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BnuaHune npexpeBpeMeHHOro poXkaeHus Kpbic Ha nponudepauuio
M runepnnasuio KapanuoMmoLuToB

MBaHoBa B.B.', MunbTto U.B."?, Cepebpakosa O.H.', Cyxopgono U.B.'
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PE3IOME

]_Ie.l]b. YCTaHOBHUTH BIUSIHUE MPESKACBPEMEHHOTO POKACHHUSA Ha MNPOLECCHI Hponnd)epam/m U runepiuiasuu
KapIMOMHUOLIUTOB B PAHHEM IMOCTHATAJIbBHOM IIEPUOAEC OHTOTCHE3a Yy KPbIC.

Marepuajbl 1 MeToabl. [IpesxxaeBpemennsie ponsl (Ha 21-e u 21,5-e cyT GepeMeHHOCTH) KpbICc THHUU Buctap
MHIYIMPOBATH MOAKOXKHBIM BBeJeHHEM MudenpucroHa. MMMyHOrHCTOXMMHYECKH B JIEBOM JKEITyJOUKE IPEXk-
JIEBPEMEHHO POKACHHBIX M JIOHOIICHHBIX KpbIC Ha 1, 2, 3, 4, 5 1 6-¢ CYT MOCTHATAILHOTO MEPUOJa OHTOTeHe3a
BBISIBIISUTH M IOJICYMTHIBAIH KomndecTBO Ki67-mo3utuBHBIX 1 MKIp2-103UTHBHBIX KapAHOMUOIUTOB. C MOMOIIBIO
kpurepus Lllanupo — Yunka u xputepust ManHa — YuUTHH ¢ TionpaBkoid boHpepporn npoBenn cTaTucTu4ecKuit
aHann3 MOP(HOMETPHUIECKUX MTOKa3aTeNei.

Pe3yasTatsl. [IpogemoHcTpupoBano yBeianueHue konuuectBa Ki67-03UTHBHBIX KapAHOMHOLIUTOB B JIEBOM JKe-
JIyJJOYKe Ccep/la KpbIC: Ha 1-e cyT MOCTHATAIbHOIO NEpHUOJia OHTOTreHe3a (Y POKICHHBIX Ha 21-e cyT OepeMeHHO-
CTH) 1 Ha 3—5-e CyT NOCTHATAILHOIO NepHo/a OHTOreHe3a (y poxaeHHbIX Ha 21,5-e cyT GepemenHoctH). [pex-
JACBPEMEHHOEC POXACHUEC HE IMTPUBOAUT K UBMECHCHUIO KOJIMYECTBA Mk]pZ—HOSI/ITI/IBHbIX KapJAUOMHUOLIUTOB B CTCHKE
JICBOT'O KeJTyJO4YKa KPbIC.

3axino4yenue. B paHHeM IOCTHATaIbHOM IIEPUOJIE OHTOIE€HE3a IPOJEMOHCTPUPOBAHO U3MEHEHUE IATTEpHA DKC-
npeccun Ki67 kapanoMHoOnnTaMu KpbIc, pPOXKISHHBIX Ha 12 min 24 4 paHee cpoka. 3ommpoBaHHOe yBeIHUIECHHE
skcnpeccnn Ki67 6e3 m3menenns sxkcnpeccun MkIp2 kapanoMuonuTaMu B CTEHKE JIEBOTO JKEITyJOUKa IPEKIEB-
PEMEHHO POXKIEHHBIX KPBIC CBU/ICTENBCTBYET 00 aKcelepanyuy runepTpoduu KapAnOMHONUTOB. MeHbInast po-
JIOJDKUTETBHOCTD BHYTPUYTPOOHOTO IIEpHO/Ia PA3BUTHS aCCOLUHPOBaHaA ¢ OoJiee BBIPAKEHHBIMH MOP()OPYHKIIHO-
HaJIbHBIMU IIepeCcTpoiikaMu MHOKap/a KpbIC.

KuroueBble ciioBa: mpexaeBpeMEHHOE POXKJICHUE, KapAHOMHOLIUT, poudeparus, THepIuiasus, THInepTpodus,
9KCIIEPUMEHT

KonpaukT unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaINeil HACTOSIIEH CTaThH.
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Effect of preterm birth in rats on proliferation and hyperplasia
of cardiomyocytes

Ivanova V.V.', Milto I.V."?, Serebryakova O.N.', Sukhodolo I.V.!
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2, Moscow Tract, Tomsk, 634050, Russian Federation

2Seversk Biophysical Research Center
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ABSTRACT

Aim. To identify the effect of preterm birth on proliferation and hyperplasia of cardiomyocytes in the early postnatal
period of ontogenesis in rats.

