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STEVEN LEVY, M.D.:  We are very grateful, here at Emory, in the Department of Psychiatry, to be closely associated with NARSAD.  52 different investigators at Emory, 28 of whom are or were in the Department of Psychiatry and Behavioral Sciences, here, have been funded in their research work, by NARSAD.  We are a department that is passionate about helping patients and families of patients, who have mental illness.  We're passionate about providing clinical care.  We're passionate about doing the research that will help us explain the pathophysiology and help to develop new treatment modalities to help patients.  We're passionate about delivering the care.  And we are very grateful for the support we've had from NARSAD.  Among those investigators from all over the country, it's worth nothing that Tom Insull, one of them, was a professor here.  Now head of NIMH.  Helen Mayberg continues to be a professor here in our department.  So we feel that we are really at the cutting edge of doing important research that will answer the questions that are relevant to the kinds of patients that you saw a brief picture of, in this DVD.


We're going to hear three talks, this morning, about important areas of research that are relevant to understanding and developing better treatments for mental illness.  Our first speaker is Dr. Kerry Ressler.  Dr. Ressler is an investigator of the Howard Hughes Medical Institute, and an associate professor of psychiatry and behavioral sciences, at Emory University, and at the Center for Behavioral Neuroscience.


He received his bachelor's degree in molecular biology at the Massachusetts Institute of Technology, in 1990, and his M.D. and Ph.D. degrees from the Harvard Medical School, in 1997.  In 1992, at Harvard, Kerry was the first student of Nobel laureate Dr. Linda Buck, helping to identify the molecular organization of the (Inaudible) receptor family in mice.  His current research focuses on translational research, bridging molecular neurobiology with human genetic research on fear and anxiety disorders.  His clinical work focuses on the genetics and the phenotypes that underlie PTSD.  His laboratory examines the molecular biology and neurocircuitry underlying the learning and unlearning of fear, in a variety of behavioral and genetic approaches.  The long-term goal of this work is to understand the molecular mechanisms of genetic loci that contribute to fear-related disorders.  Dr. Ressler?


(Applause)


KERRY RESSLER, M.D., PH.D.:  Thanks so much, Dr. Levy and Dr. (Inaudible)  Welcome, everyone.  Thanks.  It's a pleasure to be able to tell you a little bit, today, about some of the work we're doing.  And to sing the praises of NARSAD, I was also recently elected to the scientific counsel.  And it's just an amazing group of people.  And the efforts that they've done and the amount of money they've raised to promote for mental health is just outstanding and amazing.  And we all, you can tell, are very big fans of this program.


So my specific role, this morning, is to tell you about anxiety.  NARSAD used to be the National Alliance for Research on schizophrenia and depression.  And what they realized, several years ago, was that our understanding of clumps of disorders ... as we would typically call them by DSM-4 ... were certainly not fully based in neurobiology, as much as we would like it to be.  And that, in fact, many of the mental health disorders are much more aligned and similar than previously thought.  And so they've put more and more effort into broadening the effort of mental health research, realizing that understanding components of any aspect of mental health research will help us understand more about the original goals of schizophrenia and depression.


And I'm going to be telling you a story about anxiety disorder.  And the reason that we study anxiety disorders ... in part because they're very debilitating ... post-traumatic stress disorder, as experienced by up to a quarter of our returning veterans, and even a higher number of our inner city civilian population is extremely traumatized.  But in addition to that, scientifically, why it's such an exciting area to study is because it is among the disorders and among the brain regions that are most well understood.  And so we believe that by taking advantage of the evolutionary conservation of fear and anxiety, across mammalian species, we have a much better chance of really understanding the root, the neurobiology basis of these symptoms, which may give us one of the first areas that we can really understand how molecules and genes affect circuits which affect behavior.  And we think that understanding is what's really going to transform psychiatry to being a field that, in addition to understanding the psychology of humans, we also understand the biology of their minds and their brains.



(Background Conversation)


KERRY RESSLER, M.D., PH.D.:  This is (Inaudible) it's a highly accepted, basic model of what we're studying.  And the part of the brain we're focusing on is called the amygdala.  I think many of you probably experienced this sort of situation, where you're walking through the woods; all of a sudden, your heart stops, you jump, you almost stepped on a snake.  After all that's happened, you realize it's a stick.  And what that experience tells us is that the part of the brain that's involved in rapid emotional responses is faster than consciousness.  And what we think is going on, now, is that the eyes see the snake or stick, that very rapidly sends signals to the part of the brain called the visual thalamus ... the (Inaudible) parts of the brain that recognize that ... and that sends projections back to the (Inaudible) cortices that are involved in figuring out if this is in fact a snake or a stick.


