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March(22,[2006:[Consider@[pairldfBrothers,itdenticalfwins.[@neldets@{bb@sdn
astronautl@ndldocketslihtoldeepldpace.TheldtherlstaysldnBarth.Whenhelffraveling
twindeturns(Bome, [BeldiscoversBe'sMoungerfthanBisBrother.

Thisis[Binstein'sdwin[Raradox,@nd@Ithoughlit[doundsistrange,itis[@bsolutelyfrue.The
theory [dfldelativity [fellsldsfhatfhefasterioulfravellthroughldpace, [fhelslower¥ou
travellfhroughdime.[Rocketingb[Alphal@entauri—warp@, [glease—is[d[doodWay[ib[stay
young.

Orlist?

Someldesearchersdre@eginningfbBelievefhatldpacelfravelldouldBavefheldpposite
effect. Ik[douldhakeMoul@rematurelydid.

Theory of
Relativity

Above:[Albert[Binstein's[theoryldf[SpeciallRelativity[daysthatfimelSlowsdownfbrfast]
moving[dpacelfiravelers, [@ffectivelyKeepingfhemMoung.[Spaceldadiationdctingldn
telomeresldouldfeverselfheldffect.[More]

"Thelproblemkith[Binstein's[faradoxsfhatlit[doesn'tdbldihBiology—specifically,[dpace
radiation@ndfheBiology[dfldging,"[[aysBrank[Qucinotta,[NASA's[dhiefldcientistfbr
radiation[Studies@tfheohnsonSpacel@enter.

Whilelfhedstronaut@Ewinis[Hurtling[fhroughlSpace, [Qucinottalédxplains, Bisl[dhromosomes
arel@xposed[fblgenetratingldosmicldays.[Thisl[danldamageBiselomeres—little[tholecular
"caps"[dnthel@dnds[df(Ais(IDNA.Hereldn[Rarth,fhelbssldflfelomeresAasBeendinked b

aging.

and[dpacelstation@stronauts, [if[dny,MouldBelerydmall.[These

Solfhr, [fheldskHasn'tBeenldthajorldoncern: Mheldffectldnldhuttle
astronautsldrbitihsideldf[Barth's[drotectivelthagneticield, hich | ‘
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deflectsthostldosmicldays.

ButBy[2018,[MASA@lansbldendBumansldutsideldf(thatldrotective
bubblefbbeturnbfhelhoon@ndldventuallyfravellib[Mars.
AstronautsldnlfthoseltissionsldouldBeldxposedIbldosmiclaysibr
weeksldrithonths@t@Eime. Naturally,[NASAls[Meenfofind[dut . for EXPRESS
whether[dr[dotfheldangerldffradiationldging"[deally[@xists, [@nd[if 'gsncﬁjEN%E NEWS
so,[ElowEbeBandIe[il. delivery

Sciencelis[dnly[dowBeginningdbbok[@tEhelduestion.[OTheldeality (s, WeHavelMeryittle
information@boutitheldinkBetween]dadiation@ndelomerellbss,"[daysderryShay, 3
cellBiologist@theMniversity [df[Texas[SouthwesternMedicall@enterdtDallas.With
supportfrom@MASA,Shay@ndldthersldrelstudyingfhelgroblem.Whatfheylkarndbout
agingldouldBenefit[8veryone,[dnBarth[@ndih[Space.

Allit[Buse

LikefhefluseldflddEmeBomb, elomeres@relbnglstrandsldfltepeating[DNAThatlshorten
eachdimeld[dellldivides.[Whenfhelkelomeres[Becomelboldhort, Theldell'sEmelis[Up: Ok
candolIbngerldivide,[d[Stateldfdffairsdnown[@sreplicativeldenescence."

Withoutthis[BuiltOhfuse, HBumandellsiwouldBeldbleb
continueldrowingldandldividingihdefinitely.OIh{act,
scientists[Believelthatldellsldvolvedfelomeresdsday [df
preventingfheldut[dfldontrolldellldrowthldfldancerous
tumors.[Becauseldflfelomeres, [host[Aumanldellsldanldnly
divide[[00b 00 mesBeforefhefimeBombldoes[dff.

Right: [Telomeres(white)dapfhelé@ndsldflAuman
chromosomesl({gray).dImageldredit: [.S.[Mepartment[df
Energy[Human[GenomelBrogram.[[IMore]

OneldurrentltheorydfldgingBoldsihat, [@sltheldells[df[d[derson's[Body[Startbitlthis
telomerelimposedlimit, fheack[dffresh,[MewldellsldausesfhefypicallSigns[dfldging:
wrinkledskin,fhiling[drgans, eakeriinmuneldystem, [8tc.

Whetherldrdotfkelomerellbssdctually[dausesdgingldemains[@thatterldfldebate,[Shay
notes.[MhelfactfhatShortenedelomeresigoBandihBandWith[@gingisell
documented.[Beopleith[Shorterfelomeres, [forl@xample,@reldnownIbdotdivedsdbng
onl@verageldslgeopleithIbngerfelomeres.Butlthereldorrelationldoesn't[@rovelhether
telomeres(drelih[factlftheldause.

