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Al-Khalili
In 1995 an extraordinary and rather freaky image captured the attention of the global media - a mouse with a human ear growing on its back.

Clip
Now you might find the next piece of film a bit disturbing but we think that this is such a significant medical advance that you really ought to see it.  What Dr Vacanti and his team have succeeded in doing is growing living human tissue in the shape of a human ear on the back of a mouse.

Al-Khalili
This woke the world up to what the pioneers of a new brand of science had achieved - the growing of body parts had moved from science fiction into science fact.  There was huge excitement, mainly in the US, that before long tissue engineers would be able to create almost anything they wanted; not just ears but lungs, limbs or livers.  Some scientists imagined lab grown hearts beating in jars lined up in hospital ready to replace damaged or diseased organs and save the lives of accident victims.

Well in the year 2000 Professor Molly Stevens, who was then just a PhD student, heard the founding father of tissue engineering, Robert Langer, give a lecture at a conference and decided there and then that that's what she wanted to do.  She now runs a highly successful lab at Imperial College London and her ability to win grants is matched by her habit of picking up prestigious awards for everything from fundamental research on molecules to biomedical innovations.

Molly Stevens welcome to The Life Scientific.  It's true, isn't it, that among other things you grow bones; I mean it almost sounds like science fiction?

Stevens
Yes I mean we sort of do it every day so I suppose we're quite used to it.  So it doesn't sound so science fictiony to us.  It's actually - the thing we have on our side in many ways is that bone by itself does heal quite well, as you know if you have a fracture then it will sort of heal itself by itself normally.  The problem that you have is you have a fracture that's too big or perhaps you had a tumour where you had a massive amount of bone removed or perhaps you need a spinal fusion - those are situations that don't spontaneously heal and so that's where you have to come in with a slightly artificial intervention.

Al-Khalili
Your main focus is bones, I know lots more is done in your lab, but the whole area of tissue engineering is very new isn't it, it's very exciting and it's moving very rapidly, it must be a very highly motivating area of science to be in at the moment?

Stevens
Yes it is moving really, really fast, I mean pretty much any tissue you can think of there'll be people in this field working on it.  So in our group we're also working on injectable gels for use in the heart, but many people are also working on biomaterial systems for helping nerves to regrow.  One of the aims that people are very keen on, of course, is the brain as well - how do you stop dementia, how do you stop Alzheimer's, how do you help with Parkinson's - all these sort of things. 

Al-Khalili
I mean I think - I mentioned in the introduction there that in the early days of this field we were talking about growing organs in jars and now we see it as a bit of a pipe dream.

Stevens
Perhaps one of the first things people thought of straightaway was the hearts in the jars and all that type of thing but that's actually so difficult to do...

Al-Khalili
You then realise how difficult - how many problems you have to solve.

Stevens
It's really, really hard and so the thing to do really is to get your expectations a little bit more realistic and then target perhaps some slightly lower hanging fruit but that are still really important - so things like how do we help the heart wall if it's failing after a heart attack; can you reconstruct the valves in the heart - that is more the way the field has gone so far.  Certainly people are also still aiming on the whole heart.

Al-Khalili
How far off are we from that heart in the jar - how many years?

Stevens
It depends a little bit - so some of the most exciting work that has been achieved there is actually taking a heart, decellularizing - which means getting rid of all the cells that are on it, so this is a donor heart essentially - and what you're left with is a bit of a phantom heart, so it's a sort of a skeleton of what the heart would look like but it still has the tissue - apart from the cells - it still has the tissue material that makes up the heart.  And what people have shown is that once you have that you can actually re-seed that with cells, heart cells, and with blood vessel cells.

Al-Khalili
And those cells that you seed this heart skeleton with, those are cells from the patient that you're going to transplant this heart back into ultimately?

Stevens
Well theoretically they could be yeah, so this is still further from clinic, it's still experimental at the moment but you can actually see the cells maturing and forming tissue and you'll actually start to see those cells coming together and it will start to beat, so you can actually see that as well.

Al-Khalili
Wow that - now that would be an incredible moment wouldn't it - you're making...

Stevens
Yeah that's pretty cool.

Al-Khalili
Starting from the fundamental building blocks you're making a heart that beats.  I mean that sort of - I think that makes you question what life is...

