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(Video Plays)

STEPHAN HECKERS, MD:  Okay, while I actually give Randy the time to bring up his slides for the first presentation, let me introduce myself.  I’m Stephan Heckers, the Chair of Psychiatry, Vanderbilt University. It’s my pleasure to be the host for the three speakers that are going to get up and give about a 15 to 20 minute presentation each.  If there are less than 20 minutes, we can take a question or two.  We would like to keep all of them within 20 minutes, so that by the end, we still have about 15 to 20 minutes left for an open discussion for all the three panelists.  Then we hope to finish in time that we can mingle outside, and have some refreshments before we go home through that beautiful weather.  (Laughter)

So I think this was a very inspirational video that NARSAD put together, really on the theme of this evening, how brain research can uncover the basis of mental illness.  Give Randy another second to get his slides up.  Very good.  Hi.

RANDY D. BLAKELY, PhD:  Hi. 


STEPHAN HECKERS, MD:  So without further adieu, let me introduce Dr. Randy Blakely, the Alan D. Bass Professor of Pharmacology and Psychiatry at Vanderbilt University, internationally recognized for his research, not only on depression, but also on basic mechanisms of brain function, particularly the serotonergic system. He will give us an update on his current research. I guess it will be a blend of some clinical as well as some basic research on depression.  Very good. Randy?

RANDY D. BLAKELY, PhD:  Thanks, Stephan.  I can use this, if you think I need it. Can you hear me in the back well enough?


(General Agreement)


RANDY D. BLAKELY, PhD:  Okay, then I won’t spare the time to do that, because I’m sure the clock is running on me.  

STEPHAN HECKERS, MD:  And we have a lot of space. You can also move closer, if you feel you don’t hear in the back.


RANDY D. BLAKELY, PhD:  I’m delighted to be here.  I’m very proud to be on the scientific advisory board of NARSAD, and to have worked with their programs for more than a decade.  They do such marvelous work and have funded my research over the years.  So I’m very proud to represent them and to share a little bit of our work with you tonight.  


First, the obligate disclosures.  I’m a scientific consultant for several biotech and pharmaceutical companies, Lundbeck, Jubilant Innovation and Forest Research Institute.  I’m not a shareholder. I get no profits from their companies.  I’m just an advisor for their scientific programs.  

I’m going to frame the comments I have tonight in relation to depression, and particularly depression treatment; but I thought it’s important that we set the stage, just in terms of some statistics that most of you know.  Depression itself is the number one cause of disability in the US, particularly for individuals in their prime, let’s say, contributing to society, forming social relationships and families.  

Fifteen to 44, it’s the leading cause of disability worldwide, according to the World Health Organization.  At affects nearly 17 million people over the age of 18, every year, and we know it’s more common in women.  We don’t have an understanding of why that’s so.  It’s also a major component of many other mental disorders, and sometimes goes overlooked, but can be a very debilitating component of those syndromes as well.  It’s clear, also, that other disorders like substance abuse and addiction often had a co-occurrence, and perhaps a driving element in the presence of depression.  


Now, I think it’s not clear where we go in the future with the treatment of depression. We have many options, but not many clues.  We are trying to attain a few ourselves.  It’s a very difficult problem, because there’s a heterogeneity of individuals, ethnic backgrounds, cultural milieu in which they grow up, and work.  We don’t have a diagnostic lab test. Depression is diagnosed solely through an interview with a psychiatrist, and it can be a problem to slot individuals for the appropriate treatment.  

Most who do respond to treatment, it requires four to six weeks, at minimum, to achieve the beginnings of a therapeutic response.  We can’t predict who will not respond, and poor treatment can be life threatening.  We know of side effects.  These have been mitigated a bit in more recent years, but they’re still there for many people: insomnia, agitation, anxiety, and the loss of sexual drive.  This can keep people from seeking medication that can truly help them.  


Now, the pathways that I will talk about tonight converge on one particular molecule in the brain, and that’s serotonin.  This is a very simple molecule.  It is derived from the amino acid tryptophan, that we get in our diet.  It’s a neurotransmitter, a brain signaling chemical, but it’s also found in the periphery as well, and that helps us in the study of this molecule.  It has complex actions in both the brain and the periphery on 14 different receptor proteins through which it acts.  That makes the study of this molecule quite complicated, and has hindered progress.  Although we’ve known about this molecule for 50 years, it’s been difficult to penetrate all of the different things that serotonin does.  

We’ve had an understanding that there was a link between serotonin and depression from these major points. First, the pathways in the brain that produce serotonin innervate areas that control mood and anxiety.  Of course, these are components of depression itself.  Low serotonin metabolites have been detected in literally hundreds of studies in the cerebral spinal fluid of patients who have depression.  We know that if we prevent the brain from making serotonin, we can induce a relapse in subjects who have a history of depression and actually have been effectively treated for their disorder. So they will relapse as soon as we prevent their brains from making serotonin.  Lastly, an area that’s particularly close to my heart, many antidepressant medications will enhance serotonin signaling.  I’m going to comment on that shortly.  


Let me just first remind us all of where serotonin is made in the brain. This is an illustration of a human brain, cut away, so we’re looking at the middle part, and the outer cortex here.  Serotonin neurons lie deep in the brain, in an area called the midbrain, in the brain stem, and these cells send their fibers, broadly, throughout the nervous system, and modulate a wide variety of brain regions that control many different parts of our cognitive life, our moods, our attention, our anxieties, whether we are fearful of things. 


It’s often said that serotonin does everything and does nothing.  The everything is illustrated by the widespread projections of these neurons, and the nothing is that it is a very subtly acting chemical. It doesn’t drive the production of electrical impulses itself in the brain, but it subtly modulates those electrical impulses.  Therein lies the trick for us as scientists, is to understand how that works, and how to control it.  


Now, this is a cellular element of the brain, a neuron, and you’ll hear a lot more about this from Dr. Deutch when he talks about some of the early studies in understanding how neurons are structured. This is a neuronal cell body, and it’s sending a process called an axon, to talk to another nerve cell.  At the end of this projection, this axon, is a bulbous protrusion where neurotransmitter molecules like serotonin are released onto the postsynaptic cell. This is the fundamental signaling unit in the nervous system, and it’s in this particular compartment, at this communication spot, where serotonin is acting, and where we’ve gone after trying to control it.  

Now, just to emphasize how widespread serotonin’s actions are, I thought I’d show you a slice of the cortex, here, staining for fibers that produce serotonin. So we’re not looking at every other cell in this tissue. We’re actually just looking at the fibers that carry serotonin into the cortex.  You can see how dense that meshwork of fibers is, and should emphasize that this is a very widespread and broadly acting substance in the nervous system.

Now, down at those endings, and the synapse, where this axon is coming in and talking to another neuron, and releasing its serotonin, we have one of my favorite molecules, this little green protein here.  It’s called the serotonin transporter, or SerT. It is a little vacuum clearer, a nano-vacuum cleaner, as it were. It’s a protein, but it has the ability to recognize serotonin, and suck it back into the presynaptic neuron, and keep this area very clean.  That allows the next impulse that comes in the ability to release more serotonin, and for the postsynaptic cell to respond to it.  Obviously, if this is a crowded area with a lot of serotonin molecules, these receptors could be confused.  So this is thought to be a critical component of how we control serotonin in our brains.  


