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Pesrome

BonbIIMHCTBO  BO3pAacTHBIX 3a00JIEBaHUN  4YeJIOBEKAa COMPOBOXKIACTCS
XpOHWYECKUM BocnajeHueM. (COBpEMEHHbIE MCCIIEIOBAaHUs HaIpaBJEHbl Ha
U3y4YEHUE MPUHIIUTIOB (POPMUPOBAHKSI UMMYHHOTO OTBeTa. Jl0 CHX MOpP HE U3BECTHBI
NPUYUHBI, [0 KOTOPHIM JIOKajdbHAs BOCMAIUTENIbHAS PEAKIUS HE MOXKET
pPa3pennThCs U MEePEXOJUT B BSUIOTEKYIIYIO XpOHUYECKYIO (popmy. Bpoxa&Husrii
UMMYHUTET MEPBBIM OTBEYAECT HA BTOPKEHHUE MaToreHaMm. BaxkHo#l cocTaBistomei
BOCIAINTEIIGHONH  pEaKIMM  SBJISETCS  CEKpelHus WMMYHHBIMH  KJIIETKaMU
MIPOBOCHATUTEIBHBIX ITATOKUHOB, Takux kak TNF-a, IL-1pB, IL-6, IL-8, CCL2. D10
HEOOXOJMMO I PEKPYTUPOBAHHMS B OuYar BOCHAJICHUS MMMYHOKOMIIETEHTHBIX
kJeToK. UToObl n30exaTh TMOEIN KJIETOK B PE3yJIbTaTe BBICOKMX KOHLIEHTpaLUi
[UTOKWHOB, W KaK CIJIEJICTBUE TOBPEKICHUS TKaHU, CYIIECTBYET MEXaHHU3M
TOJIEPAHTHOCTH BPOXKAEHHOIO HMMMYyHHUTETa. TOJEPAaHTHOCTH BPOXKAEHHOIO
UMMYHUTETA 3aKITI0YAETCS B CHIYKEHUN CEKPEIUU MPOBOCTAUTEILHBIX ITMTOKUHOB
B OTBET Ha MOBTOPHOE BJIMSHUE mMaToreHa. M3BecTHo, 4TO B (OpMUpPOBAHUU
UMMYHHOTO OTBETa BaXHYI pOJIb Hrpar0T MHUTOXOHIpUH. CrenoBaTelbHoO,
HapyieHus B QYHKIIMOHUPOBAHUU MUTOXOHIPUI MOTYT MIPUBOJANTH K HAPYIICHHUSIM
UMMYHHOTO OTBeTa. UTOOBI M30ekaTh HAKOILICHUS NE(EKTHBIX MUTOXOHIPHHA B
KJIETKE, CYIIECTBYeT KOHTPOJh KadyecTBa MUTOXOHApWi. Mwutodarus, SBISSICH
CHEUUATN3UPOBAHHOMN dbopmoit aytodaruu, OYMIIAET KIJIETKY oT
JUC(YHKIMOHAJIBHBIX MHUTOXOHIpH. Panee, Hameill saboparopuu yJaanoch
pa3zpabotath TMOpUIBI. DTO JWHWUW, KOTOPHIE OBLIM TMOJY4YEHBI HA OCHOBE
MOHOITUTApHON KjeTouHou juHuu [HP-1, B koTOpoil mpenBaputenbHO yOpanu
MUTOXOHApHUH. UTOOBI MOJYYUTh ITUOPHUIIBI TTOTYUYUBIIHUECS OC3BAACPHBIC KICTKU
THP-1 kokynbTUBHpOBaIu C TpOMOOIUTAMU OT TalMEHTOB. TakuM oOpazom,
uOpuasl HeCYyT B cebe simepHbii TeHoM THP-1 u MutoxoHapuanbHbIA TeHOM
nareHTa. B HameM WCCIeIOBaHWM MBI PEIIMIIA U3YYUTh CIIOCOOHOCTH KIIETOK,
HECYIIUX Pa3HbIi MUTOXOHAPUATILHBIN T€HOM, T€HEPUPOBATH MPOBOCHIATUTEIbHBIN
OTBET, a TaKkXe (POPMUPOBATH TOJIEPAHTHOCTD B AalibHEHIIEM. J{J151 3TO MBI BBIOpaIH

