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FOREWORD

Fondation Adelis supported the collaborative research of top neuroscientists from The Weizmann Institute of Science (Weizmann) and Technion – Israel Institute of Technology (Technion).

Through grants that were allocated to laboratories in both institutions, knowledge and methods were shared between the scientists. It is important to stress that the Fondation Adelis initiative put the cornerstone into place for this collaborative work. We hope cooperation will continue, not only between The Weizmann Institute of Science and Technion – Israel Institute of Technology, but also through other institutes of equal standing.

The collaborations enabled the following:

Long-Lasting Collaborations

The exchange of knowledge and techniques between laboratories from both institutions helped break down barriers and eased the transfer of knowledge. Examples of knowledge transfer are, the Miniscope technique from the Ziv laboratory (Weizmann), the slice physiology from the Schiller laboratory (Technion), and the implanted tetrode method from the Derdikman laboratory (Technion). In addition to exchanging novel methods, the scientists collaborated on cutting edge projects which will be described later in this report.

Raising Funds from Competitive National Granting Agencies 

The initial funds from Fondation Adelis acted as leverage for researchers from both institutions to apply for further grants to enable the continuation of the projects. 

The Derdikman and Gutfreund laboratories (Technion) together with the Ulanovsky laboratory (Weizmann) recently received the prestigious and highly competitive BIKURA grant from the Israel Science Foundation.

It is our goal that such fund raising built on the foundation of grants from Fondation Adelis, will continue.

Advanced Core Imaging Facility for the Normal and Diseased Brain 

The Fondation Adelis donation helped establish an imaging facility, which will be situated at the Technion's Ruth and Bruce Rappaport Faculty of Medicine. Currently, we have purchased a state-of-the-art two-photon microscope, a one of a kind that will enable imaging and stimulation deep into the living brain. The group of researchers establishing the imaging center raised further funds and also recently received matching funds from the Israel Science Foundation through a competitive grant. This is an indication of success for the group. We hope the center will continue growing and will include state-of-the-art optogenetic lasers, MRI and more. Such a center is of prime importance. 

Viral Core Facility

We recently embarked on establishing a core viral and genetic facility for the neuroscience members at the Technion. Viral delivery of genetic material — via infection with designer-virus particles — has become a prime tool for many research fields, notably neuroscience, cardio-physiology, immunology, cancer research and more. 

Viral gene-transfer allows genetic targeting of select cells to express a multitude of genetic agents such as fluorescent markers, optical probes and actuators. These, in turn enable the user to trace cellular structures, tissue-wide connectivity, modulate behavior, and generate transgenic animals by gene-editing methods, to name but a few possibilities. This will be a one of a kind facility and we hope to support researchers from all over the Technion campus. 

Education for Research Graduate Students

With the Fondation Adelis funds, graduate students were supported with the provision of fees for tuition and the provision of stipends and travel funds to present their work in national and international conferences. 

The conferences included the annual ISFN (Israeli Society for Neurosciences) meeting, SFN (The international Society for Neuroscience, held in the USA) meeting and the European Neuroscience Society meeting (held in continental Europe). 

Technion – Weizmann Collaborative Grants.

In the 2017 round of distribution, four projects received grants for a total of $200,000 from the Fondation Adelis funds. These are:

	Assoc. Prof. Itamar Kahn, Technion - 
	Novel Methods for Quantitative Measurement of GABA in vivo


	Assoc. Prof. Asya Rolls, Technion -  
	Studying the Immune System in the Brain


	Asst. Prof. Dori Derdikman, Technion - 



	Rohdopsin Molecules which allow the Use of Optogenetics for Presynaptic Inhibition


	Prof. Jackie Schiller/Technion - 

	Regulation of learning-related circuit plasticity by genetically defined interneurons in cortical layer 1



A report on each project is in the appendix to this report.




























