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POJIb TEMOIIPOTENMHOB B PEI'YJISAHUU INPOLECCOB IPOJIM®EPAIIUN
N ANIOIITO3A KJIETOK
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I'emonpoTrennbl — 0eJIKH, JJUTAHAOM B KOTOPBIX SIBJISIETCH JKejie30, HAXOAALIUECS B
nopdupune. [lonooHbIe coeTMHEHNUS COIEPKATCH, NPAKTHYECKH, BO BCeX IYKOPHOTHYECKHUX
KJIeTkaX. OHM BBINOJHAIOT Pa3Hoo0pa3Hble PYHKIHMHU B KJIeTKAX U TKaHsAX. [ eMonpoTenHsbl
SIBJSIIOTCS YYACTHMKAMM TAKHX KU3HEHHO BAaKHBIX NPOLECCOB, KAK TPAHCHOPT BELIECTB,
o0e3Bpe:KMBaHUE KCEHOOMOTHKOB, CO31aHue pe3epBa kucjaopoaa. I[lpm HapymeHun crpyk-
TYpPbl — T€MONPOTENHbI BHINOJIHAIOT 3HAYMTEIbHYIO POJIb B Pa3BUTHH 3a00J/IeBaHMi, CBfI-
3aHHBIX € KJETOYHOI nmpojudepanmeii. JlanHasi B3aMMOCBA3b BO3HMKAET U3-32 KACKAJAHOIO
MeXaHM3Ma MHAYUMPOBAHHOI0 HM3MEHEHMSIMU METAJLJIONPOTEHHOB. B HeM ¢ Ka:KIbIM mocJie-
AYIOLIMA 3BeHOM COOBITHII Pa3BUTHE MOBPEKICHUS] YCUJIMBAETCH, YTO YBeJIUYNBAET MOCJIe/-
CcTBHE NMOBpPexIeHuil. YacTh KJIeTOK NPH AKTUBAIMHM KACKAa/1a MOrudaioT, a HHbIe HAIIPOTHB,
NnepeposKAaTC U 0eCKOHTPOJIbHO Npompepupyr. Cienyer yYUTHIBATH CKOPOCTHbIE U
BpeMeHHbIe MmapaMeTpbl (pOpMHUPOBAHMS NMATOJOTHYECKOro npouecca. KparkospemenHnoe u
MOII[HOE JAeHCTBHEe HHAYLUPYeET anonTo3, a JJIMTeJbHOe — IPU MAJI0 HHTEHCHBHOCTH MOMKET
NPHUBECTH K Pa3BUTHIO HOBOOOpa3oBaHusi. B padoTe oTpaikeHbl 0T/eIbHbIE MEXaHU3MBI Ma-
TOJIOTHYECKHUX MPOLECCOB, (hopMupyoLMecs MPU HAPYIIEHUH MUHEPAJIbHOI0 romeocrasa. B
KayecTBe MPUMePOB 3200/1eBaHUIl  PacCMOTPEHBbI NCOpUa3 U TpanchopManms OIMyXoJeBbIX
KkJ1eToK. O003HAYEeHA POJib FeMONPOTEHHOB KaK MHUNUUpPYOmmX ¢akropoB. beaku 3Toi
IrPyNnbl OKA3bIBAIOT HE TOJBKO MOBpPeEXKAaIONUIee [eiiCTBHEe HA HACJIEACTBEHHYI0O HH(pOpMa-
M0, HO TAK Ke MOTYT 3allUIIATH OMyXO0JeBble KJIETKH OT anonTo3a. AKTUBHbIE MeTa00/1U-
Thl KHCJIOPO/Ia HAKAIIMBAKIIKECS B 00JbIIMX KOJIHYECTBAX B 0Yare MHMIMHUPYIOT mpoiec-
¢bl CBOOOHO-PATUKAIBHOI0 OKMCJICHUS U MPUBOAAT K OKUCIUTEIbHON Moaudpurkannu oes-
koB. Haubosiee 4yBCTBUTEIbHBIME MUIIEHSAMH AKTUBHBIX (hopM Kucaopoaa sBiasirores SH-
rpynnsl 0e1koB. /[aHHbIe naToornyeckne N3MEeHEHUs1 MOTYT BO3HMKATh W3-32 BJIUSIHUS HA
MeTa00JIM3M MeTAJTO0NPOTEeHMHOB, 3aTPparnBasi (PYyHKIMOHMPOBAHUE KAK OTACJbHOH KJICTKHU
TaK U OPraHu3Ma B HejJoM. Pe3yJibTaTOM MHAYHHUPOBAHHOIO NMPOTEHHAMM IPOIECCA CTAHO-
BHUTbLCS MOTEPsI CNeU(PUIHOCTH U CIIOCOOHOCTH K 0ECKOHTPOJILHOMY JIeJIeHUI0 KiieTokK. N3y-
YeHHe POJIM KeJIe30IIPOTEeMHOB MOKeT MOMO4Yb Pa3padoTaTh HOBble METOAMKH NPoUiIaK-
THKHU M JICYEHHUs KAK NCOPHa3a, TAK U OHKOJIOTHH.

