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AxTyanbHOCTb. [loHMMaHMe 6110I0TMUeCKMX MeXaHM3MOB ITPOLIeCCOB CTapeH s
HEOOXOIMMO ISl TIpeAYIPEXAEHNS M 3aMeJIeHMsI Pa3sBUTHSI BO3PACT-aCCOLMN-
poBaHHbIX 3a60seBaHMit. OHOM U3 BeAYIIMX MPUUNH CTapeHMs] OpraHu3Ma Cun-
TAeTCsl HAKOTUIEHME B Pa3/IMYHBIX TKAHSIX TaK HAa3bIBA€MbIX CEHECIIEHTHBIX, MU
crapemoimx, kiaetok (CK). KnerouHoe crapeHue siBjisieTcss HeOOXOOMMbBIM IJIs1
OOHOBJIEHMSI TKAHEN U UX pereHeparnym, HO n36bITouHoe HakorieHne CK mpuBo-
IUAT K aKTUBALMM XPOHUYECKOTO acelTUUYeCKOTro BocnaseHusl, IuChyHKIMU TKa-
Heli ¥ pa3BUTHIO BO3PACT-aCCOLMMPOBAHHbBIX 3a00s1eBaHMi. B HacTosIiee BpeMst
aKTMBHO pa3pabaTbhIBalOTCS MOAXONAbI K ceyiekTuBHOM anuMuHanmuy CK, KoHTpo-
JIIO X aKTUBHOCTU ¥ PEBEPCUM CEHECIIEHTHOTO COCTOSTHYS.

Inst ouenku Briaga CK B pa3BuTHe crapeHus 1 TaToreHes3 pas3/iMuHbIX 3a0051eBa-
HII HeOOXOIMMBI peJieBaHTHbIE U HaJleKHble OMOMapKephbl TaKuX KIeTOK. B ka-
yecTBe GMOMapKepa YacToO UCIOIb3YeTCs IKCIIPECCHs MHTMOUTOPOB KJIETOYHOTO
uykia (Hanpumep, pl6/INK4a), mockonbky ocTaHOBKa mposindepain siBsieT-
Cs OOHMM U3 OCHOBHBIX aTpuOyTuBHbIX NpusHakoB CK. OmHako olieHKa 3TOro
MapKepa 3aTpyIgHeHa B KJIMHMYECKOV MpakTuke. OObIYHO B KaUeCTBe MapKepPOB
BO3PaCT-aCCOLMMPOBAHHBIX 3a00JiIeBaHMIA OMPENEISIIOT YKeCTKOCTb COCYAMCTON
CTEHKM, HEKOTOpbIe reMOAVHAMMUYECKME Y OMOXMMMUUYECKME TTapaMeTphl, a TaK-
’Ke coflepskaHue OTHebHbIX IIMTOKMHOB U (haKTOpOB pocTa B KpoBu. B maHHOM
paboTe MbI MTOCTAaBWIN 1IeJIb U3YUYUTh HaAJIMUMe B3aMMOCBSI3UM MEXKIY yCTaHOB-
JIEHHBIMM KJIMHUYECKMMM CUCTEMHBIMM OMOMapKepaMy CTapeHMs] U Pa3sBUTHUS
BO3PACT-aCCOIMMPOBAHHbIX 3aboseBanmii M 6uomapkepamu CK Ha TkaHeBOM
" KJIETOYHOM YPOBHSIX.

Ilesb MccemoBaHus. YCTaHOBUTD HaJIMUMeE B3aMIMOCBSI3€lM MEKAY Pas/IMUHbIMU
6nomapkepamu Hakorienusi CK Ha KjeTOUHOM, TKAHEBOM M CUCTEMHOM YpPOB-
HSIX.

