N, N3yunTb omonaxmsarowwmm adpdekT
Moaudonkaumm ropMoHasribHoro ooHa um
4YaCTUYHON UMMYHOCYMPECCUN Ha
reTepoXpoHHOU Modenn napabunosa

,“,y‘ wd bepeMeHHbIX MblLLEe-CaMOK

BbIsIBUTb (paKTOp CTapeHus, aNMMMHaALUSA KOTOPOro u3 obLiero
KpOBOTOKA BO BpeMs OepeMeHHOCTW 3aluuiiaeTr nnoa  OT  BAUSHUS
MUKPOOKPY>XKEHUSI CTapeoLLEero opraHmama matepu.

* 3adauu_npoexma: [POBECTU SKCNEPUMEHT, B KOTOPOM Mnocre oObeanHEHUS
KPOBEHOCHbIX CWUCTEM MOMOAON M CTapol O0CODOEel HYXKHO MX CUHXPOHHO
onnogoTBopuTb. Ecnn monoaas ocobb He OyaeT YCKOPEHHO CTapUTbCA, 3HAYUT Y
CTapoW OTKITIOYEH MEeXaHU3M CTapeHus!.

['Y «MHCTUTYT repoHTonornm AMH YkpauHbl», Knes
JTabopaTtopusi «Hanomump», Mocksa.



BHumaHne wuccneposaTtenien, W3HadanbHO  3aHMMAaBLUMXCA  U3YYEHWEM  SMUTEHETUKM
aMBpUOHanbHbIX CTBOMOBLIX KMNETOK, MNPUBMEK BOMPOC CMNOCOOHOCTU TKAHEW K pereHepaunu.
CornacHo cgenaHHOMy UMW HabnaeHuo, pereHepaTUBHbIE CMOCOBHOCTN MbILLEYHbIX KITETOK-
NPEeaLECTBEHHMKOB CTapbiX >XWUBOTHbLIX MOXHO CTUMyNuUpoBaTb nyTeM napabuosza —
9KCNnepuMeHTanbHOM METOOMKN, 3aKniyalrLlencs B COeaANHEHUN KPOBEHOCHbLIX CUCTEM OBYX
XUMBOTHbIX (B OAaHHOM Crly4yae CTaporo M MOSio4oro) v no3sBonswowen OgHOMY OpraHu3my
BOCMOSIb30BaTbCA (pakTopamMu, LUUPKynNupyowmMmnm B KpoBu apyroro. KMcxoga ms Toro, 4to
BepeMeHHOCTb B onpeaeneHHOn CTENEHN Takke ABMSETCs napabno3om (CoeanHeHneEM OBYX
OpraHM3mMoB), aBTOpPbl NPOTECTUPOBANM CNOCOBHOCTb NeYeHn Hemosnoabix (10-12 mecsues)
BepeMeHHbIX U HEBEPEMEHHbIX MbILIEN K pereHepaumm nocrie renatoktoMmmn. PesynbraThl
HabnogeHnss  NPEeB30OWN  BCE  OXMAAHUS:  MNevYeHb  HEeBEpEMEHHbIX  XUBOTHbIX
BOCCTaHaBnMBanachb TONbLKO NPUMEPHO 40 50% OT ncxogHoro obbema, Torga Kak y 6epeMeHHbIX
MbllLe 0O6bEM BOCCTAHOBUMBLLEIOCS OpraHa CoCcTaBnsn Ao 96% oT ucxogHoro. B otnnumne ot
CTapblX MbIlLIeW, Morodble XUBOTHble (3 Mecdua) NPOoAEMOHCTPUPOBANIN  BblPaXXEHHYHO
CNOCOBHOCTb NEYEHN K pereHepaumm He3aBMCUMO OT Hanuymsa 6epemMeHHoOCTU. B HacTtosiwee
BpeMsi aBTOpbl paboTalT Hag pacmM@pOBKON MOSIEKYNAPHbLIX MEXaHW3MOB, fexalnx B
OCHOBe Habntogaemoro nMn oeHomMmeHa. Kpome Toro, oHM NbITaloTCs BbISICHUTb, OKa3bIBAET N
B6epeMeHHOCTb No406BHOE BNUSHME Ha pereHepaTuBHbIE (PYHKLNK OPYrMX OpraHoB.
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Figure 1.

