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MAN:  We're going to get started again, and we have Marina Picciotto, who is the Charles B.G. Murphy Professor of Psychiatry.  And recipient of at least two NARSAD awards, a Young Investigator Award and a more Senior Independent Investigator Award.  And she's going to be talking to us today about novel treatment approaches to depression.  


MARINA R. PICCIOTTO, PhD:  I hope you don't mind, and I'll try to wander.  I prefer to wander than staying behind a podium.  And I'll be talking to you today about our work on (Inaudible) the association between smoking and depression, and what we've learned from starting with what smokers tell us about why they smoke.  And then delving into the biology, and actually very interestingly, echoing some of the things that Cyril D'Souza said about cannabis (Overlap).  


Sorry, can you hear me better?  All right, great.  So echoing some of the things that Dr. D'Souza said that in fact, some of the self-report may, in fact, confuse us a little bit about the science.  But that we can use it to get into the biology and figure out what is actually going on.  


So I'm going to talk quite a bit about MDD, or Major Depressive Disorder, and I don't think I need to talk to this audience about how serious an illness this is.  This is not an illness that is simply in your mind, it is not just pure sadness, it is a debilitating chronic relapsing illness.  Has an incredible cost on the individual.  There's a high rate of suicide.  It also has costs to families, to businesses, and it's something that we obviously need to take very seriously.


Estimates say that about eight to 12 percent of people will experience MDD in their lifetime.  Estimates in the United States are actually a little higher than in other countries.  It's up to about 17 percent lifetime, but meta-analyses across cultures suggest that it's probably in this range of eight to 12 percent.  And although we do have treatments for depression, which is a wonderful thing, these treatments, and there are many different classes of existing antidepressant therapies.


So you've probably heard of tricyclic antidepressants, which were probably the first class of antidepressants to be used widely.  But also Selective Serotonin Reuptake Inhibitors, SSRIs like Prozac.  MAO inhibitors.  There are nonclassical antidepressants like Wellbutrin.  Electroconvulsive therapy.  And of course, behavioral therapies like cognitive behavioral therapy.  But even taking all of these together, meta-analyses of responses suggest that about 50 to 70 of patients respond to these medications.  So obviously we really need more new treatments for depression.  And particularly to try to help the subset of patients who are not responsive to the existing medications. 


So I work on what nicotine does for the brain.  I work on the receptors for nicotine.  And it's not a coincidence that I also work on depression.  So we know that patients with depression have a high prevalence to tobacco smoking.  And that has, like with cannabis, led to a self-medication hypothesis.  That is, maybe people are actually smoking to treat their depressive symptoms.  


But if smoking were a very good antidepressant, then we'd actually have zero smokers with depression, right?  The rate of depressive symptoms should be lower in smokers than in the general population.  And that's not the case; in fact they're higher.  And I will be coming back to that later.  So this is actually leading to this next point, that tobacco smokers actually have a higher incidence of depression than the general nonsmoking population.  


So in the time when these associations were first being explored, there were a few different trials of nicotine, which of course is one of the primary psychoactive components of tobacco; there are about 4,000 constituents in tobacco smoke.  But certainly a lot of the attention has been focused on nicotine.  And when the comorbidity data were first being described and people were saying, okay, people are smoking to medicate their depressive symptoms, there were some clinical trials, mostly in Mexico, of the nicotine patch for depressive symptoms.


And what seen in about four or five trials, most of them open-label, but one double-blind, was that nicotine patch could actually decrease depression-like symptoms in either patients with depression who did smoke, or who did not smoke.  So this was actually very intriguing, however it was a little confusing, because earlier studies with intravenous nicotine, so very rapid administration of nicotine, mostly in an experimental setting, suggested that IV nicotine could actually increase anxiety and increase symptoms of depression, particularly irritability.


So how do we reconcile these two quite disparate actions of nicotine?  Why would intravenous nicotine increase depressive symptoms, and nicotine patch decrease depressive symptoms?  And I hope you'll forgive me, because in order to try to answer this question, I have to get all the way down, we have to zoom in from the whole person to the brain to the nerve cell, to the surface of the nerve cell, and to the receptors for nicotine on those nerve cells.  And that's what I'm going to do here.


So these are the nicotine receptors, the primary receptors for nicotine in your brain when you first smoke, or when you take the patch or when you patch nicotine, nicotine comes into the brain and it binds to these molecules.  And these molecules are transmembrane; that means they go across the wall of the cell.  And when nicotine binds, or the normal neurotransmitter in the brain for these receptors, which is acetylcholine, when they bind to this receptor, it opens and it activates these cells, these nerve cells, okay?


And these receptors are actually sort of organized like staves around a barrel, they're five individual constituents, they're arranged around this pore.  And the constituents make a difference for how well acetylcholine and nicotine open these receptors, and then ultimately turn them off.  So like all good signals, acetylcholine and nicotine open these receptors, activate them.  But then if nicotine is around for too long, it turns them off.  And it's called desensitization.  And it makes sense.  You don't want something that's activating your nerve cells for a long period of time.


And so the answer to why would IV nicotine actually increase depressive symptoms, and why would nicotine patch decrease depressive symptoms, is around this point of opening the receptors versus turning them off, or desensitizing them.  And when you take nicotine in through cigarette smoke, it goes straight to your brain, gets cleared from your brain quite quickly, and when you have IV administered nicotine, then nicotine is very fast, gets to your brain quickly and it tends to activate and turn on the receptors.


But if you patch nicotine, now the nicotine has to actually be absorbed by the skin, gets into the bloodstream slowly, and the goal of the patch is actually to keep the same amount of nicotine around for a long period of time.  And that slow administration of nicotine is more likely to desensitize or turn off these nicotine receptors.  So what we actually have from these observations in human patients is that perhaps turning on nicotine receptors leads to increased depression-like symptoms, whereas turning off these receptors leads to decreased depression-like symptoms.  And that's the hypothesis that we've been exploring for some time, particularly with initial help from NARSAD.


So here's our hypothesis.  Here's these nicotine receptors, they're in the brain, and our hypothesis is that if we can block their activity, particularly in patients with depression, that perhaps there could be a therapeutic effect.  And it also may explain some of this issue around self-report of depression-like symptoms.  So the idea is that actually smokers are going through cycles of activating, so they first smoke, they activate their receptors, and we would suggest that first they actually might have some dysphoria.  


And then these receptors are turned off, and they're turned off for hours.  So this desensitization period lasts a lot longer than that initial smoking-induced opening of these receptors, so that actually there may be an antidepressant-like effect with smoking, but it's at the cost of actually increasing the symptoms initially.  And then you're sort of curing your own symptoms that you've caused.  


And that's consistent with some self-report studies where, again, people have been given Palm pilots and have been asked to say what's your mood at this moment, did you just smoke?  How long ago did you just smoke?  And when people rate their anxiety and depression symptoms across the day while they're smoking?  They may feel like smoking's making them feel better.  But when they quit, their ratings of anxiety in particular, but also depression-like symptoms, actually goes down.  So I think that this is all consistent with the idea that patient blocking these receptors and not opening them up and not activating them is what might be antidepressant-like.


So like all good ideas, this idea had been discussed before, and had been discovered before.  So in the 1970s, a psychiatrist named Janowsky had been giving patients with depression or normal control subjects, a blocker of acetylcholine breakdown.  Now I told you these nicotine receptors didn't develop in order to respond to a plant alkaloid.  They developed to respond to the neurotransmitter, acetylcholine.  


And so what Janowsky did was that he gave these cholinesterase blockers to patients, and he saw that if he gave these drugs to patients, and increased the amount of acetylcholine, that he would actually get depression-like symptoms, both in depressed subjects and in non-depressed subjects.  And we are working on the other side.  We're working on the receptors for that acetylcholine so that if there's more acetylcholine, there would also be more signaling through nicotine receptors.  And so he came up with the cholinergic hypothesis of depression.  


But Janowsky had very bad timing.  Because he came up with this hypothesis just before Prozac became the drug of choice because of its safety as a treatment for depression. And the fact that Prozac was used by used by so many individuals, and that it was antidepressant led to the idea that too little serotonin was the problem in depression.  Because what Prozac does, it actually increases the amount of time that serotonin has to work in the brain.


