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STEVEN LEVY, M.D.:  Dr. Andrew Miller is the Timmie Professor of Psychiatry and Behavioral Sciences, and doctor of psychiatric oncology, at the Winship Cancer Institute, at the Emory University School of Medicine.  He attended medical school at the Medical College of Georgia, and did a residency in psychiatry at the Albert Einstein College of Medicine.  As a general faculty member, Dr. Miller trained at Mount Sinai School of Medicine and at Rockefeller University, in New York City.  His work focuses mainly on the input of information on behavior and health.  He is also interested in the role of glucocorticoid hormones in the regulation of inflammatory processes.  Dr. Miller has produced over 200 scholarly publications, and edited a book entitled "Depressive Disorders and Immunity."


Dr. Miller currently has several studies funded by the National Institute of Mental Health and the Centers for Disease Control and Prevention, to examine the mechanism and treatment of cytokine-induced depression and fatigue, as represented by the cytokine interferon alfa which is used for the treatment of infectious diseases and cancer.  His interferon alfa studies provide (Inaudible) to understand and treat depression, particularly in (Inaudible) in medically ill patients, including patients with cancer and chronic fatigue syndrome.  More recently, Dr. Miller was (Inaudible) and catalysts for patients with treatment-resistant depression.  Dr. Miller's research  (Inaudible) from the International Society of Psychoneuroimmunology, and the (Inaudible) Award from the (Inaudible) Research Society.  Aside from his research activities, Dr. Miller is a board certified psychiatrist and a past examiner for the American Board of Psychiatry and Neurology.  Dr. Miller?


ANDREW MILLER, M.D.:  Thank you very much, Steve.  Can everybody hear me?  Can you guys hear me, in the back?  It's good?  I'm amazed you could pronounce psychoneuroimmunology.  I was thinking you were going to stumble on that one.  Before I start, I just wanted to say a few things.  First of all, I wanted to thank the organizers for including me.  Inviting me.  Mike Owens, in particular.  Dr. Owens put all this together.  So I don't know whether we've had a little hand for him, but, Mike, this is fabulous.  You've done a great job.


(Applause)


ANDREW MILLER, M.D.:  And, of course, Steve, Dr. Levy.  He's been here with us, all day, as yeoman's work, and I think fabulous.  And to all of you for coming out, today.  It's not a great day, and it's great to have you here.  And, hopefully, I can begin to talk to you about something very new in psychiatry, and maybe we can do it a little informally, but we'll see how it goes.  Also, it is a tremendous honor for me to share a podium with Christine Heim and Kerry Ressler.  These are two superstars, young superstars, in psychiatric research, and I really can see them making major contributions to our understanding of psychiatric disease.  And finally, of course, I am very thankful to NARSAD, who has funded me, has funded investigators in my laboratory, has funded many investigators in our department, and has really helped sort of push the research mission along, not only at Emory, but also throughout the United States.


So, today, what I'm going to be talking about ... we're shifting gears a little bit here.  We're going to talk about what I think is one of the most exciting new developments in psychiatry that has come down in quite some time.  And it has to do with a contribution of the immune system to the development of psychiatric diseases; and, in particular, the contribution of activation of the innate immune system and inflammation to the development of depression.  And this is what we're going to focus on, today.


Now, I think all of you are aware ... I don't need to go through a lot of details here ... but depression is a devastating disease.  It's a common disease, with approximately ten percent of the population, worldwide.  The question came up.  This is pretty much across all cultures; across all countries; continents.  About ten percent of the population suffer from clinically significant depression.  This is a fatal disease.  A significant percentage of patients will kill themselves with depression.  This is a disabling disease.  According to World Health Organization, if you look at years lived with disability ... because most patients with depression live with depression and are not functioning, and it is, if you categorize it that way, the leading cause of disability worldwide.


One of the biggest problems that we as psychiatrists are confronting ... and this has really been put in our face more recently by some of the data that's been generated by multi-site clinical trials, large clinical trials, in the community, using varieties of different medications, and stages, and start patients off o one drug and add a second drug, and add an antipsychotic, and add a mood stabilizer, and add a drug that influences thyroid function, and so on and so forth ... and, at the end of the day, these multi-site clinical trials in the community are telling us that somewhere in the neighborhood of a third of depressed patients are unable to take advantage of the conventional antipsychotic treatments that are out there.


