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O2nsi0 npucesaueno Karbnainam — Cimetcmsy YumoniasmamudHux Kaibyitl3aiedicHux npomeinas
3 NanaiHonodiobHow aKMuHicmw, AKI Oepymv yuacms y PI3HOMAHIMHUX Npoyecax, wo ei00yearmucs
8 Opeauizmi: 3a 6IKOGUX 3MiH, V (DYHKYIOHYBAHHI eHOOmeNil0 ma JleceHesoi cucmemu, pe2ynsyii anon-
mo3y ma HeKpo3y, pPO36UMKY PIZHUX 2INOMemaOONIuHUX CMAHIG, 2inepmeHsii, a makxodc npu Oiabemi,
XPOHIUHIU X80pOOI HUPOK I NYXAUHHOMY pocmi. J{iluau UCHOBKY, WO KAIbNAIHU, CAPUYUHAIOYU 0OMedice-
HULl npomeoniz cyocmpamis, 8i0ieparms 8adCIUBY POb Y Peanizayii WupoKo2o cnekmpa 0ion02iuHuUx a6uy.
Ix yHKYiOHY8aHHS NOBSI3aHe 3 8I0N0BIO0 HA KANbYIU3ANeHCHY cueHanizayir. [lpuenivenns akmugnocmi
Kanibnainie cnpusie 2aibMy8aHHIO PO3GUMKY OUCHYHKYIL eHOomenit, cepyeso-cyOUHHUX YCKIaOHeHb, (hop-
MYBAHHIO CIMPYKIYPHUX MA QYHKYIOHATBHUX 3MIH Y MKAHUHAX HUPOK, d MAKOIC CAPUHUHIOE HEUPONpOmeK-
mopHUtll eghekm, 3anodieae capkonetii i NOCAIAONIOE 3aNaANbHI peakyii, 3yMOGIeHI 2inepeeHmuIAYIEI0 1e2eHIE.

Knwuoei cnoea: kamvnainu, 6iKosi 3MiHU, (DYHKYIOHYEAHHs eHOOMENTIO; leceHesd (YHKYIsL, anonmos;

2inomemaboniuni cmanu; Kaibnainu 3a apmepiaipHoi 2inepmensii, diabemy, XpoHiuHol
X80p0oOU HUPOK, NYXIUHHOMY POCHII.

anprainn  (3.4.22.17) — xanbmii3anexHi

npoTeiHa3u 3 ManaiHOMOMIOHOK aKTHB-

HICTIO — CTAHOBJISATH CIMEMCTBO IIUTOILIA3-
MaTHYHUX IUCTETHOBUX €H3UMIB, IKi aKTUBYIOTHCS
iOHaMHM KaJibIlit0. Ha chOroiHI TOCSITHYTO 3HAYHUX
YCIiXiB y BUBUYCHHI CTPYKTYPHHX, CH3UMATUUYHUX
Ta (YHKIIOHAJTBHUX XapaKTEPUCTHUK KalblaiHiB
[1, 2]. Ix yuacTh y KIITHHHHX TIpollecax y HOpMi i
3a PO3BUTKY MATOJIOTil PO3MIISNAETHCI Ha PI3HUX
piBHSIX (DyHKIIOHYBaHHS >KMBOTO — BiJ MOJICKY-
JSPHUX B3a€EMOJIN 0 (Di310JIOTTYHUX MPOLECIB B
opranismi. OJHaK iCHYIOTh HEBHpIlICHI MHUTAHHS,
OJHHUM 3 SIKMX € ME€XaHi3M aKTuBaIll KajblaiHiB
y KHBI# KIiTHHI, B sKiif in Situ piBens Ca?* Haba-
raro HIKYUM, HIK II€ HEOOXITHO JIST BHSBICH-
HSI OCHOBHHMX BIIACTHBOCTEH IILOI'O THUIy CH3HMMIB:
aBTOJIi3y, MPOTEOTITHYHOI aKTUBHOCTI Ta PeryJsiii
inribiTopom. HeBupinieHi nuTaHHS TMOB’sI3aHI 3
HEOOXIHICTIO MOJAJBIIOT0 BUBYEHHS 0l0J0TTYHOT
poni  BenuKoi KiNBKOCTI TpOTEiHIB ciMeHcTBa
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kanpnainie [3]. YV giteparypi € 3HauHUE 00’€M
iHpopmarii moao HpOro ciMelcTBa, siKa 4acTo Mae
CYNEpEWINBHHA XapaKTep, a TAKOXK € PO3PiOHEHOI0
Ta HEBM3HAYEHOIO 332 HU3KOIO IMOJIOKEHB. 3BaXKaro-
YU Ha I, OCHOBHOIO METOI0 I[bOTO OISy OyIio
miJicyMyBaTH HasiBHI JaHi, MPOBECTH IX aHai3,
AKIEHTYIOUM yBary Ha OCTaHHIX JOCATHEHHSX,
IO CTOCYIOTHCSl BUBYCHHSI CTPYKTYpPH, BIACTHBO-
crTel, kmacudikaiii kajabnaiHiB, 0COOJUBOCTEH iX
(yHKIIOHYBaHHSI B OpraHi3Mi JIIOAWHH 1 TBapHH, a
TaKOX pOJIi B HACTAHHI BIKOBUX 3MiH Ta PO3BHTKY
[aToJIOTii BHYTPIIIHIX OpraHiB.

3arajibHa XapaKTepUCTUKA KAJIbIATHIB

Kanpnainm — BHyTpimmHbOKITITHHHI  Ca?'-
3aJIeKHI  TioJIOBI mpoteiHasu [4—7]. bBimbiiicts
KalbNaiHiB y KIITHHI NMPOTEONITUYHO HEaKTHUBHI
[2]. IX aKkTHBHICTH perymiOeThbes IIISAXOM 3MiHH
koHneHtpamii Ca** Ta kampnactaTuHy — iX oc-
HOBHOTO iHTIOITOpPY. 32 JOMOMOTOI0 MPOTEONi3y
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cyOCTpaTiB BOHH BiAIrpalOTh BaXKJIUBY POJIb Y LIH-
POKOMY CIIEKTPi 010JIOTTYHUX SIBUIIL [S], 311 HCHIOIOTh
OoOMEKeHe  pO3MICIUICHHST  MPOTEiHIB-MilleHen
y BIANOBIJb HAa KaJbIIH3aJCKHY CHUTHAJI3AIII0
[4, 8, 9] Ta MpPOAYKYIOTh HE KOPOTKI MENTUIU ab0
aAMIHOKHCJIOTH, 8 BEJIHKI MOJINEeNTUIHI (parMeHTH
[2].

Hasza kanmpmaiHu iCTOPHYHO  HaJIGKUTh
npoTeiHazaMm, siKi aKTUBYIOThCs 3a ydacTio Ca’' i
YHsi OCHOBHA CTPYKTypa MicTuTh Ca’'-3B’s13yrouy
neHTa-EF-naHKy, a TakoX KajbllaiHOBUM JIOMEH
uucteinoBoi nporeinasu (CysPc) i C2-nomen (C2L)
[10]. Y renomi moaunu CysPc konyerbest 15 renamu,
aJie TiIJIbKH IEB’SITh 13 HUX KOAYI0Th NeHTa-EF-nanky
[5, 10]. leneTnuHi nedekTH B reHax KajabNaiHiB npu-
3BOJSITH JIO JICTAJIBHOCTI Ta/ab0 (hyHKIIIOHATHHOTO
nedinuTy B 0araTboX OpraHi3MiB, BKIHOYAKOUHU JTHO-
nuny [5].

Kanpmalou 7I0Kamdi30oBaHO B ILMTO30J 1
MitoxoHIpisix [11]. BBaxkawoTs, mo 93% 1X KiabKOCTi
JIOKaJi30BaHO B IIUTO30JIi €PUTPOLMTIB JIOANHH, a
7% — 3B’I3aHO 3 IJIA3MAaTHYHOK MEMOpaHOowO [2].
OcraHHi sKpa3 1 € eH3UMATUYHO aKTUBHUMU. 3HAU-
Ha YacTHHA KaJIbMAiHIB y LUTOIJIa3Mi KIITHHH
3B’s13aHa 13 CyOKJIITUHHUMH CTPYKTypaMu. Y CKe-
JeTHHUX M’513aX — e MioiOpwin, TOIi SIK B 1HIIUX
KJIITHHAX — BOJIOKHA ITUTOCKEJIETa (AKTHH).

LlikaBuM € Te, 110 AeSKi KaJlblalHW JIOIUHH,
0COOJTMBO 3 HEKJIACHYHOIO JIOMEHHOIO CTPYKTYPOIO,
Jy’Ke CXOKi Ha KaJiblaiH!, BUSBJICHI B €BOJIOLIHHO
JajeKux opranizmis [7]. ['pubu 1 ApixKI MalOTh
KaJIbIalHnoaiOHl mociigoBHOCTI 0e3 mnenrta-EF-
nanku. Taki nporeinn no3naveni, sik PalB i Rim13
BiIMOBITHO. BOHM TOMOJIOTiUHI JIO Kajbmainy-7
JIONWHU, TPUYOMY OCTaHHIM € eBOJIOLIHHO
KOHCEPBAaTUBHIIIMM, HIX KJIaCUYHI KaJbIaiHU,
mo wictath neHTa-EF-manky [10].  N-kiHeub
KaJblaiHy-7 Ma€ TaHJISCMHUN IOBTOP JOMEHIB,
Kl B3a€MOMIIOTH 3 EHJOCOMHHM KOMIIIEKCOM,
HEOOXiTHUM JJisi TPaHCIOPTYBAaHHS MPOTETHIB.
Oxkpim kanenainie, nenta-EF-nmanku 3HaiiieHo i1 B
iHmux Ca?'-3B’13yI0uuX NpOTEiHAX, BKJIIOUYAIOUU
ALG-2 i reH cipuitHsaTIuBOCTI myxyuH 101.

TpuUBUMIpHUH CTPYKTYPHHH aHali3 IOMOMIr
BU3HAYUTH YyHIKAJIbHHM  MEXaHI3M  aKTHBaIil
kanbmnaini [7]. BoHu ckiiagaroTbes i3 JABOX OC-
HOBHHMX O0JacTel, SKi B3a€EMOJIIOYH, YTBOPIO-
I0Th (YHKIIOHAJIBHI TPOTEIHA3UW TUIBKU TO/I,
Konu 3B’s13yroThes 3 Ca?'. J[Ba HaWMOMUpPEHINIHX
1 JIOCHIJDKEHIIUX YJICHH I[i€] POJUHU Yy CCaBIIiB
BINMOBiJAIOTH [l- Ta  m-KanpnaiHam  (abo

Kayiprnainam 1 1 2), ki € rerepoguMepaMu Ta
i30hopMaMu y BUTJISII BEJIMKOI Ta Majoi cy0oau-
HuIb 13 Macoro 80 ta 28 k/a [4, 12]. OcranHI0 HA3H-
BAIOTh «PETYIATOPHOIO», OCKIIBKH BOHA HEOOXiaHA
JUTSL TIPaBHJIBHOTO (DOJIIIHTY BEIUKOI CyOOAMHMII
[2].

3rigHo i3 KpucTajiorpadiuHuM aHalli30M J0-
MEHHa CTPYKTypa KaJIb[aiHiB JIOJUHU BKJIIOYAE 6
EF-nanok y Benukiii i S —y mauniii cyooauHui (puc.).
Omguum € NH2-KiHueBMﬁ JIOMEH, JIPYTUM — JIOMEH
i3 Cys-3aiuIIKoM y mosioxkeHHi 115 (p-kanpmnainy)
abo 105 (m-kanpnaiHy), KM € aKTUBHUM caii-
ToM 1 3 His y mnomoxenni 272 (p-kanpnainy)
abo 262 (m-xanpmainy) i Asn y monoxeHHi 296
(u-xanmpnainy) ado 286 (m-kanpnainy), yTBOPIOIOYN
KaTaJiTH4HI Tpiaau, TaKi sK y namaini abo KaTercu-
Hax B, L abo S.

CxemarnyHa JiarpamMa TMOKa3ye JIOMEHHY
CTPYKTYpY W- 1 Mm-KaJblaiHiB JIOJUHHU 3TiTHO
3 X aMIHOKHCJIOTHOIO IIOCIIJOBHICTIO,  IJIs
m-Kkajpnainy  JIOAUHU KpucTasnorpadivHum
aHaJi30M Bu3HaueHo micTh EF-naHok B cyOonnHui
80 x/la i m’ste EF-nanok B cyooqunuii 28 k/la, siki
MO3HAYEH] y BUTJISAI BEPTHKAIBHUX CTOBITYHUKIB.
Kpucranorpadiuna  cTpykTypa  m-KajlbmaiHy
BKa3ye Ha Te, 1o mocrta EF-nanka Biipi3HsI€ThCS B
aAMIHOKHCJIOTHINM TIOCJIJJOBHOCTI, KOPJOH JIOMEHIB
II/I11 ne mae EF-nanku.

Tpertiii nomeH o0’ennye Ca?*-3B’13ytoui JiaH-
KM MOJISKYJIH B KaTtamituuny obnacts (II) i cBo€ero
y4acTI0O B EJNEKTPOCTATHYHUX B3aEMOJIISX MOXKE
OyTH 3amydeHUil a0 3B’13yBaHHA (ocomimiaiB i
peryJaroBaHHS aKTUBHOCTI Kaybnainy. Lleit momen
TakoX MicTuTh ABI EF-manku. YeTBepTuil noMeH
HE3HAYHO T'OMOJIOTIYHUH KaibMOnyiHy (24—44%)
i Mae 51-54% noxiOHOCTI cepeft - 1 m-KablaiHiB.
Bin mMicTUTh 9OTHPH HAOOPH MOCIiJOBHOCTEH, SIKi €
npeaukropamu EF-nanok Ca?-3B’13y10unx caiTiB.
Ileit nomeH y m-KajbHaiHy JIIOAUHU MOYUHAETHCA
3 530 aMiHOKHMCIIOTHOT'O 3alUIIKy i BKtodae EF-
nanku 541-552-3anmmkiB. Y 80 kla-cyGommnmii
BiH Mae ATk EF-nanok, npuuomy COOH-kiH1EeBi
rpynu OepyTh ydacTh y aumepusanii 28 i 80 x/a
CyOOIIMHHUIIb.

