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VMMYHOMOAYAUPYIOIIIUE CBOMCTBA ITUKAMYECKOTIO
ANMMEPHOTIO I'YAHO3HMOHO®OC®ATA N ETO CTPYKTYPHBIX
AHAAOI'OB

M. M. 3A@PAHCKAA"

! Benopycckuii 2ocyoapcmeennuiii ynusepcumen,
MedicoynapooHnuiii cocyoapcmeennulii sxonoudeckus uncmumym um. A. /1. Caxaposa,
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[TpuBeneHbI pe3yabTaThl 0 U3yYSHUIO 3(QPEKTOB IIMKINYECKOT0 AUMEpHOro ryanosuaMonodocdara c-di-GMP u ero
CTPYKTYPHBIX aHAJIOTOB — IUKJIMYECKOTO TUMEPHOTO 2'aparyaHo3namMonodocdara (c-di-araGMP) 1 ripkinyeckoro aumep-
Horo 2'ne3okcuryanosuamMonodocdara (c-di-deoxyGMP) Ha BHe- 1 BHYTPHKIIETOUHYIO IPOIYKIMIO (paKTOpa HEKPO3a OITy-
xomu anb(a, tHTep(epoHOB 1-ro 1 2-T0 THIIOB MOHOHYKJIEapaMy epr(eprIecKoi KpOBH YeIoBeKa pH Hecnenuduaeckon
1 MHETMH-CIEM(UUIECKON CTUMYIISALINH i1 Vitro. YCTaHOBIIEHO, YTO IUKJIMYECKHE JUHYKICOTHIBI OKA3bIBAIOT CTUMYIHPY-
romee Baustaue Ha npoaykiuto @HO-0, UOH-0 1 UPH-y MUTOTeH-aKTHBUPOBaHHBIMU MOHOHYKJI€apaMu repudepuye-
CKOIi KPOBH UeNioBeKa, MpH OAHOBpeMEeHHOM HHrH6HpoBanuy c-di-GMP B kornenTpamuu 10 *M u 10°M cexpenu in vitro
BHEKJICTOUHBIX MHTEP(EPOHOB 1-r0 M 2-r0 THIOB NPH MHUEIHMH-CIICIU(PUIESCKON CTUMYISIUK. [lomyueHHbIe pe3ysibrarsl
OTKPBIBAIOT IMIMPOKYIO MEPCIIEKTUBY JUISl pPa3paOOTKH HOBBIX IIPETIapaToB, HAITPABICHHBIX Ha PETYIISLIUIO TPOTUBOMH(EKIIH-
OHHOTO IMMYHHTETA 1 TOJyIep)KaHne Mepr(eprIecKoil TOICPAaHTHOCTH MMMYHHOM CHCTEMBI 110 OTHOIIEHHIO K COOCTBEH-
HBIM aHTHT'€HAaM OPTaHU3Ma YeJIOBEKa, a TAKXKE CBUICTENILCTBYIOT O BAKHOCTH NPOBEACHHUS AATbHEHIINX HCCIIEIOBAHUMH,
HaIpaBJICHHbIX Ha H3ydeHune 3 (EeKTOB JaHHBIX COSIUHEHUIT IIPH HMMYHONIATOJIOTMYECKHX COCTOSHHSX.

Kniouessle cnosa: iMMMYHOMOIYIISILNS; IUKIIMYECKUNA IMMEPHBIN I'yaHO3MHMOHO(OC)aT; nHTEphEepoH raMma; HHTep-
(bepoH anbda; PpakTop HEKPO3a OITyXOJH aibga.

IMMUNOMODULATING PROPERTIES OF CYCLIC DIMERIC
GUANOZINMONOPHOSPHATE AND ITS STRUCTURAL ANALOGUES
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The results of studying the effects of cyclic dimeric guanosine monophosphate (c-di-GMP) and its structural an-
alogues — cyclic dimeric 2-araguanosine monophosphate (c-di-araGMP) and cyclic dimeric 2-deoxyguanasine mono-
phosphate (c-di-deoxyGMP) on the extra- and intracellular production of tumor necrosis factor alfa, type 1 and type 2
interferons by human peripheral blood mononuclear cells during in vitro non-specific and myelin-specific stimulation
are presented in the paper. Cyclic dinucleotides have been established to have a stimulating effect on the production of
TNF-a, IFN-o and IFN-y by mitogen-activated human peripheral blood mononuclear cells with a simultaneous inhibition
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by c-di-GMP at concentration of 10 *M and 10°M of extracellular type I and type II interferons during myelin-specif-
ic stimulation secretion in vitro. The obtained results open up a broad perspective for developing new drugs aimed at
regulating anti-infective immunity and maintaining peripheral tolerance of the immune system in relation to the human
organism own antigens, and also demonstrate the need in further research for studying the effects of these compounds in
immunopathological conditions.

Key words: immunomodulation; cyclic dimeric guanozinmonophosphate; interferon gamma; interferon alfa; tumor
necrosis factor alfa.

BBenenune

Jli1st oncka cpecTB U coCOOO0B LIEJICHANTPABICHHOTO BO3ACHCTBUS HAa pa3BUTHE MIMMYHOJIOTHUECKUX ITPOLIeC-
COB B YCJIOBUSIX PA3IMYHOIO 3KOJIOTMUECKOTO BO3IEHCTBHUSI HEOOXOAMMO ITOHUMAHHE PETY/SATOPHBIX MEXaHU3MOB,
KOHTPOJIMPYIOIIMX UIMMYHOI'€HE3 1 IaTOreHEe3 Ha MOJICKYJISIpHOM ypoBHe. IIpu 3ToM B nociieHee BpeMsi orpoMHOE
BHUMAaHHE YACIISICTCS M3yYEHHIO 3aKOHOMEPHOCTEeH (DYHKIIMOHMPOBAHMS BHYTPUKICTOUHBIX CUTHAJIBHBIX ITyTEH,
peanusyromux 3(heKkTsl OMOIOrHUecKr aKTUBHBIX BEILECTB, HECHOCOOHBIX MMPOHUKATH Yepe3 IIa3MaTHIeCcKylo
MeMOpaHy KJIETOK (TOPMOHOB, HEHPOMEANATOPOB, IUTOKMHOB U T. [.). TaKUMH «BTOPUUHBIMIY) MOCPEIHUKAMH
SIBISIIOTCST MHO3UTONTpUdocdar, GpocdarniuIMHOZUTON, TUAMIIIMLIEPOI, a TAKKE LUKIMIECKUE UMEPHBIC ITy-
pUHHYKIIe03uAMOHO(OoChaTHI (IMKITNYecKue aieHo3nHMOHO(pochar 1 ryanozuaMonodocdar) [1].

