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The aim is to postpone frailty, 
postpone degenerative disease, 

debilitation and so on and thereby 
shorten the period at the end of 
life, which is passed in a decrepit 
or disabled state, while extending 

life as a whole.

Aubrey de Grey
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ENDING AGING
An Interview with Aubrey de Grey

By Mark Sackler
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Looking at Aubrey de Grey for the first time, his long bushy brown 
whiskers and sage countenance might remind you of Methuselah.  
How appropriate. That look is probably intentional.  Though he 
originally trained in artificial intelligence, he has emerged as 

one of the world’s leading researchers in the field of human biological 
rejuvenation.  

In fact, he founded the Methuselah Foundation in 2004 to endow human 
aging and rejuvenation research.  He followed that up by authoring 
Ending Aging, The Rejuvenation Breakthroughs That Could Reverse Aging 
in Our Lifetime in 2008, and co-founding the SENS Foundation a year 
later.  SENS, which stands for Strategies for Engineered Negligible 
Senescence, is a non-profit organization that researches the science of 
aging and possible means to reverse it.  He serves as its chief science 
officer. 
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In Ending Aging, de Grey cited 7 types of intra- and extra-
cellular damage that accumulate in the human body as it 
ages. Nine years later, he still sees those same 7 as  the 
critical issues in understanding—and eventually reversing—
human aging.  But two significant things have changed in 
the ten years since he published that volume.

First, research into human biological rejuvenation has 
moved into the mainstream of research from the fringes.  
Any number of for-profit biotech ventures have started up, 
a longevity venture fund has received backing from some of 
the top names in Silicon Valley, and even some clinical trials 
are on the cusp of launching. The SENS Foundation itself 
has received backing from the likes of Peter Thiel and Ray 
Kurzweil.

 Second, the emergence of breakthrough genetic editing 
techniques, such as CRISPR/Cas9, have pointed   the way 
to accelerated progress in developing age-reversing genetic 
therapy.  At least two individuals have tested genetic 
therapies on themselves within the past two years, both 
with initially promising results.  

I spoke with de Grey recently in an interview for my Seeking 
Delphi™ podcast, regarding progress since the 2008 book, 
and the current state of the anti-aging art.

Scientific developments in the last few 
decades have laid the foundation for a 
new class of medicines: rejuvenation 
biotechnologies. 

Rejuvenation biotechnologies are 
targeted therapies that apply the 
principles of regenerative medicine 
across the entire scope of the damage of 
aging. In other words, instead of merely 
slowing down the accumulation of aging 
damage in our tissues, rejuvenation 
biotechnologies will remove, repair, 
or replace the damaged cellular and 
molecular machinery. This means that 
with every round of therapy, a person’s 
eyes, heart, arteries, and bones will not 
just suffer less ongoing degradation 
of their structures, but will actually 
become more youthful and healthy in 
their structure and function, as the fine 
cellular and molecular order of these and 
other tissues are progressively restored 
to their youthful integrity.

SENS Foundation
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Mark Sackler: You wrote the book Ending Aging in 2008.  You identified seven areas 
of cellular and intracellular damage that you think need to be reversed 
as the best process for reversing aging.  In the nine years since you 
wrote that book, what has changed?  Are we where you thought we’d 
be by now? Have there been any breakthroughs?  

Aubrey de Grey: People often ask me, “When are you going to write a new book—when 
are you going to update Ending Aging?” It’s not a priority right now. It 
could easily be presumed to be saying that it’s not my priority simply 
because I haven’t made much progress and there’s not much to say.  
But it’s just the opposite of that—there’s been massive progress, but it’s 
been pretty much exactly the progress that we were predicting in the 
book. So essentially the plan is the same 7 points. There’s no problem 
number 8 or 9 that came along and had to be added. 