Stevens
Yeah that's pretty amazing when you see the cells in the gel actually starting to beat together in synchrony - that's pretty cool.

Al-Khalili
And have there been sort of accusations about being sort of Dr Frankenstein or playing God?

Stevens
Oh for me?

Al-Khalili
Well for you or levelled against people working in this field - is there still controversy?

Stevens
Umm I don't know, I suppose - well I don't know because I think what we're doing is fairly straightforward - we're designing materials that we're designing to help the body repair itself or to detect disease and there's not really anything very Frankenstein about that.  So I guess perhaps in other labs where they're doing some slightly more contentious issues I'm sure they have to deal with those...

Al-Khalili
What's the working in bones - the big eureka moment, maybe it hasn't happened yet?

Stevens
No, no, no I think it has, I mean certainly when we were developing these injectable materials where we could regenerate this massive amount of tissue in the body, I mean that was a huge eureka moment, we were screaming all over the place, you know, that was pretty amazing.  The realisation that by simply injecting this material that was beautifully, elegantly designed but really quite simple you were able to coax the body into a regenerative process and so to essentially fool it into thinking it had to do wound healing type response and form a massive amount of new tissue.  And the amazing thing about it was was not just the amount of tissue that was formed but the quality of that tissue, so the organisation of it if you looked at it was right down at all levels through the tissue perfect, I mean it was just perfect native tissue.  It even had - I mean bone has these big circular systems in it called haversian systems that have blood vessels going right down the middle and it's a very peculiar looking organisation - and this new tissue even had those in it and you just don't normally get that because those systems are just so complex and so organised and yet this new tissue that we'd regenerated had all those systems in it.  And when we actually did the mechanical testing of that new bone it was exactly as strong as native bone and you can only get that strength by having a tissue that is immaculately organised right across the length scales.

Al-Khalili
Is this something - this structure - you could only see down a microscope...

Stevens
Yes exactly.

Al-Khalili
So you were sort of, you know...

Stevens
So we were sort of...

Al-Khalili
...shouldering each other - elbowing each other out of the way...

Stevens
Pretty much, pretty much yeah.  I was the lead author on this but there was a number of really key people that helped.  But we - yeah I think sort of very, very excited and then sort of the realisation of oh we'd better do all the other time points and all the other controls - it took a long time actually to move from that to having something that we could publish in a really good journal.

Al-Khalili
But the euphoria is there - once you know...

Stevens
Oh yeah, yeah, I mean once you know it's working, once you know the concept works then in a sense everything you do is so worthwhile because you know that you're sort of filling in the blanks but you know that at least the jigsaws there, at least it's working.

Al-Khalili
And how - how long did you stay on this - on the high?

Stevens
Well I'm sort of always on the high anyway but you know it was definitely a good blip and we have these kind of blips all the time now as well in different ways for other projects.

Al-Khalili
And where are you at with that piece of research now?

Stevens
Some of that first work that was started at MIT was published a few years ago and that's now moving to clinical use in Germany but it takes quite a long time actually to get all the clinical approvals.

Al-Khalili
That must be hugely gratifying to see it all...

Stevens
Yes, yeah...

Al-Khalili
Your research actually finally making it.

Stevens
Yes.  But actually, I have to say, even though that project was very gratifying in that it's clinically useful, it was actually also gratifying in that it was scientifically amazing, that you can actually create this amount of tissue, I mean it's still now - when I sort of show it in talks people get blown away just by looking at it because it's very, very visually striking.  We were pretty stunned, even though we'd obviously be aiming for that.

Al-Khalili
If someone had come up to you before the research results and said what are the odds on actually being able to make bones with all these intricate structures in, what would you have said?

Stevens
Well I was sort of hoping the odds would be good, bearing in mind that that's what I was betting on but I think probably maybe a 55% chance of success, something like that.

Al-Khalili
Fifty five - that's a very scientifically accurate... but still you know 55 - there's a 50/50 chance, it's by no means guaranteed it would be successful.

Stevens
Yes but you know like most things in science even if it doesn't work quite the way you think it would something interesting almost invariably comes out of it, if you're looking at it.

Al-Khalili
Sure.  Now I want to find out a bit about this incredible lab that you have at Imperial College.  What strikes me - one of the things that really strikes me about it is just the sheer range of different research interests and different research areas that you've got going on there.  It's got this eclectic mix of scientists and engineers.  Your colleague Eileen Gentleman says that there are lots of labs that claim to be multidisciplinary but yours is one of the few that really is.