Drugs like Prozac and other antidepressant molecules bring tightly onto this transporter protein, and have their action, we believe, by preventing this inactivation of serotonin, and allowing more serotonin to build up in this space; and as we have thought for a number of years, that the action of these drugs, and that the way in which they help some subjects with depression is that they overcome a deficiency in serotonin at these synapses.


Now, I began my research on this protein, now, two decades ago, with the discovery of genes encoding both rodent and human forms of the serotonin transporter gene.  We found, in that effort, that it mapped, it was a single gene, and it mapped onto chromosome 17, at this position right here, on q11.2, and that identification of that gene gave us the first opportunity to inspect this gene as a potential risk factor for anxiety and depression, and other serotonin related brain disorders.  It also gave us the opportunity, several years later, to create animal models that could test the genetic impact of serotonin function and dysfunction, as well as come to grips with how antidepressants are really acting.  

One of the follow ups from that work, not done in my lab, but done in the lab of Dennis Murphy at the NIH.  It was a discovery that, although there was a single gene that encoded the serotonin transporter, individuals actually possess one of two forms, and they have both.  This is shown here in a DNA gel, where each column here represents a sample, a DNA sample from an individual, and you can see that some individuals have one form that’s slightly underneath this, which we call the short form, that’s underneath this other form which is called the long form.  They different simply by missing a few nucleotides that make them different.

Studies have indicated that in fact the short form of this serotonin transporter gene increases risk for a number of traits that we believe comprise of component of a depression diagnosis, particularly anxiety traits.  You can see that some individuals just have the long form. Some just have the short form.  And because you have two chromosomes, you have the capacity to have one of each.  

Now I’ll tell you, just at the beginning, that this is me, here.  I have two of these short forms.  So just from this, in reading the literature, I could become quite scared, because I might be at risk just from that basis alone, for the risk for something like depression.  It’s more complicated than that, though.  That complication is shown here, in a study that was published in 2003 in Science, and has now been replicated a number of times.  It’s been a bit controversial, but there’s actually new work now, accumulating a large number of studies that I think will hold this result up.


What this study did was look at individuals who either had two copies of that short form, two copies of the long form, or one of each, and asked, what’s the probability in this group of individuals, this is several thousand subjects, that they would have had a suicide attempt or suicidal thoughts?  You can see that this is plotted against the number of stressful life events that they’ve had.  These are not minor stresses.  These are significant stresses such as abuse in childhood, violence, loss of a job, divorce, or death of a spouse or sibling, significant other.  

What’s important about this plot, this iletic(?) run, is that you can see that the short form, the double short form here in red, becomes quite significant in terms of its ability to impact risk for suicidal thoughts and attempts, once an individual accumulates more and more of these stressful life events.  What that should tell you, then, immediately, is that this is not a death sentence, this short-short form of this gene; but rather, it’s a risk factor, that in the context of other life events, can place the subject in harm’s way.

Now, that’s data from a large number of subjects in a scientific study, and sometimes hard to maybe relate to individual cases, and most of the time, shouldn’t be.  But I thought I’d share with you, with those observations, there’s a song writer that I like named Todd Snider, and he has a song, in a line, and it says, they tell me depression runs in the family.  Well, that doesn’t help me much.  The point is that that has happened.  What are you going to do with it?  Well, a scientist of course, what we’re going to try to do is see if we can use our understanding of genetics, and biology, and neuroscience, to come up with answers as to why it happens and how to treat it better.  

One of the ways we do that, in our lab at Vanderbilt, is to produce mice that might allow us to look at a facet of a brain disorder or its treatment.  There are many of us at Vanderbilt studying multiple brain disorders using mice, and rats as well.  We do so through a brand new laboratory for neurobehavior at Vanderbilt. It’s really a state of the art facility, and I can’t take you through a lot of that, but I’ll show you an example of some of the work that we do there.  So you might ask, then, how do we study depression, or the actions of antidepressants in mice?  It is very difficult.

I wanted to show you one simple test that we do.  This is just a mouse that is in water. It’s inescapable. It’s not going to hurt him.  And he is struggling to find a way out of this cylinder of water.  But at some point, he will quit. He will give up.  And the frequency, or the duration that he spends in this state where he gives up, which he has now, essentially, floating, is likened to despair in humans.  One of the reasons for that is that is responds to antidepressant treatment. So if we give this mouse an antidepressant, it will continue struggling. It will not give up.


Now, in the laboratory for neurobehavior, we have equipment that can monitor this mouse, convert it into a computerized image, and score his behavior in an automated fashion.  This allows us to study many mice at one time, and do it objectively.  We’re not having to say what we think is going on. We’re letting the computer tell us.  

We’ve thought that it would be good if we could genetically engineer an animal that could not respond to an antidepressant. This is just a little bit of data. I’m not going to show you a lot of data.  But it’s a mouse we call I172M, where we’ve taken out a piece of the serotonin transporter SERT gene. It functions completely normally, except, as you can see, it can’t respond to Prozac or another SSRI, another antidepressant, Lexapro.  The wild-type animals show their normal response to these drugs.  

So this animal, now, is deprived of it’s ability to see an antidepressant, despite the fact that it has normal growth. It has normal serotonin levels. Its brain looks normal.  And as was said, it has a transporter that works just fine. But it fails to respond to multiple antidepressants medications in behavioral tests that require the use of serotonin.  



So what do we use these mice to do?  Well, we’re using them to identify differences in the actions of different antidepressants.  The mouse can sense some antidepressants, but a large number of them can’t.  What’s different about them?  We’re also trying to use this mouse to discover antidepressants that work in different ways.  Now that we’ve taken out the major path by which this animal would respond to an antidepressant, can we come up with medications, now, that can give the same sort of behavioral change, but do so in a very different way?


Lastly, we’re attempting to use the mouse to discover genes that are altered by antidepressant treatment, because we give one mouse the antidepressant, and another mouse that can’t respond the same drug, and ask, what changes in their brain when they get that drug?

I’d like to then switch to a different issue, which is the problem that current medications that target the serotonin transporter, like Prozac, have the property, that when they act, they actually block almost all of the serotonin transporter proteins in the brain.  Only a fraction of these are probably relevant for the treatment of depression. This is a brain scan, and what we’re looking at is the labeling of serotonin transporter proteins in the human brain, in where it’s red and yellow, and green is the high level of serotonin transporter protein.  You can see that after treatment with an antidepressant, a very large majority of the serotonin transporter protein can’t function.  Now, that has to be something that may contribute to side effects, and limit the plasticity of the nervous system, and maybe we can do better.  


One of the things that we’ve been trying to do is figure out who controls the serotonin transporter, or what controls the serotonin transporter in a neuron?  Let’s see if we can develop some medications that go right after that control mechanism.  We’ve discovered another protein; it’s the A3 adenosine receptor. It’s a fancy name for a small protein that can signal.  This receptor can talk to the serotonin transporter, and create an excess amount on the cell surface, and it can turn it on.  It can make it highly active.  You can see that here, in this slide, where we have a normal level of serotonin transport activity, but when we stimulate this receptor, that transport activity increases.  

