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CAMERON S. CARTER, MD:  ... here to the UC Davis Medical Center.  Today we're going to have a celebration of sorts.  NARSAD is holding more than 50 of these research forums all over the country today, and at each place, in addition to a short message from Herb Pardes, the President of NARSAD, there will be presentations by three NARSAD-funded researchers.  And so, again, I guess there's 150 of them all over the country who are talking about their research today.  And the theme of this is "Discovering Hope Through Science".  
What we hope to do ourselves today is to help you to feel more hopeful about the future for people who have serious mental disorders such as schizophrenia, bipolar disorder, depression, autism.  And I think the reason to feel hopeful is because of the tremendous breakthroughs that have happened over the last two decades in our understanding about how the human brain works, about how it can be affected by disease, and how in a systematic way we can begin to develop new, effective treatments that will improve the lives of people with serious mental disorders, and the lives of their families.  


If you look at your program, you will see that we are to start with a video presentation, however that DVD actually happens to be in Karen Ailers'(?) car traveling from Davis to Sacramento at this moment, so we're going to show the DVD at the end.  We're going to do the three talks first.  


I should tell you a little bit about NARSAD.  NARSAD is a foundation that funds mental health research.  It has been around for about 20 years, and NARSAD has raised some hundreds of millions of dollars, and funded roughly 1,000 researchers across the world, and many researchers who study serious mental health problems, such as myself, really owe it to NARSAD because one of the things that NARSAD does is it funds people at the very beginning of their career, often before they've gotten any other research grants.  And they also try to keep people engaged in research by funding people repeatedly through the different phases of their career, so when I was at the beginning of my career, I had two grants from NARSAD, and then when I moved here to California and was setting up a new research program here, where I was trying to extend my work into more cellular and molecular aspects of the newer biology of schizophrenia, and NARSAD funded me again as a senior investigator.  So NARSAD really supports researchers, it's generated much important research, and we should be very grateful for the existence of NARSAD, and I think one of the things they have also worked very hard to do is spread this message of hope, and that's really why we're here today.  


Our first speaker is Kimberly McAllister.  She's going to talk to us ... oh, let me tell you a little bit about Dr. McAllister. So she is a Professor in Neurology, and Neurophysiology and Behavior, and she's housed at the Center for Neuroscience, which is a very prestigious center on the Davis campus where 30 full-time faculty pursue basic fundamental questions about how the brain works from the molecular level, from molecules all the way through to the mind, to psychology.  Dr. McAllister is a basic scientist.  She's a developmental neurobiologist, and it's very important for those of us who are trying to understand and better treat schizophrenia that she has become interested in the potential cellular, and molecular, and developmental basis of schizophrenia and other serious mental disorders, and she's going to talk to us today about that basic research.  


KIMBERLY A. McALLISTER, PhD:  Okay, wonderful.  Thank you, Kim.  And I really want to thank you all for coming and spending part of your Saturday today to hear about some of the research that's going on here.  I feel really honored as a basic neuroscientist to be able to speak to you in a group like this.  As. Dr. Carter mentioned, I am a Development Neurobiologist.  I am interested in understanding how the brain develops, and in particular, how connections between neurons in the brain form in the typically developing brain, and then how that formation of connections might be altered during diseases, and in particular neurodevelopmental diseases. 


So I wanted to start just by explaining why I think we all care about brain development, and why brain development is so important, and this is something that you all know, and that is that it's truly a very simple concept, but a profound one about how amazing it is that we can go from being newborns that are capable of very little, who can't live independently, to just within a few years of development, turning into these little human beings with minds of their own, that are capable of interacting with their environment of learning, and of pretty intense social interactions, and then through another development period during late childhood and early adolescents, as humans become adults where we act and react to our environment, where we learn, and where we can achieve really incredible greatness in the number of different realms, including physical social, and cultural realms of development.  


Now, most of these functions are really subserved and rely on the proper development of the brain, and so when the brain develops properly, we're really capable of a lot of greatness, but when the brain doesn't develop properly, or when it doesn't function properly, it can lead to a range of neurological and psychiatric disorders that disrupt this functioning, and that those ranges can be rather subtle, or they can be incredibly profound.  And to my mind, one of the most profound psychiatric disorders in humans is schizophrenia.  So many of you are intimately aware of what schizophrenia is.  I'm just going to talk about it briefly here, and then get into the basic science of that.  I think that two subsequent speakers will tell you a lot more about this disorder.  


But just as a review, it's basically a chronic, severe, and disabling psychiatric disorder.  It affects about 1 percent of the population, and so 1 percent develop schizophrenia during their lifetime.  It's also a highly heterogenous disease.  It can be characterized by a range of three sets of symptoms, positive, negative and cognitive symptoms.  The positive symptoms include hallucinations, delusions, and thought disorders.  The negative symptoms include blunted emotions, poverty of speech, avolition, and asociality.  And then the cognitive deficits include impairments in attention, executive function, and working memory.  


So most of us who are funded by NARSAD really want to understand what causes schizophrenia, so that we can then develop treatments for this disorder.  And obviously, or we wouldn't be standing here talking to you about schizophrenia, if we knew what caused it, because we could treat it.  We really don't know causes schizophrenia, although there has been a tremendous amount of advances in our understanding of what might contribute to increased risk for schizophrenia. 


The concordance rates and familial recurrence suggests that the susceptibility is clearly attributable to genetics, so there are genes that play a role in enhancing risk for getting this disorder.  But it's not going to be one gene that's going to cause this.  It turns out that mutations in a single gene don't cause schizophrenia for across the whole population, but there are an increasingly large number of teens that can be associated with an increased incidence of getting schizophrenia.  And it's not just genetics that seem to enhance the risk for people to get schizophrenia; it's an interaction between genetics and environmental factors.  So there is a lot of evidence that environmental factors play a role in the risk of schizophrenia.


Okay, so most of you know that the onset of schizophrenia, and the diagnosis of schizophrenia isn't at birth, it's not within the first two to three years like it is for autism, it's actually in late adolescence and early adulthood.  So why as a development neuroscientist am I up here telling you what we know about schizophrenia?  


I got interested in this because there's an increasingly compelling set of data suggesting that schizophrenia isn't just a disorder of brain functioning during late adolescence and early adulthood, but in fact, it may start in the womb during early brain development.  And so there is an increasing set of data that suggests that there's this neurodevelopmental hypothesis for schizophrenia, which is that the etiology of schizophrenia may involve pathologic processes caused by both genetic and environmental factors that begin before the brain approaches its adult state in adolescence.  So this hypothesis relies on a two-hit idea, that there are two different sets of issues that happen that alter brain development to lead to schizophrenia. 


So the idea is that abnormal development during two critical time points, early brain development, and then in adolescence combines to cause schizophrenia.  So early developmental insults may lead to dysfunction of specific neuro networks that would contribute to pre-morbid signs, that's pre-disease signs and symptoms observed in individuals that later develop schizophrenia, so there is some suggestion that there are some signs in early childhood that can start to predict that there may be something going on, and then you have a lot more symptoms in adolescents. 


And then in adolescents there are a series of brain events that we're going to talk more about that might be contributing to schizophrenia where you have an excessive elimination of synapses, or connections between the brain, and a loss of plasticity that may account for the emergence of symptoms, and the diagnosis of schizophrenia. 


Okay, so what during development could lead to changes in the brain that might contribute to schizophrenia?  Well, it turns out that there is a lot that's happening during brain development, and we all know that.  If you have children or grandchildren and you see them grow, there's so much that's changing over such a short period of time.  And there is also a lot that's happening in utero.  And I include this slide just to illustrate that.  So these are schematics of what the brain looks like in a number of different developmental stages.  And this is for human.  And so at 25 days of gestation, that's when the neural tube of the early developing embryo starts to develop nervous tissue.  The tissue starts to become neural.  And the developing neural tube changes over time dramatically, such that it goes from this tube that's really undifferentiated into a structure that we could all identify as a human brain.  


Now, it's even more remarkable that this occurs properly at all, I think, when you think about the size scale of what has to happen in brain development.  So it's not that this size is relative to this, this little dot right here is the relative size of the neural tube compared to the 9-month-old brain.  So there's a huge amount of growth that's happening here, a huge amount of birth of cells, and undifferentiation of these neurons.  And all of this can be altered depending on the genetics of the baby, but also on the maternal environment. 


Okay, so the growth of the brain doesn't obviously just happen prenatally, but there's a lot of development that happens postnatally.  So this slide gives you a sense for what the neural biological trajectories are that are important for neural development.   So here you've got time where you have gestation in the darker blue, and then after birth in the lighter blue.  And there are a number of different processes that have to occur in order for brains to develop properly.  Very early on when the nervous sytem is just forming in the first trimester, you need to have enough neurons born in the correct numbers in the correct places, and then they have to migrate out from where they're born to find their proper position in the brain.  And when you have defects in either of these two processes, that leads to pretty serious large congenital brain malformations. 


Now, once those neurons are found, they find their correct position, they then undergo a process of differentiation.  And that includes the sprouting of axons and dendrites that makes these neurons look like the trees, the pictures that you've seen in pictures of neurons.  And those axons extend out from the parent cell, and they find their targets, and then they start making connections with their targets, and they have to find the right target, and they have to make the right number of connections in order for information to be processed in the brain correctly.  And so that's the process of synapse formation, and it's modified by a number of non-neuronal cells called glial cells that are in the brain, that if they don't develop properly, that causes problems with the development of neuronal connections.  


And then later in development, those connections that are initially formed during this period of developmental synaptic plasticity during mid to late gestation, and the first two years of human development.  Those connections that are formed are then pruned back and excess connections are actually eliminated in processes of plasticity that occur in late childhood and early adolescence in a period that you might call the "adaptive period of synaptic plasticity".  


So in terms of disease, and in terms of the processes that we might think of as being altered in schizophrenia, the way that I find it useful to think of is to call this earlier period the critical pathogenic period when the brain circuitry is really being set up, and when if you don't set it up correctly you're going to lead to later problems.  But then there's also this period of adaptive synaptic plasticity when if you hit it then you're going to be affecting different processes, but you could also lead to changes in cognition. 


Okay, so most of you have friends, or family members that have schizophrenia, and you're very well aware of how schizophrenia is diagnosed, and you're well aware that all of this is done in humans, right?  And so we care about disease because it happens to our friends and family.  And there are clinicians that have characterized this disorder, it's been known for a long time.  The symptoms that characterize it have been known for a long time, but what happens in the brain in this disorder is only just beginning to be understood.  And so there are lots of different levels that you can use to start to understand what's happening in a psychiatric, or a neurological disorder, and most of this involves basic research.  And you can do basic research at a number of different levels.  You're going to hear about some studies where I think both Dr. Carter and Minzenberg are going to tell you about the changes that occur in the brain, and which regions of the brain are involved in schizophrenia, and that's done by cognitive neuroscientists.  And then there are systems level neuroscientists that care about taking, figuring out what the circuits are within those identified brain regions, and figuring out how those connections are changed.  And then there are people like me that are cellular and molecular neuroscientists that really want to understand at the level of individual connections between cells, these so-called synapses, how it is that the function of these synapses that subserve the information transfer between neurons is altered in order to lead to psychiatric disorders including schizophrenia. 


Okay, so there is a huge body of literature that suggests that those synapses in the developing brain are actually altered in schizophrenia, and by genes that have been identified to be associated with schizophrenia.  And I'm not going to spend the majority of my talk telling you about this, but I want to spend two slides telling you what people know about how genes are involved, and then I'm going to turn to environmental factors and spend the rest of my talk telling you about how we think immune responses might be playing a role in altering the circuitry.  But I need to introduce the circuitry first.  


So in the cortex of humans, and higher mammals, the way that information is transferred is through excitatory neurons that are these big pyramidal-shaped cells, and they're found through six layers of the cortex.  And it's really the connections between pyramidal neurons that subserve information processing within the cortex.  That information, though, has to be modified by a number of different kinds of cells in order for it not to go out of control.  And probably the most important set of neurons that really refines that information are interneurons, or GABAergic neurons.  Those are your inhibitory neurons that dampen down the amount of input that can go through these excitatory loops and cortex. 


There are also glial cells that are non-neuronal cells that secrete very important molecules, including some that I'll be telling you about as we go along that can modify the connections between neurons in the cortex, and then there is a very, very important set of neurons called "dopaminergic neurons" that send axons into these connections, and they actually make little physical connections here at those synapses between the pyramidal neurons, and they secrete neurotransmitters that can modulate the activity of those excitatory neurons.  And so it's the dopaminergic neurons that are the focus of a lot of research in schizophrenia, and dopaminergic synaptic transmission is the focus of a lot of drugs that can be used to treat schizophrenia.  


Okay, so in trying to figure out what within this circuit is altered in schizophrenia, what the primary approach has been is to figure out what the genes might be in families that have recurring members with schizophrenia, figure out what those genes are, and then figure out what they do, okay?  So there is cross talk between clinicians, between geneticists, and between basic neuroscientists, because once you identify what that gene is, you have to be able to figure out what it does in the developing brain in order to start to figure out how you might treat it, and how it might be involved in disease.  And so I'm not going to really go through this slide.  There's been a lot of work suggesting that there are a large number of genes that are involved in schizophrenia.  What's really interesting about a lot of these genes is that many of them are found at the synapses that I just described to you in the cortex.  So you can see here, this is the axon terminal.  This is the post-synaptic side of the synapse between excitatory neurons.  Here is a dopaminergic terminal that can come in and secrete dopamine and modulate the activity here.  And then there are GABAergic terminals that can modulate both pre and post-synaptic function. 


A lot of the little circles around all of these letters that basically make up abbreviations for these genes, indicate genes that have been identified at least to some extent, and sometimes in multiple families to be associated with schizophrenia.  And so it turns out that a lot of these genes are thought to affect the development and function of these synapses, or these connections between neurons. 


So these genes really don't converge upon one specific molecule.  It's affecting a lot of different molecules within these synapses.  But what they converge on is the formation, and the plasticity, and the functioning of this circuit within the cortex.  And so it's not that all of them are coming into one common pathway, it's that maybe what this is telling us is that they're all affecting something about the formation or the synapses, because they're all present there, and that's what they do. 


Okay.  So, as I mentioned a couple minutes ago, it's not just genes that are involved here, but it's really the interaction between genes and the environment that are important not only for disease, but also in regulating typical brain development.  So the environment can be defined at a number of different levels during different developmental stages.  So early on the maternal environment has a dramatic effect on the development of embryos, and then later on, after organisms are born, the world.  And, you know, all of the sensory experience, and the social experience, and everything that a human is exposed to can alter its brain development.  It can actually alter the connections within the developing cortex, and that is very important for typical brain development, but it can also go awry in neurodevelopmental disorders.  


So it turns out that nongenetic factors seem to play a major role in the pathogenesis of schizophrenia, and there have been a wide range of environmental stimuli that might be involved, but what's interesting to me is that they all seem to converge on their ability to alter immune function.  So our immune systems are really the mediators of environmental influences on our physiology.  


Now, what's kind of interesting about starting to talk about the immune system in terms of brain development is that this is a kind of heretical idea until just recently.  So for the past 60 years the central nervous sytem was considered to be immune-privileged.  What that means is is that it was thought that any change in any of the typical cells within our immune systems couldn't get into the central nervous system.  The cells didn't get in, and the things that the immune system secrete, like cytokines, couldn't cross into the central nervous sytem because of this nonporous structure called the blood-brain barrier that many of you have probably heard of.  Okay, so that was thought to be pretty impermeable, unless there were really severe diseases where there was trauma to the blood-brain barrier which allowed cells in, or in auto-immune diseases.  But it really was thought to be pretty nonporous.  And so there was thought to be no effect of systemic immune responses on central nervous system functioning. 


But over the last probably just ten years, that idea has been pretty much disproven, and there has really been a paradigm shift in our field in thinking about how there might be interplay between systemic immune responses, and brain development and functioning.  So it turns out that many immune cells can actually get across the blood-brain barrier, and into the central nervous system.  They do this in the typically-developing brain, and a lot of the molecules that these immune cells secrete, called cytokines, can cross the blood-brain barrier during most of life.  And especially during early development, this blood-brain barrier is much, much more porous than it is in middle life, and so those cytokines can have profound effects in the central nervous sytem.  At least they can get across. 


Okay.  So the intercommunication between cells and the immune and nervous systems is possible on several levels.  Neurons and a couple of different kinds of glia called microglia and astrocytes can produce various cytokines, and express cytokine receptors.  Neurons and glia also express other immune molecules and their receptors that we're going to talk a lot about at the end of my portion of this.  So the idea is is that cells in the central nervous system, including neurons, can directly respond to immunological stimulus, including alterations in a systemic immune response. 


