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STEVEN MARC PAUL

Interviewed by Thomas A. Ban

Waikoloa, Hawaii, December 12, 2001

TB: This will be an interview with Dr. Steven Paul( for the archives of the American College of Neuropsychopharmacology.  We are at the 40th anniversary of the College in Hawaii.  It is December 12, 2001.  I am Thomas Ban.  I think we should start at the very beginning if you could tell us when and where were you born and something about your education?

SP: I was born in Chicago, Illinois on November 2, 1950, so I am just 51 years of age.  I grew up  on the south side in a suburb of Chicago 25-30 miles south of the city.  My family was born and raised in Chicago and I went to grade school and high school in a town called Flossmoor, south of the city. I struggled a bit in high school but was very interested in playing rock and roll music.  I played drums in a band every weekend. During my junior and senior years of high school, I started to get interested in science and took advanced placement biology.  I’m not sure how I got into it frankly, because I was a pretty average student.  I did well in that course; it’s interesting how teachers play a very influential role in your life. I also worked in the office of a pediatrician.  His name was Dr. Sullivan and I also worked with a Dr. Goldberg, my family pediatrician, who took me under his wing. I did urinalyses, eye tests and a bunch of different things in the office. It was a lot of fun and I even sutured a few lacerations. He took me on rounds at the hospital and for a high school kid that was pretty impressive. I went to my high school college counselor and I said I wanted to be a doctor and he replied we’re going to have to figure out a way to get you into college. So I went to Tulane University in New Orleans and it was an interesting experience because I had never been in that part of the country, I didn’t even know where New Orleans was. I became a pre-med at one of those southern undergraduate colleges. You were at Vanderbilt, so you know Tulane and Vanderbilt are very similar. I decided I to study hard and become a doctor.  So, like all overachieving pre-meds, I worked hard and got very good grades and applied to medical school after only two years of undergrad.  I got into Tulane medical school and a couple of others, but I elected to stay at Tulane. I went thinking I was going to be a surgeon and took Gross Anatomy the summer before I went to medical school so I could be a teaching assistant in my first year of medical school.  That was a horrendous experience. Having to work day and night in the anatomy lab in New Orleans in the summer was just too much.  I decided that was probably not the route to go but I connected with a very unusual psychiatrist.  You probably know him, Bob Heath.  

TB:  I do.

SP: Bob was an extremely dynamic, charismatic person. He was a student of Rado at Columbia, a psychoanalyst, although he was more of a surgical type. He worked on the Greystone project,  one of the early programs to look at subcortical regions of the brain and their functions.  These were the years people didn’t know exactly what each brain region did.  I spent time following Bob around; it was unusual for a young student to be interested in the brain. I went to the operating room with him while the neurosurgeon he was working with was putting depth electrodes in various brain regions.  It was fascinating and amazing; nobody will ever do those experiments again. Bob would interview these patients just like we’re sitting in a room now, and up on a screen would be the EEG of the amygdala, the hippocampus, the cortex and, when you invoked certain emotions during the interview, you’d see the amygdala go zoom, zoom, zoom, just like that.  Of course, Bob had lots of theories about what brain functions were subserved by the different regions. He was a very energetic and passionate guy.  He approached science  very much like a physician. He didn’t really test any hypotheses.  He knew the right answer. He knew  the cause of schizophrenia and it didn’t matter what the data said, he knew. But he had an enormous impact. He was very charismatic guy, a tall handsome man all the women loved, who had five kids, a big house and a big farm; just a fascinating character.  We could spend an hour talking about Bob Heath stories.  He was incredible, one of the youngest chairmen of psychiatry in the country, about 30 years old, when came from New York to New Orleans and got involved with Huey Long and all the other funny stuff in New Orleans.  Some great Walker Percy books were written about Bob’s kind of character. So he really got me excited about the brain.  I met another person you know well from down there, Don Gallant, he and I became very good friends.  

TB: I know Don, of course.

