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4.1 Final activity report
4.1.0. Summary

The aim of the PROMEMORIA project was to investedhe role of neuronal cell adhesion
molecules (CAMSs) in neuronal plasticity, learnimglanemory. This included the establishment of
in vitro and in vivo models for the evaluation bktrole of neuronal CAMs in impaired neu-ronal
plasticity and CNS disorders. Moreover, it wasdira to develop new strategies for modulation of
synaptic plasticity in order to create novel thew#cs improving learning and memory and
neuroregeneration.

The consortium consisted of 17 leading teams framduntries. It was composed of 14 acade-mic
partners and three SMEs. The work was distributedili workpackages. The first eight of these
comprised the scientific backbone of the consortamd the final three provided the structure for
advanced training of scientists, efficient managames well as optimal dissemina-tion and

exploitation of results. The consortium was supgubidy a Scientific Advisory Board and a Key

Stakeholders’ Committee.

The goals to be achieved were defined in 80 delhes. All of these have been achieved. Thus,
the consortium has published in total 209 scienté#iticles (180 published and 29 in press).
Moreover, 31 patents have been filed and of th&sleal’e been published. A number of meetings
have been arranged. This includes five GeneralrAsbes, and Governing Board meetings every
three months. Moreover, six technique-oriented whops have been held, three phase-I clinical
trials have been carried out based on compoundslajgd by the consortium and finally, two
new pharma/biotech enterprises have been estathlashspin-outs of the project. The consortium
has achieved more in all respects than indicatédemeliverables.
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4.1.1. Project objectives

* The main goal of the Promemoria project was to inv&igate the role of neuronal cell
adhesion molecules (CAMsin neuronal plasticity, learning and memory.

- To achieve a better understanding of the rol€AMs in the maintenance and
modulation of synaptic and netwoldspicity and in cortical circuitry and information
processes underlying learning aneimiory.
- To develop and validate a series of suitable ahimodels for studies of the role of
CAMs in memory function and dysfunction in dises

- To search for novel ligands and mimetics of naat@AMs for modulation of
plasticity with the aim of developing therapesatimproving learning, memory and
neuroregeneration.

* The operational goalsof the consortium, therefore, were:

- To study the structure and expression of gendgeasteins of CAMs and CAM-related
molecules involved in plasticity, learning anémory

- To study the inter- and intracellular signali@gulting from activation of selected
neuronal CAMs

- To study the role of CAMs in neuronal circuitsibelectrophysiologically and
morphologically

- To evaluate the role of neuronal CAMs in the ¢éhtarganism under normal conditions
and in relation to emotional and traumatic maasor

- To establish animal models for the evaluatiothefrole of neuronal CAMs in impaired
neuronal plasticity, CNS disorders and adultragenesis

- To develop new strategies for modulation of ptastwith the aim of creating novel
therapeutics improving learning, memory and aggeneration

4.1.2. Contractors involved

The consortium consisted of 17 leading teams from 11 countriesvds composed of 14
academic partners and three SMEs. The partnersezbaevide range of expertises and technical
competen-cies required to address in an ambiticarsmer the full scope of the project. Thus, the
consortium contained teams specialized in genefmstein chemistry, neurophysiology,
neuroanatomy, neuro-biology, animal models of le@and behaviour, and vivo test systems
for a very broad range of behaviour and learningnpimena. Moreover, there was a considerable
expertise in drug screening and development.

The coordinator, professor Elisabeth Bock, University of Copenimdmeas been responsible for
the management of the consortium. To achieve the af the project, the work was distributed
in 11 work packages The first eight of these comprised the scienbfckbone of the
consortium, and the final three provided the strreefor advanced training of scientists, efficient
management, as well as optimal dissemination aptb#ation of results. The consortium was
supported by &cientific Advisory Board, whose responsibility it was to monitor the sai@nt
quality of the project, andleey Stakeholder’'s Committeeconsisting of representatives of
health care providers, European patient organizstimedical ethics, and ethical aspects of
animal experimentation. The latter committee waseeted to monitor the approach of the
Promemoria consortium to patient interests and napt ethical principles.
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4.1.3. Work performed andresults achieved

Below a summary of work performed and results asghin all workpackages (WPSs) is given.
For each WP the WP-leader, the participating peainthe aims and the deliverables are
indicated.

WP1 Neuronal CAMs and their counter-receptor; structure and expression of genes and
proteins involved in the modulation of plasticity,learning and memory
WP-leader: partner 1, Elisabeth Bock

Partner 5. HansJurgen Volkmer

Partner 6. Dominique Muller/Jozsef Kiss
Partner 9. Rita Gerardy-Schahn

Partner 10. Jacek Kuznicki

Partner 12. Carmen Sandi

Partner 14. Vladimir Berezin

Partner 16. Claus Schafer Nielsen
Partner 17. Alex Zharkovsky

Objectives of WP1

The objectives of this WP were tostreen and characterize moleculesinvolved in intracellular
recognition capable of modulating plasticity properties using genetics, cell biology and
structural biology. Moreover, based on the charaagon of selected molecules,rdimetics of
cell recognition molecules should be identified and developed. This included 3testing in
codified in vitro tests and evaluation of their purity, stability and pharmacokinetics. Finally, 4.
the role of the calmyrin subfamily of neuronal calcium sensors should be characterized. The
deliverables of WP1 are indicated below.

The following results were achieved in WP1

1. Screening and characterization of molecules involved in intercellular recognition capable
of modulating plasticity

A number of CAMs have been expressed recombinagithyer as complete proteins or in
fragments for the study of structure and recepgard interactions. These include NCAM,
NCAM2, L1-CAM, neurofascin, neuroplastin55, neuagiin65, Nectin-1 and Nectin-3.
Moreover, ligands/counter-receptors of CAMs haweerb recombinantly expressed. These
include FGF-receptorl-3 isoforms b and c, FGF-remdpand GDNF. If antibodies were not
available against the above mentioned CAMs, thase been produced and include antibodies
against NCAM2, Neuroplastin55 and Neuroplastinep XBray chrystallography structures have
been obtained of all seven modules of NCAM2, anndheite modules of Neuroplastin55-65.
Moreover, the structure of two modules of NCAM2eoof Nectinl and one of FGFR1 have
been determined by NMR. None of these structureg lheen determined before. Employing
NMR, receptor-ligand interactions have in a numbércases been studied by evaluating
chemical shifts, and in this way a number of honiaplbinding sites in NCAM have been
determined. The binding sites in NCAM for FGFR1 &BDNF have also been determined.
Moreover, binding sites for NCAM, heparansulph&&F1, and the FGF-receptor itself, have
been determined in FGF-receptorl. For the studi¢iseovarious neuronal CAMs, a number of
genetic manipulations have been applied to neuronldlires including the use of shRNA of
NCAM, neuroplastin, neurofascin and ST8Siall. Foruanber of biological studies genetically
manipulated animals (mice) have also been emploeese include knock-outs of NCAM, L1-
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CAM, enzymes involved in the polysialylation pathywaand GFAP. The latter has been
employed for the study of the role of astrocyteeelation to brain injury.

2. Mimetics of cell recognition molecules

A considerable number of peptide mimetics of thelied proteins have been developed. These
include mimetics corresponding to the trans-homlaphinding sites of NCAM dennexins and
plannexins), mimetics of binding sites between NCAM and iwsucterreceptor, the FGF-
receptor éncamins), mimetics of the L1-CAM corresponding to bindisges for the FGF-
receptor élcamins), and mimetics derived from a number of FGFs d@ugejuence similarity to
NCAM (dekafins and dyofins). Functional mimetics derived from neurofascin dreing
characterized. Moreover, mimetics of the FGF-remepobrresponding to the binding sites for
NCAM have been prepared and characterisaceftins), and finally, a peptide mimetic derived
from GDNF corresponding to the binding site to NCA®fliafin) has been prepared and
characterised. A number of biochemical andvitro biological tests have been employed to
characterise these peptide mimetics, and as pesitmtrols mimetics derived from selected
neurotrophins, erythropoietin, S100 proteins andaifteghioneinl/2 have been identified and
characterised simultaneously.