Knrouesvle cnosa: ncopuas, 3noxawecmeenHvle HOB00OPA308AHUsL, 2eMONPOMEUHbl, Kile-
moyHas nponughepayus, KamyepozeHes, Anonmos.
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['emorpoTenHbl — O€NKH, CoIepIKaIlre B
KauecTBe HEOEIKOBOIrO0 KOMIIOHEHTa CTpPYK-
TYPHO CXOIHBIE XKene3onoppupunbl. Pazmny-
Hasl 10 COCTaBY M CTPYKType OeNKOBasi 4acTb
o0ecrieuynBacT pa3HOOOpa3ue OMOJIOTHYSCKUX
¢byakmmid. [Ipu HapymeHun oOMeHa jKeme30-
cofiepKalmx OENKOB TMOMHMO TOTepu (PyHK-
UM TaKkKe HaONMoAaeTcsl BIMSHUE Ha Lie-
JIOCTHOCTh HACJICAICTBEHHOIO ammnapara KIeT-
Kd. 3a4acTyl0 JIaHHbIe OLIMOKU TPUBOIAT K
peaM3aly MEXaHW3MOB KJIETOYHOH THOEH.
OTMevanuch ciaydau, OpU KOTOPBIX Hapy-
LIEHUs] 3aTparvBad PETYJSATOPbl AIONTO3a.
OTO MO3BOJSJIO M3MEHEHHOM KIIETKE IIpo-
JOJDKUTH (PyHKUIMOHMpPOBaTh. B mepcrnexTuBe
9TO MOXKET MPUBECTH K Pa3BUTHUIO TCOpHa3a
WM BOSHUKHOBCHUIO HOBOOOpa3oBaHwmii [1].

[TpuunHO pa3BUTHS IICOpUA3a SBISIET-
cs1 M30BITOYHAs TIposudeparus KepaTuHOIH-
TOB, TUM(OIUTOB 1 Makpo(haroB BCIEACTBHE
HapyIllIeHUs pealu3alui TeHEeTUYECKOW HH-
dopmaruu.  [lpossrsercs oOpa3oBaHueM
KPaCHBIX, YPE3MEPHO CYXUX, MPUIOTHSATHIX
HaJl MIOBEPXHOCThIO KOXKHU IMATEH — Naryin [2].

OnyxoJIeBbIil POCT ABJISAETCS CIEACTBU-
€M H3MEHEHHs TeHETUYECKOro armapara
KJIETOK, IPOSBISETCS MATOJOTUEH peryis-
nuu nposmdepanu U AP HEPEHIUPOBKH.
OTO NpUBOIUT K OECKOHTPOJIBHOMY KJIETOY-
HOMY JIEJIEHUIO, TIOTPEOICHHIO BCe OONBIIETo
KOJIMUECTBA PECYPCOB OpraHHU3Ma U MEXaHH-
YyecKoi JedopMaIii OpraHoB.

B xauecTBe npuMepoB reMONPOTEHHOB,
K HUMEIIIUX OTHOIICHHE K MEXaHU3MaM
npoiudepanud M anonTo3a KIEeTOK, OyAayT
paccMoTpenbl: 1utoxpoM C, remMorioOuH,
MHOTJIOONH, KaTana3a, IepoKcuaasa.

[lenp wucciaenoBaHus — ONPENEICHUE
posin psija TEMONPOTEMHOB B MaTOJOrHYe-
CKOM mponudepalii U UX ydyacTUe B MeXa-
HU3Max arorTo3a.

[TpoBeneH wWHMOPMALMOHHBIA aHATU3
JUTEpPaTypHBIX JaHHBIX 110 TEME HCCIIe0Ba-
HUS U HUCIOJIb30BAHUEM OTEYECTBEHHBIX U
WHOCTPAHHBIX HCTOYHUKOB.

[Mutoxpom C — mepudepudeckuii Bo-
JIOPacTBOPUMBIH MeMOpaHHBII 0eIoK,
MMEIOIIMM OJHY MOJUIENTUIHYIO IeNb W3
100 aMMHOKHMCIOTHBIX OCTaTKOB, U MOJIEKY-
Jy TéMa, KOBAJIEHTHO CBSI3aHHYIO C MOJIUIIET-

487

TUIOM. B KIleTKe BBIMONHSIET QYHKIUIO Tie-
peHoca »JJIEKTpOHA B JIbIXAaTEJIbHOW LEMu.
IIpu onpenes€HHBIX YCIOBUAX OH MOXKET OT-
COCIIMHATHCA OT MEMOpaHbl MUTOXOHJIPHH,
nepeMenaTbcs B MEKMEMOpaHHOM IpPO-
CTPAHCTBE W aKTUBUPOBATh anonto3 [3]. [Ipu
sToM 1uToxpoM C 00pa3yeT KOMIUIEKC C
Apoptotic protease activating factor (APAF-
1) u xacnmazoit 9 (puc. 1). IlomyunBmmecs
CyOBbeIUHULIBI OOBEIUHSIOTCS B aloNTOCO-
My, CHOCOOHYIO Ha MPOTEOIUTUYECKHUNA MPO-
neccuHr mpokacnassl 9. IlomyuuBmiasics B
pe3yJsibTaTe aKTUBHAs Kacrasa 9, pacierisier
npokacnasy 3. Kacmaza 3 aktuBupyer ¢ak-
top (parmentanuu JHK. Opgnako, ecim
pa3pymenne JIHK wactuunsie, BMmecTo rube-
JM KJIETKU 3aIlyCKaeTcsl, TPAHCKPUILUS OH-
KOT€Ha WM TOCJeAyIomasl TPAHCISAIUS OHKO-
Oenka. Kak cnencrBue, ¢opmupyercs He-
oriasus Kietok [4].

