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[00:00:04.50] DANIEL GOLEMAN: Your holiness, this has been the base for understanding that what we're really about is investigating whether western scientific findings aren't coming around to support the [INAUDIBLE] view. That is to say, if you look at simply what is good for the body, what [INAUDIBLE] stay well, it seems that it turns out to approximate very much to be very close to what, for instance, Buddhism is saying. In order to lay the groundwork for that from a scientific point of view, we're going to hear from Dr. Varela how the basic system in the body that keeps us healthy works. Please. 

[00:00:53.66] FRANCISCO VARELA: Holiness, it's a great, great pleasure to be back here with you. Great honor. Thank you so much. And as Dan has just said, as, you know, my research has been concerned with understanding the biological basis of knowledge in all its forms. And what you will be hearing a little bit about today is this interesting way in which the body has an intelligence. 

[00:01:24.19] I guess, your holiness, this whole question of emotions and health and emotions and illness and how emotional life can affect your body makes it very clear for everybody that when you talk about emotions, you need to talk about the brain and how the brain works and so on. Now, you have heard quite a bit, I think, between line one and two about the brain. And as I said, we need now obviously to cover the other end of that particular connection with the body. 

[00:02:02.30] Now, I'm going to try and lay this presentation so that you will see that when I say that there is some kind of a body, brain, second brain, this is not just pure metaphor, metaphor, that it is, quite literally so, a second form of brain. So instead of the nervous system, then, we will be talking about the immune system. Now, I said already that the idea is to try and have a glimpse of how this is a second brain. 

[00:03:01.13] Psycho referring to mind. That is an emotion as a state of mind having to do with the brain having to do with the immune system. So, psychoneuroimmunology. And many people in the West feel quite excited about this because it gives an idea of the mind-body connection. So it's a-- I want you to have the feeling that this is a new field in the west or a new idea, not more than 10 or 15 years. So we're quite new at this, everybody. 

[00:03:38.21] And here, for example, you see a rather silly looking little person which has parts of its body, particularly here, what is called the thymus, the thymus. It's a specific organ. Another important part is right behind here in the back. It's called the spleen. Sorry. Depends on which side of your body it is. 

[00:04:07.40] And most particularly, inside of each bone of your body, what is called the bone marrow. And not last but not least, it is a whole layer, a whole network, of little nodes that one can feel, for example, here on the throat or, when they get infected, behind the ears, or in the axilla or around the genital areas that are little nodes that form like a network. This is what we call the lymph nodes, and they are really, as it is seen in that little diagram, that really form like a network as if it was a circulatory system. 

[00:04:55.46] In fact, it is like a circulatory system, like arteries and veins. Except that it's distinct from it, anatomically distinct. And know, your holiness, it's just a place where there is a larger concentration of tissue. And then there is a connection between one node and the next, and there is a little larger. And that's why it is drawn here between this little thing. Those are the nodes which are connected with each other and form a network. 

[00:05:30.38] In fact, right here to the left, I have put also an image of how one of those nodes looks like. When you take it and enlarge it under the microscope, you will see a whole array of cells. But it is not just cells. They are connected with each other with little conduct, and there is a fluid, liquid, that inside is related to blood, but it's not identical to blood that circulates. 

[00:06:01.65] This is what is called the lymph fluid that goes through the lymph nodes. So the organ of the immune system is dispersed throughout the body. Particularly important for us will be the thymus and the bone marrow because those two organs are the spring source of the immune system. That is where it will come from and renew itself all the time. 

[00:06:30.33] DALAI LAMA: [INAUDIBLE] 

[00:06:46.37] FRANCISCO VALERA: Yeah. 

[00:06:47.01] TRANSLATOR: [INAUDIBLE] as important to the body. 

[00:06:53.44] FRANCISCO VALERA: Not quite. 

[00:06:54.10] TRANSLATOR: [INAUDIBLE] 

[00:06:54.44] FRANCISCO VALERA: Not quite. We can come back to that after. It is not quite because the heart is actually pumping [INAUDIBLE]. Here, there is no pumping. Renews means that the cells will be changed. And this is an important point. We will need to come back in a moment. So there is not really-- it's the heart, actually, that produces the circulation in living cells as well. It's the same arterial pressure. You OK? 

[00:07:26.24] So now once-- [NON-ENGLISH SPEECH] 

[00:07:34.72] TRANSLATOR: [INAUDIBLE] 

[00:07:37.88] FRANCISCO VALERA: No, they are connected. In fact, the lymph fluid is a form of filtered blood, you can say, roughly. But when you look at it, it is not red. I mean, there should be some connection. However, you see-- each at least there's a certain portion of the body which has a certain responsibility, something different than other. 

[00:07:59.49] TRANSLATOR: [INAUDIBLE] 

[00:08:00.63] FRANCISCO VALERA: Yes, so there it is a localized system, very much like the nervous system. 

[00:08:06.01] DALAI LAMA: [INAUDIBLE] 

[00:08:12.03] FRANCISCO VALERA: For example, some people get infected in the amygdala, and then they have stolen amygdala. That is specific place of this lymph node, lymphatic tissue that gets infected and then [INAUDIBLE]. When you get an appendicitis, that is also part of the immune system. And so it responds very much in this specific way. And this is one of the things that it is not very, very well understood at all. [INAUDIBLE]. Yeah, again, psychosocial [INAUDIBLE]. 

[00:09:01.69] DALAI LAMA: What you have described so far, it gives a picture that was very much related to the physical state of the body itself. But then what is the reason why you prefix [INAUDIBLE] cycle? [INAUDIBLE] talk about the signaling system? 

[00:09:16.58] FRANCISCO VALERA: [INAUDIBLE]. OK, your holiness. You're absolutely, absolutely right that we need to get there. But in order to get there, I need first to give you an idea. And I promise we will get there. 

[00:09:30.74] [INTERPOSING VOICES] 

[00:09:37.38] FRANCISCO VALERA: You have my word we're going to get there. Yeah, because we need to get some of the details in order to make sense of this connection between the cycle and the immune system. Now, your question points exactly to what the next point should be, which is, like in the brain, remember, we need to talk not just the brain but about the cells that constitute the brain. And those are the neurons. The neurons are the constitutive units of the brain, of the nervous system. 