BinzHaueHo TkaHUHOCTICIU(DIUHY JIOKAJTi3a11110
KaJIbMIaiHIB, HAMPUKIAJ, M-KaJIblIaiHu HE BUSIB-
JICHO B TPOMOOLMTAx i €PUTPOLUTAX JIIOAMHH, a
[-KaJbnaiHu BiCYTHI B TpOMOOIMTax OWKa, Iiaj-
KMX M’s3aX LUTYHKa 1 cyauH iHau4ok. CkenerHi
MSI3U JIOMAIIHIX TBapUH MICTATh MPUOIHM3HO OJI-
HAKOBY KiNBKICTH |- 1 M-KaJbHaiHiB 1 HaJJIMIIOK
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I I I v
| | C HN | | |
N L 1 il | Il T T T ¥icsokDa
1 87 88 327 328 569 570 714
[-KaJblaiH TN VI |
N L 1 | I 1 1 JiC28kDa
1 101 102 268
I 1 1 v
| | C HN | | |
N [ 1 Il | Il 1 1 1 §Cc80okDa
1 76 77 316 317 555 556 699
m-KaJbIlaiH | h | s |
N N [ I X X _TTXlco2skDa
(mpexpuctanorpadiaHii) 1 101 102 268
poTeiHa3HU NpoTeiHa3HUH 3B’130K
JOMEH D-1 AOMCH D-2 1l ‘ \Vi
1 c L _HN | 1 |
N L1 1 1 110 I 1 1 Jfic80kDa
1 210 211 355 356 514 530 699
| .
1819 M-KaibHain Vi
(mocTkpucTanorpadiaHmii) N86H]:EED126§: 28 kDa

Cxema 0omennoi 6y00su munosux kaavnaiuie moounu [2, 9]

KaJIb[IACTAaTHUHY, IKUH MePEeBULIYE aKTUBHICTH ABOX
KaJIb[aTHIB pa3oM, ajie He y BCiX KJIITHHAX abo TKa-
HUHaX.

VY mporieci akTuBaIlii KajgblaiHiB 3B’SI13y€ThCS
1o necsatu ioni Ca [4, 12]. Ilpu ubomy oxpemi z10-
MEHHU 3MIHIOIOTH CBOKO ITO3HUIIO II0 BIJHOIIEHHIO
OIMH JI0 OTHOTO, ONTHMI3YIOUH CTPYKTYPY aKTHB-
HOTO LEHTpY. B3aemoxiss Mix pi3HUMH perioHamMu
BCi€i MOJIGKYJIM KaJibllaiHy NOTpiOHA [JIs HOro
MoBHOT TporeositnyHoi aktuBamii [13]. C-kinii
000x cyOomuHuUIb, BiJ mociigoBHocTeit 503—506 i
no kinns 80 kJla-cyOonunmili, a Takox Bijg 85—88
1o KiHis 28 k/la-cy0oauHulti, CTiiKi 10 aerpaaaii
npoteiHa3aMu B MPUCYTHOCTI a00 3a BIJCYTHOCTI
Ca?', ToOTO 111 YacTHHA MOJICKYJIH KalbllaiHy €
KOMITAaKTHOIO CTPYKTYPOIO.

TepMiHHM [-KablaiH i m-KajlbnaiH BAKOPUCTO-
BYIOTb JIJI5l XapaKTEPUCTUKHU MiKPO- 1 MITIMOJISIPHUX
Ca*-zamexxHux mpoteinas BigmosigHo [2]. Tlo-
Ka3aHo, IO W-KajbnaiHu QochopuiiboBaHi 3a
JIeB’IThMa caTaMH, a m-KaJblIaiHU — 3a BiCbMOMa,
IO Ma€ CTPYKTypHE 3Ha4YeHHs, OCKiIbKU (ocdo-
Tyr-3anumku MOXyTh OpaTd ydyacTh y mepenadi
CUTHAJIIB.

[oBigomusieToest [4, 12], mo aas gocsr-
HEHHS TOJIOBUHU MaKCHMaJbHOI akTWBamii - i
m-kajbnainy, abo kanenainu 1 1 2, moTpedyrTh
~ 30 i~ 350 mxM Ca?" BignosigHo. Y xiiTuHax,
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B akux BmicT Ca?" 3HaxXomuThCS B Jianas3oHi Ha-
HOMOJISIPHUX  KOHIEHTpAIii, Ui  aKTUBamii
€H3MMIB HEOOX1JIHI aBTOMPOTEONi3, IUCOLIaIlis,
MOCTTpaHCALIMHA Monudikailis ado HasBHICTh
JONOMIKHUX TpOTeiHiB. 3a BIiACYTHICTIO IUX
MEXaHi3MiB BBAXKAIOTh MOXJIMBUM, 1[0 32 HOPMaJib-
HUX YMOB KaJIbIIaiHH, SIKi THMYaCOBO aKTHBYIOTh-
cs1 3a BUCOKOI KoHIeHTparlii Ca*" B MiKpOOTOUYEHHI,
MOTIM MMOBEPTAOTHCS B HCAKTUBHUM CTaH.

V pi3HUX BU/IiB OpTraHi3MiB, BiJ] HAUTTPOCTIIMX
JI0O CCaBI[iB, IIOCIIiIOBHOCTI KaJjblalHIB Jy¥kKe
BapirooTh [ 14]. Kanbnainu mpucyTHI Ha BCiX eTanax
€BOJIIOLI1; 3HAXOAAThCS Maike B yCiX €BKapioTiB i
B HU3IL1 OakTepiii, okpim apxibaktepiit [7]. Pocnu-
HU MaroTh €AUHHUN «KaJIbIIATHOBUI» I'eH 1 1Iel e’
KOJIY€E MOJIIMENTH/I, [0 MiICTUTh TPAaHCMEMOPaHHU I
nomeH [2]. Kanpnainu TBapuH NEpEeMIIyIOTHCS 10
1a3MaTUYHOI MEeMOpaHH, e BOHH PO3LICTLIIOITh
acoluiioBaHi 3 MeMOpaHamu cyOCTpaTu.

KanpnaiHu OCHOBHUX €BOJIOIIMHUX TpyIl
€ THUIIOBI Ta aTWMOBI, iX KJIaCU(PIKYIOTh 3a
(hioreHeTHYHUM TMPHHIMIOM 1 THUPEPEHIIIOIThH
3a  HasBHICTIO  KalpMmoayiiHmomionoro Ca?'-
3B’s13yr04oro jomeny [2, 14]. «Tumnosi» kanabnaiHu
MarTh KaJbMONyMiHNoAiOHuN nomen Ha COOH-
KiHII [2], «<HETUIIOBI» HE MatoTh ¥oro. Kanenaiu 10,
HAIPHUKJIaJ, € ATUIIOBUM, MOIIOHUM JI0 KaJIBIAiHIB 5
i 6. I'en xanpmainy 10 moguHM KapTOBaHWUM Ha
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XpoMocoMi 2q 1 BHSBISETbCS Y BOCBMHU Pi3HUX
i30hopMmax, siki MaroTh Ha3Bu: Kanbnain 10a, 100 i
tak nani jgo 10h. Kanenain 10a HalimomupeHinmmit
1 eKcripecyeTbes B ceplii (oro piBHI TaM HalBHILI),
TOJIOBHOMY MO3KY, IUJIAICHTi, JIETeHsX, IMeYiHII,
CKEJIeTHUX M’sI3aX, HUPKAX, MiAILTYHKOBIH 3aI103i,
KPUIITAINKaX 1 CITKIBIII.

[Ipemaparu kanbpmaiHiB OAEPKYIOTH i3 PI3HHUX
TKaHWH, CKEJIeTHUX 1 CeplIeBHX M’53iB Owuka,
IJIANeHTH 1 TpoMOOouWTiB nfoauHu. llpm mpomy
ClIiJ 3a3HAYUTH, L0 BHUIUIEHHS KajblaiHIB Mae
HHU3KY OOMEKEHb, BKJIIOYAIOYH TakKi, IO CTOCY-
FOTBCS TOMOTeHi3amii 3pas3kiB TkanwH [15]. lle
MIEPENIKOKA€ BHBUEHHIO TIPOCTOPOBOIO PO3Ta-
ITyBaHHA TpOTEiHA3 1 mependadyae MOXKIMBICTD X
B3a€EMOJIT 3 €HJOMCHHUMH 1HTIOITOpaMH, SIKi OyJIu
30epekeHi Ta MPOCTOPOBO PO3AIICHI B MPHUPOJI-
HUX ymoBax. Kpim Toro, neski KanbnaiHu, Harmpu-
KJa] 3a, BUSBIAIOTH JAYXKE HU3bKY TIPOTCONITUYHY
AKTHBHICTH, 110 O0OYMOBJICHO MAJIOK) KIJIBKICTIO 1X
a00 HEAOCTATHICTIO KO(AKTOPIB, sIKi BTPavyaloThCs
i yac ToMoreHizauii TKaHWUH 1 (pakuioOHyBaHHS
[2].

Bwmict MPHK 1 kinbkicTh mpoTeiny cimabo Ko-
PENIOITh 3 aKTHUBHICTIO KajblaiHiB, 0OMEXKYHOUU
BUKOPHCTAHHS TEHETHUYHUX METOIIB ab0 BHUMIpY
ix xoHueHtparii [8]. BuxopumcranHs mOXigHOI
MIPOITIOHOBOI KHUCIJIOTH, TOB’SI3aHOI 3 KazeiHOM Yy
criBBigHOmeHH1 8:1 Moibs abo BuIE, MOXKE 3a-
OC3MeYNTH aHalli3 IMPOTCONITHIHOI aKTHBHOCTI
kanepnainiB [16]. Lleit MeTom Mae HH3KY TepeBar,
HOTO JIETKO aJanTyBaTH A0 MiKpoaHai3y, TOMY BiH
MOJke OyTH BUKOPUCTAHUH ISl CKPUHIHTY BEITHUKOT
KiJTBKOCTI 3pa3kiB. 3a3Hau€HUH METOA J03BOJISE
BusBIATH 10 10 Hr (6nm3pko 5 HM) Kanblainy.
BiH Takox cnyrye s 3arajbHOrO  aHaji3y
IPOTEOIITUYHOI aKTUBHOCTI 1 MOKe OyTH BUKOPH-
CTAaHUU JUIsl JOCTIJKCHHS Oylb-iKOI MpoTeiHaswy,
110 po3LEenJItoe ka3eil. [[poreinu nurockenera, Ha-
MPHUKJIAJ, COEKTPUH Ta 1HIII, TAKOXK € BIAMIHHUMH
cyOcTpaTamMu 1Jisl KalblaiHiB, MPOTe BOHU HE TaK
JIETKO JOCTYIIHI 1 3HAUYHO AOPOKYe Kazeiny [2].

He MeHm 4yTnuBHUM € MIKpOMETOA BH3HA-
YCHHS aKTUBHOCTI KaJIbIAiHIB, SKUH 0a3yeThCs
Ha BUKOPHUCTAHHI K CyOCTpaT y MPOTEOTITHYHIN
peaxiiii MapKepHOTo eH3UMY (IIEPOKCHI1a3a XPOHY),
iMOO1JTI30BaHOTO Ha MOBEPXHIi MOJIICTUPOIY, Ta TIO-
TepeIHbO KOH IOrOBAHOTO 13 TPOTETHOBUM CyOCTpa-
ToM (anmpOyMiH cupoBatku Omka) [17]. Ilpu mpomy
AKTUBHICTh KaJIbIAiHIB BHU3HAYAIOTH SK PI3HHITIO
MK aKTHBHICTIO mpoTeinas i3 nomaBanusam CaCl,
1 IECTEIHY MPOTHU eTHIICHAiaMiHTeTpaaneraty [18].

ITig yac mocHigKEeHHSI aKTUBHOCTI KaJIbIIAlHIB
CJTiJI TaM’ITaTH, 1110 OOUIBA |I-1 M-KaJIbIIaiHH II1BU/I-
KO BTpayaroTh MPOTEONITUYHY aKTHUBHICTH MpHU
temreparypiBuie 25 °C[2]. Bizomo, 1110 ak THBHICTh
Mm-KaJIbMaiHiB BHUSBJICHO B pa3l BUKOPUCTAHHS
Ka3eiHy sk cyOcTpaTy B yMOBax iHKyOarii mpoTsi-
rom 50 xB npu 0 °C. IIpoTeoniTHuHa aKTUBHICTbH
KalbnaiHiB BTpavyaeTbcsi mpotsroMm 10 xB mpu
37 °C. 3meHuIeHHS iXHBOI aKTHUBHOCTI TaKOX
BinOyBaerbes npu 30 °C. Pa3zoM 3 TuM, BOHU BTpa-
YaroTh AKTUBHICTH MIBU/IIIE 33 KOHIEHTparlii Ca*’,
10 TIEPEBUIYIOTh Ti, SIKi MOTPIOHI JJIsSI TIOJIOBUHU
MaKCHMaJIbHOT IIBUAKOCTI peakKiii, 1 e HoB’3y0Th
13 MOJIHMBHMM IX aBTOJI30M. BBaxaroTh, 0 3a
kounenTparitii Ca** 1-5 MM aHami3u mOTPIOHO MPO-
BOOUTH TpH TeMmrepaTypi Hk4de 30 °C mpotsrom
20-30 xB ab0 MeHIIe. AHATI3M X IPU TeMIeparypi
30 °C abo Bwuie i 3a kounentpariii Ca?* 1-5 MM ne
MaroTh B1I0yBaTUCS MPOTATOM Oinbm Hixk 10—15 xB
00 TOYHICTH BHU3HAYCHHS AKTHUBHOCTI KallbIaiHIiB
Oyjie ocTaBJIeHa IIij 3arpo3y.

