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Spinal cord circuit reorganization induced by stem cell transplantation and activity-
dependent plasticity in an in vitro model of spinal cord injury

Samuel Buntschu, Jirg Streit, Department of Physiology, University of Bern

Regeneration in the central nervous system is very limited following a lesion compared to peripheral
nerves. In the context of spinal cord injury (SCl), only a restricted spontaneous recovery can be
observed and at present it exists no established cure. Promising therapeutic strategies however have
been tested over the last decades. The use of embryonic stem cells as transplant grafts has shown
interesting results, but the exact cellular mechanisms involved are still unclear. In a previous project
our group developed a new in vitro model for the study of functional regeneration after 5Ci
consisting of organotypic slice co-cultures of E14 embryonic rat spinal cord on multi-electrode arrays.
Using this model and optogenetic tools we aim to better characterize the specific plasticity of
endogenous neuronal circuits as well as the effect of the transplantation of pre-differentiated
embryonic stem cells into spinal cord lesions.

Transplantation of embryonic stem cells pre-differentiated into embryoid bodies (EBs) induced a re-
establishment of neuronal connections between the two transected slices, allowing propagation of
activity over the lesion site and thus, improving functional recovery. A greater impact on recovery
occurred when the transplantation was performed at the time of the lesion compared to the
transplantation of the EBs with a delay of one week after the lesion. Furthermore, modulation of the
culture activity through sodium channel or synaptic transmission blockers before or after EBs
transplantation pointed out that activity-dependent circuit reorganization influences functional
recovery.

Together these findings suggest that pre-differentiated embryonic grafts are able to form new
functional connections between two transected spinal slices in vitro to induce functional
regeneration.
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Evaluation of autonomic nerve fiber density in small fiber neur opathy patientsby skin biopsy analyss

VacchiE. , Capovani C., Grandi L.C. , Melli G. , Kaelin-Lang A.

Background. Small fiber neuropathy (SFN) is a peripheral disease due to damage of unmyclinated axons,
tespansible for sensory and antonomic function. SFN is currently diagnosed by skin biopsy analysis showing
intracpidermal nerve fiber density (IENFD) reduction. No systematic quantitative assessment of autoncmic
nerve fiber density (ANFD) of dennal structures is routinely performed.

Aim. To study if intraepidermal denervation in SFN is associated also to dermal autonomic structures
denervation.

Methods: A quantitative technique to determine ANFD of sweat glands (SG), sebaceous glands (SbG) and
muscle ammector pilori (MAT), was assessed in SFN patienis, compared to comtrol {CNT) subjects with
normal TENFDD. Skin sections from ankle and thigh were stained with panaxonal nearonal marker (PGP9.5)
and sympathetic nerve marker (TH). Using confocal microscope, serial pictures through z-axis of selected
structures were taken. Five representative images were chosen and for all of them a standardized prid was
wverlapped and the number of grid intersections crossed by a fiber was counted. The numbers obtained from
five images were summed and normalized to area of each stctire, to obtain ANFD valoe.

Results: Nerve fibers loss affected also dermal autonomic structures in SFN group. In particular, MAPs
showed an important denervation mamly in non-adrenergic fibers while 5bG and 8G were not involved.
Imterestingly SbG showed an exclusively adrenergic innervation instead MAP had also a non-adrenergic
innervation. Finally, a trend toward a possible proximal ANFD denervation was observed in 8FN, although
no significant ANFD difference between SFN and CNT was found.

Conclusions: Skin biopsy 1s a versatile tool allowing analysis of autonomic structures innervation of which to
date very little is known. A decper analysis with a higher mumber of subjects and groups of different disease
is warranted to better characterize autonomic involvement in SFN.
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ROLE OF SLEEP IN CERVICAL DYSTONIA: ARTMSSTUDY

Caverzasio 8,*® Amato N,* Bramati G,* Koch G © Kaelin-Lang A > Galati 5 2°
a Neurocenter of Sauthern Svitzeriand - Inditute of Clinical Neurosience of Suthern Svitaerfand EOC, Lugano
b Faauily of Biormedical Stiences, Univer sty of Sauthern Switzeriand, Lugano

¢ Responsble of the sperirrertal lab of Neuropsycophysidogy (1RCCS), Sanfal uda, Forma
d Departrrent of Neurology, Insd spital, Bern Univer sty Hospital, University of Bern, Bern

introduction: Cervical dystonia (CD) is the most frequent type of dystonia. Although still debated, a
growing bedy of literahure suggests that an alteration of brain plasticity may play a key role in the
physiopathology of CD. Since sleep is stnctly implicated in the regulation of cortical plasticity, the
general hypothesis of the project is that sleep distmbance and changes in corfical plasticity in CD
may both reflect some common brainstem basic newral circuit deficits.

