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Praise for The Inflamed Mind


“Psychiatrists are re-thinking depression. Is depression due to trauma, a chemical imbalance, brain circuits misfiring? In this beautifully written book, Professor Edward Bullmore shows us why we need to look at the immune system if we want to understand depression. This approach not only bridges the mind and body, it suggests new approaches to treatment. The Inflamed Mind is an important book, a hopeful book, for anyone who wants to think about depression in a new way.”


Tom Insel MD, Co-founder and President, Mindstrong Health
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“The Inflamed Mind confronts the reader with the converging revolutions in neuroscience and immunology that give rise to a new perspective about depression and its treatment. It traces the roots of dualism, the tendency to view mind dissociated from body, and then calls for moving beyond dualism in order to understand how inflammation in the body affects brain and mind. In an erudite, enjoyable, and accessible way, Professor Bullmore conveys the profound impact of this new perspective by helping us to appreciate the links between traditional ‘medical’ and ‘psychiatric’ syndromes and it identifies new anti-inflammatory treatments that may cross the boundary from general medicine to psychiatry.”


John H. Krystal, M.D., Robert L. McNeil, Jr., Professor of Translational Research; Chair, Department of Psychiatry, Yale University School of Medicine
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“The Inflamed Mind is not only a dramatic breakthrough in our understanding of depression. It is an extraordinary exploration of what it is to be human.”


Matthew d’Ancona, author of Post Truth
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“A compelling and highly readable argument that some forms of mental illness, especially depression, are really diseases of the immune system. If Ed Bullmore is right, psychiatry is on the brink of a revolution – the reunion of body and mind.”


Sir Colin Blakemore, Professor of Neuroscience and Philosophy, School of Advanced Sciences, University of London
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“Not so long ago neuro-immunology was regarded with derision within medical circles. Professor Bullmore has been a leading figure in highlighting how wrong that was. As one of the first people to brand themselves as an immunopsychiatrist, he has led us out of the dark ages and shone the light on the crucial link between systemic inflammation and mental illness. This set of insights is creating a paradigm shift in psychiatry which heralds a new field of personalised psychiatry in the same way that we are seeing personalised therapy in cancer.”


Professor Sir Robert Lechler, President of the Academy of Medical Sciences
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“Here is a narrative that tells of exciting new approaches to reducing mental illness while capturing the essence of a powerful strand in fundamental brain science. Even better: it is easy to read without overly simplifying its subject.”


Sir Philip Campbell, Editor-in-Chief, Nature
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“Suddenly an expert who wants to stop and question everything we thought we knew. A lesson in the workings of the brain far too important to ignore.”


Jeremy Vine, BBC
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“Edward Bullmore provides a clearly written and compelling argument for the importance of the immune system and inflammation in depression. This lively book explains a major frontier in clinical neuroscience that is not only influencing research on depression, but also on schizophrenia and Alzheimer’s disease.”


Steven E. Hyman, Harvard University Distinguished Service Professor, Department of Stem Cell and Regenerative Biology
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“Professor Bullmore puts forward a fascinating theory that attributes depression to inflammation rather than serotonin imbalance as has traditionally been thought. Whatever the truth this book is a stimulating and interesting read.”


Professor Wendy Burn, President Royal College of Psychiatrists
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“A great read, this thought-provoking book presents inflammation as the major driver of depression. A real page-turner that raises important questions for us all, including how we should practise medicine going forwards and can we restart Research and Development using this paradigm? Highly recommended.”


Dame Professor Sally Davies, Chief Medical Officer for England
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To my family





Preface



 


 


One of the things that first attracted me to psychiatry, many years ago, was that it tries to deal with the most personal human afflictions: clinical disturbances of our selves, our emotional balances and imbalances, our states of mind and memories, our ideas about the world and its relationship to us. As a young doctor, the richly individual content of mental health symptoms seemed much more interesting to me than physical health symptoms, like ankle swelling or skin itching. It was also attractive to me, from a scientific perspective, that all these mental symptoms must originate from the brain; but it was not yet known how. It seemed likely to me then, and it still does today, that if we could understand more about how mental health disorders are generated by brain mechanisms we would be in a much stronger position to do something about treatment and prevention. We would probably also feel less ashamed or afraid to talk about mental health issues if we knew more certainly where they came from, or what caused them.


