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Detailed Timetable of Poster Presentations 

Poster Board Presenter Authors/Title When 

A1 1 
Andre 

Sevenius 
Nilsen 

- AS. Nilsen, R. Murphy, BE. Juel, HE. Plesser, S. Hill, T. 
Nieus, M. Massimini, JF. Storm Wednesday 

June 7 - 
1430-1630 Simulating deep sleep and awake states in a mammalian 

thalamocortical model 

A2 2 
Anne 

Nagelhus 

- J. Ye, A. Nagelhus, S.-J. Zhang, E. Kropff, M.-B. Moser, E. 
Moser Wednesday 

June 7 - 
1430-1630 Speed coding in fast-spiking interneurons of the medial entorhinal 

cortex 

A3 3 
Bente 

Jacobsen 

- B. Jacobsen, K. Zheng, RR. Nair, K. Meletis, MP. Witter 
Wednesday 

June 7 - 
1430-1630 Monosynaptic inputs to interneurons in the entorhinal cortex 

A4 4 
Daniel André 

Jensen 

- D.A. Jensen, L. Sørensen, D. Wollschläger, A. Halmøy, J. 
Haavik, A.J. Lundervold Wednesday 

June 7 - 
1430-1630 

Higher intraindividual variability is predicted by poorer cognitive 
control and not an ADHD diagnosis in a cognitively high-
functioning sample of adults 

A5 5 
Dominika 
Radziun 

- D. Radziun, H. Ehrsson 
Wednesday 

June 7 - 
1430-1630 Auditory cues influence the somatic rubber hand illusion 

A6 6 Eirik Nilssen 

- ES. Nilssen, MP. Witter 
Wednesday 

June 7 - 
1430-1630 Local connectivity of principal cells in layer II of lateral entorhinal 

cortex 

A7 7 Erik Fransén 

- M. Carlén,  E. Fransén, H. Kim 
Wednesday 

June 7 - 
1430-1630 Firing patterns of mouse prefrontal cortex neurons during an 

attention task; data analysis and computational modeling 

A8 8 
Fabrizio 
Palumbo 

- F. Palumbo,  R. Pelgrims, E. Yaksi 
Wednesday 

June 7 - 
1430-1630 Studying conditioned place avoidance in zebrafish 

A9 9 
Laufey 

Brynjarsdottir 

- B.L. Brynjasdóttir, N. Preuss, H. Ehrsson 
Wednesday 

June 7 - 
1430-1630 Self-orientation perception is modulated by ownership 

A10 10 Miriam Nokia 

- M. Nokia, I. Gureviciene, T. Waselius, H. Tanila, M. 
Penttonen Wednesday 

June 7 - 
1430-1630 Hippocampal electrical stimulation disrupts associative learning 

when targeted at dentate spikes 
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Poster Board Presenter Authors/Title When 

A11 11 
Nadine 
Farnes 

- N.R.S.F. Farnes, B.E. Juel, A.S. Nilsen, L.G. Romundstad, P.G. 
Larsson, M. Engstrøm, J.F. Storm Wednesday 

June 7 - 
1430-1630 

An index of consciousness, Perturbational Complexity Index (PCI), 
compared between normal awake state and psychedelic state 
induced by sub-anaesthetic doses of ketamine 

A12 12 
Ragnhild 

Irene 
Jacobsen 

- R.I. Jacobsen, F. Donato, RR. Nair, C. Kentros, E. Moser,  M-B 
Moser Wednesday 

June 7 - 
1430-1630 How is a place field generated? Developing a method for the 

functional identification of inputs to a single hippocampal neuron 

A13 13 
Samer 
Siwani 

- S. Siwani, S. mikulovic, E. Restrepo, AS. Franca, A. Tort, RN. 
Leao, K. Kullander  Wednesday 

June 7 - 
1430-1630 The role of OLMa2 interneurons in cognition and emotion-related 

behaviors 

A14 14 
Sofie 

Ährlund-
Richter 

- S. Ährlund-Richter, H. Kim, M. Carlén 
Wednesday 

June 7 - 
1430-1630 Control of attention ς the role of cholinergic neurons and inhibitory 

long-range PV neurons in the basal forebrain 

A15 15 
Thanh 
Doan 

- T. Doan, MP. Witter 
Wednesday 

June 7 - 
1430-1630 Postrhinal projections to the parahippocampal region in the rat 

A16 16 Yang Xuan 

- Y. Xuan, S. Ährlund-Richter, D. Fürth, K. Meletis, M. Carlén 
Wednesday 

June 7 - 
1430-1630 A whole-brain atlas of inputs to inhibitory and excitatory neurons in 

prefrontal cortex 

A17 17 
Zakaryah 

Abdulkarim 

- Z. Abdulkarim,  H. Ehrsson 
Wednesday 

June 7 - 
1430-1630 Recalibration of hand position sense during unconscious active and 

passive movement 

A18 18 
Alexey 

Pospelov 

- K. Kaila, A. Pospelov, M, Puskarjov,  A. Yukin 
Wednesday 

June 7 - 
1430-1630 The brainstem as an independent generator of febrile seizures 

A19 19 
Poster 

Retracted 

 

Wednesday 
June 7 - 

1430-1630  

A20 20 
Carolina 

Bengtsson 
Gonzales 

- A.B. Munoz-Manchado, A. Zeisel, C. Bengtsson Gonzales, H. 
Munguba, B. Bekkouche, P. Lönnerberg, J. Ryge, S. Linnarsson, 
J. Hjerling-Leffler 

Wednesday 
June 7 - 

1430-1630 Electrophysiological and molecular comparison of telencephalic 
interneurons using PatchSeq 
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Poster Board Presenter Authors/Title When 

A21 21 
Christina 
Göngrich 

- C- Göngrich, C. Ibanez 
Wednesday 

June 7 - 
1430-1630 Alk4 signaling is essential for the development of somatostatin 

and reelin expressing GABAergic interneurons 

A22 22 Claire Kelly 

- C.E. Kelly, C.F. Ibáñez 
Wednesday 

June 7 - 
1430-1630 Differential responses to early life stress in p75NTR mutant mice 

A23 23 Flavio Donato 

- F. Donato, R.I. Jacobsen, M-B Moser,  E.I. Moser 
Wednesday 

June 7 - 
1430-1630 Stellate cells drive maturation of the entorhinal-hippocampal 

circuit 

A24 24 Ilary Allodi 

- I.Allodi, J. Njissen, J.A. Benitez, G. Bonvicini, M. Cao, J. 
Jakobsson, E. Hedlund Wednesday 

June 7 - 
1430-1630 Role of Na+,K+ ATPase regulators FXYD6 and FXYD7 in motor 

neuron physiology 

A25 25 
Kristian Kinden 

Lensjø 

- K.K. Lensjø, E.H. Thompson, T. Hafting, G. Dick, J.W. 
Fawcett,  M. Fyhn Wednesday 

June 7 - 
1430-1630 

Conditional knock-out of the ACAN gene removes aggrecan and 
WFA-positive perineuronal nets in adult mice and opens for 
lifelong plasticity 

A26 26 Lilian Kisiswa 

- L. Kisiswa, C.F. Ibáñez 
Wednesday 

June 7 - 
1430-1630 RIP2 controls programmed cell death in developing cerebellum 

A27 27 
Maria Jose 
Lagartos 

- M.J. Lagartos-Donate, M.P. Witter  
Wednesday 

June 7 - 
1430-1630 A journey to the MEC: Postnatal development of postrhinal 

projection to medial entorhinal cortex 

A28 28 
Martina 
Mavrovic 

- M. Mavrovic, P. Uvarov, M. Puskarjov K. Kaila 
Wednesday 

June 7 - 
1430-1630 Regulation of cortical principal neuron migration by KCC2 

A29 29 Pavel Zykin 

- P.A. Zykin, I.A. Moiseenko, L.A. Tkachenko,  R.A. Nasyrov, 
E.I. Krasnoshchokova Wednesday 

June 7 - 
1430-1630 Structural correlates of lateral and medial areas of entorhinal 

cortex in prenatal human brain 

A30 30 
Pradeep 

Krishnamurthy 

- P. Krishnamurthy, E. Dylda, P.C. Kind, N.L. Rochefort 
Wednesday 

June 7 - 
1430-1630 Neuronal circuit dysfunctions in the primary visual cortex of a 

mouse model of intellectual disability 
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Poster Board Presenter Authors/Title When 

A31 31 Yiqiao Wang 

- Y. Wang, S. Hadjab, H. Wu, S. Codeluppi, A. Sharma, C. 
Petitpré, G. Agirman, Y. Xue-Franzén, D. Palumberi, S. 
Linnarsson, F. Lallemend 

Wednesday 
June 7 - 

1430-1630 Revisiting the neurotrophic theory: differential survival 
capacity of developing sensory neurons 

A32 32 Yuri Shvarev 

- Y. Shvarev, V. Matarazzo, L. Caccialupi, F. Schaller, N. 
Kourdougli, A. Bertoni, C. Menuet, N. Voituron, E. 
Deneris, P. Gaspar, L. Bezin, P. Durbec, G. Hilaire, F. 
Muscatelli 

Wednesday 
June 7 - 

1430-1630 Intrinsic properties of the serotonergic system development 
and respiratory network activity in NECDIN-knockout mice: 
implication for Prader-Willi Syndrome 

A33 33 
Chiara 
Ciriachi 

- C. Ciriachi, A.B. Kønig, U. Gether M. Rickhag 

Wednesday 
June 7 - 

1430-1630 

Chemogenetic inhibition of direct pathway neurons in 
dorsomedial striatum reduces locomotor activity in mice 
supporting the role of the direct pathway in promoting 
movement 

A34 34 Daichi Suzuki 

- D.G. Suzuki, A. Kardamakis, T. Wibble, J. Peréz-
Fernández, S. Grillner Wednesday 

June 7 - 
1430-1630 

Toward elucidation of a visual decision-making mechanisms: 
Insights from the lamprey tectum 

A35 35 
Debora 

Ledergerber 

- D. Ledergerber, R. Gardner, H. Ito, E. Moser, M-B 
Moser Wednesday 

June 7 - 
1430-1630 Spatial and task-related activity in the subiculum 

A36 36 
Diana 

Fernandez 
Suarez 

- D. Fernandez-Suarez, C.F. Ibanez 
Wednesday 

June 7 - 
1430-1630 

Genetic inactivation of GFRa1 in the medial habenula of adult 
mice results in altered anxiety and fear related behavioral 
responses 

A37 37 
Eelke 

Snoeren 

- P.T. Huijgens, R. Heijkoop, E. Snoeren 
Wednesday 

June 7 - 
1430-1630 The role of glutamatergic medial amygdala neurons in male 

rat sexual behavior 

A38 38 
Elise 

Thompson 

- E.H. Thompson, K.K. Lensjø, A. Malthe-Sørenssen, M. 
Wigestrand, T. Hafting, M. Fyhn Wednesday 

June 7 - 
1430-1630 

Perineuronal nets in the lateral secondary visual cortex are 
essential for remote visual fear memory 

A39 39 
Eric 

Herlenius 

- E. Herlenius, D. Forsberg, G. Drevin and N.J. Pejovic 
Wednesday 

June 7 - 
1430-1630 

Sudden unexpected collapse of newborn infants (SUPC): 
incidence, risk factors, role of perinatal transition and 
Prostaglandin E2 

A40 40 Hoseok Kim 

- X. Wang, D. Kaping, I. P. Dorocic, Y. Xuan, M. Parent, N. 
Karadag, K. Meletis, M. Carlén Wednesday 

June 7 - 
1430-1630 Serotonergic DRN neurons directly control impulsive behaviors 
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Poster Board Presenter Authors/Title When 

B1 1 
Favio 

Krapacher 

- F. Krapacher C. Ibanez Thursday 
June 8 - 
1200-
1400 

Role of Activin-Like Kinase 4 receptor in behavioral sensitization to 
cocaine 

B2 2 
Florence 
Kermen 

- F. Kermen, A. /ƘƭŀǇŜőƪŀΣ /Φ IƻŜŦƭŜǊΣ 9Φ ¸ŀƪǎƛ 
Thursday 
June 8 - 
1200-
1400 

Neurotransmitter identity and projections of raphe serotoninergic 
neurons in the zebrafish 

B3 3 
Hanna 

Hörnberg 

- H. Hörnberg, M. Singh, S. Baudouin, L. Hatstatt-Burklé, P. 
Scheiffele 

Thursday 
June 8 - 
1200-
1400 

Evaluation of MAP-kinase Interacting kinases as pharmacological 
target in rodent models of autism 

B4 4 Hoseok Kim 

- H. Kim, C. Ortiz, P. Herman, M. Carlén 
Thursday 
June 8 - 
1200-
1400 

Coding of impulsivity, reward and attention in the medial prefrontal 
cortex of the mouse 

B5 5 
Konstantinos 

Meletis 

- O. Tzortzi, M. Weglage, K. Meletis Thursday 
June 8 - 
1200-
1400 Dissecting the opioid system for reward, anhedonia and addiction 

B6 6 
Martin 

Hägglund 

- M. Hägglund, M. Mørreaunet, E. Moser,M-B Moser 
Thursday 
June 8 - 
1200-
1400 Distortions and development of the grid pattern 

B7 7 
Miguel 

Carvalho 

- M.M. Carvalho, N. Tanke, E. Kropff, M.P. Witter, M-B. Moser, 
E.I. Moser 

Thursday 
June 8 - 
1200-
1400 

A pedunculopontine tegmental nucleus to medial entorhinal cortex 
circuit for the neuronal coding of locomotion speed 

B8 8 
Ourania 
Tzortzi 

- O. Tzortzi, D. Fürth, K. Meletis Thursday 
June 8 - 
1200-
1400 

Mapping the cocaine induced c-fos activation and inactivation in the 
mouse brain 

B9 9 
Øyvind 
Høydal 

- Ø. Høydal, E.R. Skytøen, E. Moser, M-B Moser Thursday 
June 8 - 
1200-
1400 

Vectorial representations of discrete landmarks in the medial 
entorhinal cortex 

B10 10 
Åsa 

Konradsson 
Geuken 

- Å. Konradsson-Geuken, K. Kullander, E. Roman, S. Winberg Thursday 
June 8 - 
1200-
1400 

Uppsala University Behavioral Facility (UUBF) has the capability and 
competence to conduct behavioral studies in mouse, rat and fish 

 



 
 

18 
 

Poster Board Presenter Authors/Title When 

B11 11 
Gian Petro 

Serra 

- A. Guillaumin, Å. Mackenzie, G.P. Serra Thursday 
June 8 - 
1200-
1400 

Optogenetic inhibition of Subthalamic Nucleus Pitx2 neurons induces 
exploratory activity and Conditioned Place Preference in mice. 

B12 12 
Iakovos 
Lazaridis 

- I. Lazaridis, R. Tzortzi, M. Weglage, D. Furth, M. Parent, A. 
Martin, L. Pozzi, J. Sergiadou, K. Meletis 

Thursday 
June 8 - 
1200-
1400 

Anatomical and functional role of glutamatergic inputs to lateral 
habenula 

B13 13 
Karsten 
Specht 

-  K. Specht Thursday 
June 8 - 
1200-
1400 

Unrestrained Joy: Listening to rhythmic music reduces connectivity 
within the basal ganglia and the reward system 

B14 14 
Maria 

Papathanou 

- M. Papathanou, T. Viereckel, M. Creed, G.P. Serra, H. 
Pettersson, C. Bellone, C. Lüscher, Å. Wallén-Mackenzie 

Thursday 
June 8 - 
1200-
1400 

Loss of VGluT2 from mature dopamine glutamate co-releasing cells of 
the VTA results in altered synaptic plasticity and enhanced reward-
associated behavior 

B15 15 
Martina 
Blunder 

- A. Chicca, S. Nicolussi, R. Bartholomäus, M. Blunder, A.A. Rey, 
V. Petrucci, I.  Reynoso-Moreno, J.M. Viveros-Paredes, M. D. 
Gens, B. Lutz, H.B. Schiöth, M. Soeberdt, C. Abels, R-P Charles, K-
H Altmann, J. Gertsch 

Thursday 
June 8 - 
1200-
1400 Chemical probes to potently and selectively inhibit endocannabinoid 

cellular reuptake 

B16 16 
Moritz 

Weglage 

- M. Weglage, I.Lazaridis, K. Meletis Thursday 
June 8 - 
1200-
1400 

Lateral habenula-projecting, glutamatergic lateral hypothalamus 
neurons encode negative stimulus valence 

B17 17 Yang Xuan 

- N. Guyon, C. Lopes-Aguiar, Y. Xuan, M. Zilbert, R. Andersson,  
A. Fisahn, M. Lindskog, K. Meletis, M. Carlén 

Thursday 
June 8 - 
1200-
1400 

The role of BDNF-trkB signaling in prefrontal parvalbumin interneurons 
in cognitive and emotional processes 

B18 18 
Zisis 

Bimpisidis 

- Z. Bimpisidis, N. König, B. Vlcek, Å. Wallén-Mackenzie Thursday 
June 8 - 
1200-
1400 

Characterization of Ventral Tegmental Area neuronal subpopulations 
and probing their role in reward-related behaviours 

B19 19 
Adolfo 
Talpalar 

- A.E. Talpalar, V.R. Caldeira, T.I. Talpalar, O. Kiehn Thursday 
June 8 - 
1200-
1400 

Specificity of excitatory spinal neurons involved in generation of 
rhythmic activity for locomotion 

B20 20 
Ana 

Munoz-
Manchado 

- A. Munoz-Manchado, B. Bekkouche, C.B. Gonzales, J. Hjerling 
Leffler, S. Linnarsson, P. Lönnerberg, H. Munguba, J. Ryge, A. 
Zeisel 

Thursday 
June 8 - 
1200-
1400 

Striatal neuronal composition based on their single cell transcriptome 
and electrophysiological properties 
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Poster Board Presenter Authors/Title When 

B21 21 
Anders 
Lunde 

- S. Dymecki, J. Glover, A. Lunde, B. Okaty 
Thursday 
June 8 - 
1200-
1400 

Developmental transcription factor identity of major the 
vestibulospinal groups in mouse and chicken revealed by RNA-
sequencing and immunofluorescence 

B22 22 
Bartul 
Mimica 

- B. Dunn, B. Mimica, J. Whitlock Thursday 
June 8 - 
1200-
1400 Ensemble coding of self-motion in parieto-frontal circuits in rats 

B23 23 
Eike D. 

Schomburg 

- E. D. Schomburg, P. Dibaj, H. Nagel, H. Steffens Thursday 
June 8 - 
1200-
1400 

Serotonin ς a mediator for influences of L-DOPA and naloxone on feline 
spinal motor reflex effects? 