Materials and methods. Preterm birth (on day 21 and 21.5 of gestation) in Wistar rats was induced by subcutaneous
administration of mifepristone. Immunohistochemistry was used to identify and calculate the number of Ki67-
positive and Mklp2-positive cardiomyocytes in the left ventricle of preterm and full-term rats on days 1, 2, 3,4, 5,
and 6 of postnatal ontogenesis. Statistical analysis of morphometric parameters was performed using the Shapiro —
Wilk test and Mann — Whitney test with the Bonferroni correction.

Results. We revealed an increase in the number of Ki67-positive cardiomyocytes in the left ventricle of the rats:
on day 1 of postnatal ontogenesis (in the rats born on day 21 of gestation) and on days 3—5 of postnatal ontogenesis
(in the rats born on day 21.5 of gestation). Preterm birth in rats did not result in a change in the number of Mklp2-
positive cardiomyocytes in the left ventricular wall.

Conclusion. A change in the pattern of Ki67 expression by cardiomyocytes in the rats born 12 or 24 hours before
full term was demonstrated in the early postnatal period of ontogenesis. An isolated increase in Ki67 expression
without a change in Mklp2 expression by cardiomyocytes in the left ventricular wall of preterm rats indicates
acceleration of cardiomyocyte hypertrophy. Shorter duration of prenatal development is associated with more
pronounced morphological and functional rearrangements in the rat myocardium.

Keywords: preterm birth; cardiomyocyte; proliferation; hyperplasia; hypertrophy, experiment
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BBEAEHUE

[IpexxneBpeMeHHOE pOXICHUE (POXKICHHE paHee
37 Hen 6epeMEHHOCTH) YBEIIMYUBACT PUCK PaHHETO pas-
BUTHS 3a00JIeBaHUI CEPICYHO-COCYTUCTOM cucTemsl |1,
2]: umemuyeckor Oosie3Hu cepjua [3], runepToHUYe-
CKOI1 Oone3HH, cepaeuHor HenoctaTouHocTH [4]. [Tpex-
JIEBPEMEHHOE POKJIEHUE aCCOLIMUPOBAHO CO CTPYKTYP-
HOW W (DYHKIMOHAJIBHOW HE3PeNIOCThI0 OpPraHoB, 4YTO
SIBJIACTCS. IPUYMHON WX aJalTHBHOIO MopdoreHesa B
nocTHaTajgbHOM nepuone. Iloka3aHo, 4yTo pa3nuyuii B

CTPOCHHM Cep/lla JOHOMICHHBIX W IPEXIEBPEMEHHO
POXKIEHHBIX OETeH B NpEHAaTalbHOM IEPHUOJE OHTOTe-
He3a He HaOJIoaeTcs, HayalbHbIe CTPYKTYPHBIE H3Me-
HEHUs cepila y IPeKAEBPEMEHHO POKICHHBIX AeTel
(hopmupyroTcsi B IocTHaTajdbHOM niepuoae [5]. M3Becr-
HO, 4T0 MOp(O(YHKIMOHAIBHBIE OCOOEHHOCTH CepALa
y HPEXJIEBPEMEHHO POXKJICHHBIX ACTCH OMpeaemstoTcst
y’Ke Ha 3-M MecC IOCTHATalIbHOTO NEPUOJa OHTOTEeHE3a:
HaOII01aeTCsl YBEIMUEHHE OTHOCUTEJIBHON MAacChl Mpa-
BOT'O U JIEBOTO KETYA0UKOB 110 CPABHEHHIO C TAKOBBIMU
y JIOHOILIEHHBIX CBEPCTHUKOB [5]. C TeueHHeM BpeMEeHU
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CTPYKTYpHBIC OCOOCHHOCTH CepAlla MPEKACBPEMEHHO
POXKAEHHBIX JETe COXpaHAIOTCA [6] U MOTYT CILy>KUTh
MPEANOCHUTKON /I 00JIee PaHHEeTO Pa3BUTHS y AaHHOMN
KaTeropuu Jiniy 3a00JieBaHuil cepIeYHO-COCYTUCTOH CH-
cTeMmsl [7].

Kakum 006pa3om mpexxaeBpeMeHHOE POKACHUE TTPU-
BOJUT K (DOPMHUPOBAHMIO CTPYKTYpPHO-(YHKIIMOHAIb-
HBIX OCOOGHHOCTEH cepjlla, OCTAaeTCsl HEesACHBIM, He-
CMOTpsI Ha MPUCTAIILHOE BHUMAaHUE HCCIEOBaTeNel K
JIaHHOH npobaeme [8]. BMecTe ¢ TeM KOppeKIus B paH-
HEM I[IOCTHATAJIbHOM TIEPUO/I€ OHTOT€HE3a CTPYKTYPHBIX
ocoOeHHOCTEH cepala y IPeKICBPEMEHHO POKICHHBIX
JIeTel MOXKET MperyNnpeanTh pa3sBUTHE UM YMEHBIIUTh
PHCK pa3BUTHS y HHUX 3a00JICBaHUI CEpIeUIHO-COCYIH-
CTOM cHCTEMBI BO B3pociioM Bo3pacte [9—11].

