane cortex in myelin. By quantita-
tive proteome analysis we identified SEPT8 as the most abundant
septin of central nervous system myelin. Aiming at understanding
the function of myelin septins in vivo we generated mice lacking
SEPT8 either constitutively or conditionally in myelinating glia.
Our results indicate that SEPT8 occurs as a heterooligomer together
with SEPT2, -4, and -7 in normal myelin. Mice lacking the
heterooligomer display pathogenic myelin outfoldings. We propose
that this phenotype reflects the impaired function of oligodendro-
cytes to establish the lateral compartmentalization into functional
domains of myelin required for long-term structural integrity.

S19-04
REGULATION OF COLLATERAL AXON BRANCHING BY
SEPTIN GTPASES IN SENSORY NEURONS
Spiliotis, E.T.1,2, Hu, J.1,2, Bai, X.1, Korobova, F.3, Ewers, H.4,
Svitkina, T.3 and Gallo, G.2

1Drexel University, Department of Biology, Philadelphia, USA
2Drexel University, Department of Neurobiology and Anatomy,
Philadelphia, USA

3University of Pennsylvania, Department of Biology, Philadelphia,
USA

4ETH Zurich, Zurich, Switzerland

Development of the nervous system requires patterns of inner-
vation, which are shaped by the collateral and terminal branching of
axons. Collateral branches are formed from axonal shaft filopodia
and require the coordinated action of the actin and microtubule
cytoskeleton. Using chicken dorsal root ganglia as a model system,
we found that septin 6 (SEPT6) localizes to actin-rich patches
throughout the axon shaft. In contrast, septin 7 (SEPT7) localized to
the base of axonal shaft filopodia. Time-lapse microscopy revealed
that both SEPT6 and SEPT7 accumulate at sites of incipient
filopodia. SEPT6 and SEPT7 depletion and over-expression resulted
in significant decrease and increase in the number of >5 um-long
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axon branches, respectively. To determine how SEPT6 and SEPT7
are involved in axon branch formation, we analyzed the dynamics
of filopodia formation. Depletion or over-expression of SEPT6, but
not SEPT7, affected the rate of filopodia formation. Imaging of actin
dynamics showed that SEPT6 over-expression increases the
transition of actin patches to filopodia, but has no effect on F-
actin patch formation and life-span. Although SEPT7 had no role in
the protrusive activity of F-actin patches, microtubule-presence in

nascent filopodia depended on SEPT7. Absence of MAP1B from
axonal sites of SEPT7-GFP accumulation indicated that SEPT7 may
antagonize MAP1B for microtubule entry into actin-rich protru-
sions. Taken together, our data suggest a two-step mechanism for
the development of axon branches. First, SEPT6 triggers the
conversion of membrane F-actin patches to axonal filopodia, and
second, SEPT7 facilitates the entry of axonal microtubules into
nascent filopodia, and thus the formation of axon branches.
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Symposium 20
The Amyloid Precursor Protein (APP) and Prion
Protein Metabolomes: Interactions, Mechanisms

and Neurodegeneration
S20-01
THE APP METABOLOME: NEW INSIGHTS AND NEW
THERAPEUTIC TARGETS
Turner, A.J., Belyaev, N.D., Beckett, C., Hicks, D., Makova, N.Z.
and Nalivaeva, N.N.

Institute of Molecular & Cellular Biology, University of Leeds,
Leeds LS2 9JT, UK

The importance of the amyloid b-peptide (Ab) and its oligomers
to Alzheimer pathology and disease progression is well established.
However, understanding the physiology and functions of the
amyloid precursor protein (APP) has been highly influenced by an
amyloidocentric perspective of the protein despite the heterogeneity
of its expression and its processing into multiple metabolites in
different cellular compartments. Hence the overall complexity of the
APP metabolic network, and its regulation, have rarely been
addressed in their entirety. Metabolism of the amyloid precursor
protein (APP) contributes to the pathogenesis of Alzheimer’s
disease. The consecutive processing of APP by b- and c-secretases
generates a soluble ectodomain (sAPPb), the Ab peptide and the
APP intracellular domain (AICD). Current therapeutic strategies
have focused on preventing Ab formation or enhancing its clearance
yet, in 20 years, they have failed to produce clinically effective
drugs. The b-secretase pathway is predominantly restricted to
endocytic compartments and is lipid-raft mediated. The APP
intracellular domain, AICD, can regulate transcription of several
neuronal genes, including glycogen synthase kinase-3b, aquaporin-
1, and especially the Ab-degrading enzyme, neprilysin (NEP). We
have shown by chromatin immunoprecipitation studies that tran-
scriptional upregulation involves direct binding of AICD to the NEP
promoters competitively with the histone deacetylase HDAC1 in a
neuronally specific manner. The alternative and predominant
a-secretase pathway of APP metabolism generates a larger ectodo-
main (sAPPb), which precludes the formation of Ab but could allow
formation of AICD. We have further explored the molecular
mechanisms underlying the differential compartmentation of the a-
and b-secretase mediated pathways of APP metabolism, their
modulation by protein-protein interactions, and the molecular basis
of the transcriptional regulation. A more complete understanding of
the APP metabolic network and its interactions may provide new
opportunities for therapeutic intervention in AD.

This work was supported by the UK Medical Research Council
and Alzheimer’s Research UK.

S20-02
IDENTIFICATION OF A NOVEL APP/AICD-BINDING
PROTEIN THAT REGULATES APOPTOTIC CELL DEATH
Xu, H.1, Zhang, H.1,2, Chen, Y.1, Chen, Y.G.3 and Zhang, Y.W.2

1Neurodegenerative Disease Research Program, Sanford-Burnham
Medical Research Institute, La Jolla, USA

2Fujian Provincial Key Laboratory of Neurodegenerative Disease
and Aging Research, College of Medicine, Xiamen University,
Xiamen, China

3School of Life Sciences, Tsinghua University, Beijing, China

One of the most common neurodegenerative disorders is
Alzheimer’s disease (AD), which is characterized by excessive
formation and accumulation of senile plaques in the brain. The
major component of senile plaques are b-amyloid (Ab) peptides
derived from the b-amyloid precursor protein (APP) through
sequential cleavages, first by b-secretase (BACE1) to produce a
b-C-terminal fragment of APP (b-CTF or C99) and then by
c-secretase to generate Ab. Ab is highly toxic to neurons in
susceptible brain regions and can trigger a cascade of pathogenic
events including tau hyperphosphorylation, loss of synapses and
eventually neuronal cell death. In addition to Ab, c-secretase
cleavage of APP also generates the soluble APP intracellular
domain (AICD) which has been found to have neurotoxic effects,
enhance p53-mediated apoptosis, and regulate transcription of
certain genes, such as p53, GSK-3 and EGFR, which are involved in
cell survival/tumorigenesis. We have recently identified an AICD
interacting mitochondrial solute carrier family protein (designated as
appoptosin) that induces ROS release and intrinsic caspase-depen-
dent apoptosis. The physiological function of appoptosin is to
transport/exchange glycine/dALA across the mitochondrial mem-
brane for heme synthesis. APP/AICD-appoptosin interaction mod-
ulates appoptosin-induced apoptosis. Levels of appoptosin are up-
regulated in brain samples from AD and infarct patients and in
rodent stroke models, as well as in neurons treated with Ab
oligomers. Down-regulation of appoptosin prevents the mitochon-
drial fragmentation and caspase activation caused by glutamate or
Ab insults in neurons. Our study identifies appoptosin as a crucial
player in apoptosis and a novel proapoptotic protein involved in
neuronal cell death, providing a possible new therapeutic target for
neurodegenerative disorders and cancers.

S20-03
THE ROLE OF APP INTRACELLULAR DOMAIN IN
ALZHEIMER�S DISEASE
Pimplikar, S.W.

Cleveland Clinic, Department Neurosci, Lerner Res. Inst.,
Cleveland, USA

Amyloid precursor protein (APP) generates multiple smaller
peptides including amyloid-b (Ab) and APP intracellular domain
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(AICD). Although Ab is known to play a pivotal role in
Alzheimer’s disease (AD) pathology, there is growing evidence
that amyloid-independent mechanisms also contribute to AD
pathogenesis. AICD exerts significant biological effects by regulat-
ing intracellular signaling pathways and modulating gene expres-
sion.

We generated transgenic mice (AICD-Tg) that overexpress AICD
in the forebrain and hippocampal neurons and showed that these
mice recapitulate AD-pathologies, including memory deficits, in an
age-dependent manner. AICD activates inflammatory pathways and
neuroinflammation is the earliest pathological feature observed in
these animals. Treatment of AICD-Tg mice with non-steroidal anti-
inflammatory drugs (NSAIDs) blocks development of many
pathological features.

These results indicate that inflammation plays a crucial role in
AD-pathologies in AICD-Tg mice. We suggest a model in which
Chronic Low-grade Neuroinflammatory Environment (CLONE),
triggered by factors such as AICD, Ab, aging, stroke etc, plays a
causative role in the pathogenesis of AD. Chronic neuroinflamma-
tion inhibits synaptic transmission and causes neuronal cell death.
Our results provide a basis for the observations that NSAID
treatment provides significant protection against developing AD
when initiated prior to the appearance of the symptoms. We suggest

that the anti-inflammatory drugs lose their effectiveness against AD
once the self-perpetuating cycle of inflammation sets in. We propose
that anti-inflammatory treatment should be an integral component of
the therapeutic strategy against AD.

S20-04
AICD CONTROLS P53 AND REGULATES bAPP
PROCESSING
Checler, F.

IPMC, UMR6097 CNRS/UNSA, Valbonne, France

Ab production results from the sequential attack of bAPP by
b- and c-secretase. The latter enzyme is composed of at least four
distinct subunits, namely presenilin1 (PS1) or PS2, nicastrin, Aph-1
and Pen-2. Besides Ab, an intracellular domain named AICD could
act as a transcription factor and regulates, besides others, the
transactivation of the p53 promoter. All members of the complex
regulate or are regulated by p53. Here we substantiate these data by
delineating a molecular cross-talk between several members of the
complex such as presenilin 1 and Pen-2 and by examining directly
the influence of p53 in cellular and in vitro c-secretase assays.

� 2011 The Authors
172 Journal Compilation � 2011 International Society for Neurochemistry, J. Neurochem. 118 (Suppl. 1), 165–244

The Amyloid Precursor Protein (APP) and Prion Protein Metabolomes: Interactions, Mechanisms and Neurodegeneration



Symposium 21
Molecular, Cellular, and Circuit Mechanisms

Underlying Brain Dopamine Functions
S21-01
BASIC MECHANISMS AND REGULATION OF
NEUROTRANSMITTER RELEASE BY MIDBRAIN
DOPAMINE NEURONS
Trudeau, L.E.

University of Montreal, Department of pharmacology, Neuroscience
Research Group, Montreal, Quebec

Regulation of the pre- and postsynaptic actions of dopamine is at
the heart of a number of therapeutic strategies for the treatment of
diseases such as Parkinson’s and schizophrenia. However, little is
currently known regarding the basic mechanisms that mediate and
regulate dopamine release in the brain. At the axon terminal level,
the D2 autoreceptor is known to tightly regulate axonal dopamine
release through a negative feedback mechanism that is presently ill-
defined. At the somatodendritic level, dopamine is known to be
released from the dendrites and cell body of dopamine neurons, but
the molecular mechanism involved has not been properly charac-
terized. This presentation will provide a brief overview of my
laboratory’s work on these two questions. I will first describe the
results of cyclic voltammetry experiments using selective potassium
channel neurotoxins suggesting that the ability of the D2 receptor to
inhibit dopamine release is dependent on the function of voltage-
dependent potassium channels of the Kv1 subtype. In the second
part of the presentation, I will present the results of experiments
performed with a new in vitro primary culture system allowing us to
detect dopamine release from the somatodendritic compartment of
dopamine neurons. Using a siRNA strategy, we tested the hypoth-
esis that the differential calcium-dependence of somatodendritic
dopamine release is due to selective expression of different
synaptotagmin isoforms in the axon terminal and somatodendritic
compartment of these neurons. We provide evidence showing that
while synaptotagmin 1 is required for axonal dopamine release,
synaptotagmins 4 and 7 are particularly important for somatoden-
dritic dopamine release. Work funded by the Canadian Institutes of
Health Research.

S21-02
PHYSIOLOGICAL PROPERTIES AND ADULT
NEUROGENESIS OF DOPAMINERGIC NEURONS IN THE
MOUSE OLFACTORY BULB
Belluzzi, O.1, Pignatelli, A.1 and Borin, M.2

1University of Ferrara, Department of Biology and Evolution,
Ferrara, Italy

2University of Insubria, Department of Experimental and Clinical
Biomedical Sciences, Varese, Italy

The olfactory bulb (OB) of mammals contains a large population
of dopaminergic (DA) interneurons within the glomerular layer
(GL) which have been shown to modulate several aspects of
olfactory information processing. To study the functional properties
of DA neurons, we used a transgenic mouse strain harbouring an
eGFP reporter construct under the promoter of tyrosine hydroxylase,

allowing the identification of dopaminergic neurons (TH-GFP cells)
in living preparations. The most prominent feature of these cells was
the autorhythmicity, that we show is supported by the interplay of
the a persistent Na+ current and of a T-type Ca2+ current. In these
cells we have identified six main voltage-dependent conductances,
that we have completely kinetically characterized, developing a
numerical model of TH-GFP cells, capable of reproducing accu-
rately the properties of living cells.

A significant fraction of the bulbar DA interneurons is added in
adulthood. In the OB, DA neurons are restricted to the GL, but in
TH-GFP transgenic mice we also detected the presence of GFP+
cells in the mitral and external plexiform layers. We show that these
are adult-generated neurons committed to become DA but not yet
entirely differentiated. Accordingly, TH-GFP+ cells outside the GL
exhibit functional properties (appearance of pacemaker currents,
synaptic connection with the olfactory nerve, intracellular chloride
concentration, and other) marking a gradient of maturity toward the
dopaminergic phenotype along the mitral-glomerular axis. Finally,
we propose that the establishment of a synaptic contact with the
olfactory nerve is the key event allowing these cells to complete
their differentiation toward the DA phenotype and to reach their
final destination.

S21-03
MOLECULAR MECHANISMS REGULATING DOPAMINE
SIGNALING
Borrelli, E., Anzalone, A., Lee, H.L., Kharkwal, G., Halbout, B.,
Ramos, M.

University California Irvine, Irvine, USA

Dopamine (DA) is a major neuromodulator of the central nervous
system, where it regulates very diverse physiological functions
ranging from the control of locomotion to hormone synthesis and
release. Consequently, dysfunctions of the dopaminergic system
underlie major neurological and psychiatric human disorders, such
as Parkinson’s disease and schizophrenia. DA elicits its control
through the binding to membrane receptors, which belong to the
family of seven transmembrane domain G-protein coupled recep-
tors. Our research focuses on dopamine D2 receptors, one of the
leading actors of the dopaminergic system. Importantly, D2
receptors are the major target of antipsychotics, this feature together
with the major role of D2 receptors in regulating dopamine
synthesis and release, makes this receptor a strong candidate gene
involved in the etiology of schizophrenia. D2 receptors in vivo have
multiple roles. In fact these receptors are present presynaptically on
dopaminergic, cortical and thalamic neurons as well as on
interneurons. The presynaptic localization of D2 has been shown
to modulate release not only of dopamine, but also of other
neurotransmitter such as GABA, acetylcholine or glutamate. At the
same time, D2 receptors have also major postsynaptic functions. In
addition, two isoforms of dopamine D2 receptors are present in the
brain, D2L and D2S, both isoforms are generated from the same
gene by a mechanism of alternative splicing. Thus, addressing the
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function of D2 receptors in vivo is very complex. We have
approached this study by generating genetically engineered mice in
which the expression of the dopamine D2 receptors is either
abolished or modified. The biochemical, molecular and behavioral
analyses of these mice are clarifying the physiological role of these
proteins in specific D2-mediated functions. In particular, we have
been able to demonstrate that the two isoforms, D2L and D2S, have
different functions in vivo. D2L appears to have mainly post-
synaptic activities while D2S has preponderant presynaptic/hetero-
synaptic release-modulating functions. Ongoing studies are aimed at
identifying the involvement of pre- versus post-synaptic D2
mediated effects on animal physiology.

S21-04
BEHAVIORAL AND PHYSIOLOGICAL ROLES OF
STRIATAL PROJECTION PATHWAYS IN INSTRUMENTAL
LEARNING
Kobayashi, K.

Fukushima Medical University, Department of Molecular Genetics,
Fukushima, Japan

Instrumental conditioning is a critical adaptive mechanism by
which animals learn an association between sensory cues and motor
responses leading to reinforcement. The dorsal striatum in the basal
ganglia circuit plays an important role in learning processes
contributing to instrumental motor actions. Extensive studies
indicate that lesion or pharmacological blockade of the dorsal

striatum and its related structures impairs acquisition and perfor-
mance of different paradigms for goal-directed and habitual actions.
For instance, excitotoxic lesion of striatal neurons disturbs choice
accuracy of learned motor response and reduces their responding
rate in conditional discrimination learning. The dorsal striatum
receives excitatory inputs from many cortical areas and the thalamic
nuclei and projects to the output nuclei through two major pathways
composed of the direct and indirect pathways. The striatonigral
spiny neurons in the direct pathway provide monosynaptic inhibi-
tion to the output nuclei, whereas the striatopallidal spiny neurons in
the indirect pathway inhibit the globus pallidus. The balance
between opposing inputs from the two pathways is considered to be
implicated in motor control though the regulation of basal ganglia
output activity. However, the mechanism remains unclear how
specific neural pathways in the basal ganglia circuit contribute to the
learning processes of instrumental actions. In the present study, we
aimed to address the behavioral roles of the striatonigral and
striatopallidal neurons in the performance of conditional discrim-
ination task. The striatonigral neurons containing dopamine D1
receptor and the striatopallidal neurons containing dopamine D2
receptor were selectively eliminated from the brain in transgenic
mice or rats by using immunotoxin cell targeting, and behavioral
consequence of neuronal elimination was assessed by using several
types of operant conditioning tasks. Our results suggest that the
stiratonigral and striatopallidal pathways act to cooperatively
regulate the accuracy and response time of learned motor actions
in the performance of conditional discrimination.
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Symposium 22
On the Mechanisms of Memory Facilitation and

Erasure
S22-01
ON THE RECONSOLIDATION OF FEAR EXTINCTION
Cammarota, M.P.

Pontifical Catholic University - Brain Research Institute, Porto
Alegre, Brazil

The non-reinforced expression of long-term memory may lead to
two opposite protein-synthesis-dependent processes: extinction and
reconsolidation. Extinction weakens consolidated memories
whereas reconsolidation allows incorporation of new information
into them. Knowledge about these two processes has accumulated in
recent years, but their possible interaction has seldom been
evaluated. In this talk I will present recent results showing that
extinction memory is susceptible to a retrieval-induced process
similar to reconsolidation in the hippocampus. I will also discuss the
implications of these results at the theoretical and clinical levels.

S22-02
FACILITATING (AND INDUCING) MEMORY FOR FEAR
EXTINCTION
Quirk, G.J.1, Peters, J.L.2, Rosas-Vidal, L.E.1, Rodriguez-
Romaguera, J.1 and Do Monte, F.H.1

1University of Puerto Rico, Department of Psychiatry, San Juan,
Puerto Rico

2VU University Medical Center, Amsterdam, Netherlands

The resurgence of interest in the neural mechanisms of extinction
is based, in part, on the promise of facilitating extinction of
conditioned fear. This is because extinction is thought to underlie
cognitive treatment approaches for anxiety disorders such as PTSD
and OCD. It is becoming apparent that fear extinction involves a
broad network of structures, including the basolateral amygdala,
prefrontal cortex, hippocampus and even midbrain areas. The
infralimbic PFC (IL) can inhibit fear expression via projections to
GABAergic interneurons in the amygdala, while the prelimbic (PL)
PFC drives fear through projections to excitatory area of the
amygdala. BDNF has been implicated in synaptic plasticity and
NMDA-dependent learning. We observed that infusion of BDNF
into the IL (but not PL) induced long lasting extinction memory,
even in the absence of extinction training. Like extinction, this
memory was NMDA-dependent and could be reinstated with
unsignaled shocks. Rats unable to retrieve extinction showed
decreased BDNF in ventral hippocampal inputs to IL, suggesting
that impaired hippocampal control of IL could contribute to
extinction failure. Another approach we are using is to modulate
PL and IL with deep brain stimulation (DBS) of prefrontal axons
passing through the striatum. Depending on the specific site, 3 hours
of DBS given concurrently with extinction training was able to
strengthen or weaken extinction memory. Thus, modulation of fear
extinction may underlie the beneficial effects of striatal DBS for
intractable OCD.

S22-03
CREB AND MEMORY
Rashid, A.J.1,2, Josselyn, S.A.1,2

1Hospital for Sick Children, Toronto, Canada
2University of Toronto, Toronto, Canada

Competition between neurons governs the refinement of neural
networks during development and may be important for selecting
which neurons participate in a given memory in the adult brain. To
examine neuronal competition and selection during memory
formation we manipulated the function of the transcription factor
CREB in subsets of neurons. Here we show that changes in relative
CREB function bias the probability that individual lateral amygdala
neurons are recruited into a fear memory trace. Our results suggest a
competitive model underlying memory formation in which eligible
neurons are selected to participate in a memory trace as a function of
their relative CREB activity at the time of training.

S22-04
USING HISTONE DEACETYLASE INHIBITORS TO
ELIMINATE FEAR AND DRUG SEEKING: FACILITATION
OF EXTINCTION OR ERASURE OF MEMORY?
Lattal, K.M.

Oregon Health & Science University, Portland, OR, USA

Recent work on the molecular mechanisms of learning has
examined the processes that underlie extinction, which occurs when
an organism learns that a previously established relation between two
events has been severed. Many studies have demonstrated that
extinction suppresses a previously formed memory, but that this
suppression is often reversed through the passage of time or through
reminder treatments. A challenge for pharmacological approaches to
extinction is therefore to determine molecular processes to target that
may result in a persistent form of extinction that does not reverse
with time or when reminders of the original experience are
encountered. One potential target for these manipulations is the
control of gene expression by pharmacological modulation of
chromatin, the protein complex that packages genomic DNA.
Relaxing chromatin structure by administering a histone deacetylase
(HDAC) inhibitor can promote gene expression by facilitating
interactions between transcription factors and DNA. In this talk, I
will review results of experiments that examine the effects of HDAC
inhibitors on initial learning and extinction in two commonly used
preparations, fear conditioning and cocaine-induced place prefer-
ences. Our results show that HDAC inhibitors facilitate extinction
and weaken reinstatement, reconditioning, and spontaneous recov-
ery. These findings are consistent with both a memory facilitation
account (i.e., promoting the new extinction memory) and a memory
erasure account (i.e., erasing the original memory). I will discuss
implication of these theoretical accounts for molecular mechanisms
underlying memory and will suggest that modulating chromatin
modification during extinction may be a useful tool for behavioral
approaches to disorders that involve failures in extinction.
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S22-05
INHIBITION OF THE PROTEASOME AFFECTS LEARNING
AND MEMORY
Rosenblum, K., Rosenberg, T., Elkobi, A. and Inberg, S.

Department of Neurobiology and Ethology, Center for Gene
Manipulation in the Brain, University of Haifa, Haifa, Israel

Temporal phases of memory are defined according to memory
sensitivity for psychological or pharmacological interventions,
including the well documented effect of protein synthesis inhibitors.
Long term memories of sensory information are presumed to be
stored at list in part in the relevant cortical area. However, the
molecular machinery underlying both consolidation and mainte-
nance of sensory information in the cortex is poorly understood. We

tested the effect of proteasome inhibitors locally infused to the rat
gustatory cortex on different phases of positive and negative forms
of taste learning and memory. We found that proteasome inhibitors
improve memory when they were introduced before taste learning.
Co-application of proteasome inhibitors with protein synthesis
inhibitors during learning rescued the protein synthesis dependent
memory impairment. Moreover, in contrast to the enhancing effect
of proteasome inhibitors on learning, inhibition of the proteasome
impairs memory long after it was acquired. These results demon-
strate that protein turnover is the major factor in the molecular
consolidation process in the cortex and suggest that long term
storage of memories across cortical networks is affected by rates of
protein degradation.
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Symposium 23
The Prion Protein: Beyond Prion Diseases

S23-01
STI1-PRPC AS A POTENTIAL THERAPEUTIC TARGET IN
NEURODEGENERATIVE DISORDERS
Prado, M.A.1, Beraldo, F.H.1, Caetano, F.A.1, Guimarães, A.L.1,
Mohammad, A.1, Ostapchenko, V.1, Hajj, G.N.2, Prado, V.F.1 and
Martins, V.R.2

1Robarts Research Institute, University of Western Ontario, London,
Canada

2International Center for Research and Education- Antonio
Prudente Foundation, A. C. Camargo Hospital, Sao Paulo, Brazil

Understanding the biology behind prion protein (PrPC) functions
is critical to dissect mechanisms of pathological insults in prion and
other neurodegenerative disorders. We have proposed that PrPC acts
as a signaling scaffold in neurons and glia, allowing for distinct
ligands to signal and modify neuronal function. Distinct partners of
PrPC have been uncovered in the last few years and some of them
can bind PrPC to trigger neuronal signaling. STI1, a protein secreted
from astrocytes, binds PrPC in neurons triggering an increase in
intracellular calcium via alpha7 nicotinic acetylcholine receptors.
This response is the upstream signal for an intracellular cascade that
protects cells from death and helps them to differentiate. To
understand the roles that STI1 play in vivo we generated genetically
modified mice with a disruption in the STI1 gene. Heterozygous
STI1 mutant mice have 50% decrease in STI1 mRNA and protein
expression and were born apparently normal. However, homozy-
gous mutant STI1 mice were not recovered alive. This is remarkable
because STI1 is not required for survival in yeast or C. elegans.
More recently, PrPC has also been implicated in Alzheimer’s
disease, although its precise role is still controversial. We find that
Ab oligomers modify PrPC trafficking and activate PrPC dependent
signalling in neuronal cells. In order to investigate if STI1 levels
could be altered in neurodegenerative diseases, we used a transgenic
Alzheimer’s mouse model which develops plaques and cognitive
dysfunction. STI1 protein levels were reduced by 50% in 6 month-
old transgenic mice. Importantly, reduction in STI1 levels increased
Ab oligomer-mediated toxicity. Our data suggest that the STI1/PrPC

complex may play important roles in protecting neuronal cells from
toxic activities of Ab oligomers. PrioNet-Canada, CIHR, FAPESP-
Brazil

S23-02
NEUROTOXIC AND NEUROPROTECTIVE ACTIVITIES OF
THE PRION PROTEIN
Harris, D.A.1, Solomon, I.H.1, Turnbaugh, J.A.1, Massignan, T.1,
Westergard, L.2, Unterberger, U.1, Huettner, J.E.2 and Biasini, E.1

1Boston University, School of Medicine, Department. of
Biochemistry, Boston, USA

2Washington University, School of Medicine, Department. of Cell
Biology & Physiology, St. Louis, USA

There is evidence that alterations in the normal physiological
activity of PrPC contribute to prion-induced neurotoxicity. This
mechanism has been difficult to investigate, however, because the
normal function of PrPC has remained obscure, and there are no

assays available to measure it. Transgenic mice expressing PrP
deleted for a highly conserved block of residues (105–125) in the
central region display a neonatal lethal phenotype characterized by
massive death of cerebellar granule neurons via a novel, non-
apoptotic mechanism that is independent of Bax and caspases (Li et
al. (2007). EMBO J, 26:548–558; Li et al. (2007). J Neurosci, 27:
852–859. This neurodegenerative phenotype is reversed in a dose-
dependent fashion by co-expression of wild-type PrP. We have
found that cells expressing deletions or disease-associated point
mutations in the conserved, central region of PrP exhibit sponta-
neous ionic currents and hypersensitivity to certain classes of
cationic drugs (Massignan et al. (2010). J Biol Chem, 285:7752–
7765; Solomon et al. (2010). J Biol Chem, 285: 26719–26726,
Using cell culture assays, as well as expression in transgenic mice,
we have found that the toxic activity of these mutant PrP molecules
requires localization to the plasma membrane and depends on the
presence of a polybasic amino acid segment at the N-terminus
(residues 23–31). The sequence domains identified in our study are
also critical for PrPSc formation, suggesting that common structural
features may govern both the functional activity of PrPC and its
conversion to PrPSc.

S23-03
THE PRION PROTEIN BEYOND NEURODEGENERATION
Linden, R.

Instituto de Biofisica da UFRJ, Rio de Janeiro, Brasil

The prion protein (PrPC) is a highly conserved GPI-anchored cell
surface protein, expressed mainly in the nervous and immune
systems. Although abnormal conformers of PrPC are associated
with neurodegenerative disorders, the cellular content of the normal
protein affects not only neural activity and integrity, but also innate
and acquired immunity, and possibly other organs and systems.
Based on mounting evidence that PrPC has pleiotropic signaling
properties, we proposed the hypothesis that the prion protein is a
dynamic cell surface platform, or scaffold, for the assembly of
signaling modules, based on which selective interactions with many
ligands and transmembrane signaling pathways translate into wide-
range consequences upon both physiology and behavior. Our recent
work focused on structural properties associated with interaction of
PrPC with its ligands, as well as on general physiological properties
of the protein. Our data showed that interaction of PrPC with its
ligand hop/STI1 entails reciprocal remodeling that may be involved
in the propagation of signals mediated by PrPC. Outside of the
nervous system, our previous work suggested that PrPC modulates
phagocytosis by macrophages and inflammatory responses. Neu-
trophils play critical roles in both acute and chronic inflammation,
and are implicated in a cross-linked circuit of inflammation,
sensitivity to stress, and disease. Our recent work shows that both
peripheral inflammation and behavioral stress modulate the content
of PrPC at the plasma membrane of neutrophils, with consequences
for peroxide-dependent cytotoxicity towards vascular endothelial
cells. These data may be relevant for clinically observed associa-
tions of stress and anxiety with either the severity or the progression
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of various diseases, inclusive of, but not restricted to neurodegen-
eration. Our studies add to the understanding of how both allosteric
properties of the prion protein and systemic control of its expression
and function modulate cellular physiology and pathology.

S23-04
PRION PROTEIN IN AMYLOID-BETA AND ZINC
METABOLISM
Hooper, N.M.

University of Leeds, Leeds LS2 9JT, UK

Alzheimer’s disease is characterised by the accumulation in the
brain of amyloid-beta peptides derived from the amyloid precursor
protein (APP). The cellular prion protein (PrPC) inhibits the action
of the beta-secretase BACE1 towards APP in cellular models and
the levels of endogenous amyloid-beta are significantly increased in
the brain of PrPC null mice. BACE1 co-immunoprecipitates with
PrPC from cells, mouse brain and human brain, and PrPC is
decreased in the hippocampus in sporadic Alzheimer’s disease.

Immunofluorescence microscopy and FACS analysis reveals that
PrPC decreases the amount of BACE1 at the cell surface and in
endosomes, and retains it in the Golgi. By site-directed mutagenesis
PrPC was found to interact directly with Pro29 in the pro-domain of
the immature Golgi-localised form of BACE1. Zinc is released into
the synaptic cleft upon exocytotic stimuli. Using zinc specific
fluorescent dyes, PrPC was found to enhance the uptake of zinc into
neuronal cells. This PrPC-mediated zinc influx was dependent on
the octapeptide repeats in PrPC but did not require the endocytosis
of the protein. The PrPC-mediated zinc uptake was blocked by
selective antagonists of AMPA receptors and PrPC interacted with
both GluA1 and GluA2 subunits. Zinc-sensitive tyrosine phospha-
tase activity was decreased in cells expressing PrPC and increased
in the brains of PrPC null mice. This PrPC-mediated zinc uptake
was ablated in cells expressing a range of familial prion disease-
associated mutants of PrPC and in prion-infected cells. Thus, PrPC
appears to have roles in amyloid-beta and zinc metabolism, and
disruption of these functions may contribute to the neurotoxicity
observed in Alzheimer’s disease.
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Symposium 24
Molecular Mechanisms of Opiate Actions

S24-01
OPIOID RECEPTOR IMAGING AND LIGAND BIASED
RESPONSES IN VIVO
Kieffer, B.L.1, Scherrer, G.2 and Pradhan, A.3

1IGBMC, Illkirch, FR
2Columbia University, New York, USA
3UCLA, Los Angeles, USA

The combination of fluorescent genetically-encoded proteins with
mouse engineering provides a fascinating means to study dynamic
biological processes in mammals. We used enhanced-GFP (eGFP)
to achieve functional imaging of a G protein-coupled receptor
(GPCR) in vivo. We created mice where the delta opioid receptor
(DOR) is replaced by a functional DOR-eGFP fusion (Scherrer
PNAS 2006). Confocal imaging revealed detailed receptor neuro-
anatomy throughout the nervous system. Real-time imaging in
primary neurons allowed dynamic visualization of drug-induced
receptor trafficking. In DOR-eGFP animals, drug treatment using a
classical delta agonist triggered receptor endocytosis throughout the
nervous system. Mice with internalized receptors were insensitive to
subsequent agonist administration, providing first evidence that
receptor sequestration desensitizes the behavioral response and
limits drug efficacy in vivo. We further addressed the physiological
consequences of receptor internalization and compared effects of
two agonists with equipotent analgesic efficacy but distinct
internalizing properties the hypothesis in a model of inflammatory
pain. The high-, but not the low-internalizing drug produced
behavioral desensitization, establishing that ligand-biased traffick-
ing impacts on receptor function in vivo. This effect was transient,
and surface receptor expression as well as delta agonist-induced
analgesia were both restored after 24 hours (Pradhan PLoS ONE
2009). We finally investigated the consequences of chronic treat-
ment with the two drugs. The high-internalizing compound
produced receptor down-regulation, leading to generalized tolerance
to all in vivo effects of delta agonists. In contrast, the low-
internalizing compound did not modify receptor expression and G
protein coupling, and tolerance developed specifically to analgesic
effects, but not locomotor or anxiolytic effects of delta agonists.
Ligand-biased receptor trafficking in vivo, therefore, leads to distinct
forms of tolerance (Pradhan J Neurosci 2010). Our findings have
both fundamental and therapeutic implications for slow-recycling/
degrading GPCRs. Direct receptor visualization in mice is a novel
and unique approach to receptor biology and drug design.

S24-02
OPIOID-EVOKED ADPATATION OF SYNAPTIC
TRANSMISSION THE VENTRAL TEGMENTAL AREA
Lüscher, C.

University of Geneva, Geneva, Switzerland

Opioids, such as morphine target the ventral tegmental area
(VTA) affecting the function of the mesocorticolimbic system. In
the acute situation, they cause an increase of dopamine (DA) levels
through disinibition of projection neurons of the VTA. Morphine
binds to l-opioid receptors that are selectively expressed on GABA

neurons in the VTA, which leads to hyperpolarization and a
decrease of the release probability. Beyond the actual presence of
the drug in the brain, adaptive changes can be observed already after
a first morphine dose. Within hours glutamate receptors in synapses
of excitatory afferents onto DA neurons are redistributed. Calcium
permeable AMPA receptors appear and NMDA function decreases,
which leads to an overall potentiation at physiological potentials and
inverts the rule for further activity dependent synaptic plasticity.
Drug-evoked plasticity can also be observed with other addictive
drugs and after optogenetic stimulation of DA neuron activity that
mimics the increased firing rates observed with morphine.

After several injection of morphine additional adaptations are
observed. In DA neurons the efficiency with which Gio coupled
receptors, such as GABAB receptors activate potassium currents of
the GIRK family increases. This effect involved a downregulation
of RGS2, which dynamically regulates GABAB to GIRK coupling.
As a consequence slow inhibitory transmission within the VTA may
become more efficient, which may represent a mechanism that
counterbalances the potentiated excitatory transmission.

In summary opioids leave traces in synaptic transmission of the
VTA that profoundly alter network properties and may thus
contribute to the behavioral changes associated with drug expo-
sure.

S24-03
REGULATION OF MU OPIOID RECEPTOR FUNCTION BY
RGS9-2
Zachariou, V.

University of Crete, Faculty of Medicine Dept Pharmacology,
Heraklion, Greece

The signaling modulator RGS9-2 plays a potent role in
dopaminergic and opioidergic transmission in the striatum via
actions as a GTPase accelerating protein or as effector antagonist for
the G protein alpha subunit. Evidence so far points to RGS9-2 as a
potent modulator of antiparkinsonian, antipsychotic, psychostimu-
lant and opiate drug actions (reviewed in Traynor et al., Trends in
Pharm Sci 2008). In this study, we use genetically modified mice to
further understand the role of RGS9-2 in addiction, analgesia and
depression like behaviors associated with chronic pain or with long
term exposure to opiates. Our data suggest that increased activity of
RGS9-2 in the nucleus accumbens (NAc) following stereotaxic
infection with an AAV-RGS9-2 construct blocks the rewarding and
locomotor sensitizing actions of morphine and leads to a milder
opiate withdrawal syndrome. Our behavioral studies also suggest
that manipulation of RGS9-2 levels in the NAc reduce the analgesic
actions of opioids, whereas increased RGS9-2 activity in this brain
region accelerates the development of analgesic tolerance. We next
examined the way RGS9-2 affects the actions of agents used to
alleviate chronic pain symptoms. Using a neuropathic pain model
we show that mice lacking the Rgs9 gene develop tolerance to the
antiallodynic actions of morphine much later than their wild type
controls, and that they are more sensitive to the antiallodynic actions
of tricyclic antidepressants. This phenotype is related to RGS9-2
actions in the NAc as it can be rescued by local overexpression of
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the protein. Finally, using immunoprecipitation assays we examined
changes in RGS9-2 complexes in the striatum associated with acute
and chronic actions of opiates. Our findings provide new insights
into the cellular mechanisms of opiate drug actions in the NAc and
suggest that interventions in the formation of RGS9-2 complexes
may be used to improve treatment efficiency.

S24-04
GENOMIC NETWORK ACTIVATED BY OPIOIDS
Przewlocki, R., Piechota, M. and Korostynski, M.

Department of Neuropharmacology, Institute of Pharmacology,
Polish Academy of Sciences, Krakow, Poland

Opioids produce molecular and cellular alterations in the brain
reward system that are essential to the development of addiction.
We applied whole-genome microarray profiling to evaluate detailed
time-courses (1, 2, 4 and 8h after injection) of transcriptome
alterations within striatum/accumbens following acute opioid
(morphine, heroine) administration in C57BL/6J mice. The study
elucidated the modules of opioid-induced genes and their regulatory
elements which may be involved in mechanisms of early stages of
opioid addiction development. Drugs of abuse have different

mechanisms of action but produce similar behavioural and
functional effects. To reveal genes regulated by both opioids and
other classes of drugs of abuse, we analysed the transcriptional
networks activated by acute administration of cocaine, metham-
phetamine, nicotine and ethanol. We identified 42 drug-responsive
genes that were segregated into two main transcriptional modules.
The first group consisted of activity-dependent transcripts which
were induced by opioids and psychostimulants. The second group,
which was in part controlled by the release of steroid hormones, was
strongly activated by opioids and ethanol. We demonstrated that
knockdown of the selected opioid-responsive genes Sgk1 and
Tsc22d3 resulted in alterations in dendritic spines in mice, possibly
reflecting their role in neuronal plastic changes. We further analysed
the transcriptional effect of prolonged chronic heroin treatment and
protracted withdrawal, and compared it with effects of metham-
phetamine. Chronic heroin and methamphetamine treatment acti-
vated common genes (Pdyn, Cartpt, Inmt, Fam40b) which are
enriched in the nucleus accumbens. The study showed that despite
distinct pharmacological profile of heroin and methamphetamine
they have similar long-term molecular effects. Our study identified
modules of drug-induced genes that share functional relationships.
These genes may play a critical role in the opioid addiction.
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Symposium 25
Sticking to the Plan: The Role of Extracellular
Matrix In Modulating Nervous System Function

and Repair
S25-01
HELPING TO START AND STOP MYELINATION: CSK
HAS DUAL REGULATORY FUNCTIONS DURING
OLIGODENDROCYTE DEVELOPMENT
Colognato, H. and Tzvetanova, I.D.

Stony Brook University, Department of Pharmacology, Stony Brook,
USA

The timing and location of oligodendrocyte differentiation is
tightly controlled but the molecular mechanisms that underlie this
control are poorly understood. Many intrinsic regulators of myelina-
tion have been identified, but less is known regarding how
oligodendrocytes and their progenitors respond to extrinsic signals
in their environment during development and during repair. The Src
Family Kinases (SFKs) are important downstream effectors for
extracellular matrix (ECM) and growth factors, and thus many of the
extrinsic factors thought to contribute to oligodendrocyte develop-
ment likely require the contribution of SFKs. The SFKFyn is essential
for normal CNS myelination, yet little is known about how Fyn or
other SFKs are regulated in developing oligodendrocytes. We
recently observed that, in conjunction with delayed oligodendrocyte
differentiation, mice that lack the ECM protein laminin have
dysregulated SFK phosphorylation as well as elevated expression
of C-terminal Src Kinase (Csk), a putative negative regulator for
oligodendroglial SFKs. We now report that Csk acts as a molecular
switch for SFK activity in oligodendroglia, with, interestingly,
distinct roles in early versus late oligodendroglial development.
Early in oligodendroglial development Csk was critical for the
appropriate onset of OPC differentiation. Here, Csk suppressed OPC
proliferation such that Csk depletion in OPCs led to proliferation
under conditions that normally promote cell cycle exit. Hyperprolif-
eration of Csk-deficient OPCs resulted in delayed oligodendrocyte
maturation. In adult mice, however, Csk deletion caused hypermye-
lination, with analysis of myelin ultrastructure revealing increased
numbers ofmyelin wraps. This suggests that, duringmyelination, Csk
normally promotes the termination of myelin wrapping. We propose
that Csk is a novel regulator of oligodendroglial development with
two distinct roles: generating appropriate numbers of oligodendro-
cytes at the onset of myelination, and terminating wrapping at the
close of myelination. Preliminary studies furthermore suggest that
Csk loss leads to enhanced remyelination following myelin damage.

S25-02
FIBRONECTIN: FRIEND OR FOE IN REMYELINATION?
Baron, W.1, Stoffels, J.1, de Jonge, J.1, Siskova, Z.1, Franklin, R.2,
Hoekstra, D.1 and Chao, Z.2

1University Medical Center Groningen, Department Cell Biology,
Groningen, Netherlands

2MRC Cambridge Centre for Stem Cell Biology and Regenerative
Medicine and Department of Veterinary Medicine, Cambridge, UK

Remyelination following central nervous system demyelination is
crucial for the prevention of neurodegeneration. However, in some
demyelinating diseases, such as multiple sclerosis (MS), remyeli-
nation ultimately fails. This failure of remyelination is likely
mediated by a variety of factors, including changes in the
extracellular signaling environment. The extracellular matrix mol-
ecule fibronectin, which is nearly absent in healthy adult central
nervous system, accumulates following demyelination. In experi-
mental toxin-induced lesions undergoing efficient remyelination,
fibronectin expression was transient and declined as remyelination
proceeded. Fibronectin levels increased within demyelinated regions
by both leakage from the blood circulation and production by
reactive astrocytes. In chronically demyelinated MS lesions, how-
ever, fibronectin expression persisted, and is associated with
inflammation-mediated fibronectin aggregation. Interestingly, astro-
cytes isolated from MS patients showed enhanced fibronectin
aggregation. These aggregates inhibited myelin-like membrane
formation, likely by perturbing (secondary) process outgrowth,
myelin-membrane directed vesicular transport and membrane
microdomain formation. Taken together, upon central nervous
system demyelination, transient expression of fibronectin is asso-
ciated with remyelination, whereas the pathological fibronectin
aggregates present in MS lesions may contribute to remyelination
failure. Therefore, strategies to promote remyelination in both
demyelinating and neurodegenerative diseases might benefit from
eliminating or preventing fibronectin aggregation.

S25-03
TWO PINCHS, TWO FUNCTIONS IN PNS DEVELOPMENT
Relvas, J.B.1,2,Gonçalves A.F.1, Pereira, J.A.1, Dias, N.G.2,
Normen, C.1, Ricci, R.1, Nave, K.A.3, Fassler, R.4 and Suter, U.1

1Institute of Cell Biology, ETHZ, Zurich, Switzerland
2Instituto de Biologia Molecular e Celular (IBMC), Universidade do
Porto, Porto, Portugal

3Department of Neurogenetics, Max Planck Institute for
Experimental Medicine, Gottingen, Germany

4Department of Molecular Medicine, Max Planck Institute of
Biochemistry, Martinsried, Munchen, Germany

There is substantial evidence that the control Schwann cell
differentiation derives, at least in part, from instructive cues
originating within the extracellular environment, of which growth
factors and proteins of the extracellular matrix (ECM) are essential
components. Recently, we have shown essential functions for
integrin-linked-kinase (ILK), a member of the IPP complex of
proteins acting in both integrin and growth factor transduction
pathways, in the radial sorting and remyelination of axons. During
my talk, I will focus on another member of the IPP complex, the
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LIM domain adapter protein, particularly interesting new cysteine-
histidine-rich protein (PINCH). There are two known PINCH genes
PINCH1 and PINCH2, which have been previously reported to play
both distinct and partially compensatory roles in the homeostasis of
different cell types. Using Schwann cell specific gene ablation in
mice, we show that PINCH1 controls radial sorting of axons by
negatively regulating rho/ROCK activation, and that PINCH2
signaling is essential for the developmental transition from axon-
dependent (paracrine) to axon-independent (autocrine) Schwann
cell survival by a mechanism involving the regulation of IGF1
expression directly at promoter level.

S25-04
A ROLE FOR FIBRONECTIN IN DRIVING CEREBRAL
ANGIOGENESIS
Milner, R., Li, L., Welser-Alves, J.V., Boroujerdi, A. and Tigges, U.

Department of Molecular and Experimental Medicine, The Scripps
Research Institute, La Jolla, USA

The extracellular matrix (ECM) is an important influence on
angiogenesis and vascular remodeling. We have shown that
angiogenic vessels in the developing central nervous system

(CNS) express high levels of fibronectin and the fibronectin
receptor a5b1 integrin. In keeping with an angiogenic role for
fibronectin in other systems, this implies that fibronectin may
provide an important angiogenic drive in the CNS. To investigate
whether this mechanism also applies to the adult CNS, we examined
these events in a mouse model of cerebral hypoxia, in which mice
are exposed to 8% O2. Over a 2-week period, this results in a robust
increase (50%) in vessel density in the brains of these mice.
Immunohistochemistry and western blot revealed that hypoxia
strongly induced fibronectin and brain endothelial cell (BEC)
expression of the fibronectin receptors, a5b1 and avb3 integrins. To
directly test whether these BEC integrins are required for cerebral
angiogenesis, the hypoxic response was examined in transgenic
mice deficient in either the a5 or b3 integrins. This revealed that
while the avb3 integrin is not essential for the angiogenic response,
the a5b1 integrin plays an important role in driving BEC
proliferation. In current experiments, we are generating a5/b3/
double-KO mice to examine whether the hypoxic-angiogenic
response is ‘‘flat-lined’’ in the absence of both BEC fibronectin
receptors, or whether other redundancy or compensation exists in
this response.
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Workshop 5
Engineered Receptors as Molecular Switches in the
Study of Physiology, Behaviour, and Neurological

Disorders
W05-01
USING ENGINEERED RECEPTORS TO DISSECT THE
CONTRIBUTION OF STRIATOPALLIDAL AND
STRIATONIGRAL NEURONS IN BRAIN REWARD
MECHANISMS
Neumaier, J.F. and Ferguson, S.M.

University of Washington, Seattle, USA

The striatum is a key site for many of the behavioral and
neurobiological adaptations thought to underlie the development of
addiction. However, the ‘‘direct’’ (striatonigral) and ‘‘indirect’’
(striatopallidal) medium spiny neurons, respectively, have not been
previously targeted in rat behavioral models. In order to address this,
we developed HSV viral vectors that use the preprodynorphin and
preproenkephalin promoters to target transgene expression to the
direct or indirect pathway, respectively. We then utilized some novel
engineered ‘‘DREADD’’ receptors developed by Bryan Roth’s
laboratory that can be selectively activated by a synthetic and
otherwise inert ligand, clozapine-N-oxide (CNO). The hM4D
receptor couples to Gi and inhibits excitability whereas the GsD
receptor couples to Gs and excites neurons.

These novel, phenotype-specific vectors were highly selective for
the direct or indirect pathways. The hM4D receptor transiently
inhibited targeted striatal neurons only when rats were treated with
CNO; this was confirmed electrophysiologically. Transient silencing
of striatopallidal neurons in rat dorsal striatum facilitated the
development of locomotor sensitization to amphetamine whereas
silencing striatonigral neurons attenuated sensitization. We found
that transiently decreasing activity of striatonigral neurons disrupted
the acquisition of lever pressing for a sugar reward and impaired the
acquisition of a decision making task for small versus large
magnitude natural rewards. However, inhibiting activity of the
striatopallidal pathway had no effect on the motor performance of
this decision-making task.

