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DANIEL R. WEINBERGER

Interviewed by Stephen Potkin

Boca Raton, Florida, December 12, 2007

SP:
Hello, my name is Stephen Potkin and we are at the 48th annual meeting of the ACNP. I have the pleasure today to interview Daniel R Weinberger.( Daniel R. Weinberger is Director of the Genes, Cognition and Psychosis program at NIMH XE "National Institute of Mental Health (NIMH):Genes, Cognition and Psychosis program" . We are going to cover Danny’s early training and his latest research ideas. Danny you can tell us from where you started and where you were born and where you went to school?

DW:
I was born outside of New York City in 1947 and grew up in Great Neck, New York; I went to public school and Great Neck South High School. Then I went to Johns Hopkins University and was a liberal arts major but interested, from early in life, in becoming a pediatrician. I thought that was what my life was going to be. While a liberal arts major I did the requisite courses for medical school admission; it was a lot easier to get into medical school in those days than it is today. In 1969, I went to the University of Pennsylvania Medical School, where I decided that pediatrics was not really what I was interested in; instead I got very interested in Neuroscience XE "Neuroscience(s)"  and thought about being a neurosurgeon, but was not too happy with  the neurosurgical lifestyle.

SP:
The early morning scheduling?

DW:
I had a lot of trouble with the 4:30 am rounds. Then I was thinking about neurology versus psychiatry from a neuroscience prospective. That was at the end of the Vietnam War. I was in a very humanistic state of mind and felt there was a humanity issue in general medicine, and that moved me into thinking about psychiatry. I did a medical internship from 1973 to 1974 at UCLA in Harbor General Hospital outside Los Angeles, mainly because I wanted to experience the west coast for a year.

SP:
I would like to recommend it.

DW:
I hated it until about March and then I became very fond of it. I remember having a change of mind about March when I realized it was seventy two degrees and the sun was out. Then I realized that I really liked it out there, but by then I committed to do a residency at the Massachusetts Mental Health Center. It was at that time the premier-Harvard program and very psychoanalytically oriented. It was very humanistic, trying to understand mental illness from the perspective of mind mechanisms. By the second year of my residency, which was intellectually challenging, I became aware I was learning a lot about humanity, human behavior and psychology, but I was not learning much about mental illness. And, then, two friends from my residency, David Shiling XE "Shiling, David"  and Joel Kleinman, XE "Kleinman, Joel"  who were at NIMH XE "National Institute of Mental Health (NIMH):Intramural program" , kept saying, you can learn a great deal of science here and understand mental illness from a whole different perspective. I followed them and joined the laboratory of Richard Wyatt XE "Wyatt, Richard"  in 1977 while you were there, Steve. I was extremely unsophisticated about clinical or basic research but since I was thinking of an academic career in psychiatry I tried to get a basic understanding of its challenges.

I had become very interested in schizophrenia XE "Schizophrenia:research"  as a resident; I thought it was a great challenge for neuroscience to understand how a brain could malfunction in this unapproachable way. I was very conscious of how profoundly debilitating it was. One of the unusual things about the Mass Mental Health Center in those days was that in my entire first year of residency I had only 28 admissions, which was probably two orders of magnitude less than any other resident or intern in the country. When you admitted a patient, it was your patient for the duration of your residency. So you got to know these people extremely well. One of the things I found to my amazement was that the hallucinations and delusions which were the most obvious florid characteristics, was not what was wrong with them. I became very conscious after three years of residency that what was wrong was they could not function. It was the hallucinations and delusions we tried to analyze and find meaning in, but I was convinced the reason these people were not back at work or at school was they could not seem to function. So I became focused on what I thought from my early clinical days was really the core problem of schizophrenia XE "Schizophrenia:research" , which was how the brain manages complex environmental information. So I followed my friends to NIMH XE "National Institute of Mental Health (NIMH):Intramural program"  and worked in Richard Wyatt XE "Wyatt, Richard" ’s lab and that was the beginning of my research career.

