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INonnepxaHue oNTUMAIbHOTO KUCIOTHO-IIEJIOYHOTO PABHOBECHUSI OPTaHU3Ma UTPAeT KIIOUYEBYIO POJIb B
peryasinuu Metabosim3Ma, u obecrieunBaeTcsl (pyHKIIMOHMPOBAHUEM SHIOTeHHbIX pH-ceHcopoB — MoJie-
KyJl, aKTUBHOCTb KOTOPBIX peryaupyercs ripu usmeHenuu pH cpensi. Peuentopnas tTuposunkuHasza IRR
(peuenrop, MOJOOHBIN PELICTITOPY MHCYJIMHA) SIBJSIETCSI CECHCOPOM I1ie109HOro pH, akTUBUpYyeTCst ITpU T10-
BoilIeHMM pH BHekeTouHOI cpenbl Boilie 7.9. Dkcnpeccus IRR cienunduuna, perentop oOHapyXuBaeT-
Csl B HEKOTOPBIX OpTraHax, B OIpeIe/IeHHBIX TUIIaX KJIETOK. YcTaHOBIeHO, 4To pelientop IRR BoBieueH B
9KCKpelno OukapOboHaTa moukamu. Mexannam neiictBus u dyHkousa penentopa IRR kak ceHcopa mie-
snouyHoro pH B npyrux opranax He uzBectHa. s BeisiBieHust poiu peuentopa IRR B aMmOpuoreHe3e Mbl
IMPOBEJIM 9KCIIEPUMEHTHI 10 OLIEHKE Pa3BUTUS TTPEUMITJIAHTALIMOHHBIX 9MOPUOHOB MBbIIIIEii TMKOTO TUTIA U
MBIIIIE, HOKAYTHBIX MO TeHYy insrr, ¢ ucnonb3doBanueM MEA-Tecta (mouse embryo assay). OLIeHKY pa3BU-
TUSI OCYILIECTBIISUIY C TIOMOIIBIO MHIEKCa BbIXO/1a OJIACTOLIMCT — MPOLIEHT 00pa3oBaHus 0JaCTOLMCT OT 00-
11IeTO KOJIMYECTBA U3BJICYEHHBIX 3UTOT. BhIX0 6JIACTOLIMCT Y HOKAYTHBIX JKMBOTHBIX OKa3aJICSl 3HAYUTEb-
HO HMXe, YeM Y SKUBOTHBIX TMKOTO THUTIA, 6.7% OT 00111eTO KOJIMYEeCTBA M3BJICUSHHBIX KIIETOK Y HOKAYTHBIX
SKUBOTHBIX U 43.8% y XMBOTHBIX JUKOTO TUTA. OTIUYAIOCh U KOJTUYECTBO U3BJIEYEHHBIX 3UTOT Y MBILIIEH
JIMKOTO TUTIA Y HOKAYTHBIX I10 TeHY insrr. B cpenHeM, KOMM4yecTBO U3BJIEYEHHBIX 3UTOT U3 OHOU CAaMKU CO-
ctaBwiIo 18.9 3UroT mist MbIlIei TUKOro TUIIa, U 11.8 3UroT MJIst HOKAYTHBIX 110 insrr Mbliei. [TonyyeHHbIe
HaMU pe3yJibTaThl yKa3bIBAIOT HA MOTEHIMATBHYIO POJIb pelienTopHOU Tupo3nHkrnHa3bl IRR B pazsutuun
MPEeUMILUIAHTAlMOHHBIX SMOPHUOHOB.

Karoueesbie crosa: pelienTOpHBIE TUPO3MHKWHA3KI, IpeUnMIaHTalnOHHbIe SMOproHbI, IRR, Mouse Em-

bryo Assay
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BBEAJEHUWE

OJHYM U3 BaXXHEWITNX CBOMCTB XKMBOT'O OpraHn3-
Ma SIBJISIETCS TIOAJEpXKaHUE ONTUMAJIbHOTO KUCJIOTHO-
11IEJIOYHOTO PABHOBECHSI U MOHHOTO COCTaBa BHYTPEH-
Hell cpenbl, HEOOXOAMMOTO ISl KU3HENeSITeIbHOCTU
KJIETOK B YCJIOBUSIX BJIMSIHUSI BHEIITHUX Y BHYTPEHHUX
dakTopoB. Perynsaimsa KMCIOT 1 OCHOBAHMI oOectie-
YUBAETCsI MHOXECTBOM MOJIEKYJIIPHBIX MEXaHU3MOB,
MHOTHE U3 KOTOPBIX JO CHX MOp He udyuyeHbl. B opra-
HU3ME CYIIECTBYET OOJIBIIIOE KOJIMYECTBO SHAOTEHHBIX
pH-ceHcopoB — MoJieKy1, CBOiiCTBa 1 aKTUBHOCTD KO-
TOPBIX peryaupyetcst ipyu usmeHenuu pH cpenpb (Se-
rova et al., 2020). OmHuM U3 CEHCOpPOB Iiea0YHoro pH
SIBJISIETCS PELIENITOP, TIOAO0OHBII pelLieNTOpY MHCYJIMHA
(IRR), wiieH ceMelicTBa pelieniTopa MHCYJIMHA, KOTO-
poe TakKe BKJIro4aeT perentop nHcyiauHa (IR) u pe-
LIENTOp WHCYyIMHOMogo0Horo (akTopa pocrta (IGF-
IR) (Deyev et al., 2011). IRR moxxeT HaIIpsIMyIO aKTH-
BUPOBAaThCI CJIA0OIIECIOUYHON BHEKJICTOUHOM Cpe-

JIOif, YTO Pa3sUTEIbHO OTJIMYAET PELIENITOP OT APYTUX
pELENTOPHBIX TUPO3UHKMHA3, KOTOPbIE UMEIOT JIN-
raHIbl 6EJIKOBOI WM TTENTUIHON HPUPOIbI.

