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I am writing to express my deepest gratitude to the H. L. Snyder Medical Foundation for the generous support you have given to further our work – and to provide you an update on the year’s accomplishments. 
Over the past year, our lab has made great progress in harnessing optogenetics to delineate the neural circuits underlying depression and other psychiatric disorders.  In particular, our latest studies highlight the importance of frontal cortex in fundamental, disease-relevant behaviors that go awry in depression, such as reward seeking, social interactions, and goal-directed actions.
For example, reward seeking is critical for survival, but sometimes suppressing this behavior is optimal to avoid negative consequences.  The ability to inhibit reward seeking when faced with the risk of punishment is impaired in a wide range of psychiatric disorders.  For example, individuals with substance abuse disorder continue to use the rewarding substance despite clearly negative physical or social consequences.  Similarly, self-injurious behaviors can become motivating in depression and other diseases.
In a study published in August in the journal Cell, we discovered that the decision to initiate or inhibit reward-seeking behavior when faced with the risk of punishment is regulated by a specific subset of neuronal projections from medial prefrontal cortex (mPFC) to the nucleus accumbens (NAc).  In our experiments, we first trained mice to press a lever to receive a reward.  On baseline days, they always received a reward every time they pressed the lever.  But on “shock-risk” days, they received a foot shock instead of a reward on 30% of the trials, resulting in a lower overall rate of lever presses.  We found that the activity of neurons projecting from mPFC to NAc was suppressed prior to lever presses on shock-risk days compared to baseline days.  By developing a novel technique called vCAPTURE, which labels previously active neurons, we were able to identify and selectively manipulate the subset of mPFC-NAc projections that were active during foot shock.  Optogenetic stimulation of these specific shock-responsive neurons suppressed reward-seeking behavior in the mice.
Identifying the neural mechanisms underlying the restraint of reward seeking may have wide-ranging clinical implications.  For example, in patients with depression, abnormal activity in mPFC neurons projecting to NAc could underlie anhedonia—the inability to feel pleasure—as well as the reduced interest in seeking rewards. Targeting this pathway (as a logical consequence of our basic science work) could restore normal reward-seeking behavior in individuals with depression, substance abuse disorder, and other neuropsychiatric disorders.
In another study published in August in Science Translational Medicine, we demonstrated that mPFC also plays a key role in the regulation of social interactions in autism.  We used optogenetics to alter neuronal activity in mPFC in mice lacking the CNTNAP2 gene, which has been implicated in autism.  Specifically, we decreased the ratio of excitatory to inhibitory neuronal firing in two ways:  1) increasing the excitability of inhibitory parvalbumin neurons or 2) decreasing the excitability of excitatory pyramidal neurons.  Both strategies successfully treated two hallmark symptoms of autism.  Not only did the mice display less hyperactivity, but they also showed significant improvements in social behavior, spending more time exploring and interacting with each other compared with novel objects. 

The imbalance in signaling from excitatory and inhibitory neurons in mPFC could represent the holy grail of psychiatry research: a single common biological pathway that is altered across a diverse spectrum of patients.  Moreover, the findings suggest that reducing neuronal excitation/inhibition balance in the mPFC could represent a novel treatment strategy for correcting abnormal social behavior in other neuropsychiatric disorders, such as depression, schizophrenia and social anxiety disorder.  Because our method of targeting specific cell types is suitable for primates, it well poised for rapid clinical translation.
In another study published in May in Neuron, our team combined optogenetics with a novel cortex-wide Ca2+ imaging technique to further demonstrate the key role of frontal cortex in goal-directed tasks relevant to psychiatric diseases.  Goal-directed behaviors are crucial for animals to survive in changing environments.  The successful planning and execution of adaptive behaviors in mammals has been thought to require long-range coordination of neural networks throughout cerebral cortex.  Prior to our study, it was unclear how neural activity is orchestrated across cortex to produce a single unified behavioral output.  Our experiments revealed a single cortical region that coordinates widespread neuronal responses related to decision-making behavior.  Moreover, we discovered that different cell types contribute distinct activity patterns to this global representation.  Together, these observations provide novel experimental support for the idea that widely broadcast task-related information could serve to coordinate cortical activity for a single, unitary behavioral goal.

Understanding these mechanisms may be important clinically, as disrupted or abnormal communication between cortical regions has been widely proposed to play a crucial role in psychiatric disorders.  In the long run, this research may point to future minimally invasive interventions to treat these disorders in humans.
In addition to cortical brain regions, the hypothalamus is a key brain structure involved in regulating goal-directed behaviors.  In studies published this year in Science and Nature, we performed optogenetic experiments that allowed us to identify hypothalamic neuronal processes underlying goal-directed behaviors such as water consumption and food seeking.  This research sheds light on the neural
mechanisms responsible for motivational drives, and could ultimately lead to new treatment options for eating disorders and other psychiatric conditions characterized by abnormal reward-seeking behavior.
Our lab has also made tremendous progress in optimizing our organ-clearing procedure called CLARITY.  As you may recall, this method makes tissue sufficiently transparent to visualize long-range cellular connections and to create 3D maps of the whole brain.  In a study published in July in Scientific Reports, we developed a new hydrogel approach that enables CLARITY to be applied to soft, fragile and irregular tissues, which account for the vast majority of clinical samples and biopsies. 
Previously developed techniques for clearing, labeling and imaging whole organs were generally unsuitable for these tissue types.  We validated and used our approach to examine a variety of developing and diseased tissues.  Because this method does not require specialized expertise, custom equipment, or expensive reagents, it could have widespread applications in research and clinical settings.
Over the past year or so, I was also honored to receive esteemed recognition for my contributions to the medical field.  I recently accepted the 2016 Harvey Prize in Human Health with my co-laureate and collaborator Peter Hegemann, professor and chief of biophysics at the Humboldt University of Berlin, for pioneering the development of optogenetics.  This award has a long and distinguished history in recognizing breakthroughs in science and technology of benefit to humanity.  The prize administrators noted that optogenetics—a technique that allowed scientists for the first time to control the electrical activity of neurons with millisecond precision— has revolutionized the field of neurobiology.  And earlier this year, I became only the second scientist to receive the 2017 Fresenius Research Prize, which is presented every four years to a single scientist by the Else Kroner-Fresenius Foundation in Germany.  I was honored for three distinct contributions to the medical field:  optogenetics, hydrogel-tissue chemistry (used to make intact tissue samples transparent with CLARITY), and research into the neural circuitry underlying depression. 
Despite recent progress and recognition, our lab is not resting on its laurels.  Taking advantage of high-powered data-collection, data-storage and data-analysis methods
that have only recently become available, we’re starting to do whole-brain analysis, collecting information from every cell in the brain and getting insights from not leaving anything out.  Every time I interact with patients and see firsthand the debilitating nature of psychiatric disorders, I am inspired to redouble my efforts and make discoveries that will one day enable millions of people with mental illness to be treated much more effectively than they are today.
But there is still a long way to go before we can translate these discoveries into a meaningful impact in patients’ lives.  Toward this goal, we will continue to progress through our proposed four stages over 10 years and begin the impactful work enabled by your most recent support, and the pledge of the Weigers Family.   In difficult times like these, it is through your visionary support that groundbreaking and ultimately transformative science can be done.
Thank you again for your extraordinary advocacy and continued generosity in supporting our work. 
Karl
Karl Deisseroth, MD PhD
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