SP:
What was the first project you did? Do you recall it?

DW:
I recall it very vividly, because it was a project with Carleton Gajdusek XE "Gajdusek, Carleton"  in the neurology institute. I obtained ten samples of brains from Joel Kleinman, XE "Kleinman, Joel"  because I was interested in the viral hypothesis of schizophrenia XE "Schizophrenia:causation theories" . When I was a resident, I read papers by Fuller Torrey XE "Torrey, E. Fuller"  and became very neurologically minded.

SP: 
When were those articles published? 

DW:
 In 1972. I liked his articles about temporal lobe epilepsy, his ideas about the temporal lobe, encephalitis, viruses and herpes, and, of course about viruses that affect the temporal lobe and can induce psychosis. So, I took Joel’ XE "Kleinman, Joel" s ten samples and worked in Gajdusek XE "Gajdusek, Carleton" ’s lab, for two days a week for about a year. During this time we injected about 55 monkeys and six chimpanzees for the slow viral dementia XE "Animal studies"  studies they were doing. This was before he got the Nobel Prize XE "Nobel Prize" . That was the first project I was involved with. We followed them for over eight years and nothing happened. They did not develop Spongiform Encephalopathy; they did not develop Schizophrenia; it was a negative study. We submitted a paper that was rejected by the Archives of General Psychiatry! They felt the method was not proven. So I wrote a letter to Danny Freedman XE "Freedman, Daniel X." , and said, excuse me, this method won a Nobel Prize XE "Nobel Prize" , there is nothing wrong with the method, it is just there is no slow virus in the brains of schizophrenics XE "Schizophrenia:causation theories" .

Then I ran one of the research wards at St. Elizabeths Hospital XE "St. Elizabeths Hospital" . At the time that was a terrific environment. It was an opportunity to experience things hard to imagine one would ever experience. We had patients off medication; this was an opportunity to see schizophrenia XE "Schizophrenia:research"  in an untreated state. We did a lot of medical procedures that would be hard to do these days, although we did them with full consent. We got to know patients very well, because sometimes we had them on the research ward for over a year or two. So it was an intimate experience. We were a bit of an outpost; sort of like the French Foreign Legion. We had a cadre of scientists, physicians and basic scientists working in the same place and the same building.

SP:
Are there any people that stand out, who were important in moving your research career forward?

DW:
Well, I think the environment was conducive to trying new things and thinking out of the box. I was basically preoccupied with the brain and was a good neuroscience student at medical school. When I left Mass Mental Health Center to go to NIMH XE "National Institute of Mental Health (NIMH)"  I was conscious I had lost my connection with the neuroscience of mental illness. I always thought mental illness was the ultimate challenge for understanding how the brain worked. There were two things that were critical: one which was what Joel Kleinman XE "Kleinman, Joel"  at St. Elizabeths was doing, basically grind and bind studies of D2 receptors and measuring enzymes in the brain. 

SP:
Was the other, the post-mortem studies?

DW:
The other was the CT scan had just come out. I think the first CT scanner in the USA was delivered to Georgetown University in 1975, and the first CT scanner at NIH XE "National Institutes of Health (NIH):imaging research"  arrived in about 1977. So when I got there, they had the EMI CT scanner. EMI was a music corporation which produced all the Beatles music, but EMI was also making CT scanners. They had an EMI Mark III CT scanner. So, I thought here I am at NIH and if schizophrenia XE "Schizophrenia:imaging research"  is a brain disease, then maybe we should look at these people’s brains. I started sending all the patients from the ward up to NIH to get CT scans and they would always would come back normal. XE "Computed tomography (CT)" \r "CT2"  Richard Wyatt, XE "Wyatt, Richard"  who ran the lab, had the biggest influence on me at that time; he provided an environment that allowed people to do things they were curious about without discouraging them. That was something that was very rare anywhere in the world. It was also a time when the NIMH Intramural Research Program XE "National Institute of Mental Health (NIMH):Intramural program"  had extraordinary resources, so it was possible to do virtually anything that was reasonable scientific research. We did a lot of drug trials; a lot of experimental therapeutics. I remember giving apomorphine, thinking it would cause presynaptic inhibition of dopamine release. We also did a lot of analytical chemistry, measuring all kinds of body fluids. We used to have patients lined up outside the treatment room for arterial punctures to look at some methylated indol compound.