These are the first examples of using selective manipulation of
direct and indirect pathways in rats performing complex, motivated
behaviors. The DREADD receptors altered time- and experience-
dependent plasticity but did not disrupt overt behavior during CNO
treatment, suggesting that they may represent a model for treatment
interventions that manipulate disease states without interfering with
normal behavior. In addition, these viral vectors, by targeting the
direct and indirect pathway selectively, are useful tools for
dissecting the roles of these pathways in striatal-dependent behav-
iors in rats or mice.

W05-02
CONTROL OF GI/O SIGNALING AND NEURONAL
ACTIVITY BY LIGHT TO MODULATE SPINAL CORD AND
MOTOR FUNCTION
Herlitze, S.1, Masseck, O.1, Krause, M.1, Gutierrez, D.V.2,
Kruse, W.1 and Mark, M.D.1

1University of Bochum, Bochum, Germany
2Case Western Reserve University, Cleveland, USA

The tractability of light activated receptors makes them attractive
tools by which to study the brain. They allow for the non-invasive
and specific control of neuronal signaling and could allow for the
study of receptor pathways that occur faster than the rate of
diffusion. Furthermore, with the aid of implantable light devices
light activated receptors have the potential for use in live animals
and later in humans to control and cure GPCR pathways involved in
diseases. We demonstrate here the use of vertebrate rhodopsin to
control ion channel modulation, spinal cord, cerebellar and seroto-
nergic signaling via activation of the pertussis toxin sensitive Gi/o
pathway by light.

W05-03
ASTROCYTE SIGNALING IN BEHAVIOR
McCarthy, K.D.

University of North Carolina at Chapel Hill, Chapel Hill, USA

It has been exceedingly difficult to investigate the role of astrocyte
signaling in physiology due, in part, to our inability to selectively
activate astrocytes in vivo. We have developed a transgenic line of
mice that expresses a unique Gq-linked G-protein coupled receptor
(GPCR) in astrocytes that responds to a ligand that crosses the blood
brain barrier. This receptor, known as Gq-DREADD, responds to a
ligand that does not activate any known GPCR other than
Gq-DREADD. The specific astrocyte localization of this receptor
has been demonstrated using calcium imaging and immunocyto-
chemistry. Administration of CNO, the ligand that activates
Gq-DREADD, leads to a striking phenotype in mice expressing
Gq-DREADD but not in wild type mice. The phenotype includes
changes in the acoustic startle response, rotorod performance and
center time activity. In addition, activation of this receptor in
astrocytes leads to marked saliva formation and changes in blood
pressure and heart rate suggesting activation of the autonomic
nervous system. Overall, these findings suggest that astrocytes may
be playing a role in a number of previously unsuspected behaviors.
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W05-04
5-HT4-RASSL AND NEURODEGENERATIVE DISEASES
Claeysen, S.1,2,3, Gaven, F.1,2,3, Pellissier, L.P.1,2,3, Kremer, E.J.4,
Dumuis, A.1,2,3 and Bockaert, J.1,2,3

1CNRS, UMR 5203, Institut de Génomique Fonctionnelle,
Montpellier, France

2INSERM, U661, Montpellier, France
3Universités de Montpellier 1 & 2, Montpellier, France
4CNRS UMR 5535, IGMM, Montpellier, France

Molecular devices have been developed to modulate the cellular
signalling pathways and membrane potentiels. These tools range
from optogenetic proteins (channelrhodopsins, light-driven pumps,
photoactivated cyclases and synthetic photoreceptors) to engineered
G protein-coupled receptors, insensitive to their endogenous ligands
(RASSLs: Receptor Activated Solely by Synthetic Ligand and
DREADDs).

We generated one of the first RASSLs: the 5-HT4-RASSL from
the 5-HT4 serotonin Gs-coupled receptor introducing a single
mutation. 5-HT4-RASSL became totally insensitive to serotonin but
still responds to synthetic ligands having affinities in the range of
nanomolar concentrations, exhibiting full efficacy and able to cross
the blood brain barrier. A viral gene delivery strategy has been

developed to achieve efficient intra-neuronal transfer of the 5-HT4-
RASSL. A recombinant canine adenovirus (CAV-2) has been
engineered to preferentially transduce neurons.

Excessive NMDA receptor activation has been implicated in
pathophysiology of chronic neurodegenerative disorders such as
Alzheimer’s and Parkinson’s diseases. We examined cAMP neuro-
protective potentialities on an excitotoxic model of dopaminergic
cells in primary cultures. Intracellular cAMP accumulation was
controlled by the 5 HT4-RASSL. BIMU8, a selective 5 HT4R
agonist, still totally active on 5-HT4-RASSL, prevented dopami-
nergic neurons from death. This effect was strengthened by IBMX,
a phosphodiesterase inhibitor. Moreover, the intrinsic basal activity
of RASSL, which correlated with an increase of cAMP level, was
also neuroprotective.

In Alzheimer’s disease, b-amyloid peptide (Ab) formation results
from the amyloidogenic degradation of APP by b- and c-secretases.
The non-amyloidogenic proteolysis of APP within the Ab by a-
secretases releases the extracellular fragment of APP (sAPPa),
which is neurotrophic. Recently, we showed that the 5-HT4-RASSL
can be used to stimulate the non-amyloidogenic pathway in
neurons.
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Workshop 6
Role of the a7 Nicotinic Acetylcholine Receptor

(a7nachr) in Brain Function
W06-01
a7NACHRS, THEIR LIGANDS AND ASSOCIATED
PROTEINS, OFFER APPROACHES TO DRUG THERAPY
FOR HUMAN NEURODEGENERATIVE DISORDERS
Sattelle, D.B.

Faculty of Life Sciences, University of Manchester, Manchester, UK

Nicotinic acetylcholine receptors (nAChRs) are targets for drugs
under development which aim to ameliorate the symptoms of
Alzheimer’s disease. This is based on earlier work showing that
nicotinic receptor agonists are pro-cognitive and the activation of
nAChRs appears to be neuroprotective against the adverse, toxic
actions of b-amyloid peptide, which is part of the signature
pathology of Alzheimer’s disease (AD). Since human a7nAChRs
levels are altered in AD, allosteric modulators of these receptors are
potentially of therapeutic value in maintaining cholinergic signalling.
Unlike agonists, which rapidly desensitize a7nAChRs, allosteric
modulators can maintain and fine-tune cholinergic signaling.
Advances in comparative genomics have highlighted a rich diversity
of a7-like nAChR isoforms in organisms from invertebrates to man.
Tapping into this rich vein of molecular and functional diversity can
be instructive in understanding and interpreting comparative receptor
pharmacology. Combining studies on evolutionarily remote ortho-
logues of human a7nAChRs with those on wild type and site-
directed a7nAChR mutants adds to our understanding of allosteric
drug actions. Many of the Type I and Type II positive allosteric
modulators (PAMs), effective on human a7nAChRs, are ineffective
on C. elegans ACR-16, which, like its human counterpart, also forms
a fast-desensitizing, homomeric nAChR when heterologously
expressed in Xenopus oocytes. Site-directed mutagenesis studies
on human a7nAChRs, ACR-16 and related cys-loop ligand-gated
ion channels point to the importance of residues in the transmem-
brane region in the actions of PAMs. Thus, in the immediate future,
human a7nAChRs are likely to remain important targets for new
candidate AD drugs. There may be challenges resulting from the
diverse roles of a a7nAChRs and hence their presence on several cell
types within and outside the nervous system. This is generating
interest on the exploration of a7nAChR-interacting proteins as
potential drug targets for the future.

W06-02
CURRENT EFFORTS TOWARDS UNDERSTANDING
STRUCTURE-FUNCTION RELATIONSHIP OF HUMAN
ALPHA7 NACHR
Tzartos, S.1,2, Eliopoulos, E.3, Giastas, P.1, Lazaridis, K.1,
Niarchos, A.2, Poulas, K.2, Stergiou, C.1,2, Zarkadas, E.1,2,
Zisimopoulou, P.1 and Zouridakis, M.1

1Hellenic Pasteur Institute, Athens, Greece
2Department of Pharmacy, University of Patras, Patras, Greece
3Agricultural University of Athens, Athens, Greece

In-depth knowledge of nicotinic acetylcholine receptor (nAChR)
structure, and of the interaction between neuronal nAChRs and their

ligands, is necessary for understanding synaptic action and design-
ing nAChR subtype-specific drugs for major neurological diseases.
The alpha7 homopentameric nAChR (a7nAChR) plays a major
pathophysiological role. The crystal structures of a) homologous
water-soluble molluscan ACh-binding proteins (AChBP), b) the
extracellular domain (ECD) of muscle a1nAChR subunit, and c)
prokaryotic precursors of the Cys-loop receptor superfamily have
been determined. Nevertheless, diffraction quality crystals of intact
nAChRs or of neuronal nAChR ECDs have not yet been produced.
We aim at the expression of major human nAChR domains, with
emphasis on a7nAChR, for their structure elucidation and under-
standing their interactions with cholinergic ligands. Specifically, we
are studying their ECDs (�210 amino-acids) and their truncated
forms which lack only their cytoplasmic domains. a7ECD
expressed in yeast was in the form of microaggregates; its water-
solubility was improved by substituting its Cys128-Cys142 loop
with the hydrophilic AChBP Cys-loop and by introducing six
additional single-point mutations. This mutant was expressed in an
oligomeric form and at high yield. To reduce its still considerable
heterogeneity, stringent tag-based fractionation led to the isolation
of an apparently pentameric form, as deduced by gel filtration, DLS
and cryo-EM studies. Crystallization trials resulted in microcrystals,
needing further optimization. In addition to the ECDs, truncated
transmembrane nAChRs, including the a7nAChR, in which the
flexible cytoplasmic part (probably the major factor hindering
crystallization) was deleted, were expressed in insect and mamma-
lian cells. These expressions resulted in high affinity ligand-binding
membrane molecules. Yet, detergent solubilization was inefficient;
nevertheless, the solubilized molecules retained the ligand-binding
properties and exhibited a molecular weight corresponding to the
pentameric nAChR. Crystallization efforts will be initiated after
optimization of their solubilization.

W06-03
Ab NEUROTOXICITY AND THE ROLE OF THE a7
NICOTINIC ACETYLCHOLINE RECEPTOR IN
ALZHEIMER�S DISEASE
Small, D.H.

Menzies Research Institute, University of Tasmania, Hobart,
Australia

Alzheimer’s disease (AD) is the most common form of dementia
in the elderly. AD is characterized by the presence of amyloid
plaques which are formed from deposits of b-amyloid protein (Ab).
Accumulation of oligomeric Ab in the brain contributes to neuronal
dysfunction and ultimately leads to neurodegeneration. Cholinergic
abnormalities are also commonly observed in AD and it has been
suggested that these abnormalities contribute to the cognitive
dysfunction. For this reason, acetylcholinesterase inhibitors are used
to boost cognition in AD patients. Both muscarinic and nicotinic
receptor agonists have also been proposed for the treatment of AD.
The a7 nicotinic receptor is of interest in AD for several reasons.
First, the a7 receptor may play an important role in synaptic
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plasticity, cognition and memory. Second, there are several reports
suggesting that Ab may bind to the a7 receptor and either stimulate
or inhibit activity of the receptor. Our own studies have shown that
a7 receptor antagonists can inhibit an Ab-mediated increase in
acetylcholinesterase activity in neurons. We have examined the
nature of the Ab-a7 receptor interaction using a variety of different
systems (tissue binding assays, Xenopus oocyte expression,
biochemical analysis). Our studies show that Ab does not bind
directly to the a7 receptor. Instead, Ab interacts predominantly with
lipid membranes and may stimulate calcium entry by perturbing
several ion channels in the neuronal cell membrane. Nevertheless,
as Ab stimulates calcium influx into neurons and as the a7 nicotinic
receptor can contribute to calcium influx and synaptic plasticity,
there is some logic associated with the idea of using a7 nicotinic
receptor drugs for the treatment of AD.

W06-04
ALPHA7 NICOTINIC ACETYLCHOLINE RECEPTORS AS
POTENTIAL TARGET FOR IMAGING TRAUMATIC BRAIN
INJURY WITH POSITRON EMISSION TOMOGRAPHY
Brust, P., Donat, C. and Deuther-Conrad, W.

Helmholtz-Zentrum Dresden-Rossendorf, Institute of
Radiopharmacy, Research Site Leipzig, Leipzig, Germany

The a7nAChR subtype is involved in the pathogenesis of
neurodegenerative diseases. Furthermore, it has been hypothesized
that cholinergic hypofunction, including diminished a7nAChR
density, augments inflammatory signalling after traumatic brain
injury (TBI) and thus may contribute to neurodegenerative
processes. Therefore, we have investigated the a7nAChR density
in experimental TBI using the controlled cortical impact rat model
and the fluid-percussion pig model. Early widespread and signif-
icantly lowered a7nAChR densities (down to � 50%) were found in

both models by receptor autoradiography. Other cholinergic targets
(a4b2nAChR, muscarinic AChR, acetylcholine esterase, vesicular
acetylcholine transporter) were less influenced. Accordingly,
a7nAChR is the preferred target to investigate cholinergic hypo-
function after TBI with PET, the today most sensitive non-invasive
molecular imaging method which uses highly affine and selective
PET radioligands.

We have recently developed a 18F-labelled 1,4-diazabicyclo-
[3.2.2]nonane derivative (NS10743) and investigated this radioli-
gand regarding target specificity, pharmacodynamics, and pharma-
cokinetics in vitro and in vivo. In vitro, NS10743 and [18F]
NS10743 showed high affinity and specificity towards human
a7nAChR. The brain permeation of [18F] NS10743 in mice was
fast and sufficiently high. Brain autoradiography and organ
distribution showed target-specific accumulation of [18F]
NS10743 in brain substructures and peripheral a7nAChR express-
ing organs. The radiotracer showed a high metabolic stability in vivo
with a single polar radiometabolite, which did not cross the blood-
brain-barrier.

Also in pigs [18F] NS10743 readily entered the brain, with the
highest uptake in a7nAChR-expressing brain regions such as the
colliculi, thalamus, temporal lobe, and hippocampus. Pretreatment
and constant infusion with NS6740, a selective a7nAChR antag-
onist, significantly reduced the specific binding of [18F] NS10743
in receptor-dense regions (temporal lobe: )29%, midbrain: )35%)
without significantly altering the specific binding in regions with
low receptor density such as the cerebellum.

In conclusion, experimental TBI is accompanied by cholinergic
hypofunction with a7nAChR as the most sensitive target. The
alterations of a7nAChR are potentially measurable non-invasively
with PET using [18F] NS10743 which is of importance for
therapeutic drug monitoring.
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Young Investigator Colloquium 5
Mechanisms of Synaptic Plasticity and Memory

YIC05-01
MOLECULAR SURFACE DYNAMIC AS A VARIABLE OF
SHORT TERM PLASTICITY
Heine, M.

Leibniz Institute for Neurobiology, Magdeburg, Germany

Neuronal synapses are composed of a large population of
variable signaling proteins that are accumulated at these sub cellular
compartments. The precision of synaptic communication is highly
dependent on the local arrangement of these molecules, like
transmitter receptors or adhesion molecules. Plastic changes at the
synapse mostly caused by a rearrangement or a change in the
concentration, density and number of receptors, ion-channels or
adhesion proteins. The dynamic of these changes is crucial for the
plastic capacity of a synapse. Interactions of trans membrane
signaling molecules in the outer neuronal membrane with intracel-
lular or extracellular signaling molecules tethers a certain population
to the synaptic compartment. Conduction of single molecule
tracking and FRAP experiments revealed, that many proteins at
the synaptic membrane are not stable and therefore participate only
in a certain time window to synaptic transmission. In particular
mobile AMPA receptors contribute to the reliability of glutamatergic
synaptic transmission by compensating the kinetic property of
temporal desensitization by lateral exchange through surface
diffusion. The degree of lateral mobility is restricted by many
passive and active interactions inside and outside the membrane.
Adhesion molecules like Neuroligins at the postsynaptic side and
Neurorexins presynapticaly are identified to stabilize synaptic
receptors and calcium channels. Both adhesion molecules are
highly mobile. Artificial immobilization of AMPAR and presynaptic
Neurexins strongly influence synaptic short term plasticity. Thus
one can hypothesis that short term plasticity is partially determined
by the degree of mobile signaling proteins in the synaptic
compartment and influenced by the dwell time within the surface
of the synaptic membrane.

YIC05-02
EVIDENCE THAT TOLL-LIKE RECEPTOR 3 SIGNALING
INHIBITS MEMORY RETENTION AND CONSTRAINS
ADULT HIPPOCAMPAL NEUROGENESIS
Okun, E. and Mattson, M.P.

National Institute of Health, National Institute on Aging, Baltimore,
MD

Toll-like receptors (TLR) are innate immune receptors that have
recently emerged as regulators of neuronal survival and develop-
mental neuroplasticity. We investigated learning and memory in
TLR3-deficient (TLR3-/-) mice using both hippocampus-dependent
and -independent behavioral tests. Adult TLR3-/- mice exhibited
enhanced hippocampus-dependent working memory in the Morris
water maze, novel object recognition and contextual fear condi-
tioning tasks. In contrast, TLR3-/- mice demonstrated impaired
amygdala-related behavior and anxiety in the cued fear condition-
ing, open field and elevated plus maze tasks. Further, TLR3-/- mice

exhibited increased hippocampal CA1 and dentate gyrus (DG)
volumes, increased hippocampal neurogenesis and elevated levels
of the AMPA receptor subunit GluR1 in the CA1 region of the
hippocampus. In addition, levels of activated forms of the kinase
ERK and the transcription factor CREB were elevated in the
hippocampus of TLR3-deficient mice, suggesting that constitutive
TLR3 signaling negatively regulates pathways known to play
important roles in hippocampal plasticity. Our findings reveal novel
roles for TLR3 as a suppressor of hippocampal cellular plasticity
and memory retention.

YIC05-03
STRESS, AMYLOID b AND TAU: THE TRIANGLE OF
OBLIVION
Sotiropoulos, I.1, Castelanho-Carlos, M.J.1, Jo, J.H.2, Cho, K.2,
Takashima, A.3, Almeida, O.F.4 and Sousa, N.1

1ICVS Institute, Braga, Portugal
2MRC Centre for Synaptic Plasticity, Bristol, UK
3RIKEN BSI, Wako, Japan
4Max Planck Institute of Psychiatry, Munich, Germany

Microtubule-associated protein tau (TAU) is postulated as a
common crucial protein in mechanism of neurodegeneration in
many chronic neurological diseases termed tauopathies, including
Alzheimer’s disease (AD) raising this protein as strong candidate for
therapeutic intervention. While the mechanism(s) by which TAU
mediates neurodegeneration are not completely understood, many
studies have established that TAU protein dysfunction is central to
AD neurodegenerative process. While the etiology of the disease is
largely unknown, there is growing consensus that lifetime events
such as environmental stressors may increase the risk for the
disease. Specifically, stress and its primary manifestation, glucocor-
ticoid (GC) secretion are causally implicated to AD but also strongly
associated with memory and learning deficits, impaired cognitive
performance as well as mood and affective disorders such as
depression. Although cumulative evidence suggests a continuum
between depression and AD, and stress is suggested to play a
detrimental role in both diseases, considerably less attention has
been given to the suggested role of stress as a connecting risk factor.
We have been investigating the inter-relationship between these
various pathogenic elements in transgenic and non-transgenic mice,
with a particular focus on the mechanisms through which stress and
TAU precipitates brain pathology. Our studies show that stress and
GC trigger APP misprocessing towards the production of neurotoxic
amyloid-b (Ab) as well as TAU hyperphosphorylation and aggre-
gation resulting in associated impairments of cognitive and
emotional status. Furthermore, we show that the presence of TAU
predisposes animals to stress/GC detrimental effects and that TAU
protein is a essential regulator of synaptic plasticity mechanisms
highlighting dendritic and synaptic tau as a key protein of neuronal
dysfunction and synaptic degeneration. Conclusively, these studies
suggest that tau plays a crucial role in the mechanism through which
stress/GC exert their neurodegenerative effects upon the substrates
of cognition and emotion.
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YIC05-04
SPIKAR, SPINE RESIDENT TRANSCRIPTIONAL
COACTIVATOR, IS A NOVEL DREBRIN BINDING
PROTEIN AND REGULATES DENDRITIC SPINE NUMBER
Yamazaki, H. and Shirao, T.

Department of Neurobiology and Behavior, Gunma University
Graduate School of Medicine, Maebashi, Japan

Dendritic spines are small protrusions emerging from the
dendrites that receive most of excitatory inputs and contain many
unique proteins. It is widely accepted that dendritic filopodia are
precursors of dendritic spines, and filopodia formation can be
considered to be an early step for spine formation. In many previous
studies, various molecules have been identified as regulators of
dendritic spine formation and morphogenesis. However, much less
is known about molecular mechanism regulating filopodia forma-
tion. We have previously proposed that drebrin, a side-binding
protein of actin filament, governs spine morphogenesis. The
accumulation of PSD-95 and actin filaments at the spine is
facilitated by the prior drebrin accumulation at the filopodia. Based
on these evidences, we think that drebrin plays a significant role in

early synaptic development and filopodia formation. However, the
molecular machinery by which drebrin regulates spinogenesis is
unclear. To find a novel molecule playing a role in the spinogenesis
concerned with drebrin, we carried out a molecular screening of
novel drebrin-binding protein. We performed a yeast two-hybrid
screen and isolated a novel drebrin binding protein named as
‘‘spikar’’. In neuron, spikar was localized mainly in nuclei,
dendrites and colocalized with drebrin in dendritic spines. Using
RNA interference (RNAi) approaches, we found that spikar
knockdown in cultured hippocampal neurons resulted in a signif-
icant decrease of dendritic spines and filopodia, and the effects of
spikar depletion were different between developmental stages of
neuron. Our data indicate that spikar plays a role in filopodium
formation and spine maintenance. Gain of function experiment
using extranuclear-spikar mutated its NLS showed that spikar is
involved in filopodia formation during spine development. Further-
more, we revealed that spikar acts as a transcriptional coactivator of
nuclear receptors. Thus, our data indicate that spikar is a
multifunctional protein that is involved in filopodia formation in
early step of spinogenesis and spine maintenance in matured stage
of spinogenesis, and is a transcriptional coactivator in nucleus.
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Young Investigator Colloquium 6
New Therapeutic Approaches for
Neurodegenerative Disorders

YIC06-01
ALZHEIMER�S DISEASE AS A NEW FORM OF BRAIN
SPECIFIC DIABETES INSTIGATED BY ABETA
OLIGOMERS
De Felice, F.G., Bomfim, T.R., Forny-Germano, L.,
Brito-Moreira, J. and Ferreira, S.T.

Federal University of Rio de Janeiro, Institute of Medical
Biochemistry, Rio de Janeiro, Brazil

Alzheimer’s disease (AD) has been linked to impaired brain
insulin signaling, a novel type of brain diabetes. Serine phosphor-
ylation of IRS-1 (IRS-1pSer), a central feature in peripheral insulin
resistance, blocks insulin signaling. Here we show that AD brains
present elevated IRS-1pSer636/639 levels, reminiscent of what is
found in muscle and adipose tissue in type 2 diabetes. To determine
the mechanism underlying pathological IRS-1pSer, we investigated
the role of synaptotoxic Abeta oligomers, increasingly recognized as
the proximal neurotoxins in AD pathogenesis and recently impli-
cated in neuronal insulin resistance. Oligomers induced IRS-
1pSer636 and inhibited physiological IRS-1pTyr465 in mature
hippocampal neurons in culture. IRS-1pSer was blocked in neurons
expressing a dominant negative form of c-Jun N-Terminal Kinase
(JNK) and by the JNK inhibitor, SP600125, as well as by
infliximab, a tumor necrosis factor-alpha (TNF-alpha) blocking
antibody. Involvement of JNK and TNF-alpha in oligomer-induced
neuronal IRS-1pSer parallels the pathway underlying peripheral
insulin resistance. Consistent with aberrant activation of JNK,
SP600125 blocked oligomer-induced disruption of axonal transport,
a defect linked to JNK dysregulation in neurodegenerative diseases.
Insulin and exendin-4, drugs used to treat diabetes, blocked
oligomer-induced pathologies. By establishing a molecular link
between dysregulated insulin signaling in AD and diabetes, results
open new avenues for rapid implementation of therapeutics in AD.

YIC06-02
THE MECHANISM OF ACTION OF METAL-LIGAND
COMPLEXES AS POTENTIAL THERAPEUTICS TO TREAT
NEURODEGENERATIVE DISEASE
Crouch, P.J.1,2, Hung, L.W.2, Soon, C.1, Adlard, P.A.2, Masters,
C.L.2, Li, Q.X.1,2, Donnelly, P.S.1, Barnham, K.J.1,2 and White,
A.R.1,2

1University of Melbourne, Melbourne, Australia
2Mental Health Research Institute, Melbourne, Australia

Our research team has been developing metal-ligand complexes
as potential therapeutics to treat neurodegenerative diseases such as
Alzheimer’s, Parkinson’s, Huntington’s and amyotrophic lateral
sclerosis. We have tested orally available, membrane- and blood-
brain barrier-permeable complexes in multiple mouse models of
neurodegenerative disease and have found the complexes to be
highly effective in attenuating cognitive and locomotor deficits. In
order to establish the potential for our metal-ligand complexes
to proceed towards clinical trials, a priority of our current research is

to define their molecular mechanism of action. Mechanistic work to
date indicates that metal-ligand complexes are effective towards
important disease-associated pathologies (e.g. preventing accumu-
lation of neurotoxic amyloid-beta trimers and the phosphorylation of
tau in Alzheimer’s disease model mice) by hitting high profile
molecular targets (e.g. inhibition of the kinase GSK3). Molecular
pathways mapped to date include activation Akt- and ERK1/2-
related cell signalling. The activation of these pathways is in part
dependent on the inhibition of phosphatases such as calcineurin.
Downstream effects that may contribute to the in vivo therapeutic
efficacy of metal-ligand complexes include activation of the
transcription factor CREB and the promotion of neurite extension.
This talk will describe the therapeutic outcomes for metal-ligand
complexes in mouse models of neurodegenerative diseases and will
present data on their mechanism of action.

YIC06-03
CURCUMIN: A POTENTIAL THERAPEUTIC MOLECULE
FOR PARKINSON�S DISEASE?
Muchukunte Mukunda, S.B.1, Mythri, R.B.1, Jagatha, B.1,
Harish, G.1, Vali, S.2 and Misra, K.3

1National Institute of Mental Health and Neurosciences, Bangalore,
India

2Cellworks Group Inc, Bangalore, India
3Indo-Russian Center for Biotechnology, IIIT -Allahabad,
Allahabad, India

Parkinson’s disease (PD) is a neurodegenerative disease and a
movement disorder characterized by loss of dopaminergic neurons
in the substantia nigra (SN) causing dopamine depletion in the
striatum. Neurodegeneration in PD occurs due to multiple pathways
including oxidative/nitrosative stress, mitochondrial damage, pro-
tein aggregation etc. The current drugs for PD provide symptomatic
relief and replenish striatal dopamine but their ability to prevent
neurodegeneration is not validated in humans. Therefore, novel
therapeutics that target multiple pathways and prevent neurodegen-
eration need to be explored. Turmeric (Curcuma longa) is a dietary
spice used in Indian cuisine and traditional medicine. Curcumin
(diferuloylmethane), the most active and non-toxic component of
turmeric (i) is a polyphenol with antioxidant and anti-inflammatory
properties (ii) can cross the blood brain barrier and (iii) has
therapeutic potential in neurological disorders. We found that
curcumin directly detoxified peroxynitrite (PN) and protected brain
mitochondria against protein nitration, inhibition of mitochondrial
complex I (CI), loss of mitochondrial membrane potential and
mitochondrial swelling. Further, curcumin significantly protected
mitochondria in vivo against nitrosative and oxidative stress by
induced synthesis of cellular glutathione (GSH) in dopaminergic
neurons. Chronic oral supplementation with turmeric protected
against 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine mediated neu-
rodegeneration in mouse SN. However, the bioavailability of
curcumin is limited due to poor absorption, rapid metabolism and
quick systemic elimination. We demonstrated that the di-glutamoyl
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derivative of curcumin with improved bioavailability showed
enhanced neuroprotection compared to curcumin. Based on our
studies and others, we conclude that curcumin and its derivatives
have therapeutic potential for adjunctive therapy along with
dopamine replacement in PD.

YIC06-04
INTERFERON-BETA AND HMG-COA REDUCTASE
INHIBITION IN MULTIPLE SCLEROSIS: A TRICKY
COMBINATION?
Sellner, J.1,2

1Department of Neurology, Klinikum rechts der Isar, Technische
Universität München, München, Germany

2Department of Neurology, Christian-Doppler-Klinik, Paracelsus
Medical University, Salzburg, Austria

Recent studies support the notion that statins, widely-prescribed
cholesterol-lowering agents, may target key elements in the
immunological cascade leading to inflammation and tissue damage
in the pathogenesis of multiple sclerosis (MS). Compelling
experimental and observational clinical studies highlighted the
possibility that statins may also exert immunomodulatory synergy
with approved MS drugs, resulting in initiation of several random-
ized clinical trials testing statins in combination with interferon-b
(IFN-b).

Some data, however, suggest that this particular combination
may not be clinically beneficial. In this regard, a small North
American trial indicated that atorvastatin administered in combina-
tion with IFN-b may increase disease activitiy in relapsing-remitting
MS. Indeed, a potential loss of therapeutic efficacy was shown in
cell culture experiments to be induced by blocking tyrosine
phosphorylation of the STAT1 transcription factor (P-Tyr STAT1)
by statins, which is essential for type I IFN (a/b) signalling. Both,
similarities and differences of statins and IFN-b with regard to the
immunomodulatory pattern of action were observed. While IFN-b
1b reduces and simvastatin increases the expression of the pro-
inflammatory cytokines IFN-b and IL-12 in-vitro, patients on a
combination therapy of IFN-b 1b and atorvastatin had significantly
increased IL-12p70 levels. Likewise, in-vitro expression of the anti-
inflammatory cytoline IL-10 is raised by IFN-b1b and decreased by
simvastatin, and a trend for an increase of IL-10 serum levels was
found in-vivo by the combination treatment. To this end, simvast-
atin may increase the proteolytic activity MMP-9, a protease
facilitating the transmigration of leukocytes to the brain. Hence,
many of the in-vitro findings either indicate potential interference of
IFN-b and statins, or differential action on the immune system.

Eventually, the evident question whether usage of the combina-
tion requires caution, since the number of IFN-b treated MS patients
receiving statins for lowering cholesterol is expected to grow, needs
to be raised.
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WE01-01
THE ABSENCE OF TAG-1 RESULTS IN PERTURBATION
OF OLFACTORY BULB ORGANIZATION AND FUNCTION
Bastakis, G.G.1,2, Savvaki, M.1,2, Stamatakis, A.3 and
Karagogeos, D.1,2

1IMBB FORTH, Heraklion, Greece
2Medical School University of Crete, Department of Basic Science,
Heraklion, Greece

3University of Athens, School of Nursing, Laboratory of Biology-
Biochemistry, Athens, Greece

During development,the main projecting neurons of the olfactory
bulb(OB)(mitral,tufted cells) express the cell adhesion molecule
TAG-1,an immunoglobulin superfamily member that plays an
important role in neurite outgrowth,fasciculation,neuronal migration
and axon guidance.The aim of the current project is to elucidate the
role of TAG-1 in the development and organization of the olfactory
system by using mice deficient for TAG-1(Tag-1KO) as a genetic
tool.In adult and newborn TAG-1 deficient mice,a significantly
decreased number of mitral cells in the olfactory bulb mitral cell
layer(MCL) compared to control animals,has been observed.This
defect in mitral cell number can be attributed either to apoptosis or to
other deficits during the development of the olfactory bulb.TUNEL
assay and caspase-3 immunohistochemistry at E13.5 to E18.5 did not
show any changes in apoptotic cells between mutant and control
animals.These data indicate that the reduction of mitral cells in adult
mice is probably not an outcome of cell death.In order to
discriminate the underlying mechanisms of this reduction we used
Tbr-1 as a post-mitotic neuronal marker for mitral and tufted
cells.There was no difference in post-mitotic Tbr-1+neurons pool,as
detected at E14.5 Tag-1KO OB.This finding suggests that the deficit
may occur during the migration and final positioning of projecting
neurons towards their target-layers.For this purpose,we are perform-
ing tracing and immunohistochemical analysis at different develop-
mental stages.Behavioral analysis on Tag-1 deficient animals
indicates an olfactory memory deficit.We plan to subject the animals
in extensive olfactory behavioral trials,to elucidate the importance of
mitral cell layer organization in the olfactory system function.

WE01-02
THE ADHESION GPCR BAI1 CONTROLS MULTIPLE
ASPECTS OF NEURONAL DEVELOPMENT
Duman, J.G., Tzeng, C. and Tolias, K.F.

Baylor College of Medicine, Department of Neuroscience, Houston,
TX, USA

Adhesion G-protein coupled receptors (A-GPCRs) are surface
receptors consisting of a large extracellular region containingmultiple
cell adhesion domains linked to a GPCR domain by a GPCR cleavage
site. The biology of A-GPCRs is obscure, despite increasing evidence
that many impact neural development. Brain angiogenesis inhibitor 1
(BAI1) is anA-GPCR that regulates angiogenesis in the brain and acts
as an engulfment receptor elsewhere. We sought to determine BAI1’s
function in neuronal development. Here, we show that BAI1 is
expressed in hippocampal neurons and interacts with Tiam1, a Rac

GTPase activator (GEF) that regulates dendritic spine and synapse
formation. Knock down of BAI1 leads to immature spines and
synapse loss. RNAi-resistant BAI1 rescues these defects, but not a
BAI1 mutant that fails to bind to Tiam1. BAI1 also associates with
PAR3, the structural scaffold of the PAR complex, which regulates the
establishment of cellular polarity. PAR3 has previously been shown to
regulate spine development by restricting Tiam1 to excitatory
synapses, and we show that PAR3 interacts with BAI1 earlier in
development than Tiam1. BAI1 may target PAR3 and Tiam1 to
spines, since loss of BAI1 causes Tiam1 to accumulate in the soma. In
addition to its effect on synapses, knockdown of BAI1 expression
leads to the elaboration of dendritic arbors late in development (17
DIV), when wild-type neurons normally stop showing any net
dendritic growth. This defect is rescued by wild type BAI1 and by the
Tiam1 non-interacting mutant, but incompletely by amutant that does
not interact with ELMO1/DOCK180, another Rac GEF. Overexpres-
sion of BAI1 leads to shortening of the dendritic arbor starting at 17
DIV, while the mutant that does not interact with ELMO1/DOCK180
does not. These results indicate that BAI1 occupies a critical nexus
between multiple Rac-dependent signaling pathways and the PAR
complex. As BAI1 contains multiple extracellular ligand-binding
domains, we propose that it integratesmultiple signals to regulate both
dendritic arbor formation and synaptogenesis.

WE01-03
PURKINJE CELL-DERIVED MATRICRYPTINS INDUCE
THE FORMATION CLIMBING FIBER NERVE TERMINALS
Fox, M.A. and Su, J.

Virginia Commonwealth University, Richmond, VA, USA

Matricryptins are enzymatically-released fragments of extracellu-
lar matrix (ECM)molecules that have distinct bio-activities compared
with the full-length molecule from which they are generated. One
large group of ECMmolecules capable of generating matricryptins is
the collagen superfamily. Outside of the nervous system collagen-
derived matricryptins modulate cell adhesion, regulate cell prolifer-
ation and inhibit angiogenesis. In the peripheral nervous system,
collagen-derived matricryptins regulate the formation and function of
synapses. Here, we sought to understand whether similar synaptic
roles exist for collagen-derivedmatricryptins in themammalian brain.
By screening for collagen gene expression in developingmouse brain,
we identified one matricryptin-releasing collagen, collagen XVIII,
whose expression was restricted to a single neuronal cell type in the
cerebellar - Purkinje cells (PCs). We further discovered that endost-
atin, the collagen XVIII-derived matricryptin, was present in
cerebellar synaptosomes - biochemical fractions enriched for synaptic
proteins. To assess the necessity of this collagen-derived matricryptin
in the formation of cerebellar synapses, we examined synaptic
architecture in mutant mice lacking collagen XVIII (col18a1-/-).
While most cerebellar synapses appeared unaffected by the loss of
collagen XVIII, a significant decrease in the number of Climbing
Fiber (CF) nerve terminals was observed in col18a1-/- mutant
cerebella. To test whether endostatin was sufficient to induce the
formation of these CF terminals, we generated dissociated cultures of
inferior olivary (IO) neurons, which are the cell-type that generates
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CFs. Application of endostatin onto cultured IO neurons produced a
robust increase in the number of CF presynaptic terminals. Thus, PC-
derived endostatin appears necessary and sufficient to induce CF
nerve terminal formation. Outside of the nervous system endostatin
signals through integrin receptors. Likewise, we discovered that the
ability of endostatin to induce CF presynaptic differentiation in vitro
required RGD-dependent integrin function. Expression analyses,
immuno-precipitation experiments, and application of function-
blocking antibodies all revealed that endostatin signals through
integrin a3b1 to induce CF-PC synapse formation. Together, our
studies have identified a novel role for collagen-derived matricryptins
and integrins in directing synaptogenesis in the mammalian brain.

WE01-04
THE FORMATION OF THE AXON INITIAL SEGMENT AND
POLARITY IN DEVELOPING NEURONS
Ho, T.S.1 and Rasband, M.N.1,2

1Baylor College of Medicine, Program in Developmental Biology,
Houston, TX, USA

2Baylor College of Medicine, Department of Neuroscience,
Houston, TX, USA

Neurons are polarized into axonal and somatodendritic compart-
ments. In addition there are subcellular polarized domains including
the axon initial segment (AIS), nodes of Ranvier and the synapses.
The AIS is enriched in voltage-gated sodium channels that initiate
action potentials. Although the AIS is a critical structure in neurons,
our knowledge of the AIS is still limited. So far no study has
determined when the AIS is formed during neural development in
vivo. The AIS is also required to maintain neural polarity, but
whether the AIS is also required to establish neural polarity is
unknown. Here, we describe the temporal relationship between
initiation of axon-dendrite polarity and the formation of the AIS. We
studied the formation of the AIS in developing neurons in vivo and
in vitro. We used ankyrinG (ankG) as the AIS marker since it is the
master organizer and it clusters at the AIS first among the known
AIS proteins. For the in vivo study, we introduced GFP to cells at
the ventricular zone of neocortex by in utero electroporating E14.5
mouse embryos. Then we followed the development of labeled
cortical neurons by collecting brains at later time points. We found
that neurons initiate ankG clustering after their axons are specified
and after they migrate to their targets near the pial surface. In
cultured hippocampal neurons, ankG clustering does not occur until
stage 4, whereas axons are specified at stage 3. Thus we conclude
that AIS assembly occurs after specification of axon-dendrite
polarity. To determine if ankG clustering is required for establish-
ment of neural polarity, we silenced ankG expression to disrupt AIS
assembly by in utero electroporating ankG shRNA into neocortex of
E16.5 rat embryos. Our results show that axons are still formed and
relatively intact in cortical neurons without ankG. Thus, ankG
clustering is not required to initiate axon-dendrite polarity in vivo.

WE01-05
DIFFERENTIAL PROPERTIES OF NEUROFIBROMIN
GRDI AND II IN DEVELOPING NEURONS
Karouzaki, S., Theofilopoulos, S. and Mangoura, D.

Biomedical Research Foundation, Academy of Athens, Athens,
Greece

Neurofibromin, the product of the NF1 gene, is abundantly
expressed in the CNS, and large deletions of the gene, presumably

causing Ras hyperactivation, may lead to mental retardation. It
functions as Ras-GAP through a central 360 amino-acid domain
termed GRD, which exists as two variants type I and II. GRDII
includes an additional exon (23a) and has significantly lesser GAP
activity at least in vitro, while mice with depletion of 23a suffer
from behavior deficits, all suggesting that exon 23a plays an
important role in the function of neurofibromin. We have previously
shown that PKC-dependent phosphorylation of neurofibromin-
GRDII increases both its association with F-actin and its Ras-
GAP activity. In a series of studies in the chick embryo telecenph-
alon, we found that at embryonic day 7, the onset of neuronal
differentiation, there was an abrupt switch in the ratio of
GRDI:GRDII transcript expression from 1:2 to 2:1; this switch
slightly preceded a great gain in Ras transcription levels. We then
transiently overexpressed GRDI-GFP or GRDII-GFP in primary
neuronal cultures derived from E8 telenchephalon and assessed
primary neurite length in pyramidal neurons. Both proteins induced
an elaborate phenotype and conferred significant increases in the
length of the major processes as well as in total neuritic length. Yet,
immunofluorescence analysis revealed that GRDII, but not GRDI,
showed significant increased colocalization with F-actin and with
the neuron-specific, F-actin binding protein drebrin. Moreover,
overexpression of GRDI mimicked the developmental switch in
transcript expression, as it lowered the expression of endogenous
GRDII transcripts in younger neurons. Our results demonstrate that
GRD variants may play additional and specific roles in targeting
neurofibromin within neuronal subcellular compartments where
different pathways, such as the Ras/ERK or the Rac1/LIMK1/cofilin
pathways, may be regulated.

WE01-06
SPATIOTEMPORAL REGULATION OF G-ACTIN
LOCALIZATION IN GROWTH CONE GUIDANCE
Lee, C.W. and Zheng, J.Q.

Emory University, Departments of Cell Biology and Neurology,
Atlanta, GA, USA

During axonal guidance, the motile growth cone senses spatio-
temporally distributed extracellular signals and then translates into
directional steering of the axon through a complex environment to
the correct target cells. While the signaling mechanisms underlying
distinct guidance molecules are different, the actin cytoskeleton is
believed to be the major target of intricate intracellular signaling
pathways that leads to specific motile behaviors of the growth cone.
Our previous studies showed that directional growth cone responses
are mediated partly by local protein synthesis of actin molecules and
spatial severing/depolymerization of actin filaments. However, the
involvement of globular actin monomers (G-actin) and its implica-
tion in actin assembly/disassembly during axonal guidance remain
unclear. In this study, we provide evidence to show an unanticipated
spatial pattern of G-actin in growth cones of the cultured Xenopus
spinal neurons, which may play an important role in axonal
guidance. First, using various specific probes for monomeric G-
actin, we consistently detected a local enrichment of G-actin at the
peripheral domain of the growth cone. Notably, the ratiometric
analysis showed that the peripheral localization of G-actin was
inversely related to that of filamentous actin (F-actin). In live
cultured neurons, the differential distribution of G- and F-actin in
growth cones was also observed by simultaneous dual-channel
imaging of GFP-actin and RFP-Liveact. Importantly, we detected an
asymmetric distribution of G-actin across the growth cone in
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response to the local application of a guidance cue BMP7. Taken
together, these results suggest a novel regulation of growth cone
guidance by spatially restricting the availability of G-actin for actin
polymerization induced by extracellular stimuli.

WE01-07
LOCAL APPLICATION OF NEUROTROPHINS SPECIFIES
AXON THROUGH INOSITOL 1, 4, 5-TRISPHOSPHATE/
CA2+/CALMODULIN-DEPENDENT PROTEIN KINASES
Nakamuta, S.1, Funahashi, Y.1, Namba, T.1, Kamiguchi, H.2 and
Kaibuchi, K.1

1Graduate School of Medicine, Department of Cell Pharmacology,
Nagoya University, Nagoya, Japan

2Laboratory for Neuronal Growth Mechanisms, RIKEN Brain
Science Institute, Saitama, Japan

Neurons are highly polarized cells that possess axons and
dendrites, both of which differentiate from common immature
neurites in cultured hippocampal neurons. One of these immature
neurites stochastically initiates rapid extension and becomes an
axon, whereas the other immature neurites finally become dendrites.
Various extracellular signals including neurotrophins, Wnts, IGF-1,
TGF-b and Reelin have been implicated in axon specification
among the immature neurites. However, the causal relationship
between the extracellular and intracellular signals and axon
specification remains elusive, because live imaging of the signals
during axon specification is difficult in practice. We found here that
neurotrophins including NT-3 and BDNF derived from the cultured
neurons were required for axon specification in an autocrine fashion.
To evaluate neurotrophins and their intracellular signals, we
developed the local application method using micropipette, and
found that stimulation of the selected neurite by NT-3 and BDNF
induced neurite outgrowth and subsequent axon formation. A local
application of Wnt5a, Wnt3a, IGF-1 and TGF-b, but not NGF and
Reelin, also induced neurite outgrowth. NT-3 induced a rapid
increase in Ca2+ in an inositol 1, 4, 5-trisphosphate (IP3)-dependent
fashion, and activation of calmodulin-dependent protein kinase
kinase (CaMKK), a Ca2+ effector, in the growth cone. Impairment
of neurotrophin receptors and CaMKK prohibited NT-3-induced
axon specification in cultured neurons and axon formation in
cortical neurons in vivo. These results reveal a novel role for IP3/
Ca2+ signaling in axon specification via CaMKK.

WE01-08
IMPACT, A DEVELOPMENTALLY REGULATED PROTEIN
IN NEURONS, OPPOSES GCN2 IN MODULATING
NEURITE OUTGROWTH
Roffe, M.1, Hajj, G.N.2 and Castilho, B.A.1

1Universidade Federal de São Paulo, São Paulo, Brazil
2Centro Internacional de Pesquisa e Ensino - Fundação Antonio
Prudente, São Paulo, Brazil

Development of the nervous system requires the precise mod-
ulation of sprouting and elongation of neurites in a timely manner.
The control of protein synthesis, specially the one localized to
neuronal compartments such as growth cones and synapses, is one
of the most important determinants of neuronal development and
synaptic function. eIF2a phosphorylation is a key regulatory step
for translation, resulting in inhibition of general protein synthesis
but increasing translation of specific mRNAs, such as ATF4 mRNA.

Recently, GCN2, one of the four mammalian eIF2a kinases, was
characterized as a negative regulator of synaptic plasticity and
memory. Here, we demonstrate that IMPACT, a protein preferen-
tially expressed in the brain, prevents GCN2 activation and
signaling, and is associated with increased levels of translation in
neuronal cells. Furthermore, in neuronal processes, IMPACT was
found in granules that were sensitive to translational arrest
treatments and contained the ribosomal protein S6 (rpS6) and
FMRP suggesting an association with the translational machinery.
The transport of IMPACT to neuronal processes and its association
with rpS6 were dependent on its C-terminal ‘‘Ancient Domain’’, of
unknown function until now. Remarkably, we found that IMPACT
expression increases drastically during neuronal differentiation
along with the expression of neuronal differentiation markers.
IMPACT increase is accompanied by a decrease in GCN2
phosphorylation at T898 that indicates that GCN2 becomes
inactivated during neuronal cells differentiation. Consistent with a
role during neuronal differentiation, we provide evidence that
IMPACT promotes neuritogenesis and, conversely, that GCN2 is a
potent inhibitor of spontaneous neuritogenesis. Accordingly,
primary neurons from Gcn2-/- mice presented increased neurito-
genesis. Together, these results suggest that the conserved GCN2-
IMPACT module provides another step of translational control to
the extremely regulated process of neuronal differentiation. Sup-
ported by: FAPESP

WE01-09
LAMININ-c1 AND STI1 SYNERGISTICALLY MEDIATE
PRPC-DEPENDENT AXONAL GROWTH VIA CA2+

SIGNALING
Santos, T.G.1, Beraldo, F.H.2, Hajj, G.N.1, Lopes, M.H.3 and
Martins, V.M.1

1A.C. Camargo Hospital, São Paulo, Brazil
2Robarts Research Institute, Department of Physiology and
Pharmacology, University Western Ontario, London, Canada

3Department of Cell and Developmental Biology, Biomedical
Sciences Institute, University of Sao Paulo, Sao Paulo, Brazil

Prions are infectious pathogens associated to neurodegenerative
diseases generated by the structural conversion of the cellular prion
protein (PrPC), a cell surface glycoprotein abundantly expressed in
the nervous system. The cellular functions of PrPC and its possible
loss-of-function in prion diseases are under intensive investigation.
PrPC mediates neuritogenesis of hippocampal neurons through
interaction with laminin-c1 chain or stress inducible protein 1
(STI1). Herein, we investigated the involvement of PrPC engage-
ment with Ln-c1 or STI1 in the axonogenesis of dorsal root ganglia
neurons, assessing the role of calcium signaling. The Ln-c1 peptide,
corresponding to the laminin binding site to PrPC, and STI1 were
able to promote axonogenesis (axon sprouting and outgrowth) in
wild-type neurons while no effect was observed in PrPC-null
neurons. Moreover, neuronal treatment with a combination of Ln-c1
peptide and STI1 at suboptimal concentrations induced axonogen-
esis, suggesting a synergistic effect of these proteins upon
interaction with PrPC. The binding of Ln-c1 peptide or STI1 to
PrPC causes an increase in intracellular Ca2+ levels by distinct
mechanisms, whereas STI1 promotes extracellular Ca2+ influx, Ln-
c1 peptide recruits Ca2+ from intracellular stores. These results
suggest that PrPC acts as a pivotal scaffold molecule organizing
multimolecular complexes able to promote diverse cellular signaling
with synergistic activity in axonogenesis.
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WE01-10
STABILIZATION OF MICROTUBULES BY POLYAMINES
AND TRANSGLUTAMINASE: ITS ROLES IN BRAIN
FUNCTION
Song, Y.1,2,3, Helseth, L.5, Schilling, A.5, Johnson, G.4,
Engle, E.C.1,2 and Brady, S.T.3,5

1Children’s Hospital Boston, Boston, USA
2Harvard Medical School, Boston, USA
3Marine Biological Lab, Woods Hole, USA
4University of Rochester, Rochester, USA
5University of Illinois at Chicago, Chicago, USA

Neurons contain large numbers of microtubules that support
intracellular transport, facilitate axon growth, and form a structural
basis for neuronal morphology. While microtubules in non-neuronal
cells are generally quite dynamic and can be depolymerized by cold,
calcium or antimitotic drugs; many neuronal microtubules are
unusually stable. The mechanisms for such stability are still unclear.
In this study, a novel mechanism for axonal microtubule stabiliza-
tion will be demonstrated based on four lines of evidence: First,
neuronal tubulin, polymerized microtubules, and Taxol-stabilized
microtubules can be polyaminated by transglutaminase. The
polyamination sites were mapped using LC-MS-MS, and the
identified sites are consistent with a role for this modification in
stabilizing microtubules. Second, neuronal tubulin polyaminated by
endogenous brain transglutaminase exhibits biochemical character-
istics similar to neuronal stable microtubules in three significant
ways. Third, there are strong spatial and temporal correlations
between transglutaminase activity, TG2 (a predominant transgluta-
minase isoform in brain) immunoreactivity and microtubule stabil-
ity in both cell and animal models. Fourth, inhibiting either
polyamine synthesis or transglutaminase activity significantly
decreases the amount of neuronal stable microtubules in vivo.
Moreover, transglutaminase activity contributes to neurite out-
growth in the cell model and is correlated with postnatal axonal
maturation in animal models.In sum, a novel posttranslational
modification of neuronal tubulin has been identified, and this
modification may contribute to microtubule stability as well as to
neurite development, maturation and maintenance. Such a mecha-
nism is critical for regulating neuronal cytoskeleton in development,
regeneration and aging.