APPENDIX

Reports on Research Projects for 2017
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Novel Methods for Quantitative Measurement 
of GABA in vivo[footnoteRef:1] [1:  This work was done in collaboration with Dr. Assaf Tal, Department of Chemical Physics, Weizmann Institute. ] 


Assoc. Prof. Itamar Kahn, Technion 

We recently linked increased GABAergic activity in transgenic Nf1 heterozygous null mutant (Nf1+/-) mice to striatal spiny neuron increased excitability due to potential disruption in the potassium inward rectifier 2.1 (Kir2.1) channel. Based on these results we have started to explore potential therapeutic approaches. A fundamental challenge in developing therapies is to detect in vivo the rescue of GABAergic activity in both animals and humans. The Tal lab (Weizmann) is developing several MRI-based approaches to detect GABA in the living brain. Here, we propose to joint develop and optimize a novel GABA detection pulse sequence that will be tested with direct optogenetic control of striatal GABAergic spiny neural activity and the Nf1+/- mice.
GABA detection at preclinical, ultrahigh fields: 
1. To simultaneously measure GABA’s T1, T2 and B1+ values, we propose to incorporate a magnetic resonance spectroscopic fingerprinting framework into a standard MEGA-PRESS sequence, in which the excitation angles, echo times (TE) and repetition delays (TR) are varied in a stochastic manner. This introduces T1, T2, and B1+-weighting to the acquired signal, which is then fit to a set of pre-simulated curves to recover T1, T2, B1+ and the concentrations. This framework was recently demonstrated in our lab in humans for non-edited MRS sequences. 
2. To correct for field drift, we intend to use the water signal to track the magnet’s instantaneous field strength in real time by interleaved excitations of the water resonance each TR. We’ve successfully demonstrated a similar approach on a clinical scanner; here we will extend it to take into account Paravision’s advanced real-time feedback capabilities.
3. Finally, our unique approach to shimming using nonlinear optimization, which has already produced promising preliminary results at 3T in the human brain, will be used to optimize the shimming over the spectroscopic volume of interest, producing 20%-30% improvements in linewidth over the entire brain when compared to the shimming capabilities of our Siemens human scanner, translating into a 30% increase in SNR and 20%-30% improvement in spectral resolution. 
We have developed a novel pulse sequence for the Bruker Biospec system capable of detecting GABA efficiently by modulating the excitation amplitudes and inter-pulse delays, thus encoding its concentration and intrinsic relaxation parameters (T1, T2), all of which are crucial for accurately quantifying GABA concentrations. 
In-vivo single spectra from a 1 mm3 placed in the mouse thalamus acquired at 15.2T using a cryoprobe demonstrate the viability of the method. Basis functions have been generated for both 9.4T (Technion) and 15.2T (Weizmann) scanners using full quantum mechanical simulations, which has enabled the quantification of their concentrations using a linear-combination model (LCModel) approach. We are currently in the process of translating our excitation/fitting methods to both sites.
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Studying the Immune System in the Brain

Assoc. Prof. Asya Rolls, Technion

Using the generous support of Fondation Adelis, especially for the PhD student Ben Korin, we were able to develop a new method to study the immune system in the brain. We found immune populations that were not characterized before in the naïve mouse brain. This has implications for medical interventions and mainly, it uncovered, how little we know about the brain. This resulted in two main publications, one is the main finding (Korin et al 2017, Nature Neuroscience) and the new tool (Korein et al, Nature protocols, 2018). In addition, we wrote a review paper summarizing the potential in studying how the brain can affect immunity (Ben Shannan, Schiller et al 2017, BBI)
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On the left are the titles of the papers enabled by the Adelis support. On the right is a Figure from the Korin et al paper providing a single cell CyTOF characterization of the brain immune system, revealing the complexity of the brain’s immune compartment. 



In addition to the grant from the Collaborative Program, Assoc. Prof. Rolls was also awarded The Adelis Brain Award in 2017. This award was given to enable research to determine how the brain’s reward system can affect cancer growth. This research resulted in a major publication in July 2018 (Ben Shaannan, Schiller et al, Nature Communications). This study was cited by many news outlets. 