We have proposed that it’s possible, that rather than blocking good transporters, perhaps our serotonin transporters sometimes get out of control. We get too much of them working. This generates and state where serotonin is being vacuumed away too efficiently.  What we would like to do is take that excess activity away.  We’ve done that by genetically eliminating this protein from the mouse.  Now you can see that the serotonin transporter activity is normal in this animal, but it does not show these out of control states.  So it may be that this is a genetic example of what we can do, if we make medications that, rather than going after the protein directly, go after it in an indirect way.  

Now, lastly, we hear all the time about how fast the genome sequencing projects have gone, and how one day we’ll be able to have our entire genetic sequence read for $100.  And it will be a standard of care when we go into the doctor’s office.  And maybe then we go to our local pharmacy.  We’ll hand our DNA sequence in, and they will give us the right medication.  Of course, that’s a bit of a pipe dream.  Something as complicated as depression is going to take decades to understand, at least in terms of its genetic risk, which is not the whole story.  

At Vanderbilt, we’ve started a project called BioVU, and I won’t say much about it, but I’d be happy to talk about it later.  But it involves the planned enrollment of hundreds of thousands of individuals who’ve come into the Vanderbilt hospital system, and where they have consented to give us their DNA in an anonymous fashion.  That DNA is being used to look and see, do we have a responder to a particular antidepressant medication? Do we have a nonresponder?  What type of depression do they have?  What type of cardiovascular disease or other disorders do they have?  It’s through the study of this very large sample that we hope to move a little closer to this level of understanding, so that we can generate personalized medicine for the treatment of mental illness.  


Well, what I’ve told you tonight is just a snippet from our lab, and it’s based on a lot of teamwork, from members of my laboratory and funding organizations.  I should simply mention NARSAD for their early and ongoing support of our research program.  And thank you very much.

(Applause)  


STEPHAN HECKERS, MD:  Thank you very much for a terrific first lecture in a series of three. If there is a really important question that people want to ask now, we can take one question. Otherwise, we can wait, and wait for the discussion at the end.  Very good.  Thanks, Randy.  

(Background Conversation)


STEPHAN HECKERS, MD:  Let me take the time, while Dr. Deutch is setting up his slides, that I forgot to mention before Dr. Blakely started his talk, that Dr. Blakely as well as Dr. Deutch are members of the Scientific Council of NARSAD, so they are quite familiar with the research that NARSAD has sponsored over the years.  They themselves have been funded by NARSAD, but more importantly, on an annual basis, they review hundreds and hundreds of research proposals that researchers, really from across the world, sent to the Scientific Council for review.  Many of those have been funded, more than 20 years of funding.  I personally can say that I wouldn’t be in the United States without NARSAD funding, which I received when I was still just out of medical school back in Germany. So NARSAD changed my life. I can say that.  Okay, let’s switch to our second presentation.  

Dr. Ariel Deutch is a Professor of Psychiatry in Pharmacology at Vanderbilt University, also as member of the Scientific Council at NARSAD, quite familiar with the scientific mission of NARSAD.  His research is slightly different from Dr. Blakely’s, more interested in circuitry, and cells, and how cells communicate with each other, from an anatomical perspective.  He is giving a talk with a very intriguing title, The Psychic Cell.  And, I give it to him.  

ARIEL Y. DEUTCH, PhD:  Thank you.  I’ll tell you why I came up with this Psychic Cell.  It’s because all scientists want to have a psychic cell, so they know what’s coming up.  But unfortunately, scientific crystal balls are always splattered with mud (Laughter), and we don’t get to see very far.  That’s why we have to do experiments.  The central question for most of us, in one way or another is, how does the brain work?  


Now, this is obviously a very … from the fifties.  Computers were just coming in.  It’s an idea of wiring. That’s how it all works.  There are lots of different ideas.  But let’s go back in history a bit to see how things work.  Early on, people tried to simply slice up the brain, and stain it.  They make very thin little slices of the brain, so, for example, from this little part of the visual system, this is visual cortex, slice it, and you can put it in a dye, and you’ll see individual cells.  They look like that. Each little dot that you see here is one of these cells.

Then, the end of the 1800s, two kind of towering figures in science, Santiago Ramon y Cajal, a Spanish scientist, and Camillo Golgi, an Italian scientist, came up.  Golgi invented the technique which bears his name, the Golgi method. And it was a wonderful advance, because what it did was, it allowed you to see the entire cell in all of its glory.  

The one who really exploited the method was Cajal.  So if we look, Golgi took the method, cut the brain, and came up with this staining method, and all of a sudden he could see one cell, and he drew one here, an entire cell.  Not just this little part that you saw before, but all of this is part of one cell.  So it was kind of a remarkable thing.  Now, what I did was, I looked and looked for pictures of Golgi, in a lab. You can’t find one, because he gave up the lab and became an administrator.  He was very high up in the University of Padua.  

Now, what he did, though, before he became an administrator was, he said, if we take this, and we look at the cells, we have a characteristic binding in the cells.  They have a cell body, this part.  And they have these processes, these extensions coming out, and he called one type the dendrite, and another type, the axon.  

Cajal was the one who, you can’t find a picture of him not in a lab.  (Laughter) He’s always bent over a microscope.  Cajal came up and started doing the same thing, improving the technique a little bit, and then drawing, from the microscope, what he could see.  Cajal had one other thing besides, both of the were remarkable artists, really, but one of the things he had was the ability to take that anatomical information, and make wonderful guesses. His crystal ball really worked incredibly well.  

So Cajal and Golgi came up with two different ideas.  Golgi said that all neurons, as far as he could tell, touched one another.  And they did so at this end.  Cajal said no, it goes like this.  There’s actually a little gap.  That little gap, that’s called the synapse, is critical. And it took 50 years for an electron microscope to work, and Sandy Palay and George Perotti(?) showed the actual structure of this little gap.  

So Cajal came up with this neuron doctrine. He says, the neuron is the basic cellular element of the brain.  Everything is built up from one neuron and another.  They are independent entities, and they have a soma and two processes, a cell body, and an axon and a dendrite.  He paid a lot of attention to these things.  These are the dendrites.  You notice they’ve got these things that look like spines in them called dendritic spines.  They’re the areas which the neuron receives information from other cells, so they’re absolutely critical for cells to communicate.  E

Cajal was very intrigued with these, and actually said, these little spines are plastic.  They’re not static.  They actually move.  He had this idea of what he called cerebral gymnastics.  Cerebral gymnastics were the mechanism by which connections between cells could be multiplied, and specifically evolve these dendritic spines.  


If you look at Cajal’s doctrine further, he said, neurons communicate at those gaps.  That’s the synapse.  And, that neurons communicate in a certain direction.  It goes from that cell body, down the axon, and then it meets the next cell, from the dendrite to the cell body, down to that axon. And information only travels in one direction.  

