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Garen Staglin:

Very good.  Thank you very much Steve.  That was terrific and a great start.  So, our first symposium topic is on perception.  I’ll just call to your attention that unlike many scientific conferences, we’ve chosen to talk about the human condition that these individual diseases affects and to organize our thinking around, and our presentations about how science is going to help those conditions.  This first panel is chaired by Michael Goldberg, the David Mahoney professor of brain and behavior in the departments of neuroscience, neurology, psychiatry and ophthalmology at Columbia University.  Importantly, Michael was the chair of the Society for Neuroscience at the time and just before Susan came in to that that, we – Patrick made his first presentation and we sat before the council at Society for Neuroscience and received their endorsement after some significant questioning, I will tell you.  But, we were able to make that happen and Michael has, and the entire society team has supported us in many wonderful ways.  So, Michael, I’ll ask you to come up and introduce your panel and we’ll get started.  

Michael Goldberg:

Thanks very much, Garen, and I wanted to thank Representative Kennedy and Steve Hyman for organizing this extraordinarily exciting and hopeful event.  But, one definition of the brain, it’s most reductionist definition is a machine that turns sensation into action.  And those of us who study perception, trying to understand how that afferent limb works.  How the brain sees, or how the brain feels have been trying to understand what are the circuits and develop these perceptions from the point of view of the receptor to the point of view of development, to the point of view of how the adult brain learns.  And this area of research is a model not only for science in itself, but how basic research can shine light onto human disease.  The great pioneers in understanding how the visual system worked were David Hubel and Torsten Wiesel who were Nobel laureates who were the first people to make sense out of what cerebral cortex did.  Something that the Greeks understood was that an eye that doesn’t focus, ultimately doesn’t see and those of us who know children with, whose eyes are strabismic or crossed eyes also know that if those eyes are patched, then if the good eye is patched, then the bad eye learns to see.  And Hubel and Wiesel looked at what happens to kittens whose eyes were shut.  And asked what goes on, not in the eye, but in the brain?  And they discovered that the bad eye, the deprived eye didn’t form connections to the brain.  Connections that were present at birth decayed.  And they also discovered that there was a critical period soon after the kittens were born that ended a few months later, where if that eye didn’t have experience, it didn’t connect to the brain.  So, this experiment, a very basic experiment, began to shed light on how the brain is organized and how the brain learns.  And two of our speakers today, Takao Hensch from Harvard and Pawan Sinha from MIT are going to tell you, both from a very basic level and from a human developmental level what are the mechanisms that underlie this very specific developmental phenomenon and how, by restoring good eyes, people can learn to see again. 

And our third speaker, Jean Bennett from the University of Pennsylvania, is going to show how the armamentaria of molecular biology can be used to turn, to cure retinal disease.  So, to begin, let’s welcome Takao Hensch, professor of neuroscience and neurology at Harvard and at Children’s Hospital.  Takao.

[applause]

Takao Hensch:

Can we get the slides up, please?  Thank you.  So, I’d like to start also by thanking Patrick Kennedy for inspiring this meeting and the Society for Neuroscience for organizing a truly remarkable line up of speakers and for including me.  I had no idea, though, that I’d have to start this whole thing.  So, (laughs) I hope that this will be a fitting beginning because in order to launch a moonshot into the inner space of the brain and mind, I think development is a good place to begin.  Much of our adult behavior and functionality is shaped by early life experience and these circuits are what we define our identity and what stay with us, in large part, throughout our life.  And this is a topic that resonates with many people.  It’s a global issue.  Are there critical periods and early developmental windows when environment is particularly powerful in shaping brain function?  So this is a topic that, in fact, as Mickey alluded to, has been appreciated by the ancient Greeks.  We know that there is something special about early postnatal development when the environment can sculpt the way sense the world and respond to it.  And from a purely practical point of view, as parents, it’s also important to try and understand whether we’re doing the right thing.  So, this topic of critical periods has a very broad impact.  Let’s take the example of human language.  This is something that we all have experience with.  Somehow it seems easier for children to acquire multiple languages with great fluency and this study by Joy Hirsch’s lab using FMRI techniques, in fact, showed that there are changes in the brain that seem to reflect when a second language is introduced.  So, for an example looking at language related areas in bilingual subjects who acquired a second language after the age of 11, you notice that in particular parts of the brain, there is a non-overlapping activation of cortical areas in response to the first or second language and this is somehow different from people who are raised in a multilingual environment who seem to share the same piece of cortical tissue for native language one, and native language two.  Now, this sort of study is already quite fascinating.  It’s human neurobiology and it suggests certain milestones.  For example, the age of 11 seemed like an interesting, oops, I’m sorry.  Interesting milestone for when this sort of brain activation difference emerges and if you’re thinking about how this might apply to education, for example, it is quite striking that across a number of countries, second language learning is introduced rather late.  And although this is an old slide, it is rather surprising that in the United States, it seems to start almost perfectly targeted for the end of this time when plasticity is most prevalent.  

