PAGE  
12

ELAINE SANDERS-BUSH(
Interviewed by Joel Braslow

San Juan, Puerto Rico, December 8, 2003

JB: I guess we should begin from the beginning. Where are you from and when did you know, initially, what you were going into?

ES: I was born in Kentucky and grew up on a small farm; my parents were poor. Although neither graduated from high school, college was extremely important to my mother and I went to college at her insistence. I planned to be a high school teacher, but when I took my first education course, which was pretty darn boring, I decided that teaching was not for me. I double-majored in biology and chemistry and was beginning to consider an advanced degree. In my junior year, a faculty member from the Department of Pharmacology at Vanderbilt University came to talk to the chemistry majors about graduate studies in pharmacology. I thought pharmacology was fascinating and decided I would go to graduate school. So, I applied to three programs, one in pharmacology at Vanderbilt, and two others, one in physiology and one in biochemistry. I got accepted to all three and decided to go to Vanderbilt, because it had a better reputation.

JB: Your interest in pharmacology, was it primarily motivated by the fact that you took it in college?

ES: No, I had never heard of pharmacology. My interest was sparked by the recruitment visit of the pharmacology faculty member.

JB: What was it that excited you about it?

ES: The blend of biochemistry and physiology; I was good in both and facing a hard choice, so to blend those disciplines seemed ideal. In a sense, that's been an emphasis throughout my career, performing interdisciplinary research where I combine biochemistry and molecular biology with physiology and behavior.  I am very interested in cells and how cells function, but I also like to put my research in a broader context of behavior and disease.

JB: What have been the most important kind of studies  you've done over the years?

ES: I was trained in drug metabolism, so that was chemistry, and then became fascinated with the new field of psychopharmacology. We had a professor, a young scientist, who was recruited to Vanderbilt to head up the psychopharmacology unit, Fridolin Sulser, and I desperately wanted to work with him because I was so fascinated by the area.

JB: This was when?

ES: In 1967 I got my PhD degree, and went to do postdoctoral work with Dr. Sulser. He was at Vanderbilt but his laboratory was off campus at a psychiatric hospital, which has now been closed and bulldozed. But, in those days, it was an ideal environment, with basic and clinical scientists under the same roof, talking to each other.

JB: Was it a state hospital?

ES: Yes, a state mental hospital, Central State Hospital; one building was dedicated to research, the Tennessee Neuropsychiatric Institute. We had a cadre of scientists there who were interested in drugs and psychiatric diseases, i.e., psychopharmacology. It was a very dynamic, exciting environment because of the people who shared common interests and goals.  I got married soon after graduation. My husband was a faculty member at Vanderbilt, so I wanted to stay in Nashville, but there were not a lot of opportunities. So, I was fortunate that Dr. Allan Bass, chair of Pharmacology at Vanderbilt, offered me an opportunity to join the faculty.

JB: Was this after graduate school?

ES: Yes, I became an assistant professor in 1969, and my laboratory was off campus at the Tennessee Neuropsychiatric Institute. I stayed there until about 1983. A couple of key people left and the critical mass fell below what was ideal for having this great "collision-coupling" experience. So, I asked to move to the main campus. My research had shifted from presynaptic mechanisms to receptors and postsynaptic mechanisms including intracellular signaling that's one of the major strengths at Vanderbilt. I felt that my research would benefit from being on campus.

JB: Your early work was on?

ES: It focused on psychostimulants, like para-chloroamphetamine and fenfluramine. While I was working as a post-doc with Fridolin Sulser, I discovered the long term action of these drugs on brain serotonin; after a single dose, there was prolonged depletion of serotonin for weeks, which we speculated might be related to neurotoxicity. It was later demonstrated, convincingly, that these drugs were neurotoxic. That was a very novel finding and exciting time; this research was all related to presynaptic mechanisms and basic neurochemistry.

JB: Focus a little on your early work. Were you thinking about studying the mechanism of action of antidepressants at the time? What was your motivation?

