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Peswome. HakoruieHHbIE JaHHBIE O PETYISTOPHBIX T-KjIeTKaxX MpU pake MpeacTaTeIbHOMN Xeie3bl M03BO-
JISTIOT TIPEATIOJIOXKUTD, YTO 3TU KIIETKY IMMPOHUKAIOT B OMYXO0JIEBYIO TKAHb MPEICTATEIbHOMN XKeJe3bl, MOAaBIIsI-
IOT TPOTUBOOIYXOJIEBbIII UMMYHHBII OTBET, BBI3bIBAsi arPECCUBHOE TEYEHUE PaKa Y HU3KYIO BBDKMBAEMOCTb.
HeTtanbHas olieHKa cyomomyasiuii T-KJIeTOK B MUKPOOKPYXXKEHUM OITyXOJW MOoKa3aja, 4TO KOJUYECTBO
CD4*Treg yxyauaet nmporHo3. B yacTHocTr, mokasaHo, 4To Kaxkaas gonojHuteabHas CD4* Treg-kiieTka Bbl-
3bIBACT CTATUCTUYECKH 3HAUMMOE YBEJIMUYEeHNEe CMEPTHOCTH OT pakKa MpocTaThl Ha 12%, He3aBUCUMO OT ApY-
TUX KInHn4YecKuX paktopoB. CyllecTByeT HECKOJIBKO BO3MOXHBIX OOBSICHEHUN TTOBBIIIIEHHOW UH(WIBTpa-
1IUU KJIeTOK Treg B TKAaHUW paKa MpeacTaTeJbHOU Xeje3bl. Bo-TiepBhIX, OMyXOaeBbIe KJIIETKUA WU Makpodaru
B OITyXOJIU CIIOCOOHBI ceKpeTupoBaTh xeMOKUH CCL22, koTopslit 001amaeT cpoacTBoM K perenitopy CCR4,
SKCIpecCupyeMoMy Ha KjleTkax Treg. Bo-BTOpPBIX, IUTOKWHBI, CEKPETUPYEMBIE OITYXOJISIMU TPENCTATENb-
HOW xenesbl, Takue kak TGF-f3, MoryT perynupoBath skcnpeccuto FoxP3 u paciupsars nonyssiuto Treg.
TGF-B, B cBOIO ouepenb, MPeACTaBISIET CO00 MHOTOMDYHKIIMOHAIBHBIA IUTOKWH, KOTOPBINA YBEJIWYUBA-
€T BbDKMBAeMOCTh U Ipoaudepannio TpaHCcHOPMUPOBAHHBIX KJIETOK, B TOM YUCJIE SMUTEIUAIBHBIX KJIETOK

IIpOCTAaThI, YTO OBbLIO O6Hapy>KCHO B IMTOBBIMICHHBIX KOJIMYCCTBAX y ITALIMCHTOB C ME€TaCTa3MPOBAHUCM.

Knrouesvie cnosa: Treg, FoxP3, CD127, CTLA-4, yumokurui, pak npocmamu!

ROLE OF THE REGULATORY T CELLS IN PROGRESSION

OF PROSTATE CANCER
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Abstract. The existing data on regulatory T cells (Tregs) in prostate cancer suggest that these cells may
penetrate the prostate gland malignant tissue, suppressing antitumor immune response, thus promoting
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aggressive clinical course and low survival of the cancer patients. Evaluation of T cell subpopulations from
the tumor microenvironment has shown that the number of CD4*Tregs is associated with inferior clinical
prognosis. In particular, each additional CD4*Treg cell has been shown to cause a statistically significant
increase in prostate cancer mortality by 12%, regardless of other clinical factors. There are several possible
explanations for the increased infiltration of prostate cancer tissue with regulatory T cells. Firstly, malignant
cells or tumor-associated macrophages are capable of secreting chemokine CCL22, which has an affinity for
the CCR4 receptor expressed on Treg cells. Secondly, cytokines secreted by prostate tumors, such as TGF-3,
may regulate the FoxP3 expression, thus expanding the Treg population. TGF-f3, in turn, is a multifunctional
cytokine that promotes survival and proliferation of transformed cells, including prostate epithelium, as

evidenced by increased amounts in the patients with metastatic disease.

Keywords: Treg cells, FoxP3, CD127, CTLA-4, cytokines, prostate cancer

BeeneHue

Pak mpencrarenbHoil xene3nl (PIT2XK) otHOCUT-
Cs K YMCIIy pacIpOCTPaHEHHBIX 3JIOKAYECTBEHHBIX
HOBOOOpa3oBaHuii y Mmy>xunH. B Poccuiickoit Mdene-
paliuu HaOJIoAaeTcsl IMOCTOSTHHOE YBEJIUYEHHE pac-
npoctpaHeHHocTn PITK, koTopast coctaBuia B 2017
rogy 150,2 cnydaa Ha 100 Teicsiu HaceneHusi. He-
CMOTpS Ha TIPUMEHSIOIINECS METOIBI TUAaTHOCTUKK
JMTAaHHOTO 3a00JIeBaHUSI 1 MOHUTOPHWHT YPOBHS IIPO-
cratudeckoro crennduaeckoro anrureHa (I1CA),
JIETAILHOCTh OOJILHBIX B TeUYEHHME Tola ¢ MOMEHTa
ycraHoBineHuss PIT2K B Poccum cocraBuna B 2017
roay 8,1% [1]. Beicokue nmokasatenu 3a60JieBacMO-
CTU U CMEPTHOCTH OOYCJIaBJIMBaOT HEOOXOAMMOCTh
COBEPIICHCTBOBAHUSI METOIOB NTUATrHOCTUKHU U Jie-
yenus PITXK. AxktyanbHoil mpo0OJjieMoli B HaCTOsIIIee
BpeMsI SIBJISIETCSI BBISIBIICHME ITOTCHIIMAILHO CMeEp-
TeabHOoro PIT2K Ha MOMEHT MOCTaHOBKM JMarHo3sa.
ITokazarens Ilmcona, yposeHb [ICA mpencrasis-
IOT OIIpEJEIeHHYI0O TIPOrHOCTUYECKYIO IIEHHOCTh
st nedyeHus PIT2K, Ho oHM He MOTYT TpeacKas3arhb,
KaKUM OKaXeTCsl TedeHHe 3a0ojieBaHMSI — WHIO-
JICHTHBIM WJIA arpeCCUBHBIM. B CBsI3M ¢ 3TMM Ha ce-
TOMHSIIITHUM TeHb HEOOXOAMMO TTPOIOJIKEHUE TTIOUC-
Ka IOOMOJIHUTEIbHBIX IIPOTHOCTUYECKMX MapKepoB
151 607ee 3(PGHEKTUBHOTO MPUHSITUS KIMHUYECKUX
peiennii npu ieaeHuun PITX [6].

CoBpeMeHHBIE TOCTIKEHUST MOJICKYJISIPHO 0110~
JIOTMU, TEHHON WHKEHEePUU, UMMYHOJIOTMU MpUBe-
JIM K BO3MOXHOCTH YTOYHCHUSI UMMYHOIIaTOTeHEe3a
OHKOJIornyeckux 3aboJieBaHuil. PacimupeHue Bo3-
MOXKHOCTEM MPOTOUYHOM IIMTOMIIIOOPUMETPHUHU OTIPe-
JeJTMJIO COBPEMEHHBIE TIPEACTABJICHUS O ITIepedHe
OOy TUMMOIIMTOB, MCCIEeI0BAaHUE KOTOPBIX
1eJecoo0pa3HO MpU OlLIEHKE WMMYHHOTO cTaryca.
HccnaenoBaHus ImaToreHe3a pa3IMYHBIX OHKOJIOTH-
YyecKrX 3a00JIeBaHUI TIPOJEMOHCTPUPOBAIN POJIb
aKTUBUPOBAHHBIX  JIUMQOLIUTOB,  PErYISITOPHBIX
T-knetok, a Takxke cyonomnynsauuii B- u NK-kieTtok.
B cBs13U ¢ BBIIIEU3I0KEHHBIM Ha CETOOHSIIITHUI TeHb
OCOOBIII MHTEpeC, B paMKaxX OIEHKM WMMYHHOI'O
craTtyca Ipyu UMMYHO(DEHOTUIMMPOBAHUM JTUMODOILIU-
TOB TTepuepPUICCKO KPOBHU, MPEACTABIISICT aHAIN3

MaJIbIX CYOIOITY/ISIINY JIUM(POIUTOB U MYJIOB aKTH-
BUPOBAaHHBIX KJIETOK [2]. Peructpauuss nuHamMuku
W3MEHEHUI CyOITOmy IIIIMOHHOTO cocTaBa T-KIIeTOK
MpU psiie  OHKOJIOTMYECKMX 3a00JIeBaHU BakKHA
JUISI KOHTPOJIsT 3(P(heKTUBHOCTHU TeParivuy U MPOrHo3a
TeYeHUs 3a00JIEBaHMS.

Peryasitopubie T-kietku: ¢enorun, uaeHtTuguxa-
1Hs, MEXAHU3MbI AKTUBHOCTH, POJIb B MPOTHBOOIYXO-
JIeBOM MIMMYHHTETE

PsanoM HemaBHUX WCCIIENOBAHWU YCTAHOBJIEHO,
YTO crnieunduIecKkrie UMMYHHBIE KJIETKHA B OITyXOJIe-
BOM MUKPOOKPYKEHUU UTPAIOT 3HAYMTEIBbHYIO POJIb
Py OHKOJIOTUYECKOM Tipoiecce. B cBs3u ¢ 3Tum
HUCClIeOBaHMEe MMPOTHOCTUYECKON IIEHHOCTU WIEH-
TUGUKAIINYA OTASBHBIX CYOHOITY/ISIIINI UMMYHHBIX
KJIETOK, CTUMYJIUPYIOIINX POCT OMYXOJN y MallueH-
TOB C pa3JIMYHBIMUA BUIAMHU paKa, B HACTOSIIEe Bpe-
MsI OCOOEHHO aKTyajabHO [6].

DddexTsl cynpeccuM MMMYHHOrO OTBeTa Ipu
MOSIBJICHUM TIEPBUYHBIX OITyXOJieid MOTYT OBITh 4Ya-
CTUYHO OOYCJOBJI€HBI UX WHUILTpaLueil pery-
aaropHbiMu  T-knetkamu (Treg), KoTopble MOpU-
HUMAIOT y4JyacTWe B TIOAABJICHUM WMMYHHBIX
peakumii  (perynmupyoT T-KJIETOYHBI TOMeocTas,
IpeIoTBPAIIalOT ayTOMMMYHHBIC  3a00JIeBaHMUS,
ajlyIepru,  TUMEPYYBCTBUTEIBHOCTh,  PEaKIIMIO
«TpaHCIUIAHTAT TIPOTUB XO3SIMHA», HO TMpPU 3TOM
CHMXKAIOT UMMYHUTET K MH(MhEKLMIM). YCTaHOBJICHO,
yto Treg-KjaeTKu MMEIOT omnpeneaeHHbI (PeHOTHIL:
CD3*CD4*CD25%enCD45R0*CD95*, mnpuuem
HanboJee TOUHBIM MapKepoM UIST UX MACHTU(dUKA-
LIUM SIBJISCTCSI KOTUPYIOMIHNI (haKTOpP TPAaHCKPHUITIINK
ckypdwuH (scurfin, FoxP3), koTopslit pacmoiaraercs
BHYTPUKJIETOYHO U SIBJISIETCS TJIABHBIM PETYJIMPYIO-
UM TEHOM IJIs pa3BUTUS U (PYHKIIMOHUPOBAHUS
CD4+*CD25"e" perynsartopHbix T-xiaeTok. OmHAKO
UASHTU(UKALIMS 3TOr0 MapKepa TpedyeT repMeadu-
JIN3aUUU KJIETOK, YTO 3aTPYAHSAET pabOTy MO MIEH-
tudukauun Treg [18]. He Ttak maBHO NOSIBUINCH
nmaHHbIe 0 perenTope I1L-7 (CD127) kak BO3MOXHOM
onomMapkepe Wi Treg y moneit. B nepudepuyaeckoit
kpoBu KomouHatwmst CD4, CD25 u CD127 BeisiBisieT
rpynny T-KJeTok, KoTopas o0JiafaeT BBICOKOU Cy-
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TMIPECCUBHOM aKTUBHOCTBIO M BEICOKOM 9KCIIpeccueit
FoxP3 [14]. B cBoto ouepenb, SKCTIEPUMEHTHI in Vitro
nokasau, 4yto sakcrnpeccus CD127 nocie akTuBaluu
T-xeTok pe3ko cHmxkaercsa. CD127 skcnpeccupy-
ercsa Ha TMMonmTax, T- m B-mpemmecTBeHHUKAX,
3pelibIXx T-KJIeTKaX, MOHOIIUTaX U HEKOTOPHIX APY-
rux JUMGOUIHBIX U MUETOMAHBIX KieTKax. IToka-
3aHO, 4yTo IL-7R murpaer BaxkHy1o poJib B Ipojude-
pauuu u guddepeHUUpPOoBKe 3penabix T-kieTok [18].
Takum oOpa3om, OokKOHYaTeJbHBIH (eHoTUn Treg-
KJIETOK OyIeT BBIMJISIAECTh CIEAYIOIIMM 00pa3oM:
CD3*CD4*CD25ietCD127dimoneeFoxP3* 1 mist
MX IeTEKTUPOBAHUSI MOXHO HMCIIOJIb30BaTh JaHHBIMN
denotun Treg, 6e3 BoisBaeHUs1 FoxP3. [lns Gosee
TOYHON WIEHTU(MUKALMKU Treg-KJIeTOK IIpeaIio-
YTUTETBHO WCITOJIb30BaTh MHOTOLIBETHBIN aHaIu3
Y MHOTO3TaITHOE «T€HTHUPOBAaHUE» C MCITOJIb30BaHM-
€M OoIpeAcIeHHOU KOMOWHAIW MOHOKJIOHATbHBIX
antutenr — CD45/CD4/CD25/CD127 (puc. 1A) [3].
CnenyeT OTMETUTb, 4YTO IUJIOTHOCTh 3KCIIPECCUU
Ha CD4"Treg HECKOJILKO HITDKE, YeM Ha OCHOBHOM
nonyassuun CD4*T-kneTok, o 4eM CBUAETEIbCTBYET
CIBUT MaKCUMyMa WHTEHCUBHOCTH (PIroopeciieH-
uuu BiaeBo y cyononyiasiuun CD4*Treg Ha aByxra-
paMmeTpudecKou rucrorpamme pacrpeneiaeHus CD4
npotuB CD25 (puc. 1b, cobcTBeHHBIE JaHHEBIE).
PerynstopHsbie T-KJIeTKM SIBASIOTCS CyTIpeccopa-
MU U UTPAIOT CYIISCTBEHHYIO POJIb BO MHOTUX WM-
MYHOJIOTUYECKHUX TMpolleccax, B TOM YWCJIe CHUXa-
OT IPOTHBOOITYXOJICBBIII MMMYHUTET 1 UMMYHUTET
K uH@exuusam [19]. ITepBUUHBIN MeXaHU3M CyIIpec-
COpPHOI aKTMBHOCTH Treg CBsI3aH C IOeCTPyKIIMei
Mmetabonu3ma. B pesynbrate mnpucyrcrBus CD25

AA) 1o
102

w E
DI_ .
S 10y
[m] =
© :
10°—§|-

T
CD25-PC5

(anbda-uens peuerntopa IL-2) Treg MOryT CBS3bI-
BaTh IL-2, TeM caMBbIM TT0IaBJIsIsl aKTUBALIAIO APYTHUX
T-knerok. PerynsatopHele T-kjeTKM 3KCHpeccu-
PYIOT TPaHCKPUNIMOHHBIN (haKTOp IOJABICHUS —
FoxP3, KoTophlii yyacTByeT B MHTMOUPOBAaHUM KJle-
TOYHOM akTUBHOCTU. Tak, Treg mMoryt morpeOasiTh
1L-2 6e3 akTuBaLlMU UMMYHHOM (byHKLIMU U B TO Xe
caMoe BpeMsl TpPeOOoTBpaIlaTh aKTUBAIIMIO OPYTHUX
T-xnerok. BceienctBue HajJluuMs Ha KJIETOUYHOM
noBepxHocTu Treg skrosH3uMoB CD39 u CD73,
OHM CIIOCOOHBI MOIYJIHMPOBaTh IIOJABJICHUE KJIe-
TOK Yepe3 MPOAYKIUI0O BHEKJIETOUYHOIO aleHO3WHA
(Ado) u3z ATP (amenosuH Tpu ¢ocdar), KoTopsie
SBJISTIOTCST BaXXHBIMM SHIOTCHHBIMU CUTHAJIBHBI-
MU MOJIEKYJIaMU MMMYHUTETa M BocTasieHusl. BHe-
KJIeTouHbIH ATP sBisieTcss curHajoM OMNacHOCTU
1 XeMOATTPAKTAHTOM IJIsI TUMMOIUTOB, aKTUBUPYS
MPOBOCHAJIUTE/IbHBIN OTBET, a TaKxKe WHIYKTOPOM
JoKaJpHOI 60mu [4]. Perymsitopusie T-KineTkm pe-
TYJUPYIOT CO3pEeBaHUE NEHIPUTHBIX KJIETOK, OMpe-
nensis B3aumoneiicterue yepes CD80/86 u CTLA-4.
YcranosneHo, ytro CTLA-4 (uuTocTaTUYeCKuUil aH-
tureH T-nmumbouutos 4, CD152) skcnpeccupyercs
B BBICOKOM TUIOTHOCTM Treg-KJIeTKaMU M MOIABJISIET
uMMyHHBIN oTBeT [23]. Onpeneneno, uto CTLA-4
cBsa3biBaeT MoJiekyabl CD80 (B7-1) u CD86 (B7-2)
c G6oJjiee BbICOKOI addpuHHOCThIO, yeM CD28, uyto
OPUBOIUT K HWHIMOMPOBAHUIO BTOPOTO CHUTHAJIA,
HEOOXOAMMOTO IJIsSI aKTUBAllMM WMMYHHOTO OTBE-
Ta [20]. KoncturyrtuBHas skcnpeccust CTLA-4 cpe-
a1 CD4* kneTok orpaHuyeHa, npexiae Bcero, Treg
W BOBJICYEHA B MX HMMMYHOCYIPECCOPHYIO (DPyHK-
uuio [17]. Elle omgHMM BaXHBIM MEXaHHU3MOM CY-
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PucyHok 1. UpeHTudmkauus Treg-kneTok METOAOM NPOTOYHON LUTONOOPUMETPUM
Mpumeyanue. A - perynsaTopHble Knetku ¢ doeHoTunom CD4*CD250r 9 CD127¢imt-nea, B — perynaToOpHbIe KNeTkn ¢ (heHOTMMOM

CD4*CD25 <", Treg-kneTku BblAeNeHbl YePHbIMMU TOYKaMM.
Figure 1. Identification of Treg cells by flow cytometry

Note. A, regulatory T cells with the phenotype CD4*CD25s"CD127¢mnes B, regulatory T cells with the CD4*CD25" 4" phenotype. Treg cells are

highlighted with black dots.
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npeccopHoit ¢yHKuMU Treg sBIsETCS LMUTOJU3UC
nocpeactBom rpaHsuma A. M3sectHo, uto Treg Mo-
IyT TIOJABJISTh MMMYHHBIN OTBET, OOyCJIaBJIMBasi
anmonTo3 [16]. B aToM ciryyae MexaHM3MBbI arronTo-
3a MCHIOJIB3YIOTCS IS PETYISIINU Pa3BUTUS TUMO-
ouToB, (opMUpPOBaHUS periepTryapa T-KJIEeTOK, MX
CeJIEKLIMU U I KOOPAMHALIMU COOBITUI, BEAYIIIMX
K nepudeprniyeckomy UMMyHHOMY oTBeTy [11]. Treg
MOTYT YIIPaBJISITh UMMYHHBIM OTBETOM IIPH ITOMO-
my nepGOpUH/TPaH3UMHBIX ITyTel. YCTaHOBJICHO,
YTO ajanTUBHbIE Treg B OCHOBHOM 3KCIPECCUPYIOT
rpaH3uM B v MOTryT YHUUYTOXaTh aJJIOTeHHbIEC KJIET-
K1 MUILIEHU 1ep¢hOpUH-3aBUCUMBIM IIyTeM. Y JIo-
Ieit akTHBUpOBaHHEBIE Treg AKCIpeCcCUpPYIOT rpaH3UM
A 1 HeOOobIIIOE KOJIUYECTBO TpaH3uMa B, 4To cBU-
NIeTEeJIbCTBYET B TOJIb3Y TOTO, 4TO Treg BOTILIOIIAIOT
CBOIO PETYJIUPYIOLIYIO CITOCOOHOCTDb Yepe3 CyIpec-
CHIO TIPM TMOMOIIM IIMTOTOKCUYECKON aKTMBHOCTU
[12]. Treg crmocoOHBI TaKxKe ITPOAYLUMPOBATH MHTU-
oupywomme nutokuHsl: 1L-10, TGF-B, IL-35 u Bo-
BJICUCHBI B PETYJISLIMIO TTeprdepuitHOM TOJIEpaHTHO-
CTU K COOCTBEHHBIM aHTUreHaM [21].

HenaBHuMe ucciaemoBaHUsI MoKaszaiud, 4To Treg
(CD4"Treg u CDS8*Treg) nomaBasiloT IIWPOKUNA
CIIEKTP IIPOTUBOOIYXOJEBEIX MMMYHHEIX PEaKIINA.
HMMMmyHHOE TIOmaBiIeHHE MOXKET IMPOMCXOMUTH IPU
MOMOIIM CEKPelUr IPOTUBOBOCHATIUTEIbHBIX 1M~
TOKMHOB, TaKUX KaK UHTepJeiikuH-10 1 TpaHchop-
mupyoouii pakrop pocta 6eta (TGF-B), unu Hero-
CPEICTBEHHO Uepe3 MEXKJICTOYHBIC KOHTAKTHI |10,
13]. B cBoio ouepenp, Treg MOIYJIUPYIOT arpecCUB-
HOCTb KJI€TOYHOM MMMYHHOM PEAKLMU U OTHOILE-
Husg mexnay CD3*T-knerkamMu v, TakUM 00Opa3oM,
OHU OTBETCTBEHHEI 32 Pa3BUTHE UMMYHHOM PeaKIINK
M WMMYHOJIOTMYECKON TOJIEpaHTHOCTH. BEICOKast
uHUIbTpauus Treg, Mo-BUIMMOMY, CIIOCOOCTBYET
DPa3BUTUIO paKa U3-3a KPUTUYECKOMN POJIU UMMYHHOM
TOJIEPAHTHOCTH B TIpoliecce pa3BuTHs paka. Kpome
TOTO, MOBBIIIIEHHBIC YPOBHU Treg ompenessioT 6oiee
BBICOKYIO arpeCCMBHOCTh OIYXOJIU IIPU Pa3IMIHBIX
BUAax paka [15, 22].

3HaveHue peryasaTopHbix T-KJeTOK Npu pake npea-
cTaTeJIbHOM XKeJjie3bl

Hammune M KOIMYECTBEHHBIE XapaKTEPUCTUKU
PEeTryJISITOPHBIX T-KJIETOK MMEIOT OIIpeaeaeHHOE TH-
arHoctuueckoe 3HaueHue npu PIT2XK. B psae uccre-
JIOBAaHU TTOBBIIIIEHHOE KOJIMYECTBO (110 CpaBHEHUIO
C HOpMaJIbHOU TKaHbIO MpocTaThl) Tregs ObLIO OOHAa-
PYXEHO B TKaHM paKa IIPeACTaTeIbHOM XeJe3bl, YTO
OIpenessijio HeOIaronpusITHbIC KIMHUISCKUE UCXO-
Ibl [6, 15, 22].

Miller A.M. u coOaBT. MU3y4yWJu, YyBeJIWYMBa-
orea gu CD4*CD25"eh perynsaropHble T-KaeTKu
B OITYXOJICBOI TKaHU W IIepUDEPUICCKON KPOBU
y mnauueHToB ¢ PIIXK, mnepeHeciuux mnpocTaTak-
TOMHIO. ABTOpHI TMOKa3ajlu, 4YTO WHQUIBTpALIUSI
CD4+*CD25"e"T-x1eToK B MpeAcTaTeJIbHOMN Kelle-
3¢ OblJla 3HAYWUTEJILHO BHIIIIE B OIYXOJIM TIO CPaB-

HEHUIO C J00pOKayeCTBEHHOI TKaHbIO W3 TON
Xe TpocTathl. YpoBeHb CD4*CD25M"ehT-kieTok
B mepudeprnIecKoil KPOBH OKa3ajicsl 3HAYUTEIBHO
BbllIe y naueHToB ¢ PITK mo cpaBHeHUIo co 310-
POBBEIMHU MY:XUYMHaMu. B xome mcciaemoBaHUSI OBLIO
BBIABJIEHO, 4TO 4yacTh CD4"CD25MehT-kjreTok sIB-
JIIeTCSl TIIOKOKOPTUKOUI-MHAyuupoBaHHoit TINF-
peuentopoM, ICOS u FoxP3-mmosutusHoii. Kpome
storo, CD4+*CD25"e"T-k1eTKn M3 KPOBU U CYIIEP-
HaTaHThI U3 KyJIBTUBUPYEMBIX 00pa31I0B OITyXOJIEBOIt
TKaHU IIPEeACTAaTeIbHOM KeJIe3bl MPOSIBISIA UMMY-
HOCYIIPECCUBHYIO (YHKIUIO in vitro. OnpeneneHo,
YTO CyIlepHATaHTbl U3 KYJbTUBUPYEMBIX OOpas3IoB
TKaHU TpeAcTaTeJIbHOM Xeje3bl U Xuakoctu PTI2K
nHayuupoBaiu murpannio CD4*CD25"e" T-kieToK,
u 6bU10 nokasaHo (¢ momoiblo ELISA), yto oHU
colepKaT PeryJsITOpHbIii T-KJIETOUYHBIM XEMOKUH
CCL22. ITonydyeHHbIe aBTOpaMU pPe3yJIbTaThl CBUIIE-
TEJIbCTBYIOT B MIOJIb3Y TOTO, 4TO Treg SIBIISIOTCS BaX-
HBIM KJIETOYHBIM KOMIIOHEHTOM OITyXOJIeil Tpen-
CTaTeJIbHOU XeJyie3bl Ha paHHel cTtaauu. [1pu 3ToM
KCCJIeIoBaTeN I0JIaraloT, YTO HOBbIE TepareBTUYE-
CKHeE CTpaTerny, HallpaBJICHHbIC HA MHTUONPOBaHIIE
Treg, MOTYT YIIyJIIINTH Pe3YyIETaThl UMMYHOTEPAITUN
PITK. HecMoTpss Ha TO 4TO Bpems HaOJIIOACHUS
OBIJIO OTPaHUYCHHBIM, aBTOPHI MPEIIIOIOXKIIIA Ha-
JIMYMe BO3MOXHOI CBSI3WM MEXHIy KieTKamMu Treg
Y1 BBDKMBAeMOCThIO y My>kuuH ¢ PIT2K [15].

B npyrom ucciemoBaHuu, IpoBeaecHHOM Valdman
A. 1 coaBT., usydanm pacnpeneineHue FoxP3, CD4-
1 CD8-TI0103KUTENBbHBIX KJIETOK B JOOPOKAYECTBEH-
HBIX TKaH$X IpeacraTejabHoi xenes3bl 1 PIT2K. Tka-
HeBble MUKPOYMIIBI OBIJIM CO3JaHbI M3 O0pa3loB,
MOJYYCHHBIX B pe3yJbTare paauKaJdbHOM IpoCTa-
TOKTOMMU Yy 36 manueHToB. OT KaXIoro IalueHTa
ObLIM TMOJYYEeHBI 1LIECTh 0OPa3lLoB: ABa OT pPaKOBOI
TKaH!, MO0 OJHOMY OT JOOPOKAayeCTBEHHOI TKaHU
Kaxnoi u3 nepudeprudecKux, NepexoqHbIX U 1IeH-
TPaJIbHBIX 30H U OAWH W3 30HbI aTpodhuu Ipeacra-
TeAbHOM Kene3bl. YctaHoBieHO, yTo FoxP3 CD4-
u CD8-1o3uTuBHbBIE KJIETKU Yallle BCTpedyaauch mpu
pake, 4yeM B HeaTpopuyecKoil Jo0OpoKaueCTBEHHOM
tKaHu (p < 0,01), a TakKe yaile HaOMOAATUCDH TTPU
arpoduru, yeMm B HeaTpouuecKou nepudepuyeckKomn
30HE, HO TOCTOBEPHO HE OTJIMYAIUCH MEXIY PAKOM
u atpopueit. FoxP3, CD4-nonoxuTeabHble KJIETKU
yalre oOHapyXuBaJil B mepudepudeckon u mnepe-
XOMHO 30Hax npoctatel. Mubwunsrpanus Treg ony-
X0JICBOM TKaHU IIpeICTaTeIbHOM XKeJle3bl ObLIa 00oee
BBEIpaXKEHHOM, YeM JOoOpOoKadeCTBEHHOM TKaHU [22].