MOJICJIb TOJICPAHTHOCTU K OBKIAOTOKCHHY. TOJ'IepaHTHOCTB K SHAOTOKCHUHY WA



JIMITONIOJIMCAXAPULy OIPENENSAeTCd KaK PE3UCTEHTHOE, MPOTUBOBOCIAINUTEIBHOE
COCTOSIHUE B OTBET HAa BTOPUYHYIO 03y JIMIIOIOJUCAXAPULY IIOCIIE IEPBUYHOIO
Bo37eiicTBUs. TakuM 00pa3oM, MbI JBaXAbl CTUMYJIHPOBAIN IUOPUIAHBIC JIMHUU
JMIOIOJINCAXAPUAOM U MOCIE 3TOTO OlleHUBalIU cekpeluu uutokuHoB TNF-a, IL-
1B, IL-6, IL-8, CCL2 ¢ nomombto UDA. L{uOpuasl 1eMOHCTPUPOBAIHU ABA YPOBHS
MIPOBOCIIATTUTEIPHOTO OTBETA: BBICOKMH H HU3KUW. boiee Toro, muOpuabl C
BBICOKMM IPOBOCHAJIMUTEIbHBIM OTBETOM JIMOO (QopmMHupoBanu, JIuUOO He
(GopMHpOBaIM TOJEPAHTHOCTh MpPU IOBTOPHOW CTUMYJSILUU. B pesynbraTe
UCCICNOBAHUs MBI  YCTaHOBWIM, 4YTO  KIETKHM, pasjIvyarolmuecs 1o
MHUTOXOHJAPHAIIBHOMY F'€HOMY, OTJIMYAINCH IPYT OT Apyra Mo CBOEMY UMMYHHOMY
OTBETY. byaymune nccienoBanus yny4ynaT Halle TOHUMaHUE MEXaHU3MOB y4aCTHS
MUTOXOHJPHUM B IIATOJOTMYECKUX Ipoueccax. BeposaTHo, 4To wuccienoBaHus
HEJ0CTaTOYHOU MUTO(aruu u poiu onpeaeneHHsix Mytanui MT/IHK B e€ pazsutuun

MPUHECYT MHOTOOOCIIAIOIINE PE3YIIbTATHI.

KiaroueBble cJioBa: IMUTOKWHBI, MUTOXOHAPHUH, XPOHHUICCKOC BOCIIAJICHUC,

I_II/I6pI/IIH>I, TOJICPAHTHOCTD BpO)KI[éHHOFO HMMYHUTCTA, MI/ITO(I)aFI/IH.

Abstract.

Most age-related human diseases are accompanied by chronic inflammation.
Modern research is aimed at studying the principles of the formation of the immune
response. The reasons why the local inflammatory reaction cannot be resolved and
becomes a sluggish chronic form are still unknown. Immune cells secrete cytokines
in response to pathogens. To avoid cell death as a result of high concentrations of
cytokines and resulting tissue damage, there is a mechanism of innate immune
tolerance. Innate immune tolerance involves a decrease in the secretion of
proinflammatory cytokines in response to repeated exposure to a pathogen. It is
known that mitochondria play an important role in the formation of the immune
response. Consequently, impaired mitochondrial function can lead to impaired