B24 24 
Elham 

Jalalvand 

- E. Jalalvand, L. Wang, B. Robertson, P. Wallén, S. Grillner Thursday 
June 8 - 
1200-
1400 

pH sensitive CSF-c neurons in the hypothalamus and the rostral spinal 
cord 

B25 25 
Jaspreet 

Kaur 

- J. Kaur, J.F. Gutiérrez, A. Nistri Thursday 
June 8 - 
1200-
1400 

Neuroprotective effect of propofol against excitotoxic injury to 
locomotor networks of the rat spinal cord in vitro 

B26 26 
Jianren 
Song 

- J. Song, A. El Manira Thursday 
June 8 - 
1200-
1400 

Convergence rules and synaptic fidelity dictate the recruitment of 
motor neurons in adult zebrafish 

B27 27 
Jovana 
Belic 

- WΦWΦ .ŜƭƛŏΣ !Φ YǳƳŀǊΣ WΦIΦ YƻǘŀƭŜǎƪƛ Thursday 
June 8 - 
1200-
1400 

The role of striatal feedforward inhibition in propagation of cortical 
oscillations 

B28 28 
Juan Pérez-
Fernández 

- J. Pérez-Fernández, A. Kardamakis,  D.G. Suzuki, B. Robertson, 
S. Grillner 

Thursday 
June 8 - 
1200-
1400 

Direct dopaminergic inputs from the SNc/VTA modulate sensorimotor 
transformation in tectum 

B29 29 
Karoline 
Hovde 

- K. Hovde, H. Kleven, M.P. Witter, J.R. Whitlock Thursday 
June 8 - 
1200-
1400 

Posterior parietal cortex in the mouse: architectural delineation and 
connectivity 

B30 30 
Konstantina 

Kilteni 

- K. Kilteni, B. Andersson, H. Ehrsson Thursday 
June 8 - 
1200-
1400 

Imagining a movement involves the prediction of its sensory 
consequences 
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B31 31 Li-Ju Hsu 

- L-J Hsu, O. Kiehn Thursday 
June 8 - 
1200-
1400 Go-signals from brainstem neurons that initiates locomotion 

B32 32 
Lotta 

Borgius 

- L. Borgius, V. Caldeira, E. Proux-Wéra, M. Rasing, P. Löw, O. Kiehn Thursday 
June 8 - 
1200-
1400 Transcriptome Analysis of Spinal Excitatory Neurons 

B33 33 
Manideep 

Gupta 
Vemula 

- M. G. Vemula, T. G. Deliagina, P. V. Zelenin Thursday 
June 8 - 
1200-
1400 Kinematics of forward and backward locomotion in the mouse 

B34 34 
Maria 

Bertuzzi 

- M. Bertuzzi, K. Ampatzis Thursday 
June 8 - 
1200-
1400 

Spinal cholinergic interneurons differentially control motoneuron 
excitability and alter the locomotor network operational range 

B35 35 
Matthijs 

Dorst 

- M.C. Dorst, C.B. Gonzales, J. Hjerling-Leffler, G. Silberberg Thursday 
June 8 - 
1200-
1400 Dopaminergic modulation of Cholinergic communication in the Striatum 

B36 36 
Pavel 

Zelenin 

- P.V. Zelenin, P.E. Musienko, O.V. Gorskii, V.F. Lyalka, N. 
Merkulyeva, Y.P. Gerasimenko, G.N. Orlovsky, T.G. Deliagina 

Thursday 
June 8 - 
1200-
1400 

Neuronal mechanisms of forward and backward locomotion evoked by 
epidural electrical stimulation of the spinal cord 

B37 37 
Rebecka 
Björnfors 

- A. El Manira, R. Björnfors Thursday 
June 8 - 
1200-
1400 Functional diversity of excitatory V0 interneurons in the adult zebrafish 

B38 38 
Robert 

Lindroos 

- R. Lindroos, K. Du, J. Hjorth, J.H. Kotaleski Thursday 
June 8 - 
1200-
1400 Spine organization, dopamine and learning 

B39 39 
Sharn 
Perry 

- S. Perry, M. Larhammar, C. Nagaraja, M.M. Hilscher, A. Tafreshiha, 
E. Potter, S.J. Edwards, F.V. Caixeta, K. Kullander 

Thursday 
June 8 - 
1200-
1400 

Dmrt3-derived Neurons Modulate the Alternation-Synchrony Locomotor 
Switch 

B40 40 
Amaia 

Nazabal 

- A. Nazabal, E. Herlenius, A. Mendiguren, J. Pineda Thursday 
June 8 - 
1200-
1400 

Modulation of neuronal activity of locus coeruleus neurons by the EP3 
receptor in rat brain slices 
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C1 1 
Shreyas 
Mysore 

Suryanarayana 

- S. Grillner, S. M. Suryanarayana, J. Pérez-Fernández, B. 
Robertson, P. Wallén 

Thursday 
June 8 - 
1545-
1745 

Visual and olfactory representation in the primordial cortex ς the 
lamprey pallium 

C2 2 Tuce Tombaz 

- B. Dunn, K. Hovde, P. Mamidanna, T. Tombaz, J. Whitlock 
Thursday 
June 8 - 
1545-
1745 Action representation in the mouse posterior parietal cortex 

C3 3 
Vladimir 
Lyalka 

- V.F Lyalka, P.V. Zelenin, L-J. Hsu, G.N. Orlovsky, T.G. Deliagina Thursday 
June 8 - 
1545-
1745 

Changes in activity of spinal postural networks at different time 
points after spinalization 

C4 4 Wiktor Phillips 

- W. Phillips, C. Del Negro, J. Rekling 
Thursday 
June 8 - 
1545-
1745 

An Ia-like current in the dendrites of rhythmically active preBötzinger 
complex neurons 

C5 5 Amaia Nazabal 

- A. Nazabal, D. Forsberg, A. Mendiguren, J. Pineda, E. 
Herlenius 

Thursday 
June 8 - 
1545-
1745 

Interaction between prostaglandin E2 and opioids in the inspiration-
generating preBötzinger Complex 

C6 6 Anu Nair 

- A. Nair 
Thursday 
June 8 - 
1545-
1745 

DARPP-32 and ARPP-21 dependent temporal window of striatal 
calcium dopamine integration 

C7 7 Ceren Pajanoja 

- C. Pajanoja, D. Pham, D. Lindholm Thursday 
June 8 - 
1545-
1745 

The PGC-1a/PPAR? axis regulates GABA receptors in brain - links to 
neuronal functions and type 2 diabetes 

C8 8 
Clive 

Bramham 

- H. Bito, C. Bramham, M.S. Eriksen, O. Nikolaienko, S. Patil Thursday 
June 8 - 
1545-
1745 

Stimulus evoked ERK-dependent phosphorylation of Arc regulates its 
neuronal subcellular localization 

C9 9 David Forsberg 

- D. Forsberg, T. Ringstedt, E. Herlenius Thursday 
June 8 - 
1545-
1745 

Sniffing glue - Astrocytes adjust respiratory behavior through the 
release of inflammatory modulator PGE2 

C10 10 
Elena 

Kondratskaya 

- J-L Boulland, J.C. Glover, E. Kondratskaya, S. Migliarini, M. 
Pasqualetti 

Thursday 
June 8 - 
1545-
1745 

Altered pattern of locomotion in tryptophan hydroxylase 2 (Tph2) 
knockout mice 
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C11 11 
Filipa 

Bouçanova 

- F. Bouçanova, A. Temporão, E. Domènech-Estévez, H. Baloui, R. 
Chrast 

Thursday 
June 8 - 
1545-
1745 

Characterization of axon-Schwann cell interactions implicated in neuronal 
energy metabolism 

C12 12 
Hanna 
Vihma 

- T. Timmusk, H. Vihma Thursday 
June 8 - 
1545-
1745 

The effect of sumoylation on the transactivation capacities of different 
human NFAT isoforms in neurons 

C13 13 
Hermany 
Munguba 

- H. Munguba, J.N. Carriço, S. Nilsson, P. Oberst, A. Munoz-
Manchado, R. Batista-Brito, G. Fishell, B. Chattopadhyaya, G. di 
Cristo, J. Hjerling-Leffler 

Thursday 
June 8 - 
1545-
1745 

Cortical parvalbumin-expressing interneurons require postnatal expression 
of Sox6 for synaptic maturation and function 

C14 14 
Ipsit 

Srivastava 

- I. Srivastava, E. Vazquez-Juarez, L. Henning, M. Lindskog Thursday 
June 8 - 
1545-
1745 

Real-time recordings of glutamate levels and astrocytic glutamate 
transporter currents in hippocampal rat slices 

C15 15 
Johan F. 
Storm 

- C. Klaus, H. Hu, J.F. Storm Thursday 
June 8 - 
1545-
1745 

Dual adrenergic modulation of HCN channels in hippocampal pyramidal 
neurons 

C16 16 
Laura 

Bojarskaite 

- L. Bojarskaite, D. M. Bjørnstad, R. Enger, G. Mello, K. Vervaeke, W. 
Tang, E. Nagelhus 

Thursday 
June 8 - 
1545-
1745 Calcium signals in astrocytes during sleep 

C17 17 
Linda 

Hildegard 
Bergersen 

- K. Andersson, C. Morland, Ø.P. Haugen, L.H. Bergersen, J. Storm-
Mathisen 

Thursday 
June 8 - 
1545-
1745 Physical exercise promotes brain angiogenesis through a lactate receptor 

C18 18 
Luiz 

Tauffer 

- L. Tauffer, P. Isope, A. Kumar Thursday 
June 8 - 
1545-
1745 Short-term synaptic plasticity as a mechanism for spatial filtering 

C19 19 
Lukas 

Henning 

- L. Henning, M. Lindskog 
Thursday 
June 8 - 
1545-
1745 

Characterization of  Reactive Astrocytosis and Quantification of 
Gliotransmitter Synthesis in Rat Models of Neuroinflammation and 
Depression 

C20 20 
Mai Marie 

Holm 

- V. García-Morales, B. Moreno-López, M.M Holm Thursday 
June 8 - 
1545-
1745 

CMPDA is a novel potent positive allosteric AMPA receptor modulator with 
distinct effects in SorCS3-deficient hippocampus 
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C21 21 
Nicholas 
Hagger-
Vaughan 

- N. Hagger-Vaughan, J.F. Storm Thursday 
June 8 - 
1545-
1745 

Responses of Chrna2+ve interneurons to neuromodulation in the 
hippocampus and neocortex 

C22 22 
Poster 

Retracted 

 

Thursday 
June 8 - 
1545-
1745 

 

C23 23 
Rodrigo 
Restrepo 

Fernández 

- R.A.R. Fernández, C.M.D. Mota, H.D.C. Francescato, T.M. Cunha, 
T.M. Coimbra, L.G.S. Branco 

Thursday 
June 8 - 
1545-
1745 

Hydrogen sulfide plays an anti-inflammatory role during systemic 
inflammation up-regulating hypothalamus p-Akt and plasma IL-4 

C24 24 
Sebastian 

Illes 

- J. Izsak, D. Vizlin-Hodzic, J. Strandberg, T.O. Bontell, S. Theiss, E. 
Hanse, H. Ågren, K. Funa, S. Illes 

Thursday 
June 8 - 
1545-
1745 

Personalised fast generation of human induced pluripotent stem cell-
derived functional cortical networks 

C25 25 
Sergiy 
Korol 

- S.V. Korol, Z. Jin, O.M. Babateen, A.K. Bhandage, A. Ahemaiti, B. 
Birnir 

Thursday 
June 8 - 
1545-
1745 

Effect of glucagon-like peptide-1 (GLP-1) receptor agonists on GABA-A 
receptor-mediated synaptic and tonic currents in the rat hippocampal CA3 
pyramidal neurons 

C26 26 
Shreeram 
Akerkar 

- S. Akerkar, L.E. Schiro, S. Patil, A. Szum, O. Nikolaienko, C. Jacobs, 
M.Z. Lin, C.R. Bramham 

Thursday 
June 8 - 
1545-
1745 

Tagging and visualization of de novo synthesized Arc protein in 
TimeSTAMP knockin mice 

C27 27 
Sonja 

Paetau 

- S.Paetau, T. Rolova, C.G. Gahmberg Thursday 
June 8 - 
1545-
1745 Neuronal ICAM-5 regulates microglia function through integrins 

C28 28 
Tambudzai 
Kanhema 

- T. Kanhema, C. Bramham, L.E. Schiro, R.R. Nair, D. Panja, K. 
Parobczak, S. Patil, A. Tiron, PhD, G. Wilzynski 

Thursday 
June 8 - 
1545-
1745 

Dynamic Arc SUMOylation and selective interaction with F-actin binding 
protein drebrin A in LTP consolidation in vivo 

C29 29 
Teresa 

Femenia 

- S. Codeluppi,  L.I. Eriksson, T. Femenia, A. Gimenez-Cassina, M. 
Gomez-Galan 

Thursday 
June 8 - 
1545-
1745 

Peripheral immune activation after orthopaedic surgery leads to 
hippocampal metabolic and synaptic neuro-glia dysfunction 

C30 30 Zhe Jin 

- Z. Jin, S.V. Korol, H. Hammoud, C. Li, A. Bhandage, A.S. Tafreshiha, 
O. Netsyk, A. Ahemaiti, B. Birnir 

Thursday 
June 8 - 
1545-
1745 

Insulin action on GABAA receptor-mediated currents in the rodent 
hippocampus 
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C31 31 
Ana 

Jorge-
Finnigan 

- A. Jorge-Finnigan, K. Jung-KC, M. Ying, I. Rios-Mondragon, T-J S. Shi, 
A- Martinez 

Thursday 
June 8 - 
1545-
1745 TH phosphorylation at Ser31 is involved in TH axonal transport 

C32 32 
Carmelo 
Bellardita 

- C. Bellardita, O. Kiehn, P. Low Thursday 
June 8 - 
1545-
1745 

Dystonia and muscle spasms after spinal cord injury: two motor disorders 
with different neuronal circuits but a common neural mechanism 

C33 33 
Dan 

Pham 

- D.D Pham, C. Özkan, D. Lindholm Thursday 
June 8 - 
1545-
1745 The role of disturbed lipoprotein metabolism in Huntington´s disease 

C34 34 
Hazal 

Haytural 

- H. Haytural, B. Winblad, L.O. Tjernberg, S. Frykman Thursday 
June 8 - 
1545-
1745 

Unraveling the synaptic vulnerability in Alzheimer disease: The protome of 
the outer molecular layer on the dentate gyrus 

C35 35 
Ingrid 
Lovise 

Augestad 

- I.L. Augestad, V.D.Valderhaug, A. Sandvig, A.K. Håberg, I. Sandvig 
Thursday 
June 8 - 
1545-
1745 

Modulation of the inflammatory response after transient cerebral ischemia 
in rats through minocycline treatment combined with human neural stem 
cell implantation 

C36 36 
Jik 

Nijssen 

- J. Nijssen, J.C. Aguila, R. Hoogstraaten, S. Cheng, Q. Deng, E. 
Hedlund 

Thursday 
June 8 - 
1545-
1745 Axonal transcriptome of stem cell-derived motor neurons in health and ALS 

C37 37 
Jolanta 

Lundgren 

- J.L. Lundgren, B. Winblad, S. Frykman Thursday 
June 8 - 
1545-
1745 Synaptic localization of ADAM10 and BACE1 in adult rat and human brain 

C38 38 
Kjetil 

Vikene 

- K. Vikene, K. Specht 
Thursday 
June 8 - 
1545-
1745 

Playing musical rhythms to the Parkinson-brain aligns it with healthy 
controls: Investigating the processing of complexity in rhythm and auditory 
omissions using fMRI 

C39 39 
Maria 
Jäntti 

- M.H. Jäntti, I. Tarvainen, T. Sarajärvi, K. Paldanius, V. Talman, M. 
Hiltunen, R.K. Tuominen 

Thursday 
June 8 - 
1545-
1745 

Protein kinase C-activating isophthalate derivatives counteract several 
ǇŀǘƘƻƭƻƎƛŎŀƭ ƳŀǊƪŜǊǎ ƻŦ !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ in cell-based models 

C40 40 
Nanxiang 

Jin 

- N. Jin, H. Tanila Thursday 
June 8 - 
1545-
1745 

Does neuronal hyperactivity decline with aging in amyloid plaque forming 
APP/PS1 mice? 
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D1 1 
Ola Huse 
Ramstad 

- O.H Ramstad, S. Nichele, G. Tufte, I. Sandvig, A. Sandvig Friday 
June 9 
- 1200-
1400 Modelling dynamics of motoneuron networks and spinal cord injury in vitro 

D2 2 
Payam 
Dibaj 

- P. Dibaj, E.D. Schomburg Friday 
June 9 
- 1200-
1400 

In vivo electrophysiology of spinal fibers in an ALS mouse model ς 
improvement of velocity and fatigue deficits by metabolic support 

D3 3 
Rainish 
Kumar 

- R. Kumar, B. Winblad, P.l. Pavlov Friday 
June 9 
- 1200-
1400 

Structural insight into human FKBP51: a co-chaperone involved in tau 
pathogenesis 

D4 4 
Tanja 

Isabelle 
Doller 

- T.I. Doller 
Friday 
June 9 
- 1200-
1400 

Training of the next generation of neuroscientists in Norway facilitated by the 
Norwegian Research School in Neuroscience (NRSN) and the Norwegian 
Neuroscience Society (NNS) 

D5 5 
Tommi 

Ala-Kurikka 

- T. Ala-Kurikka, K. Kaila, E. Prokic, J. Voipio Friday 
June 9 
- 1200-
1400 A novel rodent model of term intrapartum asphyxia 

D6 6 
Ulrich 
Bauer 

- U. Bauer, O. H. Ramstad, A. Sandvig, I. Sandvig Friday 
June 9 
- 1200-
1400 Developing an engineered neural network model for the study of ALS 

D7 7 
Vanessa 

Crain 

- V. Crain Friday 
June 9 
- 1200-
1400 

wŜǇƭƛŎŀǘƛƴƎ ǘƘŜ ōǊŀƛƴΩǎ ŎƻƳǇƭŜȄ о5 microenvironment to model Ischemic 
stroke 

D8 8 
Veronica 
Cartocci 

- V. Cartocci, T. Di Pippo, V. Pallottini, S. Schiavi, V. Trezza Friday 
June 9 
- 1200-
1400 Sex-related alterations of cholesterol homeostasis in a rat model of autism 

D9 9 
Vibeke 

Valderhaug 

- V.D. Valderhaug, O.H. Ramstad, A. Sandvig, I. Sandvig Friday 
June 9 
- 1200-
1400 

Engineered dopaminergic neuron networks in the study of Parkinson´s 
disease mechanisms 

D10 10 
Yuta 

Ishizuka 

- Y. Ishizuka, T. Shirao Friday 
June 9 
- 1200-
1400 

Amyloid beta oligomers induce drebrin disappearance from dendritic spines 
via histone deacetylase activity 
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D11 11 
Andreas 

Kardamakis 

- J. Perez-Fernandez, S. Grillner, A. Kardamakis Friday 
June 9 
- 1200-
1400 

Interrogating the sensorimotor control of orientation: from lamprey to 
mouse 

D12 12 
Charles 
Petitpre 

- C. Petitpre, S Hadjab, F. Lallemend, A. Sharma Friday 
June 9 
- 1200-
1400 Cochlear neurons diversity revealed by single-cell RNAseq 

D13 13 
Florence 
Kermen 

- F. Kermen, E. Yaksi Friday 
June 9 
- 1200-
1400 

Interhemispheric connections between olfactory bulbs improve odor 
detection 

D14 14 Haohao Wu 

- H. Wu, C. Bellardita, O. Kiehn, F. Lallemend, K. Meletis, A. Sharma, 
Y. Xuan 

Friday 
June 9 
- 1200-
1400 Fingerprinting subclasses of proprioceptors with single cell transcriptomics 

D15 15 Ida Aasebø 

- I.E.J Aasebø, M. Mobarhan, M.B. Røe, K.K. Lensjø, G.T. Einevoll, T. 
Hafting, M. Fyhn 

Friday 
June 9 
- 1200-
1400 

Movement resistant orientation selective units in the deep layers of the 
visual cortex 

D16 16 
Ingela 

Hammar 

- K. Persson, R.D. Johnson, I. Hammar Friday 
June 9 
- 1200-
1400 

Increased spontaneous firing in sensory nerves following nucleus pulposus 
application in a mouse model for disc hernia 

D17 17 Maya Ketzef 

- M. Ketzef, G. Silberberg Friday 
June 9 
- 1200-
1400 Sensory responses in subtypes of Globus Pallidus neurons 

D18 18 
Natalia 

Lobanovskaya 

- N. Lobanovskaya, M. Jürgenson, A. Aonurm-Helm, A. Zharkovsky 
Friday 
June 9 
- 1200-
1400 

Alterations in the polysialylated neural cell adhesion molecule (PSA-NCAM) 
and retinal ganglion cell (RGC) density in the retina after experimentally 
induced diabetes in mice 

D19 19 Tovy Dinh 

- T. Dinh, K.K. Lensjø, R.A. Lanton, G. Dick, M. Fyhn, T. Hafting Friday 
June 9 
- 1200-
1400 

Increased ocular dominance plasticity in adult visual cortex after genetic 
knock out of aggrecan, an essential component of perineuronal nets 

D20 20 Xi Chu 

- B.G. Berg, X. Chu, K.C. Pramod Friday 
June 9 
- 1200-
1400 

Projection neurons confined to parallel pheromone pathways in the moth 
brain 
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D21 21 Antje Märtin 