But, very rapidly, it also goes to a part of the brain called the amygdala.  And this part of the brain is hard-wired, and is very similar in humans and mice and everything in between.  And it sends hard-wired projections that activate the fight-or-flight response.  And this system has already been activated, telling you that you're about to die, before the rest of the brain gets to figure out that maybe you're not, it's just a stick.


So the concept of a panic attack is a very important one for understanding this from a perspective of diagnostic disorder.  So if someone has had a panic attack, whether it's in the context of panic disorder or whether it's in the context of seeing a snake and being afraid of snakes, one would experience symptoms like this.  You might say, all of a sudden I was dizzy, my legs gave out on me, I couldn't catch my breath, it felt like someone was choking me, my heart was beating too fast, I was terrified I was dying, I had to get out of there.  And the symptoms that go along with a panic attack are increased heartrate, chills and hot flashes, nausea, abdominal distress, shortness of breath, chest discomfort, sweating, lightheadedness, and choking sensation.  And then more cognitive interpretations of this, like expressions of fear and fear of dying.


We can really think of a panic attack as similar to a fear attack.  It's just different semantics, but it's the same idea here.  And although we often associate the idea of a panic attack with panic disorder, where it seems to come out of the blue, it turns out that you get panic attacks with all of the fear-related anxiety disorders.  

With simple phobias.  If you're afraid of a spider, and a big spider lands on you, these same sort of symptoms are going to happen; you just call it being afraid.


If you have social phobia or social anxiety disorder, and you're giving an extemporaneous speech in front of people, you're going to have these same series or symptoms.  And similarly, with post-traumatic stress disorder, if a cue happens that reminds you of the smells in Iraq or the smells in Vietnam, etcetera, and you have a flashback, you have these whole series of symptoms; what we call a reminder or a nightmare flashback, etcetera.


The reason I think this is such an important distinction is that if you pay attention to these symptoms, that everyone who's had a panic attack can acknowledge and that are well substantiated in our nosology in DSM-4, these exact same series of symptoms are known to be hard-wired, output responses of the amygdala.  So let me walk you through this slide.  So this is a schematic diagram of that part of the brain I was telling you, the amygdala, that activates this hard-wired fight-or-flight system.  And it's conserved across mammals.  When this part of the brain, called the central nucleus of the amygdala, sub-region of the amygdala, is activated, in mice or humans, electrically or chemically, you get a hard-wired series of outputs.  And so one region leading the changes in heartrate and blood pressure; another the GI changes and bradycardia and ulcers; another the respiratory changes; another vigilance and attention.  And there's corticosteroid release, which activates the hormonal fight or flight response.  And Dr. Heim will talk more about this area, later.  And then also startle and freezing.  And I'll tell you more about that, in a minute.  That's the ways we can measure fear and anxiety in animals.


What's so exciting, I think, for psychiatry, about this pathway is it's the closest we have, so far in psychiatry, to a reflex, like we have in neurology.  It activates this part of the brain.  You get this whole series of behavioral symptoms that's fear.  And now we can move the question backwards a little bit and say, what is it about up front of this?  Why do some people learn to have all these responses ... emotional learning ... and others maybe be more impervious.


So I want to play a video of a woman who had post-traumatic stress disorder from a prior attack.  And the point here is that a lot of emotion is about learning.  And once you have a traumatic experience and develop PTSD, these memories seem to be indelible and unable to be forgotten.


WOMAN:  You can not get those horrible thoughts.  It's just a repetitive wheel that keeps turning.  And it interferes with your everything.  And you're sitting there, trying to feel happy or try to think yourself happy, and just quickly you take those thoughts out of my head, and you constantly are trying to distract yourself or set up little, you know, different props, just to try to get those thoughts out of your head.


KERRY RESSLER, M.D., PH.D.:  In some ways, we can think of disorders like post-traumatic stress disorder as disorders of emotional learning in which you can't overcome that emotional memory.


I'd like to focus my talk on what puts people at risk for anxiety disorders, especially post-traumatic stress disorder and others.  (Inaudible) sort of a time line of who does and who doesn't get it.  And then focus on also in the beginnings of what puts people at risk and might we be able to eventually develop new diagnostic approaches to know who's at risk, who is not, based on environmental and psychological histories, as well as genetic components.  And then how do we treat it.  And are there new ways that we can come up with, aside from the old put a chemical in the brain and keep it there forever and the brain's going to change ... but, instead, by taking advantage of new understanding of learning and memory, can we enhance emotional learning; enhance the effects of psychotherapy.