Considering the number of patients who are depressed, this is a pretty large number.  And these patients are identified as treatment resistant.  So I think the challenge is on to start to think outside the box and start to think of new ideas, new strategies, new approaches that can allow us to derive new therapies for these patients, largely those with treatment resistance; although there are a significant percentage ... and I think you are familiar with that ... who just can't take the conventional drugs, as well.  So they kind of end up in this pot, as well.


So when one starts to think about new ideas, a number of psychiatrists, including myself ... although it is a relatively small number ... are starting to think about the immune system.  And many you are probably aware, you've read it in the lay literature, that the brain and the immune system interact in meaningful ways.  And these interactions fall in a field of research often referred to as psychoneuroimmunology.  And psychoneuroimmunology ... or PNI, as it's often called ... has been around for over 50 years.  And the field has been dominated by this notion that when you're stressed out or you're depressed, there's activation of endocrine pathways, hypothalamic-pituitary-adrenal axis, autonomic nervous system, immune system ... the cells in the immune system have receptors for the hormones that are derived from these systems ... and this depression and stress of the endocrine system alters the immune system, leaving individuals vulnerable to immune-based diseases: infectious diseases, cancer, autoimmune disorders, and what-not.  And that's been, in large part, what the field has focused on.


More recently, however, there's been this increasing appreciation that this is a bidirectional communication between the brain and the immune system.  And the immune system may have a little bit of a say in the mix.  And what we're beginning to recognize is that, relative to the immune system, activation of innate immune system responses ... and we'll talk a little bit about what is the innate immune system ... and the elaboration of inflammation ... and this can come about through infection, or any time there is tissue damage or destruction in the body, you will see inflammation.  The sine-qua non of particularly and anatomy, with very few exceptions, is inflammation.  If you have a sickness in your body, there's going to be tissue damage and destruction and destruction, or infection, and there will be inflammation.


And so this can come about through a number of ways you get tissue damage and destruction.  (sic)  I work in the cancer center, so many patients are getting surgery, radiation, chemotherapy.  And this has been an interesting little wrinkle here:  Psychosocial stress can activate the innate immune system.  A major breakthrough.  And we'll talk about that.


By virtue of these various factors that can trigger and activate an innate immune system and inflammation, you get relief of innate immune cytokines, and the innate immune cytokines are interferon alfa, interleukin-1, and interleukin-6, and tumor necrosis factor alfa.  These are the innate immune cytokines.  And what we've learned, largely from animal and a few human studies, is that these cytokines can get into the brain and interact with virtually every pathophysiologic domain relevant to depression, including neuroendocrine function, we heard about; neurotransmitter metabolism, where all the drugs are active; synaptic plasticity.  I'm sure Dr. Ressler talked about growth factors.  Neurocircuits in the brain relevant to behavior.  And ultimately lead to behavioral changes that look like depression.


And so the question is starting to come up, does this connection between the brain and the immune system account for the very high rates of depression that we see in patients with a variety of medical illnesses, which are anywhere from five to ten times higher than the general population?  And does the immune system, interestingly enough, serve as a link ... given the fact that stress can activate the innate immune response and inflammation ... is this link between stress and depression, in part, mediated by the immune system?


So what I'm going to do, in the time that I have today, is just give you the background ... very simply; broad brushstrokes ... of why we believe the innate immune system may be involved in depression.  And then I'll touch on a few future directions, as we move through.


Now, I'm not totally psychotic, up here, talking about inflammation.  Inflammation is hot, right now, in general.  You've probably seen this.  This is the cover of Time Magazine, several years ago, talking about inflammation is a secret killer.  We're beginning to recognize that inflammation is a common mechanism for disease, across a number of diseases, including cardiovascular disease, cancer, diabetes, neurodegenerative disorders.  Inflammatory markers, markers of an activated system ... some of you may have heard of C-reactive protein, CRP; you might have even had your physicians measure your CRP and say it's actually a little bit high ... interleukin-6 and other inflammatory markers ... these are potent predictors of healthy individuals developing cardiovascular disease, diabetes; and there's some data now suggesting that predicting cancer, as well.  (sic)   And we know that inflammation plays an important role in the pathophysiology of these diseases:  Plaque formation in heart disease; insulin resistance in diabetes; and metabolic syndrome and obesity.  And my cancer oncology colleagues are very interested in the role of fundamental inflammatory signaling pathways, like nuclear factor kappa B, or NF kappa B, as playing a role in the development of cancer and the development of resistance to cancer treatments.