What would it be like if Cajal and Golgi collaborated?  Probably like cat and dog.  (Laughter)  These two did not get along at all.  It’s kind of a remarkable thing that in 1906, they shared the Nobel Prize and that … story’s not quite over, because then, they decided to go to Stockholm, to receive the Prize, and Cajal got there first.  Cajal goes to the train station to meet Golgi.  Golgi gets off the train. Cajal holds out his hand. Golgi walks right past him.  Doesn’t say a word.  

In Golgi’s lecture, when he’s received the Nobel Prize, he started out by saying that he was an is opposed to the neuron doctrine. Says, it’s generally recognized that it’s going out of favor.  In my opinion, we cannot draw any conclusion, one way or the other, from all that’s been said, in being for the neuron doctrine.  He also said that this idea of dynamic polarization, that everything travels in one way is wrong.  It’s incorrect to think that elements of a neural circuit are correctly precise, connected precisely.  And that different parts of the brain really don’t have different functions.  
Cajal responded, what a cruel irony of fate to pair, like Siamese twins, united by the shoulder, scientific adversaries of two such contrasting characters.  So if you want to read about this, there are two really excellent books, and I could tell you about these later.  

So Cajal actually not only wanted that crystal ball, he had a psychic cell.  The psychic cell was, he said, because of the constant orientation and shape of this cell in the cortex, the cerebral cortex, called the pyramidal cell, as well as this high (Inaudible), we have dared to designated it as the psychic cell.  He said, each psychic cell carries a single, semantically simple image.  And that complex symbols and cognitive states are formed by associations of several psychic cells working together.  And, remarkably, he said, that cognitive representations, ideas and concepts, are carried by psychic cells in their chemical composition, in other words, at a molecular level.  This is in the late 1800s and very early 1900s. He still got it right.  


So let’s go, at right about that same time, people started looking for the neuropathology of schizophrenia.  Are there places in the brain that we lose cells, and maybe that could account for the illness?  One of the prominent people to do that was Alzheimer.  He never did identify it.  He identified Alzheimer’s disease, sort of a consolation prize, if you will  … (Laughter) as a scientist.  

It lay dormant, in a sense, till, really about the latter part of the 20th century.  And then, a number of things came about, one of which was that anatomy became, rather than simply drawn, it became very much quantitative science.  So there were ways of looking at things in an unbiased way.  And this is a particular study, been replicated several times now.  This is a healthy subject, and this is brain, part of the brain called the prefrontal cortex, from a person who died and had a history of schizophrenia.  The cortex here is actually thinner. So if you look at, this is, cortex is layered, so there are six layers. This layer three is much bigger in the healthy subject than in the affected individual.  And overall thickness is significantly greater in the healthy subject than in the unhealthy.  So why is the cortex thinner?

So they counted the number of cells.  There’s no decrease in the number of cells.  So how do you have a smaller cortex, but all the cells are there?  So the idea was, there’s something called the reduced neuropil hypothesis.  This neuropil means everything except for the cell body.  What it means are, how about fewer, or smaller axons, or fewer or smaller dendrites?  
I’m just going to give you a very idiosyncratic view. There are fewer axons of certain types.  These are dopamine axons in the cortex.  This is a healthy individual, and this is a subject, a person who died of schizophrenia.  This is obviously a dramatic example, but not a normally (Inaudible).  But for the serotonin transporter, which Dr. Blakely talked about, there’s no change at all.  So this appears to be an illness related to dopamine, if you will, but it’s fewer axons of a very specific type.  Not all axons.  


There’s also been six studies which have shown that the dendrites of those psychic cells, the pyramidal cells, are actually shorter and have many fewer spines.  So they can’t receive information as well.  So one cell can’t communicate to another, and that means wherever that cell normally goes, it can’t tell its follower what to do.  


If you actually look, is there a relationship between the dopamine and the dendrites, what we’ve got here is, dendrites in red, and the dopamine in green, and then this has been taken and, with a computer, modified.  So right there, the dopamine invariably ends up on the neck of this spine, at a particular point.  


So if there’s a relationship, the question is, what would happen if you simply knocked out the dopamine in the cortex?  You can do that by injecting a toxin into a part of the brain that contains the cells that provide the dopamine for the cortex, and you lose dopamine.  And what happens when you do that is, the cortex gets thinner.  So the overall thickness of the cortex is decreased. It’s not a huge amount, but it’s a significant amount.  And in the rat, which is somewhat different than in the human, it’s attributable to a specific change in one layer, layer five.  So, one of these parts of the cortex.  

So we decided to look at this and say, what happens if you look in layer five, at those psychic cells, the pyramidal cells?  Do they have fewer dendrites?  Do they have fewer dendritic spines?  The answer is, they have significantly fewer dendritic spines, and their dendrites are shorter.  So they have a lot fewer of these dendrites, these receptive elements on the cell.  


If you look at the motor cortex, which is actually in the same level, the frontal part of the motor cortex, what you end up seeing is, there’s no affect at all. It’s restricted to the prefrontal cortex.  So it’s restricted to layer five of the prefrontal cortex, because we also look at layers two and three.  Just a little bit further away, there’s no affect there at all.  So it’s a very specific affect in a small part of the cortex. 


This is an image of a subject who is 23 years old, and he had his first psychotic episode.  What I want you to focus on is this, which is a fluid filled part of the brain called the lateral ventricle.  Three years later, he had had three relapses by that time, three acute episodes, the dendrites being(?) dendrites.  The ventricles are significantly larger.  By the time he was 29, six years later, four times he had relapsed, and the ventricles were even larger.  Now, the brain’s got the skull around it, so if you’ve got more fluid filled space, something’s giving way.  Some parts of the brain have to give way.  


So this is a study that Jeff Lieberman and colleagues did, and they looked at whole brain matter, brain volume.  They looked at healthy volunteers, and its subjects who had their first episode of schizophrenia.  So they, at that point, had never received any medication or treatment, and they were given one of two different kinds of drug, an old standard, or a new second generation drug.  

This is the controls.  Their volume of the brain is this constant.  If you look at the treated subjects, this is treated with the second generation drug.  This is treated with the first generation drug, the old classic. So the newer drug actually prevents, or slows that, the progressive loss of volume of the brain.  And it does so in particular in that part that was the prefrontal cortex.  

Can you replicate that in an animal?  The answer is, if you look, you find out that the dendrites were smaller, and the number of spines are fewer.  So here, what we simply did was, we knocked out dopamine.  You wait a while.  The animals lose the spines. They lose the dendrite point(?).  Now you put them on the drug, the old standby, or the new one, the new class.  The new class actually restores dendritic spines.  The old one doesn’t.   Same thing in total … that was dendritic length. This is spine density.  

I think you can see it best here.  This is a normal cell that was reconstructed.  This is one when the dopamine was gone.  The dendrites are fewer in number, many fewer spines.  This is the old standby drug.  And right over here, which appears to be truncated for some reason, that one, which looks very similar to this one, and statistically is not different, that’s the new type of drug.  