So in the beginning, the question, for example, with who develops PTSD and who does not ... I was very drawn to this area because it seemed so simple.  It seemed like somebody would be fine, a severe trauma would happen, and then they were changed.  We can study that.  We can model that.  Well, it turns out it's a lot more complicated.  And after the exact same trauma, about 70 to 80 percent of the people recover.  They'll have a bad memory, they'll have a period of bereavement, it'll be a bad thing that happened to them.  But it's purely a declarative memory.  About 20 percent of those people, after a severe trauma, will go on to develop post-traumatic stress disorder.  And those people can't recover.  It's like they're constantly reliving that.  What's the difference?


Well, one thing that's different between those who do recover and those who don't is this idea of a preexisting sensitivity prior to the trauma.  So we know that it turns out, genetically, if you look at twins studies, about 40 percent of the risk for who is going to develop PTSD versus who is not, after a severe trauma, can actually be carried by genetic heritability.  So the first study I'll tell you is some beginning work on trying to understand how genes may work in this process.  We also know that environment is important.  If you have a history of trauma loading, a history of many traumas, especially early child abuse ... as we'll be hearing more about in the second talk ... that puts one at particularly high risk.


(Inaudible) the idea of learning a fear.  The actual traumatic event.  More severe traumas put one at higher risk for PTSD.  A new idea that's developed,. in about the last 20 years, is that memories aren't made immediately.  Rather, they have a period of rebility before they become permanent.  Some of the best examples of this is, for example, the idea of retrograde amnesia, after you've had a head injury.  You may not remember something for hours to days.  If somebody has a seizure, they're going to have forgotten something that happened before the seizure.  These sorts of evidence, historically, told us that memories aren't permanent immediately; rather, there's a period of consolidation, whereby they become more permanent.


And more and more is being understood, now, about what transpires in the minutes to hours to days after a traumatic event, suggesting future interventions.  Could you, on the battlefield, give someone a drug for a specific kind of psychotherapy, so that they'd remember the bad thing that happened, but they wouldn't be emotionally overwhelmed by it in the future; or similar in the emergency room.


What happens after a memory becomes permanent is they express it over and over again; both by actively trying to remember something, but usually, in PTSD, they're trying actively to avoid it, and it keeps coming back.  So, through nightmares and flashbacks, they're reexperiencing these things.  And through behaviors and again these sort of reflex responses ... avoidance and sympathetic response and startle.  It turns out that those recover, that 80 percent that don't develop PTSD after a single trauma, one thing they do is discriminate.  For example, I know I was attacked, in a wreck, with that bomb, etcetera.  But that was there, this is now, this is a safe place; it's different.  (Inaudible) PTSD tend to generalize.  Yes, it was over there, but the world is not safe, and every time I hear a loud noise ... first, one specific place is dangerous, then the outside world is dangerous, and other people are dangerous, and the world that's safe gets smaller and smaller, and they end up stuck in their houses or their bedrooms.  That sort of thing.  So they generalize the dangerousness of the world.


So, to recover, extinguish.  And I'll tell you a lot more about this in a minute.  But Pavlov, the classic Pavlovian conditioning, from over a hundred years ago, in Russia, defined both the basic tenets of conditioned fear, as well as extinction of fear.  And the idea here is that if you have a cue that reminds you of something you're afraid of, and you're exposed over and over again to that cue and nothing bad happens, eventually you will learn that it's not a bad thing.  And that basic concept is called extinction.  Those who have PTSD seem to have a deficit.  They can't learn that something is safe, and they seem to sensitize.  Every time they remember it, it seems to get worse and worse.


So the first story I want to tell you about is the risk story.  It's at the top of this hierarchy.  What puts people at risk versus resilience for the possibility of post-traumatic stress disorder.  And I'll have a very brief introduction, that Dr. Heim will go a lot more into, on, again, this stress-response axis.  So CRH, corticotropin releasing hormone, is one of the hormones released from this part of the brain I've been talking about, the amygdala.  That activates CRH in another part of the brain, called the hypothalamus.  So this is kind of the top of the endocrine axis.  That activates ACTH to be released, which then activates cortisol response from the adrenal gland.  So when you hear people talk about the hormonal fight or flight response, they're often talking about this process.


We began by looking at genes that are involved in this.  And the reason is that one of the most repeated biological findings in psychiatry, for PTSD, is the following.  If you look at people's baseline blood cortisol level ... so let's focus on normal subjects ... you have a variant that is reasonably well distributed.  If you look at those with PTSD, sometimes it's a little tighter and a little lower, but, for the most part, it's a similar variant.  The critical point is if you do an interventional measure to repress their HP axis ... so you give them a cortisol analogue called dexamethasone ... and then you test them again, afterwards.