  And furthermore, the solutions that we discussed in the book are still the 
same solutions. There’s nothing that has come along that has made us have 
to revisit it and say, well, OK, the approach that we thought was going to 
be the right way to go is actually much harder than we had expected and 
therefore we need something else  —none of that has happened. There 
have been some surprises, but they have all been good surprises in the 
form of innovative technologies —new discoveries that have allowed us 
to pursue the same approaches but more effectively and more rapidly 
than we otherwise thought. Now there is one downside, though, which 
I also want to deal with here. Which is, back then—in fact a couple of 
years before I wrote that book in 2004—I started making predictions 
about the time frames of how long this will all take.  And of course, I was 
always making a lot of caveats emphasizing that a prediction of time 
frames was very speculative for any pioneer in technology. However, 
the fact is we haven’t hit the time frames I was saying that we would. 
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  I said there was a 50–50 probability of 
reaching a milestone that I specified and 
that I named robust mouse rejuvenation 
within 10 years—from that point of 
around 2004. And so that’s what’s gone 
wrong.  But what’s gone wrong is not 
the science, but something else. The 
answer is the money. The fact is that my 
predictions were always very strongly 
conditional on the ability to bring in 
funding that was sufficient so that the 
rate of progress would only be limited 
by the sheer difficulty of the technology, 
the actual science and practice. I believe 
we’ve been going along three times more 
slowly than that initial prediction simply 
because it’s been so much more difficult 
than I had expected to attract sufficient 
funding.  

Mark Sackler: You mentioned robust mouse 
rejuvenation as one of the key milestones along the road to reversing 
human aging.    I’ve read some stories lately that some scientists have 
claimed to slow or create some minor rejuvenation in mice. Obviously, 
it’s not what you define as robust.  So how do you define it?   

Aubrey de Grey: I have defined robust mouse rejuvenation to be taking mice that are 
already in middle age, before anything has been done to them, and 

Mark: Having a background in both gerontology and 
artificial intelligence suggests an obvious question:  To 
what extent do you marry the two? Does AI now, or will 
it in the future, play a role in your research?

Aubrey: Actually it played a bigger role in the past than 
it does today or than I expect it to in the future.  My 
AI days were the period when I learned how to work 
on really hard problems, and since research is a highly 
transferable skill, it was what allowed me to see the 
wood for the trees in aging and come up with important 
new ideas. Going forward, the value of deep learning 
to aging research may be huge, but the details are still 
totally unforeseeable.
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doubling or trebling their remaining time.   What that 
means is you take normal adult mice, with no preexisting 
problem or had any prior therapy applied to them  —you 
want those mice when they’re already two years old and 
you have done nothing to pharmacological and nothing 
genetic to them—that would typically live an average of 
three years (that’s on the long side for mice).    And then 
you throw a whole bunch of interventions at them to turn 
their last year into three. That’s the definition that I gave 
to robust mass rejuvenation. Now the things that have been 
happening recently have been exciting but they’re definitely 
not doing robust mass rejuvenation at the moment. We still 
can’t extend the lifespan of mice by more than a couple of 
months by interventions that are initiated at two years of 
age. 

Mark Sackler: There’s a second critical milestone you 
cite, that’s LEV, or longevity escape velocity. So obviously 
we’re nowhere near that. But what is it, and how far away 
are we from getting there?

Aubrey de Grey:  First, let me summarize the definition 
—it all arises from the fact that progress buys time when 
you are doing rejuvenation. In other words let’s talk about 
humans: If we were to take someone who was 60 years 
old, let’s suppose, and at some point in the future we were 
at the stage of rejuvenation technology whereby we could 

buy people 30 additional years of life—so that we would take them and 
throw a whole bunch of therapy at them that would rejuvenate them 
reasonably well so that they would become biologically sexy again until 
they were chronologically 90—if we could do that, then the reason why 
they would become biologically 60 again at all is because the therapies 
are imperfect. There will be a huge number of different types of damage 
that happen that fall into the 7 categories; some of them are just more 
difficult to manage than others. 

Mark: I’m in my 60s and fairly fit and healthy.  My 
father and two of his male first cousins lived into their 
90s.  What are my chances of getting at least some life 
extension out of this research?  Any suggestions, other 
than standard diet and exercise stuff, that I could do 
right now? I’m realistic.  I’m not expecting 1,000, or even 
150.  But 100–110 or even a bit more would be nice!

