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CANDICE B. PERT(

Interviewed by Leo E. Hollister

Waikoloa, Hawaii, December 1997

LH: Candace, can you tell us how you got started in the field?

CP:  In the beginning I wanted a PhD. and I wasn't really sure what it should be in. At Bryn Mawr College, Agu and I had studied psychopharmacology with Larry Stein. I wanted to be in some biological science in order to understand the "black box" of the brain underlying behavior, and through a series of interesting quirks I wound up in Sol Snyder's lab.

LH: What were the quirks that got you there?

CP: Oh, things like, I only had Delaware and Hopkins to choose from, because my husband, Agu, would be stationed at Edgewood Arsenal, where they were doing  psychopharmacology of their own.

LH: Oh, that's right, he was in the military.

CP: He was in the military, the chief of the psychology branch, and I had applied to Johns Hopkins, the Homewood Campus, and at the last minute I heard about Sol Snyder, who was doing the brain and behavior. I sent my graduate application to Joe Brady whom I had met in a seminar at Bryn Mawr. He said, "Send it on to Sol" so Sol called me up and he said, "You're accepted; now apply." I was the first PhD student at Johns Hopkins' pharmacology program; the program was brand new.

LH: So, you wanted to be a pharmacologist, but not a behavioral pharmacologist.

CP: Not really. I was married to a behavioral pharmacologist and was extremely interested in it. You know, for years, Agu, and I had been interested in how the brain and behavior go together.

LH: Agu's degree is in what?

LH: His degree is in physiological and behavioral psychology from Bryn Mawr. He is a classical behaviorist, so I had his part, but what we really wanted to do, together, was to map the brain. So Sol's lab sounded pretty exciting, and I thought, "Ooh, a PhD in pharmacology, I don't really know what that means, but I'll take it." I didn't realize at the time how incredibly wonderful it would turn out to be. 

LH: You got into a wonderful laboratory in a very creative place and you did get your degree there.

CP: In 1974, I got my PhD with distinction from Johns Hopkins School of Medicine.

LH:  When I read the title of your PhD thesis, it  reminded me of the fact there were a couple of physicists who won Nobel prizes on the basis of their PhD thesis. I never heard of anybody in biology doing that, but yours was certainly an important PhD thesis.

CP: It was amazing, the title was "The Opiate Receptor, its Demonstration, Distribution and Properties," and, of course, it was a very long shot project. Sol didn't want me to spend time on the project after it didn't work in the first couple of months.

LH: Sol likes to jump around, doesn't he?

CP: It was one of these things, where I fell in love with the project. I had a bread and butter, meat and potatoes project that was going to get me a PhD. And Sol was really only thinking of me. He said, man you've been on this thing for two, now three months.  Forget it; you’re never going to crack it; you haven't found it and there're papers in the literature that say it doesn't exist. But I  kept plugging away. I wrote a book about exactly how it went down called, Molecules of Emotion: the Science Behind Mind-Body Medicine that was published in 1998 by Simon and Schuster.

LH:  By a strange coincidence, there were two other laboratories, Eric Simon's and Lars Terenius', working on the same problem.

CP:  We didn't know a thing about Lars. He published around the same time but he was much more understated and didn't come out and call it the "opiate receptor". Now I had helped Eric.  Sol sent him into the lab and Eric said, "My, gosh, you have all these techniques. You have Sol's knowledge; you have Pedro Cuatrecasa's knowledge." Pedro was a famous NIH  endocrinologist, who had just found the insulin receptor. So, Sol said, "Learn everything from Pedro". I'd actually been five months in Pedro's lab, so I was putting Pedro's receptor techniques together with Sol's knowledge of the brain.

LH: In 1971, I think it was the INRC meeting in San Francisco, Avram Goldstein gave a paper, called "The Search for the Opiate Receptor", and he recommended the stereo-specificity approach he had come up with and told of the preliminary data with binding sites. He couldn't distinguish specific from non-specific binding at that time. Many people thought it was due to the fact  he didn't have high enough specific activity. Do you think that was the problem?

