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Abstract

The early daysof biogerontologywereblessedvith anundilutedforthrightnessconcerninghe fieldOs
ultimate goals,epitomisedby its leadersLuminariesfrom Pearlto Comfortto Strehlerdeclaredthe
desirabilityof eliminatingagingwith no morediffidencethanthatwith which todayOencologistsaver
thatthey seeka curefor cancer The fieldOsubsequentetreatfrom this positiongarnereda modicum
of political acceptabilityandpublic financial support,but all biogerontologistagreethatthis fell, and
continuedo fall, vastly shortof the funding thatthe prospecbf evena modestpostponemendf aging
would logically justify. The past20 years@liscoveriesof life-extendinggeneticmanipulationsin
model organismshave weakenedthe argumentthat a policy of appeasementf the publicOs
ambivalenceaboutdefeatingagingis our only option; someof the biogerontologistsesponsibldor
theseadvancesaveespousediiews of which our intellectualforefatherswould be proud, without
noticeablyharmingtheir own careersWith therecentemergencef a detailed,ambitious but practical
roadmapfor the comprehensivelefeatof aging,this processhasmovedfurther: our naturalandmost
persuasivepublic stanceis, more thanever,to re-embracdhe sameunassailabldogic that served
pioneeringbiogerontologistperfectly well. In particular,we arein a positionto explainthat the
disparatestrandsof contemporarybiomedicalgerontologyare not in conflict, but ratherthat they
constitutea portfolio of approachesvith a rangeof potentialefficaciesand degreeof difficulty of
implementationwhich cansavemorelifes togetherthanany cansaveindividually, andall of which
thus merit intensive pursuit.
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Biogerontology’s unenviable political predicament
The following assertion appeared in 2005 in an article signed by 28 eminent biogerontblogists:

Although politiciansknow thatthey canearnvotesby promisingcuresfor cancerandAIDS, a
politician who wasrashenoughto campaignon a pledgeto slow the ageingprocessvould be
judged as lunatic.

Is it true?In particular,is it usefullytrue Bthatis to say,would thosewhosejudgementsnatterfor the
pursuit of research to postpone aging make the stated judgement?

The early history of biogerontologydoesnot provide a clearly affirmative answerto this question.
Consider,for example this statemenmadein 1920 by RaymondPearl, later the main authorand
proponent of the Orate of livingO theory of aging:

Natural death is not the inevitable penalty of fife.

Pearlwas not conspicuouslyunableto obtainfunding for his work: he was describedin a recent
appreciatiohas Oamong the most productive biologists dt@te century.O

In caseyou considerthis an unfair example predatingasit doesthe true birth of biogerontologyasa
scienceexploringtestablemechanisticiypothesed, will alsooffer a coupleof morerecentcasesAlex
ComfortandBernardStrehlerwerethe foundingeditorsof two of our fieldOsnostvenerablgournals,
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ExperimentalGerontologyand Mechanismsof Ageing and Developmentespectively.They were
immenselysuccessfubcientistswho regularly publishedin top general-sciencgurnals.Statements
typical of their public stance on biogerontologyOs raison dOetre are these:

If the scientificandmedicalresource®f the United Statesaloneweremobilized,agingwould
be conquered within a decatle.

It appearso methatthereis ... noinherentpropertyof cellsor of metazoarorganizationwhich
by itself precludestheir organizationinto perpetuallyfunctioning and self-replenishing
individuals?®
Nonethelessthe 2005 statementhat | havequotedaboveis, asfar asl cantell, a view held almost
universally by senior biogerontologists the world over. What has changed?

| am not going to arguethat nothinghaschanged! will, however,arguethat nothingshouldhave
changedandthat what hasunnecessarilghangedwvasbroughtuponbiogerontologistdy their own

misguidedcautionconcerningpublic attitudesto their work andits long-termgoals.| will further

arguethattheroadbackto the statusthat biogerontologydeserveso occupyin the scientificresearch
canon is clear, and has recently become not only clear but short.

The originating eventthat led biogerontologyto its currentlamentableobscurity (via, | of course
appreciateconsiderablygreaterobscurityandevendisrespectluringthe 1970sand1980s)wassurely
StrehlerOdefeatin respecbf the scopeof the NationalInstitute on Aging. Strehlerarguedforcefully

that the NIAOsproperfocus was biomedicalresearchargetedjust as unequivocallyat the defeatof

agingastheNClI is targetedhat the defeatof cancerHis view did not prevail,andthe NIA wasduly set
up with a much broaderambit, incorporatingpsychosocialand geriatric specialitiesas well as
biological?®

| identify this asthe defining eventinitiating biogerontology(3ark Agesnotat all out of disregardor
theseother fields. Rather,the problemwas (and remains)the opposite:that theseother fields are
unassailablyaluable.Unfortunatelythis is not so for biogerontologythe longing for OimmortalityO
thathasso pervadechumanitysincethe dawnof time hasengendere@ widespreadriew amongthe
generalpublic (thoughwhetherthe term OviewQs really merited is debatable)that substantial
postponemendf agingmight be a mixed blessingandthatits comprehensiveliminationis positively
scary’ Hencethe problem:by its subsumptiorwithin the sameadministrativestructureasfields that
expresslyseekto Omanagegdingratherthanto do anythingaboutit, biogerontologybecomesasyto
ignore.