You can replicate this by going and looking at certain molecules on the cell that receives the information, the cell that’s got these spines, and it tells you what kind of receptor is involved.  So what we’re seeing is that you see these changes in a restrictive part of brain, the prefrontal cortex, and you see it in a certain layer.  And you don’t see it in other parts of the brain.  One of the things you think about when you see something going on in one part of a part the brain is that maybe it’s a circuit.  We know that the prefrontal cortex connects to a variety of other places in the brain.  So the question really is, what would happen if you went and looked, were those changes in dendrites and spines occurring only in cells that formed a particular circuit?  


So we did this by taking advantage of a tracer that you put into the end of the axon, and it’s sucked up and transported back to the cell body.  So if you look at this, here we’ve injected inside of these cells, so these are all cortical cells.  In the animals that received an injection of this tracer, down in the lower part of the brain, in this case(?), and you could see that that tracer is right there, in that cell, and when we’ve filled that cell, we knew that cell went to this area.  What we could say, then, is that it’s only in one of those circuits that you see the changes in dendritic spines.  

We only see it in this one that goes to the nucleus accumbens, not this one that goes to a different area of brain.  You immediately start saying, we know the different parts of the brain subserve different functions. The nucleus accumbens, for example, is involved in reward.  Our problems with reward and all that goes along with it are those, in part, related to these changes in the cells, the structure of these cells that go to the nucleus accumbens.  If you go to the amygdale, you think of stress, and emotion.  If you go to the thalamus, you think of attention.  We can work out different structures for different systems and different symptoms, as well.  

So then you can also do, what genes are expressed in these cells?  What genes are expressed that make the cell lose spines, that make the cell form circuit?  That are involved in different symptoms?  What genes are there that make the cell resistant to the actions of dopamine loss?  So when we will the cell, we can actually remove this material in the cell body … it’s called the cytosol … and assess that for specific genes.  

What we may get to, hopefully, identify genes that define cells, that form circuits, that subserve specific functions and symptoms, which leads to targeted treatments, ultimately.  It’s not going to happen, just as Dr. Blakely said, in the next year, or day. It’s going to take quite a while.  But maybe this cell is a cell that’s part of a circuit that’s involved with short term, real short term memory, what we call working memory deficits.  Maybe this cell is immediately adjacent to it, and it’s involved with some of the side effects of certain drugs.  That’s the goal that we ultimately want to achieve.  

The remarkable thing about Cajal, to come back to him, was that going on well over 100 years ago now, psychic acts(?) are certainly accompanied by molecular modifications in nerve cells.  So once again, he was able to identify, remarkably, so his crystal ball, nobody’s found it.  Everybody’s looking for it.  (Laughter)  There are a lot of people to thank, and I want to single out three, particular, Hui-Dong Wang, who’s done much of the work here; Diana Neely(?) and Brian Mather(?) also contributed a lot, along with other people in the lab.  And funding sources, here at Vanderbilt, and outside, including NARSAD.  Thank you very much.

(Applause)


STEPHAN HECKERS, MD:  Excellent, very good.  We have a minute for a question while we are switching the computers again.  Somebody has a question for Dr. Deutch about the psychic cell?  We will have an open discussion at the end, so, we’ll have more time.  

(Background Conversation)


STEPHAN HECKERS, MD:  Okay, while Jeremy is setting up his computer, it’s my pleasure to introduce the last speaker for today.  It’s also my pleasure to pronounce his Dutch name in, I think, the best possible way.  This is Dr. Jeremy Veenstra-VanderWeele, who’s a psychiatrist, an Assistant Professor in the Department of Psychiatry, Pediatrics, and also Pharmacology.  He’s going to switch gears a little bit, rather than talking about depression and schizophrenia, or serotonin and dopamine, he is going to give us some insights into how to think about autism and autism spectrum disorders.  Being a child psychiatrist himself, he has the clinical background, but he actually has teamed up with Dr. Blakely in using animal models to understand the basic mechanisms of autism.  

JEREMY VEENSTRA-VANDERWEELE, MD:  Thank you.  I have to say, this is quite a privilege.  First off, thanks for coming out when the weather looks like that, still a tornado watch.  It’s also really a privilege to speak after these two guys, because I aspire to be like one of them, and at least tonight I get to be like one of them.  So thanks for that opportunity.

I’d also like to thank NARSAD. It’s really remarkable that an event like this happens.  I think often times we’re sort of in our ivory tower, or hunched over the microscope, as Dr. Deutch described.  It’s really nice, I think, to get perspective and have to think about what in our work is worth bringing to a group like this.  
So, like Dr. Blakely, I want to acknowledge a couple of potential conflicts of interest. Actually, these are two pharmaceutical companies that are funding trials into new medications that may benefit folks with autism, and so you’ll hear about some of that work here today, and it’s important that you know that background.  


I operate in a sort of split world.  I get to periodically go to the clinic and see kids with autism spectrum disorders, and struggle with them and their families about how to help, and how to deal with not being able to help.  Then I also get to go back to the lab and think about ways to use that motivation to actually translate to potential new treatments.  I’m going to try to do some of that for you here today.  So I’m going to start with the story of one of my patients, although disguised to protect his confidentiality.  I’m then going to walk briefly through the story of genetics in autism spectrum disorders, although you could apply this to quite a number of other disorders, as a framework; and then talk about how genetic understanding is leading us toward potential new treatments using fragile X syndrome as an example.  

So autism gets a lot of press these days. Some of this may be familiar, but I thought it was useful to provide an overview. Autism includes three major areas of difficulty: social interactions, communication, and repetitive behaviors.  These are present in everybody who could be said to have an autism spectrum disorder, and then often times you also see a number of other things, including intellectual disability, what used to be termed mental retardation; including sensory sensitivity; including seizure disorders; and including quite a number of other things.


So this is the story of a patient of mine, albeit described, we’ll call him Frank.  When I first saw him, he was a 35 year old man. He had previous disagnoses of autism and intellectual disability.  He was referred to me because he had crippling anxiety.  He had a level of anxiety that meant, really, he was never away from his parents.  He couldn’t do anything independently, and periodically he’d become very upset or agitated.  He was referred to me specifically looking for a medicine that might help this. They’d tried quite a number of things, and they were hoping that I might have something to help.  


So I’m going to walk through each of the characteristics of autism, so you can see what I saw when I met him.  So when I first met him, I noticed immediately that he didn’t want to make eye contact with me. In fact, the only way I could tell he knew I was in the room was that he was looking everywhere but at me.  And this has continued to be the case as I’ve gotten to know him better.  He declined to shake my hand. He looked primarily at his mother when I asked questions.  Otherwise, looked at the floor or someplace else in the room.


He also had communication difficulty.  To most questions, he would shrug. Sometimes I would ask a question, and then his mom would ask the question to him, and he would answer her with single words or short phrases, mostly repetitive phrases, phrases that I kept hearing over and over again.  Then at the end of the session, and this is particularly rewarding, his mom said, thank the doctor. And he turned to me, and he said thank you.  It’s one of those moments that really builds a connection with somebody who has a difficult time connecting.


He also had a number of repetitive behaviors, a characteristic rocking that he’d do when sitting on the exam table.  That repetitive shrugging that always looked basically the same. And then some other motor ticks that I saw.  He was quite a number of repetitive and restricted interests at home as well.  Every time I’ve seen him, starting with the first time, he’s been wearing dark sun glasses, with the exception of one or two times when he was feeling really good.  