B unccnenoBanun Yamada Y. orpaxeHo
TIOBBIIIEHHS YPOBHS CHIBOPOTOUHOTO IIUTOXPO-
Ma C y OOJNBHBIX CO 3JIOKAYECTBEHHBIMHU OITY-
xonsimu (puc. 2). [Ipu 3T0M Takke oTMedanach
pa3HMIIA B ITOKA3aTENSX Y OOJIBHBIX CO 3JI0Kave-
CTBEHHBIMU U JJOOPOKAYECTBEHHBIMH OITyXOJIsI-
mu (20,6 ipotus 15,5 ur/mi;, p =0,017) [5].

[lpu mncopuase B wuccnenoBanuu Gabr
S.A. ormevanock BimsHEE IToxpomMa C Ha
OKHCJIMTENBHBIN CTPECC, YCHIIMBAIOIIMK IpO-
SIBJICHHE TAaTOJIOTUH, YCKOpssl Mpoiudeparuio
U yXy/dllas COCTOSHME TMalueHToB. JlaHHbIE
ObUIM TOJNy4eHbl HA OCHOBE aHAIM30B 55
UCIIBITYeMbIX — U3 HuUX: 35 c mcopuazom, 20
OTHOCHTEJIBHO 3JI0POBBIX JOOPOBOJIBLIEB [6].

['eMOroOMHBI  MPEACTABISIIOT  COOOM
TeTpaMepHbIe OENTKH, MOJIEKYJIbl KOTOPBIX 00-
pa3oBaHbl PA3THMYHBIMU THIIAMH TOJUTIETITHI-
HBIX 1eneit A u B. Hanbonee pacrpocrpanen-
Hble TeMOIJIOOMHBI MMEIOT CIIEAYIOIIYIO0 TeT-
pamepHyto CcTpykTypy: HBA (HOpManbHBIM
reMOTJIOONH B3pOCIIOro uenoBeka — A2B2).

B 00b1yHbBIX ycnoBUSX | T remMoriioou-
Ha ripu | atMocdepe cBs3biBaeT 1,34 M ku-
ciopona. Ilpu maronoruu TeMoriioOMH MoO-
JKeT OBITh WHAKTUBHUPOBAH, T. €. JUIIAETCS
criocoObHoctn mnepeHocutb O CocoOHOCTD
TeMOTJIOOMHA CBSI3BIBATHCS C Ta3aMU 3aBUCHT
OT TeMIepaTypbl KPOBH, COJEP)KaHUSA B HEH
CO; u ot pH kpoBu. HenocraTok kucinopoaa
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Puc. 1. Yyactue ruroxpoma C B MexaHu3Me anonro3a (rurtuposano no Chansik, 2011) [4]
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Puc. 2. OTpaxxeHO MOBBILICHUS YPOBHSI CBIBOPOTOYHOTO IIUTOXpoMa C y OOJIBHBIX
CO 3JIOKQUeCTBEHHBIMHU M JJOOPOKAaYeCTBEHHBIMH ommyxoisiMu (nuTupoBaHo o Osaka, 2009) [5]

BezieT K HapyuieHuto cuHre3a AT®. be3 snep-
MM MaKpO’pPIMUECKHX CBs3el IepecTaeTr
dynxupormposats  K'/Na'-mommbIii  Hacoc.
V3meHeHunit MpUBOJAT K HAKOIUIEHHUIO B Opra-
HeNMax ¥ B KJIeTke MOHOB Na' M BOJEI, UTO
nposiBiIseTcss Ha0yxaHHeM MUTOXOHIPUH (3ep-
HUCTass JUCTPOQUs), PACIIUPEHUEM ITUCTEPH
IIEPOXOBATOTO  IHJOIIA3MATHYECKOTO PETH-
KylymMa ¥ HaOyXaHHeM KJIETKU (TUIpOmHye-
ckas auctpodus). Ecim runokcust ycrpanser-
Csl, yKa3aHHbIE U3MEHEHUS TPETEPIeBAOT 00-
patHoe pasButve. Ho ecnm Bo3neiicTBue He-
JocTaTka KHUCIOpoJa OBUIO TPOIOIDKUATEIh-
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HBIM TO TTUTOXPOM C BBIXOJHUT W3 MHUTOXOH/I-
puil 3amyckas MEXaHU3MbI MOBPEXIAIOLIEr0O
JICMCTBUSL ONMMCaHHBIE paHee. Taxkke MOMHUMO
HapylieHus (YHKIIMOHUPOBAHUS — OpTaHEIT
KJIIETKH U BbIXoza nmutoxpoma C U psijia mpoTe-
a3 B KJETKE BO3pAcTaeT ypOBEHb CBOOOJHBIX
pPaIUKaIoB TMPHUBOAALIMX K OKUCIUTEIbHOMY
CTpECCY TakK K€ BIHMSIOLIETO Ha ILIEJIOCTHOCTh
TEeHETUIECKON H(OpMAITUH.