M3BecTHO, YTO Te€H aKTUBAIMK JTUMMOLMTOB 3
(LAG-3) gBnsietcss mapkepom CD4Treg, croco6-
HbIX MOJABJISATH MPOTUBOOIYXOJEBYIO aKTUBHOCTb.
B cBg3u ¢ 3TUM IpencTaBisieT UHTEPEC UCCiea0oBa-
Hue Camisaschi C. u coaBT., KOTOpbI€ MPOJIEMOH-
CTPUPOBAJIN, YTO BHYTPU CYIIPECCOPHON TTOMYJISIIINN
CD4+*CD25"e"FoxP3*T-kiretok skcnpeccuss LAG-3
uaeHTUGUUIMPOBaIa TUCKPETHOE KOJIMWYECTBO KJle-
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TOK, OOJajallIuX TEePMUHATBHO-3MdOEKTOPHBIM
deHOTUTIOM. DTU aBTOPBI TAKXKE OMpPEAeTUIN, YTO
Takoe KOJIW4uecTBO Treg oKaszajaoCch TOBBIIIEHHBIM
B IepudepruIeCcKoil KpOBU y OOJBHBIX C Pa3IMIHBI-
MU BUJIAMM paka, B Tom uucie u PTTXK [5].
Davidsson S. n coaBt. (2013) coobmman o pe-
3yJIbTaTaX UCCAENOBAHUS «CIIy4ail-KOHTPOJIb», IIPO-
BEICHHOM B TPYIIIIE MYXYWH, ITEPEHECIINX TpaHC-
YPETPATbHYIO PE3CKIIO IIPEACTATeIbHOM SKEJIe3Hl,
Yy KOTOpBIX ObUI cilyyaiiHO auarHoctupoBaH PITXK.
K rpynme ciyyaeB OTHOCWIN MYKYMH, YMEPIIHX
OT paka npocTaThl (n = 261), a KOHTPOJIBHYIO TPYIITY
COCTaBWJIY MTALlUEHTHI, TIpoKUBILIME 6oJiee 10 et rmo-
cJie ycTaHOBKM auarHosa (n = 474). B uccinenoBaHuu
4acTO pEerucTprupoBaIv MHGUIbTpaumio Tkanu PIT2XK
kak T-xenmepamu, Tak U T-LUTOTOKCUYECKUMM
knetkamu, Hapsagy ¢ CD4*Tregs. McciemoBare-
I OOHApYXKWJIM TIOBBIIIEHHEBIM ITOYTH B JBa pasa
PUCK CMEpTETbHOTO paKa IIpOCTaThl MpU CpaBHE-
HUU CaMOTO BBICOKOTO C CaMBIM HU3KUM KBapTU-
neMm kietok CD4*Tregs (95% noBepUTEIbHBIN WH-
tepBast: 1,3-2,9). Uudwunsrpanusa T-xenmepamu
unn T-IUTOTOKCUYECKUMU KJieTKaMu TKaHu PTIK
HE OKa3ajJlach aCCOIMUPOBAHHON C JICTAJIBHBIM pa-
KOM. OTH aBTOPHI NPUIIIM K BBIBOAY O TOM, YTO
Yy MyX4uH ¢ OonbmmM KommdectBoM CD4*Treg
B MUKPOOKPYXXCHUM OITYXOJIU IIPEACTATCIbHOM XKe-
JIe3bl TTOBBIIIIEH PHMCK CMEPTU OT pakKa ITPOCTaTHI.
Takum o6pazoMm, ugeHntudukauusa CD4*Treg B omy-
XOJI€BOM TKAHU IIPOCTAThl, IO MHEHUIO HCCJIeIOBa-
TeJel, MOXeT MpeacKa3aTh KJIMHUYECKU 3HAYMMOe
3ab0JIeBaHUe, HE3aBUCUMO OT IPyTruX (hakTopos [6].
Uccnenposanme Flammiger A. 1 coaBT. ObLIO TO-
CBSIIIIEHO OLIEHKE KJIMHMYECKONH 3HAUMMOCTU KOJIU-
YEeCTBEHOM MJIOTHOCTU PErYISITOPHBIX T-KJIETOK Mpu
PIT2K ¢ yyeToM paHee M3BECTHBIX JaHHBIX O TOM,
YTO TPUCYTCTBHUE TAaKMX KIJIIETOK B MHKPOOKPYKE-
HUM OMYXOJIM OBIJIO CBA3aHO C KIMHUYECKUM WC-
XOIOM TIpY APYTUX JOKAJTIM3ALUSAX paKa. ABTOPHI
nacHTUGUIIMpoBaan Treg Ipy MOMOIIN UMMYHOT M-
croxuMmudeckoro aHanusa FoxP3 B 88,8% ob6pasiuoB
PITXK 2002 rona B opMaTe TKaHEBBIX MUKPOUYUTIOB
B Oosbioit koropte. [II0THOCTH pacmpeneneHus
Treg B omyxoJieBOIf TKAHW CPaBHUBAIM C ITATOJIOTH-
YeCKMMH TapaMeTpaMUd M KIIMHUYCCKUM HCXOIOM.
KonnuectBo Treg, uaeHTHGULMPOBaHHBIX Ha 0,6 MM
CITOTa Ha TKaHM, BapbUPOBAIOCH OT 1 10 10 B HOpMe
u ot 1 no 103 kierok FoxP3" B ob6pa3iiax oIyxou.
bespenimanBHasl BbIKMBAEMOCTh OKa3ajlach 3HAYM-
TEJIbHO YMEHbIIIEHa y MallMeHTOB ¢ 00Jjiee BHICOKUM
yucyioM Treg (p = 0,0151). KpomMe TOoro, noBbIllIeH-
HO€ KOJIMu4ecTBO BHyTpuomnyxojeBbix FoxP3*Treg
OBbLIIO CBSI3aHO C OoJiee MO3AHEN cTagueil OImyXoJau
(p = 0,0355) u Gonee BbICOKMM WHAECKCOM MapKu-
posku Ki67 (p < 0,0001). ITnotHocTh B TKaHu Treg
He ObLIa acCOLMUpOBaHa C IPYTMMU KIMHUYECKM-
MU TIapaMeTpaMM, TaKMMHU KaK paclpoCTpaHEeHUE
Ha nuMdbaTudecKne y3Jbl, YPOBEHb Ipeaoriepalim-

oHHoro [TCA u noka3zatenem Itucona. Mccnenoa-
TeIW NPEANOI0XUIN, YTO TIPUCYTCTBUE B OITyXOJie-
BOW TKaHW TPENCTATeJbHON Xee3bl PeTyIsTOPHBIX
T-kJ1eTOK MOXET OKa3blBaTh CYLIECTBEHHOE BIIUSI-
HUE W BBI3BIBATH HEOJAronpusATHOE KIMHUYECKOE
teueHue ripu PIT2K [9].

Davidsson S. u coaBt. (2018) omeHWIN pacIpo-
CTPAaHECHHOCTh TOIyJsIumii Treg B CTpOMAaIbHBIX
W SMOUTSIAATBHBIX KOMIAPTMEHTAaX HOPMAaIbLHOM,
nocTaTpoUISCKONM TUIIEPIUIA3MM, WHTPASITUTEIN-
aJIbHOI HeoI1a3uu IipencTarebHoM XKene3bl (ITMH)
U OITyXOJIeBbIX TKaHSIX y My>kuuH ¢ PIT2K u 6e3 Hero.
O0bekTamu nccnenoBanust 0buu 102 mauueHTa c jgo-
KaJIM30BaHHBIM PaKOM IIPOCTATHI, TIEPEHECIIINIE pa-
IUKaJIBHYIO IIPOCTAaTIKTOMMUIO, U 38 MYyKUMH C paKOM
MOYEBOI'O ITy3bIPsi, TIEPEHECIINE IIUCTIIPOCTATIKTO-
muto (0e3 PITK mipu ructosormyeckomM mccienoBa-
Hun). Llenbie cpe3bl y Bcex MalUeHTOB UCCAEI0BaIN
Ha NPEAMET SMUTECIUATIBbHOU U CTPOMAJIBHOM 3KC-
npeccun CD4 Tregs u CD8*Tregs B HopMe, TTOCTa-
Tpoduueckoii runepruiazuu, [TMH u omyxoneBoro
nopaxeHus. Tect @puamaHa NPUMEHSIM JISI UC-
cJIeIOBaHUS pa3IMUMii B cpeHeM KojimyecTBe Tregs
MO TUCTOJOTMYECKUM HaxoiakaM. JloTHCTUYeCcKyIo
perpeccuio MCHOJb30BalM IS OLIEHKU OOIIero
U CKOPPEKTUPOBAHHOIO OTHOIIEHMS IIAaHCOB B OT-
HomieHuu PITK nias kaxmoir rucToiaordyeckoi
objactu. Ilpyu aHanu3e MOJYYEHHBIX PE3YJIbTATOB
0Kas3ajioch, 4TO y My>kurH ¢ PIT2K ObLIO BBISIBJIEHO
3HAYUTEbHOE KOJTNYECTBO cTpoManbHbIX CD4*Tregs
B TKaHU MOCTaTpoduIecKoil runepruia3ud U B Omny-
XoJeBoit TKaHMu, a uHduasrpauuss CD4 Treg Oblia
meHee BeipaxkeHa nmpu [TMH. IMoBkilieHHOE KoJnue-
cTBO anuTeuaibHbIX CD4*Treg B HOpMaibHOU TKa-
HU MpeacTaTeIbHOM XXeje3bl ObLIO aCCOLIMMPOBAHO
Kak ¢ mokazarejem IliicoHa, Tak u co ctagueit PITXK.
ABTODBI BBISIBUJIM YETHIPEXKPATHOE MOBBIIICHUE PU-
cka PITXK y My>X4yrH ¢ anuTeaaaibHbIM TTOBBILLIEHU -
eM CD4*Treg B HOpMaJIbHOI TKaHU MpeacTaTeIbHON
xkejne3bl. IlodydeHHBbIe HCCIeaOBaTeIsIMU AaHHBIE
CBUETEIBCTBYIOT O TOM, YTO y My>k4uuH ¢ PTTK nH-
dunsrpauus CD4*FoxP3*Treg omyxojieBOil TKaHU
npocTaThl 0ojiee BhIpakeHa MO CPAaBHEHUIO C HOP-
MaJIbHBIMU TKaHSIMUA, HO COMOCTaBUMa C MOCTaTPO-
dbuueckoil runepriasueii. Hebosbliioe KOIUu4ecTBO
CD4*Treg B Tkanu [IMH yka3sbiBaeT, Mo MHEHWIO
aBTOPOB, HAa BO3MOXHOCTh Treg-He3aBUCUMOTO ITyTH
ot HopMmanbHOU TkaHu no PITXK uepe3 [TMH. bo-
Jiee TOrO, 3TO HCCIEeIOBaHME AEMOHCTPHPYET, UTO
CD4*FoxP3*Treg uaine BCTpeyaoTCss B HOPMaJIbHBIX
CTPOME W 3MUTECINM, MPIJICTAIOIINX K OITyXOJIEBOM
TKaHU, 1 B TKaHu PIT2K mo cpaBHeHUIO cO 310pOBOIt
TKaHBIO IIPEICTATEeILHOM KeJIe3bl. ABTOPHI IIPEIITO-
JIaraloT, 49TO IJIsl OIIPEHCICHUS MPOTHOCTUICCKOM
neHHoctu CD4*FoxP3*Treg B Oyayiuux ucciaenoBa-
HUSX CJIeyeT YCTAHOBUTD: IIPOMUCXOOUT MH(PUIETPaA-
LIMS 10 WIM TOCJIe Pa3BUTHUS OITyXOJM MpeacTaTeib-
Hoti xene3nl? [1omydyeHHbIE pe3yabTaThl, TT0 MHEHUIO

591



Ilonose C.B. u op.
Popov S.V. et al.

Meduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

aBTOPOB, MOTYT CBUIETEIHCTBOBATh O BO3MOXHOCTH
nepexonaa rnmocrarpoguueckoit rurepiuiasuu B PITXK
B npucytrctBun CD4*Treg n yka3bpIBalOT Ha TO, YTO
TpaHchopMalusl MPOTUBOOIYXOJIEBOIO0 MMMYHHO-
IO OTBETa MOXKET OBITh MHUIIMMPOBAHA Jaxke 0 00-
HapyXeHHsI TIepBUYHON omnyxonu. IloryaeHHBIC
IaHHBIE, C TOUYKW 3pCHUsS HCCIeaoBaTelieil, CBUIe-
TEJILCTBYIOT O BO3MOXKHOCTU XUMUOIIPOMDIIaKTUKHU,
HaleseHHo! Ha Treg, y MalMeHTOB C HACJIEICTBEH-
HbIM pucKoM pazButus PITK viu ¢ Hanuuuem npen-
pacnonarapinux reHeTU4YeCKruX u3MeHeHul [7].

B HemaBHeM uccienoBanuu Erlandsson A. u co-
aBT. HCCJEIOBajlM B3aMMOCBSI3b U B3aHUMOJICH-
cTBUe M2-MakpodaroB U peryasiTOpHbIX T-KJIeTOK
B TKaHSX TIpeACTaTeJIbHOM Kejie3bl. B 3TOM mc-
CIIEIOBAHUU «CJIYy4ail-KOHTPOJIb» M3y4Yalll TKaHU
OpOCTaThl CO CJydaifHO OOHapyXeHHBIM (II0Cie
TpaHcypeTpalibHOI pe3ekuuun) PITOK. 225 myx4yuH
(cnyyan) ymepau ot PITZK, KOHTpOJBHYIO TpyIIITy
cocTtaBWwIn 367 MallMEHTOB, KOTOPbIE MTPOXMUIN 6O-
nee 10 yeT 1mocne yctaHOBKM muarHosa PITK, Oe3
nporpeccupoBaHusg 3aboneBaHus. MHduabTpamio
B TKanu PITXK M2-makpodaros u FoxP3/CD4-
MOJIOKUTEJIBHBIX PETYISITOPHBIX T-KJIETOK ormpe-
eI TIpA TIOMOIIA WMMYHOTHCTOXMMHUYECKOTO
nccnenoBanus. Koppensimio m B3aMOIEHCTBHC
M2-makpodaroB M peryasiTOPHBIX T-KJIETOK oOlle-
HUBaJIM C UCIIOJIb30BaHMEM PAHIOBOU KOPPEJSIILIUU
CrnimpMeHa M TecTa BEPOSITHOCTH COOTBETCTBECHHO.
PesynbraTel IIPOBEIEeHHOTO WCCIIENOBAHUS CBUIE-
TEIBCTBYIOT O TOM, YTO MEXOY KOJIMJecTBOM M2-
MakpodaroB U peryaaTopHbIX T-KJIEeTOK OTMedeHa
3HauMuTesbHasA Koppessaius (p < 0,001), Ho He ObLIO
oOHapy:XeHO WX B3amMmogmeiicTBus. MccienoBaTtenn
MOJIararT, YTO Y MY>XYUH C OOJIbIIUM 4ucioM M2-
MakKpodaroB B OITyXOJIEBOW TKAHW MPeACTATSIbHOMN
JKeJae3bl YBEJIMYMBACTCSI BO3MOXHOCTH JICTAJIbHOTO
ucxona ot PIT2K. B xone uccienoBaHus Takke ObLIO
MPOAEMOHCTPUPOBAHO, YTO M2-Makpodaru u pery-
JIsITOpHBIE T-KIIETKM MOTYT OOYC/IaBIMBATh UMMYHO-
CYIPECCUIO Y JaHHOI KaTeropuy MaleHToB [8].

Takum obpa3om, B HacTosllIee BpeMs IMOJTyYeHBI
JIaHHbIE O TOM, UYTO peryiasaTopHble T-KJIeTKU MOTYT
crocobcTBOBaTh MporpeccupoBanuio PIT2K 3a cyer
MOHAaBJICHUSI TPOTUBOOITYXOJEBOT0 MMMYHHOIO OT-
BETa, 1 ITOBBIIIIEHHOE KOJIMYSCTBO 3TUX KIICTOK Y Ma-
IIIEHTOB C PaKOM IIPOCTATHI SIBJISIETCS MPEIUKTOPOM
€ro arpeCCUBHOIO TeYCHUST 1 YMEHBIIIEHUS BbIKIBA-
€MOCTH.

Cnucok nutepaTtypsbl / References

3aknoyeHne

HaxkoruieHHBpIe  HaHHBIE O  PETYJISITOPHBIX
T-xnerkax npu PIT2K cBUIETEABCTBYIOT O TOM, YTO
ST KJIETKM WHQWILTPUPYIOT OIYXOJIEBYIO TKaHb
MPOCTaThl, MOMABJSIOT IPOTUBOOMYXOJEBBIA HM-
MYHHBIII OTBET M OOYCJIaBJIMBAIOT arpecCUBHOE Te-
YyeHMe paka, HU3KYI0 BbKBaeMoCTh. [IpoBeneHHasI
B psifie UCCIeNOBaHUN AeTajbHasl OlleHKa CyOToITy-
Jsmuii T-KJIETOK B OMYXOJIEBOM MUKPOOKPYKECHUU
rokasajia, YTO Ha caMOM Jejie UMEHHO KOJMYEeCTBO
CD4*Treg yxymmaetr nporHo3 npu PITXK. B gact-
HOCTH, B cciienoBannn Davidsson S. 1 coaBT. OBIIO
nokKaszaHo, UTo Kaxjaasi gonojHuteabHasgs CD4 Treg-
KJIeTKa oO0ycJaBiMBaeT CTaTUCTUYECKM 3HAYUMOE
yBenunueHue cMmeptHoctu ot PITOK Ha 12%, He3aBu-
CHMO OT JPYIUX KIIMHUYEeCKUX (PaKkTopoB [7].

Ha cerogHsimHUiT IeHB CYIIECTBYeT HECKOJBKO
BO3MOXHBIX OOBSICHEHHM ITOBBIIIEHHOW WHQWIbL-
Tpauuu kJjeTtok Treg B TkaHb PIT2K. Bo-nepBbix,
OIIyXOJIEBbIE KJIETKU WJIM Makpodaru BHYTPU OITy-
XOJIM CITIOCOOHBI ceKpeTupoBaTh xeMokuH CCL22,
obyiagaromuii cpoactBoM K perentopy CCR4, skc-
npeccupyeMoMy Ha KieTkax Treg. Bo-BTopbiX, IIUTO-
KMHBI, CEKPETUPYEeMbI€ OMyXOJISIMU IPEACTaTeIbHOMU
xKenesbl, TakuMu Kak TGF-3, Moryt perynupoBarb
skcrpeccuio FoxP3 u pacimpgars momynssauio Treg.
TGF-f, B cBOIO ouepenb, SABJIsIeTCI MHOTOMYHKIIM-
OHAJIbHBIM ITMTOKMHOM, YBEJINYMBAIOIINM BBEIKUBA-
€MOCTh M MpoJudepalunio TpaHCHOPMUPOBAHHBIX
KJICTOK, BKJIIOUAST SIMTEIMAJIBHBIE KJICTKHM IPOCTa-
TBI, KOTOPBIN OBIJT OOHAPYKEH B MOBBIIICHHBIX KO-
JIMYECTBAX y MAIUeHTOB C METACTa3aMU.

Oco0bIli MHTEpEC MPEeNCTaBJISIIOT TaKXKe JaHHbBIe
O KJIIMHUYECKOU 3HAYMMOCTU YUCIOBOW IJIOTHOCTHU
peryiasitopHbix T-kinerok nipu PII2K. YcraHnosne-
HO, YTO Y MYXYHMH ITOBBIIIICHHOE KOJIMYECTBO BHY-
TpuonyxoyeBbix FoxP3*Treg 6bu10 cBsIzaHO C Gosiee
no3aHeli cragueit PITXK u Gojiee BhICOKMM HMHOEK-
coM Ki67, He3aBUCMMO OT APYTMX MPOTHOCTUYECKUX
¢dakTopoB: ypoBHS nIpenornepanrnonHoro [ICA u mo-
Kazatend [NiucoHa.

MOXHO TIPeINoJIOXKUTh, UTO OIpeaeeHUEe BO3-
MOXXHOCTU TpaHChOopMaluyd MHPOTUBOOITYX0JIEBOTO
HMMMYHHOTO OTBETa OO OOHApyXEHUSI TCPBUYHOMN
OMYXOJIM M €¢ paHHSs MACHTUDUKAIIUSI MOTYT CO3-
JIaTh TIPEINOCHUTKA 1T TIPUMEHEHUS aIpeCHOM X1~
MUonpodUIaKTUKW, HampaBieHHOU Ha Treg, mpe-
JKIIe BCEro y MalMeHTOB C HACJAEACTBEHHBIM PUCKOM
pazButust PITK.
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3ABVCUMOE OT JIEKTUHOB PASHOOBPA3UE NONYNALUA
NMPUPOAHbIX KUWJIJIEPHbIX KJIETOK B KOMMYHUKALUAX
NPOTUB OMNMYXOJIEX U BUPYCOB

JlaxTun M.B., Jlaxtua B.M., Anémkun B.A., Acdpanacses C.C.

DEYH «Mockosckuil Hay4HO-UCCAe008AMENbCK UL UHCIMUMYM SNUO0eMUOA0UU U MUKDOOUOA02UU UMEHU
I H. Iabpuuesckoeo» Pocnompebuadsopa, Mockea, Poccus

0o630pu1
Reviews

Pesrome. [Tomymssmym IpUpOIHBIX KMJUIEPHBIX KiIeToK desioBeKa (ITTTKKY) mpoTtuB omyxoJeit B IpUCyT-
CTBUM BUPYCOB OLIEHEHBI KaK CHJIbHO BapbUPYIOIIME U PAHO aIallTUPOBAHHBIE K MAaTOJIOTMYECKUM CUTHA-
JlaM B OpraHu3Me, MOOWJIbHbIE U U30UpaTeIbHO eHCTBYIOIIME, CIIOCOOHbIE K KOMOMHUPOBAHWIO areHThl.
TTITKKY ocyliecTBISIOT pa3iudHbIe AJSUCTBUS B pe3yabTate KOQYHKIIMOHUPOBAHUS PELENITOPHBIX JIEKTH-
HOB (PJI), pacno3narmux rimkonarrepHbl (PJI kak Tpurrepsl, MTHULIMATOPHI ¥ Oa3WCHBIC areHTHI 171 Hall-
CTPOCYHBIX peaKlnii), 1 [g-TTomo0HBIX, IUTOTOKCUYSCKUX M IIPOYNX BCITOMOTaTeIbHBIX KOMMYHUKATUBHBIX
¥ 3 HEKTOPHBIX pelenTopoB (poib PJI Kak MTHCTPYMEHTOB TOHKOM HACTPOWKM MO3aNKH MTOBEPXHOCTHOKIIE-
TOYHBIX PELIENTOPOB B HapaBJieHUU Heobxoaumoil pyHKkunoHanbHoi opueHTauuu ITITKKY), a Takke ux
JIMTaHAOB (MOIYJISITOPOB CO3MaHHBIX KOHEUHBIX PELIEITOPHBIX MO3auK). Takue HaydeHHbIE U IepeoOyYeHHbIS
TITTKKY urpaiot BaxkHyto poab B nepepacnpenencHun [HIIKKY-uHaynimpoBaHHBIX MPOTUBOOITYXOJIEBBIX
W aHTUBUPYCHBIX IIMTOKWHOBBIX HA0OOPOB B opraHu3Me. MeKKIIeTOUHBI KOMMYHUKATUBHBIN MOTEHIINAT
TMITKKY Takke yduThIBaeT Apyrue KiIeTKW BPOXKISHHOTO MMMYHUTETA U aJaliTUPOBAaHHBIC IS BPOXKIEH-
HOT0O UMMYHMTETa KJIETKM, YTO MOXET CIYKUTh IMEePCHEKTUBHBIM U YHUBEPCAJIbHBIM PECYPCOM 3aIlUThI Ye-
noBeka. I[NTTKKY gomkHbI yYUTHIBATHCS MPHU pa3pabOTKe HOBBIX MAHEBPEHHBIX M HAJIEKHBIX, cOaTaHCUPO-
BaHHBIX MTPODMIIAKTUICCKIUX 1 UMMYHOTEPAIIeBTUUECKNX, IIPOTUBOOITYXOJIEBBIX/aHTUBUPYCHBIX CHUCTEM W
BaKIIMHHBIX cTpaTeruii. OTKPBITHI IyTH K aniroputMam ToHko HacTpoiiku (RL-KIR/NCR/CD/ nx komou-
Hauu) PJI-6a3McHOro KOHCTpYMpOBaHUsI Beepa MPOTUBOOITyX0aeBbIX/aHTUBUpPYCcHBIX ITITTKKY ¢ nanbHei-
UM TMOTeHUMAJIOM MHULIMUpOoBaHUs. KiroueBylo BaxKHOCTb npuodperaeT cKpuHUHT criektpa TTTTKKY y
WHIVMBUIYYMa U TTOTEHIIMAJIBHOTO MallCHTA TSI JOITOJTHUTEILHOM OIIEHKH 3allIMTHOTO CTaTyca M BBIPaboT-
KM TIePCOHU3NPOBAHHBIX KOMMYHUKATHUBHBIX ITPOTHBOOITYXOJIEBBIX/aHTUBUPYCHBIX CTpaTeTUii. YCTaHOB-
nennbiii craryc NK (natural killers)-kommapTMeHTa OyneT XxapakTepu30BaTh pe3UCTEHTHOCTh MHAWBUIyYMa,/
KOHTHMHTEHTAa WHOAWBUAYYMOB MPOTUB BUPYCHBIX MHGEKAWI 3MMUIeMHOJIOTMIECKO 3HAYMMOCTH, UTPaTh
BaXKHYIO POJIb IIPU OLIEHKE MPOTUBOSMUAECMUYECKOM 3allIUThl perioHa.

Karouesvie crosa: NONYAAUUU KUNNEPHBIX KN1eMOK, peyenmopHble 1eKmMUHbl, SAUKOKOHBI02ambl, UUMOKUHbL, BPOMC()QHHbIIZ
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LECTIN-DEPENDENT DIVERSITY OF NATURAL KILLER
POPULATIONS AND COMMUNICATIONS AGAINST TUMORS
AND VIRUSES

Lakhtin M.V, Lakhtin V.M., Alyoshkin V.A, Afanasiev S.S.

G. Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russian Federation

Abstract. Response of human natural killer (NK) cell populations (NKP) against tumors in the presence
of viruses was evaluated as a quite variable, early adapting for the pathological signals in organism, mobile and
selective combination agents. NKP act as a result of co-functioning between the receptorlectins (RL) recognizing
glycopatterns (RL as triggers, initiators and basic agents for coupled activities), and Ig-like, cytotoxic and other
additional communicative and effector receptors (superstructural, tuning for achievement of final effector-
type NKP constructions required), and their ligands (modulators of final cell surface receptor mosaics). Such
NKP created play important role in redistribution of NKP-induced antitumor/antiviral cytokines in organism.
Intercellular communicative potential of NKP also involves other innate and innate-like cells. Such extended
communications of NKP provide a prospective and universal resource of human protection. NKP must be
under consideration upon development of new maneuvre and relilable prophylactic and immunotherapeutic
antitumor/antiviral systems and vaccine strategies. The ways for the fine tuning (RL-KIR/NCR/CD/their
combinations) algorithms of RL-based creation of antitumor/antiviral NKP are revealed. Key role is given
to screening spectrum of patient NKP for development of communicative anticancer/antiviral strategies.
The status of NK compartment will characterize resistance of individuum/contingent of individuums to viral
infections of epidemiological significance, will play important role in anti-epidemic protection of regional
population.

Keywords: NK cells, NK cell populations, receptor lectins, glycoconjugates, cytokines, innate immunity, mucosal immunity, dysbioses,

probiotic lectins, antitumor strategies, antiviral strategies

During last few years the interest of investigators
with respect of innate immunity cell populations
was significantly increased [2, 13, 16, 30]. NK
(natural Kkillers) compartment of innate immunity
plays important role especially in childhood when
formation of antibody immunity takes plays [4, 28].
Receptor lectins (RL) recognizing carbohydrates,
glycoconjugates (GC) or glycopatterns play important
roles in immunity [1, 2]. There are notable cases of
tumors which are influencing by viral infections. Up
to 2% of world tumor diseases involve the presence
of Epstein—Barr virus (EBV), functionally coupled
to EBV infection [31]. However, the role of cell NK-
populations (NKP) in connection to tumor processes
accompanied with viral infections is still scantily
explored.

The present overview evaluates key potential of
lectin NKP against tumors which are under influence
by infectious viruses (also viruses of epidemiological
significance).

Viruses and tumors (which are functionally coupled
to viruses; tumors under influencing by viruses)

There are limited number of examples of viral
infections studied in accepted in review aspect:
arenaviruses (lymphocyte virus of choriomeningitis,
LCMYV), herpesviruses (cytomegalovirus, CMYV, in
connection to acute leukemiya and B cell lymphomas;
EBYV, in connection to mononucleoses and Burkitt
lymphomas [6, 31], papovaviruses (human papilloma
virus, HPV, in connection to cervical cancer),
poxviruses (the viruses of smallpox cows and

mice, orthopoxvirus of smallpox, VACV) [16, 30],
retroviruses (humanimmunodeficiency virus, HIV-1);
in connection to lymphomas), flaviviruses (hepatitis-
C-virus, HCV; in connection to hepatocellular
carcinomas, HCC); hepatitis-B-virus [HBV] and
hepatitis-8-virus [HDV]) [26].

Diversity of NK cells and NKP

Subfamily of lectin NKG2-receptors reveals
transmambrane glycoproteins of type II which
are encoded in human chromosome 12. Genes
CD94 and NKG2 are observed within gene
cluster 12pl12-pl13 participating in functioning
heterodimeric CD94NKG2-receptors and coding
lectin ectracellular and cytoplasmic domains for
initiation of communications of NK cells and sets of
T cell populations. NKG2D-receptors are expressed
on protective human cells including NK cells,
NK-T cells (NKT), subpopulations of y3-T cells,
activated CD8* T cells (the latter as cofunctioning
to human complement system), some autoreactive
CD4* T cells [18, 24, 49]. Initiation of organism
responses against tumors and viruses involves MHC-
class-I-molecules of myeloid cells, monocytes and
NK cells. NK cells possessing NKG2-receptors are
represented by lectin cell populations NKG2A*/
B*/C*/D*/E*/H*: A*/B*, D' — inhibitors of
intercellular pathways (also through ITIM-motifs in
RL influencing SHP-1-Tyr-phosphatase); C*, F*,
E*/H*-activators of other intercellular pathways (also
through ITAM-carrying adaptor proteins DAP-12 or
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DAP-10, also signaling through protein-Tyr-kinase
depending pathways) [1, 8, 10, 13, 30].

Diversity of lectin NKP is influenced by not only
combinations of co-expression of genes NKG2, KIR
(killer Ig-like receptors), NKp (natural cytotoxic
receptors, NCR) and CD on cells, but also by varying
phenotypes of interacted molecules (also within
di- and oligomeric homo/heterostructures such as
CD94NKG, tetrameric HLA-E) and genetic variants
of RL (multiallelic like NKG2C1/2/3; phenotype
NKG2E as two alternatively splicing forms NKG2E
and NKG2H [30]); upon constructing genetic
chimeric products (truncated [like NKG2Ce -—
C-terminal limited form — NKG2C3]; extracellular,
transmembrane and cytoplasmic/intracellular
domains of RL [like NKG2F expressing as
intracerllular form], products of genetic map contacts
like CD94-NKG?2, others) [10, 30, 46, 47].

Ontogenesis of NKP contributes to their diversity.
Development of NK cells from common lymphoid
ancestor passes few steps. Appearance of CD122
(B-chain of receptor of IL-15) indicates the beginning
of differentiation of ancestor in direction of NK cell
forming. NK cell development is accompanied with
progressive exhibition of CDI161; CD56, CD9%4/
NKG2A, NKp46 (NCRI1, CD335), NKp44 (NCR2,
CD336); NKG2D (expressed on all human NK cells,
participate in Cross-Talk between innate immunity
lymphoid and myeloid cells [41, 48]); and finally
CD16 and KIR [24]. An increase of CD56%™ NK cells
(mainly observed in the CD16* subsets) was registered
when synbiotic induces response of human to viral
infection (on example of influenza virus) [37]. Among
aforementioned steps of NK cell development, the last
steps are characterized with appearance of CD56"ieht
or CD56%m, CD56t NKP is characterized with
high level of expression of CD94. CD564m NK cells
represent KIR and CD16 populations as mostly
mature ones and transforming into cytotoxic cells
whicn are become terminally differentiated and
express CD57.

NKG2-receptors also occur among varying
populations of T-lymphocytes that simplify
communicative Cross-Talk cofunctioning NKP and
cytotoxic T lymphocytes in direction NK cells —
T cells [10, 23]. NKG2H is expressed on small part
of periphery blood monocytes but, in more extent,
are revealed on T cells stimulated with anti-CD3-
antibodies [10].

Expression of RL and distribution of RL types
between NKP are influenced by current status of
organism (heredity, age, gender, state of immune
system, the presence of pathologic processes, viral
infection and tumor types, others) [7, 9, 37, 42].

In modulation of HLA-class-1 participate
preferencially receptors NKG2 and KIR and their
ligands [30, 49]. Signals, induced upon interactions
between receptors CD94*NKG2*/KIR" and MHC-
class-I-glycoproteins in response of appearance of
anormal pattern ligands, redistribute activities of
NKP. Realization of NK cell memory is genetically
determined. Genome is characterized with moderate

diversity of genes NKG2 against the background
of increased diversity of genes of KIR [46].
Polymorphism of gene NKG2D provides modulation
of NK cell cytotoxicity. It is of importance for example
in connection to organism sensitivity to HPV-induced
cancer [12]. In whole, in case of human development
of limited immunological functions of the system
MHC-E/NKG?2 progresses against the background
of broadening of functions of the system MHC-I/
KIR [46]. Elevated HLA-A expression provides
enhanced levels of an HLA-A-derived signal peptide
that influence expression of HLA-E (the ligand for
the inhibitory NKG2A) [39]. HLA-B haplotypes,
in their turn, support NKG2A-mediated NK cell
licensing/education (NKG2A-mediated inhibition
impairing NK cell clearance of HIV-infected targets).
As a result, therapeutic blockade of interaction
between HLA-E and NKG2A may help in treatment
of HIV disease. [39]. In cells infected with viruses
(as in case of CMYV) expression of HLA-class-I is
strongly decreased involving KIR, while expression of
HLA-E (can be as a ligand for RL) is more resistant
and supported with activator NKG2-receptors [9, 10,
30, 46].

NKP (and their combinations together with
other type protective cell populations of Cross-
Talk) are functionally and significantly different
and directed towards different viral and cell targets.
There is mammal intraspecie accordance within NKP
(accordance to final tuning panels of lectin and other
type receptors). For examples, it is observed a specie
adequacy of interaction of murine lectin Ly49H™
NKP against murine CMV [30], lectin NKP of human
or macaques depending on HIV-1 or SIV (simian
immunodeficiency virus), respectively [46]. Age
dependent differentiation of NK cells is observed [24].
Expression levels of CD94*NKG2C-/NKG2A",
NKG2D, NKp30 (NCR3, CD337) and NKp46 at
NK cells are decreased upon age increase [35, 42].
There are differences between phenotypes of NKP in
connection to gender [35]. Systems of RL and RL-
exposing NK cells and other myeloid cells (monocytes
and macrophages) vary depending on age [4, 7,
24, 30, 35, 42]. NKP are determined with not only
compositions of lectin, Ig-like, cytotoxic and other
receptors markers (NKG?2, KIR, NKp and CD), but
also by their relative compactness/dencity (on cells
and within NKP), developmental stages, maturity
states (the level of differentiation and cytotoxicity).