So, when I was about 30, finding out more about how mental symptoms originated from the brain became a professional research mission for me. At this time, about 1990, many psychiatrists were focused on how brain chemicals like dopamine and serotonin could cause disorders like psychosis and depression. But it was clear there was an enormous amount more still to understand. I realised that I would need to become a scientist as well as a clinical psychiatrist.


For several years in the 1990s, I was supported by the Wellcome Trust to do a PhD, supervised by Professor Michael Brammer, at the Institute of Psychiatry in London. The first functional magnetic resonance imaging (fMRI) scanners were just starting up, in a few places around the world, and I got involved in mathematical analysis of these new-fangled fMRI data, to make maps of human brain function in healthy people and patients with mental health disorders. I started writing and co-writing many scientific papers on neuroimaging, neuroscience and mental health. This was a very exciting transition for me. I was lucky enough to be in the right place at the right time to catch the first wave of fMRI research, which has since expanded massively into a global science ecosystem. I thought it could only be a matter of time, perhaps a few years, certainly by the time I was 50, before the irresistible flood of new discoveries from brain scanning, and brain science generally, must force radical improvements in how we think about and treat mental health disorders.


It was in that spirit that I started as a Professor of Psychiatry in the University of Cambridge in 1999. At first, I carried on with my brain imaging research, trying to find new ways of measuring and analysing the complex network organisation of the human brain. I am probably most well-known as an academic scientist for my work on network neuroscience or “the connectome”. But that is not the topic of this book.


As I approached my mid-40s, I couldn’t help noticing that, despite what seemed like a tremendous amount of progress in neuroscience internationally, there was no sign yet of any great change in what was happening day-to-day in local NHS clinics and hospitals. I became restless about the prospect of making any difference to psychiatric practice simply by writing more papers about brain scans. I recognised that the most powerful lever of change in the history of medicine was always the advent of a new treatment. I found myself wanting to know more about how new drug treatments were being discovered for depression, psychosis and other disorders.


That’s why, in 2005, I took an unusual chance to start working half-time for GlaxoSmithKline, also known as GSK, one of the UK’s biggest pharmaceutical companies. Half the week I spent working in my University lab on the fascinating esoterica of network analysis and the other half I spent working as the director of GSK’s clinical research unit, conveniently located about 200 yards down the hall in Addenbrooke’s Hospital. In the GSK unit, we did a lot of studies to test the effects of new drugs that were in clinical development for psychiatry, neurology and other areas of medicine. It felt exhilarating at times to be inching closer to the promise of new treatments; but then, in 2010, GSK abruptly closed down all its research and development programs in mental health. I realised I was a 50-year-old psychiatrist working for a company that didn’t want to do psychiatry any more. And if a company as big and strong as GSK didn’t see an opportunity to make therapeutic progress in psychiatry, what did that mean for the prospects of those radical improvements in treatment that I had been confidently expecting to witness for the last 20 years? That is the moment I began to start thinking seriously about the ideas that this book is about.


I became increasingly interested in the work of other scientists who had been pioneering a new field of research that linked the brain and the mind to the workings of the immune system. They called it immuno-psychiatry or neuro-immunology. The first time I heard of it, to be honest, it sounded bonkers to me, for all sorts of good reasons. But as I delved into it deeper, it seemed increasingly plausible that this might be a scientific strategy that was different enough to offer a fresh chance of making therapeutic progress in psychiatry. I talked to lots of people and once again I was lucky. My GSK boss agreed it could be worth looking into and from about 2013 we were supported by the Medical Research Council and the Wellcome Trust to set up research partnerships with other companies and academic experts to find out more about the links between inflammation and depression.


Hopefully that explains how I came to be involved in the immuno-psychiatry research program that I am still working on scientifically; but it doesn’t explain why I wrote a book about it. Scientists are highly incentivised to write papers for a technically specialised readership of their professional colleagues, rather than books that almost anyone might read. But as I have spent the last five years or so learning more about how the immune system and the nervous system interact, how inflammation of the body can cause mental symptoms like depression, it has increasingly seemed to me that these questions resonate widely. They touch on some very basic ideas about the relationship between the body and the mind, as well as the traditional difference between psychiatry and the rest of medicine. And they point towards not just a few new anti-depressant drugs but a radically reconfigured – dare I say, radically better – way of dealing with mental and physical health disorders together, rather than apart, as we currently do.


This book does contain some technical language, especially in relation to the immune system, because if I tried to tell the story without any technical details I would not be telling it like it really is. And it is, I think, a really exciting story of how we could begin to see new science make a surprising difference to mental health. I hope you enjoy it.