WE01-11
AATYK1 PHOSPHORYLATION BY CDK5 REGULATES
AXON OUTGROWTH VIA RECYCLING ENDOSOME
PATHWAY
Takano, T.1, Tomomura, M.2, Yoshioka, N.1,3, Tsutsumi, K.1,
Yamazaki,R.1,Saito,T.1,Kawano,H.3,Fukuda,M.4andHisanaga,S.1

1Department of Biological Science, Tokyo Metropolitan University,
Tokyo, Japan

2MPL, Meikai University School of Dentistry, Saitama, Japan
3Department of Developmental Morphology, Tokyo Metropolitan
Institute for Neuroscience, Tokyo, Japan

4Department of Developmental Biology and Neurosciences,
Graduate School of Life Sciences, TohokuUniversity, Miyagi, Japan

Membranes are supplied to extending neurites of neurons
through recycling endosomes. Membrane trafficking to and from
recycling endosomes is regulated by Rab11 small GTPase, but the

regulatory mechanism remains elusive. We have recently shown that
AATYK1 Ser/Thr kinase plays a role in the formation of Rab11A-
positive pericentrosomal endocytic recycling compartment in CHO-
K1 cells and that activity is regulated by Ser34 phosphorylation of
AATYK1 with cyclin-dependent kinase 5 (Cdk5). Considering that
both AATYK1 and Cdk5 are expressed highly in brains, it is
important to identify the neuronal function of the Cdk5-AATYK1
pathway. Here, we investigated a role of AATYK1 and its
phosphorylation by Cdk5 in neurite outgrowth using primary
cortical neuron cultures. AATYK1 expression and Ser34 phosphor-
ylation of AATYK1 were increased in cultured neurons at DIV3 at
the time of axonal outgrowth. Downregulation of AATYK1 by
RNAi promoted axonal outgrowth in primary cortical neurons,
indicating the role of AATYK1 in axon outgrowth. Neither
AATYK1-WT nor AATYK1-S34D affected outgrowth of axon,
but the expression of AATYK1-S34A resulted in longer axon.
Exogenously expressed AATYK1 co-localized with Rab11A-
positive recycling endosomes at perinuclear region and neurites.
AATYK1-S34A showed co-localization with Rab11A more than
AATYK1-WT and AATYK1-S34D in neurites. AATYK1-WT
showed co-localization with constitutively active Rab11A-Q70L
more than dominant negative Rab11A-S25N in neurites. Axonal
outgrowth induced by AATYK1-S34A was reversed by Rab11A-
S25N. These results suggest that Cdk5-dependent phosphorylation
of AATYK1 at Ser34 suppresses the axonal outgrowth via
regulation of Rab11A activity.

WE01-12
LOCAL SYNTHESIS OF BETA-CATENIN DURING
SYNAPSE FORMATION
Taylor, A.M.1 and Schuman, E.M.2

1University of North Carolina, UNC/NSCU Joint Department of
Biomedical Engineering, Chapel Hill, USA

2Max Planck Institute for Brain Research, Frankfurt, Germany

Proper synapse formation requires the expression of presynaptic
b-catenin protein which is critical for establishing the synaptic
vesicle reserve pool. From previous work we know that synapse-
competent central axons contain b-catenin mRNA. We also know
that b-catenin is locally translated in growth cones of hippocampal
neurons. Here we tested the hypothesis that b-catenin is locally
synthesized in axons during synapse formation. To experimentally
address this hypothesis, we used a compartmentalized microfluidic
platform to obtain an isolated field of axons, allowing us to add
target mimics to the axonal compartment and induce presynaptic
terminal formation. An advantage of this set-up is the ability to
define the precise timing of presynaptic terminal development,
which is not possible in vivo. Another advantage is the ability to
selectively apply compounds, such as protein synthesis inhibitors, to
axons. We show that functional presynaptic terminals form within
24h after the addition of the target mimics. We show that ribosomes
and b-catenin mRNA localize to these differentiated presynaptic
terminals within 24h– to our knowledge providing the first clear
evidence of translational machinery in synapse-competent hippo-
campal axons. We demonstrate that localization of b-catenin protein
at presynaptic terminals depends, in part, on axonal protein
synthesis. Finally, we report that b-catenin is locally and specifically
synthesized in hippocampal axons during presynaptic terminal
formation.
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WE01-13
BMP SIGNALING ENHANCEMENT BY ARKADIA2C IS
REQUIRED FOR MOTOR NEURON AXON ELONGATION
Thymiakou, E., Kelly, C.E. and Episkopou, V.

Imperial College, London, UK

Little is known about extrinsic signals that regulate axon
elongation particularly that of motor neurons (MN), which possess
some of the longest axons in the body. The Transforming Growth
Factor (TGF)-b superfamily includes two major classes of ligands:
Nodal-like, which activate by receptor-phosphorylation, the Smad2/
3 effectors, and Bone Morphogenetic Proteins (BMP), which
activate Smad1/5/8. Arkadia/Rnf111, a RING-domain E3 ubiquitin
ligase, specifically enhances Nodal-Smad2/3 signaling and is
essential for head development in vertebrates. Arkadia mediates
the degradation of the TGF-b negative regulators, Smad6/7 and
SnoN/Ski, however, its activity depends on its specific interaction
with activated Smad2/3. The existence of a similar factor with BMP
signaling specificity remained unknown. Here we show that a close
homologue of Arkadia, Arkadia2C/RNF165, is specifically ex-
pressed in the nervous system. Its loss in mice causes motor axon
growth and innervation defects including the forelimb and the
diaphragm. Arkadia2C functions by mediating the degradation of
negative regulators and enhancing specifically BMP/Smad1/5/8
downstream transcriptional response. Reduction of BMP signaling
in MN by genetic removal of alleles encoding signal transduction
components in Arkadia2C heterozygous mice causes the emergence
of forelimb innervation defects. This confirms the molecular
function of Arkadia2C in vivo. Collectively, the data revealed a
novel role of the BMP-Smad signaling pathway in MN axon
elongation.

WE01-14
PAT1, A NOVEL KINESIN LIGHT CHAIN-LIKE PROTEIN:
ITS INTERACTION WITH ZBP1 MEDIATING MRNA
GRANULE LOCALIZATION IN NEURONS
Wu, H.1,2 and Dictenberg, J.D.1,2

1City University of New York, Hunter College, New York, USA
2City University of New York, Graduate Center, New York, USA

Subcelluar localization of messenger RNAs (mRNAs) gives
precise temporal and spatial control over localized protein synthesis,
which is important for axon guidance, filopodia and synapse
growth, synapse function and neuronal asymmetry. It appears that
motor-based transport of mRNA has become a predominant
mechanism for the localization of mRNAs in animal cells.
Currently, there are still difficulties in identifying the molecular
linkers between localized transcripts and motor proteins in animal
cells. By using of yeast 2-hybrid screen, we managed to identifiy
PAT1 (Protein interacting with APP tail-1), a kinesin light chain-like
protein. This protein interacts with both ZBP1 (zipcode-binding
protein), and kinesin light chain (KLC), and could be a potential
molecular linker. Cell immunofluorescence images showed
co-localization of ZBP1 and PAT1 in primary hippcampal cultures.
Co-immunoprecipitation and GST pull-down with recombinant
proteins confirmed the interaction between ZBP1 and PAT1 in vitro.
siRNA was designed to knock down PAT1 mRNA. As predicted,
knocking down of PAT1 impairs dendritic b-actin mRNA granule
transport, decreases b-actin mRNA granule density in dendrites, and
further influences growth cone guidance and synaptogenesis. We
postulate that PAT-mediated transport of RNA granules through
ZBP1 and perhaps other mRNA-binding proteins serves to enhance
stimulus-induced local protein synthesis in filopodial-spine growth,
growth cone guidance, and synaptogenesis. BDNF signaling is
known to induce rapid actin remodeling in growth cones and
filopodia-spines, and may act to signal to the PAT1/ZBP1 complex
to deliver beta-actin mRNA for rapid actin assembly dynamics.

� 2011 The Authors
Journal Compilation � 2011 International Society for Neurochemistry, J. Neurochem. 118 (Suppl. 1), 165–244 195

WE01 Neuronal Polarity



WE02 Disorder-Related Bioenergetics
WE02-01
ALTERATION OF DOPAMINE AND ITS METABOLITE IN
PLASMA OF HEROIN ABUSERS
Boontem, P.1,2, Kooncumchoo, P.2 and Govitrapong, P.1,2

1Center for Neuroscience, Faculty of Science, Mahidol University,
Bangkok, Thailand

2Research Center for Neuroscience, Institute of Molecular
Biosciences, Mahidol University, Nakornpathom, Thailand

Heroin is known as a drug of abuse. It alters dopamine
metabolism in neurons. In this study we examined the level of
dopamine (DA) and its metabolite (3,4 dihydroxyphenylacetic acid;
DOPAC) in plasma of heroin users (22–30 years of age) who used
600–1,200 mg/day of heroin for 3–4 years compared with a control
group (24–33 years of age) by using high performance liquid
chromatography connected with electrochemical detection (HPLC-
ECD) analysis. The result showed that heroin users exhibited a
significant decrease in plasma DA, but an increase in DOPAC levels
(p<0.05). The present results showed the changes of dopamine
turnover from plasma of heroin addicts, this may help to better
understand the mechanism of heroin addiction.
Acknowledgement This study was supported by a TRF-Senior
Research Scholar Fellowship from the Thailand Research Fund and
a Mahidol University Research Grant to PG.

WE02-02
THE ANTIRETROVIRAL PROTEASE INHIBITORS
INDINAVIR AND NELFINAVIR STIMULATE MRP1-
MEDIATED GSH EXPORT FROM CULTURED BRAIN
ASTROCYTES
Brandmann, M.1,2 and Dringen, R.1,2,3

1University of Bremen, Centre for Biomolecular Interactions
Bremen, Bremen, Germany

2University of Bremen, Centre for Environmental Research and
Sustainable Technology, Bremen, Germany

3Monash University, School of Psychology and Psychiatry, Clayton,
Australia

Combinations of antiretroviral drugs are successfully used as
therapy to slow down the progression of AIDS and to prevent
severe HIV-associated dementia. Since the tripeptide glutathione
(GSH) is important for detoxification processes in the brain, we
have investigated the consequences of a treatment with antiretro-
viral drugs on the GSH metabolism of brain cells, using astrocyte-
rich primary cultures as model system. Exposure of these cultures
to the protease inhibitors indinavir or nelfinavir resulted in a rapid
time- and concentration-dependent depletion of cellular GSH and a
matching increase in the extracellular GSH content. Half-maximal
loss of cellular GSH was observed 6 h after application of around
5 lM nelfinavir or 10 lM indinavir. Although exposure of
astrocytes to 30 lM indinavir for 6 h or 24 h almost completely
deprived the cells of GSH, the viability of the cells was not
compromised under these conditions. In contrast, treatment with 30
lM nelfinavir deprived the cells within 6 h only by around 50% of

their GSH, but caused substantial cell damage after incubation
periods longer than 6 h. The indinavir- or nelfinavir-stimulated
GSH export from viable astrocytes was completely prevented by
the application of MK571, an inhibitor of the multidrug resistance
protein 1. These data demonstrate that the antiretroviral protease
inhibitors indinavir and nelfinavir stimulate Mrp1-mediated GSH
export from brain astrocytes. This alteration of astroglial GSH
metabolism by antiretroviral protease inhibitors may be involved in
the development of mild cognitive impairments in AIDS patients
during a chronic treatment with combinations of antiretroviral
drugs that include protease inhibitors.

WE02-03
DISRUPTION OF ASTROCYTIC GAP JUNCTIONAL
COMMUNICATION BY DIABETES AND
AMYLOID-BETA 1-40
Cruz, N.F., Ball, K.K., Harik, L., Gandhi, G.K. and Dienel, G.A.

University Arkansas Medical Sciences, Little Rock, USA

Astrocytes are extensively coupled by gap junctions to form large
syncytia within which trafficking of metabolites and signaling
molecules is important for normal brain function. To better
understand the influence of disease states on astrocytes, gap
junctional communication was evaluated in experimental diabetes
and Alzheimer’s disease. Dye transfer among coupled astrocytes
cultured in high (25 mmol/L) glucose slowly fell to about half that
of control cells grown in low (5.5 mmol/L) glucose, with an onset
that lagged the increase in generation of reactive oxygen-nitrogen
species (ROS-NOS) by several days. This deficit was not reversed
by return to low glucose medium for two weeks, and was prevented
but not rescued by treatments that reduce oxidative stress. In
contrast, small molecules known to facilitate protein folding both
prevented and rescued impaired dye transfer, even in the presence of
high glucose. Growth in high glucose did not alter Cx26 level, but
reduced Cx30 by 30%, and elevated Cx43 by 1.9-fold; impaired
Lucifer yellow transfer was not due to lower connexin levels.
Nitrosative stress was implicated as a causative factor because brief
treatment of high-glucose cultures with dithiothreitol normalized
dye transfer and exposure of low-glucose cultures to NO-donors
quickly impaired dye transfer. Streptozotocin-diabetic rats also
exhibited oxidative stress, reduced dye transfer, and lower Cx30 and
Cx43 levels in the inferior colliculus. In experimental Alzheimer’s
disease, acute treatment of cultured astrocytes grown in low glucose
with amyloid-beta1-40 caused a small, transient increase in ROS-
NOS and rapid, prolonged inhibition of dye transfer; amyloid
treatment further reduced the subnormal dye transfer in high-
glucose cultures. However, dye transfer in slices from three brain
regions of 9-14-month-old transgenic mice that contain human
amyloid precursor protein with the Swedish and Indiana mutations
was similar to that of age-matched controls. Thus, amyloid-beta has
greater effects on gap junctional communication in cultured
astrocytes compared to aged astrocytes in vivo, whereas diabetes
may impair transcellular shuttling of molecules required for
neuroenergetics and cell-cell signaling.

� 2011 The Authors
196 Journal Compilation � 2011 International Society for Neurochemistry, J. Neurochem. 118 (Suppl. 1), 165–244



WE02-04
INCREASED BRAIN GLYCOGEN AFTER RECOVERY
FROM ACUTE HYPOGLYCAEMIA SUGGESTS
INVOLVEMENT IN HYPOGLYCAEMIA UNAWARENESS
Duarte, J.M.1, Morganthaler, F.2 and Gruetter, R.1,3

1Center for Biomedical Imaging, Ecole Polytechnique Fédérale de
Lausanne, Lausanne, Switzerland

2Cellular Imaging Facility, University of Lausanne, Lausanne,
Switzerland

3Departments of Radiology, University of Lausanne and University
of Geneva, Lausanne and Geneva, Switzerland

Diabetes mellitus is characterised by hyperglycaemia that is
associated with the occurrence of well described microvascular
complications that affect different organs, which development is
dependent on the duration of the disease and glycaemia control. For
many individuals with diabetes, episodes of severe hypoglycaemia
are a major complication of glycaemia control. Moreover, recurrent
hypoglycaemia impairs mechanisms of defence against hypoglyca-
emia. Thus, diabetes patients display a progressive decay in the
physiological counter-regulatory response, resulting in hypoglyca-
emia unawareness, and therefore prolonged exposure to hypoglyca-
emia insults may become lethal. One mechanism through which the
brain adapts to hypoglycaemiamay involve glycogenmetabolism and
its buffering effect on brain glucose concentrations. Conscious freely
moving rats were submitted to hypoglycaemia bellow 35 mg/dL for
90 minutes by insulin administration, followed by a recovery period
of 24 hours either under normoglycaemia or hyperglycaemia
achieved by glucose infusion. Rats were then sacrificed bymicrowave
fixation and glycogen concentration was determined in different brain
regions. Control rats underwent the same treatment without the
preceding hypoglycaemia period. Hypoglycaemia depleted brain
glycogen content in the brain. In the cortex, glycogen concentration
was increased by 65 ± 27% or 114 ± 16% when recovery from
hypoglycaemia was performed under hyper- or normoglycaemia.
Similar glycogen supercompensation was observed in the hippocam-
pus but not in the hypothalamus and striatum. Brain glycogen
concentration did not increase after 24 hours under hyperglycaemia
without a preceding hypoglycaemia insult. In conclusion, supporting
brain metabolism during recurrent hypoglycaemia periods, glycogen
may have a role in hypoglycaemia unawareness.

WE02-05
GHRELIN REGULATES ENERGY BALANCE THROUGH
HYPOTHALAMIC RECEPTORS IN A RAT OBESITY
MODEL
Fedonidis, C., Koliou, X., Asimaki, O., Alexakis, N. and
Mangoura, D.

Biomedical Research Foundation of the Academy of Athens, Athens,
Greece

Feeding behavior and energy balance is maintenained through
integration of orexigenic and anorexigenic signals from the
periphery in the hypothalamus, in particular in the arcuate nucleus.
ARC neurons express anabolic Growth Hormone Secretagogue
Receptor (GHSR), catabolic leptin (Ob-R) and Melanocortin 4
(MC4R) receptors, to detect ghrelin, leptin and a-MSH, respec-
tively. Ghrelin is mainly produced in the stomach where, after
acylation by O-acyltransferase (GOAT), may bind to GHSR. Acyl-
ghrelin stimulates the gut-brain orexigenic axis to increase food
intake and reduce fat mobilization, in contrast to leptin, which,

circulating at levels proportional to body fat, promotes the synthesis
of the appetite suppressant a-MSH. To further understand how the
neuroendocrine ghrelin system regulates energy homeostasis
through the gut-brain-axis, we employed a novel approach to
reduce the endogenous ghrelin levels through the removal of the
stomach fundus by sleeve gastrectomy, the procedure of choice for
morbid obesity. We developed a rat obesity model, where animals
were fed a high fat diet for 12 weeks and then underwent sleeve
gastrectomy or sham operation. All animals were then fed normal
diet, and, when sacrifized one or three months later, ghrelin and
GOAT in the stomach, GHSR, Ob-R and MC4R expression levels in
the hypothalamus were assessed by semi-quantitative RT-PCR and
immunodetection. We found that sleeve gastrectomy significantly
decreased ghrelin message in the stomach when compared to sham-
and non-operated animals. GOAT patterns followed that of ghrelin
suggesting co-regulation of their expression as well as acylation of
ghrelin. In the hypothalamus we observed decreased GHSR and Ob-
R expression both at the message and protein levels, possibly due to
lower acyl-ghrelin levels. As expected, lower fat and thus lower
leptin levels, led to significantly lower expression of MC4R, upon
withdrawal from the fat diet for at least 3-months. Our results
indicate that ghrelin participates in the control of energy balance
through the regulation of its own receptor GHSR, Ob-R and MC4R
expression in the hypothalamus of obese animals.

WE02-06
IMPAIRED INSULIN SIGNALING IN A PRIMATE MODEL
OF ALZHEIMER�S DISEASE: LINK WITH TYPE-2
DIABETES
Forny-Germano, L.1,2, Bomfim, T.R.2, Brito-Moreira, J.2, Houzel,
J.C.1, Klein, W.L.3, Munoz, D.P.4, Ferreira, S.T.2 and
De Felice, F.G.2

1Federal University of Rio de Janeiro, Institute of Biomedical
Sciences, Rio de Janeiro, Brazil

2Federal University of Rio de Janeiro, Institute of Medical
Biochemistry, Rio de Janeiro, Brazil

3Northwestern University, Department of Neurobiology and
Physiology, Illinois, USA

4Queen’s University, Centre for Neuroscience Studies, Ontario,
Canada

Alzheimer’s disease (AD) has been linked to defective brain
insulin signaling, a proposed third type of diabetes (1, 2, 3).
Although this intriguing connection between AD and diabetes has
been suggested, a major unknown is the mechanism by which
insulin resistance develops in AD brains. In type 2 diabetes, tumor
necrosis factor-a (TNF- a) signaling stimulates c-Jun N-Terminal
Kinase (JNK). This results in serine phosphosphorylation of the
insulin receptor substrate (IRS-1), blocking downstream signaling
and triggering insulin resistance (4). The link between diabetes and
Alzheimer¢s disease was found in the ability of Ab oligomers, toxins
that accumulate in Alzheimer brain and instigate synaptic damage,
to activate the JNK/TNF-a pathway leading to phosphorylation of
IRS-1pSer636. The aim of this study was to investigate whether Ab
oligomers injected into the cerebral ventricles of adult cynomolgus
monkeys are capable of triggering mechanisms similar to those
described for type 2 diabetes. Our findings indicate JNK activation
and increased levels of IRS-1pSer636 in primate hippocampus.
They reinforce the link between diabetes and AD. Furthermore,
considering the dearth of animal model systems that truly recapit-
ulates the main features of Alzheimer’s disease, this new non-human
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primate model offers a potential to provide insight into central
aspects of AD that may be exclusively present in primates.
References:
1. Craft,S., (2007). Curr Alzheimer Res, 4: 147–152.
2. de la Monte,S. M., (2009). BMB Rep, 42:475–481.
3. Zhao, W. Q., De Felice F. G et al. (2008). FASEB J, 22: 246.
4. Hotamisligil,G.S. et al. 1996.Science, 271: 665–668.

WE02-07
ADMINISTRATION OF 17b-ESTRADIOL MODULATES
THE AGE RELATED NEURONAL MARKERS IN
NATURALLY MENOPAUSAL RATS FROM DIFFERENT
AGE GROUPS
Kumar, P., Kale, R.K. and Baquer, N.Z.

Jawaharlal Nehru University, New Delhi, India

Background: Aging in females and males is considered as the end
of natural protection against age related diseases like osteoporosis,
coronary heart disease, diabetes, Alzheimer’s disease and Parkin-
son’s disease. These changes increase during menopausal condition
in females when the level of estradiol is decreased.
Objective: The objective of this study was to observe the changes
in activities of monoamine oxidase, glucose transporter-4 levels,
membrane fluidity, lipid peroxidation levels and lipofuscin accu-
mulation occurring in brains of female rats of 3 months (young), 12
months (adult) and 24 months (old) age groups, and to see whether
these changes are restored to normal levels after exogenous
administration of estradiol.
Methods: The aged rats (12 and 24 months old) (n= 8 for each
group) were given subcutaneous injection of 17b-estradiol
(E2)(0.1lg/g body weight) daily for one month. After 30 days of
hormone treatment experimental animals of all the groups were
sacrificed and brains were isolated for further study.
Results: The results obtained in the present work revealed that
normal aging was associated with significant increases in the
activity of monoamine oxidase, lipid peroxidation levels and
lipofuscin accumulation in the brains of aging female rats, and a
decrease in glucose transporter-4 level and membrane fluidity. Our
data showed that estradiol treatment significantly decreased mono-
amine oxidase activity, lipid peroxidation and lipofuscin accumu-
lation in brain regions of aging rats, and a reversal of glucose
transporter-4 levels and membrane fluidity was achieved. Admin-
istration of E2 brought these changes to near normalcy.
Conclusions: It can therefore be concluded that E2’s beneficial
effects seemed to arise from its antilipofuscin, antioxidant and
antilipidperoxidative effects, implying an overall anti-aging action.
The results of this study will be useful for pharmacological
modification of the aging process and applying new strategies for
control of age related disorders.

WE02-08
NEUROCHEMICAL ALTERATIONS IN THE
HIPPOCAMPUS AND OLFACTORY BULBS OF RTG4510
TRANSGENIC MOUSE MODEL OF TAUOPATHY
Lee, P.1,2, Kim, J.1, Duff, K.4 and Choi, I.Y.1,2,4

1University of Kansas Medical Center, Hoglund Brain Imaging
Center, Kansas City, USA

2University of Kansas Medical Center, Department of Molecular &
Integrative Physiology, Kansas City, USA
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Tauopathies are characterized by aggregation of tau protein in the
brain with a variety of neurodegenerative diseases including
frontotemporal dementia and Alzheimer’s disease. The several
contributing molecular mechanisms that underlie tauopathies
include oxidative stress and neuro-inflammation. However, the
metabolic consequence of tauopathies on neurochemical levels has
not been well described. Among several transgenic mouse models
of tauopathy, rTg4510 is a recently developed double transgenic
mouse model that expresses a repressible human tau variant and
develops progressive age-related neurofibilary tangles, neuronal
loss, and behavioral impairments at as early as 4–5 months of age
(mos). This study aims to determine neurochemical alterations that
reflect the ongoing disease progression and related mechanisms in
rTg4510 mice. Neurochemical profiles were measured in the
hippocampus and olfactory bulbs (OB) of nine rTg4510 and ten
littermate wild-type (wt) mice longitudinally at 5, 9, and 12 mos
using in vivo 1H MRS at 9.4T. In the hippocampus, taurine levels
were significantly lower in rTg4510 mice than in wt mice (p < 0.01)
at 5 mos, higher myo-inositol, glutamine, glycerophosphocholine,
and GABA levels, while lower glutamate, glutathione, and taurine
levels (p < 0.01) than those in wt mice at 9 mos. The distinctive
neurochemical alteration patterns observed in rTg4510 mice at 9
mos were persistent and more pronounced at 12 mos. In addition,
NAA levels started to be lower in rTg4510 mice compared with
those in wt mice (p < 0.05) at 12 mos. Interestingly, neurochemical
alterations in the OB appear to occur earlier than in the hippocam-
pus, suggesting potential early pathologic development of tau
pathology in the OB. Therefore, the neurochemical profile measured
by MRS would provide an insight to the neurological effect in the
development and progression of tauopathy.

WE02-09
1H MRS OF METABOLIC CHANGES AFTER PERMANENT
CEREBRAL ISCHEMIA IN VIVO
Lei, H.1,2, Berthet, C.3, Hirt, L.3 and Gruetter, R.1,2,4

1Ecole Polytechnique Fédérale de Lausanne, Lausanne,
Switzerland

2University of Lausanne, Lausanne, Switzerland
3CHUV, Lausanne, Switzerland
4University of Geneva, Geneva, Switzerland

The course of ischemic episodes is very variable and makes
prediction of the outcome of an individual patient early after
ischemia difficult. Recently, 1H magnetic resonance spectroscopy
(MRS) at early time points reliably estimated the severity of
ischemia, identified transient ischemic attacks and thus would
greatly facilitate clinical decisions. Such method should allow us
monitoring the cascading damages after ischemia and thus reveal
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insightful information for better understanding the underneath
metabolic alterations after ischemia. Therefore, the aim of the
present study was to study metabolic changes after permanent
ischemia using 1H MRS.

ICR-CD1 mice were subjected to permanent (n = 18) endolumi-
nal filament middle cerebral artery occlusion (pMCAO) with
regional cerebral blood flow (CBF) < 20% of baseline CBF during
ischemia by a laser-Doppler flowmetry. All MR studies were carried
out in a horizontal 14.1T magnet. T2-weighted images were
acquired to localize the volume of interest and evaluate the lesion
size. Immediately after improvements of field homogeneities,
localized 1H MRS was applied to obtain the neurochemical profile
consisting more than 18 metabolites from the ipsilateral striatum (6–
8microliter). Six animals (sham group) underwent nearly identical
procedures without pMCAO.

Two metabolites were useful to determine whether reperfusion has
occurred (glutamine increase) or not (GABA increase). Since N-
acetyl aspartate + glutamate + taurine can be used to determine if a
tissue is already irreversibly damaged or not after transient ischemia,
we have also identified an exponential decrease of such metabolites
and other involving metabolites after permanent ischemia and thus
could be used to determine the onset time of ischemia.

In conclusion, 1H MRS can be used as a diagnostic tool to
monitor reperfusion, identify reversibly and irreversibly damaged
tissue and evaluate the time of ischemia onset. If these results can be
translated to stroke patients, this technique would greatly improve
the diagnosis and help with clinical decisions.

WE02-10
RISK OF ALZHEIMER�S DISEASE IN RELATION TO
DIABETES: A POPULATION-BASED COHORT STUDY IN
TAIWAN
Li, C.Y.

National Cheng Kung University Department of Public Health,
Tainan, Taiwan

Objective: Using the National Health Insurance claim data, we
prospectively investigated the age- and sex-specific incidence
density and relative hazard of Alzheimer’s disease (AD)(ICD-9:
331.0) in the diabetic and control groups.
Research Design and Methods: A total of 615,529 diabetic
patients and 614,871 age- and sex-matched control subjects,
selected from the ambulatory care claims and the updated registry
for beneficiaries in 2000, respectively, were linked to the inpatient
claims in years of 2000 to 2008 to identify the first episode of
primary or secondary diagnoses of AD. Incidence density was
calculated under the Poisson assumption. We estimated, using Cox
proportional hazard regression models, the relative risks of AD in
realtion to diabetes, selected co-morbidities, and certain sociode-
mographic characteristics.
Results: Over nearly 8 years of follow-up, a total of 4,615 diabetic
patients developed AD, representing a cumulative incidence rate of
0.75% (vs. 0.63% in controls). The overall incidence desnity of AD
for diabetic men and women was 0.82/1000 and 1.15/1000 person-
years, respectively, which were also higher than those of control

men (0.63/1000 person-years) and women (0.89/1000 person-
years). Hazard ratio (HR) of AD was significantly increased in
diabetic patients (1.45; 95% CI, 1.38–1.52), and the most increased
HR was noted for diabetic women over 65 years old (1.52; 95% CI,
1.42–1.62), In addition to diabetes, older ages, higher insurance
premium, and living in less-remote areas were also positively
associated with AD. Moreover, certain co-morbidities including
cerebrovascular disease, cardiovascular disease and hypertension
were all significant predictors for increased risk of AD.
Conclusions: In Taiwan, diabetes may increase the risk of AD in
both sexes and in all ages. Higher HR of AD was especially notable
in older diabetic women.

WE02-11
IN VIVO PROTON MAGNETIC RESONANCE
SPECTROSCOPY IN A TRANSGENIC RAT MODEL OF
ALZHEIMER�S DISEASE
Nilsen, L.H.1, Melø, T.M.1, Sæther, O.1, Witter, M.P.2 and
Sonnewald, U.1

1Department of Neuroscience, Norwegian University of Science and
Technology, Trondheim, Norway

2Kavli Institute for Systems Neuroscience, Department of
Neuroscience, Norwegian University of Science and Technology,
Trondheim, Norway

Alzheimer’s Disease (AD) is a neurodegenerative disease
characterized by extracellular amyloid plaques, intracellular neuro-
fibrillary tangles, loss of neurons and synapses, and progressive
cognitive dysfunction. The current study employed the McGill-R-
Thy1-APP rat model, in which rats express the human amyloid
precursor protein carrying the Swedish and Indiana mutations.
Homozygous rats develop intraneuronal Ab oligomers within 1
week, cognitive decline within 3 months and extracellular amyloid
plaques by 6 months (Leon et al., 2010). The aims of the study were
to investigate cerebral metabolic status noninvasively before and
after the appearance of amyloid plaques and to longitudinally
characterize metabolite concentrations as the pathology progresses.
In vivo 1H MRS of the dorsal subiculum (DS) was performed in
transgenic rats and age-matched controls at 3 and 9 months and in
the frontal cortex at 9 months. At 3 months of age, the concentra-
tion of glutamate in DS was decreased while that of taurine was
increased. This shows that altered glutamate homeostasis in AD is
not merely a consequence of decreased neuronal viability/number
and that intraneuronal accumulation of Ab oligomers is sufficient to
alter glutamate metabolism. Furthermore, it supports involvement of
altered glutamate homeostasis in cognitive dysfunction in AD. By
the age of 9 months the concentration of glutamate, GABA and
NAA were decreased and that of myo-inositol and taurine were
increased in DS, indicating decreased neuronal viability and
metabolic alterations in both glutamatergic and GABAergic neurons
at this stage. Furthermore, concentrations of glutamate and gluta-
mine were decreased in the frontal cortex at 9 months, implicating
altered neuronal - astrocytic metabolic interactions.
Reference:
1. Leon, W. C., et al. (2010). J Alzheimer’s Dis, 20: 113–126.
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WE02-13
OBESITY, DIABETES AND HYPERTENSION
ASSOCIATED WITH ANTIPSYCHOTIC USE IN
SCHIZOPHRENIA
Saddichha, S.1 and Akhtar, S.2

1National Institute of Mental Health & Neurosciences, Bangalore,
India

2Central Institute of Psychiatry, Ranchi, India

Objective: To ascertain the prevalence of diabetes, obesity and
hypertension associated with antipsychotic use in remitted patients
with schizophrenia.
Methods: This study included a cross sectional survey of diabetes,
obesity and hypertension among all remitted patients diagnosed
with schizophrenia/schizoaffective disorder (n = 130) on at least
6 months of antipsychotic treatment.
Results:A prevalence rate of 35.4% obesity, 1.5% hypertension and
3.8% (ADA) or 5.4% (WHO) prevalence of diabetes was observed.
Conclusions: Long term antipsychotic use.
Conclusion: The use of antipsychotic drugs in the long run may be
associated with a significantly greater risk of developing obesity
with moderate influence on development of diabetes and minimal to
none on hypertension.

WE02-14
REGULATION OF CARBOHYDRATE METABOLISM BY
ZINC DURING ALUMINIUM INDUCED NEUROTOXICITY
Singla, N. and Dhawan, D.K.

Department of Biophysics, Panjab University, Sector-14,
Chandigarh, India

Aluminium has been correlated etiologically to several neurode-
generative diseases including Alzheimer’s and Parkinson. The aim
of this study was to elucidate the role of zinc (Zn) in mitigating the
adverse effects inflicted by aluminium (Al) in cerebellum and
cerebrum of rat. Male Sprague Dawley rats weighing 140–160 g
were divided into four different groups viz: Normal control,
Aluminium treated (AlCl3 orally 100 mg/kg b.wt./day in drinking
water), Zinc treated (ZnSO4 in drinking water 227 mg/l/day) and
combined aluminium and zinc treated. All the treatments were
continued for a total duration of two months and their effects were
studied on carbohydrate metabolizing enzymes viz: hexokinase,
glucose-6-phosphatase (G6P), glucose-6-isomerase (G6I), lactate
dehydrogenase (LDH), succinate dehydrogenase (SDH) and glyco-
gen content. Additionally, expressions of the proteins which help in
regulating carbohydrate energy metabolism were also studied. Al
treatment resulted in increased activities of the G6P, G6I and LDH
whereas the activities of hexokinase, SDH and glycogen content
were found to be decreased. However, Zn supplementation to Al
treated rats was able to significantly reduce the Al induced increased
activities of G6P, G6I and LDH, but elevated the levels of
hexokinase, SDH and glycogen contents. Further, Al treatment
increased the protein expression of glycogen synthase kinase-3
(GSK3) but decreased the protein phosphatase (PP1) expression
which was significantly reversed upon Zn administration. Therefore,
Zn shall prove to be protective in regulating the carbohydrate
metabolism following neurotoxic effects caused by Al.

WE02-15
METHYLMERCURY ALTERS SYNTHESIS, RELEASE,
AND METABOLISM OF DOPAMINE IN PC12 CELLS
Tiernan, C.T.1, Edwin, E.2, Goudreau, J.L.1,2,3, Atchison, W.D.1,2

and Lookingland, K.J.1,2

1Michigan State University, Neuroscience Program, East Lansing,
USA

2Michigan State University, Pharmacology & Toxicology
Department, East Lansing, USA

3Michigan State University, Department of Neurology and
Opthamology, East Lansing, USA

Methylmercury (MeHg) is a potent, bioaccumulative neurotox-
icant linked to severe neurological dysfunction in humans. One
neuronal population susceptible to the neurotoxic effect of MeHg is
the nigrostriatal dopamine (DA) pathway, which is known to
degenerate in Parkinson disease. The mechanisms underlying MeHg
targeting of DA neurons is not well understood. Therefore, the
present investigation sought to characterize the concentration-
response and time-course effects of MeHg on DA homeostasis in
undifferentiated PC12 cells, which synthesize and secrete large
amounts of this catecholamine. Cell viability after treatment with 1,
2, or 5 lM MeHg was assessed using Hoechst and propidium
iodine staining. Significant cell death was only observed 60 and
120 minutes following treatment with 5 lM MeHg. The time-
course and concentration-response effects of MeHg on DA release
were determined by measuring the concentration of extracellular
DA by HPLC-ED. Treatment with 2 or 5 lM MeHg significantly
increased extracellular DA concentrations after 60 minutes com-
pared to controls. Increased DA release was not associated with
significant changes in stored DA, however a concentration-depen-
dent decrease in intracellular concentrations of the DA metabolites
DOPAC and HVA was observed at 60 minutes. The effects of
MeHg on DA synthesis were assessed by quantifying amounts of
total and phosphorylated tyrosine hydroxylase (TH), the rate-
limiting enzyme in DA synthesis. Although total TH was not
significantly altered after treatment MeHg, pTH Ser40 was signif-
icantly increased following treatment with 2 or 5 lM MeHg. These
results indicate that increased DA release after treatment with 5 lM
MeHg is due, in part, to an increase in cell death. However the
increase in DA release after 2 lMMeHg is not due to cell death and
involves altered DA homeostasis, including increased synthesis and
decreased metabolism of DA.

WE02-16
IN VIVO INTRACEREBROVENTRICULAR
ADMINISTRATION OF ORNITHINE AND
HOMOCITRULLINE INDUCE OXIDATIVE STRESS IN
CEREBRAL CORTEX OF RATS
Viegas, C.M.1, Tonin, A.M.1, Busanello, E.B.1, Moura, A.P.1,
Grings, M.1, Ritter, L.1 and Wajner, M.1,2

1Departamento de Bioquı́mica, ICBS, UFRGS, Porto Alegre, BR
2Serviço de Genética Médica, HCPA, Porto Alegre, BR

Hyperornithinemia-hyperammonemia-homocitrullinuria (HHH)
syndrome is a genetic disorder biochemically characterized by
tissue accumulation of ornithine, ammonia and homocitrulline.
Affected patients present lethargy, ataxia, delayed development and
severe mental retardation whose pathogenesis is poorly understood.
The objective of the present study was to investigate the
effects of intracerebroventricular administration of ornithine and
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homocitrulline on parameters of oxidative stress in cerebral cortex
of rats. A single injection of ornithine, homocitruline or saline was
given to 30-day-old male Wistar rats. Animals were killed 30 or
120 minutes after the injection and cerebral cortex was isolated and
used for the biochemical assays. Ornithine and homocitrulline
induced lipid and protein oxidation (increased thiobarbituric acid-
reactive substances values and carbonyl formation, respectively).
Furthermore, homocitrulline also decreased glutathione levels and
the activity of antioxidant enzymes catalase and glutathione
peroxidase in cerebral cortex homogenates, indicating that homo-
citrulline provokes a reduction of brain antioxidant defenses. These
results suggest an induction of oxidative stress caused by ornithine
and homocitrulline in vivo. The mechanisms of this induction may
be involved in the pathophysiology of the neurological dysfunction
characteristic of HHH syndrome.

WE02-18
THE EFFECT OF ALZHEIMERS-RELATED TRANSGENE
EXPRESSION ON METABOLITES IN THE MOUSE BRAIN:
A 1H MRS STUDY IN VIVO
Williams, S.R.1, Forster, D.1 and James, M.2

1University of Manchester, Manchester, UK
2The Ninevah Charitable Trust, Cambridge, UK

Introduction: The transgenic mouse strain TASTPM (1), was
investigated as a model of Alzheimer’s disease. The aim of this
study was to investigate neurometabolic changes occurring over
time in the brains of TASTPM mice compared to their base strain
(C57/BL6).

Methods: 1H MRS was performed in vivo on both strains of mice
from 3 to 19 months of age, with data acquired at age intervals of
2 months (9 time points in total). A 3 · 3 · 3 mm voxel was
centred over the hippocampus and thalamus, and localized
spectroscopy performed using the PRESS sequence with the
following parameters: TR 2500 ms, TE 20 ms.
Results: Significant effects of genotype were observed for creatine
(increase: p < 0.005), myo-inositol (increase: p < 0.0001) and N-
acetyl aspartate (decrease: p < 0.0001). There were significant
effects of age (decrease: p < 0.001) and genotype (decrease:
p < 0.0001) on glutamate-glutamine (Glx) levels and on choline-
containing (Cho) compounds (increase: p < 0.0001)
Discussion: The decrease observed in Glx levels could indicate an
impairment in neuronal energy production in the TASTPM mice, a
similar effect has been seen in human AD sufferers. The lower N-
acetyl aspartate signal is an indicator of impaired neuronal function
or neuronal death. The higher myo-inositol signal could be
indicative of glial cell proliferation or microglial activation. Higher
levels of Cho could be indicative of differences in phospholipid
metabolism between the two strains. Overall there is good
agreement between this study and previous in vivo studies on
transgenic AD mice (2, 3) and data from human investigations.
These similarities suggest that transgenic mouse models will be
valuable in understanding metabolic derangement in Alzheimer’s
disease.
References:
1. Howlett D. R., et al. (2004). Brain Res, 1017: 130–136.
2. Dedelogu A., et al. (2004). Brain Res, 1012: 60–65.
3. Marjanska M., et al. (2005). Proc Natl Acad Sci USA, 102:

11906–11191.
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WE03 Molecular Mechanism of
Alzheimer’s Disease

WE03-01
RELATIONSHIPS BETWEEN POLYMORPHISM OF
ANTIOXIDANT GENE IN PATIENTS WITH ALZHEIMER�S
DISEASE
Babusikova, E.1, Evinova, A.1, Adamik, P.2, Sivak, S.3 and
Dobrota, D.1

1Comenius University in Bratislava, Department of Medical
Biochemistry, Martin, Slovakia

2Comenius University in Bratislava, Clinic of Psychiatry, Martin,
Slovakia

3Comenius University in Bratislava, Clinic of Neurology, Martin,
Slovakia

Ageing is a physiological process but it is connected with an
increasing risk of origin and development of several diseases
including neurodegenerative diseases. Frequency of neurodegener-
ative diseases increase significantly with the age. Alzheimer’s
disease (AD) is the most common cause of dementia. Dementia is a
collective name for progressive degenerative brain syndromes which
affect memory, thinking, behaviour and emotion. Protein oxidation
and generation of protein aggregate may be cause of the loss of or
decline in memory and other cognitive abilities and decreased ability
of old organisms to resist physiological stresses and oxidative
damage. The relationship between protein aggregation, oxidative
damage and neurodegenerative diseases is unclear. Eenvironmental
factors and genetic factors could be important agents in AD origin.
Glutathione S-transferase (GST) is critical for protecting cells from
reactive oxygen species. The catalase (CAT) neutralizes hydrogen
peroxide, thus limiting the deleterious effects of ROS. The activity
of antioxidant enzymes is genetically determined and correlates with
the presence of polymorphisms in gene encoding these enzymes. We
have investigated the association among GSTM1, GSTT1, GSTP1,
CAT and XRCC polymorphism and AD. Patients with AD had a
higher prevalence of the GSTM1 and GSTT1 null genotype than the
control group. Patients were characterised by lower frequency of the
GSTP1 Ile/Ile genotype. The CAT T/T homozygotes were more
frequent in the patients than among the controls. The null genotype
of GSTM1, GSTT1, Ile/Ile genotype of GSTP1 and T/T genotype of
catalase were predominated in AD. Oxidative stress and changed
antioxidant defense are included in the asthma pathology and
therefore elimination of oxidative stress could be potentially an
appropriate strategy for treatment of Alzheimer‘s disease. This work
was supported by project ‘‘Identification of new markers in a
diagnostic panel of neurological diseases’’ co-financed from EC
sources and European Regional Development Fund.

WE03-02
DECIPHERING THE AMYLOID PRECURSOR PROTEIN
NUCLEAR SIGNALLING PATHWAY
Beckett, C., Belyaev, N.D., Makova, N.Z., Nalivaeva, N.N. and
Turner, A.J.

Faculty of Biological Sciences, University of Leeds, Leeds, UK

The amyloid cascade hypothesis, in which the accumulation of
the amyloid beta-peptide (Abeta) is proposed as the trigger for

Alzheimer’s disease (AD), has contributed much of the focus for
research into AD therapeutics. Abeta is derived from the trans-
membrane amyloid precursor protein (APP). Most therapeutic
strategies have focused on modifying the formation, aggregation or
removal of Abeta. Yet, two decades on, available treatments are
limited and palliative, rather than disease modifying. Current
strategies focus on the amyloid cascade hypothesis, which has
distracted from attempts to understand the normal physiology of
APP, of which there are 3 isoforms, and of its metabolites. One of
these is the APP intracellular domain (AICD) proposed as a
transcriptional regulator. Using SH-SY5Y expressing APP, we have
shown (Belyaev et al., 2010) that the neuronal isoform (APP695)
preferentially produces functional AICD through a beta-secretase-
dependent, lipid raft-mediated pathway. This, in turn, regulates
transcription of the amyloid-degrading enzyme neprilysin. Using
chromatin immunoprecipitation we reveal that AICD is associated
with the neprilysin promoter in APP695 whereas HDAC1 enriches
this region in APP751/770. Similar phenomena were observed in
Neuro2A but not HEK293 cells. Structurally the isoforms differ in
that APP751/770 contain a domain homologous to the Kunitz
proteinase inhibitor whereas in APP695 exon 7 is spliced out. By
identifying the binding patterns of APP751/770 our data explore the
mechanism by which, unlike APP695, the KPI-containing isoforms
are limited from sequestering with BACE1 and c-secretase com-
plexes in lipid raft domains and thus produce a non-function
intracellular domain. Cellular detection of AICD is difficult due to
its short half-life and rapid degradation. In order to resolve this
issue, we have manipulated AICD production, optimized AICD
detection and examined the effects on a range of putative AICD-
regulated genes. We confirm that both treatment with the tyrosine
kinase inhibitor Gleevec (20 lM, 24 hour) and the alkalizing agent
ammonium chloride (10 mM, 24 hour) significantly increase AICD
levels by 6-fold and 5-fold respectively. This corresponds with
altered transcriptional regulation of AICD-dependent genes.

WE03-03
ROLE OF MEDIATOR SUBUNITS IN AMYLOID
PRECURSOR PROTEIN INTRACELLULAR DOMAIN
(AICD)-REGULATED GENE EXPRESSION
Belyaev, N.D., Beckett, C., Makova, N.Z., Nalivaeva, N.N. and
Turner, A.J.

Institute of Molecular and Cellular Biology, Faculty of Biological
Sciences, University of Leeds, Leeds, UK

APP (Amyloid Precursor Protein)-regulated gene expression is
primarily considered to be mediated by the APP intracellular
domain (AICD) as a result of the sequential cleavage of APP by a-
or b-secretases followed by the action of c-secretase. It is now
established that AICD is translocated to the nucleus and participates
in chromatin remodelling of its target genes altering the levels of
their expression. There are only a few proposed AICD-regulated
genes, one of which is neprilysin (NEP) that functions as the major
amyloid-b degrading enzyme. Consequently, upregulation of NEP
expression in human brain is a potential therapeutic strategy in
Alzheimer’s disease. Recently it has been demonstrated that a key
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step in transcriptional activation by AICD is its interaction with the
MED12 subunit of the Mediator complex regulating RNA poly-
merase II-dependent transcription (Xu et al., 2011). The MED12
subunit is mainly neuron specific, playing a role in neuronal
development and some neurological diseases. Previously we have
demonstrated that generation of AICD does not necessarily result in
activation of NEP expression. We have now explored whether lack
of AICD translocation to the nucleus and subsequent down-
regulation of NEP expression is the result of a deficiency of
MED12. Studies were performed using neuronal SH-SY5Y cells
overexpressing the three different APP isoforms. Cells over-
expressing APP695 isoform produce nuclear, transcriptionally
active AICD and have high NEP levels while cells over-expressing
APP751 and APP770 isoforms produce only cytoplasmic AICD and
have lower levels of NEP expression. However, the levels of
MED12 mRNA and protein expression were not significantly
different in all tested cell lines. We conclude that while MED12
participates in AICD regulatory functions, the simple presence of
MED12 is not a sufficient criterion for AICD translocation and
regulation of gene activity.