SP: Don was a wonderful mentor.  I often regret not telling Don how good a teacher he was.  He cared about his students, cared about them deeply and had an enormous impact.  The two of them were very different in terms of style and what they provided, but both were extraordinarily impactful on my career. That was a very important formative period and I knew when I was a first year medical student I was going to go into psychiatry and neuroscience.  I met another student with whom I became very good friend as a freshman.  She was the oldest student in the class who came to medical school at 38 or 39 years of age and I was the youngest in the class.  She worked with Arnie Mandell in California and before that with Jonas Salk, she was Salk’s technician.  She was also good friends with Julie Axelrod.  And she told me, you know Steve, if you want to be a scientist, you should go work with Julie Axelrod. Well she had me go work with Arnie Mandell for a summer or two.  So I went to La Jolla and followed Arnie Mandell around. He was a wonderful, energetic, mentor and I don’t think I’ve ever met anybody quite as  as bright as Arnie Mandell, with an incredible, incredible mind. In the few months I was there, I  did some research.  We looked for this enzyme, N-acetyl-transferase in the brain and N-acetylate serotonin which I think to this day is an important enzyme, even if not as well studied as many of the other enzymes. And we published some work just from the few months of work I did there.  I spent a really impactful summer in Julie Axelrod’s lab at NIH that was unbelievable.  Julie had just won the Nobel Prize and I had the bench right next to his desk. Joe Coyle was there and Roland Ciaronella was in the lab. Just a remarkable group of people and all of Julie’s boys would go to lunch every day with him and that was very exciting.  I knew then I was going to come back to NIH, but I had to finish medical school.  In my senior year I bumped into Danny Friedman. Danny came to New Orleans and we had lunch at Antoine’s. He recruited me to be a resident at the University of Chicago. I graduated early from medical school, did six months of neurology internship at Charity Hospital in New Orleans, and then went to the University of Chicago as a psychiatry resident.  We had a small class. Bob Freedman who is in Colorado, was in the class and a bunch of very good people. It was a very exciting department in those days.  Herb Meltzer was there and Heinz Kohut, the analyst, Bob Schuster and many others. A tremendous department Danny had pulled together, a small but extraordinarily fine department.  I worked with Danny in the lab and a couple of other of his people including Angelos Halaris and Herb Meltzer. We worked on some deaminating enzymes that were responsive to LSD and Herb and I, in that one year, published five or six papers.  I also worked with him on effects of neuroleptics; we looked at prolactin levels at the Illinois State Psychiatric Institute where Herb was, although he was affiliated with the Department of Psychiatry at the University as well. I spent a wonderful, wonderful year there and became very close to Danny Friedman. He was sort of my psychiatric father. I had such wonderful mentors, Bob Heath, Don Gallant and Danny Friedman.  Then I went to Julie Axelrod’s lab but, if I ever needed advice on anything, I would call Danny. I was in Axelrod’s lab for a couple of years and worked on two projects.  The first was on the metabolism of estrogen and the formation of catecholestrogens. These are dihydroxy catechol derivatives of estrogen, the result of P450 enzymes that were thought to be only present in the liver, but we showed the brain also had a P450 enzyme that metabolized estrogen to catecholestrogens. That was the project I worked with Julie and we showed that metabolic pathway the first time. Then I started work, while still in Julie’s lab, on GABA receptors. After two great years in the Axelrod laboratory I went over to Fred Goodwin’s lab and finished my clinical training so I could become Board certified in psychiatry. I also began my independent research career working in Fred Goodwin’s branch. 

TB: Are we in the late 1970s? 

SP: Right. I got a little lab, a couple of modules in Building 10, a couple of floors above Julie’s lab. I became involved in some clinical but mainly basic research. That lab grew and grew until Fred became the Scientific Director of NIMH intramural program and I became a lab chief with Candace Pert and John Tallman. They were independent investigators who had their own sections, while I had mine. I continued to work on three or four different projects defining the role of GABA receptors and the mechanisms of action of benzodiazepines. The three really noteworthy contributions I made with my collaborators in those years was that we pinned down that benzodiazepines worked through the GABA receptor systems, that barbiturates,  particularly the anesthetic barbiturates, worked through this GABA system, and provided very good evidence that ethyl alcohol produced much of its sedative and anxiolytic effects, through the GABA-A receptor. We developed some microsac preparations to demonstrate this and found some imidazo benzodiazepines could block the effects of alcohol. We had a couple of very highly visible papers. Finally, one of the contributions I’m most proud of is that we described some metabolites of progesterone, allopregnanolone as well as one of the minero-corticoids, and showed  that these steroid hormones, instead of interacting with the classic nuclear steroid hormone receptors, interact with a GABA receptor. We called these neuroactive steroids which have become a very interesting area of research. These steroids can be made in the brain de novo or progesterone can get into the brain from its peripheral sources. In animals, there is a significant amount of progesterone made by the adrenal gland, and after entering the brain when metabolized it produces these sedative, hypnotic, antianxiety steroids. We described this in a Science paper in 1986, and it became one of the more highly cited papers of my career.  One of the exciting things that happened about a year ago was that, based on the citation count of the ISI, in the last 20 years, I was one of the top 50 most cited neuroscientists. This is a very exclusive group of people; Sol Snyder, Arvid Carlsson and Paul Greengard are among them. So, I was very pleased. TB: Can we go back to clarify the chronology of events. You became lab chief in the mid-1980s.

SP: Right. 

TB: And you were a very active chief and did several important projects.

SP: Yes, a couple of very interesting things which are relatively unknown about my career, but something I’m proud of, is that I had a clinical and a preclinical program. We did clinical research in schizophrenia. I worked with a number of very good clinical investigators at NIMH.  We started imaging studies, tried to image the benzodiazepine receptor and also, using cerebral blood flow techniques, to look at the effects of benzodiazepine receptor agonists and antagonists. We did a lot of in vivo imaging in animals to set the stage for these studies.  We studied the patients both in the affective disorders arena and in schizophrenia. So it was an extraordinarily broad research program I led. In retrospect, I probably worked on too many problems but it was fun.  I have  an attention deficit disorder when it comes to science!.  