Strehlerdid not go down without a fight.® The publicOsmbivalenceconcerningife extensionis not
new; hewassurelyasacutelyawareof it half a centuryagoaswe aretoday,andthusasacutelyaware
too of scientistsO duty to play the leadership role in society that they so often find so unpalatable.

The aftermathof this erais well knownto all biogerontologiststhe NIA wasfounded,completewith

its currentmultidisciplinary focus, and eventhe componentdedicatedto the biology of agingwas
shackledby the statutoryring-fencing of half its funds for the specific purposeof combating
AlzheimerOdiseaseA similar flight from the idealsof the fieldO$oundersoccurredacrosshe world.

Hencethe strangleholdhat public preconception$iold over the field thatwe are supposedo (and,|

claim, arelookedto by thatsamepublic to) lead,asexpressedo eloquentlyin the quotewith which |

began this section.

Need it be this way? The Kenyon paradox

What, if anything,is to be doneaboutthis?1 ask OifanythingQnot in the senseof Gan anythingbe
done?®| shallcometo thattopicin duecoursePbutin orderto point out that,on cursoryinspection,
it is unclearwhetherthefield asawholeis in fact unhappywith our currentlot. Do not misunderstand
me here;all biogerontologistsvant more public funding, to be surebthat goeswithout saying,asit
doesfor all fields. But what is unclearis whetherthey feel that the fieldOsnow long-standing
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accommodatiomf public andpolitical ambivalenceboutlife extensions part(let alonemost)of the
problem.Oneinterpretationof seniorbiogerontologists@verwhelmingavoidanceof plain speaking
concerningvhetheragingis a badthingis thatthey calculatethatthetruth is sounpalatabléo thoseof
a nervouspolitical or socialdispositionthatits expressiorwill be counterproductiveandthe better
policy is not to rock the boat. But another, dispiritingly plausible interpretationis that
biogerontologisthhavemostly cometo believetheir own rhetoric:thatthey havefallen somewhainto
the self-delusiorsowell knownto them,which so ubiquitouslyafflicts the public atlarge:the attitude
that | have termed the Opro-aging trance.O

Evidence for the latter interpretationis mounting. Perhapsstrongestis the view held by
biogerontologistoncerningthe Ocompressionf morbidityOconceptfirst formally articulatedin
1980 by Fries,who hascontinuedto promoteit eversince.Fries put forward the entirely plausible
(boththenandnow) propositionthatalterationan lifestylemight substantiallyextendhealthylifespan;
sincetotal lifespancannotbe similarly extendedby suchmeasuresnor by any otherforeseeable
means this implied that suchlifestyle changeswould resultin a reductionof the interval between
healthyandtotal lifespan,i.e. in the durationof morbidity. Yes, thatOseally whathe saidBl invite you
to checkhis seminalpublicationif you doubtme. He didnOevenquite saythattotal lifespanwill be
foreverimmutable,only that it would not appreciablyrise any time soon. Your surpriseat this
revelationarises,of course becausdiogerontologistso rapidly embracedcompressiorof morbidity
astheir statedpurposen life Bquietly (or noisily, dependingon your point of view) settingasidethe
inconvenienfact thatit hadnot beenproposedassuchat all Bthat FriesOfocuson lifestyle hasbeen
utterly forgottenby almosteveryone (Including, | am afraidto say,the currentheadof the NIA.®)
Clearlytheydid sofor pragmatigpolitical reasonsseeingthatcompressiomf morbidity wasvery easy
to sell as (a) incontrovertibly desirableand (b) vaguely within the biogerontologicalsphereof
influence,in thatit involved peopleof a certainrangeof agesexhibiting lessage-relatealysfunction
thanotherwise Whatis moredisturbingis thatso manybiogerontologist@&ppearto haveput entirely
out of their mindsthe extremelyclearbut terribly inconvenientact thatif their work, asopposedo
thework of socialworkersandeducator@&ndsuchlike, wereto postponanorbidity thenit would quite
certainly postpone mortality too, by a comparable amount, and thus not compress morbidity at all.

My suspicionthat biogerontologistsput this rather obvious fact not only out of their public

pronouncementbut also out of their minds was recentlyreinforcedwhen one of the fieldOsmost
perceptiveand careful thinkers, Tom Kirkwood, found it necessaryto draw attentionto the

implausibility of compressingnorbidity by postponingagingin his lectureacceptinghis national
learnedsocietyOmostprestigiousaward,the Lord CohenMedal*® andwhenanotherseniorfigure in

the British gerontologycommunitywrote privately to me shortly afterwardsexpressingdismay at

KirkwoodOsalk. KirkwoodOslecisionto usethis quite significantoccasionto challengeso centrala

featureof biogerontologyOsublic stanceis particularlytelling becausene is not only a remarkable
scientist:he also enjoysa well-deservedeputationas an exceptionallyshrewdjudge of political

sentimentelevantto fundingdecisionslt is notanaccidenthat,sincehis arrival there,Newcastlehas
become by far the most successful centre for biogerontological research in the UK.