[00:10:08.47] Now, in the immune system, you have exactly the same situation. There are constituting cells, but these are not neurons but different kind of cells. And these are called, as it says, the component of the immune system are another kind of cells that are called lymphocytes. Lymphocytes are the white blood cells. So if you look at the nervous system organism, you could distinguish individual cells. And those are specific capacities and quantities-- neurons. 

[00:10:40.25] Here, it's the same thing. You look at the blood, and you find what we call white blood cells. Mostly, when you see blood, it is red because of the red blood cells. Those are unrelated to the immune system. But you see much less white blood cells. And those are lymphocytes. And those are the constituent elements of the immune system. 

[00:11:00.72] So you immediately right away see a difference because you saw that neurons are fixed. They don't move. Lymphocytes circulate all the time. So here, we have already a difference between the two systems. One, the elements are fixed. The other, the elements move around. 

[00:11:19.87] Now, in fact, there are two kinds of lymphocytes that it's important to differentiate-- the ones that come from the thymus that are produced in the thymus and that are therefore called T cells or thymus cells and the ones that are produced in the bone marrow. And they're thereby called B cells or bone marrow. 

[00:11:47.95] Now, this distinction is important because in fact, most of the cells that you will see as participating in these systems are B cells. There are fewer cells. But the T cells are more like the controllers the regulators. So they're slightly hierarchical relationship. The B cells are more like the soldiers. The T cells are more like the officers, if that analogy holds, OK? 

[00:12:20.71] Now, so if you look at within blood, unfortunately, the image here is a little dreadful because it's hard to have this in transparency. But you will see the White blood cells when you look under the microscope. Just any drop of blood you will see a number, a number, a number of red blood cells. And occasionally, like here has been concentrated, you see this larger cells, which are the B cells, and even larger cells, which are the T cells. 

[00:12:49.70] Now, your holiness will remember that in the brain, the neurons could be identified because they are in a specific place. You could say these are the neurons in the visual cortex, or this is a neuron in the hippocampus because of their shape and their location. Similarly, in the immune system, you can also identify a cell but since they move around, obviously not by their location but by a very different and very interesting way, which is by the number of molecules, large molecules, we call them macromolecules, that are sitting on their surface. These are so-called cell markers or cell receptors. Now, so if you were [INAUDIBLE] 

[00:13:41.45] DALAI LAMA: [INAUDIBLE] 

[00:13:43.16] FRANCISCO VALERA: [INAUDIBLE]. So if I were a cell [INAUDIBLE], my receptor would be like this. And I will be covered with them, all kinds of them. And I will be moving around. And therefore, my receptors will be touching many other receptors. Now, these receptors are the markers for the cell. 

[00:14:08.18] So if I were to take one of these lymphocytes and look at it with the necessary instruments, the necessary molecular probes, I would say, a-ha, this lymphocyte is Mr. So-and-so. It has a unique form, a unique specificity, just as much as a specific neuron in the brain. They're not alike. They're all different. 

[00:14:30.32] This is a very important point because otherwise, the immune system will be just an army of complete identical idiots. And it isn't, OK? Now, among the markers that you see on the cell surface, there is one type of these markers, of these macromolecules, which are particularly, particularly important. And this is what we call the antibodies. 

[00:15:03.11] These cells, it says, are identified by a unique antibodies. Now, an antibody that you saw in the previous slide here, that is an antibody. Why do I say that that is an antibody? It's because it has that Y shape. It has a Y shape. People have been able to isolate these molecules and look at them in great detail. And they all, these antibodies like this, one look like this. 

[00:15:38.82] Antibodies, one kind of markers that I would have-- I'm going to be a B cell for the rest of the presentation. On my surface, I have one of these antibodies, which is unique to me but not just to me as Francisco cell but a few others in the body. So in fact, myself and maybe 20 to 30 other cells in the immune system will have identical markers. So it's not just one. It's a little family. This is what we call a clone, a B cell clone. 

[00:16:18.22] So the story is that I as a B cell was born in the bone marrow. I've come into the circulation, and I'm circulating. And very young, I would express producing side and express this antibody. And this antibody is my unique family name. And what is unique is actually right here, this part of the molecule. We call that the active part of the molecule. We call it active because that's where the contacts happen. 

[00:16:51.37] Now, this is the key point about antibodies or markers or receptors, all things in the cell, on the smooth surface of the cell, because what they do, all of them is because of their shape, very specific shape, they can bind. They can link with a form that fits relatively well-- not a unique form, but a whole variety of forms, a class that binds to it. So I put there some analogy. It's like having your two hands like this. 

[00:17:23.53] So an Apple and an orange would be able to enter and bind for a moment, a very short moment, a very short fraction of a second. But if I try to put my pen, it just won't be a good one. So the two important points about the antibody is that it is unique to a small group of B cells, and second, that it will bind to things that can fit. Anything that will fit, it will tend to stick. It is like B cells, like neurons know to do very few things, but interesting ones send electrical input cells to communicate. 

[00:18:01.76] B cells don't send electrical impulses. They do something else, which is to bind. Again different but analogous. So the point I would like to really make clear at this stage is this idea that the cells of the immune system, the lymphocyte, would constantly be binding to other forms. Could be on cells, could be on things that are floating in the blood, could be on bacteria. It could be on anything that has a molecular form. 

[00:18:33.87] They would bind. They will tend to bind constantly, all the time, very quickly, very fastly. It's like a very rapid exchange back and forth and that they will bind according to the specific shape they have. And in fact, in a normal immune system, there will be about 10 million or 100 million different clones, so different families of things circulating, all of them distinguishable, all of them with a unique family name. 

[00:19:06.43] So you can think of it as a large city where you have at least about 100 million families, all of them with unique specificities or affinities with each other. But they're all moving around. It's already quite complex. OK? 

[00:19:25.43] Now, one other important analogy with the brain, and that is that as you remember in the brain, what we as neuroscientists would consider the most important event is that neurons get more active or less active, activated or inhibited. And most of the analysis neuroscientists do is to study more activity or less activity. You will see some of that in [INAUDIBLE] presentation tomorrow. 