So Janowsky's cholinergic hypothesis got swept under the rug, only now to reemerge about 30-some years later.  So here's his hypothesis, okay?  So we have two nerve cells, one that releases the neurotransmitter, acetylcholine, one that senses acetylcholine, these might be nicotine receptors.  And normally, acetylcholine diffuses from one call to the other, goes across, binds to these receptors, and it activates some of them.  Maybe not all of them, but at least a good subset of them.


Then what we propose is that if you come in and you block some of those receptors with a nicotine receptor blocker, now when acetylcholine would be released, less of it would have a target, less of it would be able to go across and activate the receptors, and you'd have less activation.  And based on Janowsky's hypothesis, decreased nicotine receptor activity might have an antidepressant-like effect, okay?


So here's our receptor again.  And what was very lucky is that, in fact, there is a drug that is known to block these receptors.  It's called mecamylamine.  It was developed many years ago as a treatment for hypertension, and it was approved by the FDA and used as Inversine.  And Inversine did a good job of lowering blood pressure.  The problem is that we have nicotine receptors not only in our brains, but also in our guts.


And so if you block all of the nicotine receptors, including the one in your gut, you have profound constipation.  So this was not a drug that people enjoyed taking very much.  (Laughs)  But it is still approved, and is available for use and for experimental studies.  So if our idea is right, and decreasing the activity of these nicotine receptors can lead to an antidepressant-like effect, then this drug, Inversine, mecamylamine, should also decrease depression-like symptoms.


And we started by testing this in an animal model.  And what we do is we use a swim test.  And this is simply when you put a rodent into a small pool, if an animal is stressed, it will be more immobile.  That is, it will give up sooner.  It'll put its nose above the water and paddle, look a little sad, but if an animal is given an antidepressant, then it will keep moving around more.  It will be less immobile.  And we can measure that difference simply by the amount of time that the animal stays still, right? 


So the more than an animal stays still, the more stressed it is; the less that the animal stays still, the more antidepressant-like a compound is, right?  And so you can see a lot of my graphs will look like this.  And these are seconds on this side, and this decrease in the number of seconds that the animal stays still is reflective of more antidepressant-like properties of a drug.


So we saw in a mouse, very actually encouragingly, that blocking nicotine receptors with this drug, Inversine, could actually be antidepressant-like in this animal model.  We have a large number of mice where, in fact, they have been genetically altered to have different nicotine receptors knocked out.  Knocked out means that they are not actually encoded; they're not made anymore.  And so what you see here is the brain of a normal mouse, and this is radiolabeled nicotine, and this is where those nicotine receptors are.  You can see all of these colored areas are nicotine sticking to its specific receptors.


And if we make a mouse that doesn't have one of these receptors, the one we actually think is important for these depression-like properties, now nicotine doesn't stick to the brains of these mice the way that it does to a normal mouse, okay?  So we can ask the question, if you take away that nicotine receptor, what happens to the antidepressant-like effect of this blocker?  And what happens to depression-like symptoms overall?


So we did the same test, again, swimming.  A lower bar means more antidepressant-like properties, and here's a normal mouse, or a bunch of normal mice, and they swim around this much normally.  But when we give them this nicotine blocker, they actually swim around more.  They're less immobile, okay?  And what you can see here is that in these mice without this nicotine receptor, there's no effect of this nicotine blocker.  


Well, that's good.  We now know a molecule, a single molecule that is the target for this potential treatment for depression-like symptoms.  But what you can see is that these mice actually swim around more than normal mice, and it suggests that actually having no nicotine receptors of this kind in your brain throughout development and in adulthood, actually makes you react in this test like you've received an antidepressant. 


So does this have any application at all to human beings?  Obviously a mouse is not a human, and modeling psychiatric illness in particular in rodents is problematic.  Not all behaviors can be modeled in rodents.  For example, it would be very hard to measure schizophrenia in rodents, although you can measure some aspects of the illness.  But you can't ask a mouse if it has auditory hallucinations.


And these tests that I've been telling you about are not tests of depression; they're tests of response to stress and tests of response to an antidepressant.  They're not exactly the same.  So the key here is to take these drugs and actually then move them into human as quickly as possible.  And the good thing about mecamylamine is it's already approved for use.


And so now there have been two large studies and one small study, that have tried to use mecamylamine as an antidepressant in human subjects.  And the first was done by Tony George when he was here in the psychiatry department at Yale; he's now in the University of Toronto.  And what he thought was that if these nicotine blockers were so effective, what he should be able to do is to take patients who had been given Prozac or some other SSRI, but who hadn't responded, and who were actually not getting better.  And to add onto that this nicotine blocker and see if now they started to get better.


And so what he saw was that, and this is actually early in this study, because I got this slide a while ago, what he saw is that patients who had been on an SSRI but had not responded, and got a placebo, stayed pretty much the same across the eight weeks of this trial.  So placebo did nothing, which you would expect, since these people were already quite stable on their SSRI.  But instead, if he added on mecamylamine and, at this point there was a slightly higher level of depression-like symptoms in these patients, but it was not statistically significant.  But you can see that the difference between here and here is quite significant. 


And so these folks now, who had not been responsive on a classical serotonin-like antidepressant got better when they were given a nicotine blocker.  And in fact, I don't want to show the data because this is from a company, Targacept, that made a new form of mecamylamine.  They did a study with two sites in the United States, and about I think, eight to ten sites in India.  And they saw incredibly large increases in response rate when they added this mecamylamine onto a classical SSRI.  So it's been replicated twice, and it does suggest that, in fact, blocking nicotine receptors, at least when somebody's already on a regular antidepressant, may be very useful. 


Now, we reasoned that blocking the nicotine receptors works because, as Janowsky said, more acetylcholine actually results in most depression-like symptoms.  So we don't need to block the nicotine receptors completely.  What we need to do is to decrease that signal through the normal neurotransmitter; decrease acetylcholine.  And as pharmacologists, there are ways to do this.  You could block it, as I showed with mecamylamine, or you can use something called a partial agonist.  


What is a partial agonist?  A partial agonist is a drug that opens these receptors.  And here, going downward, is the effect of a partial agonist.  It opens these receptors, but not nearly as much as a full agonist.  So acetylcholine and nicotine are full agonists at these receptors; they make a big difference in neuronal activity.  Whereas partial agonist does open these a little bit, but not nearly as much.  And what it also means is that when you have this partial agonist in the brain, that a full agonist like acetylcholine is competed with, and so it can't open these receptors fully.  So it's like a blocker, but not shutting everything down completely.


And this blocker here, cytosine, is actually a natural product made from the flowers of the laburnum plant.  And it is used as an herbal smoking cessation remedy in Eastern Europe.  And so, in fact, when we first started these experiments, some of the information on what dose to use came from studies in Bulgaria, in Bulgarian, by the way (Laughs), on this drug here, Tabex, which is simply an extract of the laburnum plant that has a very high level of cytosine, this nicotine-partial agonist, in it.


And it seems to work for patients to help them stop smoking.  So what happens when we give this cytosine compound to mice?  Well, we've got the same effect of decreasing immobility with cytosine, that we do with a full blocker, mecamylamine.  And this is important because again, mecamylamine, Inversine, was not very well tolerated because it shut down people's guts.  This drug doesn't do quite the same thing.


And we're also lucky in that there is, again, a drug out there that's approved for use in humans that has the same action.  It's a partial agonist of nicotine receptors.  And that's varenicline or Chantix.  Now, what happened was, based largely on the fact that in Eastern Europe this Tabex product worked for smoking cessation, there was a large effort by Pfizer to find a partial agonist of nicotine receptors for smoking cessation.  It's been on the market for, I guess, two to three years, and it is quite effective in helping people quit smoking; much more effective than going cold turkey.


But this agent should, in our hands, we would think, work the same way that the laburnum extract, cytosine, does.  And indeed, it does.  Again, here's mice.  Don't make too much of the fact that this is a much bigger effect.  It's how the test was done.  But again, this partial agonist, varenicline or Chantix, decreases immobility in this test.  And it does act like a classical antidepressant.  That's good.