immune response. To control the quality of mitochondria in the cell, there is a



mechanism - mitophagy. Previously, we have created cybrid lines based on the
monocytic cell line THP-1. Cybrids were obtained by fusion of THP-1 cells
(mitochondria were removed) with platelets from patients. Each of the cybrid lines
had the THP-1 nuclear genome and an individual patient's mitochondrial genome.
In our study, we decided to study the ability of cells carrying different mitochondrial
genomes to generate a pro-inflammatory response, as well as to form tolerance in
the future. For this purpose, we chose a model of ecdotoxin tolerance. Thus, we
stimulated the cybrid lines twice with lipopolysaccharide and then assessed the
secretion of the cytokines TNF-a, IL-1p, IL-6, IL-8, and CCL2 using ELISA. The
cybrids demonstrated two levels of pro-inflammatory response: high and low.
Moreover, cybrids with a high pro-inflammatory response either did or did not
develop tolerance upon repeated stimulation. In our study, cells that differed from
each other only in mitochondrial genome demonstrated three types of reactions upon
the induction of immune tolerance to LPS. Future studies will improve our
understanding of the mechanisms of mitochondrial involvement in pathological
processes. It is likely that studies of deficient mitophagy and the role of certain

mtDNA mutations in its development will yield promising results.

Keywords: cytokines, mitochondria, chronic inflammation, cybrids, innate

immune tolerance, mitophagy.
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Beenenmne.

Bocnanenne — 3T0 3ammTHas peaknuss MUMMYHHTETAa Ha NATOTEH WIH
noBpexieHrne. OJTHUM U3 BaKHBIX IPOSBICHU BOCHAIIUTEILHON PEaKLIUHU SIBISIETCS
CEKpeLMsi MMMYHHBIMU KJIETKaMH IPOBOCHAIUTEIBHBIX LUTOKHMHOB, TaKUX Kak
TNF-a, IL-1B8, IL-6, IL-8, CCL2. 310 HEoOX0oauMO Il PEKPYTHUPOBAHUSA B O4ar
BOCIAJICHHUS] UMMYHOKOMITETEHTHBIX KJIETOK U aKTUBAllUU MEXAHU3MOB YCTPAHEHUS
natoreHa [10]. UroOGwl u30exaTh amomnTo3a KIETOK B PE3yJbTaTe BBICOKUX
KOHLEHTpAalMil LUTOKWHOB, U KaK CJIEICTBHE MOBPEKICHUS TKaHHU, CYIIECTBYET
MEXaHU3M  TOJEPAHTHOCTA  BPOXKAEHHOTO  HMMMyHUTETa. TOJIEepaHTHOCTH
IPeACTaBIAEeT cO00N MEXaHU3M, IPU KOTOPOM MPOUCXOIUT CHUKEHUE CEKPELHH
MPOBOCHATUTENBHBIX [TATOKUHOB UMMYHOKOMIIETEHTHBIX KJIETOK MPHU MOBTOPHBIX
BO3JICHCTBUSIX TATOT€HAa M CIOCOOCTBYET pa3pelieHuro Bocnaienus [2]. Ecnu
BOCHAJICHHE HE MOKET Pa3pelIUThCs, TO OHO MIEPETEKAET B XPOHUUYECKOE COCTOSTHUE
[7].

CoBpeMeHHbIE  HUCCJIEAOBaHUA  HANpPABJIEHbl HA  HM3Y4YEHUE  POJIU
MUTOXOHJIpHA B Pa3BUTHUH XpOHHMUYECKOTO BocmaneHus [1, 9]. dynkunoHanbHas
AKTUBHOCTh KJIETOK, yYaCTBYIOIIUX B WMMYHHOM OTBETE, 3aBUCUT OT pPabOTHI
MUTOXOHApUA. MUTOXOHAPUHU NPEICTABISAIOT COOOH MOTYyaBTOHOMHBIE OpPTraHesUIbl,
obOnanatomue codctBeHHOM muToxoHapuansHoi JHK (MTAHK). Myrtanuu B
MTIHK mnpoucxonar yamie u3-3a OJIM30CTH K aKTHBHBIM (hopmMam KHCIOPOJa,
KOJBIEBOM CTPYKTYpbl, HECOBEpIIEHHOM pemapauun [9]. Iloatomy KkieTke
HEOOXO/MMO CBOEBPEMEHHO YCTPaHATh NOBPEKIEHHBIE OpraHeuisl. KoHTposb
KaueCcTBa MUTOXOHJIPUI OCYIIECTBIISIETCS HECKOJIBKUMHM MEXaHU3MaMH, OJIHUM W3
KOTOPBIX SIBIsIETCS MUTO(arus. Murodarus odecrieurBaeT CEJIEKTUBHOE y1aJ€HUE
MOBPEXKICHHBIX MUTOXOHApUid. CHUXKeHUE d(HPEKTUBHOCTH MUTO(Aruu MPUBOIUT
K HaKOIUICHUIO Ae(HEKTHBIX MUTOXOHJAPUM, YTO B JAJIBHEHIIIEM MOXXET MPUBECTH K
NOBBIIIEHHOMY YPOBHIO CEKpELUUU MPOBOCHAIUTEIBHBIX IMTOKUHOB U, Kak
CIIEJICTBHE, Ype3MEpHOMY Bocnaienuto [3, 11].