3. Characterisation of peptide mimetics

Characterisation of the CAM mimetic peptides hasluded demonstration of binding to
relevant counter-receptors by surface plasmon eesmnincluding determination of Kd, and
demonstration of activation of various signal tdunion pathways. In cell cultures, their effects
on neurite extension, synapse formation, neurooalival, and synaptic release have been
studied. Moreover, a model of network dynamics apohe turnover has been established in
hippocampal slice culture. After suitable charastdion, selected peptide mimetics have been
chosen for characterisation by pharmacokineticsudieg preparation of a peptide specific
antibody. Peptides characterised in this way inelual peptide derived from NCAM
corresponding to the FGF-receptor binding site @& peptide), a peptide corresponding to
the cisshomophilic binding site in NCAM (the P2 peptideya FGF-derived peptides (a dekafin
and a dyofin peptide). The same has been done dptiqes derived from erythropoietin,
S100A4 and metallothioneinl/2. Interestingly, feptides all seem to stay in plasma for two-
six hours, and they all seem to appear in the cespinal fluid with a CSF:plasma ratio between
1:5-1:20, indicating that they easily cross theolkrain-barrier.

4. Therole of the calmyrin subfamily of neuronal calcium sensors

It has been shown that the glutamate agonist NMBduces a considerable increase of both
calmyrin2 mRNA and protein. This induction could becked by calcium-chelation and by
NMDA antagonists, whereas neuronal activation byamseof metrazol increased the expression
of the protein.

Deliverables:

D.1.1 Screening and initial characterization of molesuhvolved in intercellular recognition
capable of modulating plasticity properties usiegefics, cell biology and structural biology.
D.1.2; 1.3; 1.3Aldentification and development of mimetics of aadH recognition molecules.
D.1.4; 1.4ACharacterization of NCAM mimetics in codifiéavitro tests and evaluation of their
purity, stability and pharmacokinetics.

D. 1.5Characterization of CaMy2 as a calcium-binding @irotnvolved in regulation of
hippocampal neuronal processes.
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All deliverables of WP1 have been achieved

WP2 Inter- and intracellular signaling underlying plasticity, learning and memory;
Modulations by neuronal CAMs.
WP-leader: partner 3, Dmitri Rusakov

Partner 2. Marina Lynch
Partner 3. Dmitri Rusakov
Partner 10. Jacek Kuznicki

Further collaboration

Partner 1. Elisabeth Bock
Partner 7. Mike Stewart
Partner 12. Carmen Sandi
Partner 14. Vladimir Berezin

Objectives of WP2

1. To probe therole of cell adhesion in modulating basal transmission at individual synapsesin
vitro, by combining single-cell electrophysiology, two-pbio excitation imaging, and
pharmacological testing (based on the ad hoc dpedlbiochemistry protocols) in acute
hippocampal slices.

2. To probe therole of cell adhesion in modulating transmission in the synaptic circuitry in vivo,
by combining electrophysiology methods, use-depenglasticity induction protocols,
biochemistry and molecular biology tools appliedhia hippocampus of anaesthetised animals.

The following results were achieved in WP2

1. Continuous assessment of causal relationship between CAM-related signalling and the
basal synaptic transmission in vitro and in vivo.

Effect of NCAM-associated peptides on synaptic transmission in vitro. The effects of FGL, P2,
hekaton3, hekaton6 and 1-fg peptides on the andglitund paired-pulse ratio of excitatory
glutamatergic responses have been documentedgie €A1 pyramidal cells in the
hippocampus using patch-clamp electrophysiologgcute slices. In summary: FGL decreased
the EPSC amplitude while increasing the pairederdsio (PPR) this indicating a lower release
probability; P2 decreased the EPSC amplitude wietgeasing PPR and increasing holding
current; hekaton3 induced a reversibly increasedsyc responses with no changes to PPR,
and hekaton 6 increased the EPSC amplitude whaeedsing PPR.

Effect of FGL on synaptic transmission and plasticity in vivo. Analysis of LTP in aged and
young rats revealed an age-related decrease anwdbkiattenuated by FGL. This has been
associated with a decrease in expression of syplysm, syntaxin, synaptotagmin and
SNAP25 in synaptosomes prepared from hippocampuis\di cortex, in which no age-related
changes were observed. The age-related changessigaificant in all cases except
synaptotagmin (although the trend persisted) aade-related decreases in expression of these
proteins were attenuated in tissue prepared frofn-tF€ated ratsFGL did not modulate KCI-
stimulated glutamate release from synaptosomespdgrom cortical tissue of young or aged
rats. We have observed an age-related increasiingtial activation and consequently an
increase in hippocampal concentration of the pltammatory cytokine IL-f (which is known

to inhibit LTP). No consistent age-related change#AP-induced glutamate release were
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observed and there was no consistent effect of MBiereas age-related decreases in
synaptophysin, synaptotagmin-1, SNAP25 and syntagire observed in synaptosomes
prepared from cortical tissue, similar changes weteobserved in synaptosomes prepared from
dentate gyrus. There was no consistent FGL-assoc@iange in these proteins and comparison
of tetanized with untetanized tissue also failediiow consistent changes. Because growth
factor receptor engagement has been shown to traggiation of PI-3 kinase and AKT, and
consequently inhibit activation of GSK33we assessed the effect of FGL on this signalling
sequence in tissue prepared from young and ageevhath were/were not treated with FGL.
FGL increased the expression of the 85 kDa subaiii3K in aged, but not young, rats, while
a similar response was observed in AKT; there wsigraficant correlation between these
parameters. There were no significant age-relatédt.-induced changes in either total-GSK-
3B or phosphor-GSK{3(nor the ratio of phosphor-/total-GSK)3 ERK activation was
unchanged with age or FGL treatment.

2. An outline of the molecular machinery that regulates expression and distribution of CAMs
in the hippocampus at the cellular and sub-cellular level.

Mass spectroscopy (MS) of protein fractions assediaith NCAM functioning confirmed that
these fractions contain cell adhesion moleculdd@&Ms, neurofascin, cadherins, beta-catenin
as well as proteins involved in calcium signali8gIM1 and Orail have been found to be
proteins involved in the process of store-oper&ied entry into the cell; the expression level of
STIM1 and its close homolog STIM2 have been andlysel compared in cerebellum,
thalamus, hippocampus, cortex and amygdala. Thesbidevel of STIM1 and STIM2 were in
the cerebellum and hippocampus, respectively. MBetynaptosomal fraction showed that
both proteins were expressed either at synapsediogir immediate neighbourhood. In
pyramidal and Purkinje neurons as well as in catiurippocampal and cortical neurons, strong
dendritic immunostaining was found for STIM1, bot $TIM2. Localisation of Orail, YFP-
STIM1 and YFP-STIM2 shows a dispersed pattern imtrob cortical neurons and punctate
staining in cells with Cd stores depleted by thapsigargin. To understandiffezent

localisation of STIM1 and STIM2 and mechanism @ithranslocation, we are studying the
effects of simultaneous expression of ORAI1 and\&II'or ORAIL and STIM2 on SOCE in
cortical neurons using intracellular calcium measwnts with Fura-2.

3. Assessment of the relationship between the cell adhesion function, use-dependent synaptic
changes, and the molecular composition and the physiology of individual synapses and
synaptic populations

We assessed the effects of S100A4-Al and S100Ad-@@ug/ml, ACSF + 0.1% BSA),
scrambled peptides H3 and H6 on intracellula*@agnalling in dendrites of CA1 pyramidal
cells in hippocampal slices. The drugs were applgdg local pressure injection. S100A4-Al
induced ~15% C4 elevation (p<0.005) normally accompanied by arairdwhole-cell current.
The scrmbled H6 peptide elevated internad"®y ~35% (p<0.01) thus indicating non-
specificity. S100A4-A-ctl and scrambled H3 had fleds.