CD - additional indicators within NKP

CD cofunction to RL of both individual NK cells
and within compositions of interacting RL of NKP
in combinations of CD is identified as combinative
markers of NKP [1, 2].

Below some key CD are presented.

*CD3 and CD20 (markers of T and B cells) — their
absence on NK cells.

*CD11bCD277; CDI11b-CD27* — markers of
decreased level of differentiation of NK cells (the
presence of immature forms) [16].

*CD56e"NKG2C* population which is capable
to expansion in CMV-seropositive individuals; cells
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reveal inhibiting Ig-like RL (KIR and leukocyte Ig-
like receptor [LILRB1]) which are specific to HLA-
class-I-molecules against the background of low
levels of activating receptors NKp46 and NKp30 [30];
CD56' " — marker of immature NK cells (more
than 90% NK cells capable for further adaptation
to converse into mature forms [8]); CD56breht NKP
express chemokine receptors CCR1, CCRS5 and
CCR6, which are involved in intercellular Cross-Talk
depending on inflammation [23].

*CD56%m/CD57*NKG2C*  populations  were
found in limphoma patient [8, 32]; NKP of males are
characterized with increased frequences of CD56¢™
and CDS57" [35]; CDS56%m populations express
CD94NKG2A* or co-express CD94NKG2C* and
KIR* [8].

*CD57 — marker of terminally differention of NK
cells [34].

*CDS5S7**NKG2C*CD564m (terminally
differentiated NK cells); NKP extensively proliferatate
in response to ligation of receptor [23].

*CD69 — marker of activation of NK cell
differentiation [16].

*CD94*NKG2* — synergistical cofunctioning
NKP CD94/NKG2A and CD94/NKG2C [8, 24, 30],
CD9%4 — important factor of antiviral protection [8,
30, 34, 46].

*CD94*NKG2A", NKG2D* and NKp46* as
cofuinctioning populations of NKP [24, 41].

*CD158a, CD158b — markers of restoration and
increase of NKP producing perforin together with
granzymes [21].

*CD161 (C-type lectin receptor [CLR] expressed
on the majority of NK cells) defines a functionally
distinct subset of pro-inflammatory NKP; reduced
CDI161 expression in acute HCV infection
(as a result of viral clearance); blocking LLT1
(CLEC2D, OCIL)-NKRPIA (CDI161) interaction
enhances natural killer cell-mediated lysis of triple-
negative breast cancer cells [22, 27].

Cytokines and NKP

Antitumor action of innate immunity is realized
through modulation of production and delivery of
panels of cytokines needed in tumor localizations
within organism (as in cases of NKP-and CD8* T cells
inducing cytotoxicities). Antitumor NK-production
of IFNy [4, 13, 14,17, 19, 24, 32, 37] or TNFa [13,
24, 32] are induced. Control of NK cells materialized
by IL-2, IL-5, IL-12, IL-13, IL-15 and IL-18 [13, 24,
33] and involves participation of colonie-stimulating
factor (CSF-1) [43]. IL-15 reveals domination in
NK cell maturation, differentiation and survival;
potentiates cytotoxicity of NKG2-populations [4, 24,
33]. Transforming growth factor (TGF-B) of tumor
origin influences suppression of NKP functions [7,
47]. CSF-1 induces on infiltrating tumor macrophages
the appearance of specific ligand RAE-1-delta —
regulator of NKG2D-populations [43].

Capability of NKP to produce cytokines is
associated with steps of development of NK
cells. TNFa is produced by NK cells during their
differentiation while IFNy is produced later (against

the background of CD56 expression and decrease of
production of 1L-5 and IL-13 [24]. CD56%ie NKP
effectively produces cytokines in responses to stimuli.
CD5s6%it NK cells secrete little IFNy compared to
CD56%m NK cells [24, 23]. CD56%™ NK cells are the
earliest and dominant IFNy* cells in responses to
activating receptor ligation [23].

Cytotoxic factors of NKP

As a result of phenotype NKP-transformations
into cytotoxic cell populations, granzymes A, B, K,
perforin and other antitumor agents are released [4,
16, 21]. These factors are systemly opposite to
separate tumor factors (lactatedehydrogenases,
TGF-B, CSF-1, or others) [7, 43, 47]. CD56& NK
cells are poorly cytotoxic, and CD56%™ NK cells are
highly cytotoxic (lyse virus-infected and tumor cell
lines) [23].

NKEP possessing antitumor/antiviral activities

(*NKP; tumor targets coupled to viral infections;
effects of NKP).

*NKG2A* from healthy donors (HLA-
C1*C2*Bw4*) and activated with IL-2; multiple
myeloma cells, K562 cells; addition of daratumumab,
an anti-CD38 to trigger antibody-dependent cell-
mediated cytotoxicity, improved the antitumor
response for all subsets of NKP [25].

*NKG2A"; immunodeficient mice, co-infused
with human primary leukemia or EBV cell lines and
NKG2A* NKP; animals pre-treated with anti-human
NKG2A were rescued from disease progression [40].

*NKG2ATCD56brieht; “humanized” murine
B cell lymphoma; release of IFN-gamma by NKP,
cooperation to NKp44-receptors for inhibition of
B cell transformation coupled to EBV [19].

*NKG2A™; population is stronger expressed in the
presence of VACV [16].

*NKG2A™" against EBV [8].

*NKG2A*KIR-; populations influence lytic EBV-
replication [31].

*NKG2C*;, U266 (human multiple myeloma
cells) from CMV-seropositive donors, K562 (human
leukemiya cells); stimulation of population expansion
within organism [4, 9], the presence of Ilatent
CMYV in healthy donors results in increasing NK-
cytotoxicity [4].

*NKG2C*CD57*; lymphomas;
population in response to CMYV [34].

*NKG2C*CD57**; primary CMV infection or
reactivation (CD161 expression on these cells is
reduced) [22].

*NKG2C* (mainly); murine lymphoma; the
action of population after allogenic transplantation
depended of the presence of CMV [33].

*NKG2C*; antitumor use of
NKG2C [38].

*NKG2C*; CMV-infected endothelial cells; the
character of modulation of population depends on
type of CMV-infected cells [9].

*NKG2C*NKG2A"; 221.AEH (transfected
HLA-E" cells of human lymphoma); NK-cytotoxicity
is 3 times higher than in case of non-transfected cerlls,

expansion of

ligands for
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221.AEH and IL-15 help for population expansion
within organism [4, 38].

*NKG2C*CD94*; Burkitt lymphoma; population
participates in protective cooperation to y3-T cells [8].

*NKG2C*NKG2AKIR*; co-infection EBV and
CMY, stimulation of NKP [8].

*NKG2C*CD56%m/CD57* (mature, cytotoxic);
leukemic T cell lymphoma; after blood transplantation
and reactivagtion of CMV, population in 2 years is
increased up to 33% of all lymphocytes; produce
TNFa and IFNy against leukemiya T cell lymohoma
cells [32].

*NKG2D*; patients with anogenital cancer
(HPV is detected); increase of NKG2D-modulated
cytotoxicity, decrease of sensitivity to cancer [12]; in
humans, only the NKG2D-L isoform is expressed
(receptor exclusively signals through DAP-10) [48];
NKG2D receptor is equally expressed by CD56Prieht
and CD564™ cells and is able to synergistically activate
human NK cells when they were simultaneously
stimulated through CD16, NKp46 and 2B4 [23].

*NKG2D"; patients with HCV-induced HCC;
increase of NKG2D expression on monocytes upon
action using ligands for NKG2D [7].

NKG2D* (NK92 — chimeric TN cells);
xenographts of HCV-induced HCC; population
expressing NKG2D, producing IFNy and effective
against TGF-f -producing tumor cells [47].

Aforamentioned data indicate that mostly
significant and studied NKP are mainly characterized
such RL as multifunctional NKG2A*, NKG2C* and
NKG2D*. They act as glycopatterns recognizing
agents, initiators (in reactions of modulation/choice/
switching pathways of intercellular communications)
and as the basis for further NK cell education
(increasing selectivity in intercellular chain action
towardsfinaltarget when additionalstepsofcurrent NK
cell development through additional tuning receptors
is needed). There are known other combination of
receptors within NKP [8, 10, 23, 25, 42, 46, 48]. In
whole, set of NKP acts as a network (at the levels
of: own NKP spectrum; NKP in combinations with
DC [according to NK-DC Cross-Talk], monocytes,
macrophages and other innate immunity cells [innate
like cells]; or NKP Cross-Talking to T and B cell
populations of antibodies-producing system) within
total protective network of organism.

Strategies using antitumor NKP

Protective NKP are synergistic together with
other protective cells (CD8" T cells, blood cells,
macrophages, DC) and supercellular immunity
systems. Accumulation and expansion of antitumor/
antiviral circulating monocytes into extended
surroundings in organism are important for further
their delivery to tumor/tumor microenvironment
(infiltration of tumor space with selected NKP is
achieved).

Multifunctionality of silent inclusions into human
genome is still lowly studied as in case of inclusions
similar to retroviral type (around 8% of repeats in
human genome [15]. There are cases of close co-
localization of some protective genes together with

silent gene regions (for example, human complement
subcomponents of C4B interacting to GC) that can
provide their cofunctioning in directions needed [15].
As expected events of such protection, initiation and
prolongation of the presence of specific control/
supervisor spectra of NKP hoding back viral (for
extended panel of viruses) expansion in organism
could be taken place. For example, there are known
latent CMV-infections (for CMV-seropositive
healthy contingents of individuals. Besides, more than
90% of adults are characterized with asymptomatic
EBV [6]. Thus, the status of NK compartment
characterizes resistance of individuum (contingent of
individuums) to viral infections, plays important role
in anti-epidemic protection of the region population.
More over, adaptive repertuar of prophylactical and
therapeutic varying NKP opens the prospects of
their applications against active epidemiologically
significant viral infections as well as against initiations
and progressive developments of of tumors.

NKG2-receptors and their ligands form metabolic
supervisor axis of communications between lymphoid
and myeloid immune cells; co-stimulate cytotoxic
NKp46-receptors of NK cells and cytotoxic receptors
of T cells (NKG2D [CD314] and NKp46 [CD335] as
functionally coupled receptors [44]); induce sets of
antitumor/antiviral cytokines; support proliferation
and survival of effector cells [41]. It may be used upon
search the ways and strategies of fight against tumors
(also throuph antiviral action). As a result, increase
of a number of effective NK cells and NKP and their
intratumor-tissue expansion (expansion of needed
NK cell types and complex NKP combinations)
take place [8, 11, 13, 30]. Actions of NKP are in the
synergistic accordance to protective actions of the
complement system [18].

Below some perspective possibilities of using NKP
are presented.

*NKG2* populations for creation of new antiviral
strategies (as in cases of HIV-1) [34, 46].

*Directed using NKG2D* populations against
tumors through NKG2D-receptors of NK cells which
perfom on duty monitoring of revealing/initiation of
tumor cell ligands (tumor indicators) on stress cells [7,
11]. During these events the cells exposing NKG2D-
ligands (as in case of superexpressed complexes on
intestinal mucosal stress cells) are recognized and
eliminated by supervising cells that is in final result
may be directed in prevention of carcinogenesis as in
case of rectum cancer [11].

*CD56e"NKG2A* population in correction of
EBV-associated limphomas [19].

*Therapy of acute lymphoblast leukemiya by
recovery and expansion of NKP followed by expression
of CD158a, CD158b, perforin and granzyme K [21].

*Using blood transplantation of therapeutic NKP
(NKPselected from healthy donors can be additionally
activated with IL-2) against haematological tumors
for; eradication of cancer cells (there are known
phase I/11 clinical trials of adoptive infusion of either
selected or ex vivo-activated NKP from family or
non-family donors) [25, 29, 33].
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*Directed regulation of NKP type needed in
special interactions involving adaptor DAP-12 or
DAP-10[10, 30, 38, 48].

*Using NKP on the basis of ortologs and paralogs
of mammals for therapy [46].

*Constructing and application of antitumor
genetically modified chimeric NKP such as
CAR-T cells (forexample, expressed chimeric receptor
TN including extracellular and transmembrane
domains of TGF-B-type-II-receptor and intracellular
domain of activator NK cell receptor NKG2D [47]).

*Soluble lectins as ligands for RL-exposing NK
cells (on example of CD161) wich are become to
increase lysis of cancer cells [27].

Synbiotics (as in case of Bifidobacterium longum
bv. infantis CCUG 52486 plus gluco-oligosaccharide)
influence NKP responses to viral infections that can
be of vaccine aspect significance [37]. Probiotic cell
surface proteins (adhesins, factors of aggregation,
ensemble proteins, mucin- and peptidoglycan-
binding, lectins, other lectin-like ligands) are
capable to increase human antiinfectious potential
of NKP of mucosal immunity [5, 36]. Prophylactic
and therapeutic possibilities of prevention of
transformation of dysbiotic states of human open
cavity mucosal biotopes into tumor states are new and
of great potential (for example, with participation of
activator DDR-pathway (DNA damage response)
of the system NKG2D/NKG2D-ligands of NKP;
or action of system probiotic lectins (PL) imitating
probiotics and possessing cytokines-like activities [3,
11, 12]. As upon microbial-viral dysbioses PL can be
selectively directed to relative pathogens (also changed
microorganisms during prolonged inflammation) and
can carry out functions of probiotics when probiotics
and probiotic like microflora is absent in pathological
biotopes against the background the presence of
HPV — potential inducers of vaginal cancer, it is
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possible to expect anticancer/antiviral synergism
between PL (as ligands for RL, agents cofunctioning
to enzymes) and NKG2D-depended cytotoxicity
decreasing sensitivity to cancer [11, 12, 45].

RL (on example of NKG2D) act like multipotent
key messengers (after HLA-A/B/E-signalling [39])
recognizing panels of GC-pattern-targets ordered/
ranked on RL-specificity/affinity and availability/
minimal distance as in case of NK cell surface
receptor mosaics [20]. Extended panels of receptors
of NK cell surface are perspective for RL-depending
directed sequential tuning (RL-KIR/NCR/CD/
their combinations) to initiate further support
and enhancement of human antitumor/antiviral
protection.

Conclusion

The controlled influence of network of NKP
containing dynamic panels of lectin, Ig-like, cytotoxic
and known CD-receptors and receptor ligands takes
place in organism. Itis of reason to perform preliminary
diagnostics of patient current specktrum of some
key types of NKP to create the mostly acceptable
immunotherapeutic strategies for antitumor/antiviral
treatments (infusions of NKP, the use of special
constructs of chimeric NKP). It seems, diversity and
ordering of protective NKP impair active destructive
actions of epidemiologically significant viruses all
over the organism, hold back and prophylactically
prevent initiation or further progression of tumors.
The data indicate new potential and new resources in
development of new antitumor/antiviral and vaccine
preparations and strategies. In this context, PL will
serve perspective ligands cofunctioning to the NKP
network.
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POJ1b IMUKOAEJIMHA B PErYNI9uuM UMMYHHOU
CUCTEMbI B KOHTEKCTE PASBMBAIOLLEACS

BEPEMEHHOCTU

Bourxosa M.C.}, 3amopuna C.A.'%4 Tumranosa B.IL!, Xpamnos ILB."2
Paes ML.B."?2

! Unemumym skonoeuu u eeHemuku MUKpoopeanusmos Ypaavckoeo omoenenus Poccuiickoii akademuu nayx — guauan
DI'BYH «Ilepmckuil hedepanvhbiii uccaedosamenvckuii yeump Ypaavckoeo omoenenuss Poccutickoli akademuu HayK»,
e. Ilepmo, Poccus

2@I'BOY BIIO «Ilepmckuii eocydapcmeenmblii HAYUOHAAbHBLI UCCACO08aMeAbCKUll YHUGepcumem», 2. Tlepmb, Poccus

Pesiome. B 0630pe mpencraBneHbl JaHHble 0 ponau rmkoaenuHa A (GdA, PP14, a2-PEG, EP15, PEP,
AUP, PAEP) B perynsiuuu ¢pyHKUIMI UMMYHHOI CHCTeMbl B KOHTEKCTE (hOPMHUPOBAHUS UMMYHHOI TOJIe-
PaHTHOCTH BO BpeMsl 0epeMEHHOCTH.

[ukoaenuH ObLI BIlepBbIE BblaeeH U uaeHTUuduimponad B 1976 roay Ilerpynunsim J.J1. u Tatapu-
HoBbIM HO.C. c KoJyileraMu Kak HOBBIN aHTUTEH TUIALIEHThI, KOTOPbI ObLT Ha3BaH XOPUOHUYECKUM O2-
MUKporinodynnHoM. C TeX Top NoJy4eHO OrPOMHOE KOJIMYECTBO HAYYHBIX TaHHBIX O CTPYKTYpe, CBOMCTBaX
U Ouojsiorndeckux addexrax 3Toro rMMKonporerHa. JlaHHbI 0eJIoK uMeeT yeTbipe nuddepeHIrnaaIbHO TJIu-
ko3wimpoBaHHbIe n30popmbl, a uMeHHO GdA, GdE, GdC u GdS, koTopbie CEKPEeTUPYIOTCS B Pa3IMYHBIX
YacTsIX PEMPOLYKTUBHOTO TPAKTA.

Hau6onee nsyuyeHHast uzogpopma, rnmukoaeanuH A (GdA), cekpeTupyeTcs AeUuuayalbHbIM Xee3UCThIM
SMUTEIUEM U B TIpoliecce 0epeMEeHHOCTH HaKaIUIMBAaeTCd B aMHUOTUYECKOM XUIKOCTU U MATEePUHCKOM ChI-
BOpoTKe. YpoBeHb GdA ciTy>kuT npusHakoM dhepTuiabHON GhyHKIMK aHaoMeTpus. GdA obiamaeT pa3HOHa-
NpaBJIeHHBIMU OMOJOTMYEeCKUMU 3P (PeKTaMu, B YACTHOCTU MOIYJIUPYET SHIOKPUHHYIO (PYHKIMIO U JUd-
¢depeHIMPOBKY KJIEeTOK TpodoobaacTa.

Pone GdA B peryasuuu MMMYHHOW CUCTEMBI 3aKJIlOYaeTCsl B MHTUOMpoBaHUU mNponudepauuu T-
u B-nmumdonuToB, nogaBieHUM MUTOTOKCMYHOCTH NK-KITEeTOK, MHAYKIIMU amnornTo3a aKTUBUPOBAHHBIX
CD4* knetok, MoHOLIMTOB 1 NK-KJI€eTOK, yTHETEHUM aKTUBHOCTH IMTOTOKCUYECKNUX T-ITMM@POLIUTOB 1 MO-
naBJIeHUU (YHKIMOHAJIBHONH aKTUBHOCTH MakKpodaroB U NeHIAPUTHBIX KiaeToK. [Tomumo 3toro, GdA mo-
BBIIIAET YPOBEHD peryasaTopHbIX T-muMmdonnTos, casuraet 6aianc Th1/Th2 B cropony Th2 u uHgyumpyet
TOJIEpAHTHBIN (PEHOTUTT B IEHAPUTHBIX KIIETKAX.

NmMmyHoMmonynupymomiast aktTuBHOCTh GdA 3aBUCHUT OT CTETIEHU €T0 INIMKO3UJINPOBAHUST, KOTOPAsi, B CBOIO
oyepelb, CBsI3aHa CO CIOcO00OM nosyvyeHus rnpenapara. [loatomy B 0030pe nMpoaHaIM3upoOBaHbl OCOOEHHO-
CTU UMMYHOMOJYJUPYIOLIEro NeCTBUS HAaTUBHOIO U PEKOMOMHAHTHOIO TUIIOB TJIMKOAEIWHA Ha KJIETKU
WUMMYHHOM CUCTEMBI.

TeMm He MeHee cymMapHbie 3 dekThl GdA Ha KIETKU UMMYHHOM CUCTEMBI MO3BOJISIIOT pACCMaTPUBATh €r0
KaK OIMH U3 OCHOBHBIX (pPaKTOPOB, (DOPMUPYIOIINX UMMYHHYIO TOJIEPAHTHOCTh OPraHU3Ma MaTepu K pa3Bu-
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BamIIeMycss SMOpPHUOHY. BaxkHO Tak:Ke OTMETUTh, YTO KIMHUYECKUE UCCIACIOBAHUS BBISBUIN KOPPEIISIIIUIO
MEXAY HU3KKUM yPOBHEM LUPKY/Iupyioiero GdA ¢ moBTOPSIOIIMMUCS CIIOHTAHHBIMU a0OpTaMU, YTO IO/ -
TBEPXKIaeT BaKHOCTh 3TOro 0eJika B (heTOIMPOTEKIIMH.

B uenom, oueBugHo, utTo GdA MMeeT NepCneKTUBLI IPUMEHEHUS B OMOMEIULIMHE B KauyecTBe (papMaKo-
JIOTUYECKOTO Iperapara Jjis JICUCHUSI ayTOMMMYHHBIX 3a00JIeBaHUI, ITOCTTPAHCIIAHTALIMOHHBIX OCIOXHE-
HUI U «IIeperporpaMMIPOBaHMs» ayTOPEAKTUBHBIX KIOHOB T-TUM@OLIMTOB in vitro NJist NajJbHEUIel Kie-
TOYHON UMMYHOTEPAITHH.

Knrouesuie cnosa: namueHbiil eauxodeaun A, peKoMOUHAHMHbBLI eAUKO0OCAUH A, UMMYHHAS cucmema, UMMYHHAs MOAePaAHMHOCMb
npu 6epemenHoCmu, UMMYHOMOOYAAUUS

ROLE OF GLYCODELIN IN THE IMMUNE SYSTEM REGULATION
IN THE CONTEXT OF DEVELOPING PREGNANCY

Bochkova M.S.2, Zamorina S.A.*", Timganova V.P.2, Khramtsov P.V.2P,
Rayev ML.B.*"?

@ Institute of Ecology and Genetics of Microorganisms, Ural Branch, Russian Academy of Sciences, Branch of Perm
Federal Research Center, Ural Branch, Russian Academy of Sciences, Perm, Russian Federation
b Perm State University, Perm, Russian Federation

Abstract. The review presents data on the role of glycodelin A (GdA, PP14, a2-PEG, EP15, PEP, AUP,
PAEP) in regulation of immune system functions in the context of evolving feto-maternal immune tolerance
during pregnancy. Glycodelin was first isolated and identified in 1976 by Petrunin D.D. and Tatarinov Yu.S.
with colleagues as a new placental antigen, which was called chorionic a2-microglobulin. Since then, a
huge amount of scientific data has been obtained on the structure, properties, and biological effects of this
glycoprotein. This protein has four differentially glycosylated isoforms, namely GdA, GdE GdC, and GdS,
which are secreted in different compartments of reproductive system.

The most studied isoform, glycodelin A (GdA), is secreted by decidual glandular epithelium and accumulates
in the amniotic fluid and maternal serum during pregnancy. GdA level is a marker of endometrial fertile function.
GdA has diverse biological effects, in particular, as modulator of endocrine function and trophoblastic cell
differentiation. The role of GdA in regulation of immune system is to inhibit T and B lymphocyte proliferation,
suppress the NK cell cytotoxicity, induce apoptosis of activated CD4" cells, monocytes and NK cells, inhibit
the cytotoxic T lymphocyte activity, and to suppress functional activities of macrophages and dendritic cells.
In addition, GdA increases the levels of regulatory T cells, modifies the Th1/Th2 balance towards Th2, and
induces a tolerant phenotype of dendritic cells.

The immunomodulating activity of GdA depends on the degree of its glycosylation, which, in turn, is
associated with its preparation technique. Therefore, the review analyzed the features of the immunomodulating
effects of the native and recombinant types of glycodelin upon the immune cells. However, cumulative effects
of GdA upon the cells of the immune system make it possible to consider it among the main factors shaping
feto-maternal immune tolerance during pregnancy. It is also worth of note, that clinical studies have revealed
a correlation between low levels of circulating GdA, and repetitive spontaneous abortions that confirm
importance of this protein for the fetal protection.

In general, it is obvious that GdA has a potential of medicinal application for treatment of autoimmune
diseases, post-transplant complications and in vitro reprogramming of autoreactive T cell clones for subsequent
cellular immunotherapy.

Keywords: native glycodelin A, recombinant glycodelin A, immune system, feto-maternal immune tolerance, immunomodulation

HccrnenoBanne BBITIOJHEHO TIpu (DUHAHCOBOM
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General characteristics of glycodelin

Glycodelin is a human glycoprotein that belongs
to the superfamily of lipocalins [69]. Members of

this family are characterized by the ability to bind
small hydrophobic molecules, cell surface receptors
and soluble macromolecules [17]. Glycodelin
was first isolated and identified by Petrunin D.D.
and Tatarinov Yu.S. with colleagues in 1976 as a
placenta new antigen, which was called chorionic
a2-microglobulin [3]. With the accumulation of data
on the localization and properties of the protein,
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its name changed to placental a2-microglobulin,
a2-microglobulin of fertility (AMGF) and, finally,
specific a2-microglobulin. Later glycodelin was
characterized by several independent research groups
as placental protein 14 (PP14) [9], pregnancy-
associated endometrial a2-globulin (a2-PEG) [6],
endometrial protein 15 (EP15) [7], progestagen-
dependent endometrial protein (PEP) [21, 23],
alpha-2 uterine protein (AUP) [18, 74], progesterone
associated endometrial protein (PAEP) [29]. To avoid
terminological confusion, Dell A. et al. in 1995 [13]
proposed a new protein’s name: “glycodelin”,
reflecting its unique feature — sex-dependent
glycosylation.

Structure of glycodelin

Glycodelin is a dimeric glycoprotein consisting
of 180 amino acid residues (of which 18 are an
N-terminal signal peptide), which molecular weight
varies from 42 to 56 kDa, depending on the source
and method of isolation [69]. Carbohydrates are
about 20% of the molecular weight of the protein.
The homodimeric form serves as the framework for
four large side chains of sugar on the same surface
of the protein. Different chains of oligosaccharides
are responsible for a variety of biological functions in
reproduction and immunosuppression [72].

The first studies of the N-terminal sequence
of glycodelin revealed 59% identity with equine
B-lactoglobulin and 23% identity with the human
retinol-binding protein. The highest similarity of
glycodelin — 91% is found with rhesus macaque.
In B-lactoglobulins, four cysteine residues at
positions 66, 106, 119 and 160 are responsible for
intramolecular disulfide bridges, all of which are
conserved in glycodelin [19, 25]. Despite these
structural similarities, the amino acid sequence of
-lactoglobulin does not contain any glycosylation sites
present in glycodelin [19, 31, 67, 69]. Notwithstanding
the resemblance in the general folding patterns of
glycodelin and B-lactoglobulin, the conformations of
these proteins are different, which is determined by
differences in their denaturation processes [31]. Also
it was found that, unlike -lactoglobulin, glycodelin A
(GdA) does not bind to retinoids or any endogenous
hydrophobic ligands [31, 35].

Comparative immunochemical studies, analysis
of N-terminal sequences, and cDNA sequencing
showed that the glycodelin isoforms are identical in the
primary and tertiary structure of the protein molecule,
in immunogenicity and in some physicochemical
properties [67]. They differ only in glycosylation.
Initially, three potential N-glycosylation sites were
found at positions 28, 63, and 85, but later it turned out
that only the first two of them were glycosylated [13,
40, 41, 45]. Mass spectrometric analysis of GdA and
glycodelin S (GdS) N-glycans showed significant
differences between them. The main differences in

glycans among “female” isoforms of glycodelins, such
as GdA, GdC and GdF are basically at the level of
terminal sialic acid residues. GdA contains the most of
all residues of sialic acids GalB1-4GIcNAc (lacNAc),
GalNAcB1-4GIcNAc  (lacdiNAc), NeuAca?2-
6GalB1-4GIcNAc (sialylated lacNAc), NeuAca2-
6GalNAcB1-4GIcNAc (sialylated lacdiNAc),
Galp1-4 (Fucal-3), GlcNAc (blood group Lewisx)
and GalNAcB1- (Fucpl-3) GIcNAc (analogue of
lacdiNAc Lewisx), opposite to glycodelins C (GdC)
least. Glycan profile of glycodelin F (GdF) is similar to
GdA profile, except that GdF contains less sialic acid
residues. GdS does not contain sialylated glycans, its
glycans are extraordinarily rich in fucose, and the basic
structures of a complex type are two antennae glycans
with Lewisx and Lewisy [Fucal-2GalB1-4 (Fucal-3)
GIcNAc] [45]. GdA and GdS have identical primary
structures, immunoreactivity, tryptic peptide profiles,
and similar thermodynamic parameters of reversible
denaturation [30, 31], but different glycosylation [35].
Oligosaccharides containing terminal sialylated
lacNAc or lacdiNAc residues present in GdF and
GdA may exhibit immunosuppressive effects, whereas
less sialylated GdC and unsialylated GdS do not
possess significant immunosuppressive activity [45,
47]. However, the ligand for glycodelin has not yet
been identified — there are only assumptions in the
literature that, depending on glycosylation rate,
glycodelin involve in their effects realization a number
of molecules — L-selectin, E-selectin, CD45, CD22
and SIGLEC-7, as will be discussed below.

Place of glycodelin synthesis

The protein has four differentially glycosylated
isoforms, namely GdA, GdFE, GdC and GdS, which are
secreted in various parts of the reproductive tract [68,
84]. Because of differences in glycosylation, the
isoform of glycodelin isolated from the amniotic fluid
was called GdA, and the corresponding glycodelin
isoform isolated from seminal plasma was called GdS.
Immunomorphological and immunochemical studies
showed that GdA appears in the endometrial tissues a
few days before the implantation, its amount increases
during the implantation window and remains high
until the onset of menstruation and during the first
days of the next cycle, after which expression of the
protein in the endometrium temporarily stops. In
the case of pregnancy, GdA synthesis continues, and
its content in decidual tissue in the first trimester
reaches 4-10% of the total protein [69]. Thus, GdA
is secreted mainly by decidual glandular epithelium
and in the case of pregnancy, the protein accumulates
in the amniotic fluid and maternal serum [21, 22].
The concentration of GdA in maternal serum at 12
weeks is 1200 ug/l, and at 40 weeks — 100 pg/l, and
in the amniotic fluid the concentration of protein at
12 weeks is 13 mg/1, at 16 weeks — 125 mg/1, and at
40 weeks — 1 mg/l [24]. During a typical menstrual

605



bouxosa M.C. u dp.
Bochkova M.S. et al.

Meduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

cycle, GdA reaches serum concentrations in the
middle of the proliferative phase — < 20 pg/l, in the
middle of the luteal phase — 35 ug/l, in the late luteal
phase — 47 pg/l, during menstruation — 74 pg/1 [27].
GdF is secreted in the ovarian follicles [78], and GdC
in multilayered epithelium cells in the wall of the
vesicular ovarian follicle (cumulus oophorus) [10]. GdS
is the only isoform found in the male body in seminal
plasma [26, 84], whereas other isoforms are found only
in women. Glycodelin has also been identified outside
the reproductive system in cells of the megakaryocyte
lineage, including platelets [46]. Other authors
have shown that GdA (PAEP) is expressed in the
hematopoietic system by erythroid progenitors, but
not by mature erythrocytes, platelets, mononuclear
phagocytes or lymphocytes [29]. Finally, it is worth
noting that GdA expression is observed not only in
healthy tissues of the reproductive tract, but also in
certain types of cancer: lung, breast, endometrium,
ovaries, and melanoma cells [28, 57, 64, 65, 82]. It has
been shown that GdA can be used as a biomarker to
track the progression of a tumor, as has been shown in
non-small cell lung cancer, recurrence or metastatic
spread [11]. Understanding the regulation of the
glycodelin expression may lead to the development of
new therapeutic approaches, with the help of which it
will be possible to weaken the system of protection of
the tumors themselves.