So, if anything, we in psychiatry are sort of johnny-come-latelys to the scene, starting to get interested in inflammation, and asking the question, does inflammation play a role in neuropsychiatric diseases and, more specifically, do innate immune cytokines play a role in depression.  Do cytokines sing the blues?  I put this up there because I love this slide.  If you're interested in reading this is a review article we wrote, several years ago.  This is a blues guitarist made up of cytokines.  It's kind of fun, anyway.


So let's briefly talk about what is the innate immune system.  This sort of intimidating cell type here, and cell types like it ... this is a scanning electron micrograph if a macrophage.  It's an immune cell subtype going after ... I don't think whether you can see it ... this is a little, unsuspecting bacterium, down here at the bottom.  And then the macrophage is going to sample this bacterium.  And macrophages and cell types like it line all the mucous members of the body.  They're in the gut.  A lot of macrophages in the gut, in the lungs, along the nasal mucosa, mouth.  And also are well represented in the skin.  So they're uniquely poised to receive any sort of infectious invasion or any damage in the integrity of your body, in terms of the skin and mucous membranes internally.


Here we are in cartoon fashion.  Here's our macrophage, again.  And when there is a pathogen that enters the system, or cellular debris from tissue damage or destruction, that macrophage, through a sort of a lock-and-key mechanism, will bind to receptors on the macrophage.  They're pattern-recognition receptors; very crude recognition receptors.  One class of these are called toe-like receptors.  And activation of these receptors will activate signaling pathways in the macrophage ... NF kappa B, again ... which is a linchpin in kicking off the inflammatory response.


And that will lead to a local inflammation, with the release of the innate immune cytokines, which we've already heard about.  Chemokines ... this is a blood vessel here ... will attract white blood cells that are flowing through the vasculature, and encourage them to move towards the endothelial cells that are lining the vasculature.  And then you get the release of adhesion molecules that makes these belts stick, and then eventually enter into the interstitial tissue, where they can then begin the mop-up operation, start killing the pathogens, and helping with the wound-healing process.


And that leads ... I don't think you can read this ... to all the cardinal symptoms of inflammation:  the swelling, the redness, the pain, and the heat.  Now, depending on the extent of this local response, this whole process can go systemic, if you will.  And these cytokines, these innate immune cytokines, can enter the blood, interact with the liver; induce what's called an acute-phase response, where the liver produces proteins, like C-reactive protein, CRP, which I mentioned before.  These proteins serve to help clear the pathogen, as well as reduce inflammation and mobilize the healing process.


And, of course, for the purposes of our interest, these cytokines can also access the brain.  And in the brain, they lead to a variety of behaviors, often referred to as "sickness behavior," with fatigue, anorexia ... not interested in eating; not interested in usually pleasurable activities; anhedonia; changes in sleep.  And all of these kinds of behavioral changes, from an evolutionary perspective, are seen to basically shut the animal down.  If you're sick, you need to be focused on wound healing, fighting infection, mounting a fever; you don't need to be running around and hanging out with your friends.  So this is a quick way to shut things down, and that's sort of the idea of what's going on with these cytokines and their effects in the brain.  But some of you who know a little bit depression can see a little bit of an overlap there.  And we'll talk more about that, as we move on.


So what is the basis for this notion that inflammation may play a role in depression?  Well, the very earliest literature was that patients, whether they be medically ill or medically healthy, have increased markers of an activated innate immune response in their peripheral blood and cerebrospinal fluid.  So there's increases in peripheral blood and cerebrospinal fluid innate immune cytokine.  There's probably well over a hundred studies that have been done in this area.  Interleukin-6 appears to be the most reliable.  There are increases in acute phase reactant, C-reactive protein being the most reliable; increases in these chemokines that I've talked about; as well as the adhesion molecules.


So all of these things that we would expect to see to be elevated, in the context of inflammation, have been found to be elevated in patients with major depression.  And not only are they elevated, but they correlate.  The higher the inflammation, the greater the severity of depression.  So there's an association between these factors.


