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 [music]

[00:00:09]

We are in Boston at the Sheraton.  There’s an enormous event being held here called Next Frontier, The Brain Forum, Imagining the next decade of neuroscience research and development.  One Mind for Research.  There was a panel this morning on The Connectome, or Mapping the Brain and one of the speakers was Karl Deisseroth from Stanford.  Welcome.  
Thank you.

Actually, I was just looking as well at – somebody mentioned to me that there was a piece by Carl Schoonover in the Science section of The New York Times just a week ago in which he talked about what you do, the optogenetics as the headline is “Control Desk for the Neural Switchboard” and then your TED talk was called a “A Light Switch for Neurons.”  But would you just do an idiot’s guide to what optogenetics actually is and what it’s used for?    

[00:01:01]

So optogenetics is using light to control the brain.  It’s a way of putting light in to stimulate or inhibit well defined populations of brain cells.  And this works even within complex intact systems as difficult to work with as freely moving and freely behaving mammals.  And so it’s an opportunity for us to understand more about the causal role of specific kinds of cells in very complex and high level behaviors.  

So, I assume this is in mice, right?  So, 

It’s chiefly in mice, rats, but it’s been used in a number of other organisms as well.  Starting to be used in primates of the non-human variety and a great deal of lower organisms, including flies, worms, fish and the like.

Yeah, so, what do you actually have to do?  What’s the engineering involved there?
[00:01:57]

So, it’s very simple.  There’s only one component that you have to put in besides the light.  And that’s a single gene that encodes a protein and this protein receives light.  It’s like an antenna for light.  And when it receives light, it opens up a pore, a hole in the membrane of cells that allows ions to flow across.  And this happens to be neural code for on or off, depending on the kind of ion that’s allowed to pass through.  So this is a way of implementing light activated control of ion flow, which turns out to be able to turn neurons on or off.  Now this is a single gene that delivers these complex functions.  And so you just have to get that gene into the target cell.  We can do this very readily with vectors of various kinds that are safe and easy to use.  

In this piece, it says that – reminds us that you’re a practicing psychiatrist. 

That’s right.

Actually, you’re M.D., Ph.D., but also connected to the School of Bioengineering at Stanford as well, right?  

That’s right.
“Whose dissatisfaction with current treatments led him to form a research laboratory in 2004 to develop and apply optogenetic technology.”  So, one assumes – what were you dissatisfied with and how do you think optogenetics will fix it in terms of psychiatry?  

[00:03:16]

The main problem is understanding.  We lack a deep understanding of what’s going wrong in psychiatric disease.  In the same way that a cardiologist knows that heart failure is due to a poor pump function of the heart, we don’t have that level of understanding for depression or anxiety or schizophrenia.  If we had that understanding, if we had that insight, that would open the door to designing more specific drugs, maybe more specific brain stimulation treatments.  Maybe even better behavior and cognitive treatments.  So our main goal and the source of most of the challenges that we face in psychiatry is simply insight or understanding and to what the essence of the disease really is at the neural circuit level.  And that’s my goal, and my only goal, is to deepen our understanding of psychiatric disease symptoms.  

Just for the lay people at home, let me ask what may sound like a silly question.  Is this, is this something that could be used in human beings?  
[00:04:13]

It could be.  There’s no fundamental barrier to that.  I think you always have, when you have a device in people, particularly a complex device, there’s a broad range of risks and benefits that have to be weighed and traded off.  And for that reason, that’s not at all the primary goal of optogenetics.  It might be used in people for some application where the risk/benefit trade off is appropriate, but much more importantly, it’s to achieve an understanding of the disorders so that we can deal with the patients better at all levels.  

You shared some slides, actually there’s moving pictures, of mice.  Could you just – we’ll see those again later, but could you just explain what was going on there?
[00:04:53]

One thing that we did recently, this was work led by a post doctoral fellow in my laboratory named Kay Tye and a group of associated students working with her, was that there was deep within the amygdala, which is a brain region historically linked to fear and anxiety responses, that there is built-in deep within it, a specific anti-anxiety pathway that when activated in real time, will turn off or potently turn down anxiety symptoms in freely moving mice.  And moreover, if you inhibit this pathway, you can increase anxiety symptoms.  Again, in real time.  But the surprising insight is that there is buried within the amygdala, a very specific anti-anxiety pathway which could not have been resolved in this way or this precisely without optogenetic precision.