Clinical and diagnostic value of glycodelin

In clinical studies, glycodelin is a prognostic marker
of early fetal loss and male infertility [2, 12]. GdS is a
sensitive marker of fertility and its definition can be
used as an additional test for the early detection of the
pathology of ejaculate in idiopathic infertility [1]. The
level of GdA is a sign of endometrial fertility. Serum
GdA concentration is an important parameter for
monitoring the menstrual cycle [8]. It can be used
to distinguish the ovulatory menstrual cycle from
non-ovulatory, which provides valuable information
for the diagnosis of infertility in vitro. Additionally,
this test is used to determine the optimal embryo
transfer time in in vitro fertilization protocols [75]
and in the diagnosis of the threat of termination of
pregnancy [76]. Reducing expression of glycodelin
can cause activation of the maternal immune system,
and ultimately lead to the rejection of the developing
embryo [77].

Biological effects of GdA

GdAisthe most widely studied and most interesting
isoform from all glycodelins. It is positioned as a
specific protein of the human reproductive system.
GdA inhibits the binding of spermatozoa to zona
pellucida and protects spermatozoa from an immune
attack in the maternal reproductive tract [85]. GdA
promotes successful implantation and subsequent
development of pregnancy [75]. Thus, a decrease
in its level is associated with an increased risk of

preeclampsia and recurrent abortions [34, 36].
Simultaneous expression of enzymes that destroy the
matrix and their inhibitors in trophoblasts suggests
that the balance between these components regulates
the invasive activity of trophoblast cells. GdA is
one of the decidual factors that limit the invasion
of trophoblast [34]. It is important to note that this
effect is strictly dependent on the glycosylation of
the molecule since deglycosylation and even minor
changes in glycosylation present in various glycoforms
decrease this activity [34]. In addition, GdA regulates
the development of the placenta, which is closely
related tothe processes ofangiogenesis. The angiogenic
effect of GdA is mediated by the enhancement of
vascular endothelial growth factor (VEGF), which
is involved in placental angiogenesis [40]. Since
glycodelin has been found in the glandular structures
of many tissues, including seminal vesicles, lobular
and ductar epithelium of the mammary gland, eccrine
sweat glands and parabronchial glands, it is suggested
that it plays the role of a marker of differentiation
and morphogenesis in glandular tissues [69]. GdA is
able to induce trophoblast cells to produce chorionic
gonadotropin, an extremely important hormone that
accompanies the development of pregnancy [20].
The authors conclude that in vivo GdA modulates
the endocrine function, as well as the differentiation
of trophoblasts. Thus, GdA has multiple biological
functions.

Immunomodulatory effects of GdA

Obviously, immunocompetent cells of the
reproductive tract fall under the influence of GdA. It
is known that in the early stages of pregnancy in the
decidua, about 40% of the stromal cells are leukocytes,
of which 45-70% are NK cells, 30% are macrophages
and less than 20-30% are CD3*T cells. During
pregnancy, CD3* cells frequency remains stable, but
in the third trimester their number increases, and the
number of NK cells decreases [61].

Cells of the monocyte-macrophage lineage

Macrophages are also found in large numbers
in the decidua. Their quantity is regulated by the
hormones of the ovaries since macrophages contain
receptors for estrogens. One of the key functions of
these cells is the timely elimination of apoptotic
cells [4]. With successful elimination, the production
of Th2-cytokines by decidual macrophages increases,
whereas the inferior removal of apoptotic cells leads
to the hyperactivation of macrophages and the
enhancement of pro-inflammatory Thl-cytokines
production by them. Decidual macrophages help to
maintain immune tolerance towards fetal antigens and
to protect fetus from the constant risk of infection [42].

In order to analyze the effects of glycodelin on the
cells of the immune system, it is important to separate
the two available approaches: the use of native
glycodelin derived from amniotic fluid or homogenate
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of decidual tissues and the use of recombinant
protein. Both the first and second approaches have
their methodological differences associated with the
degree of purification of the preparation, the source
of the recombinant protein, the presence of isoforms,
and the degree of glycosylation. Nevertheless, our task
is to generalize the available information and to try to
understand the dominant vector of the effects of this
complex protein.

Thus, it is known that GdA dose-dependently
inhibits the ability of human monocytes (cell line
U937) to chemotaxis, losing these properties after
deglycosylation [79].

Miller R.E. and colleagues found that human
recombinant GdRec protein isolated from FE. coli
BL21 (DE3) periplasm transformed with the bacterial
expression vector pPP14.1 EE his6/ET-22b (%)
specifically bound to CDI14" cells (monocytic cell
line), but not with CD207 cells (B cell line) and CD3*
cells (T cell line). Thus, the authors show the presence
of a receptor for this protein on the membrane of the
CD147 cells of the monocytic cell line [43].

Neither glycosylation nor sialylation of glycodelin
doesnotimpairthe ability of monocytes to chemotaxis.
Recombinant GdA binds to a specific protein receptor
in monocytes, but the corresponding receptor is not
detected on the surface of T or B cells [11]. Further
study of the GdA action mechanism established that
on the surface of cells of the monocyte-macrophage
lineage, the binding protein for glycodelin is the
L-selectin molecule. Thus, treatment with antibodies
against L-selectin reduced the binding of GdA and
the GdA-induced production of IL-6 [39].

When comparing the effects of native GdA derived
from an amniotic fluid and recombinant glycodelin
(GdRec), both of these proteins have been shown to
inhibit both T cell and monocytic cell lines (U937 [48]
and THP1 [5]) proliferation. A more detailed study of
the GdRec effects has shown that it induces apoptosis
of THP1 cells, as well as apoptosis of monocytes
obtained from healthy volunteers. When studying the
mechanism of action, it was demonstrated that GdRec
realizes its apoptotic effect suppressing the expression
of the anti-apoptotic genes Bcl-2A1 and APRIL and
increasing the expression of the proapoptotic genes
TNF-R1, Bad and Bax. At the same time, GdRec had
no effect on phagocytosis processes in THP1 cells [5].

In 2012, Lee and colleagues demonstrated that
GdA, which was obtained from amniotic fluid by
affinity chromatography, does not affect the viability,
cell death, and monocyte /macrophage phagocytosis,
but induces the secretion of IL-6 by these cells [39]. At
the same time, non-glycosylated GdRec did not have a
stimulating effect on 1L-6 production. GdA-induced
IL-6, in turn, inhibited the expression of IFNy by T
lymphocytes by an autocrine mechanism, which led

to the Th2 activation. The anti-inflammatory effect
of GdA is supported by the fact that it suppresses
the production of TNFa by macrophages obtained
from monocytes without affecting their phagocytic
activity [39].

In a recent paper, Vijayan and colleagues
discovered a possible GdA receptor on the human
peripheral blood monocytes membrane. The GdA
receptor — SIGLEC-7 (Immunoglobulin-like lectin
7 binding sialic acid; CD328) was identified by co-
immunoprecipitation and flow cytometry. In culture
conditions, GdA enhanced the expression of IDO-1
and CD209 decidual macrophage markers on GdA-
polarized macrophages. Blocking the SIGLEC-7
receptor on cells leveled the biological effects of GdA
on monocyte differentiation [80].

Dendritic cells (DC) are present in the maternal
part of the placenta and are represented by immature
and mature myeloid dendritic cells, with the cells
responsible for the induction of T-cell anergy.
Placental DC and macrophages actively absorb
extravillous trophoblast cells undergoing apoptosis,
which is considered as a stage of induction of the
mother’s immune tolerance to fetal antigens inherited
from the father. Thus, it is known that a native GdA
preparation derived from an amniotic fluid induces
a tolerogenic phenotype of DCs (IL-10-producing
cells) derived from monocytes in vitro [66]. At the
same time, GdA suppressed maturation of DCs from
peripheral blood mononuclear cells: after preliminary
treatment with GdA, immature DCs could not go
into a full mature phenotype. GdA suppressed the
expression of costimulatory molecules CD83 and
CD86 onimmature DCs. Co-cultivation of obtained in
this way DCs with allogeneic mononuclear blood cells
dose-dependently reduced their lymphoproliferative
activity [11]. Glycodelin isolated from ascites of
patients with ovarian cancer, also prevents the
maturation of DCs with a tolerogenic phenotype and
functionality, suggesting that glycodelin can form
an immunosuppressive microenvironment in the
progression of cancer [11].

NK cells

At the beginning of pregnancy, the dominant cells
in the decidua are uterine NK cells, which constitute
up to 80% of all leukocyte infiltrate cells. NK cells lose
their CD16 (FcRyIIIA), which provides the ability to
carry out a cytotoxic effect, and start to express on the
membrane HLA-G (human leukocyte antigen-G)
tolerogenic molecule, through which they interact
with the trophoblast, modulate immune processes
in the endometrium, and also produce angiogenic
factors [16]. Interestingly, glycodelin is selectively
expressed in decidual NK cells and is practically not
identified in peripheral NK cells [32]. As early as in
1991, it was demonstrated that glycodelin, obtained
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from amniotic fluid, blocks the cytotoxicity of NK
cells against the K562 cell line [50]. The authors
suggest that GdA is thus involved in preventing fetus
immune rejection in the fetoplacental interface.

Lee C.L. with colleagues studied the effects of
GdA, isolated from amniotic fluid, on the functional
activity of peripheral NK cells. It has been shown that
glycodelin high concentration (1ug/mL) significantly
reduced the cytotoxicity of NK cells against target
cells, although the ability of binding NK cells to target
cells is preserved [37]. GdA did not affect the viability,
cytotoxicity, and phenotype of peripheral blood NK
cells, but increased the secretion of IL-6, 1L-13, and
GM-CSF by them [37].

B cells

The B-cell content in the decidua is small (as
in the mother’s bloodstream), but it increases
significantly in the course of pregnancy, reaching 13%
in last trimester. Th2 bias during pregnancy facilitates
the development of the humoral immune response,
including in the fetomaternal interface. Yaniv and
colleagues showed that GdRec (recombinant form
of GdA, PP14 -« Fcyl) regulates humoral immunity,
suppresses proliferation, IgM secretion and MHC
class Il expression on stimulated B cells, without
affecting other surface molecules such as CD69 and
CD86 [83]. Inthe experiments of Alok and co-authors,
it was demonstrated that .S. aureus-activated B cells
under the influence of GdA reduced proliferative
activity, evaluated in the H3-thymidine incorporation
assay [5]. In addition, the proliferation of the human
B-cell line U266B1 also decreased under the influence
of GdA [5]. Quite interestingly, similar effects in
this study were obtained both with the use of native
GdA derived from amniotic fluid and recombinant
GdA obtained in insect cells (Sf21, ie, Spodoptera
frugiperda or Mb, ie, Mamestra brassica [5]). It is
known that oligosaccharide chains in native glycodelin
specifically interact with CD22 on B cells and have
immunosuppressive functions [11, 13].

T cells

It is known that the development of physiological
pregnancy is associated with the formation of
immunological tolerance to the alloantigens of the
paternal haplotype, which are expressed by the embryo.
In general, the current concept of immunological
tolerance is that during a normal pregnancy, changes
occur in the mother’s immune system, such as the
dominance of Th2 and regulatory T cells (Treg) over
Th1 and IL-17-producing T cells (Th17), as well as an
increase of the indoleamine-2,3-dioxygenase (IDO)
level [59].

It is known that native GdA can inhibit T-cell
proliferation in a mixed culture, suppressing
the mitogenic response of lymphocytes to
phytohemagglutinin (PHA) [53]. It has been shown
that inhibition of activation and proliferation of T

cells by the native preparation of GdA is carried out
by inhibiting the transmission of T-cell receptor
signals [55, 56].

As for CDS8'T cells, the native GdA preparation,
obtained by immunoaffinity chromatography from
the amniotic fluid, reduces the cytotoxic effects of
alloactivated CDS8*T cells. Inhibition of cytotoxic
T-lymphocytes activity is caused by suppression of
transcription of effector molecules (granzyme B and
perforin), and blocking the degranulation of cytolytic
vesicles. Despite the inhibition of CD8*T-cells
proliferation, GdA does not affect the initiation of
apoptosis in these cells [70].

When studying the mechanism of GdA action,
it was found that it participates in early signal
transduction, involving T cell receptor (TCR, CD3).
First, it abolishes the TCR-induced flow of Ca?*"
ions in early TCR-CD3 signaling events. Unlike
other T cell inhibitors, such as cyclosporin A, that
inhibit Ca?"-dependent phosphatase (calcineurin) to
weaken the signaling pathway of activation, regardless
of interaction with TCR, GdA, on the contrary,
increases the TCR activation threshold and changes
the corresponding profile of cytokine expression,
but not directly blocks the transduction of the T-cell
signal. In addition, GdA can be localized in APC — T
cell contact sites at TCR startup to inhibit activation
of T lymphocytes. In addition, the binding of GdA to
intact CD45 molecule of T cells diminishes the TCR-
CD3 signal transduction [11].

In 2012, it was found that GdA disrupted IL-2/
IL-2R signaling processes in T cells by reducing
the expression of IL-2R on the cell surface, which
resulted in a T cell proliferation decrease. It has
generally impaired the immune response, including
by weakening the cytotoxicity of CD8*T cells. Given
that IL-2 regulates the expression of pro- and anti-
apoptotic proteinsin activated cells, an insufficient IL-
2-signal in the presence of GdA may cause a decrease
in the anti-apoptotic Bcl-2 protein and an increase
in the pro-apoptotic Bax protein, which contribute
to the induction of CD4*T cells apoptosis [71]. GdA
also causes mitochondrial stress, which directly leads
to apoptosis of T cells independent of TCR and CD45
signals [73]. GdA can induce apoptosis in activated T
cells by selectively combining N-linked glycans on the
glycoproteins of the T cell surface since activated T
cells express more galactose than naive T cells [48].
It is important to note that all these conclusions are
drawn from the analysis of the effects of the native
GdA preparation, obtained by the immunoaffinity
chromatography from the amniotic fluid. In addition,
GdA-mediated induction of apoptosis in activated
T cells occurs through permeabilization of the
mitochondrial membrane and induction of caspase-3,
caspase-9 [38, 48, 73], increasing the activity of
caspase-8, which leads to increased expression of
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Fas, and thereby increase cell mortality [38]. Both
recombinant glycodelin GdRec obtained from
P. pastoris cells (GS115 strain) which does not
contain sialic acid residues and the desialylated form
of native GdA do not induce T-cell apoptosis. The
authors conclude that the apoptotic activity of GdA
depends on the presence of sialic acid residues in this
protein [48].

GdA is involved in the regulation of the functional
activity of the dominant regulatory subpopulations
of helper T cells — Thl and Th2. For example, the
recombinant form of GdA (PP14 - Fcyl) inhibits the
polarization of naive CD4*T cells towards the Thl
during T cell priming, suppressing the expression of
IFNy, IL-2 and CXCR3 (chemokine receptor), which
are important for the development and activation of
Th1 cells [44]. At the same time, native GdA induces
apoptosis of Thl cells mainly by enhancing Fas
expression in them in comparison with Th2 cells [38].
GdA-treated macrophages exerted a suppressive
effect on the intracellular level of IFNy in helper T
cells. With a detailed study of the native GdA action
mechanism, it has been shown that it realizes its
Th1-suppressive effect through the induction of 1L-6
production by macrophages. At the same time, 1L-6
promotes the differentiation of Th-2 cells, and GdA,
thus, can improve fetal survival and help maintain
pregnancy [39]. Thus, the general vector of the effects
of recombinant and native GdA is directed to the
formation of Th2-bias of immune response necessary
for the normal pregnancy. In the experiments of
Pockley et al., it was shown that first trimester
decidual tissue extracts in which GdA is present
inhibit the production of IL-2 in PHA-stimulated
Ilymphocytes and lead to a reduced release of the
IL-2R receptor [52]. The same authors showed that
first trimester decidual tissue extracts and the purified
GdA preparation suppressed the production of I1L-1
in mitogen-stimulated (PHA and LPS) cultures of
mononuclear cells [53].

However, in addition to the dominant Th1/Th2
subpopulations, generation of antigen-specific clones
of regulatory T cells (Treg) is of great importance
during pregnancy [59]. Treg accounts for 5-10%
of the total population of helper T cells. They
support immunological tolerance, participate in the
suppression of the final stages of immune response,
prevent the development of autoimmune diseases
and grafts rejection. Treg enter the endometrium
from the peripheral blood, the maximum of this
cell’s number in the decidua is observed in the first
trimester of pregnancy, and Treg elimination leads to
its interruption [33].

It is known that GdRec, obtained from the cell line
of human embryonic Kidneys, that has the same type
of carbohydrate structures as amniotic (HEK 293 —

Human Embryonic Kidney 293), under prolonged
culture conditions increased the level of myelin-
specific Treg and the expression of FoxP3 de novo with
simultaneous suppression of effector T cells. In the
experiment, there was a twofold increase in the number
of FoxP3*T cells, which were also characterized as
CD25"eh and GITR"e" [49]. The observed increase
in FOXP3 expression in cells treated with GdA was
the result of premature termination of signaling via
TCR and in particular the PI3K/Akt/mTOR pathway.
By regulating the mTOR signaling, glycodelin can
influence the antigen-induced differentiation of T
effectors or Treg [49]. The authors conclude that
GdA has a potential therapeutic effect on T cells in
autoimmune diseases by preventing the development
of effector T cells and inducing antigen-specific
Treg. In the long term, GdA would be logical to use
in cellular immunotherapy for “reprogramming”
autoreactive clones of T cells and directed induction
of necessary antigen-specific Treg.

Itshould also be noted that physiological pregnancy
is accompanied by a decrease in the frequency of
proinflammatory IL-17-producing helper T cells
(Th17) in peripheral blood compared with non-
pregnant women [60]. Elevation of the Th17 number,
in turn, is associated with pathological processes
and can lead to premature birth or spontaneous
abortion [59]. GdA-treated macrophages, when co-
cultured with autologous lymphocytes, did not have a
significant effect on the intracellular IL-17 level of T
helper cells [39].

In 2018, the role of the immunosuppressive activity
of the recombinant GdA (source of F.coli C43)
in preventing graft rejection was investigated [14].
Using an in vitro experimental model based on the
co-cultivation of mononuclear cells with targeted
HepG2e cells, it was demonstrated that GdA
suppressed the generation of cytotoxic lymphocytes
and their functional activity. Similar results were
obtained in vivo in nude mice that became recipients
of HepG2e cells and GdA-treated human CDS8* cells.
It was shown that in vivo GdA also inhibits the activity
of cytotoxic lymphocytes [14].

In the same 2018, Paloma Riquelme and
colleagues received regulatory macrophages (Mregs)
from human blood monocytes CD14* in vitro. By
co-cultivation of Mregs with FoxP3-CD4*T cells,
the researchers demonstrated that Mregs promoted
the formation of IL-10-producing FoxP3* (Treg)
regulatory T cells, the so-called Mreg-induced
(miTreg) cells, which subsequently suppressed nearby
T-cells and prevented maturation of dendritic cells in
culture. When anti-GdA antibodies were added to the
mixed Mreg/FoxP3-CD4*T cells culture, a significant
decrease in miTreg generation was observed. The
authors concluded that under co-culture conditions,
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TABLE 1. EFFECTS OF DIFFERENT TYPES OF GLYCODELIN A ON THE FUNCTIONS OF IMMUNE CELLS
(IN CHRONOLOGICAL ORDER OF DISCOVERY)

Type of glycodelin

Effects

Reference

Purified extract of decidual tissue,
| trimester

Reduction of proliferative activity of
lymphocyte mixed culture and PHA-
stimulated lymphocytes

Bolton et al., 1987

Purified extract of decidual tissue,
| trimester

Reduction of production of IL-1
and IL-2, as well as sIL-2R by
mitogen-stimulated lymphocytes and
mononuclear cells

Pockley et al., 1988

Amniotic fluid, second trimester

Inhibition of cytotoxicity of NK cells
against the K562 cell line

Okamoto et al., 1991

Recombinant GdA (from E. coli BL21
(DE3), transformed with bacterial
expression vector pPP14.1 EE his6/
ET-22b (+))

Specifically associated with CD14*
cells (monocytic cell line), but not with
CD20* cells (B cell line) and CD3*
cells (T cell line)

Miller et al., 1998

Native* and recombinant (PP14 Fcy1)
GdA

Reduced T cell activity (proliferative)

Rachmilewitz et al., 1999, 2001

Native* and recombinant

The inhibitory effect on the T cell
proliferation is mediated through
binding to a2-macroglobulin

Riely et al., 2000

Native and recombinant

Directly induces apoptosis of T cells,
regardless of monocytes

Mukhopadhyay et al., 2001

Homogenate of decidual tissue

Decreased chemotaxis of U937
monocytic cell line

Vigne et al., 2001

Recombinant form, PP14<Fcy1

Suppress proliferation, IgM secretion
and MHC class Il expression by
stimulated B cells

Yaniv et al., 2003

Recombinant form of GdA

Prevents polarization of naive CD4*
T cells towards Th1, suppressing the

Mishan-Eisenberg et al., 2004

CD8'T cells

(PP14-Fcr) expression of IFNy, IL-2 and CXCR3
Induced mitochondrial stress, which
. directly leads to apoptosis of T cells .
Native GdA independent of TCR and CD45 Sundarraj et al., 2008
signals
Reduced proliferation of S. aureus-
Native GdA activated B cells and proliferation of Alok et al., 2009
U266B1 B cell line
No effect on viability, peripheral
Native GdA NK cell phenotype, but increased Lee etal., 2010
secretion of IL-6, IL-13 and GM-CSF
Native GdA Reduced cytotoxicity of allo-activated Soni et al., 2010

Recombinant GdA derived from
Human Embryonic Kidney 293 cell
line (HEK 293)

In vitro increased the level of antigen-
specific Treg and the expression of
FoxP3 de novo with simultaneous
suppression of effector T cell
functions

Ochanuna et al., 2010

Induced apoptosis of Th1 cells mainly

when co-cultured with GdA-treated
macrophages

Native GdA by enhancing the expression of Fas Lee et al.,, 2011
in them in comparison with Th2 cells
It did not affect the intracellular level
. of IL-17 expression in T-helper cells
Native GdA Lee et al., 2012
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Type of glycodelin

Effects

Reference

Native GdA

Violated the IL-2/IL-2R signaling
processes in T cells, which led to a
decrease in cell proliferation

Soni et al., 2012

Recombinant GdA (E. coli source
C43)

Prevented nude mice transplant
rejection

Dixit et al., 2018

GdA secreted by human regulatory
macrophages in vitro

Under co-culture (Mregs and FoxP3-
CD4'T cells), GdA (PAEP) secretion
by Mreg promotes Treg induction

Riquelme P. et al., 2018

Note. *, native GdA preparation obtained by immunoaffinity chromatography from amniotic fluid.

Mreg secrete GdA (PAEP) and thus induce miTreg
generation from FoxP3-CD4*T cells. The preoperative
administration of Mregs of kidney donor to recipients
led to a dramatic increase in circulating Tregs and
promoted the transplant engraftment [58].

In studying the molecular mechanisms by which
GdA suppresses transplant rejection, it has been
shown that the protein reduces the number of activated
CD4* and CDS8" cells and reduces the expression
of key proteins involved in graft rejection such as
IL-2, granzyme-B, eomesodermin (EOMES), and
production of pro-inflammatory cytokines (TNFa
and IL-6), which leads to a weakened cell-mediated
immune response. In addition, GdA induced
apoptosis in CD4*T cells, which are key mediators
of the immune response. As a result, the authors
see the possibility of using glycodelin in the therapy
of rejection of the transplant. A similar assumption
about the possible use of GdA in the case of lung
transplantation was made by Schneider et al. [62,
63]. It is also important to note that clinical studies
have revealed a correlation between a low level of
circulating GdA with repeated spontaneous abortions,
which confirms the importance of this protein in
fetoprotection [12].

In general, it is obvious that GdA has prospects for
use in biomedicine as a pharmacological drug for the
treatment ofpost-transplantcomplications[14, 58] and
autoimmune conditions [51] and “reprogramming”
of autoreactive clones of T lymphocytes in vitro for
further cellular immunotherapy.

Cnucok nutepatypsl / References

Conclusion

Glycodelin (PP14, PAEP, alpha-2-microglobulin,
a dimeric glycoprotein with a molecular weight of 42 to
56 kDa) is considered a marker of reproductive tissue
receptivity [81]. In the normal course of pregnancy,
the glycodelin level gradually increases, reaching a
maximum at the 4-16" week of pregnancy, then begins
to decrease, forming a plateau after 24 weeks [22, 24].
Clinical studies have revealed a correlation between
a low level of circulating glycodelin with repeated
spontaneous abortions [12], and with the development
of preeclampsia [15], which confirms the importance
of this protein in fetoprotection.

As aresult, the data of modern literature show that
the role of GdA in the regulation of the immune system
is to inhibit the proliferation of T and B lymphocytes,
suppress the cytotoxicity of NK cells, induce apoptosis
of activated CD4* cells, monocytes and NK cells,
inhibit the activity of cytotoxic T-lymphocytes and
suppression of the functional activity of macrophages
and dendritic cells (Table 1). In addition, GdA
increases the level of Treg, bias the Th1/Th2 balance
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POJ1Ib XEMOKMHOBOI'O PELLENMTOPA CXCR3 UEIO
JIMTAHAOB NPU HEKOTOPbIX UMMYHONATOJIOT'MYECKUX
COCTOAHUAX

ApcentheBa H.A.!, Cemenos A.B.'2 {Keopyn JI.A.5 Bacuabesa E.B.Y,
ToTouasa Aper A.l2

'®@BYH «Cankm-Ilemepbypeckuii Hay4HO-UCCAC008AMEAbCKUL UHCIUMYM NUOeMUOA0UYU U MUKPOOUOAOCUU UMEHU
Ilacmepa», Cankm-Ilemepbype, Poccus

2@I'BOY BO «Ilepeswiii Cankm-Ilemepbypeckuii 2ocydapcmeeHHbili MeOUUUHCKULL YHUBepCUMEm UMEHU aKa0eMuKa

U 1I. ITasrosa» Munucmepcmea 30pasooxpanenus PO, Cankm-Ilemepbype, Poccus

S@I'BY «Hayuonanvuulii Meduyurckuii uccaedosamenvckuil yenmp umenu B.A. Aamazoea» Munucmepcmea
30pasooxpanenus PO, Cankm-Ilemepbype, Poccus

4 Bostongene, Mockea, Poccus

Pe3iome. XeMOKHWHBI TTPEACTABIISIIOT 0CO00€ CEMENCTBO IIMTOKMHOB, OCHOBHAsI (hyHKIIMSI KOTOPBIX COCTO-
UT B KOHTPOJIC MUTPALIIM KJIETOK, OHU CTy>KaT KJIFOUYCBBIMU UTPOKAMU B peaKIIUSIX BPOXKIASHHOIO U adalTUB-
HOTO UMMYHHOTO oTBeTa. HampaBiieHHBIII XeMOTaKCUC crelnGUIecKNX CyOIOMyJISIIMiA JIEMKOIIMTOB yJa-
CTBYeT HE TOJILKO B ITOIACPKaHUM TOMEOCTa3a, HO TaKXKe B Pa3BUTUU MMMYHONATOJOTUIECKUX COCTOSTHUI,
TaKuX Kak pak, BocnajeHue, MHGEKINS, aJuIeprus 1 ayTOMMMYHHBIE PACCTPOMCTBA. XEMOKUHBI SBJISTIOTCS
TUICHOTPOITHBIMHU MOJICKYJIaMH, YIACTBYIOIIINMU B (DU3MOJIOTUIECKUX U IMTAaTOGU3NOJIOTUISCKUX IIpolleccax.
Hanpumep, xemokuHoBbil peuentop CXCR3 akcnpeccupyeTcsl Ha pa3IMYHbIX TUMNAX KJIETKOK: aKTUBUPO-
BaHHEIX T- 1 B-mumdonnTax, HaTypalbHBIX KMJUISPHBIX KJIETKAX, 303MHOGMWIaX U HeTpodmiiax, IeHIPUT-
HBIX KJIeTKaX, ¢hudpoobaacTax, SHAOTEIUATbHBIX M SIUTEIMAIbHBIX KJIETKaX, YTO 0OyCIaBIMBaeT IIMPOKUIA
crekTp ero (pyHkimoHanbHOM akTuBHOCTU. Pettenrop CXCR3 npeacrasiisier cob60it ceprieHTUHOBBIN TpaHC-
MeMOpaHHBIN 0e10K, B HacTosIee BpeMs u3BecTHO Tpu BapuaHTa CXCR3: CXCR3A, CXCR3B u CXCR3-
alt. JIlurannsl peuentopa CXCR3 BrimouatroT [FNy-3aBucumeie xemokunbl: CXCL9, CXCL10, CXCLI1 u
XEeMOKUHBI, cekpeTupyembie TpoMboLuTamu: CXCL4, CXCL4L1. JIuranas! peuentopa CXCR3 nipeacraBiis-
FOT COOO0M OTHIEJIbHYIO TPYMITY aHTMOCTaTUYECKNX XeMOKWHOB, TTOCKOJIBKY TSI HUX XapaKTepPHO OTCYTCTBHUE
aMUHOKUCIOTHOU TocnenoBateabHocTu Glu-Leu-Arg (ELR-motuBa). IFNy-3aBucuMble nTuraHnbl perern-
Topa CXCR3 SBASIOTCS TPOBOCTIAIUTEILHBIMU XeMOKWHAMU, OHU OCYIIECTBIISIOT CBOM XeMOTaKCUYECKMIA
TMOTEHIIMAJ 3a CUET HaIIpaBJICHHON MHUTpaliiy JUMPOIIMTOB, 3KcIpeccupytomux CXCR3, K yuacTkam Boc-
MajieHusI, B OCHOBHOM OHU OITOCPEAYIOT XeMOTAaKCUC aKTUBMPOBAaHHBIX T-KJIETOK M UX moJjsipusalinio. Mo-
JIEKYJIBI XeMOKIHOB MOTYT ITOIBEPTaThCs IMTOCTPAHCIISIMTUOHHBIM MOIN(UKAIIMSIM, 9TO OKa3bIBacT BIIMSHIE
Ha ux ¢yHkuuu. baaromapsi cBoeit monudyHkIuoHaIbHOCTU, auraHabl CXCR3 urpaioT BaxKHYIO pojib B
aToreHe3e¢ MHOTUX 3a0oJieBaHMil. B HacTosieM 0030pe TIpencTaBieHbl JaHHbIe 0 pojin auraHmoB CXCR3
B MMMYHOIIaTOreHe3e psifa 3a00JieBaHUM, B TOM YMCJI€ Pe3yJbTaThl HAILIMX WMCCIESIOBaHUN XPOHUYECKOTO
BUpycHoro renatuta C, peBMaTOMIHOTO apTpUTa 1 TyOepKyJje3a JIeTKux. JIOTIOTHUTENIFHO B CTaThe 00CYXK-
JlaeTCsl 3HAUMMOCTh XeMOKMHOB KaK MH(OPMAaTUBHBIX OMOMapKepOB, KOTOPbIE MOTYT OBITh MOJE3HBI IS
JJabOPATOPHOU TMATHOCTUKU PA3TUUYHBIX UMMYHOITATOJIOTUYECKUX COCTOSIHUI. DTOT 0030p WLTIOCTPUPYET
yHuBepcanbHOCTh [FNy-3aBUCUMBIX XeMOKMHOB KaK MEIMAaTOPOB UMMYHHBIX PEaKIUil TIPU pa3INYHbIX 3a-
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ooneBanusix. UccnegoBanue nurannoB CXCR3, ux n3odopM 1 pelienTopoB, B3aUMOAEUCTBUN MEXIY COOOM
W C pelernTopaMyi MOXeT BHECTH CYIISCTBEHHBIN BKJIall B Hallle TIOHUMaHWE B OOJIACTU CETH XEMOKHWHOB.
IMonumanue cuctembl IFNy-3aBUCUMBIX XEeMOKMHOB MOXKET UMETh KIMHUYECKOE 3HAUYEHUE, KaK C TOYKHU
3peHUs MMarHOCTUKM, TaK U C TeparieBTUYeCKON TOUYKU 3pEHUSI.

