Transcript
Speaker 1
Hello, my name is Paul Klenerman. I'm a professor at Oxford and I'm the host of this podcast on immunology called To Immunity and Beyond. So this is just to say that what we're putting forward with the podcast is a scientific discussion and it's really just for information and it isn't in any way medical advice. So if it's medical advice you're after, please go and talk to your doctor or some other medical professional. Meanwhile, enjoy the podcast.
Paul
Great, okay, well welcome to another edition of To Immunity and Beyond and today I've got Mark Coles. Hi Mark.
Mark
Hello Paul, lovely to be here with you today.
Paul
You're absolutely welcome and so Mark's a professor at the at the Kennedy Institute in Oxford. And perhaps first up, ask everybody a little bit about themselves and how they ended up doing what they're doing now. And perhaps you could just give us a whistle stop tour of how you ended up doing all this kind of very detailed arthritis research, but you do a lot of other things as well, that's what we'll come on to, but take us through it anyway.
Mark
Yeah, so I started off, actually my undergraduate degrees in microbiology at Cornell University, and I had lived in the US since I was 11. Then migrated out to California, did my PhD with David Raulet, working in, by that point in time, I've become fascinated by immunology and I did studied NK T cells and other NK cell biology. I then moved. back to the UK where I was originally born and brought up and did a postdoc with Dimitris Kioussis at what was then the National Institute for Medical Research is now what we call the Crick Institute. And then after that, I moved to York. At that point, I had not done any RA and knew nothing about rheumatoid arthritis at all. And I was, but I've become fascinated in stromal cells and I became sort of, I decided to set up a lab doing something completely new and different in fibroblast immunology. And then about 10 years ago, eight, nine years ago, I moved from York to the Kennedy Institute. And at that point in time, I actually started doing a rheumatoid arthritis. So like many scientists, my career has developed and morphed over time. The reason why I moved here was when I was working stromal immunologist, there was another young stromal immunologist and perhaps not quite as young as me, who Chris Buckley, and it was one of these sort of collaborations that built out fascination around different types of projects. And he's the one who sort of dragged me into the world of rheumatoid arthritis and immune met inflammatory disease. So I was more of a vaccine person sort of lymph node function, uh, before I moved on to, to rheumatoid. So, but we're like all good things. You, you problems come into your life and you get excited about them. Uh, and that's how science is done. Great.
Paul
Well, that's it. I mean, that's really super interesting and it explains kind of the background. And also probably people who know you might, you're involved in lots of different projects, but also you've got a background in a lot of different things. So it obviously makes a lot of sense. So great. Well, perhaps we could start off with this paper on the embryonic origins of site-specific arthritis, which is really clever and We'll attach it to the podcast so people can see the link, but it's in Nature Immunology in July. So perhaps you could talk us through the kind of whole approach because it's a lot in the paper, but it has to start with a really good question, I think.
Mark
Yeah, so actually this started with a question we've had for many years prior to this work becoming, which was why does certain, why do you get this site specificity? So you have a systemic disease in terms of autoantibody production in rheumatoid arthritis, the seropositive rheumatoid arthritis, but why do you get manifestations in very specific locations and not in others? You know, and you can look at other systemic diseases with different mechanisms like lupus or like systemic scoliosis, but they have other patterns. But rheumatoid, you get a very specific pattern in your hands. And so, although these days you would rarely see somebody with severe rheumatoid arthritis because they would get treated with anti-tear and methotrexin combination or other therapeutics, which tend to decrease the amount of inflammation. It's still a major problem for people. And particularly rheumatoid will tend to hit your MCP and your PIP joints. Rather, pseratic arthritis is very much associated with the nail bed and your distal joint. this is a real, you know, hallmark of disease. If someone walks into a clinic, if they have symmetrical and it's involving the PIP and MCP joints, you say rheumatoid. If a patient walks into the clinic and it's in their distal joints and you also see skin involvement, then it'll be soriatic arthritis. And we now understand mechanistically they're very different diseases, even though they manifest in joints.