[Ipoctuii MeTon JOCIHIJKSHHS aKTUBHOCTI
npoTeina3 6a3yeTbest Ha IIyOpeCHeHTHOMY aHami3i
3pi3iB TKAaHWH B arapo3HOMY Telli, 1o 3abe3nedye
OPOCTOPOBUH X CKPHHIHT 1 3HIMAae MPOTETHOBI
B3aemojii B romorenari [15]. Lleir meton 30epirae
AHATOMIYHI XapaKTEPUCTHKU TKAaHWHH 1 MPOCTO-
POBHIT PO3IiJI, JOCTATHIN ISl OIIHKH aKTUBHOCTI
npoTeiHa3 y KIITHHAX Ta KPOBOHOCHHUX CYy/JMHAaX B
MeKaxX TKaHWHU.

Pousib kajibnaiHiB 3a pizHUX
CTaHiB Opra”izmy

Kanpnainm OepyTh aKTHBHY ydYacThb y Ta-
KUX (I310JOTIYHUX Tpolecax, SK PEeMOJCIIO-
BaHHsSI LIUTOCKEJETa, PErylslis eKcrpecii TeHiB,
nepejaaya CUrHaIIB, KIITHHHUM IUKJI, arolTo3 Ta
iHmwmx [2, 8]. OxpeMi QyHKIIOHAJIBHI BIACTHBOCTI
KaJIBIAiHIB, iX POJIb B OCHOBHUX KJIITHHHUX MPOIIE-
cax mpezacTaBieHi B Ta0u. 1.

KanpnaiHm MOXyTh BHKOHYBAaTH 1ICHTHYHI
¢izionoriuni (yHKUii, ajge 37aTHI pearyBaTH Ha
Pi3HI KJIITHHHI CUTHAIM: BOHU MaIOTh Jy’Ke CXOXI,
SIKITIO HE 1IGHTUYHI 0cO0IUBOCTI. TpOMOOIUTH JT10-
JUHU MICTATB TiJIbKU [-KaJIblIaiHU, a OMYadi TpOM-
OOLMTH MAIOTh JINIIEC M-KaJIbIAiHH, aJ1e BOHH BUKO-
HYIOTbh OIHAKOBI (DYyHKIIT B KIiTHHAX [2].

Kanbnainu 3HAXOIATHCS BUKJTIOYHO
BHYTPIITHBOKJIITUHHO, 32 BUHSITKOM MATOJIOTTYHIX
a00 MOUIKO/KEHUX TKaHUH. BOHM MOXKYTb po3ien-
JIOBaTH CIEKTPHH, OepyTh ydacTh y Jerpajarii
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Tabruys 1 Ponb kanvnainie y KiimunHux npoyecax

Kumituananii mponec

Poups kanbnainis

[lepenaua curnainis

BepyTh yyacTb B iHTEIPUHOIIOCEPEIKOBAHUX CUTHAJIBHUX ILJISXaX, PO3LICII-
JIOIOTh MPOTETHU LIUTOCKENIeTa B-IHTErpUHH Ha JIeKiabKox caiitax i3 COOH-
KiHIA IIUTOIIAa3MAaTUYHUX JIOMEHIB, [0 3aJ(isiHi B 3B’13yBaHHI iHTETPUHIB i3
[UTOIUIaA3MAaTHYHIUMU MIPOTETHAMHY TaTiHOM 1 ¢inmaminom [2]. Jlis kaiapnaiHiB
MPU3BOJIUTH JIO BTpaTH CyOMeMOpaHHOI Mepexi aKTHHY, OO0 KIITHHHOI
PYXJIMBOCTI, perpakiii ¢iOpunHy. PemenroponocepenkoBaHa pyXJIHBICTbH
erniiepManbHoro (hakTopa pocTy BUMArae akTuBailii (iopo0iactiB 3a yuacTio
m-kaybnainiB (Ha memOpani). All / AT1-peuentopu/kanbnaiH-curHaizamis
BiJIJI3epKAIIFOE TUC(YHKIIIIO €HIOTEIII0 Ta € BAXKIIUBUM 1 pAHHIM ITOKa3HUKOM
CTYyTEHs pO3BUTKY cyauHHOI narosorii [19]. AII/AT1-penentop-curnanizanis
MePEeBaKHO aKTUBYE 130(0OpMHU L-KaJIbIATHIB 1 KaJbIMaTH3AIEKHY JIETpaallito
IxBa. Kanpnainm € nocepeaHMKaMH aHTiOrEHHUX CHUTHANIB CYIMHHO-
ro eHpoTeniaabHOro Qaxropa pocty [20] i MOXYTh BIUIMBATH Ha mepenavdy
CUTHAJIIB y TIpoliecax peMoIeIOBaHHs Miokapra [21].

KaitTuHHuM nuukn

IBuaka Brpara wnukminy DI, npurnivenHs Gl-craaii wmiTo3y, Konu
U-KajblaiH 3’BJISIETbCS TUMUYACOBO B sifipi B Gl-kiHmi [2]. 3HMKEHHS PiBHS
[-KaJibnaiHiB 06e3 3MiH BiTHOCHO M-KaJblaiHiB 1 KaJlbacTaTUHY PU3BOAHUTD
10 50%-ro 30i7bIICHHS Yacy MOJABOEHHS, 1110 MOB’I3aHO i3 TpUBaJIOK (ha30r0
Gl. Mikpoin’ekuii KanbnainiB y npodasHi siipa OOUUTIB iHAYKYIOTh MEHO03.
[puckoproetsest nepexiny Gl B S. laabMyBaHHS aKTUBHOCTI KajblaiHiB
30inbiye TpuBasicts ctaaii Gl i cipusie HelipoHHilt audepenuianii croBOy-
poBux kiiTuH [22]. Ha ctaxii Gl akTUBHICTb KajblaiHiB PErylrO€TbCs KO-
JUBAHHSAMU KOHUEHTPALil KaJblilo, CIPUSIOYH MPOTrpecii KIITHHHOTO HUKITY
HUISIXOM MOIYJIALI{ MPOTEiHiB.

Bunanenns manoi cybogununi kanpnainy Capn4 npusBOIUTh 0 MOPYLICH-
Hs mporpecii KIITHHHOTO LUKIY B XOHJIPOLUUTAaX, HAKOMWYCHHS IEBHUX
MOPOTEIHIB KIITUHHOTO LHMKIY, BIIOMHX SIK CyOCTpaTH KaJlblaiHiB, a came,
uukiin D, nuknin E, p27, npu npoMy Takox BinOyBaeThcs 3HUKEHHS hocdo-
pHIIyBaHHS IPOTETHIB peTHHOOIAcTOMH 1 p27.

[pomnidepauis

Invitro mo3zaksiTHHHI KanbnaiHy 301IbIITYIOTH POJTidepariito eHa0TeTialIbHIX
KJIITHH, Mirpamiro i opMyBaHHs KamiyisipHoi TpyOku [20].

JdudepeniitoBaHHs KIITHH

BruinBaroTh Ha AU(EPEHIIialito 0CTe00IACTIB 1 XOHAPOIUTIB, TPEaailOIHUTIB,
B OCTaHHBOMY pa3i — 3a paxyHOK TrajbMyBaHHs akTHBHOcTI [22]. 3a
Iu(epeHIliloBaHHsT KIITHH M’§I3iB MEpeMillyOThbcs B KIITHHHI MeMOpa-
HU MI0O0OJIACTIB Yy BIJAMOBIZb HAa TMOTIK KaJbIlil0 1 OEpyTh y4acTh y 3JUTTI
MOB’SI3aHUX JICT'PAIALIE0 TPOTEIHIB.

Pi3HUX MPOTEIHIB HUTOCKENIETa, MIPOTEIHKIHA3 1 T.1I.
(Tabum. 2).

Kanpnainm 3anmistHi B PO3BUTKY Oararbox
MATOJOTIYHUX CTaHIB, y TOMY YHMCJIl Y BAHUKHEHHI

CepUeBOi  HEeNOCTAaTHOCTI, TOSBI apTepiaybHOI
rineprenHsii, LyKpoBoro niabery, arepockJe-
po3y, imemii-penepdysii, ¢iOpusanii  nepen-
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cepab, 3acTiHOI cepueBoi HEJOCTaTHOCTI Ta 3a
MexaHiyHoro HaBaHTaxeHHs [21]. TokcuuHicTh
HaaMipHOro HaaxomkenHs Ca**  cmpusie mo-
IIKOJ)KCHHIO HEHPOHIB TICNIS 1HCYNBTY, TpaB-
Mu, cygomu [6]. Kampmainm 3amisiHi B pO3BUTKY
M’s130BO1 tucTpodii, paky, XBopoOi Anblreiimepa i
po3scisiHoro ckyeposy [8, 9]. [Ipu 1iboMy BUIITAIOTH



OrJIAn

Tab6ruys 1. Ipoodosoicenns

Mirparist KJIITHH 1
3IIUTTSI MEMOpaH

Po3menmnioroTk - 1 - akTHH y KiniTnHaX Miocapkomu (RMS) — capkomu M’IKuX
TKaHUH, KA 4acTO 3ycTpidaeThest B aiTeit [23]. Jle30praHi3yroTh MUTOCKEIET
RMS. MoxyTb OyTH 3ally4eHi B aHapXidyHy aJre3ito, Mirpaiito i BTOprHeHHsI
RMS i po3rnsiiatoTbest Ik MapKepH arpecrBHOCTI MYyXJIMHU 1 MOTEHI[IHHUX
MilIeHeH 1t oOMeXeHHs i1 pO3BUTKY, iHBa3MBHOI MMOBEJIHKM 1 MeTacTas3iB.
€ MO3UTHBHA KOPEJIALIS MK aKTHBHICTIO KaJIBIIATHIB 1 MIBUAKICTIO MiTrpartii.
Mirpaiiist Mio0OIaCTIiB € KJIIOYOBUM €TAIllOM Y MiOTeHe31 1 pereHepallii, crpusie
ix 3muTTIO [24]. CTUMYySIisE MiOOIACTIB 1HCYJIIHOMOAIOHUM (DakTOpOM po-
cTy 30inpnrye 6asanpHuii mpurutue Ca®’, akTHBAIliI0 KaJdbIIaiHiB i MPUCKO-
penHst mirpanii. ¥ kiituHax T24 paky ce4oBoro mixypa HeTpaHcMemOpaH-
HUU TIpoTeiH TUpo3uH(pocdaraza miamaaeThes KalbliH3adeKHIN nerpagarii
[25]. Horo akTUBHICTH 3B’13aHa 3 (YHKIIOHYBAHHSAM CHUTHANBHUX IIIAXIB,
AKi 0epyTh y4acTh y peryisiiii KIITHHHOT Mirpalii Ta BTOPrHEHHS, 1110 MOXKe
MPHU3BECTH O MPHUAOAHHS MyXJIMHHUMH KIITHHAMH arpecuBHOTO (eHoTu-
ny. [IpoTeoni3 akTHH3B A3YI04Y0T0 MpoTeiHy — Oararoi Ha anaHiH C-KiHa3| €
KaJIbITaiH3aJICKHUM 1 MOKe OyTH 3aisTHUAN JI0 MpoLecy aares3ii Mio0JacTiB i
Mirpartii [26]. Y 31uTTi MioOnacTiB Oepe yuacTh m-Kanbmain [27].

AronTo3s

Po3mienioroTh 0-CIeKTpuH, Kacmas3u-7, -8, -9, pa3oM 3 TUM, pO3IICIIICH-
HA Kacmnasu-7 1-9 iHakTuBye ix [2]. m-Kanpnainu reHepyIoTh akTUBHY Kacmasy
PO3IIEIJICHHSIM MpoKacnasn-12, 3MiHIOIOYH aHTHAIIONTOTUYHY MOJIEKYITY Ha
MpOoANoNTOTHYHY. MOXYTh BUCTYNATH SIK HETaTHBHI PETYISTOPH aloONTO3y
MIJISIXOM 1HAKTUBAITT Kacmas i TO3UTUBHOTO PETryJIsITOpa arionTo3y Ha T01aTOK
o gerpanariii mpoTeiHiB muTockeneTa. KampmaiHu 3aXuINeHi BiJ armomnTo3y,
1HIyKOBaHOTO (PaKTOPOM HEKPO3y MYXJIUH-0. ATIONTO3 Y TPOMOOIUTAX JIO-
IIWHY 1HIMIHOBaHUH |-KallbITaiHaMU, a He Kacla3aMH.

DopMyBaHHS M’SI30BUX BO-
JIOKOH

B ymoBax 30MTKOBOI ekcripecii [l-kaabraiHiB MioQiOpHiIN yTBOPIOIOTHCS
mo6nn3y nepudepii KIITHH, SIK TPaBUIIO, OPIEHTOBAHI B3JJ0BK IIPOAOILHOT OCi.
L{s1 3aKOHOMIpPHICTH MTOCTYIIOBO BTPAYAETHCS 10 MIEHTPY KJIITHH, JIe 301TbIIeHa
Je30praHizamis muTockenera. U-KanpmaiHu perymoTh MioreHe3 3a paxyHOK
Iii Ha e3pWH, BIMEHTHH, KaBEOJIiH 3 1 MIOTEHiH, ()aKTOp TPAHCKPHUIILIi M’SI3iB
[27].

pOJb Kajiblainy 3 B PO3BUTKY M’SI30BOI TUCTPOdii
KIHI[IBOK, KaipmaiHy 9 — B KaHIeporeHesi i
kanpnainy 10 — npu aiaGeTti 2-ro Tuny [2].

HesBakaroun Ha OionoriyHe i maToreHeTHY-
HE 3HAYCHHS KaJbMalHiB, MEXaHI3MU, IO JEXKATh
B OCHOBI 1X [ii 3a/IMINAIOTHCS 3HAYHOI MIipOIO
HEBIIOMUMH. AJIe pa30M 3 TUM BOHH IPUBAOIIOIOThH
JOCHIIHUKIB SIK MOTEHLINHI (aKkTopu B Tepares-
TUYHUX Tpoueaypax [28]. Perymsuis amisibHOCTI
KaJIBIAiHIB € CKJIAJIHUM 1 HE JI0 KiHISI 3p03YMIITUM
npouecoM [8]. TomMy ocTaHHIM 4YacoM OCOOJIUBY
yBary NpUAUISIOT BUBYCHHIO KJIIHIYHOTO 3HAYCH-
Hs aKTHBAIlil KaJabnainis [4].