Posp rumokcun B KaHIeporeHese Obuia
uccrnenoBana Jinsong Liu. B ero paGorax
JneUIUT KHUCIopoa 0O03HAYaNICs KaK KITHo-
4eBOU peryasTop B audQepeHImpoBKe CTBO-
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JIOBBIX KJIIETKaX B OITYXOJICBBIC IIPH aHTHO-
reHe3e. Takke B HCCICIOBAaHUM OTMEYAlIach,
YTO MpH TNepepoxcHHH (GpuOpoOIIacToB sHY-
HUKA Yy KIJICTOK MOSBIIIETCS CIHOCOOHOCTH He-
TIOCPEIICTBEHHO FeHEPUPOBATH FeMOTIIOONH [7].
MuoryioOMH COCTOWUT W3 €QUHWYHOU IO-
JMIENTUHON 1IeTU ero coctamBisioT 153 amu-
HOKHUCJIOTHBIX ocTatka. QOnagaer BBICOKOM
TOKCHUYHOCTBIO TIPH HAXOXKIACHUH B CBOOOIHOM
COCTOSIHUM TIJIa3ME KPOBH, KPYITHBIC MOJICKYJTbI
MHOIJIOOMHA MOTYT 3aKyIOPHUBaTh KaHAJIBIIBI
MOYEeK W CTAHOBUTHCSA NPUUMHOW HEKpO3a.
Taroke CBOOOIHBIA MHOITIOOMH YXY/AIIACT KH-
CIIOPOJTHOE CHAOYKEHUE TKAHEH, IMPUBOJIS K pas-
BUTHIO TKaHEBOM runokcuu. Ilocie yero 3amyc-
KAIOTCSl MEXaHU3MbI CBOMCTBCHHBIC TPOIOJIKH-
TEJLHOMY KHCJIOPOTHOMY roJiozianuto [8].
MHuOrIoOMH TakXKe SBISITCS YYacTHU-
KOM OOMEHHBIX IIPOIIECCOB TPOXOIAININX B

mr

onyxoisix. B wmccnemoBanuu  Simona  E.F.
OIUCBHIBAETCS CBOEOOPA3HOE CXOACTBO KIIETOK
KapLMHOMBI MOJIOYHOM KeJie3bl M MHOCHUM-
IUIACTOB B MEXaHM3ME aJIaNTallid K TMIIOKCHH
3a cuer cBs3biBaHMA Oy BHYTPUKIETOYHBIM
MHOIJIOOMHOM. DJTO SIBIICHHE 3aKIIOYAeTCs B
TOM, YTO TIPH OOJIBIIION MBIIICYHOW aKTUBHOCTH
B YCIOBHAX THUIIOKCUM COJEpKaHHE MHO-
IJIOOMHA BO3PACTAET, MOJOOHO 3TOMY KIICTKU
OITyXOJIU  BbIpa0aThIBalOT MHOITIOOMH ISt
BbDKUBAHUS B YCJIOBHUSX JIS(HUIIMTA KUCIOPOJIA.
Ha pucynke 3 m3obpakeH rpaduk c pe3yiib-
TataMd wuccienoBanuii Simona. ITlpeacrasnex
YPOBEHb CHHTE3a OENIKOB IPU Pa3BUTUH paka
MOJIOYHOM JKeJIe3bl — TOSIBJICHHSI MUOTJIOOMHA B
KJIETKaxX OIMyXOJu. AOCOIIOTHOE KOJIUYECTBO
MHO-TJIOOMHA onpenersiim ¢ nomorpio ELISA
= 24 ur/10° wnerok B KOHTPOJIbHOW TpyIe
wierok ELISA =0 ur/10° [9].
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Puc. 3. Conepxanre MuoOrio61Ha B KOHTPOJIBHOU TPYIIE U KJIETKaX KapLUHOMBI
MOJIOYHOM jkene3bl (ruTupoBano mo Simona, 2009) [9]

Karanaza — 310 (hepMeHT Kjlacca OKCH-
peayKTa3 — reMOMPOTEUH COCTOAIINN U3 4-X
cyobenuaun. Kaxaas comepXuT MOH Tpex-
BaJICHTHOTI'O JK€JI€3a, BXOASIIUN B COCTAaB aK-
TUBHOTO LIEHTpa. JlaHHBII reMONPOTENH Ka-
TaJIU3UPYET Pa3sIOKEHHUE MEPOKCUAA BOJIOPO-
Jla o0pasylolierocs B mpoiecce duosoruyec-
KOrO OKHCJEHMS, TE€M CaMbIM, 3allMIlas
KJIETKY OT OKHCIMTEIbHOro crpecca. llpm
HapyleHnu (yHKIIMOHUPOBAHUS KaTanas3bl B
OoJbIICH CTENEeHU MOBPEXAAIOTCS MeMOpa-
HBI KJIeTOK. Yepe3 oOpa3zoBaBLIMecs MOPHI B
LIMTOIIJIa3My BBIXOJAT BEILECTBA, COJAEPKa-
nMecs B MUTOXOHJAPUAX, JIU30COMaXx, Mepo-
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Kcrucomax, amnmaparte ['onbpku U Apyrux op-
ranemiax. Eciou nepdopamnus memOpan mpo-
UCXOJHUT CTPEMHUTENBHO, 3aIlyCKaeTcsi Mexa-
HU3M HEKpO3a, €CIM MpOILecC PACTAHYT BO
BPEMEHU pealln3yeTcs anomnTo3.

Takxe kaTanmaza cHnocoOHa W 3allu-
IaTh OMYXOJEBhIE KIETKH OT amomnTo3a. B
pabote Georg Bauera orpakeH MeXaHH3M,
Py KOTOPOM Ha TOBEPXHOCTH MeMOpaHbI
OTyXOJICBOM KIJIETKH CHHTE3UpyeTcs dep-
MEHT Karanasza. Ero ¢pyHKIus 3aKkirouaeTcs B
pa3I0KEeHUH MEePOKCUAA BOAOPOA, UTO Ipe-
nsarctByeT cuHTe3y HOCI, yTo mpuBOIuT K
nHaktuBauu ¢akropa HOCl u NO/ nepo-
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KCUHUTPUTA  3ayCKAIOIIETO  MEXaHU3M
aronto3a omyxosu [10].