- A. Märtin, K. Meletis, I.P. Dorocic Friday 
June 9 
- 1200-
1400 

RNA sequencing analysis of cortical neurons, a comparison between 
single-nuclei and single-cell approaches 

D22 22 Bjørn Erik Juel 

- B.E. Juel, P.G. Larsson, L.G. Romundstad, N.R.S.F Farnes,  A.S. 
Nilsen, J.F. Storm 

Friday 
June 9 
- 1200-
1400 

Changes in electrophysiological markers of consciousness in response 
to different forms of anesthesia 

D23 23 Elisabet Åkesson 

- C. Lin, C. Calzarossa, J. Liu, T. Fernandez-Zafra, L. Holmberg, A. 
Rising, J. Johansson, M. Andersson, M. Lindskog, P. Uhlén, E. 
Åkesson 

Friday 
June 9 
- 1200-
1400 

Human organotypic spinal cord slice culture as a useful model to study 
human injury mechanisms & therapeutic strategies 

D24 24 Enni Bertling 

- E. Bertling, P.Hotulainen Friday 
June 9 
- 1200-
1400 

Induced Pluripotent stem cells as a tool to study dendritic spine 
morphology in human neurons in health and disease 

D25 25 
Ingvild Elise 

Bjerke 

- I.E. Bjerke, K.A. Andersson, M. Øvsthus, M.A. Puchades, J.G. 
Bjaalie, T.B. Leergaard 

Friday 
June 9 
- 1200-
1400 

Navigating the rodent brain: Best practice recommendations for 
determining and documenting spatial location for neuroscience data 

D26 26 Lucas Kumosa 

- L.S. Kumosa, V. Zetterberg, J. Schouenborg Friday 
June 9 
- 1200-
1400 

Mitigating stab-induced acute BBB permeability by use of gelatin 
coatings 

D27 27 Martin Øvsthus 

- M.A. Puchades, M. Øvsthus, I.E. Bjerke, K.A. Andersson, G. 
Csucs, T.B. Leergaard, J.G. Bjaalie  

Friday 
June 9 
- 1200-
1400 

Data integration through digital brain atlasing: semiautomatic spatial 
registration of serial histological images to rodent brain 3D reference 
atlases 

D28 28 Morgane Rouault 

- M. Rouault, A. Laeremans, N. Li, K. Wilkens, Y. Luo, X-J Ma, E. 
Park 

Friday 
June 9 
- 1200-
1400 

Visualization of specific mRNAs and lncRNAs within morphological 
context in the central and peripheral nervous systems using the 
RNAscope® in situ hybridization assay 

D29 29 Stefan Blankvoort 

- S. Blankvoort, J. Cotney, C. Kentros, J. Noonan, M. Witter Friday 
June 9 
- 1200-
1400 

Enhanced transgenics: using artificial promoters to express genes in 
specific cell types 

D30 30 
Thomas 

Sommers 

- T. Sommers, F. Janiak, F. Kermen, E. Yaksi Friday 
June 9 
- 1200-
1400 

Using digital holography to map functional connectivity in the 
zebrafish olfactory bulbs 
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D31 31 
Arvind 
Kumar 

- A. Aertsen, M. Angelhuber, P. Botta, A. Kumar, A. Luethi 
Friday 
June 9 
- 1200-
1400 

Role of tonic inhibition and recurrent interactions in the central amygdala in 
controlling of fear generalization 

D32 32 
Emil 

Wärnberg 

- A. Kumar, E. Wärnberg 
Friday 
June 9 
- 1200-
1400 Origin and consequences of manifold confinement of neural activity 

D33 33 
Marko 

Filipovic 

- !Φ !ŜǊǘǎŜƴΣ aΦ CƛƭƛǇƻǾƛŏΣ aΦ YŜǘȊŜŦΣ !Φ YǳƳŀǊΣ wΦ wŜƛƎΣ DΦ {ƛƭōŜǊōŜǊƎ 
Friday 
June 9 
- 1200-
1400 

Characterizing cortical and thalamic input to mouse striatal medium spiny 
neurons that exhibit up- and down-state transitions 

D34 34 
Sebastian 
Spreizer 

- S. Chiken, A. Kumar, A. Nambu, S. Spreizer 
Friday 
June 9 
- 1200-
1400 Increased variability in globus pallidus interna in Parkinson's disease 
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COGNITION 

A1: Simulating deep sleep and awake states in a mammalian thalamocortical model 
- AS. Nilsen, R. Murphy, BE. Juel, HE. Plesser, S. Hill, T. Nieus,  M. Massimini, JF. Storm 

Presenter: Andre Sevenius Nilsen - University of Oslo 
Theme: Cognition  

Posterboard number: 1  
Time of presentation: Wednesday June 7 - 1430-1630 

Authors 
André Sevenius Nilsen, Ricardo Murphy, Bjørn E. Juel, Hans E. Plesser, Sean Hill, Thierry Nieus,  Marcello 
Massimini, Johan F. Storm. 

 
Recently, several promising measures of consciousness have been developed and tested, with high 

accuracy in separating conscious and unconscious states (Casali et al., 2013; King et al., 2013; 

Koch, Massimini, Boly, & Tononi, 2016). However, the neural mechanisms underlying changes in 

conscious states are not well understood. We reproduced with The Neural Simulation Tool (NEST) 

a computational corticothalamic model originally developed in the neural simulator Synthesis by 

Hill & Tononi (2005), which has functional states similar to deep sleep and awake states in the 

mammalian brain. These simulated states can be used to investigate the neural properties 

necessary for similar conscious states in the human brain. We have reproduced the model with 

similar functional and structural properties, thereby validating the original findings, as well as 

providing a foundation for implementing in silico several promising metrics of consciousness 

based on electrophysiology. In conjunction with electrophysiological experiments on humans and 

mice we will use the model to investigate and test theories of consciousness such as Integrated 

Information Theory (Oizumi, Albantakis, & Tononi, 2014) and the Global Neuronal Workspace 

Theory (Dehaene, Charles, King, & Marti, 2014). 
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The medial entorhinal cortex (MEC) is the hub of a spatial representation system consisting of a 

variety of functional cell types, including grid cells, border cells and head direction cells, which 

ÅÁÃÈ ÒÅÐÒÅÓÅÎÔ Á ÓÐÅÃÉÆÉÃ ÅÌÅÍÅÎÔ ÏÆ ÔÈÅ ÁÎÉÍÁÌȭÓ ÃÕÒÒÅÎÔ ÌÏÃÁÔÉÏÎȢ &ÏÒ ÁÃÔÉÖÉÔÙ ÔÏ be translated 

ÆÒÏÍ ÏÎÅ ÇÒÏÕÐ ÏÆ ÁÃÔÉÖÅ ÃÅÌÌÓ ÔÏ ÁÎÏÔÈÅÒ ÉÎ Á ×ÁÙ ÔÈÁÔ ÒÅÆÌÅÃÔÓ ÔÈÅ ÁÎÉÍÁÌȭÓ movement in the 

environment, these cells must have access to information about the current speed of the animal. 

Speed-responsive cells have recently been shown to exist in the MEC circuit (Kropff et al., 2015). 

Here we show that more than half of the entorhinal speed-cell population has interneuron-like 

firing properties, such as narrow waveforms and high firing rates. Around 60% of all fast-spiking 

cells were speed modulated, as was more than one-third of the hippocampus-projecting fast-

spiking cells. Using transgenic mice with Cre expressed in neurons positive for parvalbumin (PV) 

or somatostatin (SST), in combination with local entorhinal injections of channelrhodopsin 

(ChR2)-expressing Cre-dependent adeno-associated virus (AAV), we are currently investigating 

the molecular identity of the fast-spiking speed cells. Since a large portion of PV-positive cells, but 

not SST-positive cells, in MEC layer II/III project to the hippocampus, we hypothesise that PV-

positive interneurons are largely speed-modulated whereas SST-positive interneurons are not. 
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Principal neurons constitute the largest neuron population in the entorhinal cortex, as in most 

other areas of the brain. However, interneurons (INs) play an important role in information 

processing in all brain areas. We have investigated whether distinct subsets of INs receive specific 

extrinsic or local inputs, and whether there are differences within the networks of INs in the two 

subdivisions of the entorhinal cortex, the lateral (LEC) and medial entorhinal cortex (MEC). Using 

a monosynaptic tracing system with a modified rabies virus, we investigated inputs to specific 

interneuron groups in LEC and MEC. Parvalbumin (PV) cells are the most numerous IN subgroup, 

making up approximately 50% of the total IN population. PV cells in MEC receive the majority of 

their inputs from the hippocampal and parahippocampal regions, whereas LEC PV cells get their 

main input from the neocortex, piriform cortex and subcortical areas. This input pattern closely 

resembles the total input to the entorhinal subdivisions described in classical tracer studies 

(Burwell & Amaral, 1998). Interestingly, when looking at the intrinsic connections of PV cells in 

the two subdivisions this seemed different. PV-cells in MEC received a substantially smaller 

percentage of their inputs from the local network compared to PV-cells in LEC. When investigating 

the connections of somatostatin cells, another major interneuron subgroup, we saw similar 

results. This indicates that INs in EC receive external inputs that are similar to those received by 

the total cell population.  However, the local connectivity across the two subdivisions could be 

different. 

 

 

 

 

 

 

 

 



 
 

32 
 

A4: Higher intraindividual variability is predicted by poorer cognitive control and not an 
ADHD diagnosis in a cognitively high-functioning sample of adults 

- D.A. Jensen, L. Sørensen, D. Wollschläger, A. Halmøy, J. Haavik, A.J. Lundervold 

Presenter: Daniel André Jensen - University of Bergen 
Theme: Cognition  

Posterboard number: 4  
Time of presentation: Wednesday June 7 - 1430-1630 

Jensen, D.A.A,B,C, Sørensen, L.A,B, Wollschläger, D.D, Halmøy, A.B,E,F, Haavik, J.B,E,F & Lundervold, A. J.A,B 
A: The Department of Biological and Medical Psychology, University of Bergen.  
B: K.G. Jebsen Centre for Research on Neuropsychiatric Disorders.  
C: Betanien District Psychiatric Centre (DPS).  
D: Institute of Medical Biostatistics, Epidemiology and Informatics, University Medical Center Mainz.  
E: Department of Biomedicine, University of Bergen.  
F: Division of Psychiatry, Haukeland University Hospital, Bergen. 

 
Background: Increased intraindividual variability (IIV) has been repeatedly associated with 

ADHD and considered an etiologically important factor for the disorder. However, it has also been 

described as a transdiagnostic marker for general psychopathology, and has in normal aging been 

assumed to be associated with reduced cognitive control. Recent findings from a study of children 

with ADHD indicate that increased IIV is secondary to working memory (WM) deficits. Based on 

these findings we aimed at investigating whether IIV, measured using an ex-Gaussian approach, 

would differentiate between a group of cognitively high-functioning adults with ADHD and a 

group of healthy controls (HC), or whether differences in IIV would be more closely associated 

with scores on a WM-measure, independently of ADHD. Methods: 28 adults with ADHD and 28 

HCs completed the Stop Signal Task, generating reaction time measures, as well as the Paced 

Auditory Serial Addition Test and the Color-Word Interference Task (CWIT) to obtain measures 

of WM and a combination of inhibition and switching, respectively. Results: The groups did not 

differ on measures of IIV or WM, but analyses showed a significant difference in IIV between 

participants scoring in the lowest and highest quartiles on WM (p = .011). The correlation between 

IIV and both the WM and CWIT scores were significant (ps < .01) across the entire sample. 

Conclusion: The findings provide preliminary support for the notion that IIV in adult ADHD is 

secondary to reduced WM, and a strong association between increased IIV and reduced cognitive 

control. 
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4ÈÅ ÐÅÒÃÅÐÔÉÏÎ ÏÆ ÏÎÅȭÓ Ï×Î ÂÏÄÙ ÉÎ ÓÐÁÃÅ ÄÅÐÅÎÄÓ ÏÎ ÔÈÅ ÄÙÎÁÍÉÃ ÉÎÔÅÇÒÁÔÉÏÎ ÏÆ ÓÉÇÎÁÌÓ ÆÒÏÍ 

the different sensory modalities. Earlier studies have shown that visual, tactile and proprioceptive 

information contributes to this process. However, little is known about the possible role on 

auditory cues in the multisensory integration of bodily signals. To address this issue we studied 

the effect of auditory feedback in the somatic rubber hand illusion. The classic version of this 

illusion is elicited by repeatedly moving the blindfolded participant's left index finger so that it 

touches a right rubber hand, whilst synchronously touching the participant's real right hand. After 

approximately 10s of such stimulation, most participants experience an illusion of touching their 

own hand. We created four conditions and tested 30 healthy participants: (1) synchronous 

touches without auditory cues (classic illusion); (2) asynchronous touches without auditory cues 

(control); (3) synchronous touches with synchronous auditory cues; (4) synchronous touches with 

asynchronous auditory cues. The questionnaire results showed that the illusion was elicited in all 

condition with synchronous touches. Importantly, we observed significantly greater 

proprioceptive drift towards the ru bber hand in the synchronous auditory condition compared to 

both the asynchronous auditory condition (p = 0.0075) and the condition with synchronous 

touches without auditory feedback  (p = 0.0225). These results demonstrate that auditory cues 

modulate the somatic rubber-hand illusion. This suggests that auditory information is used in the 

ÆÏÒÍÁÔÉÏÎ ÔÈÅ ÃÏÈÅÒÅÎÔ ÍÕÌÔÉÓÅÎÓÏÒÙ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ ÏÆ ÏÎÅȭÓ Ï×Î ÂÏÄÙȢ  
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Entorhinal cortex constitutes the main gateway for information entering the hippocampal 

formation. Projections to the hippocampal subfields dentate gyrus and CA2/CA3 originate mainly 

from reelin immunoreactive cells in layer II of both entorhinal subdivisions, the lateral and medial 

entorhinal cortex (LEC and MEC, respectively). Reelin immunoreactive stellate cells in MEC layer 

II communicate with each other almost exclusively through fast-spiking (FS) inhibitory 

interneurons (Couey et al., 2013; Pastoll et al., 2013), but little is known about the local circuit 

organization of principal cells in layer II of LEC. 

In this study, we sought to explore the local microcircuit of principal cells in layer II of LEC. We 

carried out simultaneous whole-cell recordings in vitro of clusters of up to four neurons in LEC 

layer II, aiming to record from fan cells. Most recorded clusters contained a mix of all principal cell 

types, however, fan cells were most abundant. Among 98 pairs of morphologically recovered fan 

cells, excitatory connections were observed in three pairs. In contrast, six inhibitory connections 

were detected in the same data set, likely due to activation of an intermediate interneuron. 

Subsequent recordings from clusters of fan cells and interneurons showed stronger inhibitory 

input to fan cells from FS interneurons compared to non-fast spiking interneurons. Our data point 

to sparse monosynaptic connectivity between fan cells and further suggest an important role for 

FS interneurons in the fan cell microcircuit. Whether a similar microcircuit organization also 

applies to the other principal cell types in layer II is not clear. 
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Human and animal studies indicate the importance of prefrontal cortex (PFC) in cognitive 

processes, including attention and working memory. In earlier work, mice were trained in an 

attention-demanding goal-directed task, the 3-choice serial reaction time task. In the task the 

animals are required to report the location of a visual cue, and the responses are classified as 

correct, incorrect or omitted. Neurons in medial PFC were recorded extracellularily, and wide 

spiking putative pyramidal neurons (PC) and fast-spiking inhibitory parvalbumin (PV) expressing 

interneurons were identified. The firing of PV-interneurons were statistically different during 

attentional processing in correct and incorrect trials. Optogenetic suppression and 40 Hz drive of 

PV-interneuron activity were found to reduce and enhance behavioural performance, respectively 

(Kim et al. Cell 2016). In the current project we have analysed the firing patterns in terms of 

degree of rhythmicity in firing (oscillation score), variation in firing frequency and variation in 

spikes per bin. Preliminary result on all three measures confirm a statistical difference between 

correct and incorrect trials during attentional processing. Given these differences, population 

average frequency histogram and mean frequency over time are however quite similar. We are 

therefore applying temporal pattern detection methods in attempts to identify potential spike 

pattern differences. Moreover, we are testing a hypothesis based on computational modelling 

using so called Bump attractor networks. In particular, given the experimental evidence for the 

importance of PV-interneuron activity, we are investigating the differences in PV-interneuron 

activity in correct and incorrect trials as predicted by the model. 
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Understanding the interactions between cortical and limbic brain regions is the key for 

understanding how animals build a mental map of their environment and generate/store 

memories in highly interconnected circuits of the brain. One key strategy for studying these 

computations is to monitor the activity of the entire cortico-limbic assembly of the brain and 

record the activity of thousands of individual  neurons simultaneously, in large scale and with 

sufficient detail. The small and transparent brain of a small vertebrate, the zebrafish, provides a 

ÆÅÁÓÉÂÌÅ ÓÏÌÕÔÉÏÎ ÔÏ ÔÈÅ ÐÒÏÂÌÅÍ ÏÆ ÃÏÍÂÉÎÉÎÇ ȰÓÃÁÌÅȱ ÁÎÄ ȰÄÅÔÁÉÌȱ ÔÏ ÉÎÖÅÓÔÉÇÁÔÅ ÎÅÕÒÁÌ ÁÃÔÉÖÉÔÙȢ  

Despite the common public belief, the fish are able to perform well in challenging cognitive tasks 

and exhibit learned behaviours. It is however less clear whether larval zebrafish can perform such 

complex cognitive tasks. In order to study whether and how larval zebrafish can perform classical 

learning, we developed a fully automated, medium-throughput conditioned place avoidance task, 

where up to 6 freely behaving zebrafish larvae can interact with their environment in a closed 

loop configuration. We showed that starting from 1 week post fertilization  zebrafish larvae can 

very quickly learn to avoid distinct zones of the behavioral arena marked by visual cues. We also 

showed that the animal performance increases across development. We are now investigating 

temporal aspects of these learned behaviors and testing the long-term retention of these 

memories. Our ultimate goal is to study the changes in brain connectivity associated with learning 

in the zebrafish homologues of the hippocampus and amygdala.   
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In order to successfully interact with our dynamic environment, we need to make an accurate 

estimation of what is up, down, left and right from us, also referred to as self-orientation 

perception. Self-orientation perception is a result of visual-vestibular integration. Previous 

research has shown that missing or ambiguous sensory information (e.g. when the visual input is 

altered)ȟ ÃÁÎ ÌÅÁÄ ÔÏ Á ÐÁÒÁÄÏØÉÃÁÌ ÆÅÅÌÉÎÇ ÏÆ ȬÂÅÉÎÇ ÕÐÓÉÄÅ ÄÏ×Îȭ ɀ also known as ȬÉÎÖÅÒÓÉÏÎ 

ÉÌÌÕÓÉÏÎȭȢ 4ÈÅ aim of the present research project was to investigate the role of body ownership on 

self-orientation perception. More specifically, we proposed that ownership might affect the 

weighting of visual-vestibular information and thus influence perception of self-orientation. Body 

ownership was manipulated using synchronous and asynchronous visual-tactile stimulation of a 

body seen from first-person perspective by means of virtual reality. Meanwhile, the visual scene, 

a fully furnished room, was rotated slowly around the roll axis. At a 180° stop, participants had to 

ÊÕÄÇÅ ÔÈÅ ÁÐÐÅÁÒÁÎÃÅ ÏÆ Á ȬÓÈÁÄÅÄ ÄÉÓËȭ ÓÔÉÍÕÌÕÓȢ 3ÈÁÄÅÄ ÄÉÓË ÓÔÉÍÕÌÉ ÁÒÅ ÐÅÒÃÅÉÖÅÄ ÁÓ σ-

dimensional spheres and, as light it assumed to come from above, the perception of a shaded disk 

depends on subjectively perceived self-orientation. Results showed that illusory ownership 

affected the 3-dimensional interpretation of the shaded disk stimuli and hence caused a 

reweighting of visual-vestibular input. Visual cues overruled the gravitational forces detected by 

the vestibular system, resulting in an experience of an inversion illusion. The results indicate that 

body ownership is necessary for our perception 
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Hippocampal electrophysiological oscillations, namely theta and ripples, have been implicated in 

encoding and consolidation of new memories, respectively. According to existing literature, 

hippocampal dentate spikes are prominent, short-duration (< 30 ms), large-amplitude (~2 -4 mV) 

fluctuations in hilar local-field potentials that take place during awake immobility and sleep. 