Paul
So the people without the anatomy So the MCP is basically the knuckle and the PR is the lower of the finger joints.
Mark
And distal is the end of your fingertips. And when we got excited about this, one of the things we sort of used to discuss is the fact that they have very different functions. So all creatures have the sort of clawing effect of your distal joints. Humans are actually pretty bad at it, but if you're a cat or a primate, you could use this to grab onto things very effectively. Uh, actually humans aren't particular, unless you're a really good climber, but unlike me, uh, I would just fall off the, off the cliff side. The, you know, those aren't a relatively strong joint. Uh, rather we really developed our PIP and MCP joints because as humans, at least a hypothesis as a humans, this is what made us human, right? Our ability to control, have power and precision control of our hands is a uniquely human, human hominoid trait, i.e. the fan of holes and others had this trait, the ability to have fine tune tool control is what really made us humans. And you can make all sort of hypothesis, whether the hands develop before the brain or the brain with the hands, but actually hands are something that really uniquely make us human and this real difference between the PI and DOP joint. And this is something which occurs in rheumatoid. The other fascinating fact about rheumatoid in comparison to stratic arthritis or other arthritic pathologies is that it's uniquely human. That means you can induce a rheumatoid like condition in mice, but actually you only spontaneously get rheumatoid arthritis in humans. And that differs from other animals where you will get the other forms of arthritis, whether it be soriatic or whether it be a osteoarthritis. And so this really unique joint aspect and the really unique role of our PIP and MCP joints in giving us very fine power and precision grip is what really fascinated us. And this led us to ask questions about joint development and what a normal joint looks like.
Paul
Okay, so the hypothesis is that the kind of fundamental makeup, there's something in the fundamental makeup, even though they just at a certain level look like joints in the similar, but there's a molecular difference. And, but why would you then go for the embryonic approach rather than just say, look at an adult joint and see what's in it?
Mark
Yeah. So, you know, in theory, we would love to spend a lot of time working on the adult joints. As you're probably aware, it is quite difficult to get access to human tissue on fingers. And in fact, there's a big difference between the embryo. We're really able to also, so the two advantage of embryo is one is access to tissue because there's the human developmental biology resource bank and that allows us to access the material in the developing embryo. And the second part is, you know, as an adult, you're always damaging yourself. I mean, both of my pinky fingers look like they have osteoarthritis because I fell off the bicycle and I paid a little bit of a price for that in terms of the repair process, a little bone growth there. So, rather in the, obviously in developing embryo, those fingers are, as you know, there's not been any mechanical forces on those joints. So they haven't had any existing damage. So really twofold. One is that it's just very difficult to study normal human joints and particularly the finger joints because of accessibility. And the second part is that, uh, is that of course, as with all humans and all tissue is that subject to the wear and tear of being humans. Uh, and we're always damaging ourselves a little bit.
Paul
Okay. So we'll just take us through what you did then. I mean, there's lots of components, but which people can look at in detail, but just like the stream of like the findings.
Mark
So what we wanted to do is really understand this question is why do auto antibody antigen complex drive a chronic inflammatory disease in some joints rather than others? And so what we decided to do was do a comparison. Let's compare the PIP joint with the So it's a very simple process and we used a number of techniques to do that. Obviously we use culture systems and we could talk a little bit more about the differences in the fibroblast populations. We did single cell RNA-seq, we did spatial transcriptomics, we did multiplex imaging and then we used the diamond synclotron to really observe this in 3D. So we could get a really comprehensive map of the development of the joints and the architecture of the developing joints. So it really shows some very interesting differences between the PIP and the DIP joint.
Paul
Okay. And so it's like a really a very high level, well, I mean, they're all detailed, but you're not, it's very hypothesis free at this point. You're just looking for any differences. Correct. But you still got this fibroblast hypothesis, essentially, which is gluing the whole thing together, basically.