For overadecadeanostensiblycontrastingphenomenothatin fact sendreciselythe samemessage
hasoccurredin the USA, centredon SanFrancisco.1993 saw the start of a breakthroughin the
acceptancef biogerontologyasa respectabldield within biology, somethingt hadnot enjoyedfor
decadesThe defining eventinitiating this resurgencavasthe report,by a younggeneticistwho had
only recentlybegunto work in gerontology,of a single-genemutationin C. elegansthat causeda
doublingof lifespanwithout apparenside-effects! KenyonO&nding of daf-2wasnot thefirst of this
kind, of course:Johnsonand colleagueshad beenreportingon age-1for aroundfive yearsby this
time!? But the entirely legitimatetendencyof scienceto accepta truly surprisingdiscovery(asthis
certainly was, thoughin hindsightit shouldnot havebeer®) only whenit hasbeenindependently
repeatedneantthat KenyonOpaperwasthe onethatmadethe difference.Statedin prosaicterms:the
fact that aging had suddenlybecomegeneticallytractablemeantthat biologistswho had previously
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viewed biogerontologywith disdaincould now apply their preferredexperimentalapproacheso it
with reasonablexpectatiorof finding interestingthingsout. Thuswasthe field transformedrom a
deprecatetbackwateiinto a highly fashionableandcrowdedcentreof attention.KenyonOgareskill in
handlingthe inevitableandsustainedlood of mediaattentionsurelydid the speedof this procesao
harm.

It is thatmediaattention,of course andspecificallyKenyonOpublic stanceconcerninghe reasongor
studyingaging,which leadsmeto mentionherin the presentontext.Ever sinceshebecameasmuch
of a celebrity as one canbe in sciencewithout a Nobel prize, Kenyon hasbeenconsistentlyand
unapologeticallyemphaticnot only thatagingis badfor you, but alsothatonly moderatelypostponed
agingwould be just asbadfor you whenit arrives,hencethatour questto postponeagingshouldbe
unboundedHer lack of hesitationin declaringthat we would enjoy gettingto know out great-great-
great-grandchildrefi has as profound an impact today as it had a decadeago. The simplicity and
comprehensibilityof the interventionKenyonhaddiscoveredalsoplayeda part, | feel: thisis in my
view the bestexplanationfor why Michael Rose,who a decadeearlier reporteda comparable
extensionof lifespanin flies but by selectionon unknowngenes; did not sparkthe transformatiorof
biogerontology that occurred in the wakedaf-20s discovery.

The key point | wish to makeconcerningkenyonOgxperiencehowever,is not merely that sheso

laudablyfollows in the anti-geronticfootstepsof biogerontologyOsundingfathers.Rather,it is that

she has suffered not in the slightestfrom her decisionto break ranks with the contemporary
biogerontologicakstablishmenandespousehe defeatof agingasan honourableultimategoal. (Nor

did Rose,who securedenureat an almostrecord-breakinglyearly age.)KenyonOsareerhasgone
from strengthto strengthand showsno sign of slowing down, eitherwithin academiaor within the

wider field (the firm sheco-foundedElixir Pharmaceuticalgiecamehe worldO$est-fundediotech

startup working on aging).

Examplessuchasthe aboveleadmeto thefirm conclusionthatbiogerontologyis far lessconstrained
in what it can safely (funding-wise)say to the wider world than most biogerontologistgend to
presumeWhetheronefeelsthat progressowardsthe defeatof agingwill be rapid or creeping.the
unabasheddentificationof that goal asthe fieldOsultimate purposeseemdikely to benefitus vastly
morethanit harmsus. Doubtlesst will polariseopinion; butwhenfundingis tight, asit seemdikely
to remain,fence-sittersare arguablyno more usethanenemiesandthe acquisitionof a few genuine
allies in high placesmay thus outweigh any intensificationof conservativeopposition.This is
especiallyso when the supposedlymoderateposition (epitomisedby the focus on compressing
morbidity) is so starkly at odds with both common sense and established fact.

Opportunity #1: CR mimetics

The mosthigh-profile researcithemewithin biomedicalgerontologytoday is certainly that which
Johnsonand Kenyoninitiated b the identification and manipulationof geneticpathwaysunderlying
life extension.With only a few exceptionsthe life-extendinggeneexpressionchangegwhether
actuallygeneticor drug-induced)n worms,flies andmicethathavesofar beendiscoverednvolve the
pathwayswvherebynutrientdeprivationcausesa postponementf aging:the Ocalorigestriction(qJCR)
respons&nownfor over 70 yearsin mice,the dauerpathwayknownfor overhalf thatlong in worms,
andthe diapausgphenomenorseenin a variety of circumstancesn insects.The immenseoverlap
betweerthesepathwayqin termsof theinvolvementof homologouggeneshasbeennotedwith gusto,
but perhaps underinterpreted by some researthers.

