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Welcome to the BCN summer symposium! 

 

During this two-day symposium, all first- and second-

year students of the BCN master will present their 

research projects as an oral or a poster presentation. 

Moreover, two keynote speakers have been invited to 

give a lecture about engaging topics within the field of 

behavioural and cognitive neuroscience. This year, Prof. 

Jan Dirk Blom and UHD Ingo Willuhn will present some 

of their ideas and work. Their abstracts can be found on 

page 6 and 7.  

 

We hope you will enjoy the BCN summer symposium! 

 

Kind regards, 

The BCN Summer symposium Committee 2019 
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Monday, 1st of July 
 
8:45  Registration 
9:00  Word of Welcome 

prof. Dr. JC Billeter 
9:15  Decisions on the fly: The applicability of diffusion 

models to decision making in Drosophila 
melanogaster. 

F. de Beer  (C-track) 
9:45  Searching for (the neural basis of) Love: AAV-

mediated CRISPR/Cas9 editing of the oxytocin 
receptor gene in the prairie vole 

  M. Boon  (B-track) 
10:15  Coffee break and poster orientation 
11:00  Keynote: Alice in Wonderland Syndrome 
  Dr. Jan Dirk Blom (Leiden University) 
12:00  Lunch and poster orientation 
13:00  Poster session 1 
14:30  A leaky gut in Parkinson’s disease: Do treatment-naive 

de novo Parkinson’s Disease patients have an 
increased intestinal permeability? 

  S. Tent   (N-track) 
15:00  Torpor induces DNA damage in a daily torpor model 

and a seasonal hibernating mammal 
  M.R. Hamberg  (B-track)  
15:30  Coffee break 
16:00  Improved cognition by transcranial alternating current 

stimulation in MS: the effects of brain structure on 
treatment outcome 

  N. Dreijer  (C-track) 
16:30  The effects of Early Life Stress on Ethanol drinking 

behaviour and opioid gene expression in serotonin 
transporter deficient rats 

  A.T. Wolters  (N-Track) 
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Tuesday, 2nd of July 
 
8:45  Registration 
9:00  Word of welcome 
  Summer Symposium Committee 
9:15  High-Fat Diet Causes Increased Neuroinflammation 

and Decreased Motor Function in a Rodent Model of 
Parkinson’s Disease 

A. Dellink   (N-track)  
9:45  Musician effect in speech perception: the role of local 

acoustic cues and ‘musicality’  
  J.D. Jagersma  (B-track) 
10:15  Coffee break and poster orientation 
11:00  Poster session 2 
12:30  Lunch 
13:30  The Effect of Chronic Social Isolation on the Onset 

and Progression of Dementia in Tau- Transgenic Mice 
A. Sarma  (B-track) 

14:00  Keynote: Coordinated heterogeneity of dopamine 
signaling throughout the striatum in behavioral control 
of flexible and inflexible actions 

Dr. Ingo Willuhn (Institute for 
15:00  Coffee break   Neuroscience)  
15:30  Stress and the rhythm of the liver 
  M. Luxwolda  (B-track) 
16:00  Central Processing of Affective Penile Touch: An 

fMRI Study 
  G.B. Ruesink  (C-track) 
16:30  Award ceremony 
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Keynote speaker Jan Dirk Blom 
 

Professor Jan Dirk Blom will deliver a lecture on 
Alice in Wonderland syndrome. We are all familiar 
with the terms hallucination and illusion, which 
constitute the two main categories of positive 
disorders of perception. Less well-known is the group 
of perceptual distortions, a third category which is 
characteristic of Alice in Wonderland syndrome. 
Unknown may sometimes make unloved, but in this 
case it is paramount for clinicians and researchers to be 
knowledgeable about this group of perceptual phenomena, because 
of their implications for diagnosis and therapy. 

Did you ever hear of anyone whose eyesight was fully 
intact, but who was nonetheless unable to perceive any 
movement? Or anyone who would sense their body to be shrinking 
to the size of a tiny appendage several times a week? Or anyone who 
would stand in front of the mirror, and see their face get all distorted, 
with one eye popping out of its socket and slithering down their 
cheek? Although such bizarre experiences may be reminiscent of 
psychosis, they often occur in isolation, without any of the delusions, 
disorganisation or negative symptoms which are often present in the 
context of psychotic disorders. Over the past decade or so, our 
insights into the neurobiological underpinnings of these phenomena 
have increased substantially. Therapeutic protocols are still lacking, 
but luckily these insights do allow us to initiate practice-based 
treatments now, which are often very effective. 

Obviously the name of the syndrome refers to the famous 
children's book, Alice’s Adventures in Wonderland, which 
was written by Lewis Carroll. It is thought that Carroll, whose real 
name was Charles Dodgson, suffered from migraine, and that the 
perceptual distortions he allegedly experienced in its context inspired 
him to let Alice grow larger and smaller in the book, and let her 
undergo so many other bizarre experiences. However, a careful 
analysis of Dodgson's diaries, as well as numerous other primary and 
secundary sources, indicates that - although he did probably suffer 
from Alice in Wonderland syndrome, way before the name had been 
invented - this was not on the basis of migraine. 



 8 

Keynote speaker Ingo Willuhn 
 

Coordinated heterogeneity of dopamine 
signaling throughout the striatum in 

behavioral control of flexible and inflexible 
actions 

 
The neurotransmitter dopamine plays an integral 
role in the acquisition and execution of a variety 
of motivated behaviors. However, what specific 
information dopamine signals in the striatum, the 
most densely innervated nucleus in the brain, 
convey is under active debate, and furthermore, how the 
anatomical organization and connectivity of dopaminergic 
neurons contribute to these various behavioral functions is not 
well understood. In this talk, I will outline how different 
functional domains of the striatum receive distinct dopamine 
signals, how these signals are coordinated, and how the striatal 
release of dopamine plays a prominent role in the regulation of 
domain function and shapes motivation, movement, and reward 
learning. 
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Abstracts Poster presentations 
 

Track Name Title Page Nr.  Group 
B M. E. 

Bakker 
The Effect of Hearing Loss on Social 
Behaviour and Cognitive Function: A 
Study in Juvenile and Young Adult Rats. 

56 21 3 

B K. Dobson When the voice doesn’t speak to the 
mind: 
An Investigation of Feedback Deficits in 
Childhood Apraxia of Speech using 
Electromagnetic Articulography. 

26 7 1 

B P. E. Chova Effects of housing conditions on anxiety-
like behaviour in C57BL6/J males mice 
in metabolic studies. 

80 10 2 

B S. Kuckuck The impact of Pcdh9-deletion on the 
social behavioural phenotype of mice. 

65 14 2 

B M. Lam Female dominance over males in 
different species of primate. 

34 17 2 

B N. Marsolo Pain and Immunity 
The missing link between nociception 
and the immune response in Drosophila 
melanogaster. 

67 13 3 

B N. Peen 
 
 

Making sense of sexual dysfunction: 
somatosensory cortex activity in the 
genital representation of the serotonin 
transporter knockout rat. 

50 1 1 

B F. Roig 
Kuhn 

The temporal dynamics of sleep 
deprivation and PDE inhibitor treatment 
on spatial memory and pattern 
separation. 

31 24 3 

B D. Sallé Escape patterns of bird flocks under 
predation. 

66 7 1 

B B. te Brake The acute effects of flavanol on working 
memory. 

19 11 2 
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B F. Zanetti VR stress test: psychophysiological 
responses to a stress test in a virtual 
reality environment. 

20 17 2 

B F. 
Boekelman 

Does Food Accessibility Influence Food 
Call Rate in the Common Raven? 

43 4 1 

B D. S. 
Boverhoff 

A mechanistic insight into the effect of 
probiotics on the gut-brain axis: gut 
microbial & neuro-cognitive alterations 
after a double-blind randomized placebo-
controlled trial. 

71 5 1 

B H. 
Doornbosch 

How female D. melanogaster modulate 
ejaculate ejection to social context. 

21 13 2 

B J. Gay A study to examine the microbial 
influence on the reproductive behaviour 
of insect pest Drosophila suzukii. 

42 22 3 

B J. A. 
Janssen 

Analysing circadian rhythmicity with R 
in a rodent shift work model.  

48 19 3 

B T. 
Kappeler-
Schmalzried
t 

Functional analysis of human-specific 
genes preferentially expressed in cortical 
neural progenitor cell. 

60 20 3 

B R. T. M. 
Roodenrijs 

In vivo imaging of a mouse SCN around 
the clock. 

51 4 1 

B C. Pütz Should I Stay Or Should I Go? 
Reward Learning, Decision Making, and 
Cognitive Rationality. 

46 14 2 

B T. R. C. 
Illing  

Is Food Sharing Prosocial Caring? A 
Study about Prosociality in Three 
Primate Species. 

68 19 3 

C A. Müller The Neural Correlates of Anxiety 
Distress during Emotion Regulation 
in Major Depressive Disorder. 

76 2 1 

C I. Leaning Combining Eye-Tracking and Virtual 
Reality to Assess Emotion Recognition. 

35 8 1 

C D. de Jong
  

Quantitative MRI and neural synchrony 
to assess and predict the information 

37 11 2 
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processing speed of MS patients before 
and after neurostimulation. 

C J. 
Dinkelacke
r 

Is depressive load associated with neural 
activation patterns in emotion perception 
and regulation networks? 

23 15 2 

C L. Cordes Towards better estimates of memory 
strength. 

55 2 1 

C V. Cernei Remembering the strongest: comparing 
two methods of memory strength 
estimation 

54 24 3 

C C. 
Agnorelli 

Giving Color to Memories. A working 
memory update experiment. 

69 18 1 

C A. 
Christodoul
ou 

The Effect of Dynamic Emotional 
Context  
on Perceived Durations. 

27 8 2 

C M. 
Fratescu 

Neural Underpinnings of Reaching and 
Swiping Movements. 

78 12 2 

C A. Horta  
Herranz 

Chaperone DNAJB6 at the nuclear 
envelope 

47 5 1 

C M. Linde A Comparison of the Bayesian and 
Frequentist Approaches to Equivalence, 
Non Inferiority, and Superiority Designs. 

39 10 2 

C Y. Ivanov Neurophysiological Correlates of Pupil 
Responses to Semantic Brightness or 
Darkness. 

29 15 2 

C R. M. Eike Breaking the Vicious Cycle of 
Depression – Understanding the 
Neurocognitive Working Mechanisms of 
Relapse. 

37 9 2 

C M. Kromm Testing the Causality between Cortical 
Reorganization and Compensatory 
Behavior: a TMS Investigation on One-
Handed Individuals. 

49 26 3 

C M. 
Karstens 

Optimizing transcranial random noise 
stimulation for maximized attentional 
ability. 

61 9 2 
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C H. van 
Alebeek 

Relationship between Sexual Arousal 
and Neurotransmitters: Multivoxel 
Quantification of GABA and Glutamate 
by Magnetic Resonance Spectroscopy 
(Working Title). 

70 22 3 

N S. van 
Zonneveld 

How MRI analysis of grey matter 
volume may contribute in moto 
phenotyping de novo Parkinson’s 
Disease patients. 

40 3 1 

N N. 
Majernikov
a 

Role of the mysterious DPCK gene in 
Drosophila development. 

63 23 3 

N J. York STAR protection: Investigating the 
TNFR2 agonist STAR2 and its potential 
protective effects against glutamate 
mediated excitotoxicity. 

73 12 2 

N N. R. 
Mangina 

The effect of Single Nucleotide 
Polymorphisms on the deviation of 
homeostatic energy balance in rats 
exposed to Diet Induced Obesity and 
Activity Based Anorexia. 

82 16 2 

N C. Guerrin Ketamine antidepressant effect is not 
related with decreased brain 
inflammation in the repeated social 
defeat model of depression. 

64 21 3 

N T. 
Scheurink 

Whole body vibration: effects on 
cognition, physiology and the 
serotonergic system in rats after major 
surgery. 

32 1 1 

N W. van Dijk
  

The Role of the Voltage-Gated 
Potassium Channel Kv4.2 in Hearing 
Loss. 

30 3 1 

N A. Ebskamp Proof-of-concept study for the treatment 
of Alzheimer’s disease: Atrosimab a 
novel blocker of TNF receptor 1. 

22 20 3 
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N S. Feringa Heat shock protein involvement in the 
North Sea Disease Drosophila 
melanogaster model. 

53 13 2 

N F. Morra The role of Epac in GluA3 dependent 
synaptic plasticity 

74 18 3 

N M. Lietz Validation of Human Derived Sociality 
Genes in Drosophila M. using Social 
Distance. 

58 25 3 

N A. M. 
Benavides 

The differential response of grey and 
white matter OPCs to pro-/anti-
inflammatory cytokines and its 
consequences for remyelination. 

72 25 3 

N 
 

J. F. P. 
Marques 

Disease model for granulin linked to 
Frontotemporal Dementia using patient 
derived iPSC. 

59 6 1 

N T. Otto Non-coding RNA: novel, non-canonical 
trafficking route along axons. 

62 6 1 

N F. Hobbie Radiation-induced Senescent Astrocytes 
and Their Potential Role on Protein 
Aggregation using Cerebral Organoids. 

83 16 2 
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Poster Session 1 Groups 
Group 1: 01.07   13:00 – 14:30 Boardnumber 
Toon Scheurink          Nr. 1 
Amke Müller              Nr. 2 
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Floor Boekelman    Nr. 4 
David Sebastiaan Boverhoff   Nr. 5 
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Katerina Dobson    Nr. 7  
Imogen Leaning    Nr. 8 
     
 
Group 2: 01.07  13:00 – 14:30 Boardnumber 
Malin Karstens     Nr. 9 
Paula Escriche Chova    Nr. 10  
Dorina de Jong     Nr. 11 
Jodie York     Nr. 12 
Hendrikje Doornbosch    Nr. 13 
Susanne Kuckuck    Nr. 14  
Johanna Dinkelacker    Nr. 15 
Namrata Rao Mangina    Nr. 16 
Marius Lam     Nr. 17 
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Poster Session 2 Groups 
Group 1: 02.07  11:00 – 12:30 Boardnumber 
Natanja Peen     Nr. 1 
Lars Cordes     Nr. 2  
Wieke van Dijk     Nr. 3 
Renzo Theon Maria Roodenrijs   Nr. 4 
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Tegan Otto     Nr. 6 
Deborah Sallé     Nr. 7  
Aikaterini Christodoulou   Nr. 8 
 
Group 2: 02.07  11:00 – 12:30 Boardnumber 
Ronja Maria Eike    Nr. 9
Maximian Linde    Nr. 10 
Birgit te Brake     Nr. 11 
Marcella Fratescu    Nr. 12 
Susanne Feringa    Nr. 13 
Celina Pütz     Nr. 14 
Yavor Ivanov     Nr. 15 
Fabian Hobbie     Nr. 16
Fiammetta Zanetti    Nr. 17 
 
Group 3: 02.07  11:00 – 12:30 Boardnumber 
Francesca Morra    Nr. 18 
Tatjana Rosanna Colleen Illing   Nr. 19 
Amber Ebskamp    Nr. 20 
Marleen Bakker    Nr. 21 
Jolien Gay     Nr. 22 
Nadka Majernikova    Nr. 23 
Femke Roig Kuhn    Nr. 24 
Morten Lietz     Nr. 25 
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The acute effects of flavanol on working memory 
 

Birgit te Brake1 ,  Ahmet Altinok2, Elkan Akyürek 3 
1 BCN Research Master (B-track), Faculty of Science and Engineering, University of Groningen, the 

Netherlands. 
2,3 Dept. of Experimental Psychology, University of Groningen, the Netherlands. 

 
Background  
Flavanol is a compound of cocoa and cocoa-derived products, and it has been suggested as an enhancer of 
cognitive abilities. Administration of cocoa flavanol may have beneficial physiological effects due to its 
ability to activate nitric oxide (NO) synthesis. NO is thought to influence cerebral blood flow, possibly by its 
mediating role in the vasodilation of blood vessels by stimulating guanylate cyclase. Another way in which 
NO could exert its positive effects is by acting as a neurotransmitter. Various cognitive tasks have shown 
improvements after flavanol consumption, acutely as well over the longer term (for a review, see Socci et al. 
2017). However, there is a lack of functional specificity in the literature; few studies have used tasks in which 
a specific cognitive function is isolated and tested.  
 
Objective  
In the current study, we targeted working memory (WM), a cognitive function that is essential to adaptive 
behavior and which is known to correlate strongly with general intelligence and even scholarly success 
(Fukuda et al. 2010; Gathercole et al. 2004). So far, only limited evidence for flavanol effects on WM exists. 
We aim to target WM more directly by using a paradigmatic WM task that minimized involvement of other 
functions (e.g., the ability to do arithmetic often needed in N-back tasks). We focused specifically on the 
visual working memory (vWM) and its precision in a newly designed rotation task. 
 
Design/methods  
A group of healthy non-smoking volunteers was recruited. Participants were instructed to refrain from 
consuming products containing caffeine, alcohol, high concentrations of flavonoids or theo-bromine on the 
day of and the day before each lab visit. Chocolate drinks containing either flavanol or not (i.e., placebo) were 
consumed by the participants 2h prior to the experiment. During the experiment participants had to perform a 
vWM task in which they had to remember the orientation of visually presented gratings, and rotate them in 
response to a retro-active cue before reporting whether the shown probe was the same as the one they pictured. 
WM performance was compared between flavanol and placebo conditions. 
 
Results  
The hypothesis that flavanol has a beneficial effect on vWM performance, was confirmed, even though the 
effects are relatively more limited than expected. In males, flavanol had an effect on the vWM, in the so-
called ‘hard’ condition, whereas in females the effects were only visible in the ‘easy’ condition.  
 
Conclusion  
There seem to be differences between gender and conditions of the experiment with regards to the acute effects 
of cocoa flavanol on vWM performance. The moderate effects that we found may have several explanations. 
Firstly, it is important to note that the overall performance scores were not very high. Thus, our test may have 
been too difficult, leading to an indiscriminately small difference between flavanol and placebo conditions. 
Furthermore, recent (unpublished) results reported that flavanol may have the greatest effect on vWM 
performance after a week, instead of after 2 hours. It is evident that more research is needed to illuminate the 
effects of flavanol in regard to gender differences and the timing of administration.   
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Psychophysiological responses to a stress test in a virtual reality environment 
 

Fiammetta Zanetti1, dr. W.A. (Wim) Veling 2, C.N.W. (Chris) Geraets2 
 

1 Faculty of Science and Engineering, BCN Research Master (B-track), University of Groningen, the 
Netherlands 

2 Dept. of Psychiatry, University Medical Center Groningen, University of Groningen, the Netherlands 
 
 
Background  
The Trier Social Stress Test (TSST) is a stress test commonly used to assess social anxiety, inducing moderate 
psychosocial stress in a generally standardized laboratory setting (Kudielka B.M., 2007). The TSST consists 
of a speech task in front of a camera or a small audience and a math task were participants have to sequentially 
subtract a number from a starting point for several minutes. Researchers have observed alterations in self-
reported anxiety, physiological measures (e.g. heart rate, skin conductance, blood pressure), and/or 
neuroendocrine indices (e.g. cortisol levels) in response to these tasks (Birkett M., 2011). 
Creating a modify version of the test in Virtual Reality (VR) may be a valid alternative to the current methods 
employed. Using a virtual environment will give us the opportunity to create a stable setting that can be easily 
employed while diminishing variance in audience response to participants’ performance and allowing for 
increased size of the audience to maximize the stress response (Kotlyar et al., 2008). 
 
Objective  
The aim of the current study is to develop a new VR-social stress test for psychiatric assessment that can be 
used in the future as a more standardized method and that may be adopted to assess stress resilience and the 
progress of treatment for psychiatric patients. 
 
Design/methods  
In this pilot study psychophysiological responses to a VR stress test were collected through physiological 
measurements and questionnaires. In total 10 participants were recruited from the University of Groningen to 
take part in the experiment. The order of administration of the tests was randomized; participants either 
completed the standard social stress test (positive control condition) and then the VR social stress test, or vice 
versa. Between the two tasks participants had one hour to relax, in order for stress levels to recover (Kudielka 
& Wust, 2010). Stress levels were assessed with heart rate and skin conductance measurements before the 
manipulation (baseline) and during each of the stress tests. Psychological questionnaires were given to each 
subject three times, at the beginning of the study and then after completion of each stress test.  
 
Expected results  
We expect to find similar results for the assessments in the standard stress test and in the VR stress test. We 
predict a comparable trend in the psychological and physiological responses between the two different 
administration methods. 
 
 
Keywords: Virtual reality, Social stress, assessment, Skin conductance level, Heart rate 
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How female D. melanogaster modulate ejaculate ejection to social context. 
 

H. Doornbosch1,  P. Kohlmeier1,  J.-C. Billeter,1 
 

1 Groningen Institute for Evolutionary Life Sciences, PO Box 11103, University of Groningen, Groningen, 
9700 CC, The Netherlands. 

 
Background  
In polyandrous species a conflict can arise when both sexes have different fitness optima regarding 
reproduction.1 In this mating system, it is beneficial for the female to mate multiple times to increase genetic 
diversity for an increased fitness of her offspring. However, this increases uncertainty in paternity share of 
the male, whose interest is to have as much of the offspring as his own. This  phenomenon is known as sexual 
conflict and causes an ongoing arms race of sexual antagonistic co-adaptations.1 The same phenomenon 
occurs in the species Drosophila melanogaster. Here, male D. melanogaster prevent a female of re-mating by 
injecting a mating plug into the ovipositor and depositing anti-aphrodisiac pheromones during mating to make 
the female less attractive.2 The female in turn evolved the ability to restore her attractiveness by ejecting the 
mating plug an anti-aphrodisiac pheromones alongside the ejaculate.2 Preliminary data has shown, that female 
reduces ejaculate ejection latency when a new male was present. This was even specific for Canton-S males, 
indicating that a female is able to adjust her ejaculate ejection timing to her social environment. It remains to 
be elucidated how the female knows when to eject. One way of assessing her environment could be using fly 
pheromones, cuticular hydrocarbons (CHCs), as cues.3 These pheromones are both sex and species specific 
and have already shown to be important in reproductive behavior of D. melanogaster.4  
 
Objective  
Our main objective was to investigate to what extent CHCs are important in the female modulation of her 
ejaculate ejection in social context.  
 