YnobHoit Mopaenblo s M3yYeHHS (PYHKIMOHAIBHOW 3HAYUMOCTH

MUTOXOHAPUM SIBISIOTCS LUTOIIA3MaTUYeCKue TuaApubl (udpuabl). [{ubpuast
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ObUIM co37aHbl Halleld jJabopaTopuel paHee, ISl 3TOro 0e3MUTOXOHApPUATHLHBIC
kierku THP-1 cmmnm ¢ TtpombGoumramu ot manueHTOB. Takum oOpa3zoM, Bce
UOpUABl HECYT €OUHBIA SAACPHBI T€HOM M YHUKAJIbHBIM MHUTOXOHAPUATBHBIN
resom [6].

Llenpr0 HACTOSILEr0 UCCIENAOBAHMUS OBUIO HW3YYEHUE CIIOCOOHOCTH
MUOPUIHBIX JTWHUN, HECYIIUX Pa3HbIl MUTOXOHAPUATILHBIN TE€HOM, TEHEPUPOBATh
MIPOBOCHIATTUTENBHBINA OTBET, a TAKKE (POPMUPOBATH TOJIEPAHTHOCTb.

MarepuaJjibl M1 METOABI

Jnsg  wm3ydeHus  B3auMOCBsI3M  Mexay Mmyramusmu  MTJHK n
BOCIAJIUTEIIbHBIM OTBETOM OBLIM BBIOpaHbI ITUOPUAHBIC JUHUM. J[J11 mogydeHus
uubpuaneix sguHud Ha THP-1 BoznmelicTBoBamu OpOMHUCTBIM O3THAMEM IS
yrHeTeHus MUToXoHapuid. [lociie Toro, kak B KI€TKaxX HE OCTaI0Ch MUTOXOHAPHIA,
OHM KOKYJIbTUBUPOBAIUCH C TPOMOOIIMTAMH OT NAIMEHTOB C XPOHUYECKUMHU
3a0oneBaHusIMUA. OCOOEHHOCTh TUX JIMHUW B TOM, YTO Y HHUX C€IWHBIN SACPHBIN
reroM. [{uOpuaHbIe TUHIH ObLIX TOIYUYCHBI HallleH Jaboparopueii panee [6].

JUisi BOCHANUTENbHONW pPEaKIMU U TOJEPAHTHOCTU K JIUIOMOJIMCAXAPULY
(LPS) muOpuHble JIMHUN BBHICEBAIA B CTEPHIILHBIC O-JTYHOUHBIC IJIAHIIETHI 11O JIBE
JYHKU B KOHIIEHTpaUUU 1 MJIH KJIETOK/MJ MO 2 MJI B KaXaylo JIyHKY. B ogny u3
JYHOK K KieTkam nobaBmsumn LPS B xonmentpamuu 1 mxr/mm. Kmerkum ¢ LPS
unkyOoupoBanu B TeueHue 4 4 B COz-unky6arope npu 37°C (95% Bo3ayxa u 5%
COz). Yepes 4 4 kietku oTkpyunBanu npu 300 g B TedeHHE 5 MUH, OTMBIBAIIN TIPH
nomom PBS, nmoGaBnsimm 2 M RPMI-1640 (10% ceBopotku, 100 em/mi
neHuuuiMHa U 100 MKT/MJT CTPENTOMUIIMHA) U BBICEBAIM 110 1 MJT B 24-1TyHOUYHBIN
IIaHIeT. 3ateM 100aBisuiM B OJHY M3 JyHOK LPS B xoHuenTtpamuu 1 MKr/mi.
Knerku ¢ LPS unkyoupoBanu B Teuenue 20 u B CO2-unky6aTope mipu 37°C (95%
Bo3ayxa U 5% CO2). Cnycts 20 4 o0Opasiubl KyJbTypaJlbHOM Cpelibl OTOMpaau B
npoOupku, neHtpudyrupoBanun B TedeHue 5 muHyT npu 300 g. CymepHaTaHT
OoTOMpayii B OT/AENbHbIE MPOOUPKH /I OLEHKH CEKPElUU MaHeNd IUTOKHMHOB