Okay, so this is not just something that I'm proposing for schizophrenia, this kind of cross-talk has been studied in a wide range of neurological diseases.  So we've known for a long time that neuroimmune cross-talk is going to be important in diseases of immune system, so multiple sclerosis and bacterial infections probably being the two that are most widely known.  But recently, as we start to get a sense that there is more neural immune cross-talk, people have been focusing on how a systemic immune response might be involved in some of the degenerative changes in the nervous system, and their degenerative disorders, such as Alzheimer's disease, Parkinson's, and ALS.  


Okay, so what about schizophrenia?  That's what we're talking about here.  So the evidence I think is getting more convincing, but we don't know for sure whether strong or abnormal systemic immune response contributes to schizophrenia.  But there are a number of lines of evidence that suggests that it might, and there are an increasing number of studies that are focusing on this.  


So the first piece of evidence is that there has been reported to be an elevation in schizophrenia risk in offspring following maternal viral infection, including influenza, rubella, and a number of other viruses.  There has also been a report of increased maternal systemic cytokines that correlate with an increased risk for schizophrenia in offspring, and people with schizophrenia can display abnormal levels of brain cytokines, so during the disease process that might indicate inflammation in the brain, in the nervous system that could contribute to the symptoms or pathology of the disease.  And then finally last year there were a couple of reports looking at genome-wide association studies that were looking for genes that would be associated with schizophrenia across the genome, across the population that didn't identify too many of those, but did identify one set of immune molecules called major histocompatibility complex molecules.  So we're going to talk about this again in a minute. 


Okay, so how is it that you could possibly go from an interaction between genes, and environmental exposures to infections, toxins, or maternal factors to cause schizophrenia?  Well, there are some pretty well known links.  The first thing that we know is that when you have a systemic immune response, one of the primary mediators of that systemic immuno response are these molecules called cytokines, and chemokines.  These are secreted proteins that are secreted from immune cells.  They can cross the blood-brain barrier, as I just described, and that can increase the levels of CNS cytokines and chemokines, so cytokines and chemokines in the brain.  That has been proposed to affect brain development, and specifically connectivity and plasticity, and if that's affected in a way that leads to cognitive dysfunction, that can then lead to neurodevelopmental disorders.  So that's the idea. 


So what do we actually know about the roles of cytokines during development?  What we know is that cytokines affect many different aspects of brain development, and I should tell you that this is a pretty complicated field because there are over a hundred members of the cytokine family, and even more receptors.  So from a biological stand point, the diversity of this is pretty incredible, and we're going to really need to know a lot about the details.  So I'm giving you broad strokes here.  But these really do affect many aspects of brain development.  


If you look at what's plotted here, this is intrauterine brain development, postnatal brain development in the first year and in childhood, and then this adaptation period during late childhood/early adolescence, and adulthood.  


Okay, so we know that cytokines are really important for early events, such as neurogenesis, neuronal migration, and neuronal survival.  We also know from the literature ... and by "we", I don't mean me, I mean our field ... knows that they also affect this adaptation period of later development through synaptic plasticity and refinement of connections in response to experience.  But what's interesting is that we really don't know much about what these cytokines are doing during most of this critical pathogenic period during the formation of connections and differentiation of these neurons in the developing cortex.  And so in my lab, we are interested in a lot of aspects of the basic formation of cortical connections, and so when I started reading this literature, and started talking to Dr. Carter, I got really interested in what the cytokines might be doing to cortical connectivity.  


We're going to talk just a little bit about how we as basic scientists approach this ... so in my lab what we do is we study synapse formation, and if you could turn the lights down in the front, could you guys do that?  That would be really great, just for this one slide.  So what we do is we need to have a way of figuring out whether particular manipulations can alter brain connectivity, and you can't do that in intact tissue, and you certainly can't do that in human tissue.  And so what we do is we use mouse models, and where we can take neurons out of the developing brain, we can separate them from one another, put them down into glass cover slips, and it's amazing.  You can watch as these things grow, and make connections with one another.  And then you can look at the distributions of proteins, but you can count the number of synapses, the number of connections that these cells make with each other.  


And so I'm just going to tell you about one way that we do that.  Basically we can use antibodies to pre and postsynaptic markers on either side of the synapse, and we label them red and green, and so where you see yellow, where you see little yellow dots are where you have synapses.  


(Background Conversation) 


KIMBERLY A. McALLISTER, PhD:  So it's mostly just to see the yellow here.  And so then what we do is in our cultures, we can treat our cultures at particular times with particular combinations of factors that we're interested in, such as cytokines, we can wait a couple of days, and then we can use our staining technique, and our counting techniques to figure out whether that treatment altered the number of connections between these neurons.  And so it turns out that many cytokines do regulate synaptic connectivity between early developing cortical neurons.  And so what's plotted here is the synapse density relative to controls, so controls are untreated cultures, have a value of 1, and so anything that's increased with a little star means that the cytokine dramatically increased connections, and anything that's below that line means that it decreased those connections between those neurons.  And so for almost all of the cytokines tested, they have dramatic effects on the connections between cortical neurons. 


Now, we have a lot to do to figure out how this is happening, and what the molecular pathways are, and it's possible that these pathways are going to be many different independent pathways.  But it's also possible that there's going to be a final common pathway between all of these molecules, because in the immune system, cytokines can alter the immune response by altering the expression of a particular protein called MHC, and it turns out that when you look at whether these cytokines alter MHC expression, you can see that they do.  So some of them decrease it, and some of them increase it, and they do so in a manner that would predict the changes in synapse density. 


Okay, so I've mentioned MHC molecules about four times now without introducing them, and so it's time to step back and tell you what these molecules are, because we think they might be very important for this process.  So MHC molecules are molecules that you might have heard about as HLA molecules.  They are immune molecules, classically described.  They mediate the adaptive immune response, and they're found on all cells in your body.  And so there are these trimeric proteins that sit within the membrane, and they present these little structures, these little pieces of proteins called peptides.  Now, in all of your cells, they're all made up of a whole bunch of proteins, and those proteins get degraded and cut up into little pieces called "peptides", and all of those proteins get presented by MHC on the surface of your neurons, and all of the cells in your body.  


Okay, so if those proteins are derived from your normally present proteins, then it doesn't initiate an immune response, but if those peptides are derived from non-self(?) proteins, so for instance, from viruses that might have infected your cell, then this complex will be recognized by other immune cells like T cells, and an immune response will be initiated, killing this cell.  


Okay, so why on earth do we care about these immune proteins in the nervous system?  Well, it turns out about ten years ago that a really famous scientist named Carla Shatz, who was then at Harvard and is now at Stanford has developed a technique to look for genes that might be involved in visual system development, and this was a technique just looking to see what might be unregulated by activity.  And she found these MHC molecules, and they were really surprised because at the time the CNS was considered to be immune-privileged.  These molecules weren't supposed to be in the developing nervous system.  But it turns out that when you look for the expression of a number of different MHC molecules, some of which are shown here in red, yellow, and blue, and you look at where the red, yellow and blue is in the brain, you can see it's all over the place, right?  See, these molecules are absolutely there in the developing brain, and in a paper that she published in Science about ten years ago, they showed that these molecules play really important roles in the adaptation period of brand development, where they alter the refinement of connections in response to experience.  


So we were really interested a number of years ago to look to see whether these molecules also regulate that critical period of pathogenesis during the formation of connections, and the first thing that we had to see was whether these MHC molecules were actually present in the developing brain.  And so a post-doc in my lab used antibodies to label MHC, and so this is a section through the cortex of a rat brain, and it's labeled for MHC, so all the little white signals, and all the little white circles are neurons that are within the cortex, and that are positive for MHC, so they're expressing it, and this just marks where all the cells are.  So you can see that most of the little red dots that are the cells are circled by green, which is the MHC. And when you look over here, you can see that at a number of different developmental stages including early postnatal there is a lot of expression of this in the cortex.  And when you look over here, you can see pictures of synapses, so these are actual pictures of these little 1 micron structures that are all over your brain, there are trillions of them, and these big dark blobs is our label for MHC.  So those MHC molecules are actually present during synapse formation and at synapses.  


And so another student in the lab went on to look to see whether if we manipulated MHC levels, whether that altered cortical connectivity.  And so she did that by either decreasing levels, or increasing the levels of MHC, and then fixing the cells later on after that was expressed, and looking to see what happened to connectivity.  And to make a long story short, what she found was that MHC 1 proteins on neurons function to limit synapse density during early development.  And so when you overexpress MHC, you get a decrease in synapse density, and when you decrease MHC you get an increase in synapse density. 


Okay, so what we think is happening is that these immune molecules are actually present at synapses during this critical pathogenic period of brain development, and here they regulate synapse density and strength.  And so in typical brain development there's a particular level in compliment of cytokines that are coming across that blood-brain barrier, and that's modulating the formation of these connections.  Now, depending on your genetic background on the kinds of immune molecules that you express in the levels, and also on whether you have a systemic immune response that's abnormal or extra strong, this level of cytokines and compliment may change dramatically, which could then directly alter the circuitry and the developing brain.  And that's the hypothesis that we're going on now.  But what we really need to know is do cytokines cross the placenta during systemic immune response during gestation, or do they cross the blood-brain barrier during early postnatal development to alter the balance of immune molecules on the brain, and to alter connections ... "in vivo" means in the intact animal ... to cause diseases such as schizophrenia.  Okay, that's really the question.  So we don't know the answer to that question yet.  The way that we really want to do this, the way that we want to measure these cytokines to see if they are unregulated in the brain during a systemic immune response is to use mouse models that we can then go in and measure the actual cytokines that are in the brain, and then look to see whether that alters connectivity.  And so for these mouse models to be relevant, they need to be mouse models that are mouse models of diseases that we care about, and in this case we care about schizophrenia.  


So the first one we're starting with, they're a number that we could use, but the first one is a mouse model that was developed by the Patterson Lab at Cal Tech, and there, what they do is they expose pregnant rats or mice in midgestation to either influenza, or to a viral mimetic that mimics influenza infection.  And then the animal recovers, the pups are born, and what's really amazing is that they find that the early development of these animals is fine, but later on they go on to develop behavioral changes that are somewhat indicative of a number of neurodevelopmental disorders including schizophrenia, and those are deficits in PPI, and deficits in social interaction, and there are more and more behavioral tests that are being done on these animals. 


So what we would really like to do is to see whether the cytokines that are unregulated by this systemic immune response can cross the blood-brain barrier and alter connectivity.  But, you know, if that does happen, that's great.  Still, we have to validate whether this is similar to what might be happening in schizophrenia.  So I think that I'm incredibly lucky to be in a place like UC Davis where we have people interested in diseases, and especially in schizophrenia from what I do all the way up to what Dr. Carter does.  And so Dr. Carter actually came to me about a year ago and said, "How can we start thinking about models of schizophrenia, and start testing hypotheses across scales from mouse models up through humans so that we can get a better understanding of a disease, and start to come up with better treatments?"  And so we've established a neuroimmunology working group here that is going to be looking to see whether the cytokines that are unregulated in this mouse model, or other mouse models might mimic any upregulation of cytokines in the blood of schizophrenia patients that are just beginning their diagnostic disease process.  So I think it's incredibly exciting, but I would also say that you really need research at all of these different levels, from obviously characterizing the disease, figuring out what the genes are, to basic science where you start to get a sense for how those genes affect brain development, and what the pathways are that are affected so that you could go in and come up with targets for potential therapies.  


And what's exciting in this field right now is that we have undergone a tremendous explosion in our understanding of brain development, and so it's really an amazing time where we have enough knowledge about genes that are implicated in diseases.  We're starting to have enough knowledge about how the brain develops that we can really start marrying the two, testing hypotheses, and addressing these across scales.  So I never thought that I would have much hope for basic science really contributing to understanding neurodevelopmental disorders when I started out as a graduate student 15 years ago, and now I think we're really going to make some major progress in this in the next ten years to the near future.  So it's an incredibly exciting time to be a basic scientist.  


Okay, so I want to add just by acknowledging all of the people that did this work, the work was started by a former graduate student in the lab, Marion Glen(?), who is now a toxicologist at Dow Pharmaceuticals.  I have a number of students, Brad, Paula, Mika(?), and Melanie, and then a post-doc, Lee, who have contributed to the data that I talked to you about, and then Phaton Nelsabawe(?) who is my lab manager, who is terrific.  So when basic scientists tell you about their results, it's not their work necessarily, it's a team of really amazing people that contribute to this.  And then finally, I'd like to acknowledge NARSAD because NARSAD was actually ... NARSAD plus a few other foundations were the ones that started this work in my lab, and if it wasn't for these private foundations that are willing to fund new pilot data with new ideas that's thinking out of the box a little bit, none of us would be able to start off in these new directions and make these potential advances that hopefully will help human health.  So thank you very much.  


(Applause)


CAMERON S. CARTER, MD:  So we have a few minutes for questions.  There are microphones to the side.  Shout it out.  


WOMAN:  When you talk about environment factors, are you also talking about pollution, or are you just (Inaudible) immune response of (Inaudible)?  


KIMBERLY A. McALLISTER, PhD:  Because of infection.  But there are immune responses that (Inaudible) so that's why I'm thinking (Inaudible) is really a powerful study (Inaudible) so it's not just one, there can be a lot of different ways of altering the immune response, right?  


WOMAN:  (Inaudible) stress?  I mean, a mother is stressed, and ... 


KIMBERLY A. McALLISTER, PhD:  Absolutely, right?  So a lot of these processes are ... I think sometimes when you read newspaper articles about what's causing a disease, people focus on one thing.  And I hope today what I've maybe opened your eyes to is that this is a circuit, and there are lots and lots of proteins at those synapses, and there are lots of ways that you can alter those, okay?  So the other point of that is that it's not just complicated that way, but if you alter one thing, you can alter other things, too, okay?  So there are lots of different ways that you can get there, but I think that the exciting part about this is that cytokines that may be initiated by a lot of these processes in the periphery might be able to translate those systemic changes into changes in brain development and function.  And it's not just during disease.  This is something that's happening in all of your brands right now.  I mean, people are suggesting that maybe this is part of what makes us different from each other.  It's not going to do everything.  But they've started suggesting that.  They've suggested that this is something that's really important for neurodegeneration.  If you're taking any drugs, which probably most of you are taking for something, that can change the porosity of the blood-brain barrier, and can make your brain more susceptible to cytokines.  Now, obviously there are control mechanisms that keep the brain functioning within a homeostatic balance, but if you don't, if you've got some sort of alteration in the ability of yourselves to respond, and to maintain that balance, then that can get out of whack pretty quickly, and that's in a really general way how people are thinking about these disorders.  Yeah?


WOMAN:  (Inaudible) 


KIMBERLY A. McALLISTER, PhD:  Right.  So the question, for those of you in the back, was you're assuming we're looking at pro-inflammatory cytokines that are IL-1, TNF-alpha and IL-6.  So in this mouse model, IL-6, interleukin-6 is one of the most studied, and it's one of the most studied in the brain, too.  TNF-alpha is important for a number of processes.  I, as a basic scientist, don't want to restrict what I am studying based on what is a fad in the literature for maybe good, or just practical reasons.  And so the way that we're starting our studies is to try the ones that are ... the current directions ... is to try to measure a full panel of cytokines and chemokines within the developing brain so that we can start to identify the ones that we know, and that I tested as candidates that we know are important.  But I want to know for all of those 90 that people haven't studied, are they expressed there, and what are they doing, too, right?  Because there may be ones that we don't know about that are going to be really important.  So, you know, as basic scientists you really have to keep your eyes completely open to all of the possibilities while going after the ones that you know might be important, too.  And we've got technology now that has just come on board that mostly works, that we're trying to make work better that should allow us to do that.  Yeah?  


MAN:  (Inaudible) 


KIMBERLY A. McALLISTER, PhD:  Okay.  


WOMAN:  I don't think I understand, there would be a lot of people who would have infections, and a lot of people who would be under stress in a pregnancy stage, yet there would be relatively few that would perhaps ... where this result would be that it would be schizophrenia.  So I don't understand that part.  Can you explain them?


KIMBERLY A. McALLISTER, PhD:  Right.  So did everybody hear the question in the back?  So when Marion, my student, first brought this topic to my lab, I was pregnant, and it was my second kid, so I was getting sick all the time from my first kid being in preschool, and that was exactly my reaction, too, was how can this possibly play a role in the incidence of these diseases, or these psychiatric diseases is so much smaller than the incidence of pregnant moms who are sick, right?  And, you know, we don't know.  We don't know about that.  We know that in the mouse model it's really interesting, even though they have a uniform genetic background, which we don't as humans, but they do, some of the offspring develop behavioral abnormalities, and some of them don't, okay?  