And you, in the first pictures, the mice are basically hugging the walls – 

That’s right.

- of the enclosure because they’re anxious, right?  

That’s right.

Later on, after you’ve done an optogenetic procedure on them, they’re actually seen to be quite happy moving around the middle of the enclosure as well.  
[00:06:05]

That’s right, so we have quite reliable tests in mammals that are as simple to use as mice for anxiety.  And one of them is essentially what we call an open field test.  The mouse will choose to spend its time against the walls of the chamber and not venture out into the middle.  We know that when we give it anti-anxiety medications that work in people, it will spend more time in the center of the box.  It’s more comfortable, it seems, and less anxious, you might say, about the possible consequences of being exposed out in the middle of the chamber.  Now, we – all we did in this experiment and in the movie that’s available on line and associated with the paper, is activate this anti-anxiety pathway.  And we saw an immediate change in the animal’s response.  Right way, it was – seemed perfectly comfortable with being exposed in the middle of the box again.  And we could switch this behavior on and off, more or less at will.  

Hmm.  So, you’ve – these are the neural collets of anxiety in a sense then?  So, does this fit together with post traumatic stress syndrome?  Where does it go?  Where do you take this?
[00:07:16]

It could, you know.  I’ve spent a lot of time treating patients with anxiety disorders and working with veterans with PTSD, which is an anxiety disorder and a very difficult and hard to treat disorder.  And, again, we have this challenge that we don’t really understand it and this could help us understand more deeply, not only what circuits might be failing in PTSD, but also, therefore, which circuits could be made more potent, perhaps, as a treatment for PTSD.  It’s a wonderful opportunity and the appeal of optogenetics is that it’s, it gives us not just a correlate, it gives us causal information.  We know that when we drive this pathway, we control the behavior.  And so it’s, in some ways, it’s complimentary to imaging types of experiments which give you a correlate where you can see something happen at about the same time as a behavior or something like that.  That’s the usual use of correlate.  In this case, we bring in a control tool.  We actually make something happen and we can see the behavioral responses.  

Could you tell the pond scum story?  Briefly.
[00:08:29]

Well, what’s amazing, you might ask where do these tools come from?  Where does the light activated regulator of ion flow come from.  And, you know, we have in our eyes, for example, we have, of course, photoreceptors.  We sense light and things happens as a result of light.  So you might say, why don’t you just reconstruct our visual system in a neuron?  That’s been tried, but it turns out not to be practical.  There are too many components to our retinal phototransduction process.  There are many components that have to work together.  Many proteins, many genes that have to work together to create the visual response.  But microorganisms do things much more simply and efficiently.  They have small cells and small genomes.  And they do everything with these all-in-one single component tools that encompass light sensation and ion flow, all within a single gene.  One of these is effectively what you might call pond scup.  It’s a single celled green algae that makes a light activated regulator of positive ion flow.  And using this, we can – taking this gene from this algae from this pond scum, we can introduce it into neurons and effective create light sensitivity in a very simple, efficient, single component fashion.

On the – you’re obviously also a Howard Hughes medical investigator as well.

Yes. 

On your HHMI page, I found this quote interesting, “Because of the vast potential of optogenetics, Deisseroth is actively courting advice from bioethicists and philosophers.  ‘We want to make sure the ethical issues are addressed,’ he says, ‘What does desire or want mean if we can stimulate those feelings with a flash of light?’”  

[00:10:14]

Yeah, and this is something, you don’t even have to think about application to human beings to, to have to think about this.  The simple implications of realizing that the most fundamental processes in the human brain actually do arise, we think, from specific kinds of activity in specific cells.  You have to start to think now as your control tools become more effective, as it becomes more plausible that one could turn on or off specific kinds of activity in the most refined and interesting kinds of cells, that almost everything that makes people different and people interesting is, in principle, expressible in terms of different patterns of activity in different cells.  So, it’s a, it’s not a concern in the sense that it’s – this technology is something that’s relatively complicated.  It could never be used as a weapon or anything concerning like that.  But it, I would say, it highlights, it highlights the ethical question of what it means, and the philosophical question of what it means that people are different.  That they have different priorities, different needs.  It points to the physicality of the brain and the, the circuit reality of what makes us human.
Interestingly enough, the story in the Times was written by Carl Schoonover, as I said.  He also invited myself, Patricia Churchland and Jesse Prinz to Columbia and we had a debate based around Pat’s new book, Brain Trust which is what, what neuroscience can tell us about morality.  So, that’s somewhat of an overlapping area with what –

Yeah, he’s a very, very thoughtful guy and a good writer.