And very recently, there has been a test in human subjects, again, since this is already approved, using the same model.  That is, taking patients who are already on an SSRI, giving them this drug, varenicline, and asking whether their symptoms got better.  And this was done by a group at Brown, and what they found was that they did see a significant improvement in depressive symptoms in these smoking depressed patients.  They also saw that they quit smoking, which was good.  But there is one problem with this drug, and that you may have seen in the news, is that there is a black box warning on this drug.  


That a number of people have reported having suicidal thoughts, hallucinations, or other psychiatric indications.  And so when we heard that, we thought well, does that mean that it's actually not an antidepressant?  How could something that's an antidepressant actually increase suicidal thoughts?  Again, it's a small segment of the population, not everyone.  But the answer may come from the black box warning that has gone on classical antidepressants like Prozac.  So this is specifically a black box warning that was put many years ago on antidepressant medications that are SSRIs for adolescents.


But again, in a small subset of patients, both adults, but particularly adolescent, there's increase in suicidal ideation ... thinking ... and some increase in attempts to commit suicide.  Now, what I think this may say is that in a subset of patients, and we don't know which subset that is, perhaps it's patients with bipolar illness, where the mania and the depression-like symptoms are actually in balance, that antidepressant medications and this nicotinic agent may, in fact, flip a depressed state into a hypomanic state that may, in fact, increase attempts at suicide.  But we need to know this before this is used widely as an antidepressant.  And there are now clinical studies going on right now, in patients with schizophrenia, patients with bipolar illness that is medicated, and patients with unipolar depression.  Yes?


MAN:  (Inaudible)?


MARINA R. PICCIOTTO, PhD:  My guess is that someone who is a heavy, heavy smoker wouldn't actually be running hard enough to get an endorphin release (Laughs) because they would be huffing and puffing.  But it is not clear whether it would increase runner's high or decrease it.  And again, I think the problem is getting vigorous enough exercise in a smoker to have that be effective.  (Overlap)  Yes (Laughs) yes.  


Okay, so all of that, to say that there may be issues around these drugs that are not going to make them a straightforward great new antidepressant.  However, for some patients that are not responsive to an SSRI and that are carefully monitored, they may, in fact, be very helpful.  And it also may be the case that the drug itself, varenicline, is not the best agent.  Perhaps it has other activities.  We know that it, in fact, affects serotonin receptors, and particularly serotonin receptors in the gut, it activates those receptors and makes you feel nauseous.


So perhaps there's actually room for improving varenicline and getting more selective agents that would really just target one type of nicotine receptor and have fewer side effects, as well as the great hope might be that you could separate it from these other psychoactive symptoms.  And so, with a collaborator who was at the University of Bonn and where they apparently have a lot of laburnum?  And who is now in Hawaii, where they don't have the same kind of laburnum that they do in Germany, but they have something that's at least somewhat similar, so she can still collect these flowers, she's been making cytosine and its derivatives to try to make compounds that are more selective.


And what we've found is we have two compounds that are even more selective than the parent, cytosine.  And when we give those to mice, they look very much like cytosine.  That is, they decrease immobility in mice, that are in this swim test.  So I think there's really potential for moving forward with these nicotine-like compounds.


So if we're going to develop a medication, then this pharmacology is very important.  If we're going to try to understand how nicotine receptors in the brain actually contribute to depression, in general, and how acetylcholine actually makes you potentially have more depression-like symptoms, then we have to know where in the brain these nicotine receptor blockers are acting.  And so what we did was an experiment in mice with the blocker and with a partial agonist.  And we tried to find where in the brain do we have a similar action of these two separate compounds? 


And what we found was the place that was very similarly affected was a amygdala.  The amygdala is a very important brain area, obviously with respect to depression, because it's the seat of emotion, to some extent, in the brain.  And particularly it's a part of the brain that's involved in fear responses, responses to stress, anxiety-like responses, and which has been shown in patients with depression to actually be more responsive to stressful imagery than in patients without depression.


So the amygdala gets very activated in response to fearful events.  And so what we did was we took that mecamylamine and we injected it directly into the amygdala of mice that went through the same test that we did when we gave this drug to the whole animal.  And sure enough, just putting the drug into the amygdala was enough.


Now, why is that important?  Well, it leads to an idea of why these nicotine blockers may be working.  And I'm going to sort of walk you through this, because it is in an awful lot of different brain areas.  So if the amygdala has been suggested to be one of the major protective areas of your brain.  So evolutionarily it's very primitive.  And you can imagine that if all of us were in a cave, and we needed to leave our cave in order to find food and in order to go out and explore our environment, what we'd want to make sure is that there's some part of our brain that protects us from dangers outside our cave, right? 


So that's what the amygdala does.  If you looked out year cave and you saw a tiger, and you got very scared, your amygdala would get very active.  And what it does is it makes you withhold your behavior.  You don't go out and search for food.  And you're protected.  You're not going to get eaten by that tiger.  Same thing happens with a mouse.  If their amygdala is activated, they freeze.  Okay? 


But we're lucky in that we evolved other parts of our brain that allow us to have cognitive control over these primitive brain areas.  And particularly I'm pointing to my prefrontal cortex.  And this is something that really distinguishes us from lower mammals; we have a greatly enlarged prefrontal cortex.  Now, the prefrontal cortex sends a massive projection down to the amygdala, down to a little nucleus by the amygdala, that shuts it down.


And that massive inhibition of your fear response is very important.  If you're sitting in your cave and you look out and you're fearful because you see shadows of things that look like tigers, but your cognitive parts of the brain can say, oh no, that's just a shadow of the tree next door.  I can go out and look for food, I can go out and explore my environment.  And now I'm going to be at a much greater evolutionary advantage than my poor colleague who is still in the cave frightened of shadows, with hyperactive amygdala function.


So what that suggests is that we have two systems that have to be in balance.  These two brain areas must both function for us to survive as humans, and evolutionarily for us to get where we are today.  We have to protect ourselves against real dangers.  We have to be able to avoid stressors.  We have to be able to give up when there are things that we really can't overcome, so that we don't injure ourselves.  But we also have to have cognitive control over our behavior that allows us to adapt to stressors, to go out and get new experience that, for example, will allow us to cope with losing the job.  


And if you withdraw your behavior and you don't look for a new job because you're stressed by losing your job, that's the definition of depression.  Whereas if you actually go out and get new skills, new ways to actually get another job, then you may still be sad about the loss of your job, but you're not clinically depressed.  And that's a very adaptive strategy.  


So the balance between these brain areas is very important.  And so I just actually should have said this earlier.  Here's the amygdala here, down in the lower part of your brain.  And you can see that this is activated.  And this is an fMRI image of activation of the amygdala in response to a fearful image.  And here's the prefrontal cortex up here.  And here's activation of the prefrontal cortex while someone is doing a cognitive task.  So we can actually image these areas in human subjects.  


So what I would propose is that, in fact, one way to think about Major Depressive Disorder, and this is, again, not something that I originated, it's something that has been proposed by Meyer and Seligman, who've been studying stress responses in the brain for some time, is that depression might be thought about as an imbalance between cortical activity, which is low, and high amygdala activity.  And again, there's a lot of other brain areas that have to come into this circuit, and that would result in increased depressive symptoms.


And here, the idea is that acetylcholine comes into the amygdala during a stressful experience, and it increases its activity.  So it's going to increase the balance between anxiety and cognitive control.  And blocking these nicotine receptors here in the amygdala would actually help to redress the balance between cognitive control and primitive, more anxiety responses.  Okay?


So I'm actually going to come back to that in a minute, but I want to go on to ask the question, are these nicotine receptors working through the same pathways as other antidepressants or through different pathways?  And it turns out that in a meta-analysis by Doug Schiedel and his colleagues, in 2002 now, that they looked through all of the literature on classical antidepressants, so tricyclic antidepressants, serotonin-selective reuptake inhibitors, MAO inhibitors, norepinephrine-reuptake inhibitors, and then these atypical antidepressants.  And what they found was that in cell and molecular experiments, all of these compounds could actually block nicotinic receptors.  Not as well as Inversine or mecamylamine, but they all had the ability to stop transmission through these nicotine receptors.  