3a ocTaHHI POKH BiJIOMOCTi JIiTEpaTypu MO-
NOBHWJIMCh JAHMMH TIPO POJib KaJblAiHIB 3a Ta-
KHX CTaHiB OpraHi3My: 3a HOro BIKOBHX 3MiH, Y

10

(GYHKIIOHYBaHHI €HJIOTENII0 Ta JIETEHEBOi CHUCTE-
MU, pEryJjsimii amomnTo3dy Ta HEKPO3y, PO3BHUTKY
pi3HUX TiNOMeTa0OJIYHUX CTaHiB, apTepiaibHOI
rinepreHsii, aiabeTy Ta XpOHIYHOI XBOpOOW HU-
POK, 3a MyXJMHHOTO pocTy. Takuii pisHOMaHITHHHA
Ha0ip CTaHiB OpraHi3aMy CBiIYUTH MPO BCEOIYHUI
XapaKTep y4yacTi KaJblaiHiB y 3a0e3ledeHH] HOoro
(GyHKIIOHYBaHHS.

KaJuabnainu 3a BikOBUX 3MiH oprasizmy

3 BiKOM TMOCTYTOBO 3MEHINyEThess postb Ca’'-
ATPa3un miasmatudyHoi MeMOpaHH B CHHArcax
[29]. Bona Bimirpae BaxJIHMBY pOJib y MiATPUMII
TOYHOTO PpIBHS BHYTpilIHbOKIiTHHHOrO Ca®’,
HeoOXigHoro /UIsl (PyHKLIOHYBaHHSI HEHpoHiB. Lls
ATPa3za nyxe 4yTiuBa 10 OKHCIIOBAJIBHOIO CTpe-
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Tabruys 2. [esxi 6ionoeiuni Hacaioxu 0ii karvbnainie Ha npomeinu — miweni [58]

[Iporeinu — MilIeHi KabaiHiB

Bionoriuni Haciaiaky il KaJIbIIaiHIB

Amnexcun I

ITigBumnenHs 9y TauBocTi g0 Ca**

®Di0poHEKTHH

VYTBOpeHHsT  (QparMeHTiB i3  IPOAHTIOreHHOIO

noTyxHicTio [20]

3B’ s13ytouuii mporein 4 iHCymiHmoAIOHOTO (hakTOpa
pocty (IGFBP4)

3HIKEHHSA 3axBaTy
pocty [58]

iHCYmiHTIOMIOHOTO  hakTOpa

IaTepneiikin la

Jlo3piBaHHS 1 CEKpertist

CriextpuH o (o-hopmain)

Crapinns, xBopoba Anbrreiimepa [30]

CriextpuH f3

Peopranizamnis nutockeneTa [58]

Tanin 1

[epeposmnoxain TamiHQyHKIIOHATBHOTO JOMEHY

Tponomio3nH

Tpomonin Ti |

C-tipoTein

Herpanmauiitni 3MiHn B MioiOpuiax CKEIeTHHUX
M’s131B. Cripusie CTIHKOCTI TOHKMX 1 TOBCTUX HHUTOK

(2]

Kinasu i docdarasu capkormazmMaTudHoi Ppakirii i
JIeSIK1 13 CHTHAJIBHIX MOJICKYJI CTPOMU

M’s30Ba nerpamarmis

Kacmaza 9

InaxTuBarmis [58]

Penenitop emninepmanbHOro (pakTopa pocty

Down-peryntoBaHHs

NF«B-inribitop a (IxkBa)

Axtuanis NFxB

Bl-luterpunu 2, 3, 7

Jucorrialiist BiJ IATOCKEIETa

TaiiTuH 1 HeOyIiH

Py#iny10Th iX CHIOpiIHEHICTH O NPOTEIHIB Z-AHCKa,
Jerpajaliifi 3Miau [2]

Jecmin

Jlerpanariiiai 3minu

[IpoTeinn TPOMDKHUX HHUTOK JAECMiHY, MPOTETHU
Z-TUCKIB

M’s30Ba ferpamarmis

O-AKTHHIH

7 -NVCK 3HUKAE, 3aJINIIAI0YH IIPOCTip y MiodiOpuiax,
110 MTPU3BOUTH IO 3HAYHOI aTpodii M’'S3iB

Kacmasu 7, 9

AxTtuBais [58]

Mio3uH 1 aKTUH

Herpagamiitni 3MiEu B Mio(iOpuiaax CKeIETHHX
M’SI31B [2]

Bimentun

3aKpineHHs OpraHes i miATPUMAaHHS X TOJIOKEHHS
B LMTOIJIA3Mi, IO 3a0e3nedyye MIiIHICTh KIITHH 1
iXHIO CTIHKICTBh 10 MeXaHIuHOTO cTpecy. Perymsmis
MiOreHe3y p-KajbhnaiHaMu

IIporeinkinazu C a, B, v

AxTtuBamis [58]

Na'/Ca?"-00MiHHHUK MITOXOH/ i

Miroxonapianbhe HakonuueHus Ca’ [11]

CenTus-5 TpoMOOLIMTIB

[opytrye 1oro 3B’M30K i3 CHHTaKCHHOM-4 1 CIIpHsi€
3MiHaM ekcrpecii i cexpeuii T-kmitun [60]

Tuposundocdarasza

[opyuienHst GyHKIIOHYBaHHS CUTHAIBHUX ILISXIB,
sKi OepyTh y4acThb y peryJismii KIITHHHOI Mirparii
Ta BTOPTHEHHSI, 10 MOXKE TPU3BECTH 10 MPHA0aHHS
arpecuBHIIIOro (PEHOTUIY MYyXJIUHHUX KIITHH [25]

E3puHn, kaBeosin 3 i MioreHiH

Perynsuis Giorenesy [27]
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OIS N

cy Ta (YHKIIOHAJIBHO 1 CTPYKTYpPHO 3MiHIOETHCS
mig #oro BrumMBOM. OCHOBHOIO OKHCIIOBAJb-
HOWO Monudikaiiero € Ti IBHAKA 1HAKTHUBAIiS,
KoH(opMaliiiHi 3MiHH, arperaiis, MPOTEOTiTHIHA
naerpanamis. BBaxkaioTh, 1o (QyHKIIOHYBaHHS
LBOTO EH3MMY OIIOCEPENKOBAaHO KallblaiHaMH
i kacnazamu. [Ipu 1BbOMY CIiJ BiJ3HAYMTH, IO
KaJIb[aiHU TOLIMpPEHI B TKaHWHI MO3KYy W IXHA
JiSTBHICTE COpUsi€e 1 HOPMaJbHIM, 1 aHOMaJbHIH
roro ¢ynkuii [15]. ExcriepuMeHnTanbHe 3HUKEH-
Hs ekcnpecii Ca?*-ATPa3u mnia3mMaTu4HOi MeM-
OpaHM He JMIIe 3MIHIOE AMHAMIKY KJIITHHHOTO
3axBary Ca?, anme ii camy QyHKLIO KIiTHH. Bik
i perymoBanus Ca’’-ATPa3u, mo mnoB’si3aHo 3
OKHUCJICHHSIM, MOXKE BIJIrpaBaTH BaXKJIUBY POJIb Y
MopyuIeHHi QyHKIil HEHPOHIB y MpOLECi CTapiHHA
MO3KY 1 B TIiJBUIICHHI CHPUIHATIMBOCTI IO HEW-
pOAETeHEPATUBHUX PO3JaiB, TaKUX SIK XBOpoOa
Anpureiimepa, xBopoba IlapkiHcoHa Ta iHCYJBT.
BBakaroTh, 1110 B MO3KY I1iJ1 YacC CTapiHs Ta 3a XBO-
pobu AnbureiiMepa Moxe BiOyBaTHCs MOPYLICHHS
MPOTETHOBOr0 OOMiHY B MeMOpaHax HEHpOHiB ye-
pe3 KaJIbLii3aJeKHUI MEXaH13M 1/a00 MiIBUILICHHS
KaJbliHayTauBoro npoteodisy [2, 30]. Kanpnainu
SIK 1 Kacma3u MOXYTh MPOTEONITHYHO pPyHHYBa-
TH CHEKTPUHH, MPOTEIHW BHYTPIIIHBOKIITUHHOI
MOBEPXHI IJIa3MaJieMH, SIKi BiAIrparoTh BasKIUBY
POJIb y MiATPUMILI CTa0IIBHOCTI 1 THYYKOCTI IIUTO-
ckeneta [30]. SIk HACNiIOK YTBOPIOIOTHCS MPOAYK-
TH PO3Many O-CHEKTPUHY PI3HHX MOJICKYJISPHUX
po3mipiB. [IponykTu posnany o-CIEeKTPHHY € Iie-
penbadyBaHMMHU OioMapKepaMu 4epernHO-MO3KOBOI
TpaBMH. BMiCT MPOAYKTIB po3naay oO-CHEKTPUHY
TaKOX MIJBUIICHUI B MO3KY 3a CTapiHHS, XBOPO-
Ou Aubireiimepa. Po3imeriroeTscs  o-CHEKTPUH
(a-popmin) Mozky p-xaibmainamu [2].  Bioky-
BaHHS AaKTHBAalii KaJbMaiHIB i3 BUKOPUCTAHHSM
iHri0iTOpy A-705253 3MeHIye 3alie)KHO BiJ 03U
peaxuilo acTpOUUTIB 1 MIKPOTiii, MOB’sI3aHy 3
MATOJIOTIYHUMH ~ XapaKTePUCTUKAMH  XBOPOOH
Aunpureiimepa B crapux muieit [31]. I[lokazano, mo
B YMOBaX [3-aMiJIOTAiHyKOBaHOI HeWpoaereHeparii
B IyPiB, IPUTHIYEHHsI aKTUBHOCTI KalblaiHIB Ma€
HelponpoTekTopHui edekt [32].

CrapiHHS TaKOX MOB’3aHE 13 MPOrPECUBHOIO
i HCHaBMHUCHOI BTPATOI0 M’SI30BOi MacH, BiJJOMOIO
stk capkoreHis [33, 34]. Lle cepiio3na mpobiema jist
i1 Tepamii [34]. MonekymnsipHi MeXaHi3MH LIOTO 3a-
XBOPIOBaHHS 0 ChOTO/IHI 32 THILIAIOTHCS HEICHUMH.
CapkoreHis 3Ha4YHO 3HWKYETbCS Yy pasi M S30BOi
crenudiuHOi rinepekcnpecii KaiblacTaTUHY, C€H-

12

JIOTEHHOTO 1HT10iTOpY Kanbmainis [33]. Bigomo, 110
KaJbIalHy 3aJIy4eHi K A0 (i310JI0riYHUX MPOLECiB
M’S130BOT0 POCTY 1 Ardepenmiarii, Tax i 10 pO3BUTKY
NaTOJIOTIYHHUX CTaHIB, TAKUX SIK M’S130Ba AUCTPOQis
[9, 34]. BHyTpIIIHBOKJIITHHHA KOHIIEHTpALisl
BibHOrO Ca? migBuIeHa 3a M’s130Boi aUCTpodil
Ta IHIIUX TMATOJIOTIH M’S3iB, 1 1€ CTUMYIIIOE
aKTUBHICTh KajbnainiB [9]. Kanpnainu 3ymMoBito-
I0Th JIerpaialliifHi 3MiHU B Mi0(iOpUIaxX CKeJICTHUX
M’s131B. BijioMo Takox, 110 KaJblaiHu He PyHHYIOTh
MIO3MH YW aKTHH, ABa OCHOBHHX IPOTEIHH CKe-
JeTHUX M’513iB MioiOpwil, ae m-KanblnaiHu po3-
HICTUTIOITH TporomiosuH, TponoHin T i 1, a Takox
C-niporein [2]. Kanpnainu mBuaKo 31iHCHIOIOTH iX
MPOTEOI3 1 1Ie CIIPHUSIE CTIHKOCTI TOHKUX 1 TOBCTUX
HUTOK BiJIMOBIIHO. BOHU, TpoTe, pO3LICILIIOITH
MIO3MH 1 aKTHH, JIBa OCHOBHHMX IPOTEIHU y TIOTIe-
PEYHO-CMYTacTHX M s3aX.

M’s130Ba TKaHMHA CKJIAJAETHCS 13 MPOTETHIB
TppOX  kiaciB: 1)  capkomia3mMaTHuHi  abo
nuromiazMaruuni nporeinu (~ 30-35% Big 3a-
rajpHOrO NmpoTeiHny M’s3iB), 2) miodiOpunspHi adbo
CKOpOTIHBI MpoTeinu (~ 55—-60%) 3) mpoTeinu cTpo-
mu (10-15%) BkItOYeHi B MeMOpaHU 1 MeMOpaHHi
pelenTopy, B capkomiasMaTH4Hy ¢pakiito. Poib
KanbnaiHiB B M’S30Bil jgerpajamii mpoTeiHiB
MIOB’SI3y I0Th, TOJIOBHUM YHUHOM, 3 Mio(iOpuiamu abo
OpoTeiHAMH IIMTOCKeNIeTa. 3 BiIOMHUX MPOTEIHIB
Mio(piOpuJ1  KadbMaiHU MIBUAKO PO3LICILIIOITH
TaWTUH 1 HEOyJIiH Ha JUISTHKAaX TM00JIu3y Z-TucKa
B TMONEPEYHO-CMYTacTHX M’s3aX, THM CaMUM pyi-
HYIOUM X CIOPIAHEHICTh OO MPOTEIHIB Z-TUCKa.
KanpnaiHu MOXyTh pO3ILEIUIIOBATH Oararo KiHas
i ¢ocdaraz mpoMiKHUX HHUTOK JecMiny. OTixe,
OpOTeiHN Z-IWCKiB, y TOMY 4YHCIi 0-aKTHHIH,
BUBIJIBHIOIOTECS, 1 Z-TIWCK 3HHUKAE, 3aJIMIIAIOUN
npoctip y mioiOpuiiax, 1o Npu3BOIUTH JI0 3HAUHOT
aTpodii M’s31B.