SP:
Also CSF studies?

DW:
We did tons of CSF studies and the patients were pretty good about these things. We had very good relationships with the patients, so they were not opposed to these procedures and it wasn’t just that they were intimidated and couldn’t say no. We actually had patients who would volunteer for procedures. There is an old saying that many very sick individuals are reassured by medical procedures, and there was a certain relationship that existed between the doctors and  patients that made this kind of thing possible. So I started doing CT scans and Jan Stevens XE "Stevens, Janice R."  was very helpful. She was a neurologist from the University of Oregon who spent a lot of time with Richard Wyatt XE "Wyatt, Richard" . Jan had written several seminal papers on temporal lobe epilepsy and psychosis including one on the “Neuroanatomy of Psychosis” that was published in the Archives, I think in 1973. It highlighted the role of the nucleus acumbens something nobody knew anything about at the time. Jan XE "Stevens, Janice R."  made a comment to me which was very important. She said, “Even though the scans may be normal, there may be more quantitative things that were not normal.” This led to the idea that maybe we could make quantitative measures of cerebral spinal fluid spaces, which were the ventricles, cortical fissures and sulci, the only anatomical details on a CT scan XE "Computed tomography (CT):limitations"  at that time. We did that, and it was the first study in which I learned how to use a manual planimeter. I became this “gnomish” guy in the basement measuring all the CT scans. 

We reproduced data from the 1920s, done with pneumoencephalography XE "Pneumoencephalography"  (PEG). There was only one prior study with CT XE "Computed tomography (CT)"  scanning from England by Eve Johnstone XE "Johnstone, Eve"  and Tim Crow. XE "Crow, Timothy J."  It was a very small study of an elderly sample. We did a large study, probably about two hundred patients, in first-break schizophrenia, XE "Schizophrenia:brain imaging"  middle episode, and normal controls; we confirmed that patients had bigger ventricles. That led to a series of studies to try to understand what the finding meant. Another person who was very influential in my thinking at that time was Norman Geschwind, XE "Geschwind, Norman"  who I had brought down from Boston for a visit; I had been a student of his at Harvard. Geschwind was the father of behavioral neurology and he wasn’t really interested in psychosis; he was interested in aphasia, apraxia, anoxia, the classic cornerstones of behavioral neurology related to stroke. When I showed him all these CT scans, he thought that the patients in their twenties tended to have more CSF than he expected. He made a great comment, saying “ People who have these findings should be different in some way from people who don’t have them; that is what we call clinical pathological correlation.” That’s the classic way a neurologist looks for a lesion and relates it to the clinical state.

That led to studies showing that treatment response was quantitatively worse the bigger the ventricles. It also showed that cognitive variables were quantitatively worse, and that led to our pre-morbid studies where we collaborated with you and Cannon-Spoor XE "Cannon-Spoor, H. Eleanor"  who had developed a pre-morbid adjustment scale. We showed that adult patients with bigger ventricles were a little bit more delayed in reaching various social and educational milestones than people who didn’t have them. And that led to the idea which was one of the major conceptual developments that emerged from the work, namely that whatever these changes in the brain were, they seemed to have clinical manifestations long before the illness emerged. When I wrote a paper in 1985 about implications of brain development, I cited this comment by Bleuler XE "Bleuler, Eugen"  that many patients with schizophrenia have a childhood marked by social and educational difficulties. His argument was this was either a cause of schizophrenia or “a manifestation at a different time of life of the morbid pathology” which pre-dated the emergence of clinical phenomenology. So my assumption was that these early developmental problems and enlarged ventricles were related. That was in many ways the initiation of thinking about schizophrenia in a much more neurodevelopment way than people had previously.