So the question we had was are the nicotine receptors actually necessary for the response to these classical antidepressants?  And so we went back, so here's the idea, so if mecamylamine's sitting in here and preventing this nicotine receptor from activating a nerve cell, then an antidepressant might actually be doing a very similar thing.  Okay? 


And so we went back to our friends, the mice without nicotine receptors in their brain, and we asked whether normal mice could respond to one of these classical antidepressants, in this case, amitriptyline, a tricyclic.  And whether these mice without nicotine receptors would respond.  So again, we have more antidepressant-like down here, less immobile, okay?  And what you can see is here, these dark blue bars?  Are a normal mouse that's in this test.  And what you can see is that if they're given amitriptyline, they're less depressed-like, okay?  They're less immobile over the whole course of this experiment. 


But mice that don't have nicotine receptors look exactly the same, whether or not they have been given amitriptyline.  So in this case, having the nicotine receptor is essential for response to this classical antidepressant.  Which suggests that there's some cross-talk, some interaction between these two systems.  


We also asked, because the human studies had involved taking someone on a classical antidepressant and then adding on the nicotine blocker, whether the two acted together.  And sure enough, when we took doses of the nicotine blocker, or doses of the classical antidepressant, that didn't work on their own and added them together?  We got an antidepressant-like response.  So even in mice, these systems are in some way working together.  


And it may be that you really need some nicotine blockade for these classical antidepressants to work.  And because they're not as effective as nicotine receptor blockers as mecamylamine, that if you add on a nicotine receptor blocker on top of it, that's when you get response in some subjects who have not been responsive to the classical antidepressant alone.


So coming back to this cholinergic hypothesis of depression, the question is whether there's any evidence in humans for a dysregulation of acetylcholine in the brain of patients with depression.  And so I'm going to talk to you about studies that are not yet published that were done by Zubin Bhagwagar, who was a faculty member here in the Department of Psychiatry, and with whom we collaborated on some of these studies.  


So what he said was let me look at the occupancy, the availability of nicotine receptors in the brain, in patients with no history of depression, and in patients who are acutely depressed.  And what you can see here is, here's the darker colors, the redder colors, show more binding of this nicotine-like substance in the brains of normal patients, than you see in patients who are acutely depressed.  Okay?


And so he said, well, that means that patients who are acutely depressed have fewer nicotine receptors.  And I said that can't be.  We look in mice and we see that fewer nicotine receptors seem to actually protect mice.  So how can that be?  So he said, well, can you think of a way to test this?  And he said, well, do you have any postmortem brain samples from patients with depression?  Because what we can do is we can wash out all the acetylcholine and we can just measure how many receptors those brains have.  


And he said yes, I can get you that.  All right, here we go.  And when we measured the total number of nicotine receptors in the brains of patients with depression or with schizophrenia as a control, against patients with no history of mental illness, we saw no change in the total number of nicotine receptors.  Now, why is that?  Well, we think it's because the acetylcholine, that too much acetylcholine would actually protect the receptors from binding to this agent that Zubin was using in these experiments.  


And here's how that would work.  Acetylcholine normally sits here on the receptor.  So what he does is he puts a nicotine-like tracer in the brain, and the nicotine-like tracer binds to another site here, but it can't bind to the site that already has acetylcholine on it.  But what about in the brains of patients who are depressed, what if they had more acetylcholine?  Well, they might have more sites on their nicotine receptors already bound up with acetylcholine.  So now they put in the tracer and there's just not as many places for it to bind.  


And we think that that's what actually is happening in these imaging experiments.  And it's evidence that, in fact, a dysregulation of acetylcholine may actually contribute to the symptoms in depression.  So I'm going to summarize here, and come to some conclusions.  So this tracer study suggests that patients with Major Depressive Disorder do appear to have more acetylcholine binding to their nicotine receptors.  That decreasing acetylcholine signaling by decreasing nicotine receptor function, and that was with the partial agonist or the full blocker, already has been shown to be helpful in treating depressive symptoms that are not responsive to SSRI administration.


And that nicotine receptors are actually a novel target for development of antidepressants, and they may be effective in different populations than classical antidepressants.  So you might imagine that there's a spectrum of folks with depression.  Some may have too much acetylcholine; some may have too little serotonin, some may have an imbalance between cortex and amygdala because the amygdala is too active; others because the cortex is too inactive.  And different patients may, in fact, then respond to different medications.  


And I would also like to add that basic neuroscience studies in mouse models have been useful already in defining molecules that could be targets for therapies in human depressed patients.  And I think that's something that we have to keep in mind, as we hear animal rights activists saying, no, I'm sorry, these animal studies are not useful.  We can get new drugs just by using human patients.  


So finally, I think what we really need to do is to not think about depression as a chemical imbalance, which is what I grew up with thinking, right?  I thought once the antidepressant started working, you'd hear a lot, ah, well, I have a chemical imbalance and therefore I have depression or schizophrenia.  But actually to think of major depression and other psychiatric illnesses as a systems imbalance, and that is that there's an imbalance between the activity of brain areas that are supposed to be there for different reasons.  That we need to have function in all of those brain areas that is actually suitable to our environment.


And so if there is a system imbalance, then it can be changed, as I was just saying, through many therapies.  And perhaps that combining these therapies is the most effective strategy.  And so for example, medicines like Prozac or the new nicotine receptor drugs would stimulate changes in communication between these sets of nerve cells.  But behavioral therapies like cognitive behavioral therapy also train you to adapt to your environment.  And as a result, they stimulate changes in communication between these nerve cells, and they stimulate new synapses, new connections between neurons.  And that's something that has been championed by Ron Duman, who's also in the Psychiatry Department here in Yale.


And then environmental therapies like vigorous exercise, which is a very effective antidepressant, stimulate changes in communication between sets of nerve cells because they allow new growth factors to be made in the body and in the brain that go up and, again, change the connection between these nerve cells in different brain areas.  And so this results in an altered balance between these brain structures, like an increased cortical function for cognitive control, and decreased amygdala function for anxiety and mood symptoms.  And I'm going to stop there.  I'd like to thank NARSAD in particular, for supporting this work.  And to my collaborators, who are listed here.  Thank you very much for your attention.  (Applause) 


WOMAN:  You mentioned that when (Inaudible)?


MARINA R. PICCIOTTO, PhD:  Well, so long-term.  


WOMAN:  Long-term (Inaudible). 


MARINA R. PICCIOTTO, PhD:  Right, so here's the problem.  During the short-term, what you have is that smoking all of the time has been altering your nicotine receptors, probably decreasing their function, so what you've done is you've doubled the number of nicotine receptors in your brain.  While you're smoking you sort of manage that doubled number, right?  You are activating them but you're also shutting them down for hours at a time.  The problem is that over particularly the first week to ten days, and this is work that was done by Julie Stayley, who was here in this department, those receptors are still damped down by the residual nicotine in your brain.  


But after that, they're still up high, and they are now available for activation by acetylcholine.  And so you get a transient increase during acute withdrawal of these depression-like symptoms.  And then, as you get rid of those extra receptors, then that's when you get back down to a baseline where you're probably better off.  But that's probably why some classical antidepressants have been useful for smoking cessation.  So the first one that's most famous is called Zyban.  And Zyban was initially an atypical antidepressant.  It was given to patients for depression, and it was one of those drugs where, once it was widely prescribed, folks came into their doctor and said you know, I do feel a little less depressed, but the funniest thing happened; I didn't feel like smoking anymore, so I just quit.


And I think it's Glaxo who made this drug, was quite intrigued by this.  But they knew that smokers wouldn't necessarily want to admit that they had problems with mood.  So what did they do?  They changed the name.  They said here's Zyban, this is a great smoking cessation drug, which of course is also an antidepressant.  And there have been some clinical trials, less successful of SSRIs and other classical antidepressants in smoking cessation.  


MAN:  (Inaudible). 


MARINA R. PICCIOTTO, PhD:  That's right.  Probably not a year, but probably more than a few weeks.