Lenbto uccnenoanus Pujari V.M. Obi-
JI0 U3y4YEHHE POJIU OKUCIUTEIHLHOTO CTpecca
B IaroreHese rncopuasza. B pabore mpuHH-
Manu ydactue 90 moOpOBOJIBIIEB C IICOpHa-
30M. BblIO M0Ka3aHO, YTO MPU MOHUKEHUU
CoJIep>KaHusl KaTaja3bl MPOUCXOAUIIO YBEIH-
YEHHE OKHCIUTENBHOIO CTpecca, YTO OTpU-
LATEJIbHO BIIMSJIO HA TeueHue 3aboseBaHMs,
MPUBOJS K €ro mnporpeccupoBanuio. Pesy-
JIbTAThI PUBEEHBI HA Auarpamme [11].

MHEDOMOMb

Taxke B uccnemoBanuu Matoshvili M.
OBbLIO MPEIIOKEHO MCIIONb30BaTh KaTaia3y Kak
MapKep sl OTCIICKUBAHUS OKUCIUTEIHLHOTO
crpecca y OONbHBIX C TcopuazoM. Merof
MO3BOJIIET TPOTHO3UPOBATH 3a00JIEBaHUE U
TOBOPUTh O €ro CTajuud. Y KOHTPOJILHOU
TPYIIIHBI MAIMEHTOB B KPOBH OBLIO OOHAPYKEHO
2,2 MHUKpPOMOJIb CO CpEIHEH TSKECTBIO
2,7 MHUKpOMOJIb M TsDKenou 4,2 MHUKpo-
MoJIb (puc. 4). MOXKHO clienaTh BBIBOJ UTO, YEM
BBIPAKEHEE TNICOpUA3 — TEM BBIIIE COACPKaHUE
Kartajasbl B KpoBH [12].

HaTanaza B KPOEWM NaLMeHTa C NCOpHMazom
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Puc. 4. Coneprxanue Karanaa3bl B KPOBH MMAI[MEHTOB KOHTPOJIBHOM IPYIIIBI M IICOPHA30M
(uutupoBano o Matoshvili, 2014) [12]

[lepokcupgaza — JBYXKOMIOHEHTHBIN
(dbepMeHT, cocTosmMi U3 Oenka INIMKOIpPO-
TEUHA U TEMUHOBOTO KOMIIOHEHTA, KOTOPBIN
BKJIFOYAET MPOTONOPGUPHH U HOH TpeXBa-
JIEHTHOTO JKene3a. Peakuuu, karamusupye-
MBIE TEPOKCUAA30M, XapaKTEPU3YIOTCS IIe-
PEHOCOM BOJIOpOJIa OT MOJIEKYJIbI cybcTpara
K IIEPEKUCSM, B PE3yJbTaTe 4Yero BO3HUKAIOT
paauKanbl cyOCTpaToB, SBISIONIMECS CHUJIb-
HOPEAKIMOHHBIMU COEIMHEHUSIMH.

[Ipu HapymieHUM UEIOCTHOCTH MEPOK-
CHCOM, BBICBOOOXK/IAaeTCsl MEpPOKCHAa3a, MoJ
e€ BIMSHUEM IPOUCXOAUT Jerpajalus opra-
HUYECKUX COCIMHEHWW W MOCIEIYIoIas IMo-
teps pyukumii. Ecnu B3auMonelicTBue mpo-
WCXOJUT C JUMUAHBIMHA CTPYKTYpaMu B MEM-
OpaHax, TO WX IEIOCTHOCTh HapyllIaercs,
3amycKasi MPOLECC HEKpO3a WM aroITo3a.
Tak kak (epMEeHT B KJIETKaxX MpPeICTaBJICH
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00bpIIUM HAOOPOM M30PH3UMOB (OT 3 70 42
MOJIEKYJISIPHBIX ()OpM) C IIUPOKUM JUamna3o-
HOM (EepMEHTATUBHON JESATEIbHOCTH, B
npexaenax pH ot 3 no 14, To uzydenue 3Toro
dbepmenTa BecbMa ciioxHO [13].

Ilepokcuaassl UrparOT CyLIECTBEHHYIO
pOJb B CHCTEME AHTMOKCUJAHTHOM 3alllUThI
JKUBBIX OPraHU3MOB U aKTHBHO YYacTBYIOT B
OKHCIICHUM  OKCUPAJMKalOB, OHOCHHTE3E
TOPMOHOB M  BpOXXIACHHOM HMMYHHUTETE.
Hapymenue »3Tux ¢QyHKIMH UHAYLHPYET
KaHieporenes [14].

3akiro4eHue

OpraHusM yenoBeKka COCTOUT U3 MHOTO-
YUCIICHHBIX KIJIETOK C Pa3HO00pa3HBIMU
bynkuusMu 1 MetabonmaMoM. Kaxxknas u3 Hux
CTPOTrO JETEPMHUHHPOBAHA M MOAYMHACTCS
€IMHOMY pUTMY mpoiudepanvu U rudenu.
MesKKIeTOuHbIE B3aUMOIECHUCTBHS TO3BOJISIOT
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TOBOPUTh O eauHON cucteme. Kakapii aue-
MEHT HE CHOCOOEH CYIIECTBOBATh HM30JIMPO-
BaHHO. JIMIIb B OKpY)KEHUM JpPYTMX KJIETOK
o0ecreunBaroTCs MHOTHE JKU3HEHHO HE00XO-
JMMble (DYHKITMH, TaKUe KakK: TPOPUKa, UMMY-
HUTeT, peryiasiuus. [Ipu omyxosneBoM nepepo-
KIICHUU ¥ TICOpHA3e HAPYIIAIOTCS (YHKIHO-
HajbHble CcBsA3U. Kierka mepecraer ObITh 4Ya-
CTBIO 3JI0POBOM TKaHH, TEepsisi CBOU CHEeU(H-
yeckue (yHKIMU, NpUoOpeTas BO3MOYKHOCTh
OECKOHTPOJILHO TpoH(epupoBaTh U IOTIIO-

Jlureparypa

1. Surikova E.l.,Goroshinskaja I.A.,
Nerodo G.A. et al. The activity of redox-
regulatory systems in the tumor and its sur-
rounding tissues in various histological types of
tumor // Biomed Khim. 2016. Ne62. C. 187-192.