TB: This was around the time the receptor assays came about, right?  

SP: Exactly.  So we used those assays and discovered a number of new receptors for the dopamine transporter. We did studies on the binding of tricyclic antidepressants to the serotonin transporter, and Sal Langer published a wonderful paper in Nature showing “An Imipramine Receptor in the Brain”. We found, Sol would hopefully verify this, that ipmiramine could be labeled with tritium and bound to the serotonin transporter.  

TB:  It seems that we skipped some of your early contributions. The first paper of yours I read was with Don Gallant. 

SP:  We did some work with Don on a couple of things. I did a review article with him on the cardiotoxic effects of tricyclic antidepressants and Don was a very scholarly person, so we published that in a book. We studied some schizophrenic patients and gave them Deanol which supposedly was a cholinergic type drug in the brain. Bob and I published a paper together on trying to map pathways from the cerebellar vestigial nucleus to the forebrain.  He had some notions about the cerebellum, and today I think some of his ideas have turned out to be pretty correct.  

TB: Didn’t you do some work also in immunology?

SP: We did some immune work too. I got back into that at NIMH, looking for immunological stigmata in schizophrenics, and we found some interesting things. We never could quite pin down whether they were related to schizophrenia but we did publish some nice papers on that.   

TB:  Let’s get back to the work at NIMH you were talking about.

SP:  One of the other things I did at NIMH which was unusual and maybe a result of the times and salaries wasa I started to see patients. If you look at my career, you’d say this is a guy who has principally done research, but for a good 15 years, I had a fairly significant practice of psychiatry. I had a home office, and saw patients virtually every Saturday, Tuesday and Thursday evenings. These were principally depressed patients but I also had a few schizophrenic and bipolar patients I saw in combined psychotherapy and pharmacotherapy.  In those days, Washington was populated principally by very good analysts but not very good or comfortable prescribing medications, like lithium, neuroleptics or antidepressants. This was before the SSRI’s were even introduced, so a lot of tricyclics and monoaminoxidase inhibitors were used. I practiced a bit with Fred Goodwin and saw a bunch of VIP’s from time to time.  In fact, Nate Kline sent me a bunch of patients. Way back I worked on some folks in sort of consultation with Frank Ayd. So this goes back quite a few years but I learned about clinical psychiatry from practicing it, being out there and confronted with problems year in and year out, day in and day out. I was a good clinician.  

TB: I suppose this was in the 1980s. 

SP: It was. I was a lab chief from 1984 to 1988 and it was probably one of the better periods of my career.  I won, in one of those years, the Efron Award from the ACNP, one of the better awards I received. We had just published all the alcohol work, the neurosteroid work, the imipramine binding and serotonin transporter work.  A lot of that came out at that time. We were labeling imipramine binding sites on platelets and studying patients so we had a paper in the archives around then.  I had some tremendous postdoctoral fellows. One great thing about being at NIH was the number of young, bright peopl you could attract to your laboratory. It was extraordinary, and I was blessed to have maybe 50, 60, 70, or 80 postdocs come through my lab.  Many of them are doing very well right now; they are professors, chairpersons of various departments of psychiatry or pharmacology in this country and throughout the world.  So things went pretty well. Then, in about 1988 or so Fred Goodwin left and became director of ADAMHA.  Herb Pardes had departed from being NIMH Director and Lew Judd came.  When Lew Judd was the NIMH Director, I was fortunate to have been appointed Scientific Director of NIMH.  That was an interesting and challenging job.  I was now the director of the program I entered in 1976 as a postdoctoral fellow in Axelrod’s lab and Irv Kopin was our lab chief. And this was the program that Seymour Kety built back in the 1950's.  Seymour Kety was, in my view, one of the great psychiatric scientists of our time. Seymour came back from Boston to the intramural program in his 70s while I was Scientific Director.  He had a little office, and came in while he was working on his Danish adoption studies.  We had eight, nine or ten members of the National Academy of Science, and we had Lou Sokoloff, who won the Lasker Award for developing the deoxyglucose brain imaging technique. Didn’t you, around the 1980s, do some work with SSRI’s?  

TB:  We did.

SP:  We did a lot of work labeling serotonin transporters and showing that was where the SSRI’s worked.  So 1988-89 was kind of a tumultuous time at NIMH.  We were trying to make some changes, to introduce a peer review system, and for me as an administrative person it was pretty stressful. For a lot of my friends and colleagues, the Bob Posts, the Phil Golds, the Dave Pickars, and the Danny Weinbergers of the world, really good people, this was stressful, trying to introduce a peer review system and to raise the bar on the quality of science.  The blessing of being in the intramural program of NIMH is that you are not reviewed. You are a free to do things without having to write research grants and tell people what you’re going to do. That’s a wonderful thing, but it comes with some liabilities.