So, human neurobiology is already providing very interesting pieces of information that need to be followed up and can be pursued for policy type issues.  But it’s very hard to dig deep and try to understand the biological mechanisms in such a model.  And so, I’d like to step back and spend my time here to tell you about efforts in animal models to understand the biological mechanisms that control these sequences of development.  In fact, we often use the word critical or sensitive period.  But there is no one monolithic critical period.  
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In fact, we know that various brain functions undergo these windows of plasticity at different times and presumably, it’s the orchestration of this timing that’s important for the ultimate complex cognitive functions that we’re all capable of.  And this is just a cartoon adapted from a figure that Chuck Nelson, one of my colleagues at Children’s Hospital had made to illustrate this point that there seems to be a hierarchy of plastic windows.  Starting with primary sensory areas, the theme of this session, such as establishment of the first filters for vision and hearing leading up to higher order functions such as language and higher cognition.  These are windows of opportunity when the brain is forming, it’s capabilities to process various inputs.  But also, represent windows of vulnerability and this is why this study of critical periods is important for this topic, this audience.  Because we know that deprivation of input during these different periods of time are related to deficiencies in brain function which, if not corrected early, in many cases may lead to enduring defects.  And so, this is where Mickey introduced the theme of amblyopia which has been a very critical model in this study of brain development.  And I will take one moment, one slide, just to talk about the notion of brain plasticity.  The idea that we can re-wire or reorganize our brain function in response to experience is often characterized in this sort of phrase that the brain is capable of altering its function in response to sensory input.  From a neurobiologist’s point of view, these words get translated into molecules, circuits and neural activity and this is what will drive the rest of this talk.  We are interested in understanding the biological bases for re-wiring circuits in the brain as a result of experience.  Experience in the brain means patterns of neural activity.  In fact, I was searching for a very quick way to explain this topic today and I came across an episode of The Colbert Report, which some of you may have seen when Steven Pinker was asked, “Explain how the brain works in five words or less.”  And he did!  (laughs)  He said very astutely, “Brain cells fire in patterns.”  And the plasticity of the brain is following from this.  There are two slogans that we often talk about in this field.  One put forth by Donald Hebb, a psychologist, that neurons that fire together wire together.  And, of course, if you have wiring together, you must also have a way to disconnect connections.  This was captured by Gunther Stent, “Out of sync, lose a link.”   

So these are just some little phrases for you to keep in mind, but the idea is that environmental experience early in life has a way, both functionally and structurally, to reconfigure our neural circuits.  And the example that Mickey mentioned from the visual systems is quite profound.  So on the left you see the brain of actually cats or monkeys, forward viewing animals like humans have an equally interdigitating innervation from the left eye labeled in white and the right eye, unlabeled in this picture, into the primary visual cortex.  And what Hubel and Wiesel discovered was that if one eye were patched during a critical period, this wiring is dramatically altered in favor of the open eye.  And so you see here in white labeled the inputs from the open eye after a period of simply patching the other eye.  And this is quite striking because there is no physical damage to the visual system in these experiments.  It’s human, homolog is amblyopia or lazy eye or strabismus, if we’re born with one eye deviating or if one eye is occluded, then the brain, during this time of life, is rampantly re-wiring in favor of the more salient open input.  
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And if this condition is not corrected early, then these sorts of structural changes are thought to persist throughout life.  So, with fewer neurons receiving input from the deprived eye, it becomes more and more difficult to process that information.   

Now with the use of gene targeting in mice, it’s possible to dissect the individual steps that take a circuit that’s normally equally balanced to grossly skewed and on the right here are various steps in this process.  There is a secretion of proteolytic factors which allow synapses to become loosened up, allowing the retraction of deprived eye inputs and then ultimately the regrowth and connection of open eye inputs.  What’s fascinating is that these highly orchestrated sequence of events occurs heavily during these early developmental windows.  And so, the consequence of this is loss of vision.  We can study this in mice.  And look directly in the primary visual cortex of these animals where the two eyes inputs, in fact, first converge on individual neurons and find that by showing a mouse patterns of black and white stripes, you can measure its visual acuity or resolution and find that by making these patterns ever finer, sorry, got cut off at the bottom here, eventually, the visual response in the cortex will disappear, allowing us to determine the acuity threshold.  The visual acuity of mice is, as mentioned, affected by patching of one eye during this critical period which happens to be around 20 to 40 days after birth, closing one eye, leads to a loss of acuity which is permanent because in these experiments, the eye is reopened here and measurements are taken later in life.  Interestingly, patching an eye later in life does not produce these amblyopic effects indicating that there is, in fact, a heightened sensitivity to these environmental manipulations early on.  And this has, of course, obvious implications for the 5% of the human population that also suffers from lazy eye and amblyopia.  In this case, in humans, the critical period seems to stretch out over the first eight to ten years.  Now, using gene targeting in mice, you might wonder what could you possibly learn about human brain development?  I’ll mention two topics with implications to finish this talk.  The first is rather surprisingly, we’ve identified an important role for a particular type of circuitry in the visual cortex where the two eyes inputs meet that initiates these windows for brain plasticity.  The second topic is the notion that brain plasticity actually doesn’t disappear with age, it may actually be suppressed actively by sets of molecules that act like breaks and prevent further rewiring from occurring and we’ll discuss the implications for these, of these for neurodevelopmental disorders and mental illness.   