Karouesnie cnosa: xemoxunot, CXCR3, IFNy-3asucumsie aueandvi, cenamum C, peemamouonsiii apmpum, mybepkyne3

ROLE OF CXCR3 CHEMOKINE RECEPTOR AND ITS LIGANDS
IN CERTAIN DISEASES

Arsentieva N.A.?, Semenov A.V.2? Zhebrun D.A., Vasilyeva E.V.4,
Totolyan Areg AP

@ St. Petersburg Pasteur Research Institute of Epidemiology and Microbiology, St. Petersburg, Russian Federation
b First St. Petersburg State 1. Pavlov Medical University, St. Petersburg, Russian Federation

¢ National Medical V. Almazov Research Centre, St. Petersburg, Russian Federation

¢ Bostongene, Moscow, Russian Federation

Abstract. Chemokines are a special family of cytokines whose main function is to control cell migration;
they are key players in the innate and adaptive immune responses. Directed chemotaxis of specific
leukocyte subpopulations is necessary not only to maintain homeostasis, but also in development of some
immunopathological conditions such as cancer, inflammation, infection, allergies and autoimmune disorders.
Chemokines are pleiotropic molecules that are involved in physiological and pathophysiological processes. For
example, the CXCR3 chemokine receptor is expressed on various cells: activated T and B lymphocytes, natural
killers, eosinophils and neutrophils, dendritic cells, fibroblasts, endothelial and epithelial cells. Hence, CXCR3
and its ligands have a wide range of functional activity. CXCR3 ligands are the IFNy-induced chemokines:
CXCL9, CXCL10, CXCL11, and platelet-derived chemokines: CXCL4, CXCL4L1. All the CXCR3 ligands
share common angiostatic properties due to lack of the Glu-Leu-Arg (ELR) motif. IFNy-induced ligands
of the CXCR3 are proinflammatory chemokines, they mainly recruit activated T cells and exert an effect on
T cell polarization. Due to wide spectrum of biological activity, the ligands of CXCR3 receptor are involved in
pathogenesis of various disorders, such as inflammation, infection, cancer, allergies and autoimmune disorders.
In this review, we discuss the role of CXCR3 ligands in immunopathogenesis of various diseases, including the
results of our studies in chronic hepatitis C, rheumatoid arthritis and pulmonary tuberculosis. Moreover, we
have also discussed the potential laboratory diagnostic applicability of the chemokines in various diseases. This
review illustrates a universal role of IFNy-induced chemokines as mediators of immune responses in various
diseases. The studies of CXCR3 ligands, their isoforms and receptors, interactions between themselves and
with their receptors can provide a significant contribution to our understanding of the chemokine network.
Understanding the system of IFNy-dependent chemokines may have clinical implications, both for diagnostic
tasks, and for therapeutic purposes.

Keywords: chemokines, CXCR3, IFNy-indused ligands, hepatitis C, rheumatoid arthritis, tuberculosis

Hue, uHbEeKIus, auieprusi 1 ayTouMMYHHbIE pac-
crpoiictsa [34, 51, 77, 89].

XeMOKHWHBI B3aMMOJIECUCTBYIOT CO CIlelpude-
CKMMU PELIENITOPAMM, KOTOPbIe MHTEPHAJIU30BAHbI
Ha ITIOBEPXHOCTH KJIETOK 1 00J1a1al0T BEBICOKMM CPOJI-
CTBOM K juTaHmaM. PemenTopbl XeMOKHMHOB SIBJISI-
I0TCsI TpaHCMeMOpaHHBIMU G-COMPSI)KEHHBIMU O€JI-
kamMu (GPCR — G protein-coupled receptors) [21].
CrnenndrIHOCTh XeMOKIMHOBBIX PEIICIITOPOB XapaK-
TePU3YEeTCS BBIPOXIEHHOCTBIO: C OMHUM U TEM Xe

BeegeHve

IlepBoHauyaabHO XEMOTAKCHUUYECKHE LIUTOKWUHBI,
WJIN XeMOKWHBI, OBIJIM OOHAPYXKEHBI KaK (haKTOPHI,
npuBJeKawIlIUe JIEMKOLIUTBI B odar BOCIIaJeHUS,
YTO U JaJ0 UM TaKoe Ha3zBaHue. MoOJIEKyIbl XeMO-
KUHOB TPEACTABISIOT cCO00M HeOOoJbIINe OSJIKU C
MoJiekyasspHoit maccoii 8-10 x/la. Ha ceromnsi-
HUI JeHb XEMOKHWHBI CUMTAIOTCS TUICHOTPOITHBIMU
MOJIEKyJaMM, KOTOpbIE y4acTBYIOT B (PM3UOJIOTU-

YyecKMX M MaTojorudyeckux mpoueccax [31, 87, 88,
107]. TTOCKONBKY XeMOKWHBI SIBJISIOTCS KIIOYEeBBIMU
WTPOKAMHU B peaKIINSIX BPOKICHHOIO M afallTUBHOTO
MMMYHHOTO OTBeTa, TO OYEBUIHO, YTO HaIlpaBJICH-
HBIIT XEMOTAKCHUC CITEIN(PUICCKUX CYOIOITYJISIIINi
JICIKOILIMTOB YYacTBYET HE TOJIBKO B TOIIEepPKaHUT
roMeocTasa, BKI0Jasi XOYMUHT UMMYHHBIX KJIETOK,
AMOpPUOTreHe3 U aHTMOTeHe3, HO TakxKe B MaTopusun-
OJIOTMYECKMX IIpolleccax, TaKMX KakK pak, BocIiaje-

PELENITOPOM B3aMMOIENCTBYET HECKOJIBKO XEMO-
KWHOB, ¥ TOJILKO PELIENITOPEI KOHCTUTYTUBHEIX X€-
MOKHWHOB UMEIOT oauH jurana. C Apyroil CTOPOHHI,
CUCTEME XEMOKHMHOB CBOICTBEHHA M30BITOYHOCTD:
OIWH U TOT XXe& XeMOKIH MOXKET B3aMOJICHCTBOBATh
C HECKOJBKMMMU pasHbIMU perientopamMu. I[TosmHee
OBLIM OOHApyXEHBI aTUMMMYHBIE XEMOKUHOBBIE pe-
nentopsl (ACKR — atypical chemokine receptors),
OuYeHb OJIM3KHMe K KiaaccuueckuM (G-0ekaM, OHM
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CXCR3 6 HeKOmMOpbIX UMMYHONAMOA0USX
CXCR3 in distinct diseases

CBSI3BIBAIOT XEMOKHMHEI C BBICOKOI a(p(PUMHHOCTBIO,
HO He miepepaioT curHan dyepe3 G-6enku [24]. Ho-
MOJIHUTEILHO, ThoKo3aMuHornukaHbel (GAG) Bau-
SI0T Ha (DYHKIIUIO XEeMOKMHOB, B OCHOBHOM 3adep-
KUBasI X HA TIOBEPXHOCTU DHIOTEIUATBHBIX KJIETOK
IUIST  TIPEICTABJICHUS TIPOXOMSIINM JICHKOIINTAM.
Ha B3ammopeiicTBMe pelenTopa M XeMOKHMHA MO-
IyT OKa3bIBaTh BJIMSHUE MOIYIUpYIOlIe haKTOphI,
TaKMe KaK TPAHCKPHIIINSI T'e¢HOB, CTaOMIBHOCTH
MPHK, anpTepHaTUBHBIN CIUIAICUHT T€HOB, B3alM-
HBIIl CUHEPru3M WM aHTaroOHW3M U ITOCTTPaHCIISI-
HUoHHBbIe Momudukauum [68, 71, 73]. Takum 00-
pa3oM, KOHeUYHOe (DYHKIIMOHUPOBaHUE XeMOKIHOB
in vivo SIBIISIETCSI pe3yJIbTAaTOM CJIIOXHBIX MHOTOYHC-
JICHHBIX PETryJIUpPYIOIINX MEXaHU3MOB, OIHAKO M3-
3a YHUKaJbHBIX BPEMEHHBIX U MPOCTPAHCTBEHHBIX
naTTepHOB SKCIPECCUU B CUCTEME XEMOKUHOB CTe-
neHb cneuu@UIHOCTU 0oJiee BaxKHa, 4eM U30bITOY-
HOCTB [44].

XeMOKMHBI MOXXHO pa3feuTh B COOTBETCTBUU C
ux (YHKIMOHATbHON aKTUBHOCTBHIO Ha JBa CEMEM-
CTBa: BOCHAJIMTEIFHBIC M TOMeocTaTnIecKe. Tem He
MeHee Yallle CeMeiicTBa XeMOKMHOB KJ1acCUDUIINPY-
IOT MO CTpyKType. Tak, BbIACISIOT 4 ceMeiicTBa Xxe-
MOKHWHOB B 3aBUCUMOCTHU OT PACHOJOXEHUSI KOHCEP-
BaTMBHBIX IIMCTEUMHOB B 0eIK0oBOI MojeKyne: CXC,
CC, CX3C u C, rne C ob603Ha4YaeT OCTATKM 1IMCTe-
nHa, a X — 10001 Ipyroii aMMHOKHUCIOTHBIN OcTa-
TOK, pasaenstomuii nuctenHsl [21, 25]. CC xeMoku-
HEBI cofepKaT 1Ba N-KOHIIEBBIX COCEIHMX IIMCTEHA,
111 CXC XeMOKMHOB XapaKTepHO BKJIIOUEHUE OJHOMI
BapvadeIbHOI aMUHOKUCIJIOTHI «X», pas3aeisiolei
N-koHueBble LucTenHbl. BMecte kiaccel CC u CXC
COCTAaBJISIIOT OOJIBIIMHCTBO XEMOKHMHOB. XE€MOKHWHEI
C kjacca SBISIIOTCS MCKIIOYEHUEM, OHU CoaepxKaT
TOJIBKO JIBa LIUCTEMHA BMECTO YeThIpeX U MpeacTaB-
JeHbl aByMs1 xeMokuHamMu, K CX3C-xeMoKMHam
OTHOCHUTCSI OIWH IIPEACTaBUTEIh — (paKTalInH.
O003HaYalOT XeMOKHWHBI B COOTBETCTBUM C UX KJIac-
coBoii mpuHagiexHoctbio: CCL, CXCL, CX3CL
win XCL, roe «L» ob03HavaeT JuraHa, 3a KOTOPbIM
clenyeT UaAeHTU(UKAIIMOHHOE Y1CI0. TeM He MeHee
OOJIBIIIMHCTBO XEMOKIHOB TaKXKe UMEIOT OOIII1e WU
WCTOPUYECKUE Ha3BaHMs, OTpaKkalollue XapaKTep-
Hble (PYHKIIUU.

B 3aBUCHMMOCTH OT HaJIWUYMs Mepen IIePBBIM
OCTaTKOM IIMCTerMHa mocjenoBareabHocTu Glu-
Leu-Arg (ELR) cpenn CXC-XeMOKHWHOB BbIACISIIOT
2 nmoarpynnsl. Hanuuue nociaepoBatebHocTd ELR
0OYCIIOBIIMBAET CIIOCOOHOCTh XeMOKHMHOB CTUMYJIM-
poOBaTh aHTMOIeHE3, BO3MECHCTBYS Ha SHIOTEIUAIb-
Hble KJIETKM. DTa MOCJIeI0BaTeIbHOCTh XapaKTepHa
st cemu CXC-xeMoknHOB (CXCL1-3 u CXCL5-8)
M OTCYTCTBYET Y ocTaibHBIX CXC-XeMOKIHOB, 00J1a-
JNAIOLINX aHTUOCTaTHUYeCKUMU yHKIusIMu [25, 87].

O6mmM peuentopoM mist Bcex ELRT CXC-
xeMoKUHOB saBjsieTcss CXCR2, kpome TOTo, XeMOKHU -
Hbl CXCL6 u CXCL8 MoryT nepeaaBaTh CUTHAJ Ye-
pe3 peuterrtop CXCR1. AKTUBams 3TUX pelienTopoB
SIBJISICTCST pe3yJIbTaTOM XeMOTaKcHuca HeHTpodUIIOB.
K Ttomy ke nuranabl peuentopa CXCR2 u nurann
CXCL12, ynHukanbHbli mns penentopa CXCR4,

CTUMYJUPYIOT aHruoreHes [42, 51]. EAMHCTBEHHBIM
NPOaHTUOTEHHBIM XEMOKMHOM, JMIIeHHbIM ELR-
motuBa, saBisieTcss CXCL12, KOTOpbIii anbTepHa-
TuBHO cBs3biBaeT perentopel CXCR4 u ACKR3/
CXCR7 [35].

BbompmmaCcTBO  CXC-XeMOKMHOB, KOTOpBIE HE
umeroT ELR-MoTUB, B3aMMOOEUCTBYIOT C XeMOKU-
HoBbIM peuienTtopoM CXCR3 u gaBasiloTcst UHTUOU -
TopamMu aHruoreHe3a [87]. Cpeau HUX BBIIEISIOT
xeMokHbl CXCL4 u CXCL4L1, cekpeTupyembie
TpomoouutamMmn u CXCL9, CXCL10 u CXCLII,
IUIST KOTOPBIX OCHOBHBIM WHIYKTOPOM  CITY>KUT
untepdepoH-y (IFNy) [99]. Takum obpa3zom, au-
ranael peuenropa CXCR3 mnpencraBisiioT co0oii
OTHEJBHYIO TPYIITYy aHTMOCTATUYECKMX XCMOKWHOB.
Kpowme a3Toro, oHM OCYIIECTBIISIIOT CBOIl XeMOTaKCH -
YECKMM IMOTEHIIMAJ 3a CYET HaIpPaBJICHHOMW MUIpa-
mn muMponnTos, sKkcnpeccupyommnx CXCR3, k
yJacTkaM BocrajieHus. Takke OONbIIMHCTBO JUTaH-
noB CXCR3 criocoOHBI CBA3BIBATHCS C HEKOTOPHIMU
GAG, mnpencTaBlIeHHBIMM Ha MOBEPXHOCTH 3HIO-
TeJIMaJbHBIX KJIETOK [45, 66, 93]. TakuM oGpa3oM,
OHU KOHKYPUPYIOT C Pa3IUYHBIMM aHTMOTEHHBIMU
dakTopamMu pocrta, TaKUMH KakK (aKTOp pocTa 3H-
notenust cocynoB (VEGF) u ¢akrop pocra ¢pubpo-
onactoB (FGF2) nns csasbiBanust ¢ GAG u npe-
MISITCTBYIOT CBSI3BIBAHNIO 3TUX (DAKTOPOB POCTA C UX
CUTHalbHBIMU peuenTopamu [92]. MHoroob6pasue
¢dynkumit [FNy-3aBUCUMBIX JTUTAaHAOB peELENTOpa
CXCR3, HECOMHEHHO, UM€EET 3HAaUeHNE B pa3BUTUH
MHOTHUX 3a00JIeBaHUIT, B TOM YUCJIE aJlJIEePrUIeCcKmX,
VHQEKIIMOHHBIX U ayTOMMMYHHBIX. B HacTtosiem
0030pe MBI paccMmoTpuM penenrop CXCR3 u ero
IFNy-3aBucumble nuranael: CXCL9, CXCLI0 u
CXCLI11 B acriekTe uX y4acTusl MpU pa3IUIHBIX 3a-
0oJeBaHMUAX MHMEKIIMOHHON M HeMHGEKIIMOHHONK
TIPUPOIBI.

CXCR3 u ero Juraniast

Xemorunoeuwiii peyenmop CXCR3

BrniepBble XEMOKMHOBBI pELENTOp YeJoBeKa
CXCR3 6b1 onucad B 1996 romy [62]. CooTBeT-
CTBYIOIIWI TeH OBbUI HalileH IBa roma CIYyCTS U, B
OTJINYME OT IPYTUX XEMOKMWHOBBIX PEIENTOPOB, OH
HaxoaguTcss B X Xxpomocome, B obiactu ql3.1 [63].
TToznHee peuentop CXCR3 611 HazBaH CXCR3A,
MOCKOJIbKY OBITM OOHApyXeHEBI eIlle IBa BapHaHTa
aJIbTepHaTUBHOTO cruialicuHra reHa cxcr3: CXCR3B
u CXCR3-alt.

CXCR3A nHauboJjiee pacnpocTtpaHeHHas dopma,
coctouT U3 368 aMMHOKUCIIOT U B3aMMOIEICTBYET C
CXCL9, CXCL10 1 CXCL11, 4T0 BBI3BIBACT XEMO-
TaKCUC M MOOWJIM3ALMI0O BHYTPUKIETOYHOIO Kaslb-
nusa. CXCL11 u CXCL10 nHaOyuupyoT akKTUBaLIMIO
nHruouropHoro tTuna Go 6enkoB (Gai), akTuBa-
o B-appectuHa-1 u B-appectuna-2 u ¢ochopu-
qupoBanue ERK1/2 [28]. BojblIMHCTBO KJIETOK,
BKJIIOYAsl JICMKOILIMTHI, TIPEUMYILIECTBEHHO 3KCITpec-
cupyoT BapuaHT perienitopa CXCR3A. DrtoT 6enok
KOIMPOBaH OBYMSI 3K30HAMM, pa3IeJICHHBIMU OJ-
HUM UHTPOHOM, COINpsiKeH ¢ cyobenmHuneit Goui
G-0eJika, 4TO MO3BOJISIET TepeaaBaTh MPOMUTPALIU -
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OHHBIC U NpOJU(epaTUBHEIC CUTHAIBI 1 TTOBBIIIIAET
YPOBEHb BHYTPUKJIETOYHOTrO KanbLus [62, 63].

HamnportuB, sHooTelnalbHble KISTKU MCKIIOYM-
TenbHO aKcrpeccupyioT CXCR3B, koTophlit acco-
uMupoBaH ¢ cyobenuHuuein Gas G-6eiaka, MTHULIU-
Upy4 IIPOTUBOMOJIOXKHBIE CUTHAJIbLHBIE KacKaabl [58].
CXCR3B mpeacraBaseTr coboii 010K, COCTOSIINI
u3 415 aMUHOKMCIOT, TPOAYKT aJIbTEpHATUBHOIO
cIuTalicMHTa Ha 5’ -KOHIIe BTOPOTO 9K30Ha, COAEPKUT
YHUKaJIbHBIN N-KOHILIEBO XBOCT 13 51 aMUHOKUCIIO-
ThI, KOTOPBIE 3aMEHSIOT YeThIpe IN-KOHIIEBBIX OCTaT-
kKa CXCR3A. boabiminHcTBO CXCR3A-TO3UTUBHBIX
KJIETOK TaKXe JIeMOHCTPUPYIOT HU3KYIO 2KCIIpec-
cuto CXCR3B. CymiecTBoBaHUE IBYX ITPEATOTOXKM -
TeJIbHO (DYHKIIMOHAJIbHO Pa3HBIX BApUAHTOB MOXET
OOBSICHUTh aHTUOCTAaTUUYEeCKUil 3GPEKT, MPUITUCHI-
BaeMblil nurangam CXCR3.

Kpome Toro, mosmHee ObL1 MACHTU(MUILIMPOBAH
TPETUI BapUaHT aJITEPHAaTUBHOIO CIUIAMCHUHIA pe-
uentopa CXCR3, oOyc/IOBJIEHHBII MPONYCKOM 3K-
30Ha, oH HasbiBaeTcsa CXCR3-alt [37]. CXCR3-alt
coctouT U3 267 aMUHOKHUCIOT. DTOT BapUaHT IMO-
KasbIBaeT 3HAUYMTEJbHbBIE CTPYKTYPHBIE U (DYHKIINO-
HaJIbHbIE Pa3JIMUUsI, CONEPKUT TOJIbKO YEThIpE WJIU
nsTh TpaHCMeMOpaHHbIX JoMeHOB [37]. M3odopma
peuenTopa CXCR3-alt coxpaHsIET CPOACTBO UCKITIO-
yuteabHo K CXCL11, 9yTo MpuBOAUT K YMEPEHHOMY
YBEJIMYEHUIO YPOBHS BHYTPUKIIETOUHOTO KaJabLUs U
xemortakcucy [37, 54].

Penentop CXCR3 mpencraBisieT co0oif cep-
MEHTUHOBBINM TpaHCMEMOpaHHBIN OeJIOK ceMelcTBa
GPCR, kn1accupuuupyeMblii Ha OCHOBE CTPOCHMUS
ero auranaoB Kak peuentop tuna CXC. M3Hayanb-
HO 3TOT pelelnTop ObUI OOHApyXKeH Ha aKTHUBUPO-
BaHHBIX T-aMM@ouMTaX, CENCKTUBHBIN B OTHOIIIE-
Hun ELR-HeratuBHbix CXC-xeMokuHoB CXCL9
u CXCLI10 [62]. Belio moka3aHO, YTO B KYJIBTYpe
KJIIETOK TPOLEHT T-TMM(pOIIMTOB, 3KCIIPECCUPYIO-
mmx CXCR3, yBennuuBaeTca 10 95% mnon Bosmeii-
crBueM IL-2 n ¢puroremarrmotuanHa (PHA) [63].
AxtuBanus T-1uM@oOLIUTOB, COOTBETCTBEHHO, MH-
IYyLHPYeT KIETOUYHYI0O YYBCTBUTEIBHOCTb K JIUTAH-
gaM CXCR3. T-nuM@ouuTsl IIPEACTABIASIIOT OO0t
reTepOreHHYIO IPYIIITY KJIETOK U BKJTIouyaroT: CD4+T-
xenmnepHble Kietku (Th), CD8* nurorokcuueckue
T-nmumpountsl (CTL), a Takke T-KIeTKU MaMsITH,
m6o CD4*, mu6o CD8*, KkoTopbie J1eMOHCTPUPYIOT
noBbIIeHHYIO 3Kcnpeccrio CXCR3 B oTiinaue oT ux
HaWBHBIX NIpeAlIeCTBEeHHUKOB [17, 44]. Cpenu mory-
qsuu Th-kitetok, perentop CXCR3 npeacrabiieH B
ocHoBHOM Ha Th1. YcTtaHoByieHO, 4TO (paKTOp TpaHC-
kpunuuu T-bet, orBevarommii 3a muddepeHInPOBKY
HauBHBIX T-kneTok B Thl u CTL, HermocpeacTBEHHO
crnocobctrByeT skcnpeccun CXCR3 [94, 96]. Takxke
TPAaHCKPUIIIIMOHHBINA (hakTop T-bet nHIyLIUpYET ce-
kpeunto [FNy n cnocobCTByeT aKCcOpeccuu peLer-
topa CXCR3 Ha cybomonynsuuu T-peryasiToOpHBIX
kietok [53]. TTo3aHee ObLIO MOKAa3aHO, YTO peLieH-
top CXCR3 mpencrasiieH Ha cyoronyasiuu yo-T-
KIeToK, B-numd@onmurax, eCTeCTBEHHBIX KieTKax-
xkuuiepax (NK), T-natypanbHbix kKuiiepax (TNK)
¥ IeHIPUTHEIX KJIeTKax [43, 62, 74, 81]. Kpome Toro,

akcnpeccusi CXCR3 Ob11a oOHapykeHa Ha pa3jiny-
HBIX KJIETKaX, KOTOpbIe HAMpsIMyI0 HE CBS3aHBI C
MUMMYHHOIT cucteMmoii. K HuM otHocaTcst pubpobia-
CTBI, DHIAOTEJMAJIbHbIE U SITUTEJIUAIbHbIE KIIETKU,
a TaKXKe aCTPOLMTHI U KJIETKU TIaaKuxX Mbii [43].
BaxHo oTmeTutb, uTo petentop CXCR3 Ob11 00Ha-
pyXeH Ha 303nHO(dMIaX 1 HelTpodmiIax, y4acTBy-
IOIIMX B BOCMAJIUTEIbHOM peakuuu [46, 48]. Takum
obpaszom, noioxeHue o ToMm, yTo CXCR3 oTcyTCTBY-
€T Ha IrpaHyJIolUTax, TpedyeT nepecMoTpa.

Jlurauaer CXCR3 o0067amaloT IIUPOKUM CITEK-
TPOM OMOJIOTMYECKON aKTUBHOCTHU, BO3AEHCTBYS
Ha pa3JIMYHbIC THUIIBI KJIETOK, 3KCIIPECCUPYIOIINE
CXCR3 (puc. 1, cMm. 2-10 cTp. o6a0xku). Cpenu
IFNy-3aBucumbix aronmcroB CXCR3, CXCLI10
MpOSIBJISIET CaMYIO BBICOKYIO a(p@PUHHOCTb CBSI3bI-
BaHuss ¢ CXCR3B [48]. Bce IFN-unayuupyembie
guranabl CXCR3 nposBisioT 60jee BBICOKOE CPOJi-
cTBO K Kiaccuyeckomy penenrtopy CXCR3A, yem K
CXCR3B.

M3-3a orpaHUYEeHHOIro 4Yucjaa WCCAeIOBaHUN C
n3ohopM-criemuUIecKMMN aHTUTEJIaMU TOYHBIN
BKJan BapuaHTOB crutaiicuHira CXCR3 B o6mryio
cetb [FNy-3aBucumbix nurannos CXCR3 B Hopme u
MPU MaTOJIOTUM OCTAeTCs B 3HAYMTEILHON CTeNeH!
HensBecTHBIM. [loka3zaHo, 4TO B ouare BOCTIAJICHUS
MIPUCYTCTBYIOT pa3IddHbIe BapHaHThI XeMOKITHOBO-
ro pelenTopa 1 ero JIMraHaoB, a TAaKXKe MOXET ObITh
KOBKCIIPECCUSI PELIENITOPOB OTACIbHBIMU KJIETKAa-
mu [58]. Takoil (heHOMEH BBI3BIBAET JOMOTHUTEb-
HOE 3aTpyJHEHUE B MOHUMAHUU CHEeNU(PUIECKOro
BKJIa4a in vivo BApUAHTOB PELIENTOPHOTO CIUIAMCUH-
ra nipu B3aumopeiicreun CXCR3 ¢ nurangamu.

Takum obpasom, cpeau CXCR3-cBs3bIBaIOLINX
XEMOKMWHOB MOXHO YE€TKO BBIICIUTH IBE TPYIIIHL: C
onaHoil ctopoHbl [FNy-uHayuupyembie XeMOKUHBI
CXCL9, CXCL10 u CXCL11, koTopble NpeacTaBis-
10T coboil TpaauMoHHble auranasl CXCR3, ¢ apy-
Ol — XeMOKHWHBI, CEKPETUPYEeMbIe TPOMOOIIMTAMU:
CXCL4 n CXCL4L1, xoTopble NMpPEacTaBIsSIIOT OT-
JnenbHyto napy quraHaoB CXCR3.

IFNy-3agucumesie auzanout

XemoxkuHbl CXCL9, CXCL10u CXCL11 saBasioT-
cs1 [IFNy-3aBucumMbim nuranaam perenrtopa CXCR3.
ITepBbiM U3 HUX O0bLT OTKPBIT CXCL10. B 1985 rony
OBLJIO TIPOBEEHO HCCIEIOBAHUE BOCIIAJIEHUS, BbI-
3paHHoOro IFNy, B pe3ynbrate KOTOpOro ObuT OOHa-
PYXeH TeH, KOOUPYIOIIUN OeJIOK C BBICOKOI CTe-
TICHBIO TOMOJIOTUM ¢ OeJKaMM TPOMOOIIMTOB [65].
MonekynsipHas Macca 0eJika COCTaBJsia IPUMEPHO
10 x1a, u on 6bu1 Ha3BaH «[FNy-uHayupyemsiii 6e-
nok 10 x/1la» (IP-10). ITate aet ciiycts, B 1990 rony,
obu1a obHapyxkeHa MPHK, xkomupyromias apyroi
0eJiok, MoAOOHbBIN (aKTOpy TPOMOOLIMTOB 4, KOTO-
pbIii cesleKTUBHO ObLI mHOynupoBaH IFNy u He ak-
TUBUPOBAJICS TION NEHCTBUEM JHUIIONOJIMcCaxapuaa
U Apyrux MakpodarajbHbIX (haKTOpOB, TaKHUX Kak
IFNa, IFNB [41]. ABTOpBI MpeMJTOXUAU Ha3BaTh
3TY MOJIEKYJly «<MOHOKWH, UHAYLIUPOBaHHbBIA [FNy»
(MIG). Crano sicHo, yro IP-10 u MIG ouyeHb cxo-
>XKue OeJIKU, UX COOTBETCTBYIOLIME T'€HbI pACIOI0XKe-
HBbI B XpoMocoMe 4 B obj1actu q21.1, a ux ctapToBble
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KOJOHBI pa3jiesieHbl He 6oJjiee yeM 16 T.m.H. [60]. ITo-
cleaylonme ucciaeaoBaHus nmokasam, 9ro IP-10 u
MIG gBasgIoOTCsI XeMOTaKCUYECKMMU LIMTOKUHAMU,
WIA XEMOKWHaMM, B KOTOPBIX OTCYTCTBYET KOH-
CepBaTUBHbIA aMUHOKUCIOTHBIT MoTuB ELR, oHu
comepXaT OBa KOHCEPBATHMBHBIX OCTAaTKa IIMCTEH-
Ha, pasacJICHHBIX OOHOM CIy4YaHOM aMMHOKMUCIIO-
Tolt «X» B UX N-KOHILIEBBIX ITOC/IEA0BATEIbHOCTSIX.
O0a XeMOKMHa B3aUMOJIEMCTBYIOT C PELenTOPOM
CXCR3, KOTOpHBIN M3HAYATBHO CUMTAJICS CITelnu-
yecKUM 11 Hux [62]. BriociaeacTBuu aBe Mcciemo-
BaTeJIbCKME TPYIINbl WIASHTU(DULIMPOBAIU TPETUM
ELR-otpunarensusiit, IFNy-unagyuupyemsiit CXC-
XEMOKHMH, B OIIBITAX II0 CTUMYJ/ISILUU aCTPOLIUTOB
u KepaTUHOLMTOB [33, 97]. DToT 6€J0K OBLI TECHO
ces3aH ¢ IP-10 u MIG u nokasbiBas1 maxe OoJiee
Bbicokoe cpoactBo K CXCR3. Brotr Tpetuii [FNy-
3aBucuMbiii Juranng CXCR3 6bu1 HazBan «IFNy-
UHAYLUOENbHBIN Oenok-9» (IP-9), mmu <«IFN-
WHAYLMOEIbHbBIN T-KIeTOUHBIN o-XeMoaTTpaKTaHT»
(I-TAC), nns Hero ObUT HaliIEH COOTBETCTBYIOIIMUIA
IreH B TOM ke 4g21.1 XpOMOCOMHOM MWHM-KJIACTE-
pe kepatuHoLIMTOB [33]. B manpHeiileM B COOTBET-
CTBUM C HOMeHKJaTtypoit xeMmokuHoB MIG, IP-10
u I-TAC (IP-9) 6putn nepeumeHoBanbl B CXCL9,
CXCL10 u CXCL11, cooTBeTCTBEHHO, [25] 1 OOBIU-
Ho yrnomuHawoTcs kKak [FNy-3aBucumblie aurasmbl
CXCRa3.

IFNy-3aBUCHMMBIE XEMOKWHBI JEMOHCTPUPYIOT
npuMepHO 40% romMojoruy aMUHOKUCIOTHBIX IO-
CJ1e10BaTeJIbHOCTEN MeXIy COO0I U CEKPETUPYIOTCS
pa3IMYHBIMU TUITAMU KJIETOK B OTBET Ha CTUMYJISI-
OUIO CIIEIM(UISCKUMHN MUTOKUHAMM W JTATaHIaMU
Toll-momoonoro peuernropa (TLR) mmm nx xoMoOum-
HauusaMu [46, 47]. Umes oOLmne ¢hyHKIUY IIPU pa3-
BUTUM BOCHAJUTEbHON peakilii, OHU COBMECTHO
KOHTPOJIMPYIOT MUTPALIUIO JIEMKOLIUTOB B 04Yar BOC-
najgeHus [14]. CXCL9 u CXCL11 oOBIYHO CEKpeTH-
DPYIOTCSI MOHOHYKJIEapHBIMU KJIETKaMU mepudepu-
yeckoit kposu (MHIIK), makpodaramu (CXCL9)
u actpouutamu (CXCLI11) [42, 44] (Tta6a. 1). Cpe-
N JICHKOIIMTOB, KOTOPHIC IIPEUMYIIIECTBEHHO IIPO-
nyuupyioT CXCL10, cienyeT OoTMETUTh T-KJIETKU U
MOHOULVTHI [64, 83].