MAN:  (Inaudible)?


MARINA R. PICCIOTTO, PhD:  No, not that I know of.  As far as I know, it's available in Bulgaria (Laughs), in Russia, in the Eastern European countries.  It's not approved in Europe, in Western Europe, yes?


MAN:  You mentioned (Inaudible) psychiatrists (Inaudible)?


MARINA R. PICCIOTTO, PhD:  Well, it depends on what you call the vegetative parts of your brain, because I actually think all of the parts of our brain are more than vegetative.  Certainly the compulsion to smoke comes, in the very first, early stages?  From the mesolimbic system, which is important for goal-directed behavior, for being motivated to do things, motivated even to learn things, or to seek out natural rewards.  And that's stimulated by nicotine, just as it is by other drugs of abuse.  Drugs that are addictive in humans.


I actually think that the higher cognitive functions are probably more important than the vegetative parts of your brain for maintaining nicotine seeking.  Because that nicotine stops being so effective at opening these receptors.  It stops driving that system as potently.  But what does (Overlap) ... 


MAN:  (Inaudible).


MARINA R. PICCIOTTO, PhD:  Sure.  And it's ineffective at treating most addictions, probably because you really have to remodel those neurons (Overlap).


MAN:  As you know, I (Inaudible) for nicotine (Inaudible) but I would never do it again without (Inaudible).  


MARINA R. PICCIOTTO, PhD:  Right, right.  Well, I think that the key for nicotine addiction, like actually other drugs, is that once you've been smoking for a while, what happens is you make very strong associations between your environment and smoking.  And it's even associations just with the pack, with the cigarette itself.  And what happens is that even as nicotine becomes a little bit less effective at opening these receptors, all of those cues in the environment become very good at stimulating those same loops that are rewarding.  And actually what happens then is you go into an environment where you used to smoke.  What happens?  You want to smoke.  And you do. 


And you may relapse, even years after you've stopped smoking.  And the key there is probably reducing the number of environments where you used to smoke.  And that's why things like programs that say you can't smoke at work, you can't smoke in a school, you can't smoke in a hospital, you can't smoke outside of a hospital?  Is actually effective in promoting smoking cessation, because it's decreasing the number of places where the environmental cues tell you, oh, yes, I'd really love a cigarette.  Yes?


MAN:  (Inaudible) neurons and we would actually increase serotonin?  So (Inaudible)?


MARINA R. PICCIOTTO, PhD:  No, no, not necessarily.  Again, so if we're thinking about depression as, again, an imbalance between brain areas, then a drug that has some increase in acetylcholine but also has some increase in serotonin and some increase in GABA may still redress that balance, right?  So it may not be an ideal part of its therapeutic action?  And there's another drug called, oh, what's the serotonin transported increaser? 


MAN:  (Inaudible) 


MARINA R. PICCIOTTO, PhD:  Sorry?  No, no, there's a drug that actually was developed that all of these SSRIs decrease serotonin transporter function?  There's one that's effective, and it's probably on my list, that actually increases serotonin reuptake.  Tianeptine, right.  And that, again, people say, well, if depression is too little serotonin, how can something that decreases serotonin any more be antidepressant?  And again, I would argue that we have to move away from thinking of it as a purely chemical imbalance and move toward thinking about it as appropriate cross-talk between parts of your brain that are doing important functions.  So these drugs may have one action that actually stimulates that, and another that decreases it a little, but if the balance between those is in the right direction, you can still have an antidepressant effect.  Yes?


MAN:  Yes, (Inaudible) blockers (Inaudible)?


MARINA R. PICCIOTTO, PhD:  So not that I know of.  And the problem with, of course, inhibiting the release of acetylcholine is that we need acetylcholine for all of our nerve muscle communication.  Very important.  So if you have no acetylcholine receptors in your muscle, you have profound neuromuscular disease, right?  MS, others.  And so we can't actually mess with acetylcholine too much without potentially not breathing?  So it's probably a little bit better to try to pull out the receptors for acetylcholine, because there's a huge family.  And I've spoken to you about nicotine receptors; there's an entire other family of acetylcholine receptors called muscarinic receptors that were the initial targets that they tried to use when Janowsky first proposed his cholinergic hypothesis.  And so if we can get the right receptor, that we might actually have more luck then trying to manipulate acetylcholine itself.  


And actually it turns out that if you release acetylcholine up here in your prefrontal cortex?  That improves cognition.  And it may, in fact, improve cognitive control over behavior.  So it really depends on whether you have too much amygdala or too little prefrontal cortex, probably.  Yes?


WOMAN:  (Inaudible) like we've had these (Inaudible).  


MARINA R. PICCIOTTO, PhD:  I would love for that to be the case.  I think it may be too optimistic.  So the idea might be that, for example, finding the genetic fingerprint of one subset of depressed patients might say, okay, you know, you've got a real problem with your serotonin and another genetic fingerprint may say you have real problems with your acetylcholine.  And that would be amazing.  I think that may be too optimistic; however, there's certainly good reason, then to try to characterize biologically what might be different between different people with what we call MDD.  Thank you very much.  (Applause) 


MAN:  Great, so our last speaker today is Dr. Joan Kaufman, who also is a NARSAD award winner.  She received a Young Investigator Award.  She's Associate Professor in Psychiatry.  And actually it's not up there anymore, but she's Director of the Child and Adolescent Research and Education, the CARE program.  And she's going to talk today about where we are in psychiatric diagnosis and where we should be heading.  


WOMAN:  In children or in general?


JOAN KAUFMAN, PhD:  In general, in general.  So first of all, I want to say thank you to everyone, because it is a gorgeous day and it is the end of the day, the end of a long day, so thank you all for still being here.  And I guess I'll try to whip through things the a little bit so we can get out while it's still nice.


This topic was actually suggested to me, and I have to say it partially interests me because I guess one of the things I did early in my career was help write the semi-structured diagnosis interview that's used in much of the research with children and adolescents.  It's the instrument that the FDA asks studies to use, if they're going to do a new drug.  I've worked as a consultant for lots of companies in terms of how do you best diagnose children.  And I thought doing this presentation was an opportunity to think about what are the next steps in diagnoses, because it isn't in refining how we ask questions.  And elicit symptoms.  We really need to be moving in other directions.


So for the presentation today, I'm going to start by giving an overview of the National Institute of Health has something they call the P4 Model of Medicine, which is really moving, and I think these are issues that came up a lot with many of the questions, to personalize models of treatment.  We know not everybody responds to the same treatment; not everybody who smokes marijuana develops psychosis; not everybody who takes an SSRI responds.  So how can we move to developing personalized medicine where we can pick the right medicine for the right patient?


And ultimately beginning to understand how can we predict who's most vulnerable?  Figure out how to prevent illness onset, because we know the earlier we treat illness, the better the prognosis.  And the fourth P is participatory.  It is really the idea that people start to take responsibility for their health and work as active participants in helping to shape interventions.


The P4 Model was developed for medicine broadly.  I'm going to talk about some of the implications in psychiatry.  And really, much of my work is with children with a history of trauma.  And for the stress-related psychiatric disorders like depression, post-traumatic stress disorder, alcohol and substance use, it's even more complex because the gene environment interaction issues are so prevalent.


Talk about where we are with psychiatrist diagnoses now, and where we need to be, which again, as sort of a take-home message will be moving from clinical description to understanding.  Again, these are points that were made to understanding brain symptoms, system approaches to diagnoses.  And utilizing personalized information about genetics, environment, to develop personalized prevention and treatment strategies.  So really moving from do you have these five symptoms, because a lot of people have those five symptoms, and we know not everybody responds the same way.


So as I said, there's the four components to the P4 Model.  And I think again, it's really recognizing, really across diagnoses in medicine, that many patients can have the same diagnoses, but only a subset are going to respond.  And this slide is emphasizing chips, which is looking at genetic variability to try to predict who's going to be a nonresponder and who's going to be a responder.  And I think this is a really important model.  But when we think about psychiatry, we have to think about other things beyond genetics.  We have to think about the clinical presentation, as well as some of the environmental factors.  And this is something that I will talk more about.