Their brain has responded to this feedback system, so it's seen what appears to be more cortisol, and it's shutting down this system.  When that happens, and then you measure it again, everybody decreases.  We call this cortisol or dexamethasone suppression test.  Well, the critical point is if you do that in people with PTSD, they suppress, but they suppress consistently, much, much more.  And so what this suggests is that this feedback system is somehow hypersensitive or dysregulated in people who have PTSD.  Might genes that are involved in this feedback system be involved in this risk factor?


Well, one particular gene that's involved is called FKDP-5.  So there are a lot of words that I can barely pronounce here, but the main idea is that this protein, or chaperon ... so these little circles represent proteins in a cell.  And cortisol normally binds to this protein called GR.  Glucocorticoid receptor.  When it binds, it goes to another part of the cell, called the nucleus, and makes new genes.  So this is where transcription occurs.  FKDP-5 is particularly important in this feedback system, because it normally prevents that from happening.  When more cortisol binds, more GR is translocated.  And all the genes that are activated by this fight or flight system get activated.  And that's how the cells know that something is happening, and they change.


Well, one of the genes that's changed by those is more FKDP-5 itself.  And one can see if FKDP-5 is acting to inhibit this process ... so when this gets activated, more inhibits it ... we can see that this is within cell feedback system, not dissimilar to that whole brain cortisol feedback system on the brain.  So one of the very interesting candidates that Dr. Elisabeth Venber, who's also a colleague here at Emory and at Max Planck Institute, in Germany, in collaboration with us, focused on was FKDP-5, this gene involved in feedback.


What we've been studying is civilian trauma (Inaudible) with the VA on veteran trauma, but also particularly civilian trauma, because it's so under-studied ... I kept thinking I was doing so good on time, because no time has moved, but it's turns out the clock is broken.  It's like, I don't think I'm talking that fast, but it certainly has ... okay.  (Inaudible)  So we've interviewed, now, about 3,000 subjects from inner-city Atlanta.  And the take-home message is if you're a minority ... but we think it's more about poverty ... if you're impoverished, in a dangerous part of an inner city, anywhere in the U.S. ... our data from Atlanta; there is similar data from Detroit; from Howard University in Washington; from Los Angeles ... that your chances of being attacked or having severe trauma in your lifetime are extraordinarily high.


We interviewed, at random, 3,000 people, just coming to Grady for general medical care.  Over 90 percent of those people have experienced a severe trauma.  Over 50 percent know somebody personally who's been murdered; a friend of a family member.  Two-thirds of the men have been attacked with a weapon, and a third of the women have been sexually assaulted in their lifetime.  So we have rates of crime that are extraordinarily high.  And the rates of PTSD in our inner cities are as high as they are in Vietnam vets.  It's around 25 percent.  So we've been focusing on this question.


And what we find is similar to the literature on (Inaudible) and others, with PTSD the rates of adult trauma are highly predictive of PTSD risk.  But it turns out the rates of history of child abuse are very, very strongly predictive.  So what this graph shows is PSS, post-traumatic symptom score ... so it's a continuous measure of PTSD symptoms ... up here is bad; down here is good ... with people with no history of child abuse, those with one type of physical, sexual, or emotional child abuse (Inaudible) or those with more than one type.  What we find, over and over again, is very strong associations between levels of child abuse predicting how one responds to an adult trauma.  If you were abused as a child, and you have an adult trauma, you're more likely to have PTSD as an adult.


So now we then looked at this gene that we think is involved in feedback.  The gene, by itself, does not predict your risk for PTSD, it turns out.  If you just say, we look at everybody, some with this version of the gene, some with this version of the gene, they all have roughly averages that are about the same as PTSD.  If you look at adult trauma, there's no interaction.  But if you look at childhood trauma, there is this very interesting effect.  Again, this is the same graph.  PTSD symptoms.  No child abuse; up to two types of child abuse or more.  But now we're dividing the population by a particular what we call polymorphism.  Within the DNA, one type of gene versus another type of gene, at the same locus.


Those with one type of gene looked like the population as a whole.  Increasing types of child abuse, increasing rates of PTSD.  But what the opposite allele, the opposite type of that gene, they seem to be impervious or resilient to that child abuse.