ES: No, I don't think I was thinking in the context of antidepressants. I guess I was thinking more in the context of unique properties of halogenated amphetamines and what their mechanism of action was; they interact with dopamine and, there was also some evidence that they might interact with serotonin.  Fridolin Sulser said, “why don't you look at the serotonin system for these psychostimulant drugs that are related to amphetamine and see how they interact with serotonin"? He was primarily working on norepinephrine in those days. So, it was something new for his laboratory. Fridolin was really good at developing young people and thought this project would give me independence and recognition. So, I took the project and made this significant discovery.

JB: What significant discovery?

ES: First of all that they had these long term effects was very surprising and it was novel that a single dose would have such a long term effect.

JB: And, did you have a hypothesis about why?

ES: We tried to define the mechanism. We initially thought the drugs were releasing serotonin, which they did, but then, there was a depletion of serotonin and 5-hydroxyindole acetic acid, as well as a loss of the presynaptic serotonin transporter. In those days it wasn't called serotonin transporter but rather, fluoxetine sensitive transport. All of the presynaptic markers of serotonin were markedly reduced, which lead to the hypothesis that these drugs were neurotoxic.

JB: What animal did you use?

ES: Rats, primarily. We did a little work in mice. Mice are much less sensitive to these drugs, so if we had been using mice to start with we wouldn't have made the discovery! What was so fascinating about this work was that there was another drug, fenfluramine, which was clinically used in Europe to reduce appetite. It was a very close analog of p-chloroamphetamine, so we looked at fenfluramine and it also had long term effects.  That was  kind of shocking because it was being used clinically.

JB:  It had been thought these drugs acted for a short period?

ES: A very short period of time, because people had never looked at their duration of action.

JB: What were the implications of that drug having long-term effects?

ES: We worried about neurotoxicity in humans. I mainly stayed away from that issue, which was a big controversy. There was a successful attempt to license a form of fenfluramine in the states for reducing appetite, which ended up being combined with phentermine, Fen-Phen, and later withdrawn from the market. You remember that, don't you?

JB: Yes, I remember that.

ES: The effects of fen-phen that caused its withdrawal were not related to the CNS, but were cardiac valvular defects. But, I always thought I'd never want to take that drug myself or have any of my friends or family take it, because I believed that the biochemical evidence of a long term loss of those presynaptic markers suggested that it was neurotoxic.

JB: Did you continue with other drugs that were being used as appetite suppressants?

ES: We did not; most don't deplete amines like fenfluramine does, so that wasn't the logical thing to do. Then, I shifted over to postsynaptic mechanisms, receptors and intracellular signaling. In about 1978 I was up for the third or fourth renewal of my grant on the halogenated amphetamines, and I had a problem with the renewal. There are good times and there are bad times in any research program. When I wrote the renewal application, it was not the best and most exciting time in my research. The committee that reviewed my grant was not impressed and the grant was not funded. That was the first time this had happened to me, so it was a shock. I thought, maybe I am just re-plowing old ground. Maybe I really need to change. So I changed my focus and started looking at serotonin receptors in about 1979, when radioligand binding was just developed and that research had taken off.

JB: What was the motivation to go into receptors?

ES: In part, it was the disappointment of the grant not being funded, but also the excitement of working on neurotransmitter receptors. When I trained as a student, it was taken on faith that receptors existed. The properties of the drugs were such they suggested there were specific receptors but we didn't have any real evidence. Once we got tools for quantifying and characterizing receptors, it was an exciting time. Since I was interested in serotonin, I decided  I should shift over to working on serotonin receptors.

JB: Can you explain more about the shift in focus?

ES: I started first doing simple radioligand binding assays, and found evidence for multiple binding sites but I wasn't confident enough to publish it. In those days, it was spiperone that we used to identify the 5-HT2 receptor. We had indications that spiperone bound to 3H-5HT binding sites with multiple affinities, which would suggest it's binding to more than one receptor. So, the logical interpretation was there were multiple receptors serotonin was interacting with.

JB: And, that was a new idea at the time in terms of thinking there might be multiple sub-types. And, it hadn't been published before?

