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Pe3ome

BBEJAEHWE. Ha pauueii momeHT u3sBecTHO 60osiee 100 reHoB-KaHOMIATOB,
MOTEHI[MAbHO OMpPeAesIIoIINX MTPONOIKUTETbHOCTD KU3HU, CPey KOTOPBIX
APOE, FOXOI1A, GF1, IGF1, INCR, TP53 u npyrue. OgHako, HeCMOTpSs
Ha MHOKECTBO IMPOBEAEHHBIX MCCIeA0BaHMIA, Ha CETOMHSIIHNIA JeHb BOIPOC
0 MOJIEKYJIIPHO-TeHETUYECKUX MeXaHM3MaX JTOJITOJIETUSI OCTAaeTCSI OTKPBIThIM
B CBSI3M C HU3KMM YPOBHEM BOCIIPOM3BOIMMOCTM pe3ysbTaToB. bosee Toro,
MpeabIAyINe UCCIeTOBaHMS MIPEUMYIIECTBEHHO COCPeNOTOUYEeHbl HA 9K30MaX,
TO €CTh He pacCMaTpUBAIOT MeXXTeHHbIe peryJstopHbie yuactku JHK.

HEJIb WCCJIEJOBAHUMS. Illenpio Hallero uccjJegoBaHMS  CTaJjio
M3ydeHMe MOJIEKY/ISIPHO-TeHEeTUUEeCKMX MEXaHU3MOB AOJITOJIeTUSI U CO3JaHue
MPOTHOCTUYECKO MOJEeJIN, OlleHMBalOIIeN IIaHC HOoCTUKeHMs Bo3pacTa 90 ser.
MATEPUAJIbBI WU METOIBbI. [na wucciegoBaHus TeHETUYECKUX
MIPeIMKTOPOB Jojrojietuss 6b1aM Habpanbl 10 157 uesnoBek, Bkiaouas 3066
nonroskuteneit (90+ ner). Habop mosnroskuresieil OCyIeCTBIISI/ICS COBMECTHO
c¢ OCII PTHKLI ®I'AOY BO PHUMY wum. H.U. IluporoBa MwuHsapaBa
Poccun, octasbHble y9aCTHUKY BXOAAT B 6a3y maHHbIX OI'BY «1ICIT» ®MBA
Poccun. [l Bcex y4aCTHMKOB ObLI COOpaH MOAPOOHBIN aHaMHe3 (BKJIFOUast
MHbOPMAIMIO O HAIMUMM XPOHMUECKMX 3ab0jeBaHMI), a TaKXkKe MPOBEeHeHO
nojsiHoreHoMHoe cekBeHupoBaHmue JIHK knetok kpoBu. Ilpu omnpenenenun
COXPaHHBIX TOJTOKUTEJIEN MbI UCIIOTb3yeM KaJbKyJISITOP GeHOTUIIOB CTapeHMsl,
OCHOBaHHbBIM Ha MaIIMHHOM OOyueHMUM, pa3paboTaHHbIM HaMu paHee B OI'BY
«IICIT» ®MBA Poccumn [1].

PE3VJIBTATBI. [IpoBeneHHbIN ITOJTHOTeHOMHBIN MTouck accormanuit (GWAS)
¢ yuactuem 3066 ponroxkurenen (90+ ner) u 7091 yenoeka B BospacTe oT 18
oo 75 ner 1o3BOMMI HE TOJIbKO IOATBEPANTh M3BECTHYIO aCCOLMAIINIO
BapuaHTOB reHa APOE c mojronetueM, HO ¥ OOHAPY>KUTh HOBbIE aCcCOLMAIIUN
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Bredax TMEM59, LRRC7, FHIT, CPLX1, DDX31, GRIN1, DHX32, CACNAIC,
FBXO21 n UBBP4. Ha ocHOBe pe3yJibTaTOB JAHHOI'O aHajau3a MOCTpPOeHa
MOJINTeHHAs IIIKajia, OI[EHMBAIOIAsl IIAHC YeJIOBEKA CTaThb JOJITOXKUTEIEM
(ROC AUC =0,78).

OpgHako MOJNTOXUTENN SIBJISIIOTCS (eHOTUIMUYECKM TeTepOreHHOM T'PYIIIoNn,
B CBSI3M C UeM MOSKET OBbITh HEOCTATOYHO OIpeIe/IeHNs] TOJIbKO IIaHCa TOKUTh
1o 90 ner — Heo6XOAMMO TaKKe JaTh OTBET O QYHKIMOHAIbHOM COXPAaHHOCTH
B9TOM Bo3pacTe. [eHOMbI COXpaHHbBIX IOJTOKUTEIeN CpaBHUBAJIMCH C TeHOMAaMMU
HECOXPaHHBIX [OJITOXKUTEsel, a TakKke CO 3[0POBOM MOMYJISILMOHHON
BbIGOpKONM. OKasajaochb, UTO JOCTUKEHME MMEHHO COXPAaHHOTO [IOJIOJIeTHS
OIOCPEIOBAaHO COBEPIIIEHHO MHBIMM MOJIEKY/IIPHBIMY MeXaHM3MaMM, HesKeJIn
6osee mmMpokuit peHoTun, u accouuuponBaHo ¢ renamu NAVI1, SDK1, ARH-
GAP39uITGAE. Takske oTMeueHa IMOTeHIMaJIbHO BayKHAsI POJIb PETYISITOPHBIX
PHK, B uvactHoctu antucmeiciioBoii PHK k reny IPO9, B dbopmupoBaHumu
COXpaHHOTO (EeHOTHUIA CTapeHus.

