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THOMAS N. CHASE

Interviewed by Thomas A. Ban

San Juan, Puerto Rico, December 7, 2003

TB: This will be an interview with Dr. Thomas Chase( for the Archives of the American College of Neuropsychopharmacology.  We are at the annual meeting of the college in San Juan. It is December 7, 2003.  I am Thomas Ban.  Let us start at the beginning; where and when were you born? Could you say something about your education?

TC:  I was born in a small town near New York City called Westfield, NJ, in 1932.  My family consisted mostly of lawyers and business or financial people.  Not a single one was an academician, a physician, or a scientist. So I had no real background in those fields.  Early on, I became interested in how things worked and I would love to take apart mechanical and electrical gadgets.  I was particularly fascinated by radio receivers and transmitters, and later by television. I became an amateur radio operator and maintained an interest in electronics as I grew older. When it came time to decide what I wanted to do for an education, my family declared that I would go into business and start with an engineering degree.  In those days, around 1950, children pretty much obeyed their parents. So I said, OK, and since I liked things electrical, I chose to train as an electrical engineer. Then I had to decide where to go to college. That turned out to be rather easy when my girlfriend selected Wellesley. The only engineering school in the Boston area that I knew about was MIT. And so that’s where I applied.  Fortunately, they acted on recommendations from my high school principal and a prominent local alumnus so I was spared the risk of taking examinations. During the first few years at MIT, I became interested in potential engineering applications to medicine and particularly in how circuits worked in the brain and whether one could apply electrical engineering principles to the understanding of central nervous system function. I devoted my college thesis to how, what was then called cybernetics or feedback theory, might relate to cognitive processing. Studies of human cognitive functioning have continued to fascinate me.

TB: Are we in the early 1950s?

TC: This was around 1953 and 1954.  I wondered about how people communicated with each other and how brain neurons transferred information through its neural networks. As these thoughts progressed, it became clearer that I didn’t really want to do ordinary engineering, but rather the biological applications of engineering.  Nevertheless, after graduation from MIT, I felt obligated to return to the Singer Sewing Machine Company, where I had worked during summer vacations and which at that time employed some 75,000 people around the world.  My experience at Singer was informative, since it reinforced my evolving thoughts about not pursuing a standard engineering career. I was assigned various projects, like improving the delivery of lubricants to the gears of a sewing machine, which were not very challenging. I was also disappointed to find out how this once great company functioned in terms of product development. For example, they designed the mechanical process by which cloth is stitched together purely empirically. The company had no clear understanding about how the thread tensioning system and the caming surface of the shuttle actually worked to form a stitch.  They simply gave a block of steel to a toolmaker and asked that he file it so that it throws off the thread in a way that the hook catches it and makes a knot that neither sags nor puckers.  I was disillusioned and wondered why I should spend my life with a company that seemed to have so little interest in what it was doing. When I asked about how Singer went about updating their products, an official took me to a room where sewing machine parts were laid out on tables. All these components came from competitors. It was appalling to realize that the Singer approach to improving their machines relied mainly on copying their competitors.  Finally, let me tell you about one other disillusioning experience I had with the Singer Company.  I lived at a men’s club in Bridgeport, CT, and one of the other residents during much of the workweek was a man who served as the Singer vice-president for research and development.  We often had dinner together and from these encounters I learned a lot about the issues of greatest concern to the company’s upper management. To my dismay, I found out that one of the major problems at the time was to decide whether sewing machines should be painted brown or green. How sad,I thought, to have such a smart and successful engineer end up having to bother with such trivial matters. I knew that this was not the direction I wanted to go and began to look for a way out. 


The army rescued me. I had been an ROTC student at MIT and upon graduation I was commissioned a second lieutenant in the Signal Corps. After completing military training in New Jersey, I was shipped off to the Korean War zone where I took command of a platoon responsible for maintaining telephone communications between the country’s airports. This assignment proved to be a challenging and sometimes alarming experience. When I joined the platoon I discovered that much of its equipment was missing. When I asked the senior supply sergeant why, he said the platoon had been overrun in battle, many of the troops were injured or killed, and most of the equipment was lost.  So here I was, a naïve young man from small-town America, suddenly confronted with the awesome consequences of war. An armistice had been signed and organized fighting had ceased. But the devastating consequences of war were everywhere.  It’s with unending sadness that I now recall the awful plight of the civilians around us.  The battalion to which I was assigned occupied portions of a small village south of Seoul. The village consisted mainly of rice paddies surrounded by small thatched houses and a bombed-out textile mill. The troops lived in Quonset huts, but the officer’s quarters were set up in a section of the mill. Although mostly in ruins, it was still the nicest place in town. Detachments of my platoon were spread across the county, near the various airfields. Thus my job allowed me to travel the length and breadth of the land. The main inter-airbase communications system depended on copper wires strung on telephone poles. That turned out to be a big problem. Landline communications relied on a commodity of compelling commercial interest to the impoverished people surrounding us. So we played an interesting game. Each day my linemen would string new wires and each night the locals would take them down.  As you can imagine, it was a rather hectic life. 


Several informative experiences during my time in Korea remain etched in memory. First, I made friends with two Korean high school students. The deal was that on weekends I would drive them anywhere in my jeep if they would choose interesting places and serve as informed tour guides. They did and I learned a lot about their culture and how different civilizations approach similar problems. To this day, I maintain contact with both men, who went on to highly successful adult lives. A second experience concerned techniques to inspire others to do what needs to get done. The work of our platoon was basically tough and dangerous. Most serving in Korea were not there by choice, but had been drafted into military service. Getting soldiers to perform well in such a demanding situation is challenging. Military discipline helps, but it’s not enough. The situation forced me to learn how to be a better leader and the lessons learned have helped ever since. Finally, while in Korea I had time to think about what I should do with the rest of my life.  