Design/methods  
In this study we used ejaculate ejection latency assays. Here we provided a recently mated females with a 
second stimulus. This second stimulus was either one male, one female, a group (single-sex, mixed or genetic 
diverse), CHCs extraction alone, or one specific CHC (e.g. 7-tricosene). The female was checked for ejaculate 
ejection every 15 minutes from end mating onwards until time of ejaculate ejection. 
 
Expected results  
We expect that Canton-S CHCs alone are sufficient to reduce the ejaculate ejection latency. Furthermore, it 
is expected that this modulation is a specific response to 7-tricosene alone. 
 
 
 
 
References 
1. Chapman, T. (2006). Evolutionary conflicts of interest between males and females. Current 
Biology, 16, R744-R754. 
2. Laturney, M., & Billeter, J. C. (2016). Drosophila melanogaster females restore their 

attractiveness after mating by removing male anti-aphrodisiac pheromones. Nature 
communications, 7, 12322. 

3. Billeter, J. C., & Wolfner, M. F. (2018). Chemical cues that guide female reproduction in 
Drosophila melanogaster. Journal of chemical ecology, 53, 1-20. 

4.  Billeter, J.-C., Atallah, J., Krupp, J.J., Millar, J. and Levine, J.D. (2009). Specialized cells tag 
sexual and species identity in Drosophila melanogaster. Nature 461 (7266), 987-991 
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Proof-of-concept study for the treatment of Alzheimer’s disease: Atrosimab a 
novel blocker of TNF receptor 1 

 
A.M.P Ebskamp1 ,  K. Pfizenmaier2, R.E. Kontermann2, K. Broersen3, A.S.Boerema1, U.L.M.Eisel1 

 
1 Expertisegroup Neurobiology, Groningen Institute for Evolutionary Life Sciences, Groningen Univ., 

Groningen, the Netherlands 
2 Institut für Zellbiologie und Immunologie, Stuttgart Univ., Stuttgart, Germany 

3 Dept of Nanobiophysics, Twente Univ., Enschede, the Netherlands 
Background  
Alzheimer’s disease (AD), the most common cause of dementia, places a heavy burden on patients, family 
and society. Increased levels of tumour necrosis factor-α (TNF-α) are associated with the pathogenesis of AD. 
TNF-α can either bind to TNF receptor 1 (TNFR1) which leads to neurodegeneration, or to TNFR2 which 
leads to neuroprotection.  
An antibody called Atrosab was developed to prevent neurodegeneration by binding to TNFR1. This also 
stimulates TNF-α to bind to TNFR2 instead. This allows neuronal survival despite exposure to lethal 
concentrations of neurotoxins such as glutamate (NMDA) or oligomeric forms of Amyloid beta. Both agents 
are known to be involved in neuronal cell loss in the course of AD. 
This neuronal cell loss in AD mainly affects cholinergic neurons, which leads to severe cognitive impairment. 
Cholinergic neurons project their fibres from the Nucleus Basalis Magnocellularis (NBM) into the 
hippocampus and cortex. Therefore, loss of neurons in the NBM will reduce fibre density in the hippocampus 
and cortex and lead to memory and learning deficits.  
 
Objective  
The previously tested TNFR1 antagonist Atrosab was modified and resulted in a higher affinity compound 
called Atrosimab. Atrosimab will be tested to determine its antagonistic effects in vivo. By administration of 
Atrosimab we hope to increase cholinergic fibre density in the cortex and to rescue memory impairment. 
 
Design/methods  
Atrosimab was tested in an AD mouse model of NMDA-induced acute neurodegeneration. C57BL/6j knock-
in mice were used in which the extracellular, TNF-binding, domain of mouse TNFR1 has been substituted by 
the extracellular domain of human TNFR1. The administration of NMDA and Atrosimab were done via 
stereotactic injections in the NBM. The cholinergic fibre density was measured with a choline 
acetyltransferase (ChAT) staining, and the assessment of long-term memory was done by using the passive 
avoidance paradigm. 
 
Results  
Assessment of long-term memory with the passive avoidance paradigm showed significant differences in 
post-shock latency between the experimental groups. NBM injection of NMDA caused a significant 
impairment of long-term memory, measured as post-shock latency, which was obliterated by co-treatment of 
Atrosimab (fig. 1).  
 
Conclusion  
Although the cholinergic fibre density has yet to be analyzed, the results of the passive avoidance paradigm 
already showed a remarkable effect on memory rescue. This implicates that Atrosimab could be a promising 
candidate for neurodegenerative diseases like AD.  
 
 
 
 
 
Fig. 1.  Assessment of long-term memory with the passive avoidance paradigm showed no significant differences in pre-
shock latency between the experimental groups. NBM injection of NMDA caused a significant impairment of long-term 
memory, measured as post-shock latency, which was obliterated by cotreatment of Atrosimab. Error bars indicate ±SEM. 
*P < 0.05, one-tailed t-test. 
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Background  
Major depressive disorder (MDD) is one of the most common psychiatric disorders with a fundamental impact 
on individuals and society. An important component is the inability to regulate and to disengage from negative 
emotions. The abnormalities in emotional experiencing and regulation have been reflected in alterations of 
underlying neural activation patterns. However, in previous research was not considered that severity and 
course of MDD differ strongly among patients. Combining both aspects, the relation between depression load 
and altered emotion regulation mechanisms at a neural level are unknown.  
 
Objective  
The current goal of the study is to examine the relation between depressive load (i.e. presence and persistence 
of depression over a 9-year period) and neural activation patterns in emotion perception and regulation 
networks. The first research question is about differences in neural activity during attending to positive, 
negative and neutral stimuli a) between healthy controls (HC) and MDD patients and b) in relation to 
depressive load. The second question addresses variation in emotion regulation success and underlying 
activation patterns during downregulating negative emotions and upregulating positive emotions a) between 
HC and MDD patients and b) in relation to depressive load.  
 
Design/methods  
In the framework of the longitudinal Netherlands Study of Depression and Anxiety (NESDA) a nine-year 
follow-up measurement with fMRI and an emotion regulation task with an attending and regulating condition 
including positive, negative and neutral pictures was conducted. The depressive load was defined as days 
spent with symptoms during the last nine years.  
 
Expected results  
It is hypothesized that higher depressive load is associated with a) intensified processing of negative stimuli 
involving increased activation in subcortical regions and b) reduced processing of positive stimuli reflected 
in smaller activation in the ventral striatum and amygdala. Emotion regulation success is impaired in patients 
compared to HC, which is associated with reduced activation in cortical regions. The specific activation 
patterns differ between regulation of positive and negative emotions.  
 
Conclusion  
This study aims to gain insights into the neural mechanism of impaired emotion regulation in MDD. By 
differentiating between severity, the results may indicate how the severity and course of depression is related 
to alterations in emotion regulation on a neural level. New insights can be implemented in biological and 
psychotherapeutically approaches to help individuals and society. 
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Background  
Speech processing is a rather automatic process for normal hearing listeners. However, it becomes much more 
challenging when speech is accompanied by background noise, especially for individuals with a hearing 
impairment. This can make it straining to communicate with the outside world, and could eventually lead to 
social isolation and cognitive decline (Fortunato et al., 2016). With about 466 million people worldwide that 
have to cope with hearing loss, and its consequences, it is therefore tremendously important to find ways to 
relieve this burden. 
 
Objective  
Music and language are thought to have shared neurological resources because of crossover in their domains 
(Patel, 2014). It is therefore assumed that musicians are able to use their skills in auditory stream 
segregation, working memory and attention not only for music, but also for speech processing. Previous 
research then also shows that the musically trained individuals are better at understanding speech in noise 
(Coffey et al. 2017). Though this positive effect of musical training seems to be observed in some studies, 
the selection criteria for musicians are very rigid. The musical abilities of non-musicians, and other 
individual differences are often not taken into account. This project is therefore testing the boundaries of the 
effect of musical experience. The current study aims to test how musical experience plays a role in 
musicians’ and non-musicians’ sensitivity to acoustic cues when processing masked vs quiet speech. 
 
Design/methods  
Using a method called ‘splicing’ small auditory alterations have been created in auditory stimuli. These stimuli 
were presented during a visual world paradigm, with and without the presence of two-talker maskers, and 
were supported by recordings of participants’ eye-movements. The paradigm contained among others a target 
image and a competitor, which should draw more attention in case small auditory cues are important during 
speech perception. Proportions of gaze fixation to the competitor were used to determine the competition 
between phonologically similar lexical items. To see how this relates to musicality a test battery touching 
upon musical sophistication, beat perception, and melodic memory was implemented.  
 
Results  
This project showed that musicians fixated more on the competitor after splicing. Musicians furthermore 
outperformed controls (non-musicians) on all aspects of the musicality test battery.  
 
Conclusion  
The effect of solely musicality on its own could not be determined, due to the high correlation between 
musicality and musicianship. However, compared to non-musicians, musically trained participants use more 
small auditory cues both in quiet and masked speech. This process might contribute to the enhanced speech 
processing of musicians. 
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Background  
Dementia is a progressive set of neurodegenerative diseases characterized by cognitive deficits such as 
memory retrieval, difficulties with language processing and disrupted social interactions (1,3). Poor social 
health is seen as a high-risk factor for pro-inflammatory transcription, age-related cognitive decline and 
dementia (2). Previous association studies have also shown that a withdrawal from previously established 
social connections and a decrease in novel social interactions are often seen in dementia patients (1). However, 
the interactions between dementia and social isolation remain unknown. 
 
Objective  
Social isolation could impact brain homeostasis and result in greater vulnerability to neuropathological 
changes and severe cognitive deficits. Therefore, this study aimed to investigate the consequence of social 
isolation on cognitive functioning and molecular brain changes in dementia prone mice while studying the 
pathophysiological progression of dementia. 
 
Design/methods  
Six-week-old female tau transgenic mice expressing mutant human P301L tau were either singly housed or 
continued group housing. At 12 weeks of age, the tau transgenic mice were injected intracerebrally with either 
preformed synthetic tau fibrils or a control buffer into the dendrite gyrus of the hippocampus. Then, dementia 
disease-like pathophysiological changes were evaluated by using behavioural, cognitive, and 
immunohistochemical analyses at different time points. 
 
Results  
We expect isolation housing to promote impaired social behaviour in the three-chamber sociability test, 
decreased motor performance in the rotarod and open field and impaired learning and memory in the Y-maze 
and contextual fear conditioning test. Furthermore, we expect exacerbated neurofibrillary tau accumulation, 
microglial mediated neuroinflammation, decreased synaptophysin and increased PSD-95 expression in the 
hippocampus of P301L transgenic mice. 
 
Conclusion  
With this study, we aim to demonstrate that social isolation aggravates dementia pathology in P301L tau- 
transgenic mice, highlighting social context as an important risk factor and the potential role of social grouping 
in delaying or counteracting dementia pathology. 
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Background: Childhood Apraxia of Speech (CAS) is a rare speech disorder thought to involve the impaired 
development of feed-forward motor plans required for phonological sequencing. In CAS, articulatory 
precision and consistency is compromised, leading to variable phonological errors, untimely rhythm and 
abnormal tone. Models of speech motor control suggest that CAS symptoms may arise due to deficits of 
sensory feedback integration in motor planning. General diagnostic measures for CAS remain incompletely 
defined. Furthermore, the role of auditory versus somatosensory feedback in apraxic speech production is 
yet unknown.  
 
Objective: This research aims to identify characteristics of articulation in CAS subjects that differ from 
typically developing controls and whether these traits can be distinguished via diadochokinetic (DDK) rate 
task monitored by electromagnetic articulography (EMA). We hope to further elucidate whether group 
differences exist in speech compensation given disruption of auditory or somatosensory feedback. 
 
Methods: Children diagnosed with CAS and matched controls were asked to perform speech tasks while 
monitored via EMA and tongue ultrasound. EMA allows for tracking of primary articulators (including the 
tongue tip and lips) through sensor coils. Subjects were asked to perform a standard DDK task, a common 
diagnostic tool used to assess speech production. Subjects were then asked to produce sample stimuli in 
control conditions, followed by conditions with auditory feedback masking (using white noise) and 
somatosensory feedback disruption (via bite-stick implementation).  
 
Results: Preliminary results show that parameters measured by the DDK task yield more varied outcomes 
within CAS subjects. Differences in articulatory compensation between groups are seen and the variable 
effects of somatosensory and auditory feedback disruption are assessed. 
 
Implications: Results will help steer future therapeutic interventions for CAS, through improving 
diagnostic measures and optimizing approaches involving feedback support. Research to discover 
mechanisms involved in sensory feedback integration in speech will yield insight to underlying neural 
circuitry and potentially to mechanisms involved in speech evolution and language development.  
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Background  
The difference between objective time and the subjective experience of time is driven by earlier experiences 
and external factors associated with everyday experiences. For example, recent evidence suggest that 
emotional events significantly distort time perception and, consequently, influence temporal behaviour (Lake, 
LaBar, & Meck, 2016).  These results are typically interpreted within the framework of the pacemaker-
accumulator model (PA; Gibbon, Church, & Meck, 1984; Treisman, 1963), and consider arousal mechanisms 
as the driver of emotional-induced temporal distortions. However, current literature focusses on the 
presentation of static pictures or other static stimuli and has yielded inconsistent results. Consequently, the 
underlying mechanism of emotion-induced temporal distortions remain to a great extent unclear.  
 
Objective  
By using more naturalistic affective stimuli, the current study aims to elucidate the potential role of emotional 
triggered physiological arousal on human temporal reproductions and provide additional information on the 
underlying mechanisms driving temporal distortions.  
 
Design/methods  
To achieve emotional induction and to ensure higher ecological validity, we used highly arousing emotional 
film clips (i.e., anger and fear), selected from a validated database. We trained twenty-seven participants to 
reproduce a temporal interval of 1400ms in a neutral state. In succession, we asked them to reproduce the 
same duration while watching the emotional film clips. Simultaneously, we measured participants’ skin 
conductance responses (SCRs). SCRs are widely used as a biological index of emotional induced autonomic 
arousal fluctuations. Statistical analyses were conducted using linear mixed models. 
 
Results  
Results indicated that participants’ reproductions increased as a function of time spend within an emotional 
video. This finding suggests that the build-up of emotional context influences temporal judgements. This 
context dependent effect could be interpreted in terms of anticipatory discomfort of a threatening event to 
occur. However, the observed reproduced durations were better predicted by models that also included a factor 
representing time since the onset of a highly arousing emotional event. The negative regression weight 
associated with this factor indicates that once the expected emotional event occurred, participants reproduce 
shorter durations. This outcome supports the notion that arousal mechanisms modulate temporal judgement, 
but in a more refined pattern than previously suggested by PA models. Regarding physiological data, we 
would expect higher skin conductance amplitudes to correspond with the emotional events’ time points and 
provide a better fit of the model. 
 
Conclusion  
Together, our results demonstrate that emotional context, in terms of anticipatory discomfort and the actual 
emotional trigger, dynamically modulates temporal performance in divergent ways.  
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Background  
For people to make decisions and optimize their behavior requires knowledge of which stimuli lead to 
successes and which not. Most of the studies that examine the neural mechanisms of learning these reward 
associations focus on subcortical and frontal regions1. However, recently, it was shown that the posterior 
sensory-specific brain regions are involved in linking objects and features of objects to rewards2.   
 
But does this type of updating generalize to other features as well, such as spatial location? There are 
surprisingly little studies on spatial based reward learning. The existing studies show controversial evidence 
for the existence of spatial reward learning and even less is known about the neural mechanisms. 
 
Objective  
The present study aims to trace the processes underlying learning spatial-based reward associations using 
electroencephalography.  
 
Design/methods  
A gambling task was used where participants made decisions aimed at maximizing gains. During each trial, 
two identical grey boxes were presented left and right from a central fixation. During each block, either the 
left or the right box was more likely to be the winning location. This means that choosing this location 
consistently over a block of 20 trials would result in gain. After making a choice, a screen providing feedback 
was presented indicating whether the participants choice resulted in loss or gain. Participants learned which 
side was the winning side over a block by learning the associations between the chosen side and outcome.  
 
In order to study the underlying neural processes of the updating of stimulus-reward associations, 
encephalography (EEG) was measured. A decrease in alpha power in a cortical brain region is indicative of 
an increase in cortical activity. It is known that lateralized alpha is induced as a function of attention and 
working memory3. Therefore, modulation in alpha activity can be used as a marker for direction specific 
attention. The EEG data will be epoched from 1 second before till 3 seconds after feedback presentation. The 
epochs will be binned based on choice and feedback. Time-frequency responses will be calculated as a 
function of the different conditions.  
 
Expected results  
Learning curves calculated from behavioral pilot data indicate that people are able to learn which spatial 
location is the most rewarding based on feedback. In addition to that, we expect to find decreased alpha 
activity contralateral vs ipsilateral to the side of the winning stimulus suggesting increased activity in 
sensory cortices related to processing spatial information. 
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Background  
Research shows that when humans comprehend words conveying a sense of brightness or darkness, their 
pupils constrict or dilate, respectively. This link between semantics and the pupil light response is evidence 
for theories of embodied cognition - word representations in the brain likely consist of mental simulations, 
capable of triggering physiological responses.  
If word representations in the brain are strongly embodied, the semantic pupil light response will be driven 
by early sensory activity; otherwise, this response should be triggered well after semantic processing has 
occurred (~400 msec). 
 
Objective  
To establish a correlation between the semantic pupil light response, and neurophysiological signals recorded 
through electroencephalography (EEG). Crucially, we are interested in whether this correlation happens in 
early (< 400 msec.) or late (> 400 msec.) processing stages.  
 
Design/methods  
Participants hear words that convey a sense of brightness or darkness, or unrelated (control) words. We 
simultaneously record pupil size and EEG signals.  Pupil response variables (peak amplitude and latency) will 
be used as independent variables in a series of linear mixed-effects models predicting EEG signals (averaged 
in 10 msec. windows).  
 
Results  
NA 
 
Conclusion  
We expect that a stronger correlation between pupil and EEG signals will be established only after words have 
been semantically processed, during later processing stages. However, it is possible that a weaker correlation 
is established even at earlier stages. Our results have implications on theories of semantic representations in 
the brain, embodied cognition, and mental imagery. 
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Background 
The inner ear is a complex organ involved in hearing and balance function. Changes in the inner ear can 
lead to hearing loss, tinnitus or deafness. These changes can be caused by genetic factors, exposure to 
ototoxic agents, overexposure to noise or degeneration during age. Unfortunately, there are no 
pharmacological treatments to prevent or reverse inner ear disorders. 
 
Objective 
The overall aim of this research is to identify drug targets to treat and prevent hearing disorders. This 
research is especially interested in identifying ion channels that regulate inner ear pathophysiology because 
ion channels are known to regulate a variety of biological processes and they are established drug targets. 
The specific aim of this research is to identify the contribution of Kv4.2 to normal function of the inner ear 
and to the susceptibility in the onset of noise-induced hearing loss (NIHL) and age-related hearing loss 
(ARHL). This research is motivated by previous findings in the laboratory that identified expression of the 
gene encoding Kv4.2 in the sensorineural structures of the inner ear. This work also found that transcript 
expression in the sensorineural structures of the inner ear increases with aging. These findings suggest that 
Kv4.2 might be an important regulator of inner ear function and dysfunction. 
 
Design 
The hearing function of Kv4.2 knockout (KO) mice was tested by measuring the auditory brainstem 
response (ABR) before and after noising to assay susceptibility to NIHL or at the age of 6, 12 and 24 weeks 
to assay susceptibility to ARHL. The ABR wave I thresholds, wave I amplitude input/output (I/O) slopes 
(μV/dB) and wave I latency I/O slopes from KO mice were compared to archived wildtype (WT) data from 
the same strain of mice (C57BL/6J). After functional testing, the morphology of the sensorineural structures 
of the inner ear was examined using immunofluorescence. 
 
Results 
No significant differences in ABRs were observed between the KO and WT mice. The results of 
immunofluorescence examination are still underway and may show differences in the numbers of synapses 
between the inner hair cells and afferent neurons between KO and WT mice.  
 
Conclusion 
The results thus far show no differences between the KO and WT mice, suggesting that the Kv4.2 channel is 
not involved in the pathology of NIHL or ARHL. Increased expression of the transcript encoding the Kv4.2 
channel during aging that was observed previously might not be associated with ARHL. Alternatively, 
genetic deletion of the Kv4.2 channel may be compensated by other channels, for example Kv4.1 or other 
channels with similar biophysical properties.   
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Background  
Sleep deprivation (SD) has been shown to interfere with learning and memory, reducing spine density and 
increasing phosphodiesterase (PDE) activity, altering the hippocampal cyclic nucleotide pathways that are 
necessary for memory formation. Memory processes consist of three phases: acquisition, consolidation, and 
retrieval. The time frame of SD during a learning task will determine which memory phase is affected. 
Consolidation has previously been shown to be impaired by SD. However, not much is known about the 
effects of SD on acquisition or retrieval. Additionally, the hippocampal sub-region of the dentate gyrus has 
been found to be especially vulnerable to the effects of SD. This sub-region mediates pattern separation, which 
is the memory process that allows the distinction of very similar inputs through the formation of separate 
neuronal representations. Studying pattern separation can show whether structural impairments induced by 
SD in the dentate gyrus lead to behavioral deficits as well. 
 
Objective  
The aim of this study was to determine the effects of SD on acquisition, consolidation, and retrieval separately. 
With the object pattern separation (OPS) task, a variation on the object location memory (OLM) task, we 
investigated how SD affects dentate gyrus-mediated spatial pattern separation. Furthermore, we showed 
whether PDE4- and PDE5 inhibitor treatment, targeting cAMP and cGMP nucleotide signaling respectively, 
could reverse the effects of SD. 
 