Arising from the initial research, further research is being carried out collaboratively with the Tel Aviv Medical Center.

[image: ]



 


Rohdopsin Molecules which allow the Use of Optogenetics for Presynaptic Inhibition

Asst. Prof. Dori Derdikman, Technion

This research was carried out in the laboratory of Prof. Ofer Yizhar in the Weizmann Institute of Science.

The research investigated each one of the candidate rhodopsin molecules proposed in our application, screening each one for expression in mammalian neurons, targeting to the plasma membrane and the capacity to activate Gi/o signal transduction by co-expression with GIRK1 channels and recording of light-evoked potassium currents. In this screen, we identified the invertebrate rhodopsin OPN3, originally isolated from m006Fsquitos, as the strongest candidate for Gi-pathway activation.

While OPN3 was effective in driving GIRK-mediated potassium currents, its expression in axons was limited. The Yizhar lab therefore generated several new constructs with improved targeting sequences, leading to an optimized variant which we now labeled eOPN3. This variant is now being tested for in-vivo function in the Yizhar lab, and once its effect on axonal terminals is validated, it will be used in the hippocampal-prefrontal pathway (in the Yizhar lab) and in the hippocampal-entorhinal pathway (in the Derdikman lab). 

The demand for an efficient axonal-silencing tool is great in the neuroscience community, and we believe that even the initial characterization of this tool will allow a whole new range of experiments in hundreds of labs worldwide. 

The Derdikman lab has set up a functional working behavior-electrophisology setup in mice, in combination with optogenetics, and has started to test the effect of hippocampal silencing on entorhinal grid-cells and head-direction cells function. We have found that during hippocampal silencing, the grid cell network, while being silenced too, still keeps the underlying intrinsic connectivity, while drifting in space from its original position. The head-direction cells, on the other hand, do not undergo such silencing. Thus the spatial representation is "there" while it is not manifested in the control of behavior of the animal.









Figure 1: Representative summary of thalamocortical silencing experiment. Amplitudes of synaptic responses to pairs of microstimulation pulses delivered to thalamocortical axons. Synaptic potentials were recorded from layer 4 somatosensory cortical neurons before light stimulation (1-15), during light stimulation (16-26) and after light offset (27-45). The results are consistent with a reduction in synaptic transmission during light stimulation of OPN3- expressing terminals.
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[image: C:\Users\Dori\AppData\Local\Temp\PastedGraphic-1.png]Figure 2: Representative summary of thalamocortical silencing experiment. Amplitudes of synaptic responses to pairs of microstimulation pulses delivered to thalamocortical axons. Synaptic potentials were recorded from layer 4 somatosensory cortical neurons before light stimulation (1-15), during light stimulation (16-26) and after light offset (27-45). The results are consistent with a reduction in synaptic transmission during light stimulation of OPN3-expressing terminals.
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Figure 3. Temporal and spatial cross correlations of simultaneously recorded grid cells pre and during hippocampal silencing. (A) An example of a pair simultaneously recorded grid cells (columns 1, 2) and their temporal, spatial cross correlation. Rows show pre and during inactivation data respectively. (B) The effect of smoothing the spike train on the temporal cross correlation using different window lengths with a moving average filter. (C) The temporal and spatial cross correlations of cell pairs of an entire group of simultaneously recorded grid cells. Rows 1,2 show temporal cross correlations pre and during inactivation, rows 3, 4 show the same for spatial correlations.

Relevant publications:
Mahn M., Prigge M., Ron S., Levy R., Yizhar O. Biophysical constraints of optogenetic inhibition at presynaptic terminals. Nature Neuroscience 2016 Apr; 19(4):554-6.

Klavir O.*, Prigge M.*, Sarel A., Paz R., Yizhar O. Manipulating fear associations through optogenetic modulation of amygdala inputs to the prefrontal cortex. Nature Neuroscience 2017 Mar 13. doi: 10.1038 / nn.4523.