B oTiimune ot cBoux GJU3KHUX TOMOJIOTOB pelLieT-
topoB IR u IGF-IR, KoTopble aKcpeccupylorcsi B
IIUPOKOM CHEKTPE TKaHeW M KJIETOK, IKCIpeccus
IRR cnenudpuyuHa, perentop ooOHapyKMBaeTCs B He-
KOTOPBIX OpTaHax, B OMpele/eHHbIX TUMaX KJIETOK.
Hau6onbiee konmmuectBo IRR 6BLT0 06HApyXeHO B
nouke, rae IRR skcnpeccupyetcst B B-BcTaBOUHBIX
KJIeTKaX, BBICTWIAIOIIUX AUCTalbHbIe KaHablibl (Pe-
trenko et al., 2013), KoTopble CEKPETUPYIOT OMKapOO-
Hat. B Mmenpmmx xkoHneHTpanmusax MPHK TRR 0Owu1a
OOHapy>keHa B MO3Te, XKeIyIKe, MOMKETYIOYHOM Xee-
3e (Petrenko et al., 2013; Deyev et al., 2017). C ucroib-
3oBaHneM Merojga PHK-cekBeHmpoBaHms oTHeIbHBIX
KJIeToK OblIa mokasaHa skcrpeccusi IRR B HelipoHax
CIIMHHOMO3TOBbIX raHmmeB Mbiieil (Usoskin et al.,
2015).
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YcranosneHo, uro IRR BoBiteueH B cekpero om-
KapOoHaTa MOYKaMu. Y MBbIIIei, HOKAyTHBIX MO TeHY
insrr, xomupytoiemy peuentop IRR, menouynas Ha-
rpy3Ka Ha OpraHM3M COIIPOBOXIAJach MeTaOOIMIe-
CKMM aJIKaJI030M U TIOHIDKEHHOM CeKpelueil oukap-
6oHara B Mouy (Deyev et al., 2011). MexaHu3M Jaeii-
crBusg u ¢yakomsa penenrtopa IRR kak cencopa
wenoyHoro pH B npyrux opraHax He yctaHosjeHa. [1o
JaHHBIM JIMTEpaTyphbl, PELIEIITOpHAs TUPO3UMHKMHA3a
IRR cBs13aHa ¢ penpOIyKTUBHOM CICTEMOI 1 paHHUM
SMOPHOHAJILHBIM pa3BUTHEM. Y KpBIC HaOIIOmaeTCs
akTuBaums 3kcrpeccun IRR B TeKadbHBIX KIETKax
G OIUKYIOB mepen OBYJISILMCH P CTUMYJISIIIMU TO-
HagoTpormmHoM. Ilocie oBynsiimm akcrpeccust IRR
He ooHapyxwmBaetcs (Dissen et. al., 2006). M3BecTHO,
gto IRR 3Kcnipeccupyercst B O0IBIIOM KOJTNMIECTBE Ha
SMOPHUOHAJIBHBIX CTAAUSIX PA3BUTUSI MBIIIIN B TAHIIMSIX
TPOMHWYHOTO, SI3BIKOIJIOTOYHOIO M CIMHHOMO3IOBO-
rO HEPBOB U MOIKETyTOYHOM Xejle3e, B MEHBIIIEM KO-
JIM4YecTBe B IMouyeuHbIX KaHaiblax (Diez-Roux et al.,
2011). Ha posnb peuentopa IRR B aMOpuroreHese yka-
3piBaeT aKkcrpeccus IRR, a Takke Ipyrux 4ieHoOB ce-
meiictBa IR m IGF-IR, Ha cTanny omHOKIJIETOUHBIX DM~
O6puoHOB MbIKM U 61actouuctax (Erickson, Strnatka,
2011; Brusentsev et al., 2021). bruto mokasaHo, 41O
(YHKIIMOHUPOBAHUE BCEX TPEX PELIENITOPOB CeMei-
ctBa IR (IR, IGF-IR, IRR) Heo6xonumo mist popmu-
pOBaHUSI CEMEHHMKOB BO BpeMs 3MOpuoreHesa y
MBIIIeH. Y MbIIIei ¢ TPOMHBIM HOKAyTOM T'€HOB Ce-
MEMCTBa pelenTopa MHCYJINHA HaOJIogaeTcss CMeHa
roJjia SMOPUOHOB OT caMlla K caMKe, XapaKTepU3yIo-
11asicsi HOHMXXEHHOM 3KCIIPECCUE JIOKYCOB Sry, S0x9,
KOTOpPBIC OIpPEHE/SIIOT pPa3BUTHE MYXKCKOTO I0Jjia
(Nefet al., 2003).