CP:  That was one of the problems, but Avram like the unsung hero, in many ways. In the classic Pert and Synder Science (1973) paper, I wish I had insisted his work be cited right in the introduction, not the discussion only. In the discussion, there was a lot of stuff about where he fell short, which he did. But, he, basically had the idea. He was searching for years and, sure, his specific activity was a technical problem, but there were a lot of other things. He didn't have the rapid filtration technology I had learned from Pedro and several other things. It's hard to understand why an experiment doesn't work; there may be a hundred important variables-every one of which has to be perfectly chosen.

LH: But, you had the insight to think of using the antagonist, rather than the agonist.

CP: That was indeed a key and it was a really amazing story. Here the ACNP, which has been interweaving in my life for so many years, comes into play. I was chosen as one of the fifty or sixty graduate students from across the country to come to the ACNP summer camp in 1972, at Vanderbilt in Nashville, where all the big famous pharmacologists flew in, and it was very exciting. But, for me, I had been plugging away for months in the lab and it gave me the chance I needed to think. I came there with a huge stack of papers I had gathered that I hadn't had time to read. I'd been so busy doing one failed experiment after the other. And, the one that really helped me crack it was Patton's paper.

LH: Who's Patton?

CP: Patton is the famous Chairman of Oxford University's pharmacology department.

LH: There's another one in Australia with a similar name and I get them confused.

CP: He had written about a "ping pong" theory. He thought the antagonist must just stick on the receptor. He thought the agonist action is due to the number of repeated pings as it binds while the antagonist competes with the same receptor, but stays stuck there, never pinging on or off. I said "Aha, I need an antagonist, because I want something to stay stuck on the tissue as long as possible while I’m washing away the non-specific binding".

LH: So, you didn't think that it was more tightly bound?

CP: Yes, higher affinity and affinity is the ratio of the off rate to the on rate, so the idea that antagonists could stay on much longer seemed perfect.  Luckily, Agu had some naloxone because he was using it as a reversal control in his experiments with Tony Yatsch at Edgewood, resulting in the classic "Yatsh and Pert" paper published in 1972, highlighting the PAG. He was mapping the brain sites for opiate analgesia.

LH: Was it labeled naloxone?

CP: No, just cold naloxone; I had to get it labeled. When I came back from Nashville, I was all set to get the naloxone but Sol said, "Drop the project; you've spent enough time; you'll never get a PhD." He was only thinking of me, but I persevered; I was just in love with this project and wouldn't give it up. I had read the literature and knew it was there. I didn't care if I hadn't found it yet. I knew if you could just find the right combination of conditions you would get it right. So, I sent Agu's naloxone off, kind of secretly, to be custom labeled by New England Nuclear. They made it hot and got it back to me; those were the old days, when you got tons of millicuries and purified it yourself. I don't think they let that happen any more, at least not at Georgetown, where I am now. Once I got the new radioactive opiate, the very first experiment, it was unbelievable!  Then I got to be a famous graduate student.

LH:  That's quite an achievement for a graduate student!

CP: It's being in love with an idea, believing in it, and not giving up.

LH: That's the beauty about the field we're in. You know you can do it. I always feel so sorry for people who think of work as drudgery, when we think of it as fun.

CP: Yeah, we get paid for having fun. We do, we do. It's a great field!

LH: Don't you feel ashamed, being paid for what you enjoy doing so much?

CP: Of course. Once the opiate receptor assay worked, the next person in Sol's lab to crack a receptor was Anne Young who is now the Chairman of Neurology at Harvard. She worked on the bench next to mine.

LH: Who was that?

CP: Anne Buckingham Young, she's now Chairman of Neurology at Harvard; she's not in our field so much, but she went for the glycine receptor and succeeded with the antagonist, strychnine. The same technology that launched the opiate receptor was able to be applied to any neurotransmitter. In Sol's lab, over the next few months, me and my technician were helping to teach the others how to go about it.

LH: Was the dopamine receptor studied in that laboratory?

