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B ssuuHUKe MJIEKOMUTAIOIINX CEPOTOHWH MMeEeT BCE KOMIIOHEHTBI, HEOOXOAMMBIE MIJIS OCYIIIECTBIICHUS €T0
CUTHAJILHOM (hyHKIIMU, U BIMSIET Ha (DYHKITMOHAIBHYIO aKTUBHOCTD KJIETOK rpaHyJie3bl. B To ke BpeMst Ha-
KOTIJIEHHE CEPOTOHMHA C TIOMOIIIbIO criendudeckoro TpaHcnoprepa SERT nmporcxomuT mperMyIiecTBeH-
HO B OOLIMTAax pacTylIMX OBapUajbHbIX (DOJUIMKYJIOB, U MPAKTUYECKU OTCYTCTBYET B KJIETKAaX IPaHyJse3bl.
Ha skcriepyMeHTaIbHOIM MOIENIM KYJIBTYphl OBapUaIbHBIX (DOJLUTMKYJIOB MPOBEICH KOJIUUECTBEHHBI aHa-
3 akcrnpeccun MPHK mapkepoB npoaudepaiinm, anonto3a U GpyHKIIMOHAILHOIO COCTOSIHUS (DOJUTUKY -
JISPHBIX KJIETOK, a TAKXKe OOIUTAPHBIX (hakTopoB pocTa. CepoToHUH (1 MKM) He MPOSIBIISIET BBIpaXKeHHBIX
MMTOTEHHBIX, IPO- U AHTUATIONITOTUYECKHX CBOMCTB U HE BIMSIET Ha 9KCIIPECCUI0 MapKEPOB CTEPOUIOTE-
He3a. [Ipy 3TOM CEpOTOHMH CTUMYJIMPYET B KJIETKaX rpaHyJie3bl SKCIPEeCCUio TeHOB HMUKIMHOB Ccndl,
Cend?2, Cenel, a taxkke Has2, Ptgs2, Pigfr, Igfbp u Ihh. KpoMe Toro, no6aBjieHUe CEpOTOHUHA MPUBOIUT K
yBenuueHuto skcnpeccun Gdf9 B oouutax. HaGmonaercs: 6oiee BbIpakeHHbBII 110 CpPaBHEHUIO C MIEPBUY-
HO KyJIbTYpO# KJIETOK TpaHyse3bl 2(GheKT cepOTOHMHA, KOTOPBI BO BCEX CIIy4Yasix, 3a UCKIIOUEHUEM
LUKJIMHOB, OTMeHsIeTcsT iryokceTuHOM (10 MkM). ITonydeHHBIE pe3ylabTaThl CBUACTEIILCTBYET O TOM, YTO
yHKIIMOHATbHASI aKTUBHOCTD KJIETOK TPaHyJie3bl PETYJIUPYETCs CEpPOTOHUHOM Yepe3 ero BO3NelicTBUEe Ha
OOIIUT U OIocpenoBaHo akTUBHOCTHIO SERT.

Karouesbie cnoea: MBI, SIMYHUK, OBapUAaJIbHBINA (DOJUIMKYJ, rpaHynesa, oouut, ceporonuH, CHUO3C,
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DOI: 10.31857/S0475145021020063

BBEAEHHWE

Xopol1I0 U3BECTHO, YTO CEPOTOHUH TMPOSIBIISIET (U~
3UOJIOTUYECKYIO aKTUBHOCTh Ha CaMbIX PAHHUX CTaIA-
sIX MHIMBMIOyaibHoro pasputus (Buznikov, 2007) u
MPOAOJIKACT WMIPaTh BaXKHYIO POJIb IUIEHOTPOITHOIO
TOPMOHA BHE HEPBHOM CUCTEMBI Y B3POCITBIX JKUBOTHBIX
(Amireault et al., 2013). bosbiast 9acTb cepoToHMHA Y
TMO3BOHOYHBIX CUHTE3UPYETCsT SHTEpOXpoMadOUHHBI-
MU KJIIETKAMU 3KEJTyJTOYHO-KHIIIEYHOTO TPaKTa, e OH
WUTPaeT POJIb BAXKHOTO PETYISATOPA IadKOMbBIIICYHOM
MOTOPUKM WU CEKpeTOpHOi akTuBHOcTH (Mawe,
Hoffman, 2013). 3nech 3ke OH IToIagaceT B KPOBSIHOE
pYCJI0 M HaKaruiuBaeTcsl B TPOMOOLIMTAX, UTpast Bax-
HYIO POJIb B TIpolieccaX Ba30KOHCTPUKIIUU U CBEPThI-
BaHus KpoBu (Mercado, Kilic, 2010). I'ymopaiibHOE
BO3/IeiiCTBHE UPKYIUPYIOIIETO CEPOTOHNHA Ha KJIET-
KM MOKET OBITh OIIOCPEIOBAHO aKTUBAlIME MeMOpaH-
HBIX PELIETITOPOB, BIEKYIIEH 3aITyCK COOTBETCTBYIO-
IIUX CUTHAIBHBIX KacKaaoB, W/WUJIMA 3aXBaTOM €ro
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BHYTPh KJIETOK C ITOMOIIBI0O MEMOPAHHOIO TpaHC-
noprepa SERT, mocJjie 4yero oH MOXKeT y4acTBOBaTh B
MOCTTPAHC/SILIMOHHON MoauduUKaluuyu OEJIKOB TI0-
cpeacTBoM cepoToHuIrMpoBaHust (Paulmann et al.,
2009). MU3MeHeHUsI KOHLEHTpallMU LUPKYJIUPYIOIIe-
o CEpOTOHMHA aCCOLMMPOBAHO C PSIIOM I1aTOJIOTH-
YECKMX COCTOSIHUI, KaK LIEHTPaJbHOM HEPBHOM CHU-
CTeMBI, TaK U Tiepudepudeckux opraHon (Mercado,
Kilic, 2010).

OnHoii u3 MulleHeit nepnudepuIecKoro cepoTo-
HUHA SIBIISIETCSI SIMYHUK, TA€ OH OEeTEKTUPYETCS B
¢dU3MOoIIOTUYECKN aKTUBHBIX KOHLIeHTpalusx (Bodis
et al., 1992) u umeeT Bce KOMIOHEHThI, HEOOXOIU-
MBbIE JIJISI OCYIIECTBICHUS €TI0 CUTHAIBHOM (hYHKIIUU
(Dubé, Amireault, 2007). HecMoTpsi Ha Haauuue
9KcIpeccuu (hepMEeHTOB CHUHTE3a CEPOTOHMHA, OC-
HOBHBIM ME€XaHU3MOM, O0ECIIeUMBaIOIIMM HaKOILIe-
HUE CEpOTOHMHA B SUYHUKE, SIBIISIETCSI €0 3aXBaT C
nomolpio criermpmaeckoro tpancnoprepa SERT,
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KOTOPBIN MPOUCXOIUT MPEUMYIIIECTBEHHO B OOLIMTaX
pacCTyIIUX OBapUaTbHbIX (DOJUTMKYJIOB, U TPAKTUUECKU
OTCYTCTBYeT B KJjeTkax TIpanyie3bl (Nikishin et al.,
2019). Haubosee BbIpaxkeHHBIM (U3HOJIOTUUECKUM
addexToM cepoToHMHA Ha GYHKIIUIO SUIHUKA, TTPO-
SIBJISTFOLLIMMCSI Y Pa3HBIX BUOB MJIEKOTTUTAIOIINX, SIB-
JIsieTcsl aKTUBAlUSI CEKPELIMU CTEPOUTHBIX TOPMOHOB
KJIETKaMU TpaHyje3bl, KOTopasi OIOCPEeNyeTcsl pe-
nentopHbiIMU MexaHusmamMu (Koppan et al., 2004).
Hamu paHee nmoka3aHo BJIMsSTHUME CEPOTOHMHA Ha 9KC-
Mpeccuio MapKepoB (DYHKIIMOHATbHOTO COCTOSIHUS
KJIETOK I'paHyJjie3bl, KOTOPOE, BBUIY OTCYTCTBUS aK-
tuBHocTu SERT, cKkopee Bcero, onmocpeqoBaHO aKTH -
Banueil penentopoB (Hukumwu u np., 2018a). On-
HaKo, CUCTeMHOe MOoJaBJieHUue MexaHM3Ma 3axBaTa
CepOTOHMHA MyTeM HOKayTa reHa Sert UJIM MpUMeHe-
HUS CEJIEKTUBHBIX MHTUOUTOPOB OOpPaTHOTO 3axBaTa
ceporonnHa (CMO3C), HeraTUBHO BIUsET HAa (PyHK-
LIMOHAJIBHYIO aKTUBHOCTb KJIETOK T'paHyJie3bl, B TOM
YyuCJie YyTHeTaeT ceKpeluio acTpaauoia (Zha et al.,
2017). Ilo Bceii BepOSITHOCTH, HAKOILJIEHUE CEPOTO-
HMHA B OOLIMTaX pacTylux (POJUIMKYJIOB OMOCpeno-
BaHHO BJUsieT Ha (QYHKIIMOHAJbHYIO aKTUBHOCTD
KJIETOK IpaHyJe3bl.