You, this tool, you actually have distributed this widely.  I mean, we did a conversation with Loren Frank, maybe a year ago and he, he was working with you on something at that point.

[00:12:10]

Yes.  Yes, we’ve now sent the tool to more than a thousand laboratories worldwide, which means many thousands of investigators are now using various components of this, this tool kit.  And we also will bring them to our lab for brief optogenetics training sessions, which can be covered in two to three days and really have a big impact on their ability to get everything working well.  And, it’s been one of the most satisfying aspects of the work we do, to see it become useful for other people and help their experiments and their insights as well.

How, what’s your sense of the meeting and the need for this particular thrust?

So, it’s a – this meeting, it’s very well timed, as you know.  This is the 50th anniversary of the JFK Moonshot speech and this is the next frontier, I think, in not just neuroscience and not just biological science, but in science in general, I think.  The human brain is one of the most complicated systems of any kind that we know of anywhere in the Universe.  And so it’s going to require biologists, it’s going to require physicists, statisticians, computer scientists, people from all walks of life, chemists, you know, algae biologists, people who bring diverse kinds of expertise to bear, all of this will be required to generate a unified and focused program on understanding the human brain, analogous to what made the moonshot successful fifty years ago.  So, I think, you know, with no illusions about the complexity of the challenge that faces us, I think it’s a wonderful opportunity to bring people together and highlight what we need to do.

The role of science in society, here, deeply intermingled in this and that’s what The Science Network does as well.  And I ask everybody this question, when he took over, President Obama said that his administration would restore science to its rightful place.  What do you think is the rightful place of science?

[00:14:19]

I think science, in many ways, has created the world that we live in together with people from other walks of life as well.  If you look at what makes the civilization we live in so meaningful for us, it’s largely driven by scientific and engineering advances coupled, of course, with philosophical and political advances that have made the society a workable place to live in.  I think that partnership needs to progress forward.  The partnership of science and engineering and the folks in politics and law, this is a – these are groups who don’t often speak the same language and may have difficulty communicating with each other at times, but it’s – these, these, this partnership needs to happen to make society advance and, and to solve the problems that we face.  I think the natural role of science is to be a partner with people from all walks of life, particularly, those involved in setting the direction of our society.  And I think everybody needs to be a good communicator.  Scientists need to be able to communicate what’s important about science.  What the problems and challenges and limitations of science are at the same time as folks on the political side need to be able to express the realities of their situation and limitations as well.  So, it’s a communication challenge that we all face.

So, are you surprised to find yourself in this position?  I mean, when you think back to – what were the drivers, what were the stimuli that actually even got you interested in science in the first place?  Did you have parents who – was it a book?  Was it a teacher?  How did you –

[00:15:55]

I had a – my parents were influential.  My father is a hematologist/oncologist.  He’s a doctor.  He studies blood diseases and cancer diseases of the blood.  And has done some wonderful research on leukemias and lymphomas.  My mother is a chemistry teacher and she taught me all the chemistry I know, so, um, yes, they were very influential and very, very important to me.  And, of course, for my, my own recent direction, it was all driven by the medical need.  As a medical student in the late 1990’s, I observed some of the limitations that are associated with current psychiatric stimulation treatments, like electroconvulsive therapy, which is very effective, but of course, has some limitations and is not as specific as we would like.  And, that led sort of a prolonged search for better ways to achieve control over the neural circuitry.  When I started my laboratory as a principal investigator in July of 2004, I made that one of the first priorities of my lab.  
Why did you, why did you choose psychiatry?