Design/methods  
An OPS validation pilot was performed with C57BL6/J mice in a repeated measures design (n=12). The same 
animals were then sleep-deprived with the gentle handling method at three different time points during the 
OLM task to target acquisition, consolidation, and retrieval. Additional mice (n=12) were used for the PDE 
inhibitor treatment studies in the OPS task. In a balanced repeated measures design, mice were sleep-deprived 
or non-sleep-deprived and received either a PDE4 inhibitor (roflumilast) or a vehicle i.p. injection (4 groups 
in total, n=12 for each condition). The same design was used in the study with PDE5 inhibitor vardenafil. 
 
Results  
SD significantly impaired acquisition, consolidation, and retrieval, but to different degrees. Dentate gyrus-
dependent spatial pattern separation was impaired by SD, and roflumilast treatment rescued this impairment. 
We expect vardenafil treatment to have similar effects.  
 
Conclusion  
SD affected acquisition, consolidation, and retrieval differentially, suggesting that cyclic nucleotides have 
different degrees of importance in the separate memory processes. Roflumilast treatment improved pattern 
separation after SD, indicating that boosting cAMP prevents the memory impairment caused by SD. 
Vardenafil treatment may yield similar results, possibly restoring cGMP signaling and rescuing spatial pattern 
separation after SD. Thus, PDE inhibitors may be a potential treatment to counteract the effects of SD on 
memory. 
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Background  
Major surgery leads to a (neuro)inflammatory response resulting in impaired health, such as decreased muscle 
strength, loss of cognition and increased risk of cardiovascular and neurodegenerative disease. Physical 
inactivity has similar detriments. As surgery is usually accompanied by forced inactivity, the inactivity could 
in part be responsible for the surgery-induced impairments. Therefore, getting surgery patients to exercise 
could help solve these problems. However, these patients are unfit to perform extensive physical activity. 
Instead, whole body vibration (WBV), a technique that utilizes vibrations in order to physically stimulate a 
subject, could be utilized as a passive exercise. We hypothesize that WBV may serve as an alternative training 
program for individuals affected by major surgery.  
 
Objective  
The proposed study will aim to find 1) the effects of major surgery on health, in particular: on physiological 
outcomes such as body weight, physical activity, body temperature and heart rate, on cognitive functioning, 
on neuro-inflammatory responses and on the sensitivity of the serotonergic system.  and 2) to investigate 
whether exercise and in particular WBV as passive exercise may affect these outcomes of major surgery. 
 
Design/methods  
We used 4 different groups of rats. One group (non-surgery/sedentary) serves as absolute control. A 
surgery/sedentary group will reflect the expected detrimental effects of surgery. The potential beneficial 
effects of active and passive exercise on surgery are studied in the surgery-exercise and the surgery-WBV 
group, respectively. The exercise protocol entailed forced running on a treadmill. The WBV consisted of two 
sessions of 10 minutes vibration per day, 6 hours apart at 30 Hz and 0,5 mm amplitude. The surgery was an 
abdominal operation. In half of the surgery-groups rats, we used the surgery to place a telemetric transducer. 
Telemetry is used to measure physiological parameters in vivo, such as activity, body temperature and heart 
rate at baseline, as well as after a serotonergic challenge. In addition, rats performed behavioral tests to test 
for changes in cognitive function. Finally, we will use immunohistochemistry to explore the changes in 
serotonin and inflammation in the brain.  
 
Results  
The experiments are still in progress, but preliminary results show the surgery groups to exhibit impaired 
health compared to the non-surgery group. However, we expect WBV and exercise groups to exhibit 
attenuated symptoms compared to the surgery-sedentary group. The results of the serotonergic challenge are 
still unclear, as little research has been done on the effects of WBV on serotonin.  
 
Conclusion  
Unfortunately, we have no results as of yet to support our hypothesis. However, we anticipate that WBV and 
exercise can be used as a safe therapy following major surgery. It is likely that the anti-inflammatory effects 
of exercise contribute notably to the beneficial effects. In addition, WBV provides an alternative to exercise 
to those who are infirm, be it as a result of surgery or otherwise.  
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Background: Patients with multiple sclerosis (MS) suffer from widespread cognitive problems, which are 
linked to impaired brain synchronization (Chiaravalloti & DeLuca, 2008). Transcranial alternating current 
stimulation (tACS) might be a promising treatment for these problems, since it is a non-invasive technique 
that has been shown to enhance brain synchronization and improve cognitive functioning (Polanía et al., 2012; 
Reinhart & Nguyen, 2019). However, there is some unexplained heterogeneity in effectiveness between 
subjects. The variability in treatment outcome might be due to the variability in anatomical features of the 
brain of the individual, because the pattern of current flow produced by transcranial electrical stimulation is 
greatly influenced by this (Fröhlich et al., 2016).  
 
Objective: The aim of this study is therefore to investigate the efficacy of tACS related to the volumes of 
different brain tissues (gray matter, white matter and cerebrospinal fluid) in patients with MS.   
 
Design/methods: MS patients with cognitive problems received either three days of tACS in the theta range 
(n = 9) or three days of sham stimulation (n = 4). Before the stimulation, patients underwent a 
neuropsychological evaluation, MRI and a resting state EEG. After stimulation, the neuropsychological 
evaluation and the EEG were repeated. A repeated measures ANOVA was conducted to investigate the effect 
of tACS stimulation compared to sham stimulation on EEG synchronization and performance on the cognitive 
tasks before and after the stimulation. The MRI scans of the patients that received tACS were analyzed using 
voxel-based morphometry. Separate regressions for gray matter, white matter and CSF were performed with 
the change in EEG synchronization and the change in cognitive scores before and after treatment as covariates.  
 
Results: The interactions of time and type of stimulation on EEG synchronization and cognitive scores were 
not significant on a group level. However, the improvement in cognitive scores before and after treatment 
were associated with higher white matter volume in the left cingulum, left uncinate fasciculus, the left and 
right inferior occipito-frontal fasciculus, left and right inferior longitudinal fasciculus, right forceps major (p 
< .05, FWE corrected). There were no significant correlations between gray matter and CSF volumes and 
either EEG synchronization or cognitive scores.  
 
Conclusion: The results suggest that sufficient volume of white matter tracts that bridge frontal and parietal 
regions are important for an increase in cognitive functioning after tACS, possibly because there is some level 
of functional connectivity needed that can be enhanced by tACS. Furthermore, the white matter tracts at the 
contralateral side are also involved, presumably due to the interconnectedness of the brain. The results indicate 
that the treatment will be most beneficial when white matter volume is mostly intact. Further research with 
more participants is needed to confirm this, to ensure personalized treatment and improve the quality of life 
of MS patients. 
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Background  
In most species of primates, males are dominant over females, however in some species, females are dominant 
over some or all of the males. Dominance relations between as well as within the sexes are partially caused 
by the winner-loser effect. This means that the outcomes of fights are self-reinforcing. After losing a  fight an 
individual is more likely to lose again and vice versa for winners. Previously, a computational model, 
DomWorld, has shown that at high intensity of aggression, females are more dominant over males when there 
is a higher proportion of males in the group. Under these conditions, the dominance hierarchy becomes 
strongly differentiated and some males sink in dominance below some females. Additionally, because males 
have a higher intensity of aggression than females, a high proportion of males in the group increases the 
proportion of fights involving males and therefore the proportion of interactions with high intensity. This 
causes some males to sink further in dominance relative to some females.  
This mechanism has so far only been shown in vervet monkeys, humans and across groups of different primate 
species. To determine if the mechanism underlying female dominance is general to species of primates it is 
important to test this in several different species.  
 
Objective  
Our goal was to determine how sex ratio and intensity of aggression influence female dominance over males 
in different species of primates. We expect that in species with a high intensity of aggression, females will be 
relatively more dominant over males when the proportion of males in the group is higher.  
 
Design/methods  
Matrices on agonistic interactions were acquired from literature and through contacts with several researchers. 
These matrices were used to derive the dominance hierarchy and female dominance index. The dataset 
consisted of rhesus macaques (n = 10, high intensity of aggression), long-tailed macaques (n = 6, high intensity 
of aggression) and stump-tailed macaques (n = 7, low intensity of aggression). 
 
Results 
Female dominance over males significantly increased with the proportion of males in rhesus macaques and 
long-tailed macaques but not in stump-tailed macaques.  
 
Conclusion  
In accordance with our predictions females are more dominant over males in species with a high intensity of 
aggression and when the proportion of males is high in a group. These findings add to the idea that in primates, 
female dominance is influenced by the proportion of males and the intensity of aggression. Future directions 
should focus on establishing if the mechanism if further generalizable to all group-living animals.  
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Background 
Emotion recognition is an important skill that enables humans to function in our social world. Previous eye-
tracking research using 2D stimuli has found that during emotion recognition our attention is directed to key 
regions on the face, including the eyes and mouth (e.g. Eisenbarth & Alpers, 2011). However, for some 
clinical populations the scanpath used during emotion recognition appears different to that used by healthy 
participants (e.g. Toh et al., 2011). Using an eye-tracking setup in an immersive, 3D virtual reality (VR) 
environment may be able to deepen our understanding of the visual scanpath used by healthy people and 
people with psychiatric disorders during emotion recognition. 
 
Objective 
To establish characteristics of the visual scanpath of healthy participants when viewing different emotions 
expressed by virtual characters.  
 
Design/methods 
50 healthy participants took part in the study. Participants used a joystick to move around a VR street 
environment. When they were 2m from an avatar an emotion was displayed. The emotions expressed were 
anger, disgust, fear, happiness, sadness and surprise. Eye movements directed at pre-programmed areas of 
interest (AOI’s) on the avatars’ faces were recorded, including AOI’s for the eyes, nose and mouth. Each 
location was given in 3D coordinates. The dwell time (time spent looking at each AOI) and fixations 
(moments when the eye focused on one location) were used to quantify attention. These quantities were 
calculated using MATLAB.  
 
Results 
Results will be presented during the symposium. It is predicted that participants will direct more attention to 
the eyes than to the other AOI’s during all emotion expressions. Relative to other emotion expressions, it is 
expected that the attention directed to the eyes will be decreased in the expression of happiness, and 
increased in the expression of sadness and fear.  
 
Conclusion 
VR enables the assessment of emotion recognition in a highly immersive environment. The overall goal for 
using an eye-tracking setup in VR is to be able to use it as a more fine-grained element of psychiatric 
assessment for people with disorders such as schizophrenia. 
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Background  
The consumption of ethanol is known to provoke the feeling of reward by activating the mesocorticolimbic 
dopamine pathway in the brain. This pathway consists of the ventral tegmental area and its target areas, like 
the nucleus accumbens, dorsal striatum and medial prefrontal cortex. Present in these areas are opioid 
receptors, which are important in the rewarding effects of ethanol. When ethanol drinking behaviour takes 
excessive and compulsive forms, prolonged ethanol use can result in alcohol use disorder (AUD). Gene-
environment interactions are thought to underlie the risk of developing AUD. In this study, the interaction of 
early life stress (induced by maternal separation) and serotonin transporter (SERT) deficiencies on ethanol 
consumption was investigated in rats.  
 
Objective  
The present study aims to unravel the neurobiological mechanisms underlying the interaction effect of Early 
Life Stress and SERT deficiency on voluntary ethanol drinking in rats. Therefore, it was examined whether 
opioid gene expression differed in male vs. female rats, in maternally separated vs. control rats, in SERT 
knockout/ heterozygous/ wildtype rats and in high ethanol-drinking vs. low ethanol-drinking rats.   
 
Design/methods  
Maternally separated SERT wildtype (SERT+/+), SERT heterozygous (SERT+/-) and SERT knockout (SERT-

/-) rats were exposed to a two-bottle (water and ethanol) free choice paradigm to measure voluntary ethanol 
intake. In the first 4 weeks they were exposed to 20% ethanol for 7 hours/day for 3 days/week, while in the 
last 4 weeks they were exposed to 20% ethanol for 24 hours/day for 3 days/week. To enhance insight in the 
molecular mechanisms underlying ethanol drinking behaviour, the rats were decapitated, and their brains were 
removed. By means of qPCR, expression of genes related to the opioid system in the dorsal striatum were 
examined.   
 
Results  
Female SERT-/- rats significantly increased their ethanol consumption compared to female SERT+/+ rats over 
the course of 8 weeks, regardless of maternal separation stress. In male rats, maternal separation did not 
significantly increase ethanol intake. We are in the process of obtaining opioid mRNA expression in the dorsal 
striatum.  
 
Conclusion  
In female rats, an effect of SERT deficiency was found on ethanol consumption. By assessing the opioid 
mRNA expression in the dorsal striatum, more insight might be gained into the molecular mechanisms 
underlying this finding.    
  
 
 
 
 
 
 
 
 
 
 



 37 

Breaking the Vicious Cycle of Depression – Understanding the Neurocognitive Working 
Mechanisms of Relapse 

Ronja Eike1, Rozemarijn van Kleef2, Marie-José van Tol2 

1Faculty of Science and Engineering, University of Groningen 
2Faculty of Medical Sciences, Cognitive Neuroscience Center, Department of Biomedical Sciences of Cells & Systems, University 

Medical Center Groningen 
Background: Major depressive disorder is one of the most prevalent psychiatric disorders with a high relapse rate 
(40% relapse within two years) and the probability of relapse increasing with the number of previous episodes. An 
acute episode is usually treated with medication and/or cognitive therapy but even when successful during the 
symptomatic phase, relapse-recurrence lies at 29% within one year for many remitted responders (de Jonge et al., 
2015). To prevent relapses, pharmaceutical treatment is most commonly administered. However, long-term use of 
antidepressant medication is opposed by many patients and adherence is generally low (Bockting et al., 2008). An 
alternative to pharmaceuticals is preventive cognitive therapy (PCT), aimed at improving emotion regulation skills. 
PCT has been shown to be effective in reducing the relapse-risk over a time span of 10 years but it does not work for 
all patients, suggesting heterogeneous vulnerability to relapse. Several mechanisms mediating the risk for relapse 
have been proposed (Disner et al., 2011) and research has suggested that a lack of top-down control (from the 
prefrontal cortex (PFC)) over limbic structures that are related to emotion processing could be mediating the proposed 
mechanisms behind relapse and that these persist during remission (Smoski et al., 2015). As the underlying 
mechanisms of PCT are not very well understood, the efficacy of selecting it as a treatment option for clinicians and 
predicting a positive outcome is limited.  
Objective: The objective of the project is to gain further understanding of the neurocognitive mechanisms underlying 
PCT and its success in preventing relapse. This may inform on which changes are needed to lower vulnerability for 
depression in general. The regulation of emotional information will be assessed as depression is regarded as a disorder 
of defective emotion regulation. Brain responsivity (specifically in the prefrontal cortex and the limbic system) will 
be studied to identify changes due to PCT, potential risk factors of relapse and new targets for treatment. 
Methods: The current study is part of a randomized controlled trial (RCT) consisting of three phases: 1. baseline 
assessment and measurements (T0), 2. treatment period/ waiting-list control for 3 months, 3. post-treatment 
examination 3 months after T0 (T1). Participants were remitted MDD patients (n=50) and randomly assigned to 
either to the PCT treatment or waiting-list control group. Assessments included an fMRI examination during an 
emotion regulation task (ERT) and several questionnaires administering current mood states, symptomatology and 
emotion regulation. 
Data Analyses and Expected Results: In order to understand changes due to PCT, brain-related changes from T0 
to T1 are of interest. For this, performance on the emotion regulation task and related fMRI activation patterns at T0 
and T1 for both patient groups (PCT vs. waiting list) will be compared. At T1 (post-treatment), it is expected that the 
PCT group will display more prefrontal control (higher activity in DLPFC) than the waiting-list group during fMRI 
scanning (for the ERT). The fMRI data will be pre-processed and analysed using SPM, FSL and AFNI. Data obtained 
during ERT will be modelled on the subject-level with based on task conditions and performance, and then convolved 
with a hemodynamic response function. Additionally, to study the effects of PCT compared to waiting-list, a linear 
mixed effects model including the within-factor time and between-subject factor treatment will be used. The 
significance level is set at p < 0.05, when corrected for multiple comparisons. Behaviourally, it is hypothesized that 
successful PCT (increased prefrontal control over limbic systems) is reflected in decreased perceived negative 
emotion and less effort when up-regulating negative emotion compared to the neutral/positive condition of the ERT. 
Additionally, participants symptomatology is expected to decrease for the PCT group. Behavioural data will be 
analysed using simple within-subject comparisons of the different emotion conditions for both time points and across 
groups. 
Implications of potential findings: Identifying brain-related differences associated with PCT gives clues about the 
underlying processes behind relapse (i.e. emotion regulation as a key factor) and potential new treatment targets. 
Relating the symptomatology status after treatment gives further indication of which brain activation pattern during 
the ERT at T1 ‘protects’ patients from relapsing. This can then be extended for the long-term by checking the relapse 
status at a 18-month follow-up (included in the complete RCT). Furthermore, potential systematic differences in 
brain activation for participants in the treatment group (before and after treatment) could propose for whom PCT is 
beneficial in the end. If these findings can additionally be related to differences in pupil dilation parameters during 
the ERT (included in the complete RCT), measuring pupillometry itself could then be used as a predictor for PCT 
success in MDD. 
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Background  
Human love is a powerful emotion that emerges from several complex cognitive processes. These processes 
are rooted in more general neurobiological processes that can be studied in model organisms. The socially 
monogamous prairie vole has proven to be an excellent model to study the neural circuitries involved in pair 
bonding - the evolutionary antecedent of romantic love.  
 
Oxytocin (OXT) has been shown to be an essential neuromodulator of pair bonding in this species, supporting 
the importance of oxytocin in disorders that involve impairments in social behavior (e.g. Autism Spectrum 
Disorder). However, much remains unclear on how OXT specifically influences the different neural pathways 
and cellular ensembles that control pair bonding. Therefore, tools that are able to disrupt OXT signaling in 
specific neural populations in the prairie vole brain are needed. To date, a major impediment in the 
development of such tools has been difficulty in the genomic manipulation in this non-traditional animal 
model. 
 
Objective  
We aim to disrupt OXT signaling by establishing genomic edits in the OXT receptor gene (Oxtr) in 
molecularly defined neural populations in the adult prairie vole brain.  
 
Design/methods  
We use the programmable endonuclease spCas9, guided by sgRNA, to induce double stranded breaks at a 
specific sequence in the Oxtr locus. These breaks lead to the formation of genomic edits (indels) in Oxtr. This 
impedes the expression of the OXT receptor (OXTR), thus disrupting OXT signaling. The use of minimal 
promoters allows us to drive spCas9 in molecularly defined neural populations. The CRISPR/Cas9 
components are delivered via a dual AAV-vector approach, both in vitro (in primary cortical embryonic 
cultures) and in vivo (by infusion in the Nucleus Accumbens (NAcc)). Genomic editing is validated by T7 
endonuclease I assays and 125I-OVTA-autoradiography. 
 
Results  
We show that AAV-mediated CRISPR/Cas9 is able to induce genomic edits in Oxtr both in primary cortical 
embryonic cultures and in vivo. These genomic edits disrupt OXT signaling in vivo, as OXTR binding in the 
NAcc is progressively decreased 2-8 weeks after infection, up to 30 - 40%. 
 
Conclusion  
We successfully developed AAV-mediated CRISPR/Cas9 to enable genomic editing of Oxtr in the prairie 
vole. This technique, in this unique model organism, will greatly facilitate the study of the neural basis of pair 
bonding. This takes us one step closer to understanding the origin of love; the emotion that has fascinated us 
for centuries and will continue to do so for centuries to come.  
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Background 
Clinical trials often seek to determine the equivalence, non-inferiority, or superiority of an experimental 
condition (e.g., a new drug) compared to a control condition (e.g., a placebo or an already existing drug). The 
use of frequentist statistical methods to analyse data for these types of designs is widespread. Importantly, 
however, frequentist inference has several limitations and logical inconsistencies. Among them are the 
impossibility to quantify evidence in favour of the null hypothesis and the illegitimacy of deciding to continue 
data collection based on interim results. Bayesian statistics remedies these shortcomings and allows for 
intuitive interpretations. 
 
Objective 
The goal of the present article is twofold. First, we present ‘baymedr’ (available at 
https://github.com/maxlinde/baymedr), a software that we developed in R (R Core Team, 2019) with the 
purpose of providing biomedical practitioners with user-friendly tools for the computation of Bayes factors 
for equivalence, non-inferiority, and superiority designs (see also van Ravenzwaaij, Monden, Tendeiro, & 
Ioannidis, 2019). Second, we conduct a set of simulations in order to contrast the performance of the Bayesian 
and frequentist equivalence and non-inferiority tests. 
 
Design/methods 
For the simulations, we generated data sets that imitated two-condition independent-samples experiments. For 
the equivalence design, data sets either represented equivalence (d=0) or non-equivalence (d=0.25, 0.5, or 
0.75) between the conditions in the population. Similarly, for the non-inferiority design, data sets either 
represented non-inferiority (d=0) or inferiority (d=-0.3, -0.4, or -0.5) between the conditions in the population. 
For both the equivalence and non-inferiority simulations, the total sample size was either n=50, 100, 500, 
1,000, or 5,000. The corresponding data sets were analysed by the frequentist and Bayesian equivalence and 
non-inferiority tests, using four specifications of the equivalence margin (0.05, 0.1, 0.15, or 0.2 SD) and four 
types of non-inferiority margin (0.05, 0.1, 0.15, or 0.2 SD). The resulting p-values and Bayes factors formed 
the basis for subsequent receiver operating characteristic (ROC) analyses, through which the performances of 
these two approaches were compared in various situations. 
 