HaHHas paboTa rocssiiiieHa ucciaen0BaHUIO B -
HUS CEpOTOHMHA Ha (PYHKIIMOHAJIBHEBIN cTaTyc (oJI-
JINKYJISIPHBIX KIIETOK B KYJBTYpe W30JMPOBAHHBIX
OBapUAaJTbHBIX (DOJUTMKYJIOB U BBISIBJIEHUIO POJIM MeXa-
HU3Ma OOpaTHOTO 3axBaTa CEPOTOHUHA B 9TOM IPO-
ecce.

MATEPUAJIBI U METO/JbI

IlepBruHbIE MHOTOCJIOIIHBIE OBapUaibHble (HOJI-
JIMKYJIbl B CTEPUJIBHBIX YCIOBUSIX BBIICJSIN U3 SIUY-
HUKOB MbIein muanu C57BL/6 (ITutoMHUK 1a6o-
paTopHBIX XMBOTHBIX “CTON0O0OBasi”) B BO3pacTe
14 nHeii. SIMYHUKY BBIASSIIN, pa3fesisyii Ha 8 ya-
cTeit, mepeHocunu B cpeny Jleiitbopuua L15 (Biosera,
®panuwms) ¢ nodasneHueM 50 mkr/mia Liberase DH
(Roche, IgBeitapust) u nunkyouposanu mpu 37°C B
teuenure 30 MmuH. B mipoliecce MHKyOaIIMy TKaHb SIUY -
HHKa BpeMs OT Bp€MEHU pa3pbiBAJIU ABYMS UHCYJIU-
HOBbIMU uriaMu. M301MpoBaHHbIE QOIUKYIIBI OT-
MBIBUJIM OT (DEPMEHTOB U OLIEHUBAJIU T1OJ KOHTPO-
JIEM CTEPEOMUKPOCKOTIA MO CIAEAYIOLIUM KPUTEPUSIM:
1) mmametp 100—130 MKM; 2) TOBEpPXHOCTD IJIaAKasI 1
He MOoBpexXaeHa; 3) onuH-IBa C/Iosl KJIETOK rpaHyJie-
3bl (BO3MOXHO HaJIW4Yre HECKOJIbKMX PacIlJIaCTaAHHbIX
KJIETOK TeKH); 4) HajIu4ue LIeHTPaIbHO PaCIIOIOXEH-
HOTO OKpymioro oouuta (cM. puc. 3r). OBapruajibHbIe
OJTMKYIIBI, OTBEYAIOLIINE STUM KPUTEPUSIM, PAHIOM-
HO TIEPEHOCUJIN B JIYHKH 6-JIyHOUHOTO KYJIBTypPaJIbHO-
ro mnanmeTta (Corning, CIIIA), comepxaiiue 3 M
KyJbTypajibHo cpensl DMEM/F-12 (ITansko, Poc-
cus), ¢ mobasiaeHUEM 5% 5MOpUOHATBLHOM TeIsTUYbeit
ceiBopoTKH (Biosera, @panuus), 3 MM amaHWI-IIy-
tamuHa (ITansko, Poccus), 0.1 ME/Ma @CT (Merck
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Serono S.A., llIBeitnapus), 0.1 MKM aHIpOCTEHINO-
Ha (Sigma-Aldrich, CIIIA), 100 EA/M1 meHUIMILIN-
Ha (ITansko, Poccust) u 0.1 Mr/mMi1 cTpenTOMUIIMHA
(ITansko, Poccust) U KyJIbTUBUPOBAIM B TeUEHUE
6 cytok B atMocdepe 5% CO, npu 37°C u exeaHeB-
Hoit cMmeHe cpenbl. Jlamee QOIMKYIIBI, KOTOpBIC
MPUKPETTWJINCh U aKTUBHO pocyu (cM. puc. 31), oT-
MBIBJIM OT CHIBOPOTKM U KYJIbTUBUPOBAJIU B Cpele
DMEM/F-12 ¢ no6aBnenueMm 3 MM ajtaHWJI-TIIyTa-
MHWHAa, UHCYJIUH-TpaHCchEppUH-CEIEHOBOU 100aB-
ku (Ilansko, Poccus), 0.1 ME/Mn ®CI, 0.1 MM
a"npocteHanoHa, 100 EA /v nenvimumHa u 0.1 Mr/mn
CTpenToMUIIMHA. B aKcriepuMeHTaIbHbIX TpyInax K
KJIeTKaM TpaHyJie3bl no06aBisin 1 MKM cepoToHUHA
(5HT); wiu 1 MxM ceporonuHa u 10 MKM cdiryokce-
tiHa (SHT + FLU). CMeHy KyJabTYypaJbHOM Cpembl
npoBoawiv Kaxapie 12 4. Yepes 48 1 cpeny 3aMeHsIA
Ha DMEM/F-12 ¢ mo6asiaeHueM 1 Mr/mi KoJuiare-
Hasbl I (ITansko, Poccus) un 100 mxr/man JHKas3sr 1
(Sigma-Aldrich, CIIIA) u uHKkyOupoBanu 30 MuH
npu 37°C 1 nepruoanIecKoM aKKypaTHOM ITUTIETUPO-
BaHUU. OOLIMTHI U3 TUCCOLUUPOBAHHBIX (DOJTUKY-
JIOB COOMpay CTPUTIIEPOM MO KOHTPOJIEM CTEPEO-
MUKPOCKOIIa U MCIOJb30BAJIM JJI1 MCCAEeIOBAHUS
9KCIpeccuu reHoB Bmp6, Bmp 15, Gdf9 w Igf1. Knet-
KU TpaHyJie3bl Tiporyckanu yepe3 40 Mmkm cuto (SPL
Lifesciences, Kopest) n ocaxkxganu LieHTpUyTrupoBa-
HueM B TedueHue 5 MmuH 1ipu 1000 g, mocye yero uc-
MOJIb30BAJIM [IJIS1 UCCEA0BAHUS 3KCIIPECCUU TE€HOB
Bad, Bax, Bcl2, Casp3, Ccnal, Ccnbl, Ccndl, Ccnd?2,
Cenel, Cypllal, Cypl7al, Cypl9al, Foxo3, Fshr,
Has2, Igfbp4, Ihh, Lhcgr, Mki67, Trp53, Pcna, Prgfr,
Prgs2u Star.