Ilenbio pa®oOTHI ABJISIETCS U3YyYEHUE BIUSTHUS HO-
KayTa TeHa insrr, KOOMpPYIoIIero peluenTopHyo TUPO-
suHkuHa3y IRR, Ha pa3BuTHe mpenMINIaHTAIIMOH-
HBIX SMOPUOHOB MBIIIIY ix Vitro. B taHHOI paboTe MBI
MPOBEJIM BKCIIEPUMEHTHI MO OLIEHKE Pa3BUTUS Mpe-
WMIUIAHTALIMOHHBIX 9MOPUOHOB MBbIIIEH TUKOTO TH-
Ma U HOKAYTHBIX MO TeHY insrr ¢ UCIOJIb30BaHUEM
MEA-TtecTa (mouse embryo assay). [TapameTpom ajist
OLIEHKW Pa3BUTUS SIBJSIETCS BbIXOA OJIACTOLIMCT —
MPOLIEHT 0O0pa3zoBaHMs OJJaCTOLMCT OT OOIIIETo Yrcia
BbIJIEJIEHHBIX 3UTOT.

MATEPHAJIBI U METO/1bI

Cogep:xaHue U pa3Be/ieHue Ja00OpaTOPHBIX JKUBOT-
HbIX. 19 mopmepskaHust TeHeTU4IecKoro ¢oHa 1 MU-
HUMMU3aIUKU 3PdeKTa HaKOIIEHUsS MyTaluid, ObLI
KCIIOJIb30BaH METOJ pa3BeleHUs] OTHOIIOMETHBIX
MbllIeii. MBI ¢ HOKayTOM I'e€Ha insrr—/— ObLIN IO~
JIydeHBI paHee Ha OCHOBe JIMHUU Mbieir C57B1/6J
(Kitamura et al., 2001). 3aTeM, B TUTOMHUKE J1abopa-
TOPHBIX XUBOTHBIX B pmymane MUbX B IlymmaO 1my-
TeM CKpelIMBaHUsI HOKAyTHBIX MBbIlIel insrr—/— U
IUKUX Mbliiei Tuaun C57B1/6J 6bl1a moydeHa Jiv-
HUSI TeTePO3UTOTHBIX MBIIIEH insrr+/— CO cTaTycoM
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o0e3 cneundmnyeckux maroreHoB (SPF). Ilpu ckpe-
IIMBAHUU T€TEPO3UTOT MOJIydaad MbIlIeil TOTOMKOB
OIHOTO ITOKOJICHUSI — TOMO3UTOTHBII TUKWI TUII, Te-
TEPO3UTOTHl M1 TOMO3UTOTHBIA HOKAayTHBIN TuM. Ie-
HOTMIT MOJYYEHHOTO MPU CKpelIMBaHUM ITOTOMCTBA
onpenensid npu nomoiuu TP ¢ renomHoi JIHK,
BBIZIEJICHHOI M3 yIITei M XBOCTOB MBITIei. JInKyro an-
JIeJIb NeTEKTUPOBAIU, WMCHOIb3YysS IpaiiMepbl mwtl
(5'-GCAAGCTACACAGGCTCGAGGG-3") 1 mwt2
(5-TGGGTTCTGATCCTCTCAAGGAG-3"). Onsa
BBISIBJIECHUSI HOKAayTHON ajljie M WCII0Jb30Bau
mpaiiMmepbl kol (5'-CAAAACCAAATTAAGGGC-
CAGCTC-3) u ko2 (5-AGCCTGAAGACCCTC-
GTCGACT-3"). Beln onpeneieH TeHOTUIT Y 94 MBI-
IIIEH C LEeJIbIO BRISIBJICHUSI HEOOXOAUMBIX UISI paOOThI
KUBOTHBIX. 13 HMX OBLIO 26 MBIIIIEH TOMO3UTOTHOTO
JIMKOTO TUIIA, 27 MBILIIEH TOMO3UTOTHOI'O HOKAyTHO-
ro turia 1 41 MBIIb rerepo3urorHoro tuna. CamMok
TOMO3UTOTHBIX MBIIIEI MCHOIb30BAIN IJIsl CpaBHU-
TEJILHOTO aHaJIu3a.

JIabopaTopHbIe KMBOTHBIE COJIEPKAJIUCh B BUBa-
pun UBX PAH, co cBOOOTHBIM HOCTYIOM K €Ie U
IMATHIO, COOTHOIIIEHNE CBETIOIO0 M TEMHOIO BPEMEHU
cytok 1 : 1 (12 ). B skcnepuMeHTaX UCIOJIb30BaIU
MBIIIE TOTOMKOB OJIHOTO ITOKOJICHUSI JUKOIO TUIIA
1 HOKAyTHBIX IO TeHY insrr. Bce aKCIIepuMeHTHI C
>KMBOTHBIMU TTPOBOAUIN B COOTBETCTBUU C MPOTO-
KOJIOM KOMHUTETA IO YXOAY W UCIOJb30BAHUIO KM~
BOTHBIX, YTBepKIeHHBIM KoMuccueit mo 0moaTuke
MHctutyra 6MOOpraHUYEeCKO XMMUU WM. aKajie-
mukoB M.M. Illemsgkuna u HO.A. OBYMHHUKOBaA
PAH (MBX PAH).

