No2 1998 ron

BBEJIEHUE TEJIOMEPA3bLI B HOPMAJIBHBIE KJIETKI
YEJIOBEKA ITPOJIEBAIOT XXM3Hb. IIOJIEMHUKA I10
ITIOBOAY CTATbU

Cratba A.G.Bodnar ¢ coaBTopamu «BBeaeHve Tenomepasbl B HOpMarbHbe KMETKV YerloBeka NpOAneBatoT XU3Hby», ony6rMkoBaHHas B
XypHane Science, 279, 1998, Bbi3Bana 6onblUoi pe3oHaHc. NMoMMMO O4eBUAHBIX AOCTOMHCTB CTaTbW, HEKOTOPble MOMEHTbI Bbi3Banu
HeoyMeHWe cpeau POCCUMCKUX creuuanvcToB. Huke Mbl NPUBOAMM KpaTKoe M3noXeHue cratbi M3 Science M MUCbMO AoKTopa
6uonornyecknx Hayk, YneHa-koppecnoHgeHTta PAH U.® XKumynesa aBtopam (S.Lichtsteiner, C.B.Harley).

Pepakuuwsi npegnaraeT ymtaTtensm caMuM ornpeneniuTb CBO NMO3NLIMIO B 3TON ANCKYCCUN.

Extension of Life-Span by Introduction of Telomerase into Normal Human Cells
Science, 279, 1998, 349-352

Andrea G. Bodnar, Michel Ouellette, Maria Frolkis Shawn E. Holt, Choy-Pik Chiu, Gregg B. Morin, Calvin B. Harley, Jerry W. Shay, Serge
Lichtsteiner, Woodring E. Wright

Normal human cells undergo a finite number of cell divisions and ultimately enter a nondividing state called replicative senescence. It has
been proposed that telomere shortening is the molecular clock that triggers senescence. To test this hypothesis, two telomerase-negative
normal human cell types, retinal pigment epithelial cells and fore-skin fibroblasts, were transfected with vectors encoding the human
telomerase catalytic subunit. In contrast to telomerase-negative control clones, which exhibited telomere shortening and senescence,
telomerase-expressing clones had elongated telomeres, divided vigorously, and showed reduced staining for b-galactosidase, a
biomarker for senescence. Notably, the telomerase-expressing clones have a normal karyotype and have already exceeded their normal
life-span by at least 20 doublings, thus establishing a causal relationship between telomere shortening and in vitro cellular senescence.
The ability to maintain normal human cells in a phenotypically youthful state could have important applications in research and medicine.

BBepneHue Tenomepasbl B HOpMarnbHble KNEeTKU YerioBeKka NpoaneBaoT X1U3Hb

KneTku yenoseka B HOpMe MpETeprneBaloT KOHEYHOE YWUCO AEreHWil, Nocre Yero BXOAAT B HEOOPaTUMOEe COCTOsSIHUE PEemnnuKaTUBHOM
ycranocTu (replicative senescence). Bbino npeanonoxeHo, Y4To ykopaunBaHue TeroMepasbl U sIBMsieTCs TeM MOMeKymnsipHbIM YacoBbIM
MexaHU3MOM, KOTOpbI/i OCTaHaBNMUBAET farnbHellee AeneHre KNeTok. [ns npoBepku aToN runoTtesbl B HOpMarbHble KNeTky YenoBeka, a
MMEHHO KMeTKM PEeTUHaNbHOTO MUIMEHTa JnuUTenus U dubpobrnacTbl kparHel nnoTW, Obiny BBeAEHbl BEKTOPbl, KOAMpYioLLMe
KaTanuTM4eckyto cybbearHuLy TerioMepasbl Yenoseka. B KOHTPOMbHbIX KITOHaX, He MMEBLUMX aKTUBHOCTY TerlomMepasbl, Habnioaanmucs 1
yKopauuBaHue Ternomepbl, W ycTarnocTb, B TO BpeMsi kak B KIOHaX, B KOTOPbIX TerioMepasa 3KCrpeccupoBanach, TeroMepb! Gbinv
YANUHEHHBIMU, L0 aKTUBHOE [ENeHVe, U 3TW KIOHbI XyXe OKpaluMBanuch b -ranaktosavgason, sensiolencs GruomMapkepom ycTanocTu.
Boree TOro, 9TV KIOHbI WMEKT HOPManbHbIA KapyOTUM UM Ha HACTOAWMA MOMEHT «MEPEBbINOMHAINY  CBOK HOPMY O
MPOAOIKUTENBHOCTM KU3HW Ha 20 UMKMOB AENEeHUR, Tak YTO MPUYMHHYIO CBSI3b MEXZAy yKopaysBaHUeM TeroMepbl M KIeTOYHOM
yCTanocTbio in Vitro MOXHO cyMTaTb YCTaHOBMEHHOW. BO3MOXHOCTL MOAAEPXKMBATL HOPMaribHbIE KMETKW YernoBeka B COCTOSIHWM
(PEHOTMMMNYECKON FOHOCTU MOXET HATW JOCTOMHOE MPUMEHEHNE B HAay4YHO-WCCIefoBaTenbCkon pabote U MeanUmnHe.