And the goal is, by looking at the combination of these three different things,  genes, environment, clinical presentation, to be able to have a predictive model which will be able to identify those who are most susceptible to disease, and who's going to respond to which treatments.  Ultimately moving towards personalized medicine.


So we've heard a lot about genes today.  And I'm just going to take a quick step back to just talk about, well, what are genes?  We know it's part of our DNA.  And I don't know how much all those people are or are not familiar with, but the genes are contained in the nucleus of the cell, in something called the chromosomes.  And as you can see, they're normally all coiled up.  And when they're uncoiled, this is probably the picture of the gene that people are most familiar with.


And ultimately, genes provide the blueprint for development, and really body function.  The main function of genes is that they're involved in making proteins that are used throughout our body.  And in order to do that, usually the DNA has two different coils, gets unwound, and then make a bunch of amino acids together to ultimately make proteins. 


And it's these proteins that are really critical in understanding human functions.  And proteins can be all sorts of different things.  Things we're very familiar with.  Things like enzymes, like phenylalanine hydroxylase, which is relevant, which we'll talk a little bit about the disease PKU, which we screen all infants for.  Proteins can also be hormones.  Things like insulin, which is relevant in diabetes.  They can be transporters.  We heard and we saw pictures of things on the cell that help send messages from one part of the body to the other, or one cell to the other.  The serotonin transporter we'll hear about, where Prozac and other drugs like that, act.  Or they can be receptors.


So most diseases and human traits are caused by a combination of genes and environment.  And some of the illnesses which are easier to figure out the genes are, are our single genetic diseases.  And others, like psychiatric illness, for the most part, unfortunately involve many different genes.


PKU is a really nice example of thinking about how genes and environment interact, and really the importance of understanding both sides of the equation.  So for those of you who are or are not familiar with PKU, phenylalanine is something that's in lots of different foods, and PKU is caused by a deficiency in metabolizing phenylalanine.  And if you have the foods with phenylalanine and you've got PKU, you're going to have tyrosine build up in your brain and ultimately it's going to lead to mental retardation.  


But by knowing what's the thing in the environment that can ultimately lead to the mental retardation associated with PKU, you can totally prevent mental retardation by just restricting phenylalanine inside your diet.  And so this is really a nice illustration of really the importance of understanding the genes, and understanding the environment to know how to prevent various illnesses, and also optimize treatments. 


Again, as we said, unfortunately with our psychiatric illnesses, we tend to have multiple genes, and it's a lot more complex.  But one of the key environmental factors which is relevant for many different forms of psychiatric illness is stress.  It's a potent predictor of multiple psychiatric diagnoses, be it depression, post-traumatic stress disorder, and also associated with increases in alcohol and substance use as well. 


A seminal study in the early, I guess, 2003, showed that the serotonin transporter gene could moderate the effects of stress on major depression, as well as alcohol use disease.  And it's something that's been very highly replicated.  And here you can see the original paper, which was done by Caspi.  And the serotonin transporter gene has two common forms.  S is the short, and it's the higher risk, and L is the lower risk.  And since everybody has two copies of each gene, you have three different phenotypes, or three different genotypes.  And the SS, being the high-risk, SL in the middle, and LL being the low-risk.  


Down here, you're looking at the number of stressful life events.  And as you can see, if you've got that low-risk genotype, even if you had a ton of stressful life events, you're not at increased risk for depression.  But it's those individuals that have the most vulnerable genotype in combination with stressful life events that show the increase in depression.  And you can see even if you have the most vulnerable genotype but you haven't had a lot of stress?  You had no elevation in depression.  So really, the importance of understanding the gene/environment interaction.


Now, we have also looked at some of this, in terms of with children who are maltreated.  And people sometimes ask, well, why are you interested in working with this population?  And the bottom line is that children with a history of maltreatment are off the charts in terms of their risk for mental health problems.  In terms of depression, PTSD, suicidality, substance use and other such problems. 


And this is data from Connecticut.  So children who are wards of the state, who are involved with protective services and foster care?  Are only one percent of the population.  But they make up 65 percent of child psychiatric inpatients.  So they really are a group of children who are off the charts, at both really genetic and environmental risk.  The research that we had done, where we were looking at gene and environmental predictors of risk and resiliency, was embedded into some evaluation work we were doing in collaboration with the state, looking at programs for children who enter out of home care.  


And many of the assessments we do, we do at a day camp that we set up specifically for our research purposes.  And some of the win-win of doing research this way is caseworkers who may be ambivalent about research, when they know there's a free week of camp, are much more likely to facilitate that.  Even a birth parent who's lost custody of their child can see that there's a possible benefit.  And the children are there full-time for an entire week, so we can really get very comprehensive assessments without overburdening the children; one to two hours to day.  And in between, we do all sorts of fun stuff.  


And since pictures are worth 1,000 words, you can see we provide transportation.  Half the children who come to our camp are demographically matched, with no history of intrafamilial violence.  And are in groups of eight to ten children each, with three counselors per group.  They first day of each session, we have break dancers come; it sets a wonderful artistic tone for the week, if anyone can do that.


We have outdoor water things.  And if I am lucky, well I won't get into it now, but I've had a moratorium on our research for over four years, and we are very close to getting through all the regulatory processes to be able to do our work in New York.  And then we're going to have a really phenomenal facility.  The children have art every day, they meet one-on-one with a research associate, starting with more benign things like I.Q. testing, memory functioning.  And as they build rapport, doing measures around psychiatric diagnoses, social supports and trauma.


We get our DNA while the kids are at camp.  We also have an awards assembly, and actually I've done follow-up with young adults who are now in their twenties who still have the trophies they had from camp.  But the big bonus of camp, in doing our research this way, is that children who may not have the opportunity, they're in different foster homes, siblings get an opportunity to see each other each day.


And so what you can see is that we very strongly replicated some of the work by Caspi and others, who was the first to do it in children.  So down here we have our serotonin transporter genotype, and again, the SS being the high-risk.  Over here, looking at depression severity.  The red are our demographically matched community control children without any history of intrafamilial trauma.  And you can see it doesn't matter much what your genotype is, no elevation in depression.  And it's really those maltreated children with the highest-risk genotype that really show that increased risk.


We also went on to look at some gene by gene interaction, and we looked at something called 'brain-derived neurotropic factor.'  Gene by gene interactions is key in depression and multiple psychiatric diagnoses.  Brain-derived neurotropic factor, or BDNF, had been associated with child-onset depression.  And we also know the BDNF system and the serotonergic system interact on multiple different levels.


And what you can see here is we did see the gene by gene, by environment interaction.  So down here, again, we have our serotonin transported genotype, with the SS being the higher risk.  The BDNF has two common genotypes.  This Val66Val lower risk than the Val66Met.  Among our control children without any history of significant trauma, didn't much matter what your genotype was, no major elevation in depression.


But among those maltreated children, if you have one high-risk gene, you've got a bump; two high-risk genes, an even higher bump.  And again, really, the importance of thinking about understanding which children are most vulnerable.  But we also know that positive things in the environment can tip the scale.  And there's a whole host of both preclinical as well as clinical literature talking about the importance of subsequent caregiving experiences in promoting resiliency.  And so we also looked at measures of social supports, where we really asked the children if they had an adult in their life that they can count on, and if they had access to them.  


And this is just the data in the maltreated children, and over here you see the mean and the controls.  And the light blue are those maltreated children who really had a stable adult positive figure in their life; and the dark blue are those who did not have one that they had either access to.  They could have been very close to a grandparent, but never got to see them.  And what you can see, again, here's our serotonin transporter genotype and the BDNF, that if you had a history of maltreatment, even if you had the highest risk of genotype, but you had someone positive in your environment, there was only a slight bump in your depression scores.


And it really was those maltreated children without any positive supports in their life, and the highest risk genotypes that really show the most elevation.  And I think some of the important take-home messages from this work is high-risk genes and high-risk environments don't inevitably lead to psychopathology.  It's also important to understand that genetic effects are not fixed.  I think a lot of times we think about, oh, if you've got a high-risk gene, inevitably bad outcomes.  We're starting to learn more and more, and we'll talk a little bit more, about how dynamic the interaction can be between certain genes and the environment.  And that really part of the key to moving towards personalized medicine is understanding the relevant genes, the relevant environmental factors, so we can know who's at highest risk.  Be able to develop novel strategies to preempt illness onset, and personalize treatment intervention strategies.