So as Steve Hyman already showed you, there are many types of neurons in the nervous system, in the cerebral cortex a large number of them are excitatory pyramidal neurons with pyramidal shapes of body and long apical dendrites and basal dendrites.  They excite their target neurons by releasing glutamate.  On the other hand, there is a smaller population of inhibitory neurons that release GABA and silence their target cells from firing, but these are remarkably heterogenous in their morphology and quite precise in targeting the different regions of their target cells.  For example, the basket cell will innervate a cell body by making a nice nest like structure around the soma and has presumably different functions from inhibitory neurons that target out in the dendritic tree.  
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Increasing evidence over the years has supported the notion that the development of this GABAergic system is important for triggering these critical periods.  I have no time today to tell you all the details of this work, but suffice it to say that for the first time, we are able to move this window of plasticity backwards or forwards in time if we manipulate the maturational state of GABAergic circuitry in the cortex.  I’ll give you just one example.  Just last year, Arturo Alvarez-Buylla’s lab showed that if you take the embryonic precursors of these inhibitory cells and transplant them into the post natal visual cortex, you can in fact rekindle a second critical period at a time when these transplants are of a particular age.  One month after their birth is important and they show in this paper that, in fact, at this point, these cells are fully wired into the circuitry.  They receive inputs and make outputs onto the local circuit.  All of those components in the previous slide interestingly converge on one type of inhibitory neuron, these large basket cells of the parvalbumin positive type.  And so this gives us biomarkers, finally, to go around the brain and to look for timing of critical periods in different brain regions as well.  This is what parvalbumin cells look like on the left.  Animals raised in the light with very rich staining for this marker and the synapses that they make in, on the right.  Animals raised in total darkness, one of the manipulations on that previous slide which delays the critical period, in fact, specifically delays the development of this type of inhibitory circuitry.  So the big question is, if we can move these windows around, can we reverse engineer them?  Can we use this as a way to restore function perhaps later in life when a burst of plasticity might be worthwhile?  And in fact, this has led us and others to look for factors that might come on late in life that may interfere with this brain plasticity.  So, while GABA maturation may, in fact, determine the window onset, there may be other things which we are now calling molecular breaks that are produced in the brain to suppress circuit rewiring.  

I’ll give you two quick examples of this.  Recently, we discovered that in the adult visual cortex a molecule called Lynx1 is up regulated and this molecule had been identified by Nat Heintz’s group about ten years ago to have a structure that’s very similar to alpha bungarotoxin.  Alpha bungarotoxin is an active component of snake venom.  So, why on earth would we make a molecule in our head that looks like snake venom?  This molecule, the snake venom was known to suppress nicotinic acetylcholine mediated, receptor mediated transmission.  Sure enough, this molecule also suppresses cholinergic transmission.  And so, it had all the right qualities of being a break.  It comes on late in life and suppresses neural transmission.  So, we test in our amblyopia mouse model and find that, in fact, producing amblyopia deliberately in these animals does reduce their visual acuity as expected, but interestingly for the first time now, if you have re-opened the deprived eye, they will spontaneously recover their visual acuity during this period after the critical period, suggesting that this, these mice have an open-ended critical period in the absence of Lynx1 gene targeted deletion of this molecule.  Because this acts on the cholinergic system, it raises a possibility that even wild type animals, non-mutant mice, could be rescued by enhancing acetylcholine and, in fact, cholinesterase inhibitors are drugs that allow you to increase cholinergic tone and this manipulation does restore vision to animals, wild type animals made amblyopic during this time.  
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A second kind of break is more structural.  We know that certain types of neurons are ensheathed or encased in extracellular matrix factors called perineuronal nets.  These have been known for over a century and interestingly, now with hindsight, it’s found that these cells are the parvalbumin positive large basket cells.  The very same neurons that we and others have been finding are triggering this critical period are later encased in these perineuronal nets.  And so, if you inject an enzyme to destroy these nets into the adult visual cortex, you can in fact re-open these critical periods.  This gives us another biomarker.  Something that might end the critical period related to perineuronal nets.  And so, moving forward, it would be interesting to look at other critical periods, such as language in humans or an animal model of this, songbird learning, and in fact, it seems true that as critical periods end, even in this very different brain, key structures in the bird’s brain acquire perineuronal nets as the periods close and in the birdsong version of dark rearing, raising birds in total isolation delays their learning from a tutor and this critical period delay is matched with a delay in perineuronal nets.  