OrnpeneneHue M JAeTajgbHas XapaKTEpUCTHKA MOpP-
($hodYHKIIMOHATILHBIX M3MEHEHUH cepjia MpexIeBpe-
MEHHO POXKJIEHHBIX J€Tel B paHHEM I1OCTHATAJIbHOM
Tepuo/ie SIBISIIOTCSl TIEPBOOUEPEIHON 3a7adei, pere-
HUE KOTOPOH OCIIOXKHSETCS OTCYTCTBUEM T'HCTOJIOTH-
YeCKUX HcclieoBaHui. EauHuyHbBIe paboThI, MOCBS-
IIEHHBIE TUCTOJIOTHYECKON XapaKTEePUCTUKE MHOKap/a
MIPEXKIEBPEMEHHO POXKICHHBIX JE€TEH, CIIO0XKHBI s
WHTEpIpEeTalii, TaKk KaKk B KauecTBE KOHTPOJS HC-
MOJIB3YIOTCST CepAlla MEPTBOPOXKIEHHBIX Aereid [12],
B TO BpeMsl Kak HamOOJBIIMIA MHTEpEC MpPElCTaBIsSET
MMEHHO aJanTanus ceplla U KPOBEHOCHBIX COCYIOB
K YCIOBUSM (YHKIIMOHHPOBAHUS ex utero. B cBsi3m
9TUM aKTyaJIbHBIM SIBIIIIOTCS YCTaHOBJIEHHME, H3yye-
HUE€ JNMHAMUKHU U HOCIEACTBUM IOCTHATAJIBHBIX MOp-
($hodYHKIIMOHAIILHBIX OCOOEHHOCTEH cepiia y Tpex-
JIEBPEMEHHO POXKJICHHBIX )KHUBOTHBIX B OKCIICPUMECHTE.
Lenp wccneoBaHUs: YCTAaHOBHUTH BIUSHUE TPEKICB-
PEMEHHOTO POXKJEHUS Ha MPOLECCHl MPOoIUdepanuu u
TUNepIIa3ui KapAUOMHUOLIMTOB B PAHHEM MTOCTHATAJIb-
HOM II€pHOJIe OHTOT€HEe3a Y KPBIC.

MATEPUA/DBI U METOADbI

B osKkcmepuMeHTE MCHONB30BaHbl KPBICHL JIMHUN
Buctap oboero mosa. Ilonnblii cpox OepeMeHHOCTH
KpbIc uHUU Bucrap cocrasisier 22 cyr. Poxxnenusie
3a 2 CYT O CpPOKa KPBICHI SIBISIFOTCS HEXU3HECIIOCO0-
HbIMU. KpbICHI, pOKIeHHBIE HA 1 CyT paHee cpoka, Xa-
PaKTEPU3YHOTCS JOCTATOYHON CTEHNEHbIO CTPYKTYpHOMU
U (QYHKIUOHATBHON HE3PEIOCTH OPraHOB M HCIOIb3Y-
IOTCSI B KAYeCTBE MOJICIH TSI HCCIIETOBaHUS d(PPEKTOB
npexieBpeMenHoro poxaenus [13, 14]. Ha ocHoBanumn
KIMHUYECKUX TAHHBIX, COTIACHO KOTOPBIM BBIPAXKCH-
HOCTh MOP(PODYHKIIMOHAIBHBIX 0COOCHHOCTEH cepa
M COCYJIOB KOPPEIUPYET CO CTETICHBIO HETOHOIICHHOCTH
[15, 16], a Takxe cBeeHUH O TOM, YTO Jla)Ke yMEpEeH-
Hasl CTENICHb HEJOHOIICHHOCTH MPUBONUT K HAPYIICHHUIO
(DyHKIMOHUPOBAHUS CEPACUYHO-COCYIUCTOH CHCTEMBI

BO B3pociioM Bo3pacte [17], B uccie10BaHUM BBIIETICHO
JIBE TPYIIIBI IPEXKIEBPEMEHHO POKIECHHBIX KPBIC, HEJI0-
HOILIEHHBIX Ha 12 ¥ 24 4 COOTBETCTBEHHO (TabI. 1).