2. HoBocenos B.C., Hosocenos A.B.
HCO‘pI/Ia3: IIAaTOTC€HCTUYCCKUE U KIIMHUKO-
TEPaNeBTHYECKUE AaCIEKThl poOieMsl  //
Hepmatomorust. 2007. Nel. C. 14-18.

3. Green D.R. Ow Y.P Hao Z. Cyto-
chrome c: functions beyond respiration // Na-
ture Reviews Molecular Cell Biology. 2008.
Ne9. C. 532-542.

4. Chansik H., Hyemyung S., Misun K.
et al. S-Glutathiolation in life and death deci-
sions of the cell // Free Radical Research.
2011. Ne45s. C. 3-15.

5. Osaka A., Hasegawa H., Yamada Y.,
Yanagihara K. A novel role of serum cyto-
chrome c as a tumor marker in patients with op-
erable cancer // Journal of Cancer Research and
Clinical Oncology. 2009. Ne135. C. 371-377.

6. Gabr S.A., Al-Ghadir A.H. Role of
cellular oxidative stress and cytochrome c in
the pathogenesis of psoriasis // Journal of
Cancer Research and Clinical Oncology.
2012. Ne304. C. 371-377.

7. Shiwu Z., Imelda M.U., Jinsong L.
Generation of erythroid cells from fibroblasts

math pecypchl opranusma. Dopmupyercs
SHEPTrOCPHIIUT, TIPHUBOISIINN K UCTOIICHHIO.
[laroreHes, CBSI3aHHBIA C HAPYIICHUSMH
nposudepanvi U TeHeTHYSCKOW HHPOPMAIUN
MOXET OBITh JIETEPMUHUPOBAH MHOKECTBOM
pasHooOpa3HbIX (pakTopoB. B nmaHHO# pabote
OINMMCHIBACTCS POJb pAa T'€MONPOTCHHOB
CIIOCOOHBIX Y4YacTBOBaTh B (HOPMHUPOBAHUU
KaKk TpUYMHBI 3a00JICBaHUS, TaK U SBISTHCS
(GakTOpOM TOAACPKUBAIOIINM pPa3BUTHE
MaTOJIOTMYECKOTO MPOIIeCcca.

Kougnuxm unmepecos omcymemsyem.

and cancer cells in vitro and in vivo // Cancer
Lett. 2013. Ne333. C. 205-212.

8. Grégory V., Alexandre C., Heidi V.,
Roya B. Kinetics of interaction between
apomyoglobin and phospholipid membrane //
Protein Sci. 2007. Nel16. C. 391-400.

9. Simona E.F., Sabrina A., Alberto P.,
Paolo M. Expression and Functional Regula-
tion of Myoglobin in Epithelial Cancers //
Am J Pathol. 2009. Ne175. C. 201-206.

10. Georg B. Increasing the endoge-
nous NO level causes catalase inactivation
and reactivation of intercellular apoptosis
signaling specifically in tumor cells // Redox
Biol. 2015. Ne6. C. 353-371.

11. Pujari V.M., lreddy S., Itagi 1.,
Kumar H.S. The serum levels of
malondialdehyde, vitamin e and erythrocyte
catalase activity in psoriasis patients // Clin
Diagn Res. 2014. Ne§. C. 6-14.

12. Matoshvili M. Alterations of redox-
status during psoriasis // Georgian Med
News. 2014. Ne60. C. 232-233.

13. Anzapeesa A.B. depmeHT meEpoOK-
cyjgasa y4d4aCTuC B 3alllUTHOM MCXaHU3MC
pactrenuii. M.: HAYKA, 1988. 128 c.

14. Amjad A.K., Arshad H.R., Yousef
H.A. Biochemical and Pathological Studies
on Peroxidases — An Updated Review // Glob
J Health Sci. 2014. Ne6. C. 87-98.

CBEJEHUA Ob ABTOPE

T'epacekun U.B. — cryaent 3 kypca sneuebnoro ¢akynprera PI'BOY BO «Humxeropoackas rocyapcTBeHHAS
MEJIMIIMHCKAs akajaeMus» MuHucTepcTBa 3apaBooxpaneHusi Poccuiickoit ®enepanuu; 1. Mununa u [loxapckoro,
10/1, 603005, r. Hwkuwuit HoBropon, Poccuiickas ®eaeparmst; ORCID 1D 0000-0002-2586-7597.