So what I’ve told you today is that at least in the visual system model, there is a late emerging inhibitory branch of this excitatory inhibitory circuit balance and when this happens, plasticity windows open and probably would stay open if not for another layer of molecular break like factors which actively clamp down on this plasticity.  This offers many therapeutic opportunities.  We could reset this excitatory inhibitory balance by removing such breaks.  One way is pharmacologically.  Obviously genetic deletion in mice, but less likely to happen in humans.  But, excitingly, there are several studies now in the past few years suggesting that a non-invasive approach may also relieve some of these breaks.  There are also structural breaks like these perineuronal nets that I mentioned and relieving those may be necessary to have a lasting effect.  And understanding how all of these multiple breaks are involved may be very important to understanding or producing a therapeutic approach.  So, I will end by saying that these concepts that are emerging from the lowly mouse visual cortex are giving us interesting biomarkers in the brain which may have broad relevance for mental illness.  To borrow a slide from Tom Insel, in schizophrenia, a very interesting possibility is that these mental illnesses have neurodevelopmental origins and, in fact, in post mortem tissue, many of the factors I mentioned to you today, breaks, I didn’t mention myelin, but myelination is a break on plasticity, the development of GABAergic circuits and pruning of synapses may be affected.  In another model that you’ll hear a lot about this afternoon, in fear extinction, an animal model of PTSD, it’s recently been found that unlike the very young brain which is capable of erasing fear memories, in the adult brain, these are not lost, hence, leading to PTSD like conditions.  Removing perineuronal nets from the amygdala, in fact, can reset these circuits to a juvenile state.  So, I’ll stop there and just put in a word of thanks to the NIMH which has recently stepped up the plate really and allowed us to produce an infrastructure for studying these very detailed circuit changes in development, taking into account two topics that you’ll hear about later today from colleagues of mine at Harvard, Catherine Dulac on epigenetics and Jeff Lichtman on connectomics.  

With state of the art techniques, we can then hope to map not only in normal development, but also in mouse models and eventually hopefully human material, of mental illness.  So I’ll stop here, thank you.

[applause]
Michael Goldberg:

With luck, we’ll have time for questions at the end of the session.  But, our next speaker is Jean Bennett.  She is professor of molecular and cellular biology, sorry, professor of ophthalmology and cell and developmental biology at the FM Kirby Center for Molecular Ophthalmology, the Scheie Eye Institute at the University of Pennsylvania.  And she’s going to tell us about seeing is believing, a gene therapy success.  The retina is a part of the brain and she’s going to – and the work that she’s doing gives hope not only for restoring vision, but for restoring brain function.  Please welcome Jean Bennett.

[applause]

Jean Bennett:  