Results 
The classification performance of the Bayesian equivalence and non-inferiority tests was higher compared to 
their frequentist counterparts. This was especially apparent for the equivalence test. The general trend was 
that the frequentist equivalence and non-inferiority tests demanded a rather high sample size and/or a large 
equivalence margin (or non-inferiority margin) to reach a proper true positive rate (i.e., correctly predicting 
equivalence [or non-inferiority]). 
 
Conclusions 
The theoretical and practical advantages of the Bayesian over the frequentist approach for data analysis are 
hard to ignore. In addition, we clearly demonstrated the superior performance of Bayesian tests for 
equivalence and non-inferiority designs. Taken together, this leads us to propose the adaptation of our state-
of-the-art Bayesian tools for the analysis of equivalence, non-inferiority, and superiority studies. 
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Background 
Parkinson disease (PD) is a complex disease that can be subdivided into several motor phenotypes: among 
others, tremor dominant (TD) and postural instability gait difficulty (PIGD), two extremes. For this project 
we chose to investigate the neurodegeneration of grey matter (GM) volume in these two extremes. Clinically, 
these motor phenotypes already have shown to have different progression profiles; TD is less severe, whereas 
PIGD is more progressive and affects cognition as well. However, we do not know yet whether there is a 
difference in GM neurodegeneration between these two progression profiles. Studying GM volume by using 
Magnetic Resonance Imaging (MRI) scans of de novo PD patients may help to predict the progression of these 
phenotypes. 
 
Objectives 
(1) To analyze GM volume on MRI scans of de novo PD patients and age-matched healthy control subjects;  
(2) To examine differences in grey matter volume in the TD and PIGD patients of the de novo PD cohort.   
 
Materials & Methods 
De novo PD patients were classified as belonging to TD (n=18) or PIGD (n=36) phenotype, based on the ratio 
between the PIGD and tremor symptoms (MDS-UPDRS). Lobar grey matter volume is measured with Voxel 
Based Morphometry (VBM) in 62 de novo PD patients and 30 age-matched healthy controls subjects. 
Differences in GM volume were analyzed between PD patients and HC, as well as between TD and PIGD. 
One-sided and two-sided ANOVAs will be used, respectively, to test the differences. Baseline GM volumes 
will be correlated with symptom severity.  
      
Results (expected) 
It is predicted that GM volume does differ between de novo PD and HC in frontal, temporal and parietal 
regions. Furthermore, differences in GM atrophy patterns within the de novo PD cohort are expected to be 
associated with different clinical and neuropsychological characteristics.  
 
Conclusion 
As a result, we expect to obtain more knowledge about the neurodegeneration of these two motor phenotypes 
in de novo PD patients, which will show that analyzing grey matter atrophy using MRI can contribute to 
identify PD and its different motor phenotypes and clinical profiles. 
  
Keywords: Grey matter atrophy, MRI, Parkinson Disease, Voxel Based Morphometry 
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Understanding the biological basis of memories is one of the central goals of modern neuroscience, as 
memories are crucial for adaptive behaviors in animals. Memory refers to the storage of learned information 
in the brain, and a memory trace or engram is a neural ensemble activated during learning whose reactivation 
by the original stimuli results in memory retrieval. The labeling and manipulation of long-term memory traces 
in particular brain regions has been made possible by recent technological advances. To date, research has 
focused on investigating memory traces in a limited number of brain regions and has only allowed for the 
tagging and manipulation of a single memory trace or engram. It is, however, unknown how multiple memory 
traces are stored across whole-brain neural networks. Here, we combine two activity-dependent tagging 
systems to better understand how multiple memories (e.g. positive and negative memories) are stored in the 
brain. We will be using a system that is under the control of the immediate early gene (IEG) Arc promoter to 
permanently tag neurons that were previously activated during a contextual fear conditioning (CFC) 
experience. A second system that is under the control of the IEG c-Fos promoter will be used to enable a 
second, long-lasting tag of neurons to determine whether different systems can label similar memory traces 
of the same experience. Although both of these systems have been extremely useful for identifying how a 
neuronal ensemble is activated during encoding and/or retrieval, we for the first time combine these systems 
to label multiple memories within the same animal. Our aim is to visualize how multiple memories are stored 
first in the hippocampus and then throughout the brain by utilizing activity-dependent tagging transgenic 
mouse lines in combination with whole-brain clearing techniques. We hypothesize that, in the dorsal 
hippocampus, there will be significant overlap between the memory traces tagged under the c-fos promoter 
and the Arc promoter. In the future, we will use these techniques to label the cells active during a negative 
experience and a positive experience to see how two memory traces co-exist in the brain. Our overarching 
goal is to further develop this approach to resolve the underlying neural mechanisms mediating memory 
encoding and retrieval with single-cell resolution across the entire brain. This whole-brain analysis will allow 
researchers an unprecedented look at how multiple memories are stored across brain circuits and how factors 
such as disease states impact the storage and retrieval of individual memories.  
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Drosophila suzukii, also known as Spotted Wing Drosophila (SWD), is a relative of the fruit fly D. 
melanogaster and an invasive species originally from southeast Asia. Since the late 2000s, SWD has rapidly 
been invading a wide range of regions in North America and Europe (see Asplen et al., 2015). When hearing 
the words ‘fruit fly’, most people instinctively think about the typical home nuisance dancing around last 
week’s overripe banana. However, contrasting to other Drosophila species, it does not require damaged or 
rotting fruit for egg-laying. Female SWD flies possess a large serrated ovipositor that enables them to deposit 
eggs directly into intact ripe or ripening fruit, which provides them with the ability to exploit a niche that is 
otherwise inaccessible to larvae of other Drosophila species (Atallah et al., 2014). This causes damage to 
fruits due to larval feeding and poses an economic threat to commercially grown fruit, soft and thin-skinned 
fruits especially (i.e. cherries, blueberries, strawberries, etc…).  
In other pest insects, integrated pest management strategies (IPM) are often based on interfering with the 
chemical communication that these insects rely on (Witzgall et al., 2010). Given SWD’s high reproductive 
potential, targeting the chemical communication, for instance, mate recognition can offer a potential route for 
IPM. Another potential IPM target involves the relationship between pest insects and their associated 
microorganisms. For instance, Sharon and colleagues (2010) reported a role for commensal bacteria in mating 
preference in D. melanogaster. These commensal bacteria influenced levels of cuticular hydrocarbon (CHC) 
sex pheromones. CHCs are also involved in chemical communication in SWD (Snellings et al., 2018). In the 
interest of developing IPM based methods that complement current management strategies, it is important to 
have a fundamental understanding of SWD’s reproductive biology, including the possible influence of the 
SWD microbiota.  
 
In this project, I investigate whether male mating behaviour is influenced after manipulation of the microbial 
composition of female SWD. Virgin (non-mated) females were collected and reared separately on a lab-based 
diet for 7 days. For one group of females, 500 μg/mL of the antibiotic ampicillin (AT) was added to the rearing 
medium. Another group of females underwent a heat shock treatment (HT) on day 7. Females that did not 
receive treatment were used as control. Afterwards, crushed lysates containing female SWD was plated on 
bacterial culture medium using the spread-plate method and then incubated for 7 days at 28°C. For the HT, 
lysate was plated for several time points (0, 6, 12 and 24 hours) after treatment to investigate microbial 
recolonization. The microbial counts for both the treated and control flies were measured in the form of 
Colony Forming Units (CFUs). In addition, a behavioural assay was performed, where male SWD were 
presented with a choice between a treated and a control female. Male mate behaviour was recorded for 3 hours 
and then scored.  
Both AT and HT indicate a change in the microbial composition of SWD females. However, for the heat 
treatment, CFU count was more variable compared to the ampicillin treatment. Data collection for the 
behavioural part is still in process. This project will eventually cover a fundamental objective accounting for 
any potential role of the culturable microbes on SWD reproductive behaviour. 
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Background  
Ravens (Corvus corax) emit food calls when seeing a food source that is difficult to access. These calls often 
attract conspecifics, although it is discussed whether this effect is intentional. There is great intra- and 
interindividual variation in call rate. This has been linked to factors including gender, vagrancy, and social 
bonds. It is not yet known whether individuals’ food calling shows a link to foraging behavior. In this study, 
we investigate the link between food calling and the accessibility of a food source by manipulating 1) the 
distribution of food and thus the likelihood of scramble competition, and 2) the level of neophobia through 
novel objects (NO) next to food. 
 
Objective  
We aim to understand how food accessibility and neophobia explain the variance in food calling behavior in 
the common raven. 
 
Design/methods 
This study was conducted at the wild boar (Sus scrofa) enclosure  in the Cumberland Wildpark, Grünau im 
Almtal, where wild ravens gather to forage for food. About half of those ravens are individually marked. For 
four months, observations were performed at the feedings of wild boars (7-9am) and combined with an 
experimental approach by providing 75 pieces of meat outside of the enclosure. To manipulate food 
accessibility through competition, the meat was presented clumped together or scattered across one meter. To 
induce neophobia, both conditions were either presented by themselves (neutral), or a NO was added at a 
distance of two meters from the meat. These conditions were counter-balanced across daily feedings. The 
food was presented for a total of 10 minutes to the ravens, which typically do not land when humans are close. 
During this presentation period, focal protocols were used to count the number of food calls given by a marked 
individual for 3-5 minutes to calculate the average food calling rate per minute. After the presentation period, 
the observer(s) walked away from the food and recorded the ravens feeding from the meat using a GoPro 
HERO 5. The amount of food taken was scored using this footage. Other variables measured from the footage 
were maximum number of birds present, and the latency of the focal individual to land. 
 
Results  
We expect food distribution affects its accessibility for ravens. Therefore, we predict individuals to take more 
meat in the scattered condition than in the clumped condition. If neophobia influences food accessibility, we 
expect to find a similar pattern between the neutral and NO conditions. Preliminary results support our 
predictions: ravens tend to take more food in the scattered than in the clumped condition. We predict a higher 
call rate during the clumped condition compared to the scattered condition. If neophobia explains the variance 
in food calling behavior, we expect individuals to call more during the NO conditions than during the neutral 
conditions. Preliminary results indicate that individuals call more during the neutral conditions compared to 
the NO conditions. We also find a higher maximum number of birds present in the neutral than in the NO 
conditions, independent of food distribution. 
 
Conclusion  
Our preliminary findings suggest that individuals call as a response to food accessibility. Neophobia affects 
the number of birds landing on the feeding site and the amount of food taken but hardly explains the variance 
in food calling rate within an individual. 
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Background  
Lifestyle factors can influence the incidence and progression of Parkinson’s disease (PD). Epidemiological 
and clinical data suggest that type 2 Diabetes Mellitus (T2DM) patients have around 40% increased risk of 
developing PD. While some studies have found no association between T2DM and PD, others suggest that 
pre-diabetes with early stages of insulin resistance can already cause a more severe PD phenotype and 
accelerate disease progression. However, the underlying molecular mechanism of this comorbidity is still 
unknown. 
 
Objective  
The objective of this study is to evaluate the effect of pre-insulin resistance caused by a high-fat diet (HFD) 
on neuroinflammation, striatal D2-receptor (D2R) availability and motor function in a rat model of PD. 
 
Design/methods  
Male Wistar rats (n=5-8 per group) were fed with either a HFD (60% fat) or a standard diet (SD; 10% fat) for 
3 months. The bodyweight and food intake were measured twice a week and a glucose tolerance test (GTT) 
was performed every month. After 2 months of diet the animals received an injection of 6-OHDA (2x 3µg) 
in the right striatum, to induce damage to the dopaminergic neurons as a model for PD. Static PET scans with 
11C-PBR28 (microglia activation) and 11C-Raclopride (D2R) were performed 2 days before and 1 month after 
6-OHDA injection. Radiotracer uptake was corrected for injected tracer dose and bodyweight. The Cylinder 
test was used to determine asymmetric paw use as a measure of motor function. 
 
Results  
No differences in the glucose tolerance test between the SD and HFD groups were found in the first 2 months, 
but in the third month the HFD group did show a slower recovery of glucose levels, suggesting a pre-diabetic 
state. In the HFD group, 11C-PBR28 uptake in the 6-OHDA-injected caudate putamen significantly increased 
(33%; p<0.05 ) between both PET scans. This effect was not observed in the contralateral striatum, nor in the 
SD group. After 2 months, 11C-Raclopride PET showed significantly lower uptake in all regions of the 
striatum in the HFD group than in the SD group (p<0.05). One month after 6-OHDA injection, this effect 
disappeared, except for the right accumbens core (p<0.05). Three weeks after 6-OHDA injection, the HFD 
group had a significant (p<0.05) decrease in left paw use compared to SD. 
 
Conclusion  
HFD significantly reduced D2 receptor availability in rat striatum, but this effect was no longer present 1 
month after 6-OHDA injection. Nevertheless, the HFD aggravated 6-OHDA-induced neuroinflammation and 
motor impairment in the Parkinson model when compared to the SD group. These findings suggest that high-
fat diet possibly influences neuroinflammation and dopaminergic signaling in a PD rat model, but more 
research is needed if this applies to Parkinson’s patients as well.  
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In classical learning experiments, an animal learns how to respond appropriately to a stimulus; they learn 
whether a stimulus is rewarding or not and respond accordingly. However, in real-live situation the distinction 
between rewarding and non-rewarding is not always this distinct. To be able to react to these situations a 
species needs to be able to find additional information that can help to make the distinction between a 
rewarding and non-rewarding stimulus. The honey bee, Apis mellifera is more and more recognized as an 
intelligent species. It is not known, however, if they would be able to use additional information to solve a 
learning task where the stimulus is not always rewarding. Additionally, if they are able to learn this complex 
learning task, what type of learning strategy do the bees use to learn the task. To assess this, we used an 
experimental setup where the bees needed to choose between three coloured stimuli, a blue and a yellow 
stimulus that were either rewarded or punished and a green neutral stimulus. Which stimulus was rewarded 
was dependent on additional information. The additional information was provided in two ways: a cue at the 
entrance of the experimental setup and a sequence where one stimulus was rewarded 3 times in a row where 
after the other stimulus was rewarded 3 times in a row. We found that the bees are able to learn well above 
change on the cued learning task. Moreover, the bees first learned that the green stimulus is never rewarded, 
and they stop going to this stimulus. The data is however not as clear if the bees are also able to learn the 
sequence. With further analyses, we expect to find that the bees learn to go to the stimulus that was rewarded 
in the previous experiment. This would mean that they perform well above change on the trials where the 
same stimulus is rewarded as in the trial before, but not on the trials where the reward switches from stimulus. 
In conclusion, honey bees are able to use additional information in the form of a cue to be able to solve a 
difficult learning task. 
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Background  
From deciding whether to drink another cup of coffee in the morning to watching one last TV show episode 
late at night, our daily lives are constantly revolving around making decisions. Such decisions can be made 
either fast and intuitively, or slow and rationally, creating a dichotomy known as fast and slow thinking. 
Intriguingly, classifying people into fast or slow thinkers is highly correlated with other measurements of 
cognitive abilities. In the context of value-based decision-making, slow thinkers are more willing to gamble 
when the expected value is high, whereas they are less willing to gamble when it is associated with a greater 
loss than not gambling at all. However, neural mechanisms underlying such differences in behaviors have yet 
to be explored. 
 
Objective  
This study sought to identify potential differences in attentional ERP components in reward learning and 
decision making between fast and slow thinkers.  
 
Design/methods  
Electroencephalographic (EEG) recordings were measured in subjects undergoing a reward-based decision-
making learning paradigm. In the experiment, subjects were presented with a stimulus array of four different 
stimuli in four quadrants of the screen, each with a different reward probability assigned to it. Importantly, 
one quadrant was the assigned “set winner”, having the highest probability of yielding a reward when chosen, 
and participants were instructed to find that quadrant. Feedback in form of monetary gain or loss would guide 
their decision. In addition, participants were asked to place a bet indicating how certain they were in finding 
the set winner. 
 
Results  
We expect there to be significant differences in known attentional EEG components between fast and slow 
thinkers. Of particular focus is the timepoint when subjects had to choose between one of the four quadrants, 
and how these components change across trials and with reward-learning. 
 
Conclusion  
The current project will provide insights into potential differences between fast and slow thinkers in 
ambiguous decision-making situations.  
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Background  
Protein misfolding and consecutive aggregation in cells is widely known to have cytotoxic effects and to be 
an underlying cause of neurodegenerative diseases like Parkinson’s (PD), Alzheimer’s (AD), or Huntington’s 
(HD) disease. In healthy cells, molecular chaperones perform protein quality control by guiding polypeptides 
to restrain their interactive parts from undesirable interactions. DNAJB6, a chaperone member of the DNAJ 
family, has been found to play a major role in the suppression of aggregation and toxicity of several 
amyloidogenic peptides related to HD, AD, and PD. Given the importance of DNAJB6, we are interested in 
its endogenous function in the healthy cell.  

Objective 
Previous data from our lab suggest that DNAJB6 may be important for protein quality control at the nuclear 
envelope (NE). In particular, for nuclear pore complex (NPC) maintenance and assembly, and for 
nucleocytoplasmic transport. This is interesting because nucleocytoplasmic shuttling has been shown to be 
impaired in neurodegenerative diseases like HD and AD.  Here we test these hypotheses experimentally.    

Design/methods  
1)Shuttling speed comparison between DNAJB6 WT and KO lines using (1) Fluorescent Loss in 

Photobleaching and (2)a GFP-tagged molecule with inducible shuttling.    
2)NPC disruption and observation of DNAJB6 involvement and repair time difference between KO and WT 

lines using (1) 1,6-Hexanediol,(2)chromophore-assisted light inactivation. 
3)Overnight recordings of cell cycle to visualize behavior of normally occurring DNAJB6 puncta at time of 

NE assembly after mitosis. 

Results  
1)Shuttling speed was slower in KO than WT cells when tested both through (1) and (2). The effect size was 
small and the effect highly significant. 
2)NPD repair also occurred slower in KO than in WT cells upon damage through (1) and (2).  
3) It proved difficult to observe DNAJB6 puncta after mitosis 

Conclusion  
DNAJB6 seems to be involved in maintaining nucleocytoplasmic transport and in repair of NPC in healthy 
cells. Both processes also happen in the absence of DNAJB6 (proven by the fact that KO cells survive) and 
the shuttling/NPC differences between KO and WT lines are very small. This is expected given the importance 
shuttling and functioning NPCs for cell viability. Further research could focus on specific mechanisms of 
DNAJB6-assisted NPC maintenance/assembly and on the relationship between nucleocytoplasmic shuttling 
and neurodegeneration.  
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Background  
We can find rhythms everywhere. We can find it in a dance, in the song of a bird and in the light of a day. 
Circadian rhythmicity exists in every cell of our body and a persistent rhythm reflects a good health. But with 
working night shifts, the rhythms in our body start to weaken, leading to an increased chance of developing 
diseases. Many researchers aim to get a better understanding in how these diseases develop as a cause 
disturbed rhythmicity. However, rhythm analysis is often complicated and may therefore be time costly.  
 
Objective  
The aim of this project was to develop a universal script using R, to simplify analyses of rhythmic (circadian) 
data and to test this on different data sets.  
 
Design/methods  
Rats received implants to obtain rhythmic data of motor activity, body temperature and heart rate. Rats were 
kept awake in rotating wheels for 8 hours during their resting or active phase to mimic human night shift 
work. Rats worked for 4 consecutive days. In one of the data sets rats were allowed to recover for 8 days after 
the shift work phase. R and Rstudio were used to develop a script.  
 
Results  
A set of packages called rethomics was integrated in the script. Using this and a few other (more standard) 
packages, it was possible to develop a script that was able to analyse all rhythmic data sets that were tested. 
The script was able to tidy the data sets, pre-process different aspects of the data, visualise the data and perform 
several rhythmic analyses.  
 
Conclusion  
The script ran on all tested data. It was possible to generate periodograms and produce amplitudes, acrophase 
and nadir as an output using cosinor analysis. In the end, this project may contribute to ease rhythmic analysis.   
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Background  
Individuals that were born without a hand or that lost a hand at some point in their life offer an interesting 
insight into the plasticity of the sensorimotor cortex at different stages of development. Previous studies 
found activation of the missing hand cortical territory when congenital one-handers moved body parts 
involved in compensatory behaviour. This phenomenon gives rise to the hypothesis that the typical hand 
area may not necessarily represent the hand per se but rather any body part that shares the functionality of 
the missing hand. 
 
Objective  
The current study aims at investigating the functional relevance of cortical reorganization in congenital one-
handers and compare it to the cortical organization in acquired amputees and controls. 
 
Design/methods  
To this end, we apply single pulse transcranial magnetic stimulation (TMS) on the missing hand territory 
(non-dominant hand region in controls) in three different steps: TMS mapping of the muscle representations 
in the deprived cortex; TMS interference with the missing hand area processing during muscle contraction; 
and TMS interference during a motor reaction time task. Furthermore, the pattern of compensatory 
behaviour of one-handers is quantified by asking participants to perform a set of everyday life actions.  
 
Expected Results  
Our prediction is that stimulating the missing hand territory in congenital one-handers will lead to muscular 
responses in the body parts that are predominantly used for compensatory behaviour, and will interfere with 
the execution of simple motor tasks with those body parts. In contrast, previous work from our group showed 
that acquired amputees maintain a persistent cortical representation of their missing hand, even decades after 
limb loss. Thus, we do not expect to find functional reorganization in amputees.  
 
Conclusion  
Such findings would provide causal evidence for behaviourally relevant functional reorganization during 
early development. These insights can advance our understanding of the functionality, the limits and the 
potentials of brain plasticity.   
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Background  
Serotonin is a neurotransmitter involved in many brain and bodily processes, including male sexual behaviour. 
In general, chronic increased levels of serotonin lead to a decrease in sexual function, as seen in human cases 
with chronic selective serotonin reuptake inhibitor (SSRI) use and in animal models like the serotonin 
transporter (SERT) knockout (SERT-/-) rat. The SERT-/- rodent is a model to study the function of SERT via 
its absence. It has been found that male SERT-/- rats show reduced sexual performance and have less 
ejaculations compared to wildtypes (SERT+/+). The question remains how serotonin disruption causes this 
sexual dysfunction. Maybe the (primary) somatosensory cortex (S1) is involved? 
 