Two-photon excitation methodologies and image segatien algorithms (volume fraction,
entropy and maximal particle number) have beerbbskteed to monitor fine dendritic
morphology of hippocampal astrocytes. Inductioh ®P at nearby synapses (high-frequency
stimulation protocol) has been found to parallspacific morphological transformation of
astrocytic protrusions suggesting the involvemdmtdihesion mechanisms. Activity-dependent
structural changes in astrocytes have been founelyt@n either spontaneous or evoked
intracellular C4" signals in individual glial cells.
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4. Understanding the biophysical mechanisms shaping the microenvironment of the synaptic
cleft.

The relationship between the synaptic cleft heagitt synaptic efficacy has been established
unveiling a basic principle of synaptic architeetumaximisation of synaptic responses at the
optimal synaptic height, 16-17 nm. A previouslyegcognised fundamental mechanism
contributing to synaptic signal formation and syim@amput integration in neuronal circuits has
been found, electrodiffusion of electrically chadgesurotransmitters such as glutamate. This
mechanisms slows down excitatory synaptic respomses cell depolarisation thus expanding
the coincidence detection window for dendritic ti@inputs. We have recently implemented a
new photonics methodology to gauge instantanedfissiin of small molecules in the brain
extracellular space, time-resolved fluorescencsatropy imaging (TR-FAIM). Control
experiments showed that TR-FAIM could faithfullypoet translational molecular mobility on
the nanometer/ nanosecond scale.

Deliverables:

D.2.1 An assessment of the molecular tools for modutadiocell adhesion related signal-ling
cascades (e.g., recombinant fusion-proteins ofiassef cell adhesion molecules with respect to
their efficiency in inducing synaptic transmissidmnges monitored in electrophysiological
experiments

D.2.2An initial assessment of causal relationship bebw@AM-related signalling and the basal
synaptic transmissioim vitro andin vivo.

D.2.3A Continuous assessment of causal relation-ship leet@&M-related signalling and the
basal synaptic transmissiamvitro andin vivo.

D.2.4-2.5An outline of the molecular machinery that reguag&pression and distribution of
CAMs in the hippocampus at the cellular and subtalillevel.

D.2.6 Assessment of the relationship between the ceksidh function, use-dependent
synaptic changes, and the molecular compositiorttaghysiology of individual synapses and
synaptic populations

D.2.7Understanding the biophysical mechanisms shapmgnilcroenvironment of the synaptic
cleft.

All deliverables of WP2 have been achieved

WP3. Neuronal circuits: From ultra-structure to plasticity; role of neuronal CAMs.
WP-leader: partner 7, Michael Stewart/Paul Gabbott

Partner 1 Elisabeth Bock
Partner 2 Dmitri Rusakov
Partner 3 Marina Lynch
Partner 4 Valerie Doyere
Partner 5 HansJurgen Volkmer
Partner 6 Dominique Muller
Partner 8 Javier DeFeliepe
Partner 12 Carmen Sandi
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Objectives of WP3
The objectives of this WP were to:

1. Elucidate the role of neuronal CAM (NCAMS) in alterations of synaptic and neuronal
morphology in response to modulation of synaptic and neural plasticity, and memory
formation using advanced light and electron microscopy coetbiwith 3D reconstruction
methods. In addition examination of the processvhich CAMs were able to remove the
plasticity induced memory block caused by diregiliaption of(3-amyloid to young rat brain
(in a laboratory derived model of Alzheimer’s) wesglored..

2. Understand the cellular mechanisms and role of NCAMs that underlie the maintenance or
decay of memories over time, both in young adults, and in ageing,morphological and
immunocytochemical methods;

3. Determine how alterations are manifested in the neocortex (frontal cortex) and
hippocampus in both neural microcircuitry and the distribution pattern and density of
neuronal CAMs, and

4. Determine how synaptic structure and circuitry are affected by genetic manipulation of
NCAM expression systems and totest the capacity of CAM mimetics to promote synapse
turnover and synaptogenesis.

The following results were achieved in WP3
1. Role of CAMsin alterationsin synaptic and neuronal morphology- ageing

Our research has demonstrated clearly that a CAetnc (FGL) has a capacity to alleviate the
age related impairment in neural circuitry, as rfested in decreases in dendritic spines and
synapse size in the hippocampus. These structgealnauced impairments are correlated with
altered physiological parameters (notably redud®lityato express LTP). FGL not only
attenuates LTP but also alleviates the reductiorspines and synapses in hippocampus. No
effects are seen in younger animals, indicatingttiia is a very specific age related effect. In
addition an exhaustive stereological investigahaa been made of alterations in neuron and
glial numbers in various subfields of the dorsalignicampus. These effects appear to be
connected with an age-related increase in micr@giisvation and are associated with an
increase in IL-1beta concentration in hippocamus (ot cortex) and that this age-related
change, as well as the deficit in LTP, is attendidie FGL treatment. The evidence indicates
that the age-related changes in NCAM and CD86 tieawated in tissue prepared from FGL-
treated rats.

To investigate the mechanism of LTP and LTD indutin more detail, prior to a detailed
examination of the effect of the CAM mimetic onstiprocess, a three dimensional (3-D)
ultrastructural analysis was made of dendritic syrtaptic structures in the middle molecular
layer (MML) of the dentate gyrus in the hippocamptisonscious (awake) adult rats, 24h after
induction of homosynaptic long term potentiatiom ) and heterosynaptic long term
depression (LTD). Neither LTP nor LTD affected agse density but spine number was
markedly and differentially affected by LTP and LTDTP, but not LTD, increased
significantly the proportion of the large spinessdmushroom spines) while conversely LTD
increased the proportion of thin spines. For st fime in morphometric studies, the
specificity of the effects of LTP on spine and gyg&morphology was determined by use of the
competitive NMDA receptor antagonist, CPP (-3(-Bbcaipiperazin-4-yl)-propyl-1-phosphonic
acid). When CPP blocks LTP it also impairs most,rmi all, morphological changes in spines
and synapses, and in addition exerts morphologitatts on its own. The effect of FGL on
these processes is now being investigated
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2. Role of CAMs at the cellular level - in vivo imaging.

Using hippocampal slices, real-time imaging datdteown that hippocampal astrocytes
respond to induction of LTP by rapidly alteringithiéne morphology (beyond optical

resolution), in a C4 signalling dependent manner. This opens up anritapbline of study in
establishing a role of Gadependent cell adhesion mechanisms in cellulatipley. Another
important aspect of these studies was determinafitime role of N-cadherin on the mechanisms
of spine formation, turnover and stability usingnadel of continuous repetitive imaging of
transfected hippocampal cells. Results indicatedbketion of the extracellular domain of N-
cadherin results in an increased formation of inumeaspines with a defect in PSD formation
and a decreased stability of existing spines. Atelectron microscopy level, spines are smaller
and express smaller PSDs. Furthermore, stabilizagibnked to expression of PSD.95, and
requires activation of NMDA receptors. Upon indoatiof LTP specific stabilization of

activated spines is prevented. Thus N-cadherirbbas shown to play a critical role at synapses
by ensuring the long-term stability of spines.

Another important aspect of work in this area washow that specific isoforms of cell adhesion
molecule neurofascin (see previous reports) areedyfated in the brain of juvenile animals
exposed to stress. Examination was made as to ah#ysregulated neurofascin at axon initial
segments influences formation, plasticity and neanahce of inhibitory synapses in vivo and to
determine this lentiviral vectors were injectedirdt brain for the suppression of neurofascin
isoform expression by RNA interference or for oegpression of specific neurofascin isoforms.