 


Ed Bullmore
Cambridge, UK
March 2018





Chapter 1



DARING TO THINK DIFFERENTLY


We all know depression. It touches every family on the planet. Yet we understand surprisingly little about it.


This dawned on me in an acutely embarrassing way one day in my first few years of training as a psychiatrist, when I was interviewing a man in the outpatient clinic at the Maudsley Hospital in London. In response to my textbook-drilled questioning, he told me that his mood was low, he wasn’t finding any pleasure in life, he was waking up in the small hours and unable to get back to sleep, he wasn’t eating well and had lost a bit of weight, he was guilty about the past and pessimistic about the future. “I think you’re depressed,” I told him. “I already know that,” the patient told me, patiently. “That’s why I asked my GP to refer me to this clinic. What I want to know is why am I depressed and what can you do about it?”


I tried to explain about anti-depressant drugs, like selective serotonin reuptake inhibitors, or SSRIs, and how they worked. I found myself burbling about serotonin and the idea that depression was caused by a lack of it. Imbalance was the word I had heard more experienced psychiatrists deploy with aplomb on these occasions. “Your symptoms are probably caused by an imbalance of serotonin in your brain and the SSRIs will restore the balance to normal,” I said, waving my hands around to show how an imbalanced thing could be rebalanced, how his wonky mood would be restored to equilibrium. “How do you know that?” he asked. I started to repeat all the stuff I had just learnt from the textbooks about the serotonin theory of depression, before he interrupted: “No, I mean how do you know that about me? How do you know that the level of serotonin is imbalanced in my brain?” The truth is that I didn’t.


That was about 25 years ago, and we still don’t have confident or consistent answers to these and many other questions about where depression comes from or what to do about it. Is depression all in the mind? Is my depression “just” the way I am thinking about things? But then why is it so often treated with drugs that work on nerve cells? Is it “really” all in the brain? To our friends and family who are depressed, we may not know what to say. If we are depressed ourselves, we may feel ashamed to say so.


The silence around depression and other mental health disorders is less deafening now than it was. We are getting better at talking about it, which is good, even if we don’t always agree with each other. We can see that depression is very common, it can be really disabling in many ways and it can reduce both the quality of life – depressed people have less experience of pleasure – and the quantity of life – depressed people have reduced life expectancy. We’re not surprised to read that the economic costs of depression and related disorders are so vast1, 2 that if we could completely cure depression in the UK from the start of the next financial year it would be roughly equivalent to adding 4% to GDP, or tripling the projected annual growth rate of the whole economy from 2% to 6%. If the country somehow became totally un-depressed, we’d boost our national wealth massively.


But despite our growing awareness of how commonly depressive episodes and disorders crop up among people we know, and the massive scale of the public health challenge that depression represents globally, we still have only limited ways of dealing with it. There are some widely available and moderately effective treatments out there; but there have been no breakthrough advances in the last 30 years. What we had for depression in 1990 – serotonin-tweaking drugs, like Prozac, and psychotherapy – is pretty much still all that we’ve got therapeutically. And that’s evidently not good enough: otherwise depression wouldn’t be on track to become the biggest single cause of disability in the world by 2030.


We must dare to think differently.


One day in 1989, when I was training as a physician, just before I started to specialise in psychiatry, I saw a woman in her late fifties with an inflammatory disease called rheumatoid arthritis. I’ll call her Mrs P. She had been arthritic for many years. The joints in her hands were painfully swollen and disfigured by scarring. The collagen and bone in her knees had been destroyed so that the joints no longer worked smoothly and she found it difficult to walk. Together we talked through the long list of physical signs and symptoms that are diagnostic of rheumatoid arthritis. She ticked all the boxes. Then I asked her a few questions that weren’t on the standard checklist. I asked about her state of mind, her mood, and over the course of the next 10 minutes or so she quietly but clearly told me that she had very low levels of energy, nothing gave her pleasure any more, her sleep was disturbed and she was preoccupied by pessimistic and guilty thoughts. She was depressed.


I was pleased with myself. I thought I had made a minor medical discovery by doubling her diagnoses. She had come to see me with rheumatoid arthritis; I had added depressive disorder. I rushed to tell my senior physician this important news: “Mrs P is not only arthritic, she’s also depressed.” He was not impressed by my diagnostic acumen. “Depressed? Well, you would be, wouldn’t you?”