Theideathat CR might extendlife in primatesjncludinghumanshasbeenvery muchin the mindsof
biogerontologisteversinceWalfordOexperiencesn Biosphere2 andhis subsequenpromotionand
adoptionof CR® In view of theimplausibility that CR will bewidely adoptedit is no surprisethatthe
searchfor OCRmimetics@drugsthattrick the bodyinto mountingan OinappropriateCR responsé®
hasbeenintense.This searchhasnot bornefruit to the extentof clinical trials, let aloneapproval,of
suchdrugsbindeed thatseemsa decidedlytall order,giventhelikely durationof anyinformativetrial
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andthe US FoodandDrug AdmnistrationOsurrentnon-categorisationf agingasa diseased but that
hasnot forestalleda remarkablanflux of venturecapitalinto the variousbiotechstartupsfoundedby
the fieldOs top researchers.

Preciselywhy suchfunding hasbeenso forthcomingis anintriguing question.Similar breathlessness
characterisethefunding climateenjoyeda decadeagoby Geron,the companythatclonedtelomerase
reversetranscriptasendownsthe mainrightsto its manipulation'’ The subsequentistory of Geron
is not entirely enviablefor opponentsof aging: while they are undoubtedlystill doing very good
sciencethey havedownsizeddrasticallyand havelargely divertedtheir efforts into tackling specific
diseasegsuchascanceryatherthantheir original target,0Oagingtself.OThis changeof directionarose
from the predictablempatienceof investorsfor profitable products,somethingthatwould not result
from seriouspostponemenf agingfor decadesElixir Pharmaceuticalshe CR-mimeticcompanyco-
foundedby Kenyon,hasalreadysufferedthe samefate. Yet Sirtris, despitehavingjust the samegoals
as Elixir, shows no sign of losing its attractiveness to venture capitalists.

Thoughthe detailsseemparadoxicalthe overallmessagés that Oreahnti-agingmedicine@emainsas
seductiveas everto investors.However,the impatienceof thoseinvestorsremainsa featurewith
which biogerontologistEontinueto haveto contend What prospectsaretherefor a strategythat can
be less beholden to the vagaries of the venture capital marketplace?

Opportunity #2: SENS as a “big science” biogerontology project

A fundamentalimitation of life-extensionstrategiedbasedon emulatingcalorierestrictionis thatthey
rely on the geneticmachineryalreadypresenin our genomeHoweverwell you tuneanengine there
is a maximumperformancehatit will exhibit; if you wantto exceedthat performanceyou needa
betterengine.We do not, of course know yet whatthatlimit is in this caseb how muchhumanlife
extensioncould be elicited by CR or CR mimetics.We do know, however,that the progressive
refinement of such an approach will soon encounter diminishing returns: the sky is not the limit.

This fact motivatesa searchfor waysto improve,ratherthanmerelytune,the engine:waysin which

we might employourimpressiveandever-expandingrsenabf biotechnologicatoolsto enhanceour
geneticwherewithalin orderto postponeaging.Geneticmodificationsmightin theorybe performedn

the germline, for the benefitof future generationsput the fact that agingis only badfor us after
severaldecade®f life stronglysuggestshatsomaticgenetherapywill be muchmorerelevantto life
extensionsothereis no needfor usto bravethe ethicalquagmireof germlinegenetherapy'® Somatic
genetherapymay be technicallymuchmorechallengingthangermlinegenetherapy but thatdisparity

is awfully likely to be outweighedby the biomedicaladvancesthat are madein the 50 (say)
intervening years between when a given individual would need to receive the two types of therapy.

| will not restrictmyselfto genetherapyper sein this discussionpecauseindirecaugmentatiorof
our geneticmachinery@s oneway to describestemcell andtissueengineeringechnologieswWhile the
genespresentn the cellsthatareintroducedmay be humanbindeed,ideally identicalto thoseof the
recipientOsther tissuesb the effect that thosegeneshave on cell numberis alteredby stemcell
therapy or tissue engineering, in that tissues are regenerated when they would not naturally be.

The potentialbiomedicalscopeof genetherapy,cell therapyandtissueengineeringseemaunlimited.
In principle, therefore,a combinationof therapief thesevarioussortsb probablyfurther combined
with moreestablisheanodalitiessuchasvaccinesandsmall-moleculedrugsbmight well enableusto
breakfree of the limitations on lifespanthat our imperfectmaintenancenachinerynaturallyimposes:

somethingthat, as notedabove,CR mimeticsare inherentlyunableto do. My own work has,since
2000, focusedon the developmentand refinementof just sucha compositeapproachto postponing
aging: it is known as SENS, or OStrategies for Engineered Negligible Sene$t&nce.O

Criticism of SENSin recentyearshas sometimesbeenstrongly worded** Shorn of its emotive
rhetoric (as, gratifyingly, it now increasingly3s this criticism consists of four main arguments:

1) SENSOs approach to combating cdhisehopelessly ambitious;
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2) The OescapeelocityOogic (discussedelow), wherebySENSpredictsindefinite lifespansof
many people alive toddyjs unscientific and preposterous;

3) Thetimeframel havepredictedfor implementingSENSIn mice, let alonehumansjs wildly
overoptimistic;

4) The needto combinenumeroussimultaneoudreatmentswill doomSENS,evenif eachof its
component treatments is made to work on its own.