Without this you won’t see any slides.  So, what Garen Staglin and Representative Kennedy have set in motion is phenomenal and I’m really honored to be part of this launch.  As you’ve heard, the retina is part of the brain.  It develops as an outpouching as the brain and it remains connected to the brain through the optic nerve.  And we’re all dependent on vision for daily life.  A large portion of our brain is devoted specifically to vision and thus, it’s not surprising that most people fear blindness more than death.  Word thus spread very quickly about ten years ago when news came out that this handsome creature who was born blind and would just sit down because he couldn’t see.  He was scared to bump into to objects.  So, the word spread that a single injection of a gene therapy re-agent restored his vision.  And the vision of his brothers and sisters.  And, you can see that he’s gone on to bigger and better things.  He’s been a spokesman for the importance of biomedical research at Congress.  He’s been there several times.  Dinner dances, he goes to functions to try to support fundraising and leads a very happy life at University of Pennsylvania still seeing now more than ten years later.  And, so of course the dream at that point was wouldn’t be great to make a blind child see?  And shown on this side of the screen is Corey Haas who at eight years old was the first child to undergo the same procedure and Corey Haas also was unable to see prior to this procedure and is now leading a regular life of a normal ten year old child as you’ll see shortly.  So, before I go any further, I’d like to acknowledge the large network of collaborators that has been established since we began this study.  The initial study of Lancelot involved four people.  There are now more than four dozen people with complimentary expertise and as the questions expand and the targets expand, this will just get larger.  There are more than eleven different institutions representative in several different continents.  So, what is this disease?  It’s a rare autosomal recessive disease called Leber congenital amaurosis or LCA.  It’s identified first in infants usually by their parents because these children don’t respond to visual cues to smiles or follow objects, toys that are held in front of them and instead, they have normal rotatory eye movements, if you could click on this movie, you can see that.  They can see light at birth and some very large formed objects.  
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But whatever vision they have, disintegrates rapidly in the first decade or second decade of life.  And we now know more about, a huge amount about the molecular basis of this disease.  In fact there are now fifteen different genes known which can cause the same phenotype.  And we have been working with one of them, caused by the RP65 gene which accounts for a large percentage of this disease.  The RPE65 gene is expressed in the retinal pigment epithelium, the nerve cells of the retina, where it serves an enzymatic function to provide a Vitamin A derivative to the photo receptors.  So, without that RP65 protein being there, there can be no Vitamin A derivative supplied and thus, no vision.  And so the gene therapy strategy was really quite simple, to deliver the RP65 gene to that cell layer.  And that was done in a phase I-II study.  We can see Lancelot reading his article there.  (laughs)  Which we completed two years ago.  This study involved, obviously, legally blind people.  These individuals are all unable to see very – at least read the eye chart well or see peripheral fields well.  They all have to have RP65 mutations because obviously they would not be able to benefit from the treatment if they didn’t.  The lower age limit was eight years old and they had to be available for long term follow up.  


And the study was designed as a dose escalation study with three doses going from the lower dose of 1.5, 10 to the tenth vector genomes to a log unit higher in dose.  And we chose the dose where we saw maximum efficiency in all of the dogs that we had treated.  So we were expecting to see some rescue effect in some of these individuals.  And the current follow up is now up to 3.7 years, for the first patient.  The patients were enrolled in a staggered fashion.  And the last patient is now 2 years out from injection.  So, how is the material delivered?  Shown here as a cartoon here.  There’s a subretinal injection into the retina.  You can see, and that’s diagrammed here,  the material is delivered through means of a recombinant virus which is neutered and cannot replicate in the cells, but it delivers the normal copy of the RP65 gene to the region of -- the retinal surgeon shown here is Al Maguire – targets and the macula is usually chosen as the target because that is the region of fine visual discrimination.  Shown here is the injection as viewed through the operating microscope of Corey Haas immediately after his surgery.  And this localized retinal detachment flattens down within hours after injection, leaving very little evidence that any procedure has taken place.  So these are the patients that have been enrolled.  As I mentioned, there are twelve of them.  Five of them are children and the oldest one is 44 years old and as I mentioned, they’ve been followed through 3.7 years after surgery.  So, let me just show you the some of the results.  If you could click on this movie as well, this is Corey Haas two days before his injection.  This is Corey Haas now.  Before injection he was using a cane, holding his mother’s hand to walk around the hospital.  He could not navigate independently.  He could not read.  He is now riding his bicycle around his neighborhood, reading books, sitting in the front of the classroom, seeing what the teacher is putting on the board and playing softball and last year he was on a championship Little League team in upstate New York and is hoping that he’ll perform the same way this coming year.  So, what are the measures that we’ve used to look at the success objectively?  Shown here is what’s called a pupillary light reflex.  It’s well known that if you shine a light in one eye, both pupils will constrict.  
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And so, if we shine a light in a normal sighted person here, you can see both pupils are constricting.  The light is removed, the pupils expand.  The right eye is illuminated, both pupils constrict.  The light is removed, both pupils expand and so forth.  So you see this oscillating pattern of expansion and constriction of the pupils.  Our patients, before injection, had pupillary light reflexes shown, as shown here, the left eye is illuminated, no constriction.  Right eye is illuminated, no constriction, etc.  Essentially flat.  Then after injection, this is what we see.  This person was injected in the right eye.  You can see the left eye is illuminated, no constriction.  Right eye is illuminated, both pupils constrict.  The light is taken away, the pupils expand.  Left eye is illuminated, no constriction.  Instead the pupils are still expanding.  Right eye is illuminated, both pupils constrict.  And you can see what has happened here is we’ve converted this flat line into a line, into one where we can see that the right eye is now functioning.  It’s now seeing light and the pupils are responding.  And we’ve seen this restored in all the individuals in this particular, in this study.    