Toranmsayro PHK 13 mmonmyyeHHBIX Ipo0 BBIACIS-
mu ¢ moMmoinbio peareHTta ExtractRNA (EBporew,
Poccust), ucronb3yst 3 MKT TJIMKOTeHA B KAYECTBE CO-
ocagutens, u obpabareiBanu JHKa3zoit I (Thermo
Fisher Scientific, CIIIA). buobnuoreku k/IHK cunTe-
31POBAJIU C MTOMOIIbIO Habopa peakTUBOB Maxima H
Minus ¢ IpUMeHEHUEM PAHIOMHBIX TeKCAOJIUTOHYK~
neotunos (Thermo Scientific, CIIIA). ITLIP B peans-
HOM BpEeMEHHU ITPpOBOIMIM Ha aMIuindukatope 7500
Real-Time PCR System (Applied Biosystems, CIIIA) ¢
MCITOJIb30BaHeM KoMMepueckoit cMecn qPCRmix-HS
SYBR+HighROX (Esporen, Poccus). OTHOCUTENB-
Hyio 3kcrpeccuio TeHoB (NRQ) paccuurbiBaau
meTomoMm ddCt ¢ HopMHpOBKOIt Ha reH Rps18 1 KOH-
TposbHyI0 IpoOy. IlocnenoBaTenpbHOCTH cienudM-
YEeCKUX OJMTOHYKIeOTHUAOB is1 mpoBeaecHus I1LIP
npuBeaeHbl B Ta0a. S1. DKcnepuMeHT NpOBeAcH B
YeThIpeX MOBTOPHOCTIX. CTaTuCTUUECKy0 00paboT-
Ky TIOJIyUeHHBIX PE3yJIbTaTOB IPOBOAMIN B TPOrpaM-
me Graphpad Prism 5 (GraphPad Software, Inc.,
CIIIA) c npuMeHeHUEM f-KpuTepust Bunkokcona.

JJ1s1 OlIeHKU >KM3HECTTOCOOHOCTU (DOJUIMKYJIOB B
XOJle JUTUTEJIbHOTO KYJIbTUBUPOBAHUSI, ObLIO MPOBE-
JIIeHO OKpalnBaHHe (OJIIUKYJIOB, IPETEPIIEBIINX
BCe DKCIIepUMEHTaIbHbIe MAHUITY/ISIINU, PEareHTOM
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ReadyProbes™ Cell Viability Imaging Kit, Blue/Red
(Thermo Fisher Scientific, CIIIA) u nocienymoliee
BBISIBJICHUE SKMBBIX 1 MEPTBBIX KJIETOK Ha JIa3epHOM
CKaHHUpyollleM KOH(hOKaTbHOM MUKpocKore Olympus
FV10i (JIabopaTopusi KOH(MOKATbHON MHKPOCKOITUU
HKIT MI'Y um. M.B. JIomoHocoBa). /1151 OLIeHKH aK-
TMBHOCTH 3aXBaTa CEPOTOHMHA KOMIIOHEHTaMU OBapH-
aJIbHOTO (QOJITUKYJIA B YCIOBUSX 2D-KyJIbTyphl, OBLIN
MPOBeAEHBI MHKYOAIIMU KYJIbTUBUPYEMbBIX (DOJLIUKY-
J0B ¢ 1 MKM cepoToHMHA B TeueHue 2 4. DoTMKYyIb
dukcupoBanu B 4%-m napacdopmanbaeruae (pH 7.5)
M OKpalllMBaJ KPOJIWYbMMM AHTUTEIAMU IIPOTUB
ceporoHnHa (S5545 Sigma-Aldrich, CILIA, pa3sene-
Hue 1 : 1000) 1 Ko3bKMMU aHTUTEIAMU IPOTUB Ig Kpom-
Ka, KOHBIOTUPOBAaHHBEIMU ¢ (iyopodopom CFEF™568
(SAB4600085 Sigma-Aldrich, CIIA). Creunduu-
HOCTb UMMYHOTUCTOXUMMUYECKOM peakluU OLeHU-
BaJIi MO OTCYTCTBUIO (DIyOpeCcleHIIMY TPU OKpalliv-
BaHUU TOJILKO BTOPUYHBIMU aHTUTeaaMu. [1pemapa-
Thl aHAJIU3UPOBAIM Ha Ja3epHOM CKaHUPYIOIIEM
KoHpoKaJIbHOM MuKpockomne Zeiss LSM 880 (I'pyri-
na ontudyeckux MetogoB LIKIT UBP PAH) u peru-
CTPUPOBAIM MMMYHOMIYOPECHEHIINIO Ha CPEOUH-
HOM OIITMYECKOM Cpe3¢ IIPU IMOCTOSTHHBIX ITapaMeTpax
MHTEHCUBHOCTH JIa3epa 1 YyBCTBUTEIBHOCTU IETEKTO-
pa. YpoBeHb UMMYHOMJITyOPECLICHIIMH Ha TTOJTyYeHHBIX
M300paKEHMSIX ONPEAC/ISUIA C IIOMOIIBIO IIPOTPAMMBbI
Imagel. ITosrydeHHbIE pe3yabTaTbl 0OpadaThiBaIN CTa-
TUCTUYECKMU C TTOMOIBI0 porpaMmbl Graphpad Prism 5
(GraphPad Software, Inc., CIIIA).

PE3VYJIBTATBI 1 OBCYXIAEHHUE

Pabora Obuta BBIIIOJIHEHA HA W30JMPOBAHHBIX
MIpeaHTPaIbHBIX OBapUAIbHBIX (DOUINKYJIAX, KyIb-
TUBHUPYEMBIX Ha MTOBEPXHOCTU MjiacTuka (2D-Kyib-
Typa) B TeueHue 6 cyT u 48 u skcnepuMeHTa. B xome
KYJIBTUBUPOBAHMS (POJUTUKYIIBI IIPUKPETUISUINCH K T10-
BEPXHOCTH, PACIIACTBIBAIMCh U POCIM, OCTaBasiCh
MPY 3TOM MOP(POJIOTMYECKU 1IEJTOCTHBIMU (CM. puC. 1B).
IIpoBeneHHOE B KOHIIE 3KCIIEpUMEHTa BBISIBJICHUE
KMBBIX U MEPTBBIX KJIETOK (puc. 1) rokazano, 4To B
Xo/e KyJbTUBUPOBAHUS KaK KJIETKU IpaHyJIe3bl, TaK
U1 OOLIUTHI OCTarOTCs XKUBBIMU (puc. 10, 1, le). He-
3HAYUTEIbHOE KOJIMIECTBO MEPTBBIX (hOJUIMKYIIIPHBIX
KJIETOK BBISIBIISDIOCH HAa MOBEPXHOCTH HEKOTOPBIX
¢ommukynoB (puc. 1r, le). UMMyHOTrMCTOXMMIIECKOE
HCCleIoBaHNe aKTUBHOCTY 3aXBaTa CEPOTOHMHA B OBa-
pUaIbHBIX (POJUIMKYJIaX B YCIOBUSIX 2D-KyabTypHEI ITO-
Kazajo, YTO IIpU J00aBICHUM CEPOTOHMHA B Cpedy
MMPOMCXOAUT €r0 HAKOILJICHUE B OOLIUTAX, TOTJa KaK B
KJIETKaX TpaHyJie3bl ero KOJMYECTBO He M3MEHSIeTCS
(puc. 2). [laHHbIE pe3yabTaThl IIOJJHOCTHIO COTIaCyIOT-
Cs ¢ MTAaHHBIMU, MOTYYEHHBIMU paHee Ha U30JIMPOBaH-
HBIX OBapUaJbHbIX (oyummKynax (Hukuimmwma u ngp.,
20180) u ¢pparmeHTax oBapuaabHoii TKaHu (Nikishin
etal., 2019), uro moaTBep:KOaeT ameKBATHOCTD MCIIOJIb-
3yeMOIi KCIIEPUMEHTAIBHON MOJIEIIN.