TB: Would you like to mention a few of those who were in your program?  

SP: They were extraordinary people. In the clinical program we had Dennis Murphy, Judy Rappaport, Bob Post and Danny Weinberger.

TB: Could you say something about them?

SP:  Judy is probably the premiere child psychopharmacologist and psychiatrist in the world.  Bob does wonderful work on kindling and bipolar disorder. He helped to introduce the anticonvulsants as treatments for bipolar disorder. Tom Ware is a very thoughtful, very bright circadian rhythm person. Richard Wyatt, Danny Weinberger and Joel Kleinman all worked on schizophrenia. Pickar was in my group and Trey Sunderland did a lot of great things in aging.  David Rubinow did work on premenstrual syndrome, whatever they call it now. It was an extraordinary group of scientists. Without a doubt it was the premiere clinical program.  Preclinically, in the basic neuroscience laboratories, they were also wonderful people.  Julie was still very active. Lou Sokoloff, I’ve mentioned; Julio Cantoni and Seymour Kaufman were there. We had a fellow that you probably know, Howard Nash, a great geneticist.  Mike Brownstein was there. We had a great systems neuroscience program with Mort Mishkin, Bob Desimone and Leslie Ungerlieder. This was a very fine program.  

TB: It looks like a comprehensive program. Did you have a central theme you focused on?

SP:  That’s an interesting question.  We really didn’t do that.  I inherited a program it sort of evolved the way it did in terms of the players.  We never had a vision of where we wanted to go and, to be honest with you, as grateful as I was to have ended up in that program, my one frustration was that I couldn’t figure out a way to make it greater and to continue to make it grow. One of the issues is how do you do that? I think they are starting to do some really good things now.  Dennis Charney has joined the intramural program at NIMH, but I don’t know if we ever quite recreated what Seymour Kety did.  Now, of course, it’s different.  When Seymour was there, there was nobody to start with. He set it up de novo, had all this space and everybody came.  

TB: How did it start?  Could you say something about that?

SP:  I hope you have Seymour Kety’s tape.  I hope you got him before he died, because he was an extraordinary figure. Seymour has told this story, and I don’t know if I can do it justice. In those early days the intramural program of NIMH and the intramural program of NINDS, the neurologists, were one entity.  It was a wonderful program. There was a bunch of very good people, and it was a great place.  It’s still a fine place, but it was always a frustration to me that I couldn’t make it better. I was 38 years old when I became Scientific Director.  That’s pretty young to have all this.  

TB:   Were you the youngest Scientific Director of the program ever?

SP:   I’m sure I was. I don’t know how old Seymour was, but certainly of recent times, I was the youngest.  

TB:  Seymour Kety was probably older than you when he became director.  

SP:  He was at Penn for awhile before and at different places. I did that job for five years and enjoyed it. Frankly, I never thought I would leave NIMH.  I thought I would probably be carted off in a box one day from my laboratory but in a rather uncertain career move, I visited Lilly.  They asked if I wanted to oversee their neuroscience research program.  Lilly introduced Prozac in 1987 so this was in 1992.  Prozac had been a very successful drug. They had a few other interesting drugs, and were investing heavily in neuroscience research and psychiatry which was a bit unusual for a Midwestern pharmaceutical company who made its reputation primarily in insulin for diabetes and antibiotics for infectious diseases. So I went there and probably shocked a few people in making that career move.  It was the end of 1992 that I announced I would resign my position as Scientific Director and move to Lilly and I did so in March 1993. I was very fortunate. The people at Lilly were very good people, had a fine program in neuroscience and still have to this day. We’re probably one of the most competitive, if not the most competitive, company. We were just about to launch olanzapine, Zyprexa. I did that job for about three years and then was asked to oversee all the different therapeutic area research programs, including infectious diseases and oncology.  

TB:  Everything, not just psychotropics?

SP: Yes, and I recruited my successor, Chris Fibiger from Vancouver, who is now the Vice President of Neuroscience. Many of the vice presidents in the other areas I also recruited. I continue to this day to have a laboratory and my own postdocs and technicians.  

TB: What are you working on in your laboratory?  

SP: I have been working on Alzheimer’s disease for the past five years and that is going very, very well.  I am pleased with the work. We’ve been trying to figure out the genetics of neurological disorders. It’s incredible what’s happened in the last ten years; there are some really important genes!  For a symposium this week, we invited Peter St. George-Hyslop from Toronto, a fantastic scientist, who discovered two of the early onset presenile genes.  But I’ve been working on a more common gene called apolipoprotein E, particularly the E4 allele, which is associated with risk for Alzheimer’s disease; if you have one copy of this gene from either your mom or your dad, you have a threefold greater risk of getting the disease.  If you have two, one from your mom and one from your dad, so you’re an E4 homozygote, you have a ten to twelvefold greater chance and you get it early. So 50% of people who’ll get Alzheimer’s disease are E4 homozygotes at age 65 and 90% by age 85. So this is a very important gene for increasing your risk for Alzheimer’s disease, relative to the more common E3 allele.  The question is how does it do it; so we’ve done most of our research in transgenic animals. We’ve genetically engineered animals to express these different genes and have found they facilitate amyloid deposition. So that’s been a big project.  

