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Pe3iome. BoJibllIMHCTBO BO3paCcTHBIX 3a00JI€BaHUI YeJIOBEKA COIIPOBOXIACTCSI XPOHUYSCKUM BOCIIae-
HreM. CoBpeMeHHBIe MCCIeIOBaHMSI HalpaBiIeHBI Ha U3ydeHUE MTPUHINUIIOB (DOPMUPOBAHUS UMMYHHOTO
orBeTa. J1o CHX IOp HE U3BECTHHI NPUYMHbI, 10 KOTOPBIM JIOKaJbHasl BOCIIAJIMTEIbHAs peaKIIMs HE MOXET
pa3peIIMThCI U MEPEXOOUT B BSUIOTEKYIIYIO XPOHUYECKYIO (hopMy. BpoxkaeHHBIM UMMYHUTET TIEPBBIM OT-
BeYaeT Ha BTOPXKEHHUE IaToreHaM. BaXkHoil cocTaBJIsIIOIIel BOCIIAJIMTEIbHOM peaKIIMK SIBJISIETCS CEKPELIMs
WMMYHHBIMU KJIETKaMU TTIPOBOCHAIMTEIbHBIX IMTOKMHOB, TakuxX Kak TNFa, IL-1B, IL-6, IL-8, CCL2. BT0
HEOOXOAMMO ISl pEeKPYTUPOBAHUSI B O4Yar BOCIAJICHUSI UMMYHOKOMITETEHTHBIX KJIeTOK. YTOoObI n306exaTh
rubesiv KJIeTOK B pe3yJIbTaTe BhICOKMX KOHLIEHTPALIMI LIMTOKUHOB 1, KaK CJIeICTBUE, IOBPEKACHUS TKAHU,
CYILIECTBYET MEXaHM3M TOJICPAHTHOCTH BPOXIEHHOTO MMMYHHTETA. ToJIepaHTHOCTh BPOKACHHOTO MMMYHMU -
TeTa 3aKJIF0YaeTCs B CHIDKCHUM CEKPEIUM MPOBOCHATUTEIBHBIX IIMTOKMHOB B OTBET HAa ITOBTOPHOE BIIMSI-
HHe maroreHa. M3BecTHO, 4TO B (hOPMUPOBAHNY UMMYHHOTO OTBETa BaXKHYIO POJIb UTPAIOT MUTOXOHIPUH.
CrenoBartelibHO, HapyILIeHUsI B QYHKIIMOHUPOBAHMKY MUTOXOHAPUI MOTYT IIPUBOAUTHL K HAPYILICHUSIM M-
MYHHOTO oTBeTa. YTOOHI 130eXaTh HAKOTUICHUS Te(PEKTHBIX MUTOXOHIPU B KJIETKE, CYIIIECTBYET KOHTPOJIb
KayecTBa MUTOXOHApUIL. MuTodarusi, IBISISICh CIIeLMaIM3UPOBAHHOI (popMoii ayTodarum, oUMIiaeT KieT-
Ky OT mMCHYHKIIMOHAIBHBIX MUTOXOHApUI. PaHee Hamiell J1adopaTOpnu yoaJIoch pa3padoTaTh IIMOPUILI.
DTO JIUHUM, KOTOPbIE ObLIM IOJYyYeHbl HA OCHOBE MOHOULMTApHOI KiieTouHol guHuu THP-1, B koTopoii