Mark
Yes. So this, so basically by collecting this information, we were then able to put hypotheses forwards of, you know, what induces the development of these different layers inside the synovium and how the development differs between particularly the role of hypoxia between different joints. And so, and, and, and what, so one of the first findings we got is that we found that the differentiation, so the lining layer, which is the one which is proximal to your synovial fluid in your joint, that is quite different from your sublining layer of fibroblasts, which are involved where you see the inflammation. And so we're able to show that the lining layer depended on both hypoxia and EGF receptor signaling, and that induced the formation of this lining layer. The lining layer has a very special function. It's not only to act as a so that your synovial fluid doesn't leak out, but actually to make lubricant, which is a part of the lubrication of fluid in your joints. And that's what protects your joints from damage. You're effectively making a sort of cushion to prevent joint damage when you move your joints. So the first part was we were able to show there's a difference in the formation lining and sublining. And then we looked at detail about these, what we call PI 16 positive fibroblasts. So these are a very special form of sort of progenitor fibroblasts associated with peripheral tissues, which are marked by this particular PI 16 market. And we're able to show that these are different between the joints and they have a very special function in terms of the capacity capacity to undergo inflammation.
Paul
Okay, so the PI 16 fibroblast you describe is universal. So those are like the, is that like a kind of a more basic undifferentiated fibroblast that can then turn into other things or in what way are they universal?
Mark
Yeah, so the universal in the sense that they can clearly probably differentiate into different cell types. I tend not to like the word mesenchymal stem cell. These are sort of a universal cell which has potential and they have very, very specific locations. And interestingly, just where we see the inflammation. So you see them around the blood vasculature. Of course, inflammation is associated with the blood vasculature and we see them around the tendon sheaths. And one of the early symptoms of rheumatoid arthritis is inflammation around the tendons So the fact that PI16 positive cells are located in areas where inflammation is driven is what obviously got us excited to understand how these particular populations differ from other fibroblasts associated with the developing joint.
Paul
And just to be clear, so the DIP, the distal joint, which doesn't get rheumatoid, they don't have these particular features.
Mark
They do have them, but a lot less of it. So it's not a black and white, this population exists in this joint and this population is exact joint. We think it's a stoichiometric ratio of the different cell types. So you see an abundance of these PI 16 positive fibroblasts in the joints that can go on to get pathology with a much deeper vascular network compared with the DIP, which are relatively less vasculature and relatively small amounts of these PI 16 positive And so, I think often in biology, people try to think, oh, well, there's a good cell or a bad cell. Actually, in this case, I think it's very much that the... microenvironment that's developed around this joint has a very rich amount of vasculature and PI 16 positive, a universal fibroblast in comparison to DIP joint, which probably fits with its function of having that very fine control mechanisms.
Paul
Okay. But that's, I mean, this is all set up before the hand has had to do anything basically. So it's like heating. Correct. Yeah, okay.
Mark
Yeah, I mean, the hands are very well developed by week 16 in development. So the development of hands occurs quite early in human development.
Paul
Okay. So just take us then to the next steps of the inflammation bit. So we've got the thing is set up and obviously they've kind of got different fibroblasts ready to go under different circumstances. How does that explain rheumatoid in the joint then?
Mark
So when we take the, we're able to sort out the PI 16 positive fibroblasts using particular markers by flow cytometry, we're able to grow out the PI16 fibros versus the PI16 negative fibros in the developing joints. We can then stimulate that with cytokines. And what we find is just a small amount of TNF and interferon are sufficient to drive a fluorid production cytokines and chemokines by the fibroblasts, which are PI16 positive, yet the PI16 negative cells are unable to do that. They will express other processes, but there's really this abundant production of cytokines and chemokines is really a feature of these PI-16 positive fibrolase. And these are the ones that you continue to find in the adult joint. So we think that, you know, localized, you know, that sort of antigen antibody complexes is probably driving early TNF and other inflammatory cytokines, which is then driving the PI-16 positive fibrolase to become highly inflammatory in in response to this immune activation.
Paul
And why would you set up a system where they're so, sounds like hyperreactive, the PI16 fibroblasts? What's the kind of meaning of it?