Aubrey: People with your characteristics can probably 
be estimated to be maybe five years biologically 
younger than their chronological age, so that means 
you have a chance, but only if the research starts very 
soon to accelerate as a result of better funding. No, 
there is nothing other than the standard stuff that you 
can do to improve your chances much—the thing to do 
is what you’re doing right now, interviewing the experts 
and getting the word out to counteract the prevailing 
skepticism and sensationalism (which are each as bad 
for funding as each other).
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  So, we end up mending the easy stuff. And we can do that as often 
as we like. But eventually the initial therapies don’t work, and damage 
will accumulate to the point where damage is again the same as at 60 
years.  But because you have those 30 years way before you got to 
be biologically 60 for the second time, you’ve had time to improve the 
therapies. 

 And improving means improving the comprehensiveness. It means getting 
to a point where you can fix some of the difficult damage.   Maybe you’ll 
never be able to effect repair on 100% of the damage, but you’ll be able 
to fix some of it, which means you will be able to rejuvenate the same 
people with what we might call SENS 2.0.  Perhaps by the time this 
rejuvenation decays to be biologically 60 a third time, they’ll actually 
be 150.  And so on.  The definition of longevity escape velocity is simply 
the minimum rate which we need to improve the comprehensiveness 
of the therapies to stay one step ahead of the problem.  And longevity 
escape velocity turns out to be a trivial thing to maintain.  The rate of 
progress that we’re talking about here is minute as compared to the rate 
of progress that we always see in other technologies historically after 
the initial breakthrough that solves the fundamental problem.  So, the 
uncertainty of time frames consists entirely of the question of how soon 
we will reach SENS 1.0.   Soon will we do that, and originally my time 
frame over the past 13 years since I started talking about it has come 
down only by about 5 years, which is sad, but the reason again is entirely 
because of a lack of funding. 

Mark Sackler: What about using pharmaceuticals or supplements to slow the aging 
process—to buy more time before we reach SENS 1.0?  There are several 
agents out there now.  Metformin is about to go into human clinical 
trials, Rapamycin is in trials with dogs, and NAD+ supplements are all 
the rage right now. What’s your take on all of this? 

Aubrey de Grey: So I’m all for this work. I think that it’s very valuable in helping people 
to stay healthy longer. However, there is a very important feature of all 
of these supplements which is very often 
swept under the carpet by the researchers 
and companies that are working on them. 
They’re all hypothesized to work by calorie 
restriction memetics. In other words, 
drugs that trick the body into thinking it’s 
not getting as many calories as it would 
like, even though it is getting them.  The 
reason such drugs are so interesting is 
because 80 years ago it was established 
that if you feed, say, a mouse or a rat less 
than it would, like then, it will live longer 
than it would otherwise live. 

  And that’s a really important result. And 
by the 1970s it had become the single   
most studied phenomenon in the whole 
of gerontology—and it continues to be.  
But not eating as much as you would like 
is not fun.  So, if one could develop the 
drugs that mimic this effect, then you’ve 
got the best of both worlds: you’ve got 
the longevity extension and you also don’t 
have the hunger. So that’s wonderful. 

Mark: George Church recently revealed that he will 
test his own genetic therapy on dogs in a clinical trial 
in 2019 and, if successful, go on to human trials by 
2022.  He wants to solve the money problem by using 
proceeds from an approved canine procedure to fund 
the lengthier and more costly human trials. Do you 
know anything about this? 

Aubrey: I don’t know the details, but the general idea of 
using pets as a stepping-stone is a very good one that 
has been discussed by others in the past but has not 
worked out, because basically the therapy was thought 
to be just as difficult in the pets as in humans. That isn’t 
necessarily so, and indeed there is already a dog aging 
trial going on in Seattle looking at a calorie restriction 
mimetic. I think it indeed makes both scientific and 
commercial sense as a strategy.
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Except that there’s a huge catch, and it has been a totally 
incontrovertible message in the animal data for decades. It 
is a fairly scandalous thing that has been swept under the 
carpet. 