ES: No, it hadn't, but I didn't have the confidence to publish it. And, then, Sol Snyder and Steven Peroutka came out with their paper showing there were multiple binding sites for spiperone. Although I was disappointed we were "scooped”, it actually made me feel good because we had seen the same thing.

JB: When was this?

ES: About 1980. So, we shifted from looking at receptor binding to studying intercellular signaling, the second messengers that are formed and downstream signaling cascades.

JB: It's been a progression in your research from presynaptic to postsynaptic, to intracellular.

ES: Yes, I have focused on serotonin all of my research career, although the questions and level of analyses have shifted dramatically. It's been a very rich area for study.  We did some of the earliest work on signal transduction mechanism for the 5-HT2 family of receptors, looking at second messengers that were formed and how that was regulated.

JB: When did you start looking at second messengers and studying them? What tools were available?

ES: Probably 1982. Adenylate cyclase creating cyclic AMP as the second messenger was well-known in those days, indeed the first and only well-recognized second messenger at that time. There was a paper from Michael Berridge, in Great Britain, showing that serotonin accelerated calcium release in an invertebrate system via a phospholipase C signal transduction pathway. I thought that was fascinating, calcium as a second messenger, and one of my graduate students, Jeffrey Conn, started exploring the possibilities in brain; we were one of the first laboratories to show that calcium was a second messenger for the 5-HT2 family of serotonin receptors.

JB: What was it that motivated you to start looking at second messengers as opposed to sticking with the membranes?

ES: Part of it was the environment at Vanderbilt, where we had scientists who were exploring intracellular second messenger systems, although not in the brain. Earl Sutherland, who won the Nobel Prize for discovering cyclic AMP, was at Vanderbilt and around him, was a tremendous cadre of people that were looking at adenylate cyclase and intracellular signaling in that pathway.  So it was the intelligent culture that fostered my interests and the development of a new research focus.

JB: Was this unique to Vanderbilt?

ES:  It was in those days. Even today we're considered leaders in the field of second messengers and intracellular signaling, because we still have very strong laboratories studying the fundamental processes including kinases and phosphatases and other intracellular signaling mechanisms. If we put together that with the expertise we have in pharmacology, we will learn a lot about how drugs and neurotransmitters produce their effects in neurons.

JB: Was your work unique at Vanderbilt in a sense of linking, on the one hand, pharmacology and on the other, biochemistry?

ES: Fridolin Sulser had been looking at norepinephrine and adenylate cyclase for several years; while I was his post-doc that was his major focus. But it was all adenylate cyclase and cyclic AMP and not the calcium second signaling cascade. Now there are many more signaling pathways we know, but, phospholipase C/calcium was the second one that was recognized as being important.

JB: And that came from you?

ES: Yes, with regard to serotonin. When you think about serotonin and the drugs that interact with it, understanding the cellular mechanisms is important. Although a lot of my studies in the early days were done in brain tissue, I moved into recombinant cell lines, where we expressed the cloned receptor in a cell and so can study that receptor and its signal transduction in great detail. It was a very attractive molecular tool; the problem is that these recombinant cell studies only tell you the possibilities, not what is actually occurring in brain.

JB: Explain that more, will you?

ES: You're expressing this cloned receptor in a cell line that doesn't normally express the receptor and you assume the mechanisms you are defining in that cell are the same that are going on in a neuron in the brain, but this is merely an assumption. Initially, you're making so many discoveries, you just keep going and going until finally you ask yourself, what does it really mean? In the last decade, I've been challenging the people in my laboratory to start asking, what does it really mean? We know, for example, that hallucogenic drugs interact and activate these signaling cascades; indeed, they activate multiple intracellular signals. Is that really important to their behavioral actions? Now we are trying to devise ways to address that question. It's not easy though. It was a lot easier to do the studies in cells.

JB: Do you see that as a problem in general?