CP: Ian Creese ran with it and tweaked it to screen for antipsychotics. Because Ian had done a lot of dopamine behavioral work with Susan Iversen, he was able to nail conditions that were "pharmacologically relevant" to screen for anti-psychotic drugs. Once you have the technology and know how to do the filtration it moves on, but every receptor had its special little requirements. Whereas before, receptors had eluded capture for decades, now, within a few months, every student in Sol's lab was working up a different receptor.

LH: Now you're a peptide expert, but in those days you weren't involved in the endorphin story, were you?

CP: There were no endorphins.

LH:  That came in 1973, didn't it?

CP: No, 1976. The opiate receptor, our paper in Science, Pert and Snyder, was published in 1973, and that touched off the effort to find the brain's own morphine. And, then, when it turned out to be a peptide, everybody went bonkers over it. Peptides are easy; they're wonderful; they're easily synthesized; they're easily worked with, and, so, there was a big peptide explosion.

LH: Today, you can make any kind of peptide you want.

CP: Absolutely! You could, even back then, but it took a few days. Now, you can order a peptide and it takes longer to ship than it does to make.

LH: You went to the NIMH right after you finished your PhD at Hopkins?

CP: Not quite. I did a one year mini post-doc, with Mike Kuhar, who was a professor in Sol's department. Mike and I developed in vivo receptor autoradiography, the first autoradiography for the opiate receptor. We were injecting the drug into the tail of the animal, the hot labeled drug, and, then, sectioning the brain. It was very tedious, but we got the first real pictures of opiate receptor distribution. Then, when I went on to the NIMH, I refined autoradiography of receptors with my colleague Miles Herkenham. We developed in vitro methodology, which is what's  used today. At the NIH, everybody wanted to work with me, because I was Ms. Receptor.

LH: That was the hot ticket then.

CP: That was a hot deal and frankly still is the key to drug design. I had many job offers. Sol was always very generous and smart about placing his students with superb recommendations.  Actually, I had twelve job offers. This was 1975 when I took the NIMH offer, because it was pure research. There were no teaching responsibilities, nothing but focused research. When I was hired by Biff Bunney, there were lots of peptides that NIH scientists had with biological activity  and they knew there had to be a receptor for them, but before the opiate receptor, they didn't have the technology to go after them.  So I was soon collaborating with many labs and over the years identified many new peptide receptors.

LH:  Not all receptor agonists are necessarily peptides, are they?

CP: Absolutely not. You mean, drug receptors. But every exogenous drug binds to a receptor meant for an internally produced juice.

LH: That's always puzzled me, how the hell does nature know to make all these receptors for drugs we haven't synthesized? You got any idea? I always felt we needed somebody to come up with a theory like the Japanese fellow did for antibodies, the way he could explain how you could get that diversity of antibodies.

CP: I've given a lot of thought to that and I actually have a theory. I'm  publishing my theory in what I hope will be a popular book.

LH: That will be a major contribution. Are you going to publish it as a book, rather than a scientific work?

CP: Correct, but it will be scientifically accurate as well as personal, historical, and hopefully entertaining. It's being published by Scribner in September. It's called Molecules of Emotion.  I believe that these internal juices, of which there are now over a hundred within their receptors are the internal homeostatic molecules that give you mood states, and run every physiological system in your body. I think our natural chemicals should keep us pretty on keel and when things go out of whack, then, you need to come in with drugs.

LH: I remember thinking naltrexone was the perfect drug. It does everything you want it to do, but nobody will take it. It is been disappointing as far as having much impact on opiate dependence, and one of the studies we did, a number of years back, was to give it in the same way not only to opiate dependent people but to normal people. Most of them found it unpleasant to take. I did a similar study with naloxone and it makes sense, if the endorphins have any function you can't block their receptor without having an effect. Maybe they're there to make us all happy.

CP: Absolutely.

LH: Instead of the happiness gene, we  rely on endorphins.

CP:  I think we rely on them a lot and the other peptide ligands too, you know, endorphins get a lot of the spotlight ‘cause they're so sexy, but many of the other ninety eight are just as interesting. We just don't have as much good science on them, as on the endorphins.  Actually, substance P was the first peptide isolated from the brain. An axiom of pharmacology is now not only, "No drug acts unless it's fixed to a receptor" but also those receptors were made for other things and pharmacologists accidentally discover ways to get in there.