BiMeHTHH — mpOTeiH NMPOMiIXKHUX (iTaMeHTiB
CTIOJIYYHHUX TKaHWH ¥ 1HIIUX TKAHUH ME30JepMalib-
HOT'O TIOXOJIKEHHSL, SIKUW PUKPITUTIOETHCS 10 SApa,
€H/IOMIAa3MAaTHYHOTO PETUKYIyMa Ta MITOXOHPIid,
1 BiIirpae 3HA4YHy pOJIb Yy B3aKpillJICHHI opra-
HEJI, TMIATPUMaHHI 1X TOJIOKEHHS B IUTOILIA3MI,
3a0e3neyye MIIHICTh KJIITHH 1 IXHIO CTIHKICTH 10
MexaHiuHoro ctpecy. BiH Takox € cyOcTpaTom
m-KaJbIaiHiB.

Cnip 3a3HaunTH, o B diTHIX (106 THXKHIB)
camuis mumei aigil C57BL/6J micas TemioBoro
ctpecy (41 °C npotsirom 60 xB 6e3 aHecTe3ii) BMICT
NpoTeiHy y BIAHOCHOMY Ckjaji BojokoH I Tumy
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CKENETHUX KaMOaJOBUIHUX M SI31B 3aIHIX KIHI[IBOK
HUxK4e, HiX y wmononux (7-tmxHiB) [35]. Ilpm
UbOMY BiJICYTHI BIAMIHHOCTI B PIBHAX eKcmpecii
KayipnaiHiB 1 1 2, mo MOB’s3YyIOTh 13 TEpPMiHOM
JIOCIIJKSHHS MMICIs cTpecy. 3a 7 IHIB 3MiHU MO-
XKYTb HAOyTH 3BOPOTHOTO XapakTepy.

KintoyoBuMHu mapTHepaMu KajbHaiHiB i
yac M’A30BOTO cTapiHHS € o-cyOommuuust ATP-
cHHTa3M Ta a-akTuHiH 3 [34]. [lepenbauatoun Taky
B3a€MOJII0 MOKHA JIONYCTUTH 1 T€, MO KalblaiHH
OepyTh y4acTh y 0ararbox 3MiHax I1iJi 4ac CTapiHHS,
B TOMY 4YHCIi B Je30praHizailii nuTOCKeleTa i
MiTOXOHIpianbHi  aucdyHkuii.  Posmienienns
KaJIblaiHaM# CienupiuHUX CTPYKTYPHHUX Ta pery-
JSTOPHUX MPOTEiHIB y MiodiOpuiax nepemkomKae
KOBaJICHTHIH Moaugikaiii KajblaiHaMH OKCH-
ny azory (NO) uepe3 S-uirposumtoBanns [33].
BBaxaroTh, mo KaJdbMaiHM B M’A3aX JOPOCITUX
S-HITpO3UILOBaHI, ajie CTapiHHS MPHU3BOIUTH JIO
BTparu Takux ¢opm. [IpunyckaroTs, 0 3HUKECHHS
piBHS S-HITPO3UIIOBaHHS B IPOIIECi CTapiHHS IpU-
3BOJAUTH JI0 30UIBIICHHS KaJbIalHOMOCEPEIKOBa-
HOro TpoTeoni3zy miodiopui. Kpim Toro, crapinus
M’SI31B CYIPOBOMKYETHCS BTPATOI0 HEHPOHAJIBHOT
NO-cunTa3m. [ koMIeHcalis Bi THOBITIOE KaIblIaiH-
S-HITpO3UIIOBaHHS 3a CTapiHHSA M’sI31B 1 3am00irae
CapKoOIIeHii.

Cuijt BIIBHAYUTH, 1110 M 131, SIKi PO3TATYIOThCS
MiJ Yac CKOPOYCHHS (EKCIEHTPHUYHI CKOPOUCHHS),
MaloTh JeIiUUT CUJIM 1 Pi3HI CTPYKTYpPHI 3MIiHH,
B TOMY YHCJi BTPavyarOTh NMPOTEIHH LUTOCKEIETa
[36]. ITicist eKCUEHTPUYHUX CKOPOUYCHB 3HUIKYETHCS
XKopceTkicTh M’a3iB. [Ipy 11bOMY BiJI3HAYAIOTH POJIb
HAIAXO/UKEHHS mo3akiiTuHHoro Ca?" i akTtuBamii
KalpnaiHiB y kiiTuHax. pN-KanpnaiHu akTuBy-
I0TBCSL 3 TOSIBOIO MPOAYKTIB aBTONi3y, L0 Ma-
I0Th HU3BKY MOJIEKYJISIPHY Macy, Bxke depe3 30 xB
micisi 10 eKCHEHTPUYHUX CKOPOYCHb, TIPH LBOMY
M’si30crenupivHUN KaabnaiH-3 He IETEKTYEThCS.

Morsiekyii aKTUHY, MIO3UHY Ta MOJTINENTUIHI
¢parmeHTH, onepXKaHI BHACHIOOK Jerpajamii
KalbpnaiHaMu  TaWTUHY, HEOyINliHy, JecMiHy,
TPOMNOHiIHY, Tpornomiosuny 1 C-mporeiny, Mo-
KyTb OyTH yOIKBITMHOBaHI 1 jAerpajgyBaTv [0
aAMIHOKHUCJIOT a00, MOXKJIUBO, TAKOK 0€3I0CEPEIHBO
MOTIpUIYBAaTUCS  JII30COMAaJBHUMHU  KaTETICHHAMHM
[2]. Tlo-npyre, He3Baxkatoun Ha mopymieHHs Ca?*
romeocrtasy AUCTpodiuHMX M’SI3iB, imemio abo
IHIIIe, KaJIbIATH3aJIekKHI MAaTONOT1l MPU3BOAATH JI0
301IbIICHHS] BHYTPIIIHBOKIITUHHOI KOHLEHTpAIii
nporo kariona. lle 30iabIlEHHS HE € IOCTATHIM
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JUIS TIATPUMKH aKTHUBHOCTI KaJlbIaiHiB 0e31o0-
CepeHb0. BHYTPINIHBOKIITUHHA KOHIICHTPAIlis
BimsHOTO Ca?t 10-50 MKkM (p-kassmainm) ado 400—
800 MKM (m-kanpnaiHu) Npu3Bene 10 HeraiHoi
CMEpPTi KJIIITHHU HE3aJIe)KHO BiJl OYAb-SKOTO BILIHBY
KaJlbIaiHiB.

Mapxkepuuii npotein crapinas (SMP30), Ta-
KO BIJOMHUH $IK perykajiblUuH (UUTO30JIbHUN
nporein 3 macow 34 k/la), Bimirpae BaKJIUBY
poib y TomeocTtasi BHYTpilIHbOKIiTUHHOTO Ca*',
0locHHTE31 acKOpPOIHOBOI KHUCIIOTH, OKHCIIFOBAJIb-
HOMY CTpeci Ta JETOKCHUKAIlii OTPYyWHHX peyo-
BUH HepBiB [37]. JlocmiokeHHS 3 BUKOPHUCTaHHSIM
HU3bKOMOJICKYJISIDHUX 1HTI0ITOpIB MPOTEOINi3y BH-
SIBHJIM TIOTEHIIHHY y4YacTh 3 1 y-CeKkpeTas, ajie He
KaJlbIaiHiB, JII30COMHUX IPOTETHA3, MPOTEACOMH Ta
Kacmas y peryJssiuii AisUIbHOCTI peryKajiblHHY.

Kauabnainu y pyHkuioHyBaHHI eH10TE 1110

Kanpmainy MarOTh BiJIHONICHHS 1 JIO CY/IHH-
HOT'O PEMOJICITIOBAaHHS CUTHAJIBHUX penenTtopiB All
l-ro tuny (AT, -penentopu). AII/AT -peuentopu/
KaJIbIIaiH-CUTHA 131115 BIJIJI3EPKAITIOE Ta-
KOXK JNUCQYHKINIO CHIOTENII0 Ta € BaXKIUBUM 1
paHHIM TIOKa3HUKOM CTYIICHS PO3BUTKY CYJAMHHOI
natoJjorii [19]. Cyoxponiune BBenenHst All B 1031,
s’Ka HE MPU3BOJUTH JIO MATOJOTIUHOTO 3BYXKCHHS
CYIVH Yy IIypiB 1 MUILEH, 3HAYHO 301JIBLIYE CYAMH-
Hy aKTUBHICTH KanbnainiB uepes AT -penenrtop-
CUTHaJI3allio. [TpuxuTTEBI MIKPOCKOMIYH1
JIOCITI PKSHHS TTOKAa3Y0Th, 110 aKTHBAI[iSI CYJUHHUX
KallblaiHIB CIPUUNHIOE TUCQYHKIIO SHAOTEIII0 3
MABUIIEHHSIM B3a€MO/Ii1 JIEHKOLMUTIB 3 €HIOTEIIEM
i MPOHUKHOCTI a’mbOyMiHy B MiKPOIHPKYIISIIIIO.
BectepH-070T 1 IMYHOTiCTOXIMIYHE JOCIIKCHHS
i ITBEPAMIIU, IO AII/ATI-peuenTop-CHrHani3aui51
NEepeBaXHO aKTUBYE 130)OpMH  |I-KaJblaiHiB 1
KaJIblaiH3ajaexkHy Jerpagamito  IkBo mopsg 3
aKTHBAIlIE siJIepHOro uuHHWUKAa kB Momekyn
ajresii eajoTemanbHux KiituH. Li dizionoriuni Ta
010XIMIYHI TTOKa3HUKHU Mail)ke HOPMYIOTBCS B IIPH-
POIHMX yMOBaX HACTYIHHUM raiabMyBaHHAM AT -
peuenTopiB abo KajabHaiHiB.

Kanpmnainu CIIYTYIOTh 1 MOCEPETHH-
KaMu AHTIOTE€HHUX CUTHAJIIB CYyIMHHOTO
eHjoreniaapHoro (¢akropa poctry [20]. s

CTBOPCHHSI HOBOi CyJIWHHOI Mepexi HeoOxXiaHa
IHTerpallis eHaoTemaibHux KiiTuH [38]. Pazom 3
THM, 32 [IATOJIOTIYHOTO aHTIOTeHE3y XapaKTePHUMHU
€ apXITEeKTYPHO JIe(heKTHI, HEJIOCTATHBO IHTETPOBaHI
CYJIMHU 31 CIIIMUMU KiHIsIMU. Li 3MiHM 1HyKOBaH1

13



orjisaan

CYAUHHHM EHJIOTENialbHUM (AKTOPOM POCTY.
AKTHUBaIlIS KaJIBMAIHIB TMOB’sI3aHA 3 1HIYKOBAaHOI
HEOBACKYJISIpU3AIlI€I0 Ta 1HTErpaIiero. Y MHUIICH 3
TaKUM 1HJyKOBaHMM aHTIOT€HE30M PETPOBIpyCHa
TPAHCIYKIliE  JIOMIHAHTHO-HEraTUBHOTO  Kallb-
nainy-I cripusic HeoBacKyJIsIpHii iHTerpamii Ta Gpop-
MYBaHHIO TPOCBITY, 3MEHIIEHHIO CIINUX KIiHIIB i
MOJINIIEHHIO CyauHHOT mnepdysii. AHanorivHuM
YUHOM TaKOK MOJIIMIIYETHCS i 1HAYKOBaHHUH CyIUH-
HUM CHJIOTCJIIAJIBHUM (PaKTOPOM POCTY aHTIOreHe3
3a IOMIpHUX 103 1HTi0iTOpy KanpnainiB. HaBmakwu,
peTpOBipyCHa TpPaHCAYKIlisl Kajbnainy 1 (Iuko-
ro THITY) CKACOBYE HEOBACKYJISIPHY IHTErpaIlito Ta
(dhopMyBaHHSI IPOCBITY.

Y TpaHCreéHHUX MHUILEH, IO EKCIPECYHTh
BUCOKI PiBHI KaJbnaiHCenudivHOro iHridiTopy —
KaJIb[IaCTaTHHY, BUSBISIOTH 3HAYHE 3HWKCHHS 1
BHYTPIIIHBOKIITUHHOI, 1 TO3aKJIITHHHOT aKTUBHOCTI
kanbmainiB [20]. [lpu npomy npoanrioreHHi (ak-
TOpH — CYJUHHUI eHJoTeNiaNlbHui (HaKTop poCTy
1 HOpaJpeHaiH — 30ULIBIIYIOTh E€KCTePIOPHU3allito
Kanplaini, ToOTO BHMXix i3 kmitud. In vitro
MO3aKJIITUHHUE KaJIbaiH 30LIbIIYye Tpoidepartito
eHJI0TeNiaTbHUX KJITHH, Mirpauito i ¢opmyBaH-
Hs KamijasipHoi TpyOku. EHoTenianbHy KIITHHHY
BIJINOBI/Ib HA MO3AKJIITUHHI KaJIBIIATHHU TIOB’I3YIOTh
i3 posmeruieHHsIM  (DIOPOHEKTUHY, YTBOPEHHSIM
(dparmMeHTiB  (PIOPOHEKTHHY 13 MPOAHTIOTEHHOO
MOTYXHICTIO. Y TPUPOTHUX YMOBAX MO3aKIITHHHHH
KaJIb[IaCTaTHH TallbMy€ aHTiOreHe3, y KajbllacTa-
TUH-TPAHCTEHHUX MHILIEH 3 HePUTOM HUPOK pO3-
mierieHHs (PiOPOHEKTHHY 0OMEXKEHO.

B enpotenianpuux kiitmHax Ca*" mepeman-
TaXEHHs CIpHYMHIOE posmiermieHas Na'/Ca?'-
OOMiHHMKA MITOXOHJpii KanibmnaiHoM 1, mo mpu-
3BOJIUTD JIO MITOXOH IpiaibHOr0 HakomuyeHHst Ca?*

[11].