[00:20:11.22] What is the analogy here? Well, interestingly enough, there is an exact analogy. B cells and T cells get activated or suppressed. Now, activated means what? Means in fact, not-- because here, we don't have more electrical activity. What does it mean to be activated. It means that there are a little more of the same cells. They divide and produce more of the same so that the clone gets bigger. So 

[00:20:40.97] The family enlarges a little bit, or if it is suppressed, it shrinks around it. And that is the exact analogy of more or less. OK? So I thought that. It would be useful at this stage to put 100-- 

[00:21:07.89] DALAI LAMA: [INAUDIBLE] 

[00:21:13.38] FRANCISCO VARELA: Yes, [INAUDIBLE]? 

[00:21:14.79] DALAI LAMA: [INAUDIBLE] 

[00:21:15.89] FRANCISCO VARELA: Yes. They multiply. They die. They die. They simply die. That's right. So they either divide and create more of the same, or they get inactivated and they die. They're flush out of the system, and we expel them as urine normally. So-- 

[00:21:41.82] DALAI LAMA: For the second thing [INAUDIBLE]. 

[00:21:47.22] FRANCISCO VARELA: Ah, very good question. Your holiness has always had these great scientific questions. The lifespan is of a B cell in a human is about a day, between a day and two. They are slightly longer lived B or T cells, but normally, it's about a day or two, which means already, as can immediately see, that the system is going to be renovated very rapidly. 

[00:22:17.88] So the time scale of the immune system is a very vast and rapid renovation, and I want to come back to that. How does it get renewed? How does it get renewed? Obviously, cells die all the time. And in fact, after a week or two, none of your lymphocytes is the same. They've all been replaced. And therefore, what will remain is the pattern, is the kinds of clones and the degree of excitation and activation. 

[00:22:54.42] DALAI LAMA: [INAUDIBLE] 

[00:22:56.02] FRANCISCO VARELA: This is, of course, very unlike the brain, where the neurons don't die. They stay. Well, some of them die as people get old, but by and large, the neurons don't die and don't reproduce. The activation or innervated is amount of activity or neurotransmitter release or any such functional measure. 

[00:23:22.13] So here, I thought I would put a little parallel again between these two systems to facilitate. So the first line, I have put organ, and we just went through that. The organ of the nervous system is the brain and of the immune system is the lymphoid organs. We just talked about thymus [INAUDIBLE]. 

[00:23:42.49] The component cells-- here, you have neurons. In the brain, you have lymphocytes. Now, means of connection-- neurons connect by having synapses in the anatomy of the brain, specific ways of connecting with each other. This is the brain anatomy. In the immune system you have antibodies in specific binding, this action of linking to a complementary shape. It's another form of establishing a connection. 

[00:24:14.33] Well, in the brain, you have ways of relating with the environment. You have the sensor, the eye, the ear, and so on. In the immune system, you have similarly a number of these lymphoid organs, which are, for example, placed in your intestine, an old name for the Peyer's patches. Never mind. There's a specific kinds of lymph organs that would constantly be in relation, for example, with what you eat. So it is a specific part of the immune system which acts like a sensor for your [INAUDIBLE] or the kinds of tissues that are innervated by-- we'll come back to that but specific distinct regions that interact with stimuli. 

[00:25:06.78] We said activation and inhibition. In the brain is electrical activity which is increased or decreased. In the immune system is clones-- expand or diminish. now, effectors in the brain you can see a behavior because the muscles contract and produce the behaviors most typically. There are other kinds, most typically muscles. 

[00:25:35.31] What is the equivalent of the immune system is that some B cells actually do something very specific, which is undergo what we know, what we call maturation. This is important for the health people because the maturation means that all of a sudden, the B cell becomes literally a factory of antibody producing so that instead of having maybe a dozen of its antibodies-- these are my antibodies, again, on my surface-- I change state, and I become a machine to produce about 2,000 of these antibodies per hour. Just produce, produce, produce, produce. 

[00:26:15.96] And after a few hours, I die. But I have liberated onto the block, onto the lymph fluid, a large amount of these antibodies. OK, so this is an effect. It's a behavior. And this is what is known as an immune response. Instead of a muscle moving, you have an immune response. So we have, as you see, antibodies are on B cells. Excuse me? 

[00:26:53.32] DALAI LAMA: [INAUDIBLE] 

[00:26:55.34] FRANCISCO VARELA: Antibodies are on B cells and are produced by B cells. 

[00:26:58.34] DALAI LAMA: [INAUDIBLE] 

[00:26:59.74] FRANCISCO VARELA: Into the bloodstream. 

[00:27:02.22] DALAI LAMA: [INAUDIBLE] 

[00:27:03.90] FRANCISCO VARELA: They don't. They're free floating. They are dissolved. So that is part of the serum. What do you call the serum? 

[00:27:11.12] DALAI LAMA: [INAUDIBLE] 

[00:27:12.26] FRANCISCO VARELA: Yes, good. Thank you. OK, just somebody suggested that we re-emphasize the point that perhaps wasn't clear, your holiness, is that in the immune response, when B cells produce these large quantities of antibodies, these antibodies are now not attached to a cell anymore. They are liberated into the blood. So they become dissolved into the blood, into the circulating fluid, so that when you take a person's blood and you obtain just the liquid, the serum, and you were to look at it molecularly, you would see thousands and thousands and thousands of different antibodies dissolve in there but many different kinds. 

[00:27:54.37] I just wanted at this point to draw a parallel that, in fact, for every major aspect of the brain, you have a corresponding analogy. And that's why you are beginning to see that the function of the nervous system is something like a cognitive identity itself in some cognitive sense so that I have memories and I have ideas and I have tendencies as well. Well, what I'm trying to suggest here is that because of these analogies, you can also begin to see why it's not untrue to say that there is also a bodily identity, a self which also has a number of these properties, cognitive properties such as memory, learning expectations, et cetera. 

[00:28:41.28] We're just beginning to see this. The next part of my presentation, I would like to be a little more specific on what would that mean, what would that do. I need to try and convey as best as I can perhaps one of the most difficult parts of this presentation, which is the following. Think about the brain. 

[00:29:05.44] Now, you can think about the brain and look at it, if you want, from a very external point of view so that for example, you have a cat. And if you do something that is painful to it, it will react. Or if you are, as we happen with us, when we were driving up from Pathankot, all of a sudden, the driver had a turn. It was a Jeep coming the other direction and immediately turned the other way, and we skipped having an accident for very little. 

[00:29:38.03] That was an emergency reaction. The cat reacts and goes away. The driver turns the wheel. So you can say that there is a very evident sense in which our brain, our cognitive self, is concerned with this urgency reactions, defense reactions, trying to get away from things that are downright destructive. No problem. Very simple. 