Then I got very focused on imaging because we could study the brain of real people with more opportunity for experiment than we could with brain tissue. CT scans XE "Computed tomography (CT):limitations"  translated into more functional studies, because the problem with the CT is that it doesn’t tell you why the brain is not working right or what the nature of the problem is. CT scans identify that the brain may not be absolutely normal in its structure, but it doesn’t go beyond that. So we started doing early PET XE "Positron emission tomography (PET):human studies"  scans with glucose, and  developed our own regional cerebral blood flow XE "Regional cerebral blood flow"  system. I was very interested in the early work being done in London by Richard Frackowiak XE "Frackowiak, Richard"  on C-11 water and I couldn’t get anybody at the NIH XE "National Institutes of Health (NIH):brain research"  interested in cerebral blood flow XE "Cerebral blood flow:measurement"  because they were so stuck on the 2-deoxyglucose XE "2-Deoxyglucose"  method discovered by Lou Sokoloff XE "Sokoloff, Louis"  at the NIMH and its evolution into the FDG XE "Fluorodeoxyglucose"  PET technique. And they didn’t have capacity to make the postitron emiting water at the time. So we developed our own cerebral blood flow XE "Cerebral blood flow:measurement"  system at St. Elizabeths, which was a radioactive xenon XE "Xenon, radioactive"  based system. It was not topographic. It was cortical only, and it was like the most Rube Goldbergesque contraption you ever saw. I don’t know if you ever saw it, Steve, the old blood flow system. It was bizarre. I had thirty two Geiger counters on top of the head that were basically sodium iodide crystals hich recorded the emission of photons. And we had people breathe radioactive xenon XE "Xenon, radioactive"  gas, which is a great blood flow radio tracer because it’s completely inert and totally diffusible. It is a true tracer of blood flow and you get highly quantitative measurements despite its low resolution. The most remarkable thing which I still don’t believe completely to this day, is that it worked! And it produced topographical maps of cortical activity, so you could have regional resolution better than an EEG and it was much more quantifiable as a pure metabolic signal.

The other seminal thing that happened to my thinking occurred after reading Joaquin’s Fuster XE "Fuster, Joaquin" ’s book. It was in 1984, my parents lived in Fort Lauderdale at the time, and I was lying on a beach in Fort Lauderdale reading The Prefrontal Cortex; published in 1982. I can’t remember how I got interested in the frontal lobe but it was probably because of David Ingvar XE "Ingvar, David" ’s findings in his original rCBF XE "Regional cerebral blood flow"  study. I started reading this book and I thought this is highly relevant to schizophrenia. The problem I was preoccupied with even as a resident was these patients don’t function and can’t think ahead. The problem was they have poor judgment, don’t have insight, can’t anticipate their actions, can’t put sequences together, so they can’t plan adequately and can’t respond when things don’t go well, which are characteristics related to frontal lobe function. Now, with Ingvar’s data about hypofrontality XE "Hypofrontality"  in schizophrenia from cerebral blood flow studies I went to Allen Mirsky, XE "Mirsky, Allen"  who was head of neuropsychology at NIMH, and asked him for help in how to target frontal lobe function. I was thinking about the Starling heart experiments. I thought we could put a load on the pre-frontal cortex, because at the time people were only doing resting studies which seemed absurd to me because there was no way of knowing what a patient with schizophrenia and what someone who is not schizophrenic is doing during rest. It’s not that the resting data might not be meaningful, but you have no idea what it is telling you, because you really don’t know what their experience was at that time. I thought we had to do something to influence what they were doing during the procedure.