So we've been talking a little bit about this stress, and I'm not going to really go into this in too much detail.  But it really highlights that the brain responds to stress in a very orchestrated manner.  Now we're very familiar, people oftentimes think about the hypothalamic-pituitary-adrenal axis, which is one of the key areas where the stress response starts.  With CRH being released from the hypothalamus down to the pituitary, with ACTH and then cortisol.  There's also a sympathetic response from the locus coeruleus, norepinephrine, that thing that gives you that sort of fight or flight type of response.


But as you can see, the whole brain responds.  And these different colored dots are showing you some different brain regions that are important in different types of brain processes that are relevant for various psychiatric disorders.  Like emotion processing.  And you see the amygdala, which we heard about earlier.  But also some of these frontal areas that put the brakes on the stress response.  And so you can see there's a lot of overlap in the systems in the brain that respond to stress.  And the systems that are relevant for emotion processing, reward, those things that are relevant for addiction.  Executive function, those things that allow us to control our impulses and the like.


So we're just going to talk a little bit about the stress response, and I am going to focus mostly on that hypothalamic-pituitary-adrenal axis.  Plus one other brain structure which I'm going to throw in there, the hippocampus.  The hippocampus is a really key structure because it puts the brakes on the stress response.  And so what we talked about before, stress response gets started in the hypothalamus with the release of CRH, leads to the pituitary and the release of ACTH.  


Then the adrenals, glucocorticoids, which is also cortisol.  And you see this blue is like this negative feedback.  But also a really important brake on the stress response is from the hippocampus.  And a lot of what we've learned about how humans respond to stress has come from animal studies.  And also the effects of non-optimal parenting have come from, in particular, mouse studies.  And these are beautiful films that were provided to me by Arie Kaffman, who's in our department, and he does a lot of the work with animals.


And one of the models in which they've been looking at the effects of stress on brain structure, function and behavior, is looking at natural variation in mice.  And so that it's a lot easier to pick out what's an ideal mouse versus what's an ideal mother.  But an ideal mouse should do a lot of licking and grooming.  And these variations in maternal behavior are associated with changes in brain development, gene expression and we'll talk a little bit more.  But just to give you an idea of what we're talking about with the licking and grooming.  


As you can see, this is an ideal mother rat who is a high licking and groomer.  And so that this young rat is getting constant stimulation.  And this constant stimulation is associated with changes in stress reactivity, and fearful behavior, and later we'll also see, with genes expression.  So this high licking and grooming, they have relatively compared to the low licking and grooming, a very modest stress response and very little fear behavior compared to those where the rearing is less optimal.


And so here we're going to get to see, just really how this translates, is so this is an offspring of a high licking and groomer, put in a novel situation.  And this little mouse is checking the situation out.  But in a little bit of time he says okay, I'm not so worried, I'm going to explore, let me see what this thing is.  Now this is an offspring of a low licking mouse.  Who you can see is a little bit more agitated, in the way that it's moving.  It's going back up to the experimenter, where did you put me, what am I doing here?  I don't belong(?) here.  And it thinks about getting off the box and exploring.  But.  No, I don't think so.  All right, and these are really stable and replicable differences that have been associated with variability in maternal care.


And again, I'm not trying to say psychopathology is all related to variation in maternal care, but in extreme care, when there are those things, we are starting to understand how different environmental experiences can change brain behavior and genetics.  So they have done cross-fostering studies which have been able to show, because the question is, are there genetic differences that can account for these variability in maternal behavior, and then in the rat behavior?  Or also could there be something prenatally that's accounting for those differences?


So they have done studies where essentially they took offspring of high licking and groomers and had them raised by low licking and grooming moms.  And vice-versa.  And what you see is it really does seem, so these consistent differences really do seem to be due to variations in maternal care, where the offspring of a low licking and groomer will actually show the lower stress reactivity, the lower anxiety when they are reared under these more optimal situations.


And this brings us back to that brain region that I was talking about before, the hippocampus.  And the glucocorticoid receptor basically is the receptor that takes this stress hormone.  And what you can see, the dark line here is showing us that there's more of the receptor in that brain region that puts the brakes on the stress response?  In the offspring of the high licking and grooming, than you see here.  And you can see more glucocorticoid receptor, better inhibition, less of the stress response.


So the question is, how do we get changes in gene expression from changes in maternal behavior?  And some of the mechanisms that have been identified more recently, and it's really changing our world upside-down in terms of understanding how genes and environment interact, and really just how dynamic the interactions are.  And I know this is kind of complicated, but here's our DNA, okay?  And remember we talked about how it can be coiled up tight or loose?  And when it's coiled up really tight, or methylated, as they say, you can't make the gene product.  You can't make the gene.  And when it's loose like this, and unmethylated, in fact, you can get lots of the gene product, or that glucocorticoid receptor, which is really critical in putting the brakes on the stress response. 


And what you can see is with early adversity, you have lots more coiling and you have more of these little lollipops, which is the methylation, so you get less gene product.  And these effects are pretty stable.  They can last until the animal is an adult.  But I think one of the important things which we're also learning is subsequent optimal parenting or other enrichment experiences, and also certain pharmaceutical interventions can reverse this.


But I think this is really, some of these recent findings have really changed how we think about the effects of genes, and how we think about the impact of environment.  And preclinical work on the effects of stress has really been a very valuable heuristic in thinking about some of the neurobiological changes associated with depression.  And this is data which is postmortem data in suicide victims.  And they looked separately at suicide victims with a history of early childhood abuse, suicide victims with no early adversity, and controls.  And here we're looking at the glucocorticoid, how many of the receptors they have of that key receptor that's involved in the brakes.  And whether or not it was methylated.


And what you can see is in the controls, and the suicide non-abused, you've got more of those receptors, and they're less likely to be methylated.  But in those individuals with suicides who had a history of abuse, they've got fewer receptors and they're more likely to be methylated.  And I think this, together with a lot of other data which I'm not going to present today, is really highlighting one important factor associated with variability.  And it does seem like there's different neurobiological correlates of depression when people have a history of early childhood trauma.


And that may also be important to think about when we think about treatment.  And so this is a study looking at nefazodone, which is an effective treatment in adults with depression.  And you can see those, and they were chronic depression, where the green is those with a history of childhood abuse, and you can see a much lower response to the antidepressant nefazodone than those without it.


So we need to be thinking about different treatment strategies in understanding how environment may affect that.  And they're starting to experiment with animals on some of the types of drugs that are involved in affecting the making of gene products and the structure of the DNA.  And so this is a study where, if you have a stress paradigm here, they're looking at defeated animals.  And if give them a medicine that affects the structure, configuration of DNA and allows the gene to be made more?  That you can reverse the depression effects that are seen in that animal model.  So this may also lead to some novel antidepressant effects.


So a couple of take-home messages for psychiatric disorders, as we think about what's this, as we think about how genes and how can we get to personalized medicine?  First and foremost, multiple genes are involved.  The genes interact with the environment, and the genetic effects are not fixed.  Individual differences in genetic vulnerability and life experiences affect both risk for disorder, and response to different treatments.  So the goal of the 4P Model is really to start to take in account these different factors, to predict who's most vulnerable so we can preempt illness onset.  But also to develop personalized treatments so we can optimize the efficacy of those treatments and minimize side effects. 


So with this framework in mind, and an understanding of some of the important individual differences, where are we now with psychiatric diagnoses, and where do we need to be?  Nineteen-ninety-four, DSM-IV was put in place, and essentially that's still in place.  We are anticipating DSM-V in the year 2013.  And I'm guessing it will be about another 20 years 'til we have DSM-VI.  (Laughs)  And we're sure it will come.


Now, while we talked about the importance of understanding brain systems, and genetics, how do we currently diagnose?  We basically diagnose exclusively by clinical description.  For decades, people have been interested in trying to identify biological markers, genetic markers.  But currently biological markers, genetic markers and family history ... maybe family history just a little bit ... are not really used.  And it's certainly not part of the DSM per se, in making our psychiatric diagnoses.