Tabauma 1
XapaKTepHCTHKA IKCIIEPUMEHTATBHBIX IPYIII

IIponomkUTEeIbHOCT CpOK MHBEKIIUHI
Tpynma BHYTPHYTPOOHOTO Iie- MupenprucToHa
pHO/Ia SKCIIEPUMEHTAJIb- | CaMKaM, CyT Oepe-
HBIX JKUBOTHBIX, CyT MEHHOCTH
KonrponbHhas
rpymmna, 22,0 -
n=730
I'pymma 1, n =30 21,5 20,5
I'pynma 2, n =30 21,0 20,0

[ToToMCTBO MOJTyYaii OT HHTAKTHBIX CaMIIOB (2 Mec,
180 + 20 1) u camox (3 mec, 180 + 20 T) KpbIC JIMHUH
Bucrap, mocienmHux cojepkald B HHIWBUAYAITbHBIX
KIeTKaxX. Y CaMOK EXEIHEBHO OIPEIeNsIN CTaIHI0
ACTpanbHOrO nukia. K camkam, HaXOASIUMCSI B CTaINU
MPOACTPYCa ICTPANBHOTO IIUKJIA, HA HOYb TOJCaKUBA-
M camIa. YTPOM CJEIYyIOIIero JHS camila OTCaKHUBa-
71, Yy CaMOK aHAJIM3UPOBAJIM BIIATaJUIIHBIA MA30K AJIS
BepuduKauu Koutyca. [lepBbIM 1HEM OepeMEeHHOCTH
CUMTANIU JIeHb OOHAPY)KEHHUS Y CAaMOK BO BJIaraJIiIIHOM
Ma3Ke CIepMaTo30HI0B. bepeMEeHHBIX caMOK coIepiKa-
J¥ B UHIUBUAYATIBbHBIX KJIETKaX M KOPMIIIH KOPMOM ISt
OepeMeHHBIX TabopaTopHbIX rpeizyHOB JIOK 120 P-22
(Hempra dumc, Poccust). MHIyKIMIO MpexIeBpEMEHHBIX
ponoB Ha21-e u 21,5-e cyT OepeMEeHHOCTH OCYIIECTRIISIIH
MOAKOKHBIM BBEJICHHEM KpbicaM Mudemnpucrona (1 mu,
10 mr/kr maccer Tena, Sigma-Aldrich, CIILIA) [18].

BriBesieHHEe KpbIC M3 HKCIEPUMEHTa OCYLIECTBISIIN
Ha 1, 2, -, 4, 5 u 6-¢ CyT MOCTHATAJILHOTO TIEPUOJIa OH-
torenesa acpurcueii CO,. Cepie KpbiC pUKCHPOBAIH
B 3a0ydepennom (pH 7,4) dopmanune (buoBurpywm,
Poccust) B Teduenne 24 4, rocie 4ero IpoOMbIBAJIH B IIPO-
TOYHON BOJE, obOe3BokmBaiu B Isoprep (buoButpym,
Poccust) u 3aimBanu B napadunoByro cmech HISTOMIX
(buoButpym™m, Poccust). Cpesbl, moyrydeHHbIE Ha aBTO-
matudeckoM wmukporome (HM355S, Thermo Fisher
Scientific, Kurait), ucnosb30Baau Jjisi IOCTAHOBKU HM-
MYHOTUCTOXMMUYECKOU peakiuu. Ha cpe3ax HenpsMbIM
MEPOKCUIA3HBIM MeTo/oM BbIBISIN Ki67 (Mapkep
nposudepannn) u Mklp2 (mapkep muroromun). Ilo-
Ka3aHo, YTO Takod Mapkep mponudepanuu, kak Ki67,
Hecrieun(UYeH Ui ONpeieieHUss UCTHHHOTO MHUTO3a
U JKcTpeccupyercs npu sHaomutose [19]. Hamporus,
Mklp2 (mitotic kinesin-like protein 2) siBusiercss map-
KEepOM IIMTOKMHE3a — 3aKII0UUTEIbHON CTaqul MUTO3a.
Takum o6pazom, Mklp2 mo3BosseT BBISBUTH KIJIETKH,
MPOXO/ISIINE 3aBepIiaroniue craguu mutosa [20].

[ eMacKupoBKH aHTHTCHOB JAemapadUHUZAPO-
BaHHBIC CpE3bl IOIBEPTalH BBHICOKOTEMIIEPATYPHOMY
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BozeiicTBUIO B uTpaTHoM Oydepe (0,01 M; pH 6,0). B
Ka4eCTBE NMEPBUYHBIX aHTHTEN HCIOIB30BaIH abl6667
(Anti-Ki67 antibody [SP6], 1 : 300) u bs-7750r (Anti-
Mklp2 antibody, 1 : 500). s Bu3yanuzanuu mnepBud-
HBIX aHTHTEN ucnonk3oBaan Mouse and Rabbit Specific
HRP/DAB IHC Detection Kit — Micro-polymer (Abcam,
BenmukoOpuranus). [locie MOCTAaHOBKM MMMYHOTHCTO-
XIUMHUYECKOW PEeaKIINy CPe3bl JOKPAIINBAIN TeMaTOKCH-
nuHoM Jlxwmma.