KaJsbnainm 3a pyHKUIiOHYyBaHHS
JiereHeBoi CHCTeMH

MexaHiuHa BEHTWJIALIS JIEC€HbL 13 BHCO-
KUM JIUXaJbHUM 00’€MOM IHJYKYE IIBUIKY (IIPO-
TATOM JEKUIBKOX XBHJIMH) 1 CTIHKY akKTHBaIilo
KaJIbIIa{HIB 1 3amaJieHHs JISTeHb, PO IO CBiYaTh
3axBar HEUTpo(diIiB, BUBUIBHEHHS (DaKTOpa HEKPO-
3y MyXJIMH 0 Ta iHTepJelKiHy 6, JiereHeBa CyaIuH-
Ha TIPOHMKHICTH 1 POpMyBaHHsI HAOPSIKY TKAaHHHH
[39]. KanpnaiHum omocepeaKoBYIOTh aKTHBAIIIO
paHHBOrO 3amayieHHs jereHiB yepe3 NO-cuHTaza/
NO-3anexxne QocopunyBaHHsi  BHYTPILIHBO-
KJIITHHHUX MOJISKYJI ajire3ii 1 13axBat HeUTpoQiis.

14

Pazom 3 TumMm, ¢apmakosnoriyHe iX rajibMyBaHHS
3HAYHO TOCNa0II0€ 3amalbHi peakiii, 3yMOBJIEHI
riNepBEHTHIISIIIEIO JIETeHiB.

VY maumieHTiB i3 XpOHIYHMM OOCTPYKTHBHUM
3aXBOPIOBAHHSM JIET€Hb AKTHBHICTh KallbIAiHIB
3HMIKCHA, IO TIOB’SI3YIOTh 13 MOXKJIMBUM OKHCIICH-
HSIM IIUCTETHY B aKTUBHOMY IIEHTPI, @ TAKOXK 13 I0-
PYLIEHHSIM AisTBHOCTI M’5131B, €(DEKTHBHICTIO BUKO-
pHUCTaHHS KHCHIO Ta PO3BUTKOM Tinokcemii [40].

Kauabnainm B peryasiuii
anonTo3y Ta HEKpPo3y

Kanpnainu 6epyTh y4acTb B peryJsiii amnom-
T03y 1 Hekpo3y [11]. KiHieBuii HaciIOK XiMIYHOT
TOKCUYHOCT] — HEKPOTHYHY 3arv0eIb KIITHH — JI0B-
r0 BBaXaJW PE3YJBTATOM MPOCTOTO TOKCHYHOTO
BTpY4YaHHS B iX XKUTTeMisnbHICTH [41]. Po3pobka
KOHIIETIIi1 3amporpaMoBaHoi KJIITHHHOI cMepTi, a00
amnonTo3y, 3MIHUJIO L0 TOYKY 30py. [IpurHideHHs
KJIITUHHOT 3aru0eni XiMiYHUMHU PeYOBUHAMH MOXKE
MPHU3BECTH JI0 TOCTPOT 200 XPOHIYHOI TOKCHYHOCTI.
Y Garatbox BUMAAKaX TaKi eeKTH TOKCHIYHHUX Peyo-
BUH OIIOCEPEIKOBYIOTHCS TOPYICHHSIMUA MOJTYJISILI i
kiiTuHHOrO Ca’’-romeocrasy Ta MHiJBUIICHUM YT-
BOPEHHSIM aKTUBHUX (OPM KHUCHIO B MITOXOHJPIisIX
i B IHIIUX KoMmmapTMeHTaX. Kacmasu, kajapnainu,
J30COMHI TIPOTEiHA3M, CHAOHYKJICA3U € OCHOBHH-
MU YUHHUKAMU 3aru0eiii KJIITHH 1 BOHM HEPIiJIKO
(YHKIIOHYIOTH OJTHOYACHO TIiJ] Yac aromnTo3y.

He guBiasuncs Ha Te, 10 KUIBKICTH JaHUX
HIOI0 BaXKJIMBOI POJIi ciMeicTBa KalbHaiHiB Y
3alporpaMoBaHiii CMEPTi KIIITHH TMPOAOBXKYE Ha-
pocTaTH, pO3yMIHHS MeXaHI3MiB IXHIX (QYHKIIH
B aIonTo3l € Ie jJajeko HermoBHuUM [28]. Bimomo,
10 KaJIbIIaiHU MPUYETHI K 70 (Pi310JI0TIYHOI, TaKk
1 martoyioriynoi 3arubesnl KIITHH, OCOOJHBO 3a
Pi3HUX 3J0SKICHUX HOBOYTBOPCHB 1 38 MOPYIICHHS
JisTbHOCTI iMyHHOI cuctemu [21, 28]. Bonn crpu-
YUHIOIOTH PO3MaJ] CapKoJIeMH Ta capkomepiB [21].
3pocTae Takox 00CAT TaHUX MPO YUaCTh KaJIbMaiHIB
B aIloITo31 y pasi maTojorii HeHTpaJIbHOi HEPBOBOI
CHCTEMH, CEpLEBO-CYyTUHHUX  3aXBOPIOBaHb
tomio [28]. Brpara Ca*" crpusie po3BUTKY CMEpTi
wiituH [42]. OnuH 13 MEXaHI3MIB I[LOI'0 IMPOIECY
TIOB’SI3aHUI 3 HEPET'YJIbOBAHOI aKTUBALIIEI0 PI3HUX
Ca?'-3ae)HIX CH3MMIB, Y TOMY YHCIi KaJIbHaiHiB.
Bonmn OepyTh yd4acTb y cMepTi KapAiOMiOIHTIB,
3yMOBJICHOI pernepdy3i€r, OCKIIbKU JI0 aKTUBAIlil
[l CH3MMH € HEKTUBHUMH Y 3B’I3KYy 3 KHUcIUM pH.
B imemiunoMy Miokapai 30ibIIYETBCS 10HHA
CWiIa, 10 TPHU3BOJAUTH JO aKTHBAIlii KaJbIaiHiB.
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Onnak mig yac iHQapKTy BiOYyBa€ThCS MOPYILICH-
Hsl aKTHBAIlii KajbHalHIB 1 3aJIyuyeHHs IIHUPOKO-
ro CHEKTpa MPOTEIHIB A0 PO3BUTKY CKOPOTIUBOI
TUCPYHKIIT 1 HEKPOTHYHOI 3arubeni KJIITHH
PI3HUMH MEXaHI3MaMH, BKIIOYArOuW 301TbIICHHS
MEMOpaHHOI KPHUXKOCTI, TIOAAJIbIIEC 3HEIIHCHHS
Na' i Ca?*-00MiHy, MITOXOHApIaNnbHOT TUCHYHKIIIT.
laneMyBaHHSI aKTUBHOCTI KaJIbIIATHIB 32 BKa3aHUX
YMOB Ma€ KapAioNpOTEKTOPHUH EPEKT.

Kanbnainu 6epyTh yuacTh y perysuii anonTo-
3y HEUTPOQiiB, 0 3IHCHIOETHCS UePe3 aKTUBAIII 0
MPOANONTOreHHUX (HAKTOPIB 1 Aerpajaiiio aHTH-
anonToreHHux npoteiniB [43]. Ilpu upomy crnon-
TAaHHUH arnonTo3 HeUTpodiniB MOB’I3aHMI 3 TOCTY-
MOBUM 301bIICHH M Mo3akiiTuHHOro Ca’’. Husbka
AKTHUBHICTH KaJIbIIaiHIB aCOLIIOETHCS 31 3MEHIIEH-
HIM KoHIeHTparii BimbHOro Ca’" i 3HMKEHHIM
anonTo3y HeUTpodimiB.

B enjoreniadbHUX KIITUHAX MEPEBAHTAXKCH-
s iomamu Ca?' mpu3BOAWTH 10 Kambmain [-3a-
aexxHoro posmieruiedds  Na'/Ca?'-oOMiHHUKa B
MITOXOH/IPisiX, HACIJIKOM 4YOro € HaKOIMUYCHHS
Ca?" [11]. AxTtuBoBaHHM# KajbmaiH | CIpHYHHIOE
BUBUIBHEHHA LUTOXpoMy c¢. KpiMm Toro, axTuBo-
BaHe KanbnaiHoMm | posmeruieHHst Bid, 3ymoBiroe
BUBUIBHEHHS LUTOXpOMYy ¢ 1 amomnrto3. Kanpnain
10 posmieniioe eneKTPOHHO-TPAHCIOPTHHUI JIaH-
LIOT MPOTEIHIB, BHACIIJOK YOT0 3HIKYETHCS
MITOXOH/IpiaibHe AuXaHHs. HanMmipHa akTuBais
abo mpurHiueHHs Kanbnainy 10 mpu3BOIUTH 10
nucyHKII{ MITOXOHIPiH 1 aonTO3Y.

VY KJiTHHaX HUPOK KanbmaiHu 1 i 2 cTumy-
JIOIOTH amloNTO3 1 HEKPO3 LUISIXOM PO3LICTIIICHHS
MPOTEiHIB LIUTOCKENETa, N0 301JIbIIYE MPOHUKHICTD
MeMmOpaH. B kapmioMmionuTax mijJ 4ac armonTosy,
1HyKOBaHOTO (PaKTOPOM HEKPO3Y Iy XJIMH-CL, TICIs
nepeBaHTakeHHs1 ioHamu Ca kanpnain 1 akTHBYe
kacma3sy 3 i momi-ADP-pubo3umoBaHHsI.

Kanpmainu akTuBYyIOWOTBCS 1 mijg 4vac Bax-
3aJIe)KHOro amonrto3y [6]. Bonu OepyTh ywactb
B akTuBalii mpoanonTto3Horo (akropa Bax, mo-
JANbIIOr0 BUXOAY 3 MITOXOHIPIH LUTOXpOMY c i
aktuBalii kacrnasu 3 [44]. Kajbnainu iHAaKTUBYIOTh
MOB’sI3aHUN 3 X-XpPOMOCOMOIO 1HTIOITOp aronTo3y
i3 ciMeiicTBa iHTIOITOPIB amONTO3HUX MPOTEiHIB,
sIKi  OJIOKYIOTH OOMJIBa ILJISAXM aKTHBAIlii aror-
To3y  (MiToxoHnpiasmpHud 1 Fas-peumentop-
OTI0CEePEIKOBaHU ), 3aBSKH MIPSIMOMY 3B 513y BaHHIO
1 IPUTHIYEHHIO 1HIMIIOI0YUX 1 ePEKTOPHHUX Kacras.

Ex3orenne (3a0pynHeHe MoBiTpst) abo kK €HI0-
TeHHEe (CHCTEMHE) NMepeBaHTaKEHHST MIJIJII0 3alIeK-
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HO BIJ] KOHIICHTpALlil CIPUYUHIOE 3aru0esb KIITHH
4yepe3 NUQEpeHIliaibHy aKTHUBAIlIO KalblaiHiB 1
1 2, xacmasu-3 1 3MiHIOE Pi3HI mpomidepaTuBHi
IHJIEKCH B KIIITUHAX JIIOJWUHU, OJIEPKAHUX 13
neuinku (HepG2) i nerens (A-549) [45]. BpaxoByto-
gy, 1m0 Cu € KaTaJiTHIHUM KO(haKTOpOM OaraThbox
eH3uMiB i Oepe y4acTtb B peaxuii deHToHa, a came B
reHepanii akTUBHUX (OPM KHCHIO, HaBEJeHI BUIIE
JIaHl CBIYaTh MPO MOXKIJIMBY y4acTh KallblaiHIB B
OKHCJTFOBAJILHOMY CTpeci. AKTHBAIIl0 KaJIbIaiHiB
32 aHaJOTIYHUX YMOB BCTAHOBJICHO 1 BHACIIJIOK
nii xymopuny koOanbTy [46]. Ane Big3HayaroTh i
BIIMIHHUH XapakTep 3MiH aKTUBHOCTI KaJIbIaiHiB
B yMoOBax [ii iOHIB BaXKMX MeTajiB, HampH-
KJaj 3a jgierapHoi iHTokcukauii urypis Hgl, a6o
Hg(NO,),. Ilokasano, mo aKTHBHICTH HHTO30JIb-
Hux Ca?’-akTMBOBaHUX MpoTeiHa3 (kaupnainiB 1 i
2) B meviHLi Ta HUPKaX 3HUIKYETHCS, IO 3aJICKHUTh
BiJl PO3YMHHOCTI COJIEH Ta TPUBAJOCTI BILJIUBY
[47]. Ha ¢oni mopyiieHHs akTuBalii KaJblaiHiB
BifOyBa€Thcsl MPHUTHIYEHHS KIITHHHOI 3arubeni
a0o 3aJyuYeHHsS IIMPOKOTO CHEKTpa MPOTEIHIB 10
PO3BUTKY HEKPOTHYHOI 3arudesi KJITUH Pi3HUMU
MeXaHi3MaMH, 3HIKY€EThCSl IHTEHCUBHICTh alloNTO-
3y HEUTPODiJIiB, AKTUBYIOTHCS IHTIOITOPH aroONTO3y
a00 OJIOKYIOTBCSI IUISIXY aKTUBALii allonTo3y.

[MpoTunexHicTh MPOSABY AKTHBHOCTI
KaJlbIIaiHIB B yMOBaX BILJIUBY 10HIB BA)KKHUX METaJIIB
Moxe OyTH OOyMOBJIeHA cCrienu(iYHUM BUSBIICH-
HsM Ol0JIOTiYHOT POl OKPEeMHUX MPEICTaBHUKIB
BEJIMKOI KiITBKOCTI MPOTETHIB CiMEHCTBA KaJlbNaiHiB
i moTpedye MoAabIIOr0 BUBYCHHS.