So we need to figure out what's going on with that.  It also is more likely to be that if you have a particular genetic predisposition, that when you have an altered immune response, and a seriously altered immune response, not one just from a cold, but one that's abnormally strong, or goes on for a really long period of time, that's the kind that be predisposing.  But it's a risk factor.  It's not going to cause it, okay?  So it's going to act on other things that are going on in the developing nervous system at the time, and so the question is what are they?  And so what you're seeing from our research is just the first step in trying to figure out what these things can do, but then we need to go to those mouse models and figure out on genetic backgrounds where there are mutations in genes that have been associated with schizophrenia, if you start playing with that immune response, you start exposing these animals to toxins and things like that, do they have an enhanced response to these effects of immune molecules on brain development.  Yeah, I'm a little skeptical that it's going to be something that's incredibly profound, but it's going to be a lot more subtle.  Yeah? 


MAN:  (Inaudible) altered big behavioral responses in the mouse.  Could you describe what they are, and in actual effect how do you relate that to schizophrenia?  


KIMBERLY A. McALLISTER, PhD:  Right.  So I think your question really underlies the discomfort that I think we all have as humans in trying to model such a complex psychiatric disorder of schizophrenia in a little mouse that really, you know, shouldn't be able to think like we do, right?  And it doesn't even have a lot of the brain structure that we have, okay?  So there are behaviors where you can ... and there are a whole series of these, and we don't do them in my lab, so I'm not going to describe them in detail to you, but I can send you to some references where you could learn about them ... but basically what they do is you can do things like social interaction where you look to see whether the animals have less social interaction with one another, or you can do PPI, which is a task that you can do in humans, too, where you look to see whether there is a decreased or enhanced response to a second stimulus, okay?  So there are some things that you can do in both.  Most of these behaviors are ... and the reason that I was equivocating on this as, you know, a mouse model just for schizophrenia ... is that a lot of these behaviors are altered in a number of neurodevelopmental disorders.  And so the question then becomes for these mice, what are you looking at, and what is it a model for?  


And in the field, the way that people are thinking about it, is that there are many, many different aspects of changes in behavior that make up any neurodevelopmental disorder including schizophrenia, and what we might be able to figure out in mice, or in higher level animals is we get to know what the models might be is endophenotypes.  So these are particular behaviors that are part of the disease but maybe not the whole thing, okay?  So, you know, certainly hallucinations are going to be very, very difficult to mimic in a mouse, but you might be able to mimic PPI and figure out what's going on.  And if you then also go in, and you look at the circuitry, and you see that the circuitry is changing in a similar way that might mediate that phenotype, then you start to get a handle on what's going on.  That's the rationale.  It's not in any way to say that you're going to have a mouse with schizophrenia, okay?  Although some people will tell you that.  But I don't believe that you can do that. Yes?  


WOMAN:  Will we eventually not talk about a blood-brain barrier?  Because obviously is realized that there's passage of the immune cells through that what you thought was a barrier?


KIMBERLY A. McALLISTER, PhD:  No.  So there absolutely is a blood-brain barrier, and in fact, it's a real ... it protects our brain for the most part, but it just happens to be a lot more porous at different stages of development and in response to different things like drug exposures than we thought, but it still keeps most of the cells from the immune system out.  Some of them can go in.  The cytokines can cross that blood-brain barrier a lot more than we thought, but still the brain is protected, and you want your brain protected, right?  And it's really, you know, the whole study of the blood-brain barrier has exploded in the last few years, not so much by people studying neurodevelopmental disorders, but really by people trying to get drugs that they know might be able to treat psychiatric or neurological disorders into the nervous system, because it's really hard to get past that blood-brain barrier.  So it's absolutely there.  It protects us, but it's also a problem for getting drugs across, and so people are really trying to understand how to make it more porous to specific molecules that they might use to treat disease.  So I really don't want anybody in here to think that it's not there, or that it's not playing a role, it's just a lot more porous than we used to think.  


WOMAN:  (Inaudible) 


KIMBERLY A. McALLISTER, PhD:  So I'm going to give that to him because he understands that a lot better than I do.  


CAMERON S. CARTER, MD:  Actually, the risk of identical twins, the concordance rate is only 50 percent.  So that makes the point, really, that even though there's a genetic component to schizophrenia, this has to be all about gene environment interactions.  And I think the kind of work that Dr. McAllister is describing lets us think about how the environment can affect brain function, and interact with what's being set up by our genome, and how that could vary so that somebody who has pretty much the same genes ... I mean, actually totally the same genes ... could not develop the illness because of other things that happen during their life that affects the development of their brain.  So I want to thank Dr. McAllister very much.  Let's give her a round of applause.  


(Applause) 


CAMERON S. CARTER, MD:  I think the quality of the questions that we just got indicates to me that Dr. McAllister did a fantastic job of presenting this basic science perspective to you, and I hope that it makes you excited, and like Dr. McAllister, it's with pride that I see this work happening at UC Davis.  This is basic neurobiology that's allowing those of us that work with our patients with schizophrenia to think about what schizophrenia is, what might cause it, and how we might treat it in just a completely different way.  It's very new, very cutting edge, and very strong basic science.  So what I want to do now is go back to the beginning of the program.  We're going to give you NARSAD's message, and then I'll introduce our second speaker.  Somehow magically this DVD is going to play now.


(Video Plays/Music)


WOMAN:  I want people to remember Chrissy as such a great person who had an illness that is a terminal illness.  Chrissy had bipolar disorder.  People don't understand it.  The mentally ill are shunned, and the people that have a mental illness have to live two different lives.  With the public they show that they are okay, and it's the families and people that are closest to them that know how much they suffer.  Chrissy died by suicide.  We've got to find a cure.  That's my quest.  And that's where I'm going to be working with NARSAD until the day I die. 


WOMAN:  One in five Americans suffer from mental illness.  NARSAD's mission is to bring hope for recovery, hope for a cure.  We invested in cutting edge research, research leading to extraordinary breakthroughs.  


WOMAN:  My daughter had been diagnosed with schizophrenia in the late 1970s.  She would say the medications that she took were almost worse than the disease.  So we wanted to know what caused the illness, and what could be done to help her.  We felt that's the only way we can help her if we supported research.  Well, a parent wants to help a child, and I thought the only way for me to help my child was really through finding out more information.  


MAN:  NARSAD has been one of the most powerful forces in really advancing the field of mental illness research, and expanding our knowledge base in this area.  


MAN:  NARSAD Scientific Council, inasmuch as it represent the best scientific leadership in psychiatric research puts its approval on projects that are carefully screened, and therefore we're trying to get the research that will do the most, or has the greatest promise.


WOMAN:  NARSAD has been there to support me, to allow me to do things with flexibility that other funding sources wouldn't allow.  I'm a neurologist, and I study depression as a neurological disease.  The goal of our research is that we will characterize brain circuits to really be able to treat depression like we treat heart disease.  
MAN:  The purpose of research is to change the lives of sick people.  So those are the things that stand there as the guiding beacon for why one does this. 


WOMAN:  Why does this happen to people, and when it does happen, what kind of early interventions can we do to stop things from progressing, to stop people from having to suffer for years, and years, and years like I suffered.  The illness I have, it's called schizoaffective disorder.  The first symptom that I had was the voices who were talking to me.  I remember times when I would hear them in the classroom, and I would run out in the hall, and I'd hide somewhere, and just close my eyes as tight as I could, and curl myself up into a ball, and they would just scream, and scream, and scream, "We're going to kill you, we're going to kill you!  We hate you, we're going to kill you, you should die!" 


MAN:  The main focus of my program is to try to translate how genes relate to risk for mental illness, particularly schizophrenia and depression.  Genes represent the first absolutely objective insights, the mechanisms and causes of mental illness.  


WOMAN:  It makes me feel hopeful.  The research that's being done by NARSAD, it makes me feel hopeful. 


MAN:  This has been an extraordinary period for biomedical research, from my perspective at a kind of tipping point, the tools and opportunities we have now in terms of where the research is, is giving us greater hope than we've ever had in the past.  "Recovery" is a word we use now all the time.  


WOMAN:  This is not like just a little case of the blues that a person has, people are dying from mental illness. 


MAN:  We believe strongly that science or research is really the purveyor of hope. 


WOMAN:  We all have a path, and my path is to work with NARSAD to find a cure.  


WOMAN:  NARSAD is so proud to offer this opportunity, Healthy Minds Across America.  We're partnering with institutions, very prestigious institutions across the country to bring science to families, and most often we're bringing those scientists that we fund through your generosity, and the generosity of others.  Thank you so much for being here.  


(Video Ends)


CAMERON S. CARTER, MD:  So it's now my pleasure to introduce the next speaker.  Michael Minzenberg is a UC Davis Psychiatrist, a very talented new kind of psychiatrist, a psychiatrist neuroscientist, and Mike's going to talk to you about the 21st century way of trying to understand schizophrenia, and also understand how we can better treat it.  


MICHAEL MINZENBERG, MD:  Thank you very much, Cam, for that kind introduction, and I want to first of all thank each of you for joining us this afternoon.  Also extend thanks to NARSAD, as well as UC Davis for giving us the opportunity to discuss the work that we're doing this afternoon.  Okay, first up I'd like to acknowledge the sources of support, you know, the funding agencies, as well as the individuals who have helped to make this work happen.  NARSAD, of course, has been instrumental in supporting this work.  I have received some support from some other sources, governmental, private foundations, as well as the department in the university, as well, to support various aspects of the work that you're going to hear about.  And I should add that I have no financial disclosures relevant to the material that we're going to discuss today. 


And I'd also importantly want to acknowledge the individuals without whom this work would not have been possible.  First and foremost, Dr. Carter.  Cam has served as my mentor since I arrived at UC Davis in the year 2005.  Cam is the senior colleague in our research group.  He also happens to be the Director of the Imaging Research Center.  Cam has provided guidance, mentorship, and support for really everything that we've done, and everything that you're going to hear about this afternoon.  Cam essentially steers the big ship that constitutes our research enterprise.  I want to acknowledge, for particular recognition also Dr. Jong Yoon.  He's one of the junior research psychiatrists in our research group, as well.  Jong is a close colleague and personal friend.  We've gone through much of our training together in research and clinical psychiatry, and he's exerted, I think, a strong influence on the course of the work, as well.


The research staff includes a lot of very bright and motivated individuals with very bright futures ahead of them.  This is the core list, and there are indeed others, as well. Perhaps one or two of them are in the audience this afternoon.  These are the individuals that have helped manage our patients through some fairly complicated research protocols I think with great sensitivity to what their needs are.  I've actually essentially done the science, conducted the research, and even analyzed the data under our guidance.  And then finally, but most definitely not least, I'd like to acknowledge the clinic staff in our EDAPT Clinic which Cam may tell you a little bit more about in the following talk.  Jane DuBe, Kathy Boyum and Tina Moylan, these are all outstanding clinicians that have provided expert and comprehensive evaluations of our patients, as well as support of their non-medical needs. 


Okay, so this is a brief overview of the talk.  I'm going to elaborate a little bit on the clinical features of schizophrenia in addition to what Dr. McAllister had discussed with you, and to try to build a context for the various types of symptoms that our patients endure and deal with, and I'm going to emphasize particularly what are the implications for their ability to function, as well as what we currently know about the treatment responsivity of these various symptom domains.  And then I'm going to try and build a case essentially for why cognition, or the thinking disturbances that our patients have is a particularly important area for research.  I'm going to briefly talk about the use of functional brain imaging in schizophrenia as we use it to help characterize what that dysfunction is, what goes wrong in the brain that gives rise to these symptoms, add a little bit more sort of macro or global level.  Then I'm going to shift a little bit into sort of more nitty gritty treatment issues in psychiatry.  We're going to talk about in general what are some of the challenges and obstacles to develop truly novel treatments and advanced treatment for our patients.  And then how we might be able to bring to bear, again, functional imaging as a novel methodology to identify and develop these new treatments.  And then finally just a word about the future, about integration of some other diverse approaches that we can combine with functional imaging in order to further research in the intervention in schizophrenia, in particular. 


Okay, so this is going to be probably a bit of a review for each of you, for those of you who are close to an individual with this diagnosis you'll have probably very intimate feel for one of the various types of troubles, and symptoms, and disturbances that the patients experience, but for the sake of sort of painting a picture, I'm going to briefly go through the various symptom domains the way we characterize them, or categorize them, I should say. 


So, first of all, positive symptoms, those are probably the hallmarks of the illness that both laypeople and clinicians recognize.  These are what we consider breaks or disturbances in reality, characteristically hallucinations, so perceptions, seeing or hearing things that are not actually present as sensory stimuli in the environment.  Of course, classically, perceiving a voice of an individual who is not present, who may say critical things, or provide a commentary on one's thoughts or behavior, and in more serious cases maybe command the individual to act in a potentially hazardous way.  


In addition, delusions.  These are disturbances in the thinking or beliefs that our patients have, and not just sort of unusual, or odd, or idiosyncratic philosophies or opinions, but really more frank breaks with what might give rise to their knowledge.  So, for example, being convinced that certain things, events are happening in the environment when it's implausible, and often times this takes on a paranoid or suspicious quality, the feeling that one is convinced that one is being monitored maybe by a device that might be implanted in one's room, or even in one's body, in severe cases. 


These are probably the most common symptoms that bring individuals to treatment.  They feel very abnormal, and they're very distressing, and they're the most easily recognized, although I should say for these symptoms and for all the symptoms that we're going to discuss, none of these are actually specific, so we don't recognize a specific isolated symptom and say, "Aha, that individual must have schizophrenia", and that's a very important thing in psychiatry is that we have to appreciate the profile of symptoms, how they occur together, how one may be linked to another, particularly over time, and that's sort of how we ... currently that's the state of the art for us in recognizing one type of illness versus another in psychiatry.  Okay, so positive symptoms. 


So what's the impact on function for these types of symptoms?  So it's really true that potentially any of these symptoms in isolation or in combination across all the domains we're going to talk about may be very debilitating to individuals that, for example, delusions of course, may motivate very unusual or potentially hazardous behaviors, for example, and hallucinations can be very incapacitating if they're experienced, you know, all day long in a way that's very intrusive, and interferes with one's ability to think.  Now, what is quite well established is that the medications for most people, certainly not for everyone, but for most patients where these are the predominant types of symptoms, they do respond to the medications, hence we call them "antipsychotics" because they first and foremost actually treat the positive psychotic symptoms of illness.  


In one remarkable observation that we've made, and that fits with the research that others have done, is that remarkably some individuals, if they predominantly have these symptoms, but in the absence of the other ones that we're going to discuss, they often can maintain a certain stable level of function, say living autonomously, or holding a job.  It may be quite hard for them to think straight and get their work done if they're hearing voices all day long, and if they're feeling highly suspicious, it might be very hard for them to get along with their colleagues, of course, but they often could hold a job as opposed to when individuals are mostly afflicted by some of the other symptom domains. 


So what are these other domains then?  Negative symptoms, in a sense, are kind of the opposite of these positive, excessive symptoms.  Instead, the negative symptoms reflect a certain paucity of experience, and so one common experience is in impoverishment, in emotional experience and expression.  Anhedonia refers to the fact that many times our patients don't derive the same degree of pleasure, or gain reward from certain activities, whether it's personal, or social, or achievement-related.  They often have affective flattening, and so they may seem as though they're not really moved by things, particularly in social settings.  They may seem a little bit distant, or disengaged socially, and they often have very importantly avolition problems, problems with motivation, and being able to sort of get one up and going to go through say the complex procedures of applying for school, or a job, or staying on track in doing work.  And then very importantly, the social withdraw.  They just seem to have less of a drive often to maintain those relationships.  


These, in fact, are treated to a much less strong degree than the positive symptoms with our existing medications, and they do strongly predict one's ability to live alone, to maintain a job, or school performance, and take care of self-care functions. 


Okay.  Brief word about disorganization.  Now, this is actually a third domain that is now recognized as distinct from both positive and negative symptoms.  This is probably a little bit more unusual, and strange, and hard to comprehend types of symptoms that really a minority of our patients may have, disturbances in communication or behavior, strange, unusual, often repetitive behaviors that may even seem purposeless.  This tends to be a very strong sign of one's inability, or strongly associated with inability to take care of one's self.  I would say that among the patients who we work with, this is less common, but can be very debilitating. 