Having decided that a business-engineering career was not for me, what else could I do? My thoughts returned to an early fascination about finding out how things worked. This interest began to focus on nervous system function while choosing a topic for my undergraduate thesis. Now I began to read medical books and show myself medical training films, not a difficult task since one of my responsibilities was to supervise the movie depot for our troops in Korea.  I also had an opportunity to work in a nearby Leper colony, which gave me a glimpse into what the practice of medicine was like in such a needy group of individuals. By the time my term of military service was over, I had firmly resolved to go back to school and become a doctor.  Going back to tell my father of this decision was a little rough.  He sort of shook his head saying you can’t make money off sick people.  Impetuously, I fired back that I didn’t intend to charge any sick person for providing medical care.  And to this day I have kept that promise. My father eventually struck a deal with me. He offered a small allowance, I don’t even remember what it was, but otherwise I was on my own. Getting married helped solve the financial problem. But dealing with the emotional problem of having little family support was harder. Often during those initial years I wondered about the wisdom of my decision. Now, in retrospect, I can tell you I made no mistake.  I made a choice that was exactly right for me. And ultimately my family seemed proud to see me graduate from medical school and pursue a career in neurosciences research.  To get ready to apply to medical school proved to be a bigger challenge than I had expected. I had taken none of the traditional premedical courses and began attending night school at Columbia University to fill in the gaps. I was officially labeled an “atypical applicant” by the Columbia premedical program, which alarmed me and made me realize the whole venture could end badly. But the schoolwork proved easy and I got good enough grades to essentially pick my own medical school. The maturity gained since college also helped. I recall one rather hostile medical school interviewer who seemed to enjoy asking rather demeaning questions. At one point he asked whether I had chosen to be a doctor to get rich. Fortunately, it was my practice to spend time in the school library at each place I interviewed. And so I knew about what this young instructor of surgery was earning. It was less than I had been paid at Singer. When I put out my hand and asked whether he was willing to bet that I’d already earned more than he did, the interview suddenly turned rather collegial and in due course I was accepted at that school for admission. But my interview with the Dean at Columbia Medical School was the most memorable. I had read about Dean Rappleye and knew that he had enjoyed a distinguished career in medical education. He was a large and imposing man ensconced in an impressive office. I approached him anxiously. Since this was my school of choice, I asked why he bothered to see me, since Columbia was well known to accept only typical applicants from the top of their class. A gracious and perceptive man, he answered by reviewing what I had done in college in a most complementary way. He particularly liked my interest in applying engineering principles to medical problems. My confidence was restored and we began a lengthy and wonderful conversation. At one point, I kidded him about his school’s strict dress code. All Columbia medical students wore identical, immaculately starched, white coats and looked like they came from the same cookie cutter. There followed an engaging discussion about uniformity versus individuality in medical education. Several years later an acquaintance, an Assistant Dean at Columbia, told me that Rappleye spoke to others about how impressed he had been by our conversation. I, too, was excited by our encounter, but that didn't convince me about the merits of conformity. For that reason and others, I chose to go to Yale rather than Columbia. Yale seemed to have a uniquely mature attitude towards medical education. The school assumed that anyone they admitted would take responsibility to learn the basic material. No class attendance or exams were mandated. And plenty of time was left for individual study and research. Upon entering Yale, I assumed I would gravitate towards neurology and the neurosciences. But it didn’t take long before I realized that my original ideas about using engineering principles to solve neurological problems were hopelessly naive. I did a little lab work with two neurophysiology investigators, but found their research to be uninspiring. So I ended up trying to apply some engineering approaches to a study of protein cross-linking in relation to arterial elasticity and blood pressure regulation. Unfortunately, the mentor I choose was a cardiac surgeon, interested in pumps, but not in the problem I wanted to study. It was just as well because the work never amounted to much. But it did expose me to the thrill of laboratory research and I was forever hooked. I also came to the realization that primarily seeing patients might not be all that satisfying. While the practice of retail medicine held many attractions, I thought wholesale medicine might be better for me. I thought I’d rather spend my life trying to figure out how to improve the practice of medicine rather than just applying what was already known.  So I decided by the end of medical school that I really did want to go into neurology, both from a clinical and research point of view, and to focus on pharmacology and experimental therapeutics.  In the mid 1960s, neurology strongly emphasized diagnostics and had relatively little interest in therapeutics. At the time, “diagnose and adios” was the humorous characterization of neurologists. This attitude seemed a bit defensive, since few effective treatments were available and prospects for improving that situation seemed daunting. Drugs then available for brain disease had largely been discovered serendipitously. The concept of trying to figure out how the nervous system worked, how disease altered normal function, and on that basis developing a rational intervention was not seriously discussed. The Chair of Internal Medicine at Yale was Paul Beeson, one of the all time greats of his profession. I was a medical student in his department and served under him as a medical intern. During these periods he influenced me in many important ways. Not the least of these was his advice to go to Harvard and the Massachusetts General Hospital for neurology residency training. He said during our last meeting, while handing me his autographed textbook of medicine, that he had written his very best reference letter and now it was up to me. Looking at the other top neurology residencies at the time convinced me that he was right.   So I moved to Boston and started work at the Mass General. The clinical part was demanding but made entirely worthwhile because of Raymond Adams. In retrospect, I would certainly place him as the most distinguished neurologist of this time. Encyclopedic in his knowledge and logical in his reasoning, he was always kindly and discerning in his approach to others. He quickly understood his patients and his students. He allowed me time to explore the rapidly emerging world of neuroscience at Harvard Medical School. At the end of my clinical training, I told him that I thought I had some beginnings of understanding about what the practice of neurology was all about, but that I really didn’t want to go in that direction. Caring for neurologic patients was a source of great personal satisfaction, but I wanted primarily to devote myself to research in neurotherapeutics. To my surprise, since he was a neuropathologist and rarely spoke much about therapeutics, he became very interested.  He said my plan was right for me and suggested that I go to NIH and spend some time learning to do research and then come back to Boston.  He advised me to see either Sidney Udenfriend or Seymour Kety. I went to Kety. He had come to Harvard to give a lecture during my residency that impressed me enormously. Up to that point, it seemed most neurologic researchers were simply measuring things, what ever their assays allowed, and then looking for correlations between their measurements and various clinical attributes. Today, we would call these plodding efforts fishing expeditions.  Kety took a much more scientific, hypothesis testing, approach. He showed how it might be possible to study linkages between specific brain dysfunctions and particular clinical symptoms using chemical and pharmacologic techniques. He illustrated this possibility by describing how abnormalities in certain neurotransmitters might relate to depression. It seemed like a generalizable concept. And it related directly to therapeutics, since drugs might be designed to selectively correct either too much or too little transmission in a particular system. When I met Kety, he expanded on these ideas and suggested I discuss them with others in his group, especially Julie Axelrod and Irv Kopin. By day’s end, I was excited about the potential of what was then called transmitter pharmacology and had decided to join Kopin’s lab. I started working on animal experiments, but with an eye towards clinical applications. It was an amazing time since there were so many smart people around from whom I could learn. This was NIMH and most in Kety’s group were focused on the problem of depression and to a lesser extent on schizophrenia. But, of course, my inspiration came from neurology. I was particularly interested in transmitters in the basal ganglia and how they might relate to parkinsonian symptoms.  At the time, Arvid Carlsson was beginning to publish his classical papers on dopamine and serotonin and motor function. The discovery of levodopa for Parkinson’s disease by George Cotzias also occurred during my training at NIMH. Clearly, the opportunities to apply transmitter pharmacology to neurologic disease were wide open and NIH seemed like the ideal place to take advantage of these opportunities. It amuses me today to think about the simple administrative procedures that sufficed to gain NIH tenure in the 1960s. One day, just two years after beginning my postdoctoral training, the NIMH administrative officer approached me in the lab and asked whether I would like to become a regular government employee. I was then paid by an NIH fellowship that still had another year or two before expiring. The last thing I was thinking about was finding a job. My initial reaction was that I didn't want to become a civil servant and would eventually prefer an academic appointment, especially the one promised at Harvard. But Hazel Rhea was an imposing woman, not used to taking no for an answer. She told me that accepting a government appointment would increase my salary and that I could resign on just two weeks notice. So I soon became a permanent NIH employee with none of the paperwork or committee reviews that so encumber the tenuring process today. Interestingly, I maintained contact with my former bosses at the Mass General, and they initially implied that when I came back it would be at the instructor level and without tenure. The next time this matter came up, they said when you come back you’ll be an assistant professor.  Soon I caught on that because I was spending full time doing research and publishing a lot, I was advancing faster in the Harvard system than I would have if I had actually stayed there. The work at NIH was exciting and I decided to remain for the time being. Thirty-five years have now flown by and I’ve yet to regret that decision. 