The problem is that different species respond by different 
degrees to this kind of restriction. Specifically, long-lived 
species respond less than a short-lived species.  The world 
record for how much you can extend the life of a nematode 
worm that normally lives about three weeks is by a factor 
of five.   But then if you go up and look at organisms that 
live a couple of years, like mice, you can only get a factor of 
one and a half.  That’s still very impressive but it’s definitely 
not five.  But unfortunately, this trend persists as you go 
higher up the chain. 

For example, about 20 years ago you’re in a very thorough 
and rigorous trial made with Labrador dogs, which normally 
live about 11 years, and on the whole, it resulted in only 
about a 10% increase in lifespan.  And over the past 20 odd 
years, two groups in the US have performed extraordinarily 

expensive and time-consuming experiments of calorie restriction on 
monkeys, and depending on how you interpret that, it yielded maybe a 
couple of percent increase. So, the prognosis for humans is not terribly 
good. 

 Now again I want to emphasize I’m fine with the fact that people are 
excited by these drugs, because they do seem to keep people healthy; 
they are protective, but it is critical not to make the extrapolation that 
they are the foundation to extending life—because in no way has that 
happened.  We want to pay proper attention and give proper priority to 
the stuff that will really works.

Mark Sackler: One of the hottest biotech topics lately has been genetic editing, and 
there have been at least two individuals who recently had genetic 

Mark: Might gene drive ultimately be used to make 
super-longevity heritable?

Aubrey: That’s far too slow.  Some of the things we 
need to do to improve damage repair are genetically 
encodable and can thus be introduced in the germ 
line, but the key thing to remember is that we will be 
continuing to improve these therapies for many decades 
to come, and indeed that the “super-longevity” you 
mention will only arise as a result of those successive 
improvements. So somatic gene therapy, to apply 
these improvements to people who are already alive, 
will always dominate.
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editing therapy performed on themselves.  They are Elizabeth Parrish, 
CEO of Bioviva, and Brian Hanley, who has his own one-man biotech 
operation. I wonder what you make of those two efforts. 

Aubrey de Grey: Well, first let me talk about gene targeting in general. CRISPR is a fantastic 
breakthrough. When I was talking at the beginning about the surprises 
that we’d had, that’s probably the single biggest one—because the fact is 
that before it came along, there was very little that we could do to change 
genes. We had methods for gene targeting, for modifying the genome, 
but they were very laborious and expensive, and it didn’t seem they were 
going to become any less so. So CRISPR was a huge revelation. But there 
are things that CRISPR can’t do—specifically it can’t insert new genes 
into the genome, and we actually have a 
very important project that is designed 
to get around that limitation.  But yes, 
basically we can do genetic editing with 
CRISPR more easily and cheaply and it is 
getting better all the time—getting more 
high fidelity and so on. 

  Now as for self-experimentation—what 
Liz and Brian have done—one can look 
at it in a whole bunch of ways. First, one 
can be curmudgeonly about it and say, 
well okay, this is very unsafe.  God knows 
what’s going to happen if bad things 
happen if these people die as a result of 
that therapy; it is going to set back the 
whole field to a large degree.   

  That’s all true up to a point. But at the 
same time, we have to remember that 
self-experimentation is not new. It has 
a long and very distinguished history in 
biology. JBS Haldane, the distinguished and respected British biologist 
from the 1930s, was rather famous for doing things to himself that I 
certainly wouldn’t dare to. So we have to acknowledge that it’s double 
edged. Certainly, the scientific information that will come from this sort 
of experimentation effort is probably very limited, simply by the fact that 
it is a sample size of 1.  But on the other hand, the high-profile news 
that arises and the fact that people are talking about what is happening 
and a discussion is actually occurring, has its own value. If people are 
not interested in something, it’s very hard to get them to think about it, 
whereas if they are interested, even for an unusual and rather tangential 
reason, you can educate them.  In a sense, people like Liz and Brian are 
helping me. 