Mark
Yeah, so one of the hypotheses that lies out there is that this is... part of, we know that TNF and other things are important in repair processes. So, you know, we've previously looked at the role of TNF in skin wound repair, for example, and we always used to say that a little bit of TNF is good for you. And so it's probable that cells need to sit in this slightly quasi inflammatory state in order to have potential to repair. And so inflammation is not necessarily a bad thing. Inflammation accelerates repair. If you don't have inflammation, you actually don't get effective repair. So we know that from other tissue types. And so our feeling is that this is very much about, if you have a heavy vascular bed, you may be likely to damage a tissue that the progenitor cells are then able to really robustly respond and induce repair where there's tissue damage. And of course, if you weren't able to throw your spear or whatever it is, ketubudol, as a hominoid until a few hundred years ago, you were in really big trouble.
Paul
How long is, when's the first evidence for rheumatoid? Do you know from skeletons and things like that?
Mark
No, I'm not sure. I haven't looked at this. I mean, it would always be interesting to go back to Egyptian mummies and see what, the only thing I would say is that some of the factors which help drive rheumatoid arthritis like smoking, being overweight and other things which are, you know, factors in risk for RA, probably were less common in times past, if that makes any sense. And of course, the Romans like to drink red wine, which is a favourable outcome when it comes to rheumatoid arthritis.
Paul
I did not know that. But anyway, there is that comment that brings us straight on to MOXIE, I guess, which is part of the motivation for the podcast. So rheumatoid, as you say, is kind of there's a lot of environmental triggers for rheumatoid. Perhaps just give us your overall kind of link for this for MOXIE and the other MRC CoREs that you're involved with?
Mark
Yeah, so for me, the exposome is really important as a trigger, right? So, there are occasionally people who have spontaneous genetic mutations and may give them much higher risk of disease. I get that right. And in fact, in joints, you see this when you see PGR4 or lubricin deficiency, so they don't make lubrication, and they get highly inflamed joints. But those are very rare conditions. With most people and adults getting disease, the environment is a key trigger and driver. And those are, you know, by your exposome. Some of that is pollution in our environment. Smoking is a strong driver and it's something we've been looking at in the context of the MRC Center of Research Excellence in exposome immunology and really understanding exposome. Exposomes are viruses that you're infected by. We know that viruses have a role in many chronic inflammatory human disease. Really nailing that down is always difficult because they're quite common. And we're interested in the second component of this. Of course, you get exposed to exposure and that also includes diet, sorry, as well. And we want to be able to do is restore people to a healthy situation. At the moment, we are very good at treating inflammation. We are not so good at curing patients. And that's true with Crohn's or colitis. It's true with rheumatoid arthritis. We can often get people to a level of control, but actually curing disease is a really big challenge and restoring people to health. And that is the goal of the second MRC Center Research Excellent called Restorative Immunology. That's the restore the tissue back to health. And I think the two of the CoREs together are really powerful at looking at the underpinning sort of drivers of the chronic inflammatory disease and then saying, okay, well, how can we return tissues to a healthy state?
Paul
Good. Okay. And so what's the sort of, is there a kind of pathway for doing that? I mean, what's the sort of mechanism for doing the restorative bit? I think we probably, I can easily imagine the bits for the anti-inflammatory. I mean, there's a range of approaches for that. Somewhere in the middle of that fibroblast sit, which you might be able to explain further. But for the restorative thing, what's the sort of general view of an approach?