Two of thesecomplaintsarerathertrivial to disposeof. Item (3) is, on closerinspection,no morenor
lessthana retreatfrom all othercriticisms,becauset implicitly acknowledgeshatSENSIs potentially
implementablewhereaghe othercriticismsclaim to be show-stopperd. will thereforenot discussit
further here.ltem (1) merits a little more attention,but only a little. Somecritics of SENS have
focusedon its most ambitioussingle component,known as WILT (Whole-bodyInterdiction of
Lengtheningof Telomeres)the approacH favourfor combatingcancer®® but this is a weakobjection
to SENSoverall, in view of the plethoraof alternativeapproacheso combatingcancerthat most
biogerontologistxonsiderhighly promising.In otherwords,one cannotlogically criticise SENSon
the basisof skepticismaboutWILT, only on the basisof skepticismaboutany anti-cancetherapyor
therapieqand/oraspectof SENSotherthanits approachto combatingcancer)®a muchlesswidely
held view.

Item (4), the highly compositenatureof SENS,is an altogethemorecogentconcernlt is extremely
difficult to pusheventwo-componentherapiesthroughtodayOsegulatoryprocesstherapieswith
more componentsvould requireevenmore levels of trials of subsetsSENSwould consistof well
overadozenseparatenterventiongits sevenstrandsareemphaticallycategoriesof interventionsnot
singleones),so the situationmight seemutterly hopelessBut this is to assumehe relevanceof the
currentregulatoryregimein respecbf a potentialtherapythatwould havea completelyunprecedented
impacton global health.l submit,andhavearguedin more detail elsewhere? that thatis an unsafe
assumption.

Evenleavingregulationaside however thereis reasonableloubtthata many-componenierapycan
be implementedwithout the law of unintendedconsequencerearingits ugly headunmanageably
often.In fact, thisis areasonableoncernevenin the contextof mice,dramaticlife-extensionsuccess
in which has always beenmy declaredprerequisitefor the abandonmenbf currentregulatory
conservatism concerning anti-aging therapies.

Thoughl acceptits legitimacy,| contendthat this OreasonablgoubtCs a classiccaseof a potential
obstaclebeing convertibleinto an opportunity. Specifically: oncewe accept(a) that the individual
component®f SENS(perhapseplacingWILT with oneOfavouriteanti-cancealternative)areindeed
feasible,andalso(b) thattheyjointly comprisea sufficiently comprehensivassaulon theage-related
physiologicaldeclineof mammalsthat their combinedapplicationto mice couldin principle confer
much greaterlife extension(when begunin middle age) than any alternative,the challengeof
eliminatingunforeseemegativeinteractionsbetweerthe componentherapiedbecomesio morethan
thatDa challenge A OGrandChallenge, @ fact Dandin fact, | would go sofar asto say,a challenge
so grand as to dwarf any currently on the global agenda.

Perhapsyou think this overstateshe case.l hopeto convinceyou otherwisein the nextsectionb but
evenif not, | arguethat sucha projectcertainly attainsthe statusof a Obigscience@roject.Biology
hasonly everhadonesuchproject:1 speak,of course,of the HumanGenomeProject.A substantial
partof the political casemadewithin biology in favourof sequencinghe humangenomeanideathat,
asl hopemostreadergememberwasvigorouslyopposedoy manyotherbiologistson the basisthat
mostof our genomas junk) wasthatthe projectwould not takemoneyawayfrom the restof biology
but actuallyaddto it, becausehe existenceof a genuineObigscience@rojectof the sortthat physics
has always had would make politicians take biology in generalmore seriouslyand fund it more
appropriately Thatargumentwascontroversiathen,butin hindsightit seemdo havebeencorrect;l
suggest that it is, therefore, likely to be correct now too.



Opportunity #3: the intuitivity of escape velocity

| now addressthe fourth and final specific objection to SENS that is widespreadwithin

biogerontologythat SENScertainly would not eliminateaging completely,evenif it wereableto

rejuvenateusto an extentthatwould give middle-agedpeople30 extrayearsof healthylife. (Thisis

the milestonethat| havetermedORobusHumanRejuvenation©r RHR.) Thelogic leadingmeto the
view that RHR will in practiceconferindefinite (hence,on averagefour-digit) youthful lifespansis

basedarounda conceptthat| havetermedOlongevityescaperelocityQ(LEV).? Briefly, my argument
is that the rejuvenativenatureof the SENStherapiesmeansthat they buy beneficiariesime: time

duringwhich sciencewill refinethosetherapiessufficiently to buy the samepeoplemoretime, andso

on. Onehighly counterintuitivecorollary of this logic is thatthe avoidanceof health-threateningging-
relatedphysiologicaldecline at any agewill be easierto achievein longer-lived speciesthanin

shorter-livedones:indeed,it will probablyneverbe achievedn mice or the usualinvertebratenodel
organismsThis s, of coursejn sharpcontrastto the generalrule thatit is harderto postponeor slow

agingin longer-lived speciesbecausehey are betterthan shorter-livedspeciesat postponingor

slowing it naturally.