Mood symptoms are probably important to acknowledge, as well, even though schizophrenia is not primarily a mood disorder, but compared to major depression or bipolar disorder, also known as manic depression, that in fact, mood symptoms are very important in this illness.  Many of our patients experience very serious levels of depression, anxiety, sometimes anger and mood swings, and these and some of the other features can actually be associated with increased risk for suicidal thinking and behavior.  Fortunately, to a large extent, we're able to help our patients with the same types of treatment modalities as for these symptoms when they're found in those other primary mood disorders, which is primarily antidepressants, and antianxiety medications, certain forms of psychotherapy.  


Okay, so one thing I want to impress upon you is to some variable extent, the medications, particularly maybe the newer class of antipsychotic medications that are referred to as atypicals, have some efficacy, or some benefit for a range of these symptoms.  It can be variable across the symptoms, and for one individual versus another.  But what I'd like to spend the rest of our time today talking about, though, is a new separate domain of what we referred as phenomenology, signs or symptoms found in the illness that has a certain relationship to these symptoms, but serves as its own important target for treatment development.  That's the cognitive deficits of schizophrenia.  


Now, cognition refers essentially to the thinking processes, or we often refer euphemistically as the information processing.  Essentially everything that your brain does in order to perceive the environment, to remember things about what happened, to control your thoughts and your behavior, and some of the major domains that we're going to talk briefly about that are disturbed in schizophrenia include attention, memory, various aspects of language, and then something that is grouped as a category called "executive functions", and executives functions can be reasonably summarized as essentially everything that we do that's uniquely human, other than language, per se, our ability to think abstractly, high level organization and planning, our ability to multi-task, our ability to exert control over instinctual impulses, these are all categorized as executive functions, and highly dependent on a part of the brain that's most well-developed in humans called the prefrontal cortex, which we'll look at in just a few minutes.  


Okay.  So the important thing to recognize here, and we're going to talk about this again more in the next slide, is that essentially the simple judgement on this is that there is really no proven drug treatments for these various disturbances.  There's a little bit of evidence suggesting that maybe the new antipsychotics may be a little bit better than the older antipsychotics for these types of disturbances.  That research is very inconsistent, and I think really it's fair to say that the field, including our research group, is converging on the idea that we really need to do better, that the existing medications really don't provide any significant relief for these disturbances. 


Okay, so a little bit more about why we care about cognitive deficits in schizophrenia.  So we know now that they're present at the onset of overt illness manifested with the psychotic symptoms we talked about at the outset in schizophrenia.  And, in fact, there is some evidence that for individuals that are at risk for developing schizophrenia that don't yet actually have the overt illness, that they in fact, already have some of these cognitive dysfunctions that we're going to discuss.  So it's there very early in the disorder, it even precedes the overt manifestation of illness, suggesting that it's not just a say consequence of a long-term course of illness as say maybe heart attacks or strokes might be for untreated diabetes. 


In addition, these deficits tend to persist during periods of remission, so when an individual is in the best treatment that we have available, and gets relief for their voices, or their delusional beliefs, and they're in a relatively quiescent stage in the course of illness, these deficits persist, suggesting that they're an enduring aspect of the disorder.  In addition, they're a very strong predictor of functional outcome, in fact, stronger than those other symptom domains that we looked at before.  So one's inability to hold a job, or stay in school, to live alone, to maybe stay out of the hospital, for example, these are all strongly predicted by one's ability to think clearly and maintain a proper attention, and memory, and executive functions.  And then as we said before, really no established efficacious treatment in schizophrenia.  So very important treatment target that we in the field are starting to direct our attention to.  


Okay.  So now among the various cognitive functions that we talked about, many of which are altered in schizophrenia.  I'm going to tell you a little bit more detail about one particular type of executive function that we think serves as sort of superordinate role in higher cognitive functions in humans that seems to be disrupted in schizophrenia, and that's referred to as cognitive control.  Now, this is a somewhat technical definition, use of information, and particular rules to guide behavior in a task-appropriate manner.  So rules tend to be thought of as prescriptions, or things that we ought or ought not to do, right, when we think about the law, the laws, the set of rules about how you're supposed to conduct yourself.  But from a cognitive neuroscience perspective, we think of rules as a little bit more generally as information that essentially guides action.  And so one's ability to organize a shopping list, or to multi-task on the job, and most definitely to maintain proper conduct in a social setting, these things all depend on particular types of rules that we encode, we store in our brain as important ways to guide our thoughts and our behavior. 


So now I'm going to give you a brief experiential aspect of how we study cognitive control in the laboratory.  I'm going to give you essentially a one-trial task.  In the next slide I'm going to present a stimulus, a visual stimulus, and what I want you to do, your task, is to name the color of the ink that the stimulus is printed in.  And you don't have to blurt this out, you can do it silently, but your instructions are to as quickly and as accurately as you can to name the color of the ink.  Okay, here we go.  (Laughter) Okay.  This is a very famous stimulus.  There's a, I believe a German named Stroop in the '30s who first devised this very, very useful test, and inevitably, as a fluent speaker of the English language you experienced what we referred to as a prepotent response tendency, you very automatically, reflexively, and effortlessly decode the stimulus for its linguistic content, basically you read the word, right?  Now, the task that I'd given you, of course, is to override that prepotent response tendency, and to give a response that's less dominant, or non-dominant, and that's, of course, to identify the color of the ink.  This is how we operationalize cognitive control in the laboratory with tests very much including this one, and others that are very similar, and the field has learned that these seemingly simple control processes that can be tested in this way are very strong determinants of our ability to think, and to speak coherently, to store information into long-term memory, to use it efficiently in the future, and then also to regulate our behavior and our conduct in accord with the circumstances, typically social.  And as we've been talking about, these are all very important things that are altered in our patients, suggesting that cognitive control, as a cognitive process might be an important process to study in order to try and find a process to remediate in underlying brain function that subserves it. 


Okay.  So now let's get into a little bit of how we're using functional imaging, then.  This is from a study that was published by Dr. Yoon in our group a couple years ago, and I'm not going to get into the details really of how this experiment was done, but I'm going to explain what it is that you're looking at now.  And essentially what we did is we had in the MRI scanner, we had individuals, both patients with a diagnosis of schizophrenia as well as demographically-matched healthy comparison subjects that performed a task just like that where they had to read, you know, green and red ink, cognitive control tests such as that, and then we scan them, and we get measures of how the brain is functioning across the whole brain, these gross measures.  And what you can see here, this is actually the results of a group analysis, and you're looking at kind of a canonical brain, essentially, so as standard brain, just for the purposes of showing you where the area of dysfunction lies, and so this is a right lateral view, and here's the front end, the back end of the brain, the top and the bottom, and then the same brain from the left view again, front, back, top, and bottom.  


And what you see here is when we average all of our patients together in one group we average all of our comparison subjects together in another group, and then we compare those two groups together, what we see is this particular area here that's part of the prefrontal cortex, which is essentially everything from here forward, so you can see what a large chunk of the entire brain it is, that's particularly true for humans, at this particular area that we refer to as the dorsolateral prefrontal cortex seems to have specifically impaired activity during the course of trying to perform this task to exert control over that stimulus.  And this is not a unique finding.  Many others have found this type of finding in the field, as well.  It's very reliable.  And so what this suggests is that just as the control cognitive process seems to be a bit altered or disrupted in schizophrenia, that in addition this I the part of the brain that seems to be mediating that alteration. 


Okay, so now let's shift a little bit to talking about treatment issues, then.  So there's been a lot of effort, and attention, and resources devoted to trying to address what are the issues in advancing psychiatric treatment, how can we address them?  Dr. McAllister has raised a few of those issues already.  There are large groupings of very influential individuals working from the basics to clinical science level that have tried to put their minds together to think about how can we really make really breakthroughs or significant advances over the very sort of smaller incremental advances that we've see in the last few decades? 


So what are some of these obstacles, then, to treatment development?  So these are big issues.  I'm going to try and summarize them in a meaningful way without ... try not to convey too much of the complications, or complexity in them.  But one important thing that we grapple with in the field as a whole is that the diagnostic system, as currently construed, is very good in terms of categorizing one person as having one illness and not another, in that if we recognize certain signs and symptoms, we can say, "Oh, aha, it seems like the individual is suffering from schizophrenia and not bipolar illness, or not depression", but what's very less well-worked out is how those unique diagnostic categories map on to unique types of what we call "pathophysiology" or disturbances in the biology of the illness.  To use, you know, an alternative example in medicine, for example, how diabetes, even the two types of diabetes map on to very unique and distinctive types of alterations in handling glucose and insulin is much better worked out, and that's essentially a goal for us in psychiatry.  So this is part of why we and others are doing the work to try and characterize what are these dysfunctions in part to try and validate the evolution of the diagnostic system itself. 


Now, on this point I'm going to tread very carefully because I want to make absolutely sure that I'm not giving any impression about the work of Dr. McAllister in the field, and doing basic science.  I think it's very, very clear that the work in animal models is absolutely critical to advancing the field both for understanding pathophysiology, as well as implications for treatment.  That being said ... and I think there's a little bit of the discussion in Dr. McAllister's discussion period ... that there are inevitably some challenges with the use of animal models, and again, unlike some medical illnesses, cancer, or infectious disease, even neurological illness, it's very, very challenging to be able to replicate or model the phenomenology, essentially, to get an animal to feel or behave as if it's depressed, or psychotic, for example, right?  And that speaks to the fact that our illnesses are inherently subjective in nature to a large extent. 


Okay.  And in a couple related issues, of course, again, unlike a lot of other medical illnesses, we don't really have direct tissue accessibility for say hematological illnesses, leukemias, or anemias, or lymphomas, or even liver illness where you can do say a liver biopsy.  Of course, we can't directly sample the tissue that we need to study in order to understand what's going wrong.  


Another obstacle that is actually attracting me to the field, I think, and it's an enduring challenge for all of us is the fact that the brain is essentially the most complicated machine in the known universe, and psychiatric phenomenology essentially are manifestations of very mild changes, or alterations in the tuning of the brain, unlike even neurological illness, say stroke, or Alzheimer's disease, or multiple sclerosis that involves readily identifiable lesions, substances, and structures and things in the brain that shouldn't be there.  There really is no evidence for any obvious types of lesions that we can find in really any of the major psychiatric illnesses.  And so it really is as if the tuning of the engine is slightly off, and that's what gives rise to say an altered belief or perception rather than say paralysis of a limb.  That is an enduring challenge for us. 


And then another interesting observation, which may not actually be widely known, is that even for the treatments that exist that we know work, because we know when we do rigorous studies, and we give individuals who are hallucinating a medication versus others, a placebo, and we see that the people who are hallucinating hallucinate less on the drug than the placebo, even though we've proven that the existing treatments do work for certain things like psychotic symptoms, we still don't have a good way of understanding how their biochemical effects translate into their clinical effects.  So how is it that blocking dopamine in one system leads to relief from hearing a voice?  We're still learning about how that works, as well.


Okay.  So with all these challenges in mind, we and many others have argued for the utility of functional imaging as a way to circumvent, or at least mitigate the burden of these particular challenges to try and identify new treatments. 


So now I'm going to tell you a little bit about the specific main study that we're doing, just to provide some context for some of the results that you're going to be seeing.  So in our main study, we recruit individuals both with diagnosis of schizophrenia and healthy individuals without a psychiatric illness.  We recruit them through our clinic, often from the community directly, from word of mouth, or through other clinicians who are taking care of these individuals.  They go through fairly comprehensive clinical assessment, full diagnoses, et cetera.  And then if they're eligible, and they're interested, then they enter into a fairly complex treatment study.  First it involves for both the healthy comparison subjects and our patients, what we refer to as a single-dose study.  They take one dose of modafinil one day, and one dose of an inactive placebo on another day, and then they essentially perform the task just like that Stroop task that you saw earlier during MRI to try and derive a measure of brain function as it supports cognitive control.  


Now, let me just tell you very briefly about modafinil.  Modafinil is a medication that is not unlike methylphenidate, which is sold as Ritalin and used in attention deficit disorder.  It affects certain signaling substances in the brain that we know are important in attention, in memory, in cognitive control.  That seems to be the way it works in attention deficit disorder, and so we think it may work comparably in schizophrenia.  So the individuals take a single dose of the medication versus placebo.  That gives us a comparison state to look at single dose effects, and then they randomize immediately into four weeks of either the placebo every day, or the drug every day, and then they get an MRI performing the exact same task at the end of that.  That allows us to look at how a single dose of medication may relate to sustained treatment which probably is important for the adaptive changes in the brain that are necessary in order to gain enduring relief from the cognitive dysfunction.  


Okay.  So I'm going to show you just a little bit of the data, things that we've learned.  Now, this again is depictions of a group, but it's not two different groups compared to each other, but it's the healthy comparison group on the drug versus on placebo, and you're seeing just different views of the same results.  And so what you're seeing here is very small circumscribed area.  You see it's bilaterally paired in what's known as the brain stem.  This is the source of a signaling molecule, referred to as a neurotransmitter in the brain, and in particular this is where norepinephrine arises.  Now, norepinephrine, also known as noradrenaline.  As you can imagine, it's related to adrenaline and subserves many of the same types of functions to increase response speed and attention, and actually even coordinate a lot of physiological functions that are important in what we call fight or flight responses.  This tends to exert great influence on much of the brain, and in particular during a task of cognitive control where these parts of your prefrontal cortex are working, it seems to amplify that signal.  And so we found that we actually modulate those cells with the drug, and that the consequences throughout the rest of the brain suggests that we can increase brain function essentially to improve cognitive control.  


Now, we're conducting this same experiment, same study in our patients, and we have some preliminary data suggesting that certain elements of the same neurocircuit areas in the prefrontal cortex may also get a similar boost from the medication.  And this is a fairly novel finding.  There are not a lot of studies yet that have shown that you can actually enhance the function of the brain, and particularly the frontal cortex with a medication in patients, and help them to think better, essentially.  So that's essentially the goal with this work. 


Okay.  And so in just the final few minutes, I'm going to talk a little bit about some future directions, and hopefully the synergy that we're going to gain by combining methods both in terms of conducting the research to understand these phenomenons, as well to improve treatment options for our patients.  So the department has very generously supported a seed program using transcranial magnetic stimulation, both for research and potential treatment to applications, and so what you see here is actually an example of the application of the TMS device, and you may have heard about TMS because it's now starting to be used more widely in cases of depression, individuals who have depression that's not relieved by antidepressants, or psychotherapy that now TMS is being widely studied, and widely applied for those individuals.  


And what you see the physician applying is this small, thick, dense box just to the surface of the head, and you can the individuals just relaxing comfortably, and dressed in street clothes.  This device provides a very high field, but very, very short-lasting magnetic field.  It's not so unlike actually the magnetic field of the scanner when people lay in the big doughnut.  There's a strong magnetic field that's referred to as a static magnetic field, because it always maintains the same strength.  Well, in here, the magnetic field is applied very strongly, as well, but in a pulsed sort of manner, and so on and off for just tens of thousands of seconds, and what that pulse magnetic field does is it establishes a current, which actually penetrates the skull and into the brain, actually stimulates certain neurons in a relatively constricted area of the brain to stimulate them to act more.  The full physiological basis is more complicated than that, but that's the essence of what the TMS device does.  It can't be used for all types of symptoms, it can't be used for all parts of the brain.  It's certainly largely is applied to more superficial parts of the brain.  That most definitely includes the parts of the brain that we've looked at in terms of the dysfunction in underlying cognitive control, and it suggests that we might be able to intervene to try and boost activity in our patients.  


And then finally, one exemplar of this I think is really neat and it will help lead the way is work that Ralph Hoffman and his colleagues have conducted at Yale.  So they fused TMS combined with neuroimaging, and here are some of their results.  So what you're seeing here is a representative slice essentially, if you imagined a view sliced through the brain at about this level, so it's not the whole three-dimensional brain, but it's just a slice, does show you some of the prefrontal areas that we're interested in in these individual subjects.  And interestingly here, he didn't give them a test to do, he didn't say, "You know, overcome this response, or remember this item", what he said is, "Press the button when you're hearing a voice."  And so he had individuals who hear a lot of voices who are not adequately treated by the medication, put them in the scanner, they would press the button when they were hearing a voice, they would maybe press another button when they were not hearing voices, and then he compared those two states, what's the brain function with the voices versus not with the voices, and very interestingly he found areas that are excessive in activity that surprise, surprise are in many of the language and auditory parts of the brain.  