Gentleman
I think it's quite unique to her group.  There are actually people who are solely trained in physics or solely trained in polymer chemistry and there are surgeons in the group and there's engineers in the group, there's mechanical engineers and electrical engineers.  That's quite diverse.  But there don't seem to be really any massive science conflicts.  I think the biggest conflicts in the lab tend to arise because of cleaning - cow blood on table tops - yeah it's not [indistinct words] but that's the biologists.  There's a lot of people and the chemists I think are the worst - hydrofluoric acid in a beaker sitting next to the sink which of course looks like nothing, it's clear, it can look like water, and I'm no chemist but it eats through your skin and dissolves your bones, it's one of the most deadly chemicals we use in the lab.

Al-Khalili
Yeah you see a physicist like me and I'd just pick that up, I'd have gulped it down probably.

Stevens
Well Eileen's a biologist, so you know she would probably pick on the chemists a bit.

Al-Khalili
It sounds like an incredible juggling act you have here to try and get these different people with their different ways of doing their research and their science to all pull together.  If I think it's my university physics department, we think we're doing really well mixing theoretical physicists like me with a laser physicist and a medical physicist and so on, we all have different cultures and different backgrounds, in your lab you've got biologists, you've got engineers, you've got physicists, you've got material scientists...

Stevens
Surgeons.

Al-Khalili
Surgeons - I mean that's an incredible mix.

Stevens
Yeah, it's amazing because if you have a group meeting you can really be incredibly innovative I think and bounce a lot of ideas around and also get a healthy dose of realism because we might propose something from an engineering viewpoint and the surgeon might just turn round and say but hang on a minute, we don't do that in practice.

Al-Khalili
Does that sometimes - does it cause friction....

Stevens
No, no, I mean...

Al-Khalili
...if the surgeon - an engineer says what is he talking about?

Stevens
Well it might save you a couple of years of useless research, so I mean it's very, very useful.  And equally for the surgeons I think being able to have the chemist and the material scientist helping them out in terms of the materials they might want to be working on I mean that's incredible, I mean that's extremely valuable both ways.

Al-Khalili
And that's what you need - you need that level of mixing of disciplines and ideas in this area of research.

Stevens
Yeah, you need them really, really talking and really working on things together because otherwise you're just going to have isolated bits of expertise and actually the sum of that expertise is so much greater than the part.

Al-Khalili
Molly Stevens it's clear that this wouldn't have happened - this lab wouldn't have been created - without your interest in a wide range of things.  I get the impression you've always been interested in everything.

Stevens
Yes, pretty much.

Al-Khalili
I mean so at school did you have difficulty choosing what A Levels to take for instance?

Stevens
Oh totally, nightmare, yeah.  In the end I did sciences and French and the sciences I pursued because I thought it would be difficult for me to sort of follow them up as a hobby, whereas other things I was very interested in, like other languages, like geography and history, I felt that I would keep my interest in those things.

Al-Khalili
And have you kept up your interest?

Stevens
Yeah, yeah sure, yeah.

Al-Khalili
Now your first degree was in pharmacy from Bath, why did you choose pharmacy?

Stevens
Oh because it's such an interesting degree course, I mean it covers everything from sort of human biology to chemistry to designing drugs to pharmacology to...

Al-Khalili
But most people would choose to study pharmacy because they want to go into that as a career, were you thinking of this as a...

Stevens
No, no, no, no.  I mean this is really ironic actually, when I think about it now, but I had been thinking about studying medicine and I decided not to because I thought that five years was too long to be at university...

Al-Khalili
Too much to do.

Stevens
... and I've been there ever since, yeah.  I'm kind of surprised actually that I am a professor but I am very glad I am, I mean it's great fun but it's not as if I would have predicted that.

Al-Khalili
But then you switched to do a PhD in biophysics, that's a complete change isn't it and a difficult subject to go into if you don't have any background into it?

Stevens
Yes, yes I never thought of it as difficult.  So the reason I chose it actually, I'd taken some time out and gone travelling for quite a long time in South East Asia and while I was doing that I really was thinking about what sort of PhD I wanted to do because I really wanted to get my teeth stuck into something and I pretty much picked single molecule biophysics because it sounded like the most challenging thing that I could do.