| haveencountere@mphaticrejectionof the LEV conceptby my colleagues:** Curiously, however,
that rejectionhasnot beenon the basisthat my argumentis wrong, but on the basisthatit is Onot
scientific.OThis is a remarkablereaction,given that | have neversuggestedhat my argumentis
scientific: rather,it is basedon the history of scienceor more preciselythe history of technology I
havepointedout that therearetwo kinds of technologicaladvancefundamentabreakthroughand
incrementarefinementsTheformerarehighly unpredictablen their timeframe,evenright up to their
achievementput the latter are not: provided that public enthusiasms sufficient to deliver the
necessaryunds,progresdy a seriesof smallincrementdendsto occurat a remarkablyreproducible
rate. Examplessuch as poweredflight since 1903, computerssince 1949 and the combatingof
infectious diseases since Pasteur suffice, | think, to make my case.

| seeno option but to be frank on this point: my colleagues@poplexyat this line of thinking is as
short-sightedsit is narrow-mindedIndeed,it is short-sightegreciselybecausat is sotransparently
narrow-mindedthe very fact thatthe argumentthat RHR will achieveLEV is basedon well-known
historymeanghatoneneednot bea specialistn biology to understandt, andthusthatits rejectionfor
suchobviouslyinvalid reasonss sureto be widely seenasmotivatednot evenby narrow-mindedness
but by vested interests.

Unfortunately,the vested-interestmterpretationis likely to be popular,becauseiogerontologistsO
temptationto be swayedby vestedinterestsin this matteris ratherobviously great.| havealready
explainedthatthe mostwidely pursuedapproacho contemporarypiomedicalgerontologyb namely,
the emulationof CR Dis inherentlylimited by our naturalgenetics,sinceCR works by eliciting the
optimumanti-agingresponseavailablefrom our existingmetabolicoptionsratherthanby expanding
thoseoptions.It is temptingto view an alternativeapproachthat doesnot suffer this limitation asa
threatto the relevanceand profitability, or elsethe publishabilityandpublic fundability, of oneOswn
CR-mimeticresearchThis is why the dangerthat CR-mimeticresearchergand other mainstream
gerontologists)who expressplainly unreasonedejection of the LEV conceptwill be seenas
disingenuous is so real.

The alternative,of course,is to embraceLEV for what it is: a speculativebut well-supported
predictionof thelikely rateandlifespanconsequencesf biomedicalprogressagainstagingovertime.
The problem,equallyobviously,is thatadoptingthis policy would entailacceptancef the apparently
ratherscarylogic thatif age-relateghhysiologicaldeclineis undesirableat age70 thenit is really very
likely to be consideredindesirableat age170or 700t00, hencethatthe Opubligressure@rerequisite
for continuedprogresspost-RHRIs a rathersafebet. Scarybecauseas all gerontologistsknow,
indefinite life extensionis a prospectaboutwhich mostpeople,andcertainlymostpoliticians,would
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really rather not think. Whether gerontologistsshould allow themselvesto be so much more
intimidated by this prospective reaction than early biogerontologists were is, | submit, another matte|

The meta-opportunity: how current high-profile “alternatives” complement

So far, | havediscussedhree main themeswithin biomedicalgerontology:CR mimetics, SENS
leadingto robusthumanrejuvenationandlongevity escaperelocity asalikely extensiorof SENSbut
not of CR mimetics. | wish now to explore these three concepts in unison.

Expertopinionis currentlydivided concerningthe extentto which CR, andhenceCR mimetics,can

extendhumanlifespan.Indeed.,it is asdivided as can be imagined,with someresearcherdaldly

predictingno lifespanbenefitwhatsoevefrom humanCR?® andotherspredictinga responsequal,as

a proportion of lifespan,to that seenin rodents*® Thereis generalconsensushowever,that CR

mimetics have a good chanceof approachingbona fide CR in efficacy but that they have no

appreciablehanceof betteringit. Thereis alsono disputeof my point, madeearlierin this essaythat

CR andCR mimeticsarefundamentallyconstrainedn their life-extendingpowerby their requirement
to operate within the genetic context that we naturally possess.

The comparablepen-endedness SENSmakesit vastly moreattractivethanCR mimeticsasa life-
extensionstrategyin the long term. CR mimetics have a decisiveadvantagean the short term,
however:quite simply, thereis thoughtto be a goodchancehatdrugscapableof eliciting mostof the
life-extensionbenefitsthat CR itself candeliver will be developedwithin the nextdecadewhereas
SENS is certainly at least 20 years off and more probably 25-30.