TB: Could you tell us about your activities at NIH?

TC: By all usual standards, my career was upside down. My research went well and two years after accepting tenure I was promoted to the level of Section Chief. In that position, I was assigned a lab technician and a part time secretary. I spent my time doing clinical research using several assigned beds and related pharmacologic studies in a nearby one-room lab. Then two years later, in 1974, as my own independent research was just beginning to pick up some steam, I was unexpectedly called to Don Tower’s office and told that I had been selected to serve as the Scientific Director of the National Institute of Neurological Disorders and Stroke (NINDS). He explained that I would take responsibility for all the Institute’s intramural research efforts as well as a number of off site projects. I had little idea about what scientific directors did and the thought of having 600 scientists and support people reporting to me, most far more senior than I, seemed a bit overwhelming. But the prospect of taking charge of what was then the country’s biggest neuroscience program was irresistible. Spending full time on my own research would have to wait. The mid-1970s were a great time to be at NIH. Resources were plentiful. Scientific productivity and prestige were at their peak.  The bureaucratic superstructure was still lean and committed to promoting the scientific enterprise, not the other way around. NIH attracted the best and brightest young scientists, although it must be conceded that this was partially due to the fact that many sought to avoid the military draft by working at a Federal institution. Among the senior staff, many were world leaders in their fields. Excitement and morale ran high and prestigious prizes and other forms of professional recognition came frequently. Members of the National Academy of Science were everywhere. An NIH intramural researcher received a Nobel Prize nearly every other year during that period.

TB: Was the Nobel laureate who worked in your group at that time Gajdusek, or Axelrod? 