Cucrema BpOXXJICHHOTO UMMYHHUTETa JEHCTBYET KaK MepBasi JIMHUSA 3aIUThl. IMMYHHBINH OTBET 3aBUCHUT OT
CBOEBPEMEHHOI'0 PACIIO3HABAHUS [TATOTEHHBIX CTPYKTYP C yYacTHEM Pa3jIMuHbIX MAaTTEPH-PACIO3HAIOLINX pe-
nentopoB (PRRs — Pattern recognition receptors) KJI€TOUYHOI MOBEPXHOCTH U NEPElayl CUTHAJIOB C y4acTHEM
a/IalTOPHBIX U 3PPEKTOPHBIX MOJIEKYI JUIsl IPOsiBIIeHUs cenuduyeckux peakuuidl. PRRs y3Hatot uyxepontsle
CTPYKTYPBI — IIATOT€H-aCCOIIMUPOBaHHbBIE MOIeKy sipHbIe TarTepHbl (PAMPs — Pathogen-associated molecular
patterns), mpuCyTCTBYIOLIME y OaKTepHii, BUPYCOB M IPUOOB, a TakkKe COOCTBEHHbIC MOJICKYISIPHBIE CTPYK-
TYpBI, CBSA3aHHBIC C MTOBpPEXKISHUSIMH WK TuOenbio KieTok (DAMPs — Damage associated molecular pattern
molecules). Oun obecneunBaoT GYHKIMOHUPOBAHUE LIEJIOr0 Psijia MEPEKPhIBAIOIINXCS IPOLECCOB (aKTUBA-
s pakropa NF-xB, npoaykuus uatepdeponos (IFN), co3peBanrne MUTOKHMHOB U KJIETOYHAs THOEH) [2—4].
[lepBoii nuHMEH MHULHMALUKM BPOKACHHOI'O MMMYHHMTETA SIBJISIOTCSI YETHIPE OCHOBHBIX CHTHAJbHBIX IIyTH,
BKITtodatonue akrusupoBanubie Toll-momodusie peneniropsr (TLR), RIG-I-mogo6usie penentops (RLR), uH-
(hmammacombl U curHanbHYHO cuctemy cGAS/STING, KoTOpble OTIUYAIOTCS CBOSH KIETOYHOM JIOKATN3aINei,
cnenu(UIHOCTHIO K JIMTaHAaM U MEXaHU3MOM TIepe/lad curHamia [5; 6].

[osiBnenue uyxxeponnoi npyxuenouednoi JJHK B iuromnnaszme KIeTOK MIEKOMUTAIOIUX CITYKUT «CHTHAJIOM
OITacCHOCTWY, IPUBO/A K cBsi3biBaHMIO 3Tol JIHK ¢ curTerazoii mukimueckoro qmumepHoro GMP-AMP (cGAS,
puc. la). AkruBupoBanHas cGAS o0iamaer Bhpa)keHHOW MMMYHOMOAYJIUPYIONIEH aKTHBHOCTBIO, B YaCTHO-
CTH KaTaJIm3upyeT oOpazoBaHuWe BTopuyHOTro Meccenmkepa ¢[G(2,5 )pA(3',5")p] ¢ HeoObruHOH 2',5'-CBSI3BIO,
KOTOPBIH MHUITUHPYET MOCIEAYIONIYI0 aKTUBAIMIO MyTH CHHTe3a uHTepdeponoB | tuma [5; 7-9]. Hecmotps
Ha BBICOKYIO HMMYHOCTUMYJIHPYIONIYI0 akTuBHOCTE ¢[G(2',5")pA(3',5")p], ero mpakTuueckoe MpruMEHEHHE 3a-
TPYAHEHO U B 3HAYNTEIBHON CTENEHU M3-32 MaJIOi JOCTYIHOCTH.

AHaNOrMYHON MMMYHOMOAYIMPYIOILEH aKTUBHOCTBIO 00J1aJaeT TAKKe UKIMUSCKUH TUMEPHBINA I'yaHO3UH-
MoHodocdar (c-di-GMP), koTopsril TpencTaBiIseT cOO0H BHYTPHKICTOUYHBIH BTOPHYHBIA MECCEHIDKED, y4a-
ctBytommii B c-di-GMP-3aBHCHMBIX CHUTHANBHBIX MyTAX (pUC. 10), peanu3yeMbIX TOJIbKO Y Bacteria n Archea.
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Puc. 1. CurHanbHBIE Iy TH, pealiu3yeMble ¢ ydacTueM dddexropa miuekormraronmx cGAS (a)
u ero 6akrepuansHoro ananora c-di-GMP (0) [5].

Fig. 1. Overview of signaling pathways realized with participation of an effector of mammal cGAS (a)
and its bacterial analog c-di-GMP (b) [5].

85



Kypnaa Besopycckoro rocyiapcTBeHHOro ynupepcurera. Jkogorus. 2018. Ne 4. C. 84-93.
Journal of the Belarusian State University. Ecology. 2018. No 4. P. 84-93.

B mocnennee Bpems curnanpHas och cCGAS/STING (cuHTETa3a MUKIMYECKOTO TyaHOo3uHMOHOpoCchaT-ase-
Ho3uaMoHO(ochara/STING) BeI3BIBaCT MOBBIIICHHBIN HHTEPEC UCCIIEAOBATEICH BCICACTBHIE €€ CITIOCOOHOCTH
TaK pacro3HaBaTh IUTOILIA3MaTHIECKyTo dyxepoanayto JIHK, cBsa3anHyro ¢ 6akTepraibsHON WIH BUPYCHOMN MH-
(hextmelt, Kak W MOsIBIICHHUE B ITUTOILIa3Me coocTBerHO# J|HK, BeI3bpIBacMoe HapyIieHrneM GYHKIINN KIETOK HITH
ctpeccom. [lurommazmarndeckas JIHK, mpoucxoasias u3 BTOPTAIOIIMXCS TTATOTCHOB FITH COOCTBEHHBIX SIACP-
HBIX ¥ MHUTOXOHJIPHAJIBHBIX TEHOMOB, SIBIISIETCS MOIIHBIM aKTHBATOPOM CHCTEMBI BPOJKICHHOTO MMMYHHTETA,
B3ammMoneiicTByst c PAMPs u DAMPs [10, 11]. Tak, BupycHast nHGEKIINS BEI3BIBACT ITOBPEKACHIE MUTOXOHIPHMN,
TIPUBOJIS K BEICBOOOX IeHIT0 MuTOXOHApHabHoM JIHK, koTopas Taxke y3naercs cGAS B kauectBe DAMP, ipu-
BOIS K aKTHUBAITMM MMMYHHOH cucteMsbl [12]. Takas aktuBarust cGAS/STING curHanpHON ocu COOCTBEHHOM
JIHK MoxeT nHAyIUpOoBaTh pa3BUTHE ayTOMMMYHHBIX Oojie3neit [9; 13]. bonee Toro, cGAS/STING curnaauar
pacnioznaet JJHK omyxoJeBeIX KIETOK B CTUMYIIUPYET MTPOTHBOOITYXOJIEBBI UMMYHHUTET [ 14].