[00:30:05.47] And in fact, neurobiologists think that this is something that happens from the very beginning of the nervous system and is considered a rather simple, almost reflex type reaction. There is very little sophistication concerned with the reflex of escaping, for example. And in some animals-- for example, in fish-- you have this enormous, huge neurons that when the fish feels danger, it will activate the muscle for a flee reaction. That would take the fish very quickly away. So these are very simple mechanisms concerned with defending integrity. 

[00:30:45.82] However, everybody also knows that there is, if you want, an inner side to the nervous system, which is all the things that happens when you are not escaping a pain or danger. You are going be basically carrying on, and it will feel maybe a little hunger, and it will wander around or will decide to engage in play with some of its [INAUDIBLE]. You see what I'm saying? There is an inner life, an internal sense of identity that continues, that it is the most interesting part of the brain, the sense of inner life. 

[00:31:27.12] Imagination, desires, memories, reveries, all of that is part of ordinary life. And it's not concerned with escaping, defense, or anything urgent. We're all familiar with that. And as I said, that is by far the most interesting part of the brain. For example, all the cortex that you've heard so much about is certainly there much, much, much for these kinds of inner life than for very simple escape reactions. 

[00:31:58.56] I want to suggest that in the immune system, we have exactly the same situation. The problem with the immune system is that this outer directed aspect has been the dominant thing, this dominant aspect that has been studied in immunology for 100 years. And the more inner side is very, very new. There's a big difference there with neuroscience. Now, the outer aspect is, as I said, the best known, and it has to do with the defense, not with rocks falling on you or Jeeps approaching, but with the other kinds of accidents and emergencies, which is infection. 

[00:32:43.33] DALAI LAMA: Yes. 

[00:32:43.83] FRANCISCO VARELA: Right, so that you have, for example, a bacteria coming into your system. And all of a sudden, there is far too much of this unusual molecular entity into your system. So what this immune system does is defend itself. Rather, what the organism does is to use the immune system to defend itself in the way that was suggested in the last slide. 

[00:33:12.40] That is, bacteria comes in. The immune system has a way-- and this is already a little bit interesting because it's almost like a cognitive operation but is very simple-- of recognizing that this profile is not very well-known inside here. All right. And so many of the clones that bind to it will start growing up. Many of those B cells of those clones which can bind to it will mature and produce many, many, many antibodies. 

[00:33:46.26] Now these antibodies are in the blood. So all of a sudden, the bacteria finds itself literally surrounded by antibodies that stick to it all the time. Now, this bacteria plus antibodies around is immediately washed away by it through the kidneys. So you get rid of the invader. It's an extremely interesting device. You have this very simple way of literally covering this foreign body with this large number, not just one, but many antibodies that can bind to it. 

[00:34:24.57] So that is what is known as immune response. And I would say without exaggeration that about 95% of immunology today is concerned or has been concerned with just immune responses. That is the outer side of the immune system. That is the most reflex, the most immediate type of response. Now, that is something very important, of course. I don't want to say that it's not important because if we didn't have that, we wouldn't be alive, just as much as we didn't have the reflexes to run away in an emergency situation, we wouldn't be alive. 

[00:35:07.68] It would be, nevertheless, a little bit silly to reduce our cognitive life just to escape from danger. I'd say there is something missing. Well, you can say that-- 

[00:35:21.28] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:35:33.21] TRANSLATOR: The Immune system's response to the external sort of bacteria, the foreign bacteria creates it, and in response, in a sense, these antibodies and defends it. 

[00:35:44.34] FRANCISCO VARELA: Right. 

[00:35:45.24] TRANSLATOR: Is it-- 

[00:35:46.60] DALAI LAMA: By itself nothing to do with the brain. 

[00:35:49.08] FRANCISCO VARELA: Well, by and large has nothing to do with brain. But this is in the classical answer. Now we can begin to ask this question at the light of the neuroimmune interaction that I want to get to talk about. But classically, most classical immunologists would say nothing to do with brain. 

[00:36:09.25] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:36:18.03] TRANSLATOR: For instance, if we take some sort of B cells and put them into a sort of a bottle which is totally isolated, separate from the neuron system-- 

[00:36:29.27] DALAI LAMA: Or from brain. 

[00:36:30.25] TRANSLATOR: [INAUDIBLE] from brain, and then you inject some kind of a foreign cell or bacteria, will it respond? 

[00:36:37.23] FRANCISCO VARELA: Almost. Not quite. You will need a little more. You will need what is known as the T helper cells. These are the officers that will give the signal to mature. So these T cells are very important because B cells by themselves don't make the decision to do one thing or the other. T cells are involved. These are known as T helper cells. A very subtle name. T-helper cells, all right? 

[00:37:00.36] And you also need what are known as stimuli, signaling, molecules that are produced by other T and B cells that give kind of a strength to the cell to reproduce. They're called cell signaling molecules, like a messenger. Messengers, right? Like, some of them are very well known. They've been used in medicine like interleukin and others like that. So the whole array of messengers, signals. 

[00:37:31.94] So if you put in a bottle B cells, the right kinds of T cells, and some of the signaling, yes, you would get an immune response. You can reproduce them in vitro. Much, your holiness, may I remind, as you can reproduce, for example, knee jerk-type reflexes with other brains just with the spinal cord. This is a very simple circuit. 

[00:37:56.33] So-- right, and it's not the same kind of reflex which can also be modulated from the central nervous system. Here again, this type of immune responses can be modulated by the larger immune system. But the simple immune reaction can, in many cases, be reproduced in vitro. And that has been done. 

[00:38:19.13] DALAI LAMA: [INAUDIBLE] 

[00:38:21.61] FRANCISCO VARELA: OK? Now, in fact, I do want to also give you the sense that this immune response, which is so well known, which is, as I said, what all medical students really study when they study immunology, is really most of the responses you get from the cells. In fact, they're very specific kinds of cells that involve very little the rest of the system. They're there almost like a ready-made response. 

[00:38:47.97] For example, many of the bacteria are so old that it is as if the system already knows that it's going to meet them. So it has these little soldiers waiting for them, as they were. This immune response, by the way, is also the basis of vaccine. You've heard of vaccination-- poliomielitis, for example, you inject a little virus that produces an immune response. Now, the next time the person, the child, actually meets serious infection, there is a level of response that is already built up so that it can actually cope with it on the basis of vaccination. 