"It'sBardfblProveldausel@nddffectih[fheselthings. Butlthink[fhere's@[Qufficient
numberldfftheseldorrelativelStudiesfrom[dDMariety[dfdifferentihvestigatorsfhatldnel[Bas
tolStartBelievingfhatlShortfelomeres@reldtharkerldf(dging,"[Shay[days.

Recentldesearch,[PerformedByHrank[Qucinottal@ndldolleagues, [Showedhatifon[huclei
radiation[(Jaldhief[domponentldfidosmicltays)doeslihdeed[damagefhelfelomeres(df
humanl(dells: reference.

Tolprovelthis, [fheyl@xposedlaboratoryldishes
containing@dind[dflAumanBlood[dellldalled
lymphocytesbBeamsdffBothtonducleil@ndlgamma
rays.Untilldecently, [Such@Thoroughldnalysis[df
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telomereldamageldouldBave@eenlgrohibitivelyfime
consuming.But@@ewldell[8taining[fechniqueldalled[RxFISH[Rainbow[dross[3pecies
Fluorescenceh[Situlybridization)@llowed[Qucinottal@ndBis[dolleaguesbIbokdtlthany
telomeresidimultaneously.

Left:[HumanldhromosomesldevealedBy[RxFISH.OImageldredit: MNASA/]JSC.[[IMore]

"WeRadthis[Qurprisingbdesultfhatlitonlparticles@relthuchhoreldamagingfofelomeres
thanldammaldays,"[Qucinottaldays.HelduggeststhatfhisldifferencelthightBelduefbthe
wider[gathdfldamageldausedByltonduclei.[Melomerelstrandsiraplihtoldlongated
loops, ikelittle[®notsldnfhel@ndsldfldhromosomes.[Gammalbaysldanldnly[strikeldne
sideldf(theselbopsldrtheldther,Butliton@ucleildan@ffectBoth[dides@tfheldameime,
inflictingIastingl[damageldnhefelomere—possibly [dausinglits[dompleteldeletion.This
explanation[is[gtill[dpeculative,[HRowever.

ThelfbskMow s b quantifyfhelbiskfelomerel[damageltight[fosefb@stronauts, [Solthat
missionthanagers@ndiheldstronautsfhemselvesldanthakelihformedldecisions@bout
theldisksIhey[fhce.dn[dlldkelihood, Eheldffectswill[Belthodest,[Shay[days.

"We'refalking[@bout[dubtlefhings.Mheselpeople@relpgrobably@otldoing o inddplh
wheelchairsldrlSomethingikefhatfromBeinglihlSpace,"[Bhayldays.

Forl@xample, [@stronautsiWwholAavelRadfhe
greatest@xposurefbEpacefadiation, Such@s o — [ elomere Damage —
thelApollo[@stronautsiwhofravelediblthe
Moon, [fendIbldet[dataracts@boutZears
earlierfhanldther@stronauts,[dnldverage.

Cataractsldredldommon@ymptom [dfldging. :
Iron Nuclei _ .-

Right: dronl[ducleildreldspeciallyl[damagingib
telomeres.More]

Oflgreaterldoncernlis[possible[@ging[dfthe R '

brainl@nddpinalldord.BExperimentsiWithldats
haveldhown[fhatBrainfssueli$Mulnerableb ,’/ Gamma Rays
"aging"[By[tonucleildadiation his /+ﬂ_}_ %
accordingbldesearch@ydimdosephldfTufts 0 - L ! !
University@ndBernieRabin@tfheMniversity 1 & R
of[Maryland.[(SeeldeferencesBelow.) Radiation Dose (Gy)

Terminal Deletions/cell
*

(=]
=
th

"ItOsObokingthoreldndthorelikelyEhatthis[douldBe@[@roblemIbribngXermidpace
travel,"[@Qucinottaldays.

However,[[f[Scientists[danfkease@partfheldxactiaysfhatlitonparticleldadiation[@ffects

telomeres, [theyhay[Beldblefind[@Way o @voidldridorrectlit. Theldolution[douldBelds

simplel@s(dgdilll[dontaining[NA Mepairltholecules.[There@relthanyWayshatieldan

intervene,"[hayldays.

OnelWayldri@dnother,[NASA[Blansib®eeptheir@stronautsfrelingjoung.
SENDTHIS[STORY TOAFRIEND

Editor'sldote: [This[StoryShoulddotBeldonstruedtbltheanthatBinstein's(theorydf
SpeciallRelativityliEWrong. [Ttk [dorrect. (TheIwin[BaradoxWasldoncoctedlih(Binstein's
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dayolillustratel@fimeldilationldnly. [ItWas[deverlihtendedib[freat(dllldspects(dfidpace
travel.Theldewlyldiscovered(éffectidfldpaceltadiationldnfelomeres(itheMparadox(dn
thelparadox, "[Says[Brank[Qucinotta.
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