We’ve also tested their vision through a standardized obstacle course which is depicted here.  The subject follows the arrows through the course, takes turns, steps over objects in their path, goes up steps and down steps, avoids black tiles which represent holes.  Obviously, we don’t want them to fall into a hole and get hurt.  Avoid ordinary household items such as lamps and then find a door at the end.  And these individuals, of course, get around by memorizing how many steps it takes to get from point A to point B.  So we change the course every time.  And what you see in the next video is Corey Haas using his uninjected eye, which is the same as what it was at baseline.  He is immediately going off course, stepping on one of the obstacles and has to be re-guided back to the course and he steps forward, he’s stopping because he doesn’t know where to go.  He says this is hard.  I can’t see anything.  And he has to be coaxed to take a guess about where to move.  So he takes a guess in a minute.  And, you can see that he will walk directly in front of the sign, which he cannot see.  And I’ll keep this movie going and then simultaneously if you could click on this movie here, this is what happens when he uses his injected eye.  He takes every turn.  Avoids every obstacle very confidently.  Here he’s stepping over an object jutting in his path and he finds his way to the end of the course long before he finds it with the other eye.  In fact, it takes some eleven minutes to him to complete the course here.  So, let me tell you about one more outcome measure that we’ve used and that is looking at visual fields.  That is, your ability to see in your side vision.  So, before injection, and I’m showing you two patients.  This is the map conventionally used for mapping visual fields.  The baseline visual fields are shown in blue.  So this is his uninjected eye, Corey’s uninjected eye and then 1 ½ years later, you can see his visual field has constricted even further.  That’s because his disease is progressive, so he’s lost part of his visual field.  And simultaneously if we look at the baseline visual field in his injected eye, you can see it’s small, but after injection, it enlarges to represent the area that was targeted with the subretinal injection.  And similarly, another subject who is much older, a 35-year-old, who’s had some baseline visual field in his central retina which disappeared after the one year time point and then his injection was more peripheral due to scarring in his macula, you can see by this red area here that his visual 
Jean Bennett:  

field has expanded nearing the area that was injected.  And why am I showing you this?  Because it’s very important to see what’s going on in the brain.  So, the mapping between the retina and the visual cortex has been carried out exquisitely.  We know in great detail where the various axons ultimately target and what parts of the brain are activated.  And, what we carried out, along with Dr. Manzar Ashtari, were some FMRI studies in our patients.  And shown here are results from Corey Haas.  If you could click on this diagram, what we did is present a stimulus to each eye, first the uninjected eye, and what we see there is shown, let’s see if I can make this move forward, the uninjected eye, this is what we see.  There’s very little activation in the visual cortex.  When the injected eye is stimulated, however, what we see is very robust activation in the part of the visual cortex which we know maps out to the area where his visual field expanded.  And I’ll show you results from another patient who received a more lateral expansion of his visual field.  And, again, if we stimulate his untreated eye, you can see there’s no activation in the visual cortex.  However, when his right eye is stimulated, you can see there is robust activation which maps approximately with the region where his visual field has been expanded.  So, this was exciting to us to find that there, despite the long time period between when this person was born and when he actually had his injection, age 34, that the wiring between the retina and the brain was still present to some extent.  So, let me sum up by telling you about my excitement about what these results mean for the possibility of restoring vision to blind eyes.    

First of all, there’s been an excellent safety profile.  There’s been no problem whatsoever.  No serious adverse event in these individuals.  They have maintained their gain since they’ve enrolled in the study.  Now, again, 3.7 years out.  And, in fact, we have gone ahead to inject the second eye, which appears to be safe and also results in success.  This has been an interdisciplinary study and international.  And it’s been incredibly important to have all the complimentary expertise.  We’ve mentioned that the optic pathway is intact in this disease and can be reactivated.  And we’d like to use this data as a stepping stone to treat other blinding diseases.  There is a lot of growth in the technological abilities to deliver these genes safely.  Thanks to the whole progress in genomics and genetics, we know what the genes are and there are many future targets which cause blindness in a very significant portion of the population, including diseases such as age-related macular degeneration and diabetic retinopathy.  There’s a lot of urgency, however, as there’s a limited window of opportunity for many of these diseases.  So, you’ve heard about the problems in plasticity related to the critical period.  It will be very important in the early studies to be able to target people at the appropriate age, but as you heard in the preceding talk, there may be ways of extending this critical period so that we can help people who are advanced in their disease.  So, I’d just like to acknowledge the support we’ve received and thank you very much for your attention.

[applause]
Michael Goldberg:

Thanks for a wonderful talk, Jean.  People often talk about a dichotomy between science and humanity.  And our next speaker is going to show that that is, in fact, not true.  Pawan Sinha has been studying the recovery of vision when people have had difficulty with their eyes long past the critical period.  Pawan is associate – oh, is now professor of vision and computational neuroscience at MIT.  And is a model for the joining of humanities and science.  Pawan Sinha. Please welcome Pawan Sinha.