3. Role of CAMsin alleviating neurodegenerative disease

Using the adult rat model of Alzheimer’s (where Bydoid 25-35 is injected directly into the
ventricles, we have shown that the alleviatingaxjrative deficits by the CAM mimetic FGL, is
paralleled by attenuation of morphological effemtspines and synapses in the hippocampus
(and prefrontal cortex).An extensive stereological study has been undertakdetermine
changes in neuron number in various subfields @hippocampus, and we have also examined
alterations in GSK3beta, FGFR1, FGFR2 and zincsparters in identified hippocampal
subfields. The most notable effects are that aatéstu of spine density in CA1 following B-
amyloid administration is reduced and changes uror&al number are also alleviatedn#gjor
effort has been made to understand the proceshioh\WwGL exerts its effect at the cellular
level, and its possible role in alleviating neurgeleerative disease. Glycogen synthase kinase 3
(GSK3) plays a pivotal and central role in the pgtmesis of both sporadic and familial forms
of Alzheimer’s disease (AD). Reducing/inhibiting&3p could be a therapeutic treatment of
Alzheimer’s. To determine whether FGL is ablertadtivate GSKB via the FGFR-Akt

pathway, which phosphorylates G3K&t serine 9, a count of neurons containing inactiv
GSK3 was performed. Our data indeed suggest thaisthiie case and this work is in
preparation for publication.

Deliverables:

D.3.1Initial analysis of the morphological effects oncnoicircuitry of hippocampus of normal
animals of administration of CAM compounds devebbpg partners.

D.3.2Preliminary analyses of the morphological featuriethe morphological features of
animal models of affective and anxiety disorders.
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D.3.3Analyses of the role of CAMs in the mechanismg timalerlie maintenance or decay of
memories over time in normal adult animals, andgaing animals via study of LTP and LTD.
D.3.4Continuous analyses of the role of CAMs in the na@isms that underlie maintenance or
decay of memories over time in normal adult aninaald in ageing animals via the study of LTP
and LTD

D.3.5Analyses of effect of FGL on synaptic and dendspine structure in dentate gyrus of
aged rats

D.3.6 Analyses of the effect of B-amyloid and on syi@aphd dendritic structure in
hippocampus and ability of FGL to recover morphatabdeficits so produced

All deliverables have been achieved

WP4 Effects of interactions between genes and expemnces on learning and memory
abilities role of neuronal CAMs
WP-leader: partner 12, Carmen Sandi

Partner 4. Claire Rampon
Partner 7. Mike Stewart
Partner 8. Javier de Felipe
Partner 12. Carmen Sandi
Partner 13. Gal Richter-Levin
Partner 14. Vladimir Berezin

Further collaboration
Partner 3. Dmitri Rusakov
Partner 9. Rita Gerardy-Schahn

Objectives of WP4

1. Identification and characterization of the role of genes coding for neuronal CAMs on stress
induced cognitive impairment.

2. ldentification and characterization of the role of genes coding for neuronal CAMs on
environmental enrichment-induced cognitive improvement.

3. Characterization of changes at the level of neural circuits and synapses, and itsrelation to the
distribution pattern and density of neuronal CAMSs, induced by life experiences.

4. Development of CAM mimetic peptides with the ability to modulate plasticity in vitro.

The following results were achieved in WP4

1. Identification of stress and enrichment protocols leading, respectively, to cognitive
impairment and improvement

A number of behavioral protocols were establisipagticularly for their validity to induce either
cognitive impairment or cognitive enhancement iseniwith the secondary goal of applying the
validated protocols to mouse models with genetitatens for specific CAMs aspects. In
particular, the following protocols were develofmdpartners in WP4:

- Chronic stress-induced cognitive impairment: Mice were submitted to chronic social stress and
chronic unpredictable stress. The second protoeslselected for its more robust cognitive
impairing effects that were accompanied by incréaspression-like behaviors. Rats were also
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shown to induce cognitive impairment at aging whebmitted to stress during mid-age.
Chronic stress resulted in reduced NCAM expressidhe hippocampus and prefrontal cortex,
but increased NCAM expression in the amygdala. @immél NCAM KO mice showed
cognitive impairment in hippocampus-dependent tasksresembled those of chronically
stressed mice. Conditional NCAM KO mice were manerable to the effects of repeated
stress, since they show impaired spatial and ral/Erarning after two weeks of stress when
wild-type mice are not yet affected (the lattercdhémur weeks to show the same impairments).

- Environmental-enrichment induced cognitive enhancement: Environmental enrichment was

shown to reverse the deleterious effects on cagnitiduced by juvenile stress. PST KO mice
were shown to display impairment in long, but nobrs, term memory in several hippocampus
memory tasks that were reversed by environmentattenent, but not paralleled by alterations
in hippocampal neurogenesis. STX, but not PST, Ki@ewere shown to display considerable
aggressive behaviors when confronted with a corispeaouse in the resident-intruder test.

2. Continuous identification of at least two peptide mimetics of cell adhesion molecules
capable of counteracting cognitive impairment, and/or facilitating cognitive improvements
induced by life experiences and/or genetic background

The peptide plannexin was confirmed to enhancaapaarning and long-term memory when

injected intracerebroventricularly immediately aftee initial training sessions, but it had no

significant effects when injected before trainifgannexin was also confirmed to overcome the
cognitive deficits induced by deficits in PSA-NCABkpression: (i) induced by the enzyme
endoneuroaminidase-N (cleaving PSA from NCAM); abderved in (i) PST KO mice.

Subchronic administration of the NCAM mimetic pejtiFGL reversed the learning deficits in

NCAM-KO mice. In rats, this treatment when givenridg stress at mid-age prevented the
cognitive decline observed in stressed rats dueagy senescence. This treatment also
prevented the decay in hippocampal neurogenesingdis during early aging (20-months) of

rats submitted to mid-life stress.

Several other peptides were shown to be effectivether interfering or facilitating learning and
memory processes, such as enplastin, narpin, Demrencarmin A, encarmin B, and encarmin
C. No cognitive effects were found for other pepsidsuch as Emtin-A

3. ldentification of key neurobiological pathways mvolved in the cognitive effects of at least
two selected peptides

Morphological examination of the hippocampus frammaals trained and treated with plannexin
showed marked changes in synaptic architecturé, plennexin inducing significant decreases
in the proportion of thin/small spines while incsea in the proportion of mushroom/large
spines. Moreover, 3D reconstruction of dendritigrsents to measure synapse density per
length indicated that animals trained and injeatgith plannexin showed the highest synapse
density. Electrophysiological studies showed tHahipexin has immediate effects in synaptic
function facilitating plasticity in the hippocampuBiochemical analyses implicated trafficking
of AMPA GIuR1 receptors.

FGL treatment, at conditions that facilitate hippopus-dependent learning, was shown to
facilitate LTP in the CAlstratum oriens. NMDA decay time was smaller in FGL-treated mice,
indicating a higher magnitude of NR2A expressiontheir synapses, which fits with the

plasticity and cognition enhancing properties ab theptide. FGL also counteracted spatial
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learning deficits in conditional NCAM KO mice. FGlso induced increases in spine volume in
the cingulated cortex.

Deliverables:

D.4.1 Identification of stress and enrichment protocasading, respectively, to cognitive
impairment and improvement..

D.4.2 Identification of peptide mimetics of cell adhesimolecules capable of counteracting
cognitive impairment, and/or facilitating cognitiv@provements induced by life experiences
and/or genetic background

D.4.2A Continuous identification of at least two peptiténetics of cell adhesion molecules
capable of counteracting cognitive impairment, and@cilitating cognitive improvements
induced by life experiences and/or genetic backgtou

D.4.3 Identification of key neurobiological pathwaysatved in the cognitive effects of at least
two selected peptides

All deliverables of WP4 have been achieved

WP5. Formation of emotional and traumatic memoriesyole of neuronal CAMs
WP-leader: partner 13, Gal Richter-Levin

Partner 4. Valérie Doyere
Partner 10. Jacek Kuznicki
Partner 12. Carmen Sandi
Partner 13. Gal Richter-Levin
Partner 14. Vladimir Berezin
Partner 18. Alex Zharkovsky

Objectives of WP5

The objectives of this WP were tol@lentify and characterize the region-specific mechanisms
involved in the formation of emotional and traumatic memories focusing on the role of cell-cell
recognition, 2. Characterize the role of amygdala activation in modulating cell-cell recognition

in brain areas such as the hippocampus and prefrontal cortex, in relation to emotional and
traumatic memory formation, and based on the characterization tBv@luate the potential role

of neuronal CAM mimeticsin reversing or preventing traumatic memories, and finally to 4.