[00:39:27.00] Just as I said, as escaping danger and predators, your holiness, is not the entire aspect of our life, fortunately, for the immune system, it's likewise the same thing. Oftentimes, we are not confronted to very important infections, or the level of infection is relatively moderate. And what you can ask is, what happens with the rest of the system when you are not dealing with immune responses, when there are no immune responses that are particularly relevant? What is the inner side of this immune system, and therefore, what is the equivalent of this inner cognitive life? What does it do? 

[00:40:11.92] Now, in order to illustrate what the answer to that question, let me use an analogy, and I just mean it as an analogy now. Then I'm going to try to make it concrete. Ask yourself the question, what is the nature of the identity of a nation? I live in France. Let's take France. There is such a thing as the identity of the nation France. 

[00:40:42.42] Obviously, it is not sitting in a book or is not sitting in the Office of Francois Mitterrand or is not sitting anywhere. It is the life of people. It is obviously the case that if you go to France, you will find that if there is too much of a foreign entity coming in too fast, like a whole million people walking into the country, the system will have outer-directed reactions, which is the army, right? All defense systems that will produce a reaction. So you will mount a military response. 

[00:41:21.33] It would be silly to say that military response is all there is to life, to French identity, because oftentimes, most of the time, France is not confronted to have a military reaction. So what is French life when there is no war? Well, you walk into the cities, and you see people having cafes and talking a lot and writing books and raising children and cooking, talking a lot, right? Talk, talk. 

[00:41:53.16] And that creates social life, the tissue of social life, just by people meeting each other and talking. That creates the French identity. I want to suggest, your holiness, that this is exactly the same thing as in the immune system, except that instead of the French identity, what we construct is our bodily identity. Cells in your body, your tissues, can stay together, can have an identity as your body or my body, because you have this constant network of B cells and T cells that are going everywhere by binding to every single molecular profile in your body. 

[00:42:38.28] They bind and unbind. They bind and unbind. And they bind much between themselves. If you could follow the life of a B cell, you could follow it with a little tracer. It's not possible, but imagine you could You would see that maybe 80% of its time is binding to another B cell. It's another B cell, like, binding to the next one. Then I will find a piece of molecule sitting on a tissue, and I bind to that, right? 

[00:43:04.67] So most of what they need is ourselves. That creates, like in society, a tissue of mutual interaction. And in this mutual interaction, the binding inhibits or enhances. People get depressed or promoted. Families expand or contract. Same thing here. 

[00:43:29.11] So the idea is that beyond its defensive side, there is something way more interesting and more important in the immune system, which is the constitution of a self-identity which is not a reaction to something. It is a positive construction. It's a self-assertion. This self-assertion is what constitutes your self in molecular cellular terms. Now let me give you an example why you can say in the laboratory that this is true. 

[00:44:01.98] A few years ago, experiments were done where you would take a little mice. Mice happen to be the favorite subjects of these kinds of experiments. You take mice, and ever since it's born, you raise it in an environment where in the west is known as a bubble environment. That is, it meets no external molecules to speak of other than air. And the food that it is given is extremely simple so that this animal has no risk of infection, no risk of any external challenge. 

[00:44:42.69] So if you want, it is somebody in society that has been protected from war forever. Now, if the immune system were just merely a defense system, it would follow that this mice, what are known as antigen-free mice, no antigens from outside, would have no defense system just as much as the country which is alone on the planet wouldn't have a military, right? And that would be the prediction of this classical immunology, this classical view of the immune system as defense. 

[00:45:19.45] From our point of view, I belong to the school that sees immunology as having that as the outer core and the inner core being of a more cognitive kind. You would expect that this antigen-free mice would have a normal immune system. Why? Because they need an identity even if they're bubble mice. 

[00:45:40.93] What is the result of the experiment? 100% clear. The immune system of this antigen-free mice is you can hardly tell them apart with the mice that have been raised [INAUDIBLE]. Interesting, huh? Because from a classical immunology point of view, this is a complete-- makes no sense. You really have to place yourself to see the immune system as being the creator of this identity to make sense of that. Obviously, you don't fight war, you can still build an identity. 

[00:46:12.82] Maybe it's a happier identity, we hope. Another important experimental factor, your holiness, which I cite here because as I said, this is material that is very new and most people are not familiar with it, and every time you read about immune system, you will just read about the military side, the defense side. A few years back, somebody started to ask the question, well, if this inner life is true-- 

[00:46:42.25] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:46:48.39] TRANSLATOR: The mice that you described, which was raised in this extreme-- 

[00:46:51.79] DALAI LAMA: Bubble. 

[00:46:52.29] TRANSLATOR: --environment, maybe is there any difference in terms of the speed in which that [INAUDIBLE] responds to a danger compared to a normal sort of-- 

[00:47:01.73] FRANCISCO VARELA: Oh, yes. If you now take the bubble mice out of the chamber, they will suddenly die. You won't be able to have a normal defense system because it needs to learn. 

[00:47:12.05] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:47:19.91] TRANSLATOR: [INAUDIBLE] take him out of the bubble, they die. 

[00:47:25.83] FRANCISCO VARELA: Yes well, it's the [INAUDIBLE] difference is that when you look at its immune system, you have the same kinds of antibodies, the same kind of T cells and B cells. The difference is that because it is learning how to escape your home. If you were raised in an environment with no challenges, all of a sudden, you have a leopard jumping on you, you probably not know what to do. We need to teach children how to respond. 

[00:47:50.91] DALAI LAMA: Yes. 

[00:47:51.61] FRANCISCO VARELA: OK. But if you were to raise a child with no danger, with having to respond to no [INAUDIBLE], you could hardly tell the difference of its nervous system. But because of lack of learning-- 

[00:48:03.37] DALAI LAMA: [NON-ENGLISH SPEECH] 

[00:48:09.52] TRANSLATOR: Now, if that bubble mouse is gradually acquainted with [INAUDIBLE]-- 

[00:48:13.61] FRANCISCO VARELA: It will survive. 

[00:48:14.39] TRANSLATOR: --it will survive. 

[00:48:15.13] DALAI LAMA: [INAUDIBLE] 

[00:48:16.09] FRANCISCO VARELA: Exactly. 