[anee cnepyet TekcT nucbMa UN.d XKumynesa.
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Dear Dr. Harley,
Please accept my congratulations with fantastic paper you published in Science 279:349-352 (1988)
Several questions appeared when Iwas reading it.

1. I found in Olovnikov’s paper in J. Theor. Biol. (1973), vol. 41, on page 186:

«Each linear chromosome in normal cell of an eukaryote... is subject to marginotomy, unless the chromosome possesses circular
replicons at its ends. Marginotomy leads to edge deletions in the end-genes of chromosome. »

«lIt is assumed that telogenes bear no genetic information, but fulfill «buffer» function. In the course of each mitosis, the telogene is
marginotomically shortened by the RNA-primer length and/or by an appropriate length ... thus protecting informative genes from
marginotomy.»



«Disappearance of end-replicons in chromosomes and, hence, disappearance of the above-mentioned genes should lead to pathological
changes in different cellular structures and functions, including changes in karyotype, to cell ageing, and later to death of the cells.»

2. | found in paper by Greider and Blackburn (Scientific American, vol. 274, no. 2 on page 83 in the middle part:

«In the 1970s a Soviet scientist named A.M.Olovnikov linked this programmed cessation of cell division to the end-replication problem.
He proposed that human somatic cells might not correct the chromosomal shortening that occurs when cells replicate their DNA. Perhaps
division ceased when cells discerned that their chromosomes had become too short.

We were unaware of Olovnikov’s ideas until 1988, when Calvin B. Harley, then at McMaster University, brought them to Greider’s
attention. Intrigued, Greider, Harley and their collaborators decided to see if chromosomes do get shorter in human cells over time.»

3. In your paper mentioned above (the 17th line from the very beginning):
«Telomere loss is thought to control entry into senescence (7-10).» | couldn’t find in 7-10 any reference of Olovnikov.

4. The third line from the middle part on page 349:
«The telomere hypothesis of cellular ageing (16) proposes that cells become senescent when progressive telomere shortening during
each division produces a threshold telomere length.» Again under ref 16 I didn’t find Olovnikov but found C.B.Harley 1991.

I would be very grateful to you if you could comment these discrepancies in determination of authorship of telomere hypothesis.

Thank you very much.
Please accept my congratulations again.

Sincerely yours,

Igor F. Zhimulev, Professor of Genetics

Konuu (komy): wright@utsw.swmed.edu
Tema:
oTnpasneHo: cpeaa, 28 sHeaps 1998 15:59:39

YBaxxaemblin foktop Harley,

MpumnTe MoK No3apaBreHns B CBSI3W C Ballen noTpscatoLwen nybnukauven B xxypHane Science 279:349-352 (1988).

Mo NpoYTEHUN Y MEHA BO3HUK PAL BOMNPOCOB.

1. B pabote OnoBHukoBa, onybnukoBaHHoOW B xypHane J.Theor.Biol. (1973), vol.41, Ha cTp.186 s unTal: «B HopmanbHbIX KneTkax
3yKapvoT Kaxaas XpoMocoMa, He MMetoLLast LIMPKYNSpHbIX PeMnnKOHOB Ha CBOMX KOHLAX, noaBepraeTcs MaprHotomui. MapruHotomus
NPUBOAMT K KpaeBbIM AeneLmnsM B KOHLEBbIX FeHaxX XpOMOCOMbI.»