A couple of caveats.  If you get better from the depression, the inflammation goes away.  Back to our initial concern, was those treatment-resistant patients. (sic)  If you start treatment with high markers of inflammation ... and, thank goodness, the CDC and the American Heart Association have used CRP to actually tell us what high inflammation is ... go get a blood test; if it's over three, you have high inflammation; between one and three, you're kind of nibbling, and you should be below one.  And we'll talk a little bit about how you might deal with that.


The people with high markers of inflammation before treatment are less likely to respond to treatment.  So it's associated with treatment resistance.  We're doing a study, now, on treatment-resistant patients, where we're blocking one of the innate immune cytokines, TNF-alpha.  So we're taking this right to the clinic.  We're starting to block cytokines and see if we can help these treatment-resistant patients get better.  If there are people who are interested in participating in our study, go to our web site, Emory Mind Body program, and you'll see the study there.  Click on it.  We'd be happy to talk to you about it.  People who don't respond to therapy ... so if you go on therapy and you don't respond, if you measure inflammatory markers, they tend to be high.  So there's this association between treatment resistance and inflammation.


This is sort of a couple of weird looking slides that just give you a feel for the literature out there.  Each one of these dots is a study ... and, trust me, there's ... you can count them, if you want, but it'll take you awhile ... over 60 studies indicated here.  

And studies in the white area are studies that show higher levels of either IL-6 or CRP in depressed patients versus controls.  And the red area are the studies that are negative studies.


So given the heterogeneity in biological psychiatry, this is amazing that you would do this many studies and they would all, or the majority of them, fall into the positive category.  It's really only five or six studies.  Less than ten percent of the studies are negative.  A pretty powerful finding; a pretty reliable finding.  And the effect size, for those of you who are interested, is somewhere between a small and a medium effect size.  With C-reactive protein, you get a little bit more chatter.  But, again, the majority of the studies are in the positive direction.  So this is a meta-analysis that concluded that IL-6 and CRP are reliable markers of the increased inflammation in depression.  There's a recent paper, showing that TNF-alpha is also a significant and reliable marker of inflammation in depression.  So that's one.


The first case.  Look at depressed patients.  They have increased inflammatory markers that are correlated with severity of depression.  The second thing, you can give innate immune cytokines to humans, laboratory animals, and they become depressed.  They show depressive-like behavior.  We do a lot of studies like this at Emory.  And we use the innate immune cytokine interferon alfa.  For those of you who are not familiar with interferon alfa, it's antiviral; it's antiproliferative; it's the only FDA-approved drug for the treatment ... or cytokine use for the treatment of hepatitis C.  They also use it to treat malignant melanoma and renal cell carcinoma.


Aside from being an innate immune cytokine itself, it triggers other innate immune cytokines, including TNF-alfa and IL-6.  And most relevant to our interests, and where we got into this, is the oncologists, when they started giving interferon alfa to cancer patients, came running to us and said, all of our patients are getting profoundly depressed ... can you guys do something about it?  So these are potent inducer (sic) of behavioral toxicity that looks like depression, and it's scary how much it looks like depression.  And it occurs in both humans ... and at Emory, here, we also have a non-human primate model of cytokine-induced depression, using interferon alfa.


This is the kind of behavioral changes you see:  

depressed mood, anhedonia, patients become anxious, patients have memory-concentration problems, patients get tired, sleep problems, psychomotor retardation, slowing down, lose their appetite.  And anybody who's been depressed, in this room, knows that those are the symptoms of depression.  That's what we in psychiatry use to make a diagnosis of depression.  So if you had a psychiatrist go in and interview patients at multiple point time points during interferon alfa therapy ... again, high dose ... for cancer ... we excluded anybody who was depressed, at the beginning ... after 12 weeks, almost 50 percent of the patients show profound clinical symptoms that meet criteria for major depression.  This provides a very unique model to study how cytokines cause depression.  That's a whole separate lecture.  We can talk about the question how it does.  But we've learned a lot about how cytokines cause depression.


So if you give cytokines to people, they get depressed.  And that's just our work; there are other people who've given other types of stimuli ... vaccine, bacterial endotoxins, patients showed depressive symptoms.  So it's not just interferon alfa.  There's a body of literature.