Interestingly, previous studies indicate that during dentate spikes dentate gyrus granule cells 

increase their firing while firing of CA1 pyramidal cells are suppressed, thus resulting in 

momentary uncoupling of the two hippocampal subregions. To date, the behavioral significance 

of dentate spikes is unknown. Here, to study the possible role of dentate spikes in learning, we 

trained adult male Sprague-Dawley rats in trace eyeblink classical conditioning. For one hour 

immediately following each conditioning session, one group of animals received hippocampal 

stimulation via the ventral hippocampal commissura (vHC) contingent on dentate spikes to 

disrupt the uncoupling between the dentate gyrus and the CA1 subregions. A yoked control group 

was stimulated during immobility, irrespective of brain state, and another control group was not 

stimulated at all. As a result, learning was impaired only in the group where vHC stimulation was 

administered contingent on dentate spikes. Our results suggest dentate spikes and/or the 

associated uncoupling of the dentate gyrus and the CA1 play a significant role in memory 

consolidation. Dentate spikes could possibly reflect reactivation and refinement of a memory 

trace within the dentate gyrus triggered by input from the entorhinal cortex.  
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Recent interest in consciousness has created a surge in research trying to objectively assess levels 

and states of consciousness. However, little is known about whether psychedelic states, with their 

altered phenomenology, affect putative measures of levels of consciousness.  

Perturbational complexity index (PCI) is a theoretically based index of consciousness determined 

by perturbing cortical activity with transcranial magnetic stimulation (TMS) and calculating the 

algorithmic complexity of the spatiotemporal dynamics of the electroencephalographic (EEG) 

response. PCI has been used to assess levels of consciousness across different states and patient 

groups. Fully conscious states such as wakefulness give high PCI values, whereas deep sleep, 

anaesthesia, and other unconscious states give low PCI (Casali et al., 2013).  

Anaesthetic doses of ketamine produce behavioural unresponsiveness, accompanied with vivid 

dreams, and is associated with high PCI scores similar to wakefulness (Sarasso et al., 2015). Since 

sub-anaesthetic doses of ketamine give a qualitatively changed, psychedelic state of wakefulness 

without changing the physiological level of arousal, we wanted to test, for the first time, whether 

PCI changes in this condition compared to normal wakefulness.  

Using sub-anaesthetic doses of ketamine in ten healthy participants, we measured PCI by TMS and 

high-density EEG in parietal and premotor cortices, before, during, and after ketamine 

administration. We found no significant changes in PCI scores induced by ketamine, even when 

controlling for the intensity of the psychedelic experience. These results contribute to the 

discussion of how levels and contents of consciousness are related. Additional methodological and 

experimental issues will be discussed.         

Casali, A. G., Gosseries, O., Rosanova, M., Boly, M., Sarasso, S., Casali, K. R., ... & Massimini, M. (2013). A 

theoretically based index of consciousness independent of sensory processing and behavior. Science 

translational medicine, 5(198), 198ra105-198ra105. 

Sarasso, S., Boly, M., Napolitani, M., Gosseries, O., Charland-Verville, V., Casarotto, S., ... & Rex, S. (2015). 

Consciousness and complexity during unresponsiveness induced by propofol, xenon, and ketamine. Current 

Biology,25(23), 3099-3105. 
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The hippocampus receives inputs from a variety of spatially modulated cells in the medial 

entorhinal cortex, including grid, border and head direction cells. These inputs are thought to be 

integrated by individual hippocampal cells and influence the properties of their place fields, which 

ÒÅÐÒÅÓÅÎÔ ÁÎ ÁÎÉÍÁÌȭÓ ÓÐÅÃÉÆÉÃ ÌÏÃÁÔÉÏÎ ÉÎ ÓÐÁÃÅȢ )Î ÐÁÒÔÉÃÕÌÁÒȟ ÉÔ ÈÁÓ ÂÅÅÎ ÈÙÐÏÔÈÅÓÉÓÅÄ ÔÈÁÔ ÔÈÅÓe 

spatially localised firing patterns can be achieved by integrating inputs from grid cells of different 

modules. However, which entorhinal cortical cell type(s) and grid cell modules are involved in the 

ÆÏÒÍÁÔÉÏÎ ÏÆ Á ÓÉÎÇÌÅ ÃÅÌÌȭs place field remains unclear. 

We are developing a method that utilises a developmental approach to achieve extreme virus 

dilutions. This enables us to target a single cell in the CA3-subfield of the hippocampus with a 

pseudotyped and G-protein deleted rabies virus expressing Channelrhodopsin-2 (ChR2). The 

retrograde, monosynaptic transfer of the virus from this single cell will allow us to detect its inputs 

in layer 2 of the medial entorhinal cortex. Using electrophysiology and light-mediated activation 

of ChR2 we can thus identify the spatial properties of these input cells while the animal is 

exploring an open field environment. 

We present preliminary data showing that targeting a large group of cells in CA3 with this method 

allows us to identify spatially modulated cells, including grid and aperiodic spatial cells, which 

provide direct, monosynaptic input to the hippocampus. Hence, these proof-of-concept results 

demonstrate the potential of using this method to functionally identify the inputs to a single cell 

in vivo. 
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GABAergic interneurons in the hippocampus form a highly diverse group with 25 identified cell 

types only in the CA1 hippocampal region. The oriens lacunosum-moleculare (OLM) cell plays an 

important role in gating the information flow received from the internal (CA3) and external 

(entorhinal cortex) inputs to CA1 pyramidal cells. We have previously shown that a subpopulation 

ÏÆ /,- ÃÅÌÌÓ ÅØÐÒÅÓÓ ÔÈÅ ÎÉÃÏÔÉÎÉÃ ÁÃÅÔÙÌÃÈÏÌÉÎÅ ÒÅÃÅÐÔÏÒ ɻς ÓÕÂÕÎÉÔ ɉ#ÈÒÎÁςɊȟ ÓÏ ÃÁÌÌÅÄ /,-ɻς 

cells. Previous studies suggest that dorsal and ventral hippocampus exert cognition and emotion-

related functions, respectively. We will attempt to further investigate this hypothesis and the 

ÕÎÄÅÒÌÙÉÎÇ ÈÉÐÐÏÃÁÍÐÁÌ ÃÉÒÃÕÉÔÒÙȢ 7Å ÆÏÕÎÄ ÔÈÁÔ ÅØÃÉÔÁÔÉÏÎ ÏÆ /,-ɻς ÃÅÌÌÓ ÉÎ ÔÈÅ ÉÎÔÅÒÍÅÄÉÁÔÅ 

ÈÉÐÐÏÃÁÍÐÕÓ ÒÅÓÕÌÔÅÄ ÉÎ ÉÍÐÁÉÒÅÄ ÎÏÖÅÌ ÏÂÊÅÃÔ ÒÅÃÏÇÎÉÔÉÏÎȢ &ÕÒÔÈÅÒȟ ÁÃÔÉÖÁÔÉÏÎ ÏÆ ÖÅÎÔÒÁÌ /,-ɻς 

cells had an anxiolytic effect in an innate anxiety predator odor task. Our observations also 

ÒÅÖÅÁÌÅÄ ÔÈÁÔ /,-ɻς ÃÅÌÌÓ ÁÒÅ ÔÈÅ ÄÒÉÖÉÎÇ ÆÏÒÃÅ ÏÆ ÃÈÏÌÉÎÅÒÇÉÃ-dependent, so called type 2 theta 

oscillations, which seem to propagate from ventral to dorsal hippocampus. Our ongoing work 

attempts to answer how the observed phenotypes are reflected in the local field potential activity 

(LFP), both locally and in the interaction with hippocampus-associated structures. To answer this 

question, we are recording LFP along the dorso-ventral hippocampal axis, prefrontal cortex and 

amygdala during the behavioral paradigms mentioned above. Potential circuit mechanisms 

underlying the observed behaviors, both intra- and inter-structural, will be discussed.  

 

 

 

 

 

 

 

 

 

 

 



 
 

42 
 

A14: Control of attention ɀ the role of cholinergic neurons and inhibitory long-range PV 
neurons in the basal forebrain 

- S. Ährlund-Richter, H. Kim, M. Carlén 

Presenter: Sofie Ährlund-Richter - Karolinska Institutet 
Theme: Cognition  

Posterboard number: 14  
Time of presentation: Wednesday June 7 - 1430-1630 

Sofie Ährlund-Richter, Hoseok Kim, Marie Carlén. 
 
Department of Neuroscience, Karolinska Institutet, Stockholm, Sweden. 
 

Attention allows us to filter out irrelevant information in favor of relevant information. The medial 

prefrontal cortex (mPFC) has been demonstrated as central to the control of attention, and 

directly influences sensory processing. The cellular and physiological underpinnings are yet to be 

characterized, including the action of subcortical neuromodulators. We could recently show that 

local fast-spiking inhibitory interneurons expressing parvalbumin (FS-PV) directly contributes to 

Í0&#ȭÓ ÃÏÎÔÒÏÌ ÏÆ ÁÔÔÅÎÔÉÏÎ ɉ+ÉÍ ÅÔȢ ÁÌȢ ςπρφɊȢ 4ÈÅ ÆÉÒÉÎÇ ÏÆ Í0&# &3-PV neurons correlates to the 

level of attention allocated in goal-directed behavior, and mPFC FS-PV neurons synchronize the 

activity of local populations of excitatory neurons during successful attentional processing. 

Generation of cortical gamma oscillations has been linked to the activity of inhibitory long-range 

input  from the basal forebrain (BF). Moreover, the PFC is a key site for cholinergic mediation of 

both attentional control processes and cue detection, and disruption of cholinergic transmission 

is associated with impaired attention in a variety of neuropsychiatric disorders, including ADHD 

and schizophrenia. 

We have traced the monosynaptic input from the BF to four different cell types in the mPFC, 

creating a complete anatomical map of the circuit. We are currently performing functional 

investigations of several cell-types in the BF giving input to PFC.  Using optogenetics in mice 

performing a demanding attention task we are investigating the role of cholinergic and long-range 

PV neurons in the BF, respectively, in mPFC control of attention. As a next step we will combine 

the optogenetic manipulations with recordings of mPFC activities during attention.  
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The rodent postrhinal cortex (POR), homologous to the primate parahippocampal cortex, 

provides the major visual and visuospatial input to the parahippocampal region (PHR) and 

hippocampal formation. It is involved in contextual information processing, likely by monitoring 

and signaling changes in the spatial environment. Several studies have attempted to describe the 

projections of the POR to the PHR but a detailed comprehensive description is still lacking.  

The present study examined the topographical and laminar organization of POR projections to the 

PHR in the rat with the use of anterograde tracers, Phaseolus vulgaris-leuccoagglutinin, 

biotinylated dextran amine and conjugated dextran amine. 

Our results corroborated previous findings demonstrating an extensive intrinsic connectivity in 

POR and dense projections to the medial entorhinal cortex (MEC). We found that the dorsal part 

of POR projects to ventral MEC and that the ventral part of POR projects to dorsal MEC. Our 

experiments also revealed substantial POR projections to the perirhinal cortex (PER) and lateral 

entorhinal cortex (LEC) building upon previous findings (Burwell and Amaral 1998). This 

challenges the current concept of parallel input pathways to the hippocampal memory system 

mediated by distinct PER-LEC and POR-MEC streams, and suggests a more complex role of POR in 

the PHR. 

Burwell, R. D. and D. G. Amaral (1998). "Perirhinal and postrhinal cortices of the rat: interconnectivity and 

connections with the entorhinal cortex." J Comp Neurol 391(3): 293-321. 
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Abstract:  

The prefrontal cortex (PFC) is pivotal to cognitive and emotional processing, and changed activity 

in the prefrontal network is thought to underlie symptomatology in neuropsychiatric disorders 

and addiction. Activity in the PFC is shaped both by the balance of inhibitory and excitatory actions 

in the local network and by long-range input from other brain areas, including neuromodulatory 

systems. We map for the first time all mono-synaptic input to three central populations of 

inhibitory interneuro ns (parvalbumin, somatostatin or vasointestinal peptide expressing) and to 

the excitatory (calcium/calmodulin-dependent protein kinase IIɻ expressing) neurons, 

respectively, in the mPFC. For this we developed a two-vector system (one adeno-associated viral 

vector (AAV) and one rabies vector) for retrograde tracing of monosynaptic inputs to genetically 

defined populations of neurons. The AAV has been modified to enable reliable identification of 

starter cells. The EGFP expressing input neurons can be plotted in the 3D space onto a reference 

atlas using our recently developed software suit.   

Our preliminary data shows that the three types of inhibitory neurons and the excitatory neurons 

receive a surprisingly high degree of similar inputs. The main input to both excitatory and 

inhibitory neurons in PFC is derived locally, but all four types also receive extensive long-range 

input from the rest of cortex. Sub-cortically the basal forebrain and thalamus provide the most 

prominent input. We are currently performing detailed analysis of the molecular characteristics 

of key input areas to establish how specific cell-types provide input to the mPFC circuitry.  
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Abstract  

0ÒÅÃÉÓÅ ËÎÏ×ÌÅÄÇÅ ÏÆ ÏÕÒ ÌÉÍÂÓȭ ÐÏÓÉÔÉÏÎ ÉÎ ÓÐÁÃÅ ÉÓ ÆÕÎÄÁÍÅÎÔÁÌ ÆÏÒ ÇÏÁÌ ÄÉÒÅÃÔÅÄ ÁÃÔÉÏÎȢ 4ÈÅ 

ÂÒÁÉÎȭÓ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ ÏÆ ÏÕÒ ÂÏÄÙ ÉÎ ÓÐÁÃÅ ÉÓ ÔÈÏÕÇÈÔ ÔÏ ÃÏÍÅ ÁÂÏÕÔ ÂÙ Á ÐÒÏÃÅÓÓ ÏÆ ÍÕÌÔÉÓÅÎÓÏÒÙ 

integration of visual, tactile and proprioceptive signals. In this study we devised a new setup that 

ÁÌÌÏ×ÅÄ ÕÓ ÔÏ ÄÉÓÐÌÁÃÅ ÐÁÒÔÉÃÉÐÁÎÔȭÓ ÒÉÇÈÔ ÈÁÎÄ ×ÉÔÈÏÕÔ ÔÈÅÉÒ ÓÕÂÊÅÃÔÉÖÅ Á×ÁÒÅÎÅÓÓȢ 7Å 

accomplished this by having the participants view a live video feed of their hand. In the active 

condition we made use of a sensorimotor illusion that caused the participants to actively but 

unknowingly displace their own hand, whereas in the passive condition we displaced the 

participants hand slowly enough for it to go by unnoticed by the participants. We show that during 

ÁÃÔÉÖÅ ÄÉÓÐÌÁÃÅÍÅÎÔȟ ÔÈÅ ÐÁÒÔÉÃÉÐÁÎÔÓ ÁÒÅ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ×ÏÒÓÅ ÁÔ ÌÏÃÁÔÉÎÇ ÔÈÅÉÒ ÈÁÎÄȭÓ ÖÅÒÉÄÉÃÁÌ 

location compared to passive displacement. These results indicate that the recalibration of the 

ÈÁÎÄȭÓ ÓÐÁÔÉÁÌ ÐÏÓÉÔÉÏÎ ÄÉÆÆÅÒÓ ÄÅÐÅÎÄÉÎÇ ÏÎ whether the hand has been displaced actively or 

passively. We further show that the same effect is observed when the participants see a block of 

wood instead of their hand in the visual location of their hand, which indicates that this effect is 

independent of ownership over the visual object. These results have bearing on the perceptual 

mechanisms of recalibration of perceived limb location. 
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Febrile seizures (FS) are the most widespread type of early-life seizures, which may cause 

temporal lobe epilepsy later in life. Hyperthermia-related hyperventilation resulting in blood and 

brain alkalosis has been identified as one the mechanism triggering FS.  FS are characterized by 

limbic onset and progressive generalization. This pattern suggests spreading of the ictal activity 

from limbic structures to the brainstem. Whether the brain stem might act as an independent 

generator of FS has not been studied so far.  

Precollicular brain transection was done in P13 rat pups to completely isolate the brainstem from 

the forebrain. Standard procedures of hyperthermia or 3 mg/kg kainic acid (KA) i.p. injection were 

used to provoke experimental FS and kainate seizures, respectively, in transected and sham-

operated rats. Behavioral seizures were evaluated using video recording, and blood pH was 

measured at seizure onset.  

Strikingly, in both the FS and KA model, transected rats had shorter latency to seizure onset than 

sham-operated animals, with more severe (i.e. tonus-clonus) initial seizures, which were not 

preceded by typical behaviors related to the onset of limbic seizures. FS in transected animals had 

a lower temperature threshold than in sham-operated, but similar blood pH.  

The brainstem has a high sensitivity to standard triggers of seizures, hyperthermia and kainate, 

which have previously been thought to primarily act via limbic circuits.  Our data further suggest 

that the forebrain may actively suppress brainstem seizures. 
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During development interneurons (INs) are derived from the ventrally located ganglionic 

eminences (GE). While cortical and hippocampal INs have been shown to derive from both medial 

GE and caudal GE, all striatal interneuron populations so far described originate in the medial GE. 

In addition, while the majority of the telencephalon, including cortex and hippocampus is largely 

excitatory, the principal cells of the striatum (SPNs) are inhibitory. Meaning that INs with shared 

developmental origin integrate into functionally distinct local circuits. In order to investigate if 

this integration in anyway affects the molecular and electrophysiological identity of these cells, or 

if functional similarities of INs in these distinct circuits are reflected in their molecular profile. To 

address this we performed single-cell RNA sequencing in combination with whole-cell 

electrophysiological recordings (PatchSeq) on a wide range of telencephalic interneurons. Our 

results reveal that there are significant differences between Pvalb-expressing cells of the striatum 

and cortex. Furthermore, striatal Pvalb-expressing cells are part of a larger transcriptionally 

defined Pthlh-expressing population, not uniformly expressing Pvalb, exhibiting a continuum of 

electrophysiological properties. Our findings therefore suggest that molecular identity 

corresponds to, and explains functional identity. In addition, it shows that despite shared 

developmental origin, the integration into distinct circuits affects both the molecular as well as 

the electrophysiological identity of MGE derived INs.  
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The neuronal network of the cortex is composed of two main neuronal populations: glutamatergic 

projection neurons that communicate with other brain regions, and GABAergic interneurons that 

control the network output by modulating the activity of projection neurons. Defects in the 

GABAergic system are discussed to be involved in the pathogenesis of several neurological 

diseases, and hence, major research efforts have been devoted to the understanding of 

interneuron generation, migration, network integration and survival.  

Cortical interneurons are generated in the ganglionic eminences, and migrate tangentially into the 

developing cortex where they distribute radially to settle in the correct layer, and to integrate into 

the local network. The final maturation of GABAergic interneurons continues well into postnatal 

stages. 

Activin receptor-like kinase 4 (Alk4) is expressed in both glutamatergic and GABAergic neurons. 

As a type I receptor for several members of the TGF-beta superfamily, it signals in conjunction 

with activin receptor type IIB upon ligand binding. 

Despite almost ubiquitous expression in the embryonic brain we find that Alk4 signaling in 

GABAergic precursor cells is required specifically for the development of the somatostatin and 

reelin expressing subtypes of interneurons. The loss of these interneurons leads to a decreased 

seizure threshold in the adult mouse. 
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A variety of ligand types signal through the p75 neurotrophin receptor (p75NTR) either alone or in 

complex with a number of different co-receptors. The cellular outcomes of these different ligands 

are diverse, and which pathway is predominant depends upon the relative availability of the 

different ligands and co-receptors.  Expression of these proteins varies depending on tissue type 

and developmental stage but also in response to neuronal activity and external events.  