«MpUHSTO cunTaTb, YTO TENOreHbl He HEeCyT FeHeTU4eckon MHOopPMauuK, HO BbIMOMHSAT yHKUMO «Bydepar. B kawgom mMutose
TernoreH MapriuHOTOMUYeckn ykopaunsaetcs Ha AnuHy PHK-npaiimepa, Takum obpasom nofactasnss cebs nog AencTsne MapruHOTOMUK
1, crneposaTensbHo, obecneunBasi COXpaHHOCTb MHEPOPMATUBHbIX FeHOB.»

«Korga xpomocoma TepsieT KOHLEBble PEMNSIMKOHbI, @ C HUMW WU BbILEYNOMSIHYTblE TeHbl, B KIeTKe MPOUCXOASAT naTonormyeckne
N3MEHeHWs1, 3aTparvBatoLLe pasnuyHble CTPYKTYpPbl U (OyHKLMK, B TOM YMCIIe KapuoTun, KeTka cTapeeT v 3aTeM yMUpaeT».

2. B cBoelt pabote, onybnukoBaHHoI B ypHarne Scientific American, vol. 274, No.2, Greider n Blackburn nuwyT (cTp.83, cepeauna):

«B cemupecsTbix rogax HbIHELWHEro CTONETUs COBETCKUMA Y4yeHbli NMo umeHu A.M.OnoBHMKOB CBsi3an 3TO 3anporpaMmmupoBaHHOE
npekpaLleHne KrneToyHoro AeneHust ¢ npobrnemoii koHueBoW pennukauuni. OH npeanonoXun, YTO comaTuyeckue KNeTku Yeroseka,
BO3MOXHO, He KOPPEKTVPYIOT yKopaymBaHue XpOMOCOM, KOTOpPOe MpoucxoauT, korda kneTku pennuuupytot cson [OHK. BoamoxHo, yto
KNeTOYHOe AeneHne NpekpaTunoch, Koraa KNneTkn NOHAMM, YTO X XPOMOCOMbI CTanu CIIULLIKOM KOPOTKUMMU.

Mol o3Hakomunuce ¢ naesamu OnosHukosa nuwib B 1988 ropgy, korga Calvin B. Harley, B To Bpems cotpyaHuk McMaster University,
npeanoxun ux BHuMaHuio Greider. 3anHTpuroBaHHble Greider, Harley ¢ coTpyaHukamu pelumnu nocMoTpeTb, a AeWCTBUTENbHO Nn
XPOMOCOMbI B HYEMOBEYECKUNX KIETKax yKopauymBaloTCs CO BpEMEHEMY».

3. B Baweii pabote, ctpoka 17 oT camoro Ha4yana:
«EcTb MHeHuWe, 4TO BXxoA B COCTOSIHME [KNETOYHON] ycTanoctn obycnosneH aedekTtoM AnvHbl Tenomepsbl (7-10)».
A He Hawen ccbinku Ha ONoBHMKOBa cpeaw Tex, KoTopble Bbl ykasanu.

4. B Toi xe pabote, cTpoka 3 BHM3 OT cepeanHbl Ha cTp. 349, Haxoxy:

«TenomepHas runoTesa KrneTo4Horo crapeHus (16) npegnonaraet, YTO yCTanocTb y KNETOK HAcTymaeT Torda, Korga AfMHa Tenomepsl,
NPOrpecCMBHO YMEHbLLAIOLLAACS B XOAE KaX0ro AeNeHns, JOCTUraeT HEKOEro NoporoBoro 3Ha4eHUs».

OnaTb-Taku, cebinka (16) — He Ha OnoBHUkoBa, HO Ha C.B.Harley 1991.

A 6bin 661 Bam Becbma npusHaTeneH 3a KOMMeHTapuv no noBoAdy BO3HUKLIEro pacxoXAeHus BO B3rnsgax Ha aBTOPCTBO TENOMEPHOMN
rmnoTtesbl.

3apaHee bnarogapeH.
ELle pa3 Mou nosgpaeneHus,

Ueopb @.XKumyrnes, npoceccop reHeTUkn