We could both recognise that Mrs P was depressed and she was inflamed. However, the conventional medical wisdom of the time was that she was depressed because she knew she had a chronic inflammatory disease. It was all in the mind. It did not occur to either of us that it might originate in the body. That Mrs P might be depressed – not because she knew she was inflamed – but simply because she was inflamed. Mrs P left the clinic no less likely to be depressed or fatigued than she was when she’d arrived. We’d not dared to think differently and we’d done nothing to make a difference.


About 30 years down the road, we are becoming much more fluent in a new way of thinking scientifically about the links between depression and inflammation, between mind and body, as I recently discovered for myself after a visit to the dentist.



Root canal blues



A few years ago I had an old filling in one of my molars that had gone rotten, become infected, and my dentist needed to drill out the cavity all the way to the tips of the roots of the tooth. Undergoing root canal surgery is not my favourite way to while away an hour or so but I knew it had to be done. I was cheerful enough when I obediently hopped up on the chair and opened wide. But as soon as it was all done, I wanted to go home, to go to bed and not talk to anyone. And when I was alone at home I found myself cogitating gloomily on the grave until I went to sleep.


The next morning I got up, went to work and forgot about mortality. I had endured some drilling of my tooth, some bruising of my gums, and I had briefly experienced some mental and behavioural symptoms: lethargy, social withdrawal, morbid rumination. You could say I had been a bit depressed: but – hey – who likes going to the dentist?


There seems to be nothing out of the ordinary about this sequence of events – and there isn’t – but the ordinary explanation for it turns out to be not the only one.


The traditional way of thinking about this tiny episode of illness starts with my body’s immune response to infection and injury. My tooth had been infected by some bacteria; my gums had become inflamed in response to that infection; the dentist’s drilling and scraping, although intended to achieve a long-term surgical cure, had the short-term disadvantage of making my gums even more inflamed and increasing the risk of the bacteria spreading from my tooth into my bloodstream. The reason I went to the dentist, and what happened to me when I got there, amounted to a challenge to my body’s integrity, a threat to my survival and a clarion call to my immune system to step up its inflammatory response.


Working out this mechanistic chain of cause and effect, which leads from a physical attack, like an injury or an infection, to an inflammatory response from the immune system, is one of the truly game-changing triumphs of scientific medicine. This is the triumph of immunology, the science that now permeates our understanding of almost all diseases, and underpins the therapeutic success of vaccination, transplant surgery and successful new drugs for diseases like rheumatoid arthritis, multiple sclerosis and increasingly more kinds of cancer. This immensely powerful science can provide a minutely detailed explanation for how infection in my tooth could cause local inflammation of my gums, and how surgery could exacerbate the inflammation acutely.


But immunology has not yet had nearly so much to say about what inflammation feels like for the inflamed patient, or how inflammation can have effects on thoughts and behaviour. Why did I want to be by myself? Why did I want to go to bed and stay there? Why was I so gloomy? The answers to questions like these have traditionally come from psychology, rather than immunology.


Thus I told myself a psychological story, that my close encounter with the dentist must have reminded me that I was literally getting long in the tooth. And this concrete affirmation of a well-worn metaphor for mortality must have triggered a period of rational pessimism as I calculated how much longer I might have to live. To paraphrase my self-diagnosis, to put it another way: I became momentarily depressed because I thought about the implications of my root canal surgery. My mental state was a reflection or meditation on my physical state, rather than directly caused by my physical state.


To the extent that you are still unsurprised by this story, you are a dualist. Because the conventional medical explanation for what happened to me is dualist – it exists in two domains – physical and mental – with only a nebulous point of connection between them. Everything that happened up to and including my visit to the dentist is precisely explained in the physical domain, by the biological science of infection and immunity. Everything that happened to my mood and behaviour after I went to the dentist is explained in the mental domain, by the psychologically meaningful story I told myself about getting long in the tooth.


At the time, about 2013, when I explained my own experience of inflammation and depression in this way, I found it somewhat comforting “to know”. Now, looking back, I am finally surprised. I am surprised to realise how incomplete and convoluted the standard dualist explanation seems to be – now that I know there could be a very different kind of explanation for what happened to me. There is another way of thinking about my root canal blues. I could have been momentarily depressed simply because I was inflamed; not because I thought about the consequences of being inflamed. The brief, transient burst of inflammation in my mouth could directly have caused the changes in my mood, behaviour and cognition that I noticed immediately after the surgery.