KaJubnainm 3a pizHux
rimoMeTa0o0JiYHNX CTaHIiB

AKTHUBHICTh KaJIbIIAiHIB 3pOCTa€ B yMOBax
MTYy4HOro rinomeradomniunoro crany (III'MC) y
CTOBOYpI MO3KY JOpOCITHX XOM’AKiB-caMUiB [48],
110 TIOB’SI3YIOTh 3 PO3BUTKOM TiMOKCIT 1 KJIIITHHHOTO
YIIKOJKEHHS, 1HAYKIII€I0 amonTo3y, 00yMOBJICHO-
r'0 PO3BUTKOM OKCHIATHBHOIO cTpecy. [Ipu mpomy
3pOCTaHHS aKTUBHOCTI KaJIbIIalHIB MOXE BILTMBATH
Ha CTPYKTYpH (eHcMeKepH) TUXAIBHOT0, CEPLIEBO-
CYJIVMHHOTO IEHTPIB, HA BUCXiJHY aKTUBYIOUY CH-
CTEMY, BIJINOBIaJIbHY 33 OpPTaHi3allil0 CBiJJOMOCTI,
OITBIIICTh CEHCOPHUX MHUISXIB, YCI PyXOBi HLIS-
XW, [I0 TMepearoTh CUTHAJIW YNPaBIiHHS Bij
PETYISITOPIB MiBKYJIb TOJIOBHOTO MO3KY, Ha (PyHKIIi1
CUMIAaTUYHUX 1 TapacUMIaTHYHUX e]epeHT-
HUX BOJIOKOH HEHPOHIB HecrneuupivHUX HEPBO-
BUX IIGHTPIB, SIKi KOAYIOTh (QyHKIIi yciX cuctem
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orjisaan

opraniamy. Ha paHHbOMY eTami BiJIHOBJICHHSI
miciass [III'MC  akTHUBHICTh KaJIBIIAiHIB 3POCTAE
B JIETCHSX, IO TOB$I3yIOTh 13 MOKJIMBUM BILIH-
BOM TIMOKCIT Ha HANpPyXeHIiCTh y aiadparmi Ta 3i
3MIHOK CHJIM JUXaJbHUX M’S3iB, PO3BUTKOM BTO-
MU 3a 301NblIeHOT akTuBamii M’s13iB. Ha mizHbomy
eTarli BiJTHOBJICHHS aKTHUBHICTh KaJIbIIATHIB 3POCTAE
y cepui. lle, MOxnHBO, Mae MicIe 3a yd4acTiO
Kanblnainy 1, SKUil 3aidy4aeTsesd 0 MPOTEOCOMHOT
Jerpanaiii MiokapiiaJibHUX MPOTEiHIB. AHOMAIb-
Ha aKyMYJISIIIisl TaKuX (popM MPU3BOAUTH A0 YTBO-
peHHs aBTO(arocoMm i aereHepariii KapIiOMiOIHUTIB
i3 (YHKIIOHAJIBHOIO JIEKOMIICHCALIEI0, BHACIIIOK
YOro PO3BHBAETHCS CEPICBO-CYJAMHHA TUCHYHKIIISL
[49].

AKTHBHICTh KaJIbIIaiHIB 3pOCTAa€ 3a yMOB
ajamnrarii, a caMme 3MMOBO] CILUISTYKH 200 MPUPOITHOT
ribepHalii B XOM’IKiB y cTOBOYpi MO3KY, JIETEHSX,
MEYiHI[l Ta HUpPKaX, M0 TAKOX PO3MNISAIAOTh SK
HACJIiIOK OKCHIATHBHOTO cTpecy. BoHa 3HUKYEThCS
B CEplli, 1110, B CBOIO Yepry, MOB’SI3yIOTh i3 T0Ca0-
JICHHSIM ~ CEPLEBOI  JiSUTBHOCTI, $5Ka IOBHICTIO
HOPMaITi3ye€ThCsl HA €Talli BiJHOBJICHHS OpraHi3My
[50]. 3umoBa cmsfuka TBApUH XapaKTEPHU3YETHCA
3HIJKEHHSIM MeTa0oi3My, MoTpedu B KHCHI Ta
PI3KHM yTHIOBUTBHEHHSIM CEPLIEBOTO PUTMY, SIK] € eJie-
MEHTaMH aJanTaliiHOrO0 MeXaHi3My YIpaBIlliHHS
BEereTaTUBHUM 0aJIaHCOM YChOT'O Oopraniamy [51].

Y XBOpHX 13 CEpIIEBOIO HEJOCTATHICTIO, HABMa-
KU, BiJI3HAYaIOTh 3HMKEHHSI aKTHBHOCTI KaJIbIIaTHIB
y CHpOBATIi KPOBI, 110, MOKJIMBO, € HACIiJKOM PO3-
BUTKY anonTo3y [52]. KitrouoBy poJib y MexaHi3Max
MOCTYIIOBOTO 3HOIICHHS MiOKapAa i pO3BUTKY HOT0
HEIOCTAaTHOCTI I'pa€ MOPYLICHHSI eHeProyTBOPEHHS
B MiToxoHapisx [53]. KommeHcaropHe mocuieHHS
aHaepoOHOTO TIIKOJI3y MiJBUILYE KOHIEHTPAIi0
ionie HY, mo mnopymye 3B’si3yBanHsi ioniB Ca*"
3 MioQiOpuiamMu 4epe3  KaJblid-perenToOpHu
NPOTETHOBUH KOMILIEKC 1 TPU3BOAWTH IO 3HH-
JKCHHS CKOpPOYYBaJbHOI 3HaTHOCTI  MioOKapja.
3HMKYEThCS €(DEKTHBHICTh KalbI[IEBOTO Hacoca
CapKoIJIa3MaTHYHOTrO peTHKyiayma, Na/Ca-o0MiHy,
croBiIbHIOETHCA BigTik Ca?" 3 miomnasmu. Lle Mmoske
MPU3BOAMTH 10 3HWKEHHS PiBHS KaJbLil0 B KPOBI,
[0 TIPSIMO KOPEJTIOE 3 aKTUBHICTIO KaJIbIATHIB.

KaJuabnainu B ymoBax
apTepiajbHOI rinepreHsii

SHMKEHHS aKTUBHOCTI KaJIblIaiHIB Bij3HA-
YarTh 1 B CHPOBATLi KPOBI NPH TINEPTOHIYHIH
xBopoOi Il cranii, mo MoB’I3yr0Th i3 MPUCKOpPEH-
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HsM aronto3y [54]. [Ipu nbomy B cedi akKTHBHICTh
KaJIBMAiHIB TiJ{BUIIICHA, MOXKJIMBO, BHACIIJIOK PO3-
BUTKY MMaTOTCHETUYHHUX 3MiH Y TKAHUHAX HUPOK.
[cTOTHO 3HMIKYETHCS aKTHUBHICTH KallbHaiHIiB
i B yMOBax TPHBAJOr0 BXKHMBAaHHS alKOTOJIIO, IO
CYNPOBOIKYETBCSI  3POCTaHHAM  apTepiaibHOrO
TUCKy. Lle TOB’$3yI0Th i3 NMPUCKOPEHUM PO3BUT-
KOM Ba30KOHCTpUKTOpHUX 3MiH [55]. [enumepni
0COOJIMBOCTI TPOSIBJICHHS aKTUBHOCTI KaJIbIIaiHIB
CTOCYIOTBCSI TOTO, 1110 B IIIYPiB-CaMIIiB, OPIBHSIHO i3
CaMKaMU, aKTUBHICTb KaJIbITaiHIB BUIIIE B CHPOBATII1
KpOBI, TKAHUHAX JIET€Hb, MEYIHKU Ta HUPOK, 10 U
00yMOBIIIO€ O1NBITY BUPA3HICTh 3MiH y pasi TpHBa-
JIOTO B)KMBaHHSA aJKOTOJIIO CaMe B CaMIIiB.
[likaBuUM € TOH (pakT, IO KaJbMaiHU 3JaTHI
3aXMIATH CepLe BiJi TeMOJUHAMIYHUX HaBaHTAa-
JKEHb, IEPEYCIM MiIBULIEHHS THCKY [56]. Y oMy
ACIMeKTi, OKpiM KanbnaiHiB 1 i 2, 3BepTaroTh yBary
Ha POJIb PEryJIsITOPHOTO Kambmnainy 4. Y kanbnain
4-neinMTHUX MULICH, BUBEACHUX /IS 3’ICYyBaHHS
poJli KajpnaiHiB y cepili, 3a TeMOJUHAMIYHOIO
CTpecy BHSIBIISUIM 3HIKCHHSI piBHSI KanbnaiiB 1 i
2, iHTepCcTHIIANBLHUH QiOpOo3 micis nepeBaHTaKeH-
HSl TUCKOM IPOTSIOM OJHOIO THUYKHS, PyHHYBaH-
HS TUIa3MaTUYHUX MEMOpaH y ceplli, pO3LINpPEHHS
JIBOrO0 HITyHOYKA, CKOPOTIMBY IUCPYHKIIO Ta
cepueBy HenoctaTHicTb. OCHOBHHM MeXaHi3MOM
MPOTPECYBaHHS OCTAaHHLOI 3a PI3HUX MATOJIOTIMH,
BKJIFOYAIOYH T1IIEPTOHIYHY XBOPOOY, KapioMiomnarii
i iHdapKT MiOKapAa, BBAXKAIOTh, € PEMOJICIIOBAHHS
cepls, sIKe 3AIHCHIOETBCS 32 PaXyHOK TeOMETpUY-
HUX Ta CTPYKTypHUX 3MiH [57]. Jlo Takoro edexk-
Ty MOXKE€ TMPU3BOAUTH 301MbIICHHS aKTHBHOCTI
KaJIb[aiHiB cepes IHINX TPOTEONITUYHUX EH3UMIB,
TaKMX SIK MaTPUKCHI METaJONPOTEiHA3H, KaTelCH-
HU, Kacnaszu. MaTprKCcHI MeTaJIoNpoTeiHA3H 1 KaTer-
CHHM BIUIMBAIOTh HAa 3MIHM MO3aKJIITHHHUX CTPYK-
Typ, (QYHKI[IOHYBaHHS CyOKJITHHHUX OpraHeil B
Kap/ioMioIMTax, a aKTUBAIlisl Kacmas, KalblaiHiB
CIIOHYKa€ CyOKJITHHHI PEKOHCTPYKINI 1o3a cep-
neM. KanpnaiHum MOXYTh BIJIMBaTH Ha Iepeaady
CUTHAJIB B MpOLECax PEMOJCIIOBAHHS MioKapaa
[21]. Bmacmigok axTuBamii TpPaHCKPUILIHHUX
(akTopis, TakuX SK siepHui pakTop kB, kanbmainu
MOXYTb TIPU3BOAUTH 110 TinepTpodii miokapaa i 3a-
MaJieHHsI. AKTHBAITiSI KaJbIIaiHiB CIIPHSIE 3aTOCTPCH-
HIO xBopoOu [58]. [lo Toro x iX (yHKUiOHYyBaHHS
€ BaXJIMBHUM JJI TPOLECY JAerpajanii mpoTeiHiB
13 migBumeHor mBHAKICTIO [59]. I, HaBmakw,
MPUTHIYCHHS aKTUBHOCTI KaJbMAiHIB  CIIPHUSIE
KapaiompoTeKTOpHOMY edekTy [42].
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VY kapaiomionuTax KanbnaiH | akTUBYeE Kacma-
3y 3 i noni-(ADP-pu6o3a)-monimMepasy i 4ac amnor-
TO3Y, IHIyKOBaHOTO (DAKTOPOM HEKPO3Y MyXJIMH-(L,
a kanpnaiH 1 pO3LIEIUIIOE amonTo3iHAYKYUnN
¢axTop micis Ca* -nepeBantaxenus [11].

PoJsb kajibnaiviB y po3BUTKY aiabery
Ta XPOHIYHOI XBOPOOM HUPOK

AKTHBaIliS  KaJbMalHIB 3HAYHOK  MIPOIO
OIIOCEPEIKOBYE /1a0CTIHAYKOBaHY JIUCQHYHKIIIIO
TpoMOonuTiB [60]. AkTHBawLis L~ 1 M-KaJdblaiHIB y
MAIi€HTIB 13 MYKPOBUM JiabeToM 2-TO TUIY NpH-
3BOJUTH JI0 3MEHIICHHS KUIBKOCTI IX CyOCTpariB
B TPOMOOIMTaX (CENTHHY-5 i iHTErpUHMOB’SI3aHOI
kiHasm). KanbmaiH3ajie)kHe PpO3IICIICHHS CENTH-
Hy-5 Topyliye HOro 3B’I30K i3 CHHTAaKCUHOM-4 i
CHpusi€ 3MiHaM eKcrpecii 1 cekpemnii T-KIiTHH.

HasiBHicTbh BUOIpKOBOI akTHBAII] [l-KaJIbNaTHIB
BiJ[3HAUAIOTh y WIypiB i3 giabetoM 1-ro Tumy,
IO TOB’3YIOTh 3 yuacTio mpoteinkinazu C [61].
OyHKIIOHAIBPHUMH HACIIKaMH I1i€1 akTuBamii
€ 3POCTaHHs EHJOTEeNIallbHOI EeKCIpecii MOJIEKYI
MUDKKJIITHHHOI anaresii-1 1 B3aeMofist JIEMKOLIMTIB
3 engorenieM. [lomimopdismM reHiB Kaibnainy
10 moB’s3aHMl 3 PE3UCTEHTHICTIO JI0 IHCYJIHY i
niadetom 2-ro tumy [2]. Kanenain 10 BriuBae Ha
CEKpeIlit0 1HCYJIiHY, HOTro JIit0, BAPOOHUIITBO TIIFO-
KO3U B TICUIHI[I — Ha MPOLECH, 110 3MIHIOIOTHCS B
MaIi€HTIB 13 IYKPOBUM jaiadeTom 2-ro Tuiy. Bka-
3yIOTh Ha TJIIOKO30iH/IyKOBaHY BTpAaTy KaJbMaiHy
10, 10 B IpUPOAHUX YMOBAX MPU3BOIUTH JIO AIOM-
TO3y KJITHH HUPOK Ta OPraHHOI HEIOCTATHOCTI,
3yMOBJICHOI HAKONMWYEHHSIM HOro CyOCTpaTiB y
MITOXOHJIPISIX, 1 MITOXOHApianbHOI AMCHYHKINT
[62]. MOkJIMBO 11e OOYMOBJICHO THM, 1[0 OUIBIIICTh
KaJblaiHIB € I[UTO30JbHUMH, a Kaimpmain 10 —
MITOXOH/IPiaJIBHOI0 TPOTEiHA3010, sKa BijAirpae
BaYKJIMBY POJIb Y TOMEOCTAa31 IIUX OpraHedl.