Mark
Well, obviously, yes, obviously you're going to want to inhibits inflammation, but then you've got allowed repair to come in and basically reset the tissue back to a healthy state. I think many times when we give therapeutics, they're very good at temporarily altering the amount of inflammation, but often we find, the patients are still in pain because the rewiring of the peripheral nervous system, whatever, releases chronic pain. And of course, with at least 50% of patients, when you withdraw, the therapeutic approach, the inflammation comes back. So we haven't actually cured it. So I think it's like sort of bad soil, if that makes any sense, that the fibroblasts and glial cells and other cells in the cytopathology have not really reset back to the healthy state. So using a combination of discovery science combined with human experimental medicine, where we're using therapeutics to perturb and address the outcome, along with sort of AI and big data sort of foundational platforms. In both CoREs, we're using that strategy really to get to the bottom of that. Restorative Immunology is trying to get that final step. How do we reverse pathological states in the tissue so they go back to health rather than sitting in this sort of quasi pathological state. There are lots of different strategies we'll be trying around that. And, you know, I think if we can get people back to health, that's very powerful. So moving just one step back is you have to understand what health is if you want to move back to health. And so that's been one of our initial goals. And in fact, the work on the embryonic joints was partly getting to this question, what is the ground state? What do we need to get back to in terms of phenotype? It isn't the removal of all the PR16 positive fibroblasts. It is actually healthy for there to be these universal fibroblasts. It's healthy to have a vasculature, it's have stroke fibroblasts there. The question is, how do we move them back to be in this healthy state versus having this sort of residual pathological state?
Paul
It sounds like a sort of epigenetic question the way you describe it.
Mark
Yeah, so I think that's one component of it. You know, if we're looking say at Crohn's or colitis, we may also be thinking about the microbiota as well, which also gets us back why the two cores are quite, you know, they have an alignment. And so, you know, if you have pathological microbiota, again, if you've used a JAK inhibitor or you've used anti-TNF or other therapeutics in the context of IBD, if you still have the pathogenic sort of microbiota and that's not been reset. It's just going to provide the environment for that to cure. A very interesting paper led by Calli Dendrou and Simon Travis and Chris Buckley and others, we looked using a single cell approach in Crohn's versus colitis when we gave an anti-TNF. And what we found was the patients who responded made abundant amounts of mucin from their goblet cells, rather patients who didn't respond weren't making very much mucin. And so what it's saying is I think if we can get the bacteria right and prevent them from stimulating the immune system, actually these anti-inflammatory therapeutics can be a lot more effective. And so we do think the microbiota, the barriers, you know, restoring them will allow health to return. And fundamentally humans, at least until we get a lot of senescence are capable of regeneration. And that doesn't matter if it's your liver or your gut tissue or your joints.
Paul
Well, that's good to hear. The last thing we wanted to touch on, I think, Mark, was that both of these CoREs, there's a strong emphasis on translation and you've got a role in that, I think in both of them. So perhaps you could explain what the kind of mission is there.
Mark
So I think the mission is twofold. One is that I have a famous saying that academics don't make drugs. We're very good at doing underpinning research, but actually making drugs is a lot more difficult. And there are lots of processes that people would say, well, Oxford made vaccines, Oxford are very good and very unique actually in their capability to manufacture vaccines. But even when you want to scale up, you have to work with a pharma company. But most therapeutics are made by biotech and then pharma. We want to use therapeutics because they have been gone through the safety testing and that allows us using human experimental medicine to really get a handle on what's going on in terms of biology. So working with industry is absolutely essential. We do human experimental medicine that requires access to the perturbation therapeutics or vaccines that we can then use in the context of things. So that's working with big industry. I think the other side of it is, and that obviously can have a large impact on patients. Remember, this is all about patient impact. The other side of things is, you know, innovating is really important in developing those new therapeutics. These days, most sort of novel new approaches are being developed by small biotech companies with ideas that are spawned out of academia and then developed to a certain stage. And at some stage, they're either licensed or bought by big pharma. So that's part of that pipeline. So what we want to do is take the really clever ideas ideas which are occurring help incubate them to the point when we may get a startup company or we might work with something like Apollo Therapeutics or some other external company to develop an idea onwards because you know, we're really motivated to have impact on patients. And we think that, you know, science is going, you know, this is the way to gain impact and ultimately economic value for the work that we do.
Paul
Well, that's fantastic. And that's very inspirational to hear all that. And hopefully people listening to the podcast will kind of get a really good feel and we can point them in the direction I think with some links to not only your papers, mentioned at least a couple, but also some of the websites for the cores if people are interested. So thank you very much, Mark. That was amazing. Thank you, Paul. So much to digest, I think. And yeah, we look forward to the brilliant work that's going to come out of these cores over the next few years. So thank you very much.
Mark
Thank you, Paul.