Marepuanbl M MeTOABI uccaenoBaHus. B mccienoBanme BKiOUeHbI 38 ma-
IIMEHTOB B Bo3pacTe OoT 65 mo 85 jer. Y Bcex MalyeHTOB MPOBOAM/IN OILEHKY
TPaaUIMOHHBIX (AaKTOPOB pPUCKA CEPIAEYHO-COCYOUCTBIX 3a00JIeBaHUM, KECT-
KOCTM apTepuajbHOM CTEHKM, a TaKKe MoJydyaym O6momarepuasbl (mepude-
puyeckasi KpOBb, KOXKa, IMOJKOKHAS KMPOBasi KJIeTuaTKka), M3 KOTOPbIX 3aTeM
BbIJIEJISITIN pa3iMuHbIe TUIIBI KJIETOK (MOHOHYKJeapHble kiaeTku Kposu (MHK),
dbubpobnactel (OB) u mesenxumubie crpomanbHbie kiaeTku (MCK), a Takske
ITPOBOAVIIM TUCTOJIOTMYECKMIA aHAIM3 OMOTITATOB C 1IeJIbI0 OIEHKM Pa3INYHBIX
mapkepos CK.

PesynbraTel. B mosyueHHbIX 06pasijax OmomaTepuasia OIpenesieHbl Pasjnd-
Hble TIOKa3aTesIM HaKOIJIEHMSI CEHECIIEHTHbBIX KJIETOK, IMPOBEJIeH aHaIn3 CBsSI3en
MEXY YKeCTKOCTbIO COCYAMCTOM CTEHKM, TPAAMIMOHHbIMM (pakTOpaMy pucka



CC3, buomapkepaMy BOCHaJIeHMsT ¥ HAKOTIJIEHUSI CEHECIIEHTHbIX KJIeTOK B TKa-
HSIX M KJIETOUYHBIX MOMyJsiysix. C MOMOIIbIO KOPPESIIIMOHHOTO aHajm3a IMOf-
TBEp)KIeHa CuUJIbHAsl 3HauuMmasi CBsI3b KitoueBoro 6momapkepa CK — ypoBHS
srcrpeccun pl6é B Tkauax — ¢ Bospactom (r = 0,6, p < 0,001), yTo cooTBETCTBY-
eT JIMTepaTypHbIM ndaHHbIM [2]. Ha opraHnsMeHHOM ypOBHe BbIsIB/IEHA €O CBSI3b
CO CKOPOCTBIO MY/ IbCOBOI BOJIHBI (r = 0,394, p = 0,015), B cucTeMHOM KPOBOTO-
ke — c ypoBHeM VCAM-1 (r = 0,312, p = 0,006) 1 c ypoBuem MPHK p16 8 MHK
(r =0,380, p = 0,046). CraTcTMYECKM 3HAUMMbIE KOPPEJISI ObLIIV BbISIBIEHbI
¢ ntokasatessimu npondepaunyn @b 1 MCK B KynbType 1 mpuobpeTeHeM KiIeT-
KaMM CeKpeTOpHOro (¢heHOTHIIa, acCCOIMUPOBAHHOTO co crapeHueM (SASP): Tak,
ypoBeHb pl6 3HaUMMO KoppespoBaJ ¢ ypoBHeM IL-6 (cuibHas cBsi3b) 1 MCP-1
(cmabast CBSI3b) B CEKpeTOMe KJIETOK. Pe3ysbTaTbl MHOTOGaKTOPHOTO JIMHEHO-
IO perpecCMOHHOrO aHa13a MOATBEPAU/IN, UTO He3aBMCHMMO OT BO3pacTa C IKC-
npeccueit pl6 cBsi3aHbI TTOKa3aTes M mposidepalny BbiAeIeHHbIX KJIeTOK u [L-6
B coctaBe SASP. C rnmomMoiipio KOMITbIOTEPHOI'O MOJEIMPOBAHMUS TIOCJIE HOPMU-
pOBaHMSI IPU3HAKOB ompenesieHa hopMysia, KOTOpasi TTO3BOJISIET MPEeICKa3bIBaTh
ypOBeHb 3KcIipeccun pl6 B TKaHSX, ONMMUPAsICh TOJILKO HAa HEMHBA3MBHO OIlpere-
JIsieMble TIOKa3aTeJIn.