DOyHKIIMOHAJILHBIN CTaTyC OBapUaJIbHOTO (hOJLIN -
KyJia B IEpUO aKTUBHOTO POCTA BbIpaXkaeTcsl, MpexKe
BCEro, rnokazaTessMu (pyHKIIMOHATBHOIO COCTOSTHUS
KJIETOK T'PaHyJIe3bl — BAXKHEUIIIMMU 13 KOTOPBIX SIBJISI-
I0TCsl  TIpoivdepaTuBHas aKTUBHOCTb, OTCYTCTBHUE
amnoriTo3a, CTepOUAOreHHasi aKTUBHOCTb 1 MapKephl
crertienu nuddepenmmponku (Kranc et al., 2017). s
OLIEHKM 3THX IToKa3aTejiecii B paboTe MCITOJIb30BaIn
KoJIn4ecTBeHHBIN aHanun3 akcrpeccun MPHK reHos,
SIBJISIIOLIMXCSI MapKepaMu (DYHKIIMOHAJILHOIO COCTO-
STHUSI KJIETOK TpaHyJje3bl (puc. 3a, 36). CHmKeHUe
npoaundepaTuBHON aKTUBHOCTHU, B COUCTAHUU C aK-
TUBALIME MEXaHU3MOB KJIETOYHOM TMOeNH, SIBISIET-
CsI MapKepoM aTpeTudecKux Impoueccon (Zhen et al.,
2014). Ilpu moOaBiAeHUM CEpPOTOHUWHA K KYJIbTYpe
M30JMPOBAHHBIX OBapUATbHBIX (POJIJIMKYJIOB T'€HbI-
Mapkepbl Tipoaudepanuu Mki67 n Pcna (a Takxke
ukiInHoB Ccnal w Ccnbl) He U3BMEHWIN ypOBEHbD
9KCIPECCUU OTHOCUTEIBHO KOHTPOJISI. DTO TOBOPUT
00 OTCYTCTBUM BBIPaXK€HHOTO MUTOT€HHOTO 3P dheK-
Ta CEpOTOHMHA Ha KJIETKU TpaHyJie3bl. B To ke Bpe-
Ms1, KOJIMYECTBEHHBIN aHaJIU3 BBISIBUJI TOCTOBEPHOE
yBeJIMUEeHE YPOBHS 3Kcrpeccuy mkianHa Cendl B
1.58 paz (p = 0.0294), Ccnd2B 1.63 pa3 (p = 0.0409) n
Ccnel B 1.49 pa3 (p = 0.044). Huxknunaet D u E aBns-
FOTCSI KITIOUEBBIMHU PETYIITOPHBIMU O€JIKaMM, KOTO-
pBIE CIIOCOOCTBYET IIepeX0y KIIETOK K ¢a3e S uepe3
dazy G1 (Bertoli et al., 2015). CeleKTUBHBbIIA UHTU-
OuTOpP OOpPATHOIO 3aXBaTa CEPOTOHMHA (hITYOKCETUH He
oTMeHsIeT 3 PEKT CEPOTOHMHA HA SKCIIPECCUIO ITNK-
JIMTHOB, YTO TOBOPUT O TOM, YTO B TaHHOM 3(deKkTe He
ygactByeT SERT, u oH, cKkopee Bcero, ornocpenoBaH
BO3IEMCTBHEM Ha PELIEIITOPHI CEpOTOHMHA. TakuM 00-
pa3zoM, 3(@eKT cepoTOHMHA Ha MpoJudepaTuBHBIC
CBOICTBa KJIETOK I'paHyJIe3bl OrpaHUYMBACTCSI BIIMSI-
HHEM Ha YPOBEHb 3KCIIPECCUM PETYISITOPOB KIIETOY-
HOTO LIMKJIa, HO He MPUBOAUT K YBEIUUCHUIO ITPOJIH-
depau. YpoBeHb aIloITo3a, 0COOEHHO B YCJIOBUSIX
KYJIBTYPBI, SIBIASIETCS OYeHb BaXXHBIM IIOKa3aTeJIeM
(YHKIIMOHAJIBHOIO CTaTyca OBapHaIbHOIO (hOJLIIUKY-
Ja. CepoTOHUH, B 3aBUCHMOCTH OT THUIIa aKTUBUpYe-
MOTO pelienITopa, CIIOCOOEH BBICTYIIATh KaK IIPO- TaK 1
aHTUAIIONTOTMYECKUM areHToM (Azmitia, 2001). B Ha-
IIeM BKCIEPUMEHTE HE BBISBJICHO CTaTUCTUYECKU
3HAYMMBbIX UBMEHEHUI YPOBHS 9KCIIPECCUM KakK Te-
HOB-MapKepoB amomnto3a Bax, Bad, Bcl2, Casp3,
Trp53, Tak n Foxo3, KOTOpHI SABASIETCS MWHULIUATO-
pPOM ariorTo3a B KJIeTKax rpaHyJie3bl, UYTO yKa3biBaeT
Ha OTCYTCTBUE BHIPAXXKEHHOTO IIPO- U AHTUAIIOIITOTH -
yeckoro addexra cepoToHUHA.

BaxueimmmMu nmoxkazateassMu QyHKIIMOHATBHOMN
AKTUBHOCTU COMATUYECKUX KOMIIOHEHTOB OBapu-
ajibHOTO (hOJITUKYJIA SIBJSIETCS KCIPECCUsl KIItoue-
BBIX CTEPOUIOTEHHBIX (EPMEHTOB, a TAK:Ke reHa Star,
Kogupytomero 3G@eKTop CKOPOCTh-TUMUTUPYIO-
et ctanuu crepounoreHesa (Bao et al., 1997; Zhen
et al., 2014). HecMoTps Ha IuTepaTypHble JaHHBIE O
BIIMSTHUM CEPOTOHMHA Ha CTEPOUIOTEHHYIO aKTHB-
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Puc. 1. BrisiBiieHUEe XKUBBIX 1 MEPTBBIX KJIETOK B OBaPUATBHBIX (DOJUTHKYIIAX ITOCIIe 6 CyT MpenBapuTEIbHOTO Ky IbTHBUPOBAHUS
U 48 4 KyJIbTUBUPOBaHUSI B OECCHIBOPOTOUHOIM cpefie. (a, 0) — CpearHHbIN KOH(MOKaTbHBINA ONTUYECKU Cpe3, MPOXOASIINMN
yepes sA1pa OoIuTOB; (B) — MUKpodoTorpadus B pa3oBoOM KOHTpacTe; (T—e) — MaKCUMaJbHas ITPOEKIIUsI CTOMTKYU KOH(MOKATh-
HbIX MUKpodoTorpaduit. (a, r) — MEPTBbIE KJIETKU, OKpAIIEeHHbIE MOIUIOM TMpornuaus; (0, B) — siipa XKMBBIX KJIETOK, OKpa-
meHHbIe KpacuteieM Hoechst 33342; (e) — coBMellleHHOe N300paXkeHNEe MEPTBBIX KJIIETOK (KPaCHBI) U sSIep KUBBIX KJIETOK
(cuHMIT), MyHKTUPOM 0003HAYEHBI TPAHUIIBI 0OTIUTOB. MaciTabHbIi oTpe3ok 100 MKM.