This work was supported by the U.K. Medical Research Council
and Alzheimer’s Research UK.
Reference:
1. Xu, X., et al. (2011). EMBO Rep, 12: 216–222.

WE03-04
INVESTIGATION OF SIZE-DEPENDENT NEUROTOXIC
EFFECTS OF BETA AMYLOID OLIGOMERS
Borutaite, V., Cizas, P. and Morkuniene, R.

Lithuanian University of Health Sciences, Institute for Biomedical
Sciences, Department of Biochemistry, Kaunas, Lithuania

Miss-folded amyloid beta (Ab) peptides are thought to be
implicated in pathogenesis of Alzheimer’s disease. Among various
aggregate forms of Ab, soluble oligomers are considered as the
primary neurotoxic species though the mechanisms by which Ab
oligomers cause cell death remain largely unclear. We have recently
demonstrated continuous transition from highly toxic to non-toxic
species as the size of Ab1-42 oligomer particles increased. Small
Aß1-42 oligomers (dimers - pentamers) at around 1 lM concentra-
tion were found to cause rapid neuronal death in cultures of cortical
neurons or cerebellar granule cells, whereas various non-neuronal
cells were relatively resistant to Ab1-42-induced cell death.
Exposure of neurons to 500 nM Ab1-42 oligomers caused neuronal
necrosis over longer (3–7 days) period of incubation. Ab1-42
monomers and fibrils had no effect on neuronal viability even after
7 days incubation. Bigger oligomeric particles of Ab1-42 (n > 14)
did not cause neuronal death directly, however their neurotoxicity
increased in the presence of macrophage/microglial cells suggesting
indirect action of Ab1-42 oligomers. An assessment of cell densities
revealed that both Ab1-42 oligomers (small or large) similarly
decreased the number of neuronal cells in mixed neuronal-astroglial
cultures. While both Ab1-42 oligomers caused a similar decrease in
neuronal densities in the culture, only the small Ab1-42 oligomers
caused significant neuronal death. This suggests that Ab1-42
oligomers may stimulate phagocytic activity of microglia resulting
in disappearance of Ab-oligomer affected neurons. In contrast,
fibrils and monomers had no effect on density of neuronal cells in
cultures. Altogether, our data suggest that Ab1-42 oligomers may
exert several neurotoxic effects depending on the oligomeric particle
size. These effects include direct activation of cell death programme,

activation of glial cells and stimulation of their phagocytic activity
resulting in removal of Ab-oligomer-affected neurons.

WE03-05
Ab OLIGOMERS INDUCE GLUTAMATE RELEASE FROM
HIPPOCAMPAL NEURONS
Brito-Moreira, J.1, Paula-Lima, A.C.1, Bomfim, T.R.1,
Oliveira, F.F.1, Sepulveda, F.J.2, De Mello, F.G.1, Aguayo, L.G.2,
Panizzutti, R.1 and Ferreira, S.T.1

1Federal University of Rio de Janeiro, Rio de Janeiro, Brazil
2Concepcion University, Concepcion, Chile

Soluble oligomers of the amyloid-b peptide (AbOs) accumulate
in Alzheimer’s disease (AD) brain and have been implicated in
mechanisms of pathogenesis. The neurotoxicity of AbOs appears to
be, at least in part, due to dysregulation of glutamate signaling.
Here, we show that AbOs promote extracellular accumulation of
glutamate and D-serine, a co-agonist at glutamate receptors of the
N-methyl-D-aspartate subtype (NMDARs), in hippocampal neuro-
nal cultures. The increase in extracellular glutamate levels induced
by AbOs was blocked by the sodium channel blocker tetrodotoxin
(TTX), by the NMDAR blocker (+)-5-methyl-10,11-dihydro-5H-
dibenzo[a,d]cyclohepten-5,10-imine maleate (MK-801) and by
removal of Ca2+ from the extracellular medium, indicating depen-
dence on excitatory neuronal activity. AbOs enhanced the release of
pre-synaptic vesicles labeled by FM1-43 as well as spontaneous
post-synaptic activity measured by whole-cell patch-clamp. Acti-
vation of inhibitory GABA A receptors by taurine blocked the
increase in extracellular glutamate levels, suggesting that selective
pharmacological inhibition of neuronal activity can counteract the
impact of AbOs on glutamate dyshomeostasis. Results reveal a
novel mechanism by which Ab oligomers promote abnormal release
of glutamate from hippocampal neurons, which may contribute to
dysregulation of excitatory signaling in the brain.

WE03-06
AMYLOID-BETA ALTERS CONSTITUTIVE TRAFFICKING
OF PRION PROTEIN
Caetano, F.A.1,2, Beraldo, F.H.1, Hajj, G.N.3, Guimarães, A.L.4,
Jürgensen, S.5, Wasilewska-Sampaio, A.P.3, Hirata, P.H.3,
Sousa, I.1,2, Machado, C.F.3, Wong, D.L.1, De Felice, F.G.5,
Ferreira, S.5, Prado, V.F.1, Rylett, R.J.1, Martins, V.R.3 and
Prado, M.M.1

1University of Western Ontario, Robarts Research Institute, London,
Canada

2Federal University of Minas Gerais, BElo Horizonte, Brazil
3International Center for Research and Education, Sao Paulo,
Brazil

4Federal University of Montes Claros, Montes Claros, Brazil
5Federal University of Rio de Janeiro, Rio de Janeiro, Brazil

The cellular prion protein (PrPC) has striking features to control
cell signaling. Our group has proposed that PrPC functions as a
dynamic platform for the assembly of signalling modules at the cell
surface through its interaction with several ligands. Our previous
results suggest that PrPC trafficking is an important mechanism for
signalling. Recent data have implicated the PrPC as a putative
receptor for Amyloid-b peptide (Ab). Several evidences suggest that
these peptides play a central role in Alzheimer’s Disease pathogen-
esis. The physiological consequences to the PrPC-Ab interaction are
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still not fully understood, but it is likely that some of the effects of
Ab may be related to regulation of PrPC mediated signaling. We
show that Ab oligomers signal in cells in a PrPC dependent manner.
Several different approaches indicated that treatment with Ab
oligomers, but not monomers, increased the localization of PrPC at
the cell surface. We used confocal and TIRF microscopy to follow
PrPC in living cells and we show that treatment with Ab oligomers
increase the localization of PrPC at the cell surface and to clusters
and vesicles in very close proximity to the cell surface. Ab
oligomers inhibited the constitutive endocytosis of PrPC, whereas
Ab also seemed to recruit more PrPC to clusters at the cell surface.
Our experiments show for the first time that Ab oligomers affect
PrPC trafficking, increasing its localization at the cell surface.
Future experiments will examine how changes in trafficking
regulate signaling properties of PrPC.

WE03-07
AN APOLIPOPROTEIN E4 FRAGMENT IS INVOLVED IN
NEUROINFLAMMATORY RESPONSE
Dafnis, I.1, Tzinia, A.1, Tsilibay, E.C.1, Zannis, V.I.2 and Chroni, A.1

1Institute of Biology, National Center for Scientific Research
Demokritos, Athens, Greece

2Molecular Genetics, Whitaker Cardiovascular Institute, Boston
University School of Medicine, Boston, MA, USA

Apolipoprotein E (apoE) plays a crucial role in lipid transport in
the circulation and the brain and has three common isoforms (apoE2,
apoE3, apoE4) in humans. ApoE4 isoform is a major risk factor for
Alzheimer’s disease (AD) and is more susceptible to proteolysis than
other apoE isoforms. ApoE4 fragments have been found in brains of
AD patients and it has been proposed that specific apoE4 fragments
may be involved in discrete processes associated with the patho-
genesis of AD. In the present study we have examined the effect of
apoE4 fragments apoE4 [del(186-299)] and apoE4 [del(166-299)]
on inflammation in human neuroblastoma SK-N-SH cells. Western
blot and zymography analysis showed that treatment of cells with
apoE4 [del(186-299)], but not full length apoE4 or the shorter apoE4
[del(166-299)] fragment, leads to increased extracellular levels of
matrix metalloproteinase 9 (MMP9) and tissue inhibitor of metal-
loproteinase 1 (TIMP1) in SK-N-SH cells. Treatment of SK-N-SH
cells with interleukin-1 beta (IL-1beta) also leads to increased
extracellular levels of MMP9 and TIMP1. Real-time PCR showed
that IL-1beta gene expression is increased in cells treated with apoE4
[del(186-299)], indicating that apoE4 [del(186-299)] increases
MMP9 and TIMP1 levels by inducing IL-1beta gene expression in
cells. Additionally, it was found that IL-10 gene expression is
decreased in cells treated with apoE4 [del(186-299)]. Our findings
indicate that a specific apoE4 proteolytic fragment (apoE4 [del(186-
299)]) is involved in inflammatory response in neurons, an event that
has been associated with the pathogenesis of AD.

WE03-08
THE SYNAPTIC PROTEOME IN ALZHEIMER�S DISEASE
Dodd, P.R., Chang, R., Etheridge, N. and Nouwens, A.

University of Queensland, SCMB, Brisbane, Australia

Synaptic dysfunction occurs early in Alzheimer’s disease (AD)
and is a target for treatment. It contributes to clinical signs of
dementia through altered neuronal communication (1) and the
degree of synaptic loss strongly correlates with cognitive impairment

(2). To explore molecular mechanisms underlying synaptic degen-
eration and identifying abnormally expressed proteins we isolated
synaptosomal fractions from human brain tissue obtained at autopsy
from AD (n = 6) and normal control (n = 6) subjects and them
compared using 2D-differential in gel electrophoresis. AD pathology
is region-specific; human subjects vary in age, agonal state, and other
factors. To mitigate the effects of these factors, two pathologically
vulnerable areas (hippocampus and temporal cortex) were compared
with two relatively spared areas (motor and occipital cortices).
Protein spots exhibiting significant differences in expression
(‡ 20% change, Newman-Keuls p < 0.05) were identified by either
MALDI-TOF or ESI-QTOF mass spectrometry. A total of 28
different synaptic proteins exhibited more than 2-fold differences in
expressions between AD and normal subjects. These proteins
comprise various cellular components and activities, including
energy metabolism, signal transduction, vesicle transport, cytoskel-
eton, and antioxidant functions. Several key synaptic proteins in
human brain differ significantly between AD and normal control
subjects, including septin-8, annexin A5, and G(o). Supported by US
Alzheimer’s Association, Proposal #GMS-6352.
References:
1. Coleman, P., et al. (2004). Neurology, 63: 1155–1162.
2. Terry, R.D., et al. (1991). Ann Neurol, 30: 572–580.

WE03-09
REGULATION OF EXPRESSION AND CELLULAR
RELEASE OF ACETYLCHOLINESTERASE:
IMPLICATIONS IN ALZHEIMER�S DISEASE
Hicks, D., Makova, N.Z., Turner, A.J. and Nalivaeva, N.N.

Institute of Molecular and Cellular Biology, University of Leeds,
Leeds, UK

The action of the neurotransmitter acetylcholine is terminated
through hydrolysis by acetylcholinesterase (AChE), a membrane-
bound enzyme, inhibitors of which are the main class of drugs
currently used to treat Alzheimer’s disease (AD). AChE has also
been found to be enriched in the amyloid plaques present in AD.
Some actions of AChE are mediated by a soluble, secreted form of
the enzyme, although the mechanism of its release remains unclear.
This work has compared the mechanism of release using cholinergic
SN56 cells and neuroblastoma SH-SY5Y cells. Soluble AChE has
been quantified in cell media by immunoblotting and enzyme
activity following a variety of pharmacological treatments, in order
to establish the nature of the sheddase activity. SN56 and SH-SY5Y
cells were incubated with the metalloprotease inhibitor ilomastat
and also with EDTA. Measurement of AChE activity in the cell
media indicated an EDTA-sensitive but ilomastat-insensitive me-
talloprotease. The nature of the unknown sheddase is currently
under investigation. The intracellular domain of amyloid precursor
protein (AICD) is known to regulate the expression of certain
neuronal genes, especially the amyloid-degrading enzyme, neprily-
sin. Given that a cholinergic deficit is an early event in Alzheimer
pathogenesis, we have also explored the possibility that AICD may
regulate AChE expression at the transcriptional level further linking
their physiological and pathological actions. Both SH-SY5Y and
SN56 cells have been used in these studies. Although significant
changes in AChE activity and protein levels were detected in SH-
SY5Y cells in which AICD levels were elevated, no changes in
activity, protein or mRNA transcript levels were detected in the
cholinesterase-rich SN56 cells, even after treatment with a gamma-
secretase inhibitor. It is clear that AChE is linked to the pathology of
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AD and greater understanding of the mechanisms underlying its
cellular secretion and regulation of its expression may have potential
future therapeutic benefit.

This work was supported by the U.K. BBSRC and MRC.

WE03-10
CALCIUM REGULATES THE INTERACTION BETWEEN
AMYLOID PRECURSOR PROTEIN AND HOMER3
Kyratzi, E., Liakos, A., Karousi, A., Papadogiannaki, G. and
Efthimiopoulos, S.

University of Athens, Department of Biology, Athens, Greece

Mutations in Amyloid Precursor Protein (APP) or proteins that
regulate its metabolism and Ca2+ dysregulation are both linked to
Alzheimer’s Disease (AD) pathogenesis. However, the relationship
between the regulation of Ca2+ homeostasis and the biology of APP
and vice versa is not fully understood. Previous work in our
laboratory has shown that APP interacts with Homer2 and Homer3
proteins and their expression inhibits APP processing towards Ab.
The focus of this study is to understand the significance of the APP/
Homer interaction in Ca2+ homeostasis or how dysregulation of
Ca2+ affects this interaction.

In order to investigate the effect of Ca2+ dysregulation on APP/
Homer interaction, we caused alterations of Ca2+ homeostasis by
incubating HEK293 cells with thapsigargin, an inhibitor of the
SERCA pump of the ER, which leads to ER Ca2+ store depletion,
either in the presence or in the absence of extracellular Ca2+. We
monitored APP/Homer3 interaction by co-IP at various time points.
In the presence of extracellular Ca2+, ER Ca2+ store depletion
decreased APP/Homer3 interaction. In contrast, there was no effect
on APP/Homer3 interaction when extracellular Ca2+ was chelated
with EGTA suggesting that influx of extracellular calcium in
response to ER Ca2+ store depletion disrupts APP/Homer interac-
tion. We are currently investigating whether store-operated channels
or other calcium channels mediate extracellular Ca2+ entry that
disrupts the interaction between APP and Homer. This study could
contribute in our understanding of the role of Ca2+ in AD
development and provide the molecular basis for developing novel
prognostic/diagnostic tests as well as novel therapeutics.

This work is supported by a grant from the Alzheimer’s
Association USA (IIRG-09-133340).

WE03-11
ROLE OF NEPRILYSIN IN NEURONAL PLASTICITY AND
MEMORY IN RATS
Nalivaeva, N.N.1,2, Plesneva, S.A.2, Bagrova, D.I.2,
Dubrovskaya, N.M.2, Vasilev, D.S.2, Tumanova, N.L.2,
Belyaev, N.D.1, Turner, A.J.1 and Zhuravin, I.A.2

1Institute of Molecular and Cellular Biology, University of Leeds,
Leeds, UK

2Institute of Evolutionary Physiology and Biochemistry, RAS,
St. Petersburg, Russia

The metallopeptidase neprilysin (NEP) has received significant
attention in relation to the pathogenesis of Alzheimer’s disease (AD)
due to its ability to degrade amyloid-b peptide. NEP activity and
expression in the brain cortex (Cx) decline with age and are further
reduced in AD brains. We have recently shown that neuronal NEP
expression is up-regulated by the amyloid-precursor protein intra-
cellular domain (AICD) and down-regulated by histone-deacetylase

(HDAC) and that an HDAC inhibitor valproic acid (VA) can up-
regulate its expression. Using a model of prenatal hypoxia in rats we
have found that NEP protein levels and activity are reduced in the
Cx of affected animals. These animals also demonstrated learning
and memory deficits. Moreover, i.c. injections of NEP inhibitors
phosphoramidon and thiorphan to normal adult rats led to a decrease
in cortical NEP activity and short-term memory deficits. Adminis-
tration of VA to adult animals subjected to prenatal hypoxia restored
their memory and NEP activity. The changes in NEP activity
observed in these paradigms correlated with the number of labile
synaptopodin-positive dendritic spines in rat brain Cx which
reflecting the changes in neuronal plasticity and adaptive response
of the neuronal network. We found that prenatal hypoxia, normal
ageing or i.c. injections of phosphoramidon led to a decrease in the
number of neurones possessing neuronal spines while injections of
VA to hypoxic rats increased their number. Hence, we suggest that
NEP plays an important role in neuronal plasticity and memory and
its decrease after prenatal hypoxia or in the process of normal ageing
correlates with the number of neuronal spines and changes in
cognitive functions which decline with age and, to a greater extent,
in AD.

Supported by the Medical Research Council, UK, Russian
Academy of Science Programme ‘‘Fundamental Sciences to Med-
icine’’, RFBR 10-04-01156.

WE03-12
PROTEOMICS ANALYSIS OF THE MUTANT APP
E693DELTA TRANSGENIC MICE HIPPOCAMPUS AND
CORTEX
Otani, M.1, Takano, M.1, Maekura, K.1, Matsuyama, S.2,
Sano, K.1, Taniguchi, T.2, Nakamura-Hirota, T.2, Kadoyama, K.2,
Tomiyama, T.3 and Mori, H.3

1Kobe Gakuin University, Kobe, Japan
2Himeji Dokkyo University, Himeji, Japan
3Osaka City University, Osaka, Japan

Objective: Amyloid precursor protein (APP) mutations cause
famillial Alzheimer’s disease. Recently, we have reported that APP
E693Delta transgenic mice show synaptic alternation, abnormal tau
phosphorylation, glial activation and neuronal loss in the absence of
amyloid plaques. However, it remains unclear whether APP
E693Delta mutation causes the qualitative and quantitative changes.
Thus, we aim to analyze the comparative protein expression and
phosphorylation in the hippocampus and cortex of the APP
E693Delta transgenic mice and non-transgenic littermate.
Methods: Samples prepared from mouse hippocampus or cortex
were applied to two-dimensional gel electrophoresis (2DE), and the
gels were stained with SyproRuby and a phosphoprotein sensor,
ProQ Diamond. Quantitative differences in protein among samples
were selected by using Prodigy software, and each protein spots
were identified by MS analysis.
Results: The 2DE profiles showed more than 500 spots in the
hippocampus and 500 spots in the cortex respectively. The
differentially expressed 77 proteins were selected by using software,
and significantly changed 39 proteins were identified in APP
E693Delta transgenic mice hippocampus and cortex. The down-
regulated proteins include proteins involved in cytoskeltal proteins,
energy-related enzymes and synaptic component, which were
coactosin-like protein, actin related protein, phosphoglycerate
mutase 1 and alpha-synuclein. Among the up-regulated proteins
were those also involved in cytoskeltal proteins, metabolism,
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energy-related enzymes and synaptic component, which were
profilin-2, transketolase and vacuolar adenosine triphosphatase. In
addition, 9 phospho-proteins changed in the hippocampus and
cortex were identified. The up-regulative phosphorylated proteins,
which were glyoxalase and vacuolar adenosine triphosphatase.
Identification of such differentially expressed proteins provides new
target for future studies that will allow assessment of their
physiological roles and significance in AD pathology.

WE03-13
ALZHEIMER�S DISEASE AMYLOID BETA-PROTEIN
MUTATIONS AND DELETIONS THAT DEFINE NEURONAL
BINDING
Poduslo, J.F., Olson, N.C. and Howell, K.G.

Mayo Clinic, Departments of Neurology, Neuroscience, and
Biohemistry/Molecular Biology, Rochester, MN, USA

Amyloid b-protein (Ab) accumulation in neurons has been
demonstrated to precede its formation as amyloid plaques in the
extracellular space in Alzheimer’s Disease (AD) patients. Conse-
quently, intraneuronal Ab accumulation is thought to be a critical
first step in the fatal cascade of events that leads to neurodegen-
eration in AD. Understanding the structural basis of neuronal
binding and uptake of Ab might lead to potential therapeutic targets
that could block this binding and the subsequent neurodegeneration
that leads to the pathogenesis of AD. Previously, we demonstrated
that mutation of the two adjacent histidine residues of Ab40
(H13,14G) resulted in a significant decrease in its binding to PC12
cells and mouse cortical/hippocampal neurons (Poduslo, et al. 2010.
PLoS One, 5: e8813),. We now demonstrate that the decreased
neuronal binding follows the mutation order of H13G < H14G22
(E22 deletion) in Japanese pedigrees and showed AD-type dementia
has enhanced oligomerization without both fibrilization and amy-
loid plaque formation but contains extensive intraneuronal Ab
(Tomiyama, et al. 2010. J Neuroscience, 30: 4845). Our PC12 assay
showed that deletion of glutamate-22 of Ab resulted in a six-fold
enhancement of neuronal binding. This enhanced binding explains
the high level of intraneuronal Ab seen in this pedigree. Blocking
the binding of Ab to neurons may provide a novel therapeutic
approach for preventing neurodegeneration in AD.

WE03-14
AMYLOID BETA PEPTIDE INHIBITS SMALL GTPASES
PRENYLATION: A NEW MECHANISM OF Ab-INDUCED
NEUROTOXICITY
Posse de Chaves, E. and Mohamed, A.

University of Alberta, Edmonton, Canada

Introduction: Alzheimer’s disease (AD), the most common form
of dementia, is characterized by the accumulation of amyloid beta
(Ab) peptide in the brain. Cholesterol is a key player in AD. It
regulates Ab production and the isoform 4 of the cholesterol
transport protein apolipoprotein E (apoE4) is the only risk factor
consistently associated with non-familial AD. Epidemiological
studies suggested that treating humans with cholesterol lowering
medications might reduce the risk of developing AD or help treat it.
Statins, the most prescribed medications in North America, inhibit
the mevalonate/cholesterol synthesis pathway. Randomized control
trial studies concluded that statins could not be recommended for
prevention of AD. The outcome regarding treatment of AD has not

been published yet. Our studies indicate that Ab42 itself inhibits the
mevalonate pathway. We aim to investigate the link between Ab,
the mevalonate pathway and neurotoxicity.
Methods: We used cultured primary sympathetic and forebrain
neurons exposed to oligomeric Ab42. Cholesterol synthesis was
examined by metabolic labeling using 3H-acetate. Cholesterol and
Ab subcellular localization were identified by confocal microscopy.
Hoechst staining was used to test apoptosis. Protein prenylation in
neurons and brains of mice models of AD (TgCRND8) was
examined by Triton X-114 extraction and GDI-capturing. SREBP-2
cleavage was investigated by immunoblot analysis.
Results: (1) Ab significantly inhibits cholesterol synthesis via
inhibition of SREBP-2 cleavage. (2) Ab also inhibits prenylation of
small GTPases in neurons and mice brains. (3) Ab induces
intracellular sequestration of cholesterol in late endosomes and
plasma membrane. (4) Addition of the isoprenoid GGPP signifi-
cantly reduces cholesterol sequestration and largely prevents Ab-
induced neurotoxicity.
Conclusions: we identified a new mechanism of Ab-induced
neurotoxicity via inhibition of small GTPases prenylation. Our
work suggests that the combination of statins with high levels of Ab
in AD brain may have detrimental synergistic actions.

WE03-15
GENOME-WIDE SCREEN FOR MODIFIERS OF Ab42-
INDUCED NEURODEGENERATION IN DROSOPHILA
Pruessing, K., Voigt, A. and Schulz, J.B.

Department of Neurology and JARA Brain, RWTH Aachen
University, Germany

Alzheimer’s disease (AD) is a progressive neurodegenerative
disease. It is characterized by two neuropathological hallmarks:
neurofibrillary tangles and extracellular plaques composed of
amyloid beta peptides (Ab).

The Ab peptides are generated by proteolytic cleavage of
Amyloid Precursor Protein (APP). The endoproteolysis is done by
b-site APP-cleaving enzyme (BACE) and c-secretases. The cleav-
age products are Ab peptides of 40 and 42 amino acids length.
While both peptides are found in senile plaques, Ab42 is considered
as main amyloidogenic peptide. In addition, Ab42 is the predom-
inant form of APP peptides found in senile plaques.

To investigate the molecular mechanisms underlying Ab42-
induced neurodegeneration, we are using an established AD model,
the fruit fly (Drosophila melanogaster). APP and c-secretases and
are conserved in Drosophila. However, b-secretase-like enzyme
(dBACE) activity is low. It cleaves human APP but not at the b-site,
lacking significant homology.

Therefore, the transgenic fly model for AD directly expresses
human Ab42 fused to a secretion signal for extracellular localization
under control of UAS/GAL4 dual activation system.

The over expression of Ab42 in the nervous system results in
progressive structural and behavioural phenotypes such as locomotor
deficits, reduced lifespan and age-dependent neurodegeneration.

Importantly, expression of Ab42 limited to the fly eye causes a
rough eye phenotype (REP) due to a degeneration of photorecep-
tors. The severity of the REP thus indicates Ab42-induced toxicity.
The REP provides a tool to identify enhancers and suppressors of
Ab42-induced neurodegeneration, as they alter the REP severity.
Thus a genetic screen for modifiers of Ab42-induced neurodegen-
eration, as observed in the REP, was performed through utilization
of a well-established genome-wide RNAi library. Only RNAi lines
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silencing fly genes with human homologues were included. The
modifier screen yielded about 50 RNAi lines silencing genes
involved in transcriptional regulation, protein degradation, several
signalling pathways and vesicular transport. Found modifiers are
analyzed by histochemical, biochemical and molecular biology
methods with respect to their functional aspects in the pathomech-
anisms in Alzheimer’s disease.

WE03-16
PROCESSING OF AMYLOID PRECURSOR PROTEIN IS
AFFECTED BY VEGF IN PRIMARY NEURONAL,
ASTROCYTIC AND VASCULAR ENDOTHELIAL CELLS
Schliebs, R.1, Bürger, S.1, Günter, K.1 and Bigl, M.2

1University of Leipzig, Paul Flechsig Institute for Brain Research,
Leipzig, Germany

2University of Leipzig, Institute of Biochemistry Medical Faculty,
Leipzig, Germany

A large number of Alzheimer patients demonstrate cerebrovas-
cular pathology, as well as enhanced cortical VEGF expression in
vicinity to b-amyloid (Ab) plaques, suggesting a link of VEGF
upregulation and formation of Ab.

Primary neuronal, astrocytic, and vascular endothelial cells that
over express the Swedish mutation of human amyloid precursor
protein (APP), were exposed by VEGF, and the effect on APP
metabolism was examined: APP cleavage products sAPPb, and Ab,
released into the culture medium, were assessed by ELISA.

Exposure of neuronal cells by VEGF for 24 hours led to reduced
sAPPb release, accompanied by decreased b-secretase activity
12 hours after VEGF exposure. Incubation of neurons by the VEGF
receptor inhibitor SU5416 for 24 hours resulted in increased release
of sAPPb, and strikingly enhanced secretion of Ab into the culture
medium, accompanied by a significant increase in b-secretase
activity, compared to controls.

In astrocytes, VEGF reduced the secretion of Ab and sAPPb into
the medium after 6h and 24h of exposure, respectively, whereas
incubation by SU5416 for 6 hours and 24 hours resulted in
decreased secretion of Ab and in reduced sAPPb release into the
medium after 24 hours of exposure, compared to controls.

Six hours after VEGF exposure of EC significant lower levels of
sAPPb were observed in the medium, while incubations with
SU5416 for 6 hours and 24 hours resulted in decreased secretion of
Ab into the medium, and in lower sAPPb level after 6 hours,
compared to controls.

The SU5416-induced effects on APP processing could not be
suppressed by VEGF, suggesting that SU5416 affects pathways that
are apparently independent of VEGF receptor signaling. The data
strongly support our hypothesis that VEGF may play a role in the
pathogenesis of Alzheimer¢s disease by affecting APP processing.

Supported by Alzheimer Forschung Initiative (AFI) to R.S. S.B.
is a recipient of a scholarship by the Hans und Ilse Breuer Stiftung.

WE03-17
ALTERATIONS OF GLYCOGEN SYNTHASE KINASE-3b
ACTIVITY BY ALZHEIMER�S AMYLOID BETA IS
MEDIATED BY CYCLIN DEPENDENT KINASE 5
Songin, M., Cieslik, M., Gassowska, M., Czapski, G.A. and
Strosznajder, J.B.

Mossakowski Medical Research Centre PAS, Warsaw, Poland

Glycogen Synthase Kinase-3b (GSK-3b) is involved in several
intracellular molecular events. The alterations of this enzyme play
an important role in pathomechanism of Alzheimer’s Disease (AD).
The molecular mechanism responsible for the regulation of GSK-3b
is not fully elucidated. Phosphorylation of GSK-3b on Tyr216 is
probably necessary for its activity and its enhancement induces cells
death. Inactivation of GSK-3b by its phosphorylation on Ser9 is
important for cells survival. In this study the short time effects of
Amyloid b peptide (Ab1-42) oligomers on the alteration of GSK-3b
were investigated in PC12 cell line. Moreover, this short term effect
of extracellular Ab was compared with long term action of
endogenously liberated Ab in PC12 stably transfected with human
gene for Ab precursor protein (APP) bearing Swedish mutation
(APPsw).

Our data indicated that Ab1-42 (1 lM) added into PC12 cells for
24 h enhanced GSK-3b phosphorylation on Ser9 what is responsible
for lowering of its activity. The inhibitor of Cyclin Dependent
Kinase 5 (CDK5) BML-259 efficiently prevented this phosphory-
lation, indicating that alteration of CDK5 activity is involved in
mechanism of GSK-3b inactivation. In APPsw cells long term
liberation of Ab leads to lowering of GSK-3b phosphorylation on
Ser9 and to enhancement of its activity and in consequence higher
MAP tau Ser396 phosphorylation. The lower activity of CDK5 in
APPsw transfected cells may be responsible for this alteration of
GSK-3b phosphorylation.

Our data presented that CDK5 plays a crucial but opposite roles
in modification of GSK-3b activity in PC12 cells during short and
long term action of Ab. Moreover, our data indicated that
independently of time and of extracellular or endogenous pool of
Ab, the prosurvival/adaptive processes and proapoptotic events are
activated, and the proportion between them decided on the pool of
cells that survive during different stage of Ab toxicity and
neurodegeneration.

Supported by MS&HE grant NN401586640.

WE03-18
SMAD PROTEINS CONTROL TRANSCRIPTION OF CDK4 -
IMPLICATIONS FOR ALZHEIMER¢S DISEASE
Ueberham, U.1, Hilbrich, I.1, Ueberham, E.2, Rohn, S.1, Glöckner,
P.1, Dietrich, K.1, Brückner, M.K.1 and Arendt, T.1

1University Leipzig, Paul Flechsig Institute of Brain Research,
Dept. for Molecular and Cellular Mechanisms of
Neurodegeneration, Leipzig, Germany

2University Leipzig, Institute of Biochemistry, Leipzig, Germany

Neuronal development and differentiation are regulated by Smad
proteins, which are factors of the canonical TGF-beta signalling
pathway, linking receptor activation to transcription processes.
Previously, we reported Smad2 and Smad3 expressed in hippocam-
pal neurones of the adult human brain, being constitutively
phosphorylated and predominantly localised in the nucleus. Under
neurodegenerative conditions such as Alzheimer¢s disease the
subcellular localisation of their phosphorylated forms is heavily
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raising the question whether a nuclear Smad deficiency in neurones
might contribute to neuronal dedifferentiation which is accompa-
nied by increased expression of various cell cycle proteins in
neurones of AD patients. Supporting our previous data we also
confirmed the reduction of Smad4 levels in AD brain and thus
examined the role of Smad protein deficiency for the expression of
the G1-phase protein cyclin-dependent kinase 4 (cdk4). Using a
siRNA approach and electromobility shift assays we analyzed cdk4
promoter targeting of Smad proteins and validated the relevance of
binding studies by luciferase reporter assays. Neuritic growth
retardation by reduced Smad levels, which are accompanied by
elevated cdk4 demonstrates the role of Smad deficiency for
neuronal dedifferentiation.

WE03-19
TWO ACTIVE DOMAINS OF ACE ARE ESSENTIAL FOR
Ab43-CONVERTING ACTIVITY
Zou, K.1, Liu, J.1, Watanabe, A.2, Liu, S.1, Tanabe, C.1, Maeda, T.1,
Oba, R.3, Michikawa, M.2 and Komano, H.1

1Department of Neuroscience, School of Pharmacy, Iwate Medical
University, Yahaba, Japan

2Research Institute, National Center for Geriatrics and
Gerontology, Obu, Japan

3Department of Advanced Medicine and Development, BML, INC,
Kawagoe, Japan

Amyloid b-protein (Ab) varies in length at its carboxyl terminus.
The longer Ab species, Ab42 or Ab43, is highly amyloidogenic and

responsible for the neurotoxicity and the early amyloid plaque
formation that lead to memory and cognitive defects in Alzheimer’s
disease (AD). In contrast, a shorter Ab species, Ab40, is easier to be
maintained as a monomer, which has a neuroprotective effect. We
have demonstrated that angiotensin-converting enzyme (ACE)
converts Ab42 to Ab40 and this activity is specifically located in
its N-terminal active domain. Here we found that ACE with two
active domains converts Ab43 to Ab41, whereas ACE with either
N- or C-terminal active domain did not convert Ab43 to Ab41. A
mixture of N- and C-terminal active domain of ACE also failed to
convert Ab43 to Ab41. This study suggests that a certain carboxyl
dipeptidase activity may require ACE with two active domains. We
also demonstrated that Ab43 and Ab42, but not Ab40, deposit in
diffuse amyloid plaques in APP transgenic (Tg2576) mouse brain.
This Ab43-to-Ab41-converting activity of ACE may also be
involved in the regulation of brain Ab deposition.
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WE04 Neurodegenerative Disease
WE04-01
A RODENT MODEL OF BLAST-INDUCED MILD
TRAUMATIC BRAIN INJURY
Baalman, K.L., Cotton, R.J. and Rasband, M.N.

Baylor College of Medicine, Houston, USA

Proximity to an explosion exposes one to rapid changes in air
pressure, which can cause a mild traumatic brain injury (mTBI).
Clinical data from recent military conflicts suggest that blast-
induced mTBI may induce long-lasting changes in behavior, but the
mechanism underlying this form of brain injury has not been
elucidated. Recently, calpain-mediated disruption of the axon initial
segment (AIS) was reported as a new mechanism of neuronal injury,
but it is unknown if the AIS and other excitable domains of axons
are susceptible to damage following blast-induced mTBI. Using a
novel blast tube, we have exposed rodents to controlled blast
overpressures. Two weeks following blast exposure, animals
underwent behavioral testing and were sacrificed for examination
of the AIS using immunofluorescence. We report here preliminary
results from rodents exposed to a blast overpressure of 690 kPa,
which lasted approximately 5 ms. Cognitive function of the animals
was assessed using a novel object recognition task. Control animals
spent significantly more time with the novel object while animals
exposed to a blast spent equal amounts of time with the familiar and
novel objects, indicating a disruption of learning and/or memory.
Using immunofluorescence to stain for the AIS-specific cytoskeletal
protein bIV spectrin and a novel counting technique, we do not see
disruption of the AIS in the cortex, however we found a significant
decrease in the length of the AIS in the animals exposed to a blast.
Additionally, there is a significant increase in staining for the injury
markers BAPP and Iba-1 in the corpus callosum. Preliminary results
indicate that exposure to the rapid changes in air pressure caused by
an explosion induce changes in rodents at both a behavioral and
molecular level.

WE04-02
FUNCTIONAL ANALYSIS OF MIRNAS RELATED TO NFL
MRNA THAT HAVE ALTERED EXPRESSION IN
AMYOTROPHIC LATERAL SCLEROSIS
Campos-Melo, D., Volkening, K. and Strong, M.J.

University of Western Ontario, Robarts Research, London, Canada

The motor neuron degeneration that is the core feature of
Amyotrophic Lateral Sclerosis (ALS) is associated with the
formation of neurofilament aggregates and a selective suppression
of the steady state levels of the low molecular weight neurofilament
(NFL) mRNA. The preferential localization of NFL mRNA to
degradative granules (P-bodies) in ALS affected lumbar spinal
motor neurons suggests that the suppression of NFL mRNA levels
is related to an increase in RNA degradation. MicroRNAs
(miRNAs) are small endogenous non-coding RNAs that participate
in mRNA degradation through base pairing interactions in the
mRNA 3� untranslated region (UTR). We have investigated the
functional relevance of miRNAs expressed at differing levels in

sALS and controls using reporter gene assays. HEK293T cells were
cotransfected with 1 of 3 plasmids containing the human NFL
mRNA 3�UTR linked to the firefly luciferase gene and miRNA
predicted to interact with the 3�UTR. Three NFL 3�UTR constructs
were screened, the first encoding the human NFL 3�UTR homol-
ogous to the murine NFL (3�UTR-S, 1-286) and the others
corresponding to the predicted isoforms 3�UTR-M (1-1380) and
3�UTR-L (1-1838). Our results suggest a potential role for these
differentially expressed miRNAs in altered NFL mRNA stability
seen in ALS.

WE04-03
DEFINING THE NEUROPROTECTIVE ACTIVITY OF
ENDOGENOUSLY EXPRESSED AMYLOID PRECURSOR
PROTEIN IN TRAUMATIC BRAIN INJURY
Cappai, R.1, Corrigan, F.2,3, Pham, C.L.1, Vink, R.2,3, Masters,
C.L.4, Blumbergs, P.C.2,3 and van den Heuvel, C.2,3

1Department of Pathology, Bio21 Molecular Science and
BioTechnology Institute University of Melbourne, Melbourne,
Australia

2Discipline of Anatomy and Pathology, School of Medical Sciences,
University of Adelaide, Adelaide, Australia

3Hansen Institute, Institute of Medical and Veterinary Sciences,
Adelaide, Australia

4Mental Health Research Institute, Melbourne, Australia

Traumatic brain injury (TBI) is a leading cause of morbidity and
mortality affecting an estimated 10 million people annually. The
amyloid precursor protein (APP) is upregulated following TBI. Our
previous studies showed that exogenously administered APP
ectodomain reduced apoptotic cell death and axonal injury and
improved motor outcome following diffuse TBI in rats. However,
it’s unknown whether endogenous APP plays a similar beneficial
role following TBI. To investigate this, APP knockout mice
(APP-/-) were compared to APP wildtype mice following two
types of TBI; a focal lesion induced by a controlled cortical impact
injury and a diffuse lesion caused by a weight drop model.
Results: Following both types of injury APP–/– mice showed
impaired spatial memory when compared to APP+/+ mice, with a
significantly increased latency to locate a previously learned escape
hole in the Barnes Maze on all days tested post-injury. After the
diffuse injury APP–/– mice had a small but significant rotarod motor
deficit when compared to APP+/+ mice, whereas APP–/– mice after
focal injury demonstrated significantly more foot faults on the
ledged beam than APP+/+ mice on days 2–5 post-injury. These
deficits correlated with increased neuronal injury, with APP
knockout mice having significantly more degenerating hippocampal
neurons than APP wildtype mice, as detected with Flouro Jade
staining at 24 hours following the focal injury. This corresponded
with a decrease in the number of surviving hippocampal neurons in
APP knockout mice at 7 days post-injury.
Conclusions: The improved outcome in APP wildtype mice as
compared to APP–/– mice indicates that the upregulation of APP
post-injury is a protective response.
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WE04-04
SECONDARY ACCUMULATION OF GANGLIOSIDES IN
SPHINGOLIPIDOSIS
Chiricozzi, E., Prioni, S., Chigorno, V., Prinetti, A. and Sonnino, S.

University of Milan, Department of Medical Chemistry,
Biochemistry and Biotechnology, Segrate (Mi), Italy

Sphingolipid metabolism is deeply deregulated in several
pathologies. This seems to be responsible of neurodegeneration,
in sphingolipidosis. Here, we focus the attention on secondary
alterations of sphingolipid metabolism that have been sporadically
reported in the literature, in some sphingolipidosis.

We present a detailed analysis of the lipid composition in
different tissues from the acid sphingomyelinase-deficient mouse
(ASMKO), the animal model for Niemann-Pick disease type A,
characterized by the accumulation of sphingomyelin (SM). The
animal model of NPD type A, was developed using gene targeting
and embryo transfer techniques.

Results show, together with a general accumulation of SM, an
unexpected tissue specific selection of the accumulated molecular
species of SM, and of GM3 and GM2 gangliosides, that cannot be
solely explained by the lack of sphingomyelinase. We observed the
preferential accumulation of SM molecular species with shorter acyl
chains in the nervous system, but not in extraneural tissues. The
unbalance toward C18/C16-fatty acid containing SM species was
detectable as early as SM accumulation started, and monosialogan-
glioside accumulation followed immediately afterwards. These
changes in sphingolipid patterns should thus represent the effect
of secondary biochemical pathways altered as a consequence of a
non-related primary cause. The mechanism underlying these
changes still remains to be elucidated and is probably the result
of changes in the expression and/or activity of more than one single
enzyme, and/or of anomalies in the traffic of the substrate/product
concentrations in multiple cellular compartments. Several pieces of
evidence suggest that altered sphingolipid metabolism results in a
non-physiological plasma membrane composition and organization,
leading to altered plasma membrane-originated signalling pathways
that could be relevant to the onset of cellular damage and of tissue
pathology.

WE04-05
RECENT ADVANCES IN UNDERSTANDING COMMON
MECHANISMS OF NEURODEGENERATION
de Belleroche, J.S., Paul, P., Chen, H.J. and Morris, A.

Imperial College London, London, UK

Over the last 5 years, there have been considerable advances in
our understanding of the pathogenic mechanisms occurring in
neurodegenerative conditions, indicating that common pathways are
involved in multiple disorders. A substantial finding has been the
demonstration that TDP-43 is a major component of the polyubiq-
uitinated aggregates found in motor neuron disease/ amyotrophic
lateral sclerosis (ALS) and frontotemporal lobar degeneration with
ubiquitin positive inclusions (FTLD-U). Importantly, the same
mutation can give rise to either ALS or frontotemporal dementia
(FTD) indicating that common mechanisms occurring in different
regions of the CNS can underpin these contrasting phenotypes. The
identification of new mutations associated with the familial forms of
ALS (FALS), notably, in TAR DNA binding protein (TARDBP),
Fused in sarcoma (FUS) and vesicle-associated membrane protein/
synaptobrevin-associated membrane protein B (VAPB) and

FTLD-U, such as progranulin and valsosin containing protein
(VCP) provide considerable insight into the mechanisms of
neurodegeneration. TDP-43 is the major component of the
polyubiquitinated cytoplasmic inclusions characteristic of ALS
and VAPB, an ER protein involved in the unfolded protein response
(UPR), is depleted in ALS. More recently, we have reported a novel
mutation in the D-amino acid oxidase gene (R199W DAO)
associated with classical adult onset FALS. Motor neuron cell lines
expressing this mutation show high levels of ubiquitinated aggre-
gates and increased apoptosis compared to cells expressing the
wild-type protein. As levels of D-serine are known to accumulate in
the spinal cord in cases of sporadic ALS and in the G93A SOD1
mouse model of ALS, an abnormality in DAO, which metabolises
D amino acids may exacerbate this process. Overall, studies in
FALS have contributed to the elucidation not only of the beneficial
pathways involved in the degradation of misfolded proteins e.g.
UPR, ubiquitin proteasomal system and autophagy but also the
conditions that trigger motor neuron death.

WE04-06
RGNEF IS A RNA BINDING PROTEIN THAT FORMS
AGGREGATES IN AMYOTROPHIC LATERAL SCLEROSIS
AND ACTS AS NFL MRNA DESTABILIZING FACTOR
Droppelmann, C., Keller, B., Campos-Melo, D., Volkening, K. and
Strong, M.J.

University of Western Ontario, Robarts Research, London, Canada

Amyotrophic lateral sclerosis (ALS) is a progressive disorder
characterized by degeneration of motor neurons resulting in
paralysis and death 3–5 years after diagnosis in most patients.
Although the cause of the disease remains elusive, protein aggregate
formation in motor neurons is a neuropathological hallmark
including neurofilamentous (NF) aggregates. Recent evidence
supports the hypothesis that alterations in NF RNA metabolism in
motor neurons can lead to the development of these aggregates. In
mice, p190RhoGEF, a guanine nucleotide exchange factor, interacts
with a destabilizing region of low molecular weight neurofilament
(NFL) mRNA providing stability to the transcript and is involved in
NF protein aggregation observed in a RNA-triggered transgenic
model of motor neuron disease. We recently identified RGNEF, a
human homologue of p190RhoGEF, as a protein that forms skeins
and aggregates in motor neurons affected from ALS patients. Here,
we demonstrate that RGNEF exhibits GEF activity and is an RNA
binding protein that can destabilize all 3�UTR predicted isoforms of
NFL mRNA. This provides further evidence that RNA metabolism
pathways are integral to ALS pathology and is the first described
link between ALS and a protein with aggregates formation that is
also a central cell signalling pathway molecule.

WE04-07
CYTOTOXIC EFFECTS OF ZINC ON CHOLINERGIC SN56
NEUROBLASTOMA AND C6 ASTROCYTOMA CELLS
Dyś, A., Ronowska, A., Gul-Hinc, S., Klimaszewska-Łata, J.,
Szutowicz, A. and Bielarczyk, H.

Medical University of Gdansk, Department of Laboratory Medicine,
Gdansk, Poland

Zinc excess in the synaptic cleft may be one of early pathologic
signals triggering chronic neurodegenerative events. This cation
may accumulate in this brain compartment during excitotoxic
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stimulation of glutamatergic terminals. Therefore, in such conditions
postsynaptic cholinergic neurons as well as adjacent astrocytes, may
became overloaded with Zn. The aim of this work was to find
relationships between Zn accumulation and integrity of cholinergic
and astroglial cells. Exposition of cAMP/retinoic acid-differentiated
(DC) and nondifferentiated cells (NC) cholinergic SN56 neuroblas-
toma and astroglial C6 cells to Zn yielded its fast concentration
dependent accumulation. It caused instant inhibition of pyruvate
dehydrogenase, aconitase, isocitrate dehydrogenase and ketogluta-
rate dehydrogenase activities. In neuronal cells, Zn resulted in
decrease of [Ca] in mitochondria and its increase in the cytoplasmic
compartment. It was accompanied by suppression of cytoplasmic
[acetyl-CoA] and proportional decreases in acetylcholine content
and release. Zn accumulation caused concentration-dependent death
of both neuronal and astroglial cells. After 24 hours exposition of
SN56 cells to 0.15 mM Zn their death rates were equal to 35 and
50% for NC and DC at intraneuronal cation levels equal to 4.03 and
5.52 nmol/mg protein, respectively. In same conditions, the death
rates of astroglial NC and DC were close to 1-2% only, at
intracellular Zn levels of 1.3 and 2.5 nmol/mg protein, respectively.
Higher, about 0.25 mM Zn levels were required to evoke death rates
of astroglial cells, similar to those seen in neuronal cells. In such
conditions Zn levels in astroglia were about 5.0 and 27.0 nmol/mg
protein, respectively. Such differential sensitivity of astroglial and
neuronal cholinergic NC and DC to Zn may be due to respective
differences in densities of ZnT1 transporters in their plasma
membranes, resulting in higher Zn accumulation in the latter.
Higher levels of Zn may cause deeper inhibition of acetyl-CoA
synthesis and energy production leading to proportionally greater
cell injury. Supported by MWiSW NN401029937 and W-109
GUMed projects.

WE04-08
NITRATED HSP90 INDUCES APOPTOSIS IN MOTOR
NEURONS BY A FAS-DEPENDENT MECHANISM
Franco, M.C.1, Refakis, C.A.2, Mehl, R.2 and Estevez, A.G.1

1University of Central Florida, Burnett School of Biomedical
Sciences, Orlando, Florida, USA

2Franklin & Marshall College, Lancaster, Pennsylvania, USA

Production of peroxynitrite and tyrosine nitration are associated
with several pathologies, including neurodegenerative diseases,
central nervous system trauma and stroke. Peroxynitrite induces
apoptosis by a mechanism involving nitration of tyrosine residues.
The goal of this study was to identify targets of peroxynitrite
nitration responsible for cell death. Out of 17 proteins that are major
targets for peroxynitrite, nitration of a single tyrosine residue on a
2–4% of the pro-survival chaperone heat shock protein 90 (Hsp90)
activated a toxic gain-of-function that induced motor neuron and
PC12 cells death. Nitrated Hsp90 did not impair the proteasome
activity. Caspase inhibition completely prevented motor neuron
death upon intracellular delivery of nitrated Hsp90. After intracel-
lular delivery of nitrated Hsp90 to motor neurons, incubation with
the Fas receptor decoy Fas:FC completely prevented motor neuron
death. These results reveal that the Fas-pathway is activated by
nitrated Hsp90 leading to downstream activation of caspases. In
motor neurons, the activation of Fas initiates two downstream
pathways, (1) an apoptotic pathway that involves activation of

caspase 8, release of cytochrome c from the mitochondria and
activation of caspase 9, and (2) a pathway that leads to the activation
of p38-MAPK, expression of neuronal nitric oxide synthase and
production of peroxynitrite. Incubation with the NOS inhibitor L-
NAME did not prevent motor neuron death stimulated by nitrated
Hsp90, indicating that the second Fas-activated pathway is not
involved in nitrated Hsp90-induced cell death. Our results demon-
strate that nitrated Hsp90 induces apoptosis through the activation
of the Fas receptor and downstream caspases.