TB: Any other important projects?

SP: The other big project we’ve been working on that is very exciting, is on this whole notion of being able to vaccinate against Alzheimer’s Disease. I don’t know if you’ve heard this story, to vaccinate against the A-beta peptid that forms amyloid in your brain. It’s a small 40 to 42 amino acid peptide that deposits in the brain of patients who have Alzheimer’s disease and forms  plaque. This is what Alzheimer, who was a psychiatrist, first described in 1907. These are plaques he saw and they consist mostly of an aggregated fibrillar form of this peptide. What we and others have found is that antibodies can be raised to the peptide and even though these don’t get into the brain very much, they can reduce the deposition of the peptide in forming amyloid plaques in transgenic mice. So this is a wonderful opportunity to test the amyloid hypothesis of Alzheimer’s disease.  

TB: Are the brains Alzheimer worked with preserved? 

SP: I don’t know the answer to that.  Alzheimer was an interesting fellow. And here’s a funny coincidence; Lilly bought Alzheimer’s house! 

TB: In Munich?  

SP: It’s not in Munich.  It’s a modest size home. When we bought it, fixed up everything and dedicated it, there was his microscope.  So I have a picture of me looking into Alzheimer’s microscope.  It’s in his house, not the Alzheimer Museum.  

TB: So, there’s an Alzheimer Museum too?    

SP: At the hospital.  During the dedication I had lunch with one of his daughters.  

TB: That’s very interesting.  

SP: Yes.  I think it’s his youngest daughter.  Alzheimer didn’t live to be very old, I think he was a smoker or something. Anyway, I’ve been working on Alzheimer’s disease which, in this country, is considered a neurological disorder.  Interestingly enough, in Germany, it’s still a “psychiatric” disorder and psychiatrists usually take care of it. In the US, it’s mostly neurologists, geriatricians and some psychiatrists.  

TB: You moved in your research from receptors to genetics?  

SP:  Absolutely, genetics, exactly! When I was at NIMH, before I left, I started a project in collaboration with Ed Ginns, a genetic epidemiologist, studying the genetics of manic depressive illness, in the old order of Amish in Lancaster.  Now this is an interesting story. In 1987 there was this wonderful paper published in Nature purporting to claim there was a genetic locus on chromosome 11, 11p15 on the short arm that contained a gene for manic depressive illness in the Amish. This was published by Janice Eglin.  There was a very famous geneticist named David Houseman.  Probably for a year or two it was probably the most exciting and interesting finding in psychiatry. In that region of the genome, there were two interesting genes.  One is the gene for tyrosine hydroxylase which, as you know, is a gene that makes catecholamines and the other is for tryptophane hydroxylase which makes serotonin.  So Ed Ginns and I thought these must be the genes for manic depressive disease. So we first cloned tyrosine hydroxylase and compared it in some Amish folks that had manic depressive illness and couldn’t find any difference.  This was a very curious finding, so we ended up repeating the linkage findings. One of the interesting things about doing genetic studies with DNA, is you can study the exact same subjects repeatedly. In the years we were measuring urinary catecholamines you could never get those patients again. They were gone, and you certainly couldn’t study them at the same time.  But for genetic studies, I take your DNA, I take your lymphocytes and I transform them. I make lymphoblasts, and store them.  I can grow them and they are a continuous source of DNA. So all of this DNA was stored in a repository in Camden, New Jersey, and you could order it.  So we ordered the DNA from these subjects and repeated the linkage analysis. To make a long story short, we didn’t get the same results.  So we published another paper in 1989, Failure to Confirm, and this was a very interesting because the group that originally published this consisted of extraordinarily competent, honest, good scientists. So I approached the group and I said let’s work this out together. We ended up publishing a paper in Nature with the original authors of the other paper. To this day, people think we were the ones who wrote the original paper. The sample Janice Eglin worked with was phenomenal. She’s got families, pedigrees, seven, eight, nine offspring, three or four of which had manic depressive illness. Fantastic!  We began to collaborate with Janice and to this day, we still do some work.  It’s been a little less intense since I’ve gone to Lilly, although I’m starting with the new genetic techniques, the SNP genotyping, the single nucleotide polymorphism gene typing, to sequence the human genome.   Now that we have all these genes, we can go into regions we think are important and find the genes one by one. We  had a paper that came out two or three years ago, in PNAS, which Seymour Kety sent it in for us because he was a member of the National Academy.  What we did in this paper was we looked at the Amish and carried out what’s called a linkage analysis where we put genetic markers, spaced throughout the genome, to see if there were markers that seemed to be segregating with the transmission of bipolar disorder in the subjects. If there’s a marker that seems to be linked with the illness, you can say a gene might reside there. Then we did an interesting thing. We flipped the linkage analysis around statistically and asked whether or not there was any relationship to being mentally well in these pedigrees. In other words, was the absence of affective disorder linked to any marker and sure enough, we found a region on 4p15, where there’s evidence, not unequivocal, but some evidence for a gene that conferred mental wellness.  It was a protective locus. What’s interesting about that is, remember the apo E gene I told you about, well it comes in three flavors, E4, E3 and E2.  E3 is the most common variant, present in about 85% of the population.  About 15% has one E4 gene that makes you three times more likely to have Alzheimer’s disease.  If you have two, that’s ten times.  Well it turns out that the E2 gene is protective.  So if you inherit one E2 gene, you have a 50% lower risk of getting Alzheimer’s disease and if you get one 4 from mom and one 2 from dad, the bad effect of the 4 is blocked by the good effect of the 2.  You see where I’m going? 