merogom MDA ¢ ucnons3oBanueM peareHToB R&D Systems. [IpoBenenne UPA
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COIVIACHO NPOTOKONYy aHanu3a. ONTHYEeCKyl0 IUIOTHOCTh KaiauOpaTopoB H
HccleyeMbIX 00pa3iioB u3Mepsuin Ha rianmetHoM puaepe CLARIOstar.

CratucTryeckuii aHajau3 NOPOBOJWIM IPU IOMOIIM [POrpaMMHOIO
obecrieuenust SPSS Statistics 26.

Pe3yabTaThl 1 00Cy:KI1eHHe

MsbI pemuiy OLEHUTH CIIOCOOHOCTh HCCIEAYEMBIX KJICTOYHBIX JUHUN
r€HEPUPOBaTh MPOBOCHAIMUTENBHBIM OTBET MNpu crumyisiuuu LPS, a Ttakxke
JANbHEHIIYI0 CIIOCOOHOCTh KIIETOK ()OPMUPOBATH UMMYHHYIO TOJIEPAHTHOCTD.

[{uGpuapl NEeMOHCTPUPOBAIM JBAa YPOBHS MPOBOCHAIUTEIBHOTO OTBETA:
BBICOKMH W HU3KHI. bonee Toro, nuOpuabl ¢ BBICOKMM IMPOBOCHAIUTEIbHBIM
OTBETOM MOKHO Pa3JeiUTh Ha T€, KOTOpbIe (POPMUPOBAIM TOJEPAHTHOCTb, U TE,
KOTOpBI€ HE (hOpMHUPOBaH ToJiepaHTHOCTD K LPS (Puc.1).

Pucynoxk 1. IIpoBocnanuresibHbII 0TBET M CIOCOOHOCTH (GOPpMHUPOBATDH
TOJIEPAHTHOCTH HUOpUAHBIMH JUHUAMU. (A) Cekpenust uutoknHoB TNF-a, IL-
1B, IL-6, IL-8, CCL2 B oTBeT Ha nepByto U Ha BTopyto ctumyssiiuio LPS. I1o ocu
Y oTMedeH MpOBOCHAIUTEIBHBIN OTBET Ha MEpBYI0 ctumyJranuio LPS, mo ocu X —
Ha BTOPYIO CTUMYJSIUMU. B mpsSMOyronbHUK monanud UUOPUABI C HUZKOU
CEKPETOPHOIN aKTUBHOCTHIO IO JIaHHOMY LIMTOKHHY. Eclii Touka BbIlIE JIUHHUH, TO
uOpuIHas TUHUS (HOPMHUPOBAJIA TOJIEPAHTHOCTD, €CIIM HIDKE, TO HEe (popMupoBaia.
(b) Cnocobnocts mMOpUAHBIX JUHUN (HOPMUPOBATH UMMYHHYIO TOJIEPAHTHOCTD
npu JABYKpaTHOW ctumyssinuu kietok LPS. CneBa mpexacraBieHsl HUOpHIHbBIE
JUHUH, CBEpPXYy LMUTOKUHBI. IlepeceueHusi COOTBETCTBYIOT THUIy OTBETa W
crocoOHOCTH (OPMHUPOBATH TOJEPAHTHOCTH JUISl KKIOM LUOPHUIHON JUHUU IO
KaXJI0MY IUTOKUHY. Cepbli NpsIMOYTOIBHUK — HU3KHUM TPOBOCTIATUTEIBHBIN OTBET,
Oenblii — BBICOKMH MPOBOCHAIUTENBHBIN OTBET, (HOPMHUPOBAIU TOJEPAHTHOCTD,
YEPHBINA — BRICOKHI MPOBOCTIAIIMTENIBLHBIM OTBET, HE (POPMHUPOBAIH TOJEPAHTHOCTb.