TC: Carleton Gajdusek was the one in my group.  He received the prize in 1976 for work on Kuru, a spongiform encephalopathy due to prions.  Just a few years before, soon after my period of working with him, Julie Axelrod had also won a Nobel Prize.  His prize, as you know, was for studies on synaptic transmission mediated by catecholamines. Many of the approaches he took seemed directly applicable to studies of dopamine and Parkinson’s disease as well as to other neurologic disorders where pharmacologic manipulation of synaptic mechanisms might be a rational approach to therapy. He also taught me, like so many others in contact with him, if you can’t prove your hypothesis in a four-rat experiment, then it’s probably not biologically worth pursuing. Julie and Irv had a big influence on the directions I wanted my own research to take when I transferred to NINDS and began to organize a neuropharmacology laboratory. At the start of my tenure as the NINDS director of intramural research I had a number of short and long-term goals. At the top of my list was a commitment to launch an experimental therapeutics program. I felt that clinical neurology was seriously behind in this area and that the NIH offered an ideal environment for this work to flourish. But before expanding on this, let me mention a few other initiatives that I now recall with special pride. Overriding was the opportunity to recruit outstanding young scientists and begin new research programs. One of these involved brain imaging, which when I started the NIH effort, involved just positron emission tomography (PET) scanning. Early on, it served as a model for establishing extramural PET centers across the country. Another was to organize an international effort to standardize brain banking. NIMH helped with this work, which involved getting the neurosciences community to establish standards for collecting and assaying CNS tissues so that human post mortem findings from one lab could be reliably compared with others. I also had the opportunity to begin or rejuvenate NINDS research operations at the Marine Biological Laboratory (MBL), in Woods Hole and on Guam where pioneering studies on the local forms of Parkinson’s disease and amyotrophic lateral sclerosis (ALS) had been conducted. A decade later, when I had stepped down from the Scientific Director’s job, the NINDS intramural program had doubled in size and in citations to its publications. There are so many other things that I should mention about this, but before time runs out let me return to my interest in neurotherapeutics.  My goal upon joining NINDS was to organize a lab that was vertically integrated. By this I mean a research group that attacked the same general problem with various technologies and at various levels from the basic to the clinically applied. The NIH structure was well suited to this concept, since the 526 research beds at the Clinical Center were surrounded by related lab facilities. Geographic proximity facilitated the efficient transfer of ideas and materials from bench to bedside and back again. Some research problems are best begun at the clinical level.  Others lend themselves more to experiments at the molecular or cellular or whole animal levels. I started a lab that spanned the entire spectrum but focused on the medical needs of patients with neurodegenerative disease. Today this approach is no longer uncommon. Now it’s called translational research. While my interest in amine pharmacology derived from my experiences with Kopin and Axelrod, my attraction to Parkinson’s disease began much earlier. During residency training, I had been affected by the plight of parkinsonian patients and those with similar movement disorders. I was impressed that they had a rational treatment, the anticholinergics, even if the effect size was small. One of my most memorable teachers at the Mass General was Bob Schwab. He was full of interesting ideas about the pharmacotherapy of movement disorders. He had done pioneering work with apomorphine and with amantadine. And he was also among the first to develop a scale to quantify motor disability in Parkinson disease. So Schwab had a big influence on my choice of career directions.  At the time my NINDS lab was beginning, following close upon the classical preclinical studies of Carlsson, George Cotzias discovered how to turn the earlier observations of Birkmayer and Hornykiewicz into a practical and effective treatment for Parkinson’s disease. Immediately, the race was on to extend and perfect the concept of transmitter replacement in neurologic disease. For Parkinson’s disease, the big problem was that levodopa did not replace the depleted neurotransmitter, dopamine, in a very physiologic way.  For that reason, patients who did well initially eventually began to loose benefit and develop a syndrome called motor response complications.  A disabling hypokinesia was replaced by an equally disabling hyperkinesia and other motor abnormalities. Early on, most working in the field attributed motor complications to pharmacokinetic issues. Before long, however, it became clear to me that pharmacokinetics could not explain the entirety of this problem. Another popular view, even to this day, has been that motor complications reflect denervation supersensitivity of postsynaptic dopamine receptors, even though the data give scant support for this simplistic idea. My thought was that the periodic administration of levodopa only restored striatal dopaminergic transmission episodically. But the nigrostriatal dopaminergic pathway functions largely as a tonically, not phasically, active system. And so began a line of research that I have pursued to this day. I wanted to figure out whether my hypothesis that the nonphysiologic stimulation of the nigrostriatal dopaminergic system was responsible for the motoric adverse effects of levodopa therapy, and if so what were the consequences at the neuronal level as well as in downstream networks, and how could we give dopaminergic treatments in a more physiologic and thus less detrimental way. I felt the answers to these questions might have relevance to other transmitter systems and other brain disorders, including those where therapy might involve the inhibition of synaptic transmission.  Some of our earliest studies involved the continuous parenteral infusion of dopaminomimetic drugs to parkinsonian patients. Since the dopamine system fires off fairly constantly at about five Hertz and since, as a first approximation, the amount of dopamine released into the striatum is a function of the rate of nerve impulse activity, it follows that the amount of the transmitter in contact with its postsynaptic receptors normally remains quite stable. On the other hand, treating a parkinsonian patient with levodopa produces marked fluctuations in striatal dopamine. With each oral dose, dopamine levels shoot far above the physiologic range and then soon fall back to sub-physiologic concentrations, since both extracellular levodopa and dopamine are rapidly metabolized. So, with standard therapy, you’re chronically pulsing, a neuronal system that normally functions continuously. To test our hypothesis and determine, whether continuous transmitter replacement might prevent or reverse the motor complications syndrome, we gave patients constant infusions of levodopa or dopamine agonists for days or even weeks. It worked. Motor complications abated. And in primate models of Parkinson’s disease we later found that initiating treatment with continuously administered agonists actually prevented onset of these complications. So now I was sure that motor complications were a consequence of chronic nonphysiologic stimulation. 