He also always has cotton balls in his ears. It’s always hard to know what somebody else’s experience of the world is, but I imagine that he has a lot of sensitivity to what’s going on around him, that he wants to block out sound, that he always wants to block out eye contact, or wants to block out what he’s seeing around him in the clinic. So he clearly has these three areas of difficulty, and then also has the intellectual disability and the sensory sensitivity that can go with it for some people.

As we think about autism, what is emerging is this idea that we really have two domains. One is social impairment, communication impairment.  You can’t really communicate without being social. You can’t be social without communicating.  These two things really belong together, and they run together for individuals, and within families.  Then another area of repetitive behavior, or behavioral rigidity. And that’s what we’ll go into, the new criteria for autism that are getting a little bit of press these days.  

The other thing that you’ve noticed as I’m talking about autism is that I keep saying autism spectrum, and I go back and forth between saying autism and autism spectrum.  That’s because, as is true for depression, actually, to a lesser extent for schizophrenia, we’re not really sure where to draw the line.  So if you simply count up autism symptoms, here, going this way, a lot of us have some symptoms, some social difficulties, some communication problems.  


Then, as you move over, you get into an area where people start to really have interference in their life from having these difficulties.  But we don’t know whether we should be drawing the line here, or here.  So we end up deciding, how much is it getting in somebody’s way?  And we say, okay, well, if it’s really getting in your way, then you have that sort of difficulty.  That’s why we call it a spectrum instead of just saying, well, there’s a group here, and then if there was just a group over here, we’d have a clear sense.  


So the new diagnostic criteria are going to reflect this.  They’ll have social communication, repetitive behavior, and they’ll drop some of the individual names.  They’ll acknowledge that we’re not smart enough to say this person has Asperger’s; this person has autism; this person has something kind of like it.  We’re smart enough to say, this person has this sort of difficulty, and it’s getting in their way.  That’s about where we are. 

We hope that we can move forward from that.  These are some of the clues that we have that should take us forward.  First, heritability.  I’m going to mostly focus on this.  Second, biomarkers; so, being able to look at something. This could be something like a change in cortical thickness.  This could be something like a change in spinal fluid serotonin levels. In the case of autism, we actually see elevated blood serotonin levels. We also see increased brain growth during a particular period of time.  And then there are some rare prenatal exposures that lead to autism, as well as quite a number of other problems, including both medications that we try to avoid during pregnancy, and then a particular virus that mostly has been eradicated due to vaccines.  


So the reason I talk about genetics in autism is because there’s really strong evidence suggesting that this is a good place to start. We mostly get that evidence from twin studies that were started by Mike Rutter back in the 1970s and 1980s, when people still blamed parents for rearing children inappropriately, and thought that’s what caused autism.  Well, it turned out that if you looked at identical twins, if one twin had autism, then the other twin was likely to have something on that spectrum about 90 percent of the time.

Now, identical twins are 100 percent of their DNA.  Fraternal twins share 50 percent; so this is a natural experiment.  What you see in fraternal twins is that you’ll only see sharing about ten percent of the time, suggesting that sharing 100 percent of your DNA really matters.  You see the same sort of pattern when you compare siblings to the general population.  So if your sibling has autism, you have about a ten percent chance of having autism yourself; whereas in the general population, it’s about one percent, a little under one percent.  The estimate, then, is that there’s about a 90 percent genetic contribution to susceptibility. That doesn’t mean it’s the only thing, but it means it’s a good place to start looking.  


So when we think about that type of pattern, we typically think about multiple risk factors, multiple genes coming together to lead to susceptibility to a disorder.  So here you could have, perhaps, this gene variant that, by itself, might lead to intense focus.  That’s pretty useful for each of us.  But when you couple it perhaps with communication difficulties, maybe social anxiety, you start overlapping in ways that lead to susceptibility to autism.  So that’s one idea.  


The other thing that we hope to harness is the observation that there are some people with autism who have a single gene that is causing their autism, or a single gene region that is causing their autism.  The classic example of this that I’m going to talk about today is fragile X syndrome.  There are also a number of other examples which individually account for a very small number of people with autism.  But our hope is that in looking at what’s going on in these folks, we’re able to identify something that may be going on in the larger group of people.  So I’m saying that we should start with these rare causes, the single genetic events.  That’s because, first off, you’re able to point to a single thing. That’s something that you can model. If there’s five things that you have to put together to lead to risk, that’s pretty difficult to study.  


Another thing is that in this group, you’d expect to see less variation. So I told you about that spectrum. Well, perhaps, by studying a single genetic cause, we’re able to say, well, we have this group with this set of characteristics.  Additionally, we think that this may eventually account for about 20 percent of cases of autism.  That group deserves somebody to go out and try to help them.  Finally, we are hoping for this common pathway idea to pan out.  


Finally, these rare causes allow us to develop animal models.  I’m not going to talk about the animal model work I’m doing right now, in collaboration with Dr. Blakely, but I’m going to talk specifically about an animal model of fragile X that’s leading us toward new treatments.  


So the path that we think about these days in terms of finding new treatments starts with the clinical description of the disease, which has to be very carefully done; identification of a cause or risk factor, in this case a gene; development of an animal model. Well, why?  Well, because we can take the brain out and study it.  In real time, we can identify, we can have hypotheses that we can study in days, or weeks, or months, instead of years and years.  Discovery of mechanism, so identifying something that you think accounts for what lies between the gene and the actual disorder.  And then ultimately, reversal of the mechanism in the animal, which is what it’s all about. Right?  So we’re hoping that we get to something that actually informs clinical treatment and leads to new treatment in people.

So this is fragile X syndrome. This is a boy with fragile X syndrome from the Fragile X Syndrome website.  Fragile X is primarily seen in boys. It’s associated with mild to moderate intellectual disability.  Most people have significant social difficulty. Many have an autism spectrum disorder.  When young, they typically have hyperactivity and impulsivity.  Sensory sensitivity is very common.  Risk of seizures is high.  They look like me, long face, big ears.  But that’s not really that unusual.  (Laughter)   So for that reason, we didn’t pick this up in Frank until he was 35.  So it’s something that obviously was the cause of what’s going on for him, but it’s something that we didn’t think about at first.  

This is a picture of the gene that is responsible for fragile X.  This is first identified by Steve Warren and Emory.  What happens, is that you’ve got a repeat region. We all have them.  We’re walking around with these.  When that repeat region gets too big, it shuts off the gene.  So what you want to know then, is, well, what happens when you shut off the gene?  Well, shutting off the gene means you don’t make the corresponding protein. And what does this protein actually do?  So we’ve learned a lot about the presynaptic neuron, the postsynaptic neuron, these dendritic spines.  Well, this communication that happens between the neurons happens at the synapse, and happens via neurotransmitters that cross the synapse.  You see here one of these neurotransmitters, glutamate.  This is the system that Mark Bear and colleagues were able to identify as abnormal in fragile X syndrome mice.  