IpeaBapUTEIbHO YOpaaIy MUTOXOHAPUH. YTOOBI ITOIYyIUTh HUOPUIBI, TIOTYIYUBIIAECS Oe3bsAepHBIC KICTKHN
THP-1 KoKyAbTUBUPOBAJIU C TPOMOOLIMTAMU OT MallMEHTOB. TakuM 0Opa3oM, HIMOPUIAbI HECYT B cede siaep-
b1l reHoM THP-1 1 MuTOXOHAPUAIbHBINM TeHOM HaliMeHTa. B HallleM MCCcaeqoOBaHUU Mbl PELIIN U3YYUTh
CITOCOOHOCTh KJICTOK, HECYIIMX Pa3HbIii MUTOXOHIPHUAJIbHBIA T'€HOM, TeHepHUPOBaTh IMPOBOCIIATUTEIbHBIN
OTBET, a TakKxKe (DOPMUPOBATH TOJICPAHTHOCTD B HajibHeiiieM. J1ist 3T0 Mbl BBIOpaIM MOZE/Ib TOJIEPAHTHOCTHU
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K 9KIOTOKCUHY. ToJlepaHTHOCTb K 9HAOTOKCUHY W JIMIIOTOJMCaXapuay ornpeaeaseTcss Kak pe3uCTeHTHOE,
MMPOTUBOBOCTIAJIMTEILHOE COCTOSIHME B OTBET Ha BTOPUUYHYIO J0O3Y JMITOIOJMCcaXapyay Mocjie IMepBUYHOIO
BO3ICUCTBUS. TakM 00pa3oM, MBI IBaKIbl CTUMYIMPOBAIN IIMOPUIHBIC TMHUY JIMIIOIIOIMCAaXapUIOM U MO-
cJie 3Toro oneHuBaau cekpetnu nutokuHoB TNFa, IL-1B, IL-6, IL-8, CCL2 ¢ nomompio MDA, LIndpumbt
JNIEMOHCTPUPOBAJIM IBA YPOBHSI IPOBOCIIAIMTEILHOIO OTBETA: BLICOKMI U HU3KMWiL. Bosee Toro, umopumsl ¢
BBICOKHM TIPOBOCTIAJIMTEIIBHBIM OTBETOM JIM0O (popMUpoBaIn, 1100 He (hOPMHUPOBATIN TOJECPAHTHOCTD TP
MOBTOPHOU cTUMyIsLMU. B pe3yabrate ucciaenoBaHusl Mbl YCTAHOBUJIM, YTO KJIETKHM, pa3idyalolidecs Io
MUTOXOHIPUATBHOMY T€HOMY, OTJIMYAIUCh IPYT OT Ipyra 1o CBOEMY UMMYHHOMY OTBETY. Bynymiue uccie-
MOBAaHMS yJIyJIIaT Hallle TIOHMMaHWEe MEXaHW3MOB yJacTHs MUTOXOHAPHWI B MATOJIOTMYCCKUX IIpolleccax.
BeposiTHO, 4TO MccaenoBaHUs HEAOCTATOUHOM MUTOMAruu 1 poJin ornpeaeeHHbIx MmyTtauuii MTIAHK B ee
Pa3BUTUU MIPUHECYT MHOT0O0OEIIAIOIINE PE3YJIbTaThI.