So this is a model in a way for research in part because he's trying to characterize the neural basis of the psychopathology for one thing, but it gets even better in that he's also been able to use these images to find individualized points in the brain with which to stimulate with TMS, or in this case to try and disrupt the voices, as well.  So where as he might stimulate here in this individual, and back there, et cetera, et cetera, and this is a very novel use of these technologies.  And then here are some more of his results.  And again, this is actually a group average where each dot represents the point for an individual subject where they both had excessive activity with hallucinations, and then also received the TMS stimulation, and then he color codes this based on how much relief they get from their self-reported experience of intensity and frequency of voices, and so there he can demonstrate that if you stimulate in these, you know, high value areas typically you'll get more relief from the voices.   


Okay.  So I think to summarize some of the take-home messages is that there is a very strong continued need for treatment advances in psychiatric illness that in particular cognition is a very high value target, and a very serious unmet need in schizophrenia, that functional brain imaging is an innovative way to develop new treatments potentially, and that in the long run the combination of treatment approaches is a very important long-term goal.  So future directions for us is to continue to study how novel medications enhance brain function to aid cognition, to do this both in healthy individuals and in our patients, to use TMS, as well, to help characterize brain function, as well as to try and uncover the mechanisms of action of our medications' cognition, and then what I would consider the holy grail of this work is really to try and achieve synergy between different modalities such as TMS, medication, and even non-medical cognitive rehabilitation, which Dr. Carter is going to discuss shortly, to try and achieve novel and maybe personalized treatment regimens for both schizophrenia and other serious psychiatric illness.  Thank you very much.  


(Applause) 


CAMERON S. CARTER, MD:  So (Inaudible) questions for Dr. Minzenberg.  Use the microphone. 


WOMAN:  Doctor, you mentioned that ... and we all know that the one of the cognitive symptoms, especially in schizophrenia, is lack of concentration.  I recently spoke with a friend of mine who is a special ed teacher, and she said she had just come back from a conference, and they had told them that research had proven putting these kids on a balance board ... now we had one at the health club, it's just a board with a half-ball underneath it.  I use it myself for balance ... they have them standing on this for ten minutes a day, and these kids showed remarkable improvement in concentration.  Have you heard anything regarding this recent research?  


MICHAEL MINZENBERG, MD:  With that specific type of (Inaudible) I can't say that I have.  But it sounds very novel.  What I can say generally is, as Dr. McAllister has emphasized, is that brain is incredibly plastic, an adaptive organ that responds to experience, both for good and for bad, very strongly.  And potentially there's a wide array of types of behaviors, or practices, or tests, or training that might be brought to bear.  One challenge for us in doing that work is trying to think about the type of practice, or the type of training, how does that correspond to the specific cognitive deficit that we're focused on, and Dr. Carter is going to talk in great detail about the work that's being done in that area.  So there are a lot of things that people are trying.  I think it partly reflects the seriousness, and how much of an unmet need, you know, the thinking disturbances are in the illness.  


MAN:  You talked about TMS specifically related to schizophrenia.  Could you elaborate a little bit on its use for anxiety and depression, and the side effects, and are you actually using it here on patients in UCD, and then secondly, and this might be a whole other lecture, but you didn't talk about ECT or vagus nerve stimulation, and if you could just touch on those, again, for maybe schizophrenia, as well as anxiety and depression?  


MICHAEL MINZENBERG, MD:  Sure.  Those, undoubtedly, those are a lot of very important issues you bring up, and indeed there could be at least one or two more lectures.  Treating mood disorders is a little bit on the margins of my own expertise.  We do actually have a lot of bipolar patients who have experienced at least one psychotic episode that are now in our clinic, and they actually undergo this research ... not the treatment research, but the other research we conduct.  TMS is now being studied widely and applied in various mood disorders, anxiety disorders.  I really don't know the literature about TMS for anxiety, per se.  It's being used in a lot of neurological illnesses, as well.  It's quite safe in general, particularly if the stimulation parameters, how strong, and for how long one stimulates is being attended to.  It certainly is a unique modality.  The side effects are a little bit different than medications in general.  Currently the standard is really that if individuals don't respond to currently standard treatments, whether it's medical or psychological, that then they go to TMS, and that's because we have just a huge body of research, suggesting that medications and psychotherapy both are safe and effective for most patients.  So that being said, TMS is an emerging modality.  I think it's going to be complimentary, it's not going to replace the existing treatments.  I'm sorry, I don't recall your second part of that. 


MAN:  (Inaudible) 


MICHAEL MINZENBERG, MD:  Oh, sure.  Well, ECT is reserved for individuals who don't respond to anything else.  I do think that TMS may have the potential, particularly forms of TMS that are a little bit more similar to ECT may actually completely replace ECT in the future.  That's not in the immediate horizon, I would say.  ECT does have its benefits for individual who don't respond to anything else.  Vagus nerve stimulation, that's a little bit outside of the domain in terms of the types of illness problems that we work with individuals.  I have to say I don't really know the empirical literature very well.  I guess maybe the take-home point, though, is that there is a lot of diverse methodologies that are now being tested, and brought to bear on these very serious illnesses, and we're trying to work to integrate a few together.   Sure.  


WOMAN:  I have a number of autistic patients who are actually placed on antipsychotic medications, and they don't have the positive symptoms that you're (Inaudible).  I was just wondering what is the role for like Risperdal in autistic patients, in autistic children?  


MICHAEL MINZENBERG, MD:  Sure.  So you're probably aware that there's a general practice of what's called off-label prescribing, and this is completely within the clinical standards, and within the law, and ethical practice that physician, if they, to their best judgement believe that a medication is approved for one illness, might be useful and safe for another illness, then they're free to go ahead and apply that medication in other conditions, and this is widely used in medicine, not just psychiatry.  I think where we're at across the serious psychiatric disorders is that some have very little in terms of established treatments that are useful and safe, as well, and so for individuals with autism who may not respond to other medications, you know, typically a psychiatrist will approach it very carefully to see if maybe low doses of this medication might work.  I should say that also medications in psychiatry, they get names, the get categorized based on how they are originally used, and sometimes that makes sense, but often times their applications become more widespread, and an excellent example of that is the so-called mood stabilizers, which include antipsychotics, as well, right?  So a lot of individuals with bipolar disorder who have never had a psychotic symptom now take medications like Abilify or Geodon, et cetera, and that often can be an appropriate practice.  


WOMAN:  (Inaudible) 


MICHAEL MINZENBERG, MD:  I believe so.  Again, I'm not an expert in autism.  I've worked with very few autism patients, but that's my understanding is that it's often to help them gain better control over their behavior and moods. 


CAMERON S. CARTER, MD:  (Inaudible) 


MICHAEL MINZENBERG, MD:  Sure.  Dr. Carter is also reminding me that even though autistic patients don't have the classic psychotic symptoms, typically, of patients with schizophrenia, that they can have certain types of altered behaviors, repetitive behaviors that a la some of the more relatively minor symptom domains in schizophrenia, and so there is a general rule that if we see a symptom ... you may hear the euphemism that we treat symptoms, and not the diagnosis, and that still really is very true, that the medications get matched to the symptoms.  And that usually makes sense, as long as one proceeds carefully, of course.  


MAN:  I have two questions.  One is we have seen some portion of the brain image is painted red.  How did you process the MRI data to get that red part?


MICHAEL MINZENBERG, MD:  Oh, sure.  The coloring is actually completely arbitrary.  It's actually data, the data that's mapped onto the brain, and what each element, refer to as a voxel, sort of like a pixel in a picture tube, but in this case a voxel because it's a 3-dimensional image.  We do a test at every voxel, every small part of the brain, the smallest that we can parse it, to look at in this small part of the brain during a task of cognitive control are the patients as active as the comparison group.  And so what those maps are are actually color-coded test statistics, basically.  So what it tells us is the strength of the difference between the two groups.  But the color itself is purely arbitrary.  


MAN:  That means some activities are there?  


MICHAEL MINZENBERG, MD:  Sure.  You can look at it as a measure of the degree of impairment in the patient group compared to the comparison group.  So the redder, or the hotter the colors, the stronger the impairment, the more relatively impaired that part of the brain is for our patient group compared to our comparison group.  


MAN:  Yeah, thank you.  


MICHAEL MINZENBERG, MD:  Does that make sense?


MAN:  The second question ... 


MICHAEL MINZENBERG, MD:  Sure.


MAN:  ... I believe you observed the brain activities by using MRI, and I don't know the difference between the MRI and the fMRI.  Anyway, you talked about that observation, but how that observation can relate to treatment, I missed that portion, if you talked about it.  


MICHAEL MINZENBERG, MD:  Sure.  Well, to try and maybe summarize, I would say that we know we have thinking disturbances in our patients, that they're very strong predictors of inability to function properly in the community, and those thinking disturbances have underlying brain disturbances, right?  Because our ability to think is given by our brain function, right?  And so we're linking the thinking disturbance to the brain disturbance, so that suggests that if we can give a new treatment, and then observe their thinking and their brain function, maybe we can see that they're both improved in concert, and that tells us what part of the brain is really important for us to help remediate.  Does that make sense?


MAN:  Still I don't understand some parts.  When some part of the brain is working, stimulated, but how do you think you can discriminate this is the right functioning, or some disturbance? 


MICHAEL MINZENBERG, MD:  Well, we make the assumption that our comparison group lacking psychiatric illness provides a standard for comparison essentially.  And that's completely what is done say in diabetes research, you know, that a glucose of 90 being normal, and 200 being abnormal is essentially completely a function of the fact that people that don't have diabetes have a certain level of glucose in their system, right?  So we're kind of doing the same thing.  That's why properly studying, and choosing a comparison group is a really important issue for us.  


WOMAN:  (Inaudible) 


MICHAEL MINZENBERG, MD:  Sure. 


WOMAN:  I have bipolar 2 disorder.  Why is it so difficult to treat (Inaudible)?


MICHAEL MINZENBERG, MD:  That's a really good question.  


WOMAN:  Oh, yeah.  Well, I have a bipolar 2 disorder for a long time.  But I've been chronically depressed.  Why is it so difficult to treat?  


MICHAEL MINZENBERG, MD:  That's a really good question.  We actually have a clinical expert, Dr. Gwoa Shaw(?) who, in fact, is actually applying TMS for individuals who have bipolar depression that doesn't respond to treatments.  You might want to actually speak to him.  He's in the corner towards the door, when we have a break.  My brief sense is that depression is very heterogenous, right, and people experience depression in very, very different ways in terms of the duration of the depression, what triggers it, how they respond, how they cope, and so certain types of depression just seem to be more sensitive to the neurochemical systems that the medications work on.  And that might be admittedly vague for you, but that sort of suggests, you know, an important area of research in that disorder, as well. 


WOMAN:  Well, I'd like to learn more about it. 


MICHAEL MINZENBERG, MD:  Absolutely.  It's very important.  Depression is a very important illness. 


WOMAN:  Thank you.  


MICHAEL MINZENBERG, MD:  Okay, thank you very much. 


(Applause) 


CAMERON S. CARTER, MD:  This is the PowerPoint stress test.  (Laughter)  So I'm going to pick up where Dr. Minzenberg left off, and the main take-home message that I have for you is really, again, how in the 21st century our approach to understanding mental disorders, and perhaps more importantly, developing treatments has gone from the 20th century approach where the brain was kind of a black box, and we either didn't have good reasons for using the treatments that we had, we discovered them accidentally, or we perhaps drew upon certain psychological theories that weren't necessarily based in science in order to motivate our treatments.  And how in the 21st century, thanks to the enormous progress in newer science, and newer biology we're able to think about our disorders, and we're able to develop our treatments based on an understanding of how the brain develops and how it works.  And I will be covering, again, some similar ground to the ground that Dr. McAllister and Dr. Minzenberg covered, and give an example of a non-medication therapy that is based on the principles of how the brain works, and show you how we've begun to apply that in schizophrenia.


I'll start off by talking about this gentleman here.  His name is Henri Laborit.  He just passed away about 15 years ago.  He was a very accomplished French physician, author, philosopher, and filmmaker, and during the 1950s he was working as a surgeon, and he was trying to develop new methods for reducing postoperative surgical shock, and he was studying various drugs that were classified as antihistamines, and he gave this drug, RP4560 to his postoperative patients, and he was struck with the tremendous calming effect that this medication had, and from his perspective this wasn't just a sedating effect, it seemed to calm the minds of patients.  So based upon that, he began giving this medication to people with psychosis, to people with schizophrenia, and he was struck by a remarkable change in their symptoms.  Now, we're back in the 1950s when there really were no treatment for psychosis, and people may have been living in hospital for 10, 20, or 30, or 40 years with constant symptoms.  And many of these people got remarkably better.  And this drug was eventually marketed as chlorpromazine, the first antipsychotic, and there is no question that the introduction of chlorpromazine around the world changed the lives of many, many people with schizophrenia who up until that time had been living in hospital, and were able to move out of hospitals and live in the community.  So it was really in the beginning of modern psychopharmacology, and the very first evidence-based practice that we have for treating psychosis. 


Now, what was also very interesting about this is that this is kind of a great example of 20th century psychiatry.  No one knew how chlorpromazine worked.  Twenty years later, or ten years later a man called Arvid Carlsson discovered a neurotransmitter in the brain called dopamine.  And then ten years after that in the 1970s people figured out that the way that drugs like chlorpromazine worked was that they blocked the effects of dopamine in the brain.  We didn't have any evidence that actually this was how these drugs worked in the human brain in schizophrenia for another 20 years until in the 1990s colleagues at Yale, and Columbia University in fact, began to collect direct evidence, some of which I'll show you a little later in the talk about the fact that psychosis in schizophrenia and other disorders is actually associated with too much dopamine in the brain.  So now we know how chlorpromazine works, but it really took 40 years to figure it out, 40 years during which people used this as the mainstay of treatment.  And all of the other antipsychotic drugs that were developed subsequent to our understanding the way chlorpromazine worked was by blocking dopamine receptors, and the effects of dopamine in the brain were developed to be like chlorpromazine, to have certain little advantages over chlorpromazine, but to this day all the drugs that we have to treat psychosis are dopamine blockers.  


Dr. McAllister pointed out the beauty, and the complexity of the human brain.  I just snuck over, and asked her a question, which was how many neurons there are in the brain, because I usually say there are 20 billion neurons in the brain, but I was trying to verify that during the week, looking on the Web, looking at different sources, and she actually couldn't give me a verification of that 20 billion number.  What I do know, though, is that people say there are 20 billion neurons in the human brain, but males have 23 billion neurons, and no one knows what they do with that extra 3 billion neurons.  (Laughter) 


Dr. McAllister also talked about the unbelievable complexity of the cerebral cortex, so this is a slice through the cortex, and she described how cells are born during development, and how they migrate up through the cortex, and this is the ultimate microprocessor we're talking about.  Sheets, and sheets, and sheets, and sheets of it, billions of neurons with trillions of connections that literally make the computations that allow us to think, to be aware, to perceive, and every one of these neurons, as the brain develops, has to find its right place.  It has to differentiate into the right kind of cell.  It could be a pyramidal cell, sort of the processing unit, the integrating unit.  It could be an interneuron, the inhibitory neurons that regulate the timing of firing of cells, it could be a glial cell.  They're born in different places, they have to find their way, and then during life they have to learn how to connect up, the connections get fine-tuned and refined, as Dr. McAllister described, and to me it's totally amazing that everyone does not have schizophrenia.  (Laughter) I mean, how does this work?  It's unbelievable.  There must be so many ways in which this organization of the brain, and function of the brain can be perturbed in a way that would just subtlety alter the ability of cells to work together, and one of the themes that I wanted to talk to you about today is as we think about schizophrenia, we should think about two things.  


One is that, of course, the illness can affect the way people think, and it can make it harder for them to function in life, but people with schizophrenia have the same personalities that they had before they became ill.  And they have many of the same capabilities, and goals, and ambitions, and our job as clinicians is to help them to realize those goals.  And there is much reason to be hopeful that we're going to be able to do that.  In fact, that we can do it now, and we will do it better in the future.  When you look at the brains of people with schizophrenia, and it has been possible to analyze the brains of people with schizophrenia, you find that all these cells, and this incredibly spectacular, beautiful organization is actually, it's all there.  The cells aren't missing.  The changes are extremely subtle, and I'll talk about some of those changes, but again, they all have to do with this issue of connectedness, and connectivity, and the number of synapses, and perhaps the way that synapses work.  So the neural network is there. 


And there is a famous neuroscientist by the name of Patricia Goldman-Rakic who contributed a lot to our understanding of how the brain is affected in schizophrenia, and she made this point very clearly, she used to say that the cells are all there, we just have to figure out how to wake them up, and that's the goal for us.  And a lot the work that Dr. Minzenberg is around doing a better job of waking up the cells, and getting these incredibly rich networks that have to ... and I'll just talk about descriptions of this a little later in the talk ... have to work together, and interact together in an incredibly well-orchestrated way in order for the brain to function well.  And all we need to do is kind of improve their ability to do that and we're going to improve outcomes in schizophrenia.  Much of what I have to say about schizophrenia is true of other developmental disorders like ADHD, the autism spectrum of disorders, and the like. 