HOCTb, TIpU aHajim3e 3Kcrpeccuu reHoB Cypllal,
Cypl7al, Cypl9al n Star NOCTOBEPHBIX pa3INUYMIA
MEXIy TpyIlIiaMu He BbIsIBIeHO. [1o Bceit BUIMMO-
CTU, OMUCaHHBIE B IUTepaTtype 3(h(PEKTH CBI3aHEI C
peryismnyeil aKTUBHOCTHM KOMITOHEHTOB CHCTEMBI
CHHTEe3a CTEPOUIHBIX TOPMOHOB Ha TTOCTTPAaHCKPUII-
IIMOHHBIX cTanusax. KommyecTBeHHBIMU MapKepaMu
crenieHn T GepeHITNPOBKI KIIETOK TpaHyJIe3bl SB-
JISTIOTCST TEHBI perienTopa (MOUTHKYIOCTUMYTUPYIOIITE-
ro TopMoHa Fshr 1 pelieniTopa JIOTEWHU3UPYIOIIETO
ropMoHa Lhcgr (Bao et al., 1997), a Takxxe ruatypoHaH-
cuHTa3bl Has2, CBA3BIBAIONIETO WHCYJIMHOIOMOOHBII
daxTop pocra Oenka Igfbp4, peuienTopa IIpocTariaH-
muHa F2-anpda Prgfr, nnknookcureHassl Pigs2 n -
ranma Hedgehog-curnansnoro nytu /hh (Zhen et al.,
2014). Ilpn ananmm3e 3KcIpeccun reHoB Fshr u Lhcgr
MOCTOBEPHBIX Pa3 NI MEXIY TPYyITIIaMy He BBISIB-
JeHo. B To ke BpeMs, ypOBEHb IKCIIPECCUM TeHa
Ptgs2 ipn no6aBIeHNY CEPOTOHMHA YBEIMIMNBACTCS B
4.59 pa3 (p = 0.0425), Has2— B 2.26 pa3 (p = 0.0492),
Igfbp4 — B 1.56 pa3 (p = 0.0373), Ihh — 1.5 pa3 (p =
=0.0045), Ptgfr — B 1.4 pa3 (p = 0.0172). I1pu aToM
mobaBiieHre (hIyoKceTWHA CHIDKAeT YPOBEHb BKC-
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MIPEeCCUM TeHOB 0 YPOBHS, CTATUCTUYECKHU HE OTIIN-
YaoIIETOCsT OT KOHTPOJISI, YTO TOBOPUT O HAJTUYHMU
BKJIaJa 3axBaTa CEPOTOHMHA B peaju3alliio 3TOro
a(pdekTa. DKcopeccuss TaHHBIX T€HOB XapaKTepHa
IIJIST 3pEJIbIX KJIETOK KyMYJTIoca, B KOTOPBIX OHU 00ecC-
MEeYMBaIOT CUHTE3 MEXKJIETOUYHOTO MaTpUKca, Heob-
XOIUMOTO IJIST SKCHAaHCUM KyMyiioca, W (pyHKIIHO-
HUPOBaHUE KIIFOYEBBIX MEXaHU3MOB MEXXKJIECTOYHO
curHanus3anuu (Diaz et al., 2007). Takum obpaszom,
CEpPOTOHMH TIPOSIBIISIET TIPU3HAKU (haKTOpa, CIOCO0-
CTBYIOIIIETO CO3PEBAHUIO KJIETOK TpaHyJe3bl U UX
I depeHIMPOBKE B HAIIPABJIEHUU KyMYyJTioca.

OnHoit n3 11enei JTaHHOM paboThI OBIIIO COTTOCTaB-
JIeHUE MOTyYeHHBIX pe3yJIbTaToOB ¢ 3deKkTaMu cepo-
TOHMHA, HAOIIOHaeMbIMU B BKCIIEPUMEHTAX Ha TIep-
BUYHOI KYJbType KJIETOK I'paHyje3bl, B OTCYTCTBUE
BO3MOXHOI'O BIIMSIHUSI OOLUTOB (cM. puc. 4). Ilpu
MPSIMOM BO3AEHCTBUU CEPOTOHWHA Ha KJIETKU TpaHy-
JIe3bI HAOTIOHAJICS CXOOHBII 3(PPEKT Ha IKCITPECCHIO
reHOB-TI0Ka3aTesel X (YHKIIMOHAJbHOM aKTUBHO-
CTU, OJHAKO CTAaTUCTUYECKU 3HAUYMMBII 3(pdeKT Ha-
omonaiicst Tobko st reHoB Cend 1, Has2w Thh (Hu-
KumuyH 1 ap., 2018a). B xynbType M3011MpoBaHHBIX
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Puc. 2. UMMYHOTUCTOXMMHMYECKOE BbISIBJICHE aKTUBHOCTH 3aXBaTa CEPOTOHMHA B KYJIbTYpe OBapUasIbHbIX (DOJUIMKYJIOB. (a,
0, I, 1) — COBMelIeHHbIe KOH(OKATbHbIE CPETMHHbBIE ONITUYECKUE CPe3bl OBAPUATbHBIX (DOJUTMKYJIOB, KyJIbTUBUPYEMBIX B T€-
yeHue 6 cyT (a, 6), U TOMOJHUTEIBHO KYJIbTUBUPYEMBIX B 0€CCHIBOPOTOUHOI cpefie B TeueHue 48 4 (T, 1), OKpallleHHbIX aHTH~
TeJIaMU TPOTUB CepOTOHMHA (KpacHbIit) 1 kKpacuteneM Hoechst 33342 (Genbrit). (a, T) — KOHTPOJb; (0, 1) — MHKYOAIus ¢
1 MKM cepoTroHrHa B TedeHHe 2 4. MacimtabHblil oTpe3ok 100 MKM. (B, €) — M3MepeHUe YPOBHSI MMMYHOMITYOPECIEHIINI
CEPOTOHMHA B KJIETKAX TpaHyJie3bl U OOLIMTaX OBapUAJIbHbBIX (DOJIITMKYJIOB, KYJIbTUBUPYEMBIX B Te4eHUE 6 CYT (B), U JOTIOJIHU -
TEJIbHO KYJbTUBUPYEMBIX B 0CChIBOPOTOUHOI cpesie B TeueHue 48 u (E). M £ SD, * — p < 0.0001 1o #-kputeputo CTblofeHTa.