Bruto TIPOIEMOHCTPUPOBAHO, UTO 3TH XEMOKU-
HEBI IO-Pa3HOMY B3aMMOIIEHCTBYIOT C XeMOKITHOBBIM
pelLEenTOPOM: MMEIOT pa3Hble CAMWThl CBI3BIBAHUS,
pa3inyHylo aUHHOCTb, a TakXKe 3((POEKTUBHOCTbD.
Kak npaBuiio, CXCL11 umeeT caMmoe BbICOKOE CpO/JI-
ctBo K CXCR3A, torma kak CXCL9 — camoe HU3-
koe. CXCLI11 Takxke sIBIsieTcsI HamboJjee MOIIHBIM
u3 IFNy-3aBucumbix turango CXCR3, Ha ocHoOBa-
HHUU €ro BO3ACUCTBUS Ha BEIOPOC BHYTPHUKIIETOUHO-
IO KaJIBIIMS U II0 XeMOTaKCUIECKOMY OTBETY KJIETOK,
skcrpeccupytommx CXCR3A [33]. HaubGombleit
YYBCTBUTEJLHOCTBIO K Pa3IMUHbIM CTUMYJIaM 00Jia-
naetr CXCL10, moaToMy OH CBSI3aH CO MHOXECTBOM
(U3NOIOTUIECKNX, a TaKKe ITaTOJIOTMYECKHX CO-
crosgHuii [44]. CXCLI10 saBnsieTcss Haubojee MOJIHO
uccaenoBaHHbIM JurangoM CXCR3 u yacTo ciyXut
NpOoTOTUNTHBIM npruMepoM IFNy-uHaylupyeMsix xe-
MOKWHOB.

Jlueandot CXCR3, cexpemupyemote mpombouu-
mamu

XeMmokuHbl CXCL4 u CXCL4L1 oTHOCST K TPOM-
6omUTapHBEIM (haKTopaM, KOTOpPBIE CEKPETUPYIOTCS
IpHU aKTUBAIUM TpoMOonuToB. OHM AEMOHCTPHPY-
IOT TOMOJIOTUYHOCTh 37% C aMMHOKHCIOTHOM TIO-
cienoBaTeabHOCThIO XeMokrHa CXCL10. CXCL4L1
SIBJISIETCS HeaJuieAbHbIM BapuaHToM CXCL4, Mexnmy
C000If 3TN XeMOKWNHBI TTOKA3bIBAIOT ITOPA3UTEIILHYIO
UIEHTUYHOCTb aMUHOKHUCIOT — 96%, TOJBKO TpU
aMMHOKMCJIOTHBIX 3aMeHbl BOJM3U C-KOHIIa pa3in-
4yaloT 3pesble BapuaHThI [55]. U Bce xKe 3Toit HeOOoJIb-
IO pa3HUIIBI JOCTATOYHO, YTOOBI M3MEHUTH TPEX-
MEPHYIO CTPYKTYpY, 61aromaps kotopoit CXCL4L1
yMeHblIaeT cpoactBo K GAG, 4To B pe3yJibraTe Io-
BBIIIIACT €T0 AaHTUOCTATUICCKUI ITOTEHIINAIT.

C mpyroit croponsl, CXCL4 n CXCL4L1 saBHO
ormualorcss oT apyrux auraHgoB CXCR3. Bo-
TMEPBbIX, OHU UMEIOT CJIaboe CPOACTBO K pelienTopam
CXCR3A u CXCR3B, BO-BTOpBIX, UX CEKpelLUs HE
3aBucut ot [IFNy. bosiee Toro, oHu B OCHOBHOM Ce-
KPETUPYIOTCSI aKTUBUPOBAaHHBIMU TPOMOOIIMTAMU,
Mo3ToMY Moay4ynyin Ha3zBaHue JuraHabl CXCR3, ce-
KpeTtupyeMble TpoMOouuTaMu [59]. DT XeMOKUHBI
CITOCOOCTBYIOT CBEPTBIBAHUIO KPOBH, 3aMEIJIsIsI Ieii-
CTBHME rernapuHONnogo0HbIX MoieKyl. Takske CXCL4
u CXCL4L1 aBasiroTcst MYHTMOMTOpaAMU aHTHOTeHe3a.

JIuranapl CXCR3 npu pa3anuHbIx 3a00/1€BAHUSIX

Brmaromapst cBoeit moanyHKIIMOHATIBHOCTH, JIN-
ranapl CXCR3 urpaioT BaxkHYIO poJib B MaToreHes3e
MHOTUX 3a0oJjieBaHuii (Tadia. 2). Yuactue Bcex JU-
rangoB CXCR3 nokazaHo Ipu pa3JIUUYHBIX MaTOJO-
TUSIX, CBSI3aHHBIX C aHTUOTEHE30M, a TAK:Ke MMMYHO-
JIOTUYECCKUMM HAPYLUICHUSIMU, IPUIEM ITOCISTHUIE B
OCHOBHOM CBSI3aHbl C ayTOUMMYHUTETOM WJIA WH-
dekumeii [26]. Takxke IFNy-3aBUCUMbIe XeMOKWHBI
BOBJICUYCHEI B OMOJIOTHIO OIyXOJCH M TeMaTOJIOTrM-
YyecKHe 3JI0KaYeCTBEHHBIC HOBOOOpazoBaHUsS [99].
IIpu 3TOM POJIb 3TUX XEMOKMHOB IPU OITYXOJIEBBIX
3a00JIeBaHMSAX NaJIeKo He ogHo3HayHa. Kpome 3T0-
ro, IFNy-3aBucumsie muranasl CXCR3 ygacTByioT B
npoleccax pubporeresa [67]. He crout 3a0bIBaTh 0O
TOoM, 4yTO IFNYy-3aBUCHUMBbIE XeMOKMHBI MOTYT BBICTY-
MaTh B POJIM aHTAarOHMCTOB 1O OTHOIIIEHUIO K pellelT-
TopaM CCR3 u CCR5 n ux nuraHgam.

Huxe npuBeneHbl mnpuMepbl 3a00jeBaHUM, B
MMMYHOITaTOT€HEe3 KOTOPBIX BOBJICYEHBI XEMOKU-
Hbl CXCL9, CXCLI10 mnu CXCLI11. dns nuraHaoB
penentopa CXCR3 xapakTepHO YHHKAJIBHOE COYC-
TaHUe (PYHKIIMI BOCITAJIMTEILHBIX 1 aHTUOCTATHYC-
CKHX XEMOKWHOB, 1, COOTBETCTBEHHO, OHU UTpPaloT
WCKITIOUUTEIbHYIO POJIb B HOpME W TaTOJIOTWU, a
TakKe HAIUIM CBOE NPUMEHEHHE B JIAOOPAaTOPHOM
IUAarHOCTUKE M TepaIluu 1IeJIOTo psiia 3a00IeBaHUIA.

Xponuueckuii eupycnwtii ecenamum C (XBIC)

Hnsg XBI'C xapaktepHa JJWTeNbHAsT TEPCU-
creHuus Bupyca rematura C (BI'C) B opranmsme
M BBICOKAS 4YacTOTa XPOHU3ALMM WHOEKIIMOHHO-
ro mpoiecca (mo 80%), HapylleHHue HOPMAaJIbHOTO
TeYCHUSI WMMYHHOI'O OTBETa, ITPOTPECCHUPOBAHME
3a00JIeBaHUS B LIMPPO3 U pakK medeHu. EcTecTBeH-
HYIO 2JIMMUHALIMIO BUpyca rematuta C CBSI3BIBAIOT
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TABINLA 1. OCHOBHbIE XAPAKTEPUCTUKW NUIAHOOB XEMOKUHOBOIO PELIENTOPA CXCR3
TABLE 1. MAIN CHARACTERISTICS OF CXCR3 LIGANDS

XeMOKUH
Chemokine

AnbTepHaTMBHOEe
Ha3BaHue
Aliases

CekpeTupylowme
KNEeTKU
Producer cells

OcHoBHas

pyHKUMA
Main function

PeuenTop-
aroHucT
Agonist receptor

Peuentop-
aHTaroHucT
Antagonist
receptor

CXCL4

PF4

CXCL4L1

PF4V1

TpomMGoLUTLI
platelets

npoKoarynsiHT
procoagulant

CXCR3B, A

He OoGHapyXeH
not found

CXCL9

MIG

CXCL10

IP-10

MHIK, T-kneTkn,
makpocdparu,

CXCR3A, B

CCRS3

CXCR3A, B

CCR3

MOHOUMUTDI,
acTpouMUThlI,
c¢ubpobnactsl,
anuTenuanbHble
KNeTKu,
3Be3guarble
knetku, K
PBMC, T cells,
macrophages,
monocytes,
astrocytes,
fibroblasts,
epithelial cells,
HSC, DC

CXCL11 I-TAC

MMMYHHbI OTBET
no nytv Th1
Th1 immune

response

CXCR3A, B
CXCR?7 (ACKR3)
DARK (ACKR1)

CCR3, CCR5

Mpumeyanune. MHIMK — MmoHoHykneapbl nepudepuyeckon kposu, AIK — neHAPUTHbIE KNETKU.
Note. PBMC, peripheral blood mononuclear cell; DC, dendritic cells; HSC, hepatic stellate cells.

C YCHEITHBIM KOHTPOJIEM PEeIIMKAIluM BUpYyca M-
MYHHOW cuctemoit. B atoM ciyyae dopmupyercs
MHTEHCUBHBIN crieuuuieckuii T-KJIETOUHBIA OT-
BeT [30]. [ToaTOMy OCOOBINT MHTEpPEC MPENCTABISIOT
IFNy-ungyuupyeMble XeMOKWUHbI, OTBETCTBEHHbIE
3a npuBiedyeHue 3¢p@PeKTOpHbIX T-KJIIETOK B ouar
BOCHAJICHUSI U MUTPALIMIO B IIEUCHOUYHYIO TKaHb. B
psize paboT, B TOM YWCJIe W HaIlIUX, OblIa YCTAHOB-
JIeHa CBSI3b MEXIY XEMOKWHaMU, WHAYLUPYEMbIMU
IFNy, u Bupycubim reniatutom C [4, 40]. Tem He me-
Hee caM BI'C MoxeT MOayIMpoBaTh CUCTEMY XeMO-
KWHOB, aKTUBUPYS BOCITAIUTEIbHbIE XeMOKHHBI, HO
noJapbiBas cneunrUUecKii UMMYHHBI OTBET, CITO-
cooctBys nepcucteHuu BI'C [1, 57].

bbuta moaTBepkAeHa BaxkHasi pojb B UMMYHO-
naToreHe3e XpOHMYECKOI0 BHPYCHOIO TIelaThTa
C (XBI'C) xemokuHoB CXC-cemeiictBa CXCL9,
CXCL10 u CXCLI11, KoHLEHTpal1sI KOTOPBIX 3Ha-
yuTteabHO Bo3pacTtaeT npu XBI'C um umeer npsamyio
CBSI3b CO cTeleHblo Gubposa medyeHu [3, 20, 100].
IToBeiieHHbIe ypoBHU CXCLIO B 1uiasme cBsI-
3BIBAIOT C (UOPO30M ITI€YeHU, TOrda KaK YPOBHM
CXCL9, cornacHO HEKOTOPBIM MCCJIENOBAHUSM, B
OCHOBHOM acCOLMUPOBaHbI ¢ BocnajeHuem [105].
HNmerorcss nanHble, yto CXCL9 MOXeET OKa3bIBaThb
antuduoporuueckoe aeiicreue [100]. Kpome Toro,
yctaHoBjieHo, yTo CXCL10 MoxeT oka3bIBaThb Mpsi-
MOE TIpOAIIONITOTHYECKOEe MEeHCTBHE Ha TeIaTOLM-
Tbl, TOTEHUUaANbHO criocobcTBytommne CXCL10-
acCOLIMMPOBAaHHOMY TTOBpexXIeHuio nedeHu [90].
CXCL11 Takxke bdKcmpeccupyercsl reraTolnuTaMu

npu XBI'C, oH crnocoOGCTBYeT MPUBJICUEHUIO TPO-
BOCHAJIUTEIBHBIX T-KIIETOK B MEYEeHb U ITOCICAYIO-
meMy IIOPTaIbHOMY W JIOOYJISIPHOMY BOCITAJICHUIO
[47]. BaxxHo otmeTtutbh, uTo npu XBI'C BhisiBIeHa
TTOJIOXKUTEIbHAS KOPPEISIIIUOHHAS CBSI3b MEXKIY CO-
JIepxaHueM B KpoBu LIUTOKMHA TN Fo, 1 XeMOKHWHOB:
CXCL9, CXCL10, CXCLI11, 4yTo CBUAETEIBCTBYET O
TNFa-3aBucumoii cekpernu aurangos CXCR3 ipu
uHpexuuu, BeizBaHHoi BI'C [3, 76].

OTBeT Ha BOMNpPOC, MOYEMY AaHTUOCTaTUUYECKUE
XEMOKUHBI, KOTOPBIC MOJDKHBI B HOPME TOPMO3UTH
pa3BUTHE (PUOPOTUIECKUX TPOIECCOB, ITOTCHIIN-
DPYIOT TpollecC IOBPEXIEHUS MEYEHOYHOU TKaHU,
obu1 TipegioxeH Casrouge A. M coaBT. [32]. OHu
obHapyxwuiu, yto CXCLI0 B CBIBOPOTKE KpPOBU
o6osbHBIX XBI'C HaxomuTcs B (popMe aHTaroHucTa.
Bbenok momBepraeTcss meicTBUIO (pepMeHTa ITUTICII-
tuinentuaassel 4 (DPP4/CD26), nuameneHHast dhop-
Mma CXCL10 ctaHoBuTCS Ae(PEeKTHOM, OHAa CIOCOOHA
B3anMopeiicTBoBaTh ¢ peuentopoM CXCR3, Ho 6e3
TMOCJIeayIoIIeit Tiepeaadr BHYTPUKICTOYHOTO CUTHA-
na. Takum o6paszoM, B KpoBU 00abHBIX XBI'C B03-
pacTaeT KOJIMYeCTBO Ae(PeKTHBIX (DOPM XeMOKHNHOB,
KOTOpPEIE HE CITIOCOOHBI BBHITIOHATH CBOM (DYHKIINH,
HO MpPU 3TOM MOTEHLIMPYIOT peaKIiu BOCITaJeHUs,
OMOCPEeIyIOT MOBPEXACHNE TeaTOIINTOB U Pa3BUTHE
¢ubpoza. MHpunbTpalivsl nedeHu Hecrneuuduye-
CKUMU 3D HEeKTOPHBIMU KJIETKaMU MPUBOIUT K €€
MMOBPEXACHUIO W aKTUBALIMM 3BE3MYATBIX KJIETOK,
9TO SBJISICTCS KIIIOUeBBIM MOMEHTOM B 3aITyCKe ITpO-
1ecca (pudbpo3rMpoBaHUs TIEYEHOYHO TKaHU.
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TABINLA 2. POMb NOBBILEHHOW NPOAYKLIUM IFNy-3ABUCUMbIX IMr AHOOB PELIENTOPA CXCR3 NMPU HEKOTOPbIX

3ABOJIEBAHUAX
TABLE 2. ROLE OF INCREASED SECRETION OF IFNy-INDUCIBLE CXCR3 LIGANDS IN CERTAIN DISEASES
3aboneBaHue ®dyHkuma nuraigos CXCR3 nl':_fgo;':"'(bl
Disease Function of CXCR3 ligands patyp
References
UHdunbrpaumsa T-kneTkamu octpoBkoB JlaHrepranca (CXCL9, CXCL10) [86]
T cell islet infiltration (CXCL9, CXCL10)
CHwuxeHue nponudepauum 6eTa-kKneTok NoaKenyfo4yHON xenesbl
[na6er (CXCL10) [91]
Diabetes Decreased pancreatic beta cell proliferation (CXCL10)
Koppensuusa ¢ aHrmoreHHbIM OCnoXXHeHuem nponudepaTuBHon amabeTtu-
yeckomn petuHonaTtuen (CXCL9, CXCL10) [75]
Correlation to angiogenic complication of proliferative diabetic retinopathy
(CXCL9, CXCL10)
PeBmaTougHbIN CuHoBuanbHoe BocnaneHune (CXCL9, CXCL10, CXCL11) n noBpexaeHue
apTput cocypnoB (CXCL4) [13, 14, 101]
Rheumatoid Synovial inflammation (CXCL9, CXCL10, CXCL11) and vascular damage T
arthritis (CXCL4)
An . CXCL9, CXCL10 3anyck annepruyeckoro Bocnanenusi, CXCL9 — paHHu#
nepru4eckumn -
UHUT annepru4eckui otset (98]
p . CXCL9, CXCL10 triggering allergic inflammation, CXCL9 — early allergic
Allergic rhinitis
response
MpuBneyeHne makpodaros 1 aKkTMBUpPOBaHHbIX T-KNeToK B o4yar Bocnane-
TyGepkynes Husa (CXCL10) 23]
nerkux Macrophages and activated T-cells recruitment to the inflammation site
Pulmonary (CXCL10)
tuberculosis CXCL10 - 6nomapkep uHdmumpoBanus Mycobacterium tuberculosis 5. 6]
CXCL10 — Mycobacterium tuberculosis infection biomarker ’
Mpuene4veHue T-kNeTok U pa3MHoxeHue BupycoB (CXCL9, CXCL10,
CXCL11) [85]
gl'?)gu T-cell recruitment and virus propagation (CXCL9, CXCL10, CXCL11)
CTtumynsuusa supycHomn pennukauumm (CXCL9, CXCL10, CXCL11) [56]
Stimulated virus replication (CXCL9, CXCL10, CXCL11)
TNo6ynsipHoe BocnaneHue n ¢nbpos3 neyeHun (CXCL9, CXCL10, CXCL11) [4, 40]
Lobular inflammation and liver fibrosis (CXCL4, CXCL9, CXCL10, CXCL11) ’
frenatmtBunC AHTndndpotuyeckoe gencreme (CXCL9) [100]
Hepatitis B and C Anti-fibrotic effect (CXCL9)
MospexpaeHue renatouutoB (CXCL10) [90]
Hepatocyte damage (CXCL10)
MoBbiWeHHasa gucceMmHaumnsa onyxoneBbix knetok (CXCL9, CXCL10,
CXCL11), npoTuBoonyxorneBasi akTUBHOCTb: HEKPO3 ONYXONEeBON TKaHM,
noBpexaeHne cocyaoB, 3aWMUTHbIA UMMYHHbIN oTBeT (CXCL9, CXCL10) [102]
Numdpoma Increased tumor cell dissemination (CXCL9, CXCL10, CXCL11), anti-tumoral
Lymphoma activity: tumor tissue necrosis, vascular damage, protective immune response
(CXCL9, CXCL10)
YcuneHue nponudepaumm onyxoneBbix knetok (CXCL10) 27]
Increased tumor cell proliferation (CXCL10)
. Cynpeccopbl onyxonu (CXCL9, CXCL10) [70]
KonopekTanbHbin Tumor suppressor (CXCL9, CXCL10)
ak
golorectal cancer YcuneHmne niBasuBHocTu onyxonu (CXCL10, CXCL11) [104]
Increased tumor invasiveness (CXCL10, CXCL11)
PaK MONOYHOI YcuneHue nponudepaummn KneTok onyxonu, metacrasmposaHue (CXCL10,
B MeHbLuen cteneHn CXCL9, CXCL11)
xenesbl [38]

Breast cancer

Increased proliferation of tumor cells, metastasis (CXCL10, less CXCL9,
CXCL11)
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IIpu wuccnegoBanum copepxkanus CXCR3*
JIMM@OIUTOB B IIepUDEPUISCCKONL KpPOBU OOJIb-
HpiXx XBI'C HamMu OBLIO OOHapyXeHO, 4YTO KOJMU-
yectBo CXCR3*B-numdoinutoB 6oJjiee 4eM B Tpu
pa3za Oosbiie y moaei, nHduuupoBaHHbix BI'C,
O CPaBHEHUIO C YCJIOBHO 3IOPOBBIMH JHIIAMU [2].
BMmecte ¢ TemM oOHapyxeHa TpssMasl KOppesIiu-
OHHasl CBSI3b MEXIYy CTeleHblo (hubpo3a medyeHU U
comepxanneM CXCR3*B-kietok. M3BecTHO, 4YTO
IpU Pa3BUTUN XPOHUUYECKON BHPYCHON MHMEKIINHN
MOCTOSIHHAS aHTUTeHHasl CTUMYJSLus B-kieTok
MOXET MPUBECTH K UX MCTOLICHUIO, YTO ITPOSIBIISI-
ercsa B gedekre dyHkuui kiaetok [72]. CormacHo
maHHBIM Mizuochi T. 1 coaBT. B Ie4eHU OOJBHBIX
XBI'C obHapyxXuBaeTCs NOBBIIIEHHOE COAepXKaHUe
B-nmumdonuToB, HecylmmMx Ha CBOE ITOBEPXHOCTHU
peuentop CXCR3 [69]. Ilonaraior, 4To ycuUJIeHUE
skcripeccun MoJiekynbl CXCR3 Ha B-mmMmdonmrax
MOXET 3aBUceTh OT peruinkauuu BI'C [84].

ITpu orreHke CXCR3*T-K1€TOK B KPOBU OOJIBHBIX
XBI'C Hamu ObUIO BBHISIBJICHO YBEJIMYEeHUE aOCOTIOT-
HOT'O M OTHOCUTEIBHOIO KOJIMYECTBA 3TUX KJIETOK IO
CpaBHEHUIO C TPYIIOi YCAOBHO 3M0POBBIX aull [11,
12]. ITokazaHo yBenuuyeHue conepxanuss CXCR3*Th
y 6ombpHBIX XBI'C. HecMoTpst Ha TO 4TO peLIENITOpD
CXCR3 cBa3biBaioT B ocHOBHOM ¢ Thl, oH MoXeT
OBITh TIpENCTaBIEH W Ha JPYTUX CYOMOMYJSILUSIX
CD4*T-krerok, B ToM yuciie 1 Ha Th2 [52]. dan-
HBIC CyONOIYJISIIIMKU O0JagaroT Pa3IMIYHBIMH, WHO-
roa MpPOTHUBOMOJOXHBIMU (DYHKUMSIMU. YUUTHIBas
TOT (akT, 4To B KpoBU 00JibHBIX XBI'C 3HauuTE b~
HO Bo3pacTtaeT konmuectBo CXCR3*B-kierok u, no
JMTaHHBIM MHOTHX aBTOPOB, TIPEBAIUPYIOT IIMTOKUHBI,
oTBeTcTBeHHBIE 3a Th2-otBer [18, 106], normyHo
npeanosoxutb, 4yto cpeau CXCR3*CD4*T-knetok
npucyrcTByior Th2-kimetku. B To Xe Bpems Iipm
oneHke CXCR3*CD8*T-ki1eToK B KPOBU OOJBHBIX
XBI'C 6b110 MOKa3aHO CHUXKEHUE 3TUX KJIETOK OTHO-
cutesbHO CTL 1o cpaBHEHUIO C YCIOBHO 3I0POBBI-
MU OOHOpaMM, BO3pacTaHHe aOCOIIOTHOTO KOJIMYe-
crBa CXCR3*CTL B rpynne 6oabHbIx XBI'C [4, 19].
Takum obpa3oM, CHUXKEHHE 3KCIIPECCUN MOJIEKYJIbI
CXCR3 Ha CDS8*T-kJieTkax MOXKeT SIBJISITbCSI OAHUM
W3 MeXaHu3MOB yckoib3aHust BI'C or mMMyHHOro
OTBeTa OpraHuM3Ma XO3siMHa M MCHOJIb30BaTbCsl KakK
HeOJaronpusaTHbIA npu3Hak pa3Butus XBI'C.

Hamu oOHapykeHO 3HAUUTEIbHOE BO3pacTaHUue
skcrnipeccun MPHK CXCR3 B remaro6momnrarax
60abHBIX XBI'C ¢ BhIpaxkeHHBIM (hrOpo30M,/1IMPPO-
30M IIE€UYEHHU 10 CPABHEHMUIO CO CJIa00BBIPaXKEHHBIM U
YMEpEeHHBIM (UOPO30M MEYEeHU. YCTaHOBJIEHA MTOJIO-
KUTEJIbHAsT KOPPEISIMUOHHAS 3aBUCHUMOCTh MEXIY
BHyTpuUIieueHouHou 3kcnpeccueir MPHK CXCL10
U cTerneHblo ¢uodposa nedyeHu [4]. CiaenoBaTesibHO,
npu nporpeccupoBanuu XBI'C HabmiomaeTcst TeH-
JIeHLMs K HapacTaHuio akcnpeccu MPHK CXCL10
B MeyeHu. MOXHO MpeAroyoXUTh, YTO TTOBBIIIEH-
Hag akcnpeccusi MPHK renos CXCR3 u CXCL10
KJIeTKaMU TIeYeHU, B TOM 4YHCIEe JUMOOLUTAMMU,
CIIOCOOCTBYeT MHMMIBTpAalIMM oOpraHa 3ddeKTop-
HBIMU KJIETKaMU U TTOBPEXICHUIO TIEYeHOYHOM ma-
PEHXUMBbI. YCTaHOBJIEHA MOJIOXKUTEIbHAsT KOPpPeJIsi-

LIMOHHAsI 3aBUCUMOCTb MeXIy aKkcrnpeccueiit MPHK
reHa CXCL9 B neyeHU U YpOBHEM BUPYCHOI Harpys3-
K1 B KpoBU y Jinil, nHumpoBaHHbeIXx BI'C. Takum
00pa3oM, KOJUYECTBO BUPYCAa OKa3bIBaeT BIIMSHUE
Ha CUJTy CeKpeliMM XeMOKMHOB B o4yare BOCHaJeHMUSI.
OTO ABJISIETCS ellle OMHUM J0Ka3aTeJIbCTBOM HETIpsI-
MOTO, a OIIOCPEIOBAHHOTO MMMYHHBIM OTBETOM ITO-
BPEXICHMsI KJIETOK MEYCHM B pe3ysbraTe MHGUIIM-
poBaHus BI'C. Ilpouecchl, mpoucxoasiiuue B TKaHU
TeYeHU, COOTBETCTBYIOIIIUM O00pPa30M OTpakaroTcs B
nepudeprnIecKoil KpoBu. B uTore cTeneHb MOBpexK-
JIEHUsI TICYSHOYHOU IMepeHXUMBI MOXKHO OIICHUBATh
MOCPEICTBOM KOCBEHHBIX MoOKa3aTesjieil KpoBU, Ta-
KMX KaK KOHIIEHTPAIINs XeMOKWHOB B IIJTa3Me KPOBU
M BBIpaxXeHHOCTh aKcrpeccuu perentopa CXCR3 Ha
KJIeTKax nepudepruieckoil KpoBU.

VY nauueHTOB C Iporpeccupyloummm ¢Gruopo3om
TIeYeHN OOHAPYKEHEI ITOBBIIIEHHbIC KOHIICHTPAIIUN
CXCL4 B CBIBOPOTKE W BHYTPUIIEYEHOUYHBIE YPOBHU
MPHK CXCL4 [103]. Takke mpu reraTute HEUH-
(eKIIMOHHONU 3THUOJIOTMU — aJKOrOJbHOM remnaTu-
Te — ToKa3aHa ToBbllIeHHas 3kcrpeccus CXCL4
n CXCLI10 B 6uornratax neyeHu [36]. AHaJIOrM4HO
MOBBILIEHHBIE KOHILIEHTPAIlU B CHIBOPOTKE KPOBU
U YPOBHU BHyTpuUIleueHOUHOoI 3kcrnpeccun CXCL9
u CXCLI10 6111 CBSI3aHBI C TSKeCThIo (ubpo3sa re-
YeHM IIPpY XPOHUIECKUX TeIaTUTaX Pa3IMIHOM STU-
ojoruu [95].

CoracHo HallMM  JaHHBIM, OIpeAeeHUue
CXCLI11 B mnasme kpoBu OonbHbiX XBI'C Mo-
XKET OBITh MCITOJIB30BAHO IJIsI pa3feicHUsS Hadallb-
HBIX cTamuit ¢uodpos3a meyeHu (FO-1 m F2) [20].
C npyroil CTOPOHBI, CAMOCTOSITEJILHO 3TOT MOKa3a-
TeJIb HEe CITOCOOEH C BBICOKOU MH(OPMATUBHOCTHIO
pasnennth 60ibHBEIX XBI'C 110 ctammsaMm ¢ubposa
nevenu (FO-1, F2 m F3-4). Hamu Ob1 TIpemioxeH
aJITOPUTM JUISI OIIpeAcIeHUST CTanuu (hubpo3a Iede-
HU y 601bHBIX XBI'C Ha ocHOBe ormnpeaesieHUsT Tpex
uutokuHoB: CXCLI11, TNFa u CCL20 [4], B KO-
TOPOM HCITOJIB3YETCSI METOI ITOCTPOCHUS IEPEBHCB
pemreHuii. IlokazaHO, YTO COBMECTHOE oOIpeaese-
Hue CXCL11, TNFoa u CCL20 gBisieTcsa nocTtaTod-
HBIM JIJISI OLIEHKU cTeleH! (pudpo3a rneyeHu y 00Jib-
Heix XBI'C. OmpenenieHreM YHCIOBBIX KPUTEPUEB
nruddepeHINATBLHON TUAarHOCTUKY CTaauii (ubdposa
TKaHu nedyeHu npu XBI'C cranu cieayioiiue 3Ha-
YeHUsT MapKepoB: s pazaeieHust craguii FO-1 u
F2 BbiOpano 3nauenue CXCL11 — 166,5 nr/mi,
TNFa — 15,7 nr/mi, CCL20 — 10,6 1ir/mit; mu1st pas-
neneHus cranuu dubposa F2 u ctanuy BeIpaxkeHHO-
ro ¢pubposa F3 ciaeayer opueHTUPOBATHCS HA 3HAYE-
Hua TNFo — 15,8 or/min, CXCL11 — 301,8 rr/mi,
CCL20 — 15,5 nr/mi. Mcrnosib30BaHuEe TaHHOTO al-
TOPUTMA JIJTsI IUATHOCTUKM CTaauit pubpo3a nmeuyeHn
MMO3BOJINJIO JIOCTUTHYTH UYBCTBUTEIHLHOCTH METOIA
67-91% npu crneuuduynoctu 87,4-91,5%. Takum
o0pa3oM, OHOBPEMEHHOE OoIpenejeHue Tpex Lu-
TOKMHOB U IPUMEHEHE TaHHOTO aJITOPUTMa MOXKET
OBITh MCTIOJIb30BAHO JUISI TOTIOJTHUTEIBbHOM, Oosee
TOYHOI MUarHOCTUKHU (ndpoza rmeyeHu npu XBI'C.
Jnsa pokazatenbcTBa MH(MOPMATUBHOCTU U POJIU B
OlleHKe cTanuii prbpo3a ¢ MOMOIIBIO TIPEIJIOKEH -
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HOM KOMOWHAIWM IIUTOKWHOB BaXXHO IIPOBECTH
TaTbHEUINe BATMAAIIMOHHbBIC NCcienoBaHms. Hamu
HCClIeoOBaHa BO3MOXHOCTh HCIIOJB30BaHUS 3TOM
MOJIEJIU 151 APYTUX (hOPM rernaTura, a MMEHHO — BU-
pycHOTO renatmta B m ayromMMyHHBIX (hopM, TIpH
3ToM 3(G@OEKTUBHOCTh IPEIJIOKECHHON MOAean Ha
JIPYTMX HO30JOTUSIX He MoaTBepxaaeTcs. s abco-
JIIOTHOTO OOJIBIIIMHCTBA MAallMEHTOB C Pa3IMYHBIMU
cranussMu (prdpo3a Monelsib TpearojiaraeT CTaanio
FO-1, 4TO HE COOTBETCTBYET UCTHHE.