Asses the role of neuronal CAMs in disturbed cognitive and emotional behaviour induced by

early maternal deprivation or early applied toxins.The deliverables of WP5 are indicated below.

The following results were achieved in WP5.
1. Development of experimental protocols with which to evaluate the role of neuronal CAMs.

Novel protocols for the evaluation of the impacegposure to a traumatic experience early in
life, in adulthood and in ageing were developedji®@ specific and experience-specific
changes in neuronal CAM expression in various hreagimons such as the hippocampus, the
prefrontal cortex, the amygdala, the piriform crréad the thalamus were evaluated. Due to the
range of findings, focus has been on changes follgpwxposure to traumatic experiences in
youth or in adulthood and in the hippocampus anygaiala.
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Exposure to juvenile stress or to significant (natic) stress in adulthood was found to result in
alteration in the expression of L1-CAM in both #aygdala and the hippocampus. Attempts to
interfere with L1-CAM peptide mimetics did not yilehny behavioural effects though. NCAM
was also studied after exposure to juvenile stvesggnificant traumatic stress in adulthood and
like L1-CAM it was found to be affected in its ergsion emphasizing the role of neuronal
CAMs in emotional memory. Particularly, the polyatad form of NCAM, PSA-NCAM, was
studied and this included analyses of the expregsithe polysialyltransferases ST8Siall and
ST8SialV. Moreover, the polysialated form was daiaeed in various regions of the amygdala
and it was found that peri-puberty stressed ratglayed lower PSA-NCAM expression levels in
the central amygdala. In adult animals, the sanmaaa showed under basal conditions higher
PSA-levels in the lateral and baso-lateral nudi¢he amygdala as compared to control rats,
whereas no differences were observed in other aalgguiclei. In the animals in which the two
polysialylating enzymes were individually knockedt@ was found that only animals lacking
ST8SialV had reduced PSA-NCAM levels throughoutghe/gdala nuclei. The same animals
exhibited marked changes in anxiety-like behaviofdailt animals submitted to traumatic brain
injury of the sensory-motor cortex exhibited demeand hemiparesis.

Finally, in order to assess neuronal plasticityelation to emotional and traumatic memories, it
was demonstrated, that reverberatory activity enlttteral amygdala may provide the
mechanisms allowing coincident detection and ptagtduring fear conditioning. Also, the
possible impact of reexposure to the context ohdanhatic experience on plasticity was
evaluated and it was found that reexposure to atrees affects not only aspects of plasticity of
principal cells, but also aspects of local cirgudctivity in the dentate gyrus. It is suggesteat th
these changes underlie some of the behaviourakgoesces of traumatic experience.

2. Examination of the ability of CAM-mimetics to affect emotional and traumatic learning
and memory.

Since it has been shown that the NCAM-derived peptGL, induce heterosynaptic LTP on
the lateral perforant path vivo, a protocol was developed for the investigatiothefeffect of
FGL on olfactory fear memory and its selectivityedRlIts are still under analysis.

The cell adhesion molecule associated cytoplasostear proteinf-catenin, has been observed
to accumulate specifically in thalamic neurons endrder to determine the mechanisms of the
stabilization of3-catenin in this region, a study was carried ootrghg that some of the

proteins involved in the degradationfltatenin were decreased in the thalamus, andhisat t
decrease likely was the explanation for the stadtilon off-catenin in thalamic neurons.

The NCAM-derived P2 peptide was applied to aninsalsmitted to traumatic brain injury after
the injury had been inflicted, and pronounced aonation was demonstrated. This included the
complete prevention of the development of demeattha more rapid recovery as regards motor
control of paretic muscles.

Deliverables:

D.5.1 Identification of effective protocols on whichtest candidate neuronal CAM mimetics
for their therapeutic potential.

D.5.2 + D.5.2.ACharacterisation of the role of cell-cell recogmitprocesses in the formation
of emotional and traumatic memories
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D.5.3. + D.5.3.AAssessment of the contribution of cell-cell redtign processes in the
amygdala and other brain regions to the formatiognmotional and traumatic memories
D.5.4.+ D.5.4.A Assessment of the role of at least one neuroAM @imetic in trauma related
syndromes

D.5.5.Assessment of neuronal plasticity in relationno&onal and traumatic memories

All deliverables of WP5 have been achieved.

WP6. Animal models of impaired neuronal plasticityand CNS disorders
WP-leader: partner 14, Vladimir Berezin/ENKAM

Partner 11. Patrik Brundin

Partner 12. Carmen Sandi

Partner 13. Gal Richter-Levin
Partner 15. Miguel Medina/Noscira
Partner 17. Alex Zharkovsky

Objectives of WP6

The objectives of this WP were to dstablish and/or utilize animal disease models of brain
injury and ischemia for the assessment of the role of defined genetic and epigenetic factors in
neuronal plasticity. Moreover, based on selected established modetslize the animal genetic
models to understand the molecular mechanism(s) of neuroregeneration in the adult CNSand to
explore the possibilities for increasing neuronal plasticity and enhancing neuroregeneration.
The deliverables of PW6 are indicated below.

The following results were achieved in WP6

1. Establishment and/or utilization of animal disease models of brain injury and ischemia for
the assessment of therole of defined genetic and epigenetic factorsin neuronal plasticity

Partner 11 has established and validated the folpwdent models: Alzheimer’s disease (AD)
model using 192-IgG saporin; The Huntington’s dsseédHD) mouse model (R6/1 and R6/2
mice); The Parkinson’s disease (PD) model using#®A, excitotoxic brain injury model in rat
using quinolinic acid.

Partner 12 has validated a mouse model with defigien NCAM expression.

Partner 13 has adopted the model of {2&-35 peptide induced AD-like pathology introduced
by Partner 1 and Partner 14.

Partner 14 has established and validated the folgpwodent models: Traumatic brain injury
model (in collaboration with Partner 1); Rat ADdiknodel (in collaboration with Partner 1).

Partner 15 has established and/or validated thewimlg mouse models: Tet/GSK3; TauVLW
APPsw/TauVLW.

Partner 17 has validated the following tg-mouse @s®dNCAM knockout mice; GFAP
knockout mice

Partner 17 has also validated a kainic acid mofdepibepsy.
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2. Utilization of animal genetic models to understand the molecular mechanism(s) of
neuroregeneration in the adult CNS and to explore the possibilities for increasing neuronal
plasticity and enhancing neuroregeneration

Partner 11 has characterized the neurogenic respona model of excitotoxic brain injury
(quinolinic acid).

Partner 13 has identified a peptide derived froro Efpotris) as a potential target to modulate
LTPin vivo.

Partner 12 has identified 2 peptides derived fro@ANI, which induced learning and memory
abilities.

Partner 14 has identified several sites in NCAML(I¢g2, Ig3, Fn3.1, Fn3-2) as molecular
targets to develop plasticity modifying mimetic pdps. Cell adhesion molecule L1 has also
been identified as a molecular target (in collaborawith Partner 1). Partner 14 has identified
nine FGFs as a potential source of mimetic peptioiegpharmaceutical relevance for the
modulation of plasticity and regeneration (in cbbeation with Partner 1). Some of the peptides
had memory enhancing and neuroregeneration progietfacts.

Partner 15 has validated GSK3as a molecular target to address neurodegeneraton
plasticity impairments seen in AD and tested vivo efficacy of several compounds in
Tet/GSK3, tauVLW and APPsw/TAuUVLW transgenic mice

Partner 18 has using NCAM knockout mice validat€tANI as a molecular target to develop a
new generation of antidepressants, and has empldypo-derived peptide established the role
of Epo in kainic acid induced seizures and neuriottyx

Additionally: Partner 8 has performed a thorough quantificadfomorphological markers of
AD-like pathology (amyloid plaques, dendritic tregges of synapses) using APP/PS1tg mice.