I asked Allan Mirsky XE "Mirsky, Allan"  what we can do to turn on the frontal lobe, and he said there is the Wisconsin Card Sorting Test. I recruited Karen Berman, XE "Berman, Karen"  who was a Fellow under me at the time to help me work on this, and we automated the test. It was a slide show, because there were no computers then. We had a slide show using a sensory motor control task by pressing a button. This was four years before anybody in Saint Louis or anywhere else had done an activation study of cognitive processing using the subtraction method. We did not consider this approach a great neuroscience advance, but it seemed appropriate for seeing how the frontal lobe was doing when it was working. So we administered the Wisconsin Card Sorting Test and it lit up the frontal lobe, which blew my mind. It was another fact that our machine actually worked, which was inconceivable. The machine was made by Harshaw Chemicals, who also made all those sodium iodine crystals. I remember flying out to Harshaw Chemicals in Ohio. I was very close to the salesman, because they had sold only two or three of these instruments before in their whole lifetime. Anyway, it worked, and we did patients with schizophrenia and confirmed Ingvar XE "Ingvar, David" ’s studies, which was that the frontal lobe did not show normal engagement during the Wisconsin Card Sorting Test. Ultimately we moved into other areas of imaging as MRI XE "Magnetic resonance imaging (MRI)"  came around. With MRI the image got much more sophisticated, although I have to say that while we have much more sophisticated paradigms and we can now, with fMRI XE "Functional MRI (fMRI)" , dissect at a much more elementary level the cognitive components of functional deficits in patients, we are basically finding much the same story as back in the mid-1980s, namely that patients with schizophrenia have problems engaging certain critical cognitive neurocircuits related to frontal lobe function.

SP:
When did the ideas of involving the genetic aspects come about?

DW:
That happened when Harold Varmus XE "Varmus, Harold"  came to NIH XE "National Institutes of Health (NIH)"  as director; his tenure let to fundamental changes in my thinking about genetics. I was always phobic about genetics because I couldn’t understand it. I couldn’t get it when Ken Kendler XE "Kendler, Kenneth S."  would show those “path” diagrams from family segregation studies. I could read the literature about what structural equation modeling was and I understood the principle of it, but I couldn’t really buy collecting the frequency of illness data in extended families. By creating paths you  haven’t proven anything, and I never bought it, because it was too abstract, too statistically dependent, and I am basically a biologist. I didn’t like reaching all these conclusions based only on statistics. At that point in time psychiatric and behavioral genetics, and most genetics other than Mendelian disorders, were about statistics and epidemiology and I was a more hands-on doctor who couldn’t relate to that kind of stuff. So I liked imaging; I mean it was like doing an exam. I just couldn’t relate and was very intimidated by the math of genetics. It was all probabilistic and you couldn’t get your hands around it. But I accepted the twin studies XE "Twin studies"  as a method, and I don’t know if you were there when we had the Genain Quadruplets XE "Genain Quadruplets"  on our wards?

SP:
Yes.

DW:
These famous monozygotic quadruplets, all with schizophrenia, taught us that whatever was genetic about them – they were identical quadruplets – it wasn’t their symptoms but something else, because their symptoms varied across the whole spectrum of schizophrenia. One was a hebephrenic and severely ill, another was only minimally symptomatic, and the other two were in the middle. So it was obvious, even though they had the identical genetic sequence, there was a lot of variability in penetrance and expression. If you look at Kety XE "Kety, Seymour" ’s original adoption studies XE "Adoption studies" , it was very clear that it was not the diagnostic symptoms which were genetic.