AHAJIN3 Pa3BUTHSA NPEUMILIAHTAIHOHHBIX SMOpPHO-
HOB. B KauecTBe MeTOa OLIEHKU Pa3BUTHUS TIPEUM-
IJIaHTAallMOHHBIX SMOPHUOHOB HcHoab30Baaiu MEA-
TECT. Y caMOK MBIIIEH IMKOTO THUIIA U HOKAYTHBIX
110 TeHY insrr B Bo3pacTe 2—3 Mec. CTUMYJIMpPOBaIu
cynepoByisanuio (Luo et al., 2011). st cTuMymsi-
UM CYIIEPOBYJISIIMMA CaMKaM MBbIIIeil BHYTPUMBI-
IIIEYHO BBOJIWJIM TTOOYEPEIHO TOPMOHAJIbHBIEC TIperna-
patel. IlepBas nHbekus 5 ME roHanoTporHoro rop-
MOHa CBIBOPOTKM KpoBU kepeObix KoObIT (I'CXKK)
(npenapat “@oyummar”, 3A0 “MocarporeH”, Poc-
cus), yepe3 48 4, 5 ME ropmona XI'4 (mpemapar
“Xopuonnyeckuit roHagorpornun”’, ®I'YI1 “Moc-
KOBCKUI SHIOKpUHHBIN 3aBon”, Poccus). Cpasy 1o-
cJie BTOpOM MHBEKIIUM CaMOK ITOICaXKMBaJIA Ha HOYb K
caMIiaM, Ha CIeAyIolee yTPO 10 KOIMYISITUBHOM IIpO0-
Ke OMpenesIsIv YCIIEIIHO CITApUBIINXCS CAMOK, KOTO-
PBIX OTOMpAIN B 3KCIEPUMEHT. 2KMBOTHBIX YCHITUISIIIA
C MOMOIIBI0 aHECTE3UPYIOIINX IIPENapaToB, 30JeTUII
15 mr/kr, keunasuH 5 Mr/kr B 0.9% pactBope NaCl.
3areM yMepIIBJISIIA METOIOM LIEpBUKAJIbHOM TUCIO-
Kalluu.

'V caMOK MBIIIIeit U3BJIEKAJIN SUIIEBOI M BCKPBIBAJIA
amnyibl siiueBoga B cpeae DKO1 “Ooximmn” (000
HIIIT “ITan®xo0”, Poccust) B KoTOpoil cobupann
OOIIUT-KYMYJTIOCHBIC KOMIUIEKCHI. JJaHHbIE KOMILIEK-
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Puc. 1. AHanu3 pa3BUTHSI TPEMMIUIAHTALIMOHHBIX 9MOPUOHOB MBIIIU: MaHe b U300paXkeHU I MPEeUMITIaHTALIMOHHBIX SMOPU -
OHOB 4epe3 24, 48, 72, 96 4 nocjie U3BJICYEHUST 3UTOT. (a) — IMOPUOHBI MBIIIIE TUKOTO THA, (6) — 9MOPUOHBI MBIILIE, HOKa-
YTHBIX I10 TeHYy insrr. CTpeakamu o6o3HadeHbl TpodobaacT 1 BKM — BHyTpuKiIeTOUHAsI Macca; IJIsk HOKAyTHBIX PeUMILIaH-
TallMOHHBIX SMOPHMOHOB MOKa3aHbl OTKJIOHEHUSI OT HOPMaJIbHOTO Pa3BUTUSI — HEPAaBHOMEPHOE IPOOJIeHUE.

cbl oOpabarbiBasin (hepMeHTaTUBHOI cpenoit DKOI
“I'maza” (OOO HIIII “ITan®ko0”, Poccus) u mpo-
JIOJKaJIM OTMBIBKY 001LIMTOB B cpeae DKO1 “OoxkmuH”.
OuniiieHHbIE OT KJIETOK KyMY/II0Ca OOLIMTHI ITOMEIaIn
B Karunio cpeabl KO ITPO “/Ipoonenne” (OO0 HIIII
“ITan®k0”, Poccust), MOKPHITYIO XKUAKUM napadpuHo-
BBIM MacJIOM. DMOPUOHEI KyJIbTUBUPOBAJIN B UHKY-
6artope 1pu yciaoBusx 5% CO, u temnepatype 37°C.
JleneHue sMOPMOHOB aHAJIM3UPOBAIU KaXKIbIEe CyT-
KU B TedeHre 96 JacoB Iocjie U3BJIEUYEHUST 3UTOT C
HUCITONIb30BaHMeM MuKpockona. OIleHKY pa3BUTHUS
OCYIIECTBIISIIA C TIOMOIIIBIO MHIEKCA BhIXOaa 0J1acTo-
LIMCT — MpPOLIEHTa 00pa30BaHUsI OJIACTOLMCT U3 OOIIIe-
ro KOJIMYeCTBa U3BJIeYeHHBIX SMOpnoHOB. MEA Tect
MIPOBOIIIIM B TPEX MOBTOPAX JJIs1 KaXKIOro TeHOTHIIA.

CraTucruyeckas 00pad0OTKa JAHHBIX KCIIEPIMEHTOB.
CTaTHCTUYECKYI0 00pabOTKy pe3yIbTaTOB MUCCIIEIO-
BaHWSI TTPOBOIMIIH C TTOMOIITLIO ITPOTPAaMMHOTO 06ec-
neyeHus Prism 8 (GraphPad Software, USA). aH-
HbIE, TIOJYYeHHBIE IS JKUBOTHBIX IBYX T¢HOTHIIOB,
COOTBETCTBOBAIM KPUTEPUIO HOPMATBLHOM BHIOOPKHN
(kputepuii [llanmupo—Yunka). [Toatomy 115 pacueTa
CTAaTHCTUYECKOM 3HAYMMOCTU IBYX BBIOODOK WC-
MONb30BayIN  f-Kputepuit CThIOACHTa, Pe3yIbTaThl
CUMTAIM CTAaTUCTUYECKU 3HAYMMBbIMU TIpu p < 0.05.