Aims To investigate sleep effect on cortical plasticity in CD.

Methods CD patients and age-matched healthy subjects (H S) underwent two repetitive transcranial
magnetic stimulation (TTMS) sessions (potentiation and a depotentiation protocol), within a 12
howurs interval {evening and moming session). The amplitude of the motor evoked potentials
(MEPs) recorded at baseline has been compared to the amplitude recorded afier each protocol.
Resudfs  As expected, HS showed changes of MEP amplitude in accordance to the
potentiation/depotentiation protocols. Moreover, in the evening sessicn, HS had a more evident
potentiation whereas in the moming there was a prominent depotentiation. We observed a similar
response after the potentiation protocol in CD patients. On the conirary, after the depotentiation
protocol CD patients had a paradoxical hyperpotentiation that was even stronger in the moming
session

Conclugon: Our preliminary results seem to point in the direction of a hypersynaptic plasticity in
CD patients and are thms comsistent with the hypothesized alteration of cortical activity in the
physiopathclogy of CD. Furthermore, sleep seems to play a role in the :ITMS-mediated response in
CD patients that will needs to be further investigated_
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Neurophysiological Differentiation in Processing of
Facial Aesthetics by the Fusiform Gyrus

Seepfun Fueger, M.5c.

University Hodpital of Psyehiatry and Pepchotherapy Bevn, CH
Center for Tronshationo Research

Division aff Systerns Nawasciences of Peychapatfalogy

Introduction

The Systemns Neuroscience of Psychosis {SyMoPsis) project uses a dimensional approach to
disentangle the underlying neurobiology of psychasis. Previous clinical research suggests that
psychotic symptoms can be grouped according to their respective underlying dysfunction of
anatomically and functionally distinct brain circuitries: the language, affect and mator function
domain. Ta further understand the pathological system dynamics of the affect domain, we
investigate the associstion of normal behavioral function and neurophysiclogical correlates of
emational perception in healthy controls,

This should provide new insight inta the validity of the continuum hypothesis of psychopathology for
psychotic disorders, and their specific functional neuroanatomy.

Methods

Meural activation patterns using functional magnetic resonance imaging (fMRI} and behavioral data
from healthy controls {n = 99) were investigated. During fMRI examination, a specifically developed
face perception task was used. The presented stimuli were short animations of faces that varied in
four different characteristics: gender {male, female), aesthetics (aesthetic, unaesthetic), head
movernent ([animation up, down) and gaze direction (direct, averted). All faces were rated on several
rating scales outside the scanner.

Results

Participants rated unaesthetic faces significantly less attractive than unaesthetic faces.
Furthermore, there was a significantly increased activity in the fusiform gyrus during the
perception of animated faces for unaesthetic faces in contrast to aesthetic faces (Famiby-Wise-
Error corrected, 1{98)=4.65, p < .01).

Conclusion

The fusiform gyrus has been shown to be higher activated during the perception of unaesthatic
faces. Further analysis of the interaction between face processing areas, the limbic systems and a
person's emotional abilities must be done to further comprehend the dimension of affect.
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Spatial Distribution of Perseveration in Neglect Patients Depends on the | ntegrity of the Right
Putamen

B.C. Kaufmann, J. Frey, T. PRugshaupt, P. Wyss RE. Faladini, T. Vanbellingen,
S Bohlhdlter, M. Chechlacz, T. Nef, RM. Miri, D. Cazzoli, T. Nyffeler

