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Momusayus u yenb: B obOnactu wucciemoBaHMs CTapeHUs! 3a IOCIECIHHE TOJBI
HaOJIONAIOTCS 3HAYMUTENIBHBIE TOCTIDKEHHS, TaKHe Kak pa3paboTKa KOJIMYECTBEHHBIX
MOJIEKYJSIPHBIX OMOMapKepoB OHMOJIOTMYECKOTO0 BO3pacTa W MPOJODKUTEIHLHOCTH
®u3HU [1, 2], a Tarke OTKPHITHE PA3IMYHBIX WHTEPBEHIHUH, CIIOCOOHBIX YBEIUYUTh
MPOJOKUATENBHOCTD )KH3HH MIICKOITUTAIOIINX [3, 4], KaK MPaBUIIO, ITyTeM BO3IECHCTBH
HAa OJWH WIM HECKOJIBKO YCTAaHOBJIGHHBIX NpU3HAKOB cTapeHus [5]. Xotd
MOJIEKYJISIpHBIE HWHCTPYMEHTHI, TaKue Kak STIHUT'CHETHUECKHUE Yachl,
MIPOAEMOHCTPUPOBATIM CBOIO CIIOCOOHOCTH MPEACKA3bIBaTh BO3PACT U CMEPTHOCTb,
BCECTOPOHHEE IIOHMMAaHHME TOYHBIX MEXAaHMW3MOB, JIEKALIIMX B OCHOBE 3THX
MpeJICKa3aHui, OCTAeTCS TyMaHHbIM. B JaHHO# paboTe MBI pyKOBOACTBOBAIKCH IIEJIBIO
JEKOHCTPYHUPOBaTh  BO3PACT-3aBUCHUMbBIE HM3MEHEHHMS T€HHOW OKCIPECCHH Ha
(YHKLMOHAIBHO HHTEPIPETUPYEMBIE KO-PETYIUPYEMBbIE COCTABIISIOLIME.

Memoowr u ancopummur: UToOBl co31aTh OoJiee MHTEPIPETUPYEMYIO AbTEPHATHUBY
TPaJUIIMOHHBIM  SMWICHETHYCCKHMM  dacaMm, Hama JabopaTopusi paspaboTaia
TPAHCKPHUIITOMHBIE Yachbl. JTH MOJENN MPeICKa3blBalOT OMOJOrMYeCKUi BO3pacT H
0KHIaeMYI0 CMEPTHOCTh MIIEKOIIMTAIONINX, HCIIONBb3Ys JaHHbIEe 00 SKCIPECCHH TEHOB
u3 Gosee yem 4 500 oOpasioB, coOpaHHBIX M3 26 TKaHEH MBIIIEH U KPBIC Pa3HOTO
BO3pAacTa M I0Jla, a TAaKXKE KUBOTHBIX, MOJBEPIILIMXCS Pa3IMYHBIM BMELIATEIbCTBAM,
PEryIUPYIOIUM HPOJODKUTEIIBHOCT JKU3HM, TaKMM KakK IIPOrepHs, OTpaHuYeHHE
KaJOPUHHOCTH W MpHMEHEeHHWe pamaMmuiuHa. [jis Toro, 4roObl TONYYUTH KO-
perynupyembie HaOOpbl T'€HOB, MbI HMCIIOJb30BAJIHM JJaHHbBIE, WCIOJIb30BABIINECS JUIS
MOCTPOEHUSI OOLIMX YacoB, W KJIACTEPH30BAIM T'EHBI 10 XapakTepy HM3MEHEHHs HX
akcnpeccun ¢ nomoineio Meroga Weighted Gene Co-expression Network Analysis
(WGCNA) [6]. Hanee anst kaxaoro (pyHKIHOHAIBHO HHTEPIPETHPYEMOIO MOJIYJIs
ICHOB OBUTM IOCTPOEHBI COOCTBEHHBIE TPAHCKPUITOMHBIE Yachl, KOTOpBIE 3aTeM
NPUMEHSJIUCh K JaHHBIM O TEHHOH 3KCIPECCHMHM Pa3jIMYHBIX BO3PACT-3aBHCHUMBIX
3a00JIeBaHU.