Pregnancy improves liver regeneration in aged mice. (A) Representative serial MRI images of individual aged mice on the indicated days after two-thirds partial hepatectomy. Red

hatched lines denote the liver contours. Bar, 1 cm. (B) Photographs of representative livers of aged mice removed 2 d after surgery. (C) For each mouse, liver volume on days 0, 1,
2, and 5 was determined by MRI and was recorded as a percentage of the liver volume prior to partial hepatectomy (mean + SEM). (*) P-values were calculated for aged pregnant
mice (n = 5) relative to aged nonpregnant mice (n = 5) using Student's t-test. (Aged) 10-12 mo old; (young) 3 mo old.
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The Ak/mTOR pathway controls the switch from the hyperplasia to the hypertrophy regeneration module. (A, top panel) Immunohistochemical staining for BrdU in vehicle- and
rapamycin-treated aged pregnant mice 2 d after partial hepatectomy. Note the apparently paradoxical proliferation induced by the anti-proliferative drug rapamycin in the aged
pregnant mice. Bars, 100 pm. P = 0.04, Student's t-test. (Bottom panel) Immunofiuorescence staining for E-cadherin (blue). Bars, 20 um. (B) Cell size distribution 2 d after surgery in
hepatectomized livers of aged pregnant vehicle-treated (pink), aged pregnant rapamycin-treated (orange), and aged nonpregnant untreated (blue) mice. Each data point is
representative of at least three mice. (C) Immunohistochemical staining for BrdU of livers from young nonpregnant (NP), nonpregnant treated with bpV(phen) [NP + bpV(phen)] or
pregnant (P) mice 4 d after partial hepatectomy and continuous BrdU administration. Bars, 100 um. (D) Average proliferation indices 2 d after hepatectomy with continuous BrdU in
drinking water in mice of the indicated treatment groups. (E) Kaplan-Meier plots depicting survival in aged pregnant (pink), aged nonpregnant (blue), old (green), and bpV(phen)-
treated old (orange) mice. (F) Proposed model for the two modules of liver regeneration. In most situations, liver regeneration occurs via hyperplasia. Certain circumstances, such as

pregnancy and pharmaceutical activation of the AkmTORC1 pathway [e.g., by treatment

with bpV(phen)], favor the hypertrophy module. Aging affects the latter module much less

strongly than it affects the hyperplasia module, where it results in impairment of liver function and significant mortality.



* Wccneposartenu na Mapsapaa oOHapyXunu oMosaxusatoLwwmm 3pdekT KpoBM MOSTOAbIX 0CODEN MbiLLEN
Ha cBoux 6oriee B3pocChbix cobpaTbeB. HegaBHO CcTano U3BECTHO, YTO ECIN K KPOBM MOSTOAbIX IPbI3yHOB
nobaBnTb KPOBb "CTapuKOB", TO OHa ByaTo nocrtapeeT. HoBoe nccnegoBaHue rnokasano u obpaTHbIn
apeKT — MNpU3HaKM CTapeHns yMeHblualTcA. B xoge OnbITOB YYEHbIE XUPYPrUYECKUM MNYTEM
00beaNHUNN KPOBEHOCHbIE CUCTEMbI OBYX OcCOben rpbidyHOB. Takmm 06pasomM, KpoBb B3POCSIbIX
XWMBOTHbIX NogBepranacb BO3AEUCTBUIO MOSIEKYN N KIETOK, coaepXallmMxCa B KPOBU HOHbIX MbILLEN.
[anee 6uonory BbIACHUIIN, YTO NMOCIEe 3TON Npoueaypbl CTapble reMonodTUYECKME CTBOMNOBLIE KITETKU
ctanu BecTn cebs kak monogble: ux obuiee YMCNo YMEHbLWWUITIOCHL M OHM cTanm 6onee
nponopuuoHanbHO AnddepeHumMpoBaTbCs B apyrne TUnbl KNeTOK Kposu. OmMonaxunsarowmmn agpdekT
KPOBW OEeNCTBOBar N Ha CTBOJSIOBbIE KIMETKN MbILLEYHOWN TKaHWN. VI3 BCero aToro y4eéHble genaroT BbiBOL,
YTO Ha BOCCTAHOBUTENbHbIE CBOMCTBA CTBOJSIOBbLIX KMNETOK BIUSET HE TONbKO €CTECTBEHHbLIN NMpoLuecc
cTapeHud, HO u cpena. oka HeM3BECTHO, Kakoe BELLECTBO M3 MOSIO4O0M KPOBM 3aCTaBrSAET cTapble
CTBONOBbIE KIETKN BECTU cebsl NogobHbIM 06pa3omM, BbITb MOXET MHCYNMHONOA4OOHLIN hakTop pocTa.
OH OKasblBaeT BNUsiHME Kak Ha ocTteobrnacTbl, OpPMUPYHOLLME KOCTHYIO TKaHb U BO3OENCTBYIOLLME HA
reMono3TUYECKME KINETKN, TaK U HA KNETKN MbILLIEYHON TKaHW.