Mark Sackler: Earlier this year I interviewed David Wood of the London Futurists on 
his book The Abolition of Aging.  You may be familiar with it, since he 
did mention you more than once in the book.  In it he forecast that by 
2040 there is a 50–50 chance of there being widely available affordable 
rejuvenation therapy.  How do you feel about that forecast right now? 
Is it overly optimistic? Is it well within reach if there’s enough money, 
or is it totally uncertain?

Aubrey de Grey: It’s pretty much exactly the same as my prediction. That may not be a 
coincidence. 

Mark: Regarding the “Liz and Brian” question of self-
experimentation,  you indicated the potential value as 
far as PR goes, and the limitations because of the small 
(N=1) sample size.  But what is your feeling about the 
actual science each of them employed?  Do you see it 
having any promise?

Aubrey: In both cases there is perfectly reasonable 
science underlying the choice of therapy. I’m more 
familiar with Liz’s case; while stimulating telomerase 
may have risks it may also have benefits, and follistatin 
for building up muscle also makes sense for overall 
systemic homeostatic reasons, not only strength. Time 
will tell.
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7 types of aging damage & 
SENS research strands:

1. Cell loss & Atrophy:  
 

Some of the cells in our bodies cannot be replaced, or can be only 
replaced very slowly—more slowly than they die. This decrease in cell 
number affects some of the most important tissues of the body. For 
example, muscle cells are lost in areas such as the skeletal muscles and 
the heart, causing them to become frailer with age. Loss of neurons in the 
substantia nigra causes Parkinson’s disease, while loss of immune cells 
impairs the immune system. This can be partly corrected by therapies 
involving exercise and growth factors (naturally occurring substances 
capable of stimulating cellular growth, proliferation, healing, and cellular 
differentiation), but stem cell therapy, regenerative medicine and tissue 
engineering are almost certainly required for anything more than just 
partial replacement of lost cells.

2. Nuclear [epi]mutations:  
 

These are changes to the nuclear DNA (nDNA), or to proteins which 
bind to the nDNA. Certain mutations can lead to cancer and would 
need to be corrected in order to prevent or cure cancer. SENS focuses 
on a strategy called “whole-body interdiction of lengthening telomeres” 
(WILT), which would be made possible by periodic regenerative medicine 
treatments. Telomeres are critical for maintaining genomic integrity, 
and studies show that telomere dysfunction or shortening is commonly 
acquired during the process of tumor development. Short telomeres can 
lead to genomic instability, chromosome loss, and the formation of non-
reciprocal translocations, and telomeres in tumor cells and their precursor 
lesions are significantly shorter than surrounding normal tissue.

3. Mitochondrial  Mutations:  
Mitochondria are components in our cells that are important for energy 
production. Because of the highly oxidative environment in mitochondria 
and their lack of the sophisticated repair systems, mitochondrial mutations 
are believed to be a major cause of progressive cellular degeneration. 
This would be corrected by allotopic expression—copying the DNA 
for mitochondria completely within the cellular nucleus, where it is 
better protected. Aubrey de Grey argues that experimental evidence 
demonstrates that the operation is feasible, however, a 2003 study 
showed that some mitochondrial proteins are too hydrophobic (not 
attracted to water) to survive the transport from the cytoplasm to the 
mitochondria.
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7 types of aging damage & 
SENS research strands:
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4. Death-resistant Cells:   
 

Senescence is a phenomenon where the cells are no longer able to 
divide, but also do not die and let others divide. They may also do other 
harmful things, like secreting proteins. Degeneration of joints, immune 
senescence, accumulation of visceral fat and type 2 diabetes are caused 
by this. Cells sometimes enter a state of resistance to signals sent, as 
part of a process called apoptosis, to instruct cells to destroy themselves. 
Cells in this state could be eliminated by forcing them to apoptose (via 
suicide genes, vaccines, or recently discovered senolytic agents), and 
healthy cells would multiply to replace them. 