You can block cytokines or their signaling pathways, and patients get less depressed.  Now, we're going to the other side, and that has treatment implications.  And this has been done in patients with inflammatory disease, inflammatory disorders, as well as patients with depression; and there's a huge animal literature, where you can infect animals, stimulate the innate immune system, and then block cytokines, and the animals don't show depressive-like behavior, any more.


This just gives you a feel for some of the human data in this regard.  This is a double-blind, placebo-controlled trial that was conducted at Duke, by Ranga Krishnan and colleagues.  And what they did is they were treating patients with psoriasis, and half the people got etanercept, which blocks TNF-alfa.  Again, that's TNF-alfa.  And I didn't mention to you, TNF-alfa also is activated by interferon alfa and correlates with the development of depression.  So TNF-alfa keeps popping up, as we go through this.


And so this drug blocks TNF-alfa.  And here's the placebo group.  And in these psoriasis patients, patients who received etanercept showed significant improvement in depressed mood, compared to placebo-treated patients.  And this was independent of their getting better from their skin disease.  This was separate to that.


Small studies.   The Europeans are going crazy on this stuff here, which is a COX II inhibitor.  You've probably heard of celecoxib or Celebrex.  It's not on the market. here in the United States.  But I guess blocks inflammatory ... it's a nonsteroidal anti-inflammatory agent.  And here they combined it with a drug, reboxetine, which is a norepinephrine reuptake inhibitor.  And you can see the individuals ... in double-blind, placebo-controlled fashion, the people who got Celebrex showed greater reductions in depressive symptoms, compared to the group that got reboxetine alone or with placebo.  And now there's, as I said, a very large multi-site trial going on, in Europe, to see if this data is replicable.


Now, I alluded to this before.  I think this is a game changer.  Once we began to see that stress, psychosocial stress, can activate the innate immune response, that puts us very much in the mix of what we understand about depression, because everyone in this room knows that depression is very vulnerable to being precipitated by a stressor.  Something bad happening in terms of relationship; a loss of a loved one; losing one's job; financial problems; and so and so forth.  These are stressors that we know are related to the development of depression.


And in this particular study, they used the Trier Social Stress Test.  Did you talk about that?  So people get up, in front of a crowd, they give a speech.  Five minutes.  Then five minutes for mental arithmetic.  A bunch of mean-looking people in white coats, looking stern, making you feel very anxious.  I've done it, and it freaked me out.  And you shouldn't be surprised that your hormone levels go skyrocketing, ATCH and cortisol, adrenalin, noradrenalin, epinephrine, norepinephrine skyrocket.


But what was really cool about this study is that they took the white blood cells out of the peripheral blood of these people, and they looked at NF kappa B's ability to bind to DNA.  That's the first step in sort of kicking off the inflammatory cascade.  And this is a gel-shift assay, where NF kappa B is binding to DNA.  And about ten minutes after the stressor was stopped, you see significant increases in NF kappa B DNA binding.  And here it is graphed.  And this is in the context of a psychosocial stressor in normal people.  So when you get stressed, you're activating inflammatory pathways.  You get chronically stressed, you might get that you're getting chronic activation of inflammatory pathways.


Tad Pace, working with Christine Heim, in our lab, decided let's look at major depression.  What happens in major depression with this sort of psychosocial stressor?  Again, using that Trier Social Stress test ... speech, arithmetic, mean people.  And here's the controls, showing that increase in NF kappa B DNA binding, about ten or 15 minutes after cessation of the stressor.  They also show a little bit of an increase in interleukin-6 in the peripheral blood.


But look what happens to depressed patients.  They show a markedly exaggerated inflammatory response to stress, in terms of NF kappa B DNA binding.  And they show a markedly exaggerated response in terms of interleukin-6.  Here's the baseline that I've already told you about.  We were one of those dots in that study that I showed you before, showing baseline elevations in depressed patients.  But you go ahead and you add stress to that, they go up even higher.  Okay?  So it appears that people who are depressed seem to be even more sensitive to the effects of stress on inflammation.


Now, I should note ... and Christine was talking about this ... these are all depressed men who suffered from early-life stress.  And there's a burgeoning literature that suggests that early-life stress is associated with increased inflammation.  