And not only do we have this incredible complexity in the layers of the cortex, this amazing kind of processing machine, but the way the brain works involves coherent interactions across many regions, so Dr. Minzenberg showed you these slices of the brain, and these blogs that do identify various functional regions.  So within those functional regions you've got this architecture working, and you've got processing going on, and processing in each region is contributing in a very particular way to the overall function of the brain.  And then that has to be integrated across circuits, and there is indeed incredible short-range, and long-range connectivity across the brain, and in order for the brain to work well, not only do those little local regions need to be doing what they have to do in a coordinated way, but activity has to be coordinated across the brain.  At the psychological level that's a lot like the concept of cognitive control that Dr. Minzenberg talked about.  And that's another form of connectivity, and what we know is that in order for the brain to work in a healthy, coordinated way, there has to be both the local coordination, and the global coordination so that the whole brain can work together.  And again, it's most remarkable to me, with the complexity of all of this that it's not more vulnerable than it really is.  


Now, of course, one in five Americans has a mental disorder if we think about depression, anxiety disorders, schizophrenia, bipolar disorder, autism spectrum disorders, so in fact, it is very common for there to be variations in the success of this amazing organ to work in an integrated and organized way.  But it's still remarkable all the same, that more of us don't have more difficulties getting our brain to go and to work in the fine-tuned way that it needs to work in order for us to do what we have to do every day.  


So now I come to the functional part of the talk, and the focus on cognition and schizophrenia, which actually will very much overlap with Dr. Minzenberg's talk.  I'll have a slightly different emphasis, but I'm going to move through this very quickly.  It's a theme of the work in our research group that's actually been a focus of my own research for about 20 years.  It's very clear now, for the reasons that Dr. Minzenberg outlined, that improving this aspect of schizophrenia is very key to getting better quality of life for people who have schizophrenia, and I'll talk a little bit about how our basic understanding of how the brain works can inform this process.  


The bottom line is, though, for this talk, that appeared cognition is present actually even before the positive symptoms of psychosis emerge for people with psychotic disorders.  There is enough evidence now to be pretty confident that there are measurable changes that happen perhaps even early in life, but certainly within a year or two of developing the positive symptoms of psychosis that are essentially cognitive in their basis, and the degree to which a person has those impairments will predict how well they will be able to function independently, and again for those of us who are familiar clinically with people who have schizophrenia, we know lots of people who hear voices, or even have delusions who are able to work reasonably well, who are able to go to school.  You know, you don't talk about your voices, you recognize them as symptoms, and you pay attention to what you need to do.  So it's the people who have trouble playing attention to what they need to organizing their thinking and behavior that have the most difficulty, and this aspect of schizophrenia, as Dr. Minzenberg very clearly pointed out, does not respond to our standard dopamine blocking treatments.  It's fairly clear, and I'll give you a little bit of evidence, that the root of cognitive deficits is in those cortical networks, and blocking dopamine in those cortical networks doesn't help the function of those networks.  


Dr. Minzenberg talked about cognitive control, so there's a lot of different ways you can measure problems with cognition in schizophrenia, people with schizophrenia have problems with attention with memory, both the very short-term memory, keeping stuff in mind just for a few seconds, hearing a phone number, or dialing the phone, dialing that number, it's gone within a few minutes.  If you can't hang on to that information for short periods of time it's difficult to get by.  Long-term memory, learning new information is sometimes more difficult for people with schizophrenia.  And sometimes people with schizophrenia have trouble kind of comprehending language and generating language.  Something the speech isn't as organized as it could be, kind of like many professors that we know.  (Laughter)  And one way of thinking about that is that rather than there are lots of different little cognitive impairments, this is cognitive control deficit Dr. Minzenberg talked about.  So this is not a new idea.  


This gentleman here is Kraepelin.  Kraepelin was the person in the 19th century, a German psychiatrist who recognized important differences between different kinds of psychotic illness, and in particular the difference between schizophrenia and bipolar disorder, and Kraepelin was actually a student of another German called Himmultz(?), who was the father of experimental psychology, and Kraepelin was a well-trained psychologist.  He studied Himmultz, and other people in Himmultz's study studied attention.  Kraepelin was very interested in the role of attention in language, and he used to do various kinds of language experiments in his patients, and he recognized that there was a group that had trouble with their thinking, and trouble with cognition and attention, and those were the people whom he characterized as having schizophrenia.  Well, he didn't use that term, he used the term "dementia preacox", and he had a model, you know, in the way that we have a model of what cognitive control is, he had a metaphor for the cognitive deficits that people have with schizophrenia that I think relates back to this whole idea of connectivity, and another idea that I'll share with you in a minute called synchrony.  Kraepelin said the mind in dementia preacox is like an orchestra without a conductor.  And so one of the challenges for us is to improve not just the mind, but the brain so that brain function can be well orchestrated, and I'll be presenting some ideas for you based on basic science as to how we might go about that.  


All right, there's the notorious Stroop test.  I'm not going to make you do it because Dr. Minzenberg already did.  And this is our beautiful Tim Trio MRI scanner that we have at our research center, the Imaging Research Center.  We hope to get a second one soon and then store it at the Center for Neuroscience on our Davis campus.  Someone asked what are we looking at when we see those colored blobs on brains, and I thought I'd tell you a little bit more about it.  You know, MRI scanning is a noninvasive way of making beautiful images of all sorts of parts of the body.  It uses magnets and radio waves.  I'm not going to go into the physics right now.  But one of the very exciting discoveries that was made almost 20 years ago was that you can also not just make beautiful pictures of the structure of the brain, but you can measure the function of the brain with MRI.  This is an interesting ... this depends upon a couple of interesting flukes of nature.  One of them is that hemoglobin, which is the protein that carries oxygen in their red blood cells, when it doesn't have oxygen attached to it, when it's the oxyhemoglobin, is paramagnetic.  So what that means is that it's a spoiler of the MRI signal, it spoils the signal, and so the signal that we measure with our MRI scanner goes down in the presence of the oxyhemoglobin, so that's just a nice thing.  Radiologists and MR physicists make various kinds of contrasts to measure these kinds of things, but actually it turns out there's a natural contrast in our blood, it's called the oxyhemoglobin.  


The other interesting quirk of nature that allows us to do this kind of functional imaging is that unlike other organs in the body, the brain is completely wired for aerobic metabolism.  It needs oxygen, and it works on oxygen, it's where it gets its energy from.  And so it's plumbed to make sure that as much as possible it doesn't run out of oxygen.  So when a part of the brain works harder, you know, instead of other parts of the body, we use up the oxygen, and the oxygen levels go down in the blood?  In the brain you get a very, very initial dip, and then it jumps up, so a harder working part of the brain actually gets an increase in its oxygenation.  And when that happens, there's a decrease in the oxyhemoglobin, and in crease in oxyhemoglobin, so there's a decrease in the spoiler of the signal, and so there's an increase in the signal.  And that's how you can make movies using functional MRI of the brain as it works.  And that's what we do in our laboratory, and in our imaging research center, and while Dr. Minzenberg showed you actually part of this data here from the Unidol(?) paper, where he showed you that this region of the brain, the dorsal prefrontal cortex, doesn't increase its activity when you tell people to get in control when you give them information, kind of like what's in the Stroop test and say, "Get ready to deal with this."  And this is the second part of it, which goes at this orchestra idea.  So these are first episode patients with schizophrenia.  I don't know, it's possible, I know we have a couple of very adept clinic patients in the audience.  Perhaps you were part of that experiment.  


If you were, I appreciate you very much being willing to be in that study.  These were people from our clinic compared to a group of control subjects, and we asked the question, "Where in the brain is being recruited by this dorsal prefrontal cortex area?"  Because our understanding is that that's what this dorsal prefrontal cortex area does, is it loads up those rules, and it translates them into a pattern of brain activity that allows you to do the task, and if you can't load those rules up and keep them in mind, you're not going to be able to set up the optimal processing pathways in the brain, the optimal pattern of connectivity, and you're going to have more trouble doing the task, you're going to have to get by in a less efficient way.  And what we saw was that in healthy brains, in healthy control subjects, there was in fact, a network of other frontal and parietal regions, so parts of the cerebral cortex that were working together to help you do this task, that our schizophrenia patients were not able to pull together that network in the same way, and that the degree to which they were unable to pull that network together predicted how much difficulty they were having with the task, so worst performers, and less connectivity.  Less connectivity meant that you were more disorganized, and very interestingly, in a measure of how well you were functioning in life, in the community, people who had less connectivity were having more trouble functioning.  


And so for us this is a way of testing this particular model of the orchestra, and a problem with the conductor, as well as identifying a key role for this particular region of the brain in setting up the appropriate pattern of connectivity and supporting task performance, and organized behavior, and the difficulties that people have with schizophrenia as a result of problems with this piece of circuitry.  Now, we want to dig down, ultimately we want to understand at the cellular and the molecular level why this isn't working well in people who have this illness.  And so the first step is to see if we can go beyond what we can measure with fMRI, and measure things that are related to neural systems a little bit closer to the cellular and molecular level.  And what we know about this fMRI signal is that it's quite closely related to populations of neurons in the brain that are all firing together, and at the same time. 


People have actually done experiments where they have been able to put their monkey in the fMRI scanner, and have it perform a task at the same time that they've recorded from neurons in the monkey brain, and that's let them understand what their relationship between this (Inaudible) that we measure that's related to oxyhemoglobin, and neural activity is, and what we know from those studies is that it's synchronous activity of populations of neurons that are firing together at a high frequency 40 to 80 hertz, 40 to 80 times a second.  That's called gamma oscillation.  Those are called gamma oscillations, oscillations when neurons are going on and off, and on and off.  And the reason why I'm telling you about this is because in this little local circuit, in the networks, in the frontal cortex of schizophrenia, as Dr. McAllister pointed out, there are these loops, or connections between inhibitory cells, and excitatory cells.  So these are the pyramidal cells, they're the processing units, they're the integrators of information, and then there are these interneurons here.  Their job is when these cells fire, these guys turn them off real fast, and because one of these inhibitory interneurons controls many pyramidal cells, it turns them off all at the same time, and what that does is it sets up an oscillation, it sets up a pattern of synchronous firing so that large populations of neurons are ... you can always think of it as dancing together, so getting back, or the string section of an orchestra working together.  Something like this.  


And in schizophrenia we know from postmortem studies that these inhibitory cells aren't working right, they aren't releasing enough GABA.  And that actually gives us a pharmacological target that I'm not going to talk about today, but it also gives us a reason to think that if we could measure gamma oscillations, we would show that that physiological activity that we can record from patients is reduced consistent with the idea that the inhibitory modulation of synchronous activity in neuronal populations is also impaired.  And in fact, just to talk a little bit more about these oscillations ... so those wonderful networks that make up the cortex, when neurons are working, when they're processing information, they fire in different frequency ranges, and you can go and measure it, and you can categorize it according to the frequency of firing, so there's low frequency firing, and then there's high frequency, or gamma band firing.  And, you know, as people have recorded in the brains of people who might be neurosurgical patients who have electrodes in their brain, or animals who might be animal subjects and experiments, you can see neurons that fire kind of, you know, rather in a not-connected way, asynchronous way, but if you could(?) for multiple neurons, you'll often see that neurons, particularly when animals are doing tasks that involve putting together, you know, perceiving objects, responding to them.  You'll see that neurons are actually firing synchronously all together like that.  


And it's increasingly understood that this is kind of how the brain works, that encoding information, seeing, and hearing, and feeling things, organizing responses, other forms of connecting stimuli to responses are associated with patterns of synchrony across the brain, and in fact, within a region one might see a particular frequency, and then across the brain those sort of processing modules that we talked about connected regions across the brain might actually be connected at a different frequency, but they're all connected, and they're kind of all dancing together.  Sometimes they're doing kind of multiple dances at once.  And you can measure this kind of activity actually using the scalp EEG, and we've done this several times.   This is older data that I collected before I moved back to UC Davis showing that over the frontal cortex healthy control subjects are able to generate this 40 hertz activity, how people with schizophrenia had a lot more trouble, and this was during the performance of a cognitive control task, and this is the difference between the groups.  We have another paper that Dr. Minzenberg needs me to read and sign off on before he submits it for future publication that replicates this result in a much larger group of first episode patients with some improved methodology over our previous work.  So this seems to be reliable results.  


So why am I showing you all of this?  Well, first I want to explain to you that I think we can actually start to put together an understanding of schizophrenia that goes through multiple levels of analysis, starting with an idea that there's an alteration in the micro-circuitry of the cortex, and particularly the prefrontal cortex.  By no means suggesting that that's the only part of the brain that's affected with schizophrenia.  And then physiologically we can measure that in terms of changes in this oscillatory activity that we can measure with EEG.  We can localize it using functional MRI, and again, revealed as important role for the dorsolateral prefrontal cortex.  We can see how this manifested as impaired behavior, disorganization symptoms, and ultimately poor function in the community.  So that's kind of the first point I want to make.  And then the other is I think these ideas of synchrony in populations of neurons, and across networks, and connectivity both at the very local level here, between interneurons and pyramidal cells, and pyramidal cells, and other pyramidal cells, things that are mediated through those spines that Dr. McAllister studied, upon which the synapses exist that are basically how the points of communication between neurons and the way that they become organized as networks, that these two ideas of synchrony and coordination are very key to thinking about dysfunction of the brain in schizophrenia, and can be sort of rethought as targets, as things that we actually want to improve.  


So, you know, traditionally in psychiatry we've thought about receptors, and neurotransmitters as being targets, but what I would like to suggest is actually networks and functions ought to be our targets because it's likely that all of our drugs work through multiple different mechanisms anyway, and the (Inaudible) they work at all is probably because they improve the function, these kinds of functions, synchrony and connectivity in networks that support functions.  And actually, just to come back a little bit to this idea of what is the role of animal models, I think it also becomes a very powerful research tool because if you can't model schizophrenia, which you can't, you can model functions, and you can model those at the level of systems, and I think to the degree that systems and functions are homologous, you have a way of using animal models to give insights, and actually to develop treatments.  


All right.  So Dr. McAllister talked about plasticity.  Plasticity is really the brain's ability to change, and there are many different forms of plasticity in the brain, but in order to learn, in order to learn about the world, in order to learn how to deal with the world, your brain has to change itself as it develops and as you experience. And, in fact, you know, scientists like Dr. McAllister will spend their careers characterizing their cellular molecular mechanisms by which one neuron changes its relationship with another neuron in a way that actually is going to support adaptive functioning.  And we know an enormous amount about this, actually.  


This gentleman here is Don Hebb.  He is a giant in neuroscience.  Before there was a neuroscience, Don Hebb was a psychologist actually, and Hebb came up with this very important principle which is that neurons that fire together wire together.  In other words, and the classic way that this is demonstrated neurobiologically is through a phenomenon called "long-term potentiation".  Basically if you stimulate one neuron in a particular way, a stimulus that initially doesn't cause much of a response to the neuron that it's connected with after this stimulation will cause a much bigger response.  So something is changed in the kind of coupling of these neurons, and in the strength of connection between them, just as a result of one neuron talking to the other neuron for a while in an intense way.  And you know, again, molecular biologists and zoologists know an enormous amount about the neurochemistry, the molecular basis, and the way that changes in neuronal structure, and the proteins that are made inside the cells mediate these sorts of functions, and this is kind of what plasticity is.  And plasticity is sometimes more hard wired, but mostly it's experienced-based.  So just in the way that genes and environment shape us by interacting, there's no question that our neuronal hardware, and the experience that we have shape one another, too.  There are many, many examples in neurobiology, that if you don't have the right kind of input to a system, it won't organize, and it won't function normally in adulthood.  


The other thing that is really clear is that these principles of plasticity, you know, whether you're 54, or 24, or 4, these principles of plasticity are operating in our brains, and they can be engaged in the service of therapeutic effects.  And so I will spend this next part of the talk talking about this idea.  So we know that the brain is plastic, we know that we can learn, we know that experience changes the structure and function of the brain.  Could we actually do something, could we tap into that process in a way that could help people with neurodevelopmental disorders like schizophrenia?  We know from basic science that the brain is very dynamic.  I gave you the LTP example, but this is a kind of classical example from the laboratory of Michael Merzenich, where he trained monkeys to stimulate their fingers, basically, and he looked at the representation in the brain of the fingers.  