PE3VYJIBTATDI

st BEISIBICHUSI pOJIM HOKayTa TeHa pelenrtopa
IRR B panHeM 5MOpHMOHAIIEHOM pa3BUTHUU OBIJT IIPO-
BeJCH aHaJIU3 Pa3BUTUS SMOPHUOHOB MBIIIEI TUKOTO
TUIIA U HOKAyTHBIX 10 TeHY inSrr, C NCTIOJIb30BaHUEM
MEA-TecTa. B s3kcriepuMeHTe OBLIM MCITOTb30BaHbBI
12 camoxk gukoro tura u 10 caMoK, HOKayTHBIX ITO T'e-
HY insrr, IOTOMKOB OJJHOTO IIOKOJICHUS. ¥ CAMOK MBbI-
e B Bo3pacTte 2—3 MeC. CTUMYJIMPOBAIA CYTIEPOBY-

Jsamio. Ilocie momcagky K caMliaM y caMOK M3BJIe-
KaJIv SIMLIEBOMBI, BBIACISIS U3 HUX 3UTOTHL. JlemeHue
5MOPUOHOB aHAJIM3UPOBAIU KaxKIble CYTKU B Teue-
Hue 96 4acoB Iocjie U3BJIEUYEHUS C UCIIOIb30BaHUEM
MuUKpockorma (puc. 1). AHanu3upysl pa3BUTHE dM-
GPUOHOB AVKOTO TUIIA, MBI HAGTIOAAIN TUITUYHOE JIe-
JIeHe OGJIaCTOMEPOB, CITyCTS 24 4 0Opa3oBBLIBATIVCH
JIBYXKJIETOUHBIE SMOPHUOHEI, CITyCTS 48 4 — deThIpex-
KJIETOYHbIE 1 T.O. BIacTOLMCTHI Y JKMBOTHBIX JUKOTO
THUIIA IMEJIUA TUIIMYHOE CTPOEHME, BEIpaXKEHHBIN TPO-
¢$0061aCT 1 BHYTPUKIICTOUHYIO MAaccCy, BCe TIPOXOINIHN
BeUTyIJIeHUe (puc. 1a). g 3uroT, n3BJIeYEeHHBIX U3
MBbIIIIeii, HOKAyTHBIX IT0 TeHY insrr, Habllomaiach 3a-
JIepXXKa B pa3BUTUH, a TAKKE HEPABHOMEpPHOE APobITe-
Hue 0J1acToMepOoB (CM. puc. 10, 48 u 72 4). DMOPUOHEI,
JIOCTUTIIINE CTaAM 0JIaCTOLIMCTHI MUMEIN aHOMAaJIbHOE
CTpOEHUE, BHYTPUKIIETOUHAsI Macca v Tpooo1acT ObI-
JI1 HESIBHO BBIPaXXeHBI, BBUIYILJICHUE U3 OOOJIOUKH
MMPOUCXOINIIO He BO Bcex ciydasix. OLIEHKY pa3BUTHS
SMOPUOHOB OCYIIECTBIISIM ¢ TOMOIIBIO MHAEKCA BbI-
Xofa OJIaCTOLMCT — IIPOLIEHTa 0O0pa3oBaHMsI OIACTO-
LIMCT U3 OOIIETO KOJIMYECTBA U3BJIEYEHHBIX 3UTOT.

Pe3ynbTaThl 3THX 9KCIEPUMEHTOB ITOKA3aIu, YTO
BBIXOJI OJJACTOLIMCT Y HOKAYTHBIX II0 TE€HY INsrr Xu-
BOTHBIX 3HAYMTEILHO HIKE, YEM Y JKMBOTHBIX IUKO-
ro tura, 6.7% ot o0ILIEro KOJINYECTBA U3BJIEYEHHBIX
KJIETOK Y HOKAyTHBIX XKMBOTHBIX U 43.8% y >KMBOT-
HBIX nuKoro tuna (#-tect, p < 0.05) (puc. 2a). Otiu-
YaJIoCh ¥ KOJIMYECTBO U3BJICUEHHBIX 3UTOT Y MBIIIICH
JIVKOTO TUIA U HOKAyTHHIX I10 insrr — 231 KieTKa u3
12 camoxk, u 119 x1eTok 13 10 caMOK, COOTBETCTBEHHO
(Tabin. 1). B cpeqHeM KoJimyecTBa U3BJICUYECHHBIX 31—
TOT U3 OJHOU CaMKM COCTaBUJM 18.9 3UTOT 1J1sT MbI-
1Ieit nukoro tvma, v 11.8 3uroT 111 HOKayTHBIX T10 NSt
Mmblreir (puc. 26). IlpolieHT pa3BuTHs SMOPHOHOB
(KOJIMYECTBO APOOSIINXCS 3UTOT) Y HOKAYTHBIX K-

OHTOTEHE3 Ne 3

TOM 53 2022



AHAJIN3 PA3BUTUA TPEUMITNIAHTALIMOHHBIX SMBPUOHOB MbIIITN

(@)

% Brixon 6iacronuct, %
80 *
1
*

60
40 -
20 + l-\l-‘

AL r

WT KO WT KO

Ot komnyectBa  OT KOJIMYecTBa
BBIIEJICHHBIX 3UTOT  IPOOSIIIUXCS
SMOpPHOHOB

199

(6)

Cpe)lHee KOJINYECTBO 3UTIOT,

BbIJICJIECHHBIX U3 OJHOI MBI

KonnyectBo 3Uror

30

20

10

KO

(r)