Wiegert S., Mahn M., Prigge M., Printz Y., Yizhar O. Silencing neurons: tools, applications and experimental constraints. Neuron 2017 Aug 2;95(3):504-529.

Schiller, J., Berlin, S. & Derdikman, D. (2018) The Many Worlds of Plasticity Rules. Trends in neurosciences, 41, 124-127

Weiss, S. & Derdikman, D. (2018) Role of the head-direction signal in spatial tasks: when and how does it guide behavior? Journal of neurophysiology, 120, 78-87

Weiss, S., Talhami, G., Gofman-Regev, X., Rapoport, S., Eilam, D. & Derdikman, D. (2017) Consistency of Spatial Representations in Rat Entorhinal Cortex Predicts Performance in a Reorientation Task. Current Biology, 27, 3658-3665.e3654



Regulation of learning-related circuit plasticity by genetically defined interneurons in cortical layer 1

Prof. Jackie Schiller, Technion

This was collaborative research together with Prof. Ivo Spiegel at the Weizmann Institute of Science.  The goal was to identify the plasticity mechanisms that underlie sensory processing and associative learning in the mouse cortex model system. These analyses will be focused on layer 1 interneurons, a type of neuron that was suggested to be critically important for experience-dependent cortical functions but whose cellular properties and circuit function are poorly understood. 

This collaboration is truly synergistic and is intended to bring new insights of how the brain process sensory information and makes decisions. The Spiegel lab has made several new transgenic cre -mouse models labeling specifically the interneurons found in layer 1. These mouse models are new and will provide the necessary tools to perform the physiological experiments which my lab is an expert in. The Spiegel lab will continue producing new genetic tools that will provide my lab flexible ways to inquire the brain. 

The first step of the project is to transfer the mouse lines from the Weizmann Institute to the Technion and breed them. The first phase of the project was checking the breeding conditions and decided which of the strains to keep for further experiments. This part of the project is now completed and we agreed on which of the mouse lines to use for our collaborative project.

The next part of the project that we accomplished was to inject fluorescent markers to the cre animal strains in-vivo so we can stain the specific interneurons found in layer 1 of two main cortices the somato-motor and the piriform cortex. This step is time consuming because we have to wait for the expression of the fluorescent markers (1-2 month), perform full histology and characterize the slides. This step is now complete and we identified the neurons in the different cortical regions. We present an example of histological reconstruction of interneurons in somatosensory cortex. One can see intense and dense expression of the fluorescent gene in interneurons, which is necessary for guiding the physiological experiments.

[image: ]








The present stage of the project is doing brain slices after labeling the neurons in-vivo and characterizing plasticity process in pyramidal neurons. This is an ongoing project and we do not have yet significant results to report but we believe that after establishing the methodology we can now move more quickly establishing new findings.

Related publications and publications in preparation

1. Schiller J, Berlin S, Derdikman D. The many worlds of plasticity rules. 2018. TINS accepted.

2. Mel BW, Schiller J, Poirazi P. Synaptic plasticity in dendrites: complications and coping strategies. Curr Opin Neurobiol. 2017; 43177-186.

3. Khateb M, Schiller J, Schiller Y. Feedforward motor information enhances somtasensory responses and sharpens angular tuning of rat S1 barrel cortex neurons. eLIFE . 2017;6:e21843. DOI: 10.7554/eLife.21843.

4. Sandler M, Shulman Y, and Schiller. J. A novel form of local plasticity in tuft dendrites of neocortical somatosensory layer 5 pyramidal neurons. 2016, Neuron, Neuron. 1;90(5):1028-42. doi: 10.1016/j.neuron.2016.04.032. Epub 2016 May 19

5. G. Mishne, R. Talmon, R. Meir, J. Schiller, M. Lavzin, U. Dubin and R. R. Coifman, Hierarchical coupled-geometry analysis for neuronal structure and activity pattern discovery", IEEE Journal of Selected Topics in Signal Processing (Special issue on Advanced Signal Processing in Brain Networks), vol. 10, no. 7, pp. 1238-1253, Oct. 2016.
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