E-mail: ivan_geraskin19@mail.ru



«HAYKA MOJIOABIX (Eruditio Juvenium)»

ROLE OF HEMOPROTEINS IN REGULATION OF PROLIFERATION AND
APOPTOSIS OF CELLS

1.V. GERASKIN

Nizhny Novgorod State Medical Academy, Minin and Pozharsky sqr., 10/1, 603005,
Nizhny Novgorod, Russian Federation

Hemoproteins are proteins whose ligand is iron present in porphyrin. Similar com-
pounds exist practically in all eukaryotic cells. They perform various functions in cells and
tissues. Hemoproteins participate in such vital processes as transport of substances, neutrali-
zation of xenobiotics, creation of oxygen reserve. In case of disorder in their structure
hemoproteins play a significant role in development of diseases associated with cell prolifera-
tion. This relationship is based on the cascade mechanism induced by changes of
metalloproteins. Here, each subsequent event enhances the damage with final increase in the
consequences of damages. In activation of the cascade a part of cells die, other cells, on the
contrary, degenerate and proliferate uncontrollably. It is necessary to take into account
speed and time parameters in development of the pathological process. A short-term and
strong impact induces apoptosis, while a prolonged low-intensity influence may lead to neo-
plasm. In the work a number of mechanisms of pathological processes induced by disorder in
the mineral homeostasis are described. As examples of diseases psoriasis and transformation
of tumor cells are considered. The role of hemoproteins as initiating factors is shown. Pro-
teins of this group not only produce a damaging effect on the genetic information, but can
also protect tumor cells against apoptosis. Active oxygen metabolites accumulating in high
quantity in the focus of damage initiate free-radical oxidation processes leading to oxidative
modification of proteins. The most sensitive targets for active forms of oxygen are SH-groups
of proteins. The given pathological changes may result from the action of metalloproteins on
metabolism that can affect function both of a separate cell and of an organism as a whole.
The result of the protein-induced process is a loss of specificity and an acquisition of the abil-
ity for uncontrolled division of cells. A study of the role of ferroproteins my help develop
novel methods of prophylaxis and treatment of both psoriasis and oncology.

Keywords: psoriasis, cancer, malignant neoplasms, hemoproteins, cell proliferation,
carcinogenesis, apoptosis.

Hemoproteins are proteins that contain The cause of psoriasis is excessive pro-
structurally similar ferroporphyrins as a non- liferation of keratinocytes, lymphocytes and
protein component. The protein part, different macrophages in result of derangement of re-
in composition and structure, provides the di- alization of genetic information. It is mani-
versity of biological functions. Disorders in fested by formation of red, extremely dry
metabolism of iron proteins, besides inducing spots elevated above the skin — papules [2].
loss of function, also affect the integrity of the Tumor growth is the result of alteration
genetic apparatus of cell. These errors often of the genetic apparatus of cells manifested
launch mechanisms of cell death. Cases are by pathology in the regulation of prolifera-
reported when the disorders involved regula- tion and differentiation. This leads to uncon-
tors of apoptosis. This permitted the altered cell trolled cell division, to consumption of body
to continue its function, but in the long term resources in increasing amounts and to me-
may lead to psoriasis or to neoplasms [1]. chanical deformation of organs.
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Examples of hemoproteins associated
with mechanisms of proliferation and apop-
tosis of cells are cytochrome C, hemoglobin,
myoglobin, catalase, peroxidase that will be
considered in the given article.

Aim of Study: determination of the role
of some hemoproteins in pathological prolif-
eration and their participation in mechanisms
of apoptosis.

Informational analysis of the published
data on the topic of the study was conducted
using domestic and foreign sources.

Cytochrome C is a peripheral water-
soluble membrane protein having one poly-
peptide chain consisting of 100 amino acid
residues, and a heme molecule covalently
bound with polypeptide. In a cell it performs
the function of transfer of electron in the
respiratory chain. Under certain conditions
it may detach from the mitochondrial
membrane, drift in the intermembranous
space and activate apoptosis [3]. Here, cyto-
chrome C forms a complex with Apoptotic
protease activating factor (APAF-1) and
caspase 9 (Fig. 1). The formed subunits com-
bine to form an apoptosome capable of
proteolytic processing of procaspase 9. The
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resultant active caspase 9 cleaves procaspase
3. Caspase 3 activates factor of DNA frag-
mentation. However, in case of partial dam-
ages to DNA, instead of cell death transcrip-
tion of oncogene is triggered followed by
sub-sequent translation of oncoprotein. The
consequence is neoplasia of cells [4].

In research of Y. Yamada an increase
in the level of serum protein in patents with
malignant tumors was noted (Fig. 2). There
was also noted the difference in parameters
of patients with malignant and benign tumors
(20,6 against 15,5 ng/ml; p = 0,017) [5].

In study of S.A. Gabr the influence of
cytochrome C on oxidative stress in psoriasis
was noted that enhanced manifestations of
pathology accelerating proliferation and
worsening the condition of patients. The data
were obtained on 55 test objects of which 35
had psoriasis, and 20 were relatively healthy
volunteers [6].

Hemoglobins are tetrameric proteins
whose molecules are formed by different
types of A and B polypeptide chains. The
most common hemoglobins have the follow-
ing tetrameric structure: HbA (normal hemo-
globin in adult individual — A2B2).
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Fig. 1. Participation of cytochrome C in the mechanism of apoptosis
(cited from Chansik, 2011) [4]

493



«HAYKA MOJIOABIX (Eruditio Juvenium)»

serum cytochrome C

Hrimn
ol

25

20

malignant

benign

Fig 2. Increase in the level of serum cytochrome C in patients with malignant and benign tumors
(cited from Osaka, 2009) [5]

Under normal conditions 1 g of hemo-
globin at 1 atmosphere binds 1.34 ml of oxy-
gen. In pathology hemoglobin may be inacti-
vated meaning that it loses the ability to
transport O,. The ability of hemoglobin to bind
with gases depends on the blood temperature,
concentration of CO, and blood pH. Deficit of
oxygen deranges ATP synthesis. Without en-
ergy of high-energy bonds, K*/Na*-ionic pump
ceases its function. The changes lead to accu-
mulation of Na" ions and water in organelles
and in the cell manifested by swelling of mito-
chondria (granular degeneration), dilation of
cisterns of the rough endoplasmic reticulum
and swelling of the cell (hydropic dystrophy).
If hypoxia is eliminated, the above changes
undergo reverse development. But if deficit of
oxygen persists for a long time, cytochrome C
goes out of mitochondria and launches dam-
aging mechanisms described earlier. Apart
from derangement of the function of cell orga-
nelles and release of cytochrome C and of
some proteases, there is also noted an increase
in the level of free radicals in the cell leading
to oxidative stress that affects the integrity of
genetic information.