buc-(3',5")-mmkmuaeckuit mumepHbIit ryano3unaMonodocdar (c-di-GMP) mpencrasisier co0oif BHYyTpUKIIE-
TOYHBIN BTOPUYHBIA MECCEH/KEp, MUCTIONB3yEeMBbIi MOJABIISIONINM OOJIBITMHCTBOM OaKTepWil IS peryisiim
MHOXECTBa OMOIOTHYECKUX MPOIIECCOB, BKITFOUAs TOIBHKHOCTh M aAIre3NI0 OAKTePHaIbHBIX KIETOK, MEXKKIIE-
TOYHBIE KOMMYHHKAIIUN, CHHTE3 K30TI0JIMCaXapruaoB, ((OpMUpPOBaHHE ONOTIIICHOK M AKCIIPECCHIO TEHOB BUPY-
nmenTHocTH [15; 16].

C apyroii ctoponsl, c-di-GMP ciocoOeH aeiicTBOBaTh KaK «CHTHA OTTACHOCTHY Ha DYKapUOTHIECKHE KIICT-
KH ¥ TIPOSIBIISTH BRIPAKEHHYIO MMMYHOMOIYJTHUPYIOIIYIO aJbIOBAHTHYIO aKTUBHOCTh B OTHOIIIEHUH PA3ITNIHBIX
OakTepraIbHBIX MHPEKINH, B TOM YHCIIe BIHITh Ha Tipomykitnto MDH | trma kireTkaMu IMMYHHOM CHCTEMBI
[17; 18]. HekoTopbIMHu aBTOpaMH B DKCIEPUMEHTAaX in VIvo W in vitro TIPOIEMOHCTPUPOBAHO, UTO BBEICHWE
OaxTepuanpHoro c-di-GMP maboparopHbIM MBIIIIaM MPUBOIUT K CTUMYJIAIINN KaK KJIIETOK BPOXKIACHHOTO (MOHO-
IIUTHI, MaKpodaru, rpaHyIONUTHI), TAK B IPHOOpeTeHHOTo MMMYHHTETA (T-TMM(OITUTEI, TEHIPUTHBIC KIICTKH)
Y BBI3BIBAET Pa3BUTHE MOTHOIIEHHOTO IMMYHHOTO OTBETa B OpraHW3Me )KMBOTHBIX, B TOM umncie cuare3 MHD
I Tmma [19-22].

Taxum 0Opa3oM, MEXaHU3MBI, OTBETCTBEHHBIC 32 IMMYHOMOIYIUpYIOITHe cBoiicTBa c-di-GMP, pertentopHoe
ces3piBanme c-di-GMP, myTH TpaHCTSAINH ¥ TPAaHCIyKIIMH CUTHAJIAa B UMMYHOKOMITETeHTHBIX KJIETKaX YeloBeKa
JI0 CHIX TIOp OCTAalOTCsI HEeM3BECTHBIMU. [1oka3zaHo, 4TO MPUPOIHBIE U MOTUHUITHPOBaHHEIC aHanmoru c-di-GMP
Take 00JIaTaf0T CIIOCOOHOCTRIO CTUMYIUPOBATh MMMYHHYIO CHCTEMY ITO3BOHOYHBIX. OHH MOTYT OBITH HC-
MTOJTb30BaHBI B Ka9e€CTBE TEPANEBTHUECKOTO CPENICTBA MPH WH(MEKIIMOHHBIX, OHKOJIOTHIECKUX W Psiia APYTHX
3abomeBannii [23]. [leTanpHBIE WCCIETOBAaHUS UMMYHOMOIYIUPYIOMX cBoWcTB c-di-GMP u ero anaioros
OKa3aJICh BO3ZMOXKHBIMH B CBSI3U C Pa3pabOTKO#l B JabopaTopum MOJEKYIsApHON OnorexHonornn MHCcTHTYTA
mukpoononornn HAH benapycn addekrnBHOTO MeToma OMOTEXHOIOTHIECKOTO TTOyIeHUST JAHHOTO ITHKITH-
geckoro auryanuiara [24] u ero 2'deoxy- u 2'ara-Tipon3BOIHBIX B TIPEMapaTUBHBIX KojaudecTBax [25]. B pe-
3yJBTATEe YETO MPEICTABISAETCS BAXKHBIM H3y9eHHE MMMYHOMOIYTUPYFOIIEH aKTHBHOCTH TaHHBIX IIIKINIECKIX
HYKJICOTH/IOB, B TOM YHCJIE OTIpe/ieieHie CIIOCOOHOCTH WHUITMAPOBATh MPOAYKINIO (pakTopa HEKpo3a OIyXo-
mu anbda, narepdeponra I u Il TumoB m MomyaMpoBaTh HecTeMUMUISCKUNA U CHICTTUPUISCKUl T-KITeTOIHBIH
MMMYHHBIA OTBET. B CBOIO odepenp, MOHMMaHHE MOJIEKYISIPHBIX OCHOB PETYISIIMH MMMYHOTE€HE3a MOXKET
SIBIISITBCSI OCHOBOW TOMCKa Oonee 3((EeKTHBHBIX TEparleBTHUECKUX CPEACTB HAIMPABICHHOTO NEHCTBHA Ha
HEHPOXMMHYECKHE CTPYKTYPHl MMMYHOKOMITETEHTHBIX KJIETOK M OT/IENIbHBIC KITFOUEBBIC 3BEHbS CHUTHAIBHBIX
KacKaJIoB, B TOM YHCJIE OITOCPEOBAHHBIX a/IeHIIIAT- ¥ TyaHMJIaT-T[HKJIa3aMH.

MarepuaJjibl 1 METOAbI HCCJIEI0BAHUI

Mamepuan uccnenoBanus: MOHOHYKIeapbl riepudepryaeckoit kposu (MIIK) 3mopoBbix moHOpOB (n = 10).