 

To study the roles of specific p75NTR pathways in vivo, we generated mice carrying a point mutation 

in the p75NTR transmembrane domain (C259A), which reduces the response of the receptor to 

neurotrophins but not to myelin derived ligands, such as Nogo or MAG (Vilar et al, Neuron 2009).  

Here we show that C259A mice have an increased activation of pathways downstream of myelin 

derived ligands and that these animals do not show the same changes in anxious and depressive 

behaviours observed in p75NTR null (KO) mice.  Interestingly, exposure to early life stress, which 

alter the neurotrophin levels in the hippocampus, have differential effects upon both dendritic 

complexity and behaviours of wildtype, C259A and p75NTR KO mice.  These results suggest a 

balanced interplay between the different signalling pathways mediated by p75NTR and that both 

external events and genetic differences can skew this balance. 
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4ÈÅ ÂÒÁÉÎȭÓ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ ÏÆ ÓÐÁÃÅ ÒÅÌÉÅÓ ÏÎ ÁÎ ÅØÔÅÎÄÅÄ ÎÅÔ×ÏÒË ÏÆ ÓÐÅÃÉÁÌÉÚÅÄ ÃÅÌÌ ÔÙÐÅÓ 

spanning multiple interconnected brain regions and including place cells in the hippocampus, and 

grid, border, head direction and speed cells in the medial entorhinal cortex. Properties of these 

cells are thought to reflect the intrinsic connectivity of the entorhinal-hippocampal network. 

However, little is known about how this extended microcircuit is assembled during development. 

Place, border and head direction cells exhibit adult-like features from the onset of spatial 

navigation at 2-3 weeks of age, while the periodic firing pattern of grid cells emerges later, at 

approximately 4 weeks, suggesting that early interactions between subregions of the network 

might be crucial for the eventual emergence of spatially specific firing.  

To determine how this network is set up during early postnatal development, we monitored 

markers of structural maturation in developing mice, both in naïve animals and after temporally 

restricted pharmacogenetic silencing of specific cell populations. Our data show that the 

entorhinal-hippocampal circuit matures in a linear sequence that recapitulates excitatory 

informati on flow through the adult network. Entorhinal stellate cells provide an activity-

dependent instructive signal that drives maturation sequentially and unidirectionally through the 

intrinsic circuits of the entorhinal-hippocampal network. Excitatory activity at each stage of the 

circuit is necessary for the development of the following stages. These findings raise the 

possibility that a small number of autonomously developing neuronal populations operate as 

intrinsic drivers of maturation across widespread regions of cortex. 
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The Na+,K+-ATPase isozyme maintains the gradient of Na+ and K+ across the cell membrane and 

restores ion concentration in excitable tissues. FXYDs are a family of seven tissue specific ion 

transport regulators that modulate Na+,K+-!40ÁÓÅ ÁÃÔÉÖÉÔÙ ÂÙ ÂÉÎÄÉÎÇ ÔÏ ɻ-NKA subunits. In the 

nervous system FXYD6 and FXYD7 are known to favor extracellular K+ removal after neuron firing 

and to differentially modulate the Na+,K+-ATPase affinity for K+, with FXYD6 increasing the affinity 

for K+ ×ÈÅÎ ÂÉÎÄÉÎÇ ɻρ-NKA. Our in vitro studies conducted on stem cells derived-motor neurons 

(MNs) and in vivo investigations in mouse tissues demonstrate that FXYD6 is highly expressed 

during MN development. Interestingly, while the majority of somatic MNs present in the spinal 

cord down-regulates FXYD6 during early postnatal stages, restricted subpopulations maintain the 

expression also during adulthood. Moreover, transcriptomic analysis of human tissue 

demonstrates that FXYD6 and FXYD7 are differentially expressed in somatic MNs and mutually 

exclusive during adulthood. Importantly, MNs with differential vulnerability to degeneration in 

amyotrophic lateral sclerosis (ALS) express these two isoforms at different levels; FXYD6 is found 

in slow-twitch spinal MNs and oculomotor neurons which are relatively resistant, while FXYD7 is 

preferential to vulnerable spinal MNs. Further studies revealed that autonomic MNs present in 

the intermediolateral nucleus (IML) of the spinal cord, also resistant in ALS, show high FXYD6 

protein levels. Since differential regulation of the isozyme could potentially affect MN homeostasis 

and survival, FXYD6 and FXYD7 could become potential targets to further clarify MN differential 

vulnerability.  
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Perineuronal nets (PNNs) are a specialized form of extracellular matrix in the CNS that mainly 

enwraps parvalbumin (PV) expressing inhibitory interneurons. They assemble in parallel with the 

maturation of the inhibitory network and closure of critical period plasticity. Several lines of 

evidence support a role for PNNs in limiting adult brain plasticity and in the pathology of some 

neurological disorders. While the mature PNN is a structure of several components, recent work 

suggests that aggrecan, a product of the ACAN gene, is vital for the PNNs. To investigate the role 

of aggrecan for PNN assembly and stability, and its contribution to brain plasticity, we have 

developed a Cre-inducible conditional ACAN knock-out mouse.  

To introduce Cre to the ACAN mouse we either injected a viral vector expressing Cre recombinase 

under control of the synapsin promoter in adult mice, or crossed the mice with PV-Cre mice that 

express Cre downstream of the PV transcript.  

Conditional knock-out of ACAN efficiently eliminated both aggrecan and PNNs with both 

approaches. Adult ACAN/PV-Cre mice were lacking PNNs in all cortical areas. Functional 

characterization of the mouse line is currently being conducted using different behavioral tests 

and in vivo electrophysiological recordings. Preliminary data suggest that ACAN knockout leads 

to lifelong high plasticity levels, and that animals without PNNs show reduced levels of anxiety. 

Our results indicate that aggrecan is vital for the assembly and stability of PNNs, making the ACAN 

mouse a robust tool enabling targeted investigations to reveal the role of PNNs in plasticity and 

disease. 

 

 

 

 

 

 

 



 
 

54 
 

A26: RIP2 controls programmed cell death in developing cerebellum 
- L. Kisiswa, C.F. Ibáñez 

Presenter: Lilian Kisiswa - Karolinska Institutet 
Theme: Development  

Posterboard number: 26  
Time of presentation: Wednesday June 7 - 1430-1630 

Lilian Kisiswa1, Carlos F. Ibáñez1, 2 

1 Department of Neuroscience, Karolinska Institutet, SE-171 77, Stockholm, Sweden. 
2 Department of Physiology, Life Sciences Institute, National University of Singapore, Singapore 117456, 
Singapore.  

 

The p75 neurotrophin receptor (p75NTR) orchestrates injury responses in the nervous system. It 

signals through three main signaling pathways: i) JNK/cell death, ii) NF-kB and iii) RhoA. 

Activation of the NF-kB pathway upon NGF binding to p75NTR depends upon recruitment of the 

serine/threonine -protein kinase (RIP2) to the p75NTR death domain. This is thought to promote 

cell survival, but evidence in neuronal cells is lacking. Here we report that RIP2-p75NTR-mediated 

NF-kB activation is essential for survival of cerebellar granule neurons (CGN) in vivo during 

cerebellar development. Neurons lacking RIP2 fail to activate NF-kB pathway in response to NGF, 

leading to increased CGNs apoptotic activity. Loss of RIP2 induces the activation of JNK pathway 

by increasing recruitment of TNF-associated factor 6 (Traf6) to p75NTR. Moreover, we show that 

RIP2 competes with Traf6 to bind to p75NTR in a steric hindrance mechanism. Adult RIP2 mutant 

mice exhibit reduction in CNG numbers, increased CGN dendritic length and reduction in PC-PF 

synaptic markers and PC spines. Together, these findings reveal that interaction with RIP2 is 

crucial for p75NTR-mediated survival of CGNs and formation and maintenance of proper adult 

cerebellar architecture. 
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Binding objects or events together in place and time is one of the fundamental functions for an 

animal to survive successfully in its environment. In mammals, the neural basis of spatial memory 

has been thought to largely reside in the hippocampus and parahippocampal regions. One of the 

relevant parahippocampal areas is the postrhinal cortex (POR), which provides spatial and 

contextual information from parietal and visual cortex (Furtak et al. 2007) to the hippocampus 

through its projection to the medial entorhinal cortex (MEC). POR provides a main excitatory 

input to neurons in layer II of MEC that in turn project to the dentate gyrus and CA3 of the 

hippocampus (Koganezawa et al. 2015) 

The various types of spatially modulated neurons in MEC show a gradual postnatal emergence 

(Tan et al., 2016).This gradual emergence may depend on the development of main inputs and we 

thus studied the postnatal development of POR inputs to MEC.  

By combining anterograde tracing and intracellular filling of retrogradely identified projection 

neurons in MEC, we studied the postnatal development of POR projections to MEC in rats. Our 

results showed that from P3 until P23 the density of these projections increased from dorsal to 

ventral, but always stayed in line with the adult topography (Furtak et al. 2007). We further used 

voltage dye imaging to determine the postnatal establishment of a functional connectivity. This 

electrophysiological approach revealed that LII/III and LV neurons of POR make functional 

contacts in MEC from P10-11 onwards and there is a progressive decrease in the POR network 

excitability between P5 and P23. The main functional changes of the POR-EC projection happens 

after the first half of the second postnatal week, coinciding with a developmental shift in the 

actions of GABA. 
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The laminar organization of the cerebral cortex comes about as result of sequential migration of 

neurons in an inside-out manner. Migration defects emerge as a common denominator in a 

number of developmental brain disorders, including seizures and autism, however the cellular 

and molecular mechanisms at play are poorly known. The qualitative maturation of GABAAR-

signaling has been proposed to act as a regulator of neuronal migration rate. The ontogenetic shift 

from excitatory to inhibitory GABA signaling is mediated by up-regulation of KCC2 which lowers 

neuronal chloride concentration. Notably, KCC2 is a multifunctional protein which modulates the 

actin cytoskeleton in an ion transport-independent manner. Up-regulation of KCC2-mediated Cl- 

extrusion has been shown to regulate interneuron migration, but it is not known whether and in 

what way KCC2 affects principal neuron migration. Using constitutive (KCC2-/ -) knockout mice we 

first demonstrate that global loss of this neuron-specific protein does not perturb gross cortical 

lamination. Then, using in utero electroporation of cre-recombinase in conditional KCC2lox/lox 

mice to achieve specific ablation of KCC2 in a subpopulation of migrating somatosensory cortical 

principal neurons, we show that loss of KCC2 results in marked acceleration in the migration rate 

of these cells. Strikingly, this effect was rescued both by co-electroporation together with cre of 

either wildtype KCC2 or an N-terminally -truncated ion transport inactive variant (KCC2-ɝ.4$ɊȢ 

As KCC2-ɝ.4$ ÉÓ ËÎÏ×Î ÔÏ ÒÅÔÁÉÎ ÉÔÓ ÉÎÔÅÒÁÃÔÉÏÎ ×ÉÔÈ ÔÈÅ ÁÃÔÉÎ ÃÙÔÏÓËÅÌÅÔÏÎȟ ÏÕÒ ÄÁÔÁ ÓÕÇÇÅÓÔ Á 

novel ion transport-independent role for KCC2 in controlling the migration rate of cortical 

principal neurons. 
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The entorhinal cortex (EC) is the major interface between hippocampus and neocortex. Studies 

in rodents suggest two parallel circuits with different set of inputs to EC, different connections to 

hippocampal subfields and, hence, different function of those two areas related to memory for 

object and context information (Witter et al., 2014). On this basis the EC of rodents is divided to 

medial EC (MEC) and lateral EC (LEC) areas. In humans evidence for functional division based on 

fMRI study exists (Maas et al., 2015). However, whether the same division of EC on histological 

ÌÅÖÅÌ ÅØÉÓÔÓ ÉÎ ÈÕÍÁÎ ÁÎÄ ÉÓ ÉÔ ÈÏÍÏÌÏÇÏÕÓ ÔÏ ÔÈÅ ÒÏÄÅÎÔȭÓ ÈÁÓ ÎÏÔ ÙÅÔ ÂÅÅÎ ÁÓÓÅÓÓÅÄ ÆÏÒȢ 

Current study was done on prenatal human brains of 20-26 gestational weeks from legal 

autopsies (approval of the Ethics Committee #00003875). During prenatal period of 

development common structural features of functionally similar areas exist even between 

representatives of a distant taxa.  

We used microtubule-associated protein 2 (MAP2) and neurofilament heavy chain protein 

(N200) as the markers of neuronal maturation in addition to calcium-binding proteins. The 

MAP2-positive neurons in posterior-MEC were found only in layer I/II patches, whereas 

anterior -LEC MAP2-positive pyramidal cells were found in layer III. This allowed us to make 3D 

reconstruction of EC which reveals posterior-MEC/anterior-LEC division similar to one found by 

fMRI studies  and  homologous to MEC/LEC of rodents. 

The research was supported by SPbSU grant #1.38.333.2015, and conducted with the use of SPbSU 
Ȱ#-Ǫ#4ȱ 2ÅÓÅÁÒÃÈ 0ÁÒË ÆÁÃÉÌÉÔÙ ɉÐÒÏÊÅÃÔ Πρπω-306). 
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Intellectual disability (ID) in humans is a neurodevelopmental disorder characterized by impaired 

intellectual and adaptive functioning with a world-wide prevalance of about 2-3%. One common 

cause of ID is associated with mutations on the Syngap1 gene that encodes Synaptic GTPase 

activating proteins (SynGAP). These post-synaptic proteins are enriched at the postsynaptic 

density of excitatory synapses and transduces NMDA receptor activation to downstream 

pathways. A mouse model of this single-gene mutation pathology, (heterozygous Syngap knock-

out mice (Syngap+/ -), has been shown to exhibit a range of behavioural and physiological 

impairments during development and adulthood, compared to wild type (Wt) littermates. 

Although synaptic dysfunctions in Syngap+/ - mice have been extensively studied at the molecular 

and cellular levels, little is known about neuronal circuits dysfunctions. Here we performed two-

photon calcium imaging in the visual cortex of awake behaving mice to compare neuronal 

population activity between Syngap+/ - mice and Wt litter mates. We imaged somatic calcium 

signals in layer 2/3 neurons, both in darkness and during the presentation of drifting gratings, 

while the animal was either running or stationary. We also investigated potential impairments in 

experience-dependent plasticity by using the monocular deprivation paradigm. layer 2/3 

neuronal responses were compared before and after seven days of monocular occlusion in adult 

mice. The results of these experiments should provide a basis for understanding how Syngap1 

mutations affect neuronal circuit activity in cortical sensory areas. 
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Abstract  

Naturally occurring cell death plays an important role in the construction of a functional nervous 

system. In vertebrate, the neurotrophic theory explains how death of neurons is regulated during 

this developmental period, proposing that neurons compete for limited amounts of target-derived 

neurotrophic signals and that the selection of the surviving neurons is stochastic, implying a 

similar potential  for neurons to compete. Here, examining TrkC positive proprioceptive sensory 

neurons (PSNs), we show that before cell death they exhibit different molecular signatures that 

are intrinsically regulated, independent of the target and of neurotrophin signaling. We also 

providedirect evidence in vitro and in vivo that this heterogeneous molecular feature in PSNs is 

predictive of their survival during the cell death period. Thus, contrary to the prevailing 

model, our data suggest a selection model in which neighboring neurons 

with  intrinsic  differential fitness compete for neurotrophins in the target tissue, resulting in the 

elimination of cells with lower capacity to survive. 
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Prader-Willi syndrome (PWS) is a genetic neurodevelopmental disorder caused by a loss of 

paternal expression of several genes of the 15q11-q13 region, including NECDIN. Breathing 

perturbations, sleep apnea and blunted response to hypercapnia appear in PWS patients earlier 

than other symptoms. Mice deficient for Necdin (Ndn-KO) present respiratory disruptions and 

early dysfunctions of the serotonergic (5-HT) system similar to PWS suggesting the involvement 

of a serotonopathy in respiratory dysfunction. Thus, 5-HT modulatory effects on respiration in 

Ndn-KO mice are of practical interest. We demonstrated that Necdin is expressed in the beginning 

of the serotoninergic system lineage; lack of Necdin resulted in defect migration of 5-HT neurons 

and altered 5-HT neuroarchitecture, with a prenatal loss of 5-HT neurons. Neonate Ndn-KO mice 

show dystrophy in serotoninergic fibers, with enlarged varicosities associated with an increase of 

spontaneous firing. These findings correlate with an increase in 5-HT reuptake activity and an 

increase in 5-HT transporter expression. Then, we assessed the capacity of genetic abolition of 

SERT in Ndn-KO x SERT-KO mice as well as that of early pharmacological reuptake inhibition 

(fluoxetine), and a 5-HT1A agonist (8-OH-DPAT) to rescue the respiratory deficits. We have 

demonstrated in neonatal "en bloc" preparation that both fluoxetine and 8-OH-DPAT restore the 

inspiratory response to hypercapnia, while the genetic ablation of SERT or fluoxetine 

administration in neonate Ndn-KO mice  reduce the number of apneas and normalize the 

chemosensitivity. These results contribute to understanding of origin of the blunted hypercapnic 

ventilatory response in PWS patients. 
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The striatum is the main input structure of the basal ganglia, a series of subcortical nuclei that 

play a key role in motor control. Two distinct basal ganglia circuits, the direct and the indirect 

pathways, originate from the striatal projection neurons and are canonically believed to 

respectively facilitate and oppose motor behavior. Ablation studies have revealed that distinct 

striatal compartments have different functions in the regulation of movement, yet their role is still 

unclear. In order to acquire a deeper understanding of striatal compartmentalization and to 

validate the contextual function of the basal ganglia circuits, we aimed at selectively modulate the 

activity of direct pathway-medium spiny neurons in the dorsomedial striatum. This specificity 

was achieved by viral-genetic tools combining the dopamine D1 receptor-Cre recombinase mouse 

strain and the Designer Receptors Exclusively Activated by Designer Drugs (DREADDs). Our 

chemogenetic approach allowed remote control of signal transduction in selective neurons and, 

therefore, modulation of specific neuronal pathways in a temporal fashion. Here, we show that 

ÁÃÔÉÖÁÔÉÏÎ ÏÆ ÉÎÈÉÂÉÔÏÒÙ ɉ'ɻÉ-associated) DREADDs in dorsomedial striatal neurons attenuated 

locomotor activity in the open field test. DREADD-mediated inhibition was also able to reduce 

movement following acute cocaine administration. To validate the involvement of Gi-protein 

signaling pathway upon DREADD activation, we analyzed downstream effectors via 

immunoblotting. Moreover, immunohistochemistry confirmed that DREADD expression in the 

striatum was restricted to the dorsomedial region and showed both somatic and axonal/dendritic 

localization. Overall, our results provide further evidence supporting the role of the direct-

pathway in promoting movement.   
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Sensory-based decisions for locomotion and gaze-shift involve the interaction of subcortical and 

cortical circuits. The optic tectum (superior colliculus in mammals) is central for multisensory 

integration and sensorimotor decision-making, regarding both orienting towards an object and 

conversely avoiding a collision with an object. We have investigated these reactions in an isolated 

eyeɀbrain preparation with the spinal cord intact (Kardamakis et al 2015, 2016), enabling us to 

simultaneously monitor neural responses from different regions (e.g., the optic nerve, optic 

tectum and ventral roots), while delivering various types of visual stimuli ranging from dots, bars 

and looming (objects increasing in size dynamically) in a computer-controlled environment. 

By monitoring bilateral neural activity in the ventral roots in the rostral spinal cord and deep layer 

tectal activity, we could identify two distinct motor response patterns selective to the specific type 

of visual stimuli applied. Fast looming (threatening) stimuli and vertical bars tend to induce a 

response preferentially in the ipsilateral ventral root. This would correspond to fictive evasion. 

Looming stimuli that instead slowly increase in size will evoke activity in the contralateral ventral 

root corresponding to orienting movements.  