Supported by Grant NS036761 from the NINDS (AGE) and a
Goldsmith Fellowship (MCF).

WE04-09
FUNCTIONAL CONSERVATION OF THE PATHOLOGICAL
EFFECTS OF HUMAN MUTATIONS IN KIF5A IN A
DROSOPHILA MODEL OF AUTOSOMAL-DOMINANT
HEREDITARY SPASTIC PARAPLEGIA
Füger, P.1,2,3, Sreekumar, V.1,2, Kern, J.V.1,3, Schüle-Freyer, R.4,
Stanchev, D.1, Hannan, S.B.1,2, Chandradoss, S.D.1,2,
Siegert, V.1,3,4, Ng, J.1,2, Flötenmeyer, M.5, Schwarz, H.5,
Schöls, L.4 and Rasse, T.M.1,3

1Junior Research Group Synaptic Plasticity, Hertie Institute for
Clinical Brain Research, University of Tuebingen, Tuebingen,
Germany

2Graduate School of Cellular and Molecular Neuroscience,
University of Tuebingen, Tuebingen, Germany

3Department of Cellular Neurology, Hertie-Institute for Clinical
Brain Research, University of Tuebingen, Tuebingen, Germany

4Department of Clinical Neurogenetics, Hertie-Institute for Clinical
Brain Research, University of Tuebingen, Tuebingen, Germany

5Electron Microscopy Unit, Max-Planck-Institute for
Developmental Biology, Tuebingen, Germany

Impairments in intracellular transport are the hallmark of many
neurological diseases including hereditary spastic paraplegia (HSP).
HSP is a genetically heterogeneous neurodegenerative disorder
causing spastic weakness of the lower extremities. On the cellular
level the disease is characterized by distal axonopathy that affects
the longest axons in the corticospinal tract. At present at least 45
HSP loci have been described. Mutations in atlastin and spastin
(accounting for around 50% of all HSP cases) as well as mutations
in 6 other identified SPG genes: (kif5a, nipa, spatacsin, spastizin,
spartin and maspardin) have been implicated in disturbance of
axonal transport and membrane trafficking.

The fact that spinal neurons with the longest axons are selectively
affected might be due to their morphology. They have substantial
dependence on efficient axonal transport of organelles, molecules
and signals to and from nerve terminals. Disturbances in antero-
grade and retrograde transport might interfere with efficient synaptic
function/maintenance and maintenance of the axon itself.

Perturbations of axonal transport emerge as a common patho-
logical mechanism in many HSP cases.

To test this hypothesis and to further probe the pathological
mechanisms we generated a Drosophila model for SPG10, an
autosomal dominant form of HSP. SPG10 is caused by mutations in
KIF5A gene, which codes for the heavy chain of the neuronal
microtubule motor Kinesin-1. The Kinesin-1 family represents the
major anterograde motor complex.
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WE04-10
LONG TERM SUBTHRESHOLD EXPOSURE TO THE
ORGANOPHOSPHATE CLORPYRIFOS INDUCES
NEURODEGENERATION AND SENSORIMOTOR
DEFICITS IN MICE
Giannakopoulou, A.T., Bekiari, C., Tsingotjidou, A., Chiotelli, M.,
Michaloudi, H. and Papadopoulos, G.C.

Faculty of Veterinary Medicine, Aristotle University of Thessaloniki,
Thessaloniki, Greece

Despite the well documented cholinergic symptoms that are
associated with acute anticholinesterase organophosphate (OP)
pesticide poisoning, limited information exists on the consequences
of chronic subthreshold exposures to OPs. The present study
examines the effects of chronic subthreshold chlorpyrifos (CPF)
exposures on the central and peripheral nervous system of mice
focusing on the accompanying neurological deficits. CPF was
injected s.c. (5mgr/kgr) over the course of 45 consecutive days on
adult mice (treated animals) and control animals received equivalent
injections of vehicle (DMSO). Both treated and control animals were
examined once a week with a comprehensive test battery to quantify
their motor and sensory functions. The test battery was comprised of
the following motor and sensory tests: landing footsplay, footprint
analysis, grip strength, body suspension, hot plate and von Frey hair
pinch test. Treated animals showed significant impairments in limb
coordination, balance and motor responsiveness, as well as allodynia
and hypersensitivity and abnormalities in nerve conduction rates.
Histological analysis revealed signs of neurodegeneration and/or
apoptosis in both central and peripheral nervous system. More
specifically, intraneuronal eosinophilic spherical inclusions resem-
bling Lewis bodies, degenerative dark neurons containing neurofi-
lament tangles (NFTs) and dystrophic axons were found in brain,
whereas apoptotic neurons (caspase 3 and fractin positive) were
mainly detected in the ventral horns of spinal cord and in brain stem
nuclei. Axonopathy was also evident in sciatic nerves. In addition,
mild astrogliosis (as determined by GFAP immunohistochemistry)
was detected in brain stem nuclei, striatum and thalamus. Finally,
immunohistochemical detection of NMDAR1 revealed down-regu-
lation of this receptor in treated animals indicating that the
glutamatergic pathway was also affected.

The results of this study are in consistence with the notion that long
term subthreshold exposures to anticholinesterase pesticides such as
CPF, have the potential to induce neurodegeneration and sensorimo-
tor deficits, which could be subsequent to changes in cholinergic and
other pathways resulting from alterations in nerve conduction rates.

WE04-11
PROTEOMIC AND HISTOCHEMICAL ANALYSIS OF
PROTEINS INVOLVED IN THE DYING-BACK-TYPE OF
AXONAL DEGENERATION IN THE GAD MOUSE
Goto, A.1,2, Wang, Y.L.1, Kabuta, T.1, Setsuie, R.1, Osaka, H.1,
Sawa, A.3, Ishiura, S.2 and Wada, K.1

1Department of Degenerative Neurological Diseases, National
Center of Neurology and Psychiatry, Tokyo, Japan

2Graduate School of Arts and Sciences, University of Tokyo, Tokyo,
Japan

3Departments. of Psychiatry and Neuroscience, Johns Hopkins
University School of Medicine, MD, USA

Local axonal degeneration is a common pathological feature of
peripheral neuropathies and neurodegenerative disorders of the

central nervous system, including Alzheimer’s disease, Parkinson’s
disease, and stroke; however, the underlying molecular mechanism
is not known. Here we analyzed the gracile axonal dystrophy (gad)
mouse, which displays the dying-back-type of axonal degeneration
in sensory neurons, to find the molecules involved in the mechanism
of axonal degeneration. The gad mouse is analogous to a null
mutant of ubiquitin carboxyl-terminal hydrolase L1 (UCH-L1), is a
deubiquitinating enzyme expressed at high levels in neurons, as
well as testis and ovary. In addition, we recently discovered UCH-
L1 binds to and stabilize mono-ubiquitin in neurons, and the level of
mono-ubiquitin was decreased in neurons, especially in axons of the
sciatic nerve in gad mice. The low level of ubiquitin suggests that
the target proteins of the ubiquitin proteasome system are not
sufficiently ubiquitinated and thus degraded in the gad mouse;
therefore, these proteins may be the key molecules involved in
axonal degeneration. Our proteomic analysis demonstrated that age-
dependent accumulation of several proteins, including glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH), in gad mice compared
with wild-type mice. In histochemical analysis, GAPDH were
localized throughout axons in both gad and wild-type mice, but
GAPDH accumulated in the axons of gad mice. Furthermore,
sulfonated GAPDH, a sensor of oxidative stress that elicits cellular
dysfunction, and 4-hydroxy-2-nonenal, a majormarker of oxidative
stress, were detected in gad mice. Our findings suggest that GAPDH
may participate in a process of the dying-back-type of axonal
degeneration in gad mice and may provide valuable insight into the
mechanisms of axonal degeneration.

WE04-12
BIOMARKERS OF NEURODEGENERATION IN
CEREBROSPINAL FLUID OF PATIENTS WITH
AMYOTROPHIC LATERAL SCLEROSIS
Gulyaeva, N.V.1, Brylev, L.V.1,2, Yakovlev, A.A.1, Nelkina, E.N.2

and Zakharova, M.N.2

1Institute of Higher Nervous Activity & Neurophysiology RAS,
Moscow, Russia

2Research Center of Neurology RAMS, Moscow, Russia

Reactivation of cell cycle and proteolytic disbalance are among
putative key mechanisms of neuronal cell death in neurodegener-
ative diseases. The aim of this study was to search for markers of
neurodegeneration related to proteolytic systems (calpain, caspase-
3, cathepsin B) and aberrant cell cycle (cdk-1) in cerebrospinal fluid
(CSF) of patients with amyotrophic lateral sclerosis (ALS). CSF
samples from 75 ALS patients and 40 controls were investigated.
The expression of cdk-1 was elevated in ALS CSF (maximum at
early stage of bulbar form ALS and rapidly progressing ALS); it
negatively correlated with the duration of ALS (r=-0.68 p<0.02).
Calpain-like activities were detected at pH 7.4 and pH 5.5. Calpain-
like activity at acidic pH as well as CSF calpain inhibitory activity
was significantly increased in ALS CSF as compared with the
control group, calpain inhibitor being represented by a peptide with
molecular mass lower than 10 kDa. Cathepsin B inhibitory activity
was significantly increased in CSF of ALS patient. This activity
inversely correlated with the time period before the disease
generalization and positively correlated with the level of phosphor-
ylated heavy chains of neurofilaments (pNF-H, reliable marker of
neuronal cell death, significantly increased in ALS patients). From
CSF biomarkers studied, significance of diagnostic value (AUC)
decreased in a row pNF-H (0.91), calpain-1 inhibitory activity
(0.82), calpain activity at low pH (0.82), cathepsin B inhibitory
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activity (0.80), cdk-1 expression (0.68), LDH activity (0.65). The
results suggest an involvement of specific proteolytic systems and of
cell cycle reactivation in neuronal death in ALS patients.

Supported by grants of Russian Foundation for Humanities and
RAS program ‘‘Fundamental Sciences for Medicine’’.

WE04-13
DOWN-REGULATION OF CYCLIN-DEPENDENT KINASE 5
ACTIVITY BY MOOD STABILIZER VALPROIC ACID
Ishida, M., Saito, T., Asada, A. and Hisanaga, S.

Department of Biological Sciences, Tokyo Metropolitan University,
Hachioji City Tokyo, Japan

Cyclin-dependent kinase 5 (Cdk5) is a neuron-specific Ser/Thr
kinase, which is activated by regulatory subunit p35.Over-activation
of Cdk5 induced by cleavage of p35 with calpain is implicated in
neuron death of various neurodegenerative diseases. In contrast,
Cdk5 knockdown makes neurons vulnerable to stresses. Thus,
appropriate regulation of the Cdk5 activity is essential for neurons
to survive. Cdk5 also regulates synaptic activity. Long term
potentiation (LTP) is easily induced in mouse brains lacking
Cdk5. Cdk5 may determine the threshold of neuronal excitation.
Recent reports suggest the involvement of Cdk5 in mental disorders.
We thought perturbation of the Cdk5 activity is related to mental
conditions. To approach this question, we investigated effect of
valproic acid (VPA) on the Cdk5 activity in cultured neurons. VPA
is a drug of choice for the psychiatric treatment. VPA decreased
protein and mRNA expression levels of p35 in cultured neurons in a
dose-dependent manner. VPA is a well known inhibitor for histone
deacetylase (HDAC). To see whether the effect of VPA is mediated
via HDAC inhibition, we used valpromide (VPM), a VPA analogue
without HDAC inhibition activity, and trichostatin A (TSA), another
HDAC inhibitor. TSA, but not VPM, reduced p35 expression at
both levels of protein and mRNA, indicating that VPA decreases
p35 mRNA via HDAC inhibition. In addition, proteasomal inhib-
itors MG132 and epoxomicin also suppressed the VPA-induced p35
reduction, indicating that VPA induces p35 protein degradation by
proteasome.VPA administration decreased the behavior activity of
mice in open field. We compared the effect of VPA on the protein
amount of p35 and behavior. Acute administration of VPA induced
behavior abnormality at 5 min earlier than 3�6 hours when p35
protein was decreased. We would like to discuss a possibility of
Cdk5-p35 modulation as a possible VPA target in therapeutic
treatment of mental disorder.

WE04-14
GENOME-WIDE SCREEN FOR MODIFIERS OF TDP-43
INDUCED NEURODEGENERATION
Kaur, K., Karsten, P., Hamm, S., Schulz, J.B. and Voigt, A.

University Medical Center RWTH Aachen, Department of
Neurology, Aachen, Germany

Cytoplasmic accumulation of TAR DNA binding protein-43
(TDP-43) was discovered as a major component of abnormal
protein aggregates found in patients suffering from Amyotrophic
Lateral Sclerosis (ALS) and Frontotemporal Lobar Degeneration
(FTLD). Alterations in TDP-43 function/location might represent a
common link of FTLD and ALS, strongly suggesting shared
mechanisms underlying neuron loss in these diseases. TDP-43 is
multifunctional protein involved in transcription, splicing, and

mRNA stabilization. It is primarily localized in the nucleus but
shuttles between nuclear and cytoplasm. In the pathological state
TDP-43 is depleted from the nucleus and found exclusively in
cytoplasmic aggregates. In aggregates, TDP-43 is cleaved, phos-
phorylated and ubiquitinated. A direct role of TDP-43 in neurode-
generation is highlighted by the fact that neuronal expression of
human TDP-43 in Drosophila causes age and dose dependent
locomotion deficits and early lethality. Moreover, targeted expres-
sion of TDP-43 to the developing fly eye results in a rough eye
phenotype (REP). We used the REP to perform unbiased screen for
modifiers of TDP-43 induced neurotoxicity. Our primary screen
grouped modifiers candidates broadly into four funtional groups,
which are mRNA-related, vesicle transport, nuclear transport and
autophagy/unfolded protein response. Our results implicate that
TDP-43 plays an important role in these areas specifically in the
context of TDP-43 induced neurotoxicity, thus enhancing our
knowledge on disease mechanisms, inherent/pathological functions
and potentially opening new avenues for therapeutical strategies to
cure TDP-43 proteinopathies like ALS and FTLD.

WE04-15
APOER2 TRAFFICKING AND ITS SIGNALING INDUCED
BY REELIN IN NIEMANN PICK TYPE C1 DISEASE
MODELS
Marzolo, M.P.1, Zanlungo, S.2 and Benitez, M.L.1

1Millenium Nucleus in Regenerative Biology, Fac. Ciencias
Biologicas, Department of Biol Cel Molec, P. Universidad
Catolica de Chile, Santiago, Chile

2Department of Gastroenterol, Fac Medicina, P. Universidad
Catolica de Chile, Santiago, Chile

Introduction: NPC1 is a lipid storage disorder caused by genetic
mutations in npc1 gene that causes accumulation of cholesterol and
sphingolipids in late endosome/lysosomes and is characterized by
progressive neurodegeneration. Previous studies show that there are
alterations in the trafficking and signaling of some membrane
receptors in this disease. However this area of research remains
largely unexplored. The Apolipoprotein E receptor 2 (ApoER2), is
highly expressed in neurons and exhibits a significant association
with cholesterol enriched membrane domains or lipid rafts in
different cells lines and also in neurons. ApoER2 binds to reelin,
triggering a signaling pathway that regulates neuronal migration and
positioning in the developing brain and dendritic ramification. In the
adult reelin participates in neuronal survival, synaptic plasticity, and
neurogenesis. Since the segregation of ApoER2 into lipid rafts
could have functional implications concerning trafficking, and/or
signaling we evaluated whether these events are altered in different
models of the disease.
Methods: As models we used neuronal hippocampal primary
cultures treated with U18666A (a well-known class-2 amphiphile,
extensively used to mimic NPC phenotype) and CHO cells/null for
NPC1 stably transfected with ApoER2. We evaluated receptor
internalization and recycling, receptor signaling (by phosphorylation
levels of downstream targets of ApoER2/Reelin), and ramification by
Sholl’s method. The expression of apoER2 and reelin in cerebellum of
wild type and NPC1 KO mice were determined by qPCR.
Results: In cellular conditions miming NPC there was a decrease in
ApoER2 surface levels, explained by a more efficient internalization
and less recycling. Neurons treated with U18666A, exhibited less
dendritic ramification while the number of apoptotic cells was
increased. Both effects were partial but significantly rescued when
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exogenous Reelin was added. ApoER2/Reelin signaling was
partially but significantly active in our cellular models indicating
that it could act as a survival mechanism in NPC disease, however
we found relevant differences in the expression of ApoER2 and its
ligand reelin in the brains of the NPC KO mice.
Funding: MINREB and Fondecyt 1110382.

WE04-16
CALPAIN PARTICIPATION IN MANGANESE
NEUROTOXICITY, IN VIVO
Montiel, T.1, Marquez, M.2, Gonzalez, A.2, Quintanar, L.2 and
Massieu, L.1

1División de Neurociencias, Instituto de Fisiologı́a Celular,
Universidad Nacional Autónoma de México, Mexico, DF, Mexico

2Departamento de Quı́mica, Centro de Investigación y de Estudios
Avanzados (Cinvestav), México, Mexico, DF, Mexico

Manganese (Mn) is an essential metal ion, but chronic exposure to
this metal can induce toxic effects on the central nervous system,
causing a neurodegenerative disease known as manganism, prevalent
among miners. Some symptoms of manganism resemble those of
Parkinson’s disease, such as muscle stiffness, tremor, dystonia and
hypokinesia. Mn accumulates in brain structures such as the striatum,
globus pallidus and substantia nigra, and a correlation between its
accumulation, neuronal damage and impaired motor function, has
been suggested. The toxic effects of Mn are associated with altered
mitochondrial metabolism, increased reactive oxygen species and
energy deficiency. In addition, evidence shows that Mn can alter
glutamate (Glu) levels and the expression of Glu transporters,
suggesting an excitotoxic death mechanism. Excitotoxicity is
associated with calcium influx through Glu receptors and with the
activation of calpain, a cystein calcium-dependent protease. In the
present study we show that the intra-striatal injection of 100 nmol
Mn produces neuronal death, event partially mediated by calpain.
Calpain activity was determined by western-blot analysis of the
appearance of the 150/145 kDa fragment as a result of the cut of
alpha-spectrin by the active protease, and by the fluorometric
method. Mn affects neurons in the early hours, the calpain inhibitor
MDL-28170 significantly reduced the cell damage (51 percent) and
protease activity (62 percent, western-blot data). Calcium influx
through NMDA glutamate receptors, does not appear to be
responsible for the activation of calpain, inhibiting these receptors
with MK-801 or memantine, does not prevent neuronal damage or
protease activation. Results suggest that Mn might either activate
calpain directly, or through the alteration of the intracellular calcium
levels. These results suggest that additional mechanisms to excito-
toxicity are involved in the neurotoxicity of Mn.

This work was supported by IN211710 PAPIIT grant to LM and
J48781-Q CONACYT grant to LQ.

WE04-17
THE ROLE OF CHAPERONE-MEDIATED AUTOPHAGY
FOR THE SELECTIVE DEGRADATION OF MUTANT
HUNTINGTIN PROTEIN
Qi, L.

University of Soochow, Department of Pharmacology, Suzhou,
China

Aberrant Huntingtin protein (Htt) degradation is implicated in
Huntington’s disease (HD) pathogenesis because Htt accumulates in

nerve cells. The aim of study is to verify the association with HD
and chaperone-mediated autophagy (CMA). The cell model of HD
was produced by being infected adenovirus Htt. Htt with 18 polyQ
was wt type and Htt with 100 polyQ was mutant type. The
overexpression or knocking out of LAMP-2A, Hsc/p70 in cells was
made to change the level of CMA. The protein levels of LAMP-2A,
Hsc/p70 and Htt and the relationships of proteins were observed.
LAMP-2A and Hsc/p70 could be well colocalized with Htt by
microscope and IP. Western blot analysis certified the decreasing of
LAMP-2A or Hsc/p70 resulted in the accumulation of Htt, vice
versa. The mechanism was studied with intact lysosome. The
present results suggest that CMA plays an important role in the
degradation of Htt and protects cells expressing Htt from develop-
ment of the disease.

WE04-18
A CELL-BASED ELISA ASSAY TO MONITOR GLT-1
INTERNALISATION AND DEGRADATION
Rattray, M.1, Grundwald, N.1, Lin, H.1, Tu, H.1, Gonzalez, T.1 and
Peacey, E.2

1University of Reading, Reading School of Pharmacy, Reading, UK
2King’s College London, London, UK

The predominant astrocyte glutamate transporter GLT-1
(EAAT2) is down-regulated in numerous neurodegenerative dis-
eases. We wish to understand the intracellular mechanisms under-
lying GLT-1 loss from the cell-surface of astrocytes, and identify
compounds which can block these processes. We previously
developed a construct of GLT-1 with an epitope tag in the large
extracellular loop. Using a cell-line (HEK293) stably expressing
V5-GLT1 we developed a two-step cell-based ELISA assay to
measure, in sequence, cell-surface and total cellular GLT-1. Cells
grown in 96 well white plates are treated, fixed in 4% paraformal-
dehyde then subjected to two rounds of antibody binding, first using
a mouse anti-V5 antibody then, following permeabilsation with
Triton X-100, with a rabbit anti-V5 antibody. Chemiluminescent
detection is used to measure cell-surface and total GLT-1 levels. The
assay shows high sensitivity and specificity. Using this assay, we
show that Phorbol Ester (PMA), 10 nM induces a 25% loss of V5-
GLT1 from the cell surface within 30 minutes, with concomitant
loss of total GLT-1. The assay system was used to screen a number
of protease inhibitors for their ability to block PMA-induced GLT-1
internalisation and degradation and identify a potential role for
cysteine proteases in regulating GLT-1 internalisation. Next we
transfected primary mouse astrocytes with V5-GLT1 and showed
that the cell based ELISA assay can measure down-regulation of
GLT-1 following a range of metabolic and pro-oxidative stimuli
including hydrogen peroxide (100 lM). We have developed a
system to facilitate the identification of regulators of GLT-1 protein
internalization and degradation in astrocytes in vitro.
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WE04-19
INVOLVEMENT OF MACROAUTOPHAGY IN MULTIPLE
SYSTEM ATROPHY AND GLIAL CYTOPLASMIC
INCLUSION BODY FORMATION IN
OLIGODENDROCYTES
Richter-Landsberg, C.1, Schwarz, L.1, Bergmann, M.2 and
Goldbaum, O.1

1University of Oldenburg, Institute of Biology, Oldenburg, Germany
2Klinikum Bremen Mitte, Institute for Neuropathology, Bremen,
Germany

Glial cytoplasmic inclusions (GCIs), originating in oligodendro-
cytes, are the histological hallmark of multiple system atrophy
(MSA), an adult onset neurodegenerative disease with symptoms of
Parkinsonism. GCIs positively stain for a-synuclein, ubiquitin and a
variety of heat shock proteins (HSP), specifically the small HSP aB-
crystallin. The accumulation of aggregated proteins in MSA remains
an enigma, defects in the protein degradation systems may be
involved. a-Synuclein degradation occurs by both, the proteasome
and the autophagic pathways within lysosomes. Macroautophagy
(MA) involves the sequestration of cytoplasmic contents and large
aggregates in double-membrane vesicles, the autophagosomes,
which can be probed for by LC3-immunoreactivity. During
autophagosome formation endogenous LC3 is processed to LC3-I,
which is converted to LC3-II. Its amount correlates with the number
of autophagosomes. Cells can respond to blockage of the protea-
some by upregulation of MA. Our data demonstrate that in
oligodendrocytes, derived from the brains of newborn rats, MA is
efficiently upregulated by treatment with the proteasomal inhibitor
MG-132. LC3-positive vesicular structures accumulate and an
increase in LC3-II immunoreactivity is detectable by immunoblot
procedure. Furthermore, we performed immunohistochemistry on 7
MSA cases which indicates that LC3 immunoreactivity is present in
a-synuclein-positive GCIs. LC3 staining was either diffusely
present in the GCIs or occurred as distinct vesicular patches.
Hence, oligodendrocytes have the capacity to upregulate MA during
proteasomal blockage which during acute phases may be involved
in the removal of protein aggregates. The presence of LC3-positive
vesicles in GCIs of all MSA cases investigated indicates that MA is
upregulated during pathogenesis, however, not efficient in cargo
removal. This might be due to a persistent downregulation of
proteasomal activity and chronic upregulation of MA, which renders
the cells unable to further activate MA in response to stress
situations which occur during disease progression and aging.

WE04-20
ACIDOSIS-INDUCED INCREASE OF ZINC
NEUROTOXICITY IN CHOLINERGIC SN56 CELLS
Ronowska, A., Gul-Hinc, S., Dyś, A., Bielarczyk, H.,
Klimaszewska-Łata, J., Bizon-Zygmanska, D. and Szutowicz, A.

Medical University of Gdansk, Gdansk, Poland

Excessive increase of Zn concentration in synaptic cleft is
thought to be an early excitotoxic event in long lasting neurode-
generative process. Levels of extracellular Zn2+ ions increase
significantly during hypoxia/ischemia-induced acidosis. However,
the mechanism of Zn neurotoxicity in acidotic conditions remains
unknown. The decrease of the culture medium pH from 7.4 to 6.5
with 15 mM lactic acid caused no alterations in the count and
viability of both differentiated (DC) and nondifferentiated (NC)
SN56 cholinergic neuroblastoma cells. Also activities of key

enzymes of energy and acetylcholine metabolism, as well as
acetyl-CoA levels were not affected by acidosis. Exposition
(24 hours) to Zn in concentrations up to 0.15 mM caused no
structural and functional impairment of cells cultured in media of
pH from 7.4 to 6.8. However, at pH 6.5 Zn caused 60% increase of
nonviable cell fraction and 50% decrease of cell count irrespective
on the degree of their differentiation. In acidotic conditions (pH 6.5)
0.15 mM Zn exerted in about 50% inhibition of pyruvate,
ketoglutarate and isocitrate dehydrogenases as well as aconotase
activities both in NC and DC. Also activity of choline acetyltrans-
ferase in DC was decreased by Zn for about 25%, remaining
unaltered in NC. In accord with enzyme suppression whole cell
acetyl-CoA, ACh levels were also decreased by 0.15 mM Zn at pH
6.5 for about 40%. The results indicate that acidosis augments Zn
cholinotoxicity through the inhibition of PDH and key enzymes of
the TCA cycle resulting in depletion of acetyl-CoA and to its
decreased synthesis in cholinergic neuron mitochondria. It would
explain suppression of acetylcholine transmitter functions and loss
structural integrity of cholinergic neurons in acidotic brain.
Supported by MNiSW NN401029937, IP2010035370 and GUMed
founds St 57.

WE04-21
ROLE OF MITOCHONDRIAL DYSFUNCTION IN
EXCITOTOXIC SPINAL MOTONEURON DEGENERATION
IN VIVO
Santa-Cruz, L.D., Guerrero-Castillo, S., Uribe-Carvajal, S. and
Tapia, R.

Instituto de Fisiologı́a Celular, Universidad Nacional Autónoma de
México, México, D.F., Mexico

Glutamate-mediated excitotoxicity has been proposed as a
probable mechanism leading to motoneuron death in amyotrophic
lateral sclerosis (ALS). Previously, our group developed an in vivo
model of spinal motoneuron excitotoxic death by means of
microdialysis perfusion of a-amino-3-hydroxy-5-methyl-4-isoxaz-
ole propionate (AMPA) in the lumbar region of the rat spinal cord.
This treatment produces a permanent paralysis of the ipsilateral
hindlimb and death of motoneurons by a Ca2+-dependent mecha-
nism (J Neurochem, 2004, 89: 988; Neuropharmacology 2007, 52:
1219). To study the possible participation of mitochondrial function
deficiencies in this motoneuron degeneration, we have tested the
neuroprotective effect of the energy metabolic substrates pyruvate,
lactate, a-ketobutyrate, b-hydroxybutyrate and creatine, coperfused
with AMPA. These treatments prevented the paralysis and moto-
neuron damage, and preserved motor function in the rotarod test,
suggesting that mitochondrial energetic deficiencies are involved in
motoneuron death. In addition, we studied oxygen consumption and
transmembrane potential in mitochondria isolated from the ventral
horn of the lumbar spinal cord of three groups of rats: treated with
AMPA, AMPA + pyruvate, and Krebs–Ringer medium as controls.
The AMPA-treated group showed decreased oxygen consumption,
ADP-dependent respiratory control and transmembrane potential,
and pyruvate prevented these functional deficits. Our results suggest
that mitochondrial dysfunction plays a crucial role in spinal
motoneuron degeneration induced by overactivation of AMPA
receptors in vivo. These mechanisms could be involved in ALS
motoneuron degeneration.

Supported by DGAPA, UNAM (IN215610) and CONACYT
(60322 and 128229). L.D.S.-C. and S. G. -C. are recipients of a
scholarship from CONACYT.
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WE04-22
A GENOME-WIDE SCREEN FOR MODIFIERS OF
POLYGLUTAMINE-INDUCED NEUROTOXICITY IN
DROSOPHILA MELANOGASTER
Vossfeldt, H., Butzlaff, M., Pruessing, K., Schulz, J.B. and Voigt, A.

Department of Neurology and JARA Brain, University Medical
Centre, RWTH Aachen University, Germany

Spinocerebellar ataxia type 3 (SCA3) or Machado-Joseph disease
(MJD) belongs to the group of polyglutamine (polyQ) neurodegen-
erative diseases and is the most prevalent autosomal dominant
cerebellar ataxia worldwide. A highly variable polyglutamine tract
is thought to confer toxicity upon the otherwise unrelated proteins
causing polyQ diseases. Apart from the glutamine expansion, the
physiological function and cellular context of these proteins and
their interaction partners appear to be crucial for the specific
pathogenesis and course of the disorders. In order to elucidate the
molecular disease mechanisms triggered by trinucleotide repeats,
we intended to identify genetic interactors enhancing or suppressing
polyQ toxicity. Therefore, we targeted expression of a human
Ataxin-3-derived polyQ transgene to the Drosophila compound eye.
The resulting photoreceptor degeneration induced a rough eye
phenotype (REP) in adult flies. Eye-specific silencing of specific
genes (all fly genes with a human homolog, ca. 8000 genes) by
RNAi was utilized to identify genetic interactors of the REP.
Changes in the observed REP are likely to originate from the
knockdown of the RNAi target. Thus, silenced candidate genes are
capable of modifying polyQ-induced neurotoxicity. The gene
products we discovered in this manner represent various biological
pathways and molecular functions. We conducted secondary
investigations with this set of candidate genes to gain more insight
into the mode and quality of the interactions. Our results are likely
to shed further light on the molecular pathogenesis of Machado-
Joseph disease and the role of Ataxin-3 and its modulator proteins in
this process.

WE04-23
THE ROLE OF P53 AND DRAM1 IN AUTOPHAGY
ACTIVATION AND CELL DEATH INDUCED BY
MITOCHONDRIA DYSFUNCTION
Zhang, X.D. and Qin, Z.H.

Department of Pharmacology and Laboratory of Aging and
Nervous Diseases; Soochow University School of Pharmaceutical
Science, Suzhou, China

In vivo administration of the mitochondrial inhibitor 3-nitroprop-
ionic acid (3-NP) produces striatal pathology mimicking Huntington
disease (HD). However, the mechanisms of cell death induced by
metabolic impairment are not fully understood. The present study
investigated the role of the p53 target gene damage-regulated
autophagy modulator 1 (DRAM1) in autophagy activation and cell
death induced by 3-NP. DRAM1 was induced in rat striatum after
stereotaxic injection of 3-NP. Induction of DRAM in striatum was
blocked by the p53 inhibitor pifithrin-alpha (PFT). In A549 cells 3-
NP treatment also induced expression of DRAM1 protein levels.
Morphological and biochemical analyses demonstrated activation of
autophagy in striatal cells as evidenced by increased formation of
autophagosomes, the expression of active lysosomal cathepsin B
and D, microtubule associate protein light chain 3 (LC3) and
conversion of LC3-I to LC3-II. 3-NP also induced elevations in pro-
apoptotic proteins Bax and PUMA. In A549 cells, knock-down
DRAM1 reduced LC3-II and BAX protein levels. PFT treatment
significantly inhibited 3-NP-induced striatal damage. Similarly, 3-
NP-induced DNA fragmentation and striatal cell death were
robustly attenuated by the autophagy inhibitor 3-methyladenine
(3-MA) and bafilomycin A1 (Baf A1). In the present study, 3-NP
caused cell death of A549 cells was significantly attenuated by
knock-down of DRAM1, and autophagosome clearance was
prevented as a result of a selective impairment of autolysosome
acidification and cathepsin activation. These studies suggest that
p53 and DRAM1 plays an important role in mitochondria
dysfunction induced autophagy activation and cell death.
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WE05-01
PROTEOMIC PROFILING OF PLASMA AND PERIPHERAL
BLOOD MONONUCLEAR CELLS OF FIRST ONSET
SCHIZOPHRENIA PATIENTS
Baloyianni, N.1, Paschalakis, G.3, Vougas, K.1, Papadopoulou, A.1,
Karkanias, A.3, Moussas, G.3, Stefanis, N.C.2 and Tsangaris, G.T.1

1Biomedical Research Foundation of the Academy of Athens, Centre
for Basic Research II, Proteomic Research Unit, Athens, Greece

2National and Kapodistrian University of Athens, Psychiatry
Department, Athens, Greece

3Sotiria General Hospital of Chest Diseases, Psychiatry
Department, Athens, Greece

Schizophrenia affects almost 1% of the population worldwide
with devastating consequences for affected individuals and their
families. Although there is strong evidence of the involvement of
various neurobiological mechanisms in the pathogenesis of schizo-
phrenia, it remains a disorder with an incompletely understood
aetiology. In addition, schizophrenia’s genetic complexity impedes
the establishment of animal and cellular models specific to the core
of the disease. The identification of biological markers at the onset
of the disease is a fundamental step towards a better understand-
ing of the pathogenesis of schizophrenia along with their potential
for objective diagnostic and prognostic tests. In this study we
performed a comparative proteomic analysis of peripheral blood
mononuclear cells (PBMCs) from 15 drug-naive schizophrenia
patients with first onset psychosis and 12 controls. We identified 45
differentially expressed proteins, 12 of which were downregulated
and 33 upregulated in schizophrenia-derived samples. A group of
the altered proteins have been strongly related to mental illness
elsewhere, such as apolipoprotein A1, transthyretin, and syntaxin
binding protein that reconfirmed previous proteomic studies in
blood and CSF of first-onset psychosis patients. Most interestingly,
many new putative disease-associated proteins were identified,
including cytoskeleton-related proteins, molecular chaperones and
signal transduction proteins. Some of these protein alterations may
reflect the components of abnormal neurochemical pathways in
schizophrenia.

WE05-02
BRAIN REGION-SPECIFIC GLUTATHIONE REDOX
IMBALANCE AND INCREASED DNA OXIDATION IN
AUTISM
Chauhan, A.1, Audhya, T.2,3 and Chauhan, V.1

1NYS Institute for Basic Research in Developmental Disabilities,
Staten Island, NY, USA

2New York University School of Medicine, New York, USA
3Vitamin Diagnostic Laboratory, New Jersey, USA

Autism is a severe neurodevelopmental disorder that causes
impairment in language, cognition and social interaction. Accumu-
lating evidence suggests that oxidative stress may provide a link
between susceptibility genes and environmental stressors in the
pathophysiology of autism. DNA is a major target for free radicals
(reactive oxygen species: ROS)-induced damage. 8-hydroxy-2�-
deoxyguanosine (8-OH-dG) is formed during oxidative DNA
damage through the oxidation of guanosine bases in DNA.

Glutathione (GSH) is the most important endogenous antioxidant
in human tissues, which neutralizes ROS and participates in
detoxification and elimination of environmental toxins. Glutathione
in its reduced state (GSH) and oxidised disulfide form (GSSG) are
the primary determinants of redox status in all human cells. A
decrease in GSH-to-GSSG redox ratio is a marker of oxidative
stress. In this study, we compared DNA oxidation and glutathione
redox status in postmortem brain samples from the cerebellum and
frontal, temporal, parietal and occipital cortices from autistic
subjects and age-matched normal subjects. DNA oxidation, assessed
by quantitation of 8-OH-dG, was significantly increased by two-fold
in frontal cortex, temporal cortex, and cerebellum in individuals
with autism as compared with control subjects. On the other hand,
its levels in parietal and occipital cortex were similar between
autism and control groups. Reduced GSH, increased GSSG, and a
decrease in redox ratio of GSH/GSSG were observed in the
cerebellum and temporal cortex in autism group compared with
control group. Such changes were not observed in frontal, parietal
and occipital cortices between autism and control groups. These
results suggest brain region-specific glutathione redox imbalance in
autism, and that oxidative stress differentially affects selective brain
regions in autism. Increased oxidative damage coupled with reduced
antioxidant status in specific brain regions may in part, contribute to
the development of autism.

Acknowledgement: Supported by Department of Defense,
Autism Research Institute, and NYS OPWDD.

WE05-03
BRAIN REGION-SPECIFIC CHANGES IN ACTIVITIES OF
PROTEIN KINASE A, PROTEIN KINASE C AND MAP
KINASES IN REGRESSIVE AUTISM
Chauhan, V., Ji, L. and Chauhan, A.

NYS Institute for Basic Research in Developmental Disabilities,
Staten Island, New York, USA

Autism is a severe neurodevelopmental disorder that is charac-
terized by impaired language, communication and social skills. In
regressive autism, children first show sign of normal social and
language development but eventually lose these skills and develop
autistic behavior. The rate of regressive autism has varied from 15%
to 62% of cases in different studies. Protein kinases are essential in
G-protein coupled receptor-mediated signal transduction that is
involved in neuronal functions, gene expression, memory, and cell
differentiation. We studied the activities of protein kinase A (PKA),
protein kinase C (PKC) and mitogen-activated protein kinases
(MAP kinases) in the postmortem frozen brain regions, i.e.,
cerebellum, and cortices from frontal, temporal, parietal and
occipital regions from autism with regressive autism, autistic
subjects without clinical history of regression, and age-matched
control subjects. The activities of PKA and PKC, and expression of
PKA c-a (a catalytic subunit of PKA assessed by western blotting)
were significantly decreased in the frontal cortex of individuals with
regressive autism compared to developmentally normal subjects and
autistic individuals without regression. Further studies in the frontal
cortex showed that the levels of non-phosphorylated forms of MAP
kinases (JNK, MEK 1 and P38) were not affected in individuals
with regressive and non-regressive autism. However, the levels of
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activated forms of these MAP kinases, i.e., their phosphorylated
forms were increased in regressive autism. Such changes were not
observed in temporal, parietal and occipital cortices and cerebellum
in subjects with regressive autism. No significant difference in the
activities of PKA and PKC or expression of PKA c-a was observed
between non-regressed autism and control groups. These results
suggest that regression in autism may in part, be caused by
oxidative stress and altered PKA/PKC-mediated phosphorylation of
proteins that are associated with cell signaling.
Acknowledgement: This work was supported by funds from
Autism Collaboration (autism.org), Autism Research Institute,
Department of Defense, and NYS Office of People with Develop-
mental Disabilities.

WE05-04
CALPASTATIN REDUCES METHAMPHETAMINE-
INDUCED INDUCTION IN C-JUN PHOSPHORYLATION,
BAX AND CELL DEATH IN NEUROBLASTOMA SH-SY5Y
CELLS
Chetsawang, J.1, Suwanjang, W.2, Govitrapong, P.2,3 and
Chetsawang, B.2

1Department of Anatomy, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok, Thailand

2Research Center for Neuroscience, Institute of Molecular
Biosciences, Mahidol University, Nakhonpathom, Thailand

3Center for Neuroscience, Faculty of Science, Mahidol University,
Bangkok, Thailand

Methamphetamine (MA) is one of the most commonly abused
substances in today’s society. Many studies have shown that the
process of cell death induced by MA involves with the reception of
death signals, an increase in pro-apoptotic proteins (Bax) and an
activation of cysteine protease death pathway. The objective of this
study is to investigate the neuroprotective effects of calpastatin
against MA-induced toxicity in SH-SY5Y neuroblastoma cells by
observing cell viability, phosphorylation of transcription factor,
c-Jun (phospho-c-Jun) and levels of Bax and Bcl-2. We found that
MA significantly decreased cell viability in SH-SY5Y cultured
cells. Conversely, increase in phospho-c-Jun and Bax/Bcl-2 ratio
was observed in MA-treated cells. Calpastatin reversed the toxic
effect of MA by increasing cell viability, reducing phospho-c-Jun
and Bax/Bcl-2 ratio in MA-treated cells. These results indicated that
calpastatin has the capacity to reverse an activation of death process
in MA-treated dopaminergic cell lines.

WE05-05
MAJOR DEPRESSIVE DISORDER: POLYMORPHISM OF
GENES LINKED WITH SURVIVAL AND REPAIR OF
NEURAL CELLS IN HUMAN PATIENTS
Evinova, A.1, Babusikova, E.1, Adamik, P.2, Ondrejka, I.2 and
Lehotsky, J.1

1Comenius University in Bratislava, Jessenius faculty of medicine in
Martin, Department of medical biochemistry, Martin, Slovakia

2University hospital in Martin, Psychiatric clinic, Martin, Slovakia

Major depressive disorder (MDD) is caused by neurochemical
imbalances in the regions of brain controlling mood, anxiety,
cognition and fear. In genetics of psychiatric disorders, a lot of
correlations is not yet solved. It is commonly anticipated that variants
in many genes may contribute to the onset and mode of progression

of MDD. Brain-derived neurotrophic factor (BDNF) is one of the
critical regulators in neuronal growth, survival and diferenciation of
neuronal cells. Genetic studies of BDNF Val66Met gene polymor-
phism in relationship with MDD led until now to nonconsistent
results. The methylenetetrahydrofolate reductase (MTHFR) gene
Ala677Val polymorphism reduces MTHFR activity, which is
associated with elevation of blood plasma homocysteine. Reduced
activity of MTHFR has been linked to schizophrenia, affective
disorders, and depression. DNA repair gene XRCC1 (X-ray repair
cross-complementing group 1) Arg399Gln and XPD (Xeroderma
pigmentosum coplementation group D) Lys751Gln polymorphisms
are positively associated with different forms of cancer, however
little is known about their association with MDD. Methods: Selected
polymorphisms were determined by PCR–RFLP method.

Results: The BDNF Val/Val genotype (72.2%) was more
frequent in the patients in comparison with the controls (45.9%).
Patients with MDD had a higher frequency of the Ala/Val and Val/
Val genotype (47.1%) of MTHFR gene than the control group
(38.1%). We observed positive association BDNF 66Val and
MTHFR 677Val allele which was significantly associated with
MDD risk. Allelic association analysis of XRCC1 and XPD did not
show show significantly higher risk in patients with MDD.
Conclusion: In central Slovak population are manifested a selective
BDNF and MTHFR polymorphisms which are associated with an
increased risk of MDD. This work was supported by MZ-2007/55-
UK-16 grant and by project ‘‘ Identification of novel markers in
diagnostic panel of neurological diseases ‘‘code: 26220220114,
co-financed from EU sources and European Regional Development
Fund.

WE05-06
SYNAPTIC PROTEIN-PROTEIN INTERACTIONS AS
POTENTIAL ALCOHOL TARGETS IN MOUSE CORTEX
Gorini, G.1, Ponomareva, O.1, Roberts, A.J.2 and Mayfield, R.D.1

1The University of Texas at Austin, Waggoner Center for Alcohol
and Addiction Research, Austin, TX, USA

2The Scripps Research Institute and Alcohol Research Center,
Department of Molecular and Integrative Neurosciences, La Jolla,
CA, USA

Protein-protein interactions (PPIs) are important for virtually
every process in a living cell: They participate in many physiolog-
ical processes, and are essential for neurotransmission in the brain.
Growing evidences suggest that clusters of gene expression profiles
correlate with and predict PPIs.

Alcohol exposure alters the expression pattern of several genes
encoding proteins required for normal synaptic function and crucial
for diverse synaptic events, including neurotransmitter vesicle
transport and targeting, scaffolding, trafficking and targeting of
synaptic proteins.

With the present study, we aim to define alcohol-sensitive
synaptic PPIs and to determine if these complexes can be modified
as a result of excessive alcohol consumption.

We used an interaction proteomics approach, (co-immunopre-
cipitation, immunoblotting, and LC-MS/MS mass spectrometry) to
identify novel PPIs in cortical membranes prepared from alcohol-
naı̈ve C57BL/6J mice using calcium-activated potassium channel
(BKCa), dynamin-1, syntaxin-1A, synaptosomal-associated protein
of 25 kDa (SNAP-25), and synaptobrevin-2 (VAMP-2) as bait
proteins.
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Our results highlight novel important interactions among synaptic
proteins, including the dynamin-1 associations with BKCa and with
VAMP-2. Plus, we found that BKCa, SNAP-25 and VAMP-2 share
many interacting protein partners encoded by genes which have
been consistently reported to be differentially expressed following
alcohol excessive consumption. We are currently processing cortices
from C57BL/6J mice subjected to ‘‘Withdrawal-Induced Drinking,
2-bottle choice’’ (WID-2BC) alcohol dependence paradigm. Using
co-immunoprecipitations followed by semiquantitative MS analysis
(Isotope Tagging for Relative and Absolute Quantification, iTRAQ),
we are testing the effect of the development of alcohol dependence
on the identified synaptic PPIs.

Investigating alcohol action on multiple synaptic PPIs could
provide new insights into cell function adaptations in the presence
of alcohol. This study could potentially accomplish a wide ranging
significance for neurochemistry and other areas of neurobiology and
addiction research, and ultimately help to define new molecular sites
for therapeutic interventions.

WE05-07
RELATIONSHIP BETWEEN CADPS2 SPLICING PATTERN
AND SERUM BDNF LEVEL IN AUTISM
Hamatake, M.1, Inaguma, Y.1, Semba, R.K.2, Hosokawa, M.1 and
Semba, R.1

1Aichi Human Service Center, Kasugai, Japan
2RIKEN Brain Science Institute, Wako, Japan

Autism is a severe neurodevelopmental disorder, while its
underlying molecular mechanisms remain largely unknown. A
disturbance in Ca2+-dependent activator protein for secretion 2
(CADPS2) -mediated BDNF release in the brain may contribute to
autism susceptibility, because an aberrant alternatively spliced
CADPS2 mRNA that lacks exon 3 was reported in some autistic
patients, and BDNF plays a key role in many aspects of brain
development and function, including the formation of synapses and
circuits. We investigated the effect of CADPS2 mRNA splicing
pattern on plasma BDNF level in children with autistic disorder. We
also examined relationship between CADPS2 splicing pattern and
behavioral characteristics of the autistic children. There was little
relationship between the splicing pattern and plasma BDNF level.
Though statistically insignificant, possible correlations between
CADPS2 mRNA splicing pattern and characteristic behaviors in
autistic children were suggested.

WE05-08
ANALYSIS OF CORTICAL DEVELOPMENT IN MICE
LACKING DBZ
Hattori, T.1,3, Shimizu, S.1, Koyama, Y.2, Taniguchi, M.1,
Katayama, T.3, Ito, A.3 and Tohyama, M.2,3

1Osaka University, Department of Molecular Neuropsychiatry,
Osaka, Japan

2Osaka University, Department of anatomy and Neuroscience,
Osaka, Japan

3Osaka University, Department of Child Development & Molecular
Brain Science, United Graduate School of Child Development,
Osaka, Japan

DBZ (Disc1-Binding Zinc-finger protein) interacts with DISC1
(Disrupted-in-schizophrenia 1), a promising susceptibility gene for
major mental illness. The DISC1/DBZ interaction regulates neurite

outgrowth in primary cultured hippocampal neurons and PC12 cells.
DBZ is a brain-specific protein and highly expressed in cerebral
cortex, hippocampus and striatum in adult rodent brain. Here we
examined the expression of DBZ mRNA in developing cerebral
cortex from E10 to adult mice by in situ hybridization. DBZ mRNA
started to express at E12 and increased gradually with the cerebral
cortex development.

WE05-09
EFFECT OF ANTIPSYCHOTIC MEDICATION ON
OLIGODENDROCYTE PROGENITOR CELL IN VITRO
Kimoto, S.1, Okuda, A.2, Toritsuka, M.1, Yamauchi, T.1, Okuda, H.2,
Tatsumi, K.2, Wanaka, A.2 and Kishimoto, T.1

1Nara Medical University/Department of Psychiatry, Nara, Japan
2Nara Medical University/Department of Anatomy and
Neuroscience, Nara, Japan

In the developing brain, oligodendrocyte progenitor cells (OPCs)
proliferate, migrate, and differentiate into mature oligodendrocytes
(OLGs) capable of myelinating axons. Recently, OPCs have been
identified as an abundant and widespread population in the adult as
well as in the developing animal. Current researches favor the
hypothesis that these OPCs in the adult brain are able to proliferate
and differentiate into myelinating OLGs as in development.