Obvexm WMCCIEeNOBaHUA: 00pa3Ibl MUKINICCKOTO AUMEpPHOro TryaHo3mHMoHOdochara (c-di-GMP) u ero
CTPYKTYpPHBIX aHAJIOTOB — ITHMKJIMYECKOTO IuMepHoro 2'aparyaHo3mHaMoHo(docdara (c-di-araGMP) u mukmm-
YEeCKOTO JUMEpHOro 2'me3okcuryano3snHMoHopocdara (c-di-deoxyGMP), monydennsie B MHCTHTYTE MUKpO-
ounonorun HAH benapycu u npenoctasnennsie A. V. 3uH4eHKO, 3aBEIYIOMINM J1a00paTOPHEel MOJIEKYIISIPHOI
OMOTEXHOJIOTHH, TOKTOPOM OMOJIOTHYECKUX HayK, podeccopom, WwieH-koppeconaeaTrom HAH Benmapycu.

Buioenenue mononyxneapos nepughepuueckoii kposu. Mononykieapsl (MIIK) Beiaensuim u3 nepudepuye-
CKOM KpOBH IIEHTpH(YTHPOBAHHEM Ha TPaAMEHTe IUIOTHOCTH (ructomak, p = 1,077 r/em’, «Sigmay, Tepma-
Hust) ipu 1500 o6/muH, 6 °C B Teuenue 30 muH. OOpa3oBaBmieecst HHTepha3HOE KOTBIO TBAX B! TPOMBIBAITH
nentpudyrupoanuem (10 mmu, 1500 00/MuH) B docdarHo-OyhepHOM pacTBOope c mobdaBieHneM 5 %
MHAKTHUBHPOBAHHOHN SMOpHOHAIBHOMN TelsTabeit chIBOpoTKH (DTC).

Kynomypanouwiii memoo. Beinenenasie MITK B konmentpamuu 2% 10° KeTok/Mil KyIbTHBUPOBAIIM B TION-
HOW KynbrypanbHOi cpene RPMI-1640 B mpucyrcrBun/orcytctBuu c-di-GMP wim ero amamoros. Ilom-
Hasi KyIbTypajdbHas cpefa BKIodana nurarenbHyto cpexy RPMI-1640 («Lonza», bemsrus), 10 % I3TC
(«HyClone», BenukoOpuranus), 2 MM mmyramuHa («Lonzay, benbrust) n komrurekc antuonornkos (100 Ex/ma

86



MeanuuHcKast IKOJIOTHsI
Medical Ecology

oensunnenuiine Harpus, 100 En/mi ctpentomunun cynnbdara u 100 En/min Heomuius cyibdara, «Gibcoy,
CIIA). Inst mecnietmduaeckoit crumyssinmi MITK ncronb30Bany MoauKIOHaTIbHBIE MUTOTEHBI (PUTOTEMAarriTio-
tuanH (OI'A/PHA, «Sigmay, I'epmanus) B konnenTpanuu 2,5 Mxr/mi, Pookweed mitogen (PWM, «Sigmay,
lepmanus) B xoHmeHtpamuu 5 Mir/mi n junononucaxapun (LPS, «Sigmay», I'epmanus) B KOHICHTpaIMu
5 Mkr/mi. J{iist cenududeckoi CTUMYIISIIIMA UCTIONB30BaIH PEKOMOMHAHTHBIH MUCITUH-OJIMTOICH IPOIIUTAPHBIN
IJIMKOTIPOTEHH ¢ aMUHOKHUCIIOTHOH rocieioBateabHocThio 1-125 (pMOI, PHIIL] TuMb, benapyck) B koHeuHOH
koHuenTpanuu 10 mxr/mi. Kynsrusuposanue ocymmectsisutu mpu 37 °C B armocepe ¢ 5 % conepskanuem CO,.

J171st O1IEeHKH UMMYHOMOJIHpYtotiero jaeictBus c-di-GMP u ero cTpykTypHBIX aHAIOTOB B TIPOOBI C HECTH-
MYJIUPOBaHHBIMH WJIM MHTOTEH/aHTHTeH-akTHBUpoBaHHBIMUA MITK no6aBmisim nccneayemple BEMIeCTBa B KOH-
LEHTpaLUsIX 10°'M, 10°M, 10 °M.

Memoo npomounoti yumomempuu. J171s KOTMIECTBEHHOTO ONPEEIECHHS YPOBHS BHY TPHUKJICTOYHON MTPOTYKIHH
TokrHOB UDH-y mim ®HO-0 32 12 1 1o oxonuanus kynsruBupoBanus K MITK nobasmnsim hopoon 12-mupucrar
13-arerara (10 ur/mi) («Sigmay, [epManus), HOHOMHITUH KaJblIUeBYIO coiib (1 Mxr/min) («Invitrogeny, Bemwuko-
OpuTaHus) U OJIOKATOP BHYTPUKIIETOYHOTO TpaHcnopTa OenkoB — Opedenaua A (10 mxr/mi) («Invitrogeny, Benu-
KOOpHTaHMS) C MOCIEAYIONINM OKpaIlIMBaHHEM KIETOK MOHOKIOHaIbHBIME aHTUTenaMu K CD3-PC7 («Beckman
Coulter», CILA). [anee xnerku duxcupoamn 4 % pactBopom napadopmanbaeruna («Carl Rothy, I'epmanms)
B Teuenre 10 MuH nipu KoMHATHOM Temmeparype. [lepmeadbmmmzanus MIIK mpoBomuiack ¢ ucmons3oBanueM 2 %
pactBopa Tputon X-100 («Sigmay, 'epmanus, 30 MUH), TIOCIIE Y€ro KJIETKH MHKYOUPOBAIN C MEUCHHBIMH (DUKO-
sputprHoM (PE) MonoknonansaeiMu antuTena k MTH®-y nmm @HO-a. [locne kax1oro U3 3TarnoB OKpaniiBaHus
OCYIIECTBIISUTH OTMBIBAaHHE KJIETOYHBIX KYJBTYPBI IyTEM HX JBYXKPATHOTO IIeHTpudyrupoBanus B ocharao-0Oy-
(hepHoM pactBope ¢ 0,05 % Teun-20 B Teuenue 5 muH nipu 1500 06/MuH. YdeT pe3ysibTaToB MPOBOIMIN Ha MPO-
tounoM 1uromerpe FC500 («Beckman Coultery, CIIIA) Ha 50 Thic. KJI€TOUHBIX COOBITHIA.