[00:48:16.71] TRANSLATOR: Yes. 

[00:48:17.01] FRANCISCO VARELA: So it's a lack of learning. 

[00:48:18.65] TRANSLATOR: [NON-ENGLISH SPEECH] 

[00:48:24.05] DALAI LAMA: You will learn how to live [INAUDIBLE]. [NON-ENGLISH SPEECH] 

[00:48:29.09] FRANCISCO VARELA: [INAUDIBLE] so if you teach them, we give them the chance to learn, the problem is that when you take somebody out of the bubble, it is into full complexity of life. But if you give it the chance to go step by step, then it will make it. It will make it. OK? Oh, yes. I was going to cite the evidence which is also very interesting about the classical idea was that all of the antibodies would be, as the name says-- and you can notice where it comes from. Antibodies, anti-something else. 

[00:49:05.84] Therefore, it wouldn't make any sense to have antibodies that would bind to your own molecules. But if this inner life vision is true, what we call network immunology is true, you would expect to find that for every single molecular profile in your body, you would find a class of B cells that would be responding to it, that would be combined to it. And then here, you see why? 

[00:49:35.59] Because obviously, it is like saying for every single aspect of French life-- museums, libraries, cafes, pastries, or whatever-- you must have Frenchmen that deal with it. Otherwise, it wouldn't be there. OK, so question-- from classical immunology point of view, this is a heresy. The founder of classical immunology, a man called Paul Ehrlich, spoke of, in a Latin word, horror autotoxicus, which means the horror of responding to oneself. Therefore, in the classical immunology, the immune system is completely outer directed to the invaders. 

[00:50:17.13] DALAI LAMA: External [NON-ENGLISH SPEECH]. 

[00:50:20.23] FRANCISCO VARELA: The fact of the matter is, when you go and look, you find these antibodies and B cells that respond to every single molecular profile in your body. So it is not horror autotoxicus at all. It's in fact a love affair between the immune system and the body because again, the immune system, from this network cognitive perspective, it is nothing other than the constant linking up between every single cell in your body saying, I know you. 

[00:50:53.92] I've seen you before. I've seen you before. I've seen you before. And through this constant patching, you create a balance so that the molecules, I don't know, somewhere in my skin, in the back of in my back, are in communication with the bone cells in my feet because they have been communicated by this circulating immune system. They provide a link, much as, may I point out, in the nervous system, the neurons, what they do is to link distant places as well. 

[00:51:26.30] So there is nothing absurd about this notion of the immune system as having inner life. And there is much experimental evidence, which, I've only given you two examples. But there's a whole list of possible publications one could cite. Now, let me then go back to my-- I'm sorry. As a scientist, I'm a-- now, you asked before about the thymus and the bone marrow as the source of the cells. 

[00:52:06.71] And you said when they die, they get replaced. We said about two days lifespan. Well, this is exactly where that is important because you see, in the social metaphor, people in a society, people die. We don't have two days. We have maybe 50 or 60 years. 

[00:52:29.37] How do they get replaced? Children are born, but what role do they occupy in society. Well, society, in some interesting way, complex way-- I'm not going to pretend I understand that-- in some way trains children into some roles. This becomes a Boulanger, and this becomes a doctor, and this becomes a social worker. 

[00:52:58.53] And for that, you need to have constantly-- it's a pool of children being produced. And then some of them die. Similarly here, the bone marrow is constantly producing what are known as infantile or resting B-cells. And some of these b-cells, resting B cells, get recruited by the existing-- i was going to say social network, immune network, by the existing inventory. 

[00:53:30.23] And they are incorporated into as activated. They have been trained, raised to take a role. So that's how the system can change. If the system couldn't renew its component, it would mean static. I would be exactly the same one as I was a year ago, and it's not the case. My molecules change. I eat different things and so on. 

[00:53:52.43] How does that happen? The learning, the memory happens because you have B cells and T cells are dying, and new ones that get educated into the system, they get activated into the system. Now this is very important because in mice, for example, we know that 20% of the cells get replaced every day so that it is as if you had, every two days in France, 20% of the people dying and then being replaced by new ones. 

[00:54:27.14] Now, the new ones are not exactly the same, but they fit a similar role. So when somebody, for example, takes up the new owner of a restaurant, still is a restaurant, but he might change the menu slightly. Here is the same thing. The new vessel that gets recruited is not exactly the same one. It's slightly different. But it serves for the overall purpose for the global emerging picture the same way. 

[00:54:58.06] That's why on the basis of everything that I have said, we like to make, your holiness, a very important distinction which, for us here, I think, is absolutely crucial but in general is of great interest, I believe, of what I like to call-- what we like to call the central immune system, like the central nervous system, and the peripheral immune system. So you want the outer-directed, outer-directed, and the inner directed. 

[00:55:32.49] The outer-directed immune system is concerned, essentially, as we said, with immune responses and defense. It's like the quick reflexes in defense reaction while the central immune system is concerned with what we like to call self-assertion-- that is, the molecular identity, the self of my body. What is my body? How do the cells of my body stick together and do something together? Like, how do two Frenchmen stay together and do something that is important? 

[00:56:05.09] It's not obvious. People think of their bodies as if there was just this bunch of cells. But how do they know how to act together? It's a big question. How does my body acquire an integrity? The immune system is absolutely the brain for that. 

[00:56:22.01] There is a number of points that distinguish these two systems that may be not all that necessary to go into them. But experimentally, you can distinguish them. There are some different kinds of cells, different kinds of connectivity that respond differently and so on and so forth. OK, so maybe if there [INAUDIBLE], we can go into the details. I just have several points there that contrast the two of them. 

[00:56:47.69] For example, let me take one. The immune system, the central immune system, is mostly connected-- sorry, concerned-- with what we call activated lymphocytes. These are larger. They have more receptors on the surface. In fact, you can detect them by eye. The machine does it. But you can detect it. You can say this is activated, this is not. This is activated, this is not. 

[00:57:13.47] While the peripheral immune system is mostly concerned with the resting lymphocytes. These have much less molecular profiles on the surface, and these are the ones that will be involved in producing immune responses if the bacteria comes in. Things like that. You can really tell apart, much as you can tell apart in the central nervous system, the central from the peripheral, the criteria that you can use to say when one is [INAUDIBLE]. So it's not just general metaphorical notion. It's very experimental and very concrete. 