A secondperhapssimilarly decisive,advantagef CR mimeticsover SENSis their respectivdikely
costs.We do not yet know what moleculeswill turn out to trick the body mostthoroughlyinto a CR
responsejt is eminently possiblethat they may be very expensive.Thereis no realistic chance,
however thattheir costwill remotelyapproactthat of the early SENStherapiessimply because¢he
latter will incorporateso many componenintervenions,including stemcell and genetherapiesand
quite possibly tissue engineering.

Whentwo alternativessit in suchclearly split relativemerit Bonebeingincontrovertiblypreferableby
somecriteriaandthe otherby othersbthe obviousquestionto askis whetherthey canin anyway be
combinedto achievethe bestof bothworlds. In this case thereprobablyis not a way to combinethem
technically,buttherecertainlyis in respecbf their attractivenessl' he sharedgoal of all life-extension
therapiess to savelives (for, whatis it to savea life otherthanto give someonéhe chanceto live
longerthanthey otherwisewould??). Clearly, CR mimeticsand SENScombinedhavethe potentialto
extendsomepeopleOBves further than either could do individually: specifically, the incremental
beneficiariewill bethecohortfor which SENSwill arrivetoo late asthingsstandbut whoselives will
be extendedsufficiently that they Omakethe LEV cutQif they have alreadybenefitedfrom CR
mimetics.

This logic (mutualbenefitof ostensiblycompetingapproachesis furtheramplified whenthe concept
of LEV is addedto the mix. Oneof the mostpervasiveobjectionsto life extensiorresearchs OFirst
things first!O B the principle that we have a duty to help the worldOsmore disadvantagedbefore
working to improveyet furtherthe lot of the alreadyprivileged. The fact thatthe worldOswo richest
individuals have dedicatedarge proportionsof their wealthto improving the healthof the worldOs
pooresmations®**is testamento the persuasivenessf this position.For thoseof us who appreciate
that,in thelong term,therateof progresss maximisedoy simultaneouslyvorking to advanceboththe
leadingandthe trailing edgeof quality of life, it is importantthatthetrailing edgenot receiveall the
philanthropicresourceghat are potentially available.If RHR b the addition of a few decadef
healthylife, initially atgreatexpenseerbeneficiarybwereall that SENShadto offer, my assessment
of its capacityto attractthefundingit needsn orderto progressat a ratelimited only by sciencewould
be pessimisticb indeed,my assessmertf its virtue would be altogethemore ambivalent.The fact
that SENSoffers the rapid and sustainedachievemenbdf LEV changeghis calculationcompletely:
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addingan indefinite numberof healthyyearsto peopleObves is so clear a benefitthat it cannot
cogently be declared subordinate to the egalitarian goal that Gates and Buffett so admirably spearhe¢

Conclusion: we have nothing to lose but our false modesty

Scienceis the industrialisedworldOsiew religion. With the ironic exceptionof the nationin whose
constitutionit is mostproudly enshrinedthe separatiorof churchandstatehasbeencomprehensively
achievedn all developedations;it hasbeenreplacedoy public (andhencepolitical) faith in expert
opinion. The prognostication®f individual expertsmay be doubted,to be sureb but the perceived
scientificconsensusn all matters of moment is unquestioned.

A matterof greatetmomentthanthe postponemerdindeventualdefeatof agingis hardto imagine.It
is thereforeextraordinaryon the faceof it, thatbiogerontologistso assiduouslyconcealtheir almost
universalview that agingis actuallyrathera badthing, propoundinginsteada raft of transparently
illogical positionswith regardto both the desirability andthe feasibility of combatingit. The only
reasonablexplanatiorof this phenomenois thatbiogerontologistgreferto put out of their mindsthe
fact that, since aging is a health condition, they are not simply basic scientistsbut biomedical
scientistsPerhapst maybethoughttoo easyfor thoseof uswho enteredhefield with interventionas
our primary motivationto castigatehosewho do not enjoy finding themselvesn aresearchareathat
theythoughtwassafelydistantfrom therealworld. Yet, castigateahemwe must.Thosescientistgeap,
just like me, the benefitof the publicO$ascinationwith our work. We all owe it to thosewhosetax
dollarssupportthatwork to pointit firmly andenergeticallyin the directionthatthosetaxpayersvish
to see:postponemendf humanityOforemostremainingscourge The fact that, asa coping strategy,
mostpeopleconstructandprojecta farragoof ambivalenceon this point to helpthemput agingout of
their mindsis no excusefor usto shy awayfrom this task. Arguably morethanany otherscientists,
biogerontologistsireguardianof humanityOfuture; we will not berememberedindly if we neglect
that reality.

References

1. Warner,H., J. Anderson,S. Austad,et al. 2005.Sciencefact andthe SENSagendaWhat can
we reasonably expect from ageing research? EMBO64006-1008.

2. Pearl,R.1922.Thebiology of death:beinga seriesof lecturesdeliveredat the Lowell Institute
in Boston in December, 1920. J. B. Lippincott, Philadelphia.