Objective  
Touch, and perceiving it, are important aspects of sexual behaviour and we know from earlier studies in SERT-

/- rodents that developmental serotonin disturbances affect the functionality and structure of the whisker barrel 
cortex in the S1. Since genitals, like whiskers, have their own representation in the S1 as well, the aim of this 
study was to investigate whether the neural structure responsible for processing sensory information from the 
genitals is affected in SERT-/- rats, compared to SERT+/+ rats. 
 
Design/methods  
To find out how genital stimulation is represented in the S1 of SERT-/- and SERT+/+ rats and whether there are 
basal differences in their activation, we study S1 activation in 4 groups of rats. A group SERT-/- and a group 
SERT+/+ males were sexually trained for 8 weeks and selected on matching performance in sexual behaviour. 
Additionally, untrained SERT-/- and SERT+/+ males were selected for the other groups. The external genitals 
of these animals were artificially stimulated for 20 minutes after which the animals were perfused. Brains 
were collected and double staining for c-Fos and cytochrome oxidase C to study activity patterns is still in 
process.  
 
Results  
Due to unforeseen problems with the stainings and the combination of multiple stainings, most effort has been 
put in changing and improving the methods to get the double-staining protocol to work. Therefore, we will 
only be able to conduct a fraction of the planned stainings and analyses. We predict that SERT-/- rats have less 
S1 activation in the genital representation after stimulation than SERT+/+ rats.  
 
Conclusion  
Finding differences in basal S1 genital representation activity could help in understanding how developmental 
alterations in serotonin homeostasis might affect sexual functioning. It also gives more insight in how the 
SERT-/- rodent model can be used for research on e.g. effects of prenatal or chronic SSRI exposure. 
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Background  
The biological clock is an important regulating factor in behavior of mammals. This clock located in the 
suprachiasmatic nucleus (SCN) is involved in regulating behavior on a circadian basis. While the mechanisms 
of this clock are driven by genetics, circadian behavior can be highly individual. Exposure to different 
photoperiods in mice has shown to affect the period of the SCN. When mice were transiently exposed to 
altered lighting conditions, SCN transcription patterns of clock genes were affected due to global alterations 
in promoter DNA methylation. Such processes are necessary for the reorganization of circadian phasing in 
SCN neurons: a process that is dependent on GABAergic signaling. While more is known about the network 
dynamics involved in the plasticity of the circadian clock, exact mechanisms and SCN subregion-specific 
functions remain relatively unknown. Furthermore, while SCN firing patterns over the day have been 
described from in vitro experiments, it remains to be elucidated whether these results hold up in vivo. 
 
Objective  
To for the first time visualize in vivo neuronal activity of the SCN of mice in response to photostimulation at 
different times of the day. 
 
Design/methods  
Male Syt10-Cre mice undergo stereotaxic surgery during which they receive a unilateral injection of adeno-
associated virus containing a construct of the genetically encoded calcium indicator, GCaMP, into the SCN. 
Furthermore, a Graded-Index lens is implanted into the SCN, on top of which a Miniscope camera is mounted 
which is used to visualize the calcium status of the SCN neurons. 
Data acquisition is performed for three minutes at six intervals over a 24-hour day, when the animals receive 
a light pulse at the start of recording. 
 
Expected Results  
Preliminary experiments have shown that the SCN does not respond with repeated neuronal firing for the 
duration of the light pulse. Rather, it showed one burst of activity, before the signal dampened again. From 
this, we expect that the intensity of this response will vary over the day, according to the murine phase 
response curve. 
 
Conclusion  
We hope to define and characterize SCN activity over the 24-hour day in vivo. 
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Background  
Daily rhythms in behavior and physiology are generated and controlled by an endogenous system of clocks 
that reside in tissues throughout the body. Stress causes circadian dysregulation of these oscillators in 
peripheral tissues and organs. Although the master clock in the SCN remains unaffected, such rhythm 
disturbances might be due to the direct effects of stress on peripheral oscillators, which are normally under 
the control of the SCN. This might be of great influence on developing stress-related diseases like metabolic 
disorders, cardio-vascular diseases and psychiatric diseases such as depression. Many studies have focused 
on the effects of acute stress on circadian organization, and not the effect of chronic stress often linked to 
disease. Moreover, in these studies stress is usually assessed by the injection of stress-related hormones such 
as adrenaline and glucocorticoids. This may not reflect the complex and integrated physiological responses 
that occur during the experience of real stress. It has thus yet to be determined if the stress-induced release of 
hormones is the causal link to dysregulation of peripheral oscillators. 
 
Objective  
This project focuses on the physiological mechanisms underlying stress-induced circadian changes. The 
potential role of classical stress hormones mediating the effects of stress on circadian organization in the liver 
will be assessed by applying chronic social stress to healthy mice and mice in which the source of these 
hormones have been removed by adrenalectomy. 
 
Design/methods  
We will make use of adult male knock-in mice on a C57BL background that express a Period 2 - Luciferase 
fusion protein, which acts as a real time reporter of endogenous circadian rhythmicity of the Period 2 clock 
gene. Adrenalectomy and sham operations will performed on half of the mice in each control and experimental 
group, making 4 groups of n = 9/10.  To induce chronic stress, experimental mice will be subjected to 
intermittent social defeat by the resident-intruder test for 10 consecutive days. Effects on rhythmicity will be 
measured by in vitro PER2::LUC expression in liver tissue. The bioluminescence, corresponding to the 
amount of PER2 protein, will be continuously recorded for 5–7 days after collection of the tissue on the 10th 
social stress day. The effects of prior social stress on the phase of the liver clock will be determined by analyses 
of the circadian waveforms of PER2 protein. 
 
Anticipated Results  
Chronic social stress will induce a significantly delayed phase in the rhythm of PER2 expression in liver 
tissue. It is expected that removal of the adrenal glands will prevent the stress-induced changes to the 
expression of PER2 rhythmicity.  
 
Conclusion  
Chronic stress activates classical stress systems like the sympatho-adrenal system and the hypothalamic-
pituitary-adrenal system, which leads to the release of catecholamines and glucocorticoids. These stress 
hormones are expected to be the cause of a shift in the phase of the liver clock under chronic stress conditions. 
Uncontrollable chronic stress can have a major impact on health and as such it is an important cause of 
individual suffering and a serious economic burden to society. Understanding the physiological effects of 
stress and the mechanisms underlying stress-related disorders is important for the development of treatment 
strategies and prevention of disease. 
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Background  
The North Sea Disease is a rare progressive disease caused by a founder mutation in a gene called Golgi Snap 
receptor complex 2 (GOSR2). Only 25 people worldwide are diagnosed with this disease, all of their roots 
can be traced back to areas around the North Sea. Therefore, this disease is fully named: North Sea Progressive 
Myoclonus Epilepsy (NSPME). The GOSR2 mutation provokes early onset ataxia, areflexia, scoliosis, tonic-
clonic seizures and myoclonus and symptoms are worsened by increased temperature, like fever or an 
increased environmental temperature. However, how the mutation causes these symptoms is unknown. 
Previous research showed that a Drosophila melanogaster (D. melanogaster) model with a downregulation 
of the GOSR2 gene shows seizure-like behaviour which can be induced by heat as well. Interestingly, this 
effect seems to be reduced when the flies are aged at a higher temperature. We hypothesize this reduction 
after aging at a higher temperature is due to an induction of heat-shock proteins (HSPs) . 
 
Objective  
The aim of this research is to study the involvement of HSPs in the temperature dependent difference in heat-
induced seizure activity in the NSPME D. melanogaster model.  
 
Design/methods  
To investigate whether HSPs are involved in the NSPME, we induced seizure activity with a heat-shock of 
40°C in 8-day-old adult flies. To test the effect of environmental temperature, flies were aged at 18°C, 25°C 
or 29°C before the heat-shock. Additionally, a pre-conditioning (a heat-shock of 36°C), often used for the 
induction of HSPs, was performed to see whether this could prepare the flies for a later heat-shock (of 40°C) 
after 1 hour, 2 hours or 4 hours of rest. Next, the pre-conditioning was combined with a HSP-booster (GGA). 
Alongside, differences in HSP expression are measured with Western Blot and qPCRs. Furthermore, 
overexpression of a couple specific HSPs within the D. melanogaster disease model were tested to see if this 
could mimic the effect of increased temperature at ageing. 
 
Results  
Ageing the flies at different temperatures shows that ageing at 29°C leads to less heat-induced seizure activity 
compared to ageing at 25° and 18°C.  After a pre-conditioning of 36°C , a decreased percentage of flies seized 
after 1 hour and 2 hours compared to no pre-conditioning, whereas the 4 hours resting period shows no 
difference. Administering GGA during the 4 hours resting period does not decrease the seizure activity either. 
A first indication of the qPCR results of ageing at different temperatures suggest that the levels of HSP do not 
differ. The overexpression of HSP67 and DNAJB6 show no effect on the heat-induced seizure activity.  
 
Conclusion  
Even though there is a demonstrable difference in seizure activity caused by heat tolerance in the D. 
melanogaster model for NSPME, it is not possible to induce this effect with a HSP-booster or overexpression 
of specific HSP. Therefore, we conclude that HSPs are probably not involved in the temperature dependent 
difference in heat-induced seizure activity. 
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Background  
Strength theory assumes a link between how quickly a memory is retrieved and the strength of its 
corresponding memory trace (Murdock, 1985). Therefore, observed reaction times are frequently employed 
to index memory strength (Byrne & Anderson, 1998). However, the noisy nature of reaction time data (which 
also includes processes like encoding and response execution) may make subsequent inferences about 
memory strength cumbersome. A more direct measure of memory strength would be the duration of the 
retrieval processing stage itself, given that trial-by-trial variability in the duration of this stage shows a link 
with the difficulty of the retrieval (Anderson et al., 2016). To discover retrieval stages in single trials, hidden 
semi-Markov models (HSMMs) and multivariate pattern analysis (MVPA) may be applied to EEG data, 
which allow parsing individual memory trials into periods associated with encoding, retrieval, decision, and 
response. The duration of the retrieval phase thus identified may be employed as a direct measure of memory 
strength.  
 
Objective  
Applying HSMMs and MVPA to EEG data to identify the involved processing stages and their corresponding 
durations results in a data-driven model of a given memory task. Estimating retrieval strength may also be 
achieved by employing a theory-driven model based on the computerized-learning system SlimStampen (Van 
Rijn, Van Maanen, & Van Woudenberg, 2009), which relies on the ACT-R cognitive architecture (Anderson 
et al., 2004), and uses the frequency (number of past encounters with an item), recency (time of the last 
encounter), accuracy and reaction time information corresponding to each memory item in order to estimate 
memory strength in a trial-by-trial manner. The main focus of the project is comparing the efficiency of the 
adaptive learning algorithm in estimating learning performance while relying on two memory strength indices: 
the duration of the retrieval stage and reaction time data.  
 
Design/methods  
Participants engaged in a memory task involving the study of a set of 64 vocabulary word pairs, while their 
brain activity was being recorded employing 32-channel EEG. HSMMs and MVPA were applied to the EEG 
data and the duration of the retrieval stage was estimated in a trial-by-trial manner. Further, a theory-driven 
model based on the computerized-learning system SlimStampen relying on reaction time data will be 
compared to an equivalent model relying on retrieval stage duration data. The quality of the estimates of 
learning performance the two models provide will be assessed.  
 
Results  
Preliminary results suggest that the duration of the retrieval stage varies in accordance with the difficulty of 
the retrieval process. Specifically, retrieval stage duration is longer for more difficult items. Moreover, 
retrieval stage duration decreases for items that have been encountered more frequently, and have, therefore, 
a more stable memory representation. We expect that retrieval phase duration is a better predictor of memory 
strength than reaction time.  
 
Conclusion  
This study aims to elucidate whether retrieval phase duration is a better index of memory strength than 
reaction time. Improving the operational definition of memory strength has important implications for the 
educational sphere, in that these findings may be applied to improving the operationalized-learning system 
SlimStampen. In the clinical context, analyzing memory tasks in terms of the underlying processing phases 
(e.g. encoding, retrieval, response execution) would allow to identify the locus of impairment in populations 
that exhibit memory deficits. 
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Background: Reaction times have long been used to infer the duration of cognitive processes. When recalling 
items from memory, for example, reaction times are assumed to indicate higher difficulty with the current 
material and are thought to represent a longer retrieval stage in memory. However, as reaction times represent 
the entirety of a cognitive process, including sensory and motor stages, conclusions for individual stages are 
limited. To obtain durations of individual stages, such as retrieval, one can record and investigate the electrical 
activity of the brain through EEG. The EEG signal is thought to consist of bumps in voltage in response to 
significant cognitive events, on top of a continuous signal of noisy fluctuations. Through statistical 
procedures, such as data-driven maximum likelihood estimation, one can infer the time course of these bumps. 
As they represent the onset of a cognitive event, their temporal information can be used to estimate the time 
of individual cognitive stages. Additionally, the statistical method used for bump detection can be further 
constrained by utilizing cognitive architectures, such as ACT-R, which make computationally formulated 
assumptions about operations in the brain. 
 
Objective: This project aims to investigate if retrieval stage durations (RSD’s) during a memory task, as 
determined through bump detection, are more predictive of memory strength than reaction times. Reaction 
times in a recall task are faster for items that are easy in general, or have been encountered repeatedly. We 
hypothesize that RSD’s are less noisy measures of memory strength than reaction times and can therefore 
better discriminate between easy and hard items, as well as early and late repetitions. Additionally, we will 
investigate whether model-based bump estimation, using the ACT-R architecture, is superior to data-driven 
bump estimation in determining RSD’s. 
 
Design/methods: Participants learned and, subsequently, had to recall English-Swahili word-pairs. During 
this task, brain activity was sampled using a 32-channel EEG. The EEG-signal was consequently analyzed 
using hidden semi-Markov models and multivariate pattern analysis. 
 
Initial Results: Bump detection can be used to isolate a retrieval stage from EEG signal which varies with 
item difficulty and repetition. How this retrieval stage fares in predicting memory strength in contrast to 
reaction times is currently under investigation. 
 
Possible Implications: Reaction times have been used successfully to improve scheduling of learning 
material, resulting in improved retention. RSD’s could further improve retention by providing a less noisy 
indicator of memory strength. Additionally, if RSD’s are shown to vary consistently across clinical 
populations, such as Alzheimer’s patients, they might find applications as markers in clinical diagnosis. 
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Background  
Hearing loss has been connected to trouble in school in children (both behavioural and academic), lower 
scores on social information processing tests in adults, and a greater risk of developing dementia and 
Alzheimer’s disease in the elderly. Some hypotheses claim that hearing loss causes cognitive decline and a 
decrease in social functioning, whereas others claim cognitive decline occurs before the subsequent hearing 
loss. People with hearing loss tend to be less socially active, and anxiety levels rise with the degree of hearing 
loss. Hypotheses about cognitive load, a common cause and social factors are abundant, yet the exact 
relationship between social behaviour, cognition and hearing loss remains unknown. However, since this 
relationship is also observable in children (thereby excluding geriatric neurodegenerative diseases as the sole 
causational factor), since hearing aids seem to lessen the cognitive decline, and since a study has shown that 
mice with noise-induced hearing loss have a decreased memory, we hypothesise that hearing loss causes a 
reduction in social interaction and a decline in cognitive functioning.  
 
Objective  
To study the effect of noise-induced hearing loss in early life on social and cognitive functioning over the 
lifespan, and to determine whether rats are a suitable model for research concerning hearing loss, cognition 
and social interaction. 
 
Design/methods  
32 Wistar rats (16 ♂, 16 ♀) were used in this study. Rats were randomly divided into a group with normal 
hearing and one with hearing loss (n=16 for both groups). Hearing loss (or sham hearing loss for the control 
group) was induced at 4 weeks of age via 2 hours of continuous noise exposure at 120 dB SPL. Hearing was 
measured before and after noise exposure via auditory brainstem response (ABR) measurements at 2, 4, 8, 
16 and 32 kHz. At 5 weeks of age, 15 minutes of play behaviour was assessed by scoring the social 
interaction (sniffing, boxing, pouncing etc.) of rats for 15 minutes. To promote social interaction, rats were 
isolated for 3,5 hours before testing and paired with an unfamiliar rat. Cognitive performance was measured 
via a novel object recognition test, that was performed at 8 weeks of age.  
 
Expected results  
We expect that the rats with hearing loss participate less in social play and social interaction and pay less 
attention to the novel object in the novel object recognition test compared to rats who underwent the sham 
procedure. In summary, we expect rats with hearing loss to be less social and to have decreased cognitive 
functioning.  
 
Conclusion  
This study will provide more insight in the relation between social interaction, cognitive function and hearing 
loss. Additionally, the research will show whether rats form a suitable model for further investigation into 
hearing loss, cognition, and social interaction. By uncovering this relationship, the concept of hearing loss 
might shift from an annoyance at not being able to understand a conversation, to a possible risk factor in 
cognitive and social decline.  
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Background  
Hibernation is a coping strategy to deal with harsh environmental conditions, observed in a wide variety of 
mammalian species. Two distinct phases alternate during hibernation: the torpor phase, characterized by 
extremely low metabolism, body temperature and tissue perfusion, and the arousal phase, during which the 
animal returns to euthermic conditions. This rapid change in key physiological parameters are expected to 
lead to organ damage, for instance through ischemia-reperfusion damage. Ischemia-reperfusion damage is 
caused by a period of low tissue perfusion followed by a rapid increase of perfusion resulting in mitochondrial 
failure and an increase in reactive oxygen species and consecutive DNA damage. However, Syrian hamsters 
seem to be well equipped to repair these types of damage, evident from the apparent resistance to long-term 
DNA damage (Toulouee et al., unpublished). Moreover, hibernators show increased longevity exceeding 
beyond the energy saved during hibernation. Thus, a deeper understanding of the underlying mechanisms of 
oxidative DNA damage repair in hibernators has major implications for the fields cancer therapies, organ 
transplantation and healthy ageing.  
 
Objective  
The aim of this study is to investigate the presence of DNA damage throughout the hibernation cycle, using 
two different mammalian hibernation models. 
 
Design/methods  
Two animal models for hibernation were used in this study, food restricted mice as a model for daily torpor, 
and the garden dormouse, an obligatory seasonal hibernator. Single-Cell-Gel-Electrophoresis, also known as 
the Comet Assay, was used to assess single and double stranded DNA damage in fresh splenocytes. To study 
frozen tissue, Pulsed Field Gel Electrophoresis was applied as well as Western Blot on the double strand break 
repair marker y-H2AX. TBAR assay was used to measure lipid peroxidation, to elucidate stress caused by 
reactive oxygen species.  
 
Results  
Food restricted mice in daily torpor showed extensive DNA damage during torpor. In early arousal the amount 
of DNA damage decreases rapidly, and is returned to bassline levels after several hours of euthermic body 
temperatures. Garden dormice display an increased y-H2AX protein expression in liver and cortex during the 
torpor phase of their hibernation cycle, which increases further during arousal. This suggest double strand 
break formation during hibernation in garden dormice. Additionally, we expect to show double strand breaks 
in garden dormice on Pulsed Field Gel Electrophoresis.  
 
Conclusion  
For both the seasonal hibernator as the daily torpor model, torpor induces DNA damage and both animal 
models show activation of DNA damage repair pathway early in arousal, with the daily torpid mice being 
able to repair most of their damage within 12 hours.  
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Background  
Social interaction occurs in all organisms, and the regulating genes are highly preserved across species1. It 
plays a crucial part in the individual`s well-being as it predicts the mortality risk, influences blood pressure 
and alters cognitive performance. Further, the lack of social interaction in humans is a symptom of several 
pathologies, for instance Autism Spectrum Disorder, Schizophrenia, and Alzheimer’s Disease3. 
A recent genome wide association studies has found that above average social withdrawal symptoms can be 
linked to several genetic variations (unpublished), which interestingly are preserved in Drosophila 
Melanogaster. Drosophila M. is an ideal modal organism for this investigation, since it has a strong, 
comparable sociality phenotype which can be measured using social distance4.       
 
Objective  
This study aims to validate that the GWAS derived sociality genes also decrease social behavior in Drosophila 
M. The corresponding drosophila melanogaster homolog genes will be knocked out and the resulting social 
distance phenotype will be investigated.  
 
Design/methods  
Social behavior will be measured using social distance, which is quantified by analyzing the distance between 
individual flies over time. Four male flies will be put in an arena for ten minutes (n = 15 per genotype). Each 
arena will consist of only homozygote mutants, only heterozygote mutants or only wild type flies. The 
behavior is recorded and subsequently analyzed using Ethovision XT Version 10.1 (Noldus Information 
Technologies, Inc.), a contrast-based tracking solution.  
 
Results  
The first results indicate more social distance between all 
mutant conditions when compared to wildtype flies (p< 
.0001) (see figure 1) with large effect sizes.  
 
Conclusion  
The results indicate that the drosophila homolog of human 
social genes also correspond with a social phenotype in flies. 
It further validates Drosophila M. as a model organism for 
human pathologies with social interaction deficits and 
highlights the potential of drosophila in this field. Further 
steps, such as mammalian physiology behind social genes can 
be investigated and further validated in rodent research, to 
better model the human condition. 
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Figure 2. Significant increase in distance can be observed 
between control and both experimental conditions.  