CooTHollIeHue Z[ed)CKTHbIX KJIETOK N 3M6pI/IOHOB

(B)
% pa3BUTHS

%
100

80

60

40

20

KO

C HapyllIeHHBbIM pa3BuTHeM, %
(%

100 *
| —
80 - T
60
40
-
20
0 T T
WT KO WT KO
JedexTHbie OMOPUOHBI
KJIETKU C HapyIllIeHHbIM
pa3BUTHEM

Puc. 2. Pesyabratel MEA Tecta. (a) — [McTorpamMmma BbIxoAa 6J1aCTOLIMCT OT KOJIMYECTBA BBIACICHHBIX 3UTOT U OT KOJIMYECTBA
JPOOSIIIUXCSI SMOPUOHOB, B MPOLIEHTHOM cooTHoleHuu (* p < 0.05); (6) — rucTorpaMmMa cpelHero KOJIMueCcTBa 3UroT, BbIe-
JIEHHBIX U3 OHOM CaMKH MBIIIN; (B) — % pa3BUTUS, KOJIMYECTBO APOOSIIIIUXCS 3UTOT, B MPOIIEHTHOM COOTHOILIEHUU OT OOIIETO
KOJIMYECTBA BBIICJICHHBIX 3UTOT; (T) — TMCTOrpamMMa MPOLIEHTHOTO COOTHOIIEHUS 1e(EKTHBIX KJIETOK U SMOPUOHOB C Hapy-
IIIEHHBIM pa3BuUTHEeM. YepHBIM LIBETOM yKa3aHO KOJIMYECTBO JAe(hEKTHBIX KJIETOK, B KOTOPBIX HAOJII0IaIMCh MHOXECTBEHHbIE
BaKyOJIU, TPaHyJIbl, e opMalius LUToruiazMbl. CepbiM — SMOPUOHBI C HAPYILIEHHBIM Pa3BUTUEM (HEpAaBHOMEPHOE IpOOIeHUE
6J1aCTOMEpPOB, OCTAHOBKA Pa3BUTHS Ha pa3inyHbIX cTaausx) (* p < 0.05). OTrpe3kaMu OTMEUEeHBI 3HAYEHUS CPpeIHEKBaApaT-
yeckoit ook (SEM). WT — M nukoro tutia, KO — MblIiim, HOKayTHBIE 110 TEHY inSFr.

BOTHBIX TaKXe ObUT HIKe — 34.9%, Torna Kak y MbI-
et nukoro tuna — 62.7% (puc. 28). Ecnu paccuu-
TBIBATh BBIXOJ OJIACTOLIMCT OT KOJMYECTBA IBYXKJIC-
TOYHBIX 3MOPUOHOB, TO OH cocTaBuiI 68.4 u 23.3%
JIJIST MBILIEH TMKOTO TUITA U HOKAYTHBIX 110 inSFr COOT-
BETCTBEHHO (puc. 2a).
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Ecnu cyMmmupoBaTth JaHHbBIE TPEX 9KCIIEPUMEHTOB
JUISL KaXKIoro reHoTumna (1abs. 1), To y XKUBOTHBIX IU-
KOTO TUTIA YETHIPEXKJIETOUHbIE SMOPMUOHEI 00pa3oBa-
Jmch B KomdectBe 108 u3 124 npoOsmimxcst KJIETOK,
MOpYJIBI B KojaudecTBe 96 1mr. 1T HOKAyTHBIX IO
IRR xuBOTHBEIX 00pa3oBanochk 30 YETHIPEXKICTOU-
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Ta6mma 1. Cymmapnbie naHHbie MEA-TecTa, IToTy4eHHbIE B pe3y/IbTaTe TpeX 9KCIIEPUMEHTOB, JIJIS MBIIIEH TUKOTO TH -

na (WT) u HokayTHBIX o TeHy insrr (KO)

WT KO
KonuuectBo mpruei 12 10
KonnyecTBo M3BJIEUEHHBIX 3UTOT 231 119
KonnuecTBO IBYXKJIETOUHBIX SMOPHOHOB 124 38
KonnuecTBo 4eThIpeXKJIeTOYHBIX SMOPUOHOB 108 30
KonuuectBo Mopyin 96 22
KonuuecTtBo 61acTouuct 83 10

HbIX BMOpUOHOB U3 38 NBYXKJETOUYHBIX, KOJIW4e-
CTBO MOPYJ — 22 MIT. ¥ HOKAyTHBIX XKNBOTHBIX Ha-
OJronaIoCh 0OJIbIIIEe KOJIMYECTBO Ne(MEKTHBIX 3UTOT B
MPOLIEHTHOM COOTHOIIEHUM OT OOIIEro KOJM4ecTBa
BBIIEJICHHBIX KJIETOK (puc. 2r). Jle(eKTHBIMU CYMTAa-
JIM KJIETKU, B KOTOPBIX HAOII01aIMCh MHOXECTBEH-
Hble BaKyoJu, TpaHyJbl, AedopManus LUTOILIA3-
MBI. HapytieHHOe pa3BuTHe, a MUMEHHO, HepaBHOMED-
HOe Apo0JieHHe, OCTAaHOBKA Pa3BUTHUS Ha Pa3IMUHBIX
cTafusiX, 4yallle HaOMIoAAIMCh Y HOKAYTHBIX ASMOpUO-
HOB (puc. 2r). KayecTBo 61aCcTOLIMCT TakKKe pasimda-
Jock: BI2Bb/BI12Bc/BI12Cc B HOKayTHBIX SMOpHOHAX,
u Bl4Ab/Bl4Aa B aMGpHOHaX IMKOTO TUTIA.