Peszynomamer: Ham ananms BeisiBui 6osee 20 Mogymeit TeHOB, KOTOPBIE B 3HAYUTEILHOM
CTETEHU KOPPETHUPYIOT CO CTAPEHUEM U CMEPTHOCTBIO, & TAK)KE CBA3aHBI C OTACIHHBIMU
(YHKIMOHAIBEHBIMH TIpOIIeCCaMU KIIETKH. Tak, cpe/i HUX ObUTH OOHApYKEeHbI MOIYJIH,
KOTOpPBIE YYaCTBYIOT B BOCIIAIIUTENILHON PeaKIny, HTEPPEPOHOM OTBETE, KIETOYHOM
JIBIXaHUH, JIMIUIHOM OOMEHe, KJIETOYHOM ILHKJIE W OpraHu3alid BHEKJIETOYHOTO
MaTpukca. Mcronb3ys BBISBICHHBIC ITOJMHOXECTBA KO-PETYIUPYEMbIX T'€HOB, MBI
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MOCTPOMIIN Yachl XPOHOJOTMYECKOTO BO3pacTa, CMEPTHOCTH M MPOJOKUTEIBHOCTU
JKU3HU U OTHETbHBIX KOMIIOHEHTOB TPAHCKPUNTOMa U TMPUMEHWIN WX JUISA
XapaKTEepPUCTUKA MOJICKYJISPHBIX ~MEXaHHU3MOB, OTBETCTBEHHBIX 3a TMPO- HIIH
aHTHUBO3pPACTHOW 3(P(GEKT pa3TMIHBIX BO3PACT-3aBUCHUMBIX 3a00JCBaHUN MBIIICH
(Oone3np AnbirreriMepa, muadet u Apyrue). B cornacuu ¢ npeackazanueM oOIIMX YacoB,
OOJIBIIIMHCTBO MOJYJIBHBIX YaCOB IMOKA3aJI0 CTATHCTHUYECKH 3HAYUMOE YBEIHYCHUE
OMOJIOTHYECKOTO BO3pacTa B 0o0Opasmax Oojie3HEeH 10 CpPaBHEHHIO ¢ KOHTPOIHHBIMH
00pa3namMu TOro ke XpOHOJIOTHIeCKOro Bo3pacta. MoaysiMH, BHECIIMMH HAUOOIbIIHN
BKIIaJl B TOBBIIIEHHE BO3pacTa B OOJBIIMHCTBE MOJENEH, OKa3aluch MOAYNIU
BOCIIAJIUTENILHOTO OTBETa, NHTEPPEPOHOBOTO CUTHAIBHOTO MYTH U SHEPreTHYECKOTO
MeTabonu3Ma (OKHCIUTENbHOE (pocopunrpoBanme, KIEeToUHoOe Ibixanue). HTepecHo,
4TO B JaHHBIX 10 paKy, HECMOTpPsS Ha YMEHBLICHHWE OOIIEr0 TPaHCKPUIITOMHOTO
BO3pPAacTa, Mbl HAOJIFOIAJTH TIOBBIINICHUE BO3PACTA JUIS OTACIBHBIX MOIYJICH, B TO BpeMs
Kak MOJyJb, CBS3aHHBIH C OpraHu3alMed BHEKJICTOYHOIO MaTpukca W
JuddepeHnranret KJIeTok, moKa3al MPOTHBOIONOKHBIN 3pdekt. M3BecTHO, 4TO XOTH
pax TEeCHO CBsI3aH CO CTapeHueM, ero ()eHOTHIT BKIFOUaeT B ce0sl KaK MPU3HAKU CTApOTo
Opranu3ma, Tak U 4epTbl MOJOABIX Ac-Tu((EepeHIIMPOBAHHBIX KIETOK, KOTOpPhIC, KaK
ObUI0O  HEOAHOKPAaTHO TMOKa3aHO paHee, acCOMHPOBAaHBl C  yMEHBIICHHEM
OMOIOTHYECKOTO BO3pacTa. B KOHTEKCTEe TakuX MHOrO(AKTOPHBIX M TeTEPOTCHHBIX
COCTOSIHWI, KaKk pPAaKOBBIC OIMYXOJH, OCOOCHHO BaXHO HWMETh BO3MOXHOCTB
JICKOHCTPYHUPOBaTh OONIYI0 OIEHKY OHOJOTMYECKOro BO3pacTa Ha OTJACIBbHBIC
WHTEPIPETUPYEMbIE KOMITOHEHTBI, 4YTO H OTOOpaXkaloT pa3paboTaHHbIE HaMH
MOJTYJIbHBIC YACHI.

Buisoowi: B nameit pabore ObUTH MASHTUPHUIMPOBAHEI (DYHKIIMOHAIBHO OJTHOPOIHBIC
KO-peryjupyemMble MOAYIIM T€HOB, aCCOIMMPOBAHHBIE CO CTAPEHHEM M JIOJITOJIETHEM
miekonuTaromux. s 3Toro 3¢ QEKTHUBHBIM OKAa3aJoCh HCIONB30BaHHE METOAA
WGCNA, Omaromapss KOTOPOMY VyAajJoCh WIACHTH(PHUIMPOBATH 26 KIACTEPOB,
O6OFaH1€HHI)IC I'€HaMH, OTBCTCTBCHHBIMHU 3a BOCHAJIMTEIBLHBIN OTBE€T, KIICTOYHOC
JIbIXaHUE, OPTaHU3AIMI0 BHEKJICTOYHOTO MaTpUKca U JIpyrue GyHKIu. g Kaxmaoro
W3 MOJIyJiel ObLTH MOCTPOCHBI Yachl XPOHOJIOTHYECKOTO BO3pAcTa U CMEPTHOCTH, YTO
MO3BOJISIET JICKOHCTPYHPOBaTh 3(P(HEKT KOMITO3UTHBIX TPAHCKPHUIITOMHBIX YacOB Ha
OTJeNbHbIE (YHKIMOHAIBHBIE KOMITIOHEHTHI M Jy4YIlle HHTEPIpPEeTHpoBaTh 3PdeKrT
Pa3IMYHBIX MHTEPBEHIIMN 1 3200JICBaHUM HA Pa3JIMYHbIC MEXaHU3MbI CTAPCHHUS.
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Motivation and Aim: The field of aging research has seen significant advances in recent
years, such as the development of quantitative molecular biomarkers of biological age
and longevity [1, 2], and the discovery of various interventions that can increase
mammalian longevity [3, 4], typically by targeting one or more established hallmarks of
aging [5]. Although molecular tools such as epigenetic clocks have demonstrated their
ability to predict age and mortality, a comprehensive understanding of the precise
mechanisms underlying these predictions remains obscure. In this work, we were
motivated by the goal of deconstructing age-dependent changes in gene expression into
functionally interpretable co-regulated components.