LH: You were involved when Sol founded that company based on searching for drugs by receptor binding techniques.

CP: Nova. No, I wasn't involved. My techniques were involved, but I wasn't. By that time, I had gone on to NIMH and had been there a couple of years.

LH: But, it proved to be very successful, didn’t it?

CP: I don't know much about it frankly. Sol and I were once very close, doing some cool science together. But after I started my lab at the NIH and after the Lasker Award controversy, we were not so friendly.

LH: I didn't want to bring it up.

CP:  It's okay. I wrote about it in my book and it is pretty much ancient history at this point.

LH:  What led you to follow a career looking for peptides as possible therapeutic agents?

CP It was a natural progression from complete immersion in peptide neuropsychopharmacology between 1976 until 1980, when the endorphins and enkephalins were in their heyday. All the big pharma were looking for a non-addictive opiate and I was going to four or five meetings a year, getting to study enormous amounts of data and learn the principles of peptide modification to make drugs.  Knowing that natural ligands are usually peptides was important. Then there was a key paper I published in 1976 in Science where Agu and I developed an analog of enkephalin that was very stable. Before that we found that if you drop enkephalin directly into the brain, all analgesia went away in twenty seconds. 

LH: It doesn't last very long.

CP:  No, it doesn't. We figured it was a rapid enzymatic degradation of enkephalin and I managed to make a substitution of the critical amino acid which preserved the receptor activity, so we really lucked out. We got a peptide that was as potent, as long lasting as morphine. That told me, although even today, people say peptides can't be drugs because they get chewed up too quickly, that's not true. We can use many clever strategies to chemically modify a peptide to achieve stability from degradation or enhanced delivery, or even alter the agonist or antagonist properties.

LH: It would be pretty hard to give them by mouth since all peptides are pretty susceptible to stomach enzymes

CP:  I agree with that, but it is possible to make peptides delivered by mouth with the proper protection in a "pill".

LH: You can also give them by inhalation.

CP: Intranasal is very big.

LH: Will they go through the skin?

CP:  Sure, nowadays people have all these special creams and transdermal patches.

LH: I would think they'd be too big a molecule to go through the skin.

CP: No, you can get them to go through the skin. One of the peptides we are working with now is being tested for psoriasis.

LH: You apply it via the patch, and it works locally?

CP: Yes, it's inflamed skin.

LH: Hyperplasia, really.

CP: Exactly.

LH: Of course, that kind of skin might be more permeable than regular skin. I've given TRH, which can have some activity, but it's only a tripeptide and that's not long enough to make entry difficult.

CP: Right.

LH:  I guess when you get up in the higher numbers they tend to get chewed up.

CP:  This is an octapeptide and there is no problem that. There's too much emphasis on switching to non peptide"peptidomimetics" which have a tendency to toxicities. You can solve the pharmacokinetics and there are ways you can solve the enzyme resistance, so the key is always to have that receptor assay to make sure it still works while you're trying all these modifications.

LH: What's "Neuroprotectin"?

CP:  How did you hear that? 

LH: That's a big deal these days, to try to find ways to protect the nervous system, both after injury and after stroke.

CP: We were maybe a little ahead of our time. That was a project in my short lived first biotech company which I founded in 1988 to advance a peptide discovery for HIV/AIDS. The neuroprotectin papers we published in the late 1980's were a minor part of that enterprise.

LH: It blocks the cascade of injury?

CP: Exactly; this peptide blocks the excitotoxic effects of glutamate receptor activation. It blocks it quite well actually. We were interested in this as an approach to stroke and head trauma, where the later actions of excitotoxicity are responsible for the bulk of neuronal loss. The idea was that there is a window of opportunity of an hour or so where such a drug could be highly useful, as protection from glutamate toxicities; hence the name, "neuroprotectin".

LH: Interesting, maybe the brain has its own protection?