Al-Khalili
Single molecule biophysics - well can you define what that means in non-technical language?

Stevens
So what I had to do was to use Nano technology, although at the time that field was not quite as hyped and so we used to call it biophysics, same thing.  But what we had to do was to essentially take peptides, so small molecules, that were self-assembled together and pull them apart using some instrumentation to figure out what the forces were between them.  So pretty amazing actually - so single molecule measurements to understand the forces between molecules.

Al-Khalili
And what use is this knowledge?

Stevens
Well it's further from application, which in a way is part of the reason why I then moved into more applied research, but in terms of a scientific study it's fundamentally extremely important of course to understand that and also extremely exciting, I mean these were some of the first measurements ever that were done at this single molecule level.  So it was a pretty exciting time to be in that field.  And we still use many of the skillsets that I learnt in that PhD in the research today in our group.

Al-Khalili
And we're talking about a microscopic world, a hundredth thousandth of the width of a human hair; we're looking down at the molecular level.

Stevens
Yes, yes and someone once told me if you can't see something you shouldn't trust it.  No it's right down at the Nano scale.

Al-Khalili
Bang goes my whole research field of nuclear physics.  And is it true that you were carrying on analysing the data while working part-time as a locum pharmacist to earn money?

Stevens
Oh sure, sure, yeah because at the time there wasn't any automatic sort of computer programs and things to analyse the data and I was always quite short on money, so yes I used to work as a locum pharmacist.  But I worked actually in this supermarket that was - it was really quiet because no one in their right mind wanted to go there to get their pharmacy prescriptions.  But I'd work there and sort of - while there was no one looking for advice then I would actually just do all the sums, yeah, saved me lots of time, you know.

Al-Khalili
So here you are you've got a pharmacy degree, you're doing a PhD in biophysics, you've gone travelling, you're not quite sure what's coming next.

Stevens
Absolutely unsure what's coming next, yeah.

Al-Khalili
But then something does happen to change the direction of your life.

Stevens
Yes, I was - I finished my PhD in the year 2000 and it was this year of the millennia and one of the things that was happening in science is they had all these sort of ad hoc enormous millennium conferences and so I'd gone to one of those in San Francisco and I gave my sort of 12 minute PhD talk, which went down fine, in biophysics, although I remember being terrified at the time but it went okay, and then I happened to be walking past another room that was actually not at all related to my talk and I saw a picture on the screen of this little boy with really, really bad liver failure and it sort of grabbed me and grabbed my attention.  And I thought it was absolutely amazing that you could design materials that would help the body to heal itself and that your research actually could have so much impact on helping people, I thought this was just absolutely wonderful and it totally, totally inspired me within a few minutes to completely switch fields and to obviously keep those skillsets that I have but to apply them in a completely different way.

Al-Khalili
And completely unexpected, I mean there was no way you could have predicted that that was the direction your life was going to take.

Stevens
Yeah, I mean really, really quite by chance - I mean it's a very marked event.  And literally, as I say, of feeling this sort of relief of knowing exactly now what I wanted to focus on because obviously I really do like applying myself to something.

Al-Khalili
And were you surprised that Bob Langer, world famous scientist, took you on to work as a young researcher with him?

Stevens
I - no, no, not really, I mean I suppose I should have been surprised.

Al-Khalili
What - did you go up to him straightaway and say take me on?

Stevens
Oh definitely, yes, yeah.

Al-Khalili
You see I mean that in itself is pretty unusual for a young researcher to do, particularly if it's not your area of expertise, it's quite brave.

Stevens
Well brave or foolhardy, either one but I suppose if I had realised quite how well known he was I might have been a bit more nervous about that than I was.

Al-Khalili
So here's Bob Langer offering you the opportunity to go and work with him in America, you had no qualms of uprooting from the UK, going off to America, this was it seemed the place to be for this area of research?

Stevens
Oh yeah, it was absolutely wonderful because it was one of those labs where there was so much going on, so many things going on...

Al-Khalili
This was MIT?

Stevens
At MIT exactly and really very, very well-funded, and you had enormous amounts of freedom, I mean, as a post-doc there you could really have freedom and a lot of ownership over the science that you did.

Al-Khalili
Now you said once that you do geeky hard-core science but your main aim is to help people.  You're doing this not just because you can, because there are questions, fundamental questions, in science to answer there but because it really has benefit to patients.  That must be a very satisfying thing to be able to do.