The role of hypoxia in the carcinogenesis
was studied by Jinsong Liu. In his works oxy-
gen deficit was described as the key controller
of differentiation of stem cells to tumor cells in
the angiogenesis. It was also noted in the work

494

that in result of degeneration of fibroblasts in
the ovaries the cells acquire the ability to di-
rectly generate hemoglobin [7].

Myoglobin consists of a single poly-
peptide chain containing 153 amino acid res-
idues. It is highly toxic in a free condition in
blood plasma, large molecules of hemoglobin
may occlude renal tubules and become the
cause of necrosis. Besides, free myoglobin
impairs supply of tissues with oxygen lead-
ing to tissue hypoxia with resultant develop-
ment of mechanisms inherent to long-term
oxygen deficiency [8].

Besides, myoglobin participates in
metabolic processes in tumors. In research of
E.F. Simona a peculiar similarity between
cells of breast carcinoma and myosymplasts
is described concerning the mechanism of
adaptation to hypoxia through binding of O,
by intracellular myoglobin. This phenome-
non consists in that in high muscular activity
in hypoxic condition the content of myoglo-
bin increases, and in the same way tumor
cells produce myoglobin to survive oxygen
deficit. In Figure 3 a graph is given with the
results of Simona’s research. The level of
synthesis of proteins in breast cancer is shown
— appearance of myoglobin in tumor cells.
The absolute amount of oxygen was deter-
mined using ELISA test = 24 ng/10° cells, in
control group cells ELISA = 0 ng/10° [9].
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Fig. 3. Content of myoglobin in control group and in cells of breast carcinoma
(citation from Simona, 2009) [9]

Catalase is an enzyme of the class of
oxyreductases — hemoprotein consisting of 4
subunits each containing an ion of ferric iron
that makes a part of the active center. The giv-
en hemoprotein catalyzes degradation of hy-
drogen peroxide formed in biological oxida-
tion, and thus protects the cell against oxidative
stress. A disorder in the function of catalase
mainly causes damages to cell membranes.
Through the formed pores substances con-
tained in mitochondria, lysosomes, peroxi-
somes, Golgi apparatus and in other organelles,
escape into the cytoplasm. If perforation of
membranes develops rapidly, the mechanism
of necrosis is launched, if the process is pro-
longed in time, apoptosis occurs.

Catalase is also capable of protecting
tumor cells against apoptosis. In the works of
Georg Bauera the mechanism is described by
which the catalase enzyme is synthetized on
the surface of a tumor cell membrane. Its
function is to degrade hydrogen peroxide,
and thus to prevent synthesis of HOCI with
the result of inactivation of HOCI factor and
of NO/peroxinitrite that trigger the mecha-
nism of apoptosis of tumor [10].

The aim of research of V.M. Pujari was
to study the role of oxidative stress in the
pathogenesis of psoriasis. In the work 90
volunteers participated with psoriasis. It was
proved that reduction in the content of cata-
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lase was associated with enhancement of ox-
idative stress that negatively influenced the
course of disease leading to its progression.
The results are given in the diagram [11].

In the research of M. Matoshvili it was
proposed to use catalase as a marker for trac-
ing the oxidative stress in patients with psori-
asis (Fig. 4). The method permits to prognos-
ticate the disease and to determine its stage.
In control group of patients the level of cata-
lase in blood was found to be 2.2 umol, in
patients with moderate form it was 2.7 pmol,
and in patients with severe form 4.2 umol. It
may be concluded that the more pronounced
psoriasis, the higher the concentration of cat-
alase in blood [12].

Peroxidase is a two-component enzyme
consisting of glycoprotein and hemin com-
ponent that includes protoporphyrin and fer-
ric iron. Peroxidase catalyzes reactions char-
acterized by transfer of hydrogen from the
substrate molecule to peroxides which results
in formation of substrate radicals that are
high-reactive compounds.

In case of breakage of the integrity of
peroxisomes, peroxidase is released, and un-
der its influence degradation of organic ele-
ments takes place followed by loss of func-
tions. Interaction of peroxidase with lipid
structures in membranes breaks their integri-
ty and triggers necrosis or apoptosis. Since
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Fig. 4. Content of catalase in blood of control group of patients and in patients with psoriasis
(citation from Matoshvili, 2014) [12]

the enzyme is represented in cells by a large
set of isoenzymes (from 3 to 42 molecular
forms) possessing a wide range of enzymatic
activity at pH from 3 to 14, study of this en-
zyme is rather difficult [13].

Peroxidases play a significant role in
the system of antioxidant protection of the
living organisms and actively participate in
oxidation of oxyradicals, in biosynthesis of
hormones and in the congenital immunity.
Derangement of these functions induces car-
cinogenesis [14].

Conclusion

A human organism consists of numerous
cells with different functions and metabolism.
Each is strictly determinated and obeys the
common rhythm of proliferation and death.
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