TB: Yes. 

SP: So this concept that we have alleles, forms of genes that can confer disease or disease protection, is the concept we’re seeing more and more now for all the complex traits we’re interested in.  Is that going to be interactional?  You get an interaction and the difference, by the way, between the E4 allele, the E4 gene and the E2 gene, is two amino acids.  Just two amino acids makes you go from having a tenfold greater risk to having one-half the risk, so a twentyfold change in the risk for getting Alzheimer’s disease.  How does that work, that’s what we’re trying to figure out.  

TB: Weren’t you also trying in your research to bridge receptorology with molecular genetics, working with cell lines and trying to profile drugs to receptors? Could you talk about that?  

SP: That’s an exciting area because once the molecular biologists got into receptor biology, the whole field took off.  A good example, and this is not so much my own work, but work we’ve done or capitalized on at Lilly, is that if you take serotonin, and serotonin has 15 separate receptors that have been cloned from different genes, what you can do is take the complementary DNA or cDNA for each of those and you express them separately in a cell line and use the cell line in screening for drugs.  You can come up with drugs that are specific for a particular type of  serotonin receptor, either one that stimulates or one that blocks it.  It has been used for glutamate receptors, dopamine receptors or just pick your set of receptors.  It’s a wonderful, powerful approach to discovering new drugs.  

TB: So that’s a kind of receptor screening for new drugs? 

SP: Yes, absolutely. Some people call it rational drug design. I don’t know what irrational drug design is. But the point is that if you go back to how we discovered imipramine, it was by accident.  How did we discover chlorpromazine? It was by accident. It was done by astute, empirical observations. You modified chlorpromazine and you didn’ get an antipsychotic, but you got a mood elevator.  Or you’re working on antihistaminic compounds and you come up with chlorpromazine, it seems to have antipsychotic effects.  

TB: What about MAO inhibitors? 

SP: They were discovered almost by accident, looking at the antituberculous MAO inhibitors and they seemed to have mood elevating effects. Didn’t Nate Kline make some empirical observations?  

TB:  And George Crane, and others even before that. 

SP: But a generation of psychotropic drugs was created empirically if you also think of John Cade’s work in lithium.  It was in the 1950's and 60's when these drugs were introduced. So in 50 years we’ve gone from having no understanding of how the drugs work, before we were able to delineate the neurochemical mechanism of their mode of action. When it was shown that imipramine and amitryptiline block serotonin reuptake, the question was, could that be how these drugs work as antidepressants? Voila, now you come up with the serotonin transport inhibitors.  Right?  

TB: Right.

SP: And you have this new generation of SSRI’s but it’s now known that the noradrenaline carrier is important and combining those two, the serotonin and noradrenaline carriers, gives you a better antidepressant. It’s also known that it’s not necessarily the primary neurotransmitter effect that occurs acutely but it’s probably the effects of the second and third messengers in gene expression after you give the drug. So when I give a drug to your brain, it may up-regulate or increase serotonin in your synapse and that’s going to cause a change in gene expression; it’s probably those genes that are changing the protein products that are penultimately responsible for the drug’s effects.  Now we can  use that information to discover brand new drugs that work better.  

TB:  How will things go? Do you need better feedback from psychiatry or would this work by itself to generate the development of more selective drugs? 

SP: That is a very interesting question because one of the things I think has gone wrong, is we’ve taken a lot of the empiricism out of psychopharmacology.  In my research group at Lilly, the CNS program that Chris Fibiger heads up, they’re discovering drugs that work on a whole variety of different receptors, glutamate receptors and serotonin receptors and we have theories of what these drugs are going to do. But until you get them into people and good psychiatrists make observations you don’t really know what you’ve got. We’ve found, for example, that we bring a drug into the clinic for this or that disease and find it may not work; but look what else it does. That’s what we need more of in psychiatry.  