Kntouegbie cn06a: yumokuHsl, MUMOXOHOPUU, XPOHUUECKOe 80CnANeHUe, YUOPUObL, MOAEPAHMHOCIb 8POICOCHHO0 UMMYHUMEMA,
mumoghaeus

THP1-BASED CYBRID CELLS WITH VARIOUS mtDNA
MUTATIONS DIFFER BY THE ABILITY TO FORM
INFLAMMATORY RESPONSE

Zhuravlev A.D.>?, Verkhova S.S.»*, Kubekina M.V.¢
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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 proinflammatory 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 TNFa, IL-1B, 1L-6, IL-8, and CCL2 using ELISA.
The cybrids demonstrated two levels of proinflammatory response: high and low. Moreover, cybrids with a high
proinflammatory 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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WccnegoBaHue BBIITOJIHEHO MPU IIOAAEPKKE
rpaaTa PH® Ne 23-25-00339.

BeeneHue

BocnaneHne — 3TO 3allyMTHAsI peakiydsi UMMY-
HUTeTa Ha MaTOreH Wi MmoBpexneHue. OgHuM u3
BaXXHBIX MIPOSIBJICHUIT BOCITAIUTEILHOMN peaKIInu SIB-
JISIETCST CeKpenusT UMMYHHBIMU KJIETKAMU IIPOBOC-
MaTUTENbHBIX IUTOKUHOB, Takux kKak TNFa, IL-18,
IL-6, IL-8, CCL2. D10 HeoOXoaAuMO IJISI peKPYTH-
pOBaHUS B o4ar BOCHaJeHNUS UMMYHOKOMIIETEHTHBIX
KJIETOK M aKTUBallMA MEXaHW3MOB YCTpaHECHUS Ma-
ToreHa [10]. YToObI u306eXkaTh arornTo3a KJIeToK B pe-
3yJIbTaTe BBICOKUX KOHIIEHTpAIINii IMTOKWUHOB 1, KaK
CJICICTBYE, TOBPEKICHMS TKAHM, CYIIISCTBYEeT MeXa-
HU3M TOJEPAHTHOCTA BPOXICHHOIO MMMYHUTETA.
TonepaHTHOCTB MpeACTABASIET COOOI MEXaHU3M, TIPU
KOTOPOM IPOUCXOIUT CHUKEHUE CEKPEIIH ITPOBOC-
HaJIUTEJIBHBIX IUTOKUHOB MMMYHOKOMITETEHTHBIX
KJIETOK IIPU TTOBTOPHBIX BO3ACUCTBUSIX MAaTOTeHa W
CITOCOOCTBYeT paspelleHUIo BocmaneHus [2]. Eciu
BOCITJICHUE HE MOXKET Pa3pelinuThCs, TO OHO Tepe-
TEKaeT B XpOHMUUYECKOe cocTosiHuE [7].

CoBpeMeHHBIC HCCIeIOBaHUSI HaIIpaBJICHBI Ha
U3yYCHUE POJIU MUTOXOHAPUIA B pa3BUTUM XPOHUYEC-
cKkoro BocrtasieHus [1, 9]. @yHKIMOHaAIbHAST aKTHUB-
HOCTH KJIETOK, YYAaCTBYIOIIMX B UMMYHHOM OTBETE,
3aBUCUT OT pabOThl MUTOXOHIAPUU. MUTOXOHIAPUU
MPEACTaBJISIIOT COOOI IMOJyaBTOHOMHBIC OpraHes-
JIbl, 00J1afarole COOCTBEHHO MUTOXOHAPUATBHOM
JHK (MmtAHK). Myrauuu B MTAHK npowucxonsar
qaie M3-3a O0JM30CTU K aKTUBHBIM (opMaM KHcC-
Jlopoda, KOJbLEBOWM CTPYKTYPbl, HECOBEPLIEHHOU
pernapanuu [5]. [ToaToMy KIeTke HEOOXOOAUMO CBO-
€BPEMEHHO YCTPaHSATh IMOBPEKICHHBIC OPTaHCIUIHL.
KoHTpoib KauecTBa MUTOXOHAPUI OCYIIECTBIISICTCS
HECKOJbKMMU MeXaHU3MaMHu, OOHHUM M3 KOTOPBIX
sapasietcs: mutodarusi. Murodarusi obecrieunBaeT
CEJICKTUBHOE YIaJICHUE TMOBPEXKIESHHBIX MUTOXOH-
npuii. CHKeHne 3P(GeKTUBHOCT MUTO( ATy mpu-
BOIMUT K HAKOIUIEHUIO Ne(EeKTHBIX MUTOXOHIPUIA,
YTO B JaJIbHEHIIIEM MOXET MPUBECTU K ITOBBIIICH-
HOMY YPOBHIO CEKPEIUM MPOBOCHAJIUTEIIBHBIX TN~
TOKWHOB U, KaK CJICACTBUE, Ype3MEPHOMY BOCHaJe-
Huto [3, 11].

Yno6HoOI MoJebIo A1 U3YyYeHUsT GYHKIIMOHAb-
HOM 3HAYMMOCTU MUWTOXOHIPHUIA SIBJIISIIOTCS IIMTO-
masMaTUIecKue Tuapuabl (mopuasl). LuOpmmbr
ObLIM CO3JaHbl Halleil jadopaTtopueil paHee, IJIs
3TOro 6e3muToxoHapuaibHblie Kietku THP-1 ciunu
C TpOMOOLIMTAMU OT MAallMEHTOB. TakuMm 0Opa3oM,
BCE UOPUIBI HECYT €MMHBIN SIIePHBINA TCHOM U YHHU-
KaJIbHBIII MUTOXOHIPUAJIbHBINA TeHOM [6].