You know, as you know, the brain has this very interesting topographic map.  We have maps of the world, we have maps of our body, it's quite remarkable, but those maps aren't fixed, and this is what Merzenich showed, that if you actually stimulate a part of the body, those digits, the representation will expand, like more of your brain becomes involved in that process of feeling that finger, and this is happening at the physiological level.  A very remarkable, very robust seen in many species, certainly true in humans, and again, it's the basis of recovery from stroke, and many phenomenon that we're very familiar with in medicine, and it's there as a basic fundamental property in the brain.  So can we do something about cognitive deficits in schizophrenia through training?  That's a question that came up earlier.  So we're fortunate to have a collaborator at UCSF by the name of Sophia Vinogradov who works with Michael Merzenich, and were using Dr. Merzenich's software tools in a collaborative study to investigate whether in fact this is true.  I have our studies, which I'll describe briefly in a minute, are still in progress, but I'll show you some data from Dr. Vinogradov.  The general idea here is that by training the brain in a way that could strengthen these oscillations, strengthen coordination across activities, and possibly the neuromodulatory functions that Dr. Minzenberg described with norepinephrine and the like, might actually help to refine the brain maps, and get them working in a more coordinated way.  This might play out in terms of improved cognition.  


So if one could train the brain better, and I'll describe a little bit of this treatment, perhaps by getting brain function, by supporting synchrony, by supporting connectivity, these ideas that I've been talking about, one can get some general improvements in cognition that would actually play out in work, life and leisure.  That's the goal.  Now, they didn't speak to that large goal yet.  But I'll tell you a little bit about the training, and I don't know that there's anybody here who has been in our training study, but this is a very simple, repetitive, extended training process that involves attending to simple stimuli, our auditory stimuli, visual stimuli, and making discriminations as to whether things are similar, or different.  As I said, it's very repetitive, there's a lot of feedback, and it's titrated so that people get better, and better, and better, and the full training takes many, many weeks. It's an hour a day, five or six days a week for actually some months, that's the full training.  And again, part of the idea is to get the brain kind of dancing together.  


So at the local level, if you're doing an auditory task, we know that when you perceive a tone, there is synchrony in neurons like this in the auditory cortex.  If it's a visual stimulus, it's in the visual system, and it actually involves these high frequency oscillations that are involved in kind of getting that a bunch of features make an object. 


In addition, when you have a person do a difficult task, they have to pay attention.  So this is attentive task performance, and so you engage those frontal parietal networks, and make connections with the appropriate sensory area.  So it's a very simple task, but it's making the whole brain work, it's making it work in a focused way, in a way that supports these oscillations because attention enhances gamma oscillations, and it also supports the healthy kind of timed, coordinated interactions across key networks in the brain.  And so it kind of makes sense that if the brain is plastic, using this training as a kind of a conductor you could get the orchestra working better.  That's the idea.  So in Dr. Vinogradov's initial study, she treated initially about 100 people.  The training group did an hour a day.  I think I've got that program.  Yep.  So we've got 100 hours of training over ten weeks, five days a week an hour a day.  The control group just sort of played some computer games and stuff.  They had to work at the computer for an hour, but it was just computer games.  And there were a number of measures.  I'm just going to show you, cognitive measures here.  This was a chronic group of patients, so these are people who have been ill for quite a long time.  


Let me see, do we have the duration of treatment?  No.  But you can see these were people who were 40, 45 years of age, and this is their neuropsychological data.  So before they start the study, the two groups look very similar.  So this is the control group, the blue group, and the purple group is the training group.  Zero is where the general population is on these various cognitive measures, and these are different measures, and you can see where the patients are.  They're about one standard deviation below the mean, which is fairly impaired, and it's more or less what you see in people with schizophrenia.  So compared to what you would have expected them to be able to do on these tests before they became ill, it's about a standard deviation decrease.  


After the training ... so this shows the improvement here.  We don't have that zero point, so it's a little bit different.  I don't blame Dr. Vinogradov for setting up her slides to make her effects as good as they are.  But these are actually rather striking effects.  So this is the improvement on that standard deviation measure, keeping in mind complete remission of cognitive deficits would be a change of one.  So we've got about a change of 0.5 compared to the computer game group that really didn't change.  What that means is that in these patients, quite remarkably, after ten weeks of training, they cut their processing problems, their cognitive deficits in half, which should be clinically quite significant.  


And I think the other piece of this that is very encouraging is, you know, does it stick?  And so this is the data showing it in a slightly different way, this is what they look like at baseline, and you've got baseline, you've got post-training in six months for the control group here, and you've got baseline, and you've got post-training at six months here.  And those gains are completely kept for that group.  So that's actually very encouraging, and this is not the only study using this method that is beginning to report positive results.  And I think the buzz right now in the field is that there are various approaches to cognitive remediation, but this seems to be the one, and I think it's very interesting because it's very much grounded in neurobiological principles, and what we know about how the brain works. 


So the bottom line here is that we're entering into a new era.  We can take our understanding of the mechanisms, and we can use them to design an intervention.  And, you know, as Dr. Minzenberg said, by adding this to other things that we do, hopefully we can improve the quality of life for people with schizophrenia.  And I think the other sort of very important question is what could we do, when should we do this in order to get the best results, and what kind, if we really are wanting to try to use this approach to have the biggest impact, how much impact could we have?  And so the last few minutes here I'll talk about a couple of new studies that we have using this approach that are in some ways more ambitious, although, you know, you always have to be realistic when you go into these studies.  But the reason that I want to tell you about these other studies is to put it in the context of what we do at our clinics.  So, as you know, we have an early intervention clinic.  We believe very much in getting involved, getting people into effective treatment as early as possible, because we know that the longer people are out of treatment the worse they do.  It's also very clear, as I mentioned, that the cognitive differences that are present in schizophrenia happen early.  Certainly the first episode people have the same kind of cognitive differences as they might have 20 years later after 20 years of illness.  


But we have increasing evidence that actually the cognitive deficits come first before the psychosis at the beginning of the so-called prodrome phase.  That weeks to months before the positive symptoms there are some social and cognitive changes that happen that are indicators that something is going on, and we can identify some of these individuals.  As you all know, those of you who are familiar with our clinic know, we have a (Inaudible) of expertise at identifying young people who are at risk for psychosis, and that within a couple of years would have about a 35 percent chance of developing a psychotic illness.  And we've had our project that's been funded by the Robert Wood Johnson Foundation to do outreach in the schools, and to identify these young people, and to then to follow them.  And the big challenge really is how to treat this population because most of them aren't going to get sick, so you have to be very careful about giving them medications.  Medications have side effects, you don't want to overtreat people.  And so one question for us then is can cognitive training have an impact to ... sorry, that's a topic(?).


Psychosis, as I mentioned at the beginning of the talk, is related to excess dopamine.  We know this.  You can measure it in patients.  It's been done many times now.  Using PET scanning you can give a radioactive ligand, a very small amount, tiny amount to somebody, that will attach to their dopamine receptors in their basal ganglia, this deep structure in the brain.  And then you can give a drug that will release the dopamine that's present in the synapsis, and when you do that in schizophrenia, and when you release the dopamine, what happens is you knock this ligand off its receptor, and the signal goes down, so the image gets duller.  And when you give that challenge to people with schizophrenia, the image gets much duller than in healthy control subjects showing that they're releasing more dopamine, they have more dopamine there presynaptically.  And the degree to which you release dopamine in patients correlates with their psychotic symptoms, and it correlates with how well they will respond to those dopamine-blocking drugs.  And now we've known this for at least 10 years, probably 15 years.  


And so that's the psychosis part.  What does that have to do with cognitive training?  Well, we also know where dopamine comes from.  It comes from an area called a ventral tegmental area in the brainstem, dopamine projects into the cortex.  But what regulates the ventral tegmental area?  Well, the prefrontal cortex does.  Activity in the prefrontal cortex is inhibitory to the ventral tegmental area.  So if you have this part of the brain becoming weak and decreasing its activity, you're going to lose inhibition in this ventral tegmental area, and you're going to have a hyper-dopaminergic state that will eventually develop in other parts of the brain.  And so I think a very widely accepted model of the onset of psychosis involves these prefrontal cortical changes, those changes in connectivity that we talked about in the prefrontal cortex, making this area of the brain less active, and less functional, resulting in some cognitive changes that get reported, the beginning of the prodromal state.  And then over a period of months you get disinhibition, and excessive dopamine which leads to psychosis.  And so if we could do something to spiff up the prefrontal cortex, if we could get synchrony and connectivity improved in the prefrontal cortex, we could potentially reduce this, or delay this slide into a hyper-dopaminergic state, and make it easier to treat, possibly even in some cases prevent it all together.  That would be the idea.  


And so at this time we have two studies going on in our clinic in collaboration with the UCSF group.  One of these studies involves our first our first episode patients.  These are patients who have already developed psychosis, so we want to see if in those patients they are going to be able to improve their cognitive functioning in the way that the chronic patients that were treated in San Francisco improve their cognitive functioning.  And then we also have a study in this high risk group, and these are kids that aren't psychotic yet, and where they're getting cognitive training.  We're primarily interested in whether we can improve their cognitive functioning, and their school performance, and the like, but we're also very interested as to whether we can delay, or even in some cases prevent the transition to psychosis in this group.  And those are ongoing studies, and maybe if NARSAD does this in a couple of years, we'll be able to come back and give you the results of that study.  


I thought I would just briefly touch on the studies that we currently have that are novel, and oriented primarily towards cognition in schizophrenia.  We have two early intervention projects, our EDAPT Clinic, and the Robert Wood Johnson-funded study.  The goals of these studies, I think it better outcomes by providing people with comprehensive care in earlier phases of the illness, and those projects continue.  I mentioned that we have this cognitive rehabilitation study now in first episode psychosis, and also in our clinical high risk study.  Dr. Minzenberg has some pharmacological studies.  Again, the goal there in people with established schizophrenia is improving their cognitive functioning, improving their functional outcome.  We have a very novel drug that we got access to that's a histamine antagonist that increases the number of neurotransmitters in the brain, and may well be a useful treatment for cognitive impairment.  And then Dr.  Minzenberg mentioned this new program using TMS.  


I must mention the staff of the EDAPT Clinic who take great care of our patients, including Dr. Minzenberg.  He's one of the two psychiatrists in that clinic.  I think they provide the best early psychosis care in the country as far as I'm concerned.  I believe that also I must thank the families of the EDAPT Clinic, some of whom are sitting here in the audience who work with us and our patients, who work with us, who participate in our research so that we can help them and other people.  And I must also thank the people in our group who, as Dr. Minzenberg pointed out, they're the real workers.  I see Glen over there, who has done our gamma band analyses and other things.  These are the people who are the future of our field.  And, of course, our funding agencies, most of all, NARSAD.  And that's all I have to say.  I think we have a few minutes for questions before we finish up. 


(Applause) 


CAMERON S. CARTER, MD:  Yes?  


WOMAN:  What is the (Inaudible) training look like?  


CAMERON S. CARTER, MD:  It looks like ... we give you a laptop, you take it home, you work an hour a day doing a very boring thing that we try to make as interesting as possible (Laughter) to keep you engaged, and you do that five days a week for ten weeks.  And what does it look like?  So there are tones, there are visual images, there are some exercises that you do, and you kind of just do them, and they work your brain, and they just get every type ... it's like any video game in a way, Mario 64, you know, just when you think you're getting good, it kind of makes it harder so you end up being bad.  But we do this in a way that isn't unpleasant, that isn't stressful, that is rewarding, but that gradually basically trains people up and gets them performing at a higher level, always at a level that's kind of getting their brain going, getting those neurons firing synchronously, getting those processing modules talking to one another in a coordinated way.  Is that enough?  So it's tones, pictures.  Is it the same, is it different, you know, responding?  It's basically exercises, exercises that mostly involve perceptual discrimination, and a little bit of problem-solving.  So are these tones the same or different?  Yes, no?  You've got to decide which, is the same or different, that sort of thing.  


WOMAN:  How is the design, how are those (Inaudible) decided upon?


CAMERON S. CARTER, MD:  Yeah, so the parameters were basically developed in the work of Dr. Merzenich, you know, who is a pioneer in neuroplasticity based on his animal models.  And so the parameterization(?) was based on procedures that showed sort of maximum effects on measures of neuroplasticity in the brains of animal models.  So it's very much based in basic science.  And that's why this approach is different than some other cognitive training programs that are used say for brain injury where they're sort of more based on a use it or you lose it idea.  So often times the same tests they use to measure cognitive functioning are used for training.  So this is probably ... you can think about it as a more bottom up low level approach that's based on basically animal research, things that maximize LTP that generate changes in sensory maps in the cortex of animals, and then basically taking that into humans.  


MAN:  I would like to ask what the percentage in attendance today of clinicians, psychologists, et cetera is versus parents and siblings of patients suffering with schizophrenia.  May I ask that?  Could you ask?  


CAMERON S. CARTER, MD:  Well, you know, if people are comfortable self-identifying they could put their hand up if they're a family member.  You know, no one should feel like they have to do that.  There are many people here I recognize as family members, which is good.  That's who we want to be here.  


MAN:  Well, I don't mean to speak for parents and siblings, et cetera, but the three hours was basically very technical, and what we took from this in taking some notes may be of some assistance, on the other hand I think we learned that it's great to know that you're pursuing treatment of a terrible, terrible illness.  However, there isn't too much we can do as parents of suffering patients from what we learned today.  And you'll pardon me for saying that, but I thought I would express that.  


MAN:  Was there a particular kind of information that (Inaudible)?  


MAN:  I think to summarize it briefly would be today has been learned, what is hands-on material?  What can we do as parents and siblings of patients to assist them in their battle of life? 


CAMERON S. CARTER, MD:  Well, I think the goal today was to provide research for it.  That's really what NARSAD (Inaudible).  (Inaudible) and we took out our own work, you know, in the context of (Inaudible).  I think their goal was to communicate that, yes, we can (Inaudible) I don't think that anyone would want you to go away (Inaudible).  But I think that anyone who wants you to go away (Inaudible) but I think (Inaudible) communicate the hopefulness that (Inaudible).  That is a huge (Inaudible) of scientists using (Inaudible) and they're getting closer to the problem of understanding the whole (Inaudible) schizophrenia, and how to better treat it. 


MAN:  Well, I appreciate it. 


CAMERON S. CARTER, MD:  I think that was (Inaudible).  You know, I'd be happy to talk with you afterwards.  I think there were (Inaudible).  


MAN:  Perhaps half the session could be devoted to the more technical aspect that will be able to assess, discussed here, and then another half could be for us laypeople, and could be (Inaudible) to that half.  And if you follow that (Inaudible).  


(Overlapping Voices) 


CAMERON S. CARTER, MD:  Well, I mean, worry me a little bit because I think our goal was to expose you to some (Inaudible).  That's what NARSAD wanted, to expose you to (Inaudible) and if we didn't do a good job at that, that's unfortunate.  That's good feedback.


MAN:  You did a good job of it, it's just words that ... I'm a writer, and I'm fairly intelligent (Inaudible).  (Laughter) 


WOMAN:  Yes, and I have the microphone.  This is kind of cool.  I just wanted to say if you're not already a member of the Alliance for the Mentally Ill, you should Google it.  It's called NAMI at a national level.  Sacramento has a branch, I live in Rose Hill(?).  I don't know where the (Inaudible) branch is but they've got my $7.  I've got to find out where they are.  And they'll have an educational conference.  I believe it is this year in August, and I think it's near Emeryville, or something like that.  And I used to go to those when my family member first got ill, and it's all of this.  It's science, it's treatment, it's how come these guys are so great and the care your family member gets is like in the '50s, so it can be frustrating.  And the reason why I do like the science of it is because if you get to the point where you start to feel you can be sort of asking the clinicians for your family members a little accountability, it's great to be able to practice memorizing a word and then throw it out.  (Laughter) It throws them off.  (Laughter) And then they have no answer why they don't do that.  But I did have a question about what you said about some of the science of that.  When you're talking about doing an experiment on someone who has schizophrenia, it may always be different, but I'm just wondering, is that once they're stabilized with medication, or are these non-medicated, so sort of a pure schizophrenic, but in a non- psychotic state?  