 59 

 
 

Disease model for granulin linked to Frontotemporal Dementia using patient 
derived iPSC 

 
Joao Marques1,2, Madhavsai Gajjar2 

 
1 Faculty of Science and Engineering, University of Groningen 

2 Department of Development and Regeneration, Stem Cell Institute. Leuven, Belgium 
 

Background  
Frontotemporal Dementia (FTD) is a group of heterogeneous neurodegenerative disorders characterized by 
the progressive decline of cognitive function, language proficiency and behavior changes as a result of the 
atrophy of the frontal and/or temporal lobes. FTD is the second most common form of young onset dementia 
and its prevalence is also expected to increase. Around 40% of FTD cases are attributed to familial mutations 
on genes such as Progranulin (PGRN), which encodes for a protein with roles on the regulation of cell growth, 
survival and repair. Haploinsufficient PGRN mutations lead to rapid illness course and frontotemporal 
atrophy. Our group previously found that PGRN insufficient neurons differentiated from FTD patient-derived 
Induced Pluripotent Stem Cells (iPSC) show defective corticogenesis and preliminary results showed smaller 
growth cones (GC), a sensory-motile neuron-specific structure located at the tip of a growing neurite, which 
plays an important role in guiding neurites towards their synaptic target. In addition, RNAseq data reveals 
that pathways such as the TGF- β and Wnt signaling are aberrantly regulated in such neurons.  
 
Objective  
In this study, we have aimed to establish if aberrant corticogenesis and GC morphology are interlinked 
phenotypes of PGRN insufficient neurons. Furthermore, we addressed the roles of TGF-β and Wnt signaling 
on neurite growth and GC morphology.  
Design/methods  
 
Cortical neurons differentiated from healthy and FTD iPSCs were treated with molecular activators and 
inhibitors of the Wnt or TGF-β signaling pathways for 3 days and immunostained for β-III tubulin. To analyze 
GC morphology, neurons were imaged as 20x composites and analyzed through the ImageJ plugin 
Conographer. To measure neurite length, neurons were plated on 96-well plates, imaged and analyzed using 
an Operetta CLS (Perkin Elmer) machine.  
 
Results  
To validate the results obtained from RNAseq, our studies show that TGF-β does not have the significant 
effect on area of the GC. We also find no significant difference between the average area of GC when 
comparing the diseased and healthy neurons under different conditions. Nevertheless, it was observed that 
inhibition of ROCK leads to smaller GCs and increased total neurite length in both healthy and FTD neurons. 
Most interestingly, we noticed that upon treatment with Wnt pathway activators, FTD neurons tend to have 
decreased total neurite length and inversely increased in GC area compared to healthy neurons.  
 
Conclusion  
Contrary to expectations, our results suggest that FTD neurons do not have defective GC morphology. 
Nevertheless, ROCK inhibition may lead to increased total neurite length but smaller GCs, which could impair 
the cell’s ability to find its synaptic target. On other hand, Wnt overactivation, may promote a decrease in 
total neurite length, which might explain the frontotemporal atrophy observed in patients. 
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The neocortex makes up more than ¾ of the volume of the human brain and its expansion in evolution has 

contributed significantly to our remarkable cognitive capabilities. On a cellular level, cortical expansion is the 

result of increased proliferative capacity of neural stem and progenitor cells. Not only are these cells regulated 

by human specific gene expression patterns, previous studies also revealed that 15 of the genes highly 

expressed in human corticogenesis are unique to us as a species. Two of these genes, ARHGAP11B and 

NOTCH2NL, have already been shown to drastically affect progenitor cell proliferation but the function of 

the other 13 genes remains virtually unknown. To functionally test whether the remaining genes exert similar 

roles, different combinations of in vitro transcribed mRNAs of the 15 human-specific genes are being 

microinjected into apical progenitors in embryonic neocortex slices of mouse. I am currently analyzing the 

effects of all 15 human-specific genes in concert as well as the effects of the 13 genes of unknown function 

on progenitor cell proliferation, lineage decisions and migration in mouse neocortical development. In parallel 

I am generating human iPSC knock-out lines targeting one of these genes, which appears to be a human-

specific hub in a gene network conserved in primates. This loss of function study will be combined with a 

gain of function approach in chimpanzee neural progenitor cells to establish transcriptional and ultimately 

phenotypic effects of this gene (network) in cortical development. Combined, these efforts will be an 

important contribution to our understanding of the genomic basis of the uniqueness of the human cortex.  
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Background  
Sustained attention plays a major role in cognition4. It is well-established that transcranial random noise 
stimulation (tRNS) has the potential to enhance cognitive performance via subthreshold electrical currents 
interfering with neural firing5. More specifically, attention was recently enhanced in a dose-dependent manner 
by tRNS decreasing continuous firing in frontoparietal networks linked to sustained attention4. Furthermore, 
individual differences in the responsiveness to attentional improvement by tRNS have previously been 
predicted by frontocentral resting-state theta/beta power ratio (TBR)4.  
 
Objective  
The current study aimed at validating TBR as marker for attentional performance and optimizing parameter 
choice for maximum improvement of attention by tRNS in an individualised machine learning approach. 
 
Methods  
On two subsequent days, 50 healthy adults performed a sustained attention task4 for 40 min while receiving 
tRNS or sham stimulation over frontal and parietal areas. Responses were made to random decreases in 
stimulus contrast. To evaluate lapses in attention over time, the variability in response times served as a 
basis for a score representing the improvement in performance from baseline to stimulation. In each of the 
stimulation blocks, tRNS parameters were chosen by a Bayesian optimisation (BO) algorithm. Furthermore, 
TBR, measured once in a short resting state EEG, was taken into account. BO determines a behavioural 
optimum across participants by accumulating data during stimulation and trading off exploration and 
exploitation of the available parameter space to inform parameter choice in later trials. Thus, it is an 
innovative and efficient method testing the effects of a large amount of parameter combinations without 
accordingly increasing sample size. 
 
Results  
Contrary to our hypothesis, there was no correlation between TBR and baseline attentional performance. 
Thus, the BO is expected to optimize tRNS stimulation parameters towards the maximal performance 
enhancement without an influence of TBR. The final results will provide one combination of stimulation 
current and frequency band that overall enhanced attentional performance the most in our sample. 
 
Conclusion  
Failure to replicate a recent study on TBR and sustained attention ability in adults might be important 
evidence for research investigating the diagnostic and prognostic applications of TBR. Furthermore, the use 
of BO in psychological research is, despite its efficiency, still very limited. The prospect of adapting 
stimulation to individual’s baseline ability for maximum payoff, as well as possible plasticity effects make 
tRNS especially interesting compared to pharmacological treatments in the attentional deficits. The current 
results give more precise information on tRNS dose-dependency and will inform future designs of adaptive 
stimulation. 
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Background  
The brain might be our most complex organ, consisting of a highly interconnected network of neurons. The 
formation and functioning of this complex network are for the larger part still a mystery due to the 
complicated, highly polarized morphology and complex functioning of the individual cells. A key player in 
the formation of this network is the axon, which is responsible for forming numerous neural connections. For 
axonal growth, trafficking is essential, either to provide the axonal terminal with components for self-
sustainment, growth and signaling from the soma, or to communicate back to the soma. In addition of the 
transport of proteins, such as receptors, neurotrophins and cytoskeletal components, transport of RNA has 
also been described. Transport of messenger RNA (mRNA) to delocalize genetic material is well described, 
however mechanisms underlying the compartmentalization and trafficking of non-coding RNAs are largely 
unexplored. Whereas, mRNA is canonically trafficked with RNA granules, containing RNA binding proteins 
and ribosomes, preliminary data from our lab suggest that non-coding RNA have a non-canonical trafficking 
method. This preliminary data shows that one trafficking route of precursor microRNAs, a non-coding RNA 
highly enriched in the brain, is associated to vesicles. However, the nature of these vesicles is unknown. 
Understanding the mechanism of how these non-coding RNAs are trafficked along fundamental insights in 
the regulation is axon growth.   
 
Objective  
The main objective of the project is to determine the biological nature of the vesicles by which precursor 
microRNA is transported.  
 
Design/methods  
To reach this objective Xenopus laevis retinal ganglion cells is used as a model organism. By eye targeted 
electroporation various molecular markers are expressed together with the precursor microRNA into these 
cells. Subsequently, advanced imaging of these eye cultures visualizes whether these molecular markers co-
localize with the precursor microRNA.  
 
Results  
My preliminary data indicates that precursor microRNAs are colocalizing with markers associated to late 
endosomes. 
 
Conclusion  
Our results uncover a novel non-canonical route of trafficking of non-coding RNAs between the soma and 
axon terminal by co-transporting with late endosomes.  
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Background  
CoenzymeA, a metabolite found in all living organisms, is involved in more than 100 metabolic reactions 
including Krebs Cycle and β-oxidation. Most organisms, including humans, synthetize it de novo from 
Vitamin B5 through consecutive action of five enzymes. In  Drosophila the last two steps of CoA synthesis 
are ensured by a bifunctional gene called PPAT-DPCK  (Phosphopantetheine adenylyltransferase - 
Dephospho-CoA kinase, in humans also referred to as COASY). Mutations of the human gene cause a rare 
neurodegenerative disease with brain iron accumulation called CoPAN. Recently, a gene, called DPCK 
(DCAKD in humans) was identified, that shows strong similarities to the DPCK part of COASY. However, 
evidence for a role in CoA synthesis or for other function in Drosophila is so far lacking. The main goal of 
this study is to investigate the role of DPCK in Drosophila CNS development. 
 
Objective  
What is the role of the DPCK gene in Drosophila CNS development? 
What is the impact of DPCK downregulation in various tissues? 
 
Design/methods  
We silenced the expression of DPCK in different cell types using the previously described UAS-GAL4 system 
with tissue specific drivers (wing, eye, neurons, glia cells) expressing a UAS-DPCK-RNAi. In these DPCK 
knock down flies we assessed life span, brain morphology and behavioral traits like locomotion. To determine 
statistical significance (P<0,01) the standard one-way Anova or t-test were used. 
 
Results  
This study investigated the phenotype of DPCK silencing in different cell types. DPCK knock-down in 
neurons or glia cells lead to late pupal lethality, while kock-down in muscles resulted in late larval/early pupal 
lethality. Moreover, larvae with reduced DPCK expression moved significantly less than wildtype larvae.  
Confocal imaging of larval and pupal brains lacking DPCK revealed changes in brain morphology. This 
demonstrates that DPCK is a highly essential gene for Drosophila CNS development. 
 
Conclusion  
Preliminary findings of this study point to a fundamental importance of DPCK in Drosophila CNS 
development. Our findings suggest that DPCK affects cell viability and the overall neuronal and glia 
development. Further research should focus on investigating the location of the DPCK protein within a cell 
in order to identify the cellular processes that DPCK might be involved in. 
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Background  
About 350 millions of people suffer from Major depressive disorder (MDD) worldwide. More than ⅔ of them 
suffer from treatment-resistant depression (TRD) which is one of the reasons why MDD is considered as a 
major contributor to the global economic burden. Understanding the mechanisms by which depression is 
developed and how does this affects the treatment efficacy is important for the improvement of current 
therapies. Ketamine, a glutamatergic receptor antagonist, confers a rapid (within hours) antidepressant effect 
even in TRD patients, being a good candidate to use in the research of molecular interplay in depressive 
patients. Using ketamine in an animal model of depression, we can see its effect in different mechanisms 
associated to this disease, like for example, neuroinflammation, which is increased in different brain areas of 
MDD patients.  
 
Objective  
Herein, we investigated whether ketamine  modulates  neuroinflammation in rats submitted to the repeated 
social defeat (RSD) model of depression. 
 
Design/methods  
To this aim, depressive-like behavior was induced using a 5-day RSD model followed either by an acute 
injection of ketamine (20 mg/kg) or vehicle. Therefore 3 experimental groups were used: control + vehicle; 
RSD + vehicle; RSD + Ketamine. The behavior was assessed using the sucrose preference test (SPT) for 
anhedonia, and the open field test (OFT) for anxiety-like behavior. Static 11C-PK11195 PET-scans were 
performed to measure changes in brain inflammation.   
 
Results  
Animals submitted to RSD protocol showed a significant decrease in sucrose consumption and body weight 
gain one day after the last RSD trial (p<0.01), compared to control group. Acute ketamine injection induced 
a delay in the recovery of anhedonia since day one, and decreases body weight gain compared to RSD alone 
(p<0.01). In addition, in our study neither RSD nor RSD + Ketamine induced changes in neuroinflammation 
in the brain, measured by PET imaging using 11C-PK11195.  
 
Conclusion  
Our results suggest an acute effect of ketamine. Ketamine would be delaying anhedonia recovery and weight 
gain after RSD. To conclude, our results showed that ketamine seems not to modulate neuroinflammation a 
week after the repeated social defeat paradigm. 
 
 
 
 
 
 
 
 
 



 65 

The impact of Pcdh9-deletion on the social behavioural phenotype of mice 
 

Susanne Kuckuck1 ,  Kevin GO Ike1, Martien JH Kas1 

 

1 Department of Behavioural Neuroscience, University of Groningen 
 
 
Background  
Protocadherin 9 (Pcdh9), a cell-adhesion gene that is involved in brain development and functioning, has 
recently been shown to mediate long-term social recognition as well as sensorimotor development in mice 
(Bruining et al., 2015) . Expressed in the sensory neocortex and localized patches of the amygdala, Pcdh9 is 
thought to be involved in the regulation of amygdala circuits that are necessary for healthy social behaviour 

(Bruining et al., 2015; Tsai & Huber, 2017). Studies in humans have further linked Pcdh9 to the aetiology of 
autism (Marshall et al., 2008) and major depressive disorder (Xiao et al., 2018) which are both characterised 
by impairments in social interactions and social withdrawal. Together, previous research indicates that Pcdh9 
affects social behaviour, with deficiencies leading to social deficits. 
 
Objective  
To investigate the impact of Pcdh9 deletion on the social behavioural phenotype in mice. 
 
Design/methods  
In total, N = 30 animals of 3 different genotypes were tested in a battery for social behaviour. Thereby, the 
groups of wild-type, heterozygous and homozygous Pcdh9-knockout mice each consisted of n = 10 animals. 
The test battery included multiple validated behavioural tests: the social condition place preference test and 
the three chamber test for sociability, the social discrimination paradigm for short-term and long-term social 
recognition, and the resident-intruder test for aggressive behaviour.    
 
Results  
Contrasting previous studies, we did not find impairments in social recognition behaviour in Pcdh9-deficient 
mice. However, the results of the three chamber test indicate that there might be alterations in sociability that 
have not been found before. Meanwhile, the other behavioural tests indicated no significant difference 
between Pcdh9-deficient mice and controls.   
 
Conclusion  
The data from the behavioural testing does not allow clear conclusions about the impact of 
Pcdh9 deletion on social behavioural phenotype. Neither are the results consistent with previous findings. 
Possibly, unknown confounding factors have disturbed the testing. However, these results also show the need 
for a new methodological approach towards long-term observations of social behaviour that are more resistant 
towards confounding factors.  
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Background  
Flocking in birds is known to give several anti-predatory benefits. These benefits consist of e.g. the 
confusion effect, the dilution effect, the many-eyes hypothesis and the selfish herd hypothesis.When 
attacked by a predator, bird flocks exhibit collective escape responses. Collective escape responses have 
been studied in starlings (Sturnus vulgaris). These studies indicate the response of the flock to the predator 
depends on predator distance, speed, attack location and attack frequency. However, not a lot is known 
about the collective escape responses in other species like gulls (Laridae) or corvids (Corvinae).  
 
Objective  
The objective of this study was to study patterns of collective escape in bird flocks under (artificial) 
predation. This study was aimed to answer the following questions: what collective escape responses are 
present in flocks of birds under predation? How does this differ per species? And how does this depend on 
the acts of the Robot Falcon? 
 
Design/methods 
The field work took place in Workum. With a Robot Falcon controlled by Robert Musters flocks of gulls 
and corvids were attacked. The response of the bird flock was recorded with the camera on the back of the 
falcon and with a ground camera. The Robot Falcon performed hunting sequences with varying levels of 
hunting intensity (retreated, approach, pursuit or attack) to study how this affects the response of the flocks. 
After the fieldwork the footage from the ground and the falcon was combined with Adobe Premier Pro. 
Using the footage, we derived a list of collective escape behaviours exhibited by the flocks under predation. 
These were scored on a frame by frame basis, and subsequently analysed how these escape patterns differ 
between species and on the acts of the falcon. 
 
Results  
The results show that for attack, pursuit and retreated turns are the most prevalent response for both gulls 
(65%) and corvids (53% ) out of 429 and 259 escape responses respectively.. Both species perform turns, 
compacting, dilution, splits, merges and take-off. Differences between the species are also visible in the 
types of behavior. Landing (13%) and relocation (1%) are only seen in corvids, and swarming (4%), 
scattering (2%), flash expansion (<1%) and zigzag (<1%) are only seen in gulls. The hunting intensity also 
has an influence on escape responses and their frequency. Here differences in species are most visible in the 
frequency of the chosen actions. For example turns in occur more when the falcon attacks corvids (69%) 
than when the falcon attacks gulls (72%). For pursuit it is the opposite, gulls turn more under pursuit 
(27.3%) than corvids (66%). The most prevalent strategy of the Robot Falcon is pursuit (34%). Gulls are 
pursued more than corvids during escape responses, 38% en 28% respectively.  
 
Conclusion  
In conclusion. Corvids and gulls have a lot of overlap in the escape strategies they perform. The differences 
between the species become visible when looking at the frequency in which the strategies are performed, 
and the rarer responses are added. It is likely that the difference between the birds may be related to their 
differing physique. 
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Background  
Parasitoid wasps lay their eggs in the larvae of Drosophila; this induces the proliferation and differentiation 
of different types of blood cells (hemocytes) that surround the parasitoid egg, encapsulate and kill it. Pain 
sensing neurons (nociceptors) in the fruit fly larvae skin perceive the noxious stimulus of puncture by a wasp. 
Research has shown that these nociceptors are linked to immune cell differentiation, as a rapid increase in the 
number of blood cells circulating the hemolymph can be observed. At present, much is still unknown on 
precisely how a parasitoid attack triggers the production of hemocytes. We suspect that sensory neurons may 
play an important role in this process. Fruit fly larvae have a special type of tissue called sessile hemocyte 
clusters, where blood cells are found in close association with sensory neurons. We suspect that puncturing 
the skin leads to the activation of nociceptors. These then send a signal through a circuit which involves the 
brain, to these sessile hemocyte clusters, after which the hemocytes are released into the hemolymph. 
 
Objective  
The objective of this project is to study the mechanisms that are involved in coupling nociception to the 
immune response by identifying neurons and genes that are involved in both processes.  
 
Design/methods  
The GAL4-UAS system was used to genetically activate or silence neurons. The Drosophila strains used were 
wildtype, painless, piezo-KO, ppk-Gal4, UAS-TNT, and UAS-csChrimson. 3rd instar larva were collected, 
washed in Ringer’s solution and hemolymph was collected with sterile glass needles, initially to determine 
the baseline of circulating hemocytes and after 5h to allow for the immune response to kick in. Cells were 
counted under a phase contrast microscope and classified into pro-plasmatocytes and plasmatocytes. 
 
Results  
The “pure” lines are expected to mirror the wildtype larval response. The transgenic ppk-TNT are expected 
to show no increase in circulating hemocytes due to nociceptor neuron silencing. The ppk-csChrimson flies 
exposed to red-light are expected to show a similar/slightly increased immune response, whereas the non-
exposed ppk-csChrimson larva are expected to show no increase in circulating hemocytes due to absence of 
the initial stimulus.  
 
Conclusion  
Nociceptor- immune reactions have a critical role in pain and inflammation. Dysregulation could underlie the 
pathogenesis of inflammatory diseases in the skin, joint, respiratory and GI tract. Studying the interactions 
and mechanisms coupling both systems provides valuable insight into how inflammatory diseases might arise 
and offers the possibility to develop pharmaceutical therapies to address them and create new approaches in 
homeostatic or pathological conditions such as tissue repair, infection and even cancer progression. 
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Proactive prosociality – the self-initiated help to another individual without directly benefitting from the 
action – is a striking feature of humans. Yet non-human primates also exhibit to a certain degree proactive 
prosociality. The cooperative breeding hypothesis (CBH) suggests that variation in this behaviour can be 
best explained by the amount of allomaternal care a given species exhibits. To infer proactive prosociality 
individuals are generally exposed to an experimental setting in which they could only choose between a 
prosocial choice or nothing. Hence, a more comprehensive testing design allowing to choose between 
different social, prosocial and selfish options may provide a more differentiated approach into the evolution 
of prosocial behaviour. Therefore, we tested three primates species exhibiting different levels of 
allomaternal care, ranging from little in ring-tailed lemurs (Lemur catta, N=8) to intermediate in black-and-
white ruffed lemurs (Varecia variegate, N=8) to substantial allomaternal care in the cooperative breeding 
common marmosets (Callithrix jacchus, N=10) with a new testing paradigm including two conditions. First, 
the actor (A) had to choose one out of four tokens presented to them while a recipient (R) was present in an 
adjacent cage. A had to make a choice between a social (A and R rewarded with food), prosocial (only R 
rewarded), selfish (only A rewarded) and empty (no reward) token. Second, A was presented with a forced 
choice between two tokens across three conditions (selfish-social, selfish-prosocial, empty-prosocial). In the 
four tokens condition, ruffed and ring-tailed lemurs chose more often the social than all other choices, 
whereas common marmosets, surprisingly, chose equally often the selfish and social choice. Furthermore, 
preliminary results of the forced choice condition with two tokens indicate that all species selected the 
empty token more often than the prosocial token. These results indicate that none of the three species has 
prosocial tendencies as the prosocial choice was always the least preferred option. In conclusion, this study 
questions the CBH, as both lemur species, which are no cooperative breeders, and marmosets, which are 
cooperative breeders, do not show prosocial actions and therefore fails to replicate previous findings.  
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Background  
Working memory is the cognitive ability to temporarily retain information in an accessible state, to manipulate 
it, and to use it in order to guide adaptive behaviour. It is typically assumed that information in visual working 
memory (vWM) is maintained via sustained neural activity. However, recent neurophysiological and imaging 
studies have shown how neural representations underlying vWM can be dynamically encoded in ‘activity-
silent’ neural states. In this context, vWM memoranda are represented by flexible ‘hidden states’; transient 
functional networks which can be shaped by item-specific neural activity. 
 