HccnenoBanne MMMYHOTHCTOXMMHYECKHX —ITIpera-
pPaToB MPOBOIMIN C MOMOIIBIO CBETOBOI'O MHKPOCKOTIA
Axioscope 40 (Zeiss, I'epmanust) u mudpoBoit kamepsl
CanonG5 (Canon, Kurait). Jlns onpeneneHus JoKailu-
33Ul UMMYHOIO3UTHUBHBIX KApJAUOMHUOIIUTOB TOJIIIH-
HY MHOKapja JIEBOTO KellyJI0YKa yCJIOBHO NN Ha
TpeTu: CyOdNMUKapAUaIbHYIO, CPEAHIO U CyOdHIOKap-
nuanbHyto. [lomcuuteiBanu konudectBo Ki67-mo3utus-
HbIX ¥ MKIp2-1O3UTUBHBIX KapIHOMHOIMTOB B | MM’
IUTOIIA/IN Cpe3a CTCHKH JICBOTO JKEITyTOUKA.
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CraTUCTHYeCKHil aHalMu3 MPOBEJEH C IMOMOUIbIO
SPSS 16.0 (IBM, CILIA). HMcnonb30BaHbl KpHUTEpHid
[Tanmupo — Yuika u kputepuit ManHa — YUTHH ¢ 1I0-
npaBkoit boudepponu. Pesymbratel mMopdomerpude-
CKOI0 MCCJIEOBAHUS MPEJCTABICHbI B BUAE MEAHAHBI
¥ MHTEPKBAPTUILHOTO pasmaxa Me (Q,; O,), ypOBEHb
CTaTUCTUYECKOM 3HAUMMOCTH PA3IUYUN IMPUHAT Kak
p<0,01.

PE3Y/IbTATbDI

B muokape neoro xenmymouka kpbic Ki67 u Mklp-2
BBIBIIAIOTCS B LUTOIUIA3ME PA3IIMYHBIX KJIETOK: JHJO-
TEJIMOIUTOB, (HUOPOOIACTOB, KAPJAUOMHOIUTOB (pHC.).
B HabmtonaeMble CPOKH B CepAIle KPBIC BCEX AKCIEPH-
MEHTaNbHBIX Tpynn Ki67-no3uTHBHEIE KapAMOMHUOLINTHI
muddy3HO JTOKaNU30BaHEI B MHOKApJE JIEBOTO JKEIy-
no4ka, Toraa kak MkIp2-1o3uTHBHBIE KapJMOMHOLMTHI
MMEIOT IIPEUMYIIECTBEHHO Cy0IH/I0KapIHAIBHYO JIOKa-
JIM3ALHUIO.

Pucynok. Muokapn neBoro xe-
JyJOYKa KPBICHI: KOHTPOJIBHON
TPyNIIBl  (IOHONICHHBIC JKHBOT-
HbIe) (a, b), rpynmbl 1 — KpBICHI,
poxneHHble Ha 21,5-e cyT Oe-
pemenHoctH (¢, d), rpynmsl 2 —
KPBICBI, POKJECHHBIE Ha 21-€ cyT
OepemeHHoCTH (e, f), Ha 1-€ cyT
MOCTHATAIBHOTO ITIEPHOJa OHTO-
reHes3a. 3BE3NOYKH YKa3bIBAIOT
Ha Ki67-mo3uTHBHBIE KapIuo-
MHOLUTEHI (&, ¢, f), TOIOBKH CTpe-
JOK yka3bIBatoT Ha Mklp2-mo3u-
s R THUBHBIC KapAUOMHUOUUTHI (b, d,
A D" S % | /). Oxpacka: ”IMMyHOTHCTOXHUMH-
& p » ", 3 N Yyeckasi peakuus ¢ JOKpacKoi re-
PR R B S S B MaTOKCHJITMHOM J[kwrna

\,*‘
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B MHUOKapA€ JIEBOI'0 KCJIyaAO04YKa KPbIC BCEX UCCIIC-
AYEMBIX I'PYIIIT HAa OPOTAKCHUUN SKCIICPUMEHTA KOJINYIC-
ctBo Ki67-1TO3UTHBHBIX KapaAUOMHOLIUTOB IMPEBLIIIACT

(tabxn. 2). Junamuka konudectBa Ki67-MO3UTHUBHBIX
KapauoMuonuToB U MKIp2-IO3UTUBHBIX KapIuOMHO-
LUTOB B | MM? Cpe3a JIEBOTO JKENTyJ0UKa KPBIC OTpaxkKe-