In this context, I was deeply affected by the occasion of Harold Varmus XE "Varmus, Harold" ’ visit, when he became NIH director. He came to visit St. Elizabeths XE "St. Elizabeths Hospital"  and everyone was really stoked. We were going to show him around and show him all of the great stuff we have. Richard XE "Wyatt, Richard"  had this dog and pony show and I showed him imaging. Richard was always trying to do something he thought was earth shattering science, and Varmus XE "Varmus, Harold"  laughed at it. He just looked at us and said, “What are you people, doing?” And then he said, “You are not doing anything that is going to crack this illness. You are telling me about all these great achievements, I see nothing you are doing now that is going to make any headway beyond what you have already done.” This floored me.

Then about a year later, I was at an NAS XE "National Academy of Sciences"  sponsored meeting with Varmus, XE "Varmus, Harold"  Zach Hall XE "Hall, Zachary"  and all the schizophrenia heavyweights; I had recently become a branch chief at NIMH XE "National Institute of Mental Health (NIMH):Intramural program" . Pat Goldman-Rakic XE "Goldman-Rakic, Patricia"  and everyone was there and everybody did their dog and pony shows. This was a two day meeting at the National Academy of Sciences XE "National Academy of Sciences" . And at the meeting, Zach Hall XE "Hall, Zachary"  stood up and said, “You people have been studying this disease for thirty years, and from where I sit, you have accomplished virtually nothing.” It was incredible. I was flattered to be there, and didn’t take anything personally, but of course other people got incensed. And then, Varmus XE "Varmus, Harold"  said, “You people don’t get it; the human genome is going to be sequenced within the next decade. And all the genes related to mental illness XE "Psychiatric illness:genetic aspects"  are going to be found. So whatever you are doing, if you are not dealing with those findings, then you are going to be dinosaurs.” T In effect he said, if you people are not dealing with the genetic basis of mental illness, then you have no clues for what these illnesses are. I had been doing imaging for fifteen years, and we had become increasingly sophisticated as we had just started doing MRI XE "Magnetic resonance imaging (MRI)" s. But I had to admit, in my own heart of hearts, that what he said was we were doing  phenomenology. We were getting more sophisticated with it and we were showing associations, but it was still phenomenology. We weren’t creating pathways to new treatments and we weren’t identifying the cause of illness. As I thought about it I realized I knew almost nothing about the genome and modern genetics. It became clear to me I couldn’t say that he was not right; he probably was right and investigators were going to find the genes and understand the cause of these diseases. It was obviously not going to be us, because we were not even looking for them.

I came back and literally said to every person in my lab, “We are changing; this whole lab is going to change. We are going to become a molecular biology lab and we are going to learn genetics.” I took courses; all of us took lab courses. I spent four weeks in a lab at Catholic University. I had asked Ian Creese, XE "Creese, Ian"  who was doing D2 molecular genetics XE "Molecular genetics"  at that time, and he said the best lab courses in the country are at Catholic University because they immerse you for sixty hours a week and you learn all the basic technologies of recombinant DNA in four weeks. We cloned genes and did sequencing; we did everything you could do in that period. I didn’t become a molecular biologist, but I came to understand the procedures, what it meant to do these things, and I could read the literature. Then, I spent the next five years working with David Goldman, XE "Goldman, David"  Michael Dean, XE "Dean, Michael"  and others to get a better understanding of the clinical genetic aspects. I slowly but surely immersed myself in how we would use genes to understand the biology of the illness we have been studying.

The other big change in my thinking came when we started doing fMRI in 1992 after it became clear we could do high resolution functional imaging without radioactivity. I had always thought the Holy Grail in neuromaging research was that we could study the same person multiple times. I actually wrote a paper with Joe Frank XE "Frank, Joseph"  called the fMRI interview. My fantasy was, just as you do an interview with a patient to make a diagnosis, you would do an interview during fMRI. You would do multiple scans; the principle was that you could use the fMRI to develop a phenotype. I wrote a paper about how fMRI was going to be a genetic tool, in NeuroImage, in 1996. It was on new developments and the paper was about fMRI becoming a genetic tool. XE "Functional MRI (fMRI)" \r "fmri"  It was published in a supplement to the journal. I gave a talk in 1994 to all my colleagues in the NIH NMR center, saying I think we are going to be able to do phenotypes of how the brain works and relate this to variations in genes. It seemed very logical to me because I though as I was beginning to understand genetics, that genes can’t make you hallucinate but genes make your brain behave, develop and function in a particular way. Genes will impact on brain physiology XE "Brain physiology"  which can be assayed with fRMI. When I said that, they laughed at me and the radiologists went wild: “Are you out of your mind?” Everybody thought I was an idiot. I thought, however silly all this may sound, why shouldn’t it be right; genes are related to behavior because they are about the biology of the brain. It is a tool we can use to study many different facets of how a brain works. One has to look closer at how genes work. That’s how my involvement in imaging genetics started.