And early-life stress is associated, as Christine told us, with treatment non-responsiveness to antidepressant medications.  You should start to begin to see a pattern here that inflammation is tracking with early-life stress and treatment non-resistance.


This exaggerated response of depressed patients, in terms of NF kappa B and inflammation, to psychosocial stressor ... somebody asked this question; I added this slide ... is believed to be related to the association that we see between depression and a worse outcome of a number of medical diseases: cardiovascular disease, diabetes, cancer.  And these are all diseases, as I showed you initially, that are linked to inflammation.  So that increased inflammatory response that you see in the context of stress may be a link between depression and a worsening of diseases that we know are associated with inflammation.  So how does stress do this?  What do we know about this?  And I hope you can see this.


We think that stress largely is activating the innate immune system through NF kappa B, through the sympathetic nervous system.  That's the release of norepinephrine, noradrenaline, binding to the alpha adrenergic receptor, and that can directly stimulate NF kappa B.  Interestingly, there's a little brake on the system.  And the brake is coming from the parasympathetic nervous system, which is the motor vagus here.  That's the autonomic nervous system.  You have two arms ... sympathetic; parasympathetic ... and they kind of work against one another.


And the parasympathetic nervous system leads to the release of acetylcholine, which binds to alfa-7 nicotinic acetylcholine receptors, and that directly inhibits NF kappa B.  So you have this kind of yin-yang, in the context of stress, between the sympathetic nervous system that sympathetic nervous system that drives inflammation and the parasympathetic nervous system that puts a brake on it.  It's the relative balance between these two systems that is appealed to in various prevention strategies, like meditation, exercise, and yoga.  Because what these various interventions do is they pump up the volume for the parasympathetic nervous system.


The parasympathetic nervous system, if you're unconditioned or you're kind of freaked out, pulls away in the context of stress, and disappears.  So this is something that's an interesting preventative strategy.  And Chuck Raisson, in our group, has shown that compassion meditation increases parasympathetic nervous system activity and decreases inflammation.


So whether you get activation of the inflammation through stress, or infection, tissue damage and destruction; you get activation of NF kappa B; the release of all these cytokines, they get into the brain, and then they muck around with all the things that we know about depression, including growth factors in the brain, like BDNF that support the development of new neurons in the brain; they have influences on neurotransmitters, reducing serotonin, dopamine; increasing glutamate, which is a cytotoxic neurotransmitter that can kill cells.  And you can get changes, as well, increases in corticotropin releasing hormone.  (sic)


So you can see that there are multiple targets that one could go after.  We didn't talk about some of these inflammatory signaling pathways.  But certainly NF kappa B is a target for drug development.  And as I said, right now at Emory, we're targeting this particular cytokine to see if we can get patients with treatment-resistant depression better.  We're about halfway through the study.  We're hoping that, some time in the late winter of next year, around January, we should have some results in this regard.


Where are future directions?  And I'll end with this.  We need to know more about immunology.  Psychiatrists really are very naive about immunology.  And a lot of interest in T cells.  TH-17 cells drive inflammation.  T-regulatory cells inhibit inflammation.  So there's interest in doing various manipulations, even with bacteria, that can stimulate the presence of T-regulatory cells, which then can control these TH-17 cells.  We need to know more about how cytokines are interfacing with pathologies relevant to depression, like neurotransmitter metabolism.  We've done a lot of work, in our laboratory, on dopamine.  Cytokines seem to really lower that dopamine and make people profoundly fatigued; anhedonic; not interested in anything; and have significant sleep problems.


Are there novel pathways that the immune system uses that other aspects of depression don't?  And there (sic) does seem to be the case.  There's an endolamine-2-3 dioxygenase pathway related to kynurenine that our group has been working on and that we are in the process of considering clinical trials, using drugs that block this pathway, to see if we can treat depression in patients with medical illness or increased inflammation.


Where is the inflammation coming from?  This starts to get us to the point of prevention and such like that.  Fat cells are a very big source for inflammation.  Patients with depression tend to be heavier.  So that's a no-brainer.  Reduce the fat.  The fat cells call forth for inflammatory cells, and that can be a very strong source for inflammation.  Obviously, we talked about chronic medical illnesses and their treatments with surgery, radiation, chemotherapy.