[00:57:54.61] OK, now the reason I think that this notion of the peripheral and the central immune system, the defense and the cognitive side, is important, your holiness, is because now we can ask the question. We have the system which, through this network of interactions, creates an identity in our body. We have another system that, through its network of interactions in the brain, creates another cognitive identity, mind states. Obviously, these two work together because it's just one body. 

[00:58:29.83] But it is here that we can find the meeting point between the neural side and the immune side. So now we are ready to tackle the last point, which is the neuroimmune connection. But you see, without understanding how the immune system could be seen as a sort of a body brain, this wouldn't make much sense. [INAUDIBLE] second brain. This wouldn't make much sense. 

[00:59:00.73] Right, now-- OK, I'm going to save this for a moment. The way I would like to communicate this idea, your holiness, this third major point that I want to make-- it's the last one-- is instead of going through a lot of detail that will come up in the days that follow, I wanted to just give you three examples that would illustrate how the brain and the immune system, these two cells, body cells and cognitive cells, can work together. 

[00:59:55.32] The first example is actually a very interesting one, and it was one of the first experiments that was done that convinced the scientific community that there was something here in the psycho-neuro immunology business, and it was done by a man called [INAUDIBLE] in the United States. And what he did was something quite ingenius. Do you remember-- I think it was Mind & Life 1, Dr. Roche, described the notion of conditioning. You run into it probably several times, the famous Pavlov dog where you ring the bell. 

[01:00:31.41] DALAI LAMA: Yes. 

[01:00:31.95] FRANCISCO VARELA: The dog has saliva. OK, so you can have a stimulus which is not causally linked to a reaction, then replace the actual cause and merely stand as a token. So you ring the bell and the dog salivates. What [INAUDIBLE] did was to say, OK, if there is a neuroimmune connection, then it should be possible to do a similar thing. But instead of having a nervous system effect like salivation, which is known to be neurally-driven, to have an immune reaction control or an immune effect being conditioned. 

[01:01:12.23] So what he did was something very simple. It took rats. He would give them water with sugar. At the same time-- the first part of the experiment. At the same time, you would inject them with a substance called cyclophosphamide, doesn't really matter, which has a well-known-- 

[01:01:32.98] DALAI LAMA: [INAUDIBLE] 

[01:01:34.66] FRANCISCO VARELA: It's a chemical that has an effect of suppressing some clones of the immune system, having a very wide-- no drug to suppress. And the rat will still suppress. So you get the effect of immunosuppression without the initial agent that was the cause for the suppression. So you have replaced the actual immunosuppressive drugs by just the water. 

[01:02:08.06] Now, for that to happen, it seems inevitable that you must have a way in which the cognitive act of tasting the sugary water, which is clearly perceptual act, can have somehow an effect in suppressing the immune system. So that is a clear example of psycho-neuro immunology. Very clever experiment because until now, until then, nobody thought that immune suppression-- people knew that you could induce suppression by injecting drugs. Doctors had done that for years. 

[01:02:46.57] But to make it in a way that a perceptual act could lead to the same effect was a big surprise. So that is a very nice, clear example that. Obviously, then, these two cognitive cells are related. One says I must act on the other, and it has to be ways for this to happen. Second example which I think is also very interesting is also quite, like all of the things, very recent. And it's the following observation [INAUDIBLE], that as you know, there are many children which have reading problems and learning problems called dyslexia. 

[01:03:27.92] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:03:31.92] FRANCISCO VARELA: They have trouble reading. 

[01:03:33.64] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:03:38.60] FRANCISCO VARELA: Or they have trouble writing, typically cognitive problems. 

[01:03:42.88] DALAI LAMA: [NON-ENGLISH SPEECH] 

[01:03:51.43] TRANSLATOR: [INAUDIBLE] dyslexia to the brain or not to the eye organ. 

[01:03:55.88] FRANCISCO VARELA: No, it is most classically considered to be a problem in the development of the brain. The eyes are fine. That's the problem-- because if the eyes had some symptom, then you could address that. But it's very hard to say exactly what is the cause. What you do see and people had seen for years is that these dyslexic children have slight difference in the brain-- relative size, relative difference in the state of transmitters, and so on. 

[01:04:24.53] DANIEL GOLEMAN: Francisco, you might give an example of dyslexia-- for instance, letter reversal. 

[01:04:28.13] FRANCISCO VARELA: For example, or the children-- actually, my son had that particular difficulty in learning how to read one day, and he said, but dad, I cannot see the difference between the B and the D. They're the same to me, although in English, the B and the D, they're the same. They're reversed. For him, it were the same. That's a typical example of dyslexia. 

[01:04:52.71] And you know, children get trained, and then some of them, depending on the degree, get over it and so on. But it's typically cognitive, complex brain operation, how to read. It involves many, if not all, of the areas of the brain. 

[01:05:09.21] Now, at the same time, it was well-known that often, people suffered from a number of different diseases called autoimmune diseases. Now, this is the condition that now you will understand immediately, has to do with the fact that all of a sudden, instead of being in harmony, the immune system being in harmony in the body, by being its identity builder, all of a sudden, it starts to treat a specific part of the body as if it was a bacteria. So it mounts immune responses to it, and destroys it. 

[01:05:43.09] For example, in myasthenia gravis, the receptors, specific parts of the muscle where the brain comes in and innervates, the immune system start producing reactions to that, responses to that. And therefore, it destroys that neuromuscular junction. And therefore, the person finds very quickly where it has great trouble moving. It's a very serious and very painful disease. I say typically an autoimmune disease. There are many of them, and in fact, medicine has a great trouble dealing with them. 

[01:06:22.00] Now, great surprise was that a few years back, somebody showed that if not all, 95%, an enormously high percent, of people that had dyslexia type problems had autoimmune problems. So these two things were actually very linked. And both of them could be traced in development to certain imbalances of certain hormones, particularly so-called gonadotropic and corticoid hormones. Now, in the development, therefore, these two systems act in a way in which the same malfunction in the development can lead to very distinct effects but which are related. 

[01:07:09.95] So you see that in development also, the brain and the immune system are very, very linking together. So you can have this surprise. Why should somebody with autoimmune disease have dyslexia or vice versa? It makes no sense from a classical standpoint. Again, it's psychoneuroimmunology [INAUDIBLE]. 