Julie Axelrod XE "Axelrod, Julius"  said that doing good science is not about brilliance;  it’s about persistence and asking the right question at the right time. NIMH XE "National Institute of Mental Health (NIMH):research support"  was a very unusual place. It would have been impossible to get funded for this in the real world; if you talked like this they would probably have you committed, let alone give you a grant. So that is where we started. We had to get into genetics, because we wanted to do genetics based on intermediate phenotypes. I got very excited about this in the mid-90s because after five years of not getting it I was finally understanding genetics; I was reading and working in the lab and I started to get it. I wanted to collect a clinical sample that would allow us to understand how genes played out in the brain. In 1996 I started what we called “the sibling study.” I recruited Michael Egan XE "Egan, MIchael"  to help get the study going, and he became its “boots on the ground” manager. It was a huge project to do at St. Elizabeths XE "St. Elizabeths Hospital" ; it was unheard of that we would be able to collect families to do it. We were focused on unaffected siblings, because the concept was genes were about your brain and not whether you hallucinate. So siblings who share fifty percent of the genes should have some of the same characteristics. We had done studies with Fuller Torrey XE "Torrey, E. Fuller"  in the late 1980s and early 1990s on twins XE "Twin studies" , where we showed that even though discordant healthy co-twins of schizophrenics had no diagnostic symptoms, they had cognitive deficits and blood flow changes which were the only things we could measure at that time. That led us to do the sibling study, and because of my work with David Goldman XE "Goldman, David"  and Michael Dean XE "Dean, Michael"  in the Cancer Institute – who I used to call my personal trainers – we were very focused on adequate controls. I would rather err on the side of a type II error than not controlling for a type I error. I felt we needed to not fall into the trap of findings artifacts, so we opted to do family-based studies, focusing on triplets and quads. We would have two affected offspring and and one or two unaffected offspring. We would use the unaffected offspring to find heritable characteristics of brain function and cognition, which would be the targets of susceptibility genes. And so, we started collecting these trios and quads. We hired a social worker named Mary Weirick, XE "Weirick, Mary"  who is priceless. She found every patient who had been studied at St. Elizabeths XE "St. Elizabeths Hospital"  for thirty years and tried to get them and their families to come back for our study. This got a lot of people, because they had already been here and we had a very good relationship with them. We collected probably one hundred and fifty trios in those first four years. We studied them very extensively over four days. We picked COMT as the first gene to study, because it contained a common functional variant and we knew a lot about its biology. I had the hypothesis about the role of frontal dopamine and there was evidence that COMT affected frontal dopamine. We came up with an association of COMT and schizophrenia, but more dramatically, the imaging findings showed that the COMT genotype predicted frontal lobe physiology even in small samples. This was based on thirty subjects, which completely blew our mind. We replicated the finding in this original study in three separate groups, and then started a series of studies using specific genes; targeting specific neuropathways we believed the gene might impact. We focused primarily on snips or variants in genes we knew affected the function of the gene, so that we had lawful predictions of the gene being affected biologically. XE "Relatives of psychiatric patients" \r "sibling"  In our early big profile studies we worked with the serotonin transporter, COMT XE "Catechol-O-methyltransferase" \r "COMT"  and BDNF, and our findings confirmed the strategy we used by showing the results we expected. I think our findings have been a boon to understanding how genes affect the brain and how genes relate to behavior. It has made the behavioral genetic business a lot more biological.