And (Inaudible) looking at it is as follows ... and we find this across multiple markers or polymorphisms, spanning this gene that's involved in stress feedback.  One version of this gene, across multiple markers, showed, with a history of abuse, significantly more PTSD symptoms than those without a history of abuse, following adult trauma.  If you look again at the other polymorphism of this gene, the other (Inaudible) they're relatively resilient.


Now, the take-home point of this data ... of which there's a lot of different ways to show it, but the main point is there seem to be genes that act differently, based on one's environmental-developmental history, that put you at differential risk for psychiatric disorders and psychopathology, when you grow up, if you experience trauma again as an adult.  How the world interacts with you is interacting with the biology of the brain for how you experience those traumas.


What do we know about the biology of this?  Well, we know, again, that there are particular proteins involved in this feedback.  We know that it's changed ... this is a mouse brain ... but with cortisol or dexamethasone, we see changes in that same region of the amygdala, with cortisol feedback; so it's active in this part of the brain.  What these suggest, again, is that potential what we call gene bioenvironment interaction, the genes in the brain are interacting with the environmental experience ... with child abuse for adult PTSD.  And one of the questions we're really curious about, why would they interact with this early-life trauma, this child abuse, but not adult trauma.  It seems like it's kind of the same thing.  You have a bunch of traumas in an adult; that should interact with the brain in the same way that a bunch of traumas in childhood.  That doesn't seem to be the case.


Psychologically, we know, through decades of research and analytic work, that those who, in their lifetime experience have a history of child abuse, that seems to affect them in a very different way.  It raises the question, are there certain critical periods of development when child experience changes you or is much more effective on you than it is in adulthood.  And that seems to make common sense, but do we have data for it?


I'm going to shift gears again to how understanding animal models of basic emotions may really help us understand this question.  So a person called Regina Sullivan, who was at Oklahoma and now is at NYU, has been studying how the amygdala, this part of the brain I've been talking about, turns on during development.  How it develops.  The take-home point here is that the amygdala seems to turn on early in development, and that's dependent on this cortisol feedback.  What she's measuring here is (Inaudible) to an odor.  So she's taking odors, she's pairing it with a shock, so they become afraid of it.  In others she's just taking a neutral odor.  And she's asking them would you rather spend time with this neutral odor or with the fearful odor.


Well, a normal adult rat and a rat that's after ten days of age will spend less time with the shock odor than the neutral odor.  They're now afraid of that odor.  What's so interesting is if you look before about P-10 ... so P-8 or 9; that means post-natal day eight or nine ... they will actually have the opposite effect.  They'll spend more time with the odor that was paired with shock.  What's that about?  They're attracted to the negative memory?


We know the answer.  One teleological explanation is that before (Inaudible) in a rat, your primary (Inaudible) stimuli is your mother rat stepping on you, and you'd better go towards her to get your milk.  But after about this, you start to open your eyes, you start to wander away from the nest, you start to be afraid of the world where you're going to get eaten.  So perhaps the emotional development about what's fearful and what's not, and when you should go towards something that may be bad or not, may all be shifting in certain times of development.


And what's so interesting about this (Inaudible) to the study I'm telling you is that that whole shift seems to be dependent on this stress response pathway.  So those who are old enough to already have an adult-like amygdala, when you shock them they have an increase in cortisol in their bloodstream and in the amygdala.  Before this sensitive period, they don't have any change.  If you take these same rats, then, during development, who normally would not be afraid ... so they would go towards the odor ... and you give them cortisol, when you shock them they now go away from the odor.


So this is the hypothesis that it suggests, then, that (Inaudible) corticosterone experience, i.e., early trauma, early child abuse, at certain critical periods in development, may switch this brain region to be more sensitive to later stress than it would be otherwise.  But if the role of this amygdala region is to normally compare the outside world with memories, and tell the body in this reflexive way to run away from it, activate the fight or flight system ... save yourself ... or be safe, it's okay, you can be tolerant to this.


Child abuse combined with certain biological and maybe genetic risk factors that make one have a different sensitivity to cortisol than they might have otherwise, may now put them at higher risk for developing a stress-and-fear response after a normal trauma or severe trauma.  We don't know the answers to these yet, but it's beginning to raise a series of questions that one can explicitly test in humans and in animals about how our fear response, our trauma response system development, and maybe how we can intervene, and maybe how we could develop new diagnostic tools to understand risks for those who are more at risk or not, and what we can do about that.