OBCYXIEHHNE

B nanHoiif padoTe HaMu OBUIH BIIEPBBIEC IIPOBEIL-
HBI 3KCIIEPUMEHTHI IO OLIEHKE Pa3BUTHUS IIPEUM-
IUIAHTAIIMOHHBIX SMOPHMOHOB MBI JUKOTO TUIIA 1
HOKayTHBIX I10 TeHY insrr ¢ ucnoib3oBaHnueM MEA -
Tecta (mouse embryo assay). B ycinosusix MEA-Tecta
MBI HaOJII0gajIv Yy HOKAYTHBIX XXUBOTHBIX 00JIee HU3-
KM MIPOLEHT pa3BUTHUS (KOJIMUYECTBO IPOOSIIMXCS
KJIETOK OT OOILIEro Yucja U3BJIeYSHHBIX 3UTOT) U 00-
Jlee HU3KME 3HAYeHMs BBIXOIa OJIACTOLUCT, B TOM
YUCJIE OT KOJIWYECTBA NBYXKJIETOUHBIX SMOPHOHOB,
yeM Yy XKMBOTHBIX JUKOTO THIIa (puc. 2a). B koHTpoIie
JIMKOTO TUIIa MbI HAOII0Ha 11 HEBBICOKUIT BBIXO OJ1a-
cToucT 68.4% OT KoIM4YecTBa IPOOSIIXCS KIETOK.
DTO MOXHO OOBSICHUTH TEM, YTO SKCIIEPUMEHT IPO-
Bomuicsa Ha nauHuu Mbimeir C57Bl/6J, Torma kak
npotokon MEA-TecTa TipenmojiaraeT MCIOJb30Ba-
Hue auHuu CBA, 1160 rudpuaoB IepBOro MmokoJie-
Hus C57Bl/6J-CBA. Boibliee KOIMYECTBO M3BJIE-
YEeHHBIX 3UTOT Y MBIIIEI TUKOr0 TUIA IT0 CPAaBHEHUIO
C MbILIAMU, HOKAYTHBIMU T10 TeHy insrr (18.9 n 11.8
3UTOT B CPEeOHEM M3 OIHOTO XMBOTHOTO, COOTBET-
CTBEHHO) MOXET OBITh CBSI3aHO C aKTWBaIIME 3KC-
npeccuu peuentopa IRR B sMyHMKaX MbIlIENH TUKO-
r'O TUIIA ITOJ AefiCTBMEM TOHATOTPOIIMHA U YKa3bIBaeT
Ha ITOTeHIManbHYI0 poab penenropa IRR B mponec-
cax oByJisiumu. HaGmonaemblit 3@ ekT MoKeT ObITh
cBs13aH ¢ akTUBHOCTHIO IRR Kak ceHcopa 1ie104Ho -
ro pH Ha mpeuMIIJIaHTAaIIMOHHBIX CTAAUSIX PA3BUTHUS

NN HU3KUM KAQY€CTBOM MCXOOHbIX 3UIOT BBUAY €TO
aKTUBHOCTHU Ha OoJiee PaHHUMX 9TallaX — B OOTCHE3C.

Honnslit coctaB 1 pH Xuakoit cpebl B ITOIOBBIX
IyTSIX CaMOK MMeeT OOJIbIoe (PU3MOJIOTUUECKOEe 3HA-
YeHME IS Psiia PETPOAYKTUBHBIX COOBITUIA, BKITIOUASI
TPAHCIIOPT CIIEPMbI, OIIJIONOTBOPEHUE, TPAHCIIOPT SM-
OpPHMOHOB, pa3BUTHE 1 UMITUIaHTaIuIo oactouuct (Liu
et al., 2012). U3BecTHO, YTO MaTOYHBIC XKUIKOCTH CO-
JIepKaT B IBa-4eThIpe pa3a OoJIbIlie MOHOB OMKapOOHa-
Ta, yeM ruta3ma Kposu. I[Ipu a3ToM Bo BpeMs 3cTpyca
3HayeHue pH MaToYHOIi XXMIKOCTH NJOCTUTAET 3HaYe-
HUs O6ojblle 8 (1IejloYHasl cpena), B TO BpeMs KakK
Mpu AUsCcTpyce 3HadeHue pH cpenbl moHMKaeTcsa 1
CTaHOBUTCS OMM3KUM K HelitpairbHomy (He et al.,
2010). IMoseimenne pH MaTo4YHOIT XUIKOCTU BO Bpe-
MSI 3CTPYCa CBSI3aHO C YBEIMYEHUEM SKCIIPECCUM PSI-
Ja OEJIKOB, YYaCTBYIOIIMX B PEryJisiiiu MOHOB OM-

KapOoHaTra, B TOM 4YHCJIE Cl_/ HCO; o6MeHHMKa
SLC26A6 (He et al., 2010).