So typically, glutamate hits a receptor.  We heard a little bit about that.  And that receptor then activates the neuron and strengthens the synapse.  This particular receptor we call AMPA.  You can think about it as the gas pedal.  Right? It’s activating the neuron.  But unless you drive a late model Toyota Camry, you’d prefer to have something in addition to a gas pedal.  (Laughter)  And here, the brake is another receptor, this unglorified receptor, and it lies over on the side to detect when there’s enough glutamate that it should probably put on the brakes.  

Now, this signaling pathway also leads to synthesis of the fragile X protein.  The fragile X protein, you can think of as the release on the brake, so that you’re able to press the brake, but then release it so that the neuron can receive signals again.  So it blocks this process, so that you even things out, and you can receive signals again.  Well, you can imagine, if you don’t have that release, you’ve got the brake on all the time, and you end up with too much of this AMPA receptor taken off the cell surface. You’ve got the brakes on.  And because of that, in sort of a backwards parallel to what Dr. Deutch was talking about, what you see is that the postsynaptic cell is reaching out, trying to make connections, and unable to make solid connections over time. 

So how does this actually affect the mouse?  Well, we’d like to see that the dendrites look different.  And what you see here on the left is the fragile X mouse.  You would see the same thing in a person with fragile X.  You see in this case excessive dendrites, and they’re  long.  They’re reaching out.  They’re not able to make stable connections. They may make temporary connections, or unstable connections.  


You see here on the right a typical mouse, where these connections are shorter.  You see fewer of them, although this is a normal amount, and you see that they thicken toward the end.  So that reversal idea is crucial in order to understand this. And Mark Bear’s group at MIT was able to do this by cutting in half the amount of that receptor that they expressed.  So they made the brake not quite as strong. And then you cut in half the amount of internalization of this receptor that happens. So perhaps you knock it back into balance.


Well, does that work?  In fact, it did, which is incredibly exciting. You saw that, oh boy, you can’t see this very easily here.  The dendritic spine change is completely reversed to where the increase in spine number goes back to normal. The increase in spine length goes back to normal.  And these mice are no longer as hyperactive.  They don’t have seizures.  Their learning improves.  

So we don’t like the idea of using genetic engineering in people.  It seems like a bad idea.  So you’d like to have a medication that might do the same thing.  There are some medications that are out there, some drugs that were partially developed that have problems.  Probably won’t be used in humans, but have been quite useful in animals.  So I told you about the mouse. Imagine you can model this in fly.  This drug that blocks (Inaudible) fly, this receptor, actually normalizes their dendrites, and normalizes their memory.  And likewise in the mouse.

Now, I’m really excited to participate in these trials. We actually have a trial running, including us here at Vanderbilt, studying one of these medications in adults with fragile X syndrome.  There’s also a small trial going on in Europe to establish safety of another one of these medications.  So obviously, there’s a lot of work that’s already happened. But there’s hard work ahead as well. So one question is, do we have the best compounds?  This receptor hasn’t been a big target.  A lot of people target neurotransmitter transporters.  A lot of people have targeted other receptors.  But many fewer have targeted this particular receptor.  So Vanderbilt scientists, including Jeff Conn and Craig Lindsley, are working to develop better drugs.  

Within the studies that we have ongoing right now, before you can establish whether a drug is effective, you want to know if it’s safe, if it’s something that people can tolerate.  Then you have to figure out, do we have the right dose?  Can we find a dose that helps people and doesn’t cause them side effects?  Then, from my perspective, quite importantly, we want to know if this medication may actually benefit people who don’t have fragile X, the larger group of people with autism.  Perhaps, how can we identify the people who will benefit?


So in addition to that receptor, you can also think about other targets here.  So I showed you the receptor, but you could potentially target the signaling pathway.  There is a drug available, lithium, that’s been used for years for bipolar disorder, that does affect the signaling pathway.  You could also affect release of the neurotransmitter on this end.  We actually just completed a study that’s being analyzed to look at a medication that decreases the amount of glutamate released, thereby perhaps hitting this receptor, but not spilling over onto this one.  Then you might also ramp up your gas pedal, which seems like sort of a nervous thing to me.  But that’s another idea that may be quite useful, and could be useful in other disorders as well.  


So this pathway in fragile X started in 1943 with the description of fragile X.  In 1991, the gene was identified.  A couple years later, a mouse was developed.  And then, let years later, a theory as to what lies between the gene and the disorder.  Finally, five years after that, medication studies.  

One tantalizing idea here is that this may be part of a number of genes that are converging on the same system.  So in purple, here, are a number of genes that cause disorders that include autism as one of their common symptoms.  They all converge on one protein right here, that actually can be targeted by a drug that’s used to treat cancer That drug is called rapamycin.  
You see here in mice, with one of those genetic defects, they’d start off not wanting to interact with other mice. So this is the amount of time they spent interacting with another mouse.  The wild type, or normal mouse, spends a good deal more time than the mutant animal; whereas when you treat with this cancer drug of all things, you see that the mutant animal now is much more willing to act with another mouse.  You also see that that treatment decreases the number of seizures that the mouse has.  

The idea here is that we may actually end up with a number of different disorders here, so perhaps we’ll have convergence from a number of disorders to a number of causes, be they genetic or environmental, develop a number of animal models.  But here, perhaps, it starts to converge on common mechanisms. Those mechanisms perhaps can be reversed with a smaller number of interventions that we hope, then, can lead to clinical treatments that are relevant, not just for an individual with fragile X syndrome, but perhaps for an individual with autism, who shares some of those same features.  

So before I wrap up, I’d like to thank a number of people involved in this ongoing work, Kevin Sanders and Cassandra Newsom at Vanderbilt are part of our treatment team.  And then the folks who actually run the study day to day.  As well as acknowledging that these sorts of studies have to happen at multiple centers, and so this is happening at five centers across the country, and it’s just incredible to hear from these different centers about the sorts of responses they’re seeing, and we’re seeing at the same time.  So, thank you.


(Applause)  

STEPHAN HECKERS, MD:  Thank you very much, Jeremy.  Thank you very much to all the three speakers.  We finished in time. We have about ten minutes.  And then if there are more questions, we can definitely also go outside, have some refreshments, and continue to talk. So I really would like to have a couple of questions from the audience, for either Jeremy or for Ariel, or for Randy.  There’s a question in the back.

WOMAN:  Since you’ve identified a gene that has autism(?), if you have that gene, do you automatically have autism spectrum?  


JEREMY VEENSTRA-VANDERWEELE, MD:  So this fragile X gene?  Roughly 50 percent of people will meet criteria for an autism spectrum disorder.  Everybody is somewhere toward that end of the curve, where they all have social difficulties.  We’re just not really sure, and the 50 percent is based on an assessment a few years ago when the line was a little further to the right.  But everyone has some difficulties in that area.  But not everyone has the disorder.

WOMAN:  Are you seeing any environmental trauma, or anything else that’s even(?) …


JEREMY VEENSTRA-VANDERWEELE, MD:  So that’s a great question. There’s not a lot of work that’s been done there.  In the mice, if you take them from your standard laboratory mouse environment, which is basically a box, like living in solitary confinement, and move them into an enriched environment, you see that a lot of their difficulties actually improve significantly.  So adjusting an environment matters. And we, of course, know that. Right?  Environment matters to every child.  But there’s a little bit of work from Alan Rees’s group, if I remember correctly, suggesting that home environment and the richness of the home environment in terms of stimulation and education and so forth predicts, to some extent, autism symptoms and distress in those kids.  It’s just a little bit of work, the tip of the iceberg.  