I'd like to shift gears then and, in my last few minutes, talk about what can we do, how will research help us understand new treatments about these problems.  Again, focusing especially on the fear (Inaudible) disorders, we can think that many psychiatric disorders, particularly those involving fear, can be viewed as disorders of dysregulated emotional learning.  But most of our current medication approaches are often inadequate, and they target general symptoms.  SSRIs, our Prozacs, our Luvoxes, our Paxils, etcetera, are used for everything.  They're used for anxiety; for depression.  They seem to be help for general emotional responsivity, but they're not solo bullets; they're not targeting what our problems are, per se.  What we would really like is to enhance the targeted learning approach ... we might call it extinction, this idea of learning that things can be safe ... that occurs with psychotherapy, to inhibit previous pathological memories.


So, again, I told you that two hard-wired outputs of that system are startle and freezing.  And these are things we can quantifiably measure fear in a mouse or a rat model.  This particular idea of measuring startle, we would take a rat, we would pair it with (Inaudible) shock ... it's not very painful; it's about like a nine-volt battery you would feel ... but it's a little bit aversive.  If you do that a couple of times, now the animal becomes afraid of the (Inaudible)  If you give a brief startle stimulus, so something like this (handclap) you find that they don't do much.  And they don't do much because it's quiet, it's a reasonably safe place, nothing is happening.


But if you were to (Inaudible) alley at an unexpected time of night, and that same decibel level happened unexpectedly, you would find yourself jumping.  And that would be a preconscious startle reflex.  Well, that same startle reflex is in rodents, and we can measure it.  And so we can measure how much they startle in the dark versus the light, and that can be a quantifiable measure of fear.


Another way we can measure fear is by freezing.  So this animal on the bottom has been genetically modified not to be afraid when the tone comes on.  The one on the top is afraid.  When the tone comes in, you see this one run up to the corner and stop.  He's freezing.  Maybe nothing we'll see him.  The other one keeps exploring; he could care less.  We can quantify this process of freezing.  So the idea is making progress in science always comes down to assays.  We have good assays for behaviors of fear that we can really use to interrogate these brain systems.


So, again, the idea of Pavlovian or fear conditioning is that your conditioned response ... your freezing or your startle ... increases as you pair a tone or a light or a trauma experience with a negative outcome.  A shock.  So that would be our measure of fear.  But if we keep then reexposing the human or the animal to the same (Inaudible) of which they are afraid, without anything bad happening, without the shock, then over time they'll become less afraid.  And then if we measure, later, those who have been extinguished are less than those who have not been extinguished.


Well, it turns out this same idea is really the neuromechanism of exposure-based psychotherapy.  When you're afraid of heights, and your therapist teaches you calm relaxation techniques, and then starts taking you up on elevators, it's hard, but over time you become less and less afraid.  You learn that this is now safe.  It's not that much different with exposure therapy for post-traumatic stress disorder.  You tell your story, you tell it again, you tell it again in many different ways, and over time it's easier to process.  You're extinguishing that emotional response.


I'm not going to go through a lot of the mechanisms, but what's exciting, I think, is that by focusing on these neuromechanisms of fear-reflexive behaviors and our brain's ability to inhibit these fear-reflexive behaviors, we're coming up with sort of a nosology of how different neurotransmitter systems in different parts of the brain are involved in this process.  And I'm just going to focus on one, a neurotransmitter called glutamate, and it's activation of the NMDA receptor.  And that's particularly important, because it's one of the molecular systems that's most involved in learning and memory.  The goal of all of this is that if we can improve learning, based on models from basic science, we might be able to prove fear extinction in humans, i.e., the effects of psychotherapy on diseases.


So the basic model we're working with here is that you may have a neuron which is normally (Inaudible) activate by the US, the unconditioned stimulus ... the shock or the trauma; the tones, the lights, the sounds, the smells, by themselves, can't do much.  When that trauma occurs, now the tones, the lights, the sounds, the conditioned stimulus, by themselves become strong enough, through this period, that they now activate the fear system.  And what we think happens with extinction is we can now inhibit it.  So what are the mechanisms of this learned inhibitor of fear?


Again, I'm focusing on this receptor called the NMDA receptor.  There is a lot known about it.  The main take-home points are that, one, a lot of it is expressed in the amygdala ... this part of the brain involved in learning and memory that we've been talking about ... and there are new ways of modulating it.  I'm going to tell you about one particular new idea called D-cycloserine, which makes the receptor works better.  So when this is present, it actually makes the receptor work better, and the learning and memory seems to occur better.