We previously reported OLG dysfunction in the animal model of
schizophrenia (Makinodan et al.). . If altered OLG function is an
etiological factor or involved in the pathogenesis of schizophrenia,
OPCs may respond to antipsychotics during recovery process. In the
present study, we used primary OPC cultures from optic nerve of
P1-2 Wister rat pups to investigate the direct effects of haloperidol
(typical antipsychotic) and olanzapine (atypical antipsychotic) on
the proliferation and differentiation of OPCs. Our results showed
that (1) olanzapine treatment significantly increased the viable cell
number of OPCs when compared to the haloperidol treatment at
relatively high concentrations, (2) olanzapine treatment also resulted
in less expression levels of MBP mRNA than haloperidol treatment,
(3) these pharmacological effects may be mediated via ERK
signaling pathway.

Our findings suggest a new neural mechanism of antipsychotic
action of olanzapine, leading to establish a role for oligodendrocyte-
lineage cells in the etiopathology and treatment of schizophrenia.

WE05-10
DIFFERENTIAL ACTIVATION OF NUCLEUS ACCUMBENS
SHELL VS. CORE DURING ACQUISITION OF COCAINE-
VS. SOCIAL INTERACTION CPP
Klement, S.1, Fritz, M.1, El Rawas, R.1, Salti, A.2, Bardo, M.3,
Dechant, G.2, Saria, A.1 and Zernig, G.1

1Experimental Psychiatry Unit, Medical University, Innsbruck,
Austria

2Institute for Neuroscience, Medical University, Innsbruck,
3Centre for Drug Abuse Research Translation, University of
Kentucky, Lexington, USA

Is social interaction as a non-drug (‘‘alternative’’) reinforcer able
to help addicts reorient their behavior away from the drug of abuse?
We could show (Fritz et al. 2011, Addiction Biology, in press) that
social interaction is able to speed up extinction of cocaine
conditioned place preference (CPP), reverses place preference even
if cocaine CPP training is continued, and can prevent reacquisition
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of cocaine CPP. In the present study, we investigated the
contribution of the core (AcbC) and the shell (AcbSh) subregions
of the nucleus accumbens, and of the basolateral amygdala (BLA) to
the acquisition/expression of social interaction CPP vs. cocaine
CPP.

Male Sprague–Dawley rats were single-housed and CPP-trained
for cocaine (15 mg/kg i.p.) alone, for an i.p. saline injection paired
with social interaction (weight- and gender-matched partner within
the confines of the CPP chamber) alone, or concurrently for
cocaine- vs. social interaction CPP. We performed excitotoxic
lesions of the AcbC, the BLA, or the AcbSh. All groups were tested
for CPP expression and Zif268 immunocytochemistry.

Lesioning the AcbSh before the concurrent acquisition and
expression of social interaction CPP vs. cocaine CPP shifted the
preference toward cocaine whereas AcbC and BLA lesions shifted
the preference toward social interaction. These findings suggest that
the inactivation of the AcbC or the BLA is sufficient to inhibit the
incentive salience of drug-associated stimuli, and increases the
motivation for the non-drug stimulus social interaction. In addition,
different brain areas seem to be engaged during the acquisition and
expression of social interaction CPP as compared to the reversal of
reacquisition of cocaine CPP by social interaction.

Supported by FWF grant P18787-B05, FWF Lise-Meitner
Fellowship M1169-B18 to R.E., and by the Verein zur Förderung
der Experimentellen Psychiatrie, Psychotherapie und Pharmakolo-
gie (VEPPP).

WE05-11
STUDIES OF THE LIFE AND DEATH OF SEROTONERGIC
NEURONES IN A PRIMARY MURINE NEURONAL-GLIAL
CULTURE
Mercer, L.D.1, Nagley, P.2 and Beart, P.M.1

1Florey Neuroscience Institutes, University of Melbourne, Parkville,
Australia

2Department of Biochemistry and Molecular Biology, Monash
University, Clayton, Australia

While the essential roles of brainstem serotonin (5-HT) neurones
are well recognized, they have attracted renewed interest because of
new evidence for key roles in autism, sudden infant death syndrome
and regenerative neurobiology. Remarkably there is a dearth of
knowledge about the life and death of 5-HT neurones presumably
because they have been so difficult to study in primary culture. Our
aims were to develop methodology to allow the establishment of
primary cultures containing 5-HT neurones, and to employ these
cultures as a suitable model to evaluate the patterns of injury and
death of 5-HT neurones. A coronal section of ventral brainstem,
containing principally rostral groups of 5-HT-containing raphe
nuclei, was dissected from the brains of E14-16 mice. Procedures
for the digestion and isolation of cells were based upon those
previously employed for mesencephalic dopamine cells (Mercer et
al. 2005. Biochem Pharmacol, 69: 339) wherein after resuspension
in an optimized Neurobasal medium, cells were plated in 96 and 48
microwell plates, (densities 0.1–0.2 · 106 cells/well). Media
changes were as previously described (Zagami et al. 2009. Glia,
57: 119). Cultures contained increasingly mature neurones in the
presence of astrocytes over the period of culture (1–12 days).

Immunocytochemistry (n = 6) for 5-HT, microtubule associated
protein-2 (MAP2) and glial fibrillary acidic protein (GFAP)
identified neurones which were MAP-2 and 5-HT positive,
presumed 5-HT neurones, and mature astrocytes. The neuritic tree
and primary axons of 5-HT neurones became increasingly complex
over the 12 days in culture. Analyses of cell viability (n = 3) and
morphology (Hoechst & TUNEL staining), indicated that 5-HT
neurones were sensitive to injury by oxidative stress (hydrogen
peroxide EC50 100 lM) and autophagy (rapamycin EC50 15 lM)
indicative of recruitment of different forms of programmed cell
death. Our primary culture is amenable to expansion of the 5-HT
neuronal sub-population and is suitable for dissection of the death
modalities of 5-HT neurones.

WE05-12
COCAINE-INDUCED CHANGES IN
MESOCORTICOLIMBIC TRACE METAL CONTENT AND
DISTRIBUTION
Michaelides, M.1,2, Piyis, Y.K.2, Ananth, M.2, Wang, G.2,4,

Volkow, N.D.5, Thanos, P.K.2,5 and Jones, K.W.3

1Mount Sinai School of Medicine, Pharmacology, New York, USA
2Brookhaven National Laboratory, Medicine, Upton, USA
3Brookhaven National Laboratory, Environmental Sciences, Upton,
USA

4Mount Sinai School of Medicine, Psychiatry, New York, USA
5National Institute on Alcohol Abuse and Alcoholism, Laboratory of
Neuroimaging, Bethesda, USA

The trace metals zinc (Zn), iron (Fe), and copper (Cu) play an
essential part in normal brain functioning as these metals are
integral structural and biological components of many proteins
responsible for proper neural physiology. Imbalances in brain trace
metal content have been associated with diseases like Alzheimer’s,
Parkinson’s, epilepsy, amyotrophic lateral sclerosis, prion diseases
and ischaemia. The underlying cause associated with metal
imbalance and disease has been attributed to oxidative stress and
energy metabolism mechanisms but other mechanisms may be
involved. In animals, Cu-chelating enzymes have been used for
inducing states of demyelination and recent use of the Cu-chelating
enzyme cuprizone in mice has been reported to induce schizophre-
nia-like behavior and neurobiological changes in dopamine (DA)
which are reversed by antipsychotic treatment. In this paper we use
ultra-sensitive and high-resolution synchrotron X-ray fluorescence
microspectroscopy to present evidence of changes in brain content
of the trace metals Zn, Fe, and Cu after repeated cocaine exposure
and in response to genetic manipulation of the dopamine transporter
gene (DAT). Cocaine (10 mg/kg i.p for 4 days) increased striatal
Zn, Fe, and Cu content while DAT heterozygote and knockout mice
showed decreased striatal Zn, Fe, and Cu content. DAT heterozy-
gote and knockout mice also showed selective changes in one or
more metals in cortical and other limbic regions. These findings
show that disturbances in trace metals in reward-related brain areas
can result from cocaine exposure and genetics that involve
abnormal DA signaling. Such findings raise implications about
the involvement of trace metal imbalances in DA-related neuro-
psychiatric disease and mood and motivational disorders like
depression, schizophrenia, and addiction.
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WE05-13
IDENTIFICATION OF MECP2-TARGET SYNAPTIC
MOLECULES ASSOCIATED WITH PATHOGENESIS OF
RETT SYNDROME
Miyake, K.1, Hirasawa, T.1, Taira, T.2 and Kubota, T.1

1University of Yamanashi, Department of Epigenetic Medicine,
Yamanashi, Japan

2University of Yamanashi, Department of Mol Cell Biol, Yamanashi,
Japan

Rett syndrome is an autistic disease caused by MECP2
mutations, encoding methyl-CpG-binding protein 2. MeCP2 protein
is bound to the methylated promoters of genes to suppress their
expression, indicating that pathogenesis of Rett syndrome is
deregulation of the target genes in neurons. Although several genes
are now thought to be target genes for MeCP2, the involvement of
these genes in the classical neuropathology of RTT remains unclear.
Using genome microarray approach, we found 22 genomic regions
overlapped with MeCP2 binding, DNA methylation, and histone
modification in human oral cancer cell lines. Of these regions, we
confirmed MeCP2-binding and DNA methylation in the upstream
regions in three genes, LIN7A, PCDHB1 and PCDH7, in SH-SY5Y
cells derived from human neuroblastomas. PCDHB1 and PCDH7
were down-regulated by MeCP2 (but not by mutant or deleted
MBD), up-regulated under MeCP2 reduction with siRNA in SH-
SY5Y cells and in brains from Mecp2 KO mice and PCDHB1 was
up-regulated in postmortem brains from Rett syndrome patients. On
the other hand, Lin7a was down-regulated under MeCP2 reduction
with siRNA in Neuro2a cells and in brains from Mecp2 KO mice.
These results suggest that MeCP2 function as both an activator and
a repressor of transcription. Since these three molecules are essential
for synaptogenesis during brain development, abnormal regulation
of synaptic molecules via MeCP2 deficiency may cause autistic
features, as well as mutations of synaptic molecules.

WE05-14
EFFECT OF MELATONIN ON AMPHETAMINE-INDUCED
CALPAIN-DEPENDENT TOXICITY IN SUBSTANTIA
NIGRA OF POSTNATAL RATS
Mukda, S.1, Govitrapong, P.1,2 and Chetsawang, B.1

1Research Center for Neuroscience, Institute of Molecular
Biosciences, Mahidol University, Nakornpathom, Thailand

2Center for Neuroscience, Faculty of Science, Mahidol University,
Bangkok, Thailand

Amphetamines are potent central nervous system stimulants that
activate multiple signaling cascades, especially on the midbrain
dopaminergic system, and may cause neuronal cell degeneration. It
has been reported that the mechanism of amphetamine-induced
neurotoxicity and neuronal cell degeneration involve multiple
processes. Recent studies show that amphetamine can induce an
increase in intracellular calcium (Ca2+) concentrations. High levels
of Ca2+ inside the cell activate several intracellular signaling
cascades including calpain, a calcium-dependent cysteine protease.
Moreover, calpain activity is also regulated by an endogenous
calpain inhibitor named calpastatin. Therefore, we investigated the
effect of amphetamine on the level of calpain, calpain-specific
spectrin breakdown products (calpain-specific SBDP), and calpast-
atin in postnatal rat substantia nigra, where most of the dopaminer-
gic neurons are located. Western blot analysis was used to determine
whether repeated amphetamine administration altered the levels of

calpain, calpain-specific SBDP, calpastatin, and phosphorylated
tyrosine hydroxylase, a rate-limiting enzyme in dopamine biosyn-
thesis. The present study shows that amphetamine decreases the
level of tyrosine hydroxylase phosphorylation and calpastatin but
increases calpain activation and formation of calpain-specific SBDP
in substantia nigra of rats. Moreover, the protective effect of
melatonin was also investigated in this study. Our results show that
pre-administration with melatonin provides a protective effect
against amphetamine-induced alteration caused by amphetamine,
demonstrated by a restoration in tyrosine hydroxylase phosphory-
lation and calpastatin levels and reduction in calpain activation and
formation of calpain-specific SBDP. In conclusion, the neurotoxicity
caused by amphetamine leads to the degeneration in neuronal cells,
whereas melatonin provides a protective effect against amphet-
amine-induced calpain-dependent death pathway in substantia nigra
of rats.
Acknowledgements: This study was supported by a Mahidol
University Research Grant to BC and PG, and the Thailand
Research Fund through RMU 5180010 to BC, and the TRF-Senior
Scholar Fellowship to PG.
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DOPAMINE D4 RECEPTOR EXON III POLYMORPHISM IN
ATTENTION-DEFICIT/HYPERACTIVITY DISORDER
Nedic, G.1, Novkovic-Hercigonja, V.2, Dodig-Curkovic, K.3,
Muck-Seler, D.1 and Pivac, N.1

1Rudjer Boskovic Institute, Division of Molecular Medicine, Zagreb,
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2Polyclinics Kocijan/Hercigonja, Zagreb, Croatia
3University Health Center Osijek, University Department of Child
and Adolescent Psychiatry, Osijek, Croatia

Dopamine plays an important role in a modulation of behavior
and cognition via fronto-striato-cerebellar circuits in which dopa-
mine receptors represent an important link in dopamine signaling. In
the third exon of the dopamine D4 receptor (DRD4) gene, there is a
polymorphism consisting of a variable number of tandem repeats
(VNTR). It was postulated that variations of DRD4 might result in
differences in second messenger coupling or signal transduction.
DRD4 variants with 6 or more repeats are assumed to be associated
with different psychiatric disorders such as addictive behavior,
novelty seeking and attention-deficit/hyperactivity disorder
(ADHD). ADHD is a complex disorder diagnosed through the
persistence of three behavioral symptoms: impulsivity, hyperactivity
and/or inattention. Aim of our study was to determine the
distribution of the DRD4 genotypes in children with ADHD and
in healthy children in order to investigate and to clarify the role of
DRD4 in the etiology of ADHD. DRD4 genotypes were determined
using polymerase chain reaction (PCR) and agarose gel electropho-
resis in 139 children with ADHD (according to DSM-IV criteria)
and in 134 healthy, age matched, children. There was no gender
difference in the DRD4 genotypes. DRD4 genotype frequencies
differed significantly between healthy children and children with
ADHD, and 7-repeats allele was found more frequently in ADHD
children. There were no significant differences in DRD4 genotype
frequencies between different types of ADHD. Children with
predominantly inattentive type of ADHD had significantly higher
frequency of 7-repeats allele compared to healthy children. These
findings confirmed an important association between the DRD4
VNTR polymorphism and the expression of ADHD, and/or
symptoms of inattention, suggesting that genetic variations in the
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third exon of DRD4 gene may be, among other factors, a risk factor
in the development of ADHD.

WE05-16
THE ASSOCIATION BETWEEN CATECHOL-O-
METHYLTRANSFERASE GENE VARIANTS AND
CHILDHOOD ATTENTION DEFICIT HYPERACTIVITY
DISORDER
Nikolac, M.1, Hercigonja Novkovic, V.2, Curkovic, M.3,
Muck-Seler, D.1 and Pivac, N.1

1Rudjer Boskovic Institute, Division of Molecular Medicine, Zagreb,
Croatia

2Polyclinics Kocijan/Hercigonja, Zagreb, Croatia
3Osijek Health Centre, Family Medicine Office, Osijek, Croatia

Attention deficit hyperactivity disorder (ADHD) is a multifacto-
rial, highly heritable developmental disorder characterized by
behavioral symptoms of impulsivity, hyperactivity and/or inatten-
tion. The enzyme cathecol-O-methyltransferase (COMT), which is
responsible for the degradation of catecholamines, could have an
important role in genetic susceptibility to ADHD. COMT could play
a significant role in modulating dopamine levels in the prefrontal
cortex which was implicated in ADHD etiology. We aimed to
analyze the association of COMT Val108/158Met (rs4680) poly-
morphism which affects COMT activity with ADHD features since
genetic studies of the functional Val158Met polymorphism in
ADHD have been inconsistent. The study included 113 medication
free children with ADHD diagnosed according to the DSM-IV
criteria and 187 children without psychiatric diagnoses and free of
medication that served as control group. Genotyping was done
using the TaqMan SNP Genotyping Assay. We found an association
between Val108/158Met polymorphism and the symptoms of
ADHD in male, but not in female children. Lack of association in
female children is probably due to a small number of female patients
with ADHD, which represents the limitation of this study. We also
found an association with ADHD features when comparing Val
carriers to Met/Met homozygotes in male children. These differ-
ences were especially significant when comparing male patients
with combined type of ADHD with healthy control subjects. Our
results confirmed the association between COMT variants and
ADHD in male children, which was due to the higher frequency of
Met/Met homozygotes in children with ADHD compared to healthy
controls. These results suggest that carriers of the high activity
COMT variant are less prone to develop ADHD. This study also
suggests that COMT Val108/158Met polymorphism is associated
with the ADHD combined subtype.

WE05-17
SERIAL EXPOSURE TO STRESS AND
METHAMPHETAMINE ALTERS THE STRUCTURE AND
FUNCTION OF THE BLOOD BRAIN BARRIER
Northrop, N.A.1,2 and Yamamoto, B.K.2

1Boston University School of Medicine, Department of
Pharmacology & Experimental Therapeutics, Boston, MA, USA

2University of Toledo Health Science Campus, Department of
Neurosciences, Toledo, OH, USA

Methamphetamine (Meth) is a widely abused psychostimulant.
Since drug abuse and stress are comorbid events, we believe it is
important to study Meth in the context of stress. Stress and Meth

have similar acute effects and in combination produce enhanced
long-term damage to dopaminergic and serotonergic terminals. High
doses of Meth alone have also been shown to increase blood brain
barrier (BBB) permeability, but only at doses which result in
hyperthermia and seizures. The BBB is comprised of endothelial
cells, astrocytes, pericytes and the surrounding basement mem-
brane. Endothelial transmembrane proteins, such as claudin-3, -5
and occludin, are responsible for the formation of endothelial tight
junctions. In addition, astrocytic and endothelial transmembrane
proteins, such as b-dystroglycan, stabilize tight junctions. Nothing
is known with regard to the effects of Meth on structural
components of the BBB or the effect of the combination of stress
and Meth on the BBB. We hypothesized that serial exposure to mild
stress and a moderate dose of Meth will alter the structural
components and function of the BBB. We observed an increase in
cleaved b-dystroglycan and a decrease in expression of the tight
junction proteins 24 hours after treatment, indicating altered BBB
structure. Interestingly, decreases in some BBB structural proteins
persist up to 7 days after treatment. Furthermore, an increase in
endogenous IgG staining persisted up to 7 days after Meth and
stress, indicating altered BBB function. Future studies will inves-
tigate the mechanisms responsible for the BBB disruption. This is
the first study illustrating that serial exposure of stress and Meth
alters expression of tight junction proteins and BBB permeability. In
addition, this is the first evidence of long-term BBB alterations in
response to stress and Meth.

WE05-18
ALTERED MALE HYPOTHALAMIC-PITUITARY-
TESTICULAR AXIS AS A CONSEQUENCE OF PRENATAL
STRESS EXPOSURE
Pallarés, M.E.1, Gonzalez-Calvar, S.I.2, Bourguignon, N.S.3,
Adrover, E.1, Katunar, M.R.1, Baier, C.J.1, Lux-Lantos, V.3,
Calandra, R.S.2 and Antonelli, M.C.1

1IQUIFIB, Facultad de Farmacia y Bioquı́mica. Universidad de
Buenos Aires, Buenos Aires, Argentina

2Laboratorio de Esteroides, IBYME, Buenos Aires, Argentina
3Laboratorio de Neuroendocrinologı́a, IBYME, Buenos Aires,
Argentina

Exposure to adverse events during early life can alter midbrain
dopaminergic system (DA) activity. In man the onset ages of these
disorders closely parallels the onset and decline ages of the
reproductive period. Moreover androgens can influence forebrain
DA system. Previously we demonstrated that prenatal stress (PS)
exerts an impairment of DA metabolism in limbic brain areas
especially after puberty indicating a particular sensitivity of DA
system to variations in gonadal hormones peaks. The aims of this
study was to evaluate aspects of the hypothalamic-pituitary-
testicular (HPT) axis status of males rats exposed to PS. Stress
consisted on a 3 daily- 45 minutes restraint session from day 14th of
gestation to delivery. Follicle stimulating (FSH), Luteinizing (LH),
Testosterone (T) and 5-a Androstane-3alpha, 17betha-Diol (DIOL)
hormones serum levels of 28, 35, 45, 60 and 75 days old male
progeny were determined by radioimmunoassay. Testes of 35 and
60 days old animals were processed for histological morphometric
measures and for androgen receptor (AR) quantification by western
blot technique. PS diminished FSH levels at post natal day (PND)
28 in comparison with control group (C) and reduces LH levels at
PND 28 and 75. T serum levels were diminished at 75 days old PS
rats. DIOL levels were increased at PND 28 and 45 on PS group.
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Additionally, the rate of spermatogenesis was accelerated on PS rats.
However, the mean Leydig cell’s number was reduced on PS rats.
These findings suggest that stress during gestation induces long term
effects on the male progeny HPT axis. Since gonadal hormones can
influence DA system development by inducing plastic changes in
the brain, a disbalanced hormone milieu might be responsible for the
DA metabolism alterations observed in our studies.

WE05-19
EFFECT OF MELATONIN ON METHAMPHETAMINE-
INDUCED INDUCIBLE NITRIC OXIDE SYNTHASE
OVEREXPRESSION IN SH-SY5Y DOPAMINERGIC CELLS
Permpoonputtana, K.1,2 and Govitrapong, P.1,2

1Mahidol University, Center for Neuroscience, Faculty of Science,
Bangkok, Thailand

2Mahidol University, Research Center for Neuroscience, Institute of
Molecular Biosciences, Nakornpathom, Thailand

Methamphetamine (METH) is a strong addictive drug and
commonly abused worldwide. This psychostimulant drug caused
the disturbances of dopaminergic and serotonergic neuron in several
brain areas. Exposure to METH was found to induced oxidative
stress, reactive oxygen species (ROS), reactive nitrogen species
(RNS) and neuronal inflammation. The role of METH-induced
neuroinflammation stills unclear. The expression of inflammatory
genes and mediators such as inducible nitric oxide synthase (iNOS),
cyclooxygenase (COX) -2, interleukin (IL)-1b, interleukin (IL)-6,
Tumor necrosis factor (TNF)-a etc indicated the inflammatory state.
All of these inflammatory mediators are known regulated by NF-jB
transcriptional factor. In this study we investigated whether METH
causes inflammatory effects of and the involvement of the NF- jB
pathway. The result showed that METH significantly induced the
iNOS expression in a dose-dependent manner and activated NF-jB
phosphorylation. Furthermore, we also examined the anti-inflam-
matory property of melatonin. The results showed that melatonin
significantly decreased iNOS protein expression through the
inhibition of activated NF-jB. These results demonstrate the
cellular mechanisms of neuronal inflammation induced via
NF- jB -dependent pathway, and the potential role of melatonin
on protection of neuroinflammation.

WE05-20
METHAMPHETAMINE TOXICITY INDUCES RAS
SIGNALING CASCADES IN HUMAN NEUROBLASTOMA
SH-SY5Y CELLS
Pirompul, N.1, Govitrapong, P.1,2 and Chetsawang, B.1

1Mahidol University, Institute of Molecular Biosciences,
Nakhonpathom, Thailand

2Mahidol University, Faculty of Science, Bangkok, Thailand

Several pieces of evidence have been demonstrated that meth-
amphetamine (METH) toxicity can induce neuronal cells degener-
ation in the brain. However, the molecular mechanisms underlying
this degenerative process are still unclear. In addition, Ras signaling
cascade modulates death processes in several cell types have been
continually reported. In this study, Ras-dependent death signaling
cascade was investigated in METH-induced neuronal cell death in
dopaminergic SH-SY5Y cultured cells. The results of present study
showed that METH significantly decreased cell viability and
phosphorylation of tyrosine hydroxylase (phospho-TH) in

SH-SY5Y cells. Conversely, METH-induced increase in phosphor-
ylation of c-Jun (phospho-c-Jun) was observed in SH-SY5Y cells.
An inhibitor of the enzyme that catalyzes the farnesylation of Ras
proteins, farnesyltransferase inhibitor (FTI-277) was able to reverse
the toxic effects of METH on reduction in cell viability and
phospho-TH, and induction in phospho-c-Jun. These results might
emphasize an involvement of Ras signaling cascades in METH-
induced toxicity in dopaminergic cells.
Acknowledgements: This work was supported by a research grant
from the Thailand Research Fund and Mahidol University.
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ALTERATION OF CIRCADIAN GENES EXPRESSION IN
RAT HIPPOCAMPUS AFTER AMPHETAMINE INJECTION
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Amphetamine (AMPH) is a psychostimulant drug whose chronic
abuse may be associated with impairment of memory and adaptive
changes in gene expression. AMPH addicts often suffer from
circadian rhythm disorders, paranoia and psychosis. The hippocam-
pus is an important brain area that involves in memory, behavior and
emotion. In addition, the circadian expression of many genes has
been found in the hippocampus. In the present study, we investi-
gated whether AMPH affected the expression of clock gene,
Period1 (Per1), brain-derived neurotrophic factor (BDNF) and
melatonin receptor (MT1) in rat hippocampus. Rats were daily
treated with saline or AMPH (5 mg/kg, i.p.) during the daytime for
7 days. The results from real-time polymerase chain reaction (PCR)
showed that the circadian peak of Per1 was 4 hours phase-advanced
and the expression of BDNF shifted the highest peak delay by about
2 hours, whereas the circadian rhythm of MT1 was abolished after
AMPH administration. These findings suggest that AMPH-induced
alteration of Per1, BDNF and MT1 expression in hippocampus may
be related to the mechanism for AMPH-induced behavioral changes
and impairment of memory. The further investigation should be
performed to clarify the mechanism of these effects that may help to
identify novel targets for the treatment of addictions.
Acknowledgements: Supported by the Royal Golden Jubilee PhD
Program and Srinakharinwirot University research grant (021/2552)
to PP and RP; a TRF-Senior Research Scholar Fellowship and
Mahidol University research grant to PG.
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REVERSAL OF COCAINE CONDITIONED PLACE
PREFERENCE BY SOCIAL INTERACTION
Prast, J., Fritz, M., Klement, S., Eggart, V., Mayr, M.J., El Rawas,
R., Hofhansel, L., Saria, A. and Zernig, G.

Experimental Psychiatry Unit, Medical University Innsbruck,
Innsbruck, Austria

A main challenge in the therapy of drug dependent individuals is
to help them reactivate interest in non-drug-associated activities.
Among these activities, social interaction is doubly important
because treatment adherence itself depends on it. We developed a rat
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animal experimental model based on the conditioned place prefer-
ence (CPP) paradigm in which only four 15-minute episodes of
social interaction with a gender- and weight-matched male conspe-
cific (i) reversed CPP from cocaine to social interaction despite
continuing cocaine training and (ii) prevented the reinstatement of
cocaine CPP (Fritz et al. 2011, Addiction Biology) . The reversal of
CPP from cocaine to social interaction was enhanced by the sigma1
receptor antagonist BD1047 with an ED50 of 0.0036 mg/kg (i.p.)
(Fritz et al. 2011. Pharmacology, 87:45–48). Social interaction also
reversed cocaine CPP-induced expression of the immediate-early
gene zif268 in the nucleus accumbens shell, the central and
basolateral amygdala and the ventral tegmental area (Fritz et al.
2011, Addiction Biology). These findings suggest that social
interaction, if offered in a context that is clearly distinct from
the previously drug-associated ones, may profoundly decrease the
incentive salience of drug-associated contextual stimuli. In the pres-
ent study, we investigated if the two subregions of the nucleus
accumbens (Acb), the core (AcbC) and shell (AcbSh) would
differentially affect CPP for cocaine vs. social interaction. Animals
were concurrently trained for CPP to cocaine and social interaction
(mutually exclusive stimulus presentation during training). We are
currently investigating which type of neuron in the AcbC is affected
by this reversal.

This project is supported by FWF grants P18787-B05, W1206-
B18, and M1169-B18, and by the Verein zur Förderung der
Experimentellen Psychiatrie, Psychotherapie und Pharmakologie
(VEPPP).

WE05-23
5-MCA-NAT INCREASES ENDOGENOUS DOPAMINE
LEVELS IN CHICK RETINA DEVELOPMENT
Sampaio, L.F., Leal, W.G. and Santos, A.S.

Universidade Federal do Pará, Belém, Brazil

Our best goal is investigate the physiology of the QR2 (NQO1)
enzyme (NRH: quinone oxidoreductase II, EC 1.10.99.2), and the
role of the melatonin binding site MT3 in this context. This enzyme
is a dimeric flavoprotein highly homologue with QR1. Functional
similarities have been postulated between QR1 and QR2, such as
xenobiotic action. Only one in vitro work shows for QR2 a different
function in relation to QR1, as being a cathecol quinone reductase.
A role in catecholamines (adrenaline, noradrenaline and dopamine)
metabolism could explain the relationship between QR2 and
nuropsichiatrics disorders. Our published results show that the
activation of the MT3 by 5-MCA-NAT (1–10 nM, concentrations
selective to MT3) increases cAMP levels in embryonic and mature
chick retinas. As the activation of the MT3 by 5-MCA-NAT does
not modify the cAMP contend in CHOK1 cells that do not content
dopamine, we hypothesized that the increase in cAMP rises
observed in our experiments is in function of the 5-MCA-NAT
binding MT3 /QR2 action on dopamine metabolism. Immunohis-
tochemistry for QR2 enzyme in retinas from post-hatched chick
retinass showed positive immunoreactivit to NQO1 (SC-1875
antibody), visualized with Texas red (Santa Cruz Biotechnology,
Inc.). The dopamine accumulation in 10, 14 embryonic days old and
mature chick retinas, incubated in DMEM (0.1 mM ascorbic acid),
stimulated or not with 5-MCA-NAT (1, 3, 10 nM), plus/or not
luzindole 5 lM, plus/or not 4-PPDOT 10 nM (pH 7.4, 37�C) was
extracted and measured by Dopamine ELISA (GenWay) protocols.
Our results showed an increase in endogenous dopamine accumu-
lation in relation to control retinas by 5-MCA-NAT (1, 3 nM) that

was blocked by luzindole, but not by 4-PPDOT. The magnitude of
the 5-MCA-NAT effect was dependent on the developmental stage
observed. Thus, we suggested that 5-MCA-NAT (1–3 nM) can be
recovering dopamine in the retina.

WE05-24
MELATONIN ATTENUATES METHAMPHETAMINE-
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TRANSPORTER 2 (VMAT2) MRNA IN SK-N-SH CELL
LINES
Shukla, M.1, Mukda, S.1 and Govitrapong, P.1,2
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Methamphetamine (METH) is widely used stimulant drug with
high abuse potential producing long term decreases in dopaminergic
functions. Vesicular monoamine transporter2 (VMAT2) is a key
protein in regulating intra-neuronal dopamine homeostasis and
vesicular turnover. It packages cytoplasmic dopamine into synaptic
vesicles for storage and subsequent release. In the present study we
examined the effect of METH on VMAT2 in SK-N-SH dopami-
nergic cell line. By western blot analysis we found that VMAT2
protein expression in METH treated group was significantly
reduced when compared to control group. In this study we also
show neuroprotective effects of melatonin which acts as pervasive
and powerful antioxidant. Pretreatment with melatonin prevents
reduction in VMAT2 expression when compared to METH-treated
group. To have a better understanding and to know whether this
decrease in protein expression occurs due to changes at the
transcriptional level, we analyzed the mRNA levels by RT-PCR and
found marked reduction in VMAT2 mRNA levels in METH-treated
group. On pre-treating with melatonin the decrease in VMAT2
mRNA level was prevented to a significant level showing the
neuroprotective effects of melatonin. We also determined the
interaction of VMAT2 with other drugs like lobeline and reserpine
which interact at different sites of this protein affecting the
dopamine homeostasis. As VMAT2 very well qualifies to be a
marker of dopamine neuronal integrity, drug discovery targeting
VMAT2 may provide new insights to the underlying neurochemical
mechanisms of psychostimulant abuse and neurodegenerative
disorders.
Acknowledgements: Neighboring Country Graduate Student
Scholarship to MS1, TRF-senior Research Scholar Fellowship and
Mahidol University Research Grant to PG1,2.
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SUSCEPTIBILITY GENE, SHANK3, IN THE DEVELOPING
MOUSE BRAIN
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Tokyo, Japan

Shank3, a multidomain protein containing SH3 and PDZ
domains, is localized in the postsynaptic density, and interacts with
various synaptic molecules including PSD-95 and glutamate
receptors. Furthermore, SHANK3 gene is reported as a major
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causative gene of 22q13.3 deletion syndrome, showing severe
language and speech delay, mental retardation, hypotonia and
autistic feature. Therefore, it has been thought that Shank3 plays
important roles in the formation and function of synapse in the
developing brain and is involved in higher brain function. The
SHANK3 gene has five CpG islands (CpG island-P, CpG island-2, -
3, -4, -5) whose methylation is involved in tissue specific expression
of SHANK3 gene. However, DNA methylation of CpG islands in
the developing brain remains unknown. In this study, we examined
DNA methylation of five CpG islands in the developing mouse
brains (E17-12w) by using Hpa II-McrBC-PCR method, and
confirmed that CpG island-P was unmethylated and CpG island-3
was methylated in all developing stages. In contrast, the rate of
methylation in CpG island-2, -4, and -5 significantly increased after

postnatal day 7. To elucidate the related molecules involved in DNA
methylation of SHANK3 gene, we here focused on methyl CpG
binding protein 2 (MeCP2), which was identified as a responsible
gene for Rett syndrome and has been thought to regulate gene
transcription, mRNA splicing, and chromatin structure. We exam-
ined whether the MeCP2 binds to methylated CpG islands of
SHANK3 gene using a chromatin immunoprecipitation (ChIP)
assay, and found that MeCP2 bound to the CpG islands-2, -3 and -4
at postnatal day 14. We recently found mutations within a CpG
island of SHANK3 gene in autistic patients with mental retardation.
To clarify the effect of methylation of SHANK3 gene in the
developing brain and the involvement in development disorders
including autism and mental retardation, further study is now on
going.
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WE06 Mechanism of Neuroprotection
WE06-01
RESTORATIVE EFFECT OF ACETYL-L-CARNITINE ON
BEHAVIORAL DEFICITS AND NEUROTOXICITY INDUCED
BY A NEUROTOXIC DOSE REGIMEN OF
METHAMPHETAMINE
Chen, H.H.1,2 and Yu, C.Y.1

1Tzu Chi University, Department of Pharmacology, Hualien,
Taiwan

2National Health Research Institutes, Division of Mental Health
and Substance Abuse Research, Zhunan, Taiwan

Methamphetamine (METH) is a highly addictive psychostimu-
lant drug that injures monoaminergic neurons and results in
behavioral impairments in humans and animals. Acetyl-L-carnitine
(ALC) is an endogenous quaternary ammonium compound that
forms part of the intracellular carnitine system, plays a vital role in
the mitochondrial oxidation of fatty acids, and shows a protective
and regenerative action profile on the nervous tissue after toxic or
traumatic injuries. The purpose of this study is to examine whether
ALC can reverse the METH-induced neurotoxicity and behavioral
deficits. Male ICR mice were treated with METH (4%D75 mg/kg
s.c., 2 hour apart) or saline. Behavioral tests including novel
location recognition test (NLRT), novel object recognition test
(NORT), and social interaction were examined 7 days later to
validate the behavioral effects of METH. Subsequently, ALC (30 or
100 mg/kg, i.p.) was administered once daily for seven consecutive
days. ALC significantly restored the cognition deficits, social
withdrawal, and lower levels of tyrosine hydroxylase in the striatum
after METH treatment. In addition, METH reduced glial cell line-
derived neurotrophic factor (GDNF) expression in the hippocampus
and this effect was reversed by ALC. These findings suggest that
ALC might exert its neurorestorative effects, at least in part, through
GDNF and have therapeutic potential for the treatment of behavioral
abnormality in METH abusers.

WE06-02
SENP-1 IS INVOLVED IN THE REGULATION OF CELL
DEATH IN OXYGEN/GLUCOSE-DEPRIVED NEURONES
Cimarosti, H.I.1,2, Ashikaga, E.2, Dearden, L.2, Rubin, P.2 and
Henley, J.2

1University of Reading, School of Pharmacy, Reading, UK
2University of Bristol, MRC Centre for Synaptic Plasticity, School of
Biochemistry, Bristol, UK

Post-translational modification by Small Ubiquitin-like MOdifier
(SUMO) proteins is essential for the integrity of eukaryotic cells.
Rapid changes in global SUMO conjugation occur in cells subjected
to stress and it is hypothesised that this may represent a defence
response. Here we show that metabolic stress caused by oxygen and
glucose deprivation (OGD) leads to increases in SUMO-1 and
SUMO-2/3 conjugation in cultured rat neurones. To investigate
whether these changes contribute to neuroprotection we, overex-
pressed the catalytic domain of the deSUMOylating enzyme SENP-
1 to down-regulate SUMOylation. Decreasing global SUMOylation
in this way markedly increased OGD-induced cell death compared
to overexpression of the inactive SENP-1 mutant (C603S). This is

consistent with SUMOylation being involved in the protection of
cultured neurones from OGD. Interestingly, while SUMO modifi-
cation enhanced cell survival, OGD also decreased degradation of
SENP-1 resulting in an overall increase in SENP-1 protein. Taken
together these data indicate that the neuronal response to OGD
involves both regulated SUMOylation and deSUMOylation. Given
the net increase in global SUMO conjugation, the raised levels of
SENP-1 may be required for maturation of SUMO proteins and also
for stress-induced deSUMOylation of specific SUMO substrate
proteins. Support: Royal Society.

WE06-03
PROX1 SUPPRESSES THE GROWTH OF
NEUROBLASTOMA CANCER CELLS
Foskolou, I.P., Politis and P.K.

Biomedical Research Foundation Academy of Athens, Athens,
Greece

Neuroblastoma is a pediatric tumor that originates from precursor
cells of the sympathetic nervous system. Notch1 signaling plays a
critical role in neuroblastoma pathogenesis, being a target for a
potential therapy, which is currently under intense pre-clinical and
clinical investigation. Under physiological conditions, activated
Notch signaling inhibits neuronal differentiation and maintains
precursors of the autonomic and central nervous system in a
proliferative state. We have recently shown that a cross-inhibitory
interaction between Prox1, a homeobox transcription repressor, and
Notch1 controls the fine balance between proliferation and differ-
entiation of neural precursor cells during embryonic development
(Kaltezioti et al., PLoS Biology, 2010) . Thus, Prox1 is a candidate
gene with a critical role in modulating Notch1 signaling and could
be involved in suppressing malignant transformation. Consistently,
it was very recently reported that Prox1 is expressed in higher
amounts in human neuroblastoma with favorable prognosis, while
Notch1 expression shows exactly the opposite correlation. In
agreement, here we provide evidence that Prox1 blocks proliferation
and promotes differentiation of human and mouse neuroblastoma
cells. By BrdU incorporation assays and Phospho-HistoneH3
immunostainings, we showed that Prox1 exerts a strong antiprolif-
erative effect on Neuro2A, SH-SY5Y and primary neural precursor
cells. Clonal analysis, TUNEL assays and FACS-based analysis
demonstrate that Prox1 has an anti-apoptotic effect. Most important,
the repressive function of Prox1 on Notch1 cannot fully explain its
anti-proliferative effect on neuroblastoma cells, i.e. constitutive
activation of Notch1 signaling only partially rescues the anti-
proliferative effect of Prox1. To define the Prox1-induced genetic
program that mediates these effects, we have constructed an
inducible Prox1-overexpression system (Tet-On) in Neuro2A. We
are currently using this system in conjunction with RNA-Seq
technology to further analyze the full transcription program and
signalling pathways regulated by Prox1. Moreover, we are currently
studying the ability of Prox1 to modulate the migratory/metastatic
properties of neuroblastoma cells in vitro and in vivo by allotrans-
plantations. Elucidation of these mechanisms should provide useful
insights into neuroblastoma carcinogenesis and treatment.
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WE06-04
NDFIP1 PROTECTS NEURON FROM DEATH FOLLOWING
BRAIN INJURY
Goh, C.P.1, Bye, N.2, Morganti-Kossmann, C.M.2, Putz, U.1 and
Tan, S.S.1

1University of Melbourne, Florey Neuroscience Institutes,
Melbourne, Australia

2National Trauma Research Institute, Melbourne, Australia

The removal of harmful proteins is an important mechanism for
ensuring neuron survival following injury. Ndfip1 is an important
player in the ubiquitination and degradation of target proteins
through the Nedd4 ligase pathway. Therefore genetic manipulation
of Ndfip1 expression would be expected to modify the animal
response to brain injury. In this project, we examine the effect of
brain injury on animals lacking a copy of the Ndfip1 gene. Ndfip1
heterozygous mice and wild-type littermates were used. The mice
received a closed head injury using an electric weight-drop device
and euthanized 24 hours later. The lesion volume was quantified in
serial coronal sections, using 2,3,5-triphenyltetrazolium chloride
(TTC) staining. There is significant increased of cortical lesion
volume (p < 0.05) in Ndfip1-heterozygous mice (n = 7) compared
to their wild-type littermates (n = 7). The reduction of Ndfip1 in the
brains of heterozygous mice leads to increased susceptibility to
injury, resulting in larger injury areas. Ndfip1 is an important player
for neuron protection following brain injury.

WE06-05
NEUROPROTECTIVE EFFECTS OF NON-ACTIVATED N9
MICROGLIAL CELLS IN CO-CULTURE WITH SN56
CHOLINERGIC NEUROBLASTOMA CELLS
Gul-Hinc, S., Ronowska, A., Bielarczyk, H., Jankowska-Kulawy, A.
and Szutowicz, A.

Medical University of Gdansk, Department of Laboratory Medicine,
Gdansk, Poland

Microglial cells, through the proinflammatory mediators are key
elements initiating inflammatory reactions in the brain. They are
linked with patomechanism of Alzheimer’s and other neurodegen-
erative diseases. The aim of this work was to investigate modifying
effects of non-activated migroglia on co-cultured cholinergic
neuronal SN56 cells subjected to common neurotoxic signals.
Chronic exposure of nondifferentiated SN56 cells (NC) to
0.175 mM Zn caused inhibition of puryvate dehydrogenase
(PDH) activity (30%), as well as decrease of acetyl-CoA level
(37%), choline acetyltransferase (ChAT) activity (23%) as well as
loss of cell viability (36%). In differentiated (DC) cells Zn
remaining detrimental effects on PDH but aggravated suppression
of acetyl-CoA and inhibition of ChAT activity, increasing them to
about 50%. Under same neurotoxic conditions, N9 microglial cells
cultured on isoporated inserts and added to neuronal cultur dishes,
overcame neurotoxic effect Zn maintaining control levels of cell
viability, acetyl-CoA and PDH activity both in NC and DC.
Suppresive effects of Zn on ChAT activity was partially reversed by
inserts N9. Addition of resveratrol (0.005 mM) augmented benefi-
cial effect of N9 cousing increase of ChAT activity to control levels.
These data sugest that in some specific conditions non-activated
microglia may protect neuronal cholinergic cells against neurotoxic
insults. Supported by MNiSW NN401029937, IP2010035370,
GUMed ST-57 and W-185, projects.

WE06-06
GLOBAL CHANGE IN HIPPOCAMPAL PROTEOME ON
EXPOSURE TO ENRICHED ENVIRONMENT DURING
HYPOBARIC HYPOXIA
Jain, V., Baitharu, I. and Ilavazhagan, G.

Defence Institute of Physiology and Allied Sciences, Delhi, India

Exposure to an enriched environment promotes neurochemical,
structural and neurophysiological changes in the brain and is
associated with enhanced synaptic plasticity and improved hippo-
campal dependent learning. On the contrary hypobaric hypoxia is
known to cause memory impairment and decreases synaptic
plasticity. Using a global proteomics-based approach we have
now been able to reveal the altered expression of a diverse range of
hippocampal and cortical proteins following exposure to an
enriched environment during hypobaric hypoxia. Sprague Dawley
rats (8 weeks) were subjected to a 7 day hypoxic exposure in which
they were housed in either nonenriched or enriched conditions.
Whole protein extracts from pre frontal and cerebral cortex were
then isolated and subjected to differential gel electrophoresis. Of the
1645 resolvable protein spots detected in this study, 34 spots (2.1%
of the detectable proteome) were significantly altered in abundance
following exposure to an enriched environment with significant fold
change. Following in-gel tryptic digestion and Maldi-Tof/Q-star
mass spectrometry, database searching revealed the identity of 25
protein spots displaying environmental enrichment-related modula-
tion of expression. Identified proteins belonged to a variety of
functional classes with gene ontology analysis revealing the
majority (> 70%) of regulated proteins to be part of the energy
metabolism, cytoplasmic organization/biogenesis and signal trans-
duction processes.

WE06-07
NEUROPROTECTIVE EFFECTS OF ACETYL-L-
CARNITINE (ALCAR) AFTER TRAUMATIC BRAIN INJURY
IN YOUNG RATS
McKenna, M.C.1, Scafidi, S.1, Racz, J.1, Shi, D.1 and Fiskum, G.1,2

1University of Maryland School of Medicine, Dept. Pediatrics,
Baltimore, USA

2University of Maryland School of Medicine, Dept. Anesthesiology,
Baltimore, USA

Traumatic brain injury (TBI) is the leading cause of morbidity
and mortality in children. Decreased oxidative glucose metabolism
and impaired mitochondrial functioning occur after TBI, due to
decreased activity of pyruvate dehydrogenase and the malate-
aspartate shuttle. Acetyl-L-carnitine is metabolized directly to acetyl
CoA and can be used as an alternative energy substrate in brain. We
used the controlled cortical impact (CCI) model of TBI in 21–22
day old male rats to study injury and neuroprotection in developing
brain. During the first 24 hours after injury both shams (craniotomy
only) and TBI rats were treated with either ALCAR (4 doses,
100 mg/kg/dose) or with saline. On days 3–7 after surgery
TBI + saline rats had more foot slips in beam walking compared
to sham-operated rats (6 ± 1 SEM for TBI, vs. 2 ± 0.2 for shams,
and TBI + ALCAR rats. The novel object recognition test demon-
strated that TBI + saline rats spent less time exploring novel objects
than sham rats or TBI + ALCAR (45 ± 5% for TBI + saline,
compared to 65 ± 10%, and 68 ± 4% for shams and TBI + ALCAR
rats, respectively). Our data show that treatment with ALCAR
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during the first 24 hours after TBI improves structural integrity of
the brain and behavioral outcomes after injury. The protective effect
of ALCAR may be due in part to the ability of this compound to
provide energy to brain after injury when the metabolism of glucose
is impaired. Such metabolic neuroprotection is consistent with our
recent report demonstrating that [2–13C] acetyl-L-carnitine in
metabolized in astrocytes and GABAergic neurons, and via the
pyruvate recycling pathway in developing brain.

Supported in part by NIH grant 1K08NS069815-01A1 (S.S.)and
NIH grant P01HD016596 (M.C.M. and G.F.)

WE06-08
NEUROPEPTIDE Y ENHANCES NEUROGENESIS AND
EXERTS A NEUROPROTECTIVE ROLE DURING
TRIMETHYLTIN-INDUCED HIPPOCAMPAL
NEURODEGENERATION
Michetti, F.1, Geloso, M.C.1, Giannetti, S.1, Marchese, E.1,
Mongiovi�, A.1, Biamonte, F.2 and Corvino, V.1

1Università Cattolica del S. Cuore, Institute of Anatomy and Cell
Biology, Rome, Italy

2Università Campus Biomedico, Laboratory of Developmental
Neuroscience and Neural Plasticity, Rome, Italy

The neurotoxicant trimethyltin (TMT) is considered a useful tool
to obtain an animal model of neurodegeneration associated with
cognitive impairment. Intraperitoneal injection of TMT causes in
rodents massive neuronal death, selectively involving pyramidal
neurons in definite hippocampal subfields. An increase in precursor
cell division in the rat hippocampus, although without repair,
accompanies neurodegeneration (review, 1). Neuropeptide Y
(NPY), widely expressed in the nervous system, plays important
roles in several physiological processes, including endogenous
neurogenesis (review, 2). We used immunocytochemistry and
molecular biology techniques to study the effects of NPY on
hippocampal neurogenesis and neuronal death in TMT-treated rats.
Rats received NPY intracerebroventricularly 4 days after treatment
and were sacrificed 5 days after NPY administration. Bromodeoxy-
uridine (BrdU), which is incorporated in dividing cells, was
administered for 4 days starting from NPY administration, in order
to monitor neurogenesis. Quantitative analysis of BrdU-labelled
cells in the subgranular zone revealed a significantly higher number
of newly generated cells in the hippocampi of TMT+NPY-treated
rats than in TMT-treated animals, while the number of BrdU cells
double-stained with the markers Glial fibrillary Acidic Protein,
Nestin or Doublecortin appeared unchanged. Quantitative analysis
of fluorojade-stained degenerating neurons evidenced a significantly
lower number of stained cells in the CA1 region of TMT + NPY-
treated rats than in TMT-treated rats. Moreover, real time PCR
analysis showed an increased expression of the neuroprotective
agents Brain-Derived Neurotrophic Factor and Bcl-2 in
TMT + NPY-treated rats. The present data offer information
indicating that NPY exerts a proliferative effect on the neurogenic
niche and a protective role in regard to TMT-induced neuronal
damage.
References:
1. Geloso MC, Corvino V, Michetti F, Neurochem Int 2011 Mar 21.

