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Abstract

In November 2005, 28 eminent biogerontologists signed a letter published in EMBO Reports that
must rank among the most strongly-worded denunciations of a colleague’s work to appear in the
scientific literature this millennium. It was triggered by the increasingly successful efforts of that
colleague not only in attracting respect for his ideas in many quarters, including the media, but
also in drawing attention to what he viewed as the shortcomings, both in scientific priorities and in
communication to the wider world, of the established orthodoxy within his field. The field in
question is biogerontology; the ideas concern the indefinite postponement of aging; and I am the
colleague in question. In this essay I will briefly explain why the transition of the biogerontology
establishment’s opposition to my ideas from off-the-record ridicule to on-the-record specifics is a
development that I hugely welcome. It allows me to address the flaws in my critics’ reasoning
with concrete scientific arguments — arguments whose presence in my various publications has
hitherto escaped those critics’ attention — and thus to demonstrate that expertise in the biology of
aging does not confer an infallible ability to evaluate novel proposals for postponing aging. I will
further argue that this situation is an unusually overt demonstration that biology is just as much in
need of theoreticians as physics, which of course has whole departments of them: in botth fields,
the narrow focus required for experimentalists to be at the cutting edge should be complemented
by the synthesis of disparate subfields that only the theoretician has the time to perform. I will
conclude that no specialisation within biology has a monopoly on the development of ways to
combat so complex and chaotic a phenomenon as mammalian aging and that a confederation of
experimentalists from numerous biological disciplines, harnessed together by those with cross-
disciplinary but not necessarily experimental expertise, is our best strategy for hastening the defeat
of humanity’s foremost scourge.

SENS: the early years

In July 2000, having worked in biogerontology for about five years, I realised that the field might
collectively be making a major oversight with regard to the available options for postponing aging
substantially in mammals and eventually in humans. In a nutshell, I wondered whether the dictum
that “prevention is better than cure” was being taken too far (see Figure 1). Aging is a side-effect
of metabolism: the functional decline of old age results from the eventually intolerable
accumulation of adventitious molecular and cellular side-effects of intrinsic and essential
metabolic processes. It is clear that the geriatrics approach to intervention is a losing battle,
because these side-effects continue to accumulate and the task of maintaining health becomes
progressively harder. However, the fact that aging usually has no great functional consequences
until the second half of life tells us that there is a threshold level of these accumulating side-
effects, below which they are essentially harmless. Thus, in principle one might be able to
determine the set of differences in composition between young and middle-aged adults and find
ways to reverse those differences, so restoring the middle-aged to a more youthful state. The
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attraction of this approach is that those differences, while numerous, are far less numerous than the
differences between middle-aged and elderly adults. I came to the conclusion that they could
indeed be quite comprehensively enumerated and, moreover, that feasible ways either to reverse
(“repair”) or to obviate each of them were either already in existence in mice or else built on
sufficiently detailed in vitro work that their development in mice could reasonably be expected
within a decade (see Table 1).

Gerontology  Engineering  Geriatrics

Metabolism —=—> Damage ———>Pathology

Figure 1. How the engineering (SENS) approach to postponing aging relates to the two traditional

approaches.
Type of damage Proposed repair (or obviation)
Cell loss, cell atrophy Stem cells, growth factors, exercise
Death-resistant cells Ablation of unwanted cells
Oncogenic nuclear “WILT” (Whole-body Interdiction of Lengthening of
mutations/epimutations Telomeres)
Mitochondrial mutations Allotopic expression of 13 proteins
Intracellular aggregates Microbial hydrolases
Extracellular aggregates Immune-mediated phagocytosis
Extracellular crosslinks AGE-breaking molecules

Table 1. Foreseeable approaches to repair or obviation of the seven major types of damage that
accumulate during mammalian aging.