This new explanation is logically simpler than the familiar dualist reasoning I used when I told myself the story about getting long in the tooth. The stream of explanatory narrative doesn’t run into the sand in the physical domain, when I get out of the dentist’s chair, and then miraculously resurface in the mental domain, when I am back at home despondently in bed. Now the chain of cause and effect can run from start to finish in the physical domain – from the initial cause of an infected tooth to the final effect of a depressed mood.


But causality is tough to nail down, scientifically. To be completely confident that inflammation can cause depression we’d want to know the answers to two big questions:




How, exactly, step by step, can inflammatory changes in the body’s immune system cause changes in the way the brain works so as to make people feel depressed?


Why is a depressed patient inflamed in the first place? And why should the body’s inflammatory response, which is supposed to be on our side, which has evolved to help us win the battle against disease, be causing us to feel depressed?





Back when I met Mrs P, about 30 years ago, these questions about causality were almost unasked and there were no good scientific or medical answers to them.


By the time of my root canal surgery in 2013, the questions were being asked much more often, and more precisely, and the answers were becoming clearer, thanks to the work of a disruptive new science, which has continued to make rapid progress in the last 5 years.3, 4, 5, 6


Like a lot of new science, this one has emerged at the interfaces between more established domains of knowledge. It exists at the boundaries between immunology, neuroscience, psychology and psychiatry. It goes by a variety of ungainly, often hyphenated names – like neuro-immunology or immuno-psychiatry – that speak to its hybrid origins and its transgressive ambitions to link brain, body and mind by the mechanisms of the immune system. Neuro-immunology investigates how the immune system interacts with the brain or nervous system; whereas immuno-psychiatry is more focused on how the immune system interacts with the mind and mental health.



Neuro-immunology and immuno-psychiatry



The first few people brave enough to call themselves neuro-immunologists were a tiny tribe regarded with some condescension and suspicion by more mainstream scientists. It wasn’t considered professionally respectable to investigate connections between the brain – the province of neuroscience – and the immune system – the province of immunology. Not respectable not least because it was well known in the 20th century that the brain and the immune system had nothing to do with each other. The white blood cells and antibodies of the immune system circulated in the bloodstream and could pass through the spleen and lymph nodes and various other immunologically important organs of the body. But the cells and proteins of the body’s immune system couldn’t percolate so freely through the brain because it was protected by something called the blood-brain barrier. The BBB, as it’s also known, was explained to me at medical school in the 1980s as something like a Berlin wall that kept the immune system completely apart from the nervous system. The solidity of the BBB exposed the nascent theories of neuro-immunology to the withering scorn of more traditionally minded scientists. How could neuro-immunologists seriously propose – as they began to do from about 1990 – that levels of inflammatory proteins measured by a blood test had anything to do with the brain or the mind, when it was well known that proteins couldn’t cross the barrier between blood and brain? It wasn’t just wrong; it was worse than that.


The Berlin wall concept of the BBB was the physical embodiment of powerful older ideas, the dualist ideas dating back to Descartes, that mind and body, as we now say, or soul and body, as he said, are utterly different. The 17th-century philosophy of Cartesian dualism is the foundational bedrock of Western scientific medicine. And the disembodiment of the brain by the rigid interdiction of the BBB was a concrete realisation of this philosophy. So when the pioneer neuro-immunologists proposed that inflammatory proteins in the blood could get across the BBB to have effects on the mind, they weren’t regarded merely as wrong about the biology but as deeply disrespectful of the philosophical underpinnings of scientific medicine.


It is now clear that a lot of what I was taught in medical school is wrong. It has become increasingly obvious that the existence of the BBB does not prohibit all immunological cross-talk between the brain and the body. We now know that inflammatory proteins in the blood, called cytokines, can send signals across the BBB, from the body to the brain and the mind. I will say more about cytokines later but if you’ve never heard of them before you can think of them as hormones which circulate in the bloodstream creating powerful inflammatory effects throughout the body, including the brain. So when the dentist started probing my gums and scraping my teeth, she would have caused immune cells in my mouth to produce cytokines, which then circulated throughout my body in my blood and communicated inflammatory signals across the supposedly impermeable BBB to reach the nerve cells in my brain and cause my mind to become inflamed.



What does an inflamed mind look like?