Deficient inhibitory comntrol leading to perseverative behaviour is often observed in neglect patients. Previous
studies investigating the relationship between response inhibition and visual attention have reported
contradictory resulis: some studies found a linear relationship between neglect severity and perseverative
behaviour

whereas others could not replicate this result. The aim of the present study was to shed firther light on the
interplay between visual attention and response inhibition in neglect, and to investigate the neural
underpinnings of this interplay. We propose the use of the Five-Point Test, a test commonly used to asses
nonverbal

fluency, as a novel approach in the context of neglect. In the Five-Point Test, participants are required to
generate as many different designs as possible, by connecting dots within forty rectangles. We hypothesised
that, because of its clear definition of perseverative emmors, the Five-Point Test would accurately assess both
visual attention as well as perseverative behaviour. We assessed 46 neglect patients with right-hemispheric
stroke, and performed voxel-based lesion-symptom mapping (VI.SM) to identify neural substrates of
perseverative behaviour as well as the spatial distobution of perseverations. Our results showed that the
Five-Point Test can reliably measure neglect and perseverative behaviour. We did not find any significant
rclationship between neglect severity and the frequency of perseverations. However, within the subgroup of
neglect patients who displayed perseverative behaviour, the spatial distribition of perseverations
significantly depended on the integrity of the rght putamen. We discuss the putative role of the putamen as a
potential subcortical hub to modulate the complex integration between visual attention and response

inhibition processes.
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Creativity after focal brain lesions — a matter of par adoxical fadlitation?

Nicole Gobd'?, Aleksandra K. Eberhard-Moscicka'?, Kathrin Studer'? Heinz Hegi®, Samuel
Knobel?, Prabitha Urwyler®*, Dario Cazzoli** Klemens Gutbrod®?, Thomas Nyffeler'4%, Tobias
Nef, René M. Miiri'?

!Perception and Eye Movement Laboratary, Departments of Nenrology and BicMedical Research, Inselspital,
Bem University Hospital, and University of Bem, Bem, Switzerland; 2Department of Nenrology, Inselspital,
Bem University Hospital, Bern, Switzerland; *Gerontechnology and Rehabilitation Group, University of Bem,
Bem, Switzerland; *ARTORG Center for Biomedical Fngineering Research, University of Bem, Bem,
Switzerland; Nenrocenter, Luzemer Kantonsspital, Tnceme, Switzerland™

Creativity is a complex neuro-psycho-philosophical phenomenon that may be unique in humans.
It is a multifaceted cognitive process rather than a specific cognition that requires different skills
(cognitive and social) and can lead to new and useful ideas in various fields (e.g. arts, crafts,
science).

However, it is unclear how aeativity evolves afier focal brain lesions. Brain injury is usually
assodated with a deterioration of cognitive functions. Nevartheless, it has been pointed out that
pusitive changes such as phenomena associated with plasticity could be overlooked. The
paradoxical facilitation approach, for example, states that a lesion in one brain region can lead to a
reversal of inhibition to limked areas or to a compensatory functional enhancement of the
ipsilesional site. This could result in a conira-intuitive improvement of the functions of the
affected area

To date, there is only a limited number of single-case stndies, which have found that patients can
become mare aeative after a focal brain lesion. However, it is virtually impossible to measure
creativity as a non-confounded factor. Individnal differences in brain damage and the associated
symptoms have to be taken into account.

With the planned long-tam study, patients are repeatedly measured over a one year period post
stroke. Insights could be gained into how acute brain injuries influence creativity. A creativity test
battery will be used to investigate the development of patients’ creative output over time. With
extensive testing neurological and neuropsychological deficits will be identified.

The following research questions are to be clarified: 1) The role of the lesion side, whaeby
naticeable differences m creativity is expected, especially when the right hemisphere is affected;
2) Development of creativity over time, which will mdicaie the mechanisms behind it; 3) Whether
creativity is a question of paradoxical facilitation or of plasticity and repair processes; 4)
Furthamore, lesion symptom mapping will be carried out in order to correlate places of focal
lesions with creative pafarmance.

This research is relevant and useful, as creativity contributes greatly to patients’ life satisfaction
and their management of everyday life.
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Snap-shooting the “Eureka! Brainwave”: How Does Instruction Affect Motor Task

Understanding? A Pilot Study.
Authors: Joaquin Pefioiver-Andrés, Karin A. Buetler, René M. Miiri, Laura Marchal-Crespo

Understanding the underlying mechanisms of motor leaming is crucial to improve neurorehabilitation.
Skiliful motor performance is the result of a sequence of cognitive and motor achievements: from
understanding the task to correct recruitment and activation of involved muscles. Thus, tracking the
subject’s cognitive and neuromotor footprint during motor training may help to optimize motor
leaming. However, to date, less is known about how to optimally adapt motor training paradigms to
support this hierarchical processing in order to optimize motor learning. The goal of this pilot study was
to assess the feasibility of identifying and characterizing neurocognitive markers for task understanding
during motor leaming using FEG (Flectroencephalography). The impad of different modes of instruction
(implicit versus explicit) on attentional-related EEG components (e.g. P300} were studied during motor
task performance. The results of this study present a first step to improve motor leaming and
neurorehabilitation by understanding the cognitive correlates of leaming during the acquisition of novel
motor skills.