KoiudecTBO  MKIp2-TO3UTHBHBIX  KapAHOMHOIIMTOB Ha B TalII. 2.
TabGunuma 2
JMHAMAKA KOJIHYECTBA MMMYHOIIO3HTHBHBIX KAPIHOMHUOIMTOB B JIEBOM JKEJIYI0YKe KPbIC, KOJIHIECTBO KAPAHOMHOIMUTOB B 1 MM?,
Me (Q; Q)
Ipynma ITocTHaTanbHbIN IEPHOJ] OHTOIEHE3A, CYT
1 2 | 3 | 4 | 5 6
Ki67-no3uTHBHBIE KAPIMOMUOLIUTEI
KoHTpostbHas rpyra 43,8 (37,5, 50,0) | 87,5(68.,8;98,4) | 68,8 (62,5;85,9) | 43,8 (25,0;50,0) | 46,9 (37,5;50,0) | 34,4 (20,3;48.4)
- p,= 0,000 - p,= 0,001 - -
Tpynma | 28,1 (14,1;42,2) | 78,1 (68,8; 115,6) | 96,9 (71,9; 123,4) | 78,1 (57,8; 93,8) | 62,5 (51,6;75,0) | 50,0 (37,5;67,2)
p =0,007 p,=0,000 p=0,008 p =0,000 p=0,001
71,9 (56,3; 81,3) | 84,4 (75,0; 100,0) | 65,6 (51,6;95,3) | 43,8 (37,5; 68,8) | 46,9 (31,3;62,3) | 43,8 (31,3;56,3)
I'pynmna 2 =0,000 -~ =0,000
5, = 0,000 p,= 0,000 B zl: 0,002 - B
Mklp2-n1o3uTHBHbIE KapANOMHOLATHI
25,0 (0; 50,0) 12,5 (0; 50,0) 12,5 (0; 31,3) 0(0; 25,0) 0(0;0) 0(0;0)
Konrpomeras rpymma .= 0,002 .= 0,000 .= 0,000 .= 0,000 .= 0,000 .= 0,000
Tpyrma 1 25,0 (05 50,0) 0(0;31,3) 0(0;31,3) 0 (0; 25,0) 0(0;0) 0(0;0)
p.=,009 p,= 0,000 p,= 0,000 p,= 0,000 p,= 0,000 p,= 0,000
Tpynna 2 12,5 (0; 31,3) 0(0;31,3) 0(0; 25,0) 0(0;0) 0(0;0) 0(0;0)
p,= 0,000 p,= 0,000 p,= 0,000 P,= 0,000 p,= 0,000 p,= 0,000

I[IpumeuaHnue. YpoBeHb CTATHCTHYECCKOW 3HAYMMOCTH PA3IMYHUH MO0 CPABHEHUIO C TIOKa3aTesIeM KOHTPOIIBHOM IPyTbI (p), TOKa3aTeIeM IpyIIbl
1 (p,) ¢ COOTBETCTBYIOUIMM MOKA3aTENEM Ha TIPEIBILYIME CPOK (p,). YPOBEHb CTATUCTHYECKOH 3HAUMMOCTH pasnnuuii konuyectsa Ki67-nosu-
THBHEIX ¥ MKIp2-TI03HTHBHBIX KapIHOMHOIMTOB B | MM cpes3a JIEBOTO JKelTyI04Ka KPhIC aHAIOTHYHBIX TPYIIT B COOTBETCTBYIONINE CPOKH (p,).

Bo Bcex aKCTIepHMEHTANBHBIX TPYINAaxX KOJIHYICCTBO
Ki67-1103UTUBHBIX KapJUOMHOIIUTOB B CTCHKE JIEBOTO
JKETyJI0UKa KpPhIC MAaKCHUMaJIbHO Ha 2—3-€ CyT IIOCTHa-
TaJILHOTO IEPHO/a OHTOTEHE3a, TIOCIIE YET0 MPOTPECcCHB-
HO CHMIXaeTcs. Y KpbIC Tpymnmbl 1 HabmomaeTcs Gonee
no3jgHee yBenuueHue konudecTBa Ki67-MO3UTHBHBIX
KapJIUOMHOIIUTOB B CTEHKE JICBOTO JKEIIyJOUKa [0 CPaB-
HEHUIO C TAaKOBBIM Yy JKMBOTHBIX KOHTPOJIHOH IpyI-
nbl. IIpogeMOHCTPUPOBAHO yBEIMUCHUE KOIMYECTBA
Ki67-TI03UTHBHBIX KapAMOMHOIIUTOB B JIEBOM XKy 10U~
K€ cep/La Kpblc rpynibl 1 Ha 3—5-e CyT OCTHATaIbHOTO
nepuosia oHTorenesa. HampoTtus, y KpbIc rpynmsl 2 Ko-
mrgectBO Ki67-TIO3UTHBHBIX KapIHOMHOIIUTOB B CTCHKE
JIEBOTO JKEJIyI0UKa MPEBBILIAET [TOKa3aTeNb KPbIC IPYII-
16l | ¥ KOHTPOJBLHOM TPYIIIBI ¥ Ha 1-€ CyT mocTHaTalb-
HOTO IIEpHUO0/ia OHTOreHE3a.