Life experience, other than with the diagnosis of PTSD or acute stress disorder, are also not used at all in making our psychiatric diagnoses.  And ultimately what we know is that most people who meet criteria for one disorder meet criteria for more than one disorder.  And our current diagnostic system does not allow us to optimally pick treatments for patients.  It's a little bit of like catch as catch can.  And I think that that's really something the NIH or NIHM is very interested in, is can we develop biosignatures so we can predict who's going to respond to which treatments?


This is really just to highlight, there are over 250 psychiatric diagnoses in the DSM, okay?  Now, they really actually do break down into about a dozen different categories.  And most of them actually are related to alcohol and substance use.  But you can see then there's those that are involved in psychotic disorders, mood disorders; this you can't see very well, these are pervasive developmental disorders, anxiety disorders.  But right now, we have a system where we can make 250 different diagnoses.  And that's really not helping us figuring out how to optimize treatments for patients.  And really, so many of our same medicines and our same treatments we use, no matter what diagnosis we give patients.


This is just to highlight, lots of times when I do trainings for people on psychiatric diagnoses, so this is actually showing in kids, whether you're looking at major depression, attention difference, hyperactivity, mania, oppositional defiant, or PTSD, the words that have the same color basically are symptoms that are common across diagnoses.  So you can see red, irritability, you could be major depression, could be mania, could be oppositional defiant disorder, could be PTSD.  So realistically, right now the best we do is we try to look at the patterning of symptoms, you know, where they're more prevalent, in what type of settings.  But it's really not ideal.  


And so the goal is how do we move beyond that?  And will DSM-V help us move beyond that?  Unfortunately, it really is very similar in terms of having a clinical description format.  Over the past decade, people have looked at data to see about how are we going to refine it?  And some of the criteria have been refined, like ADHD used to have an onset before age seven, and now we realize that, well, we're going to make it go by age 12.  


We're making some new categories, there's so much comorbidity between anxiety and depression, well, now we're going to have a category for mixed anxiety and depression.  And we're going to get rid of other categories.  Paranoid schizophrenia's going to be going out, or at least that's the recommendation.  Another thing that they're proposing is the addition of dimension or severity measures, okay?  But the truth is, this is a baby step at taking us towards our goal of personalized medicine; at least that's my opinion.  And I apologize to anybody who's worked really hard on it, but.


Corresponding with all the work to develop the DSM-V, the NIH has also developed these scales on the patient reported outcomes, measures, information system, promise.  And what's actually interesting is across all areas of medicine, they really are proposing to try to develop scales where all these different things are going to be looked at, which are a lot relevant for psychiatry; emotional distress, cognitive symptoms.  And other such things.  And the idea is to really move so that there's a way that across medicine, these things are being looked at.  And I don't know whether those will end up getting incorporated in the dimensional scales. 


But here's one of the important things to remember, is that the brain is not organized according to the DSM.  So there is not one brain region that's involved in depression or habit disorders or addictive disorders.  And currently our diagnostic categories really don't map onto the brain.  And as was talked about before, the brain works as part of interconnected regions.  And so one relevant area for multiple areas in psychiatric illness, emotion processing centers. And as you can se, there's multiple regions of the brain that work together to help us process emotion, stimuli, and the amygdala, which we heard about, and some of those frontal areas that communicate, along with other areas.


There's different sets of the brain, but some overlapping areas that are also involved in working memory, executive function, reward pathways involved in addiction.  So you can see some of these areas are coming up repeatedly, the hippocampus, the amygdala, the medial prefrontal cortex.  Habit disorders as well.  And I think some of the key work that's come from some of the imaging work, where we've looked at the different brain regions involved, is that most psychiatric disorders are associated with alterations in multiple of these interlocking brain circuits.  These brain circuits are interconnected.


And successful treatment, and really various types of treatment, psychotherapy, different medications, has been found to have a normalization on these circuit areas.  And that there's also individual differences, and this is again work that's come up in the last five years, where there are individual differences in normal variation in these brain systems.  So that some people actually normally have a more hyperactive amygdala, and they don't necessarily have depression.  


And we are also starting to see with some of the work of Hariri, who really was the first, but it's been highly replicated, showing if we go back to that serotonin transporter gene that we talked a little bit before, those with a short allele, if you show them fearful stimuli?  They're going to have a larger response on their amygdala.  So these brain circuits are subject to the same sort of individual differences.  And is also something that we're going to have to be thinking about, as we move towards personalized medicine.


We were involved, we did some imaging genomics work with some of the children who participated in our gene by environment studies?  We chose to do something which is a dichotic listening task, where basically you have two different sounds that come, one in each ear.  We chose a dichotic listening task because in children with a history of early trauma, one of the best replicated findings in terms of brain changes is changes in the corpus callosum, which basically connects the right and left side of the brain.


We wanted to probe emotion.  And we did it in something where it's kind of like implicit, it's not really explicit.  So you hear two nonsense words, either spoken by a male or a female, in either a neutral or an angry voice.  And let's see if we can hear it. 


(Audio Voice)


JOAN KAUFMAN, PhD:  All right, that's our more calm.


(Audio Voice)


JOAN KAUFMAN, PhD:  And the task is to say whether you pay attention to your left ear, is it a male speaking or a female speaking?  And we wanted to use this task just because it avoids some of the racial biases that can be involved with facial expressions if you don't have a match between the race of the subject and the race in the picture.  Okay.  


And we did a two-by-two design, and this was a small pilot study where we're comparing individuals with either the SS, that highest risk genotype, or the LL, the lowest risk.  And also whether or not they had a history of maltreatment, or whether they were our community controls.  And the area of the brain that's involved in processing, you know, is it a male or a female, or is it an angry or neutral voice?  We saw very marked differences with both genotype and with maltreatment history, only on the time where you had to show the connection across the interhemispheric connection.  And that's because the way we process information when we get it dichotically.  


So that's interesting, and highlights some of the white matter, some of the connectivity differences that are related to stress, and also seem to have genetic differences as well.  And what we also did see as well, is which we showed before, which is very differences in those with the highest risk genotype showing greater amygdala activation.  We also saw nice brain behavior relationships, both with the interhemispheric connection measure, and also with the amygdala measure.


So as we come full circle and we think about moving towards predictive personalized medicine, it is important that we think about how to incorporate genetics, environment, individual differences in clinical presentation.  And again, some of the goals that people are talking about, and moving towards this sort of a framework, is being able to detect disease at earlier stages, when it's easier to treat.  Stratify patients so that we can optimize treatments.  And ultimately help to understand and identify new drug treatments as well. And really shift to prevention as opposed to just treating kind of once we're further down the road.


So what will the DSM-VI look like?  Hopefully over the next 20 years, we will move from clinical description to brain system approaches to diagnosis, utilize prevention and treatment approaches that are personalized and take into account genetic and environmental factors that are associated with individual differences. And especially important for looking about stress-related psychiatric disorders.  So with that.  I was going to tell you guys about my moratorium.  


But yes, so I've had moratorium for four years, and it's really been really quite a wakening, and I think it really highlights the importance and the mission of NARSAD, which is the importance of education and understanding brain behavior research.  So everyone's been here a long time.  I don't know if people have questions or everybody wants to get out the door.  (Applause)  But thank you for sticking around, I would have been really lonely if everybody left earlier.  


MAN:  Any questions?  Yes? 


MAN:  I just had a comment, (Inaudible) research on (Inaudible) more research on touching and (Inaudible) like a high performance (Inaudible) each other (Inaudible).  


JOAN KAUFMAN, PhD:  I think more and more, that the boundaries between what's genetic and what's environmental or what can influence, again, the key is understanding the mechanisms and then the opportunity for making change and promoting positive outcomes as well.  


MAN:  Great, thank you.  Thank you all so much.  (Applause)  Thanks for coming, we really appreciate it.  Have a good afternoon, enjoy the sunshine.  Thank you so much. 


JOAN KAUFMAN, PhD:  You're welcome.

(END OF TAPE)