The gut is getting a lot of attention.  So things like alcohol and stress, and certain diet, makes the gut leaky; bacteria leaks into the peripheral blood and the immune system responds to it, and it increases inflammation.  The leaky gut is getting a lot of attention, now.  If you're sleep deprived, if you don't get enough sleep, that will activate the inflammatory response.  And then we've talking a little bit about stress and early-life stress relevant to that.


We need to know which particular cytokines.  We picked one and went after it, and that's TNF-alfa.  What sort of signaling pathways ... NF kappa B or other signaling pathways ... what are the best candidates there?  And then, of course, once people are better, are there prevention strategies?  And, clearly, diet and nutrition.  We did a study on Mediterranean diet, with Viola Baccarino, which shows that it actually lowers interleukin-6 levels in the blood.  Some people take omega-three fatty acids; it lowers inflammation in the body.


These are not the kind of things that are going to get you better from depression, but they can help prevent a recurrence, once you've sort of done something a little bit more dramatic to treat patients.  Exercise.  Reducing adiposity.  And we talked about meditation, yoga, these strategies that shift that yin-yang balance between parasympathetic and sympathetic fibers.


So, in summary, quite simply, what I've tried to introduce to you is a new notion that we think has considerable promise.  We, at Emory, feel that we're the leaders ... or some of the leaders in the field in this area.  Clear.  No question that depression is associated with inflammation.  The question remains, let's block inflammation, get patients better; then we open up the possibility for development of even more treatments.  And, therefore, relevant to targeting cytokines and their signaling pathways, clearly relevant.  As new therapies, new ideas for treating patients ... especially those with increased inflammation and treatment resistance.


And let me just acknowledge all the people that work with us, including support from the NIH, NARSAD, CDC, and the Dana Foundation.  And I will stop there.


(Applause)


(Audio Drop-out)


ANDREW MILLER, M.D.:  Short-term stress.  No question.  And, of course, the data that I showed you there was a short-term stressor, so that's a ten-minute stress.  And that clearly activates the innate immune response.  Examination stress has also been shown to increase inflammatory responses.  And chronic stress has been shown to lead to chronic activation of inflammatory responses.  And I think Christine may have talked a little bit about glucocorticoids.  And what it appears is in the context of chronic stress, the glucocorticoid system sort of pulls back to allow the inflammatory response to come more to the fore.  And from an evolutionary perspective, some people have sort of suggested that if you're in a chronically stressful, unpredictable, unsafe environment, where you could be attacked at any time, in days gone by, you really need that inflammatory response running very high, so that if you get wounded, you're right there with the various cell types, and ready to handle pathogens and to begin to wound-heal.  So that's sort of the idea between this relationship between glucocorticoids and inflammatory responses.


(Audio Drop-out)


ANDREW MILLER, M.D.:  A big problem.  So I think that clearly ... and this comes back to something that Christine, I think, talked about, which was the epigenetic changes ... so in the cancer world, we don't discriminate between early-life stress and the treatment trauma that occurs in cancer, and the various concerns that cancer patients have, post-treatment.  So, clearly, cancer treatment is a huge stressor, and it may very well be that many of the same epigenetic changes that changes the genes are regulated, that occur in the context of early-life stress, are occurring in adulthood, in the context of these treatment traumas in cancer.  And then these kinds of changes may lead to long-term propensities towards inflammation that the flames are only going to be fanned by these psychological changes.  But it's not just psychology.  Yeah, patients are tired, they're depressed, they're anxious, and cytokines will fuel that.  But cytokines are growth factors.  They also fuel growth of tumor.  So you're losing on both ends.  And why people are very interested in targeting some of these inflammatory pathways ... not only for psychology; psychology is important, it's good that you have a good quality of life.  But this interaction that somebody was referring to, between the body and the brain, it goes well beyond psychology and enters into the realm of physiology, where now you're having an impact, potentially, on disease outcome.


(Audio Drop-out)


ANDREW MILLER, M.D.:  They're all similar drugs that block different cytokines ... IL-1 for Humira; TNF-alfa.