TB: But the current psychiatric nosology works against you because the diagnostic categories are too broad and pharmacologically too heterogenous.

SP: We’re probably getting close to the etiology of Alzheimer’s disease because we know what gene  produces the disease.  We don’t have that yet in psychiatric disorders.  

TB: I think in Alzheimer’s, we might be closer than in other psychiatric disorders but even in Alzheimer’s it will probably be better to restrict the concept to the original, and look for the genetics of the early onset disease. 

SP: The apo E gene is the late onset gene but there’s a point you’re making that’s important. Even so, when does early Alzheimer’s start? There’s another syndrome called mild cognitive impairment, MCI, this is the big buzz word. It’s a precursor to Alzheimer’s, but I think people are depositing amyloid much earlier.  

TB: The point I was trying to make was that by separating early onset from late onset disease we might get more homogenous populations.

SP: Well I think that we have a much better understanding of the genetic etiology, pathogenesis and pathophysiology of Alzheimer’s disease than we do for schizophrenia or bipolar disorder.  

TB: I think that’s correct.  

SP: In Alzheimer’s disease, there are three amyloid precursor protein mutations, Presenilin 1, Presenilin 2 and apo E that have been described. These are actual genes, and we can show their importance in populations.  In schizophrenia, we have certain regions of the genome identified but no genes yet.  My point is, if you think of the treatments for schizophrenia or for depression to some degree, we’re not going to go anywhere unless we get a drug that treats the etiology.  The etiology of schizophrenia may have been way back in the second trimester of pregnancy, so you may be dealing with something that you can’t treat etiologically in the adult.   

TB: Absolutely.  

SP: So there’s still value in looking at things syndromically and saying, what is depression or cognitive impairment in schizophrenia and can we treat those?  The treatment of schizophrenia started out in the 1950's by trying to treat the positive symptoms of psychosis, hallucinations and delusions.  Right?  

TB: This is what most people say but an early report on treatment by Sol Goldberg, based on the NIMH collaborative study, shows that the symptoms we refer to today as “negative symptoms” are the ones which responded specifically to antipsychotic phenothiazines.

SP: But the focus in therapy for years and years was can you block the positive symptoms and was that enough? Then people started saying you can only treat these positive symptoms with certain types of drugs but the patients remain impaired. Then we had this concept of negative symptomatology.  Actually, who coined the word dementia praecox?  

TB: Kraepelin by adopting Morel’s term “demence precoce”.  

SP:  I’ve got a picture of Alzheimer and Kraepelin sitting in the same room in Munich.  So what was Kraepelin picking up on dementia praecox?  

TB: First, in 1893, he used it as a diagnosis that accommodated three syndromes: Hecker’s hebephrenia, Kahlbaum’s catatonia, and dementia paranoides, that he himself described.   

SP: The point I’m making is that across history, people were picking out different parts of the syndrome we call schizophrenia. Today we think of it as a syndrome whose manifestations may differ from patient to patient.  

TB: In the last edition of his textbook Kraepelin himself described 12 different outcomes in patients diagnosed as dementia praecox.  

SP: But you know, like Alzheimer’s, like many diseases, you can get different etiologies producing the same phenotype. Like in Hodgkin’s disease, the same gene is producing a different phenotype. Until we find something etiologically that we can put our fingers on in schizophrenia, it’s going to be hard to get the nosology right.  You see what I mean.  Otherwise, you’re just looking  at symptom complexes and making theories which are great, but you’ve got to come back and test them. For the time being, if you have a patient with schizophrenia you may be treating different symptoms in the syndrome, possibly with different drugs or combinations of drugs, like we do with cancer and many other diseases.  

TB: Right.  

SP: So we’re working on drugs that might help memory disturbance, cognitive disturbance in schizophrenia, or on drugs that might be more effective for negative or positive symptomatology.  I think you can approach the problem that way.  In fact, if you want to do it properly, there is no other way. For the next ten years of my career, I’m probably getting back to schizophrenia on a new project that involves genetics but I’ll also work on some of these Alzheimer’s disease therapies.  

TB: Would you like to say something about the research you intend to do in schizophrenia? 

SP: There are some exciting new clues on the genetics of schizophrenia that have to do with stemline mutations in spermatozoa. Another very exciting paper presented a pathway involved in the production of an amino acid, which Sol Snyder has worked on a lot that seems to be very involved in receptor function. Those are two interesting clues to etiology or, if not etiology, to pathophysiology, although we don’t have, at this point, a lot of data to support a hypothesis.  

TB: But currently your research is focused on Alzheimer’s?  

SP: Mostly on Alzheimer’s, right. 

TB:  Do you have any drugs in the making for Alzheimer’s?

SP: Yes.  In the Alzheimer’s area, we’ve got a drug that I helped discover that was approved just a week ago and will go into the clinic, if all goes well, by December of this coming year. 