Hmmynogpepmenmuniti ananuz. Koanenrpanun MHO-y u UOH-o onpenensim B cyrepHaTaHTax OT HECTH-
MYJIUPOBaHHBIX M MHTOTCH/aHTUTeH-aKTUBUpoBaHHBIX MIIK, KyJIbTHBHpYEMBIX B MPHCYTCTBHU/OTCYTCTBUH
¢-di-GMP wiu ero anasnoros. J{Jist 3TOro KIETKH OCaKAaIH HEHTPH(YTHpOBAaHUEM, CYTICPHATAHT TIEPEHOCHITH
B [TOJTUITPOITMIICHOBBIE MPOOUPKH M 3aMopaskuBaiu pu —70 °C Juis TabHEWIIEro Onpe/IeIeH s KOHIIEHTPAIUH
IIUTOKWHOB C MCIIOJIb30BaHMEM KOMMEpPUECKHUX TeCT-cucTeM npousBozacTBa Bexrop-bect (PD). Pesynsrarst pe-
rucTpupoBaiu Ha criekrpodoromerpe « ThermoScientificy (I'epmanust) ipu jirHax BosH (L) 450—620 HM.

Cmamucmuueckas obpabomxka pe3yivmamos. CTaTUCTUUECKUN aHATN3 TaHHBIX TPOBOJIMIIN C UCTIONb30Ba-
HHEM CTaH/IapPTHOTO MaKeTa MPUKJIaTHON mporpaMmbl Statistica 8.0 HermapameTpuyeckuM KpuTepueM Buikok-
coHa. Pa3nuuus cunuTanuch CTaTUCTHYECKN 3HAYMMBIMHE TTPU ypoBHE 3HaunMocTH p < 0,05. /lannble mpencras-
JIeHbI B BUJe Meanansl (25 %+75 % npoueHTnim).

Pe3ysibTarhl HCC/Ie0BAaHNH M MX 00CYXK/ICHUSA

Bnuanue c-di-GMP na cnonmanuyio u Mumozen/aHmu2eH-CmumyiuposanHylo GHeKIemouHyI0 NPOOYKYUIo
unmepgepona-o. u unmepghepona-y mononykieapamu nepugepuyeckoii kposu. CHOHTaHHASI HECTUMYIHPOBAH-
Hast nmponykuus uarephepona-anbda (MHD-a) B kynsrypax MIIK cocrasuna 18,2(5,9+24,5) ur/n. Jlo6aBnenue
paznnuHbIX KoHneHTpanui c-di-GMP k HecTUMYIHPOBAaHHBIM KIJICTOYHBIM KYJIBTYPaM He OKa3bIBaJIO CTATHCTH-
YEeCKH 3HAYMMOTO BIHSIHUS Ha nponykinio MH®-o. B ycnoBusx MuTOreHHOM/HecTIepUIecKor CTUMYJISIIINA
MIIK nabsronanocs nobiiieHue npoaykuun MH®-o 10 26,0(22,2+33,9) ur/n, p = 0,02. I1pu sToM g00aBicHue
K MHUTOTEH-CTUMYIUpOoBaHHBIM KyiasTypam MIIK c-di-GMP B pa3iauyHbIX KOHIIEHTPAIHSIX PUBOANIIO K CTATH-
CTHYECKHM 3HAYMMOMY JI0303aBHCHMOMY TMOBBIIeHUI0 npoaykunu MH®-a, p = 0,03 (puc. 2a).

B npucyrcrBun ciermiteckoro MuemHoBoro ayroantureHa pMOI™ He HaOI0naI0Ch CTaTHCTUYECKH 3HAYMMO-
ro m3menenus nponykimu MH®-a. Jlobaenenue c-di-GMP k pMOI -aktuBnpoBanabiM MITK nprBoiuio K NoBbI-
nreHHro npoyKiyy MTH®-0 TOIBKO B CITydae HCIONB30BaHNs B KOHEUHO# KoHIeHTpammn 10 °M, p = 0,03 (puc. 26).

Wuayxuws sxeripeccnu renoB MOH [ tuma sBnsercs Kio4eBbIM COOBITHEM B HHUITMUPOBAHUH MTPOTUBOMH-
(bexnronHoro MMMyHHOTO oTBeTa. [lepenaua curnana or MOH I Tuna ¢ yyactieM akTuBaropa TpaHCKPHUITIIUH
STAT1 mapamrensHo ctumynupyet skcnpeccruio reHoB U®OH I tuma (MMDH-y), KoTophIil ydacTByeT B pery-
JSIIAA MEXaHU3MOB BPOXKACHHOTO U MTPHOOPETEHHOTO MMMYHHUTETA, KJIIETOYHOTO ITUKIIA, TIPOIIECCOB aroITo3a
¥ BOCIIAIUTENIBHON PEAKIINY TIOCPECTBOM KOHTPOJIS TPAHCKPHITLIUH IITUPOKOTO CHEKTpa TeHOB [26].

Pesynbratel onpenenenus koHIeHTpauid uHTepdepona-ramma (MH®D-y) B cymepHaraHTax HECTHMYJIH-
POBaHHBIX U MHUTOTCH/aHTUTEH-aKTHBUPOBaHHBIX MIIK, Ky/IbTHBUpPYEMBIX B TPHCYTCTBHH/OTCYTCTBUU C-di-
GMP, npexncrasnens! B Tabn. 1 u Ha puc. 3. Konnenrpamus UH®-y B nectumynupoBanabix MIIK coctaBu-
na 14,3(13,0+15,6) HI/1 U CTATUCTHYECKU 3HAYMMO IOBBIIIANIACH B YCIOBHSIX MUTOTCHHON cTUMYJIsiiu DIA
(994(368+1621) ur/n. lobaBnenne paznndaHbIx KoHIeHTpanuii c-di-GMP k HecTUMYIMPOBAHHBIM TIPUBOJIUIIO
K J10303aBUCUMOMY IIOBBILIEHUIO ITpoaykuuu NDH-y.
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Fig. 2. Concentration of IFN-a in supernatants of mitogen- () and antigen- (b)
stimulated peripheral blood mononuclear cells (PBMCs), pg/ml
Tabnuna 1

Konnenrpauuss UOGH-y B cynepHaTaHTAaX OT HECTUMYJIHPOBAHHBIX /MUTOreH-cTuMyaupoBannbix MIIK,
KYJbTHBHPYEMBIX B NpUcyTcTBUH/0TCYTCTBHH ¢-di-GMP, nr/ma

Table 1
IFN-y concentration in supernatants of non-stimulated/mitogen-stimulated PBMCs
cultivated in presence/absence with c- di-GMP, pg/ml
Konnenrpamus c-di-GMP
— 10°M 10°M 10°M
Hectumynuposannsie MITK 14,3 22,6 * 79,1% 175,6*
(13,0+15,6) (17,4+27.8) (76,0-82,1) (140,0+211,0)

* — p < 0,05 no cpaBuenuto ¢ MIIK, kynsruBnpyembiMu nipu orcyTetBrd c-di-GMP.