Epub ahead of print.
2. Hokfelt T, Stanic D, Stanford SD et al. 2008. Nutrition, 24: 860–

868.

WE06-09
SP-8203 HAS NEUROPROTECTIVE EFFECT AND
IMPROVES MEMORY DEFICITS IN BRAIN ISCHEMIC
INJURY THROUGH NMDA RECEPTOR
Noh, S.J.1, Lee, C.K.2, Cho, I.H.2, Kim, H.S.1 and Suh, Y.H.1

1Seoul National University, Department of Pharmacology, Seoul,
Republic of Korea

2Shinpoong Pharmaceutical Company, Ansan, Republic of Korea

The extracts of earth worms, Eisenia andrei, have been used as a
therapeutic agent for stroke in the traditional medicine. It is also
reported that the protease fraction separated from the extracts has
strong anti-thrombotic activity. Besides anti-thrombotic actions, we
found that SP-8203, N-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-
yl)propyl]-N-{4-[3-(2,4-dioxo-1,4-dihydro-2H-quinazolin-3-yl)pro-
pylamino]butyl}acetamide, derived from the extracts of earth
worms blocked N-methyl-D-aspartate (NMDA) receptor-mediated
excitotoxicity in a competitive manner. The neuroprotective effects
of SP-8203 were attributable to prevention of Ca2+ influx through
NMDA receptors. The systemic administration of SP-8203 mark-
edly reduced neuronal death following middle cerebral artery
occlusion in rats. SP-8203 significantly improved motor coordina-
tion on the Rota rod and spatial learning and memory in the water
maze test. These results provided strong pharmacological basis for
its potential therapeutic roles in cerebral ischemia.

WE06-10
MELATONIN ATTENUATES METAMPHETAMINE-
INDUCED MITOCHONDRIAL FISSION AND
DEGENERATION IN NEUROBLASTOMA SH-SY5Y CELLS
Parameyong, A.1, Suwanjang, W.1, Govitrapong, P.2 and
Chetsawang, B.1

1Research Center for Neuroscience, Institute of Molecular of
Biosciences, Mahidol University, Bangkok, Thailand

2Center for Neuroscience and Department of pharmacology,
Faculty of Science, Mahidol University, Bangkok, Thailand

Methamphetamine (METH) is a psychostimulant drug that can
cause the degeneration of the neuronal cells. It has been suggested
that METH-induced nerve terminal degeneration and neuronal cell
death involve in multiple pathways including mitochondrial-
dependent death pathway. Several pieces of evidence have empha-
sized that mitochondrial fission play some roles in cell death
processes. Melatonin is a natural occurring compound with the well
known antioxidant properties. In the present study, we aimed to
investigate the protective effects of melatonin in METH-induced
toxicity and mitochondrial fission in neuroblastoma SH-SY5Y
cultured cells. METH significantly decreased cell viability and
increased the mitochondrial fission protein (Fis1) levels. Melatonin
can reverse the toxic effects of METH-induced reduction in cell
viability and induction in Fis1 levels. In addition, the morphological
alteration of mitochondria was investigated in METH-treated cells
with and without melatonin pretreatment using transmission elec-
tron microscopy (TEM). The results of the present study demon-
strate the potential affects of melatonin on reduced cell death and
restored mitochondrial function against METH-induced toxicity in
neuronal cells.
Acknowledgements: This work was supported by a research grant
from Mahidol University and the Thailand Research Fund-Royal
Golden Jubilee Ph.D. Program.

� 2011 The Authors
228 Journal Compilation � 2011 International Society for Neurochemistry, J. Neurochem. 118 (Suppl. 1), 165–244

WE06 Mechanism of Neuroprotection



WE06-11
MECHANISMS FOR THE NEUROPROTECTIVE AND
ANTIDEPRESSANT EFFECTS OF DHEA: RELEVANCE TO
DEPRESSIVE SYMPTOMS IN PARKINSON�S DISEASE
Pérez-Neri, I., Montes, S. and Rı́os, C.

Natl Inst Neurol Neurosurg. Department of Neurochemistry, Mexico
City, Mexico

Dehydroepiandrosterone (DHEA) is a neuroprotective and anti-
depressant hormone. It modulates dopamine (DA), noradrenalin
(NA) and serotonin (5-HT) systems, involved in Parkinson’s disease
(PD) and depression; some PD patients (40–50%) show depressive
symptoms. However, the effect of DHEA on monoamine metabo-
lism is not completely elucidated. We tested the effect of the steroid
on monoamine metabolism in the corpus striatum (CS) and nucleus
accumbens (NAc). DHEAwas i.p. injected to male Wistar rats (30–
120 mg/kg) that were sacrificed two hours later. The CS and the
NAc were dissected out; monoamine content and turnover was
determined by HPLC-ED; in vivo and in vitro monoamine oxidase
(MAO) activity was determined fluorimetrically. DHEA reduced
DA turnover in the CS, suggesting that the steroid reduced
neurotransmitter release or catabolism; however, the steroid reduced
MAO activity in the NAc only, suggesting that the effect on DA
turnover in the CS does not involve MAO, and thus, may reflect
reduced neurotransmitter release. In vitro, DHEA reduced MAO A
and B activities in homogenates from both brain regions. Regarding
the NAc, our results show that MAO inhibition does not alter DA
metabolism and may possibly affect other neurotransmitters. The
steroid increased 5-HT turnover in both the CS and the NAc, while
it tended to increase NA content in the NAc only, suggesting that the
inhibitory effect of DHEA on MAO activity in this region
modulates NA metabolism. It may be suggested that DHEA inhibits
DA release in the CS, reducing its catabolism and reactive oxygen
species generation by MAO. In the NAc, DHEA may increase
serotonin release, and also, stimulate NA neurotransmission by
inhibiting MAO A. This may be involved in the antidepressant
effect of the steroid, while inhibition of MAO B activity and DA
turnover might be neuroprotective. It may be suggested that DHEA
could be useful to reduce depression and neurodegeneration in PD.

WE06-12
PROTECTIVE EFFECT OF MELATONIN ON THE
DOPAMINERGIC PATHWAY FROM AMPHETAMINE-
INDUCED NEUROTOXICITY IN POSTNATAL RATS
Sae-ung, K.1, Govitrapong, P.2,3, Ueda, K.4 and
Phansuwan-Pujito, P.1

1Department of Anatomy, Faculty of Medicine, Srinakharinwirot
University, Bangkok, Thailand

2Center for Neuroscience and Department of Pharmacology,
Faculty of Science, Mahidol University, Bangkok, Thailand

3Neuro-Behavioural Biology Center, Institute of Science and
Technology for Research and Development, Mahidol University,
Salaya, Nakornpathom, Thailand

4Division of Psychobiology, Tokyo Institute of Psychiatry, Tokyo,
Japan

Amphetamine (AMPH) has been known to damage the dopami-
nergic nerve terminals by the formation of ROS and finally neuronal
death. Melatonin, hormone from pineal gland, is well known for its
antioxidant property. The developing fetus is substantially deficient
in most antioxidative enzymes and risks from drug enhanced

oxidative stress. The present study has been performed to investi-
gate the effect of melatonin on the changing of tyrosine hydroxylase
(TH), synaptophysin, and alpha-synnuclein in the dopaminergic
structures; substantia nigra, ventral tegmental nucleus (VTA),
striatum, nucleus accumbens and prefrontal cortex, of AMPH-
treated postnatal rats. The postnatal rats at age 4 were injected with
either AMPH alone or AMPH with 30 min-pretreated with
melatonin daily for 7 days and sacrified on P10. The expression
of these proteins has been detected by western blot analysis and
immunohistochemical technique. The results showed that TH and
synaptophysin levels were significantly decreased but alpha-synuc-
lein increased in the AMPH-treated group. The immunoreactivity of
TH decreased in the neurons of substantia nigra, VTA and that of
TH and synaptophysin reduced in the terminals of striatum, nucleus
accumbens and prefrontal cortex. Pretreatment with melatonin prior
to AMPH administration prevented AMPH-induced reduction in
TH, synaptophysin and induction of alpha-synuclein in different
brain regions. These results suggest that melatonin provides a
protective effect against AMPH-induced neurons and nerve terminal
degeneration in the immature rat brain probably via its antioxidant
properties.

This work was supported by Royal Golden Jubilee PhD Program
to PP and KS, a grant from Faculty of Medicine, Srinakharinwirot
University to PP (077/2552) and TRF-Senior Research Scholar
Fellowship and Mahidol University research grant to PG.

WE06-13
A CRUCIAL ROLE OF THE C-TERMINAL SEQUENCE FOR
NEUROPROTECTIVE ACTIVITY OF PEPTIDE SEMAX
Shram, S.I.1, Surin, A.M.2, Danyukova, T.N.1, Kolomin, T.A.1,
Slominsky, P.A.1, Pinelis, V.G.2 and Myasoedov, N.F.1

1Institute of Molecular Genetics, Russian Academy of Sciences,
Laboratory of Neuropharmacology, Moscow, Russia

2Scientific Center for Children Health, Russian Academy of Medical
Sciences, Laboratory of Membranology and Genetic Research,
Moscow, Russia

Peptide MEHFPGP ((ACTH (4-7)-PGP or semax) has a well-
marked cognitive and neuroprotective effects in laboratory animals
and humans. Previously, we and other have shown that the major
metabolite of semax peptide PGP was completely devoid of
cognitive but not neuroprotective activity in vivo.
Objectives: The aim of this study was to compare the neuropro-
tective properties of peptides semax and some of its fragments in in
vitro models of neuron injury.
Methods: Oxidative stress-induced necrotic cell death was accom-
plished by a 30-min incubation of PC12 cells with 1 mM H2O2. For
modeling glutamate neurotoxicity cerebellar granule neurons were
treated with 100 uM Glu/10 uM Gly in Mg2+-free medium.
Intracellular Ca2+ concentration and mitochondrial membrane
potential were determined by simultaneous fluorescence imaging
with fura-2FF and rhodamine-123. Apoptotic and necrotic cells
were determined by staining with fluorescent dyes Hoechst/IP or
Hoechst/Syto 13/EthD-1. Neurotrophin’s mRNA was assayed by
quantitative real-time PCR.
Results: It was shown that semax, and some of its C-terminal
fragments at concentrations 1-1000 uM increase PC12 cell survival
after H2O2-induced oxidative stress. However removal of the C-end
Pro led to the complete loss of cytoprotective activity of the semax
fragments. PGP demonstrated the highest cytoprotective activity of
all peptides tested. In the Glu-excitotoxicity model semax and PGP
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in concentration 100 uM both increased cell survival and delayed
Ca2+-deregulation/mitochondrial depolarization. It should be noted
that in all cases PGP showed a stronger effect than the semax.
Moreover PGP as well as semax stimulated BDNF and NGF genes
expression in mixed neuronal cultures from rat cortex.
Conclusion: Based on these findings we suggest that the C-terminal
sequence PGP is crucial for neuroprotective effect of peptide
semax.

WE06-14
CALPASTATIN ATTENUATES CALPAIN AND CASPASE
ACTIVATION IN METHAMPHETAMINE-INDUCED
DEGENERATION IN HUMAN NEUROBLASTOMA SH-
SY5Y CELLS
Suwanjang, W.1, Phansuwan-Pujito, P.2, Govitrapong, P.1,3 and
Chetsawang, B.1

1Mahidol University, Institute of Molecular Biosciences, Research
Center for Neurosciences, Nakhonpathom, Thailand

2Srinakharinwirot University, Faculty of Medicine, Dapartment of
Anatomy, Bangkok, Thailand

3Mahidol University, Faculty of Science, Center for Neuroscience,
Bangkok, Thailand

Methamphetamine (METH) is an abused psychostimulant drug
that can cause neurotoxicity to dopaminergic cells. It has been
demonstrated that METH can induce caspase- and calpain-depen-
dent death cascades. The purposed of the present study was to
investigate the functional role of calpastatin, a specific endogenous
calpain inhibitor protein on caspase and calpain activation in
METH-induced degeneration in neuroblastoma SH-SY5Y cell
cultures. In this study, we found that METH significantly decreased
cell viability, tyrosine hydroxylase phosphorylation and calpastatin
levels. Supplementation of cells with exogenous calpastatin was
able to reverse the toxic effect of METH on reduction in cell
viability and tyrosine hydroxylase phosphorylation. METH also
significantly increased calpain levels, the formation of calpain-
specific breakdown products and cleaved caspase-3 levels and again
these effects were diminished by pretreated the cells with calpast-
atin. These data point to the contribution of calpastatin as a potential
regulatory factor for caspase- and calpain-dependent death pro-
cesses.

WE06-15
GUANOSINE IS NEUROPROTECTIVE AGAINST OXYGEN/
GLUCOSE DEPRIVATION: MODULATION OF OXIDATIVE
STRESS VIA A1R, MAPK, NF-jB, INOS PATHWAY
Tasca, C.I.1, Dal-Cim, T.1,2, Parada, E.2, Egea, J.2 and Lopez, M.G.2

1Departamento de Bioquı́mica, Centro de Ciências Biológicas,
Universidade Federal de Santa Catarina, Florianopolis, Brasil

2Instituto Teófilo Hernando, Departamento de Farmacologı́a y
Terapéutica, Universidad Autónoma de Madrid, Madrid, Spain

Guanosine (GUO) is an endogenous modulator of glutamatergic
excitotoxicity and has been shown to promote neuroprotection in in
vivo and in vitro models of neurotoxicity. The aim of this study was
to evaluate the involvement of big conductance Ca2+- activated K+

(BK) channels, adenosine A1 receptors (A1R), PI3K, MAPK/ERK
and NF-jB pathways in the mechanism of neuroprotection

promoted by GUO in rat hippocampal slices submitted to oxygen/
glucose deprivation (OGD). Previous studies from our laboratory
have shown GUO protects hippocampal slices against OGD by
increasing glutamate uptake via the involvement of BK channels
and PI3K pathway. GUO effect on increasing glutamate uptake is
also blocked by MAPK/ERK inhibition (by using PD98059,
25 lM) but not by A1R blockade with a specific antagonist
(DPCPX, 250 nM). GUO also prevented ROS production and
mitochondrial depolarization induced by OGD. This effect was not
blocked by charybdotoxin (a BK channel blocker, 100 nM) or
LY294002 (a PI3K inhibitor, 10 lM), but the presence of the
MAPK/ERK inhibitor or the A1R antagonist inhibited this GUO
effect. GUO also reduced the increased iNOS expression promoted
by OGD. This effect was mediated by A1R activation, MAPK/ERK
modulation and inhibition of NF-jB activation. In conclusion, the
neuroprotective mechanism of action of GUO also involves
reduction of ROS production, mitigates mitochondrial depolariza-
tion, inhibition of NF-jB activation and reduction of iNOS
expression. Then, the neuroprotective effect of GUO seems to
occur by two signaling pathways triggered by BK channels or
adenosine A1 receptors activation. However, both pathways con-
verge to MAPK/ERK activation which promotes the normalization
of the unbalance oxidative status of the cells and glutamatergic
transmission, thus affording neuroprotection.

WE06-16
POST-ISCHEMIC ISGYLATION OF PROTEINS IS
NEUROPROTECTIVE
Vemuganti, R.1, Nakka, V.P.1, Lang, B.1, Lenschow, D.2, Zhang, D.3

and Dempsey, R.J.1

1University of Wisconsin, Department of Neurological Surgery,
Madison, USA

2Washington University, Department of Medicine, St Louis, USA
3University of California-San Diego, Department of Pathology, San
Diego, USA

Addition of a small peptide called ISG15 to proteins is known as
ISGylation which is an ubiquitin-like post-translational modifica-
tion. We currently show that focal ischemia induced by transient
middle cerebral artery occlusion (MCAO) in adult mice signifi-
cantly induces cortical protein ISGylation between 6 hours to
24 hours reperfusion. With 2-D Western blotting, 45 proteins were
observed to be significantly increased in ISGylation (by 1.8 to 9.7-
fold) after focal ischemia compared to sham control. Of those,
MALDI-TOF analysis identified Enolase 1a, ATP synthase 5a1,
phosphoglycerate mutase 1, glutamine synthase and a-internexin.
Immunochemistry showed that ISGylated proteins are localized in
both neurons and astroglia in the ipsilateral cortex of the ischemic
mice. When subjected to transient MCAO, ISG15–/– mice showed
increased mortality, exacerbated infarction and worsened neurolog-
ical recovery compared to wild-type controls. In addition, mice
lacking UBE1L (the first ligase of the ISGylation cycle) also
showed bigger infarcts when subjected to transient MCAO. The
rCBF or other physiological parameters were not significantly
different in both the knockouts compared to wild-type controls.
These studies indicate that increased protein ISGylation might be an
endogenous neuroprotective adaptation to minimize the post-stroke
brain damage. Funded by the American Heart Association.
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WE07 Cell Death
WE07-01
THE EFFECTS OF JNK, GSK3b AND AKT ON
ACTIVATION OF BAX-MEDIATED APOPTOSIS
Ambacher, K.K.1,2, Pitzul, K.P.1 and Cregan, S.P.1,2

1University of Western Ontario, Department of Physiology, London,
Canada

2Robarts Research Institute, London, Canada

Neuronal apoptosis has been implicated in both chronic and acute
neurodegenerative conditions such as Alzheimer’s, Parkinson’s and
stroke. The intrinsic pathway of apoptosis is mediated by the Bcl-2
family of proteins and is initiated following several types of cell
stress. Particularly important is the pro-apoptotic protein Bax which
facilitates the release of pro-apoptotic factors from the mitochondria.
Following several types of neuronal stress the activation of Bax is
mediated by the pro-apoptotic, BH3-only protein Puma. Several
kinases, cJun N-terminal kinase (JNK), glycogen synthase kinase 3
(GSK3) and AKT, have been shown to be important in signaling
upstream of Bax activation. This study sought to characterize if this is
the case in Puma-mediated apoptosis and through which targets these
kinases affect apoptosis. Bax-dependent apoptosis was induced in
cerebellar granule neurons (CGNs) by potassium withdrawal; a
model which we have already found to cause significant Puma
mRNA induction. Inhibition of JNK and GSK3 (pro-apoptotic
pathways) and activation of AKT (pro-survival pathway) using
pharmacological inhibitors resulted in decreased cell death and
attenuation of Puma mRNA induction following potassium with-
drawal. In the case of JNK and AKT this data was corroborated by
molecular modulation of these pathways using adenoviral constructs.
We have also examined the interaction between these pathways
during apoptotic signaling and our results suggest that AKT functions
upstream of GSK3 while JNK functions independently to mediate
Puma induction. Finally, several potential downstream transcription
factor targets have been examined to determine if they provide the
link between kinase signaling and Puma transcription. Thus far, cJun,
ATF3 and ATF2 all appear to be induced during apoptosis in a JNK
dependent fashion. Downstream targets of GSK3 and AKT are still
unknown. Our next step will be to link these transcription factors to
the Puma promoter and to identify novel targets that may function
downstream of the other two kinase pathways.

WE07-02
EFFECT OF MANGANESE ON PHOSPHATIDYLSERINE
METABOLISM AND CELL DEATH IN PC12 CELLS
Buratta, S.1, Ferrara, G.1, Gambelunghe, A.2, Muzi, G.2,
and Mozzi, R.1

1Department of Internal Medicine, Biochemistry Section, University
of Perugia, Perugia, Italy

2Department of Experimental and Clinical Medicine, Section of
Occupational Medicine, University of Perugia, Perugia, Italy

Introduction: Manganese, which induces neurological disorders,
causes PC12 cell apoptosis, associated with reactive oxygen species
generation. Various apoptotic stimuli affect the metabolism of
phosphatidylserine, whose oxidation contribute to externalization on
apoptotic cell surface. In this study, the effect of MnCl2 on
phosphatidylserine metabolism in PC12 cells is reported.

Materials and Methods: PC12 cells were incubated (24–72 hours)
with or without MnCl2 (0.1 or 1 mM) Cell viability and apoptosis
were evaluated by MTT assay and by flow cytometric method using
annexin V-FITC apoptosis detection kit, respectively. PS metabo-
lism was evaluated by adding [3H] serine 1h before the end of the
incubation; radioactivities into phosphatidylserine, phosphatidyleth-
anolamine and phosphatidylcholine were then measured. Expression
of phosphatidylserine-synthezing enzymes were evaluated by
Western-Blotting.
Results: After 24 hour of treatment, incorporation of [3H] serine
into phosphatidylserine was reduced by 1 mM MnCl2, having
0.1 mM MnCl2 no effect. Reduction of phosphatidylserine radio-
activity was greater prolonging the treatment to 72 hours, a
condition causing drastic cell death mostly due to apoptosis. The
effect of 24 hours treatment with 1 mM MnCl2 was further
investigated measuring conversion of phosphatidylserine into
phosphatidylethanolamine and phosphadylcholine. Newly synthe-
sized phosphatidylserine was decarboxylated into phosphatidyleth-
anolamine; percentage of radioactive phosphatidylethanolamine
with respect to radioactive phosphatidylserine was 80% in MnCl2-
treated cells and 20% in controls. Total radioactivity into glycero-
phospholipids was lower in MnCl2-treated samples respect to
controls, confirming reduction of phosphatidylserine synthesis, in
apparent contrast with the increased expression of phosphatidylser-
ine-synthesizing enzymes.
Conclusion: MnCl2 reduced phosphatidylserine synthesis in PC12
cells and increased phosphatidylserine decarboxylation, a mito-
chondrial process, in conditions that did not induce significant
apoptosis and release of cytochrome c from mitochondria. Thus,
these effects could represent early events of MnCl2-induced
apoptosis. The possibility that the greater expression of phospha-
tidylserine synthesizing enzymes could be a consequence of the
reduced phosphatidylserine levels in the membrane is suggestive.

WE07-03
DEHYDROEPIANDROSTERONE (DHEA) PROTECTS THE
RETINA FROM AMPA EXCITOTOXICITY IN VIVO: TRKA
RECEPTOR INVOLVEMENT
Kokona, D., Charalampopoulos, I., Gravanis, A. and Thermos, K.

University of Crete, Medicine, Pharmacology, Heraklion, Crete,
Greece

Retinal diseases, such as diabetic retinopathy, are characterized
by a neovascular and neurodegenerative component. While avail-
able therapeutics target the neovascular aspects of the disease, novel
therapeutic agents are essential for the treatment of the neurode-
generative component. The latter involves retinal ischemia and
excitotoxicity which lead to visual impairment and blindness. The
neurosteroids DHEA has been reported to have antiapoptotic and
neuroprotective actions in different paradigms. It was recently
shown to mimic NGF in protecting various neuronal cell types from
apoptosis and directly interacting with prosurvival TrkA receptors.
The aim of the present study was to investigate whether DHEA and
NGF could protect retinal cells from cell death in an in vivo model
of AMPA excitotoxicity. Sprague-Dawley rats were intravitreally
administered AMPA (42 nmol/eye) or AMPA and DHEA (10-6, 10-
7, 10-8 M) or NGF (60pg/eye) or vehicle. The TrkA receptor
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inhibitor (Calbiochem 648450, 10-6, 10-5 M) was co injected with
AMPA and DHEA (10-6 M) or NGF. Twenty four hours after
treatment, eye cups were removed and prepared for immunohisto-
chemistry. Antibodies raised against retinal markers such as
cholineacetyl transferase (ChAT) and calbindin were employed,
labeling cholinergic amacrine cells and horizontal, amacrine and
cone bipolar retinal cells, respectively. Cleaved caspase-3 immuno-
reactivity and TUNEL assays were also employed for the detection
of apoptosis. AMPA (42 nmol per eye) injections led to the
attenuation of ChAT and calbindin immunoreactivity, twenty four
hours after administration. Co- administration of AMPA and DHEA
protected the retina in a dose dependent manner. NGF mimicked the
DHEA neuroprotective effects, while the TrkA inhibitor reversed
the neuroprotection afforded to the retina by DHEA (10-6 M) and
NGF. These results support that the endogenous neurosteroid
DHEA protects the retina from AMPA excitotoxicity via a
mechanism involving the TrkA receptor. Further studies are
essential in order to elucidate the mechanisms involved in DHEA’s
neuroprotection and to evaluate the therapeutic relevance of these
results. [Partially funded by the Graduate Program of Neuroscience,
University of Crete].

WE07-04
SUSTAINED ACTIVATION OF PI3K/AKT IS
ACCOMPANIED BY REDUCED SURVIVAL OF
HYPOXIC-ISCHEMIC SH-SY5Y CELLS
Kourti, G.M. and Papazafiri, F.P.

National & Kapodistrian University, Department of Animal &
Human Physiology, School of Biology, Athens, Greece

Cell response during hypoxic conditions plays a crucial role in
the central nervous system, as it is connected to a variety of
dysfunctions, due to imbalanced stimulatory and inhibitory trans-
mission mechanisms, leading to excitotoxicity. The present study
was undertaken to assess the potential role of PI3K/Akt survival
signalling pathway and its crosstalk with hypoxia-inducible factor
HIF-1a, during hypoxic -in the presence of CoCl2- and ischemic -
glucose deprivation- state, in human neuroblastoma cell line (SH-
SY5Y). Cell survival was significantly decreased in the above
conditions and as expected, CoCl2 (50–400 lM) caused a large
increase on HIF-1a protein levels which was evident as early as
2 hours after CoCl2 addition. Qualitatively, the same results were
obtained when CoCl2 was added in medium without glucose
although HIF-1a protein levels remained markedly lower in this
case. Interestingly, PI3K/Akt was clearly activated in both condi-
tions, a finding that was also proven by the increased phosphor-
ylation of GSK3, the direct target of p-Akt. Besides, a crosstalk
between these two pathways was demonstrated, using wortmannin,
the specific PI3K/Akt inhibitor. Next, the possible involvement of
calcium (Ca2+), as possible cell death cause, was considered, as
activation of PI3K/Akt survival pathway could not explain the
decreased cell survival in the above conditions. Remarkably,
decreased Ca2+ concentrations in the endoplasmic reticulum and
increased ion influx from the plasma membrane were detected in
hypoxic-ischemic cells. Moreover, endoplasmic reticulum depletion
by thapsigargin, a specific calcium pump inhibitor, was able to
induce PI3K/Akt activation even though cell death was, as
expected, inevitable. It seems therefore, that the measured calcium
variations could account for impaired cell signaling and death,
while, in particular, increased calcium influx could explain the
sustained stimulation of PI3K/Akt, which, however, can not

overmaster the apoptotic signals that lead to cell death.
This work was funded by the ‘‘Kapodistrias’’ program of the

University of Athens.

WE07-05
EFFECTS OF SECRETED WILD-TYPE a-SYNUCLEIN ON
CA2+ HOMEOSTASIS IN NEURONAL CELLS
Melachroinou, K.1, Xilouri, M.1, Martzoukou, O.1, Emmanouilidou,
E.1, Papazafiri, P.2, Stefanis, L.1 and Vekrellis, K.1

1Biomedical Research Foundation, Academy of Athens, Athens,
Greece

2National and Kapodistrian University of Athens, Department of
Biology, Athens, Greece

a-Synuclein (SNCA) is an abundant presynaptic neuronal protein
that is linked to Parkinson’s disease (PD) pathogenesis. Recent data
from our laboratory and others suggest that SNCA can be normally
secreted from neuronal cells. To assess the effects of secreted SNCA
on neuronal homeostasis, we used as a source of secreted SNCA
inducible-SH-SY5Y cells expressing wild-type SNCA. We have
shown that these cells readily secrete SNCA species (monomeric to
high molecular weight forms) into their culture medium, partly via
an exosome-mediated manner. Secreted SNCA forms were shown
to be toxic to recipient neurons. This toxic effect did not involve the
uptake of SNCA into neuronal cells. To investigate the possible
mechanisms of extracellular SNCA-mediated neuronal death, we
applied naturally secreted SNCA to differentiated SH-SY5Y cells.
We found that such treatment altered Ca2+ homeostasis, in recipient
neuronal cells, manifested by increased Ca2+ influx upon depletion
of intracellular Ca2+ stores with thapsigargin. This effect was SNCA
dependent since immunodepletion of SNCA from the conditioned
medium reduced Ca2+ influx. The SNCA-induced Ca2+ influx was
mediated via L-type channels, since their specific inhibition with
nifedipine, abolished this effect. Differentiated SH-SY5Y cells
incubated with nifedipine and extracellular or intracellular Ca2+

chelators are resistant to secreted SNCA-mediated toxicity. Our data
suggest that secreted SNCA is toxic to recipient neuronal cells
through engagement, at least partly, of the intracellular homeostatic
Ca2+ machinery. Therefore, manipulating Ca2+ signaling pathways
mitigates extracellular SNCA toxicity and may represent a potent
therapeutic target for PD.

WE07-06
EFFECTS OF THYROID HORMONES, T4 AND T3, ON THE
SURVIVAL AND NEURITE OUTGROWTH OF
CEREBELLAR GRANULE CELLS IN CULTURE
Oyanagi, K., Negishi, T. and Tashiro, T.

Aoyama Gakuin University, Kanagawa, Japan

Thyroid hormone (TH) is essential for the proper development of
the mammalian CNS. In the developing cerebellum, TH deficiency
has been shown to cause defects in cell survival, differentiation, and
migration. During the neonatal period, cerebellar granule cells
(CGCs) contact and receive synaptic inputs from mossy fibers
originating in pontine nuclei, which is essential to their survival.
Primary cultures of CGCs require chronic depolarization in a
medium with high KCl concentration (25 mM; K25), reflecting the
activity-dependent cell survival observed in vivo. When cultured
under usual low KCl conditions (5 mM; K5) for 24–48 hours, CGCs
undergo apoptotic cell death. In the present study, we report the effect
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of thyroid hormones, L-thyroxine (T4) and 3,3�,5-
L-triiodothyronine (T3), on the death of CGCs induced by low
KCl. CGCs obtained from postnatal day 6 (P6) rat cerebellum were
cultured in D-MEM/F-12 containing 10% fetal bovine serum and
25 mMKCl for 48 hours, and then transferred to serum-free medium
containing 5 mMKCl with or without T4 or T3. Though both T4 and
T3 induced up-regulation of TH-dependent genes in CGCs, only T4
was effective in inhibiting low KCl-induced cell death. To further
understand the mechanism underlying this phenomenon, the effects
of TH on neurite outgrowth and maintenance were analyzed. At
48 hours after serum withdrawal, CGCs in K5 with T4 had well-
extended bipolar neurites indistinguishable from those of cells in K25
with or without TH. Proportion of polymerized actin or tublin was
also increased by the addition of T4. Though many effects of TH are
mediated through genomic action for which T3 is much more
effective than T4, the effect of T4 observed in this study suggests its
non-genomic direct action on the regulation of cytoskeletal dynamics
leading to neurite outgrowth and cell survival.

WE07-07
NITRIC OXIDE REGULATES AKT PHOSPHORYLATION
AND NUCLEAR TRANSLOCATION IN CULTURED AVIAN
RETINAL CELLS
Paes-de-Carvalho, R., Mejı́a-Garcı́a, T.A., Portugal, C.C. and
Encarnação, T.G.

Program of Neurosciences, Fluminense Federal University, Niterói,
Brazil

Previous studies have shown that nitric oxide (NO) inhibits
apoptosis of retinal neurons in culture through the canonic cyclic
GMP/protein kinase G-dependent pathway but also involves
multiple kinase pathways including PI3 kinase/AKT. Both NO
and AKT have survival-promoting properties and have important
roles in CNS development and plasticity. The purpose of this study
was to explore the effect of endogenous NO produced from L-
arginine or exogenous NO produced from SNAP on AKT
phosphorylation in cultured chick retinal neurons. Our results
demonstrate that either SNAP or L-arginine enhance AKT phos-
phorylation on ser-473 and thr-308 residues in a concentration and
time-dependent manner. This effect was mediated by the activation
of soluble guanylyl cyclase and protein kinase G, since it was
blocked by the respective enzyme inhibitors ODQ (or LY83583)
and KT5823, and mimicked by the respective enzyme activators
YC-1 and 8-Bromo cyclic GMP, and also by the cyclic GMP
phosphodiesterase inhibitor zaprinast. In addition, the effect of
SNAP was suppressed by LY294002 or Wortmannin, indicating the
involvement of phosphatidylinositol 3 kinase. Glutamate or NMDA
also promote AKT phosphorylation and these effects were abro-
gated by the nitric oxide synthase inhibitor L-NAME, revealing a
mechanism involving activation of NMDA receptors and NO
production. We have also found that L-arginine or SNAP elicit AKT
translocation into the nucleus of retinal neurons as well as of other
neuronal cell lines. We then conclude that NO produced from
endogenous or exogenous sources promotes AKT activation and
shuttling to the nucleus probably participating in neuronal survival
pathways important during CNS development.

Financial support by CNPq, Capes, Faperj and Pronex/MCT.

WE07-08
CARBON MONOXIDE PREVENTS NEURONAL
APOPTOSIS BY ASTROCYTIC METABOLISM
MODULATION: PURINERGIC SIGNALLING
Queiroga, C.S.1,2,3, Alves, R.M.1,2,3, Conde, S.V.3, Monteiro, E.C.3,
Alves, P.M.1,2 and Vieira, H.L.1,2,3

1IBET, Oeiras, Portugal
2Universidade Nova de Lisboa, ITQB, Oeiras, Portugal
3Universidade Nova de Lisboa, CEDOC, Lisboa, Portugal

Low doses of carbon monoxide (CO) play a beneficial role in
several cerebral models, including primary culture of neurons and
astrocytes, as well as isolated non-synaptic mitochondria. CO
generates small amounts of reactive oxygen species (ROS), which
act as signalling intermediaries and induce a preconditioning state.
Herein, a model of primary co-culture of neurons and astrocytes
(2D) is used to explore the role of CO in cell-to-cell communication.
Neuronal survival was assessed after being co-cultured with
astrocytes pre-treated or not with CO. Neuronal cell death was
triggered by tert-butylhydroperoxide (t-BHP), an oxidative stress
inducer. CO-pretreated astrocytes reduced neuronal cell death in the
co-culture systems. Since there is no physical contact between
neurons and astrocytes, CO seems to induce the release of some
neuroprotective factor from astrocytes. The classical energetic
molecule ATP and its degradation product, adenosine, are the
candidate molecules for being neuroprotective. ATP/adenosine
content in the media after CO treatment was assessed by HPLC,
showing an increase on its levels. Neuronal survival was determined
under several conditions. Addition of adenosine or ATP resistant to
degradation into the neuronal media increased neuronal survival,
confirming its protective action in this model. Furthermore, several
chemical inhibitors of purinergic receptors (both P1 and P2), namely
PPADS, suramin or SCH 58261, partially reverted CO neuropro-
tection in co-cultures. Moreover, neuronal survival after astrocytic
treatment with CO and with a blocker of connexin 43 (for
preventing ATP release from astrocytes) was assessed. The aden-
osine receptor A2A involvement in CO mechanism was confirmed
by siRNA silencing. Overall, one can conclude that CO neuropro-
tective role is not limited to a direct action into a single cell type; but
this gasotransmitter also modulates purinergic signalling for
increasing astrocytic protection against neuronal cell death.

WE07-09
NMDAR MEDIATES NEURONAL SURVIVAL BY
ACTIVATION OF NURR1
Rodrı́guez-Alvarez, J.1,2, Servitja, J.M.3, Miñano-Molina, A.J.1,2,
Fadó, R.1,2, Saura, C.A.1,2 and Barneda-Zahonero, B.1,2

1Instituto de Neurociencias and Departamento de Bioquı́mica y
Biologı́a Molecular, Unversidad Autónoma de Barcelona,
Cerdanyola del Valles, Barcelona, Spain

2CIBERNED, Barcelona, Spain
3Genomic Programming of Beta-Cells Laboratory, IDIBAPS,
Barcelona, Spain

Cerebellar granule cells (CGCs) differentiate and maturate during
their migration from the external granular layer (EGL) to the internal
granular layer (IGL). Lack of excitatory inputs triggers their
apoptotic death. NMDA receptor stimulation promotes the survival
of these neurons during that process. It is possible to mimic this
process in vitro by culturing CGCs in low KCl concentrations
(5mM) in the presence or absence of NMDA. Using this
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experimental approach, we have obtained whole-genome expression
profiles after 3 and 8 hr of NMDA addition to identify genes
involved in NMDA-mediated survival of CGCs. Gene ontology
analysis of the results identified that most of the regulated genes
were included in the anti-apoptotic, development or neurogenesis
clusters. One of the identified genes was Nurr1, a member of the
orphan nuclear receptor subfamily Nr4a. We show here that Nurr1 is
induced by CREB activation in response to NMDA. Silencing
Nurr1 by shRNA leads to a decrease in BDNF protein levels and a
reduction of NMDA neuroprotective effect. Moreover, we report
that Nurr1 is increases during cerebellum postnatal development
and that Nurr1 and BDNF show a similar expression pattern during
development. Thus we conclude that Nurr1 is necessary for
NMDA-mediate survival of CGCs.

WE07-10
ACTIVATION OF P2X7 NUCLEOTIDE RECEPTOR
INDUCES CELL DEATH OF DEVELOPING AVIAN
RETINAL CELLS IN CULTURE
Ventura, A.L. and Anccasi, R.M.

Fluminense Federal University, Department of Neurobiology,
Niterói, Brazil

ATP is a signaling molecule that via activation of P2Y receptors
induces cell proliferation in retinal cultures. However, other effects
of ATP during development of the retina are still poorly explored.
Here, we investigated the effect of ATP on cell death in cultured

chick embryo retina cells. In cultures obtained from retinas of 7-
day-old chick embryos (E7) that were cultivated for 2 days (E7C2)
both ATP and BzATP induced a decrease in cell viability
characterized by the MTT method that was time- and dose-
dependent and that could be blocked by 0.2 mM oxidized ATP or
0.3 lM KN-62. While incubation of cells with 0.5 mM H2O2, for
5 hours, decreased cell viability by 70% (n = 3), a maximal
decrease of � 30% (n = 3) was observed by incubating the cells for
3 hours with 3 mM ATP or 0.1 mM BzATP. An increase in cleaved
caspase-3 levels and in the number of TUNEL positive cells was
observed when cultures were incubated with 3 mM ATP. In contrast
to H2O2 that induced a significant release of LDH, the release of this
enzyme induced by ATP was very low. Cell death induced by ATP
was observed between E7C1 and E7C5, the maximal levels being
detected by E7C2. Nucleotides were able to increase neuronal
ethidium bromide and sulforhodamine B permeability in purified
neuronal cultures as well as in mixed cultures, an effect that was
blocked by the P2X7 receptor antagonist BBG. Since nucleotide-
induced cell death was observed only in mixed cultures with
neurons and glial cells, but not in purified cultures of neurons or
enriched glial cultures, our results suggest that ATP induces
apoptosis in a population of chick embryo retinal neurons in
culture through activation of P2X7 receptors. These data also
suggest that P2X7-induced neuronal apoptosis occurs only when
neurons are cultivated in the presence of glial cells, although
purified neurons in culture do express P2X7 receptors.
Supported By: FAPERJ, CAPES, CNPq, PROPPi-UFF.
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WE08 Animal Model of Neuropsychiatric
Disorders

WE08-01
THE HYPERALGESIA INDUCED BY SLEEP DEPRIVATION
IS NOT DECREASED BY DIAZEPAM AND IS
ASSOCIATED WITH AN INCREASED NOS ACTIVITY IN
PAG
Almeida, O.M., Castro, A.G., Skinner, G.O., Damasceno, F.,
Valentim, I.S. and Araújo, P.C.

State University of Rio de Janeiro, Rio de Janeiro, Brazil

The periaqueductal gray matter (PAG) area of the brainstem is
involved in pain and anxiety modulation. Paradoxical sleep
deprivation (PSD) has been found to promote hyperalgesia, relieve
symptoms of depression and trigger anxiety episodes. The mech-
anisms that govern these changes are poorly understood. One of the
neurotransmitters related to these behavioral changes is nitric oxide
(NO). The experimental methods of PSD have been linked to the
generation of anxiety in animals, and the hyperalgesia is frequently
associated to the anxiety generated by these methods. In this study
we investigated the effects of the anxiolytic drug diazepam and the
analgesic drug acetylsalicylic acid on anxiety and thermal nocicep-
tive response in paradoxical sleep deprived rats; we also evaluated
the activity of nicotinamide adenine dinucleotide phosphate diaph-
orase (NADPH-d) an indicator of NO sinthase activity on the PAG.
Rats were deprived from paradoxical sleep for 96 hours and
submitted to the nociceptive test on the hot plate (46�C). The
assessment of anxiety level was performed using the open field and
the elevated plus maze tests. PSD animals showed an increased rate
of locomotion (+ 314.8%, p < 0.05), increased entries number and
time spent on open arms in elevated plus maze (+ 319.2%,
p < 0.05; + 257.1%, < 0.05) and reduced hind paw withdraw
latency on the hot plate (–64.2%, p < 0.05). Diazepam and
acetylsalicylic acid did not influence the responses in PSD animals
in the open field and hot plate tests. In addition, the number of
NADPH-d positive cells in PAG was higher after PSD (+ 59%,
p £ 0.05). The results obtained in this work showed that the PSD
method did not induce anxiety and neither the ansiolitic nor the
analgesic drugs changed the hyperalgesia induced by PSP. Our data
also suggest that the hyperalgesia observed in PSD are associated
with increased NOS activity in PAG.

WE08-02
EMBRYONIC BORN MUSHROOM BODY INTRINSIC
NEURONS ARE NECESSARY FOR ASSOCIATIVE
OLFACTORY LEARNING IN DROSOPHILA LARVAE
Apostolopoulou, A.A. and Thum, A.S.

University of Fribourg, Fribourg, Switzerland

We analysed anatomically the Drosophila larval brain by using
various Gal4 drivers in combination with hydroxyurea treatment to
identify the embryonic or larval origin of the intrinsic mushroom
body Kenyon cells with respect to associative olfactory learning. We
confirmed that NP1131 Gal4 drives expression in embryonic born
mushroom body neurons, important for the formation of appetitive
olfactory associations. In addition we investigated whether the same
neurons are necessary to form olfactory associations by using salt

and electric shock as a negative reinforcer. Finally, we used different
odor combinations to check whether the role of the embryonic born
Kenyon cells we identified in associative learning is odor specific.
Our data support the hypothesis that olfactory associations in
Drosophila larvae are stored in a small set of embryonic born
mushroom body intrinsic neurons and the participation of larval
born Kenyon cells that are gradually integrated in the developing
mushroom body during larval life is highly unlikely.

WE08-03
DIFFERENTIAL EFFECTS OF ANESTHETIC KETAMINE
ON RAT�S RECOGNITION MEMORY. FUNCTIONAL
INTERACTION WITH THE NITRERGIC SYSTEM
Boultadakis, A. and Pitsikas, N.

University of Thessaly, School of Medicine, Department of
Pharmacology, Larissa, Greece

There is poor experimental evidence concerning the effects of
anesthetic doses of the non-competitive NMDA receptor antagonist
ketamine on rodent’s memory abilities. The present study was
designed to investigate (a) the long-term consequences of pre-and
post-training administration of anesthetic ketamine on rats� recog-
nition memory; (b) to evaluate whether or not these effects are
related to the hypothermic properties of ketamine; and (c) to
evaluate whether or not the nitric oxide synthase inhibitor L-NAME
(1, 3, 10 mg/kg, i.p.) was able to counteract the expected
behavioural deficits produced by anesthetic ketamine. For this
aim, the novel object recognition and the object location paradigm
were selected. Pre and post-training administration of ketamine
(100 mg/kg; i.p.) disrupted animals� performance, although to a
different extent, in both these recognition memory paradigms. These
findings indicate that anesthetic ketamine impaired both spatial and
non-spatial recognition memory. Hypothermia-induced by this
NMDA receptor antagonist and the type (spatial vs. non-spatial)
of the behavioural paradigm utilized seem to affect rats� recognition
memory abilities. Finally, L-NAME (1-3, but not 10 mg/kg)
antagonized this deficit on cognition produced by anesthetic
ketamine indicating that an NO component modulates these
effects.

WE08-04
RECEPTORS FOR BIOGENIC AMINES DIFFERENTIALLY
MODULATE THE STRESS RESPONSE IN DROSOPHILA
MELANOGASTER
Campusano, J.M. and Goles, N.I.

Facultad de Ciencias Biologicas, Pontificia Universidad Catolica
de Chile, Santiago, Chile

In the Central Nervous System, Biogenic Amines (BAs), activate
specific receptors, which are responsible for the cellular events that
define the generation or modification of behaviors in an individual.
In our laboratory, we use the fly Drosophila melanogaster, a well-
known genetic model in neurobiology, to evaluate the contribution
of specific BAs and their receptors to the generation of complex
behaviors, including stress. This is a condition that determines the
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failure of an individual to effectively respond to mental, emotional
or physical demands, and it has been shown in both vertebrates and
invertebrates that depends on BAs actions.

In this work, we evaluated the effect of two stress conditions,
starvation (flies without access to food but with access to water) and
desiccation (flies without access to food or water), on fly survival.
We also assessed arousal by evaluating startle-induced locomotion.
In order to evaluate the contribution of different BAs receptors to
stress-induced effects, we expressed RNAi for several dopamine,
octopamine (the functional homolog of noradrenaline in inverte-
brates) and serotonin receptors in Mushroom Bodies and the Pars
Intercerebralis and studied the effects induced by this genetic
manipulation on fly survival and arousal.

Our results show that OAMB and Oct2R octopamine receptors
differentially modulate survival of flies under the stress conditions
studied, while serotonin or dopamine receptors seem not to affect it.
Moreover, all the BA receptors studied decrease arousal in
desiccated flies.

These results show that BA receptors differentially modulate
stress-induced effects in Drosophila flies.

Fondecyt 1100965, MSI P06/008-F.

WE08-05
SEX DIFFERENCES IN RAT ANXIETY AND DEPRESSION
TESTS: THE CONTRIBUTION OF CORTICOSTERONE
Dalla, C.1, Kokras, N.1, Sideris, A.1, Dendi, A.1, Mikail, H.G.1,
Antoniou, K.2 and Papadopoulou-Daifoti, Z.1

1University of Athens, Department of Pharmacology, Medical
School, Athens, Greece

2University of Ioannina, Department of Pharmacology, Medical
School, Ioannina, Greece

Despite the fact that affective disorders are more common
in women than in men, most relevant tests have been developed
in male rats. Importantly, when females are compared to males in
anxiety and depression tests, sex differences are identified in
behavioural and neurochemical levels, as well as in the magnitude
of drug response (Dalla et al 2010) . In the present study we sought
to investigate whether sex differences in anxiety and depression
tests can be attributed to sex differences in HPA axis, as reflected in
corticosterone levels, which is higher in females than in males. In
order to artificially equalize peripheral corticosterone levels between
males and females, we subjected male and female adult rats in either
adrenalectomy or sham-operation and we supplemented them with
physiological steady doses of corticosterone. Following recovery,
we subjected all rats to the open field test, the dark-light paradigm
and the forced swim test. In the open field test, males were less
explorative than females and adrenalectomy decreased activity only
in males. Males were more anxious than females in the open field
and light-dark paradigms, while adrenalectomy decreased indices of
anxiety only in males. In the forced swim test, females exhibited
higher ‘‘depressive-like’’ symptomatology than males and this was
not abolished by adrenalectomy. Adrenalectomy again had an effect
only in male’s behaviour, since it decreased climbing and enhanced
swimming only in males. These results indicate that the stress-
induced rise in corticosterone is important for the male stress
response in anxiety and depression tests, while this appears less
important for the organization of the female response to behavioural
stressors. Such hypothesis could explain the differential coping

strategy under stress between males and females and the resulting
sex-dependent response to antidepressant treatment.

WE08-06
METABOTROPIC GLUTAMATE RECEPTORS: A
POSSIBLE MECHANISM OF ACTION FOR VALERIANA
OFFICINALIS ANXIOLYTIC PROPERTIES
Del Valle-Mojica, L.M. and Ortiz, J.G.

University of Puerto Rico, School of Medicine - Department of
Pharmacology & Toxicology, San Juan, Puerto Rico

Valerian extract is commonly used in alternative medicine for its
anxiolytic and sedative properties. This study evaluated the
anxiolytic properties of valerian extract in adult wild-type zebrafish
(Danio rerio). Naı̈ve zebrafish have a natural preference for dark
places.The dark/light tank test was used to measure anxiety.
Behavioral assays demonstrated that exposure of zebrafish to
Valerian extract or valerenic acid increase their residence time in the
white compartment by 85% and 58%, respectively, compared to
naı̈ve zebrafish (25%). LAP3 (mGluR I antagonist) and EGLU
(mGluR II antagonist) inhibit the anxiolytic effects of Valerian and
valerenic acid. This study demonstrated that Valerian and valerenic
acid have anxiolytic properties in the zebrafish. Moreover, the
selective interaction of valerian with mGluRI and II may represent
an alternative explanation for the anxiolytic properties of this plant
and support the role of mGluR in anxiety.