You know, when I went to medical school it was the last thing I ever would have chosen.  I was thinking about neurosurgery and, you know, when I did psychiatry, I, uh, just meeting the patients was what did it for me.  Just seeing the, the people who were suffering with such debilitating disorders and yet I, I knew this was a field that had a very long way to go because of how difficult the brain is.  So I found it a, a challenge as well as a way to perhaps help some people who are suffering.  
So you’re, the optogenetics, I mean, the experiments you’ve been doing, you’re basically dealing with that happy substance, dopamine, aren’t you?  

 [00:17:48]

(laughs)  Dopamine’s important, and there are a lot of others too.  One, one problem that we face is that the neurotransmitter way of thinking, while it has been extremely helpful, is it can only explain so much.  A single neurotransmitter will do many different things in many different parts of the brain.  One thing we hope to do is help to enhance a neural circuit dynamic understanding of the brain, where we think about flow of electrical activity from one region to another and hopefully that will compliment the neurotransmitter concept.  But, yeah, it is interesting.  My firs principal investigator grant was from the National Institute of Mental Health and so I, I think that, that’s been there all along from July of 2004.

When your practicing psychiatry, is there a specific kind of school of thought that you use?  I mean, do you use cognitive behavioral therapies from Aaron Beck or what? 

 [00:18:44]

I think all, all psychiatrists use elements of cognitive behavioral therapy.  It’s a, it’s a bread and butter technique in the field.  I also administer medications.  I am probably, more than anything else, a psychopharmacologist in my treatment that compliments the CBT or cognitive behavioral therapy type aspects.  And finally, I do a fair number of brain stimulation treatments.  I do vagus nerve stimulation.  I’ve done many electroconvulsive therapy treatments.  We do transcranial magnetic stimulation as well.  Constant process of trying to improve the technology.  Make it less invasive, more precise, few side effects and more effective.  

Yeah.  Having gone the trajectory you’ve gone and so on, having your own lab, the D lab as it says on your website, your students, I mean, what advice do you give to, to a young scientist?

 [00:19:43]

You know, I – this, this comes up a lot.  I tell them to have a balanced portfolio.  To try some risky things and some, some safe things.  But to never have their entire portfolio be things that would be done anyway if they weren’t doing them.  I think one thing that we all need to do is find what, what we’re uniquely good at and make that something that is a big part of what we do that helps, of course, the progress of science and then helps people become excited and helps them get into work in the morning.  

Yeah.  Do you have any sort of interest in the history of science as well?

I do.

If I gave you a time travel token that allowed you to bring to your dinner table anybody you’d like to talk to that you think you’d like to ask a question of, does anybody spring to mind? 

 [00:20:36]

You know, I, uh, one thing that I’ve encountered in my reading about science is I’ve been really extremely impressed by two scientists who’ve inspired me.  One, who many neuroscientists are inspired is by Ramón y Cajal, the Spanish neuroanatomist, because of the breadth of what he was able to do and the systematic and yet rigorous way he was able to march through so many circuits, so many different organisms, so many kinds of cells and just by the scale and the precision and the clarity of thought that he was able to bring to bear, he had an influence on neuroscience that’s still affecting us all today.  On the chemistry side, I, I’ve always been impressed by the, the magnitude of the achievement that Linus Pauling brought to bear and he’s been one of my, one of the scientists who I’ve most admired as well.  

Oh, that’s interesting.  It occurs to me that the Advice to a Young Scientist was actually a title of a book written by Sir Peter Medawar, but you have reminded me that Ramón y Cajal wrote Advice to a Young Investigator as I remember –

 [00:21:51]

(laughs)  I think I have a copy of that somewhere.

Yeah, me too.  In terms of these kind of efforts, do you think scientists should get more involved in, or should try and get more involved in actually going into, trying to get into the House, into Congress and so on?  

I think that would be a good thing.  I think there are already some physicians in, in Congress, but not many from the real basic science and engineering side.  And that’s part of the communication, to tell those stories.  One thing that you don’t hear about is exactly why basic science is so important.  You know, you can, you can see people say it now and then, but I don’t think people really understand how little we know and so how important it is that we tackle all the interesting problems that are fundamental to how biological and natural systems work, even if we don’t see an initial and direct application to a disease.  That, I can’t stress enough, is absolutely essential.  You know, it would have been foolish to have tried to make a prediction that the study of single celled algae would have contributed to our understanding of anxiety in people.  You could never have written a grant that would have made any sense with that kind of motivation thirty years ago.  So, I think our mission needs to be, as scientists, to try to find a way to communicate these stories better and if that is within the political system, so much the better.  I think it would be wonderful if we could do that.  