TB: In looking for effective treatments did you work with the pharmaceutical industry?

TC: Early on, we established a close working relationship with Merck. Nowadays, NIH regards such collaboration between government and industry with suspicion, and the easy opportunities to hasten clinical development of innovative products by joint efforts of this type have largely disappeared. Merck was trying to develop levodopa formulations that reduced GI intolerance and improved convenience by prolonging their duration of action. The company seemed most concerned about their patent and marketing position. Our interests lay in finding better approaches to therapy and in evaluating the continuous versus intermittent stimulation hypothesis, which then was little known or understood beyond our lab. The first levodopa improvement involved the addition of a dopa decarboxylase inhibitor, which we found reduced the initial nausea and vomiting and thus allowed a far more rapid dose titration. But it didn't significantly prolong levodopa’s duration of action. And neither did the next upgrade, the various controlled release formulations, which we also contributed to in major ways. Both levodopa improvements were clinically useful and led to a product that remains the gold standard for the treatment of Parkinson’s disease. Both helped patients, although not because they reduced the problem of intermittent dopaminergic stimulation and resultant motor complications. The search for pharmaceutical strategies to deal with that problem, including the development of longer acting dopaminomimetics, continued for many years. Progress was slow and my lab made relatively few contributions. My duties as Scientific Director prevented spending much time on my own research, which in any event had now turned in other directions to avoid competing with my newly recruited Clinical Director, Don Calne, an internationally recognized expert on Parkinson’s disease. Eventually, several dopamine agonists with very long half-lives were discovered by industry. Other approaches to more continuous dopamine system stimulation that my lab subsequently worked on, that ameliorated this problem, included miniature wearable pumps, subcutaneously implantable polymers and skin patches. We launched the initial proof of concept trial for what could be the first transdermal preparation approved for Parkinson’s disease. The tortuous story of its development is interesting since it illustrates the enormous time and effort needed to bring a drug from discovery to market. In the mid-1980s, my search for a dopamine agonist suitable for continuous administration led to Alan Horn’s lab at the University of Groningen. He proudly showed me a series of recently discovered aminotetralins that were potent dopamine-D2 agonists. But an overlooked characteristic of one of these drugs immediately got my attention. It appeared to be highly lipid soluble and thus might work as a transdermal preparartion. So I helped arrange its acquisition by a small California company that named it N-0437 and began work on formulation. Over the next 10 years, the drug struggled through 4 or 5 under-funded and under-skilled companies in several countries before being finally ready to try as a patch in humans. We found that it successfully reduced response fluctuations and the preparation should soon be approved for marketing as rotigotine. Neurologists initially tended to be skeptical about our intermittent versus continuous stimulation story. Thus I’m pleased that the newer long-acting agonists have been shown to significantly delay onset of motor complications in patients just as we had earlier predicted based on studies in animal models. And now patch technology also appears to be on the verge of clinical utility. Clearly, the trend towards more continuous dopaminergic replacement has benefited all those suffering from Parkinson’s disease.

TB: In addition to helping patients how did your work illuminate mechanism of action?

TC: I’d like to say something about the pathophysiology of the motor complication syndrome and how fundamental studies of these mechanisms have enhanced our understanding of CNS function.  In the late 1970s we began to look at the role of GABA and glutamate mediated functions in the basal ganglia and how these transmitter systems influence motor function. Some of our earliest studies looked at the relation of these striatal systems to the motor dysfunction in tardive dyskinesia. But soon our efforts returned to the Parkinson’s disease problem and began to focus on the medium spiny neuron. These remarkable cells make up the vast majority of striatal neurons. They express both D1 and D2 dopamine receptors and receive input from the substantia nigra. They also express glutamate receptors and receive input from all areas of cerebral cortex. And spiny neurons project directly and indirectly via gabaminergic terminals to the major output nuclei of the basal ganglia. Clearly, the medium spiny neuron must be critical to basal ganglia function and we needed to know how this worked.  Soon we discovered that something was happening to the sensitivity of ionotropic glutamate receptors on spiny neurons in response to changes in dopaminergic input.  Our studies began to show that both N-methyl-D-aspartase (NMDA) and α-amino-3-hydroxy-5-methyl-4-isoxazoleproporionate (AMPA) receptor blockers could alter the effects of dopaminergic drugs on motor function. Slowly the details of these interactions emerged from our work in rodent models. Since various forms of neuronal plasticity were mediated by glutamate transmission via the NMDA receptor, we examined the effect of MK-801 (dizocilpine) and other NMDA receptor blockers on the development of motor complications during chronic treatment of parkinsonian rats with dopamine agonists. Tom Engber and others in the lab found that pretreatment with MK-801 both prevented and reversed the motor dysfunction mimicking motor complications in parkinsonian patients.  These results were later confirmed by Stella Papa in the primate 1-methyl-4-phenyl-1,2,3,6-tetrahydroxypyridine  (MPTP) model of Parkinson’s disease. Finally, as the culmination of all this step by step work we launched a clinical trial of amantadine, then the only NMDA antagonist available for human use, in patients with intractable motor complications. In 1998, Leo Verhagen Metman and others reported that amantadine significantly improved levodopa-induced dyskinesias and motor fluctuations. Amantadine remains today the standard pharmacotherapy for motor complications, even though it’s long off patent and has never been promoted by any drug company. The results of our small yet well-controlled trial, since replicated by many other groups, had a major impact on the lives of those with advanced Parkinson’s disease.