CP: Yes. The brain has potential for its own protection at times of stress but we had head trauma and stroke as the main commercial interests. You could give this drug, during that critical period after the initial injury, and it's still a good idea. It's a good drug, waiting for the kiss of pecunia! At the moment, there are just too many other things to do, focused on the main project, a receptor-blocking peptide for HIV/AIDS. I've learned it is not enough to do a great experiment, or publish a great paper. If you have the courage of your convictions you need to follow up your discoveries with practical applications. You have to find the people willing to advance millions of dollars to take the drug from the preclinical stage to testing in humans, which, as a pioneer in this endeavor, is not so easy to do. It is not so easy to do those human experiments.

LH:  The enthusiasm these days is vastly different from just a few years ago; the idea is that stroke is a treatable disorder. Ever since I was an intern, if someone came in with a stroke you kept your fingers crossed, and that was it. You couldn't do anything specific.  But now, with the clot busters, at least in highly selected strokes, it looks like they are pretty good. So the idea of an intervention after the stroke is fully validated. Getting back to Sol, you were not very happy with his 1977 Lasker award?

CP: No, I wasn't. I was not happy with his Lasker award at all, and I'm not coy. He called me up and invited me to come to the Lasker luncheon. And, I asked, who else is getting the award? And what's the award for? If it had been an award for Sol only, I would have been in the front row cheering, because I really think he made great accomplishments over the years, but then I heard it was Sol and two other men, Hughes and Kosterlitz. To my mind, Hughes had the same relationship to Kosterlitz as I did to Sol. Hughes was the younger guy who actually did the work while Kosterlitz was head of the lab who raised the money and recruited him for the project. I felt it was very unfair, and, the rash gal that I was, even though everyone in the world advised me to just shut up, I publicly complained. The award was for the opiate receptor and endorphins and I couldn't sit quietly by for an award being given to someone else for my thesis work!

LH: I remember I was talking to Avram Goldstein about that time, too, and he wasn't very happy with the award, either. You know, Avram , in addition to paving the way for the opiate receptor,  came up with something he called a pituitary derived opiate peptide,which ultimately turned out to be dynorphine. So he was a pioneer both on the peptide and receptor side.

CP: Absolutely. There's no doubt about it. But the prize has these rules; the Lasker award, which is the forerunner to the Nobel Prize, can be shared by no more than three people. I turned down Sol's invitation to the Lasker luncheon. Since I declined to show up and my candid letter stating how "I initiated the research and followed it up," appeared in an editorial in Science, which created a brouhaha and discussions of me as the first author, the whole feminist issue, and who from Johns Hopkins had submitted the prize nomination. It's not entirely a feminist issue. Women are usually the ones that suffer in these situations but a lot of men do also. It has to do with the scientific hierarchy and who has the skills and stomach and influence for prize seeking.  I don't think Avram suffered so much. He has tremendous recognition; he's highly respected; he's had his own institutes over the years, but for me, it was professionally a disaster to think the work I had been so closely identified with was being given a prize that excluded me. It's not as if I had done five or even only fifty percent of it. I was  running that whole project in Sol's lab, had first authored many key papers including the first one and had continued productive work in my lab at the NIH.

LH: Julie Axelrod told me the reason he parted from Brodie was, he did an experiment all by himself and Brodie said we ought to put the names of everybody in the lab on the paper alphabetically but that B would come first. That's when he decided it was time to part company.

CP:  There have always been these little scientific brouhaha's. For me, it was particularly sad, because I adored Sol. I had learned so much from this man about how to do science, hot science, great science. I wanted to do for him in a very nurturing female way, and he had always been extremely kind to me. That was what was so ironic. I mean, I was the first author on all the key papers. He sent me out to all the meetings. He wasn't hiding my light under a bushel or anything, so when it came to this moment of truth, when only three people could win the Lasker, I was soft. My theory is that Sol, since I was always so feminininely nice about everything, figured I wouldn't complain, it was easier to cut me out, than to cut out Hughes or Kosterlitz.