I stress the word “might” in the first sentence of the preceding paragraph. As a theoretician, with
no first-hand experience of experimental biology, I am always acutely aware that I may
underestimate the difficulty of future work. Consequently, I at once convened a one-day workshop
to analyse my proposal in detail; this occurred in October 2000 and led to an article co-authored
by all the participants [1]. I have continued this approach since then, running three further
workshops and two full-scale conferences. These and my related activities have collectively
become known as the SENS project, standing for “Strategies for Engineered Negligible
Senescence.” This highly provocative moniker is appropriate because I claim that, once we
achieve sufficient progress in these technologies to give middle-aged people an extra 30 years of
healthy life (roughly doubling their remaining lifespan), our rate of progress in further refining
those therapies is very likely to exceed the rate at which the remaining imperfections in the



3
therapies are accumulating in the bodies of those receiving the latest treatments. In other words,
people will become biologically younger as they become chronologically older, eventually
becoming permanently as youthful as today’s 20- to 30-year-olds subject only to the periodic
application of these therapies [2].

Attention to my proposals within the biogerontology community was muted for as long as it could
be. Such extreme predictions are not conducive to a quiet life for the field and were rapidly feared
to be in danger of bringing biogerontology into disrepute; this indeed hindered (though never
prevented) publication of some of the articles arising from my workshops, despite the eminence of
their co-authors. Beginning in 2003, however, the mainstream media gradually became aware of
SENS and senior biogerontologists found themselves having to respond to questions about it from
journalists. At that point I am afraid to say that, in their desperation to preserve the illusion of their
own omniscience regarding how aging might be postponed, some of my colleagues began to resort
to the blatantly ad hominem argument that I must be wrong because I have no experimental
training. I found this particularly disappointing because those same colleagues had admirably
desisted from such a stance during my first few years in the field, when I was presenting highly
novel but politically harmless ideas; those ideas had always been judged purely on their merits.

SENS’s advance to “Gandhi stage 3”

A famous aphorism from Mahatma Gandhi concerning the progression of radical ideas goes
roughly as follows: first they ignore you, then they laugh at you, then they oppose you, then they
say they were with you all along. It will perhaps be seen that the reaction to SENS outlined above
rather accurately fits the first two of these stages. Aware that only by pushing SENS to the next
stage could I get it subjected to the detailed critical analysis that it must experience and withstand
in order to achieve the credibility needed for adequate funding, I became increasingly vocal during
2004 and 2005 in deprecating my critics’ failure to discuss SENS seriously. With the help of a
sharp acceleration during the same period in media attention to SENS, this effort succeeded quite
spectacularly in late 2005. In July 2005, EMBO Reports published a commentary in which I noted
biogerontologists’ public duty to forsake dogma in the interests of finding a solution to aging as
soon as possible and thus saving staggering numbers of lives, and I noted several ways in which
the field in general — and certain individuals in particular — were departing from this imperative
[3]. The principal object of my ire, Richard Miller of the University of Michigan, responded with
a predictably outspoken rejection of SENS’s feasibility, which was equally predictably lacking in
any defence of the aspects of his and other senior biogerontologists’ preferred research directions
and rhetoric that I had so strongly critiqued [4]. What I had not predicted was that, rather than
replying on his own, he amassed an entourage of fully 27 cosignatories (one of whom, Huber
Warner, agreed to be the lead author) spanning essentially all specialities within biogerontology.

It may not be instantly apparent that this was from my point of view a vastly more favourable
outcome than if Miller had simply responded as a sole author. What made it so was that this first
attempt by SENS’s detractors to justify their stance with concrete arguments based on published
data was — as I of course expected, but I might have been wrong — an abject failure, overflowing
with errors of fact and interpretation, as I was able to explain in my response published in the
same issue [5]. Since the general public remains obstinately ambivalent concerning the desirability
of postponing aging — something that I claimed in the original EMBO Reports commentary is
largely the fault of biogerontologists’ fixation on political correctness — there is essentially no
prospect of public funding for SENS, so philanthropy is my main focus. From the point of view of
a potential benefactor, the fact that one professor bases his low opinion of SENS on flawed logic
does not mean that SENS is necessarily sensible. When this flawed critique emanates from a host
of experts spanning the whole field, however, it is inescapable that biogerontologists in general are
simply not equipped to opine authoritatively on the overall SENS program: their views should be
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taken into account, to be sure, but only in conjunction with the views of experts in the other
biological disciplines that SENS has brought together. Accordingly, SENS’s prospects at the due
diligence stage are vastly enhanced by the existence of incontrovertible documentary evidence
showing that those upon whom one might imagine one could rely for expert evaluation of such
ideas are in fact in possession only of part of the necessary expertise.