Methods and Algorithms: To create a more interpretable alternative to traditional
epigenetic clocks, our lab has developed transcriptomic clocks. These models predict
mammalian biological age and expected mortality using gene expression data from more
than 4,500 samples collected from 26 tissues from mice and rats of different ages and
sexes, as well as animals subjected to various lifespan-regulating interventions such as
progeria, caloric restriction, and rapamycin administration. In order to obtain co-
regulated gene sets, we used the data used to construct a common clock and clustered
genes according to the nature of their expression changes using the Weighted Gene Co-
expression Network Analysis (WGCNA) method [6]. Next, a custom transcriptome
clock was constructed for each functionally interpretable gene module, which was then
applied to gene expression data for various age-related diseases.

Results: Our analysis identified more than 20 gene modules that are significantly
correlated with aging and mortality and are also associated with distinct functional
processes of the cell. Thus, among these, we found modules that are involved in
inflammatory response, interferon response, cellular respiration, lipid metabolism, cell
cycle and organisation of the extracellular matrix. Using the identified subsets of co-
regulated genes, we constructed chronological age, mortality and lifespan clocks for
individual components of the transcriptome and applied them to characterise the
molecular mechanisms responsible for the pro- or anti-aging effects of various age-
related diseases in mice (Alzheimer's disease, diabetes and others). In agreement with
the prediction of a common clock, most of the modular clocks showed a statistically
significant increase in biological age in disease samples compared to control samples of
the same chronological age. The modules that contributed most to the increase in age in
most models were found to be those of the inflammatory response, interferon signalling
pathway and energy metabolism (oxidative phosphorylation, cellular respiration).
Interestingly, in the cancer data, despite a decrease in total transcriptome age, we
observed an increase in age for individual modules, while a module related to
extracellular matrix organisation and cell differentiation showed the opposite effect. It
is known that although cancer is closely associated with aging, its phenotype includes
both features of an old organism and features of young de-differentiated cells, which
have been repeatedly shown previously to be associated with a decrease in biological
age. In the context of multifactorial and heterogeneous conditions such as cancer, it is
particularly important to be able to deconstruct the overall estimate of biological age into
individual interpretable components, which is what the modular clock we developed
displays.

Conclusion: Our work identified functionally homogeneous co-regulated gene modules
associated with aging and longevity in mammals. The WGCNA method was effective
for this purpose, and we were able to identify 26 clusters enriched with genes responsible
for inflammatory response, cellular respiration, extracellular matrix organisation and
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other functions. A chronological age and mortality clock was constructed for each
module, allowing us to deconstruct the effect of the composite transcriptome clock on
individual functional components and to better interpret the effect of different
interventions and diseases on different aging mechanisms.

Cnucox numepamypoi/References

1.

2.

3.

2294

Lu AT, Fei Z., Haghani A. et al. Universal DNA methylation age across mammalian tissues. Nat
Aging. 2023;3(9):1144-1166

Tyshkovskiy A., Ma S., Shindyapina A.V. et al. Distinct longevity mechanisms across and within
species and their association with aging. Cell. 2023;186(13):2929-2949.e20

Strong R., Miller R.A., Cheng C.J. et al. Lifespan benefits for the combination of rapamycin plus
acarbose and for captopril in genetically heterogeneous mice. Aging Cell. 2022;21(12):e13724

Miller R.A., Harrison D.E., Allison D.B. et al. Canagliflozin extends life span in genetically
heterogeneous male but not female mice. JCI Insight. 2020;5(21):140019

Lopez-Otin C., Blasco M.A., Partridge L., Serrano M., Kroemer G. Hallmarks of aging: An expanding
universe. Cell. 2023;186(2):243-278

Langfelder P., Horvath S. WGCNA: an R package for weighted correlation network analysis. BMC
Bioinformatics. 2008;9(1):559

BGRS/SB-2024