Peemamoudnsiii apmpum

Pesmatouansblii aptput (PA) — XxpoHuyeckoe
ayTOMMMYHHOE 3a0oJieBaHMe, XapaKTepu3ylollee-
cs TIOpaxKeHNEeM COCOIMHUTEIBHOW TKaHU, IIPEeUuMy-
IeCTBEHHO cycTaBoB. OcobeHHOCThIO PA siBisieTcst
oOpa3oBaHME MaHHYca, IPEACTaBISIONEro coboit
rUnepTpoPUpPOBaHHYI0O CUHOBUAJIBHYIO OO0OJIOUKY
(CO) cycraBa, ”HOWIBTPUPOBAHHYIO KJIETKAaMH1 BOC-
najeHusl, Irae aKTUBHO HIET MPOLIECC aHTMOTeHe-
3a. HabGop MenuatopoB, y4acTBYIOIIUX B Pa3BUTUU
W TIONIep>XKaHWM BOCTAJICHWS W aHTWOTeHe3a IIpH
PEeBMATOMITHOM apTpHUTEe, YPE3BBIYATHO IMTUPOK, B
TOM YMCJI€ MHTEHCHUBHO M3y4yaeTCsl POJib JIMTAaHIOB
CXCR3 B maroreHe3e peBMaTOUJIHOIO apTpuUTa, UX
yJacTHe B aHTHOTeHe3e Ipu (GOpMUPOBAHUN U pac-
npocTpaHeHUHU TTaHHyca [22].

HaMu mosrygeHbl JaHHBIE O IMOBBIIIEHHOM CHH-
Te3e MPHK CXCL9, CXCL10 u CXCL11 B cuHOBU-
aJTbHOI 000JIOUKE, MOATBEPKACHHEIE ITOBBIIIICHHBIM
colepXXaHUEM 3THX XEMOKWHOB B CHUHOBHAJIBHOMI
KUAKOCTU npu PA mo cpaBHEHUIO ¢ KOHTPOJBHOM
TpyIIIoN u/mim ocreoapTpo3oM [13, 15, 16]. Ycra-
HOBJIEHO, YTO y MalueHTOB ¢ PA akcripeccusi peLemn-
Topa CXCR3 Ha T-muMmdonuTax ¥ TYYHBIX KIeTKax
pU BOCHAJICHUU B CHHOBHUAJIBHOM XXUIKOCTH CBSI3a-
Ha ¢ noBblllIeHHOH 3Kkcrpeccueit CXCLI u CXCL10
B CHHOBMAJILHOM XXMUIKOCTHA ¥ TKAHU IO CPaBHEHUIO
C YPOBHEM 3THUX XEMOKHMHOB IPH TpPaBMaTUIECKOM
apTpuTe Ui octeoaptpure [78].

Taxke ObL1a OOHApYKEHA CBSI3b MEXIY YCUJIEH-
Hoil akcmipeccueit CXCL4 1 xpoHUYeCKUM BocHase-
aHueMm npu PA [39]. [loBeimennsie ypoBHn CXCL4
HaOmogaaIuch B IIa3Me KpPoBU MalMeHTOB ¢ PA, B
TOM YMCJIe OMHOBPEMEHHO ¢ 00pa3oBaHUEM aKTUB-
HBIX COCYNUCThIX MopaxeHuii [101]. DTo cBumerenb-
CTBYET O TOM, UTO KOHIeHTpaus B TuasmMe CXCL4
MOXKET OKa3aTbCs IMOJIE3HBIM MapKepoOM SHIOTEIM-
JIbHBIX TTOBPEXIEHUMN MpU peBMaTUYECKUX 3a00J1e-
BaHUSX.

KpoMe TOro, mpomeMOHCTPHUPOBAHO YyJacTHE
IFNy-3aBucumbix surangos CXCR3 mnpu aptpure
paznuyHoil atuosiorud. Hampumep, O6bUTO MoKasza-
HO, UTO cuHoBHadbHas 3kcrpeccuss CXCL10 yBe-
JIMYMBAETCS TPU IOBEHWJIHBHOM WINONATHIECCKOM
aptpute [80], Tak:Ke MpU CENTUUECKOM apTPUTE CO-
obuanoch 0 BocnanuteabHoi cekpeunu CXCL9 u
CXCL11 [83].

IIpu PA B cBSI3U C nOKanu3alumeil BOCIIAINTEIb-
HOro mpoliecca BHYTPU CycTaBa HaMOOJBIIUNA WH-
Tepec MpeACcTaB/isIeT U3yYeHUE XEMOKWHOB B CHU-
HOBUaJbHOU oOoJjiouke. HamMu mokazaHo, 4TO MO
CPaBHEHUIO C YCIIOBHO HOPMaJIbHOM CMHOBHUAJIBHOMN

o6ooukoit akcnpeccusts CXC-XeMOKWMHOB 3HAYMMO
BhIIIE Y 001bHBIX ¢ PA. OcobeHHO 3TO OBIIIO BHIpa-
xkeHo ns1 CXCLY9 (pasnuyue B 3KCOPEeCCUr OKOJIO
30 pa3). IIpu cpaBHeHuun PA ¢ octeoapTpo3oM ObLIO
BBIsSIBJICHO yBenmdeHue skcnpeccna MPHK CXCL9,
CXCLI10 nu CXCL11. bonee Toro, mpm olLIECHKE Xa-
paktepa skcnpeccun MPHK peuentopa CXCR3
ObUTO OOHAPYXXEHO 3HAYMMOE YBEJIMYEHUE €T0 DKC-
npeccuu npu PA no cpaBHeHUIO ¢ KOHTpoJieM [13].

B cuHOBMAanbHOI XKMAKOCTU O0OJBHBIX PA KOH-
LEeHTpallM aHTUOCcTaTunYecKux XxeMoknHoB CXCL9,
CXCL10 u CXCL11/ITAC 6bu11 3HaYMUTEJIBHO BHITITE
IO CPaBHCHUIO ¢ KOHTPOJBHOI TPYIIIOi, a TaKXKe C
rpynnoi ocreoaprtposa. IFNy-3aBucumbie JTUTaHAbI
CXCR3 mokaszajiu coyeTaHHOE ITOBBIIIEHHUE 3KC-
MpeCcCU B CHHOBHAJIBHOI 000JIOUYKE M KOHIICHTpa-
IU1 B CMHOBUAJIBbHOM XUIKOCTH IIpu PA 110 cpaBHE-
HUIO KaK ¢ KOHTPOJIbHOM I'PYIIIION, TaK U C TPYIIION
C ocTeoapTpo3oM. JIOTMYHO TMPEAnoJOXUTh, 4TO
TaKoe YBEJMYCHUE SKCIIPECCHU W COIEPKaHMS aH-
THOCTAaTUYCCKNX MEIMATOPOB MOXKET OTpaxkKaThb
KOMIIEHCATOPHBIE MPOLIECCHI IIPU ITaTOJIOTMUYECKOM
aHTHOTeHEe3€¢ U BOCHAJCHUU BHYTPU CUHOBUAIBLHOM
000JIOUKHU.

Hamu naHHBIe CBUOETEILCTBYIOT O TOM, 9YTO TPH
CXC-xemokmHa — CXCL9, CXCL10 u CXCLI11 —
MOTYT pacCMaTpMBaTbCsl B KauyeCTBE IOMOJHUTEb-
HbIX OuomMapkepoB PA B uensax auddepeHuaabHOU
IVUArTHOCTUKU. i1 cpaBHEHUS WHOOPMATUBHOCTHU
BBISIBJICHHBIX OMOMapKepoB OBLIM BBIOpaHBI TaKue
MOPOroBble 3HAYEHMsI, MPU KOTOPBIX AOCTUTAJIACh
cnienuuaHoCTh 87,5%. Hanboblass 9yBCTBUTETb-
HocTh gocturanachk st CXCL9 u CXCLI11 (94,7%),
mna CXCL10 ona cocraBuia 78,5%. Cratuctuye-
CKUI aHaJIM3 MoKa3aJ XOpOIIyl0 TMarHOCTUYECKYIO
MH(GOPMATUBHOCTE JIUIST BCEX aHAJINTOB, TAKNM 00pa-
30M, TAaHHBIC TECTHI MOTYT CTaTh MOJIC3HBIMU B TNa-
rHoctuke PA.

Kpome Toro, npu pasneneHun mauueHToB ¢ PA
Ha TPYIIIBI B 3aBUCUMOCTH OT HAJIMIUST PEBMAaTOUI-
HOTOo (haKTOpa B CHLIBOPOTKE KPOBU OOHAPYXKEHO, UYTO
B IpyIIe ¢ cepono3uTuBHBIM PA skcnipeccust MPHK
CXCR3 Ob11a BbIlIE, YeM B I'pyIIIe C CEpOHEeTraTUB-
HBIM, HO HE OTJIMYAJIaCh OT TaKOBOI B KOHTPOJIBHOMI
rpynme. st otHocuTeabHOM akcnpeccnun CXCLI11
HaiiaeHa IoJIOXKUTEIbHAsI KOPPeJIsSIIMOHHAs 3aBUCH-
MOCTb ¢ conepxkaHueM C-peaKTMBHOTO OejlKka B Chl-
BOPOTKE KpoBH [ 14].

Ha ocHoBaHWMM HAaHHBIX O MOBBIIIEHHOM BHY-
TPUCYCTABHOM CHUHTE3€¢ U COACPKAHUM XEMOKHWHOB,
PEryJIMpYIOLINX aHTUOTeHE3, YCTAaHOBJIEHO, UTO TPU
IFNy-3aBucumbix guranga CXCR3 moryTt paccma-
TPUBATHCS B KaUeCTBE HOBBIX ITOTCHIIMAJIBHBIX OMO-
MapkepoB PA, moBbllI€HHBIA YPOBEHb KOTOPBIX B
CUHOBUAJIbHOMN XUIAKOCTU SIBIsSIETCS MHMOPMaTUB-
HBIM KpuTepueM i nuddepeHIaIbHON TUarHo-
ctuku PA u octeoaprposa. Takum o6pa3om, B CIIOK-
HBIX CIy4YasX KIMHUYECKOM IMPaKTUKU OIIpeacIeHUE
conepxanusa CXCL9, CXCL10 u CXCLI11 B cuHoO-
BUATBHOM XXUIKOCTA PeKOMEHIYETCS B KAYECTBE IO~
MOJTHUTEIBHBIX KpUTEpHeB M1 nuddepeHInaIbHOM
INAarHOCTUKM.
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Tybepkyae3 aeexux

BBumy mmpokoro pacmpocTpaHCHUSI TyOepKy-
JIE3HOTO MHMUIIMPOBAHUS, YPE3BBIUAHO aKTyaJleH
MOUCK OuOMapKepoB, MPUMEHEHHE KOTOPBIX ITO-
3BOJIMT YAYYIIUTh AWArHOCTUKY TyOepkynae3a. Ha
CEerOAHSIIHUI [OeHb <«30JIOTbIM CTAHAAPTOM» IS
IUArTHOCTUKM JIATEHTHOI'O TYyOepKyJie3a SIBISIETCS
KBaHTU(epOoHOBbII TecT [8]. OH OCHOBaH Ha KO-
JuyecTBeHHOM ornpeaeieHun [FNy, BbICBOOOX-
maeMoro T-KieTKamMu, CEHCHOMWIM3NPOBAHHBIMU
in vitro antureHamum Mycobacterium tuberculosis.
ITouck ansrepHatuBHbIX IFNYy 6omMapKepoB sIBJIsI-
eTcsl aKTyaJlbHOW 3ajmadeit. I[lpu cTuMynsguuu um-
MYHOKOMIIETEHTHBIX KJIETOK 00pa3yeTcsl HEeJIbIil psIm
OMOMOJIEKYJ, KOTOpbIE MOTEHIIUATBHO MOTYT OBbITh
WCIOJIb30BaHbl KaK ISl BBISIBJICHUSI WH(MULIMPOBA-
Hust Mycobacterium tuberculosis, Tak 1 1151 pa3padboT-
K1 UMMYHOJIOTUYECKHNX TECTOB, KOTOPBIE ITO3BOJISIT
OLICHUBATh aKTUBHOCTbH TyOEPKYJIE3HOTO IIpoliecca.

bbulo MokazaHo, YTO y MallMEHTOB C aKTUBHBIM
TyOepkyne3oMm ypoBeHb CXCL10 B 1uiasme KpoBU
MOBBIIIIEH, Oojiee TOro, KoHHeHTpammss CXCL10
3HAYMUTEJIbHO CHIXKAETCS ITOCIe YCIICIITHOTO JICUSHUS
TyOepKyJie3a, UTO MO3BOJISIET IIPUMEHSITh 3TOT MMOKa-
3aTesb /TSI MOHUTOPUHTA aKTUBHOCTU 3a00JIeBaHUS
n 3¢pdeKTUBHOCTU crienuduyeckoil Tepanuu [23].
TTo3gHee OBLIO MpeMIOXKEHO MCIOJIb30BaTh BCe TPU
IFNy-3aBucumbix auranaa CXCR3 B kauecTBe cyp-
pOTaTHBIX MapKepoB JUISI TMAarHOCTUKM aKTUBHOTO
TyOepKyJie3a U KIIMHUICCKON OILIEHKUA OOJIBHBIX TY-
6epkyie3oM [61]. B HeKOTOpBIX MCCIIeOBaHUSX OBLIO
MOKa3aHO, YTO OIlpelejeHue aHTUIeH-UHIYLIMPO-
BaHHOU Tpoaykiuu CXCL10 uMeeT aHaJIOTUYHYIO
YyBCTBUTEJILHOCTD C THTeP(PEpOHOBBIMU TECTaAMM [ 7,
79]. B xBantudeponoBom tecte "QuantiFERON-TB
Gold In-Tube" noporosoe 3HaueHUEe KOHLIEHTpaLIU1
IFNy, pekoMeHayeMoe MPOU3BOAUTEIEM, TOCTATOY -
HO HU3KOE U I €T0 KOJIMIEeCTBEHHOTO OOHAapyKe-
HUS TPEOYIOTCS OYE€Hb YYBCTBUTEJIBHBIE U JTIOPOTO-
CTOSIIIIME TECT-CUCTEMbI, TaKXKe HU3KOE IMOPOroBOE
3HaYeHWE YBEJIMYMBAET KOJIUYECTBO COMHUTEh-
HBIX pe3yJbTaToB. Halllm maHHBIe CBUACTEIIHCTBYIOT
o toM, yro mpumeHeHue CXCLI0 oGecrieynBaeT
OOJNbIINI OWana3oH H3MEepseMbIX KOHIEHTpaLUi
o cpaHeHUI0 ¢ [FNy 1 6Gonee BbICOKOE TOPOTOBOE
3nayenue 1087 nir/mn mpotus 14 nir/mi nns [FNy,
YTO SIBJISIETCSI €0 HECOMHEHHBIM IIPEMMYIIIECTBOM.
ITpu stom Tect ¢ CXCL10 npu BbIOpaHHOM MOPO-
TOBOM 3HAYeHUU OOeCTeYrMBaeT UyBCTBUTEILHOCTH
BBISIBJICHUSI TYOSpKYJIC3HOTO WHMUIUPOBAHUS U
cneundudHocth 6oisiee 80%. Takum obpazom, 3TU
pe3yabTaThl al0T 00OCHOBaHME BO3MOXKHOCTU MC-
nonb3oBaHusa CXCL10 B KauecTBe aJIsTEpHATUBHOTO
ouomapkepa [FNy misi BeIIBIIeHUS TyOEepKYIE€3HOTO
uHpumpoanus [9]. Takke ObLIa IPOAEMOHCTPH-
poBaHa BO3MOXHOCThb ucrionb3oBaHusi CXCLI0 B
KayecTBe ajibTepHaTUBHOro ouomapkepa IFNy mis
BBISIBJICHUS TYOSPKYJIE3HOTO NHGHUIIMPOBAHMS Y Ta-
nueHToB ¢ BUY-undbexumeit [10, 49].

ITo3nHee Ob1L710 0OHAPYKEHO, YTO B IJIa3Me KPOBU
OOJbHBIX TyOEpPKYJe30M JIETKUX MpeBaJIMpyeT aHTa-
ronuctudeckas popma CXCL10, OCHOBHBIM HUCTOY-

HHUKOM KOTOPOM SBIISIFOTCSI aJbBEOJISIPHBIE MaKpO-
darm [29], mpu 5TOM B KpOoBU ObLITa TOKa3aHa HU3KAas
¢depmeHTaTUBHAsT akTUBHOCTE DPP4/CD26, B TO
BpeMs KaK B oyare BOCHAaJICHHUS, B JISTOYHOM TKa-
HU, 3HAYUTEJbHO YBEJIUYMBAJICS YPOBEHb 3KCIIpEC-
cuu DPP4/CD26. Takum o0Opa3oMm, MHOJyYeHHBIC
JMIaHHBIE CBUAETEIBCTBYIOT O TOM, YTO aHTAarOHW3M
CXCL10 MOXeT ObITh BaXXHBIM PETYISITOPHBIM Me€-
XaHU3MOM IIpH pa3BUTUM TyoepKyiae3a. CXCL10 mo-
XKeT OBITh MHAKTUBUPOBAH BCKOPE ITOCTIE CEKPEIUH
MeMOpaHocBsazanHou DPP4 (CD26), cienoBaTenb-
HO, CHMXXaeTCs ero XeMOTaKCUYECKUI TMOTEeHIIMAJ.
YuursiBas BaxXHOCTb yHKLMMN KiaeToK Thl u IFNy-
onocpenoBaHHBIX 3MdEKTOB MpU TyOEepKyJie3e, 3TU
MIaHHBIE CBUICTEILCTBYIOT O BO3MOXHOW HEIO0OoIle-
HEeHHOW peryasaTopHoii poau DPP4 u antaroHucTu-
geckoil popmbl CXCL10 ripu TyGepKyJiese.

3aKnoyeHne

Kak ynmoMuHamoce Bblllle, MHOTOUYUCJIEHHbIE UC-
CJIeIOBaHMUS TIPOJEMOHCTPUPOBAJIM CBSI3b MEXKIY
MOBBIIIICHUEM WM TIOHIKEHWEM peTYJISIINUA  Of-
HOro unu Heckoabkux [FNy-3aBUCUMBIX JTUTaHIOB
CXCR3 u paznuuHbix TUNOB 3abojieBaHuii: XBI'C,
PA u tyGepkynesa nerkux. Takum oOpa3zoM, 3TU MO-
JIEKYJbl SBJISIIOTCSI YHUBEPCAJIbHBIMU MeAuaToOpamMu
WMMYHHBIX peaKIIil MpU pa3IMYHbIX 3a001eBaHUSIX.

IFNy-3aBucumbie nuranasl peuentpoa CXCR3
O OTACIBHOCTU WJIM B COYCTAHWU C APYTUMU IIM-
TOKMHAMM MOTYT CIY:KUTh MHOOPMATUBHBIMHA OMO-
MapkepaMu 3a00JieBaHUI B IIeJIsIX MOBBIIIEHUS Ka-
YecTBa JJabopaTOpHOI nruarHocTUKH. Haimm maHHbIe
CBUAETEIBCTBYIOT O TOM, UTO Tpu CXC-XeMOKHHa —
CXCL9, CXCL10 u CXCLI11 — moryT paccMaTpu-
BaThCsl B KayeCTBE OOIOJIHUTEILHBIX OMOMapKepoOB
PA B nenax nuddepeHumnanbHoi nuarHoctuku. [pu
XBI'C Hamu ObL1a mMpoJEeMOHCTpUpPOBAHA BO3MOX-
HOCTb HCITIOJIb30BaHUSI KOMOMHAIIUM TpeX IIMTO-
kuHoB — CXCL11, TNFo u CCL20 — ngng oneHKUu
cranuu Gubpos3a neuyeHu. Hamu yctaHOBJIEHO, 4TO
MCMOJIb30BaHUE OLIEHKM aHTUT€H-UHAYLIMPOBaHHOMI
npoaykuyn CXCL10 1mo3BosieT BRISIBUTh MH(MUIIN -
poBaHue Mycobacterium tuberculosis. TlomydyeHHbIE
JIaHHbIE 3aJIOXKWJIU IIPOYHYIO OCHOBY JUISI IOCTIEIYIO-
LIMX UCCIECNOBAHUIM M BHEAPECHUI aHAIM3a XEMOKU -
HOB B J1a00OpaTOPHYIO TUATHOCTUKY. B manpHeimem
Heo0X0AMMO ONTUMU3UPOBATH MpPEIJIOKEHHbIE aj-
TOPUTMBI IUATHOCTUKU U YTOUHUTH pa3dpaboTaHHbIC
Monaenu. s 3Toro ciemyeT IIPOBECTH MacIlITaOHbBIC
BaJIMIALIMOHHbIE UCCJIeIOBaHUSsI, C LIEJIbIO TTOBbILIIE-
HUS CrieUMGUIHOCTU TECTOB OLIEHUTh aHTUICHCIIe-
MUPUUIHYIO TPOAYKIINIO IINTOKMHOB.

B mocientee BpeMsl TTOSIBIISIIOTCS yOeIUTEIIbHBIC
JloKa3aTeJIbCTBa TOTO, YTO in vivo (YHKIIMOHUPYIOT
IFNy-3aBucumsle nuranapsl CXCR3, kotopsle noa-
BEPraioTcsl TMOCTTPAHCISIITUOHHONW MoauduKaiunu.
Bo3MOXHO, 3TUM OOBSICHSIOTCS TIPOTUBOITOJIOXKHbBIE
GYHKILMU 3TUX XEMOKUHOB TIPpU pa3IMYHbIX 32a001e-
BaHUSAX. DTa THIIOTe3a TAaKKe MOATBEPXKIASTCS TeM
¢dakTOM, 4YTO (PEPMEHTHI, CITOCOOHBIE MOAUDULIMPO-
BaThb JaHHbIE XeMOKUHBI B MOJIEKYJIbI C UBMEHEHHO
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OMOJIOTUYECKOI aKTUBHOCTBIO, CITTOCOOHBI U3MEHSITh
CBOIO aKTUBHOCTD ITPU ONpeaeIeHHBIX 3a00JIeBaH1-
sx. Ha ceromHsIIIHMIA NeHb OCTAETCSI HESICHBIM, Ka-
Kas1 hopMa XeMOKWHA — MOIJIMHHAS He U3MEHEHHasl
U MoauduiLIMpoBaHHas U30(popMa ¢ pe3KOo OTIUY-
HOI OMOJIOTMYECKOUM aKTMBHOCTbIO — MPUCYTCTBYET
B OpTaHU3ME.

UccnenpoBaHne XeMOKMHOB, MX M30(pOpM, pelie-

MOHUMAaHUE B 00J1aCTH CETU XeMOKUHOB. boJiee Toro,
U3-32 UX OYEBUIHOUN poiu B MHGEKIMU, BocTase-
HUU, aHTUOTeHEe3e U pake, IIyOOoKoe INMOHUMaHUE
cuctembl [FNy-3aBUCHMBIX XeMOKMHOB OYAET UMETh
KIMHUYECKOe 3HaUYeHHE, KaK C TOYKHU 3pEHUS Jua-
THOCTUKMU, TaK U C TEPANIEBTUYECKOI TOYKHU 3PEHUSI.

ABTODBI IE€KJIApUPYIOT OTCYTCTBUE SIBHBIX U TO-

TEHUMAJIBHBIX KOHMINKTOB MHTEPECOB, CBSI3aHHBIX
¢ nyonukauuei HacTosIIIe CTaTbU.

TOPOB, B3aUMOAEUCTBUI MEXTY COOOI U C peleTnTO-
paMu MOXET BHECTU CYLLECTBEHHBIMA BKJIAJ B Hallle
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POJ1b NEPUBACKYJI9PHOU XXMPOBOW TKAHU B PA3BUTUUN
ATEPOCKJTIEPOTUHECKUX U HEATEPOCKJIEPOTU4HECKUX
3ABOJIEBAHUM

Yuacora EI', I'pysaesa O.B." 2, [IsrieBa F0.A.Y, Besmk E.B.!

T@I'BHY «Hayuno-uccaedosamenbcKuii UHCMUmMym KOMAACKCHbIX npobaem cepoeuHo-cocyoucmoix 3a601e8anuil»,

2. Kemepoeso, Poccus

2@I'BOY BO «Kemeposckuii eocydapcmeennulii meduyurckuii ynugepcumem» Munucmepcmea 30pagooxpanerus PP,
2. Kemepoeso, Poccus

Pesiome. IlepuBackynspHas kuponast TKaHb (ITB2XKT) okpykaeT GOJbIIMHCTBO KPYITHBIX KPOBEHOCHBIX
COCYIOB M UTPAET BaXKHYIO POJIb B COCYAUCTOM romeocTtase. HegaBHue nccieagoBanus nokasanu, uto [1BXKT
BJUSIET Ha Ba3oAUIaTalIAIO U BA30KOHCTPUKIIMIO, YTO YKa3biBaeT Ha To, uto I[T1B2KT perynupyert ToHyc u nua-
METP COCYIOB. AIUITOLIMTOKMHBI U XeMOKMHBI, cekpetupyemblie U3 [1BXKT, mo-suaumomy, uMeroT NpsiMoit
JOCTYTI K COCEIHEN apTepuaibHOI CTeHKe ImyTeM Auddy3un uiau yepes vasa vasorum. YCTaHOBJICHHbIEC TaH-
HbI€ CBUAETEILCTBYIOT 0 TOM, 4To ITBZXKT mnrpaer BaxkHyo pojib B aTepockiepose, runepronun. HegaBHo 1mo-
SIBUJIMCH MCCJIEIOBaHUsI, B KOTOPbIX U3ydyanach pojb [IBXKT B HeaTepoCKIEpOTUUECKHUX COCYAUCTHIX 3a00-
JIEBaHUSIX, TAKMX KaK HEOMHTUMAaJIbHbIE HOBOOOPA30BaHMsI, aHEBpYM3Ma aopThl, apTepuaibHasi pUrHIHOCTD
M BacKyJuT. B 3T0i1 0030pHOIi cTaThe MBI 00001IMM daHHBIe 0 poau [TBXKT B matoreHese aTepockiepo3sa,
TUIEPTOHUU U HEaTEePOCKIECPOTUYECKUX COCYAMCTBIX 3a00IeBaHUIA.

Karouesvie crosa: nepusackyaspHas #cuposas mKakb, AOUNOKUHbL, YUMOKUHbL, AMepoCcKAepO3, 2UNePMOHUsL, cepoeHO-coCyOUucmble
3a601e8aHUs

ROLE OF PERIVASCULAR ADIPOSE TISSUE IN THE
DEVELOPMENT OF ATHEROSCLEROTIC AND NON-
ATHEROSCLEROTIC DISEASES

Uchasova E.G.?, Gruzdeva 0.V.»?, Dyleva Yu.A.?, Belik E.V.2

¢ Federal State Research Institute for Complex Issues of Cardiovascular Diseases, Kemerovo, Russian Federation
b Kemerovo State Medical University, Kemerovo, Russian Federation

Abstract. Perivascular adipose tissue surrounds most large blood vessels and plays an important role in
vascular homeostasis. Recent studies have shown that perivascular adipose tissue effects vasodilation and
vasoconstriction, which indicates that the perivascular adipose tissue regulates tone and diameter of the vessels.
Adipocytokines and chemokines, secreted from the perivascular adipose tissue, apparently have direct access
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to the adjacent arterial wall by diffusion, or through vasa vasorum. The present data indicate that perivascular
adipose tissue plays an important role in atherosclerosis, hypertension. Recently, some studies were performed
that examined the role of perivascular adipose tissue in non-atherosclerotic vascular diseases, such as neointimal
formation, aortic aneurysm, arterial stiffness and vasculitis. The present review will discuss a role of perivascular
adipose tissue in pathogenesis of atherosclerosis, hypertension and non-atherosclerotic vascular diseases.