TB: This seems like an excellent example of what you referred to earlier as translational research. 

TC: It is.  The discovery that amantadine benefits parkinsonian patients with response complications was particularly important to me because it reinforced my view that truly novel treatments can be found by small groups through the painstaking application of fundamental scientific principles. We started with insights at the molecular level and proceeded to evaluations in rat and non-human primate models and then finally in man. The basic idea arose from our observation that dopaminergic input to spiny neurons affected the sensitivity of co-expressed glutamatergic receptors. This led to studies of the bidirectional signaling between D1 and D2 dopaminergic receptors and ionotropic glutamatergic receptors. We found that the nonphysiologic stimulation of dopamine receptors altered the phosphorylation state and channel characteristics of nearby NMDA and AMPA receptors. These changes reflected the aberrant activation of kinases or deactivation of phosphatases that control the amount of phosphorylation at particular sites along the intracytoplasmic tails of these glutamatergic receptors. The receptor alterations increased their sensitivity to cortical excitatory drive. As a result, striatal output evidently changes in ways that favor the appearance of parkinsonian signs and response complications. Clinically, we now know that although other NMDA antagonists attenuate the motor complication syndrome, those that are non-selective for all NMDA receptor subtypes are not very useful.  So our attention turned to drugs that target the NR2B subtype of NMDA receptors. These drugs appear to be very effective in our animal models, and clinical trials of NR2B antagonists should begin soon. In addition, we are now finding evidence suggesting that NMDA and AMPA receptor antagonists may have additive effects in rodent and primate models. Perhaps a cocktail of both antagonists would prove safer and more effective than either given alone. Hopefully, a clinical evaluation of this possibility will start in the not too distant future.  Our studies thus suggested that sensitization of NMDA and AMPA receptors expressed at the dendritic tips of spiny neurons play a crucial role in the pathogenesis of motor dysfunction in Parkinson's disease. Since protein phosphorylation serves as an important regulatory mechanism for these receptors, the differential changes in the phosphorylation state of certain tyrosine and serine residues that we found occurring as a result of nigrostriatal system degeneration or intermittent dopaminergic treatment likely contributed to their altered synaptic efficacy. These thoughts raised the possibility that we might be dealing with one aspect of a more general phenomenon. At the time, little was known about signaling in medium spiny neurons or about how these neurons integrate inputs from their various receptors. Extending our observations about how signaling between dopamine and glutamate receptors functioned, we began to look at whether similar mechanisms might be operative at other transmitter receptors expressed on these striatal efferent neurons. If the way one receptor was stimulated regulated the synaptic efficacy of others then, we wondered, could this be a way that neuronal dendrites approach the challenge of synaptic integration? The implications of this concept for the treatment of motor dysfunction seemed obvious. Could blockade of other, nondopaminergic and nonglutamatergic, transmitter receptors expressed on spiny neurons affect motor function and, more specifically, ameliorate symptoms due to a decline in striatal dopaminergic input or chronic exposure to nonphysiologic dopaminergic replacement? If some of the various transmitter receptors expressed on spiny neurons modulated the way cortical glutamatergic input influenced striatal gabaminergic output, then drugs that interact with these receptors might treat motor dysfunction due to disease or treatment related abnormalities involving one of the other receptor systems. To make a long story short, we have been exploring these possibilities in relation to the adenosine A2a, the serotonin 5HT2A, and the α2- noradrenergic systems. In each case, it now appears that selective blockade of one of these receptor classes ameliorates Parkinsonism or motor complications or both. These studies were started in rat and then primate models, and we have already started, or we are planning to start, clinical proof of concept trials. These strategies open up an entirely new approach to the treatment of Parkinson’s disease and perhaps other neurologic disorders as well. Rather than the traditional approach of replacing the deficient transmitter, it may sometimes be safer and more effective to pursue novel pharmacologic strategies that prevent or reverse subsequent reactive changes. In Parkinson’s disease, we might no longer be limited to simply replacing dopamine at spiny neurons, but rather have the option of pharmacologically modifying other systems with countervailing actions at these neurons. More generally, we might no longer be constrained to think only about directly correcting the malfunctioning transmitter system, but could consider pharmaceutical interventions that tend to reverse the downstream consequences of the original malfunction. 

TB: When did you do this work? 

TC: These are experiments mainly carried out over the past five years, although the concepts had been percolating within the lab for a bit longer. What I’ve been describing are examples of the general concepts that have long guided my research at NIH. I sought to apply and extend what is already known about neural mechanisms, especially interneuronal transmission and more recently intraneuronal signaling, to the discovery of better pharmaceuticals for the treatment of brain disease.

TB: You started treatment of Parkinson’s disease with anticholinergics. What is their status now?

TC: Before the discovery of levodopa, the anticholinergics were all that was available to treat Parkinson’s disease. But they confer only meager benefit to early stage patients and can cause confusion and somnolence. The pharmacology of anticholinergic therapy of Parkinson’s disease hasn’t really advanced since the 1950s.  The drugs we have today are essentially the same as those we had then.  Usage is low.  Nevertheless, much more has now been learned about CNS cholinergic receptor subtypes and it might be useful to go back and see whether selectively targeting a particular subtype might improve their therapeutic index. It’s an area that warrants future attention.