BoiBoasbl. Takum 06pasoM, IMpoAeMOHCTPUPOBAHA aCCOLMALIMS MEXIY KIMHMYe-
CKVIMM TIOKa3aTeJsIsIMy, OTPaskaloIMMy COCYIMUCTOe CTapeHue, 1 OuoMapKepamm
HakoruieHust CK B TKaHSIX U KJIeTKaxX, BbIJ€JIEHHbIX U3 3TUX TKaHEN B KYJIbTYPY.
Takske yCTaHOBJIEHbI BO3MOKHOCTYM MaJIOMHBA3MBHOTO OIIpee/IeHNs] moKa3are-
JieVi HAaKOILIeHMsI CeHeCI€HTHBIX KJIeTOK Y MAIMeHTOB cTapiie 65 jer, 4ro oT-
KPBIBA€T HOBbIE BO3MOKHOCTH JIJIST KOHTPOJIST 3 OEKTUBHOCTY CEHOUTIYUECKON
Teparnuu.

WccnegoBaHye BBIMOJHEHO B paMKax rocymapcrBeHHoro samanuss MHOL MI'V
M. M.B. JlomoHocoBa.
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Relevance. Understanding the biological mechanisms of aging is necessary
to prevent and slow down the development of age-associated diseases. One
of the leading causes of aging considered to be the accumulation of so-called
senescent, or aging, cells (SC). Cellular aging is necessary for tissue renewal and
regeneration, but excessive accumulation of SC leads to the activation of chronic
aseptic inflammation, tissue dysfunction and development of age-associated
diseases. Currently, approaches to selective elimination of SCs, as well as control
of their activity and reversion of the senescent state are being actively developed.
The assessment of stem cell involvement in aging and disease development
requires the use of dependable and relevant biomarkers. A commonly used
biomarker to indicate a cessation in cell growth is the expression of cell cycle
inhibitors (for example, p16/INK4a) since the arrest of proliferation is one of the
main attributable features of SC. However, evaluation of this marker is difficult
inclinical practice. Typically, the stiffness of the vascular wall, some hemodynamic
and biochemical parameters, as well as the content of certain cytokines and
growth factors in the blood are determined as markers of age-associated diseases.
In this work, we aimed to study the relationship between established clinical
systemic biomarkers of aging and development of age-associated diseases and
biomarkers of KS at the tissue and cellular levels.

The aim of the study is to establish the associations between various biomarkers
of SC accumulation at the cellular, tissue and system levels.

Materials and methods. Study included 38 patients aged 65 to 85 years. In all
patients, traditional risk factors for cardiovascular diseases, arterial wall stiffness
were assessed, and samples were obtained (peripheral blood, skin, subcutaneous
fat), from which various types of cells were then isolated (mononuclear blood
cells (MBCQ), fibroblasts (FB) and mesenchymal stromal cells (MSCs), and also
histological analysis of biopsy specimens to evaluate various MC markers was
performed.

Results. In the obtained samples, various indicators of the accumulation
of senescent cells were determined, and the relationships between the rigidity
of the vascular wall, traditional risk factors for CVD, biomarkers of inflammation
and the accumulation of senescent cells in tissues and cell populations were
analyzed. Using correlation analysis, a strong significant association was
confirmed between the key biomarker of KS — the level of pl6 expression
in tissues — and age (r = 0.6, p < 0.001), which corresponds to literature
data [2]. At the organismal level, its relationship with the pulse wave velocity
(r=0.394, p = 0.015), in the systemic circulation — with the level of VCAM-1
(r = 0.312, p = 0.006) and with the level of pl6 mRNA in the MNC
(r=0.380, p = 0.046). Statistically significant correlations were identified with
the proliferation rates of PB and M SCs in culture and the acquisition of the aging-
associated secretory phenotype (SASP) by cells: thus, level of p16 significantly
correlated with the level of IL-6 (strong relationship) and MCP-1 (weak
relationship) in cell secretome. The results of multivariate linear regression
analysis confirmed that, regardless of age, pl6 expression is associated with
the proliferation of isolated cells and IL-6 in SASP. Using computer modeling,
after normalizing the characteristics, a formula was determined that allows one
to predict the level of p16 expression in tissues, relying only on non-invasively
determined indicators.



Conclusion. Thus, the association between clinical parameters reflecting vascular
aging and biomarkers of SC accumulation in tissues and in cells isolated from
these tissues into culture has been demonstrated. The possibilities of minimally
invasive determination of indicators of accumulation of senescent cells in patients
over 65 years of age have also been determined, which opens up new opportunities
for monitoring the effectiveness of senolytic therapy.

The study was carried out within the framework of the state assignment of the
Moscow State University named after M.V. Lomonosov.
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