CAMERON S. CARTER, MD:  Every study would take a different approach in research, but you know, the one thing we wouldn't do is ever take someone of their medication to be in research, typically we wouldn't do that, except if they were going into a new treatment, if they weren't getting better to the treatment they were already on.  So some of the fMRI studies included people who hadn't yet started on treatment, they just had come into treatment, and they hadn't yet started medication.  The cognitive training studies that were done at UCSF, and the one that we're doing here in first episode recent onset psychosis, those people are stable on medications, and our high-risk group, most of them aren't taking medicines, you know, their families are getting psycho-education and support, but we wouldn't treat them with medicine yet because, you know, they don't have symptoms that we would target typically.  Coming back to the question of good places to go for information, particularly for families, I would just want to echo NAMI as an ideal place that would have been my suggestion to you.  NAMI also has Family-to-Family, which is just a wonderful thing that you can participate in where families who have been through things, dealing with things for a while are able to share all sorts of information, and support with people who are beginning to deal with this for the first time.  Other questions?  


WOMAN:  I would like to elaborate on NAMI.  I teach the 12-week class, or facilitate it, and it's just awesome.  They cover everything.  You have three hours a week for 12 weeks, and they cover everything, how do you recognize medications, how do you communicate with these people?  It just is awesome.  It will save your life.  Also, my question was you talked about this study, or where you send the laptop home.  Who can qualify for that, and how do you get in the program?  Do you have to be a patient? 


CAMERON S. CARTER, MD:  Yeah.  The two groups that are in our study, and we are ... again, my purpose in talking about this project is as an example of how basic science, how even a non-medication treatment in the 21st century is based in grounded and basic science, so it's as an example.  I don't want to oversell it, but I do think that it's a very interesting approach, and it does have promise.  And the two projects that we have going here in Sacramento are for people who have had a recent onset of a psychotic illness within I think two years is the window for that particular study, and who are otherwise clinically stable, and doing well, and want to try to improve their cognitive functions.  And the other group is this high-risk group that we have identified through outreach in the community.  And those are people who don't really have a psychiatric diagnosis, but are in a risk state.  They are having problems, they sort of have a certain pattern of symptoms, and we're keeping an eye on them, and we're providing this as a very kind of, you know, noninvasive, safe way of perhaps improving their functioning.  


WOMAN:  Do you know of any places that are doing the kind of programs that you're doing with the training that would be appropriate for a young person who has had two to three episodes of psychosis?  


CAMERON S. CARTER, MD:  I am not sure if San Francisco is ... I believe they have an active follow-up study.  Sorry?


WOMAN:  (Inaudible) 


CAMERON S. CARTER, MD:  Yeah.  The principle investigator is Sophia Vinogradov, and she's at the VA, actually.  She's the Chief of the VA at San Francisco.  I'm sure if you just did a Google search you could see if they have active studies.  They do have an active study.  I'm not sure who is eligible and who isn't.  And I am aware that there are several other projects underway. 


WOMAN:  (Inaudible) 


CAMERON S. CARTER, MD:  UCLA, Dr. Steven Marder's group ... 


WOMAN:  What's his last name?


CAMERON S. CARTER, MD:  M-a-r-d-e-r ... are planning a study.  They don't have one that I'm aware of, but I think they are planning one.  Yeah.  In Southern California, that's the only that I'm aware of.  


WOMAN:  (Inaudible) brain train, or (Laughs) ... 


CAMERON S. CARTER, MD:  Brain training in schizophrenia.  I would start with that.  Yep.  Sure.  You could feel free to ask questions for Dr. Minzenberg and Dr. McAllister, as well.  I think this is sort of like just an open session here.  


WOMAN:  Hi.  I appreciate all that you have done to put this together, and where I was interested was new treatments and how they work.  You did mention the transcranial magnetic stimulation.  


CAMERON S. CARTER, MD:  Mm-hm.  


WOMAN:  How available is that?  


CAMERON S. CARTER, MD:  Dr. Minzenberg?  


MICHAEL MINZENBERG, MD:  Well, it's really for, you know, intact (Inaudible) currently, particularly for individuals with a diagnosis of schizophrenia, so it is quite limited just yet.  For mood disorder, that's a good question.  


CAMERON S. CARTER, MD:  I can probably add, for mood disorders TMS was approved by the Food and Drug Administration last year for the treatment of treatment refractory depression.  I'm not sure that any of the practitioners in the community right now, other than Dr. Shoo(?) are using TMS.  But I think there are some plans.  I think some of the practitioners of ECT are thinking of offering it as an alterative to ECT, which is sort of where I think for depression that treatment is going to find its niche.  


WOMAN:  And are there other new treatments that we should be familiar with that we can ask about?  


CAMERON S. CARTER, MD:  Yes.  There are many new treatments.  Are you asking about for schizophrenia?  


WOMAN:  Yes.  


CAMERON S. CARTER, MD:  Okay.  There are some new drugs that are in clinical trials.  The only one that we have available is this H3 antagonist, which is for cognition, and that study is an open study.  It is research, so it's for people who are otherwise stable, but there's no particular age limit or what have you.  There are some other antipsychotic medications that are in the works, including one particular drug that does not work by blocking dopamine, and that is a Lilly compound that's slowly making its way through the FDA process and, you know, perhaps in three to five years could be available.  There are a few new antipsychotics that have become available over the last three or four years, but they're all me, too(?) drugs I think.  They're all fundamentally similar to the ones that we have already available to us.  So the new drugs that are just really different are the drugs that are in phase II studies, focusing on cognition, and we have the H3 antagonist.  There are some drugs that affect nicotine receptors, and muscarinic receptors, and those are in trials at other places, and they're all cognition-related drugs.  The drugs for schizophrenia symptomatology, the main one is the one that I mentioned, the Lilly drug, the mGluR-II3 antagonist.  


WOMAN:  Are there any drugs available in your current research that are available that we can say, hey, these are new drugs that are available that we can perhaps learn about?  


CAMERON S. CARTER, MD:  I'm not sure if I understand your question.  


WOMAN:  Perhaps I'm not understanding you.  


CAMERON S. CARTER, MD:  Yeah.  Sure.  


WOMAN:  And you may clarify me, because this is very complicated.  It seems to me you've given us a lot of background, and drugs that are coming up in the next five years. 


CAMERON S. CARTER, MD:  Yep.  Right. 


WOMAN:  What currently in your research is available at present that seems to be working well with the patients that are being taken care of by you that perhaps our doctors are not aware of?  


CAMERON S. CARTER, MD:  Sure.  


MICHAEL MINZENBERG, MD:  Do you want me to answer that?


CAMERON S. CARTER, MD:  Yeah, please.  


MICHAEL MINZENBERG, MD:  So maybe this will help give you an idea about where we are in the process of new medications being widely accepted.  So the modafinil is very promising, for example.  We're not studying hundreds of patients like the pharmaceutical companies do.  Ours is more in the dozens, right, and that's the results that we showed you.  So modafinil is on the market, it's used for a lot of other conditions right now.  It's used primarily for narcolepsy, for different disturbances of sleep/wake cycle, like people who work the graveyard shift, and they can't sleep normally, some fatigue syndromes, et cetera.  It's not approved for use in schizophrenia.  Our hope is to actually provide knowledge that support the idea of the use of either that, or something like it that later on where, of course, if the drug companies who own these medications, if they feel that it's promising enough, then they will pursue that.  So we're actually very early in the process of trying to show, hey, this looks like a novel medication for this type of problem, and a way to try to pave the way.  So that study is ongoing.  We enroll people from the community in that study.  The medication is not yet approved for that use, and so what that means is that it's, of course, very expensive for patients or families to pay out of pocket for that medication.  So I don't want people to believe that if they feel great in this study on this medication that then, you know, the next week that their insurance is going to support an open-ended treatment with it.  We're a little bit earlier on in the process.  But to get to that type of point, we have to do studies like this. 


CAMERON S. CARTER, MD:  So in terms of something new, the main thing that we're doing that's really new that will affect patients now as opposed to research for the future is through the EDAPT Clinic.  We're taking evidence-based therapies that we have available to us, and we're providing them to people at a particular point in their illness, and with a level of intensity that's not usually done so that those treatments really work, and so that's not exactly ... so there are different kinds of research that you've heard about today, basic research, clinical research, work that's designed to help us understand how to help people better in the future.  And in terms of what we're trying to do in our program to help people now, it's those clinical programs that we have in place right now that are unique because they involve identifying people in their very early phases of the illness, and providing them with the evidence-based practices that we have in an intense way, you know, in a way that you can't get in the community so that we can get better outcomes.  So that's what we're doing that helps people right now.  And in our clinic we have 130 young people who we provide care for regardless of their ability to pay, and they get medications, they get psycho-education and support for them and their family.  It's a family-based treatment program.  They get supported education and employment, and of those 130 people 80 percent are working or in school despite the fact that most of them have schizophrenia or bipolar disorder diagnosis.  


WOMAN:  Can you share the medications that you do (Inaudible)?  


CAMERON S. CARTER, MD:  Yes.  There is nothing special about them.  They are the medications that are available to the community.  You know, as you know, in this business there's a certain amount of trial and error.  We don't have a blood test or a brain scan that says you need Geodon, you need clozapine.  


MAN:  (Inaudible) 


CAMERON S. CARTER, MD:  So Dr. Minzenberg, and Dr. Yoon, you know, who do the day-to-day work in that clinic with our patients patiently, individually work with patients and their families to find a medication that's going to work for that person, and it's mostly trial and error.  I mean, there is a lot of clinical wisdom that goes into deciding what to try and what not to, but at the end of the day most people have a couple of medication changes, and it takes a few months before things get really stable.  The difference between our clinic, and you know, our system of care, which is, as you know, particularly devastated at this time, is we're able to see people every week if necessary.  A doctor sees them every week.  We do everything we can to keep people out of hospital.  We have clinicians, and group programs, and other forms of rehabilitation services available so that we're looking not just to keep people out of hospital, but to actually get them back to school if they've actually got out of school.  So that's a more preventative approach, and that's where our energy goes as far as, you know, trying to help people on a day-to-day basis.  


WOMAN:  I think what I'm trying ... I'm sorry, I think what I'm trying to ask is for the (Inaudible) we have baskets of medications, and they're all trial and error.  What I'm asking is are there are some things that you've experimented with that you've used in the clinic that might not have to be put in the basket?  


CAMERON S. CARTER, MD:  Yeah.  I mean, I think the answer is it's not that ... no.  You know, they all work, and you know, for some people Zyprexa is the drug, and for other people Abilify is the drug, and for some people Zyprexa is terrible, they gain huge amounts of weight, and we have to get them off of it as soon as possible, and for other people, Abilify makes them really restless and nervous, and they can't stay on that.  You know, at this point it's still trial and error.  But they all work for some people and not other people.  


WOMAN:  The question would be can she join the clinic?  (Laughter)  Not you, but if you're family now ... is your clinic open?  


CAMERON S. CARTER, MD:  Our clinic is open to people who have had recent onset ... 


WOMAN:  Recent onset.  


CAMERON S. CARTER, MD:  ... within a year.  


MAN:  Of course ... 


CAMERON S. CARTER, MD:  Yes?  


MAN:  Dr. Carter (Inaudible) and I'm not sure I understand the basic idea.  It sounds like it's a preventive method.  That's one question.  And then also can we replace the drug, the antipsychotic drug treatment?  That's a question.  


CAMERON S. CARTER, MD:  Sure.  Well, second question first.  In people with established illness, definitely not.  You know, medication is still the mainstay, a little bit of medicine every day.  For the first part, could it have some preventive value?  Potentially in those at-risk individuals it could have some preventive value.  We don't know.  That's a hypothesis.  We would just like to see that the deficits that those young people have improve.  That would be enough for us, just to improve their deficits, and help them to function better at school, or at work.  


MAN:  (Inaudible) young people, whether the person can, for instance, other centers, the person, the view have an onset two or three years later?  I think it's very difficult to predict.  It's not like the forecast.  


CAMERON S. CARTER, MD:  Well, it is and it isn't.  There is now about 20 years of work that suggests that there are a group of individuals that one can clinically identify who have a very high risk.  


MAN:  (Inaudible) 


CAMERON S. CARTER, MD:  Yes, it is. It allows us to ask a lot of, you know, research questions we couldn't have asked before, and it certainly allows us to begin to watch those kids very closely, and to intervene at a very early point when their symptoms begin to look like they're really starting to develop a serious illness.  


MAN:  Thank you.  


CAMERON S. CARTER, MD:  Sure, you're welcome.  Yes?  


WOMAN:  You must mentioned children.  Do you work (Inaudible) ... I'm currently working with a 4 1/2-year-old that's currently hospitalized that's showing signs. Does your group work with that?  I'm looking for resources for his family. 


CAMERON S. CARTER, MD:  Yeah.  We go down to age 12.  We go down to age 12. 


WOMAN:  Any resources?  


CAMERON S. CARTER, MD:  Yes.  You know, you could certainly call our outpatient clinic in the  Department of Psychiatry.  You know, we have child psychiatrists, and child fellows in the clinic, and it might be that, you know, it's worth a try.  


WOMAN:  Thank you.  


CAMERON S. CARTER, MD:  Yep.  Yes?  


WOMAN:  (Inaudible) question.  How do you really get someone who hasn't had help yet at all to buy into any kinds of these programs?  And let's just say I could convince someone who is in their 60s who appears to me ... and I'm not even in the medical field ... but seems to have these problems, delusions and all, but is not accepting that there is an illness here.  So if I could convince someone to do something like the cognitive learning, which might help in the disorganization that this person experiences, is that a possibility in a program like at UC Davis, your program, or any program?  


CAMERON S. CARTER, MD:  So, I mean, I do believe that the Merzenich, the training that Dr. Merzenich has developed, I believe that that will probably, within a few years, be pretty widely available.  You know, they already have other tools that you can kind of buy, and I'm sure that there will be clinics who will be setting up programs.  That's not really the question you're asking, though.  Is the question you're asking how do you get someone who doesn't want to go to treatment ... 


WOMAN:  Yeah, I'm just sort of coordinating that with (Inaudible).  (Laughter) 


CAMERON S. CARTER, MD:  Sure.  You know, that's a tough one.  It's a lot easier ... you know, if you can get there at the beginning, you know, when the family is intact, when the person is intact, it's a lot easier to get people engaged in treatment.  What often happens is once people have been through a few cycles of being in the hospital, and have burned a lot of bridges, there's often a period of a while, it can be 10, 15, 20 years where people won't do very well, you know?  And then it's very interesting.  


A lot of people in their late 30s, mid-30s, for whatever reason, sort of come to terms with their illness and start to get in treatment.  I think perhaps they're sick of suffering, you know, and they realize that they maybe have a few positive experiences of treatment, and they will accept it.  It doesn't sound like that that applies to your case, but I think more generally it's a challenge.  I was at a meeting in Napa a couple of days ago talking about starting an early intervention program there for their hospital and, you know, someone approached me about her brother who is 55 and, you know, in San Jose, and very psychotic and won't accept treatment.  It's a very difficult situation.  It's probably one of the most stressful things anybody could deal with, and there are no simple answers.  If you could have someone ... you know, sometimes people don't have insight into their illness but they still take their medicine.  You know, so if someone would be willing to get some treatment but call it something different, take medicine for your nerves, it's not that you have schizophrenia, but you have some nervous problems, take the Abilify, you know, that often works for many people.  The issue with the cognitive training, is it's really new.  The software is proprietary software that's been made available for research use, and it's probably going to be a while.  But I think once these studies come out, I think it's highly likely that their proprietary software is going to be available, and I think clinics will use it.  It's the data holed up, you know, we have nothing else that works, the drugs don't really work that well on cognition, so having something like this is sort of a no-brainer for people to use.  So I think it will be available, and at that point maybe you do want to have your person without insight say, "You know, 65-year-old people benefit from this training, and improves their memory, how would you like to have a try?"  


WOMAN:  Thank you. 


CAMERON S. CARTER, MD:  Yeah.  


MAN:  I'd like to just add, I have read, reread, and reread once again a book called "I'm Not Ill".


CAMERON S. CARTER, MD:  Yes. 


MAN:  You're aware of that book, I'm sure.  


CAMERON S. CARTER, MD:  Yeah.  


MAN:  "I Don't Need Help".  And it's very, very well done, and talks about how to get a patient assistance, what program to use, what plan.  It's a very good book.  I've forgotten the author's name.  


CAMERON S. CARTER, MD:  Xavier Amador.  


MAN:  Yes.  


CAMERON S. CARTER, MD:  Yes.  


MAN:  It's an excellent book.  


CAMERON S. CARTER, MD:  Yeah.  Yep.  So that's a tip for the group.  All right.  Well, I want to thank you very much.  I definitely also just want to thank Dr. Minzenberg and McAllister for giving up their Saturday to come here today.  


WOMAN:  Thank you very much.  


CAMERON S. CARTER, MD:  So thank you very much. 


(Applause) 


WOMAN:  (Inaudible) we've heard that (Inaudible) speaking (Inaudible) conferences like this for (Inaudible) ... 




(END OF TAPE)