TB: What is the current status of MAO inhibitors in the treatment of Parkinson’s disease? 

TC: A fair amount of work has been done on monoamine oxidase inhibitors.  Drugs of this type have relevance to Parkinson’s disease for two reasons.  For palliation, MAO inhibitors provide modest symptomatic relief as monotherapy in early stage patients and they may also help a little in smoothing out motor fluctuations in later stage levodopa treated individuals.

TB: Type B inhibitors, or all MAO inhibitors?

TC: Selective inhibitors of the MAO-B isoform are used clinically for safety reasons. The second reason that parkinsonian patients receive drugs of this type is because of their disease modifying potential. Interestingly, there is evidence suggesting that their neuroprotective activity in animal models could reflect mechanisms other than MAO inhibition. But the results of clinical neuroprotectve trials have been hard to interpret. A big problem has been in trial design, particularly the lack of outcome measures that accurately reflect the underlying disease state. All studies to date have failed to prove that MAO-B inhibitors are neuroprotective. But, on the other hand, they didn’t rule out that possibility. So, the work continues.

TB: In the United States?

TC: In the United States and elsewhere in the world. 

TB: In the course of your research did you have any contact with psychiatry?

TC: My first seven years at NIH were spent at NIMH, where I was surrounded by talented psychiatrists and their exciting work in psychopharmacology. My initial lab experiences included sharing a bench with Joe Schildkraut and Saul Schanberg, and later sharing an office with several psychiatrists including Chris Gillin and Keith Brodie. Biff Bunney’s affective disorders group, which then included Fred Goodwin and Dennis Murphy, was nearby.  Dick Wyatt got me interested in the relation between monoamines and sleep. John Davis started me to think about psychosis and monoaminergic mechanisms. Interactions with these and many other individuals taught me a lot about how to approach the clinical study of brain disease and shaped the directions my future research would take. Like many around me at NIMH, I began to use drugs as tools to selectively manipulate brain transmitters, especially those measurable in spinal fluid, and specific clinical functions, especially motor and cognitive function. Using this pharmacologic approach, one could infer a great deal about the relation of specific transmitter systems to particular clinical behaviors. Soon I was attracting others to work with me and was able to begin the first NIH clinical group focused on neurodegenerative disorders such as Parkinson’s disease and Alzheimer’s disease. Although most who subsequently came to do clinical research in my group were neurologists, I also had the privilege of training a number of psychiatrists, at least three of whom went on to chair their own academic departments and one who became a president of the ACNP. Just now I’m preparing for an upcoming NIH celebration for all the young people who have passed through my lab. It was surprising to find out that the total is now somewhere around 120 and to realize how many had already made extraordinary accomplishments and risen to positions of high responsibility in the academic, government and industrial worlds.

TB: Your years at the NIH have shaped both the lives and careers of others and your own.

TC: Due to my experiences at NIMH I have always had a strong interest in disorders at the border of neurology and psychiatry, such as Alzheimer’s disease, and Tourette syndrome and Huntington’s disease. In relation to Alzheimer’s, Norm Foster and I were among the first to map the cortical distribution of neuronal hypofunction using early PET scan technology. Most investigators at that time thought that the disease mainly affected the prefrontal cortex. But our results pointed more to involvement of the parietal and temporal association cortex. They seemed to fit the most typical clinical picture as well as the distribution of cortical neurofibrillary tangles. Interestingly, when I first presented these data to an imaging conference in Stockholm they were politely ignored. When I presented them several weeks later at a meeting in Bethesda, they generated rather heated criticism.  Then a few months later, I listened in New York while a competitor presented what was essentially a concurrence with our findings along with the claim of precedence. Fortunately, we had already submitted our findings to the Lancet and Neurology. And our pictures must have been attractive, since several drug companies later made use of them, without attribution or permission, in advertisements for their cholinesterase inhibitors. In the case of Huntington’s and Tourette’s disease, our work failed to make much progress towards finding better treatments. But my interest in these disorders did afford the opportunity to try new ways to stimulate clinical investigators to perform more scientific and less descriptive studies. In cooperation with the relevant patient advocacy organizations, my trick was to organize large international symposia to which leaders in research disciplines that could be important for a particular disorder were invited. The first was on Huntington’s disease in 1972. Most of the invitees had never actually worked on the disorder being discussed. But, as hoped, many were tempted to apply their technology to have some results for presentation at the meeting. And publication of the proceedings of these symposia served as a stimulus to both investigators and granting agencies. I know these efforts were effective, since Pub Med Citations invariably spiked in their wake. 

TB: So in the course of your research you have become involved with cognitive function in neurodegenerative disease?