Mental inflammation, I used to think, without thinking about it too hard, might be similar to physical inflammation. As we have known since Roman times, the body becomes red and swollen when it is inflamed. So I used to imagine the inflamed mind was metaphorically red and swollen, angry and excessive, passionate, out of control and potentially dangerous, closest in psychiatric parlance to a state of mania. But the image of an inflamed mind that I conjure up now is almost the opposite: not a choleric and threatening person but a melancholic and withdrawn one. Like Mrs P, her hands swollen and deformed by inflammatory joint disease, silently wondering why she felt so gloomy and tired. I now think of her as typical of an inflamed mind, not metaphorically speaking, but mechanistically speaking.


The shift from metaphors to mechanisms of the inflamed mind begins by acknowledging the overwhelming evidence for a strong association between inflammation and depression. Simply recognising this association, which is sometimes hiding in plain sight, is the right place to start. But the crucial questions are about causality. For a new, post-dualist way of thinking to take root it must be scientifically established that inflammation is not merely associated or linked with depression but can directly cause depression.


One way of teasing apart cause and effect is by looking at the sequence of events in time. Causes must come before effects. So if inflammation is a cause of depressive symptoms, we would expect to find evidence that inflammation can occur before depression; and there is some such evidence from recent research. For example, a 2014 study of 15,000 children in Bristol and south-west England found that children who were not depressed, but were slightly inflamed at the age of nine, were significantly more likely to be depressed 10 years later as 18-year-olds.7 This is one of dozens of human studies, and hundreds of animal studies, that have shown that inflammation can anticipate or precede depression or depressive behaviours.


But precedence alone is not sufficient for inflammation to be taken seriously as a cause of depression. Sceptical scientists and doctors will need to know how, by what exact biological mechanisms, inflammation can cause depression, step by step from cytokines in the blood to changes in the brain that can in turn cause depressive changes in mood. Here too there is supportive evidence from recent experiments in animals and humans.


If a rat is experimentally injected with infectious bacteria, it behaves a bit like I did after the dentist. It withdraws from social contact with other animals, it doesn’t move so much, its sleeping and eating cycles are disturbed. In short, infection reliably causes a syndrome in animals – called sickness behaviour – that is roughly recognisable as akin to the human experience of depression. In fact, you don’t even need to infect a rat to see this sickness behaviour. It is enough to inject the rat with cytokines, proving that it is not the germ itself that causes sickness behaviour but the immune response to infection. Inflammation directly causes depression-like behaviours in animals – that is beyond doubt.3


We also understand how inflammation can have effects on the brains of rats and mice. We know that nerve cells exposed to cytokines are more likely to die and less likely to be regenerated. We know that when nerve cells are inflamed the connections or synapses between them are less capable of learning patterns of information and that inflammation reduces the supply of serotonin as a transmitter between nerve cells. For animals, at least, an explanatory chain is taking shape that can link inflammation of the body directly to changes in how nerve cells work in the brain, that in turn causes sickness behaviour that looks like depression.


To work out the equivalent chain of connections in humans is not easy. We can’t experimentally infect people with dangerous bacteria, we can’t inject cytokines (or anything else) directly into the brains of healthy people, and it is impossible to see what inflammation does to living human nerve cells, one cell at a time. The vast majority of human nerve cells – about 100 billion of them – are packed together densely in the brain; and the brain is extremely well protected from the outside world by the bony skull. The only way we can “see” what is going on inside the skull of a living human is with brain scanning techniques, like magnetic resonance imaging. And recent fMRI research has begun to produce evidence that inflammation of the body can have a direct causal effect on the human brain and mood. For example, when healthy young people were injected with a vaccine against typhoid, their immune systems reacted like the immune system of a rat injected with bacteria, and cytokine levels spiked in their blood. The vaccinated volunteers also became mildly depressed and their post-vaccination depression was associated with greater activation of regions of the brain that we know are hard-wired for emotional expression.8


So the science of immuno-psychiatry has matured to the point that it can help me answer the question of how I became depressed after the dentist in a new and logically seamless way. I don’t need a ghost in the machine. I can plausibly argue that the surge of cytokines caused by my root canal surgery sent an inflammatory signal across the BBB to cause a change in the emotion-processing networks of nerve cells in my brain, which in turn caused an episode of depression that led my mind to dwell on the grave. There is credible experimental evidence for every step of this dualism-defying, extraordinary explanation. But still it is not entirely complete. There are gaps and anomalies in the existing evidence base, to be sure, as there always will be in any rapidly advancing area of science. But even if we had a complete answer to the question “how”, we would still want to know the answer to the question “why”.
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