This selectivity was abolished when we removed the action of the local inhibitory system and/or 

disrupted glutamatergic synaptic transmission by local injection of gabazine or glutamate 

antagonists. We controlled the effect of tectal activation and inactivation by recording 

extracellular activity during the visual stimulus presentation as a measure to determine the causal 

role of tectum in visual decision-making. 
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The subiculum is one of the main output regions of the hippocampal formation. Together with 

CA1 it provides input to a number of cortical and subcortical regions which rely on spatial and 

mnemonic information. While the firing properties of CA1 place cells have been investigated 

extensively, our current knowledge of neuronal computation in the subiculum remains very 

limited. In previous studies of subicular neurons, Lever et al. (2009) have identified boundary 

vector cells and Deadwyler and Hampson (2004) have reported the presence of cells with task 

phase specific firing in a delayed non-match to place task. However, it is unclear how these cells 

are distributed in the subiculum and whether they form distinct functional populations or a single 

population with mixed selectivity. To address these questions, we performed extracellular 

recordings of single units in the subiculum while rats were alternating between random foraging 

for chocolate milk rewards and goal directed running in an open arena. The recorded cells where 

responsive to features of the environment, like the food wells or the walls, and they were 

differentially modulat ed by head direction and running speed. The different types of modulation 

where unequally distributed along the proximodistal axis; while cells that responded to the food 

wells could only be found in the very proximal part of subiculum (and the distal CA1), the others 

were more dispersed. It thus appears that the subicular output varies quite substantially along its 

proximodistal axis and that the information provided is not amplifying but complementing 

hippocampal CA1 output. 
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Abstr act: The septohabenular pathway is composed by two tightly interconnected structures, the 

posterior septum and the medial habenula (mHb). These structures constitute a key linkage 

between the limbic forebrain and the midbrain and disruption of this pathway leads to alterations 

in emotional behaviours, specifically in anxiety and fear. GFRa1, a GPI-anchored receptor for 

GDNF (glial cell line-derived neurotrophic factor), is expressed in several brain areas such as 

hippocampus, septum and midbrain. In the adult brain, GFRa1 expression is highest in the medial 

habenular nucleus (mHb). However, the role of GFRa1 for the function of the septohabenular 

pathway is unknown. In this study, we showed that mice with inactivated gfra1 expression at adult 

stages present decreased anxiety and increased responses in fear-based learning paradigms. 

These results suggest that GFRa1 is required for the correct function of the septohabenular 

pathway in the adult brain under physiological conditions. 

 

Key words : Anxiety, fear, habenula, septum, GFRa1, GDNF 
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Lesion studies have revealed that the medial amygdala (MeA) is involved in sexual behavior in 

male rats. However, these studies could not distinguish between neuronal cell types or target 

specific projections. Here, we investigated the role of glutamatergic MeA neurons, and their 

specific projections to the preoptic area (POA), a brain area that is also involved in sexual 

behavior. 

AAV5-CaMKIIa viral vector constructs coding for control, stimulatory , or inhibitory  DREADDs 

were bilaterally inj ected into the MeA and a bilateral guide cannula was placed above the POA. 

Rats (n = 18-20 per group) were assessed for sexual incentive motivation and copulation upon 

systemic administration of the DREADD ligand (CNO), silencing or stimulating glutamatergic 

neurons originating from the MeA. The same tests were conducted after intracranial CNO infusion 

into the POA, which enables exclusive observation of effects of glutamatergic MeA-POA 

projections. 

The data showed a decreased number of ejaculations and an increased ejaculation latency in the 

copulation test upon systemic administration of CNO, an effect found in both experimental groups. 

In contrast, no effect was observed on sexual motivation. Silencing or stimulating the specific MeA-

POA glutamatergic projection did not affect sexual motivation and behavior.  

Our study indicates that MeA glutamatergic projections are involved in ejaculation, but not in 

other copulatory phases. These effects are not regulated by direct, glutamatergic MeA-POA 

projections. The convergence of the behavioral effects of stimulating as well as silencing 

glutamatergic MeA projections may reflect effects through different indirect pathways. Future 

research should focus on unraveling these pathways. 
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Compared to our knowledge of the molecular mechanisms underlying memory acquisition and 

consolidation, far less is known about remote memory storage. Perineuronal nets (PNNs), 

specialized extracellular matrix structures, have been hypothesized to function as a physical 

framework for memory storage due to their low turn-over rates and stabilization of synaptic 

connections (Tsien, 2013). We tested this hypothesis using adult rats trained with visual fear 

conditioning. Recent evidence indicate that over time, visual fear memories become dependent 

on the lateral secondary visual cortex (V2L). We asked if intact PNNs in V2L are required for 

remote visual fear memory. Local injections of the enzyme Chondroitinates ABC (chABC) was used 

to degrade PNNs one week before remote memory retrieval. Remarkably, memory testing showed 

a selective disruption of the visual fear memory. When chABC injections were targeted to the 

primary visual cortex, the memory was not affected. Moreover, chABC treatment one week before 

or one day after fear conditioning did not impact learning or recent and remote memory recall. 

Simultaneous recordings of local field potentials from V2L and basolateral amygdala (BLA) 

showed increased coherency between V2L and BLA during retrieval of the fear memory in control 

animals while no coherent activity was observed in the chABC treated animals with impaired 

retrieval. These findings indicate that PNNs in V2L are critical for remote but not recent visual 

fear memory. Furthermore, based on our discoveries and the inherent properties of PNNs, we 

propose that PNNs are essential for stabilizing the neural network responsible for proper recall.  
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Some, apparently healthy babies exhibit Sudden Unexpected Postnatal Collapse of newborn 

infants ( SUPC), life-threatening or fatal events, during the first week after birth. Incidence, risk 

factors and mechanism are not established.  

Objective:  We here characterize the incidence of SUPC, possible and preventable risk factors. We 

hypothesize that PGE2, increased after birth, induce an attenuation of hypoxic and hypercarbic 

responses in the newborn, that contribute to the SUPC events. 

Design/Methods: All patient records from live-born infants in the delivery wards in Stockholm 

during a 13-year period were screened for diagnosis (ICD-codes), each possible case of SUPC was 

thoroughly investigated concerning maternal, infant, event characteristics and outcome data. 

Furthermore, newborns were examined for PGE2 and its metabolites.  

Results: Among 263738 live born infants in Stockholm county 2002ɀ2015, 111 cases of SUPC in 

apparently healthy infants were revealed. This incidence is fifteen times higher than reported in 

recent national studies. The majority of SUPC cases occurred during the first 24 postnatal hours, 

when the newborn was in a prone position. Eight died and 21 had subsequent Hypoxic Ischemic 

Encephalopathy. During the first day of life all newborns exhibit high levels of PGE2 and urinary 

PGEM that rapidly decrease within the first 48-72 postnatal hours. In SUPC/SUDI cases where 

urine or CSF was analyzed, PGE2 metabolites were increased compared to age matched controls. 

Conclusions: SUPC is a risk of all newborns, associated with prone position and unsupervised 

Skin-to-Skin-care especially during the first 24 hours after birth, when newborns autonomic 

cardiorespiratory responses are attenuated by PGE2.  

 

 KEYWORDS: SUDI, Perinatal transition, PGE2. 
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Repeated exposure to drugs of abuse results in a progressive and long-lasting enhancement of the 

locomotor response, a phenomenon termed locomotor sensitization, that is thought to underlie 

certain aspects of drugs addiction. In mice, sensitization has been shown to correlate with 

enhanced predisposition to drug self-administration as well as reinstatement of extinguished self-

administration. In humans, sensitization has been proposed to correspond to certain features of 

the drug addiction syndrome, such as compulsive drug-seeking behavior. Regardless its correlate 

in humans, locomotor sensitization provides a simple readout to understand the mechanisms by 

which drugs of abuse induce long-lasting neuronal alterations.  

Activin A, a member of the transforming growth factor-ɼ (TGF-B) super-family, signals via the 

serine/threonine Activin -like kinase 4 receptor (ALK4), which then phosphorylate Smad2/3 and 

induce translocation into the nucleus to regulate gene expression. A recent study has linked 

Activin signaling with cocaine-induced plasticity; however, the role of Activin A and its receptor 

ALK4 in the context of drug abuse has not been explored.  

In our studies, we found that genetic ablation of ALK4 in medium spiny neurons of the striatum 

blocked the expression of locomotor sensitization to cocaine as evaluated with the Two-Injection 

Protocol of Sensitization. Moreover, we found that viral-induced deletion of ALK4 in adult mice 

nucleus accumbens is sufficient to affect sensitization to cocaine. These results demonstrate that 

ALK4 is crucial in the development and/or expression of behavioral sensitization and suggest that 

Activin/ALK4 signaling plays an important role in the long-lasting plasticity induced by cocaine. 
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In vertebrates, serotonin (5HT) modulates aggressivity, aversive learning and impulsivity and has 

been implicated in anxiety and depressive-like disorders. Most of the serotonin in the vertebrate 

brain is released by the small and evolutionary conserved raphe nuclei, which are broadly 

innervating cortical and limbic areas. However, the neurotransmitter identity and downstream 

projection pattern of individual 5HT raphe neurons remain unclear due to their deep location in 

the rodent brain.  In this study, we take advantage of in the small and optically accessible zebrafish 

brain to investigate the organization of the conserved 5HT system. 

To identify the neurotransmitter identity of zebrafish raphe neurons, we analyzed the co-

expression of a 5HT neuron marker (tryptophan hydroxylase, Tph2) and of glutamatergic and 

GABAergic neurons markers (vesicular glutamate transporter 2a and glutamate decarboxylase, 

respectively) using confocal microscopy in transgenic zebrafish aged 1, 2 and 3 weeks. At all 

developmental stages, we found that none of the Tph2 neurons co-express the glutamatergic 

marker. However, only a subset of Tph2 positive neurons co-expresses the GABAergic marker. To 

identify the projection pattern of 5HT neurons, we are currently labeling individual Tph2 neurons 

using electroporation of dextran-coupled fluorescent dyes and tracing their axonal projections in 

the whole brain. This will enable us to establish whether 5HT neurons modulate the activity of all 

downstream targets or alternatively of one or two discrete brain regions. 

Altogether, this comparative approach will enable us to better understand the structure and 

function of the elusive 5HT system in vertebrates.  

 

 

 

 

 

 

 



 
 

70 
 

B3: Evaluation of MAP-kinase Interacting kinases as pharmacological target in rodent 
models of autism 

- H. Hörnberg, M. Singh, S. Baudouin, L. Hatstatt-Burklé, P. Scheiffele 

Presenter: Hanna Hörnberg - Biozentrum of University of Basel 
Theme: Integrative Physiology and Behavior  

Posterboard number: 3  
Time of presentation: Thursday June 8 - 1200-1400 

Hanna Hörnberg, Meha Singh, Stephane Baudouin, Laetitia Hatstatt-Burklé and Peter Scheiffele 
Biozentrum of the University of Basel, Switzerland 
 

Human genetic studies have identified numerous genetic alterations associated with autism 

spectrum disorder (ASD). Many of these genes are linked to pathways regulating synaptic 

function, including synaptic adhesion molecules such as neuroligins and neurexins. Gene products 

that regulate mRNA translation constitute a second group of ASD-associated genes, and altered 

translational homeostasis at the synapse has been highlighted as a common disease mechanism 

in some monogenetic and syndromic forms of ASD. However, most autism-associated mutations 

do not directly impact translation, and it is unknown if pharmacological strategies targeting 

protein synthesis are more broadly applicable in neurodevelopmental disorders. We here show 

that an autism-associated mutation in the synaptic adhesion molecule neuroligin-3 (Nlgn3) 

results in altered mTORC1-dependent signaling and reduced eIF4F assembly in mice. We have 

investigated the therapeutic potential of MAP-kinase interacting kinases (Mnk1/ 2) inhibitors in 

Nlgn3KO mice. Mnk1/2 modulates translation via phosphorylation of eIF4E and additional targets. 

Administration of Mnk1/2 inhibitors in Nlgn3 KO mice alleviates some of the autism-associated 

behavioural phenotypes. This work highlights Mnk inhibitors as a potential treatment strategy for 

brain disorders with perturbed translation homeostasis. 
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Attention plays a crucial role in our ability to organize thoughts and actions in meaningful 

behavior. On a neurophysiological level, attention biases processing of certain neural 

representations at the expense of others. As a result, behaviorally relevant information is 

amplified, while distracting or irrelevant information is suppressed. The prefrontal cortex (PFC) 

directly influences attentional processing and the local computationÓ ÕÎÄÅÒÌÙÉÎÇ 0&#ȭÓ ÃÏÎÔÒÏÌ ÏÆ 

attention are under intense investigation. Using chronic recordings and optogenetics in mice, we 

could recently show that fast-spiking parvalbumin (FS-PV) interneurons in medial prefrontal 

cortex (mPFC) are central to PFC control of attention. d by strong. Successful allocation of 

attention was characterized by strong synchronization of FS-PV neurons, increased gamma 

oscillations, and phase locking of pyramidal firing. Phase-locked pyramidal neurons showed 

gamma phase-dependent rate modulation during successful attentional processing.  

The behavioural task utilized in this study, the 3-CRTT, in combination with electrophysiological 

recordings also allows for investigation of network activities not directly related to attention. 

Using the recording data collected in the earlier study we have analysed how FS-PV interneurons 

and excitatory mPFC neurons are modulated by impulsivity and reward 

anticipation/consumption.  

In has recently been proposed that working memory is linked to bursts of gamma oscillations, and 

in line with this is a discrete process not coded by sustained activity as earlier thought. We are 

currently investigating the similarities between coding of working memory and attention in the 

PFC. Our present findings from the above analyses will be presented. 
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The critical ability to inhibit the urge, desire, or habit to perform spontaneous actions and to 

instead reflect upon the future allows us to predict scenarios and to receive better outcomes. 

Failure of inhibitory processes defines impulsivity. Impulsivity is a non-unitary construct, but the 

relationship between aspects of impulsivity is not understood. Impulsive action refers to the 

inability to delay or prevent actions related to the failure to withhold or cancel a strong behavioral 

tendency. Impulsive choice relates to impulsive decision-making and involves lack of planning and 

difficulties in delaying gratification. The central serotonergic (5-HT) system has long been 

functionally implicated in impulse control and reduced 5-HT levels have been connected to 

impulsivity in both humans and research animals. 

To allow for selective targeting of serotonin neurons in rats we generated transgenic rats 

expressing Cre recombinase under the control of the Tph2 promoter. A fixed interval task was 

used to investigate impulsive action, and a time-discounting choice task for impulsive choice. 

Using optogenetic manipulations (ChR2 or Jaws) and real-time photometric measurements of 

calcium-transients in dorsal raphe nucleus 5-HT neurons we find that (1) inhibit ion of 

serotonergic DRN neurons leads to a general elevation of impulsivity. (2) Activation of 

serotonergic DRN neurons results in decreased impulsive action. (3) Increased activity of 

serotonergic DRN neurons improves impulsive choice, measured as willingness to wait for a 

larger later reward, while decreased activity suppresses patience. (4) DRN serotonergic neurons 

not only respond to waiting for a reward but also robustly to reward delivery.  
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Dysfunction of the opioid system has been linked to mood disorders. Various types of drugs of 

abuse, for example opiates and cocaine, target the opioid system. 

Endogenous opioids exert their actions through opioid receptors expressed by neurons in limbic 

circuits. Morphine and heroin are ligands of a specific type of opioid receptor, the mu opioid 

receptor (MOR) that is encoded by the Oprm1 gene. 

In order to study the contribution of specific neuron types in the opioid system for reward, 

motivation and addiction, it is essential to be able to target neurons expressing the opioid 

receptors using transgenic approaches in animal models. We can use the genetic identification of 

such MOR-expressing neurons to determine their precise function in shaping distinct aspects of 

reward, motivation, decision-making and addiction. For this purpose, we have recently developed 

a novel knock-in mouse line expressing the Cre recombinase only in MOR-expressing neurons 

(Oprm1-Cre mouse). The Oprm1-Cre mouse allows us for the first time to genetically target 

exclusively the MOR+ neurons in defined brain regions.  

We have already extensively characterized the specificity of the Oprm1-Cre mouse based on 

neuroanatomy, in situ hybridization and single-cell RNA sequencing, thereby establishing the 

feasibility of targeting MOR+ neurons using the new Oprm1-Cre mouse line. 

We aim to define the functional role of mu opioid expressing neurons in basal ganglia circuits for 

reward processing and transition to addiction. 
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Grid cells in the enthorinal cortex fire in a triangular pattern that tessellates the surface of the 

surroundings. To be used as a spatial reference, the grid needs to anchor to the external world. 

The grid is not randomly oriented but displays geometrical regularities in relation to the 

environment. These regularities include a specific offset and an elliptical distortion that might be 

indicative of an anchoring process.  

In this study we aim to characterize the shape of the grid on a local scale to investigate whether 

local features of the grid display specific relations to the walls and corners of the environment. 

Moreover, to further understand the role of these features in anchoring we also study how the 

grid evolves in a novel environment during the anchoring process.  

Local feature maps were produced using a sliding window autocorrelation algorithm, permitting 

us to visualize changes in orientation, size and ellipticity of the grid throughout the environment. 

Most grid modules showed variations that were consistent with a barrel distortion, meaning that 

the grid in the middle of the box had larger spacing than closer to the corners. Furthermore, some 

animals displayed pentagonal distortions known as dislocations.  

Analyses of the data from novelty experiments showed that the grid was not stable from the first 

exposure. Individual fields would sometimes move independently or in concert with neighboring 

fields. 

To conclude, grid cells display rich dynamics during learning a new environment possibly 

reflecting how the entorhinal cortex uses sensory cues of the environment for anchoring. 
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In the medial entorhinal cortex (MEC), speed cells are a functionally distinct neuronal population, 

whose firing rates increase linearly as a function of locomotion speed. This speed signal is believed 

to be a key component for the dynamic update of grid cell activity; however, its origin has not been 

determined. Several studies have reported speed-coding neurons in the mesencephalic locomotor 

region (MLR), an area widely implicated in locomotion, but it remains unclear whether and how 

signals from these neurons reach the MEC. Here we combined classical anatomical tracing studies 

with chronic unit recording and optogenetics in freely moving rats to search for a putative speed 

circuit between the pedunculopontine tegmental nucleus (PPN), a functional component of the 

MLR, and the MEC. Simultaneous injections of a retrograde tracer in MEC and an anterograde 

tracer in PPN revealed strong overlap between labelled PPN axons and MEC-projecting cell bodies 

in the ventral medial septum and diagonal band of Broca (MS/DB). Chronic in vivo tetrode 

recordings during free foraging in an open field confirmed the presence of speed cells with linear 

speed-rate relationships at all three levels of the putative circuit ɀ PPN, MS/DB, and MEC. 

Optogenetic stimulation of channelrhodopsin-2-expressing neurons in PPN was followed, at 

regular latencies, by activation of subsets of cells in MS/DB and MEC, including speed cells. Taken 

together, the results raise the possibility that the PPN-MS/DB-MEC circuit mediates the coding of 

a speed signal with a possible relevance for dynamic spatial mapping and navigation. 
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Acute cocaine administration in humans results in a brief but strong euphoria underlied by 

increased activation of the limbic areas.  

Here we tested how the acute administration of cocaine influences locomotion as well as the 

expression patterns of the immediate early gene c-Fos throughout the brain. Two experimental 

groups of naïve mice received single intraperitoneal injection of either saline or cocaine 

(20mg/kg). Both groups were tested in the open field paradigm. Mice were sacrificed one-hour 

post injection and the serial slices of the whole brain were stained with c-Fos and dapi. 

Primary results indicate that the default C-Fos expression is restricted to certain brain areas and 

the cocaine-induced C-Fos expression is increased throughout the brain. In the open-field test the 

cocaine-treated mice had increased locomotor activity accompanied by stereotyped moving 

patterns (i.e. following a clockwise direction only). We then performed mediational analysis to 

tease apart the relative contribution of c-Fos in different regions for generating cocaine-induced 

locomotion. Orbital cortex as well as dorsal striatum showed to mediate the effect of cocaine 

induced c-Fos expression on locomotion. Currently in vivo extra cellular recordings in awake and 

head-fixed mice are ongoing to validate these findings and tease apart the contribution of these 

regions to locomotion (motor output) versus Pavlovian conditioning of rewards (reward 

processing). 
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The medial entorhinal cortex (MEC) is a key brain structure for the navigational senses of animals. 