ILlenp0 HACTOSIIEr0 WCCJIEAOBAHUA OBLIO W3-
y4YeHUE CITOCOOHOCTU LIMOPUIHBIX TMHUIM, HECYIIIUX
pa3HbIf MUTOXOHIPUAILHBIN T€HOM, TeHEpHUPOBaTh
MPOBOCHAJIUTEIIBHBINA OTBET, a TaKxkKe (POpMUPOBATH
TOJIEPAHTHOCTb.

Matepuans! 1 MeTogbl

JU1st u3ydeHusi B3aMMOCBSI3U MEXIY MyTallUusIMU
MTIHK 1 BocnanuTenbHbIM OTBETOM OBbLIM BbIOpa-
Hbl LUOpUAHBIE JUHUU. I TOJydeHUs1 LUOpUI-
HbIx auHu Ha THP-1 Bo3neiicTBoBai OPOMUCTHIM
STUIMEM JJIsl yTHeTeHUSI MUTOXOHIpuii. [Tocye Toro,
KaK B KJIeTKaX He OCTaJlOCh MUTOXOHIPUI, OHU KO-
KYJIbTUBUPOBAIUCH C TPOMOOLIMTAMU OT IallUeHTOB
C XpOHMYECKUMHU 3abojieBaHUSIMU. OCOOEHHOCTh
3TUX JIMHUU B TOM, YTO Y HUX €IWHBIN SACPHBIA Te-
HoM. LlnOpuaHble TUHUU OBLLIM TIOJAYyYEHBI Hallleil
snaboparopueit paHee [6].

s BocmiaauTeIbHOM peakliiyi U TOJEPaHTHO-
cTu K turtorntonvcaxapuny (LPS) unopuaHble TUHUMA
BBICEBAJIM B CTEPUJIbHBIC O-JIYHOUHBIE IJTAHIICTHI
O IBE JIYHKM B KOHICHTpAIUU | MITH KJIETOK/MJI
o 2 MJI B KaXOyio JIYHKY. B oTHYy M3 TyHOK K KJIET-
KaMm mob6asnsyii LPS B kKoHueHTpauuu 1 MKT/MII.
Knerku ¢ LPS nnkyoupoBanu B TeueHue 4 4 B CO,-
nHky6atope npu 37 °C (95% Bosnyxa u 5% CO,).
Yepes 4 u knetku orkpyyuBanu npu 300 g B Teue-
HUe 5 MUH, OTMbIBaJIU Ipu oMol PBS, noGass-
mu 2 mi1 RPMI-1640 (10% ceiBopotku, 100 ex/mi
neHumUIMHA U 100 MKT/MJT CTpETITOMUIIMHA) U
BBICEBaJIM 110 1 MJI B 24-TyHOUHBIN IJTAHIIIET. 3aTeM
J00aBISIN B OOHY U3 TyHOK LPS B KOoHIIEeHTpanun
1 mxr/mi. Kietku ¢ LPS nHKyOupoBaau B TeueHUE
20 u B CO,-unky6atope npu 37 °C (95% Bosmyxa
n 5% CO,). Criyctst 20 4 o6pasiibl KyJIbTypaabHOM
cpenbl OTOMpaii B IPOOUPKHU, LIEeHTpUDYTUpoBaIn
B TeucHMe 5 MuHYT nipu 300 g. CynepHaTaHT OTOM-
paJIv B OTAEIbHBIC IIPOOMPKU JJISI OLICHKU CeKPEIINU
naHeJau HUTOKUHOB MeTonoM MPA ¢ ucroib3oBa-
HueMm peareHToB R&D Systems. Iposenenue MDA
COIVIaCHO MPOTOKOJIy aHaiu3a. ONTUYECKYIO MI0T-
HOCTb KaJTMOpaTOPOB U UCCIEAyeMbIX 00pa3lOB U3-
Mepsiau Ha tiaHeTHoM punepe CLARIOstar.