Stevens
Definitely, definitely.  I've got this sort of I suppose strange appreciation of both aspects of science really, the more translational and the much more fundamental, because of the root that I've taken...

Al-Khalili
And by translational you mean?

Stevens
I mean I'm really, really keen for what we work on to be able to make it into patients, I think that's really, really important to me.  So definitely my eye is always on that, how can what we do be useful because I don't want to spend a lot of research money and a lot of time making things that are not in the end going to be useful for people.

Al-Khalili
But it's a long hard slog isn't it from answering the fundamental scientific questions, putting it to clinical use, how far away are we from actually reaping the benefits of your lab's work?

Stevens
Well some of the materials we've made are actually now approved for clinical use, so that's very nice to see.  And we have a lot of other things coming through that we really hope to push to patients as well.  But it's not at all trivial, I mean it's a lot of hard work but I think if you're working on problems and engineering solutions that actually have the potential to get there then really you have a duty to explore that properly.

Al-Khalili
And this seems to be something that you are uniquely good at - seeing this through from the scientific breakthrough to clinical use - because you're constantly thinking about how the science that you do and how the science that those in your lab are working on might translate into something that is medically useful.  I think we're both very well aware that there's a drive these days from funding bodies to fund that research that ticks the boxes of having applications, of being useful, when you write your research grants you have to demonstrate the relevance, what potential benefits that would bring, you are very successful at doing that - showing what benefits the research could have.  Professor Anthony Hollander, who's a medical researcher at Bristol University, has this to say about you.

Hollander
Well Molly's remarkable not only for winning grants but actually for the sheer number of grants she writes and she has probably more funding than any young scientist I know.  I mean I think there is a tension at this stage in scientific history between those who consider themselves more fundamental scientists and those, like Molly and myself, who consider ourselves to be very much applied scientists - turning science into medicine.  I've never heard of criticism which says that applied science shouldn't be funded but there's a real concern that pouring money into applied science, which is very expensive by nature, as soon as you get any patient things get very expensive, that it will just take too much money away from the fundamental science that has to carry on and which is a really important tradition particularly of UK science.  What I don't want to see is too much funding being withdrawn from the very fundamental research because in the end you cannot turn science into medicine unless the science is done first.

Stevens
We've been really, really lucky with grants that's for sure but actually my largest grant funding is precisely not for applied research...

Al-Khalili
Whether or not it leads to some clinical benefits.

Stevens
Yeah exactly.  So you know getting that science right in the first place is super important, as Anthony says.

Al-Khalili
What is the one thing you'd most want to achieve in your research?

Stevens
Ummm.

Al-Khalili
It must be difficult to say well I'd like to win a Nobel Prize or I'd like to save thousands of lives.

Stevens
I think I'm really pleased with how the research has gone so far, it's gone even much better than I could possibly hope for.  And so if we can really keep up the momentum that we have at the moment - I mean there's just a tremendous excitement at the moment I guess in the lab in terms of everything going on - and what I would really like is that a lot of our innovations don't remain just in the Western world, that they actually can be really applied much more in global health type situations because there's a massive need for new technologies there and for cheap medical devices.

Al-Khalili
In the last few years you're becoming better known - how are you dealing with this new found celebrity in a sense...

Stevens
Oh don't.

Al-Khalili
Well I mean your photo was in Vogue magazine...

Stevens
Oh no, no, no.

Al-Khalili
Whether you like it or not.

Stevens
You can't say that can you.  That was actually something I thought about a long time and I initially actually had refused to do it and then my group got up in arms about this and they created a big doodle poll and they all wanted me to do this because it was absolutely wonderful that there should be a scientist in Vogue because there's never a scientist in Vogue.  And so in the end I did it really for them and also for my daughter when she grows up.  And the whole article actually was based on science and that was pretty good actually, the first time they've done that.

Al-Khalili
You must have been pleased then that you did do it?

Stevens
Yes, yes but very much sort of under the agreement that it would be very science based and hopefully would inspire different types of people to be interested in science.

Al-Khalili
Molly Stevens, whether you feel comfortable about it or not I'm sure we'll be hearing a lot more about you.  Thank you very much for coming on The Life Scientific.

Stevens
Thank you very much.