OoBapUaIbHBIX (HOJITUKYI0B HaboaaeTcs 6osee Bbl-
paxkeHHBIN 2(b(HEKT cepOTOHUHA, YTO, IO BCEU Bepo-
SITHOCTU, OOBSICHSICTCS OOJbIIeii BOCIIPUMMUYNBO-
CTBhIO KJIETOK I'paHyJie3bl K BO3IECTBUIO CEPOTOHUHA
B OTUX YCJIOBUSIX, OoJjiee MPUOJIMKEHHBIX K HATUBHO-
My cocTosiHU10. U3BECTHO, YTO OOLIMTHI TECHEUIITUM
00pa3oM CBsI3aHbI ¢ (HOJTUKYISIPHBIMU KJIETKAMU U
B3aMMOPETYJIUPYIOT UX PYHKIIMOHAJIbHOE COCTOSTHUE
(Kidder, Vanderhyden, 2010). JlormyHo mpeamoia-
raTh, 4YTO YCUJIEHWE BIUSTHUS CEPOTOHMHA Ha (PyHK-
LIMOHAJIbHYIO aKTUBHOCTb KJIETOK IpaHyJie3bl CBsI3a-
HO C JOMOJIHUTEJbHBIM BO3JAEUCTBHEM OOLIMTOB. B
MOJIb3Y 3TOTO TPEAIOI0XKEeHUSI TOBOPUT OTMEHA Ha-
omonaeMbIX 3(@MEKTOB TP MHTMOUPOBAHUM 0OOpaT-
HOTO 3axBaTa CepOTOHWHA, KOTOPbIi aKTUBEH B OOLIU-
Tax, HO He B KJIETKax TIpaHyjie3bl. YUMUTHIBasi, 4TO,
MMOMHUMO MEMOPaHHOTO TPaHCIOPTEPA CEPOTOHMHA, B
OOLIUTAX KCIPECCUPYETCS BESUKYIISIPHBIN TpaHCTIOP-
Tep MoHoaMuHOB (HuxkuimwvH u ap., 2018B), ecTb Be-
POSITHOCTb, YTO OOLIMT 3KCKPETUPYET HAKOTIJIEHHBIH
CepOTOHMH U CO3[aeT BOKPYT ce0sl JOKaJbHYIO 00-
JIaCTh €ro MOBBIIIEHHOW KOHIEHTpalluu, yCUJINBas
TakKuM 0Opa3oM €ro BO3IeiCTBUE Ha KJIETKU I'paHy-

ne3bl. C opyroii CTOPOHBI, CEPOTOHUH BO MHOTHX TH-
nax KJIETOK UTPAeT POJIb PEryisiTopa CEKpeTOPHOM
aktuBHocTH (Paulmann et al., 2009). CepoToHUH,
HAKOIUICHHBI B OOLIUTE, BEPOSITHO, MOXET BIIUSITh
Ha CeKpeluio OeJIKOBBIX (PAKTOPOB POCTa, UIpalo-
IIMX BaXXHYIO POJib B MOAAEPKAHWUU TTOJTHOLIEHHOM
KU3HEACATSILHOCTU QOJLTUKYASIpHBIX KiaeTok (Kid-
der, Vanderhyden, 2010).

1 TpoBepKU 3TOTr0O MPeaIofoXKeHUsI, UcclleoBa-
HBI 3(}eKTBl cepoTOHMHA W (DIIyOKCETHHA Ha 3KC-
MPECCUI0 B OOLIMTaX KIIFOUEBbIX (haKTOPOB POCTa, Pery-
JUpYoKUX GYHKIITMOHATbHBIN cTaTyC (hOJTUKYISP-
HBIX KJIeTOK (pHc. 3B). B KynbType U301 pOBaHHBIX
GONIUKYIOB MPU BO3ACUCTBUU CEPOTOHUHA YpPO-
BEHb 3KcIpeccumn Bmpl5, Bmp6, Igfl B ooliuTax He
U3MeHsieTcsl, TIpu 3ToM Gdf9 — yBenuuuBaeTcs B
1.52 pa3 (p = 0.0116), mpuyeM B IPUCYTCTBUU (DITYOK-
CeTHHA JaHHBIN 3P deKT CHMXKAEeTCsI, 9TO TOBOPUT O
BOBJIEYUEHHOCTU MEXaHMW3MOB TPAHCIIOPTA CEPOTOHU-
Ha B 2TOT 3ddexT. M3BecTtHO, uTo GDF9 gBasgercs
OJHUM W3 KJIOYEBBIX (DaKTOPOB, PETYIUPYIOIINX
npoiecc QoJTMKYJOreHe3a Ha CTaauu (POTUKYISIp-
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Puc. 3. Dddekr ceporoHrHa 1 hJIyoKceTMHa Ha (DYHKIIMOHAJIBHBINM CTaTyC OBapUaJIbHBIX (DOJUIMKYJIOB B KYJIBTYpE in Vitro.
(a—B) — U3MEHEHUe YPOBHS 9KCITPECCUM B KJIETKAaX TpaHyJie3bl MApKepOB MX (QYHKIIMOHATbHON aKTUBHOCTH (@, 06) ¥ YpOBHSI
9KCITPECCUU B 0OIIMTaX (haKTOPOB pocTa (B) B KYJIbType N30JIMPOBAHHBIX OBAPUAJIBHBIX (DOJTUKYJIOB IIpU nob6aBieHnu 1 MKM
ceporonnHa (SHT) u 1 MkM ceporonuHa ¢ 10 MkM dayokcetnHa (SHT + FLU). NRQ — HopMupoBaHHast Ha KOHTPOJIbHYIO
MpoOy OTHOCUTEJIbHAS DKCIIPECCHs TeHa, B KaueCcTBe pepepeHCHOTO TeHa NCITONIb30BaH Rps 18. KpacHoii nuHueit o003HaueHa
9KCIMpPECccUsi TeHOB B KOHTPOJIbHOM Mpode, mpuHsTas 3a 1. * — p < 0.05 no ~-kputepuio BuskokcoHa. (r—a) — nepBUYHbII MHO-
TOCJIOMHBIN OBapHaIbHBIN (HOJUTUKYI cpa3y Mmociie U3oasuu (T) 1 yepe3 6 AHeil KyIbTypsl in vitro (). MacimTabHbIil OTpe30K

100 MxM.

HOTO pocTa U OBYJsILIMU. Tak, Harpumep, Toxa Aeii-
crBueM GDF9 B keTkax KyMyJitoca BO3pacTaeT 9Ke-
npeccust reHoB Has2 n Pigs2 (Gui, Joyce, 2005). I1o
Bceil BMAMMOCTH, 3aXBaT CEpOTOHWHA OOIMTaMU B
PACTYIINX OBapUANBHBIX (POJUTMKYIAX, OeHCTBUTEIhb-
HO, CITOCOOCTBYET CHHTE3Y M CEKpeIly (paKTOPOB, KO-
TOpBIE BIVSIOT Ha (PYHKIIMOHAIBHYIO AKTUBHOCTB KJIe-
TOK I'paHyJIe3bl.

MexaHu3M BIMSHUS 3aXBaTa CEPOTOHMHA OOLIV-
TOM Ha 3KCIIPECCUIO TEHOB U CEKpeLnio (aKTOpOB
pocTa MoKa OCTaeTcst HeSICHBIM. BO3MOXKHOCTh BHYT-
PUMKJIETOYHOM CUTHAJILHOII aKTMBHOCTM CEPOTOHMHA
SIBJISIETCSI TIPSAMETOM MHOTOJIETHUX HUCKYCCUM —
MMEHHO Ha OOLIMTaxX U paHHMX 3MOpHOHAaX ObLIN MO-
JIydeHbI (papMaKoJIOTMYecKe CBUIETEILCTBA BHYTPH -
KJIETOYHOI aKTUBHOCTH CEPOTOHUHOBBIX PELICTITOPOB,
KoTopas ocTtaercs HenccienosanHou (Imyknep, Hu-
kuiuH, 2018). C apyroit CTOpOHBI, BHYTPY KIJIETKM CE-
POTOHMH CIIOCOOEH MPUHUMATH YJacTHE B PEryISLUT
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aKTUBHOCTU OEJKOB ITyTeM WX CEPOTOHWIMPOBAHMS
(Bader, 2019). OToT MexaHWU3M 3a/1€iiCTBOBaH B peryJisi-
MM CEKPETOPHOI aKTUBHOCTH B TpoMmbomuTax (Wal-
ther et al., 2003) u B-Ki1eTKaX MOKETYAOTHOM KeIe3bl
(Paulmann et al., 2009), MOXeT BIUSATh HAa SKCTTPECCUIO
reHoB nyreM Moaudukanmu ructoHoB (Farrelly et al.,
2019) u, BIOJIHE BEpOSITHO, TAKXKE aKTUBEH B OOLIUTAX.