[applause]

Pawan Sinhan:

Thank you very much, Mickey, for that very warm introduction.  And my thanks to Mr. Kennedy for thinking up this very exciting initiative.  Garen and also Dr. Hyman for inviting me to be a part of this very distinguished gathering.  One of the most cherished outcomes for a scientist is translation.  To have the basic science eventually begin to connect with real lives.  Even though that translation can sometimes take years or decades, but I believe that neuroscience offers us even more compelling opportunities.  It offers us the possibility of merging these two pursuits.  The idea that in following one of these objectives, we might also simultaneously be able to make headway on the other.  And what I want to do in the 15 minutes is to give you an example of this merging through an initiative that my students and I have had the privilege of initiating.  The initiative is called Project Prakash.  Prakash is the Sanskrit word for light and it arises from the confluence of oppressing humanitarian need and a major scientific quest.  The humanitarian need is to provide sight to children who are treatably blind in the developing world.  It turns out that the developing world has several hundred thousand children who are born blind, but who can, in fact, be treated quite readily.  Here are just two of the conditions that can be treated easily, cornea opacities on the left and bilateral congenital cataracts on the right.  Most of these children do not get any treatment and that has devastating consequences on their prospects in life.  In India, the child, the highest population of blind children.  The lifespan of a blind child is 15 years shorter on average than that of his or her sighted counterpart.  And that’s for the lucky few who make it past the first few years of life.  The childhood mortality rate amongst the blind is in excess of 50%.  Less than half of all children who are born blind, live to see their fifth birthday.  Less than 10% get any kind of education and less than 1% are employed as adults.  So clearly, there’s a humanitarian crisis that needs to be addressed here.  And it was this that drove me to initiate Project Prakash.   


We started out very modestly.  Every time I’d go to Indian, say during January or with the summer break, with my fairly limited knowledge of ophthalmology, I would try to screen children in the villages around New Delhi and bring those who seemed to be candidates for treatment into central hospitals in Delhi.  But this effort, even though it was well intentioned, was not quite having an impact at the scale at which we wanted to have an impact.  So over the past few years, as Project Prakash has gained some more traction and we’ve attracted some resources from NIH, from the McDonald Foundation, from the John Muir Foundation, we have been able to lauch a fairly substantial outreach effort where teams of doctors and health care workers go out into villages and into schools for the blind and screen the children for treatable conditions.  
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And then bring those children in and provide them treatment.  And I want to show you a short video of one of these screening sessions.  

[begin film] 
This is a screening session being conducted in a school for the blind in Delhi.  Many of the children in the school for the blind have permanent conditions.  In fact, you would expect all of them to have permanent conditions.  These two children, for instance, have microphthalamus, a condition that cannot be treated.  But we are surprised that every so often, we find children who do actually have treatable conditions and we see the first sign of that treatability is sensitivity to light as you see here.  We then bring the children in to the hospital for a more thorough examination.  And you will see as we zoom into the eyes of this child, you’ll see the bilateral cataracts that he has.  We provide the best quality surgery to these children.  Here’s the eye with the cataract.  The cataract removed and an intraocular lens implanted.  And here’s the same child three weeks post-operatively.  We’ve removed bandages on the right eye.  So through many such outreach sessions, we have so far screened over 20,000 children.  And provided treatment to over 700 of them.  This is the humanitarian side of Project Prakash, but as Mickey mentioned, in this humanitarian mission, there’s also an incredible scientific opportunity.  A basic science opportunity, no less.  Prakash gives us an opportunity to examine how vision develops after the onset of sight.  But before we can get to the question of how vision develops, we have to seriously consider whether vision is going to develop in these children.  Takao and Jean mentioned the critical period idea.  So, we have to ask these questions.     

Can a child who is maybe eight or older actually benefit from optical correction of the eyes?  Would the brain be plastic enough to make use of the visual information that the corrected eye provides it?  And the reason to be somewhat pessimistic about these questions is the vast literature on critical periods.  But we have to be cautious in how we interpret these findings.  Because, much of this literature has used non-human subjects.  A lot of it, as Takao and Jean mentioned, has used monocular deprivation.  The durations of follow up have been fairly limited, a few months.  And given that these are non-human subjects, the complexity of the tasks that are being used in order to possess vision, that is fairly limited.  So, in order to really understand whether the human brain is subject to a strict critical period, we need data from human children.  And Project Prakash gives us that opportunity.  So my students and I, over the past few years, have looked at the development of many different visual skills in these children.  And what we have found has been quite encouraging.  On many of the so-called complex visual tasks, things like shape matching or color matching, image segmentation, recognition, visually guided navigation, these children exhibit remarkable advances in their visual capabilities.  More recently, we have been able to look at the brain, brain changes accompanying these behavioral changes using functional magnetic resonance imaging and given the paucity of time, I’m just going to flash up a couple of the slides to make a broad point.  What you see here is a time series of the brain of an 18-year-old subject.  So eight days post surgery, a month, four months and ten months post surgery.  
Pawan Sinhan:

And what we are trying to look at is what is the distinction in the response of the brain to images of faces and images of non-face objects.  And you see at the 10 month stage, there is a very robust hot spot in roughly the same location as you would expect to find a hot spot for face selectivity in the normal brain.  You see that having developed over a course of 10 months.  But what you also see is a tremendous amount of plasticity in the brain over the intervening period.  So, at the very least, these results show that the brain maintains a significant amount of plasticity despite having been deprived of pattern vision for several years, for nearly two decades.  We’ve also conducted other kinds of analyses in this case.  Resting state functional connectivity, but again, the takeaway from this, from this slide is plasticity.  The brain has tremendous plasticity, tremendous ability to change despite long periods of deprivation.  

So, in response to the questions I posed, can a child who had been blind for several years since birth benefit from optical correction of the eye?  The answer seems to be a yes and similarly, does the brain maintain its plasticity despite deprivation?  Again, we believe that the answer is a yes.  And these answers of behavioral and neural plasticity, they are important not only because of the obvious clinical import that they have.  They argue for the provision of treatment to every child irrespective of his or her age, but they also have very significant scientific implications.  They argue for a reconsideration of this general idea of critical periods.  We have to look at which visual skills are actually subject to a critical period and which might be largely immune to it.  And we also set the stage for investigating the how question that I started with.  They essentially give us a firm place to stand Archimedes’ words.  Knowing that recovery does happen after the treatment of the eyes, we can now ask, what is the time course of this recovery?  What are the intermediate stages of this recovery?  And the kinds of skills we have looked at along those lines are things like learning to detect faces, discriminating between faces and non-faces.  Developing an association between touch and vision.  How is it that we know that something that feels to the touch in one way, is going to look a certain way when we look at it with our eyes.  And this actually is a, is a very long standing philosophical question which goes under the name of the Molyneux Query, being an open question for the past three hundred years and Project Prakash had the privilege of finally providing an answer to this question and the paper just appeared in Nature Neuroscience.  And one more task, and that is image segmentation.  How is it that we can take a real world image such as the one you see on the left and we can parse it into distinct objects.  Into a man, into a pole, a bag and so on, even though at the microstructure, the image is a really complex jumble of many different regions of different luminance and colors.  How do we do this?  So, this is another skill we have looked at.  So, I’ve described, I’ve listed three of the skills.  We’ve examined.  There are others we are considering.  And it seems like we’re building up a laundry list of different visual skills.  We are studying the development.  But what we are finding is that these different threads actually have something in common.  That these are not just completely different skills with completely different mechanisms, but they all seem to share some fundamental commonalities and a lot of the work that we’re doing now lies in understanding what this commonality might be.  And in the last ten seconds, I’ll skip through (laughs).   
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So, the answer that seems to be emerging is that this commonality is dynamic information processing.  How the brain processes information about change.  Things are changing over time.  And this idea begins to connect Project Prakash to domains that we didn’t expect Prakash to have any connection to.  Autism, for instance, in the literature on autism, people have reported impairments on things like face perception, intermodal integration, the perception of causality and visual integration.  So if there is a common underlying basis of all of these skills, then we can develop a hypothesis that may be in autism.  It is this core dynamic information processing module that’s being affected, that have been leading to the complex phenotype of autism.  And this is a hypothesis we are pursuing.  I’ll skip through the details.  Let me just summarize.  Project Prakash has been a tremendously gratifying enterprise for my students and me.  It has provided us insights regarding brain plasticity and learning.  It has given us some unexpected clinically relevant hypotheses for conditions like autism.  It has guided the design of computational systems in artificial intelligence.  It has had an impact in the educational trajectories of the students who have been involved.  And, of course, it has helped alleviate the burden of childhood blindness in the developing world.  There are many challenges in front of us, expanding the scale of Project Prakash is one.  If you think of this green disk as representing all of the children we have treated so far, this is what we have to do.  So, we – the challenges are overwhelming.  We also have to include education in our outreach, more than just health care and research.  But whenever we feel overwhelmed by these challenges, it is useful to remember what Albert Einstein said.  “Those who have the privilege to know, those who have the resources to act have the duty to act.”  And based on the results that have emerged from Project Prakash, we can provide an addendum to the saying and we can say that, in that action are the seeds for new knowledge.  Thank you very much.  

[applause]

END
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