Deliverables:

D.6.1 Establishment and validation of rodent modelbrain injury, stroke and neurodegene-
rative diseases.

D.6.2 Preliminary identification of 1-2 molecular tatg which (i) will improve our
Understanding of the neuronal plasticity and regaen in the adult on the cellular and
molecular levels, (ii) can be utilizixl designing pharmacological paradigms that would
improve neuroregeneration in individuaho have lost neuronal cells as a consequence
of a physical or psychological traumaalisease.

D.6.3+ 6.3AFurther characterization of targets of pharmacaltalevance involved in plasticit
and regeneration.

All deliverables of WP6 have been achieved

WP7 Neuronal CAMs and adult neurogenesis: role itearning and memory consolidation
and brain repair.

WP7 - leader: Partner 11, Patrik Brundin

Partner 1  Elisabeth Bock

Partner 4 Valérie Doyére / Claire Rampon
Partner 6 Dominique Muller / Jozsef Kiss

Confidential May 24 2009 16



Project acronym: PROMEMORIA — Contract no. LSHM-QU05 -512012
Publishable final periodic ACTIVITY REPORT

Partner 11 Patrik Brundin
Partner 18 Alexander Zharkovsky

Objectives of WP7

The objectives of this WP were to:

1. To examine the role of CAMs in hippocampal neurogenesis with respect to enrich
environments, and learning and memory.

2. To evaluate the influence of stress and aging on neurogenesis in rat models of dementia.

3. To establish the in vitro model of neural progenitor cell integration in organotypic slice
cultures.

4. To administer neuronal CAM mimeticsin at least two in vivo models of dementia with the aim
of regenerating lost cholinergic neurons.

5. To characterize the relationship between astroglial, adhesion molecules and neurogenesisin
demented brains.

The following results were achieved in WP7

1. Determination of the functional role of CAMs in hippocampal neurogenesis, learning and
memory.

Two knockout mice for the two polysialyation enzysref NCAM, STX-KO and PST-KO, were
studied. We found no alterations in neurogenesianiyn of these knockout mice. STX-KO mice
had a robust reduction in proliferative activityden stress and exhibited reduced anxiety. Both
STX-KO and PST-KO mice had memory impairment. PSJ-ice were affected in spatial and
non-spatial tasks. Interestingly, these deficitsidde overcome by enriched environment.

In other studies, the NCAM mimetic peptide FGLseffon neurogenesis was investigated. We
found increased neurogenesis after post-traumgticyiwhen FGL was administered.

FGL could also reverse the depression-like phemobfgthe NCAM-deficient mice and enhance
the survival of newborn neurons. Hippocampal neeinegis was also studied in view of the
transcriptional regulation and the temporal expogs®f specific transcription factors (e.qg.
Mash1, Tbrl/2, NeuroD and PSA-NCAM). We found ttred transcription factor NeuoD1 was
expressed before PSA-NCAM and could also contr®l ekxpression and the hippocampal
neurogenesis.

2. Determination of the effect of potential neurogenic compounds

We developed a screening model combining transgiant of NPCs into cortical slice cultures.
The grafted NPCs migrated to cortical regions amd69differentiated into GABAergic
interneurons that showed axon-like processes.ighntiodel, overexpression of FGF2 in neural
progenitor cells enhanced the proliferative andrat@yy properties of grafted progenitor cells.
We found also that in the contact with capillariétsese NPCs were maintained in a non-
differentiated proliferative state and thereforalddunction as an ectopic niche.

3. Dementia and its connection neuroregeneration.

We developed a specific rodent model of dementiais Jposttraumatic lesion model was
established to have a model where animals exhibibéidl dementia and deficient motor control.
Treatment with P2 peptide limited dementia and metanptoms.Treatment with FGL and P2
could also restore memory of social recognitioraimodel of impaired cholinergic function
(scopolamine administration).
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4. Establishment of several models of neurodegeneration

These models were used to study the ability of orelrCAMs and other potential compounds
or environments, to regenerate the damaged braint@nmprove cognition. In a model of

cryolesion and in the R6/2 mouse model of Huntingtlisease, peptides derived from FGF
(Dekafin-1/Dyofin) could improve both cognition amé¢urodegeneration. In a seizure model,
kainate acid administration, the S100A4 peptidgso{iis (H3)/Hekatones (H6)) could reduce
seizure activity.

Deliverables:

D.7.1 Determination of the functional role of CAMs in pipcampal neurogenesis and learning
and memory.

D.7.2 Establishment of a model of dementia whereby negemeration can occur.

D.7.3 Establishment of the use of organotypic slidéuces as an efficient screening procedure
for compounds that regulate vitro neurogenesis.

D.7.4 Established therapeutic basis by which new aleadjic neurons may re-establish
functional connections and behavioral cogniteeovery.

D.7.5 Development of botim vitro andin vivo modeling systems to screen for the ability of
neuronal CAMs and other potential cooms or environments, to regenerate the
damaged brain and to improve cognition

All deliverables of WP7 have been achived

WP8. Novel strategies for modulation of plasticitywith aim of developing therapeutics
improving learning and memory
WP-leader: partner 14, Vladimir Berezin/ ENKAM

Partner 1. Elisabeth Bock
Partner 15. Miguel Medina/Noscira
Partner 16. Claus Schafer Nielsen/Schafer-N

Objectives of WP8

The objectives of this WP were todevel op compounds with beneficial effects on memory
impairment and neurodegeneration. This was to be achieved byidentification and
characterization of peptide families mimicking function of cell adhesion molecules and growth
factor receptors, 3.identification and characterization of novel dual inhibitors of AchE and tau
phosphorylation, 4. characterization of interactions between the effect of mimetic peptides on
neurodegeneration and astrocyte function modulation.The deliverables of WP1 are indicated
below.

The following results were achieved in WP8

1. Development of compounds with beneficial effects on memory impairment and
neurodegeneration

Partner 14 in collaboration with Partner 1 havenidied and develop the following compounds
with beneficial effects on memory impairment aneurodegeneration: FGL, a potent FGF
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receptor agonist that contains an NCAM-derived saga motif (preclinical development has
been completed; FGLL form has been through phaiaital trial; preclinical development of
FGLs form including pharmacokinetics and pharmaoadyics has been completed); P2
(preclinical pharmacology has been completed). F@GLplanned to develop further for the
treatment of Alzheimer’s disease (AD) patients.

Partner 15 has identified and developed the folhgncompounds with beneficial effects on
memory impairment and neurodegeneration: NP-125K35 inhibitor (preclinical development
has been completed, phase I clinical trial has lmeempleted and phase I clinical trial for the
treatment of Progressive Supranuclear Palsy (P&®)bken initiated); NP-61, a dual binding
site AChE inhibitor (regulatory preclinical developnt, toxicology and safety studies has been
completed; it is currently in phase I clinical triar AD).

2. ldentification and characterization of peptide families mimicking function of cell adhesion
molecules and growth factor receptors

Partner 1 in collaboration with Partner 14 havenidied, characterized and selected the
following CAMs and CAM-counter-receptor mimetic piele:

- FGL, EncaminA, B and C, DekaCAM (all from Fn3 nutes of NCAM)

- P2, plannexins and dennexins (from Ig1-3 modafd$CAM)

- Elcamins (from Fn3 modules of L1)

- Dekafins and dyofins (FGF-derived peptides.

Partner 14 has prepared information sheets forfdl@wing peptide mimetics; FGLL, FGLs,
P2, EmtinA, Plannexin, Dennexin, Hekaton, Dekafinl.

Partner 16 has manufactured preparation of thermha@ peptide forms.