Oxkazanock, uyto mubpuaasie muann HSM1, HSM2, TC-520, TC-521, TCI-
521 ne pearupoBanu Ha cekpenuto LPS mo Bcem uccnenyempbim iutoknaam. TCN-

521 He pearupoBaja Mo YeThIPEM HUTOKMHAM U HE (POPMHUPOBAJ TOJIEPAHTHOCTD 10

IL-8. LSM1, HSMAM?2 umenu Huskyio cekperuto no IL-1B, IL-6, CCL2 u ne
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dopmupoBanu  tonepantHocTh 1o TNF-a, IL-8. LSM2 dopmuposana
tonepadnTHOCTh 10 TNF-a u mo CCL2, He hopmupoBana tonepanTHOCTh 1o IL-1[3,
IL-6, IL-8. HSMAM3 dopmuposana tonepantHocts mo TNF-a, IL-1B, IL-6 u ne
dbopmuporana mo IL-8, CCL2. HSMAM1, TC-522, TCP-521 dopmupoBanu 1o
CCL2, u ne ¢popmuposanu no TNF-a, IL-18, IL-6, IL-8.

Takum o00pa3om, KJIETKH, pa3IUYaIONIUEecs [0 MHUTOXOHIPHAIBHOMY
r€HOMY, KAYECTBEHHO OTIMYAIKNCH IO TUIy BOCHAIUTENBHON pEaKIIUH.

Panee, rpynna y4€HbIX NpoBeia KIMHUYECKOE MCCIEA0BAHNE U MTOKA3aa,
YTO Yy TMalueHToB ¢ wMyrtauusmu unum  geneuusmu B MTAHK  cekpenus
npoBocnanuTenbHbIX TUTOKMHOB TNF-a, IL-6, IL-1 nelfikountamu Oblia BhilIe B
orBeT Ha LPS [4]. MOXHO IpeanooKUTh, YTO OTBETCTBCHHBIM 3a HAKOILICHHUEC
mytanus MTJIHK Mormo OwiTh Hapymenue B Mutodaruu. bomee Toro, ObuIO
nokaszaHo, 4to HapymieHnus B cekpenun PINK1 w/unn PARKIN, kitoueBbix 6e1KoB
mMuTO(aruu, Takke BeJIo K MoBbIIIeHHOMY coaepxanuto IL-1B, IL-6, CCL2 [8].

3akiouenne

B cBoéM wuccienoBaHMM Mbl  IIPOAEMOHCTPUPOBAIM, YTO KIIETKH,
paznuYaronIecss MEXAY CO0OM  TOJNBKO  MHUTOXOHIPHAIBHBIM  TE€HOMOM,
KaueCTBEHHO OTJIMYAJIWCh 1O TUIY BOCHAIUTENbHOW peakuuu. Hame
uccieoBaHue, Oe3yClOBHO, HMeeT psj  orpaHuueHuit. Tak, ™Mbl He
MIPOJAEMOHCTPUPOBAIM PpOJIb KOHKpeTHbIX Myramui MTAHK B Hapymenusax
MMMYHHOW PEAKIIHNH, a TAKKE HE OCBETUIIM MEXAHU3MbI 3TUX HapylieHuil. OgHako,
BEPOSITHO, MHTOXOHJpPHUAIbHBIE MYyTalldd, a 3HAYUT W MHUTOXOHJpHUAIbHAs
TUC(YHKIMSI, NEUCTBUTEIBHO MOTYT JieKaTh B OCHOBE HapyIICHUN (QYHKIIHIMA
MMMYHHBIX KIETOK. PackpeiTne mexaHu3moB BiusgHusA Myrtannii MTAHK Ha
dbopMHpoBaHWEe MMMYHHOTO OTBETa W TOJEPAHTHOCTH TMPEICTABISCTCS KpaifHe
NEPCHEKTUBHBIM HamNpaBIeHUEM Uil pa3paboTku Ap@exkTuBHOW M Oe30rmacHon
Tepanuu 3a00JIeBaHUI BOCTIAJIUTEILHOTO TeHE3a.