CTaTUCTUIECCKUI aHAIN3 TIPOBOMIIN TIPU TIOMO-
11 IIporpaMMHoro obecreyeHust SPSS Statistics 26.

Pe3synbTaTthl 1 00CyxaeHNe

Mbl pelimiau OlEHUTh CIOCOOHOCTh HUCCHenye-
MBIX KJIETOYHBIX JIMHUW Te€HEepUpOBaTh IMPOBOCIA-
JIMTEJIbHBINA OoTBeT mpu ctumyiasuuu LPS, a takxke
NaJbHEUIIYI0 CHOCOOHOCTh KJIETOK (hOpMUPOBATH
UMMYHHYIO TOJIEPAHTHOCTb.
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Hubpuabl 1eMOHCTPUPOBAJIM JBa YPOBHS IIPO-
BOCHAJIUTEIbHOIO OTBETA: BHICOKUI U HU3KUN. bo-
Jiee TOro, UMOpPHUIbl C BBICOKMM IMPOBOCIIAIUTEIIb-
HBIM OTBETOM MOXHO pa3leJuTh Ha T€, KOTOpPbIE
dopMUpOBaIM TOJIEPAHTHOCTb, U T€, KOTOpbIE HE
dopmupoBanu TojiepaHTHOCTh K LPS (puc. 1).

Oxkazanoch, uyto uMbpuaHeie auHuu HSMI,
HSM2, TC-520, TC-521, TCI-521 He pearnpoBa-
au Ha cekpeuunto LPS mo BceM mccieayeMbiM LU-
toknHaM. TCN-521 He pearupoBaja Mo YEeThIPEM
IUTOKWUHAM U He (pOpMUPOBaT TOJEPAHTHOCTH IO
IL-8. LSM1, HSMAM?2 umMeIu HU3KYIO CeEKpe-

A(A)

TNFa, nrimn (pg/mL)

IL-1B, nr/mn (pg/mL) IL-6, nr/mn (pg/mL)

200 100 200
Lo Lo Lo
— 0o — 0 — 0
Z _cl 150 *m3 S T:‘ Z _cl 150
22 L oL 22 22
=] Tep S =
gé 100 (55 E‘E 50 g‘é 100
o @ [T 5 ®
sz 30 . T =z 90 ot
Sy o Gl omz = = e
0 o1Cl 0
0 50 100 150 200 0 50 100 150 200
2-9 cTumynsauns LPS 2-9 cTumynsauns LPS 2-9 ctumynsums LPS
2 stomulation LPS 2 stomulation LPS 2 stomulation LPS
IL-8, nr/mn (pg/mL) CCL2, nr/mn (pg/mL)
" 2500 . 2500
S & 200 %5 & 2000
§ = § f=
ér% 1500 E—f% 1500
5-5 .2 55
2 E 1000 £ E 1000 jes22
5% 5a
T & 500 T

LLVE]

0

0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
2-9 ctumynsaums LPS 2-9 ctumynsums LPS
2 stomulation LPS 2 stomulation LPS
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CokpalLieHHoe
Unbpupos Hassamle Nk L1 L6 IL8  COL2 Huakwi NpOBOCTANUTENbHbIiA OTBET
(Cyk?_ll'g'\;?me) (Abbr'e_|\11|atlon) - Low pro-inflammatory response
HSM2 H2 BbICOKMiA NPOBOCTANMTEbHbIN OTBET. POPMUPOBANKA TONEPAHTHOCTL
LSM1 L1 High pro-inflammatory response. Tolerance has been formed
LSM2 L2 Bbicokui npoBocnanuTenbHblil 0TBET. He (hopMupoBank TonepaHTHoCTb
HSMAM1 M1 High pro-inflammatory response. Tolerance has not been formed
HSMAM2 M2
HSMAM3 M3
TC-520 520
TC-521 521
TC-522 522
TCI-521 TCI
TCN-521 TCN
TCP-521 TCP