Objective  
Based on the idea that any activity driven through the network elicits a state-dependent response that reflects 
the contents of vWM, also the activity related to an internal manipulation of WM contents should re-configure 
the network. Accordingly, the aim of the present study was to investigate whether the activity elicited by an 
active manipulation (update) of the contents of vWM can induce a decodable change in the hidden state that 
represents the item.  
 
Design/methods  
In the first condition of the experiment, participants were asked to remember the orientation as well as the 
color of Gabor patches. In the second condition, the participant was asked to remember only the orientation 
of the presented item, but to mentally superimpose a color that was retro-actively cued. In both conditions, 
after a delay period, a probe to be matched with the memorized item was presented. Throughout the task, the 
electroencephalogram (EEG) was recorded. The hidden state changes relative to the performed mental 
operation was measured via a perturbation approach, which can be conceptualized as an echolocation system. 
By ‘pinging’ the brain with a generic visual stimulus during the delay period of the task, information retained 
in vWM becomes decodable from the EEG via multivariate pattern analysis. Cross-temporal generalization 
was furthermore analyzed, to measure how the quality of information in VWM evolves in time. 
 
Results  
The preliminary results obtained so far are consistent with the hypothesis that the actual vWM memoranda 
are dynamically encoded into functional networks. In fact, the decoding accuracy for the orientation of the 
retained item decoded from the second impulse was found to be statistically significant. Based on our current 
data we also expect the decoding accuracy for the updated condition to become significant when integrated 
with data from a bigger sample size. Those preliminary results are confirmatory for an activity-silent model 
of vWM. Additionally, further consistency is given to the perturbation approach as an efficient method for 
inferring the functional state of a latent memory-trace. 
 
Conclusion  
The present study integrates the ‘hidden states’ theory with another piece of evidence. In particular, our 
expected results are compatible with the idea that specific sustained delay activity seems to reflect the focus 
of attention, stochastic updating or response preparation, whereas distinct memoranda are associated with 
distinct changes in the neural response profile of the network. 
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Background  
Sexual activity is a fundamental, innate behavior displayed across species and is related to general well-being, 
relationship satisfaction and a decreased risk for chronic diseases in humans (Field et al., 2013; Glasier, 
Gülmezoglu, Schmid, Moreno, & Van Look, 2006). Even though no definite model describing sexual 
behavior has been established so far, neuroimaging studies support a general distinction between cognitive-
emotional, motivational, physiological and inhibitory components of sexual arousal (Fonteille, & Stoleru, 
2011). Distinct brain structures implicated during various aspects of sexual arousal (the thalamus, 
hippocampus, globus pallidum, putamen and insular cortex, among others) have been suggested by functional 
magnetic resonance imaging (Fonteille, & Stoleru, 2011; Poeppl, Langguth, Laird, & Eickhoff, 2014; 
Georgiadis & Kringelbach, 2012). Contrary, neurochemical influences on sexual desire and arousal have been 
largely neglected in humans. In preclinical studies, systemic pharmacological manipulations of the main 
inhibitory [γ-amino-butyric acid (GABA)] and excitatory neurotransmitter (glutamate) have been shown to 
modulate sexual behavior. Additionally, in humans baseline concentrations of GABA and glutamate in 
specific brain structures have been related to personality traits and cognitive task performance (Ende, 2015). 
Hence, it is hypothesized that GABA and glutamate concentrations in the thalamus, hippocampus, globus 
pallidus, putamen and insula are also related to different aspects of sexual arousal in humans.  
 
Objective  
The current study aims to clarify GABAergic and glutamatergic effects on human behaviour by investigating 
the relationship between respective neurotransmitters and self-reported sexual arousal. 
 
Design/methods  
This exploratory study is going to employ multi-voxel magnetic resonance spectroscopy (MRSI) to achieve 
relative neurotransmitter concentrations in a ROI-wise approach in the thalamus, insular cortex, hippocampus, 
globus pallidus and putamen in 69 healthy participants. Mask extraction of pre-defined ROIs will be 
conducted via automated segmentation of derived anatomical reference images. MRSI data will be correlated 
with cognitive-emotional, motivational, physiological and inhibitory components of self-reported sexual 
arousal. 
 
Expected Results  
It is expected that higher GABA levels in the thalamus, insular cortex, hippocampus, globus pallidus and 
putamen are related to lower self-reported sexual arousal, whereas higher glutamate levels in respective brain 
regions are expected to be related with higher self-reported sexual arousal.  
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Background 
Animal studies have highlighted the benefit of probiotic supplementation, a live feed of commensal bacteria, 
in reversing effects of stress on cortisol levels and anxious behaviour. The study of Papalini et al. (2018) is 
one of the few human studies that recently showed the buffering capacity of 28-day probiotic supplementation 
on stress-related working memory decline compared to a placebo, which related with a right prefrontal signal 
during a cognitive control task. However, evidence for the involvement of gut bacteria, as a result of probiotic 
usage, on stress-related cognitive performance in human subjects is still lacking.  
 
Objective 
We aimed to determine the effect of probiotic supplementation on gut microbial composition and the potential 
associated changes in behavioral and neurobiological performance.  
 
Design/Methods 
 Stool derived bacterial DNA (pre- and post-intervention) was isolated, the V4 region of the 16S rRNA gene 
was sequenced and subsequently bacterial composition was identified using the NG-tax pipeline. Mann-
Whitney U tests were used to assess the effect of probiotics on relative abundance of gut bacteria. 
Subsequently, for genera showing a significant intervention effect, Spearman correlations were used in the 
probiotics group to assess a relation with the measured of the two main findings from Papalini et al. (2018); 
digit span backward after stress and prefrontal cortex signal. Exploratively, significant genera were also tested 
for a potential relation with functional activation during tasks measuring cognitive control, emotional control 
and emotional reactivity performed during functional MRI.  
 
Results 
For eight genera relative abundance was altered after probiotic use: Butyricimonas (p = 0.014), 
Parabacteroides (p = 0.026), Alistipes (p = 0.048), Christensenellaceae R7 group (p = 0.005), Clostridiales 
Family XIII AD3011 group (p = 0.032), Lachnospiraceae (p = 0.015), Ruminococcaceae UCG003 (p = 0.038), 
Ruminococcaceae UCG005 (p = 0.028), Ruminococcaceae UCG010 (p = 0.010). Of these, one genus 
(Ruminococcaceae UCG003) positively correlated with the effect of probiotics on digit span backward scores 
after stress in the probiotic group (rs = 0.565, p = 0.002). In contrast, this relation was absent in the placebo 
group (rs = -0.236; p = 0.218); as well as significantly different compared to the correlation in the probiotics 
group after a Fisher r-to-z transformation (z = 3.11; p = 0.0019). No significant relation between relative 
abundance of this genus was observed with intervention effects on any of the fMRI tasks.  
 
Conclusion 
Our results in healthy volunteers suggest that multispecies probiotics, and especially Ruminococcaceae 
UCG003, could exert a protective effect of cognitive performance after acute stress inducement. 
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Background  
Multiple sclerosis (MS) is a chronic inflammatory and neurodegenerative disease of the central nervous 
system that is characterized by the presence of demyelinated lesions both in the white (WM) and grey matter 
(GM). Remyelination, which is performed by oligodendrocyte progenitor cells (OPCs), helps prevent 
neurodegeneration. Both in MS lesions and in experimental models, remyelination is more efficient in the 
GM than in the WM. This difference may be explained by the fact that OPCs from the GM (gmOPCs) are 
less susceptible to pro-inflammatory cytokines than OPCs from the WM (wmOPCs). Another factor to 
consider is the differential response to anti-inflammatory cytokines, to which gmOPCs may respond better. 
In addition, the presence of fibronectin aggregates also contributes to remyelination failure in WM lesions. 
 
Objective  
The aim of this project is twofold: to assess whether gmOPCs and wmOPCs differentially respond to an MS-
like environment containing fibronectin and pro-inflammatory cytokines, and to observe the effect of anti-
inflammatory cytokines on gmOPCs and wmOPCs 
 
Design/methods  
Primary OPCs from the GM and WM of newborn rat forebrains were plated on coverslips coated with PLL 
or fibronectin. The OPCs plated on PLL-coated coverslips were treated with anti-inflammatory cytokines 
(IL4, IL10 and TGFβ), whereas pro-inflammatory cytokines (TNFα and IFNγ) were added to the OPCs on 
fibronectin-coated coverslips. The effect of these conditions on OPC proliferation (immunocytochemistry for 
Ki67), migration (transwell assay), survival (MTT/LDH assay) and differentiation (immunocytochemistry for 
MBP) were later assessed. 
 
Results  
Preliminary results indicate that on fibronectin, the proliferation of wmOPCs, but not gmOPCs, is significantly 
reduced when treated with both TNFα and IFNγ. The proliferation of wmOPCs treated with IFNγ alone also 
shows a decreasing tendency. In addition, upon IFNγ and TNFα exposure in the presence of fibronectin, the 
percentage of MBP-positive wmOPCs, representative for differentiation, is reduced. Anti-inflammatory 
cytokines did not affect the proliferation of gmOPCs and wmOPCs. However, preliminary results show an 
increase in the differentiation of gmOPCs 6 days after being cultured in the presence of TGFβ. 
 
Conclusion  
The combination of IFNγ and TNFα reduces proliferation and differentiation of wmOPCs on fibronectin, thus 
reinforcing the idea that remyelination in the WM is more negatively affected by inflammation. In addition, 
gmOPCs show higher differentiation than wmOPCs when treated with TGFβ, which may contribute to a more 
efficient remyelination in the GM compared to the WM. Considering that remyelination helps prevent 
neurodegeneration, a better understanding of the mechanisms underlying this process could lead to 
breakthroughs in MS research. 
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Background  
Specific Tumour necrosis factor Agonist of Receptor 2 (STAR2) is a compound designed to stimulate 
activity via the tumour necrosis factor receptor 2 (TNFR2). Previous findings surrounding inflammation in 
Alzheimer’s disease have implicated the two Tumour Necrosis Factor (TNF) pathways as being involved in 
the progression of the disease, with the TNFR1 pathway leading to an increase in inflammation and 
degeneration, whilst the TNFR2 pathways lead to neuroprotection. 
 
Objective  
The study aims to test the efficacy and stability of STAR2 using in vitro models. The efficacy will be 
determined by comparing the survivability of treated neurons after treatment with glutamate, to mimic the 
glutamate-mediated excitotoxicity seen in Alzheimer’s disease. KYM-1 cells are to be used to test the 
stability, as these cells conversely display a sensitivity to TNFR2 mediated cell death. 
 
Design/methods  
Using embryonic day 14 wild type mice, cortices were isolated and treated with 10µM cytosine arabinoside, 
ensuring only neurons were grown. These were grown in 96 well plates and treated with varying 
concentrations of STAR2 at different time points, before being treated with varying concentrations of 
glutamate.  An MTT analysis was then performed to test the cell viability. 
KYM-1 cells were used to test the heat stability of the drug. Samples of STAR2 were incubated at 37° 
Celsius for different time periods, up to seven weeks.  KYM-1 cells were plated into a 96 well plate and 
treated with the different incubation times of STAR2 at concentrations ranging from 100ng/ml to 5ng/ml. 
After 24-hour incubation, a crystal violet stain was performed, and the absorbance read at 550nm to 
determine cell viability.  
 
Results  
Results obtained from the MTT analysis of neurons after STAR2 treatment is thus far inconclusive.  At 
present, STAR2 seems to have limited effect on the survivability of neurons. It is predicted that an effect 
may be seen after continued adjustments to the experimental setup. The KYM-1 analysis shows STAR2 
maintains stability at a concentration of 50ng/ml up to 5 weeks with a p value of 0.01, and 6 weeks at 0.05. a 
significance of 0.05 was also seen at 6 weeks using 100ng/ml and 50ng/ml. At lower concentrations, the 
effect was still significant for fresh samples (20ng/ml,10ng/ml and 5ng/ml) but varying incubation times did 
not show consistent significant differences in lower concentrations, suggesting the effect is reduced in lower 
concentrations after longer incubation times. 
 
Conclusion  
Currently, STAR2 shows limited efficacy against glutamate mediated neurotoxicity. Further study must be 
conducted on this, to see if an effect can be achieved either with higher concentrations of the drug, or with 
more mature neurons as glutamate may be acting as a growth factor for younger neurons.  This work is 
expected to show STAR2 has a neuroprotective effect on neurons. 
The stability results suggest that STAR2 is suitable for further work on Alzheimer’s mouse models using 
subcutaneous drug administration via an osmotic pump, as it is stable for at least 6 weeks at 37° Celsius 
using a concentration of at least 50ng/m. 
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Background  
The idea that alterations in the strength of connections between neurons could be the basis of learning and 
memory has a long history extending back at least to Ramon y Cajal. 
Long-Term Potentiation and Long-Term Depression are central to many physiological functions and their 
dysregulation contributes to a wide range of brain disorders, such as Alzheimer’s disease. In early AD, 
memory retrieval impairment is linked to synaptic failure, which involves the accumulation of amyloid β. 
Neurons exposed to Aβ oligomers show synaptic depression, caused by a removal of AMPA-type glutamate 
receptors from synapses. Interestingly, recent findings demonstrate that Aβ selectively targets synapses that 
contain GluA3 and that the opening of GluA3 containing AMPAR receptors in the hippocampus facilitate the 
ability for memory retrieval. Remarkably, GluA3 dependent synaptic potentiation relies on Epac-exchange 
protein directly activated by cAMP: a guanine exchange factor (GEF) that primarily activate the Rap GTPases 
triggering several cellular responses. Importantly, there are two isoforms of Epac protein, Epac1 and Epac2: 
previous data suggest that the expression levels of both Epac1 and Epac2 are altered in those regions of the 
brain- frontal cortex and hippocampus-associated with Alzheimer's disease, resulting in an increase in Epac1 
expression levels and a decrease in Epac2 expression levels. 
 
Objective 
The overall objective is to characterize the cAMP/Epac signaling pathways regulating synapse strength. In 
detail: A- Given that Epac2 seems to play a role in GluA3 trafficking, the research aims to investigate how 
Epac2 controls GluA3 subunit recycling, speculating that a large amount of ATP is required. As mitochondria 
are responsible for producing this cell's main energy-carrying molecule, they can be the link between Epac2 
and GluA3. B- The research aims to investigate the effect of Epac1 expression on neuronal cell viability. 
 
Design/methods 
A-Given that GluA3 expression levels correlate with synaptic potentiation and given that Epac2 may be 
responsible for  GluA3 recycling, we speculate that mitochondria link Epac2 and GluA3. 
As disruption in mitochondrial functioning may be due to different factors, one of them is the amyloid beta 
accumulation, we are going to compare mitochondrial activity in healthy and case (old and AD) groups.  
Therefore, the samples to analyze are going to be: 

1- Human donors affected with Alzheimer’s disease and healthy controls 
2- Old mice, healthy mice, genetically modified mice (AD models) 
3- HT-22 hippocampal neuronal cell line  

The analysis which I am going to perform are going to be: 
1- Western blot on HT-22 in order for GluA3 and Epac2 expression levels to be detected and optimized  
2- MTT, mitotracker, oroboros on HT-22  to assess mitochondrial functioning 
B-In order to test the effect of Epac1 on neuronal cell viability, we decided to use CE3F4 Epac1 inhibitor and 
look at the effect on HT-22 cell lineage treated with Erastin, which alters mitochondrial voltage-dependent 
anion channel (VDAC) leading to release of oxidative species causing oxidative cell death. 
 
(Expected) results 
A- We speculate the correlation between Epac and GluA3 trafficking is due to mitochondrial activity. As the 
latter is impaired in case groups, we would expect a decrease in GluA3 expression levels in those samples. 
B- We found that Epac1 inhibition is able to rescue HT-22 cells treated with Erastin. 
 
Conclusion  
We aim to characterize the cAMP/Epac signaling pathways regulating synapse strength, in order to develop 
more effective treatments for afflictions depending on its alteration.  
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Background  
How do humans make decisions? To answer this question, numerous computational models have been 
proposed. Ratcliff’s influential Drift Diffusion Model (DDM) for fast and binary choices describes decision 
making as the process of evidence accumulation until a threshold is reached (Ratcliff and McKoon 2008). 
Although the model can account for a variety of behavioral data, there is still a lack of neural evidence for 
this model. Despite this lack of evidence, the model is currently applied in clinical settings more often. 
 
Objective  
The major reason for this lack of neural evidence is the noninvasive techniques for human research, which do 
not allow to causally test the model. However, the fruit fly Drosophila melanogaster could be used to causally 
test the neural substrates of the DDM in great detail, for instance by optogenetics. However, the first step—
and the aim of this project—is to verify whether the DDM can even describe decision making data in D. 
melanogaster.  
 
Design/methods  
A courtship assay was designed in which a male fly chooses which fly it wants to court: a male versus a virgin 
female (easy condition), or a virgin versus mated female (difficult condition). In the easy condition, the DDM 
predicts that evidence accumulation (drift rate) is fast, leading to fast responses and few errors. While in the 
difficult condition, the male is expected to respond slow and make more errors. Besides, the effect of 
dopamine (DA, involved in ADHD) on decision making is studied. DA depletion either leads to only 
hyperactivity, or it also causes memory deficits. In the first case, hyperactivity causes the male fly to only 
lower its decision thresholds, leading to fast responses and more errors. If diminished DA also causes memory 
deficits, the male will have learned less from his experiences in which it was rejected by male flies, leading 
to slower evidence accumulation (drift rate), slower responses, and more errors.  
 
Results & Conclusions 
Accuracy and RTs were higher for the easy condition than the difficult condition, where accuracy was near 
chance level and RTs were fast. This indicates that the male fly might be guessing, or that both females were 
sufficiently good options so there was no need to choose between them. The DDM was only able to describe 
data from the easy condition, indicating that perhaps no decision making process occurred in the difficult 
condition. Furthermore, it may be possible to determine whether flies with lower DA levels only showed 
hyperactivity (in case of fast responses and low accuracy) or also exhibit memory deficits (if flies showed 
slow responses and low accuracy). These results show that D. melanogaster with lower DA levels show 
symptoms similar to ADHD in humans. Although more research is required for a definite answer, results 
indicate that the DDM might be able to fit D. melanogaster data. If this were true, the fruit fly D. melanogaster 
could indeed be used to causally test the neural substrates of the DDM. 
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Background 
Major depressive disorder (MDD) is one of the most prevalent psychiatric disorders and has been ranked by 
the WHO as the single largest contributor to global disability (WHO, 2017). In spite of this burden, fewer 
than 40% of MDD patients archieve clinical remission with treatment and relapse rates are high (Richards, 
2011). Data suggests, duration and recurrence of depressive episodes can be linked to severity of depression 
and level of comorbidity, particularly anxiety disorders (Melartin, et al., 2004). The crucial role of anxiety in 
depression has also been emphasized by the fact that the DSM-V added the anxious distress specifier (ADS) 
to the diagnosis of MDD (Gaspersz et al., 2017). Clinical differences between MDD patients with and without 
anxiety support MDD patients with ADS form a distinct subgroup (Gaspersz et al., 2017). However, the 
neurological underpinnings of anxiety distress in depression remain unclear. Depression and anxiety have 
been related to emotion processing and regulation deficits associated with abnormalities in prefrontal and 
limbic brain areas (Price & Drevets, 2010). Specifically, MDD has been related to deficits in positive and 
negative emotion regulation, reflected by decreased prefrontal activity and increased limbic activity compared 
to healthy controls (Rive et al., 2015). Studies regarding emotion regulation in anxiety are less clear, but 
suggest emotion regulation deficits regarding implicit negative emotions, reflected by increased prefrontal 
and limbic activity (Reinecke et al., 2015). 
 
Objective 
This study aims to investigate the neurological underpinnings of anxiety distress during emotion regulation 
in MDD. 
 
Design/ Methods 
Data are from MDD patients and healthy controls, a sample of the Netherlands Study of Depression and 
Anxiety (NESDA). Anxiety load was measured by items from the Beck Anxiety Inventory (BAI) and from 
the Inventory of Depressive Symptomatology (IDS). In order to investigate the corticolimbic functional 
connectivity, functional magnetic reasoning imaging (fMRI) has been used. Emotion regulation was assessed 
by the Emotion Regulation Task (ERT), that enables to measure regional brain activity during passive 
experience (implicit regulation) and active regulation of emotions, triggered by neutral or emotional pictures 
or scenes. Analysis will be conducted on the whole brain and specific regions of interest (ROI). The ROIs are 
key limbic structures, such as the amygdala, hippocampus and striatum and frontal regions, such as the 
anterior cingulate cortex (ACC), prefrontal cortex (PFC) and the orbitofrontal cortex (OFC), which together 
play a central role in emotion processing and regulation.  
 
Results 
It is expected that the presence ADS in MDD compared to MDD without ADS and healthy controls can be 
linked to differences in emotion regulation, especially regarding negative emotion regulation. These 
differences are reflected in functional brain activity, particularly, in frontal and limbic brain regions. The 
severity of anxiety distress can be related to deficiencies in emotion regulation, in particular regarding implicit 
negative emotion regulation. It is hypothesized that these deficiencies will be reflected by more frontal activity 
as a function of anxiety distress. 
 
Conclusions 
If anxiety distress in depression can be related to differences in emotion regulation as reflected by prefrontal 
and limbic brain activity, it may give insight into the neuropathology of anxiety in depression and may help 
to further individualize and improve treatment.  
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Background  
Stating that the genitals play a lead part in sexual activity is stating the obvious; nevertheless, very little is 
known about how the human genitalia communicate with the central nervous system to bring about sexual 
feelings like sexual arousal. This constitutes a major gap in our understanding of human sexuality. A main 
characteristic of genital somatosensation is its strong affective potential. In other parts of the human skin a 
particular class of small-diameter unmyelinated fiber—the C-tactile (CT) afferent—has been identified that 
responds to pleasant mechanostimulation, i.e. caressing. Such affective touch is associated with activation of 
the posterior insular (PI) cortex, a brain area important for interoception. In the present study we used this 
knowledge as a starting point to gain insight into the processing of genital affective touch.  
 