WOMAN:  You might have said this. I apologize if I missed it.  What is the incidence in the population of fragile X syndrome?  


JEREMY VEENSTRA-VANDERWEELE, MD:  Of fragile X syndrome?  So, depending on where and who’s doing the study, it’s about one in 10,000, something around there.  


WOMAN:  Pretty rare.


JEREMY VEENSTRA-VANDERWEELE, MD:  Yes, it’s quite uncommon.  In the autism group, you see it more commonly, where it’s one in about 50 or so.  


WOMAN:  Hi.  She asked about environment, and I want to ask, has anybody looked into the effects of the environment on chemicals in utero?  While moms are pregnant, the babies are exquisitely (Inaudible).


JEREMY VEENSTRA-VANDERWEELE, MD:  Yes, so that’s something that I think everybody is concerned about.  In autism specifically, there isn’t a lot of evidence pointing to any particular environmental chemical or pattern.  But at the same time, there are medications that are known to leave(?) not just autism, but a cluster of difficulties with development, including valproic acid or Depakote, including thalidomide.  So I think most of us remember thalidomide from shortened limbs or fingers. It turns out that if you received thalidomide at a particular point in development, you also sometimes developed autism.  These are very useful clues, but that’s about what we have in terms of environmental chemicals.  

WOMAN:  Environmental factors, I’m curious about the interaction of, Dr. Blakely, both of you had mentioned that things like job loss or stressful events, or things as you’re growing up impact serotonin levels, so it’s always things of … from an interaction where environmental events can change your cell biology, can cause the shortened dendrites in (Inaudible)…

RANDY D. BLAKELY, PhD:  Well, that’s how neuroscientists look at it, and we certainly can do those kinds of things with animal models, just as Jeremy was indicating.  We can, for example, take a mouse, and as it’s growing up, deprive it of some normal social interactions. We’ll take it away from its mother, for example, or give it a drug early in development, and then let it go back and have its normal life. But then, as an adult, we can see changes. Neurochemically, we can see changes in behavior. We see changes in the brain. 

So yes, we think, I mean, the brain was built to interact with the environment.  So there is an incredible synergy between what genes do to build the brain, and what the environment does to work with the brain.  So we can extract them.  Any time you hear about a gene or a risk factor, you should immediately think about the environment.  It’s often said that genetics loads the gun, and environment pulls the trigger.  And it’s so true in neuropsychiatric disorders, because these are very complicated, for the most part, many genes.  And still, they’re risk factors.  So to understand that combination, what turns a risk factor into a clear signal that leads to a disorder must involve interaction with the environment.  

WOMAN:  So conversely, can improve it?


RANDY D. BLAKELY, PhD:  Oh, absolutely.  And Jeremy talked about not wanting to make genetic modifications.  We think that sounds a little scary, and Frankensteinian(?), but we also have medications that many are also afraid of, and feel like they would like to try more conservative ways of changing their neurochemistry in their brain.  Neuroscientists, because we know that behavioral intervention and interactions with others changes your neurochemistry.  We’re not opposed to that at all.  In fact, we know that in the treatment of depression, the best thing you can do is combine pharmacology and behavioral therapy. Those two synergize and work best together.  They’re our best known treatment for depression.  

ARIEL Y. DEUTCH, PhD:  I think we can all agree that we have moved on from the debate 100 years ago, between the Spanish and the Italian neuroscientists, who couldn’t figure out whether neurons are actually glued together, or whether they are separated and there are some synapse that separates them. We have moved on from that. There is no debate any more.  So Cajal clearly won that debate.  But now, I think we are seeing a very similar debate about what is the contribution of genes, or, let’s call it the hardware of the brain, and what is the influence of the environment?  

I think, even in this audience, even in a scientifically minded audience, there still is this belief the environment does something that hovers over the brain.  It’s somewhere in a different space.  It’s not really something that actually changes the brain itself.  Well, all that the environment does, when you see somebody else talking with a German accent, it goes into your brain, and it tells your brain something, and it changes the shape of these synapses and dendrites.  

If you really remember tomorrow what happened today, it is a physical change in your brain. It’s not just something that is outside of your brain. It truly is a physical change of your … that is the most amazing, really, finding in neuroscience that I think scientists are still struggling with, and the general public clearly needs to hear more about, because that means that changing the environment, changing education, providing a safe environment for kids to grow up, is as important as the genes that you inherit to your children.  That is a very powerful political message that we often forget. We have the healthcare reform, we have all of these … these are very important changes that influence the wellness of people.  Because the environment has these powerful influences.  There was a question in the back.  

MAN:  Yes, my question is for Jeremy. There seems to be a disconnect between the medical community’s opinion versus parents of children with autism, with the role of immunizations.  I know that you may have a pharmaceutical interest in your opinion, but I wanted to ask you if (Inaudible/Laughter) any perspective on that matter.  

JEREMY VEENSTRA-VANDERWEELE, MD:  I don’t think I have any conflict of interest except that vaccines have prevented more cases of autism than any intervention that we know of. So German measles, rubella, when it infects a mom at a particular point in fetal development, leads to autism.  It leads to quite a number of other problems.  There’s really no evidence that vaccines cause any increase in risk of autism. The theories behind that have mostly been debunked.  There’s been more research on that in autism than almost anything else, and there’s nothing favoring the idea, except some theories that have mostly been debunked.  

That’s my perspective.  I think, as scientists, we’re hesitant to say things definitively.  I know usually when I say something, I say something with a lot of caveats.  So when you hear scientists stand up and say, vaccines do not cause autism, that means we’re pretty convinced, the evidence is abundant.  Now, vaccines are a problem for kids with particular genetic disorders, like mitochondrial difficulties that will emerge with inflammation. But those are very rare things. They’re usually identified by other problems that those kids have.  


So I think, I hope, that we’ve put the vaccine idea to bed.  There’s more evidence, much more evidence, that infection or inflammation during pregnancy is a bad thing.  And we don’t have a whole lot of evidence there, yet.  But that’s another place where vaccines would be preventing that, and for the most part, that seems like something we should treat or prevent instead of looking at vaccines as a potential cause.  So you won’t find very many people, any more, who aren’t taking money from trial lawyers who are suing vaccine manufacturers, who say that vaccines cause autism, from a scientific perspective.  


I think as a parent of a child with autism, I never want to blame somebody for looking for reasons that their child may have autism. I get that.  I get that some kids develop symptoms of autism in the period of time when they’re getting vaccines.  And I think it’s a plausible thing to look at. It’s been looked at abundantly.  

I think we need to move on to other things.  

STEPHAN HECKERS, MD:  Well, very good.  So if there are no other question now, I would really like for us to go outside and have some refreshments, and we can have some further questions. Thank you very much for coming tonight.

(Applause)  


(END OF TAPE)  