BBIBO/IbI. [lanHOoe muccjiemoBaHyue T'eHETMYeCKMX OCHOB OJITOJIeTHS
IIOKa3aJI0, YTO HET OJHOI'O MeXaHM3Ma, KOTOPBINM CTaJl Obl €IHCTBEHHBIM
M KJIIOYEeBBbIM IIPeIUKTOPOM IIPOAO/IKUTEIbHOCTU >XU3HM. [losroserue
ObI71I0 ¥ ocTaeTcs MHorogaxkTtopHbiM. OmHAKo MHpoBedeHHasT paboTa
MO3BOJIMJIA MOATBEPAUTb HA POCCUMCKOM TOMYJISIINM  aCCOIMALINIO
BapuaHToB B reHe APOE c Tpomo/KUTEeNIbHOCTbIO JKM3HM, a TaKxKe
OTMETUTb MHOKE CTBO HOBBIX ITOJIMMOP(GU3MOB, CBSI3aHHBIX C IOJITOJIETUEM.
[IpenJioskeHa moaMreHHas IKasa, IpeacKas3bIBalollas IaHC JOCTUXKEeHUS
BO3pacTa JOJIT0JIeTUSI C TOYHOCTHIO CBbIllle 78%. Ocob0 oTMeueHa BaskHast
pOJib PEryasiTOPHBIX YYaCTKOB reHoma B ¢dopmMupoBaHuUM QeHoTUIa.
bosnee Toro, moctmkeHne MMEHHO COXPAHHOI'O OOJITOJIETUSI OKa3aJoCh
OMOCpPeAOBAaHO COBEPIIEHHO MHBIMM MOJIEKY/ISIDHBIMM MexXaHU3MaMMu,
Heskenu Oosiee MIMPOKUM (PeHOTUIl, U accouuupoBaHo ¢ reHamu NAVI,
SDK1, ARHGAP39 u ITGAE.

KinroueBble cjioBa: gonroxureny; smoposoe ponronete; GWAS; APOE.
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Abstract

BACKGROUND. More than one hundred candidate genes have been as-
sociated with longevity, including APOE, FOXOIA, GF1, IGF1, INCR,
TP53, etc. Despite extensive research, the precise molecular and genetic
underpinnings remain elusive due to the low reproducibility of the findings.
Moreover, most studies have focused on exomes and have neglected inter-
genic regulatory regions of DNA.

AIM. To examine the genetic and molecular basis of longevity and create a
prognostic model that assesses the chance of reaching the age of 90.
MATERIALS AND METHODS. To study the genetic predictors of lon-
gevity, 10,157 people were recruited, including 3,066 long-living individu-
als (90+ years). The recruitment of long-living individuals was carried out
jointly with the Russian Clinical Research Center for Gerontology; other
participants have been included from the database of the Center for Strate-
gic Planning and Management of Biomedical Health Risks” of the Federal
Medical-Biological Agency. A comprehensive medical history was collect-
ed for all participants (including data on chronic conditions), and whole-
genome sequencing of blood cell DNA was performed. When determining
the healthy long-living individuals, we have utilized the machine learning-
based calculator of aging phenotype previously developed by us [1].
RESULTS. A genome-wide association study (GWAS) involving 3,066 long-
living individuals (90+ years) and 7,091 people aged 18 to 75 years confirmed
the known association of APOE gene variants with longevity. Additionally, we
discovered new associations in the TMEM59, LRRC7, FHIT, CPLX1, DDX31,
GRIN1, DHX32, CACNAIC, FBX0OZ21 and UBBP4 genes. The obtained results
helped construct a polygenic score, which assesses an individual chance of be-
coming a long-living individual (ROC AUC = 0.78). However, long-living in-
dividuals are a phenotypically heterogeneous group, so determining only the
chance of living to 90 years may not be enough. The functional status at this
age should also be addressed. The genomes of healthy long-living individuals
were compared with the genomes of ailing long-living individuals and those of
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a healthy population sample. Healthy longevity is mediated by completely dif-
ferent molecular mechanisms than the broader phenotype, and is associated with
the genes NAV1, SDK1, ARHGAP39 and ITGAE. Regulatory RNAs, particularly
the antisense RNA to the mRNA of the IPO9 gene product, were shown to sig-
nificantly affect healthy longevity.

CONCLUSIONS. This study of the genetic basis of longevity has shown
that there is no single mechanism that would be a single and key predic-
tor for life expectancy. Longevity has been and remains a multifactorial
phenomenon. However, this work confirmed the association of variants in
the APOE gene with life expectancy in the Russian population, as well as
detected many new polymorphisms associated with longevity. A polygenic
scale was proposed that predicts the chance of reaching the age of longev-
ity with an accuracy of over 78%. The important role of regulatory regions
of the genome in the phenotype formation was specifically highlighted.
Moreover, the achievement of healthy longevity turned out to be mediated
by completely different molecular mechanisms than the broader phenotype,
and is associated with the genes NAV1, SDK1, ARHGAP39, and ITGAE.

Keywords: long-living adults; healthy longevity; GWAS; APOE.
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