KommaectBo MKkIp2-no3uTHBHBIX KapIHOMHOIINTOB
B CTCHKE JICBOTO JKEIIy/I0YKa KPBIC BCEX HCCIICTYEMBIX
TPYIII B XO/I€ 3KCIICPUMEHTA ITPOTPECCHUBHO CHIKACTCSI.
[IpexxaeBpeMEHHOE POXKACHHE HE MPUBOIUT K U3MEHE-
HUIO KonndecTBa MkIp2-no3UTHBHBIX KapIHOMHUOIUTOB
B CTEHKE JIEBOT'O XKEJTyJJ0UKa KPbIC.

OBCYXKAEHUE

B wuccienoBanuy npuMeHeHa OOIIePU3HAHHAS MO-
JIeJTb MHAYKIIMN TTPEXKICBPEMEHHBIX POJIOB Y KpbIc [21—
23]. Y xpsic mepen poaaMu HaOIOJIAETCS CHIDKEHUE

KOHIICHTPAIINU TPOTeCTepOHa B Iu1a3Me KpoBH. M3Bect-
HO, 4TO MOP(HOPYHKIIMOHATIbHBIC U3MEHEHUS B MAaTKE U
TUTALIEHTE KPBIC, BRI3BAHHBIC MHBEKIIMEH KOHKYPEHTHO-
o aHTaroHUCTa MporecTepoHa MU(DENPUCTOHA, WICH-
TUYHBI TaKOBBIM, PAa3BUBAIOIIMMCS TMEPE]] POJaMH IpU
JIoHOIIeHHOH OepemeHHOCTH [21-23]. MudenpuctoH He
yTHETaeT JakTanuio [24], He OKa3bIBAET TOKCHYECKOTO
a¢dekra 1 He BbI3bIBAeT rMHOEIH TI010B U HOBOPOXKACH-
HOTro otomcTBa [18, 25, 26].

3a nocneaHue CyTKH NMPEHATaNIbHOTO IIepruoia OHTO-
TeHe3a Macca cep/ia Kpbic Bo3pacraer ¢ 15,8 10 25,9 mr
[27]; oObem neBoro xemyaouka yBenuuuBaetcs ¢ 4,14
10 6,72 mm® [28]. YBenuueHue pasMepoB cepiiia KPbIC
B IUIOJIHOM IE€PHOJIe, a TaKKe B paHHEM IOCTHATAIb-
HOM TIEpHOJIe OHTOTeHe3a 00yCIOBICHO Tposudepalu-
el kapaguoMuouuToB. IIpogemMoncTpupoBaHo, 4o B 1—
2-e CyT NOCTHATAJIBHOIO IEPHOJa OHTOT€HE3a MPOI0JI-
JKaeTcs yBeIMYCHHUE ITyJia KapAUOMHOIUTOB (TUIepIuia-
3Hs KapIMOMHUOIIMTOB), YTO COTJIACyeTcsl ¢ JaHHBIMU F.
Li u coaBt. [29]. IIpoaeMOHCTPUPOBAHO, YTO THUIEP-
MJIACTUYECKUNA THUIT POCTa MHUOKapJAa B MOCTHATAJIbLHOM
MepHUo/ie OHTOreHEe3a 3aTparuBaeT, B OCHOBHOM, CyO3H-
JIOKapIuajabHyIo 30Hy MHOKapaa. Ha 3—4-e cyt moctHa-
TAJIFHOTO IEpUOJa OHTOTCHE3a KapAMOMHUOLHUTHI KPBIC
TEPSIIOT CIIOCOOHOCTH 3aBEPIIATh HIUTOKHUHE3: IIOTHOICH-
HBIE MUTO3BI ITOJTHOCTBIO0 CMEHSIOTCS DHIOMHUTO30M (TH-
neptpoduss KapAMOMHUOIUTOB). UTOOBI OICHHUTH, MPH-
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OpVIl'VIHa/'IbeIe CTaTbU

BeIET 1M NPEXJEBPEMEHHOE POXK/ICHUE K U3MEHEHHIO
BPEMEHHU IepexoJla MUOKapJa C THUIepIUIaCTHYECKOro
TUIIA POCTA HAa TUIEPTPOPUUECKUIN TUII, U3yUalld JHUHA-
MUKy KoiruecTBa Ki67- u MKIp2-mo3uTHBHBIX KapHo-
MHUOLIUTOB Y MPEXKIEBPEMEHHO POKIEHHBIX KpbIC ¢ 1-€
10 6-€ CYT IIOCTHATAJIbHOTO NEPHOa OHTOTE€HE3A.