IMonaepxaHue KUCAOTHO-IIEJIOYHOTO OajnaHca B
KJIeTKaX MPEeNMMILIAaHTAIIMOHHBIX SMOPHMOHOB TaKKe
urpaeT BaxXHyo poib. Tak, HarpumMep, ObliIa ToKasa-

Ha BBICOKAsl DKCIIPECCHUS le/ HCO; o6MeHHUKOB
SLC4A2, SLLC4A42 Ha cTagusx IPEeUMITIaHTAIlMOH-
HOTO 3MOpPHOHAJIBHOIO pa3BUTHUS Mblleid. JlaHHbIE
OOMEHHUKM pPEeTyJUpYIOT BHYTPUKIETOUHBI pH,
oOecrieurBasi MEXaHM3M 3alIUThI KIETOK OT ajJKaso-

3a. AKTUBHOCTD Cl_/ HCO; 0O0MeHHUKOB CHUXKAET-
CsI B XOJIe Pa3BUTHUSL, aKTUBHOCTh Ha CTAIUSIX MOPYJIbI
1 OJIACTOLIMCTHI 3HAYMTEILHO HIKE IO CPAaBHEHUIO C
OIHO- U ABYXKJIETOYHON cTamusiMu. Takum obpaszom
MIPEUMIUIAHTAIMOHHBIC 3MOPMOHBI aJanTUPYIOTCS K
OKpYKalollei cpeae Npu Mepexoe OT LeJOYHOM cpe-
IIbI SIALIEBO/IA B CPey MaTKU ¢ 00jiee HU3KMMMU 3Haue-
Husmu pH (Dagilgan et al., 2015).

Panee Hamu 6b110 MokazaHo (Deyev et al., 2011),
YTO HOKAYT I'€Ha insrr IPUBOIUT K CHIDKEHUIO SKCITPEC-

cuu le/HCO; oomeHHuKa SLC26A4. MloHOOOMEH-
HUK reHapuH (SLC26A) nokanusyercsi 3-BCTaBOUHBIX
KJIeTKaX MOYEYHBIX KaHaJIblIeB, KOTOPbI€ y4aCTBYIOT
B 9KCKpEIIN MOHOB OMKapOoHaTa rmoykaMmu. MoxXHO
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MPENNOI0XUTh, UTO pH-4yBCTBUTENBHBIN pELIETITOP
IRR, akTuBUpPYsICh B OTBET Ha ToBbIlIeHUe pH BHe-
KJIETOYHOW Cpelibl, MOXET 3aIlyCKaTh CUTHAIbHBIC
Kackajbl B KJIETKe, KOTOpPbI€ MPUBOIIT K U3MEHEHUIO
SKCITPECCUM U/ WIN aKTUBHOCTH MOHHBIX KAHAJIOB, He-
MOCPENCTBEHHO YYACTBYIOIIMX B PETYJISILIUN KOHIIEH-
TpallM KWUCJIOT U OCHOBAHWI, B YaCTHOCTU WOHOB

HCO;. Monel HCO;, KaKk U3BECTHO, UTPAIOT KPUTHYE-
CKH BaXXHYIO POJIb B MpOIleccax, CBI3aHHBIX C pa3MHO-
JKEHUEM Yy MJIEKONUTAIOLIUX, TIPM BTOM HapylIeHUe
KHCJIOTHO-OCHOBHOTO TOMEOCTa3a B PeNpOayKTUBHOM
CHCTEME YacTO BBI3BIBACT OecIuionre/cyodepTiib-
HocTb y Miekonutatoux (Liu et al., 2012).

IMTonyyeHHbIe HAaMM pe3yabTaThl, a TAKXe paHee
OIyOIMKOBaHHBIE JaHHBIEC YKA3BIBAIOT HA MOTEHIIU-
ATLHYIO POJIb pelienTopHoM Tnpo3mHKnHA3bkl IRR B
pa3BUTUM TIPEUMIUIAHTALIMOHHBIX 3MOPUOHOB IIO-
CPEICTBOM HEU3BECTHBIX HAa JAHHBIIA MOMEHT MOJIe-
KYJIIPHBIX MEXaHU3MOB.
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Analysis of Development of insrr Knockout Mouse Primplantation Embryos
E. A. Gantsoval> *, 1. E. Deyev!, A. G. Petrenko', and O. V. Serova!

! Shemyakin—Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Sciences,
ul. Miklukho-Maklaya, 16/10, Moscow, 117997 Russia

*e-mail: gantsova@mail.ru

Maintaining the optimal acid-base balance of the organism has a pivotal role in the regulation of metabolism.
It is provided by the functioning of endogenous pH-sensors — molecules with abilities to change their activity
during the changes in the pH of the medium. Receptor tyrosine kinase IRR (insulin receptor-related recep-
tor) is an alkaline pH sensor that activated when the pH of the extracellular medium rises above 7.9. Expres-
sion of IRR is specific; the receptor is found in some organs in certain types of cells. It has been established
that IRR is involved in renal excretion of bicarbonate. The mechanism of action and function of the IRR re-
ceptor as a sensor for alkaline pH in other organs is vague. To elucidate the role of the IRR receptor in the
embryogenesis, we carried out experiments to evaluate the development of preimplantation embryos of wild-
type and insrr knockout mice using the MEA test (Mouse Embryo Assay). The development was assessed us-
ing the blastocyst yield index — the percentage of blastocyst formation from the total number of extracted zy-
gotes. The yield of blastocysts in knockout animals was lower than in wild-type animals, 6.7% of the total
number of extracted cells for knockout animals and 43.8% for wild-type animals. The number of extracted
zygotes from wild-type and insrr knockout mice also differed. The average number of extracted zygotes from
one female was 18.9 zygotes for wild-type mice, and 11.8 zygotes for insrr knockout mice. Our results reveal a
possible role for the receptor tyrosine kinase IRR in the development of preimplantation embryos.

Keywords: receptor tyrosine kinases, preimplantation embryos, IRR, Mouse Embryo Assay
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