Takum o0Opa3oM, B BKCIIEPUMEHTAX Ha KYJIbType
HU30JIMPOBAHHBIX OBapUaIbHBIX (DOJIITUKYIOB BHISIB-
JeHbl 3¢ GEKThl CEpOTOHMHA Ha SKCIPECCUI0 He-
CKOJIbKUX TeHOB-MoOKa3areneil (GyHKIIUOHATLHOMI
aKTUBHOCTU KJIeTOK TpaHyie3bl (Ccndl, Ccnd2,
Ccnel, Has2, Ptgs2, Ptgfr, Igfbp v Ihh), a TakKe Bax-
Heiilrero ooutapHoro akropa pocta Gdf9. bonbinas
YacTh HaOMomaeMbIX 3(pheKTOB OTMEHSIETCS (hITyOKCe-
TUHOM, CJIEIOBaTEIbHO, OMOCPEIOBaHA aKTUBHOCTBIO
criennduyeckoro TpaHcroprepa ceporoHnHa SERT.
IMonydeHHBIIT pe3yNbTaT SBISIETCS OYEHb BasKHBIM
CBUIETENIECTBOM TOTO, UYTO OBapUAbHBINA CEPOTOHUH
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Puc. 4. Cxema npsiMOro 1 orocpe1oBaHHOTO OOLIMTOM BiUsiHUS cepoToHMHA (SHT) Ha GyHKIIMOHABHYIO aKTUBHOCTb KJIETOK
rpaHyie3bl. B KynbType KieTok rpaHysess! (1) cepoToHUMH cTuMynupyeT aKcrpeccuto nukiauHa D1 Cend I, tmanypoHaHcuHTa-
3b1 Has2 v curHaibHOM MoJiekyibl [hh (1to: HukuiuH u np., 2018). B kynbType pactymmx oBapruaibHBIX (hOUTUKYIIOB (2—5)
MPOUCXOUT (2) HAKOIJIEHUE CEPOTOHMHA B OOIIMTAaX 3a CYET aKTUBHOCTU MeMOpaHHoro TpaHcnopTepa SERT, koTopast uHru-
oupyetcs piryokcetnHoM (FLU). (3) CepoToHUH CTUMYTMPYET B KJIETKAX TPaHyJie3bl skcrnpeccuto TukiInHoB Cend 1, Cend2 v
Ccnel, OTBETCTBEHHBIX 3a IMEPEXO] K CUHTETUYECKOi haze kieTouHoro uukia. dddexr He oTMeHsieTcs: (hIyoKCEeTUHOM.
(4) CepOTOHUH CTUMYJIUPYET 9KCIIPECCHUIO B KJIETKaxX rpaHyJie3bl MapKepoB 3pesioctu Has2, Pigs2, Pigfr, Thh v Igfbp4. Db dext
otMmeHsieTcs piryokceTuHOM. (5) CepOTOHUH CTUMYJIMPYET SKCITPECCHIo B ooluTax dakTopa pocta Gdf9. Db dexkt otmeHseTest
diryokcernroM. (6) GDF9 sBisietcst peryinsiTopoM (hyHKIIMOHATBHOTO COCTOSTHUST (OJLTUKYISApHBIX KieTok (Gui, Joyce,

2005).

BO3AEHCTBYET Ha (DYHKIIMOHAJIBHYIO aKTUBHOCTb KJle-
TOK TpaHyJe3bl OMOCPEAOBAHHO 4Yepe3 BIMSIHUE Ha
OOILIUT, ¥ TpeOyeT JajbHENIIIero 60ojiee BHUMATEJILHOTO
WUCCIICAOBAHMSI.

BJIIATOOAPHOCTH

Pabora BeImoTHEHA C MCTIOJIB30BaHNEM 000PYIOBAHMST
HKIT UBP um. H.K. Konsnosa PAH u LHKIT MI'Y um.
M.B. JlomoHocoBa.

PMHAHCHUPOBAHUME PABOTHI

PaGora BeimosiHeHa B pamkax pasaena ['ocymapcTBeH-
Horo 3amanuss MBP PAH 2020 roga Ne 0108-2019-0003.
HccnenoBanue ahdekToB (hyokceTuHa BBITTOJTHEHO TIPU
duHaHCOBOU MoanepKKe rpaHTa Poccuiickoro HayqYHOTO
donna (mpoekt Ne 18-74-00143).

COBJIIOAEHWUE OTUYECKUX CTAHIAPTOB

[1pu BEIMOTHEHNN TaHHOTO MCCISOOBAaHUS BCE MaHU-
MyJISIHUY, TPOBOAMBIIIHMECS C KCIIEPUMEHTATBHBIMU XK1 -
BOTHBIMU, METOIbI 00€300/IMBaHMSI, SBTAHA3UU U YXOJa 3a
XUBOTHBIMU 10 M IIOCJIE BKCIIEPUMEHTAJIbHBIX BMEIlla-
TEJIbCTB COOTBETCTBOBAIM MEXIYHApOAHBIM HOpPMaM I10
OMO3THKE.

KOH®JIMKT MHTEPECOB

ABTOpBI 3asIBIISIIOT, YTO KaKO-1100 KOH(MJIMKT UHTE-
DPECOB OTCYTCTBYET.

NH®OPMALIUA O BKIIALE ABTOPOB

J.A. HukuimuH npuaymai v pa3padboTajl 9KCIIepuMeH-
ThI, TIPOBEJI aHAJIM3 JAaHHBIX U Hanrca ctaTbio. FO.B. Xpa-
moBa 1 JI.A. MajnpueHKO BBIIOJHIIN KYJIbTypaabHYIO pa-
00Ty M mocTaBWIM KcnepuMeHThl. H.M. AJeliinHa BbITTON-
HWIa MOJIeKyJIsipHO-TeHeTuueckuii aHanus. 10.b. [lmykiep
KypUpOBaJl MCCIEeNOBAaHUE U y4yaCTBOBaJ B MOATOTOBKE
TeKCTa.

JOITOJIHUTEJIbHBIE MATEPUAJIBI

Tab6nuua S1 noctymnHa Ha caiite https://link.springer.com/
journal/11174/volumes-and-issues.

CIINCOK JIMTEPATYPbI

Huxuwun /[ A., Arewmuna H.M., Cemenosa M.JI. u op. Bnu-
STHUE CEPOTOHMHA Ha 3KCIIPECCUI0 MAPKEPOB (DYHKIIM -
OHAJIBHOTO COCTOSTHUSI KJIETOK TpaHyJie3bl B KyJbType
in vitro // ®yH1aMeHTaJIbHbIC ACIIEKThI TICUXUYECKOTO
3mopoBbs. 2018a. Ne 4. C. 12—17.