ES: Yes. It's really hard to put it all back together. My advisor as a post-doc, Fridolin Sulser, used to always say, “You can't fix a watch if you don't know how it works". And, that's true. That analogy is true for the brain; you learn all these things about how the signaling cascades work but the question is, how does it all fit together to create brain circuitry and function. Now, we have animals that have been genetically modified to block expression of specific molecules or to over-express specific molecules, so we can begin to examine the role these molecules have in behavior. I have not been enamored of those kinds of studies because you have so many potential complications related to developmental problems. You knock out a gene in utero and the animal grows up in the absence of that protein; this could have major effects on circuitry or functions of the brain that are independent of the loss of that receptor in the adult, so that's a complication of these kind of studies. Even so, they have given us some great insights.

JB: It was ten years ago when you started thinking about how you put it all together. What motivated that thinking?

ES: That's a good question. I had explored many intracellular signals, including changes in immediate early and late gene expression, defining the sequence of events that produced these changes in isolated artificial systems. But I've always felt the need to relate my research to behavior and disease. You get caught up in the power of this strategy because it's really exciting and you're learning new things. Maybe it's a lull, but all of a sudden you say to yourself, "what does all this really mean"?

JB: Is there a moment in time you can identify?

ES: No, I've always had behavioral collaborators and done behavioral studies, but they were a bit ancillary. I liked to think our biochemistry would drive the behavior and the behavior would drive the biochemistry, but it was hard to link intracellular signaling to behavior in the early days. I still do studies on cells in culture, but I am also exploring methods to manipulate intracellular signaling in gene transfer experiments or injecting dominant negative proteins to block a specific step in the signaling cascade to see how this alters behavior.

JB: Can you explain some of the more important work you have been doing in that context? 

ES:  This is still in the developmental phase, but about five years ago, I had a graduate student, Mike Chang, who wanted to take up the challenge of trying to determine whether or not signaling pathways we were defining in artificial recombinant cell lines occurred in cells that naturally expressed serotonin receptors. In collaboration with a peptide chemist, Mike developed tools for blocking different steps in the signaling cascade. The key was to figure out how to get the blocking peptides into native cells since they wouldn't penetrate the cell membrane. So Mike approached this biochemist who had developed peptide conjugates that were membrane permeable and, modifying these techniques, we developed methods for manipulating intracellular signaling in native systems. Then, I began to wonder, could I apply this strategy to the brain, to the whole animal? About this time, retroviral transfer strategies were being developed where the retrovirus infects cells and then expresses the peptide that is linked to it. Early successes had utilized these strategies in primate models of Parkinson's disease. So I thought, maybe we can use viruses to move the blocking peptides into neurons. We cloned the peptide cDNA into a lentiviral construct for microinjection into brain sites that may be important in the action of hallucinogenic drugs. The goal was to block intracellular signaling at different steps and see which steps are important.

JB: Tell me more about the significance, especially in the context of hallucinogenic drugs.

ES: If we could understand how hallucinogenic drugs alter neuron function to elicit their behavioral effects, that would give us clues about the mechanism of hallucinations in diseases such as schizophrenia and, perhaps, new targets for drug development. I'm interested, in a broader question with regard to hallucinogenic drugs, in defining the circuitry in brain  responsible for their profound and unique behavioral effects.

JB: The circuitry in an animal?

ES: Yes. We don't know what the circuitry is and what brain sites are critically important for the action of hallucinogenic drugs. For any psychoactive drug, defining circuitry opens up opportunities for tailoring therapy and reducing side effects. For example, when the shell of the nucleus accumbens was identified as a critically important site for antipsychotic drug effects and scientists started specifically manipulating dopamine receptors and dopamine dynamics in that precise area, much was learned in a very short period of time that reshaped the field. For hallucinogenic drugs we don't yet have a key brain site to focus on. So, I wanted to directly inject the lentiviral constructs into specific brain sites and examine the behavioral consequences.

JB: In the animal, how do you do that?

ES: We model hallucinogens in a behavioral assay called drug discrimination, which is a paradigm where animals, usually rats or mice, are trained to recognize they've been given a drug, using some kind of internal cues. We have no idea what that internal cue is; it's probably not hallucinations but it is brain mediated and specific to the class of hallucinogenic drugs. In my opinion, it's probably the best behavioral paradigm available for hallucinogenic drugs.  Again I had an eager graduate student, Efrain Garcia,  and we chose a lentiviral expression system, which infects nondividing cells, critical for studies of neurons. Unfortunately, to deliver sufficient peptide, we ran into toxicity problems with the viral preparation so we abandoned that strategy and moved to genetically modified mice for current studies.