5. Extracellular  Crosslinks:    
Cells are held together by special linking proteins, and when too many 
of these cross-links form between cells in a tissue, the tissue can lose its 
elasticity and cause problems including arteriosclerosis, presbyopia and 
weakened skin texture. These are chemical bonds between structures 
that are part of the body, but not within a cell. In senescent (aging) 
people many of these become brittle and weak. SENS proposes to further 
develop small-molecular drugs and enzymes to break links caused by 
sugar-bonding, known as advanced glycation endproducts, and other 
common forms of chemical linking.

6. Extracellular  Aggregates:  
Harmful junk protein can accumulate outside of our cells. Junk here 
means useless things accumulated by a body that cannot be digested or 
removed by its processes, such as the amyloid plaques characteristic of 
Alzheimer’s disease and other amyloidosis (there are about 30 different 
types of amyloidosis, each due to a specific protein misfolding). Junk 
outside cells might be removed by enhanced phagocytosis (the normal 
process used by the immune system) and drugs able to break chemical 
beta-bonds. The large junk in this class can be removed surgically.

7. Intracellular Aggregates:  
 

Our cells are constantly breaking down proteins and other molecules 
that are no longer useful or which can be harmful. Those molecules 
which can’t be digested accumulate as junk inside our cells, detected 
in the form of lipofuscin granules (lipofuscin is the name given to fine 
yellow-brown pigment granules composed of lipid-containing residues 
of lysosomal digestion considered to be one of the aging or “wear-and-
tear” pigments, found in various body organs). Atherosclerosis, macular 
degeneration, liver spots on the skin and all kinds of neurodegenerative 
diseases (such as Alzheimer’s disease) are associated with this problem.  
Junk inside cells might be removed by adding new enzymes to the cell’s 
natural digestion organ, the lysosome. These enzymes would be taken 
from bacteria, molds and other organisms that are known to completely 
digest animal bodies.

SENS Research Foundation has at least one project underway in each of its seven research 
strands.
Source: Wikipedia https://en.wikipedia.org/wiki/Aubrey_de_Grey  
https://en.wikipedia.org/wiki/Strategies_for_Engineered_Negligible_Senescence
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Aubrey de Grey Biography
Dr. Aubrey de Grey is a biomedical gerontologist based in Cambridge, UK and Mountain View, California, USA, and is 
the Chief Science Officer of SENS Research Foundation, a California-based 501(c)(3) charity dedicated to combatting 
the aging process. He is also Editor-in-Chief of Rejuvenation Research, the world’s highest-impact peer-reviewed journal 
focused on intervention in aging. He received his BA and PhD from the University of Cambridge in 1985 and 2000 
respectively. His original field was computer science, and he did research in the private sector for six years in the area of 
software verification before switching to biogerontology in the mid-1990s. 

His research interests encompass the characterisation of all the accumulating and eventually pathogenic molecular and 
cellular side-effects of metabolism (“damage”) that constitute mammalian aging and the design of interventions to repair 
and/or obviate that damage. He has developed a possibly comprehensive plan for such repair, termed Strategies for 
Engineered Negligible Senescence (SENS), which breaks aging down into seven major classes of damage and identifies 
detailed approaches to addressing each one. A key aspect of SENS is that it can potentially extend healthy lifespan without 
limit, even though these repair processes will probably never be perfect, as the repair only needs to approach perfection 
rapidly enough to keep the overall level of damage below pathogenic levels. Dr. de Grey has termed this required rate of 
improvement of repair therapies “longevity escape velocity”. Dr. de Grey is a Fellow of both the Gerontological Society 
of America and the American Aging Association, and sits on the editorial and scientific advisory boards of numerous 
journals and organisations.

Postscript

In the next issue of Age of Robots, part two of this article will feature an interview with the first person ever to have 
genetic age reversal therapy procedures tested on herself, Bioviva CEO Elizabeth Parrish.  

The complete audio podcast of my interview with Aubrey de Grey is available at https://seekingdelphi.com/2017/12/13/
podcast-19-ending-aging-with-aubrey-de-grey/ and on iTunes and PlayerFM.
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