Mayack S.R., Shadrach J.L., Kim F.S., Wagers A.J. Systemic signals regulate ageing and rejuvenation of blood stem
cell niches // Nature 463, 495-500 (28 January 2010)

Abstract: Ageing in multicellular organisms typically involves a progressive decline in cell replacement and repair
processes, resulting in several physiological deficiencies, including inefficient muscle repair, reduced bone mass, and
dysregulation of blood formation (haematopoiesis). Although defects in tissue-resident stem cells clearly contribute
to these phenotypes, it is unclear to what extent they reflect stem cell intrinsic alterations or age-related changes in
the stem cell supportive microenvironment, or niche. Here, using complementary in vivo and in vitro heterochronic
models, we show that age-associated changes in stem cell supportive niche cells deregulate normal haematopoiesis
by causing haematopoietic stem cell dysfunction. Furthermore, we find that age-dependent defects in niche cells are
systemically regulated and can be reversed by exposure to a young circulation or by neutralization of the conserved
longevity regulator, insulin-like growth factor-1, in the marrow microenvironment. logether, these results show a new
and critical role for local and systemic factors in signalling age-related haematopoietic decline, and highlight a new
model in which blood-borne factors in aged animals act through local niche cells to induce age-dependent disruption
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YKpavHCKMe Yy4Y€Hble C LUENb BbIACHEHMS MYCKOBOrO MeXaHu3Ma WMMyHUTETa usyydanu
reTepO3poHHbIE MapabuoTnyeckme napbl (Monogble M CTapble MbllWKN-CaMubl) U BbISICHANN
nocnegoBaTesibHOCTb BO3HMKHOBEHUS! BO3PACTHbLIX HAPYLLUEHUI Y MOMNoAbIX NapTHEPOB. bbIno
YCTAHOBJIEHO PEe3KOe CHMXEeHME UMMYHOSTOMMYECKNX (PYHKLUUIA, KOTOpPOe MnporpeccupoBano no
Mepe COCYLLECTBOBAHUS XUBOTHbIX. MlccnegoBatenu npegnonaratT, YTO cTapeHne UMMYHHOM
CUCTEMbI MOSIOAbIX MbIWEN B OBLLIEM KPOBOTOKE CO CTapbiMM MOXET OblTb OMNOCPEAOBaHO
HapyLeHuem nepudepunydeckon aupdepeHuMpoBkm T-NMMMEPOLNTOB.

Pishel I.N., Rodnichenko A.E., Orlova T.N., Shitikov., Kuchma M.D., Yuzik M.S., Butenko G.M. Imprairment

of peripherial differentiation of T-cells a mechanism of accelerated aging of the immune system // Buk. Med.
Herald. — 2009. — V. 13, Nedro — P. 227-230.

Abstract: A decrease of the immune functions with age is a well established fact. It can be assumed that this
decrease is caused either by changes in the cells and lymphoid organ or by some humoral factors or due to
some unknown regulatory influences at the cell population level. In order to analyze the trigger mechanism of
age-related changes in the immune system we made the heterochronic pairs with different terms of
coexistence. Objectives: to determine the sequence of agerelated alterations in the young immune system.
Methods. Young and old male CBA/Ca mice were joined by parabiosis. Total 6 groups were made: young and
old single controls, young and old isochronic pairs, and heterochronic pairs, each group having 3, 6 and 12
weeks of coexistence. Routine immunological methods and RT-PCR were used. Results. We observed age
changes of the immune parameters in young heterochronic partners, which were progressing with an
increasing term of animal coexistence. Initial changes in the immune parameters of the young heterochronic
partners refer to the T-cell subpopulations in the spleen. The first change noticed was the increase of high
proliferate CD8+CD44+ cell number after 3 weeks of pair coexistence. The progressive age-related changes
in the T-cells subpopulations caused a complete dysfunction of the immune system, such as decrease of
primary immune response to SRBC, PHA-stimulated [ymphocyte proliferation in vitro, and splenic
macrophage phagocytic function in young heterochronic partners. Conclusion. These results may suggest that

primary age-related changes in young heterochronic partners may develop in T-cells migration and
homeostatic differentiation.