JB:  Even now, you're very active and pursuing new ideas.

ES: Yes, and in addition to research, I am very active in graduate training. I am Director of the Neuroscience Graduate Program at Vanderbilt. Leading the development of this transinstitutional graduate program for six years is one of my greatest achievements. The non departmentally based program has gained national recognition and we have fifty-two PhD students currently in training.

JB: And, prior to that, graduate students interested in neuroscience were being trained in specific departments?

ES: Yes, they could take a course in neuroscience, but they were trained in pharmacology or physiology or biochemistry. Our rigorous, focused neuroscience program, changed the landscape of graduate education at Vanderbilt and I'm very proud. I love interacting with students, so that's been another rewarding aspect of my professional life.

JB: It sounds like your career and your own training modeled this intra-disciplinary graduate program.

ES: Interesting observation. I always try to convince the students, although it's hard because they want to focus right away, to get breadth, be able to think from molecules to behavior, because that's where the future is. I think if our graduates can't use all this information we're learning from molecular biology and put it in the context of the whole animal, they will be missing an amazing opportunity. That's what the future is for neuroscience, and we reemphasize it over and over again to our students, requiring them to take courses that move from molecules to behavior. Graduate school is the last opportunity to get any kind of breath, whatsoever, because once you start your post-doc and you get your own lab, you have to focus, focus, focus… 

JB: Looking back over your career, nearly forty years now, consider this question: What will you be most remembered for?

ES: I guess it might be the training. That may have the greatest impact, ultimately, on science and health. It's all the young people I've helped train and put out there; they're the ones who are doing great things. We have some stellar trainees, and that's what's really important to me. Of course, research is important, too.

JB: How big are your honors, in terms of your own scientific discoveries?

ES: Our early work on the neurotoxicity of the halogenetic amphetamines had a major impact in the field as did our early work on signaling and how different serotonin receptors interact with intracellular signaling cascades. We did a lot of permutations of this, such as RNA editing of the serotonin 5HT2C receptor, a novel post-transcriptional modification that alters receptor function that was discovered in my laboratory. Since RNA editing of the 5HT2C receptor is altered in psychiatric diseases and reversed by drug treatment, it is interesting to speculate on the possible ramifications in abnormal human behavior. We're now looking at the single nucleotide polymorphisms identified in humans and how they may alter receptor signaling. I don't know what will be the most significant; that will be determined by future research.

JB: In view of the dramatic changes over the past forty years what do you think have been the most important changes in neuroscience, in general, and what has been the driving force behind those changes?

ES: This is impossible to answer. Neuroscience was only born within the last forty years. It's gone from nothing to unparalleled importance. There's still so much we don't know and so many more discoveries to be made; it's such an exciting field to be working in. New developments where one can do non-invasive studies of the human brain are very important; current clinical research that links genetics with fMRI, with behavior and with disease is fascinating. It is this blending of different disciplines, and using multiple approaches, that fascinates me and is, in my opinion, the most powerful approach.  That's really the future of science.

JB: Do you have a hint as to what accounts for this quite amazing explosion, because your career  epitomizes that?

ES: The brain is so complex and difficult to study. It took a long time for the scientific community to begin to think that the brain was tractable enough that we could understand how it functions normally and goes awry in disease. Many people who started in other disciplines have found neuroscience research exciting because there are still so many unknowns. I don't know when I started calling myself a neuroscientist instead of a pharmacologist. Psychopharmacology was the beginning of a dynamic phase of neuroscience research and I feel lucky to have been around near its beginning.

JB: Looking back over your career, who do you think was most influential?

ES: Probably Fridolin Sulser, because he introduced me into the field of psychopharmacology,  he  was tremendously influential.

JB: Is there anything you'd like to add?

ES: No, thank you.

( Elaine Sanders - Bush was born in Russellville, Kentucky in 1940.