TB: Any other interesting drugs?

SP: We’ve got a couple of others too. We’re working on neuroprotective strategies for Parkinson’s disease.  But a lot of my drug discoveries are vicarious through the efforts of the program and we’ve got many exciting, different types of drug candidates, going into the clinic.  Not directly out of my laboratory but out of our whole program at Lilly, and that’s exciting to me.  

TB: You still seem to keep very close to CNS drugs?

SP: I do, but I have to worry about the other areas too and I enjoy the fundamental  breakthroughs going on in cancer, cardiovascular research and infectious diseases. Fortunately, we have very good people who are experts in those areas who I bring together into a group and that’s a nice challenge and  a great opportunity.   

TB: You mentioned a number of people you worked with at NIMH. Would you like to mention a few you trained? 

SP:  The folks that have come through my lab; some have done very well, a couple at this meeting, Shelly Schwartz who’s at Duke, Leslie Morrow who’s at the University of North Carolina, Steve Doetsch who’s at Georgetown, Howard Gershenfeld at Texas, Aaron Janowsky is in Portland Oregon, Paul Berger is at Cincinnati. I’ve been very fortunate with the folks who have come through my lab.   

TB: It seems you have been very fortunate to work with interesting people. You were lucky with your own mentors.

SP: They were very varied people, they each brought different things to the mix, from a fellow like Bob Heath, to an Arnie Mandell, a Don Gallant, an Danny Friedman, a Julie Axelrod and Fred Goodwin.  I’ve been very fortunate to have worked with some great people.  

TB: Would you like to say something about your publications? 

SP:  Going back in time, I think the alcohol GABA work was good, the neuroactive steroid work, the allopregnanolone work; a lot of papers were good, including the original binding studies with the GABA benzodiazepine separate complex and the barbiturate work. All those are solid pieces of work. Recently, I’m very proud of the Alzheimer’s work we’ve done, the transgenic mouse model and some of this new work on the antibody over the past couple of years, the antibody to the α-β peptide. Those are the pieces of work I think are the most important.

TB: What is your last publication?

SP: The last paper I had came out a few weeks ago in the Proceedings of the National Academy of Science, PNAS, demonstrating that a semi-synthetic tetracycline called minocycline has neuroprotective effects, it works in the animal MPTP model of Parkinson’s, and not by its  antimicrobial properties, but through what we think is a brain anti-inflammatory property.  That’s a very interesting, provocative paper. We have a couple of others in press or submitted that I’m also pretty excited about.  One, in transgenic mouse models, could be used for determining how much amyloid is present in the brain, by measuring how much alpha and beta antibodies are present in the mouse blood.   

TB: For your contributions you were the recipient of several awards. Would you like to mention just a few? 

SP: The Efron Award of ACNP is a great award I received. The Distinguished Service Medal from the US Public Health Service, the Arthur Fleming Award and the APA’s Research Award were all exciting awards. The Max Hamilton Award of the CINP was a nice award, as well as The Bennett Award from the Society of Biological Psychiatry.

TB: When did you become a member of ACNP?

SP: I joined the ACNP in 1982. This really is a fantastic organization.  I’ve come to virtually every meeting for 25 years.  I’ve served on Council twice and served as the President in1999.  That was a great honor.  I’ve served on the Credentials and the Program Committee.  So I’ve been fortunate to do a lot of things for the organization, this College.  

TB: Is there anything you would like to add that we have not covered?  

SP: I think it’s a great College. When I was President, one of the things I wanted to do was figure out a way to keep it intellectually vigorous, to make sure that we were bringing in the young, the brightest people so we continued to evolve and wouldn’t become extinct. We’ve done some good things along that route. I’m very pleased with the quality of the new members and the Fellow promotions.  It’s a great, great organization.  

TB: Just one more question. What are your thoughts about the future of the field and the College? 

SP: The field is going to be as good as the science we produce. To comment more on psychiatry because I’m a psychiatrist, we’ve gone from an era where it was hard to even know anything about nosology, to know anything about disease processes. Clinicians that came into the field were not as interested in applying rigorous scientific methods to understanding what was going on.  It may have been such an overwhelming problem, but I think we’ve made a lot of progress in 50 years and we will continue to apply sound scientific methods to tease out the genetic and the non-genetic factors for diseases. What’s the etiology?  What’s the pathophysiology?  What’s going on in the brain that causes signs and symptoms of disease and then treatment interventions will occur at the various stages, like all other diseases. Fundamentally, we’ll  understand the brain that is the most complex organ in the body. But it’s not going to be easy to understand soon although we’ve made extraordinary progress and this College has done a remarkable job as a catalyst.  

TB: That’s a reasonable note on which to end this interview. Thank you very much.  

SP: Thank you, Tom that was fun.  Great! 

( Steven Marc Paul was born in Chicago, Illinois in 1950. 