Author’s affiliations:

Joaquin Pefialver-Andrés, PhD student in Neurosdence, Gerontechnology and Rehabilitation Group, University of
Bem [Switzerdand)

Dr. Karin A. Buetler, Postdoctoral Researcher, Gerontechnology and Rehabilitation Group, University of Bern
(Switzerland)

Prof. Dr. med. René& M. Miiri: Universitare Neurorehabilitation, Universit tsklinik fur Neurologie, Inselspital. Clinical
Group Head, Gerontechnology and Rehabilitation Group, ARTORG Center for Biomedical Engineering Research.
Prof. Dr. Ing. Laura Mardhal-Crespo, Technical Group Head, Gerontechnology and Rehabilitation Group,

ARTORG Center for Biomedical Engineering Research, University of Bern [Switzerdand)
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New approaches to influence 5-ALA-induced Protoporphyrin IX (PpIX)
fluorescence and accumulation in GBM cell lines with different epidermal
growth factor (EGFR) expression

Piffaretti D.*2, I¥Angelo ML, Burgio F.%, Reinert M.%3
T y for Riomedical N X (i BN), Deparimeni of Ny gery, M of Sowihern Switzeriand

(EQC); Graduate School for Geliutar and Biomedical Sci (GCBY), Universly of Berty *Facully of Medicine,
Universy of Bern FHNW, Mullenz, BaselLandschall, Switzedand

Backgronnd

Glioblastoma (GBM] is the most frequent and devastating brain tumer. Approzimately 50% of GEM
expresses epidermal growth factor receptor (EGFR) and from these another 50% exzpresses the
mutated form EGFRVIIL In GBM cell lines the EGFR expression status influences the 5-
aminolevulinic acid (b-ALA)-induced fluorescence by inducing the rate limiting enzyme Heme
Oxypgenase-1 (HO-1). We hypothesized that by co-treattnemt with different drugs such as
Deferoxamine (DFO0), Tin-Protoperphyrin (SnPP) and Genistein, which are respectively an iren
(Fe?¥) chelator, an inhibitor of HO-1 and an inhibiter of ABCG2 PpIX efflux transporter, 5-ALA-
induced, Protoporphyrin IX flucrescence can be augmented.

Methods

U87MG (low EGFR expression), UB7wiEGFR (EGFR owerexpression), UB7Il (EGFR
expression/EGFRvIII+) cells were incubated with exogenous 5-ALA 1mM, alene or in combination
with DFO, SnPP and Genistein. After 8 hours of combined treatments, PpIX fluorescence was
analyzed by PpIX extraction, by flow cytometry and for confocal microscopy.

Results

SnPP treatment was able to inhibit HO-1 activity and restore the PpIX fluorescence in the three
GBM cell lines, independently of EGFR quantitative and qualitative expression. Co-treatment with
5-ALA and DFO and co-treatment with 5-ALA and Genistein of UB7 cells lead to a significant
increase in PpI¥ fluerescence. Furthermore, we demenstrated that the treatment that led te a
greater PpI¥ accumulation was the combination of the three drugs for all the three UB7 cell lines.

Conclusion

Medification of PpIX fluorescence may be helpful during intraoperative imaping of GBM and
surgical resection of the tumer. Moreover, it allows to act on PpIX accurnulation with different
combinations of drugs, regardless of the EGFR expression status. These findings will be further
investigated in animal medels.
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Analysis of Tau-KO cells reveals a new role of Tau protein in modulating cell death

Mariina Sola, Claudia Magrin, Paclo Paganetti and Stephanie Papin
Support by the Synapsis Foundalion and EOC

Age-dependent neurodegenerative tauopathies are characterized by the neuronal accumulation of
pathogenic forms of Tau leading to neuronal dysfunction and cell death (i.e., gain-of-cytotoxic
function). The role of Tau in causing disease is demonstrated by the existence of dominant
mutations in its MAPT gene in frontotemporal dementia with Parkinsonism (FTDP-17). In the
absence of mutations, the reasons provoking the switch from nomal to pathogenic Tau remain
poorly understood. The best proven risk factor for neurodegenerative disorders is aging, for which
a progressive accumulation of DNA damage is described. Here we addressed a possble role of
Tau in the cellular DNA damage response (DDRY}, in particular with regards to the induction of cell
death. The objective is to test the hypothesis that progressive tau pathology and accum ulation of
DNA damage may act joinly in these devastating progressive conditions.