SP:
When you think back, what were your most important contributions?

DW:
Before answering your question I would like to mention that after two years at NIMH, I decided I knew very little about the brain. So because I was doing imaging work without understanding the brain very well, I felt rather lost and that I didn’t have any credibility with the other people in neuroscience XE "Neuroscience(s)" . So I went back and did a neurology residency, which was very helpful to me, and gave me a lot of understanding and confidence in myself as a clinical neuroscientist. It also made it possible for me to put the psychiatric brain discipline in the broader context of biological brain science. That was a very important experience for me. Because of that background I thought cognition was a quantifiable, much more stable, aspect of the problems  patients with schizophrenia have than the diagnostic symptoms. As I look back on my career, I was probably as much a proponent as anybody, of making cognition a centerpiece of psychiatric research in imaging and clinical follow up, and ultimately a target for treatments. That was one of the big contributions I made. I was also important by orienting thinking in imaging toward specific cognitive probes and a variety of image strategies. The notion of thinking about schizophrenia in a neuro-developmental context is something I think my voice was a major factor in. The other big advance that came out of work from my lab is the opportunity to make sense of genes related to behavior by linking them to aspects of human cognition and image based phenotypes.

SP:
What honors and awards have you received?

DW:
The awards that matters the most to me was the Lieber Prize from NARSAD. I won a number of prizes from the American Psychiatric Association XE "American Psychiatric Association (APA)" , and I have been elected to the Institute of Medicine of the National Academy of Sciences XE "National Academy of Sciences" . I have also won most of the general psychiatry prizes. I was awarded the first Roche Nature Medicine Translational Neuroscience Prize. Last year, I was given the first NAMI research prize.

SP:
Are you happy with the way things have turned out professionally for you?

DW:
I am probably much happier than I ever expected, and it’s all because of the genes. Out of all of the things I have done, I have always been proud of recognizing that cognition is what we had to study. I felt the neurodevelopment hypothesis was a real contribution, and I thought that most of the imaging work we did was good because it almost always was replicable and stood the test of time. But I never thought any of that was fundamentally profound. I do think that genetics is profound. That’s why I think we all – I know you feel this way – get very stirred up by it. To make sense out of gene-related variations in human temperament, in human cognition, in human brain function and in psychiatric disorders, is a major development. I think that focusing on the brain-based phenotypes and image genetics is going to change the way we think about behavioral genetics.

SP:
So where is this going to lead?

DW:
Ultimately, this will lead to rethinking psychiatric illness XE "Psychiatric illness:genetic aspects" . We will use genes because genes tell us what the illnesses are on a very basic level. As we have a better understanding of how these genes influence the way different brain systems operate and how they develop, how they process environmental information, we will have a different way of thinking about mental illness. I don’t think we will be as stuck any longer on arbitrary diagnostic schemes that have hijacked the freedom to ask questions that generate new data. I used to say to Francis Collins XE "Collins, Francis"  in the early days that the modern age of the human genome sequence will do more to change our understanding of mental illness than they will in any other field of medicine. XE "Schizophrenia:genetic aspects" \r "genetics" 

 XE "Molecular genetics" \r "genetics1" 
SP:
 I want to thank you very much for such a candid and personal view of your research and your career. 

DW:
Thank you for taking the time. XE "Brain imaging" \r "Imaging" 

 XE "Weinberger, Daniel R." \r "Weinberger1" \b 

 XE "Potkin, Stephen:as interviewer" \r "Potkin" 
 XE "Weinberger, Daniel R." \r "Weinberger" 

 XE "Brain imaging" \r "brainimg" 
( Daniel Weinberger was born in New York City, New York in 1947.