So Mike Davis, who's a former NARSAD fundee, who was previously at Yale and is now at Emory, and was my mentor, has studied this area for many years.  And what they have previously shown, that this idea of extinction is dependent on this NMDA receptor system.  And here's what the experiment looked like.  The wow ... this is how afraid the animals are; they were all trained to be equally afraid.  Then the animals were extinguished.  They were exposed, over and over again, to the light, without the shocks.  If they tested them afterwards, those who were exposed to the lights without the shocks, had no more fear.  They now had extinguished.  They had learned that that light is now safe.  But if you did that exact same experiment in the presence of a block of the NMDA receptor system, and tested them again later with no drugs on board, they were just as afraid as they were before.  You block the animal's ability to learn.


So we asked could we do the opposite.  Could we enhance the function of this plasticity NMDA receptor, and enhance the animal's ability to learn.  So, again, our animals were trained to be equally afraid at the beginning; they are given a partial exposure (Inaudible) lights; and now they had a partial extinction.  They were less afraid than before, but not all the way.  If we now combine this with this drug that enhances learning at the NMDA receptor, they seem to learn better.  They're now less afraid than they would have been without the drug.  And the drug, by itself, didn't do anything.  We had to combine this new learning with the drug.


We went on to show that that was specifically effective in the amygdala.  So we can infuse it into a rat's amygdala, and it works just as well as if we gave it to the whole rat, in terms of decreasing their extinction. And the reason this is exciting ... well, I'm going to go and skip this; a lot has been done by numerous labs, this one is in Australia, showing that this works.  And it actually works during this consolidation period I talked about.  So, theoretically, one could do an exposure or even a psychotherapy, and give this drug after it, if it was a good experience, and it might work better.


So, again, this is all experimental and not yet available.  But what was nice about the D-cycloserine, one of the reasons we used it initially, is it's been around for tuberculosis treatment for decades, because the same moiety, at a much higher dose ... about a thousand-fold higher dose ... inhibits bacterial mechanisms.  It was one of the firstline tuberculosis agents in the sixties; now, it's rarely used.  But that's why it was around, it was very safe.  And so we were able to quickly try it and, with NARSAD funding, quickly try it in a human model.


And in this model, by Barbara Rothbaum, one of our colleagues at Emory, we did virtual reality exposure for fear of heights.  The idea is that with virtual reality you can easily expose everyone to the same experience; you can test them the same way.  It's much easier than standard forms of psychotherapy.  All the patients were very afraid of heights.  It was inhibiting their normal lives.  They couldn't drive over bridges.  We had one patient who would drive all the way over to 85, and wouldn't go over (Inaudible) junction, and added an hour to her commute, every day.  And they would go up this virtual elevator, walk out on these virtual catwalks, and look down at this.  And this is actually based on the old Westin.


And this was originally made by Skip Rizzo and colleagues, at UNC, in the late nineties, and it was before a lot of the better video game technologies had come out.  So if you weren't afraid of heights, it was like a bad video, and that was about it.  If you were afraid of heights, it pulled you in and immersed you.  By the time you got to the third or fourth floor, they were, "Oh, I don't want to go any higher; I can't handle this."  With (Inaudible) over multiple sessions ... Barbara did this ... if you did six or eight sessions of this, people got much, much better.


So we tried it just like we did in rats, but we gave them only one or two sessions; not enough to have a full exposure, but ask, would this drug make them learn better?  Would they learn the psychotherapy extinction process better?  Well, this is showing the reaction in fear at floors one through 19, on placebo.  So they got the (Inaudible) starter, one pill a week, prior to each of two therapy sessions.  Placebo didn't do anything.  With D-cycloserine, they got significantly better.  They got almost as much better after two sessions with these two pills as they would have after six or eight sessions.  And that helped, for up to three months later, no more drugs.  It seems to make the learning work better.


If we measured their galvanic skin response, they showed less physiological evidence of fear.  If we asked them what are you more likely to do things that you were previously afraid of ... going up elevators, going over bridges ... those who received the two pills were twice as likely than those who did not.  So it seemed like, in humans, it worked as well as it did in animals at enhancing this extinction.


So it's now been replicated in about eight different (Inaudible) of clinical disorders related to exposure therapy.  These two were from Stefan Hofmann's group ... Stefan Hoffmann and Mike Otto, at Boston University and Harvard ... and what they did was (Inaudible) for social anxiety.  This kind of treatment, they would do group therapy.  People would come in.  They would have to take turns giving extemporaneous speeches to their peers in the group.  Everybody got a pill beforehand, either placebo of D- cycloserine.  It was double-blinded.  Nobody knew who got what.  They had five sessions, and then they were tested on their levels of anxiety. the social phobia anxiety inventory, afterwards and a month after.  No more drugs.  The whole thing was five pills.