TC: Yes.  I’ve already mentioned our imaging studies in Alzheimer’s disease. My lab was also among the first to perform clinical studies with cholinergic system activators and inhibitors in Alzheimer patients as well as in those with progressive supranuclear palsy. But I think your question was referring to my earlier comments about an interest in cognitive processing. In that regard, we have done some work, although not nearly as much as I would have liked. For example, Alan Braun and I conducted several cerebral imaging studies in Tourette’s syndrome, which attempted to link regional changes in neuronal function with the severity of various behavioral abnormalities. Perhaps the most interesting finding was an association between obsessions, compulsions and coprolalia with hyperactivity in the orbitofrontal cortices. In the late 1990s Chris Randolph and Eric Mohr and others in my group devised a neuropsychological screening battery known as the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS) that is now used in the assessment of cognitive disorders of various types. Now, getting back to neurodegenerative disease, our early work focused on the application of transmitter pharmacology to the development improved palliative treatments. But more recently our emphasis has shifted towards disease modifying, rather than just symptom modifying, treatments. Current molecular and cellular biology offer lots of powerful new tools and approaches to study neuroprotection and neurorestoration. I think the field is beginning to make some real progress, especially at the basic science level, even if the results from the large clinical trials of protective interventions have been uniformly discouraging.  I‘ve been putting together a list of pharmaceuticals that are available for clinical use and that have recently been found to act on mechanisms that could benefit some neurodegenerative disorder. These drugs, often older ones that are now off patent, would thus lend themselves to repurposing as novel disease modifying agents. Our focus has been on pharmaceuticals of potential interest for Parkinson’s and Alzheimer’s disease. The list includes more than 30 drugs.

TB: Was it as many?

TC: I came away with the feeling there are too many, not too few.  There were more approaches to test than resources for testing. How could we rigorously prioritize all these possibilities?  The drugs we first chose to work on had to act on a plausible disease mechanism and in a valid animal model, if one existed. They also had to act in the human brain in ways that could be measured noninvasively. It was essential to be able to establish acutely whether a safe and tolerable dose was able to exert an adequate effect on the putative target mechanism. Only then would it be reasonable to invest the huge amounts of time and money that even a pilot neuroprotective trial takes. In the case of Alzheimer’s disease, we are now looking at drugs that block a particular kinase, GSK (glycogen synthase kinase) 3, which mediates the phosphorylation of the microtubule associated protein tau at certain sites.  The hypothesis is that the hyperphosphorylation of tau at these sites initiates a potentially injurious process of self-assembly into neurofibrillary tangles or impairs axoplasmic flow. Although Alzheimer’s disease is clearly multifactorial and heterogeneous, one or both of these mechanisms could contribute to the degenerative process. 

TB: Are you working on this in your laboratory these days?

TC: Yes. We are currently looking at the ability of several common drugs, including lithium and valproic acid, to block particular GSK3 mediated phosphorylation reactions. Clinical trials in this area are beginning elsewhere, although I am dubious that any one of these GSK3 antagonists alone will confer clinical benefit to Alzheimer patients.  It may be necessary to combine these drugs, or some additional drugs, in order to safely alter phosphorylation at critical tau epitopes in human brain.  Working more with biologic markers, in this case tau in spinal fluid might be a good way to start evaluating these therapeutic hypotheses, before launching a clinical trial. Mechanisms affected by these drugs could also be important for the treatment of other neurodegenerative disorders.

TB: Let me switch now to another topic.  Could you say something about how you got involved with the ACNP?

TC: When I joined Irv Kopin’s lab I noticed that nearly everyone went off to some tropical paradise in December to talk science. The ticket for admission was merely a poster, which was easy to prepare if you were doing full time neuropharmacology research. I found out that the meeting was organized by the ACNP and the next one was scheduled for Palm Springs. And so I did what was necessary and went to the meeting and learned and enjoyed.  And since then I have done what was necessary so I never, or hardly ever, missed a subsequent meeting. Although the focus was always on psychopharmacology, I have never attended an ACNP meeting that was not full of exciting new brain science related to therapeutic issues of interest to me. In most ways, psychiatry has lead in the development of better treatments for brain disease. Neurologists have much to learn from these successes.

TB: Is there anything else you would like to add?  Is there anything we did not cover?

TC: Well, there are always more things to talk about. Now perhaps they are best left for another time. But before ending I should mention that I have been heard to complain that neurotherapeutics wasn’t getting its fair share on the ACNP programs. The ACNP leadership usually responded by asking why I didn’t propose sessions that would attract neurologists. So I tried, once or twice, with little success in getting participants. Of course, there was a circular problem. If there’s no neurology, then there are no neurologists, and if there are no neurologists, then there’s no neurology. The ACNP was doing just fine the way it was operating and I was enjoying their meetings. If I wanted more emphasis on neurotherapeutics, then I would have to find another venue; which is eventually what happened. In 1997 I founded ASENT, The American Society of Experimental Neurotherapeutics, which joins the academic, government, industrial, and advocacy communities to facilitate progress in developing new therapies for those with neurologic disease. The organization is doing well, largely because it copied ACNP’s successful formula.

TB: What would you like to see happen in the future?

TC: I think that trying to figure out what causes CNS neurons to die prematurely is very important.  Neurodegenerative disorders can be regarded as a rate phenomenon.  In Parkinson’s disease, the difference between someone who evidences no Parkinsonism throughout a normal lifespan and one who manifests parkinsonian symptoms at age 60 is that the rate of degeneration of the latter individual’s dopamine cells has increased by a factor several folds. The implication is that in Parkinson’s disease, and presumably in other neurodegenerative disorders, just slowing down this accelerated rate could confer real benefit. Preventing onset or totally stopping progression is not immediately essential. I think the chances of discovering a way to achieve a modest degree of benefit are excellent in the near term.   One or more of the newly emerging leads will soon begin to show efficacy.  And even an initially modest success will transform the field of neurodegeneration, just like transmitter pharmacology did for psychiatry 40 years ago.

TB: I hope it will.

TC: I’m sure it will.

TB: And on this note we conclude this interview with Dr.Thomas Chase. Thank you very much.

TC: Thank you. My pleasure! 

( Thomas N. Chase was born in Westfield, New Jersey in 1932.