Objective  
To investigate whether CT-optimal stimulation of the penis would elicit behavioral and brain responses with 
affective touch properties.   
 
Design/methods  
Behavioral and (functional) neuroimaging data were gathered during a partnered stimulation paradigm (19 
men; age 20-31 yr.) that involved CT-optimal and CT-suboptimal stimulation of the forearm and regions of 
the penis.  After a block of stimulations, participants rated how much they liked the stimulation. All 
neuroimaging data was preprocessed with SPM12. For each individual, we created a fixed-effects model with 
regressors for all task conditions. Next, we used the GIFT toolbox to perform a group spatial independent 
component analysis (ICA). This technique decomposes the original fMRI signal into underlying component 
time courses with a spatial distribution (or map) that is maximally different. We performed spatial and 
temporal regression using general linear models (GLM’s) to identify those components that had the highest 
task correspondence and that differentiated between conditions.  
 
Results  
In line with previous findings, the subjective data for both forearm and penis follow a clear pattern, with CT-
optimal stimulation scoring higher than CT-suboptimal stimulation.  Interestingly, all penis stimulations score 
higher than forearm stimulation, regardless of velocity, indicating that genital touch has a higher hedonic 
value than non-genital touch.  
The fMRI ICA analysis revealed that anterior, mid- and posterior insula are more involved in the processing 
of genital touch, than of non-genital touch. Additionally, the posterior insula shows a preference for affective 
(CT-optimal) vs. non-affective (CT-nonoptimal) touch.  
 
Conclusion  
Our study provides evidence that the genitalia are likely to be part of the affective touch system, 
emphasizing the hedonic nature of genital touch. Moreover, we show that the insula is the key region or hub 
in the brain responsible for the processing of affective genital touch. Future research should shed light on 
the functional differences between the insular subregions involved in processing sexual stimulation and 
possible changes in case of sexual dysfunction. 
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Neural Underpinnings of Reaching and Swiping Movements 
Marcella Fratescu, Sara Fabbri 

Department of Experimental Psychology, BSS 
Background  
Our interaction with the world depends on our ability to perform complex movements that allow us to manipulate 
objects around us. One example of this is reaching for an object, a movement of the arm directed to the exact location 
of the object. Several regions in the Posterior Parietal Cortex have been associated with the encoding of reaching 
movements. Among them are the middle and posterior intraparietal sulcus (mid/pIPS; Beurze et al., 2009) and the 
anterior and posterior superior parieto-occipital cortex (a/pSPOC; Culham et al., 2003; Cavina-Pratesi et al., 2010). 
The sensory input is encoded in visual areas (e.g., V1; Snow et al., 2014), while the motor input can be associated 
with activation in motor area M1 (Yousry et al., 1997). Performing a reaching movement requires visual input about 
the object (the visual target) as well as a motor plan directed to the object (the motor target). Both type of targets 
coincide in space: the location o the bottle we see (visual target) is also the location of the target we reach for (motor 
target). Therefore, to be able to distinguish in the brain the regions that code motor components of a motor plan, 
distinct from the sensory information of that plan, it is necessary to experimentally separate motor and visual targets. 
Previous studies (e.g., Gertz, Lingnau, & Fiehler, 2016) have done this by using an anti-reach paradigm, where 
participants are asked to perform a reach movement (i.e., motor target) in the opposite direction of where they fixated 
on the screen (i.e., the visual target). In a different paradigm, Fabbri and colleagues (2017) dissociated the motor and 
visual targets by assessing two similar types of motor movements: reaching and swiping. Differently from reaching 
in which the motor and the visual targets spatially match, swiping allows for a more flexible way of interacting with 
an object, since there is more than one way to swipe on a screen that would lead to the same outcome (i.e., changing 
screens on a phone). Indeed, Fabbri et al., (2017) found that, when given a choice on how to move a dot from one 
location to another on the screen on a tablet (i.e., swiping), participants opt for starting the swiping movement (motor 
target) on a different location than where the dot (visual target) was on the screen. In this case, the motor goal that 
does not coincide with the visual one.  
 
Objective  
The current study is an fMRI extension of the Fabbri et al., (2017) paradigm. The objective of the study is to measure 
the neural correlates of reaching and swiping and to compare them in terms of similarities and differences between 
visual and motor targets. This offers a unique opportunity disentangle between the motor and the visual targets during 
a behavior that is more spontaneous than the anti-reach task.  
 
Design/methods  
The experiment contained two different tasks: reaching and swiping. In both cases, to move the target to its goal 
position, participants had to lift their index finger from the start locations (center of the screen) and position it on the 
screen, either by touching the target itself (reach task) or anywhere near the target (swipe task) in order to move it to 

its final location (Fig. 1). We manipulated the size of the object (small vs large), 
the position of the target on the screen (left vs right) and the distance of the object 
from the center (far vs close). We will analyze the results using Multivariate Pattern 
Analysis (MVPA), a novel approach that uncovers neural coding by investigating 
the similarity of neural representations across conditions.    
 

Figure 1. Current study trial procedure 
Results  
Preliminary analyses on only 2 participants indicate that visual area V1, within each task, represents each target 
location differently from the others, irrespective of the size of the goal area. The location of the visual target is coded 
similarly between tasks. In contrast, M1 differentiates less between the spatial position of the targets and this coding 
is different between tasks. Further analyses will be conducted to validate these results and to test how visual and 
motor targets are coded in parietal areas. 
 
Conclusion  
This experiment introduces a novel, ecologically-plausible way to differentiate between motor and visual targets in 
reaching tasks that allows us to study the neural underpinnings of motor intentions. Elucidating the extent to which 
these tasks differ (and are similar) in the encoding of the motor and visual information regarding a movement will 
add to our theoretical understanding of complex movements. More so, it will be valuable to practical applications 
such as neural prosthetics that aim to decode intentions and use them, in real time, to guide motor movements. 
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Quantitative MRI and neural synchrony to assess and predict the information 
processing speed of MS patients before and after neurostimulation 

 
Dorina de Jong1, Jan-Bernard Marsman2, Branislava Ćurčić-Blake2 

1 Behavioural and Cognitive Neurosciences, Faculty of Science and Engineering, University of Groningen 
2 Cognitive Neuroscience Center, University Medical Center Groningen 

 
Background Around 2.3 million individuals are diagnosed with multiple sclerosis (MS) worldwide and 
between 43-70% of these individuals show deficits in their cognitive functioning, The information processing 
speed (IPS) is mostly affected (Chiaravalloti & DeLuca, 2008). Unfortunately, there are currently no 
treatments available which are able to consistently improve  IPS in MS patients (Miller et al., 2018). 
Nevertheless, neurostimulation, especially transcranial alternative current stimulation (tACS), seems to be a 
promising venture. This is due to the fact that tACS is able to modulate the neural synchrony between 
frontoparietal regions, and cognitive processes are closely associated with this neural synchrony (Bockhorst 
et al., 2019). However, not every individual profits equally from tACS. Quantitative MRI data that represents 
the amount of tissue (50% myelin in white matter tracts) might shed light on how (a change in) IPS is related 
to the amount of tissue/myelin in several brain regions.  
 
Objective In the present study, we sought to address whether tACS improves the IPS of MS patients and the 
neural synchrony between frontoparietal brain regions, and the link between both of them. In addition, we 
wanted to investigate whether we could link and predict the change in IPS based on MTV-values at different 
locations in the brain. At last, we were interested in finding a link between baseline IPS and MTV-values at 
different locations in the brain. 
 
Design/methods IPS was measured by a Vienna reaction time task (VRTT) and tasks included in the 
neuropsychological evaluation which also verified the presence of cognitive impairment in the twelve MS 
patients. Both tasks were done before and after tACS to assess its effect on IPS. Participants got either real (n 
= 8) or sham (n = 4) stimulation, to control for a placebo effect. To assess the effect of tACS on neural 
synchrony, EEG resting state was recorded before and after tACS. The weighted phase leg index (wPLI) was 
used as a measure of neural synchrony. Participants also underwent an MRI scanning session to obtain  MTV-
values. The measurements were regressed with one another in order to discover the relationship between them.  
 
Results Participants had lower reaction times for the IPS tasks after neurostimulation, but this was 
independent to the type of stimulation that the participants had gotten. The wPLI scores remained the same 
over time and even decreased for the sham stimulation group. An increase in FzPz and F4P4 synchrony was 
linked to an increase in IPS, while an increase in F7P7 synchrony to a decrease in IPS. There are also 
contrasting results in the relations between MTV-values and the change in IPS. However, lower MTV-values 
are consistently related to lower baseline IPS.  
 
Conclusion TACS did not improve IPS, but it rather seems to be caused by a learning or placebo effect. 
Neural synchrony wasn’t modulated too. F7P7 synchrony might work inhibitory on IPS, which would explain 
the negative relation between the two. The contrasting results concerning the relations between MTV-values 
and the change in IPS could be caused by the different nature of the tasks that measure IPS. Future studies 
could look into how structural information might influence the intracranial current density in the brain during 
tACS and how this might relate to the individual differences in IPS after tACS.  
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Effects of housing conditions on anxiety-like behaviour in C57BL6/J males mice 
in metabolic studies 

Paula Escriche Chova¹, S. van Heijningen², G. Karapetsas² & G. van Dijk² 
¹Groningen Institute for Evolutionary Life Sciences (GELIFES), University of Groningen 

¹Behavioural and Cognitive Neurosciences (BCN) 
Background  
Mice are widely used to study environmental effects on behaviour and health. With this purpose, and 
particularly in metabolic studies, mice are frequently housed individually to measure certain parameters, 
which would not be possible if the animals are housed socially. Individual housing, however might have a 
great effect on physiology and behavior, since rodents are naturally social animals, interacting with each other 
and engaging in social thermoregulation. On the other hand, social housing can lead to behavioural changes, 
which depends on the hierarchy rank of the animal, and this may affect study outcomes too. Evidently, housing 
type and conditions, diet (Low fat diet vs. High fat diet) and temperature room (below thermoneutrality vs at 
thermoneutrality) can also affect the behavioural profile outcomes.  
 
Objective  
For this reason, the purpose of the study is to find the best housing type and conditions in C57Bl6/J male mice 
to develop a strategy for housing mice in future metabolic studies with minimal environmental and 
behavioural distress.  
 
Design/methods  
Hundred forty-four male C57Bl6/J mice were bred in-house, and subjected to their specific housing conditions 
from weaning (postnatal day 21) onwards. The housing condition was divided in three; Individual housing 
(n=1 per cage), Social housing (n=2 per cage) and Social housing with intermitting individual training 
protocol (n=2 per cage). Furthermore, half of each group was housed at 21°C and the other half at 
thermoneutrality; 28°C. From that, subgroups were either fed with a regular labchow diet (Low Fat diet), 
while the other half is subjected to a Western style diet (High Fat diet). At PND 102-124 age,  Elevated plus 
maze (EPM), Open field (OF) and Tube test (TT) were performed to asses anxiety-like behaviour, exploratory 
behaviour and finally, social hierarchy.  
 
Results  
No effects of the social versus individual housing condition were observed on EPM outcomes. However, data 
in the EPM showed high variability in socially housed mice, which was explained by the order in which social 
mice were tested and the social hierarchy of the socially living mice. Specifically, we found that mice being 
placed in the EPM first had a lower level of anxiety than mice placed secondly, but this effect was only 
observed in the subordinate mice.  Diet and temperature were not significant factors explaining the observed 
variation. Future analysis will assess whether these differences can also be found in the OF test.  
 
Conclusion  
No significant differences were found between housing conditions considering anxiety-like behaviour in 
behavioural tests. However, socially housed mice are affected by several factors not related to the test.  Order 
of testing and social hierarchy play a role in the results.  It could lead to two unanswered questions; are EPM 
and OF validated behavioural tests for pair-group/socially housed mice? Can these tests outcomes be used to 
compare anxiety-like behaviour in individual and socially housed mice?  
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A leaky gut in Parkinson’s disease: Do treatment-naive de novo Parkinson’s 
Disease patients have an increased intestinal permeability? 

 
S. Tent1,2, J.M. Boertien2, T. van Laar2 

 
1 Msc Behavioral and Cognitive Neuroscience, Faculty of Science and Engineering University Medical 

Center Groningen, University of Groningen, The Netherlands 
2 Department of Neurology, University Medical Center Groningen, University of Groningen, The 

Netherlands 
Background  
Parkinson’s disease (PD) is mostly seen as a disease with and diagnosed based on motor deficits. However, 
non-motor symptoms often occur earlier than motor symptoms, which can even present up to 20 years 
before diagnosis. Here might be a window here for earlier diagnosis of the disease. Emerging evidence 
suggests gut microbiota can modulate the integrity of the intestinal mucosal barrier and have an impact on 
local intestinal as well as systemic inflammation characterizing the disease. A prerequisite is that the 
intestinal epithelial barrier should be porous enough for neurotrophic pathogens to traverse. Several studies 
have found increased intestinal wall permeability in PD, however almost all performed studies were on PD 
patients already receiving medication.  
 
Objective  
To establish if the pathophysiology of PD can start in the intestines due to an increased intestinal wall 
permeability, the intestinal wall permeability of treatment naive de novo PD patients will be assessed using 
established markers of intestinal wall permeability and inflammation in feces and blood. 
 
Design/methods  
The research is part of the Dutch Parkinson Cohort (DUPARC) study. The DUPARC cohort study concerns 
de novo PD patients who are treatment naïve at baseline. Patients (n=16) were included in the study after 
being seen by their own neurologist with suspicion of PD in one of the three northern provinces. Healthy 
controls (n=22) were included in the study being partner of the PD patients included in the study or partner of 
patients visiting Punt voor Parkinson. Feces was collected at home by the patient self and blood was collected 
during visits for the DUPARC study. Quantitative analysis of the feces samples was performed using enzyme 
linked immunosorbent assays (ELISA) for Calprotectin, Zonulin (both permeability biomarkers) and alpha-
1-antitrypsin (inflammation). For quantitative analysis of the blood, Zonulin (permeability) was assessed in 
the serum, while lipopolysaccharide binding protein (inflammation) was assessed in the plasma using 
ELISA’s.  
 
Results  
No results have been established up until now, however in previous research it was suggested that there is an 
increased intestinal wall permeability in PD patients already receiving medication. Since this research is 
performed with treatment receiving PD patients, deviant findings or variations can be found for treatment 
naïve patients. 
 
Conclusion  
This is the first study to assess the intestinal permeability of treatment naïve de novo Parkinson’s Disease 
patients in both feces and blood. These data can be used to establish if the increased permeability is already 
present before receiving treatment and, if present, can be suggested as a starting point of the underlying 
pathophysiological process of Parkinson’s disease. 
 
Keywords: leaky gut, intestinal permeability, de novo Parkinson’s disease, feces, serum, plasma, ELISA 
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The effect of Single Nucleotide Polymorphisms on the deviation of homeostatic 
energy balance in rats exposed to Diet Induced Obesity and Activity Based 

Anorexia. 
 

Namrata Rao Mangina1  Supervised by Gertjan Van Dijk2, 
1 Behavioural and Cognitive Neurosciences. 

 
Background  
From an evolutionary perspective, Homo sapiens have adapted to fluctuations in food availability in order to 
survive. When we overate, the excess food was stored in the body and used as an energy reserve. When there 
was a food scarcity, we walked around; widen our radius, in search of food that would ultimately curb hunger. 
Consequently, the body does not have any negative signals for binge eating. Research shows that patients 
with anorexia tend to show hyperactivity in order to curb hunger. In addition, Quantitative Trait Loci (QTL) 
for Activity Based Anorexia (ABA) & Diet Induced Obesity (DIO) could be present in the same animal but 
on different chromosomes.  
 
Objective  
To find a correlation between selected SNPs and the disease phenotype (obesity and anorexia). Obesity and 
Anorexia are considered as eating disorders. However, they may be conserved evolutionary mechanisms that 
helped increase the survival and fitness of an individual.  
 
Design/methods  
DNA samples from the liver and mRNA from the brains from 80 rats exposed to DIO & ABA were collected. 
The rats were given Leptin shots before sacrificing them. The DNA samples were analyzed using the 
SureSelect Target Enrichment Gene Panel from Agilent. cDNA libraries were first prepared. Then, a list of 
SNPs to be analyzed were designed. For the Genome Wide Association Study (GWAS), a list of genes were 
prepared. Based on existing literature, 30 candidate genes were selected. Using Rnor 6.0 (GCF 000001895.5) 
as a reference rat genome, a list of random SNPs was identified. 51,000 probes (~120bp each) were prepared 
for the panel. The probes were attached with streptavidin magnetic beads to increase the accuracy of the panel. 
The quality and integrity of the DNA samples were checked using a Tapestation and a Nanodrop. Lastly, post 
hybridization and amplification, the samples are analyzed using a BioAnalyser. Using PLINK, a whole 
genome association analysis toolset, the data is then correlated with the phenotype. The mRNA samples are 
tested for AgRP, PMOC and NPY expression.  
 
Results  
Based on existing literature, we expect to find a statistically relevant association of candidate genes with the 
disease phenotype. Genes like AgRP, FTO, lep, lep, POMC etc. are expected to show a high correlation as 
they are influenced by leptin. Leptin, a hormone released by adipose tissues, is an important regulator of 
energy homeostasis. Genes affecting insulin regulation are expected to show a strong correlation as well. 
From the random SNPs, we hope to find weaker phenotypic associations. Since these SNPs are spread across 
coding and non-coding regions, they might affect protein expression, epigenetics or biological cascades. 
 
Conclusion 
Eating disorders have the highest mortality rate of any mental illness. On one hand, they are influenced by 
culture and mass media. One the other, there are underlying genetic factors that increase susceptibility to 
developing a certain disorder. Not only does it disrupt the nutritional and energy balance of the body but also 
cause immense physical and psychological stress to the patient. The shift from obesity to anorexia and vies 
versa in a short period can be explained by the presence of trait dependent susceptibility genes for both 
disorders in the same person. Research in this field is crucial to understand disease pathophysiology, comorbid 
disorders (physiological health) and promote better clinical management. 
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Radiation-induced Senescent Astrocytes and Their Potential Role on Protein 
Aggregation using Cerebral Organoids. 

 
Fabian Hobbiea, Daniëlle Voshartb,c, Lara Barazzuolb,c 

 

aResearch School of Behavioural and Cognitive Neurosciences (BCN), University of Groningen, 
Netherlands 

bDepartment of Biomedical Sciences of Cells and Systems, University Medical Center Groningen, 
Netherlands. 

CDepartment of Radiation Oncology, University Medical Center Groningen, Netherlands. 
 
Background  
Brain tumours accounts for more than 20% of all paediatric cancers and neurotoxic side effects of treatments 
such as cranial radiation therapy (CRT) menace normal brain development during early life. Radiation 
cognitive syndrome (RCS) marked by memory, attention, and processing impairments, accompanied by a 12-
14 point drop in IQ, is often encountered following CRT. Previous studies pointed towards cortical thinning, 
microvascular impairment, axonal damage, gliosis, and demyelination as underlying causes, however, a causal 
relation is undeterminable as RCS may also occur in absence of the latter. Recent data pointed towards 
radiation-induced protein aggregation as a potential underlying mechanism presenting novel targets for the 
treatment of RCS.  
 
Objective  
The present study aims to investigate the impact of radiation-induced senescent astrocytes on protein 
aggregation in neurons and its rescue using a senolytic drug selectively killing the senescent astrocytes. 
 
Design/methods  
We assessed radiation-induced senescence and protein aggregation in primary mouse astrocytes and neurons 
as well as human cerebral organoids. Selective elimination of senescent cells was induced by applying ABT-
263. Cell viability and apoptosis were analysed using an Annexin V/PI staining, and xCELLigence real-time 
cell impedance. Senescence was investigated through beta-galactosidase (ß-gal) and GFAP staining as well 
as quantitative polymerase chain reaction (qPCR). Protein aggregation was examined by proteostat, TDP-43 
and p62 staining.  
 
Results  
ABT-263 treatment did not mediate toxicity towards non-irradiated astrocyte but did induce apoptosis in 
irradiated cells as shown by Annexin V/PI staining and xCELLigence. Moreover, radiation-induced 
senescence in astrocytes was rescued by ABT-263 treatment as revealed by a reduction in ß-gal positive cells. 
In addition, qPCR analysis indicated an improvement concerning the senescence associated secretory 
phenotype (SASP) and cell cycle gene expression upon ABT-263 treatment of astrocytes. With upcoming 
experiments, we expect to show a reduction of protein aggregates in ABT-263 treated co-culture experiments 
of irradiated astrocytes and neurons as well as in cerebral organoids where proteostat, TDP-43 and p62 
staining already showed ABT-263 treatment to yield a decrease in aggregation-prone proteins. 
 
Conclusion  
These results show that the selective killing of radiation-induced senescent astrocytes with ABT-263 can 
decrease protein aggregation in primary mouse neurons and human cerebral organoids. This suggests that 
targeting the senescent cells may provide a therapeutic strategy to ameliorate RCS. 
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Dear speakers, supervisors and other people interested in visiting this 

symposium, 

 

We would really like to thank you for your presence, time and excellent 

talks and questions! 

 

Our special thanks go to the Keynote speakers of this year; Prof. Jan 

Dirk Blom and UHD Ingo Willuhn, who found time to travel to the 

Summer Symposium and gave their inspiring presentations. 

 

Additional thanks go to Dr. Eva Teuling and professor Jean-Christophe 

Billeter who helped us organize the symposium. 

 

We hope to see you all at the drinks and meal! 

 

Kind regards, 

The BCN Summer symposium Committee 2019 
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