Those who were on the drug at the time of the exposure did much better.  Similarly, with Sybil and Mark (Inaudible) in Australia, the same type of study.  This was about 60 subjects.  Those who received the drug were less anxious, at the end, than those who did not, after four sessions.  It's also been tried in obsessive-compulsive disorder.  This is (Inaudible) Wilhelm and Scott Nash, at National Hospital at Harvard.  And with obsessive-compulsive disorder, the idea of extinction therapy is as follows.


If, say, you're afraid of germs, every time you touch a doorknob, you have to go wash you hands, 30 times, to deal with the fear of the contamination of the germs.  (Inaudible) physician might have somebody touch a dirty toilet seat and then sit there and talk about it, and they can't wash their hands for two hours.  It's exposing them to the bad thing, without the bad outcome.  And if they did that in the presence of D-cycloserine they got significantly better on standard measures of obsessive-compulsive disorder.  And a similar result was found by Matt Kushner, at University of Pennsylvania.


My last slide.  So we're now doing this again with Barbara Rothbaum, but in post-traumatic stress disorder, in a virtual Iraq, with returning Iraq and Afghanistan.  So we have three scenes of Iraq:  One of Baghdad, walking around the streets of Baghdad; one you're in a Humvee; one you're in a Humvee convoy.  The therapist interviews the person and, ahead of time, finds out what their main traumas are and tailors the virtual world to match their experience.  And then they receive these exposures, five exposure sessions spaced a week apart, with either placebo, D-cycloserine, or what we think will be an active control of benzodiazepine, alprazolam, or better known as Xanax.  Because we think this will make them feel better in the moment, but not last a long time; whereas, we think the drug that enhances learning will make the learning last longer.


So the summary is that one (Inaudible) genes in the development of stress to related psychopathology, and that we think by understanding the genetic mechanism of how genes interact with the environment, we can better come up with diagnosis, and maybe better come up with treatments based on that biology.


There's a role for learning and memory in the (Inaudible) involved in synaptic plasticity.  If we understand better how memory and learning occurs in the brain ... and, more importantly, how emotional learning occurs in the brain ... maybe we can help the targeted bullet approaches of psychotherapy but make that learning work better.  And the goal of all of this is that the basic science knowledge of learning and memory mechanisms can directly lead to novel approaches to improving clinically relevant learning, i.e., psychotherapy and its effects on disease.


So thank you very much.  I want to thank my colleague and mentor, Mike Davis; Barbara Rothbaum for the D-cycloserine stuff and some of the animal models; and graduate students from (Inaudible) in the lab.  Yes, sir?


(Audio Drop-out)


KERRY RESSLER, M.D., PH.D.:  (Inaudible)  We have not done it in any of our studies.  I think it's a very interesting idea for which we haven't yet begun to test.  Obviously, at the genetic level, theoretically, the genes won't matter.  The genes will be differentially shared.  But I think there's a psychological component that I imagine you're referring to, out there.  And probably Dr. Levy would have more thoughts about this than I would.  But I think there's a lot known about how kids ... based on who their siblings are, and how old they are, and that sort of thing ... may affect.  So I think it's a great idea.  Yes, sir?


(Audio Drop-out)


KERRY RESSLER, M.D., PH.D.:  The question was about PTSD and (Inaudible)  Two points.  One, I forgot to point out that this particular drug, and most drugs that enhance learning and memory, don't affect emotional anxiety at the time.  The people on the D-cycloserine could not tell any different (sic) than the placebo group; they did not feel any less anxiety on that elevator, that virtual elevator, than the other people.  So it seems a very different mechanism than, say, Xanax, on which you feel a lot of better for a minute, but then you don't feel that again.  There's something very different there.


The idea of aggression and PTSD.  It is very well known that, especially in men who have post-traumatic stress disorder, they're at higher risk for a violent outburst.  And we think, psychologically, that has a lot to do with fear, and paranoia, and defensive behavior.  And when you're afraid and defensive, aggression is one of your coping skills.  We find that in vets, and we find it in the inner cities.  We think that the very high rates of arrest and prison and violence we're now showing in our N of 3,000 inner city folks, that the black men are much more likely to be associated with arrest, if they have a history of child abuse or PTSD.


So I agree with you that there is a very strong association.  I think it's a very important one socially.  And our prediction ... of course, we don't know yet ... is that if you can make the PTSD better, you would make the violence better.  Yes, sir?


(Audio Drop-out)


KERRY RESSLER, M.D., PH.D.:  There are a lot of different levels to answer that question.  So the idea is contrasting the inhibition of fear ...


(Audio Drop-out)

(END OF TAPE)