Recent years have seen the discovery of several functional MEC cell types that constitute essential 

components of a cognitive map, including head-direction cells, border cells, speed cells and grid 

cells. However, little is known about whether, or to what extent, cells in the MEC contribute to 

landmark-based navigational strategies. Such strategies might include using the perceived 

distances and directions to discrete environmental landmarks that, in most realistic 

environments, are abundant. We recorded the activity of single units in superficial MEC in the 

presence and absence of prominent three-dimensional objects and found that a proportion of MEC 

neurons tended to increase their activity robustly when the animal was located at a certain 

direction and distance relative to the object. This vectorial tuning to the object persisted when the 

object was displaced, and was shown to be consistent for multiple objects of different shapes and 

sizes. Moreover, we found that the characteristic responses of such object-vector cells were 

present from first exposure to the environment, and that directional tuning rotated coherently 

with the directional preferences of head direction cells during remapping, suggesting that object-

vector cells are part of a universal and rigid entorhinal map. The majority of object-vector cells 

exhibited clear tuning regardless of the animals heading direction relative to the object, meaning 

that these cells encode distance and direction to prominent landmarks within an allocentric 

reference frame. 
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Uppsala University Behavioral Facility (UUBF) is a non-profit core facility supported by the 

&ÁÃÕÌÔÙ ÏÆ -ÅÄÉÃÉÎÅ ÁÎÄ 0ÈÁÒÍÁÃÙȟ 5ÐÐÓÁÌÁ 5ÎÉÖÅÒÓÉÔÙȢ 55"&ȭÓ ÍÁÉÎ ÁÉÍÓ ÁÒÅ ÔÏ ÐÒÏÖÉÄÅ 

administration - and organization services of behavioral tests for internal and external research 

groups. We offer a large array of behavioral tasks for mouse, rat and fish, e.g. tasks for exploration, 

motor behaviors, sensorimotor processing, learning, memory and behavioral profiling. UUBF 

provides equipment together with protocols for behavioral experiments, and assists with data 

analysis, interpretation, and advanced statistical analyses. We also provide assistance with 

writing of ethical applications and training and guidance in experimental design. Further, UUBF 

offers annual graduate courses on animal behavior e.g. Ȱ(Ï× ÔÏ ÓÔÕÄÙ ÂÅÈÁÖÉÏÒ ÉÎ ÖÅÒÔÅÂÒÁÔÅÓ ×ÉÔÈ 

ÆÏÃÕÓ ÏÎ ÆÉÓÈ ÁÎÄ ÒÏÄÅÎÔÓȱȢ You are welcome to contact UUBF for discussing your future behavioral 

experiments.  
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Recent experimental studies on classical fear conditioning have revealed an inhibitory 

microcircuit in the central amygdala (CEA), which is essential for the acquisition and expression 

of conditioned fear. In these studies, subpopulation-specific changes in baseline firing rate and 

modulation of tonic inhibition, mediated by extra-synaptic GABA-receptors, have been shown to 

correlate with fear generalization. Here, we used mathematical analysis and numerical simulation 

of the central amygdala network to study the effects of tonic inhibition on the processing of 

transient inputs. The model corroborates experimental findings and allows for dissecting the link 

between tonic inhibition, baseline firing rates and network responsiveness, thereby providing a 

mechanistic explanation for the observed effect on fear generalization. In view of recent results 

linking fear generalization to anxiety, we discuss a possible role of the CEA in processing CS-US 

statistics during conditioning and adjusting sustained fear accordingly. 
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The Subthalamic Nucleus (STN) is the only glutamatergic area within the Basal Ganglia (BG), 

which plays an important role in the modulation of motor functions given its excitatory action 

onto the output structures of the BG in the so called indirect pathway. Lesion of the STN, as well 

as Deep Brain Stimulation (DBS), can ameliorate hypokinetic symptoms in Parkinsonian patients. 

Besides the positive effect in alleviating motor deficits, STN DBS is also responsible for different 

side effects related with affective functions. However the action mechanism underlying DBS and 

which circuit elements are responsible for its therapeutic and side effects are still unknown. To 

target a specific STN neuronal population we used a genetic approach, by which neurons are 

rendered light-sensitive by delivering conditional recombinant adeno-associated virus (rAAV) 

vectors carrying opsin genes bilaterally in the STN of transgenic mice expressing Cre recombinase 

under the control of Pitx2 promoter. We used a continuous 535 nm light stimulation to precisely 

inhibit these Cre-expressing cells in mice injected with rAVV carrying archaerhodopsin-3 (Arch). 

Histological analysis display strong virus expression in all the already described STN-target areas. 

Preliminary results from opto-behavioral experiments suggest an involvement of this population 

of neurons in affective functions. 
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Lateral habenula (LHb) have been implicated in both reward-seeking behavior and in depressive 

disorders due to its modulatory effects on dopamine and serotonin reach areas. Excitatory 

projections from LHb target GABAergic interneurons of both ventral tegmental area 

(VTA)/rostromedial tegmental nucleus (RMTg) and dorsal raphe nucleus (DR) providing strong 

inhibition on both dopaminergic and serotonergic systems. These reward-related signals are 

provided to LHb from distinct neuronal populations in basal ganglia.  

Here we provide an anatomical characterization of the glutamatergic inputs to LHb, by specific 

retrograde and transsynaptic labeling, with a two-vector system that farther reveals the direct 

monosynaptic inputs to this population. Behaviorally, optogenetic stimulation of this 

glutamatergic inputs to LHb induce a strong avoidance response as it is demonstrated in 

behavioral tests such as place preference and operant conditioning paradigms. Furthermore we 

provide a characterization of the firing pattern of these neurons during reward related behaviors 

with in vivo calcium imaging in freely moving animals. 

Taken the importance of LHb as a modulatory nucleus of the dopaminergic and serotonergic 

systems the definition of its connectivity and function will give valuable insights in the 

understanding of both reward-seeking behavior and depressive disorders. 
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Music can trigger emotional responses in a more direct way than any other stimulus. In particular, 

music-evoked pleasure involves brain networks that are part of the reward system. Furthermore, 

rhythmic music stimulates the basal ganglia and may trigger involuntary movements to the beat. 

In the present study, we created a continuously playing rhythmic, dance floor-like composition 

where the ambient noise from the MR scanner was incorporated as an additional instrument of 

rhythm. A second group of participants were scanned without any additional stimulation and 

were not informed that they took part in a study on rhythm. 

The analysis was twofold: First, a whole-brain independent component analysis (ICA) was 

conducted. Only components that showed group differences in their time-frequency spectrum 

were further analysed. Second, data was analysed with stochastic dynamic causal modelling 

(sDCM) in order to explore functional dependencies and interactions between core areas of 

auditory perception, rhythm processing (putamen/pallidum), and reward processing (ventral 

striatum/nucleus accumbens).  

Compared to the control group, both analyses demonstrated consistently an increased activity as 

well as an altered connectivity of the reward system, i.e. the right ventral striatum/nucleus 

accumbens. Further, the DCM analyses demonstrated a reduced connectivity within the basal 

ganglia, as well as a reduced functional connectivity of the right ventral striatum/nucleus 

accumbens from and to the basal ganglia and auditory network while listening to rhythmic music.  

These converging results may indicate that the dopaminergic reward system reduces its 

functional connectivity and relinquishing its constraints on other areas when we listen to 

rhythmic music. 
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Abstract 

The ventral tegmental area consists of dopaminergic and glutamatergic neurons that are 

associated with reward and aversion. A subset of midbrain dopamine neurons express the 

vesicular glutamate transporter 2 (VGluT2), which enables them to package and release 

glutamate. Several studies have shown that ablating VGluT2 in these co-releasing cells during 

development results in altered locomotor activity in response to psychostimulants and enhanced 

drug-seeking behavior towards natural rewards or drugs of abuse. These behavioral 

manifestations may however be coupled with potential developmental abnormalities as a result 

of embryonic deletion of VGluT2. The aim of the study was to investigate the role of glutamate co-

release from dopamine neurons in the adult mouse.  

We now demonstrate that targeting VGluT2 in the dopamine neurons of adult mice results in 

increased consumption of natural rewards (sugar) without any differences in the levels of 

potassium-evoked dopamine release in the dorsal and ventral striatum. Further, patch-clamp 

recordings of medium spiny neurons of the ventral striatum shows that targeting glutamate co-

release from mature dopamine neurons results in downstream postsynaptic alterations.  

Overall our findings suggest that loss of VGluT2 from this co-releasing population results in 

alterations in striatal synaptic plasticity and reward associated-behaviors when ablation occurs 

in the adult mouse. 
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The endocannabinoid system is a lipid signaling network that modulates numerous biological 

processes, including neurotransmission and immune function. The major endogenous agonists 

(i.e., endocannabinoids) for cannabinoid receptors CB1 and CB2 are the arachidonic acid derived 

lipids 2-arachidonoyl glycerol and N-arachidonoylethanolamine (anandamide). Altered 

endocannabinoid signaling in the brain has been implicated in nociception, learning and memory, 

anxiety, depression, emotion and reward. The indirect modulation of endocannabinoid levels may 

lead to less side effects than the direct activation of CB1 receptors in terms of neurotransmission, 

metabolism and immunomodulation. 

The extracellular effects of the endocannabinoids anandamide and 2-arachidonoyl glycerol are 

terminated by enzymatic hydrolysis after crossing cellular membranes by facilitated diffusion. 

The lack of potent and selective inhibitors for endocannabinoid transport has prevented the 

molecular characterization of this process, thus hindering its biochemical investigation and 

pharmacological exploitation. Here, we report the design, chemical synthesis, and biological 

profiling of natural product -derived N-substituted 2,4-dodecadienamides as the first selective 

endocannabinoid uptake inhibitors. The highly potent (IC50=10 nM) inhibitor N-(3,4-

dimethoxyphenyl)ethyl amide (WOBE437) exerted pronounced cannabinoid receptor-dependent 

anxiolytic, anti-inflammatory and analgesic effects in mice by increasing endocannabinoid levels. 

A tailored WOBE437-derived diazirine-containing photoaffinity probe (RX-055) irreversibly 

blocked membrane transport of both endocannabinoids, providing first mechanistic insights into 

this complex process. Moreover, RX-055 exerted potent site-specific anxiolytic effects upon in situ 

photoactivation in the brain. This study describes the first suitable inhibitors to target 

endocannabinoid membrane trafficking and uncovers a novel endocannabinoid pharmacology.  
Reference:  

Chicca, A. et al., Proceedings of the National Academy of Sciences (PNAS) (2017), under revision 
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Recent optogenetic circuit manipulation studies suggest that GABAergic and glutamatergic lateral 

hypothalamus populations contribute to appetitive and aversive behavior in mice. Aversive 

responses evoked by photoexcitation of glutamatergic LH neurons appear to be effected in part 

via projections to the lateral habenula (LHb), a structure thought to contribute to appetitive and 

aversive stimulus processing and aversive learning. To further investigate the role of 

glutamatergic LH neurons in valence-coding, we endeavored to characterize the endogenous 

activity of glutamatergic LH populations during appetitive and aversive stimulus processing. To 

realize our aim, we employed miniaturized, head-mounted microendoscopes (Inscopix) to image 

calcium transients within the LH of freely behaving mice. Using viral vectors and transgenic 

Vglut2-Cre animals, we targeted the calcium indicator GCaMP6 either to all glutamatergic LH 

neurons, or specifically to the LHb-projecting population. Within both the general, and the 

projection-specific groups, we observed neurons responding to reward-delivery, foot-shocks, and 

shock-predicti ng tones. Critically, LHb-projecting glutamatergic neurons appear to prefer the 

aversive stimuli, supporting the notion that this population contributes to LHb's aversive valence-

coding. 
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Cortical inhibitory i nterneurons have a vital role in modulating cortical output and plasticity. 

Dysfunction in cortical interneurons expressing parvalbumin (PV) is implicated in the 

pathophysiology of a range of neuropsychiatric disorders, and changes in brain-derived 

neurotrophic factor (BDNF) - tyrosine receptor kinase B (trkB) signaling in cortical PV 

interneurons have been associated to pathophysiology in schizophrenia. Furthermore, truncated 

trkB isoforms, unable to mediate normal neurotrophic response, have an increased expression in 

schizophrenic patients. The changed expression is correlated with altered GABA inhibition and 

local network synchronization.  

The medial prefrontal cortex (mPFC) is pivotal to cognitive and emotional processing, and 

aberrant prefrontal activity is thought to underlie decreased cognitive abilities is 

neuropsychiatric disorders and addiction. To directly investigate how BDNF-trkB signaling in 

prefrontal PV interneurons regulate emotional and cognitive processing we generated adeno-

associated viruses with Cre-dependent expression of a dominant negative trkB receptor (trkB.DN; 

a truncated receptor that binds to BDNF but does not trigger intracellular signaling cascades). 

Adult PV-Cre mice injected with trkB.DN into the mPFC display normal locomotion but show 

aggressiveness and disturbances in behaviors related to memory, fear and anxiety. In vivo 

recordings reveal that the behavioral phenotypes are associated with changed oscillatory activity 

during sleep-states. We are currently performing recordings of PV interneurons and pyramidal 

neurons in mPFC in awake and behaving animals.  

We hope that our study will contribute to the understanding of the relationship between BDNF-

trkB signaling in cortical interneurons, behavioral alterations relevant to schizophrenia and 

aberrant states of prefrontal hyperactivity in neuropsychiatric disorders. 
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The Ventral Tegmental Area (VTA) is the area of the midbrain where the cell bodies of A10 

dopamine neurons are located and where the mesocortical and mesolimbic pathways originate. 

The region has been extensively studied in the context of reward-related behaviors and it has been 

implicated in several pathological conditions as addiction, food intake disorders and depression. 

In contrast to long-standing beliefs, the VTA has been found to be less homogeneous than only 

containing dopamine neurons. Instead, recent studies have demonstrated that in addition to 

dopamine cells, the VTA also comprises neurons that utilize glutamate or GABA as 

neurotransmitters, as well as co-releasing neuronal subpopulations. The precise roles of different 

VTA subpopulations in behavior is still unclear. 

In our studies, we utilize optogenetics in a range of transgenic mouse lines that express Cre within 

various dopamine and glutamate neurons to selectively target their activity with laser stimulation. 

By implementing behavioral optogenetics in combination with standard experimental psychology 

tests, we perform real-time conditioned place preference (RT-CPP) and operant self-stimulation 

(SS) analyses to assess the effect of activation of these specific cell types in reward-related 

behaviors. We observed that dopamine and glutamate subpopulations have distinct projections 

and that the optogenetic stimulation can oppositely affect behavior; activation of dopamine cells 

induces reward while stimulation of those that utilize glutamate induces aversion. Our results 

provide valuable insight into the heterogeneity of the VTA and provide knowledge that could 

potentiate the search for more selective therapeutic approaches in disorders where the VTA is 

involved. 
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Locomotion is characterized by repetitive activity of muscles that displace the body in space. The 

neurons, network structure, and mechanisms that give rise to rhythmic activity in the mammalian 

motor system are not fully understood. Glutamatergic Shox2- and Hb9-interneurons play an 

important role in rhythm -generation in mammals (Dougherty et al. 2013; Calderia et al. 2017). 

However, an in vitro minimal inhibitory network can also evoke rhythmic activity in presence of 

drugs and absence of glutamatergic neurotransmission (Talpalar et al 2011). To resolve these 

issues, we studied generation of rhythmic activity both in vitro and in vivo using mouse genetics, 

electrophysiology and behavioral methods. Inactivation of all spinal glutamatergic neurons 

produced rhythmic-activity in vitro (n=12) but was associated with limb paralysis and lack of 

postural activity in vivo (n=14), indicating that excitatory neurons are necessary for locomotor 

function in intact animals. Inactivation of dorsal spinal glutamatergic interneurons produced 

ataxia and slow locomotion, but not essentially changed other locomotor features (n=7). 

Inactivation of subpopulations of neurons in particular the Shox2-derived glutamatergic neurons 

preserved locomotor pattern in vitro and in vivo but reduced its frequency (n= 7). Inactivation of 

glutamatergic Hb9-interneurons preserved in vitro rhythmic activity but showed lack of hindlimb 

locomotor activity in vivo (n=5). We conclude that ventral spinal glutamatergic neurons are 

essential for locomotion in vivo. Shox2-interneurons are necessary for eliciting high but not low 

frequency locomotor activity. Glutamatergic Hb9-interneurons are essential for execution of 

rhythmic motor activity in the hindlimbs but not forelimbs.  

Supported by NIH, VR and ERC. 
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The striatum, the largest nucleus of the basal ganglia, plays an important role in motor planning, 
decision-making, motivation and reward. Alterations in its functionality can lead to several 
ÎÅÕÒÏÌÏÇÉÃÁÌ ÄÉÓÏÒÄÅÒÓ ÉÎÃÌÕÄÉÎÇ 0ÁÒËÉÎÓÏÎȭÓ ÄÉÓÅÁÓÅȟ (ÕÎÔÉÎÇÔÏÎȟ Obsessive-compulsive 
disorder, and addiction. The most abundant striatal neurons are the Spiny Projecting Neurons 
(SPNs) that comprise 95% of the neuronal population. The remaining 5% are locally-projecting 
interneurons that although less in number play a key role in regulating the output from the SPNs 
in the striatum through feedforward inhibition. The interneuron populations can be divided into 
several subtypes including the largest heterogeneous population expressing 5HT3a that we 
recently identified (Muñoz-Manchado et al., Cereb Cortex 2016; Gittis and Kreitzer, Trends 
Neurosci, 2012; Silberberg and Bolam, Curr Opin Neurobiol 2015). These studies point towards 
that the diversity of neuronal subtypes has been underestimated.  

In order to elucidate this diversity we have taken advantage of a recent developed technique, 
such as the large-scale single cell mRNA sequencing  (Zeisel, Muñoz-Manchado et al., Science 
2015). We have performed a study of 1135 cells in the striatum with the molecular 
characterization of all interneuron subpopulations providing new markers also for previously 
described ones. With this approach we now have a vast database with the gene expression 
composition of each cell type in the striatum. We have validated this data with in situ 
ÈÙÂÒÉÄÉÚÁÔÉÏÎ ÁÎÄ ×Å ÈÁÖÅ ÁÌÓÏ ÁÐÐÌÉÅÄ ÁÎÏÔÈÅÒ ÒÅÃÅÎÔ ÄÅÖÅÌÏÐÅÄ ÔÅÃÈÎÉÑÕÅ ȰÐÁÔÃÈ-ÓÅÑȱ ÉÎ 
selected populations in order to investigate how the electrophysiological profile is directly 
linked to their transcriptome. 
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Vestibulospinal neurons are organized into discrete groups that project from the brainstem to 

either the ipsilateral or the contralateral side of the spinal cord, enabling animals ranging from 

agnathans to humans to maintain proper balance and posture. Our previous studies in the mouse 

and chicken have demonstrated that the ipsilateral lateral vestibulospinal tract (LVST) group 

derives from rhombomere (r)4, the contralateral medial vestibulospinal tract (cMVST) group 

derives from r5 and part of r4.  

To characterize differential transcription factor expression in the LVST and cMVST, we performed 

RNAseq analysis on manually sorted retrogradely labeled LVST and cMVST neurons in embryonic 

day (E) 13.5 mice and embryonic day (d) 7.5 chickens. RNAseq of more medial regions of r4 and 

r5 was included as control groups. Highly differentially expressed transcription factors were 

further investigated by immunohistochemistry and 3D reconstruction at E13.5-15.5 in the mouse 

and d7.5-9 in the chicken. 

RNAseq analysis revealed over 100 differentially expressed transcription factors, and 

immunohistochemistry corroborated the same group-specific expression patterns for several of 

these in the two species, including patterns that defined intragroup subpopulations. In the mouse, 

a specific set of 4 TFs was expressed in nearly all LVST neurons, and a distinct set of 4 TFs was 

expressed in nearly all cMVST neurons. 