LH: When you're tempted by the great prize, I guess it's difficult to sit back and say, look, I've got to share the credit. The only one I can think of that's common knowledge, is the 1954 Nobel Prize for culturing the poliovirus. Enders, the biologist at Harvard who was selected by the committee, heard about it and said, no, you've got to take Weller and Robbins who were graduate students, because they'd done a lot of the work on growth of the polio virus in monkey kidneys.

CP: Right, very interesting.

LH: He insisted they would share the prize, which was the only time I can think of such generosity in face of temptation, like the Devil offering you the world! 

CP:  For me it was a mad and sad feeling and for years afterwards I was always hoping Sol and I would make up, but finally, I realized there was a hopeless chasm there. I did a lot of personal transformative forgiveness work around this that helped me in my life.

LH: I remember once I had occasion to talk to the guy who was the senior author on the paper about sex and bacteria, for which Joshua Lederberg won the prize. I asked, how does it feel to be the senior author on a paper that wins the Nobel Prize for somebody else? But he wasn't unhappy, he said it helped his career immensely.

CP: Well, this wasn't the Nobel, it was the Lasker, and I just had to express what was in my heart. That December 1978 it is common knowledge the Nobel committee was at a stalemate for the Nobel Prize for Opiate Receptors and Endorphins with several combinations of three scientists, some of which included me. After an unusual pause of many hours, the prize was awarded unexpectedly for a medical scanning device.

LH: Let's talk about peptide T, which I want to understand, including its therapeutic possibilities. CP: The initial discovery was made at the time I was still Section Chief at the NIMH, with help from many NIH collaborators. It was an example of a style of work that is harder to do now, to bring diverse scientists, in this case neuroscientists, neuropharmacologists, virologists and immunologists into a team to crack a completely new problem. There was no prior research on the topic, which as we defined it, was to identify which part of the virus bound to its receptor, and to then design a peptide inhibitor that blocked virus binding and infection. This work marked a real milestone in my career. For one, it was the most amazing discovery. It had so many seemingly miraculous aspects. First, we derived the structure from one computer assisted data base search; secondly we had enough faith, or in this case NIH funding, to roll the dice and have it made; thirdly the collaborators agreed to study HIV infection when this work was not routine and few labs could do it. To put this in context, at the time there was a lot of politics, including international competition between governments around HIV/AIDS virology, AIDS testing, and creation of AIDS drugs. This was an expanding global pandemic with no treatments, a lot of public fear, and nobody wanted to believe that an AIDS drug could come out of the NIMH. At that time, it was all NIAID and the NCI that were controlling the turf. So, we got just about zero support. In fact, we got active hostility and resistance to even testing our ideas, including editorials in Science and Nature, as well as many major newspapers. It got so intense that even my bosses at NIMH were taking a lot of heat. So, something I never thought I would do, I left the NIH when I got an offer that would permit me to bring peptide T into clinical trials and bypass battles for fame, glory and ego. By this time Lennart Wetterberg and colleagues at Karolinska had put peptide T into four near terminal men with advanced HIV and reported significant brain and clinical benefits in a 1987 paper in The Lancet. The calls for cessation of further clinical testing from NIH and Harvard virologists were revealed, at least to me, as being politically motivated. I got a strong whiff of this truth at the International AIDS Conference, held in Washington DC in 1987. There were five thousand scientists and ten thousand reporters. It was a feeding frenzy and a sharp elbowed affair of jostling for position and pre-eminence that the opiate receptor discovery, as big as that was, never came close to approaching.

LH: So, when you founded your own company, did you get public support?

CP: No, no, no. It was a small start-up with limited seed funding. No one got big offices and fat paychecks. It was lean.

LH: It wasn't a real IPQ, then?

CP: It didn't get to that stage. The idea was to start little and, when you got something attractive,  launch the IPQ or hook up with a Pharma. This venture lasted until 1991, at which point the NIMH had begun to organize a major trial of peptide T for Neuro-AIDS. Ruff and I took faculty positions at Georgetown University Medical School and were eventually able to organize the next business venture which was launched out of that university affiliation. 

LH: Besides the politics, was there any scientific gap that slowed your progress? I mean sometimes discoveries seem "too good to be true".