VY kiiTHHaX HUPOK, Kanbhnainu 1 i 2 cTumy-
JIOIOTH amloNTO3 1 HEKPO3 HUISIXOM PO3LICTIIICHHS
MPOTETHIB IUTOCKENETa, IO 301JIbIIYE MPOHUKHICTD
MeMOpaH T1a3Mu Ta po3IleIieHHs kacnasu [11].

IMpu xponiyHili XBOpPOOI HUPOK AKTHBHICTH
KaJIbMaiHIB 3pocTae i B CHpOBATIi KpPOBI, 1 B cedl,
10 BKa3y€ Ha iIHTEHCHBHICTh POTEOIi3Y, PO3BUTOK
1 IporpecyBaHHs CTPYKTYPHHX 1 QyHKIIOHATBHUX
MOPYLICHB B [IUX OpraHax.

Y mopmeil i3 XpOHIYHOIO XBOpPOOOK HH-
POK TIJBUIICHHS aKTHBHOCTI KaJjblalHIB Ha
(oHl XapaKTepHOro JJIs IIUX XBOPHX 3POCTaH-
HsI KOHLIEHTpAIlil KaJIBLIF0 MOXE OOYMOBJIFOBATH
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301BLICHHS 1IHTEHCUBHOCTI 1 pO3MipiB KOpOHAPHOT
KanbUQiKalii MOpiBHAHO i3 CepUeBO-CYIUHHH-
MU 3axBOpIOBaHHsAMHU [63]. Bij3HayaroTh Takox,
o 3a i XEMOTAKCUYHMX MENTUIIB Ta I1HIINAX
CTUMYJISITOPIB KalbHaiHU 3/1aTHI Opatu ydacTh B
akTuBalii HEWTPODiNiB, MO MOXKE CIPHATH PO3-
BUTKY TKAaHUHHOTO YUIKOMKEHHS, 0OyMOBJIEHOTO
HasIBHICTIO CHUCTEM, SIKi T€HEpYIOTh CyNEepOKCH-
aHIOH 1 TiAPONITHYHI  €H3UMHU. 3pOCTaHHs
AKTHBHOCTI KaJblaiHIB Yy CHPOBATIl KPOBI y XBO-
pux i3 nia0eTUYHOIW He(pOMaTier TMOB’I3YITh
i3 mepexomoM 110 (GOpPMyBaHHS CTPYKTYpHUX Ta
(yHKIIOHATBHUX 3MiH y TKaHMHaX HHUPOK, PO3-
BUTKOM TJIOMEPYJISIPHUX 3MiH 13 TOTOBIICHHSM
0a3apHOT MeMOpaHH, 3pOCTAHHSIM ME3aHT1aJIbBHOTO
MaTPUKCY, PO3BUTKOM TU(Y3HOTO Ta BY3JIHKOBOTO
IHTEPKAMUISIPHOTO TIOMEpYJIOHePPHUTY, IO YiTKO
BUSIBIISIETHCSI JIMILIE HA TPOTETHYPivHiM cTa1ii 3aXBO-
proBaHHsl [64]. 3pocTaHHsI aKTUBHOCTI KaJIbIIAiHIB
y cedl € XapaKTEepPHUM JUIsi XBOPUX 13 XPOHIYHUM
rIIOMepyJIOHEPPUTOM, 10 OOYMOBEHO aHOMAallb-
HOK0 TPaAHCTIIOMEPYJISIPHOK CEKPELI€0 MPOTEiHIB
Maa3MH, TYOYJISIPHOK CEKpeli€rn. AKTHBHICTh
KalbnaiHiB ~ MOXe cnpusiTd  301IBLICHHIO
OpOTeiHypii, MPUTHIYYBaTH EKCIpecilo HeppHHY,
OPHU3BOAUTH 0 (POpPMYyBaHHS IMyHHOTO TJIOMEpY-
JISIPHOTO MOUTKOKEHHSL.

Buxopucranus iHTi0ITOPIB aHrio-
TEH3MHIICPETBOPIOIOUOT0 €H3MMY Ta aHTarOHICTiB
peuentopiB All 1-ro Tumy y XBOpHX i3 XpOHIYHHM
Mi€JIOHEPUTOM  NPHU3BOAUTH 0  3HUKEHHS
AKTHBHOCTI KaJblaiHiB JIMIIE B CHPOBATI KPOBI
[63]. Bucoka akTUBHICTB 1X y cedi 15 i€l kaTeropii
XBOPHX MOXKE CBIIYUTH MPO (OPMYBaHHS CTPYK-
TYpHHUX Ta QYHKI[IOHATBHUX 3MiH Y HUPKOBHX TKa-
HUHAX, KOPEKIis SKUX MOTpedye BUKOPHCTAHHS
npernapaTtiB UTONPOTEKTOpHOI nii. Y XBopHX i3
XPOHIYHUM TJIOMEPYJIOHEHPUTOM LSl TEeparis mpu-
BOJIUTH JIO 3POCTaHHS AaKTUBHOCTI KaJIBIIAiHIB Yy
CHPOBATIIi KPOBI Ta A0 3HMKEHHS X PiBHS B Ceyi, 110
MOJKe OyTH TIOB’SI3aHO 31 3MEHIIIEHHSIM aHOMAaJIBHOT
TPaHCIIIOMEPYJISIPHOI CeKpelii MPOTEiHiB IIa3MH
Ta piBHSA TYOYISIpHOI CeKpeil.

Kaabnainm 3a myXJIMHHOTO POCTY

[IpoTouna uToMeTpist PpiKCOBaHUX 1 KMBHX
32 DKIT nelko3HHX KITHH MHUIICH, MTOOTMHIN
a0o B 3arajibHOMY CKJIaJi CTPYKTYPHHX €JICMEHTIB
CEJIC3IHKM KOPEJIIOE 3 TiJBUIICHOK aKTUBHICTIO
KaJIb[aiHiB MOPIBHSHO 3 HOPMAaJbHUMH CILICHOIIH-
tamu [8]. BpaxoByrouu, 1110 KaJbllaiHU HAJIMIPHO
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EKCIIPECYIOThCS B JESIKUX IyXJIHHAX, OCOOJIMBa
yBara OpUIISETbCs 1X ydacTi y naerpagauii He-
TPAaHCMEMOPAaHHOTO  MPOTEiHy TUpo3uHpocha-
tasu [25]. DyHKUIOHYBaHHS WLBOTO MPOTEIHY
CTOCYETBCSI CHTHAJIBHHUX ILISAXiB, SKI OepyTh
y4acTh y peryisiii KJIITHHHOI Mirpauii Ta BTOpr-
HEHHS, [I0 MOXE TPU3BECTH [0 NpUIOAHHS
arpecuBHIIIOro (GEeHOTUIY MyXJIMHHHUX KJIITHH. Y
kimitTuHax T24 paky ce4oBOro Mixypa HETPaHCMEM-
OpaHHuUiI poTein Tupo3uHdochaTasu MmiIIaeThCs
KaJbIlif3alnexxHill aerpajaiii, i BoHa Moxe OyTH
BiJIBepHEHa Ai€to crienudivamx iHridiropis. OOpoo-
Ka KJIITHH 1HT101TOpPOM KaJblaiHiB — KaJIbIENTHHOM
MPHU3BOAMTH A0 MEPEPO3NOAiTy E€HJIOTeHHOTO He-
TPaHCMEMOPAaHHOTO TPOTeiHy Tupo3uHpocharazu
10 niepudepii KIAITHH.

[TincymoBy104M BUKJIAACHUH MaTepiall, MOJKHA
CTBEPIKYBAaTH, 110 KaJIbIIA{HU 32 JOTIOMOT 010 O0Me-
JKEHOI'0 MPOTEONi3y iXHiX cyOCTpaTiB BigirpaloTh
BaYJIMBY POJIb y IIMPOKOMY CHEKTpPi OI0JOridyHUX
ABuIlL. X QyHKIIOHYBaHHS MOB’I3aHeE 3 BiNOBIIIO
Ha KaJbLiH3aJIe)KHY CUTHANI3alil0 3 eeKTaMu
crapinHs. [IpurHideHHsT aKTHBHOCTI KaJlbHaiHiB
COpUsE TalbMyBaHHIO PO3BUTKY AHCHYHKIIT
SH/IOTENI10, CepleBO-CYAMHHUX YCKJIaJHeHb, (op-
MYyBaHHSI CTPYKTYPHUX Ta (YHKIIOHaJIBHUX 3MiH
Yy HHUPKOBUX TKAaHMHAaX, Ma€ HEUPONPOTEKTOPHUI
edekrt, 3amodirae capkoreHii, mocaadoe 3anaibHi
peaxiiii, CHpUYMHEH] TINEePBEHTUIISIIED JICTEHIB 1
crpusie 3aro0iraHHI0 MepPepOKeHHs MMyXJIMHH Ha

arpecuBHiIy.
s indopmariss Moxke OyTH OCHOBOKO st
pO3pOOKHM  TEpaneBTUYHUX MIAXOMIB  KOpPEKIil

KaJIbIIalHONOCEPEIKOBAHOTO  mpoTeoidy. Kaib-
NMaiHu MOXYTh OyTH MOTEHIIHHOI MIIICHHIO AJIS
KOperyBaHHsSI PO3BHTKY pIi3HUX MaTOJOTTYHUX
CTaHIB Oprai3zmy.

HeBupimieHi mnuTaHHS CTOCYIOTBCS BHKO-
pucTtaHHs OiIBIIOCTI  iHTIOITOPIB  KaJlbMAiHiB,
SIKI € HEe JIOCHTh CHEHU(IYHUMU JIJIsI KOHKPET-
HUX TPEICTABHUKIB IILOI'O CIMEWCTBA, i, TUM Ca-
MHM, CTBOPIOIOTH I OijIbIlle MUTAaHb BIJIHOCHO 1X
Oionoriunoi pomi. [loganpuie BuBUeHHS (HaKTOPIB,
1[0 PEeryJroTh aKTHBHICTh KaibmaiHiB 1 1 2 Ta
JeTaiizamis IXHiX crenuiuHux cyocTpatiB Oyne
COPUSATH TOTIMOICHHIO HAILOTO YSBICHHS IOJO
MposiBIIeHHs PYyHKIIN KaIblaiHiB.
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O030p TOCBAIIEH KajdbllalHaM — CEeMei-
CTBY IMTOILIA3MATHYECKUX KaJbI[NH3aBUCHMBIX
MPOTeNHA3 C TANMamHONOAOOHOH aKTHBHOCTHIO,
KOTOpBIE MPUHUMAIOT yYacTHE B Pa3HOOOpA3HBIX
Iporieccax B OpraHu3Me: BO3PAaCTHBIX H3MEHEHU X,
pu (HYHKIIMOHUPOBAHUH SHIOTENUS W JIETOYHON
CUCTEMBI, PETyJIAINH aronTo3a U HeKpo3a, Pa3Bu-
THAW Pa3INYHBIX THIIOMETa00INYECKUX COCTOSTHUM,
apTepuaiIbHON TUIEPTEH3WH, auabeTe, XpOHWUe-
CKOI OO0JIE3HH TIOYEK M OITyXosieBoM pocte. CaenaH
BBIBOJI, YTO KaJIBITAWHEI C TIOMOIIBI0 OTPaHUYEHHO-
T'0 MIPOTEOJIN3a CBOMX CyOCTPaTOB UTPAIOT BAXKHYTO
pOJIb B peayu3aliy MIMPOKOTO CHEKTpa OHOIOTH-
YeCKUX sBJIeHUN. X QyHKIIMOHHpOBaHUE CBSA3aHO
C OTBETOM Ha KaJBbIIUH3aBUCUMYIO CUTHAJIU3AIIHIO
1 ¢ apdexTamMu cTapeHus. YTHETCeHHE aKTHBHOCTH
KaJTBITAMHOB CIIOCOOCTBYET TOPMOXKEHHUIO PA3BUTHS
TUCHYHKIIUA DHIOTENHUS, CepIeYHO-COCYAUCTHIX
OCIIOKHEHUH, (OPMUPOBAHHUIO CTPYKTYPHBIX U
(hyHKIIMOHATHHBIX N3MEHEHUH B TIOYEYHBIX TKAHSX,
AMeeT HEeWpONpPOTEKTOPHBIH 3(PQeKT, mpenoTBpa-
aeT CapKONEeHHI0, OciabiseT BOCHATUTEIHHBIE
peakiny, BEI3BaHHBIE THIIEPBEHTIIISIITUCH JIETKUX.

KnmoueBpie cmoBa: KaJabllaWHBI; BO3-
pacTHbIe U3MEHEeHUs; (PyHKIIMOHUPOBAHUE dHIOTE-
JUST; IeTOYHast PYHKINS; allonTo3; TUIIOMeTaboIn-
YECKUE COCTOSHUS; KaJIbIIAUHbI IPU APTEPUATIBHOMN
TUTIEPTEH3UH, TUadeTe, XPOHNIECKOU OOJIC3HH TI0-
YEK, OIyXOJIEBOM POCTE.
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Calpains are a family of cytoplasmic calcium-
dependent proteinases with papain-like activity.
They participate in a variety of processes in the
body: age changes, functioning of endothelium and
pulmonary system, regulation of apoptosis and ne-
crosis, development of various hypometabolic states,
arterial hypertension, diabetes and chronic kidney
disease, tumor growth. It is concluded that calpains,
causing limited proteolysis of substrates, play an im-
portant role in a wide range of biological phenome-
na. Their activity is associated with the response to
the calcium-dependent signaling and the effects of
aging. Inhibition of calpains activity contributes to
inhibition of endothelial dysfunction, cardiovascu-
lar disease, formation of structural and functional
changes in the kidney tissue, has neuroprotective ef-
fect, preventing sarcopenia, reduces inflammatory
reactions caused by hyperventilation of the lungs.

Key words: calpains, age changes, endothe-
lial function, pulmonary function, apoptosis, hypo-
metabolic status, calpains in arterial hypertension,
diabetes, chronic kidney disease, tumor growth.
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