[IpexxneBpeMEHHOE POXKIEHUE HE COIPOBOXKAA-
€TCsl KOMIIEHCATOPHBIM  YBEJIMYEHHEM  KOJUYECTBa
MKklIp2-1103uTHBHBIX KapIHOMHOIIITOB FIJIH H3MEHCHHEM
BpPEMEHHOTO0 marTepHa skcnpeccnn Mklp2 B Muokapae
JICBOTO KETyA0UKa KpbIc. V30IMpOBaHHOE yBEIHMUCHNE
skcrpeccun Ki67 6e3 m3amenenus skcrpeccun Mklp2
KapIHOMHOIIUTAMH B CTCHKE JICBOTO XKEIyJ04Ka PeK-
JIEBPEMEHHO POKACHHBIX KPBIC CBUACTEIBCTBYET 00 aK-
ceJsiepaluy TUIEepTPO(UN KapIMOMUOIIUTOB, YTO MOXKET
OBITh MPUYMHON CHIDKEHUSI MHOKapAHaIbHOTO pe3epBa.
Beposrho, yBenuuenue skcnpeccun Ki67 xapauomMuo-
LUTAMU CTEHKH JIEBOI'O JKEIyAOYKa MPEeXIEeBPEMEHHO
POXIECHHBIX KPBIC SIBJISETCS OTPa)KCHHEM TaK Ha3bIBa-
€MOr0 JOTOHSIOIIEr0 POCTa, a TaKKe aJalTUBHOM pe-
aKLUell CTPYKTYpHO HE3pesoro cepua Ha yBEeJIUueHHUe
reMOJAMHAMUYECKON HAarpy3KHU B CBSA3H C POXKICHUEM U
pOCTOM KUBOTHOTO.

Crour OTMETHUTh, 4YTO YBEJIUYEHUE KOJINYECTBA
Ki67-1103UTHBHBIX KapIMOMHUOIIATOB JIEBOTO JKEITYI09YKa
y KpBIC, POXKJICHHBIX Ha 21-¢ cyT OepeMEeHHOCTH, OTHO-
CUTEITLHO TAaKOBOTO Y KUBOTHBIX KOHTPOJIBHON TPYIIITHI
W KMBOTHBIX, POXJICHHBIX Ha 21,5-¢ cyT OepeMeHHO-
CTH, HaOIMIOaeTCs y’Ke Ha 1-¢ CyT MOCTHATAIBHOTO TIe-
puosna oHTOreHesza. BeposiTHO, Oofblasi CTPyKTypHas
HE3PEJIOCTh CepAlla SIBJIseTCS MPUYMHON Oosiee BBIpa-
JKEHHBIX MOP(O(DYHKIIMOHAIBHBIX MEPECTPOEK OpraHa
B pe3yJbTare POXKACHUS. Y UUTHIBAasE KOPOTKYIO MPOJIOJI-
JKUTEIBHOCTh TUIOJHOTO 3Tama NpeHaTaJbHOro nepruoia
OHTOTeHEe3a KpbIC (sl Kpbic TuHUM Bucrap ¢ 18-x mo
22-¢ cyT BMOpHOreHe3a) M BBICOKYH) HHTCHCHBHOCTb
OpraHoreHe3a B 3TOT MEPHOJ, BEPOSATHO, YTO pazHULA
B IIPOJIOIDKUTENHHOCTH OepeMeHHOCTH B 0,5 CyT MOXKET
OBITh TPUYMHON OTIIMIHOTO APQeKTa MpeKICBPEMEH-
HOTO POXJCHHUS Ha MOP(PODYHKIIMOHAILHOE COCTOSHUE
MHUOKapzAa Kpbic. [y nerajbHOro MOHMMAaHUSA MPUYUH
HaOmoMaeMbeIX oTIManil 3ddexra mpeKaeBPEMEHHOTO
pOXIeHHs Ha Tpoiudepario KapAHOMUOLNTOB KPBIC,
HEIOHOIIEHHBIX Ha 12 u 24 4, He0OXOAUMEI JalIbHEN-
IIHE UCCIICAOBAHNUS.

3AR/IIOMEHUE

B paHHeM ©OCTHaTaIbHOM IIE€PUOJE OHTOrEHE3a
MPOJICMOHCTPUPOBAHO HM3MEHEHHE IaTTepHA JKCIIpec-
cun Ki67 xapamoMuonuTaMu KpbIC, POXKICHHBIX Ha
12 unu 24 4 panee cpoka. M3onupoBaHHOE yBeIUUEHUE
skcrpeccun Ki67 06e3 m3amenenus skcmpeccun Mklp2
KapJUOMHOIIUTAMH B CTCHKE JICBOTO XKEIyJ04Ka MPeK-

JIEBPEMEHHO POKJIEHHBIX KPBIC CBUAETENBCTBYET 00 ak-
celiepalliy TUIEePTPOPUH KapIUOMHUOLUTOB. MeHbIIas
MIPOJOJKUTENIEHOCTE BHYTPUYTPOOHOTO Tepuojia pas-
BUTHUS acCOLIMUPOBaHa ¢ 0ojee BhIpaXEHHBIMU MOP(O-
(YHKIMOHATBFHBIME TIEPECTPOHMKAMU MUOKap/Ia KpPBIC.
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