[01:07:32.07] The third example, which I tried to present three very different examples to illustrate the phenomenon. The third example is one that will recur during this week a lot, which is the question of stress. Some of my friends here are very well-equipped, better than I, to speak about that, but I just want to give you some of the biology as it is known today. Again, stress is obviously something that has to do with mind state, psychological attitude, and so on. And as I pointed out already, it is known to have a number of bodily effects. And the question is, how can one understand the pathways? 

[01:08:16.72] DALAI LAMA: Huh? 

[01:08:17.42] FRANCISCO VARELA: Pathways. 

[01:08:17.96] DALAI LAMA: [INAUDIBLE] 

[01:08:19.30] FRANCISCO VARELA: OK, now this will require that I go back to my last transparency. OK, stress has been intensively studied for obvious reasons. And one of the things that from the brain side, people have been able to ascertain-- perhaps it's not the only thing, but it is something that is very consistent and systematic-- is that the brain responds to stress with some kind of a very final gate, common gate, which is the production of certain hormones that get released into the bloodstream or directly into the immune system in particular, hormones that mostly have to do with what is known as glucocorticoids produced by the adrenaline. 

[01:09:19.35] This is in parts of the nervous system. For the time being, we can talk about of the kinds of hormones that are produced by the brain, which are either released directly into the bloodstream in the form of hormones or hormones that will produce other hormones, or-- and this is very important and very interesting-- because the autonomic nervous system that, one, has to deal with, visceral control, like that regulates the glands and the contraction of the muscles in the gut, things like that, it has been found to also innervate directly the bone marrow. 

[01:09:58.25] So much of the nervous system can control, for example, the tightness of your intestine can also innervate directly the bone marrow and therefore regulate the kind of cells and the amount of these cells being produced. That's quite amazing. That is a direct link. If there is any direct innovation in the bone, that is one. And the other one is the production of these hormones, particularly this kind of corticoid hormones, all of them known to have a very direct action on the lymphocytes of the thymus and of the bone matrix. 

[01:10:37.48] Again, this is the idea that myself as lymphocyte, I have receptors in my surface. These hormones can bind onto receptors specifically and produce effects on me so that, for example, I will die or I will expand or that I will produce more antibodies and will mature, any of those. That is if I am a B cell. If I am a T cell and I'm a T helper cell, I can get much bigger. I can increase in quantity and therefore help to strengthen some of the B cells in my population. I'm the lieutenant of-- 

[01:11:14.27] DALAI LAMA: [INAUDIBLE] 

[01:11:21.99] FRANCISCO VARELA: Now, so that some of these pathways are therefore these mediators that have direct effect, either on the source of the lymphocyte or on the lymphocytes themselves. Now, those effects are the only effects that you can have in immune system-- suppression or activation, as we said. So it is much like you could have parts of the brain being depressed, some of them being excited. Here, it's the same thing. Some of the clones will be suppressed. Some of them will be [INAUDIBLE]. 

[01:11:57.34] What is equally interesting is that as changes occur in the immune system, these B cells and T cells also produce hormones and other messengers of factors, what are known as transmitters [INAUDIBLE]. Not neurotransmitters but immunotransmitters. Why? Because these molecules will go back and actually influence the neurons in the brain so that, for example, it has been shown that specific neurons in the limbic system of the brain that is very connected to the release of this type of hormones can be directly affected by factors, transmitters, neurotransmitters release by lymphocytes so that directly, they can influence specific sites depending on the transmitter instinct. 

[01:12:48.38] So that you have a complete link actions here, a mind state-like stress, producing in this case a somewhat known effect, which is this common pathways of stress by glucocorticoids and the ongoing ensuing effects or the innervation of the bone marrow producing changes on the configuration of the immune system that will lead to the production of transmitters that will have changes in the brain. So there, you have a specific instance of a neuroimmune interaction, which is very, very clear. 

[01:13:26.53] Now, I want your holiness to-- at least is my opinion as a scientist that this is tremendously interesting, and some of these details have been able to be traced-- for example, the kinds of hormones. Let me give you just one, to me, exciting example. It has been found recently that some of these lymphocytes produce a hormone, which is known as the brain opiates. That is, brain produces-- was a big news for neuroscientists that the brain can produce its own painkillers. Well, some of these painkillers can be produced by the lymphocytes, beta endorphins, known as beta endorphins. 

[01:14:07.73] They can be produced by lymphocytes so that the same hormones that are produced, transmitters inside of the brain, can be produced by lymphocytes. So they can act as very distant neurons [INAUDIBLE]. Now, so I was saying it is very interesting that some of the specific pathways are being known. However, what is not known, and this is something that will, I think, plague us for the rest of the conversation, is how these effects can be more specific. 

[01:14:40.39] For example, you can talk about immunosuppression. If you suppress the entire immune system, that's not good, but it's like suppressing the entire brain. That's not good. Obviously, the interaction between these two complex brains is specific. So some clones are more suppressed than others. Like, some areas will be more surprised than others. So there is specificity of the link. It wouldn't be good enough if the effect of the brain would just be to suppress everybody or to stimulate it. 

[01:15:12.86] It has to be the case, and this is one of the most open questions today, how does it get to do some specific action here and there and similarly, how some of the transmitters are known to affect specific sites of the brain, not just everywhere. So the more fine tuning, I would say, of the interaction between these two systems is still not very clear. But what is clear is that these links do exist, and you can intervene in some of them and use them for medical purposes or other purposes. So that's at least my evaluation of the state of affairs today. 

[01:15:58.21] So just to conclude in this last main point here is that the neuroimmune links is actually the links of two large networks that modulate each other via chemical signals, two large networks which are independent to some extent but that modulate each other via these chemical signals. And therefore, they represent two brains, if you want to put the quotation marks, that act in cooperation to create two necessary forms of identity-- bodily identity and cognitive perceptual identity. [INAUDIBLE] 

[01:16:45.69] I think I've ended exactly before. Very good. So I don't know, your holiness, if this is too-- it's understandable or not. But I hope it is, and I hope that some of the issues that we have discussed before and you have discussed with other scientists as well, the idea that a distributed network can give rise to an identity by these interactions, is present in the case of the immune system because I think I will justify my presence here if I can communicate this, I think, important and new idea the brain-like quality of the immune system, which is not just defense. That would be to degrade it to a more trivial aspect, necessary, somewhat trivial, in respect to. 