(Audio Drop-out)


ANDREW MILLER, M.D.:  Well, we're hoping.  It's never been tested before.  The data that I showed you is the data from a controlled clinical trial, so everybody's blinded, and they assign people to placebo and/or an active drug.  That all came from the clinicians.  And if there's one thing I've learned in my career, if the clinicians observe it and come to us, as researchers, and say, you know, I keep noticing this, it probably means something.  And the clinicians were the ones that came to us and said, I can't explain it, but when we give injections of these drugs, these cytokine antagonists, patients are having dramatic reactions in terms of improvement in move.  And that's where we started to see anecdotal, single-patient cases being reported by clinicians, of these dramatic improvements in mood.


(Audio Drop-out)


ANDREW MILLER, M.D.:  Lupus is a very interesting disease.  And, actually, lupus is a disease that involves interferon alfa.  And the interferon alfa really wreaks havoc in a number of different realms.  Cardiovascular system; so people with lupus develop accelerated cardiovascular disease.  There's obviously depression.  The reason we don't study lupus is because lupus directly influences the brain.  And I don't know whether it was obviously in my presentation, they were talking primarily about peripheral inflammation influencing the brain.  So we're not talking about formal inflammatory stimuli that occur in the brain.  And so lupus is a disease that has a formal CNF brain component.  So people have stayed away from studying it, because it's a little bit too complicated.  But, clearly, much of what I've said would have relevance.  And I think as we move through these biologics that target cytokines ... it's a very hot area of research; everybody was concerned, when they first started targeting cytokines, that patients would have horrible problems with infection, and that's not been the case.  Now, there's some better drugs coming along soon, that should have lower side effects, less risk for infection.  And one of the other problems has to do with multiple sclerosis.  Multiple sclerosis is a very complicated disease that has both demyelination that's mediated by cytokines, and remyelination that is mediated by cytokines.  So if you block the cytokines, you end up blocking the demyelination, but the nervous system can't remyelinate.


(Audio Drop-out)


ANDREW MILLER, M.D.:  Prednisone is a drug that ... and actually when we first put our study into the National Institute of Mental Health to do the TNF antagonist study, they said, well, why don't you just give people prednisone?  That suppresses the immune system.  The problem is prednisone has direct effects on mood, and they can be very variable amongst people.  The lion's share of people who are giving prednisone develop a kind of a hypomanic state.  Then there's a small percentage of patients, about ten percent, who develop depression.  And others that develop a lot of anxiety, agitation, sort of a mixed bag, and can border even into psychosis.  So again I'm a researcher, and the cleaner the field, the better.  So if I can take a patient that's not depressed, doesn't have very severe disease ... so the melanoma patients we studied had a solitary lesion, no metastatic disease, it's relieved by a minor surgery, they're not depressed ... and then I give them a dose of cytokine.  Twelve weeks later, they're depressed.  I don't have to worry about cancer in the brain.  I don't have to worry about other treatments that they're receiving, because they usually get one treatment.


(Audio Drop-out)


ANDREW MILLER, M.D.:  So is your question that if you had somebody who was on a cytokine and you gave them an antidepressant, would they get better?


(Audio Drop-out)


ANDREW MILLER, M.D.:  As a treatment resistant?


WOMAN:  Right.  


ANDREW MILLER, M.D.:  Generally, most people ... I don't think I've seen a study where people tried that, where they kept people ... because once somebody gets depressed, because of the risk for suicide with interferon alfa, they typically stop the interferon alfa and start the antidepressant, and they don't keep them on both.  What has been done is that people ... we did the study, actually ... we put people on antidepressant before they started interferon, for two weeks.  Then they went on interferon.  And we were able to reduce the incidence of depression over four-fold.  So there was a significant efficacy of the antidepressant in blocking the development of depression.


WOMAN:  (Inaudible)


ANDREW MILLER, M.D.:  We used paroxetine.  Now, one thing that was interesting in that study is that while mood and memory concentration and sort of anxiety symptoms responded beautifully to paroxetine, the patients were still very tired.  And so that's probably because cytokines like the basal ganglia ... that's another talk ... and deplete dopamine.  And so fatigue, we think that there may be some relevance to chronic fatigue, fibromyalgia, other fatiguing disorders.  And now there's interest in the role of cytokines, as I mentioned, in neurodegenerative disorders, like Parkinson's disease, where you see a lot of fatigue in the context of dopamine depletion.  Any other questions?  Thank you very much.


(Applause)

(END OF TAPE)