baaromapaocTu
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ABTOPBI BBIPKAIOT 0J1arogapHOCTh [lenTpy BBICOKOTOYHOT'O
peIaKTUPOBaHUs M MeHETUYECKUX TexHojorui st ouomenuuunsl BT PAH, 3a
BO3MOXXHOCTh MCTIOJB30BAHMSI HAYYHOTO 000pPYI0BaHUS.

HccnenoBanue BBIMOJIHEHO Mpu noaAepkke rpanta PH® Ne 23-25-00339.



PUCYHKHA

Pucynoxk 1. IIpoBocnmajurejibHBIH OTBET M CHOCOOHOCTH (popMHUpOBaATH
TOJIEPAHTHOCTH HUOPUAHBIMH JUHUAMHU. (A) Cekpenust muTokuHoB TNF-a, IL-
1B, IL-6, IL-8, CCL2 B oTBeT Ha nepByio U Ha Bropyto ctumyssiiinio LPS. I1o ocu
Y oTMedeH MpOBOCHAIUTENBHBIM OTBET Ha MEPBYI0 cTuMyJranuio LPS, mo ocu X —
HAa BTOPYIO CTUMYJSIUA. B TOpsSIMOYrofibHUK Tomald UHUOPUABI C HU3KOH
CEKPETOPHOM aKTUBHOCTBIO M0 JAHHOMY LIMTOKMHY. ECIM TOYKA BBILIE JUHUHU, TO
uOpuIHas TUHUSA (HOpPMHUPOBAJIa TOJIEPAHTHOCTD, €CIIM HIDKE, TO HEe (popMupoBaia.
(b) CnocoOHOCTh UMOPHUAHBIX JIMHUKM (OPMUPOBATH UMMYHHYIO TOJIEPAHTHOCTD
npu ABYKpaTHOW ctumyisinuu kietok LPS. CneBa mpexacraBieHsl HUOpHIHBIE
JUHUH, CBEPXY LMTOKUHBL. llepeceueHnss COOTBETCTBYXOT THUIy OTBETa U
criocoOHOCTH (OPMUPOBATH TOJEPAHTHOCTh I KaXKJIOW HUOPUIAHONU JIMHUU 10
KKJI0MY HUTOKUHY. Cepbli NpsIMOYTOIbHUK — HU3KHUI TPOBOCHIAIUTENBHBIN OTBET,
Oenblii — BBICOKMH TMPOBOCHAIUTENBHBIN OTBET, (HOPMHUPOBAIU TOJEPAHTHOCTD,

YEPHBIN — BBICOKHI MPOBOCHAIUTENbHBII OTBET, HE (OPMHUPOBAIIN TOJEPAHTHOCTD.

Figure 1. Pro-inflammatory response and ability to form tolerance in cybrid
lines. (A) Secretion of cytokines TNF-a, IL-1p, IL-6, IL-8, CCL2 in response to the
first and second LPS stimulation. The Y axis shows the proinflammatory response
to the first LPS stimulation, and the X axis to the second stimulation. The rectangle
contains cybrids with low secretory activity for this cytokine. If the point is above
the line, then the cybrid line has formed tolerance, if below, then it has not. (B) The
ability of cybrid lines to form immune tolerance upon double stimulation of cells
with LPS. On the left are cybrid lines, on top are cytokines. The intersections
correspond to the type of response and the ability to form tolerance for each cybrid
line for each cytokine. Gray rectangle — low pro-inflammatory response, white —
high pro-inflammatory response, tolerance was formed, black — high pro-

inflammatory response, tolerance was not formed.
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