WE08-07
A REWARDING AND FRUSTRATING EXPERIENCE
EARLY IN LIFE DIFFERENTIALLY REGULATES BRAIN
MONOAMINES IN ADULTHOOD
Diamantopoulou, A.1, Raftogianni, A.1, Stamatakis, A.1,

Alikaridis, F.2 and Stylianopoulou, F.1

1University of Athens, School of Health Sciences, Biology-
Biochemistry Lab, Athens, Greece

2Department of Biological Chemistry, School of Medicine,
University of Athens, Athens, Greece

Early life experiences have been shown to induce prolonged
effects on neuroendocrine and behavioral responses to stress. In an
attempt to reproduce experimentally the effects of neutral, positive
or negative neonatal experiences on adult behaviour and brain
function we have developed a paradigm in the rat, in which mother
contact is used as either a positive (rewarding) or negative
(frustrative) reinforcer in a T-maze, during postnatal days 10–13.
The present study was based on the hypothesis that this early life
manipulation on the primary social factor i.e. mother-infant
interaction may affect attachment, cause disruption of the normal
social interaction in adolescence, and social conflict in adulthood,
and alter brain monoamines. In order to test this, early life trained
rats, as well as controls were subjected to a social interaction test in
adolescence and to social defeat, in adulthood. Rats trained under
frustration as neonates exhibited more aggressive-like behaviors
during social play in adolescence and more proactive coping
behaviors during social defeat in adulthood. Furthermore, we
investigated whether these long-term effects of this early life
experience on behavior are accompanied by changes in brain
monoamine levels and turnover. HPLC analysis of biogenic amines
from the brains of adult animals either subjected or not to the
social defeat stress showed differences in the serotonergic and
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dopaminergic system of the prefrontal cortex and amygdala. More
specifically, in both the PFC and the amygdala, rats trained as
neonates under frustration had lower serotonin (5-HT) levels.
Furthermore, the prefrontal cortex of these animals also had lower
dopamine levels. Social defeat resulted in increased serotonin and
dopamine levels in the prefrontal cortex and amygdala of neonatally
frustrated rats. These results indicate that long-lasting changes in
social behavior following an early life rewarding or frustrating
experience are accompanied by changes in brain monoaminergic
activity.

This study was funded by the National Strategic Reference
Framework (NSRF), project ‘‘Iraklitos II’’ (10.74.11.01.01).

WE08-08
THE EFFECT OF ADOLESCENT TOLUENE EXPOSURE
ON BEHAVIOURAL RESPONSES TO COCAINE IN
ADULTHOOD: IMPACT OF DOSE AND EXPOSURE
FREQUENCY
Duncan, J.R.1,2, Lory, A.1 and Lawrence, A.J.1,3

1Florey Neuroscience Institutes, Melbourne, Australia
2Uni. Melb., Dept. Anat and Cell Biol., Melbourne, Australia
3Uni. Melb., Centre for Neuroscience, Melbourne, Australia

The purposeful inhalation of volatile solvents is increasingly
prevalent in adolescent populations, posing a significant risk to the
maturing brain. Furthermore, adolescent exposure is thought to
potentially predispose individuals to affective problems and
substance abuse later in life. Utilising a rodent model of chronic
intermittent toluene (CIT) exposure via inhalation we aimed to
characterize the behavioural consequences of prior toluene exposure
during adolescence, including cross-sensitization to cocaine. Ado-
lescent male Wistar rats (PN 24) were exposed to either air or one of
2 CIT paradigms: 3000 ppm for 1hr per day for 5 days per week or
5000ppm for 1hr per day for 3 days per week for a total of 4 weeks
(n = 10 per group). Behavioural tests including the Y-maze and
light/dark test revealed no overt differences in spatial memory,
response to a novel environment or anxiety. There was however a
significant (p < 0.05) difference in the acute locomotor response to
cocaine (20 mg/kg, i.p) 10 days after the last exposure, and the
development of sensitization following repeated exposures to
cocaine in rats exposed to 3000 ppm toluene 5 times a week
compared to air controls. The same effect was not observed in rats
exposed to 5000ppm 3 times a week. In addition, there was an
exaggerated locomotor response following acute MK801 (0.5 mg/
kg, i.p) in rats exposed to 3000 ppm toluene for 5 times a week
compared to air controls, that was again not observed in the
5000 ppm for 3 times a week cohort. These data suggest that
inhalant abuse during adolescence may result in neuroadaptations
(including to the glutamatergic system) to neuronal pathways
involved in the behavioural responses to other drugs of abuse, such
as cocaine. They also highlight that the dose and frequency of
exposure may play an important role in the impact of adolescent
inhalant abuse on the maturing brain.

WE08-09
INHIBITION OF PEROXYNITRITE BY CUII(ATSM) IS
NEUROPROTECTIVE AND RESULTS IN IMPROVED
MOTOR AND COGNITIVE FUNCTIONS IN ANIMAL
MODELS
Hung, L.W.1, Finkelstein, D.2 and Barnham, K.J.1

1The University of Melbourne, Melbourne, Australia
2Mental Health Research Institute, Parkville, Australia

Parkinson’s disease is a debilitating disorder that affects up to 1%
of the geriatric population. This neurodegenerative disorder is
attributed to the loss of dopaminergic neurons within the substantia
nigra pars compacta (SNpc) with subsequent impairment in fine
motor control and coordination. In addition, as must as 70% of PD
patients also suffer from cognitive decline. Whilst the exact
pathological mechanism still evades researchers, evidence suggests
that oxidative and nitrosative stresses contribute to neuronal death.
Nitrosative stress occurs due to the over production of reactive
oxygen species (RNS), particularly peroxynitrite (ONOO-). ONOO-
is a highly reactive radical that is capable of cysteine thiol
nitrosylation and tyrosine nitration on proteins, such as a-synuclein
(a-syn), tyrosine hydroxylase (TH) and vesicular monoamine
transporter-2 (VMAT2).

In vitro assays showed that CuII (ATSM) was able to enhance the
degradation of ONOO- and, in doing so, inhibit the nitration of
a-synuclein in a dose dependent manner. When administered into
animal models (1-methyl-4-phenyl-1,2,3,6 tetrahydropyridine
(MPTP) and 6-hydoxydopamine (6-OHDA) lesioned mice and
A53T a-syn transgenic mice), CuII(atsm) was found to be
therapeutic in all the murine models, having improvements in
motor function and rescued the loss of dopaminergic neurons in the
SNpc. Improved motor function in the MPTP lesioned mice
corresponded to increase levels of TH, VMAT2 and dopamine.
Treatment also improved cognition and increased synaptophysin
levels in A53T transgenic mice. Reductions in a-syn levels were
seen in addition to reduced nitrosative stress (nitrotyrosine levels)
and nitrated a-synuclein. CuII(atsm) was also able to rescue toxicity
and inhibit increases in nitrotyrosine levels in differentiated SH-
SY5Y cells treated with 3-morpholinosydnonimine (SIN-1), a
compound that releases ONOO-.

The ability of CuII(atsm) to inhibit ONOO- and nitrosative stress
leading to therapeutic outcomes in 4 murine PD models is very
encouraging and therefore, seen as a novel and potential effective
pharmacological compound in targeting PD pathology.

WE08-10
ADULT NEUROGENESIS IMPAIRMENT RESULTS IN
ALTERATION OF HIPPOCAMPUS-DEPENDENT
BEHAVIORAL TASKS BUT NO LEARNING DEFICITS
Jedynak, P.1, Filipkowski, R.K.2 and Kaczmarek, L.1

1Department of Molecular and Cellular Neurobiology, Nencki
Institute of Experimental Biology, Polish Academy of Sciences,
Warsaw, Poland

2Department of Cognitive Psychology, Univ. of Finance and
Management, Warsaw, Poland

The exact function of adult hippocampal neurogenesis remains
elusive, although it has been suggested to play a role in learning and
memory processes. In our studies, we employed cyclin D2 gene
knock-out (cD2 KO) mice with almost complete deficiency of
newborn neurons in the adult brain (Kowalczyk et al., J Cell Biol,
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2004). These mice have also slight morphological abnormalities of
the brain, including the hippocampal formation. Previously, we have
shown for cD2 KO mice that new hippocampal neurons are not
obligatory for memory formation (Jaholkowski et al. Learn. Mem,
2009). In the present study, the animals were subjected to
hippocampus-dependant behavioural tests requiring and non-requir-
ing learning component. cD2 KO mice showed significant impair-
ment in such species-typical behaviours as nest construction,
digging, and marble burying. They were building none or poorer
nests, digging less robustly, and burying fewer marbles than WTs.
Moreover, cD2 KO mice showed normal sucrose preference,
however, in contrary to the controls, preceded by neophobia phase.
cD2 KO animals were more active in the open field and automated
motility chamber, and showed increased explorative behaviour in
IntelliCage. On the other hand cD2 KO mice performed normally in
the cue and context fear conditioning tasks. Presented results
suggest that either morphological abnormalities of the hippocampal
formation or adult brain neurogenesis impairment (or both) alter
hippocampal-dependant behaviours without influencing learning
abilities.

WE08-11
EFFECTS OF AGE ON PYRAMIDAL NEURON
MORPHOLOGY, VASCULATURE AND BEHAVIOUR IN A
MOUSE MODEL OF ACCELERATED COGNITIVE AGING
Konsolaki, E.1,2, Polissidis, A.2, Sigalas, C.2 and Skaliora, I.2

1University of Athens, Faculty of Nursing, Athens, Greece
2Biomedical Research Foundation, Athens, Greece

The cholinergic system is involved in most cognitive tasks and is
particularly vulnerable to the process of aging. In order to explore
the process and variability of aging we have examined brain
vasculature, neuronal morphology and behavioural parameters in
mice lacking the beta-two subunit of the nicotinic Acetylcholine
Receptor (nAChR). These animals show certain cognitive deficits in
old age and hence have been considered a model of accelerated
cognitive aging. In the present study we have examined brain
vasculature and morphology of pyramidal neurons in two cortical
areas (cingulate and primary visual cortex) and in four experimental
groups: wildtype and beta-two knockout mice at two ages: adult (3–
6 months) and old (18–24 months). All animals are YFP+.
Furthermore, we have conducted behavioural experiments in the
same age groups. As expected we found signs of morphological
degeneration with aging in both WT and KO mice. However, we
also found significant structural differences between wildtype and
beta-two KO mice already from adulthood. Interestingly, this effect
was significantly more pronounced in prefrontal cortex. In agree-
ment with the morphological evaluation, behavioural tests revealed
impairments in beta-two KO mice already from adulthood, in
learning tasks that require high-level cognitive processing. On the
other hand, in locomotor and anxiety tasks both genotypes only
showed the expected effect of age. Taken together, these findings
demonstrate that (i) the process of aging is not uniform but region-
specific, (ii) the increased morphological degeneration in prefrontal
cortex and the cognitive impairments of beta-two KO mice do not
begin in old age, but are already present in adult mice, challenging
the notion that beta-two KO mice are a model of accelerated
cognitive aging. Our data suggest that beta-two subunit may have a
specific role in cholinergic vulnerability related to cognition.
Electrophysiological analysis of brain activity is currently in
progress in order to complete this examination.

WE08-12
EFFECT OF HYPERICUM PERFORATUM INFUSION ON
BEHAVIOR AND CHOLINERGIC SYSTEM OF ADULT
MICE AFTER CO-ADMINISTRATION WITH CADMIUM
Kotsia, E.M.1, Telonis, A.1, Vasilopoulou, C.1, Linardaki, Z.1,

Iatrou, G.2 and Margarity, M.1

1Lab. of Human & Animal physiology, Department of Biology,
University of Patras, Patras, Greece

2Division of Plant Biology, Department of Biology, University of
Patras, Patras, Greece

Aim of this project was to study the possible positive effects of
Hypericum perforatum infusion (2% w/v) on adult mice after
simultaneous administration with cadmium (50 ppm/day, 3 weeks),
by determining a) anxiety/fear behavior (thigmotaxis and elevated
plus maze test); and b) the activity of two acetylcholinesterase
(AChE) isoforms on mice brain regions (cerebral hemispheres,
midbrain, cerebellum) and liver. The results indicated that: A)
cadmium provide increased anxiety/fear behavior which was
reversed in the animal group co-administered with the infusion (fl
7.71% of thigmotaxis indicator and › 42.92% of time remaining at
open arms of the elevated plus maze device); and B) the activity of
the two AChE isoforms (salt-soluble /SS and insoluble/DS) varied
among the brain regions examined, after cadmium administration.
Co-administration with Hypericum perforatum, showing also tissue-
specificity.

WE08-13
POSSIBLE ROLE OF NARINGIN AGAINST COLCHICINE
INDUCED COGNITIVE DYSFUNCTION AND OXIDATIVE
DAMAGE IN RATS
Kumar, A., Dogra, S. and Prakash, A.

Panjab University, Department of Pharmacology, Chandigarh,
India

Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder affecting the elderly. Central administration of colchicine, a
microtubule disrupting agent, is known to cause cognitive impair-
ment, oxidative stress and neurofibrillary degeneration which
simulate sporadic AD seen in humans. Present study was designed
to evaluate the protective effects of naringin against the colchicine-
induced cognitive impairment and oxidative stress in rats. Colchi-
cine (15 lg/5ll) was administered intracerebroventricularly in rats.
Rats were treated with naringin (per se; 40 and 80 mg/kg, p.o.) daily
for a period of 25 days beginning 4 days prior to colchicine
injection. On the 14th and 21st day after colchicine administration,
behavioral studies were by Morris water maze paradigm, elevated
plus maze task and locomotion (photoactometer). The rats were
sacrificed on the 22nd day following the last behavioral test and
various biochemical tests were performed to assess the extent of
oxidative stress. Intracerebroventricular administration of colchicine
resulted in poor retention of memory in Morris water maze, elevated
plus maze task paradigms and caused marked oxidative damage. It
also caused a significant increase in the acetylcholinesterase activity.
Chronic administration of naringin caused an improvement in the
cognitive dysfunction and significantly reduced the elevated
malondialdehyde, nitrite concentration, acetylcholinesterase activity
and restored SOD, catalase, glutathione-s-transferase and the
reduced glutathione levels. The results of the present study suggest
the neuroprotective activity of naringin against colchicine-induced
cognitive impairment and associated oxidative stress.
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WE08-14
CONDITIONED PLACE PREFERENCE FOR SOCIAL
INTERACTION: CONTRIBUTION OF SENSORY
MODALITIES
Kummer, K., Klement, S., Eggart, V., Mayr, M.J., Prast, J., El
Rawas, R., Saria, A. and Zernig, G.

Experimental Psychiatry Unit, Medical University Innsbruck,
Innsbruck, Austria

A main challenge in the therapy of drug dependent individuals is
to help them reactivate interest in non-drug-associated activities. We
developed an animal experimental model based on the conditioned
place preference (CPP) paradigm in which only four 15-minute
episodes of social interaction with a gender- and weight-matched
male Sprague Dawley rat (i) reversed CPP from cocaine to social
interaction despite continuing cocaine training and (ii) prevented the
reinstatement of cocaine CPP (Fritz et al. 2011, Addiction Biology,
in press). The sigma1 receptor antagonist BD1047 (EC50,
0.0036 mg/kg i.p.) enhanced the reversal from cocaine CPP to
social interaction CPP (Fritz et al. 2011. Pharmacology 87:, 45–48).
In the present study, we investigated which of the sensory modalities
of the composite stimulus ‘‘social interaction’’ contributes most to
the rats� preference for it. If touch was limited by a barred window
running across the whole length of the partitioning, CPP was still
acquired, albeit to a lesser degree. If both rats were placed on the
same side of the partitioning, rats did not develop CPP for social
interaction. Thus, decreasing the available area for social interaction
from 750 to 375 cm2 prevented the acquisition of CPP to social
interaction despite the fact that animals could touch each other more
intensely than through the bars of the partitioning. The other sensory
modalities are currently being investigated. Supported by a Lise
Meitner Fellowship (M1169-B189 to R.E.) and by the Verein fuer
Experimentelle Psychiatrie, Psychotherapie und Pharmakologie
(VEPPP).

WE08-15
HOW DOES DROSOPHILA SMELL VIBRATIONS?
Maniati, K.

B.S.R.C. ‘‘Alexander Fleming’’, Vari, Greece

We use Drosophila melanogaster to investigate the contribution
of molecular vibrations to olfaction. Drosophila is used based on its
utility as a well understood sophisticated genetic system with a rich
behavioral repertoire and highly advanced molecular genetics which
permit rapid generation and analysis of mutants. A recent paper
form the laboratory (Franco MI, Turin L, Mershin A, Skoulakis EM.
2011. ‘‘Molecular vibration-sensing component in Drosophila
melanogaster olfaction.’’, Proc Natl Acad Sci USA, 108: :3797–
3802) indicated that Drosophila are capable of distinguishing a
number of odoranst based on their molecular vibrations. Ongoing
experiments to be presented, also use behavioral assays coupled
with genetic manipulations aiming at establishing the generality of
this vibrational phenomenon over a range of aversive and attractive
odors. Another major hypothesis we are testing is whether the
Drosophila olfactory system is designed to sense discrete frequen-
cies (bandwidths) of vibrational spectra and to determine which of
the known (or novel) olfactory receptors are ‘‘tuned’’ to the different
vibrational frequencies and whether this is in addition to their ability
to detect odorant shape. We will discuss our data in the context of
our current hypothesis that a combination of vibrational and shape-

sensing accounts for detection of odorants at least an order of
magnitude greater than the available number of receptors.

WE08-16
BEHAVIORAL CHANGES AND NEURAL REGENERATION
FOLLOWING IN VIVO TREATMENT WITH TRIMETHYLTIN
IN MICE
Nakamura, Y., Yokoi, A., Okamoto, S., Tokuda, M., Yoneyama, M.
and Ogita, K.

Setsunan University, Department of Pharmacology, Hirakata,
Osaka, Japan

Our previous study showed that trimethyltin chloride (TMT)
causes neuronal loss in the hippocampal dentate gyrus selectively 2
days later. To evaluate neural regeneration after hippocampal
dentate granule cell loss, we examined behavioral changes and
NMDA receptor signals in the dentate granule cells newly generated
after neuronal damage induced by TMT. TMT (2.8 mg/kg) was i.p.
injected into ddY male mice. NMDA (100 mg/kg) was injected on
days 7 and 28 after TMT injection. NMDA-induced expression of c-
Fos in the dentate granule cells was decreased on day 7 after TMT
treatment. The decrease in NMDA-induced c-Fos expression was
completely abolished on day 28 after TMT treatment. No significant
change in locomotor activity was seen at least until day 56 after
TMT treatment. However, forced swimming test revealed that
depressive behavior was observed on day 14 after TMT treatment.
Taken together, the dentate gyrus would be capable of regenerating
functionally after the neuronal loss in mice. However, a transient
depressive symptom could occur during neural regeneration after
hippocampal dentate neuronal loss in mice.

WE08-17
RELATION BETWEEN PHYSICAL AND MENTAL FATIGUE
IN URINE BIOMARKER, HYDROGEN PEROXIDE
Oshiro, S.1, Morioka, M.S.4, Iwasawa, Y.1, Ueda, Y.1, Ren, J.1,
Yanase, S.2 and Takayama, S.3

1Division of Cell Biology, Health Science, Graduate School of
Sports and Health Sciences, Daito Bunka University,
Higashi-matsuyama, Saitama, Japan

2Division of Molecular Life Science, Health Science, Graduate
School of Sports and Health Sciences, Daito Bunka University,
Higashi-matsuyama, Japan

3Division of Molecular Medical Immunology, Health Science,
Graduate School of Sports and Health Sciences, Daito Bunka
Universit, Higashi-matsuyama, Saitama, Japan

4Department of Cardiovascular Medicine, The University of Tokyo
Graduate School of Medicine, Bunkyo, Tokyo, Japan

Oxidative stress is associated with fatigue. Therefore, biomarkers
for oxidative stress may be available for those to fatigue.
Biomarkers for oxidative stress have been found in serum, urine
and brain; 8-hydroxy -deoxyguanosine (a marker of oxidative
damage to DNA), L-carnitine, some oxidative stress biomarkers,
isoprostanes, TBARS, protein carbonyls, catalase, glutathione
peroxidase, and oxidized glutathione (GSSG), reduced glutathione
(GSH) etc. However, whether biomarkers for oxidative stress are
useful for those to fatigue, furthermore, relation between physical
and mental fatigue in biomarkers is unknown. In the present study,
we examined whether hydrogen peroxide (H2O2) is useful for
biomarkers for physical and/or mental fatigue using urine from mice
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and rats after treatment of physical and mental stress. We are also
going to examine relation between physical and mental fatigue in a
biomarker for mental fatigue by RT-PCR and Western blot analysis
in brain. This study (No.22500614) is supported by Grant-in-Aid
for Scientific Research (KAKENHI); Grant-in-Aid for Scientific
Research(C) in 2010 and 2011.

WE08-18
STRESS-REACTIVITY AND BEHAVIORAL
CONSEQUENCE OF SOCIAL STRESS IN NOVEL MODEL
OF SOCIAL STRESS
Pakholchenko, V.M., Tukalenko, E.V. and Makarchuk, M.J.

Taras Shevchenko national university of Kyiv, Kyiv, Ukraine

A novel model of social stress in rats was used that gives equal
possibility to both animals to become a ‘‘winner’’ or ‘‘loser’’.
Before the stress, animals were tested in Open Field (OF) test and
Black-White box (BW) test to detect initial locomotor and anxiety
level in rats. To evaluate stress-reactivity in ‘‘winner’’ and ‘‘loser’’
rats, the part of rats after social stress were subjected to acute foot-
shock stress. Thereby, all rats were divided on 4 groups: control,
acute foot-shock stress (approximately 1 mA, 20 minutes), social
stress group (14 days of social stress) and combined stress group
(rats were subjected to acute foot-shock stress after social stress).
Elevated Plus maze (EPM), Social interaction test (SI), Radial maze
(RM) were used to examine behavioral activity. Acute stressed rats
demonstrated lower level of exploratory activity (p = 0.03) in EPM,
decreased amount of time spent in contact with another rat
(p=0.0067) and decreased vertical activity (p = 0.0125) in SI test.
‘‘Winners’’ from social stress group and combined group demon-
strated higher total time spent in contact with another rat (p = 0.001
and p = 0.00009 respectively) in SI test, and elevated level of
exploratory activity in EPM (p = 0.02). ‘‘Winner’’ rats from
combined stress group demonstrated increased level of exploratory
activity (p = 0.03) in EPM and increased vertical activity in SI test
(p = 0.05). Decreased level of exploratory activity (0.04) in SI test
and decreased level of emotionality (p = 0.005) in EPM were
observed in ‘‘loser’’ rats from social stress group. Also, in social
stress group more difference between ‘‘winners’’ and ‘‘losers’’ were
observed in SI test, and in combined stress group more difference
were obtained in EPM test. It was interesting that ‘‘loser’’ rats from
social stress demonstrated decreased learning ability (p < 0.05),
whereas ‘‘loser’’ rats from combined stress group didn’t show such
decreasing. So, one can conclude that acute stress differently affect
loser and winner rats. In addition, it could be noted that acute non-
social stress after social defeat can prevent learning impairment.

WE08-19
EEG: TO INVESTIGATE RECOVERY OF RAT BRAIN
FUNCTION FOLLOWING ISCHEMIC STROKE
Paul, S.1, Bhattacharya, P.1, Pandey, A.K.1, Sharma, N.1,
Tiwari, J.P.2 and Patnaik, R.1

1School of Biomedical Engineering, Institute of Technology,
Banaras Hindu University, Varanasi, India

2Department of Electrical Engineering, IT-BHU, Varanasi, India

EEG has a great importance in routine clinical diagnoses because
of being economical and especially due to its role in detecting
alterations in brain firing. Mathematical modeling of induced focal
cerebral ischemia in animal model using EEG data was intervened

and analysis was undertaken to ensure actual correlation of the
different mathematical, physiological and biochemical paradigms.
The EEG signals was analysed with the help of conventional and
modern spectral analysis methods. Interpretation and performance
of these methods were critically observed so that these can be
further applied to research and clinical applications. The model
developed was used to understand the pathophysiology of stroke
and its diagnostic interventions. The altered firing of neurons which
in turn were elucidated by analyzing the total electrical activity of
the brain in the form of EEG. For this purpose, the EEG data was
obtained from specific regions of rat brain and was processed by
different modeling techniques with the help of MATLAB. The
assessment of long lasting functional outcome, in addition to the
prevalent classical approach to study stroke was necessitated and
therefore highly recommended to evaluate the efficacy of therapeu-
tic strategies in relation to EEG in animal model of brain stroke.
Keeping in view the above facts strategies have been explored to
develop an animal model which can manifest the true condition of
brain stroke, related motor function deficit and cognitive impair-
ment. Brain signals were recorded and analysed. Finally mathe-
matical modelling specifically Power Spectrum Density analysis
was done to correlate the prevalent condition with the normal
condition and condition after pharmacological intervention. Taking
into such considerations it was observed that there have been
variations in PSD which can serve as one of the diagnostic tools for
detecting brain stroke and its recovery.

WE08-20
INDIVIDUAL DIFFERENCES IN THE EFFECTS OF
CHRONIC ANTIDEPRESSANT TREATMENT: SEX
DIFFERENCES EXPOSED
Pitychoutis, P.M., Pallis, E.G., Mikail, H.G. and Papadopoulou-
Daifoti, Z.

Medical School, National & Kapodistrian University of Athens,
Athens, Greece

Partial response to antidepressant treatment is a common
handicap in the pharmacotherapy of major depression and has been
partly attributed to the idiosyncrasy of the patient. Experimentally,
when naı̈ve rats are exposed to the stress of a novel environment
they display a highly variable exploratory activity; some rats are
characterized by high rates of locomotor reactivity (HR), whereas
others by low rates (LR). Recently, it was shown that individual
differences, as assessed in this paradigm, may predict differential
responses to sub-acute desipramine treatment in the forced swim
test (FST) of behavioral despair. Intriguingly, recent clinical and
experimental evidence point towards a sex-specific antidepressant
response. Herein, we sought to investigate whether spontaneous
reaction to novelty would serve as predictor of antidepressant
efficacy in rats treated chronically with the tricyclic antidepressant
clomipramine. Male and female Sprague-Dawley rats were assigned
to HR/LR groups upon their locomotor performance in a novel
open-field. Following the initial phenotypic characterization, HR
and LR rats were chronically treated with clomipramine (i.p. 10 mg/
kg; 28 days) or vehicle. Upon completion of the drug-administra-
tion regimen rats were subjected to FST. At 20 minutes following
the FST probe, limbic brain regions implicated in the pathophys-
iology of MD were isolated and the monoaminergic status was
appreciated by means of High Performance Liquid Chromatography
(HPLC). According to our results, antidepressant efficacy was
evident solely in male HR and female LR rats, as reflected in the
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reduced time these rats spent floating. Further, neurochemical
analyses showed that clomipramine treatment induced phenotype-
specific serotonergic alterations upon FST exposure; in male HR rats
serotonergic activity was boosted at all limbic regions examined, but
was decreased in their LR counterparts. In female rats neurochem-
ical alterations were modest. Overall, the current dataset lends
further support that the male sex may benefit to a greater extent
when treated with clomipramine and reveals that individual
differences are associated with qualitative and quantitative sex-
related behavioral and neurochemical manifestations in response to
chronic antidepressant treatment.

WE08-21
BEHAVIORAL AND NEUROCHEMICAL ALTERATIONS IN
ADULTHOOD PROVOKED BY INTERACTIONS OF
NEONATAL AND ADOLESCENT EXPERIENCES
Raftogianni, A.1, Diamantopoulou, A.1, Miltiadous, P.1, Stamatakis,

A.1, Alikaridis, F.2 and Stylianopoulou, F.1

1University Of Athens, Lab of Biology-Biochemistry, School of
Health Sciences, Athens, Greece

2Department of Biological Chemistry, School of Medicine,
University of Athens, Athens, Greece

It is well known that early life stressful events and social stress in
adolescence are associated with the emergence of psychopatholo-
gies. Based on the above we developed an experimental model of a
neonatal experience, in which during postnatal days 10–13 rat pups
are exposed to a T-maze an arm of which leads to the mother. One
group of animals is allowed contact with the mother (rewarded),
while the other is denied (frustrated). For the adolescent experience
we used a rat model of social stress: At the age of 30–38 days
female rats were subjected daily to 1h of isolation and change of
cage partner. In adulthood rats were exposed to 2 days of forced
swimming test (FST), and immobility time was measured. Follow-
ing the second day of exposure to the FST, as well as under basal
conditions, rats were sacrificed and biogenic amines were deter-
mined by HPLC. Under basal conditions in both the PFC and the
AMY, the neonatally frustrated rats had lower 5-HT levels. In the
absence of stress during adolescence, rats exposed to the neonatal
experience, either under reward or frustration, had longer immobil-
ity times than the controls, during the first day of forced swimming.
On the second day, neonatally rewarded rats had longer immobility
times than the neonatally frustrated or the controls. When rats were
exposed to the adolescent stress, the neonatally frustrated had longer
immobility times than either the rewarded or controls, only on the
first day of the test. Exposure to adolescent stress affected only the
neonatally frustrated animals, resulting in longer immobility times,
increased metabolism of 5-HT in the PFC and the HIP while 5-HT
itself was decreased in the AMY. Our results support that the
neonatal experience interacts with that during adolescence to
determine adult brain neurochemistry and the behavioral response
to stress.
Support:Hellenic State Scholarships Foundation and Univ. of
Athens Special Research Account.

WE08-22
LRRK2 OLIGOMERIZATION AND THE RECRUITMENT OF
FADD AND CASPASE-8 TO OLIGOMERIC CELL-DEATH
SIGNALING COMLEXES
Rideout, H.J., Valkimadi, P. and Antoniou, N.

Biomedical Research Foundation of the Academy of Athens, Athens,
Greece

Mutations in leucine rich repeat kinase 2 (LRRK2) are the most
common cause of familial Parkinson’s disease (PD). Since LRRK2-
related PD is clinically indistinguishable from the sporadic form,
and because mutations in LRRK2 can also be found in a percentage
of sporadic cases, understanding the mechanisms of mutant
LRRK2-induced neurotoxicity can provide insight into the patho-
genesis of PD in general. Recent work has demonstrated that
LRRK2 interactions with FADD as well as caspase-8 are both
critical for its neurotoxic effects; however, the precise mechanism
by which these events trigger neuronal death is not fully understood.
We have examined the oligomerization of mutant LRRK2 by size
exclusion chromatography (SEC). Mutations in LRRK2 caused a
clear shift to higher molecular weight fractions. Moreover, a point
mutation that inhibits the major shift in elution of mutant LRRK2
also blocked neuronal death, suggesting that the formation of
higher-order LRRK2 oligomers is a critical step in the induction of
neuronal death by mutant LRRK2. In parallel experiments, we
expressed the individual domains of LRRK2 (N-terminal, LRR,
ROC, COR, kinase, and WD40) and mapped the domain respon-
sible for the interaction with FADD to the large N-terminal region
upstream of the LRR. In fact, when normalized to the expression
level of full-length wild type LRRK2, the isolated N-terminal
domain interacts even more strongly with FADD than full-length
wild type LRRK2. Importantly, in primary cultures of cortical
neurons, co-expression of this N-terminal fragment together with
full length mutant LRRK2, prevented neuronal apoptotic death
caused by mutant LRRK2 alone, suggesting it does so by binding
endogenous FADD in a dominant negative fashion and preventing
the caspase-8 dependent apoptotic cascade we have described
previously. Preliminary evidence points to a potential cleavage step
that may be critical in the formation of higher molecular weight
oligomeric complexes containing LRRK2; and thus, this step may
also be required for the induction of apoptotic death in neurons
expressing mutant LRRK2.

WE08-23
NPF AS MOTIVATIONAL MODULATOR IN OLFACTORY
LEARNING IN DROSOPHILA LARVAE
Rohwedder, A. and Thum, A.S.

Université de Fribourg, Département de zoologie, Fribourg,
Switzerland

How does an animal ensure that an appropriate motor action is
expressed at the right time?

Similar to humans Drosophila larvae and flies use past experience
to predict the future, be it the consequence of an animal’s own
actions or upcoming external events. These predictions then can
contribute to the selection of behaviour which is in addition under
motivational control. The mechanisms of motivational control have
been widely studied; however the molecular and neuronal basics
remain rather unknown.

Drosophila is an ideal model to investigate this issue as well-
established learning paradigms exist. One prominent paradigm that
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is used in flies and larvae uses learned representations of olfactory
cues associated with food. Hereby activation of the neuropeptide F
(NPF) was shown to mimic food deprivation and promotes memory
performance in satiated flies. As larvae are constant feeders and
therefore differ in their naı̈ve food-seeking behaviour to flies we
investigated the action of NPF in larval associative olfactory
learning by spatio-temporal decrease and increase of the peptidergic
NPF signalling. In contrast to adult behaviour larval learning
performance decreased with higher NPF levels, suggesting a
different function of NPF in the larval brain.

WE08-24
ANTICONVULSANT PROPERTIES OF CITRUS
AURANTIUM IN ZEBRAFISH
Rosa-Falero, C.1, Torres-Rodrı́guez, S.2, Sosa, J.3, Del Valle-

Mojica, L.M.1, Torres-Hernández, B.A.1 and Ortiz, J.G.1

1Pharmacology & Toxicology Department, School of Medicine,
San Juan, Puerto Rico

2Biology Department, UPR-Rio Piedras Campus, San Juan,
Puerto Rico

3Universidad del Este, Carolina, Puerto Rico

Leaves of Citrus aurantium (CA, bitter orange) are used in folk
medicine to treat anxiety, insomnia and epilepsy. Essential oils from
the peel of the fruit have shown to increase seizure latency induced
by pentylenetetrazole (PTZ) and maximal electroshock seizure in
mice. In vivo anticonvulsant properties of CA extracts were tested
using adult zebrafish (Danio rerio). Zebrafish were exposed to
various CA extract concentrations before exposure to PTZ 3 mg/ml.
CA extracts 28.00 mg/ml increased seizure latency by 62%. The
effects of CA extract on metabotropic (mGluR) and ionotropic
(iGluR) receptors were examined through [3H] Glutamate binding
([3H]). CA extract showed an EC50 of 0.1967 mg/ml and reduced
[3H] Glu binding from 0.42mg/ml to 5.60mg/ml. In the presence of
glutamate ligands CA extract showed selectivity for iGluR and
mGluR groups II and III. To study the In vivo interaction of CA
extract with mGLuR, zebrafish were treated with various glutamate
receptor antagonists prior exposure to CA extract. Pretreatment with
PHCCC potentiated the effect of CA in seizure latency suggesting
an interaction between CA extract and mGluR I. Also exposure to
EGLU followed by CA extract 28mg/ml abolished the increase in
seizure latency caused by CA exposure, suggesting an interaction
between CA extract and mGluR II receptors. Exposure to CPPG
prior to CA extract 28mg/ml had no significant effect on the change
in seizure latency caused by CA extract. Taken together, these
experiments suggest a possible interaction of CA extract with
mGLUR. Approved by IACUC protocol #3180110.

WE08-25
EFFECTS OF PARADOXICAL SLEEP DEPRIVATION ON
PAIN SENSITIVITY AND ITS RELATIONSHIP WITH
DOPAMINERGIC SYSTEM
Skinner, G.O., Damasceno, F., Castro, A.G. and Almeida, O.M.

Rio de Janeiro State University, Department of Pharmacology and
Psychobiology, Rio de Janeiro, Brazil

Paradoxical sleep deprivation (PSD) increases pain sensitivity
and reduces morphine antinociception. Because dopaminergic
neurons in the periaqueductal gray matter (PAG) participate in pain
modulation and opioid-induced antinociception, we evaluated the

effects of PSD on thermal pain sensitivity, morphine- and L-DOPA-
induced antinociception and dopaminergic functionality in the PAG
by assessing tyrosine hydroxylase (TH) immunoreactivity. Rats that
were subjected to 96 hours of PSD received vehicle, morphine (2.5,
5 or 10 mg/kg, i.p.), L-DOPA (50 or 100 mg/kg, i.p.) or L-DOPA
(50 mg/kg) + morphine (2.5 and 5 mg/kg) and were tested with a
46 �C hot plate 1 hour after the injections. The paw withdrawal
latency response to the hot plate was decreased in the PSD rats and
was modified by the highest dose of morphine, L-DOPA and
L-DOPA + morphine. The analgesic effects were observed in
control groups for all morphine doses, 100 mg/kg of L-DOPA
and L-DOPA (50 mg/kg) + morphine (5 mg/kg). The number of
cell bodies that were immunopositive for TH in the PAG was
reduced in PSD rats. In conclusion, the increased thermal sensitivity
was reversed by L-DOPA and could be caused by a reduction in
PAG TH level. Our data also suggests a relationship between central
dopaminergic network and opiate-induced analgesia in rats.

WE08-26
CIRCADIAN HYPOACTIVITY IN RELAXIN-3 KNOCKOUT
MICE AND ACTIVITY/FEEDING EFFECTS FOLLOWING
PHARMACOLOGICAL RXFP3 MANIPULATION
Smith, C.M.1, Hosken, I.T.1, Hossain, M.A.1, Shabanpoor, F.1,
Sutton, S.W.2, Wade, J.D.1 and Gundlach, A.L.1

1University of Melbourne, Florey Neuroscience Institutes,
Melbourne, Australia

2Johnson & Johnson Pharmaceutical Research & Development
LLC, San Diego, USA

Relaxin-3 is a newly identified neuropeptide, which is enriched
within neurons of the nucleus incertus that widely innervate
forebrain regions containing high levels of the relaxin-3 G-protein
coupled receptor, RXFP3; and which has been implicated in the
control of a range of behaviours such as arousal and feeding. In the
present studies, C57BL/6J backcrossed relaxin-3 knockout (KO)
mice were observed to run 30–40% less distance than wildtype
(WT) controls on home-cage running wheels during the dark
(active) phase (p = 0.009), and spent more time sleeping. Further
evidence linking relaxin-3 with arousal was achieved in a separate
cohort of WT mice subjected to food restriction, whereby acute icv
infusion of an RXFP3 antagonist (0.9 nmol) decreased the climbing
behaviour exhibited by mice (p = 0.012) during the light phase food
anticipatory activity period before meal time. In a separate set of
experiments, in contrast to rat studies which have demonstrated
relaxin-3 to be potently orexigenic, increased consumption of
regular chow was not observed in WT mice following acute icv
infusion of 0.9 nmol mouse relaxin-3 (p = 0.52) or a specific
RXFP3 agonist (p = 0.59), and similar results were obtained using
relaxin-3 KO mice. Interestingly however, acute icv infusion of an
RXFP3 antagonist (1.8 nmol) was shown to decrease the consump-
tion of palatable food (p = 0.008). These studies suggest that while
RXFP3 is able to modulate feeding behaviour under certain
conditions in mice, this role does not appear as pronounced as in
rats. Taken together, these studies provide further evidence that
relaxin-3 can modulate arousal and feeding behaviours, which are
often perturbed in a range of psychiatric disorders.
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WE08-27
RESTORING DA CLEARANCE MECHANISMS REDUCES
ABNORMAL INVOLUNTARY MOVEMENTS THAT
ACCOMPANY L-DOPA THERAPY
Stanić, D.1,2, Boon, W.C.1,2 and Horne, M.K.1,2,3

1Florey Neuroscience Institutes, Neurodegeneration Division,
Parkville, Australia

2Centre for Neuroscience, University of Melbourne, Parkville,
Australia

3St. Vincent’s Hospital, Neurology Department, Fitzroy, Australia

Parkinsonian symptoms result from insufficient dopamine (DA)
supply to the striatum. L-DOPA treatment initially improves
Parkinson’s disease (PD) symptoms. However, its beneficial effect
is marred by the emergence of complex excessive involuntary
movements (dyskinesia). Previously, using in vivo microdialysis and
high performance liquid chromatography (HPLC), we showed that
in dyskinetic rats, striatal DA levels are abnormally high during a
dose of L-DOPA, and that DA levels directly correlate with
dyskinesia. Our current work tested whether normalising striatal DA
levels in PD rats following a dose of L-DOPA prevents dyskinesia.
Our approach was to reinstate DA clearance mechanisms, i.e. the
DA transporter, into the striatum, which are lost as a consequence of
PD. Rat PD models were created by injecting 6-hydroxydopamine
into the medial forebrain bundle. Four months later, L-DOPA
methyl ester (6 mg/kg) and benserazide (15 mg/kg) were adminis-
tered daily for 14 days, during which abnormal involuntary
movements (AIMS) were measured. AIMS were classified into
four subtypes: forelimb; orolingual; axial; and locomotive. The full
length rat DAT cDNA was cloned, and we developed a B1a
fibroblast cell line that expressed DAT. When a stable level of AIMS
was established, these DAT-expressing fibroblast cells were trans-
planted into the striatum of dyskinetic rats. Following grafting of
DAT-expressing fibroblasts, L-DOPAwas administered for a further
10 days, during which AIMS reduced by 31 ± 10%. No significant
reductions in AIMS were observed in dyskinetic rats that received
non-DAT-expressing fibroblasts cells. Currently, microdialysis and
HPLC experiments are being performed to confirm whether grafting
of DAT-expressing fibroblasts reduces DA levels in the striatum of
PD rats following L-DOPA treatment. Our results suggest that
preventing excess DA levels in the PD-affected striatum, by
restoring DA clearance mechanisms, reduces L-DOPA induced
dyskinesia. This approach to manipulating DAT to achieve stable
DA levels may point to a potential therapy for preventing
dyskinesia.

WE08-28
ABSTANTICONVULSANT PROPERTIES OF VALERIAN
EXTRACTS AND VALERENIC ACID IN ADULT
ZEBRAFISH (DANIO RERIO)RACT TITLE
Torres-Hernández, B.A., Del Valle-Mojica, L.M., Rosa-Falero, C.
and Ortiz, J.G.

University of Puerto Rico Medical Sciences Campus- Department of
Pharmacology and Toxicology, San Juan, Puerto Rico

Valeriana officinalis extracts have been attributed anxiolytic,
sedative and anticonvulsant effects. Our aim was to examine the
anticonvulsant properties of valerian extracts in adult zebrafish
(Danio rerio). Zebrafish were pretreated with anti-epileptic drugs
(AEDs), valerian extracts or valerenic acid and then exposed to
Pentylentetrazole (PTZ 3 mg/mL) in the water tank. After exposure

to PTZ naive fish swim in circles, dart about the enclosure; make a
wild jump and loose posture. The latency period was defined as the
wild jumping immediately followed by the loss of posture.
Zebrafish pretreated 1 hour with AED such: clonazepam, phenytoin,
gabapentin or valproate significantly increased (p < 0.001) latency
when exposed to PTZ (3 mg/ml). Valerian extract, valerenic acid
and AED had similar convulsion progression. Ethanolic valerian
extract (0.50–2 mg/ml) significantly increased latency. Both
extracts, showed similar latency of phenytoin, gabapentin and
valproate in zebrafish exposed to PTZ. However, 5 mg/ml aqueous
valerian extract were required to obtain a significant increase on
latency. Valerenic acid increased latency at lower (20–80 lg) doses
compared with valerian extracts. Our data demonstrated that
valerian extract had similar effect to AED. Ethanolic valerian
extract are 10 times more potent than aqueous extracts. Valerenic
acids are at least 25 times more potent compared with AED and
valerian extracts. Approved by IACUC protocol #3180110 on May
28, 2010.

WE08-29
THE ROLE OF THE VASOPRESSIN IN ALZHEIMER
RELATED DEMENTIA
Varga, J., Klausz, B., Domokos, Á. and Zelena, D.

Department of Behavioral Neurobiology, Institute of Experimental
Medicine, Budapest, Hungary

Despite the growing number of patients and the potential danger
what these patients mean to themselves or others, the treatment of
dementia (as a phenomenon of the Alzheimer disease) is still an
unsolved problem. The positive effects of vasopressin on the
memory are well known, therefore we examined if its role changes
with age and if these changes are correlated with the level of the
cerebral amyloid precursor protein mRNA levels (APP; marker of
Alzheimer disease). We compared the vasopressin deficient homo-
zygote recessive Brattleboro rats with normal homozygote dominant
animals in adult (3 months) and in old age (12 months). To receive
a comprehensive picture about their memory we observed their
social discrimination, object discrimination, and conditioned learn-
ing abilities (Shuttle box). The first two tests model a short-term,
stress free learning process, while the Shuttle box test is a long-term,
stressful examination. We measured the APP mRNS levels with
quantitative PCR. Although the aged animals was less interested in
examining their environment, but there was no difference between
the memory of adult and aged control groups. The vasopressin
deficient rats at both ages showed a weaker performance in the
course of the social and object discrimination tests. During the
shuttle box test the vasopressin deficient animals were more active.
In adult rats the vasopressin deficiency worsened the memory,
however in the aged rats this difference disappeared. The APP
mRNS levels of the elder animals were higher, than the levels of the
adults, and the presence of the vasopressin did not influence the
elevation. We can conclude that the 1 year old rats do not show
spontaneously memory deficit, although the results of the APP
marker measurement are already pathological. The positive roles of
the vasopressin in short-term memory tests are observable in both
age groups, although it does not go parallel with the levels of the
APP marker. So vasopressin does not seem to have a role in the
development of Alzheimer related dementia.
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WE08-30
PHARMACOLOGICAL RESCUE OF LEARNING DEFECTS
IN NEUROFIBROMATOSIS TYPE 1 MUTANT FLIES
Vose, L.R., O�Brien, P. and Hannan, F.

New York Medical College, Cell Biology and Anatomy Department,
Valhalla, NY, USA

Neurofibromatosis Type 1 (NF1) is a devastating disease
affecting 1 in 3500 children. In addition to a heavy tumor burden
and physical abnormalities, 55% of children have difficulties with
visuospatial and learning tasks. Mouse NF1 mutants show spatial
learning defects in a Morris water maze that can be genetically and
pharmacologically rescued. Fly NF1 mutants also show learning
defects using a classical learning protocol that pairs odor with
shock. The NF1 protein regulates two signaling pathways known to
be required for learning and memory tasks in flies. The central Ras
GAP domain (GRD) of NF1 down regulates Ras and downstream
MAPK and PI3K/mTOR pathways required for long term memory.
The C-terminus of NF1 activates an adenylyl cyclase to increase
cAMP levels required for learning. We are using three FDA
approved drugs to alter signaling in these pathways: lovastatin, an
HMG-CoA reductase cholesterol lowering drug; rolipram, an anti-
inflammatory anti-depressant drug that inhibits cAMP phosphodi-
esterase; rapamycin, an anti-tumor drug that inhibits mTOR. We
hypothesize that these drugs should improve learning of NF1
mutant flies. To test learning, groups of adult flies are exposed to
two odors in succession, the first paired with electric shock. When
given a choice between the odors, wild type flies avoid the odor that
was paired with shock. Using this paradigm, we have shown
improved learning of NF1 mutants after overnight treatment with
lovastatin and rolipram, but not rapamycin. Individual adult flies
can also be trained to associate a visual stimulus with heat
punishment in a flight simulator apparatus. We found that NF1
mutant flies show a visual learning defect, which is improved after
overnight treatment with lovastatin. Testing with the other two
drugs is underway. We plan to determine whether the GRD or C-
terminus of NF1 is regulating visual learning by expressing
transgenic RNAi and human NF1 fragments in discrete areas of
the fly brain. Successful completion of these experiments will
inform and expedite mouse and human research.

WE08-31
INTERACTIONS OF OPIOID RECEPTORS WITH SPECIFIC
AND NONSPECIFIC ION CHANNELS
Wollemann, M. and Benyhe, S.

Institute of Biochemistry Biological Research Center, Szeged,
Hungary

In the last decade more data were published on relationships
between opioid receptors, different specific channel VDCC (N-type
voltage-dependent Ca2+ channel, Heinke et al.2011), and non-
specific ion channels: such as ASIC1 (acid sensing ion channel1,
Mazzuca et al.2007) and TRPV1 (transient receptor potential
channel vanilloid1, Zoellner et al.2004). Among opioid receptors
mu-ligands (morphine, DAMGO, endomorphin1) were established
to inhibit TRPV1 and VDCC channels,or to activate ASIC1a
channel through the endogeneous kappa-ligand dynorphin (Sher-
wood et al.2009). The inhibition of the mu-ligands on TRPV1 was
also observed using in vitro assays (Endres-Becker et al.2007,Vetter
et al.2008).Furtheron the TRPV1 ligand capsaicin inhibited the
endomorphin1 binding and the effect on Gi-protein of the mu-
opioid receptor (Wollemann et al.2008), yet no direct evidence was
found to clear the molecular mechanism of these actions. An
increased level of met-enkaphalin was observed after tartantula
mPcTx1 injections against pain via ASIC1a channel (Mazzuca et
al.2007), The inhibition of the cAMP activated protein kinase Awas
suggested by Vetter et al.(2008) as a possible mechanism.No direct
action of capsaicin on opioid receptor binding was found in our
experiments of the reverse reaction (Wollemann et al.2008).These
results let us to study the effect of protein kinase A and C inhbitors
on these interactions between opioid receptors and ion channel
molecules.
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