Huxuwun /1.A., Arewuna H-M., lllmykaep FO.b. CuHte3 u
MeMOpaHHBII TPaHCIIOPT CEPOTOHUHA B pa3BUBAIO-

OHTOI'EHE3 TomM 52 Ne2 2021



OITOCPEAOBAHHOE OOLIMTOM BJIMAHUWUE CEPOTOHMHA 127

memcsl oBapuasibHoMm osutukyne Mol // JAH.
20186. T. 478. Ne 1. C. 103—106.

Huxuwun /1.A., Xpamosa I0.B., bacaesa T.C. u dp. Dkc-
Mpeccusi KOMIOHEHTOB CEPOTOHMHEPTUYECKOM CUCTEMBI
B (DOJUIMKYJIOT€HEe3¢ U JOMMILIAHTALIMOHHOM Pa3BUTHU
™Mb // OHToreHes. 2018B. T. 49. Ne 3. C. 208—-216.

IHlImykaep 10.b., Hukuwun J.A. O BHyTPUKIIETOYHO pe-
uenuuu Menuatopos // Heitpoxumus. 2018. T. 35.
Ne 4. C. 289—293.

Amireault P, Sibon D., Cété F. Life without peripheral sero-
tonin: Insights from tryptophan hydroxylase 1 knockout
mice reveal the existence of paracrine/autocrine seroto-
nergic networks // ACS Chem. Neurosci. 2013. V. 4.
Ne 1. P. 64—71.

Azmitia E.C. Modern views on an ancient chemical: serotonin
effects on cell proliferation, maturation, and apoptosis //
Brain Res. Bull. 2001. V. 56. No 5. P. 413—424.

Bader M. Serotonylation: Serotonin signaling and epi-
genetics // Front. Mol. Neurosci. 2019. V. 12. P. 288.

Bao B., Garverick H.A., Smith G.W. et al. Changes in mes-
senger ribonucleic acid encoding luteinizing hormone
receptor, cytochrome P450-side chain cleavage, and
aromatase are associated with recruitment and selection
of bovine ovarian follicles // Biol. Reprod. 1997. V. 56.
Ne 5. P. 1158—1168.

Bertoli C., Skotheim J. M., Bruin R.A.M.De. Control of cell
cycle transcription during G1 and S phases // Nat. Rev.
Mol. Cell Biol. 2015. V. 14. Ne 8. P. 518—528.

Bodis J., Bognar Z., Hartmann G. et al. Measurement of nor-
adrenaline, dopamine and serotonin contents in follicu-
lar fluid of human graafian follicles after superovulation
treatment // Gynecol. Obstet. Invest. 1992. V. 33. No 3.
P. 165—167.

Buznikov G.A. Preneural transmitters as regulators of em-
bryogenesis. Current state of problem // Russ. J. Dev.
Biol. 2007. V. 38. Ne 4. P. 213—220.

Diaz EJ., Wigglesworth K., Eppig J.J. Oocytes determine cu-
mulus cell lineage in mouse ovarian follicles // J. Cell
Sci. 2007. V. 120. Ne 8. P. 1330—1340.

Dubé F, Amireault P. Local serotonergic signaling in mam-
malian follicles, oocytes and early embryos // Life Sci.
2007. V. 81. Ne 25—26. P. 1627—1637.

Farrelly L.A., Thompson R.E., Zhao S. et al. Histone seroto-
nylation is a permissive modification that enhances

TFIID binding to H3K4me3 // Nature. 2019. V. 567.
Ne 7749. P. 535—539.

Gui L.-M., Joyce 1. M. RNA interference evidence that growth
differentiation factor-9 mediates oocyte regulation of cu-
mulus expansion in mice // Biol. Reprod. 2005. V. 72.
Ne 1. P. 195—-199.

Kidder G.M., Vanderhyden B.C. Bidirectional communica-
tion between oocytes and follicle cells: Ensuring oocyte

developmental competence // Can. J. Physiol. Pharma-
col. 2010. V. 88. Ne 4. P. 399—413.

Koppan M., Bodis J., Verzar Z. et al. Serotonin may alter the
pattern of gonadotropin-induced progesterone release
of human granulosa cells in superfusion system // En-
docrine. 2004. V. 24. Ne 2. P. 155—159.

Kranc W., Budna J., Kahan R. et al. Molecular basis of
growth, proliferation, and differentiation of mammalian
follicular granulosa cells // J. Biol. Regul. Homeost.
Agents. 2017. V. 31. Ne 1. P. 1-8.

Mawe G.M., Hoffman J.M. Serotonin signalling in the gut-
functions, dysfunctions and therapeutic targets // Nat.
Rev. Gastroenterol. Hepatol. 2013. V. 10. Ne 8. P. 473—486.

Mercado C.P., Kilic F. Molecular mechanisms of SERT in
platelets: regulation of plasma serotonin levels // Mol.
Interv. 2010. V. 10. Ne 4. P. 231-241.

Nikishin D.A., Alyoshina N.M., Semenova M.L. et al. Anal-
ysis of expression and functional activity of aromatic L-
amino acid decarboxylase (DDC) and serotonin trans-
porter (SERT) as potential sources of serotonin in
mouse ovary // Int. J. Mol. Sci. 2019. V. 20. Ne 12.
P. 3070.

Paulmann N., Grohmann M., Voigt J.-P. et al. Intracellular
serotonin modulates insulin secretion from pancreatic
beta-cells by protein serotonylation // PLoS Biol. 2009.
V. 7.Ne 10. P. €1000229.

Walther D.J., Peter J.-U., Winter S. et al. Serotonylation of
small GTPases is a signal transduction pathway that
triggers platelet alpha-granule release // Cell. 2003.
V. 115. Ne 7. P. 851—-862.

Zha W., Ho H.T.B., Hu T. et al. Serotonin transporter defi-
ciency drives estrogen-dependent obesity and glucose
intolerance // Sci. Rep. 2017. V. 7. Ne 1. P. 1137.

Zhen Y.-H., Wang L., Riaz H. et al. Knockdown of CEBP3
by RNAI in porcine granulosa cells resulted in S phase
cell cycle arrest and decreased progesterone and estradi-
ol synthesis // J. Steroid. Biochem. Mol. Biol. 2014.
V. 143. P. 90-98.

Oocyte-Mediated Effect of Serotonin on the Functional Status of Granulosa Cells
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In the mammalian ovary, serotonin has all the components necessary for the implementation of its signaling
function and affects the functional activity of granulosa cells. At the same time, the accumulation of serotonin
by the specific transporter SERT occurs mainly in oocytes of growing ovarian follicles and is practically ab-
sent in granulosa cells. A quantitative analysis of the expression of mRNA markers of proliferation, apoptosis,
and the functional state of follicular cells, as well as oocyte-derived growth factors, was carried out on an ex-
perimental model of the ovarian follicles culture. Serotonin (1 wWM) does not show pronounced mitogenic,
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pro- and anti-apoptotic properties and does not affect the expression of markers of steroidogenesis. At the
same time, serotonin stimulates the expression of genes of cyclins Ccnd 1, Ccnd2, Ccne 1, as well as Has2, Ptgs2,
Prgfr, Igfbp, and Ihh in granulosa cells. Also, the addition of serotonin leads to an increase in Gdf9 expression
in oocytes. A more pronounced effect of serotonin in comparison with the primary culture of granulosa cells
is observed, which in all cases, except for cyclins, is canceled by fluoxetine (10 uM). The results obtained in-
dicate that the functional activity of granulosa cells is regulated by serotonin through its effect on the oocyte
and is mediated by the SERT activity.

Keywords: mouse, ovary, ovarian follicle, granulosa, oocyte, serotonin, SSRIs, fluoxetine, SERT, gene ex-
pression
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