CP: Exactly! Unbeknownst to us, by the time my team published the first peptide T paper in 1986 in PNAS, a huge business/NIH/university consortium had spent 3 years and many millions of dollars making 30 twenty amino acid peptides to span the entire envelope protein, called gp120. When none of these peptides tested positive for blocking HIV infectivity, the wrong conclusion was that there was no simple short continuous peptide sequence! Instead a complicated bending and folding of "discontinuous epitopes" was invoked as the binding "site" that persists even today. There were no peptide neuropsychopharmacologists in the consortium and virologists couldn't imagine that peptides can have secondary structures or that they could be chewed up in assays or that assays could be pharmacologically irrelevant. We pharmacologists never assume that an in vitro assay is relevant until we have carefully compared it to excellent parallel in vivo data. But AIDS got a lot of funding really fast and this created a "might makes right" situation; cool science did not prevail.

LH: Tell me more about peptide T and the therapeutic possibilities. What receptors does it bind to?

CP: That's a very important question. We had identified in 1986 this short peptide derived from the envelope of HIV that blocked infection, and protected, even reversed, some Neuro-AIDS pathologies in people, but the relevant virus receptors would not be identified for another 10 years, an eternity really. Usually, I get my scientific information from meetings, papers or colleagues. This time, I got faxes of New York Times and Wall Street Journal articles and what happened was, unexpectedly, the AIDS researchers deduced that two chemokine receptors were the receptors for the AIDS virus. This was a really big deal. Up until then, they were saying CD4 was the HIV receptor. It was a bit of a dogma even, although there were clear early signs that some other receptor(s) must be involved. But in 1986, in our PNAS first report, we said peptide T was binding to CD4 based on the prevailing thinking.  With these new reports we instantly began to examine the interactions of peptide T with chemokine receptors. We had heard of them because Michael Ruff, my very close colleague, had been a chemokineologist. He had been studying peptides that controlled the chemotaxis of monocytes. So, in fact, we had done a lot of work together since we started hanging out in 1983, showing that these same receptors in brain are also in the immune cells, and vice versa. We had a lot of papers on this topic, which evolved into "psychoneuroimmunology", so we were able to get into this work pretty quickly and set up that technology in our lab at Georgetown. Ruff had just come back from the Keystone Symposia chemokine meeting in Colorado, where, unexpectedly, his poster was promoted to be a plenary address. In that talk we showed that peptide T is an extremely potent antagonist at the chemokine CCR5 receptor, the more important of the two as it is the receptor used to infect the body.

LH: So, it blocks it.

CP: Blocks chemokine RS ligands and HIV entry that occurs at that receptor.  We came up with this octapeptide that works at picomolar, and lower doses. It seems there are major Neuro-inflammatory complications of AIDS, and some neuropathies that peptide T has shown remarkable efficacy on. The effect of peptide T to block neuro-AIDS likely results from both its ability to block the actions of gp (glycoprotein)120, but perhaps even more, to suppress microglial activation that leads to neuronal loss. As such I think it is obvious that peptide T would have benefits in many other inflammatory diseases, including Alzheimers or arthritis, to cite some significant illnesses with few treatments.

LH: Now, is it possible that this could be done with a human growth hormone that you might turn into a bacterial factory to make these peptides?

CP: Interesting. But the technology for manufacturing peptides is so advanced that Merrifield Solid Phase Synthesis technology seems very good. The drug is potent and such low doses are needed that it’s easily administered as a nasal spray, so we hope it can be cost effectively made available in the developing world.

LH: Did you think you were ever going to be a scientist business person?

CP: The business part? I don't have any company now. I'm on the faculty of Georgetown and I'm a scientific advisor to the company that's developing peptide T, but as much as I've had to get involved in business, that's the biggest surprise. I was interested in science, and gong for a PhD, interested in basic research. Then, I slowly started to see this work can have treatment benefits; it's not just publishing papers; that you can maybe cure or treat a disease; you can help people; and that's very addictive. But, the business angle….,I never thought that I would have to learn some of those ropes to survive.

( Candice Pert, was born in New York, New York in 1946.