Theoreticians in biology: time-wasters or assets?

There is a more general point to be made here. In physics, a symbiosis exists between those who
toil at the bench, telescope etc. and those who occupy their time pacing up and down and talking
to themselves. This is productive because cutting-edge experimental work is extremely time-
consuming: one simply cannot generate important data without becoming rather narrowly
specialised and avoiding the temptation to read widely beyond one’s area, but the synthesis of
results and ideas from ostensibly distant subfields within physics regularly leads to new insights
concerning what experiments are and are not worth doing next. The partitioning of physicists into
theoreticians and experimentalists is thus a rational division of labour that has abundantly stood
the test of time. The existence of whole departments of theoretical physics is testament to this.

The contrast with biology could hardly be starker. There are two quite large groups of biologists
who tend to be described as theoreticians, but they are not counterparts of theoretical physicists at
all. One is the evolutionary biologists, who are primarily mathematicians working with a small
and sharply circumscribed subset of biological data. The other is the computational biologists,
who are mainly concerned with simulating biological processes in silico — an activity that is
readily understood, by those (including myself, fortuitously) who have worked in experimental
computer science, to be simply a different type of experiment. Theoreticians of the type I have
described above in physics are virtually unknown in biology. This is all the more paradoxical
given the rather impressive hit rate achieved by the few counterexamples: the proportion of Nobel
laureate biologists who lacked experimental training exceeds by a large factor the incidence of
such individuals in biology as a whole.

The above statistic is but one way in which it can be seen that biology would probably benefit a
great deal from at least partially following physics’s lead and encouraging more students to pursue
a degree of cross-disciplinary expertise that is essentially incompatible with success in
experimental science. Another argument is simply that science is science is science: any field too
large to be mastered in one’s spare time is too large to be populated entirely by experimentalists if
it is to progress at the maximum possible rate.

Why, then, have experimental biologists fallen so disastrously prey to the prejudice that only those
with experimental training are competent to identify which experiments are worth doing? I cannot,
in all honesty, claim that it is entirely their fault. It is a sad fact that an immense amount of
absolutely worthless theoretical biology has been published over the years by newcomers to the
field who have not been fortunate (or, less charitably, careful) enough to study the published
literature thoroughly before rushing into print with their beautiful new explanation of a small
subset of relevant experimental data. While this is actually quite useful to those who lack
experimental training but distinguish themselves by their care to avoid the above error — I, for
example, rose unusually rapidly to be respected as an intellectual equal by my senior colleagues,
since the fact that I could have valuable ideas despite my educational “handicap” was a source of
esteem — it clearly does theoretical biology in general no good at all.

Experimental biologists should, I thus contend, make more effort to sort the wheat from the chaff
of theoretical biology. I succeeded not only because I was careful but also because, mainly
through sheer luck, I was in a position to attend many conferences and become known personally
as having a quick mind and useful things to say about others’ work. This degree of personal
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interaction with those who currently define one’s field of interest is a luxury not enjoyed by most
newcomers.

Conclusion: defeating aging needs a village

In closing, I return to my main topic: the effort to combat the affliction that kills at least twice as
many people worldwide (and perhaps 10 times as many in the West) as all other causes combined,
namely aging. I hope to have demonstrated that the resources relevant to this struggle are not yet
being optimally marshalled, on account of the imperfect and in many cases somewhat self-serving
views of those whom the public and policy-makers regard as more authoritative than they actually
are concerning the promise of various approaches to the problem. The current brouhaha
concerning SENS is not something that I am remotely enjoying, involving me as it is in the
strident criticism of, and receipt of the same from, those whom I have come to call friends during
my decade in the field. However, I cannot let such emotions divert me from a course that will
certainly save countless lives in the future. I say “certainly” because the decisive rejection of
SENS, if that is the outcome of the detailed evaluation of it that I am forcing my colleagues to
undertake, will clear the way for the introduction of new and better ideas, just as the decisive
acceptance of SENS will hasten its implementation. In other words, whether SENS is sense or
nonsense, we will be set to defeat aging sooner than if SENS continues in the state of unevaluated
limbo that it has occupied hitherto.
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