3. ldentification and characterization of novel dual inhibitors of AchE and tau
phosphorylation

Partner 15 has designed and synthesized new pdtetbinding site AChE inhibitors has
extensively characterized small heterocyclic traadlidinones (TDZDs), the first ATP non-
competitive GSK3 inhibitors proposed as new druggHe effective treatment of AD and other
tauopathies.

Partner 14 has delivered to Partner 15 the FGLigepgiNCAM mimetic) for testing for
inhibition of tau phosphorylation.

4 .Characterization of interactions between the effect of mimetic peptides on
neurodegeneration and astrocyte function modulation

Partner 1 has established a survival assay imghstrocytes in culture (treatment with@G4)
and has shown the rescue of astrocyte cell deaBGhy

Partner 1 in collaboration with Partnerl4 andr®arl8 have tested the effect of the S100A4
protein-derived mimetic peptide, Hekaton, in GFAR&kout mice subjected to traumatic brain
injury. Knockout of GFAP intermediate filaments astocytes led to an increase in cell death
and S100 protein expression and decrease in miaracfivation in response to the lesion.
Partner 15 has found that GSK3 inhibitors fromT&D family are able to block LPS-induced
secretion of pro-inflammatory molecules from asgtes and neurons as well as prevent
microglial activation.
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In addition: Partner 18 has tested the effect of GFAP knoc&auhe intensity of seizures and
neuropathology after kainic acid treatment. GFARctEnt mice have higher sensitivity to the
neurotoxic action of kainic acid than wt mice.

Deliverables:

D.8.1+ 8.1ASelected CAMs and CAM-counter-receptor mimetic jogst with neuroprotective
and synaptogenic profiles.

D.8.2+ 8.2ANovel dual inhibitors of AChE and tau phosphoryati

D.8.3+ 8.3ATesting of the interaction between astrocyte fuamcthodulation and the effect of
mimetic peptides on neurodegeneration.

D.8.4+ 8.4Aldentificationof compounds suitable for drug development.

D.8.5+ 8.5APreparation of information sheets for all produpegtide mimetics to be employed
by the Consortium

D.8.6Preparation of at least two compounds for phadeaital trial.

All deliverables of WP8 have been achieved

WP9 Training activities
WP-leader: partner 10, Jacek Kuznicki; Deputy partrer 4 — Valérie Doyére

Participants: all partners

Objectives of WP9

1. Optimization of the training of graduate students, postdocs and technicians regarding
theoretical research knowledge and experimental techniques.

2. Dissemination of experimental techniques to ensure advanced technical training of laboratory
members of the consortium.
The following results were achieved in WP9

1. E-mail list

An e-mail list for all participants of the projegas build within the first 6 months from the start
of Promemoria and has been updated every year @m whcessary. The list was posted on the
Promemoria website. Each update of the list was extsailed to Partners.

2. Techniqueslist

A list of all available techniques in the laborasrof the partners was build within the first year
from the start of Promemoria, and was sent to Bestand posted on the Promemoria website.
3. Website

A password-protected website containing relevaotgmols and confidential information for the
partners has been created within the first 18 nsotiPromemoria and has been available to
each partner. The web page has been updated whessaey.

4. Between-partners interaction

Confidential May 24 2009 20



Project acronym: PROMEMORIA — Contract no. LSHM-QU05 -512012
Publishable final periodic ACTIVITY REPORT

Visits between postdoctoral and students partnedgartners’ staff have been implemented
when necessary.

5. Technique Oriented Workshops (TOW)

To facilitate exchange of information and experbséwveen all partners, six TOWs have been
organized within the four years of Promemoria bydfferent partners: One within the first
year, two within the second year, one during thel tyear, and two during the last year. The
dates, venues and subject matters are describew,id the detailed program was posted on
the website and sent to partners via emails. Th&/3 @ere well attended and considered of
high interest by the participants.

Year 1

TOWL February 11-14 2006
Organizer: Partner 13 — Gal Richter-Levin
Place: Haifa (Israél)
Title: ‘How to set up animal models for psychiattisorders’
Number of Promemoria participants: more than 15
Number of speakers: 13

Year 2

TOW2 August 25-26 2006
Organizer: Partner 11- Neuronal Survival Unit, Luhaiv (Karin van den Borght)
Place: Wallenberg Neuroscience Center, Solvegata@21184 Lund (Sweden)
Title PROMEMORIA workshop on neurogenesis
Number of participants 15
Number of speakers 6

TOW3 November 6-10, 2006
Organizer: Partner 11 - Patrik Brundin
Place: Lund (Sweden)
Title: ‘BioBusiness’
Number of Promemoria participants: 10
Number of speakers: 13

Year 3

TOW4 May 9-11, 2007
Organizers: Partner 7 & 3 — Mike Stewart, Paul (&éb& Dmitri Rusakov
Place: Open University, Milton keynes (UK) & Insti¢ of Neurology, London (UK)
Title: ‘Bioimaging, Electron microscopy, immuno-oghemistry, and 3-dimensional
reconstruction’
Number of Promemoria participants: 25
Number of speakers: 14

Year 4

TOW5 May 11-12, 2008
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Organizers: Partner 5 - Hansjuergen Volkmer
Place: Warsaw (Poland)

Title: 1. ‘RNA interference for neuroscience’
Number of Promemoria participants: 19
Number of speakers: 3

TOW6 May 13-15, 2008
Organizers: Partner10 - Jacek Kuznicki
Place: Warsaw (Poland)
Titles: ‘Building your career and your first labtway’
Number of Promemoria participants: 23
Number of speakers: 10

Deliverables:

D9.1. Password-protected database containing relevatbqmis of all available techniques
from all laboratories of the Consortium.

D.9.2. Advanced technical training through four Techetguiented Workshops held 12, 24 and
36 months after the project start.

All deliverables of WP 9 have been achieved

WP10. Management activities
WP-leader: partner 1, Elisabeth Bock, University ofCopenhagen

Participants: All Partners

Objectives of WP10

1. Efficient running of the PROMEMORIA consortium.

2. Establishment of a high level communication between partners.

3. Rapid dissemination and exploitation of results.

4. Efficient handling and solution of possible problems and conflicts.
5. Optimal management of intellectual property rights

The following results were achieved in W10

1. Organisation of General Assemblies and Governing Board meetings

The General Inaugural Assemblywas held April 22-24, 2005, at the University of
Copenhagen. As regards management, all Partnehsding the workpackage leaders, the
management team, and the EU Officer had fruitfatdssions on how to secure optimal and
efficient collaboration procedures for Promemoria'gear lifetime. All agreed that efforts
should be aimed at creating maximal synergy foiGbasortium activities.

This Assembly was immediately followed the firstv@ming Board meeting.

The first Governing Board meetingwas held at the University of Copenhagen April 2805,
(13 participants). At the meeting the workpackdgesers and the management team planned
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i.a. GB meetings for year 1 of the Consortium. M&s, including copies of guideline hand-out
documents, were sent to all Partners April 2005.

The second Governing Board meetingvas held in Innsbruck, August 24, 2005 (8
participants). The venue was the same a3tier20™ Biennial Meeting of the International
Society for Neurochemistry and the European Society for Neurochemistry, Innsbruck, Austria,
August 21-26, 2005. Minutes were sent to all Pastiseptember 2005.

The third Governing Board meetingwas held in Washington DC, November 15, 2005, (8
participants). The venue was the same a3tierAnnual meeting of the Society for
Neuroscience, ScN, Washington DC, November 10-16, 2005)

Minutes were sent to all Partners December 2005.

The fourth Governing Board meetingwas held in Copenhagen, January 20, 2006, (9
participants). Minutes were sent to all March, 2006

The second General Assemblwas held in Paris, March 9-11, 2006. The number of
participants was 82.

The fifth Governing Board meetingwas held in Paris March 12, 2006, (10 participants
Minutes were sent to all April 2006

The sixth Governing Board meetingwas held in Vienna in July 11 2006, (9 particigant
Minutes were sent to all August 2006.

The seventh Governing Board meetingvas held as a Skype conference (via the free arigeh
internet connection Skype) October 21, 2006, (8@pants). Minutes were sent to all
November 2006.