So, what’s going on in your lab right now?  What are you working on?  What’s the next thing on the agenda?

 [00:23:33]

Well, you know, there’s been so much technology development over the past 6 or 7 years and we can do so much with the tools that we have now developed that I’ve been very excited to now bring it back to my roots and apply the technology to questions of neurological and psychiatric disease.  For me, that’s a thrilling process that we’ve been working hard on over the past 2 or 3 years and it’s been amazingly fascinating and productive to start to understand what is causing particular kinds of psychiatric symptoms and understand what kinds of changes might resolve them.  It’s, uh, for me it’s coming full circle in some way that’s very satisfying.  

Can you give me an example that springs to mind?

 [00:24:29]

You know, the anxiety work that we’ve talked about, I think, is a very, a very good example for me.  Realizing how hard anxiety disorders are to treat, how, you know, spending nights, you know, being on call at the Veteran’s Administration Hospital, spending hours on the phone talking with veterans suffering from PTSD, calling in just needing somebody to talk to.  You know, realizing how hard it is to treat, these are folks who have all the medications and cognitive behavioral treatments and all else that’s available.  It’s not working.  And, you know, I – those memories have never left me.  And they continue to motivate me and I think starting to make headway on anxiety is, for me, it’s a very, very important moment.  

Just fill that circle in for me.  How do you go from this invention of yours to resolving those heart rending issues that you just described there?  I mean, how do you see them being actually employed?
[00:25:36]

Yeah.  This, this might take a very long time.  It might, the insights that we are now finding in anxiety disorders are important in helping us realize the circuit basis of, of the symptoms.  Now, whether that will lead to a medication that directly targets this aspect of the circuit we’ve identified, that could happen.  Or, perhaps it will lead to a brain stimulation treatment that more precisely targets that circuit.  And it could be any brain stimulation treatment you might imagine.  It might be a transcranial magnetic stimulation treatment that is set up to target this kind of circuitry that’s buried deep within the amygdala.  Or, it might be a cognitive or behavioral treatment.  Or, it might just have an impact by virtue of deeper understanding and our increased ability to, to support these individuals who are suffering, whether through community or other social support services.  So, I think there are many avenues in which the insight will, will help and at some level the insight is the, is the most important thing.

Do you talk about these issues, I assume, with people like Joe LeDoux and Liz Phelps, the notion of fear extinction?  

 [00:26:50]

Yeah, I’ve had good conversations, you know, we co-authored a paper with Joe LeDoux primarily from his laboratory and these are all people who are part of the conversation.  Wonderful work on fear is also being done at Cal Tech, David Anderson’s group and Andreas Lüthi’s group in Switzerland.  There’s a – using optogenetic tools and so there’s a wonderful expanding community that’s bringing these tools to bear standing on the long history of very important pioneering work done on the amygdala on fear and anxiety.  

So, it’s actually the precision that you’re looking for.  I notice in the Times piece that David is quoted that saying that current drug treatments are rather like a sloppy oil change.  If you dump a gallon of oil all over your car’s engine, some of it will dribble into the right place, but a lot of it will end up doing more harm than good.  

 [00:27:43]

(laughs)  That’s probably true.

So the precision is what we’re –

Yes.

- what you’re talking about here.  Okay, so what are you optimistic about?  

 [00:27:52]

Well, it’s – I, I’m optimistic that we’ve turned a corner.  I think we’ve, we’ve had a fundamental limitation for so long.  And I think, in the last few years we’ve taken a quantum leap in what we can do.  And I, I don’t know where it will continue to take us, but I’m already happy with the insights that have emerged and so I’m, I’m optimistic that we will continue to deepen our understanding of our, our brains and ourselves.

Karl Deisseroth, thanks very much for talking to us.  

Thank you.

[END OF RECORDING]
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