These data provide new information about the transcription factors that differentially specify the 

two vestibulospinal neuron groups and that define distinct neuron subpopulations within them. 
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Efficient spatial navigation is computed across several brain regions integrating information 

about past, present, and future positions. Posterior-parietal (PPC) and premotor (M2) cortices 

encode movements in egocentric coordinates and presumably synthesize behavioral trajectories 

to reach goals. Recent work has shown that PPC and M2 in rodents exhibit tuning for impending 

movements, but how these regions interact to produce movement plans during free behavior is 

poorly understood. To address this we are recording neural correlates of ongoing and future 

behaviors in PPC and M2 in rats foraging in an open arena. To obtain an unprecedentedly clear 

ÐÉÃÔÕÒÅ ÏÆ ÔÈÅ ÁÎÉÍÁÌÓȭ ÂÅÈÁÖÉÏÒ ×Å ÁÒÅ ÔÒÁÃËÉÎÇ ÔÈÅ ÈÅÁÄ ÁÎÄ ÓÐÉÎÅ ÕÓÉÎÇ Á σ$ ÔÒÁÃËÉÎÇ ÓÙÓÔÅÍȢ 

Our analyses confirm previous reports of whole-body self-motion coding as visualized in 2-

dimensional movement maps, but the 3D tracking data now reveal that cells in both PPC and M2 

can exhibit fine tuning for different bodily effectors, in some cases independently of self-motion. 

We found cells in both PPC and M2 selective for specific degrees of pitch and roll of the head, while 

other cells are highly sensitive to azimuth and pitch of the back. We are currently investigating 

prospective coding of 3D movements across PPC and M2, and are investigating whether the 

relative coding properties across areas are maintained during different behaviors in a goal-

oriented well-searching task. Our results are beginning to provide a first-time view of how the 

cortical motor system constructs self-guided, goal-directed behaviors in their native 3D. 
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Serotonin (5-HT) has been shown to have a distinct spinal motor influence. It was now the aim of 

the studies to evaluate , if the spinal motor effects of L-DOPA and naloxone are possibly mediated 

by a serotonin interaction. The interstitial serotonin concentration in the spinal gray matter was 

determined using the microdialysis/HPLC method. In parallel with monosynaptic reflex testing in 

an alternating sequential procedure different FRA reflex pathways (low threshold cutaneous, 

group II muscle, nociceptive cutaneous) to the flexor PBSt and to the extensors GS and Pl were 

tested, whereby the nociceptive pathway to the latter is an excitatory non-FRA pathway. After i.v. 

injection of L-DOPA (100 mg/kg) the spinal reflex effects started within 6-20 min with a maximum 

at about30-50min, while the serotonin concentration started to increase a bit later (6-27 min) and 

had its maximum with a delay of up to about 100 min. After i.v. injection of naloxone the serotonin 

concentration started to increase quite fast (1-5min) and had its maximum already with a delay 

of about 5-10 min. This time course largely resembles the time course of the reflex effects. The 

difference of the time course of the increase of the L-DOPA induced serotonin concentration 

compared to the time course of the L-Dopa induced changes of the spinal reflex effects renders a 

direct causal interrelation quite improbable, while the similar time courses of the naloxone 

induced increase of serotonin concentration and the spinal reflex effects do not completely 

exclude such an interrelation. 
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Cerebrospinal fluid-contacting (CSF-c) cells are present in the walls of the ventricles and the 

central canal and found throughout the vertebrate phylum. We recently identified ciliated 

somatostatin/GABA-expressing CSF-c cells in the lamprey spinal cord that act as pH sensors. 

Acidic and alkaline responses were recorded in the same cell, mediated through ASIC3 and 

PKD2L1 channels, respectively (Jalalvand et al 2016). Here, we investigate if the ciliated 

somatostatin/GABA-positive CSF-c cells in the hypothalamus have similar properties to their 

spinal counterparts by performing whole-cell recordings in hypothalamic slices. Depolarising 

current pulses readily evoked action potentials, but hypothalamic CSF-c neurons had no or a very 

low level of spontaneous activity at pH 7.4. They responded, however, with depolarisation and 

trains of action potentials to small deviations in pH, in both the acidic and alkaline direction. Like 

in spinal CSF-c neurons, the acidic response in hypothalamus is mediated via ASIC3. In contrast to 

spinal CSF-c neurons, the alkaline response appears not to depend on PKD2L1 channels. The CSF-

c neurons extend their processes dorsally, ventrally and laterally, but as yet we do not know the 

effects exerted on the hypothalamic circuits. Dopaminergic CSF-c neurons just at the obex also 

respond in a similar way to acidic and alkaline pH. They fire spontaneous action potentials and 

display excitatory and inhibitory postsynaptic potentials. The glutamate and GABA receptor 

antagonists could block most of the EPSPs and IPSPs. The pH-sensing ability of hypothalamic CSF-

c neurons and spinal cord are likely to have been conserved through vertebrate phylogeny. 
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Neural circuits in the brain typically consist of thousands of neurons. Intuitively, this would 

suggest that in order to describe the spiking rates in such a circuit one would correspondingly 

need thousands of variables. However, electrophysiological recordings from a range of different 

brain areas and across different species suggest that the neural activity is correlated in such a way 

that only a handful of variables are actually required. Mathematically, this can be seen as the 

activity being confined to a manifold or hyperplane of the neural state space. In theoretical 

neuroscience, the observation has raised the question of what kind of connectivity could give rise 

to such manifolds, as they do not arise spontaneously in homogeneous, randomly connected 

networks. 

In this work, we show that having the spike rates confined to a manifold is consistent with a class 

of previously proposed models of neural computations. In particular, we demonstrate that by 

using one of these models ɀ the Neural Engineering Framework ɀ one can gain fine-grained 

control of the dimensionality (i.e. the number of required variables) of the manifold. Furthermore, 

our adaptation of the model handily explains why the manifold not only emerges in biological 

networks, but also itself restricts what neural patterns can be learned, as recently shown in a 

prominent BCI study. Finally, we show that the connectivity stemming from the model is 

biologically plausible with respect to several important features, including a heavy-tail 

distribution of synaptic weights. 
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Neuroprotection at the initial stage of spinal cord injury (SCI) is one main goal to inhibit delayed 

network damage triggered by excitotoxicity mediated via hyperactivation of glutamatergic 

systems. Previous studies have shown positive effects of general inhalation anesthetics, while 

early neurosurgical operations can attenuate late pathophysiological events. It is interesting to 

find out if the widely used i.v. anesthetic propofol could protect locomotor spinal networks from 

excitotoxic insult induced by transient application of kainate (0.1 mM) for 1 h to the rat spinal 

cord in vitro. This protocol was designed to mimic the clinical onset of SCI followed by intensive 

care management. Significant neuronal losses were elicited by kainate, with almost halving of 

motoneuron numbers. Bath-applied propofol (5 µM, 4-8 h) potentiated GABA and depressed 

NMDA receptor responses together with decreased polysynaptic reflex activity which partially 

recovered after 24 h. Fictive locomotion evoked by repeated dorsal root stimuli or NMDA and 

serotonin (5HT) was weaker; however, when applied after kainate, there was no additive 

depression on synaptic transmission, suggesting that any further deterioration had been arrested. 

In all spinal areas and especially in the motoneuron pools, significant neuroprotection was 

observed after propofol administration following kainate. The periodicity of disinhibited bursts 

was improved by propofol after the kainate insult in line with the good histological preservation. 

These results suggest propofol could exert a delayed neuroprotective action on spinal network 

excitotoxic damage in an in vitro SCI model.   
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Locomotor movements are generated by spinal locomotor networks and require the coordinated 

recruitment of motor neuron pools to drive muscle contractions in an appropriate sequence. 

Different motor units need to be engaged successively from slow to intermediate and fast to 

increase the locomotor speed. Presumably, specific rules of convergence of synaptic drive from 

premotor excitatory interneurons are needed to dictate the sequence of activation of motor 

neurons. However, the nature of the convergence and the dynamics of the excitatory inputs to 

identified motor neurons are still unclear.  

We have addressed these issues in the adult zebrafish in which the locomotor circuit is organized 

in three sub-circuit modules with sub-classes of the excitatory V2a interneurons connecting 

selectively to slow, intermediate or fast motor neurons. We sought to determine the rules of 

convergence of V2a interneurons that reliably control the recruitment of motor neurons of the 

slow, intermediate and fast sub-circuits. Our results show that the convergence rule varies among 

the three sub-circuits. In addition, there were differences within each sub-circuit depending on 

the firing properties of the presynaptic V2a interneurons. Indeed, V2a interneurons either 

displayed intrinsic burst or tonic firing. The bursting V2a interneurons target the motor neuron 

dendrites to elicit large EPSPs, while the tonically firing ones have bifurcating axons targeting the 

soma to produce relatively smaller EPSPs. During each V2a interneuron burst there was super 

linear EPSP summation that was highest in the slow sub-circuit module and lowest in the fast 

module and required activation of NMDA receptors. These properties ensured the fidelity and 

strength of the transfer of excitatory drive within each sub-circuit module and hence a module-

specific convergence rule. In the slow module the convergence of only two V2a interneurons was 

required to engage the corresponding motor neurons. The intermediate module required the 

convergence of 6 V2a interneurons, while the fast module necessitated more than 40 interneurons 

to ensure motor neurons recruitment. Thus, this study reveals the rules of convergence that in 

combination with the NMDA-induced super linear synaptic dynamics ensure the sequential 

activation of motor neurons of three sub-circuit modules to increase the locomotor speed. 
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Recently, high frequency oscillations have been observed at the level of individual neurons firing 

and local field potential in the striatum of both awake and anaesthetized animals [1-4]. It is quite 

likely that the experimentally observed oscillations in the striatum are in fact cortical oscillations 

transmitted by the cortico-striatal projections. However, there is limited knowledge about the 

exact nature of this routing process and therefore in this study we use a network model of the 

striatum to elucidate the importance of specific GABAergic neurons in shaping striatal oscillatory 

activity. 

Fast spiking interneurons (FSIs) are a common property of neuronal networks throughout the 

brain [5]. In the striatum despite their high firing rates, FSIs do not seem to play a major role in 

controlling the firing of medium spiny neurons (MSNs) [6] and so far, it has not been possible to 

attribute a functional role to FSIs in the striatum. We propose that FSIs can perform an important 

role in transferring cortical oscillations to the striatum especially to those MSNs that are not 

directly driven by the cortical oscillations. Further, the variables such as the number of activated 

neurons, ongoing activity, connectivity, and synchronicity of inputs influence the transfer of 

oscillations by modifying the levels of FB and FF inhibition. Our results support the idea of the 

precise orchestration of FSI activity that plays a key role in determining the pattern of the firing 

of MSNs, which might provide optimal integration of external inputs into striatal network. 
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The optic tectum (superior colliculus in mammals) is a conserved region that integrates different 

sensory modalities (which are species dependent), and controls gaze movements through 

excitatory output neurons projecting to the brainstem. Tectum can perform stimulus selection 

independently and accordingly redirect gaze, but it can also be influenced by extrinsic brain 

sources ɀincluding pallium (cortex in mammals) and basal gangliaɀ. Here we show that the 

lamprey homologue of the mammalian SNc/VTA sends direct projections to tectum that 

modulate its sensorimotor integration, suggesting that the nigral dopaminergic control of motor 

responses is more complex than generally assumed, involving additional pathways to the widely 

studied striatal projection. D1 and D2 dopamine receptors are expressed in tectum in separate 

neuronal populations, as shown by patch-clamp recordings. Dopamine increases the excitability 

of D1 expressing cells and decreases the excitability of D2 cells. Dopamine therefore changes the 

responsiveness to sensory inputs reaching the optic tectum making them more or less effective 

in evoking a motor command. Using a novel eye-brain preparation, we show that local dopamine 

agonist injections in tectum affect eye and trunk movements, by recording eye muscles and 

ventral root activity in response to natural stimuli applied with a screen. Our results show that 

dopamine directly modulates motor responses mediated by tectum. Given the high degree of 

conservation of the midbrain and basal ganglia, and the presence of direct dopaminergic 

projections from SNc to the superior colliculus in rodents, this previously unexplored 

mechanism is likely to also be present in higher vertebrates. 
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The posterior parietal cortex (PPC) is a multifaceted region of cortex, contributing to several 

cognitive processes including sensorimotor integration and spatial navigation. Our knowledge of 

PPC function is founded on neurophysiological recordings in primates, though recent years have 

seen a rise in the use of rodent models, particularly mice, to study PPC and related networks. While 

murine models bring several technical advantages including large-scale recordings and calcium 

imaging, the anatomical locus of PPC in mice remains ill-defined. To address this we have taken 

multiple approaches to delineate PPC in the mouse and establish its connectivity. We first used 

corresponding nissl- and parvalbumin stained sections to delineate mouse PPC based on 

cytoarchitectural criteria that distinguish PPC from surrounding regions. Secondly, based on 

coordinates from our study of the cytoarchitecture, we targeted the mouse PPC with retrograde 

tracers, including cholera toxin B and rabies virus. We found that the complement of cortical 

inputs to mouse PPC closely matches that described in rats, including predominant inputs from 

visual, cingulate, retrosplenial and secondary motor cortices. Lastly, a work currently in progress 

is to define the boundaries of mouse PPC based on patterns of inputs from primary visual cortex 

(V1). This involves co-injections of multiple anterograde tracers into V1, and to delineate the 

patterns of fiber termination in coronal sections. By comparing tracer staining and 

cytoarchitecture we aim to obtain a coherent definition of mouse PPC incorporating laminar 

anatomy and visual cortical inputs. 
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One of the most remarkable abilities of the human mind is to consciously simulate actions without 

physically executing them. Since the late 1980s, research on motor imagery has identified several 

similarities between imagined and executed actions in the behavioral (Decety et al., 1989; Decety 

and Jeannerod, 1995), physiological (Decety et al., 1991, 1993) and neural level (Ehrsson et al., 

2003; Grezes and Decety, 2001; Hétu et al., 2013), supporting their functional equivalence 

(Jeannerod, 1994, 2008). In sharp contrast, little is known about their computational equivalence 

-namely, the involvement of forward models (Miall and Wolpert, 1996; Wolpert and Flanagan, 

2001; Davidson and Wolpert, 2005; Blakemore and Sirigu, 2003; Grush, 2004; Ridderinkhof and 

Brass, 2015). Here, we tested whether motor imagery allows for sensory attenuation i.e., a 

phenomenon wherein sensory stimuli that are predicted by the forward models based on a copy 

of the motor command (efference copy), feel less intense than identical stimuli of external origin 

(Bays and Wolpert, 2008; Wolpert and Flanagan, 2001). We show that the perception of touch is 

attenuated when presented as the outcome of an imagined movement. Moreover, the imagery-

induced attenuation has the same magnitude and follows the same spatial principle as veridical 

movement-induced attenuation. Our results demonstrate that motor imagery engages forward 

models to predict the sensory consequences of the imagined movements just as physical 

movements do. This finding supports the notion of "computational equivalence" between 

imagined and executed movements. 
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Locomotor-initiating signals from the midbrain are funneled through neurons in the reticular 

brainstem formation to reach the spinal locomotor circuits. The aim of this study is to identify the 

brainstem neurons forming the final command signal, the "go" signal, that initiates over-ground 

locomotion with the ultimate aim of identifying the mechanism for how spinal locomotor circuits 

are activated from the brainstem.  For this we have used detailed mapping of locomotor-initiating 

areas in the pons and hindbrain using an in vitro brainstem-spinal cord preparation of neonatal 

mice. We find a restricted area in the caudal half of the brainstem, with sharp mediolateral 

boundaries where low threshold unilateral electrical stimulation (ES) evokes coordinated 

locomotor-like activity which resembles locomotor behaviors observed in vivo. The locomotor 

frequency is modulated with the frequency of ES and generally faster than that evoked by drug-

application in the spinal cord. Optogenetic experiments show that activation of glutamatergic 

neurons in the ES-defined area evokes locomotor-like activity similar to the ES-evoked one, 

suggesting that glutamatergic neurons are involved. When glutamatergic transmission is blocked 

in the brainstem, the cervical, and thoracic spinal cord, both optogenetic and electrical stimulation 

still evokes locomotor-activity in the lumbar spinal cord. These results suggest that excitatory 

reticulospinal neurons can activate the locomotor networks in the lumbar spinal cord directly to 

initiate locomotion. Our study localize the "go" signals to a restricted area of the brainstem and 

ÐÒÏÖÉÄÅ ÍÅÁÎÓ ÔÏ ÆÕÎÃÔÉÏÎÁÌÌÙ ÄÅÆÉÎÅ ÔÈÅ ÃÅÌÌÕÌÁÒ ÔÁÒÇÅÔÓ ÏÆ ȰÇÏȱ ÓÉÇÎÁÌ ÉÎ ÔÈÅ ÓÐÉÎÁÌ ÌÏÃÏÍÏÔÏÒ 

networks. 
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For neuronal circuits in the spinal cord (SC) that control locomotion, developmentally expressed 

transcription factors (TF) have served as entry points for functional assignment of left-right and 

flexor-extensor coordination circuits, as well as rhythm-generation circuits. It is clear though that 

these functions are most often represented by molecularly heterogeneous groups of neurons that 

might also only partly capture the function. For rhythm-generation several glutamatergic 

molecularly defined groups of cells are thought to be involved without any of them creating the 

function alone. In order to capture new markers for this important groups of neurons in the SC we 

have performed FACS sorting, RNA-sequencing and differential expression analyses on 

glutamatergic neurons from the mouse ventral SC. We compared the postnatal expression profile 

of all glutamatergic neurons in the SC, the Vglut2-expressing neurons, to that of non-glutamatergic 

neurons as well as to one of the glutamatergic subgroups so far linked to rhythm-generation, the 

Shox2 interneurons (Dougherty et al. 2013). Amongst the transcripts up-regulated in the Vglut2-

expressing neurons are well-known glutamatergic developmental-markers such as Sim1, Evx2, 

Lhx3, Chx10, Shox2 and Lbx1. The analysis also identified more then 200 receptors, TFs, and ion-

channels specifically expressed in glutamatergic neurons as compared to non-glutamatergic 

neurons and Shox2-interneurons. Our findings identify novel glutamatergic subgroups in the SC 

and provide tools for further specification of SC motor functions.  In addition, since glutamatergic 

neurons are found throughout the nervous system, this work might provide new molecular entry 

points to glutamatergic neurons in general. 

3ÕÐÐÏÒÔȡ %2# Ȱ,ÏÃÏÍÏÔÏÒ )ÎÔÅÇÒÁÔÉÏÎȱ ÁÎÄ 6ÅÔÅÎÓËÁÐÓÒâÄÅÔ 
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Locomotion can be adapted to different behavioral goals and performed in different directions 

[walking forward (FW), backward (BW), etc.]. In the present study we compared kinematics of 

FW and BW performed by mice on different setups: in tunnel, on treadmill and on air ball. We 

found that mice could walk with three different body configurations: the hip high above the 

ground and the rostrocaudal range of toes movements symmetrical in relation to the hip 

projection (HP) to the surface (symmetrical steps); the hip low and the range of toes movements 

shifted either rostrally (rostral steps) or caudally (caudal steps) in relation to HP. During BW, only 

rostral stepping was observed. During FW, types of stepping were different on different set-ups. 

Cycle duration and stride length varied in a wide range and did not depend on set-up and type of 

stepping. Averaged swing duration was twice shorter during BW than during FW. Movements at 

the hip joint were generally simple: flexion during FW swing - extension during stance, and 

extension during BW swing - flexion during stance. However, a reversal in the direction of 

movement slightly preceded the moments of transition from swing to stance and from stance to 

swing during FW but was slightly delayed during BW. Movements at knee and ankle joints 

strongly depended on the type of stepping (rostral/symmetrical/caudal). They were coordinated 

to keep the hip joint approximately at the same height during stance and to make the limb length 

minimal when toes were passing HP during swing. 

Supported by VR(M) Grants 11554 and 21076. 

Keywords: locomotion, backward, intralimb coordination, interlimb coordination, body 

configuration 

 

 

 

 

 

 

 

 

 

 
































































































































