Jlo6asnenne c-di-GMP B MHTOT€H-aKTHBHPOBAHHBIX KynbTypax MHK B Hu3KHX KoHIEHTpamusax (10° M
ulo? M) He oka3biBajio BausHUE Ha cuHTe3 MH®D-y, Torma Kak mpu KOHIIEHTPAITHH 10™* M mabmonanocs cra-
THCTUYICCKU 3HAYNMOE TIOBHIIICHUE TTPOAYKINHY IuTokuHa, p = 0,03 (puc. 3a).

Kynsrusuposanne MIIK B yClIOBHAX MUEIMHOBOM CTUMYJISILIUU COIPOBOXKJIAJIOCHh CTATUCTHUYECKH 3HAYU-
MBIM YBETHUEHUEM aHTUTCH-crieruduaeckot npoaykmun UDOH-y (66,4(40,0+92,9) nir/mi1) 1o cpaBHEHHUIO CO
CIIOHTAHHBIM cuHTEe30M (28,3(20,0+36,5) rir/mi).

[Ipu nob6asnenun c-di-GMP B kynsTypy MuenuH-ctumynupoBanabix MITK otmedanochk craTucTuaecku 3Ha-
YUMOE CHUKCHHE BHEKJICTOUHON CEKPEITNH IUTOKWHA, He3aBUCUMO OT KoHIeHTparun ¢c-di-GMP (puc. 30).
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Fig. 3. IFN-y extracellular production (pg/ml) in mitogen-stimulated («) and myelin-stimulated (b) PBMC cultures
in the presence of c-di-GMP various concentrations
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CornacHO TUTEpaTypHBIM HCTOYHHUKAM, B KYJIBTYpE KJIIETOK B OTBET Ha CTUMYJISIINAIO ayTOAHTUTEHOM TTPOJIH-
(hepupyIOT JTUIIH MOTEHIIHAIBEHO ayTopeakTuBHBIE T-muMponnTsl, T-KIeTOYHBII penenTop KOTOPBIX CrocobeH
pacro3HaBaTh aHTHTeHHYI0 eTepMuHanTy pMOT. K Takum numdormram otHocsaTes kak CD3 CD4 ' T-xenmepsi,
tak U nurotokcuueckue CD3'CDS8 T-knerku. IIpu 9ToM 1 Te, U Apyrue 06NagaroT CHOCOOHOCTBIO K CeKpe-
1 MOH-y, KOTOpHIiA, B CBOIO OYepe/lb, CKIIOHEH MPOSBISATH HE TOJLKO UMMYHOMOAYJIUPYIOIIEE AeHUCTBUE, HO
¥ MTHALIMUPOBATH IMMYHOTIATOJIOTHYECKHE PEaKITNH ay TOMMMYHHOTO XapakTepa.

Buympuxnemounas npodykyus unmepghepoHa-y 8 MOHOHYKIeapax nepugepuieckoli Kposu, KyIbmusi-
pyemvix 6 npucymcemeuu/omcymemeuu c-di-GMP u e2o ananoeos. Cnemyer OTMETHTB, 9TO B HECTUMYIIHUPO-
BaHHBIX KyibTypax MIIK ocHOBHbIMU KieTKaMu-mipoayrieHTaMu MDOH-y SBisiiuch HE 3KCIPECCUPYIOIINE
T-xnerounsnii Mmapkep CD3 momymsiiu, K KOTOPBIM OTHOCAT HaTypanbHble kKuiutepsl (HK-kmerkn), HKT-
KIIETKH, B-TUM(pOINTHI 1 CIIeNMaTu3npOBaHHbIE aHTUTEH-TIPE3EHTUPYIOIIHE KIIeTKH. Tak, B oTcyTcTBHE C-di-
GMP xommaectBo CD3-HeraTHBHBIX KJIETOK, CHHTE3UPYIOMNX BHYTpuKIeTouHbIi NDHY, B 21,4 pa3a mpeBbI-
IIAJI0 aHAJOTHYHEIN MoKa3arens B cyornonyssauuu CD3 T-mumormTos (Tabmn. 2).

IIpu no6asnennu c-di-GMP k xymsrypam MITK B koHrenTpanusax 10°—10* M o6HapykeHa TeHICHIHS
K YBETUYCHHIO BHYTpHUKIeTOUHOW mpoxykiun MDH-y CD3-neratuBasiMu kietkamu B 1,29 (1,25+1,3) paza
(o MeaMane), B To BpeMs Kak yaensHoe coaepxkanre CD3 M®Hy T-nmuMponutos nossmanock B 2,9 (2,5+3,3)
paza (1o Meanane).

Tabnuma 2

YpoBenb BHyTpuK/JIeTo4uHoii npoxykuuu U®H-y nectumyauposanusivu CD3" u CD3™ nony suusiMu JuM¢pouuTOB,
KyJbTHBHPYEMBIX B OTCyTCTBHH/IpUcYTcTBHM c-di-GMP, %

Table 2
Intracellular IFN-y production by non-stimulated CD3" and CD3 lymphocyte
populations cultivated in absence/presence of c¢-di-GMP, %
@ K c-di-GMP
€HOTHIT KIIETOK yIBTypajbHas cpefa T0°M 10°M 0" M
CD3 M®Hy" 1,14 (0,9+1,3) 3,78 (2,9+4,2) 2,84 (2,6+4,5) 3,36 (3,1+4.9)
CD3 UDHy" 24.4 (18,9+26,2) 31,7 (28,7+35,4) 30,5 (29,2+36,1) 31,5 (28,3+35,9)