Puc. 1. Macca TeMyca (A, Mr) H npomgepaTHBHAT AKTHBHOCTS CIVIEHOIHTOR (B, V.€1) V AHBOTHEIX Pa3HEIX 3KCIIEPHMEHTa-
JIBHBIX TPV gepes 12 MecAmeR nociIe OnepaHH

ITpumeuanna. 1. HoMepa rpynm XKHBOTHEIX VKa3aHEI ¢ 1 o 6 ciaeBa Ha mpago (o mopaaky). 2. YKazaHel cpef-
Hee 3HavueHHe (UeHTpalTbHad 110710Ca). OMHOKA cpeHeH (BepXHAA H HIDKHAA IPAHHIEI CTOIOHKA) H CPEIHEKBA-
ApaTHIeCKOe OTKIOHeHHe (BepTHKAIBHEIE I'PAHHIIE Pa30opocoB). 3. * - P7<0.05 mo oTHOMEHHIO K COOTBETCT-
BYIOIIEMY H30XPOHHOMY KOHTPOITIO




« B atom xe HanpaeneHun paboTtatoT 1 ydeHble n3 CLUA, koTopble nokasanun, YTO CaTENMUTHbLIE KITETKU
MbILLL, MOXWIbIX N04EN HE B COCTOSIHUM aKTUBMPOBATLCA B OTBET Ha MbILLEYHY aTpoduio B
crnencteue HU3KOWN aKTUBHOCTH Notch, KoTopasd COMpOoBOXOaeTcd yBennyieHnem
KOHLEHTpaLmMm TpaHCOPMUPYIOLLIErO  POCTOBOrO daktopa 6eTta (TGF-beta)/dpocdoSmad3
(pSmad3). Takke 6bINO MOKa3aHO, YTO CBO3PACTOM MPOUCXOAAT OTKIIOHEHUS B aKTMBHOCTMU
MARK/pFRK curHanbHOM Kackage, KOTopbi NPUHUMAaET y4acTue B perynsumm aktTuBHOCTM Notch.
AkTuBauns MAPK/Notch BoCcTaHaBnMBaeT MUOreHHble (PYHKUUM CaTEeNUTHbLIX KITETOK MOXMUIbIX
nogen, B To BpeEMS Kak UHrMbupoBaHMe OaHHOW CUrHarbHOW CUCTEMbI Y MOMOAbIX Noaen
NPUBOANT K 06pa3oBaHUIO CaTENMUTHLIX KNETOK NOXMUIIOro Tuna..

Carlson ME, Suetta C, Conboy MJ, Aagaard P, Mackey A, Kjaer M, Conboy I. Molecular aging and
rejuvenation of human muscle stem cells // EMBO Mol Med. 2009 Nov, 1(8-9):381-391.

Abstract: Very little remains known about the regulation of human organ stem cells (in general, and during the
aging process), and most previous data were collected in short-lived rodents. We examined whether stem cell
aging in rodents could be extrapolated to genetically and environmentally variable humans. Our findings
establish key evolutionarily conserved mechanisms of human stem cell aging. We find that satellite cells are
maintained in aged human skeletal muscle, but fail to activate in response to muscle attrition, due to
diminished activation of Notch compounded by elevated transforming growth factor beta (TGF-beta)/phospho
Smad3 (pSmad3). Furthermore, this work reveals that mitogen-activated protein kinase (MAPK)/phosphate
extracellular signal-regulated kinase (pERK) signalling declines in human muscle with age, and is important
for activating Notch in human muscle stem cells. This molecular understanding, combined with data that
human satellite cells remain intrinsically young, introduced novel therapeutic targets. Indeed, activation of
MAPK/Notch restored 'vouthful' myogenic responses to satellite cells from 70-year-old humans, rendering
them similar to cells from 20-year-old humans. These findings strongly suggest that aging of human muscle
maintenance and repair can be reversed by "youthful' calibration of specific molecular pathways.
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® - Y10 TpebyeTcsa Ansa npoBeAeHUs aKcnepumMeHTa?

® - VlHcTutyT repoHTonormm HAMH YkpaunHbl roToB 3a
CBOW CYET nNpoonepupoBaTb 10 nap nadbopaTopHbIX
XXMBOTHbIX, YTOObI NOMNY4YNTb AOCTOBEPHbIE
pe3ynbraThl.

TpebyeTcsa npnobpectn 10 Nap *KNBOTHbIX YNCTOMN
NTMHUN, KOPM AON1K XXUBOTHbIX, pacxogHble
mMarepuansl Ans onepauum u aHanu3os.

NHcTuTyT repoHTonornm HAMH YkpaunHbl roToB
HanucaTtb Hay4YHYI CTaTblo C pedynbrataMu 3TOro
9KCNepUMeHTAa.