Strategy: analyse the DDR in the absence or presence of Tau based on cellular and biochemical
assays.

A new Tau-KO cellular model was generated from human SH-SY5Y neuroblastoma cell line by
targeting exon 1 of the MAPT gene with the CRISPR/Cas9 technology. With Tau-expressing lines
and by comparing them to our validated Tau-KO lines, we analysed the DDR following a short
treatm ent with Etoposide, a topoisomerase Il inhibitor. Parental SH-SY5Y cells respond to DNA
damage consistently with what is described in the literature, in particular with regards to the
activation of all phases of the DDR, including induction of apoptosis when cells fail to repair the
DNA. Whilst we were not able to assign a role of Tau in the DNA damage and in the early phase of
the DDR, the use of different cytotoxic assays (LDH, MTS and pro-apoptotic cdleaved caspase-3})
demonstrated that the absence of Tau significantly reduced DNA damage-induced cell death by an
apoptotic mechanism. Interestingly, this was compensated by the induction of cellular senescence.
From the point of view of the mechanism, we found that Tau-KO cells present a perturbation of p53
expression and function. Finally, restoring p53 expression with Nullin-3, which inhibits MDM2-
mediated degradation of p53, parily restored DNA damage-induced apoptosis in Tau-KO cells.

Overdll, our data indicate that Tau is able to modulate a p53-driven response to cellular stress in
balancing cell fate between cell death and senescence. A loss-of-function role of Tau in inducing
cellular senescence, possibly also occurring during disease-associated Tau deposition, represents
an intriguing and new finding that may further improve the understanding of tauopathies. A
modulatory role of Tau in p53 biology also suggests a possible involvem ent of Tau in cancer.
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Progressive signaling changes in the olfactory nerve of patients with Alzheimer's disease

Praveen Bathin Antoine Mottas® Muriel Jaquet®, Emanuele Brai®, Lavinia Alberi 2

{a)Department of Medicine, University of Fribourg, Fribourg, Switzerland

b)jDepartment of Neurology Research, Swiss Integrative Center for Human Health, Fribourg, Switzerland
c)Neuro-Bio Lid, Oxford, UK

Background

The olfactory system has been extensively studied in rodents and has received much interest in
the chimical setting based on the incidence of olfactory impairment in a vamety of
neurodegeneration. Olfactory dysfunction is present in up to 90% of Alzheimer's disease (AD)
patients. Although deposition of hyperphosphorylated tau and p-amyloid substrates are present
in olfactory areas, the structural and signaling changes associated with this sensory area are not
completely understood. We addresses here progressive changes in known hallmarks of AD,
signaling molecules, and cytoskeletal markers occuming in the lmman olfactory nerve.

Methods

A cross-sectional histoanatomical siudy was conducted on the postmortem olfactory nerves of
patients with different stages of dementia which includes Mild copnitive impaimment (n=9),
Moderate Alzheimers (n=8), Severe Alzheimers (r=11) and Healthy controls (n=10).

Results

The ofactory bulbs and tracts show a prominent and progressive tancpathy in contrast to a
weaker amyloid pathology localized to the glomerular region. Topological analysis of Notch
signaling components reveals a transient increase in Jagged] expression in mitral cells of the
olfactory bulb of patients with MCI and a gradual decline onwards. Analysis of the olfactory
tract reveals an abimdance of corpora amylacea, which declines starting from the MCI stage.
With the increasing severity of dementia, corpora amylacea are charactenized by a gradual shift
in cytoskeletal proteins, ta, MAP2 and glial fibrillary acid protein, as well as by a decrease in
their Reelin and Jagped] content.

Condusions

Our research indicates that the olfactory nerve undergoes early and sequential morphological
and signaling alterations that comelate with the development of dementia suggesting that this
struchmre may capture and propagate neuronal network imbalances to commected higher brain
centers of the entorhinal cortex and hippocampus.

Results

Bathini, P., Mottas, A, Jaquet, M., Brai, E. and Alberi, L, 2018. Progressive signaling changes in the
olfactory nerve of Alzheimer’s disease patients. Neurobiology of Aging.
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