3. Goldman, I.L. 2002. Raymond Pearl, smoking and longevity. Gerl@2c®97-1001.

4. Comfort, A., quotedin Wilson, R.A. 1980.Schrsdinger'scat: the universenextdoor, Sphere
Books Ltd., London.

Strehler, B.L. 1962. Time, cells, and aging. New York:. Academic Press.
Binstock, R.H. 2003. The war on Oanti-aging medicine.O Gerontdhigisi 4.
de Grey, A.D.N.J. 2004. Three self-evident life-extension truths. Rejuvenatiof: R65-167.

Fries,J.F.1980.Aging, naturaldeath,andthe compressiomf morbidity. N. Engl. J. Med. 303:
130-135.

9. Hodes, R.J. 2001. National Institute on Aging, fiscal year 2002 DirectorOsstatement.
http://www.nia.nih.gov/about/legislation/fy2002/testimony/Is/ds.htm

© N o O

10.Kirkwood, T.B.L. 2006.Backto the future: the grandchallenge®f ageing.British Societyfor
Research on Ageing 2006 Lord Cohen Medal Lecture.

11.Kenyon,C., J. Chang,E. Genschetal. 1993.A C. eleganamutantthatlives twice aslong as
wild type. Nature366: 461-464.

12.FriedmanD.B. & T.E. Johnson1988.Threemutantshatextendboth meanandmaximumlife
spanof the nematodeCaenorhabditiselegansdefinethe age-1gene.J. Gerontol.43: B102-



10
B109.

13.de Grey, A.D.N.J. 2005.The unfortunateinfluenceof the weatheron the rate of ageing:why
humancaloric restriction or its emulationmay only extendlife expectancyby 2-3 years.
Gerontologys1: 73-82.

14.Kenyon, C., quotedin Kingsland, J. 2003.1 want to live forever. New Scientist2417:
pagination unavailable.

15.Rose, M.R. 1989. Genetics of increased lifespan in Drosophila. BioBsay32-135.

16.Walford,R.L., D. Mock, R. Verdery& T. MacCallum.2002.Calorierestrictionin Biosphere2:
alterationsin physiologic, hematologic,hormonal,and biochemicalparametersn humans
restricted for a 2-year period. J. Gerontol. A Biol. Sci. Med.&ciB211-B224.

17.West, M.D. 2003. The immortal cell. Doubleday, New York.

18.de Grey,A.D.N.J.,J.W.BaynesD. Berd, et al. 2002.Is humanagingstill mysteriousenough
to be left only to scientists? BioEssa&4s 667-676.

19.de Grey,A.D.N.J.,B.N. Ames,J.K. Andersengt al. 2002.Time to talk SENS:critiquing the
immutability of human aging. Ann. N. Y. Acad. S2§9: 452-462.

20.de Grey, A.D.N.J. 2003. An engineer'sapproachto the developmentof real anti-aging
medicine. Sci. Aging Knowledge Enviro2003: VP1.

21.de Grey, A.D.N.J. 2003. The foreseeabilityof real anti-agingmedicine:focusingthe debate.
Exp. Gerontol38: 927-934.

22.de Grey, A.D.N.J.2005. A strategyfor postponingagingindefinitely. Stud. Health Technol.
Inform. 118: 209-219.

23.de Grey, A.D.N.J. 2006. SENS s hard, yes, but not too hard to try: a reply to Warner.
Rejuvenation Re9®: 443-445.

24.Estep,P.W.2006.Life extensionpseudosciencandthe SENSplan.MIT TechnologyReview
2006; published online at <http://www.technologyreview.com/sens/index.aspx>.

25.Warner,H.R. 2006. Scientific and ethical concernsregardingengineeringhumanlongevity.
Rejuvenation Re9®: 440-442.

26.de Grey,A.D.N.J.,F.C. Campbell,l. Dokal |, et al. 2004.Total deletionof in vivo telomere
elongationcapacity:anambitiousbut possiblyultimate curefor all age-relatechumancancers.
Ann. N. Y. Acad. Scil1019: 147-170.

27.de Grey, A.D.N.J. 2004.Escapevelocity: why the prospectof extremehumanlife extension
matters now. PLoS Biok: 723-726.

28.de Grey, A.D.N.J. 2005. The ethical statusof efforts to postponeaging:a reply to Hurlbut.
Rejuvenation Res: 129-130.

29.PhelanJ.P.& M.R. Rose.2005.Why dietaryrestrictionsubstantiallyincreasesongevity in
animal models but won't in humans. Ageing Res. Re839-350.

30.Miller, R.A. 2002.Extendinglife: scientific prospectsand political obstaclesMilbank Q 80:
155-174.

31.de Grey, A.D.N.J. 2006. Has Hippocrates had his day? Rejuvenatiof: Ré%-373.
32.Hagmann, M. 2000. Gates Foundation on Big Funding Spree. Se&hdc45.
33.0kie, S. 2006. Global health--the Gates-Buffett effect. N. Engl. J. 358d1084-1088.