PucyHok 1. lpoBocnanuTenbHbI OTBET M CNOCOGHOCTL (hOPMUPOBATL TONEPAHTHOCTL LIMOPUAHBIMU NUHUAMU
Mpumeyanue. A - cekpeums uutokmHoB TNFa, IL-1p, IL-6, IL-8, CCL2 B oTBeT Ha nepByto 1 Ha BTopyto cTumynsuuto LPS. Mo ocu Y
OTMeYeH NpoBOCNanuTenbHbIi OTBET Ha NepByto cTUMynAuuMio LPS, no ocn X — Ha BTopyto cTuMynsumn. B npsmoyronbHuk nonanm
LMOpMABI C HU3KOI CEKPETOPHOI aKTUBHOCTBLH MO AaHHOMY LIMTOKMHY. Ecnn Touka Bbiwe nuHum, To uubpuaHas nuHusa dopmmpoBana
TONIEPaHTHOCTb, €CIN HUXE, TO He chopmupoBana. b - cnocobHOCT LMOPUAHBIX NMHMI HOPMUPOBATL MMMYHHYIO TONEPaHTHOCTL NPU
ABYKpaTHOW cTumynauum knetok LPS. Cnesa npeactaBneHb! LM6pUAHLIE TMHWK, CBEPXY LUTOKMHBI. MepeceyeHns COOTBETCTBYHOT
TUNY OTBETa U CNOCOGHOCTH hoPMUPOBATL TONEPAHTHOCTb ANA KaXAOW LIMOPMAHON JIMHMM NO KaXAOMY LIMTOKUHY. Cepbin
NPSAAMOYroNbHUK — HU3KWIA NPOBOCNANMUTENbHbIA OTBET, 6enbliii — BbICOKMIA NPOBOCNANNUTENbHbI OTBET, POPMUPOBANM TONEPAHTHOCTb,
YepHbIN — BbICOKWI NPOBOCNANMTENbHbIN OTBET, He (hOPMMPOBaNM TONEPaHTHOCTb.

Figure 1. Pro-inflammatory response and ability to form tolerance in cybrid lines

Note. A, secretion of cytokines TNFa, 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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muo 1o IL-1B, 1L-6, CCL2 u He dopmMupoBaiu
TonepaHTHocTh Mo TNFa, IL-8. LSM2 dopmu-
poBana tonepaHTHocTb o TNFa n mo CCL2, He
dopmupoBana TtojepaHTHOcTh To IL-1B, 1L-6,
IL-8. HSMAM3 ¢dopmupoBasa ToJIepaHTHOCTH 11O
TNFa, IL-1B, IL-6 u He dopmupoBana mo 1L-8,
CCL2. HSMAM1, TC-522, TCP-521 dopmupoBa-
nu o CCL2, u He popmuposanu no TNFa, IL-1p,
1L-6, IL-8.

TakuM o00pa3oM, KJISTKH, pas3Inyalonirecs II0
MUTOXOHAPUATIBHOMY TeHOMY, KAUeCTBEHHO OTJIMYa-
JIUCh TI0 TUITY BOCTIJIMTEJILHOI peaKIIvu.

Panee rpynma y4eHBIX MpoBejia KIMHUYECKOE
HWCCIIeOBaHWE M IToKasaja, YTO y MAallMeHTOB C
myTauusamu unu geneuussmMu B MTIAHK cekpe-
Mg TpoBocHaauTebHbIX UUMTOKMHOB TNFa,
IL-6, IL-1pB neiikonuTaMu OblIa BbIlIe B OTBET Ha
LPS [4]. MoxXHO NpeanoJoXnuTh, YTO OTBETCTBEH-
HbIM 3a HakorieHue mytanus MTIHK Morio 6bITh
HapymieHue B Mmutodarnn. boiiee Toro, 6pU10 MO-
KazaHo, 4To HapymeHus B cekperuu PINK1 u/unn
PARKIN, kitoueBbix 0el1KOB MUTOdAruu, Takxke
BEJIO K MOBbIIIEHHOMY cojaepxanuwo IL-1B, 1L-6,
CCL2 [8].
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