K T-numponuram, aktusHO cunTesupyommum UOH-y, otHocsaT nurotokcudeckue CD3'CD8” T-kneTkw,
y8T-mumonutel ¢ penorunom CD3'CD4 CD8 u Hexotopbie nomynsuun CD3 CD4 " T-knetok. [oyueHnbie
JTaHHbIE COOTBETCTBYIOT pe3ysbTaraM, OJy4eHHBIM IpU onpeneneHnu konientpauun UOH-y B cynepHaran-
tax o MHK, kynbTHBHpYeMBbIX B NpHCyTCTBHM/OTCYTCTBUU c-di-GMP. OmHako 10303aBUCHMOTO BIIHMSIHUS
UCCIIEyEMOT0 LIUKIMYECKOI0 HYKIEOTHa Ha YPOBEHb BHYTpUKIIETOUHOU npoaykunu DH-y He BbIABIECHO
(tabmn. 2).

s onpenenenust BHyTpuKiIeTouHoi nponykuun IFN-y nonymsiuusimu T-1uM(pOLIUTOB MPOBEACHO KYIBTH-
Buposanue MIIK ¢ nuknnueckum Hykineorunom c-di-GMP u ero ananoramu c-di-araGMP u c-di-deoxyGMP
(B KoHEuHBIX KoHneHTpanusax 10° M, 10°M, 10 * M) B ycIoBHAX CTUMYIALMH MOMMKIOHATBHEIM T-KIeTOUHBIM
(PHA) u B-xnerounsim (LPS) murorenamu.

VCTaHOBJIEHO, YTO BHyTpUKJIeTodHas npoaykuus IFN-y CD3'T-num@oruramu mnopbimanack B 5,3
u 6,4 pasza, COOTBETCTBEHHO, B ycioBusix PHA- u LPS-unaynupoBannoit crumyssiuuu (p < 0,01). Hobasie-
nue c-di-GMP B koHICHTpanusx 10° - 10* M, a takxe c-di-araGMP u c-di-deoxyGMP B KOHIIEHTpaIUsIX
10°— 10" M B Ky;IbTypy MOHOHYKJIEApOB TIepH(epHUECcKOii KPOBH TIPUBOAMIO K CTATHCTUYECKH 3HAYNMOMY
TIOBBIILIEHUIO MUTOIEH-MHyIMpoBaHHOro cunTe3a IFN-y CD3 T-1mumdouuTaMy U MX OCHOBHBIMHU CYOIIOITY-
msiuusive (puc. 4). [Ipu atom npenmymiectBenHast npoaykuust IFN-y ormevanack B cyOnomyisiiui UTOTOK-
cuyeckux CD3 CD8 T-mumdonutos u Bapsuposana ot 11,7 1o 27,7 %. B PHA- u LPS-cTumMymMpoBaHHbIX
KyJnbTypax npu godasnenuu c-di-GMP peructpupoBaics 10303aBUCHMBINA IUTOKUH-CTUMYIUPYIOIHIA 3 dexT
LUKJIMYECKOTO HYKJICOTH/IA IO OTHOLICHHIO KO BCEM HCCIIEAYEMbIM CyOnonyssiuusiM T-muMQonnToB.
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Fig. 4. Number of IFN-y-positive CD3 " T-lymphocytes cultivated with
c-di-GMP and its structural analogues c-di-araGMP and c-di-deoxyGMP during polyclonal mitogens stimulation, %

Beusieiieno, uto c-di-deoxyGMP B HauOosbIleli CTENEHN CTUMYJIMPOBAJI MUTOTCH-HHIYIIMPOBAHHYIO BHY-
TPHUKJIETOUHYTO TpoAayKunio [FN-y o cpaBHEHUIO C IPyTUMU [UKJINYECKIMH HYKIICOTHIaMHU: MaKCUMabHBIH
PHA- 1 LPS-cTuMynmupoBaHHBI CHHTE3 IMTOKUHA PETUCTPHPOBAUCH IPH KyJIBTHBUpOBaHUH ¢ c-di-deoxyGMP
B KOHIIEHTpalUAX 10* M u 10~° M COOTBETCTBEHHO.

Takum  oOpasom, mukiamyeckuid  Hykineorun  c-di-GMP  um  ero  anamorm  c-di-araGMP
n  c-di-deoxyGMP wMoryr OBITh HCHONB30BaHBI IS CTUMYISIHHA (D QPEKTOPHBIX  MEXaHM3MOB
T-KJ1€TOYHOM [TUTOTOKCUYHOCTH MOCPEJCTBOM CTUMYISIIMU cuHTe3a [FN-y.

Buympuknemounasn npooykyus gpaxmopa Hekpo3a onyxonu aibgh)a MOHOHYKIeapamu nepugepuyieckoli Kpo-
68U, KyIibmusupyemvimu 6 npucymcemeuu/omcymemesuu c-di-GMP u e2o ananocos. @akTop HEKpo3a OMyXOJH-
anpa (PHO-0) — MHOTOGYHKIIMOHATBHBIN TPOBOCIIANINTEIbHBIA IMTOKWUH, OKa3bIBAIOIIUI PEryIupylolnee
BJIMSIHE W HAa MHOTHE MPOIECCH B OPraHU3Me, TECHO CBA3aHHBIE C BOCTIAIUTEIHHON pPeaknnell 1 UMMYHHBIM
orBeToM. CHCTEMHBIE MTPOSIBJICHUS] OTBETHOM peaKkIy OpraHu3Ma 00yCIOBJIEHbI KOOIIEPAaTUBHBIM B3aHMOJICH-
cteueM ®HO u npyrux 6HOIOTHYECKH aKTUBHBIX BEIIECTB, KOTOPBIE MOTYT BBICTYIATh KaK CHHEPTHUCTHI WIIN
MOJYJISITOPBI €r0 APPEKTOB.