The eighth Governing Board meetingwvas held in Paris January 19, 2007, (10 parti¢gan
Minutes were sent to all February 2007.

The Third General Assemblywas held March 8-9, 2006, at the Revita Hotel id Bauterberg
near Goettingen in West Germany. As regards managiel Partners, including the

workpackage leaders, the management team, ancotirel Bxembers had fruitful discussions on
how to secure optimal and efficient collaboratioagedures.

The ninth Governing Board meetingwas held March 9, 2006, at the Revita Hotel in Bad
Lauterberg near Goettingen in West Germéliy participants). Minutes was sent to all
Partners in March 2007

The tenth Governing Board meetingwas held July 9, 2007 as a Skype meeting.

The eleventh Governing Board meetingvas held October 31, 2007 as a Skype meeting.

The twelvth Governing Board meetingwas held January 24, 2008 in Copenhagen, Denmark.
Minutes were sent to all February 2008.

The Fourth General Assembly was held March 6-7, 20Qat the Hilton Hotel, Milton Keynes
near London, United Kingdom. As regards managenadirRartners, including the workpackage
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leaders, the management team, and the Board mehdofsuitful discussions on how to
continue optimal and efficient collaboration process.

The thirteenth Governing Board meetingwas held in Milton Keynes in United Kingdom
March 7, 2008. (11 participants)

The fourteeth Governing Board meetings planned to be held July 11, 2008 in connection
with the FENS meeting in Geneva

The fifthteen Governing Board meeting washeld October 30, 2008 as a Skype meeting.
The sixteenth Governing Board meeting wakeld January 23, 2009 in Copenhagen, Denmark.
The Fifth and final General Assemblywas held in Copenhagen, Denmark, March 5 — 6, 2009.

The seventeenth and final Governing Board meetingzas held in Copenhagen, March 6,
20009.

2. Continuous reporting to EU scientific officers

Project Presentation to EU Scientific Officer

EU Scientific Officer, Veronique Bernard, Brussatsl Professor Heikki Tanila, Finlandia
attended the Fourth General Assembly in Copenhdgjénn March 5-6 2009.

Updating of the implementation plan (Months 36-4@} registrated by a letter from EU with
acknowledgement of receipt the November 7, 2008.

Money transfer

The last transfer of money (507,147.09 EURO) frdtht& the Coordinator took place in Nov.
22, 2008 and no money was transferred to the partiibe 16 Partners were informed by the
coordinator’s institution that only 8.5% at this ment is lacking from the total payment. The
last amounts are to be transferred after acceptairtbe final report. All Partners are informed
of the last transfer taking place after acceptaricke final report.

Project reporting for year 4

Follow up and coordination activities aiming atyiding the fourth year reports to the EU
officer were intensified by the start of 2009, amdaction and communication plan was agreed
upon by all WP leaders on January 23, 2009.

3. Continuous updating of the Promemoria World Wide Web

The website content was approved by all Partneslze link agreed to be:
www.plab.ku/promemoria-Consortium.

The website contained a brief presentation of tleen@moria Projects, information on FP6
framework for research, and data to facilitate camization from the outside to the individual
Partners. In addition to this, the individual Par@refer to the above-mentioned website on
their institutional/corporate website.

The website has been updated continuously. Thgédastfor example, “First year executive
Project summary” together with “Second year exeeuRroject summary” and “Third year
executive Project summary” were avaible on the web.
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4. Partner Synergy Report

As appears from the report enclosure titldeartner Synergy Report”, numerous interactions
between partners have taken place. The synergytsepave been based on an inquiry
performed by the Coordinator, by asking the follogvguestions:

1. Have you or any of your staff visited the laborasrof the Promemoria partners?
2. Have you exchanged research material with anyeoPtiomemoria partners?

It appears that a great number of visits betwedivitdual partners have taken place, and these
visits were aimed at both discussing specific gtiercollaboration projects and at exchanging
knowledge and technology skills.

Deliverables:

D.10.1Establishment of management in consortium and @ynpnt of new staff
D.10.2Creation of an international Scientific Advisoryard (SAB) and a Stakeholders
Committee

D.10.3 + 10.3.A0rganization of meetings of the Governing Boar8-atonth interval
D.10.4+10.4.A+ 10.4.BReporting to EU scientific officers

D.10.5 + 10.5.AProject presentation. Continuous updated of tbenemoria World Wide Web
D.10.6+ 10.6.APartner Synergy Report

D.10.7Revision of the WP structure and contents at titkaé first 18 months

All deliverables of WP10 have been achieved

WP11. Dissemination and exploitation activities
WP-leader: partner 15, Miguel Medina, Noscira S.A.

Participants: All Partners

1. To disseminate knowledge created by the PROMEMORIA project effectively to scientists and
students outside the consortium, to Stakehslded to the general public.

2. To facilitate the protection of intellectual property rights of members of the consortium and
transferring their innovationsto industrial applications

The following results were achieved in WP11
1. Filing and publishing of patents.

The consortium has been highly successful in filng publishing patents. Thus, by the end of
the PROMEMORIA project 31 patents had been filed! af these 18 have been published. This
should be compared to the deliverables statingahiaast five patents should be filed/published
in the total period of the PROMEMORIA project.

2. Publication of scientific articles.

The consortium has been very active and in tot@lsi8entific articles have been publishe
during the PROMEMORIA project. Moreover, 29 artgkre in press. Thus, in total the
consortium has produced 209 scientific articles.
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3. Pressreleases.

The consortium has published five press releasesglthe duration of the PROMEMORIA
project.

4. Establishment of pharma/biotech enterprises.

By the end of the period of the PROMEMORIA conserti(November 2008), the knowledge
generated in the consortium concerning developmiepeptide mimetics resulted in the
establishment of two new pharma/biotech enterpriBe®go ApS\ww.phlogo.di and

Neoloch ApS Wwww.neoloch.dk Phlogo is dedicated to the production of anfleimmatory
peptides to be applied to inflammatory diseasebl asadheumatoid arthritis or multiple
sclerosis. Neoloch is dedicated to the productigmeptide mimetics of erythropoietin with
neuroregenerative effects. Moreover, this enteglso aims at developing peptide antagonists
of receptor tyrosine kinases for the treatmentaoicer.

Deliverables:

D.11.1+D.11.1ACommunication with IP-lawyer

D.11.2+ D.11.2AReporting of existing patents within the consortium

D.11.3Filing of at least five patents in the total permfidPromemoria

D.11.4 Publication/submission of at least 100 publicationthe total period of Promemoria
D.11.5At least two press releases concerning Promemocitiidtaes

All deliverables of PW11 have been achieved

4.1.4.Dissemination and use

The main exploitable results of the Promemoriagobhas been the filing of 31 patents of which
18 hve been published. These patents concern cordpauth a beneficial effect on learning and

memory impairment, specifically in animal models Afzheimer's Disease. Most patented

compounds are at the moment in the discovery plagea number have passed the discovery
phase and are currently being submitted to detetioim of pharmacokinetics and toxicology.

Three compounds have already been tested in a pHaselinical safety trial.

Based on the knowledge achieved through the preparaf these compounds, two new pharma/
biotech enterprises have been founded developimgpaoonds for the treatment of inflammation,
neurodegeneration and cancer.

Scientifically, the consortium has been very acpublishing 209 articles in high ranking scienti-
fic journals. 180 of these have already been plbtisand 29 are still in press. The consortium has
also presented its results at a number of sciemtigetings in lectures and posters. Also, fivegres
releases about the activities of the consortiunelmen made.

Coordinator contact details

Professor Elisabeth Bock, Protein Laboratory, Depant of Neuroscience and Pharmacology,
Panum Institute, Blegdamsvej 3, DK-2200 Copenhagieddenmark
Phone: +45 35 32 73 40, emdibck@sund.ku.dk
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Project loga The persistence of memory by Salvador Dali, 1931.

Project public website http://plab.ku.dk/promemoria/
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