Ilpu ouenke BiusHus c-di-GMP u ero aHajoroB Ha BHyTpukiIeTouHblid cuHTe3 ®HO-0 T-mumdormramu
B YCIIOBUSIX i1 Vitro TIONWKIJIOHAJIFHON CTHMYJISIIAK yYCTaHOBJIEHO, YTO TIPH Hecrenuduiyeckor cruMymsiimn PHA
u LPS na0monanack TeHaeHus K yBenuueHto npoaykimu @HO-o B T-muMbormTax npu KylnsTUBUpOBaHUH ¢ ¢-di-
GMP u ero ananoramu B koHuenTparsix 10° M. Hanboree BbIpayKeHHBIH CTUMYITHPYIONIHiA 3(h(heKT Ha MPOIYKIIMIO
®HO-0. CD3 T-nmuMboriTamu IposiBIIsuIcs IPU KyTsTHUBUPOBAHMH KJIETOYHBIX KyNIETYp B IpucyTcTBHH LPS (puc. 5).
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Fig. 5. Number of TNF-a-positive CD3"T-lymphocytes cultivated with
¢-di-GMP and its structural analogues c-di-araGMP and c-di-deoxyGMP during polyclonal mitogens stimulation, %
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ITpy 5TOM CTaTUCTMYECKM 3HAaYuMble pasznuuus B KonuuecTBe CD3 ®HO-o" LPS-cTMMYIMpOBaHHBIX
T-kneTok, o cpaBHeHHI0 ¢ PHA-cTUMYITMpOBaHHBIMY KyJIBTYpaMu, HaOJIIOAAIMCh ITPU UCTIONBb30BaHUH BCEX U3-
y4aeMbIX KOHIIEHTpaImii qurykineotuaos. Tak, npu 10° M, kommdectBo ®HO-a-mo3uTHBHEX T-THM(OIUTOB
cocraBuwio: PHA+c-di-GMP — 6,0(4,5+7,2) % u LPS+c-di-GMP — 24,6(19,8+29,3) %, p < 0,05 cooTBeTCTBEH-
Ho; PHA+c-di-araGMP — 14,3(11,6+17,5) % u LPS+c-di-araGMP — 37,7(31,8+42,4) %, p < 0,05 cooTBet-
ctBerHo; PHA+c-di-deoxyGMP — 10,3(8,7+12,6) % u LPS+c-di-deoxyGMP — 27,5(24,8+29,2) %, p < 0,05
COOTBETCTBEHHO.

W3BectHO, uT0o LPS sBNISI€TCS OCHOBHBIM KOMITOHEHTOM HapY>KHOM MeMOpaHbI TpaMOTPHUIIATENILHBIX OaKTe-
puil. B otBeT Ha LPS B opranmnsme xo3s1uHa IPOUCXOIUT SKCIPECCHS IPOBOCTIANIUTENBHBIX ITUTOKUHOB (PHO-a,
WJI1-6, NJ1-12, UdH-P) u 6enko (maayrmbensaas NO-cunTasa) [27]. Pacnoznasanue LPS omocpenoBano Tpe-
Msi IpoyKTaMu pazianyHbiXx reHoB CD 14, TLR4 u MD2. Oxnako nepBbIM OeTKOM, Y4aCTBYIOIIMM B paclio3HaBa-
unu LPS, sersiercst LPS, cs3piBatonuii 6enok (LBP), BeipabarsiBaromuiics B medeHu Kak OEIoK ocTpoii dasbl.
[Tpu momomn LBP oGnervaercs B3aumoieiicterie TpoiiHoro komruiekca ¢ CD14, 4ro 1aet BO3MOXHOCTD Tiepe-
nHectu LPS na LPS-penentopustii kommieke (CD14-TLR4-MD2) u unaynmposats numepuzaiuio TLR4. Axru-
BupoBaHHbIil TLR4 mpusnexaer agantopusiii 6eok MyD88, accormposanusiii ¢ IRAK (cepuntpeonnnoBas
npoTenHKnHaza, K 1L-1 pementop-accoruupoBanHoi kuHasze). IRAK B manmbHeliem aytodochopumupyercs
u B3aumoericteyer ¢ TRAF6 amanropusiM Oekom (TNF-penentop-acconuupoBanubiii aktop 6). JlaHHbIC
kuHa3bl hochopmmpyroT 1-kB 1Mo ocrarkaM ceprHa ¢ OCICeIyoIIeH erpaiaiei U BeIcBoOok ieHHeM AP-1
u NF-kB, xoTopble nepeMeniaTcs B AP0 U CTUMYIUPYIOT TPAHCKPHITIHIO PA3INYHBIX TEHOB BOCIIAHTEIb-
HOTO UMMYHHOTO OTBeTa (puc. 6).

IKB degradation

K@é% JSe

Puc. 6. CurHanmbHBIH yTh, peanu3yemslii ¢ yaactuem LPS u TLR4 [27]

Fig. 6. Overview of LPS and TLR4 signaling pathway [27]

Takum 00pazom, penBapuUTEIbHBIC PE3YIIBTATHI 110 n3y4deHHUI0 3 dexToB c-di-GMP 1 ero aHaoroB Ha BHY-
TpuksieTounslii cuaTe3 @HO-0 T-mumdornuTaMn B yCIOBHUAX 71 Vitro TIONUKIOHAIFHOW HecTeIU(pUIecKon
CTUMYJISIIIAA CBUETENBCTBYIOT O BIHMSIHUM IUKINYECKUX IUHYKICOTHIOB (TPEUMYIIECTBEHHO) Ha KIETKH
BPOXKJICHHOTO UMMYHHUTETA, CTUMYJIHPYS TPOAYKIIMIO MTPOBOCTIAUTENBHBIX ITATOKMHOB, BOBMOXKHO, Y€pe3 Me-
XaHW3Mbl BHYTPUKIIETOYHOrO curHaiauHra ot PRRs, k kotopeim oTHOCcsATCs TLRS.

3akjIrouenue

Takum obpazom, ouc-(3',5")-IMKIHIecKuil AUMepHBIA TyaHo3uaMoHOopocdar (c-di-GMP) u ero cTpykTyp-
HBIC aHAJIOTH OKAa3bIBAIOT CTUMYNIHpYIomiee Biusane Ha npoaykauio OHO-a, UOH-o n NDH-y MuToreH-ak-
TUBUPOBAHHBIMHA MOHOHYKJIeapaMy meprQepruaeckoll KpOBH YeTI0BEKa, IIPU OAHOBPEMEHHOM HHTHONPOBAHUN
c-di-GMP B xonnenTparmu 10*M 1 10°M cekpenuu in vitro BHEKIETOYHBIX HHTEP(PEPOHOB 1-T0 1 2-T0 THIIOB
KJIETKAMH TP MUEITHH-CIeT(PUIECKON CTUMYIISAIINH.
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[NoydeHHbIe pe3ynbTaThl XapaKTEePU3YIOT, C OHON CTOPOHBI, (PU3UOIOTHUECKHUE PETYIISITOPHBIC MEXaHU3MBI
MMMYHHOH CHCTEMBbI IIPU BOCIIAJIMTENIBHBIX PEAKIMSIX H, C IPYTOM CTOPOHBI, OTKPBIBAKOT IIEPCIIEKTUBY pa3pa-
OOTKH HOBBIX ITpENaparoB sl MOJICPKAHUS MeprueprUuecKoil TOIEPaHTHOCTH IMMYHHON CHCTEMBI TIO OTHO-
HICHUO K COOCTBEHHBIM aHTHTCHAM OpTraHM3Ma YelIOBEKa.
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