Keywords: perivascular adipose tissue, adipokines, cytokines, atherosclerosis, hypertension, cardiovascular diseases

BeeneHue

K mepuBackynsipHoit >xupoBoii TkaHu (ITBXKT)
OTHOCSIT €€ CKOIUICHUSI BOKPYT COCYIOB, SKHPO-
BYIO KJIETYATKy COCYOUCTEHIX CeTeil cepilia, ITOYeK,
mbimr [9]. TIBXKT sBasteTcss moHOLICGHHBIM par-
MEHTOM COCYOWCTOM CTEHKH, TaKMM OOpa3oM, 4TO
HE OIUH (hacClIMaIbHBINA CJIOl HE OTHEeJNIsIeT 3TO XU-
poBoe Jerno OT coCyaucToil creHkKu. OTCyTCTBUE
aHATOMMYECKOIo Oapbepa MpearnosaraeT, 4ro Me-
INATOPBI, TaKME KaK aTUIIOKUHBI U MTATOKWHBI, BBI-
cBoboxkgaemblie n3 ITBXKT, mMoryTr jgerko mojay4uThb
JIOCTYN K CTEHKE KPOBEHOCHOTO cocyda. Tpaauiiu-
OHHO cuuTanock, yto [1BXKT mpocTto obecrieunBaeT
CTPYKTYPHYIO IIOIIEePXKY KPOBEHOCHEIX COCYIOB,
ODHAKO 3a IOCJICIHHME NBa ASCATUIICTHUS OHaA ObLIa
npusHaHa (U3MOJOTUYECKM U METabOJIMYEeCKU aK-
TUBHOI SHIOKPUHHOW TKAHBIO C BaXKHBIMU 3P deK-
TaMU Ha COCYIMCTYIO (DYHKIIMIO U pa3BUTUE 3a00J1e-
BaHuit [15, 53]. OcHOBHAsT Macca XXUPOBOUW TKaHU
210 — Oenas xkuponast TKaHb (benXKT), comepxarma-
sICSI B BUCLIEpaJIbHBIX M MOJKOXHBIX CKJagaxX, KOTO-
past mpegHa3HaYeHa I XpaHeHWsS U MOOMITN3allin
sHepruu. B 3aBHCMMOCTH OT aHATOMHYECKOTO IO-
noxeHus: I[1B2KT nposiBasieT mpu3Haku Kak Oeoid,
Tak U Oypoii xkupoBoii TKanu (byp2KT), mocinenHss
npeaHa3HayeHa IJIsi TePMOTeHHOIO pacxoia 3Hep-
ruu [6]. Cuuraercs, 4To 3pesible aaAuIOLIUMTEl BHYTPU
BUCLICPAJIBHBIX W TIOOKOXHBIX KMPOBBIX CKJIAIOB
TIPOUCXOMAT M3 KJIETOK-TIPEAIIECTBEHHUKOB C pa3-
JIMYHBIMA 3MOPUOJIOTUYECKUMHU JIMHUSIMHU [1, 48],
B To BpeMs Kak agurouuTsl [I1B2KT Moryt oTanyaTh-
CS OT OPYTMX aIuIIOLIMTOB B CWIYy UX IpeArioiarac-
MOTO TIPOMCXOXACHUS W3 MPEAIIeCTBEHHUKOB CO-
CYIUCTBIX IIagKOMBIeYHbIX KieTok (I'MK) [7, 8].
JduddepeHumanbHas 3KCOpeccusi TeHOB Pa3sBUTUSI
En-1, Emx-2 u Hox-A10 nipeamnosiaraet, 4To aguIio-
IUATHI U3 aHATOMWYECKH pa3IeICHHBIX XKIPOBBIX AETIO
IPONCXOMAT U3 Pa3HBbIX KIETOK-IIPEAIIeCTBCHHI-
KOB [48], 4TO MO3KeT BbI3BaTh (DEHOTUIIMYECKME pa3-
Juuus [9]. IlepuBacKynsipHble KOPOHAPHBIE aauIlo-
LUATHI MEHbIIIE M UMEIOT O0Jiee HEIPaBUIILHYIO (DOpMY
C MCHBIIIMM HaKOIUICHUEM JIMITUIOB U CHIKEHHBIM
coctogHreM IH(GEepeHIIMPOBKA 110 CPaBHECHHIO
C TTOAKOXXHBIMH U TIEPUPEHATbHBIMU aIUIIOIIMTAMU.
Kpome TOro, skcrmpeccusi reHOB, acCOLIMUPOBAH-
HBIX ¢ agunonuTtamu, Takux kak PPARy, C/EBPa
u FABP4, cuHTaza XMpPHBIX KUCJOT, TJIMLEpUHA
3-dochoruapornaporeHa3bl 1, TUITOIPOTEUHINAIIA-
3a, TOPMOH-YYBCTBUTEJIbHAS JIMIIOIIPOTEUHINIIA3A,

MPHK nentvHa u menTUAHBIX YPOBHEM, IEpPUIIM-
nuHa, n agunoHekTuH Huxe B [1B2XKT, yem B noj-
KOXHBIX U MEePUPESHAIBHBIX XKMPOBBIX TKaHIX [9].
Taxkxke mepuBacKyasIpHbIE aIUINOLMUTBI CUHTE3UPY-
10T 6oJiee HU3KUe ypoBHU jJentuHa, TNFo, MCP-1
W aIUMIOHEKTUHA 10 CPaBHEHUIO C MOAKOXHOM X1~
pOBOIi TKaHbIO [34]. ATUTIOLINTHI U KIETOYHBIE KOM-
noHeHThl [1BXKT npencrasisiior coboii cocyaucTyio
¢dpakLMO CTPOMBI, KOTOpasl IpeAcTaBisIeT COOOM
TeTePOTCHHYIO MOMYJISIINIO0 KIETOK, COICPXKaIyIo
pa3IYHble MMMYHHBIE KJIETKH (TJIAaBHBIM 0Opa3oM
makpodaru, B- u T-rumbonurter), sHI0TETUATBHBIE
M XHPOBBIE CTPOMAIbHBIC KJIIETKU, U3BECTHBIC CBOM-
MU pereHepaTuBHbIMU cBoiicTBamu [4]. Kpome Toro,
BHekjeTouHbll MaTpukce [IB2KT o6pa3zoBaH koJuia-
TeHOBBIMU U 3JIACTUYHBIMU BOJIOKHaMM [35].
YuutsiBas 3TH yHUKaJbHbIe ocoO0eHHOCTU [TBXKT,
CYLLIECTBYET OOJIbIIION MHTEepeC K MOHMMAaHUIO €€
pOJIM B Pa3BUTUM COCYAUCTOM muchyHKIMKU. B pas-
JIMYHBIX MCCenoBaHUSIX mnoka3aHo, uto I[1BXKT
Yy XHBOTHBIX OKa3blBaeT KaK 3alllUTHOE, TaK U Ma-
ryOHOE BO3ICHCTBME HA COCYIMCTYIO (DYHKIIUIO B 3a-
BUCUMOCTHU OT 3KCHEPUMEHTAJIBHON MOIEIN U CBSI-
3aHHBIX C HEH IMaTOJOTMYECKUX COCTOSTHUM, TaKUX
Kak oOXMpeHMe U MeTabojimuyeckue 3a00JieBaHUS,
KOTOpBIE BJIMSIIOT Ha MPOWU3BOJICTBO U OUOIOTHYE-
CKYI0 aKTUBHOCTb Ba30aKTHUBHBIX (haKTOPOB U MEAV-
aTOPOB BOCIIAJICHUS. YCTaHOBJICHHbBIC JAaHHBIC TAKXKE
CBUIETEIBCTBYIOT O TOM, UTO ANC(HYHKIIMOHATBLHBIN
TTB2KT urpaet BaxkHY10 poJib B pa3BUTUU aTE€POCKIIE-
po3a ¥ TUIEPTOHMUU, ITyTEM YAaCTUUYHOTO MOBBIIIICHUS
UHCYJIUHOpe3ucTeHTHOCTH [14]. C npyroii CTOpOHBbI,
dynkuus [TBXKT (kak Oypoit TKaHW) MOXKET BbI3bI-
BaTh OJIaronpusiTHBIE MeTaboandeckue 3(PdeKTHI,
CBSI3aHHBIE HE TOJBKO C YBEJIMYEHUEM TepMOTEHE-
3a, HO U OKUCJIEHUEM CBOOOJHBIX KMPHBIX KUCIOT
UL YIIydIeHWsT aTepockiepos3a [8]. B HemaBHmMX
uccaenoBaHusIX ObLIO moka3aHo, uyTo TTB2XKT Takske
MOXKET MOIYJIMPOBATh Pa3BUTUE JPYTUX COCYIUCTHIX
3a00JIeBaHMI1, BKJIIOYasl apTepUAIbHYIO PUTUIHOCTD
COCYIIOB, aHEBPU3MY aOPTHI U BACKYJIUT.
IlepuBacky/spHas XKUPOBasi TKAHb U ATEPOCKJIEPO3
B cBs3u ¢ tem, uto I1B2XKT HaxoguTcss B Hemo-
CPEINCTBEHHOM KOHTAaKTe C aJBEHTUIIUEH COCYIOB
OHa UrpaeT BaXXHYIO0 POJIb B Pa3BUTUU aTePOCKIIe-
po3a (puc. 1, cM. 2-10 CTp. OOJIOXKHN). ATUIIOIIUTHI
TTBXT, ki1eTku UMMYHHOI cucTeMbl U ¢Gpubpoba-
CTbI BEICBOOOXKIAIOT Ba30aKTUBHBIE BEIIECTBA, TAKKE
Kak NO, aHTMOTEeH3WH, JICIITUH U aIUIIOHEKTUH, KO-
TOpble 00JIAAOT BAa30AUIATAIIMOHHBIM JIEMICTBUEM.
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TTB2KT Tak:ke BbIITyCKaeT pejakcupylouunit ¢paktop,
TMOJIy9eHHBI W3 aguTIOIIMTOB, KOTOPBIN TTPOTUBO-
IefCTBYeT BAa30KOHCTPUKIINY 1 TEM CaMBIM PETYIIN-
pyeT cocyaucThiii ToHyc [32]. Kak 1 y apyrux xu-
poBbIX TKaHei, o0beM [IBXKT yBenuuuBaercsi npu
oxupeHuu. B pesynsrate B IIBXKT 3amyckarorcs
MPOLIECCHl TUITOKCUM, YCUIUBAETCS MHMUIBTPALIUS
TKaHU WMMYHHBIMU KJIeTKaMyd (MOHOLIMTBI, JIUM-
(GOLUTHl U TPaHYJOLUMThI) U TPOAYKLIUS HPOBOC-
NaJUuTebHBIX aAUIIOKUHOB, IIUTOKWUHOB U XeMOKU-
HOB [51]. BocnianeHue pacnpocTpaHsSeTCsI Ha CTEHKY
cocy/ia, BbI3bIBas JIOKAJIbHYIO 9HIOTEINATBHYIO TUC-
(GYHKIIUIO, B KOHEUHOM CYETE CITOCOOCTBYSI pa3BM-
THUIO aTepockiieposa [23, 51]. boaee Toro, 3alIMTHBIE
aHTUcOoKpaTuTeabHbie cBoiicTBa [1BXKT, kotopsie
IPUCYTCTBYIOT B 3MOPOBOM COCTOSTHIUH, OTCYTCTBYIOT
y TTAaIIUEHTOB C oXXupeHuem [34].

DdeHoTUNMYECKUE PA3IUYUs MEXIY Pa3IMYHbI-
mu aeno IIBXKT (t.e. benKT-nmono6Hast B Gpromi-
Hoit TIBXT wu bypXKT-nmomoOHBIII B TIpymgHOI
TTIBAT) mMoryt oTpaxaTbcsl B pa3jMYHOI BOCIIPHU-
MMUYMBOCTM TKaHW K Pa3BUTUIO aTepoOCKIIepo3a.
Tak, abmomuHanbHas u rpyaHas [TBXKT neiicTByroT
Kak Oydep MpoTUB TOKCUYECKUX YPOBHEH SKMPHBIX
KHCJIOT B apTepUaTbHON TUPKYISIINN, a0TOMUHATb-
Has [TBXKT ouMiaet XKupHble KUCJIOTHI IyTeM Xpa-
HEHWUS XUPHBIX KUCJIOT, Toraa Kak rpyaHoil [TBXKT
IeJlaeT 3TO IIyTeM WHOYKIIMM TepMoTeHe3a. DKC-
IpeccrusT BOCHAJIUTEIBHBIX TEHOB WM MapKepoOB WH-
GUIBTpAlIMM UMMYHHBIX KJIeTOK (T.e. Makpodaron
n T-xnetok) Boilie B abgomMuHanbHoM TTB2XKT, uem
B IpynHoM [36]. AbpomuHanbHast (peHoTun berKT)
TTBXKT MoxeT crocoOCTBOBaTb Pa3BUTUIO aTepO-
cKJIepo3a, Torga Kak rpynHoil (¢enorun bypZXKT)
TIB2KT MoxXeT 3alllMTUTh OT pa3BUTUSI aTepOCKJIe-
po3a. JleficTBUTENbHO, HEOABHO OBLIO MOKAa3aHO,
yto HapyuieHue tepmoreHe3a B IIBXKT mpuBomut
K pa3BuTHIO aTepockiepo3a [8]. Takum obpaszom,
(YHKUIMOHAIBHO afanTUBHBINA TepMmoreHes B [IBXKT
MOXKET 3alllUTUTH OT Pa3BUTUS aTepocKiepo3a. Om-
HAKO BIIOJIHE BEPOSITHO, YTO OXMPCHHE HPUBOIUT
K yMeHbllIeHUI0 TepMmoreHe3a B byp KT-nmomo6HoM
TTB2XKT, uyTo cmocoOGCTBYET pa3BUTHIO aTEPOCKIEPO-
3a. B nemom TTB2KT oka3biBaeT 6J1aroTBOpHOE BIU-
sSsHMEe Ha (PYHKIMIO cocylda B 3J0POBBIX YCJIOBUSIX,
MOCKOJIbKY OHAa OKa3bIBaeT Ba3oauIaTUpylolliee neii-
CTBHE U yay4dlIaeT 0ypepHyI0 CIOCOOHOCTh XKUPHBIX
kuciotT. [Ipu oXupeHUr 3TO AETIO XKUPOBOU TKAHU
CTAaHOBUTCSI NUCHYHKIIMOHAIBHBIM W pPa3BUBAIOT-
cs1 Ba30KOHCTpUKTUBHBIE 3(dekThl. [Ipu Hapyuie-
HuU pyHKuroHupoBaHus B ITBXKT BeicBoOOXKAAIOT
MOBBIIIIEHHBIE YPOBHHU ITPOBOCIAIUTCIBHBIX aI-
MOKMHOB, KOTOPBIE CIIOCOOCTBYIOT Pa3sBUTHUIO aTe-
pOCKJIepo3a, BO3ICHCTBYSI HEITOCPEACTBEHHO Ha CO-
CYIMCTYIO CTEHKY [2, 47].

ITBZKT u runepToHus

TIB2KT BeIlTycKaeT psl COCYIOPACIIMPSIONINX
(aKTOPOB, TaKUX KaK aauIlOLMUTApHBIN (haKTOp I'-

nepnoasgpusauun (ADRF), nrenTtuH, amuImoHEeKTUH,
aHruoteH3uH 1-7 (Ang 1-7), mepekuch Bomopoaa
uokcuaa azora (NO) [8, 18, 47]. Kpome Toro, [TB2KT
MPOAYLUPYET Ba30OKOHCTPUKTOPHBIE (DAKTOPHI, Ta-
kue kak aHruotreHsuH II (Ang II) u cynmepokcunu-
HBIM aHnoH [18, 19]. B ¢pu3nomornyecKux yCIIOBUSIX
IIB2KT BbIcBOOOXHAEeT BelllecTBa MJisI MOJJepxKa-
HMSI Ba3oMOTOpHOro ToHyca. Ilpu maTodpusmono-
TMYECKUX COCTOSIHUSIX IMEPUBACKYJISIpHAs >KUpPOBasi
TKaHb ITOABEpPraeTcsl CTPYKTYPHBIM W (YHKIIMO-
HaJIbHBIM M3MeHeHUsIM. B paHHWMiT nmepmon oxXupe-
Hus B II1BXT mpoucxoguT yBeluMdeHHE amanTHUB-
Horo mpou3BoacTBa NO, BeposSITHO, HaIIpaBJICHHOE
Ha 3aluTy cocyauctoi @yHkuum [20]. OmHako mpu
yctaHoBieHHOM oxupeHuu IIBXKT Ttepsier cBou
AHTUKOHTPAKTUJIbHBIE CBOMCTBa 3a CUET yBeJIMYe-
HUSI OKUCJIMTEIILHOTO CTpecca, YTO IIPUBOOUT K DH-
norenranbHo guchyHkumu [20]. Kpome Toro, mpu
OXHMPEHUHU ITPOUCXOIUT YBEIIMUCHME JICTITUHA, KOH-
LIEHTpalMsI KOTOPOTo B IJla3Me KOppeaupyeT ¢ Ko-
JIMYECTBOM XKUPOBOU TKaHU [45]. JlenTuH yyacTByeT
B PETYJISIIMU TOHYCA COCYIOB, XOTS MEXaHU3MBI €ro
BJIVSIHUS €1e HESICHBI U MPOTUBOPEYUBHI [2, 27].
Cocynucteie 3(p@eKTsl JIETITUHA, I10-BUINMOMY,
ABJISIIOTCH  PE3YJBTaTOM [BYX pPAa3HbIX IE€WCTBUM:
KOCBEHHOI Ba30KOHCTPUKIIMM ITOCPEICTBOM CTHU-
MYJISILIAM CUMITAaTUYECKOW aKTMBHOCTM Ha YPOBHE
ruriotajiamMmyca u npsiMoil BazoguyiaTaliu, OT KOTO-
poit 3aBUCUT (DYHKIIMOHAIBHOE COCTOSTHUE 3HIOTE-
JIVIST pa3IMYHBIX COCYHOB [45]. DKCIEpUMEHTHI in Vivo
Yy KpBIC TTOKa3ajyd, YTO BBEACHUE JICITUHA CHIDKAST
apTepuajbHOe AaBjeHHe IyTeM yBeaudeHuss NO.
B uszonupoBaHHOI aopTe Ba3oaujaTaliuvs BKIO4Ya-
eT BbicBOOOXKIeHe NO uepe3 MexaHU3M, CBSI3aH-
HBII ¢ akTuBauueil sHaoTeanaabHO NO-cHHTa3bI
(eNOS) gepe3 Akt-zaBucumoe dochopraInpoBaHe
eNOS [42]. B OpbkeedHBIX apTepusaX KPbBIC JIETITUH
BBbI3bIBAE€T BBICBOOOXKICHUE TMIIEPIIOISIPU3YIONIETO
dakTopa, roJiydeHHOro u3 aHgoteaus [18].

Kpome Toro, ObLT omnucaH 3HAOTENUIi-HE3aBU-
CUMBI aHTUKOHTPAKTHBIN 3P eKT enTuHa Ha Ang
II-ungynupoBaHHBIE COKpallleHUs. Y JIoAei Jer-
THUH BBI3BIBACT Ba30IMJIATALIMIO B MOOKOXHOU BEHE
U BHYTPEHHEN MOJIOYHOM apTepMM 4Yepe3 SHOOTE-
Nuii-He3aBUCUMBII MexaHu3M [18].

B mocnegHue BpeMs MNOSBWIMCH PaOOThI, W3-
yJamoIllnue poib MakKpodaroB B pa3BUTUM aHTUKOH-
TpakTmibHOTO 3¢pdekra B [1BXKT. Tak, B HemaBHEM
ucciaenosanun Withers S.B. u coasr. [56] npuunm
K BBIBOJIY, YTO aKTUBAL1sI MAKpOdaroB OTBETCTBEHHA
3a MOTEePI0 aHTUKOHTpaKTUWIbHOIO 3dexkra IMBXKT
B BOCHAJICHHOM MEPUBACKYISIPHOM Xupe. B npyrom
ucciaenosanuu Wenzel U.O. u coast. [55] noka3anu,
YTO MCTOIIEHWE MOHOIIUTOB, KOTOPBIC SIBIISIFOTCS
npeaecTBeHHUKaM1 MaKpodaros, IIpeaoTBpaliacT
9KCHEePUMEHTAIbHO WHIYLIMPOBAHHYIO THUIIEPTECH-
3U10 y MbllIei. [ToaToMy BIloJIHE BO3MOXHO, YTO IO~
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Tepsi aHTUKOHTpakTuiabHoro addexra ITBXKT mpu
TUTIEPTOHNM MOXKET OBITH CBSI3aHA C HAKOIUICHUEM
TIPOBOCHAJIMTEIPHBIX (PaKTOPOB, BBIACISICMBIX Ma-
Kpodaramu. Tak, ypoBeHb TNFo mpomynupyembrii
makpodaramu B BocnaseHHoit [TBXKT, nipu rumnep-
TOHUM CUJIbHO ToBbILIeH. Takum obpazom, TTBXKT,
MOMHUMO OOecTiedYeH!sT MeXaHWYeCKON TOIIepKKHN
KPOBEHOCHBIX COCYIOB, PETYJIMPYET TOHYC TJIaIKOM
MYCKYJIaTyphl COCYIOB ITOCPEICTBOM BBINTyCKa aIyi-
MOHEKTHHA, JICTITUHA W Pa3jIMIHBIX BOCHAIUTEIb-
HbIX pakTOpOB. [HIepTeH3ns cBsI3aHa ¢ HapyLIEHU-
€M aHTUKOHTpakTuibHOTO 3(hdekta B [1BXKT, uto
yKa3bIBaeT Ha pOJIb MEePUBACKYJISIPHOTO XUpa B Ma-
TOT€HE3€ TUTIEPTOHUH.

ITB2KT u HeaTepockiiepoTHUYECKHE 3200J1€BAHUS

IIBZKT u neounmumaavnoe oopazosanue

HeountumanbHoe oOpa3oBaHHWE€ WHULIUUPYET-
csl MEXaHWYeCKMM TIOBPEXICHWEM apTepHaIbHO-
TO DHAOTENMsI, a 3aTeM MECTHBIM BOCMAJIUTEIbHBIM
KJIETOYHBIM  BOBJICYEHUEM,  TPOAYLIMPOBAHUEM
XEMOKHMHOB U (baKTOPOB POCTa, KOTOPHIE CHOCO0-
cTByloT Murpauun VSMC u aaBeHTULIMAJIbHBIX
¢ubpobIaCTOB B MHTUMAJILHBIN CJION U HEOBACKY-
ggapuzanuu [21]. TMK cunbHO nponudepupyior
B MHTMME W BHEKJIETOYHOW MaTpulle, B mpoliecce,
aHAJIOTUYHOM oOpa3oBaHuio pyoua. I[TB2KT BeicBO-
0OXXImaeT MHOXKECTBO aTUIIOKMHOB U ITUTOKHWHOB,
KOTOpbIe MOTEHIIMAJIbHO MOTYT PEryJIdpoBaTh pas3-
JIMYHbIC CTaAuM 00pa30BaHUsSI HEOMHTUMBI. ¥ XYIbIX
MBbIIIEN aIUuMOHEKTUH, mnpoayiupyembiidi TTBXKT,
OKa3bIBaeT TMPOTUBOBOCITAJIMTEILHOE  NENCTBUE
IJIT  ocnabieHusi 0o0pa30BaHUSI HEOWHTUMATLHOM
dopmanuu [33]. Harporus, Wang P. u coaBT. 1ToKa-
3aJIu, YTO BUChATUH (aAUMNOLIMTOKHAH C CyIIeCTBEH-
HbIM BJIMSIHMEM Ha METa0OJIM3M IJIIOKO3bl), MPOIy-
nupyemsbiii B [TB2XKT, ctumynupyer nponudepaliinio
I'MK [54]. B npyrom uccienoBanuu Schroeter M.R.
W COaBT. OOHApPYXWIN YyBEJIWYEHUE IKCIIPECCUU
JICTITHHA B COHHOW apTepuM IIOCJIC ITOBPEXKICHUS
cocynoB [44]. HdanbHeiiliue WCCIeAOBaHUS IIPO-
JIEMOHCTPUPOBAIN, YTO PEKOMOMHAHTHBIN JIENTUH
YeJIoBeKa 3HAYMTEIbHO YBEIWYMBAeT IpoJindepa-
uuto I'MK in vitro, yTo ykasbiBaeT Ha To, yTo ITB2KT
MOXKET CITOCOOCTBOBATh OOpPa30BAHUIO HEOMHTUMEI
MOCPEICTBOM JIOKAJIBHOTO OOpa3oBaHUS JICTITHMHA.
JlenTuH Takke accolMUpoOBajcs ¢ (QEHOTUIIMYEC-
ckuM nepekioueHuemM I'MK Ha cuHTeTHUYecKuit
(beHOTUIT TOCPEACTBOM aKTWUBALlMM CHUTHAJIBHOTO
MyTU MUTOTeH-aKTUBMPOBAHHOW TPOTEMHKWHA-
361 (MAPK) p38 [31]. Kpome Toro, Tipu oXupeHUn
B TICPUBACKYJISIDHOM KMPOBOM IEIO ITOBBIIIIACTCS
9KCIPECCUsT MPOBOCHAIUTEIBHOTO MOHOIIMTAPHOTO
xemoaTrTpakTaHTHoro 6enka-1 (MCP-1), yto Takxke
criocobcTByeT npoaudepanuu 'MK [25].

B pabore Rudic R.D. u coaBT. 6b110 moka3za-
HO, 4YTO OSHAOTeNUaTbHAas IUCHOYHKIUS CBs3aHa
C YMeHBbIIIeHHneM obpa3oBaHus okcuna aszora (NO)

32 CYST HaApPYUICHUS aKTUBHOCTU DSHIOTCINAJb-
Hoil NO-cunTa3sl (¢eNOS) u neneuum reHa eNOS,
CIOCOOCTBYIOILIETO PEKOHCTPYMPOBAHUIO COCYIOB,
M YCUJIEHHOTO 00pa3oBaHMsI HEOMHTUMBI MOCJIe JIM-
TMpOBaHUS BHellIHel coHHoi aptepuu [41]. Kpome
toro, aenenust eNOS BbI3bIBaa dKCIpeccuto dak-
TOpa pocTa-1 CTpOMaJbHOM KIJIETKHA, KOTOPBIN UTpa-
€T BaXXHYIO POJIb B PEKPYTUPOBAHUM KJICTOK-IIPEI-
mectBeHHUKOB 'MK B HeounTume [37, 58]. I[IBXKT
TaKXKe MOXET MHIMOMpOoBaTh MPOMYKIIMIO 3HIAOTE-
seM NO myTeM yBeJIMYeHUs 3KCITPECCUU KaBeOJI1-
Ha-1, 4yto orpunarenbHo peryaupyeT eNOS myrem
IpepbIBaHUs TIepefadyrd CUTHajla Ha CUCTEMY Kajlb-
nuii/KanemonyauH [30]. DTm maHHBIE CBUIETEIb-
cTBYIOT 0 ToM, uTo IIB2KT MoxeT cmocoOGcTBOBaTh
Pa3BUTUIO 3HAOTEJMATbHONM IUCHYHKIIMK 3a CYET
HapymeHus curHammzauuu NO, TeM caMbIM CIO-
COOCTBYS 00pa30BAHNIO HEOMHTUMBI.

B Hacrosimee BpeMs pa3BUTHE HEOBACKYISIPU-
3alM aABEHTUIINY CBSI3BIBAIOT C COCYIUCTBIM pe-
CTEHO30M T10CJIe TOBPEXIEHUSI apTeprUU OATIIOHOM.
OTHU HEOCOCYIbl MOTYT CIY>KUTh KaHaJlaMU JIJIsl BOC-
MaJUTEIbHOM KJIETOYHOM TPaHCIIOPTUPOBKM B TO-
BPEXXIECHHBIIT KPOBCHOCHBIMI COCyH, a pa3phIBHI
HEOCOCYIOB MOTEHIIMAIBHO MOTYT CIIOCOOCTBOBATH
KPOBOMBIUSHUIO BHYTPU OJISIIIIKYU, TPUBOISIIECMY
K ocTpoil okkiwo3uu cocynoB [11]. beuio mpone-
MOHCTPUPOBAHO, 4YTO YeJIOBEYECKME KOPOHApHbIC
TMepUBACKYJISIDHBIE aAWTIOLMTHI  BBIACISIOT OoJiee
BBICOKIHE YPOBHU OMOJIOTMYECKUA aKTUBHBIX IMPOAH-
THUOTeHHBIX (PaKTOPOB, YeM ITOITKOXKHEIC aIUIIOL-
TBI, UTO YKa3bIBacT Ha IMOTCHIIMAILHYIO POJIb B pe-
Ty HEOBACKYJISIpU3alMU TTOCTe TTOBPEXKICHUS
cocynoB [9]. B paznnuHbix paboTax ObLJIO IMOKa3aHO:
MexXaHW4JecKasl apTepMajbHasli TpaBMa WHIYLHMPYET
TUCTOJIOTUYECKNEe M (DEHOTUITMYECKUEC W3MCHEHUS
gokaibHO B ITTBXKT, okpyxatouieid moBpexXaeHHYIO
aprepuio [38, 46]. BocmanurenbHble JIEHKOLIATHI
ot ooHapyxeHbl B IIB2XKT Tosbko yepe3 1 neHb
nocJje MOBpeXAeHUsT 0alJIOHOM B KOPOHApHBIX ap-
Tepusix CBUHeN, a skcmpeccuss MPHK Backynsp-
HBIX MOJIEKYJI aare3ny COCYOUCTOTO SHIOTEIIHS
(VCAM)-1 Oblna yBenudeHa B [1BXKT uepe3 3 nHs
TocJjie oBpeXXAcHUS [46].

HMHTEpecHO, YTO BOCHAIMTEIbHBIE W3MEHEHUS
B [IBXT y ntoneit MoryT o6HapyXuBaThCs C TMTOMO-
meo KomnboTepHoit Tomorpadun (KT) [3]. B nc-
ciegoBaHun Antonopoulos A.S. 1 coaBT. MPOJEMOH-
CTPUPOBAHO, YTO CTETICHb BOCITAJICHUSI KOPOHAPHOI'O
ITB2XKT koppenupyeT ¢ MHAEKCOM MOTJIOIIECHMS XK1pa
(FAI), oTpaxamwlMM HM3MEHEHHUS OajaHca MEXTy
JIMMIUTHOU U BOJHOU (ha30ii U3-3a U3BMEHEHUI B pa3-
Mepe aguIloIUTOB U COASPKaHUM JIUITUIOB [3]. Dt
JTaHHBIC CBUIECTEIBCTBYIOT O TOM, YTO OMOJIOTHYC-
ckue u peHorunuuyeckue xapakrepuctuku ITBXKT
MOT'YT NWHAMUYECKU MEHSITbCSI B OTBET Ha CIIOH-
TaHHYIO JeCTaOMIN3aluIo0 TTOpaXKEHUEM UM MeXa-
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HUYeCKylo TpaBMmy. PEeHOTUNUYECKHUE W3MEHEHUS
B I1B2KT mpoucxoasiT BCKOpe Mmocje MOBPEXIEHUS
COCYIIOB, UTO IIPUBOIUT K M3MCHCHUSIM B 3KCIIpPEC-
CUM U BBICBOOOXIECHUM PA3IUUYHBIX XEMOKHHOB,
LIUTOKWHOB U aJUIIOKMHOB, KOTOPbIE MOTYT PETyJIr-
poBaTh BocnajieHue, npoaudepanuio 'MK, HeoBa-
CKYJISIpU3ALIIO.

ITBKT u aneBpu3Ma aopThbl

C KaxXIpIM TOOOM PAacTeT KOJIMYECTBO CMepTei
OT aHEBPM3MBI a0PThI (AA), JIMIIIbL OKOJI0 25% maiu-
€HTOB JOXMBAIOT 10 Ollepaluu, U3 HUX okoJio 50%
YMUPAIoT MocJie onepauuu [29]. AA xapakTepusyroT-
Csl JIOKAJTM30BaHHBIM CTPYKTYPHBIM TTOBPEXICHUEM
CTEHKHU aOPTHI, YTO IIPUBOIUT K IIPOTIPECCUPYIOIIESt
IWIaTalluy U pa3pbIBy aOpThL. PopMUpOBaHHUE aHEB-
PU3MBI YACTO COCYILIECTBYET C aTepockiaepo3oMm. Oc-
HOBHBIE MAaTOJIOTMYECKHEe OCOOEHHOCTU AA BKIIIO-
YaloT BBIPAXKEHHYIO BOCHAJIUTEIbHYIO KJIECTOUHYIO
WH(UIBTpaLMIO, OKWCIUTENbHBIA CTpecc, aKTuBa-
o MetamornporenHas (MMP) 1 anonTo3s riaagko-
MBIIIEYHBIX KJIETOK, KOTOPBIC KYMYJISITUBHO ITPUBO-
JISIT K Aerpagaliiy BHEKJIETOYHOIO MaTpUKca, IoTepe
CTPYKTYPHOI 1IEJIOCTHOCTU M OCJIA0JICHUIO CTEHKM
aopThl [28]. BocnajieHue B aopTe pacIpoCTpaHsIeTCs
10 BCEUl CTEHKE COoCyla Ha aIBEHTULIUIO, YTO TOBOPUT
o noreHuuanbHoli poau INBXKT B maroreHese AA.
bruto mokasaHo, 4To Hauboyice 3HAYMMBIM (haKTO-
pOM puckKa 1Jjisi AA SIBJISIETCS] YCUJIEHUE TIPOBOCITIAIM-
TenabHoro cratyca [TB2KT 3a cueT ycuneHus: akcrnpec-
cum u aktuBHocTU P2X7R-uHbiamMmmacoMaibHOTO
KoMmruiekca [40, 52].

HapaboTka BocnanuTeabHbIMU KjieTkKamMu MMP
u I'MK gBngercda ¢pyHIaMeHTAJILHBIM IJIsl MaTOTe-
He3a AA [28]. eduuur aHTMOIIO3TUHIIOAOOHOTO
npoteuHa B [1BXT ocnabnsier aktuBHocTh MMP-2
B COCyIax U aKTUBUPYET JIerpaaliii0 BHEKJIETOUHO-
ro Marpukca [40]. Oxupenue siBiasieTcss (aKTOPOM
pucka s AA [12]. Thanassoulis G. u coaBT. T0-
Kazanu, yto KonamdectBo I1B2XKT Bokpyr rpymnHoii
M OpIOIITHOIM aopThI, OLIECHEHHOE C ITOMOIIBIO KOM-
NbIOTepHOI TOMOTpaduu, MOJOKUTEIbHO CBSI3aHO
¢ nuaMmeTpoM aHeBpu3Mhbl [49]. B Framingham Heart
Study 66110 TTOKa3aHO, YTO MECTHBIE JKUPOBBIE OTJI0-
JKEHUSI MOTYT CITOCOOCTBOBATh PA3BUTHIO PEMOJICIII-
poBaHus aopThl [17]. Folkesson M. n coaBT. U3y4yaiun
xapaktepuctuku [1BXKT y manmeHTOB, moaBepraio-
IIMXCS TIJIAHOBOMY XMPYPrUYEeCKOMY BMellaTeIb-
CTBY, U TIPOJEMOHCTPUPOBAIM, YTO AA OKpyXeHa
TIB2XXT, ob6orallieHHOI BOCHAJUTEIbHBIMU KJIET-
KaMu (HeUTpoduiabl, Makpodaru, TydHbICe KJICTKH
n T-xnetkun) n nporeasamu (KarerncuH K u S) [17].
B Bocnanennoit I[TBXKT yBennuuBaeTcss KOJIMYECTBO
BOCHAJIUTENAbHBIX LIUTOKUHOB M ROS, yto nmomnoJi-
HUTEJBHO CIOCOOCTBYET OKMCJIMTEJIBHOMY CTPECCY
U leTpafaliui MaTpUKca B COCynIUCTOl cTeHKe. bo-
Jlee TOro, JKCIIpeCCUsl MpoBocIaiuTeabHoro IL-6
obuta yBenudeHa B [1B2XKT B 4 pa3a nmo cpaBHEHUIO

C MHTUMOM/Menra TKaHell AA. DT mTaHHBIC CBUIC-
TeJILCTBYIOT O ToM, 4TO I1B2KT MoxXeT urpatb Ciox-
HYIO 1 MHOTOT'PaHHYIO POJIb B Pa3BUTUU AA.

ITBXKT u aprepuanbHas pUrHaIHOCTb

ApTepuanbHasi pUTUIHOCTD SIBJISIETCSI HE3aBUCH-
MBIM IIPEINKTOPOM CEPACIHO-COCYINCTHIX COOBITHI,
TaKMX KakK cepaedHas HeIOCTaTOYHOCTh, MHMAPKT
MUOKapja, MHCYJIBT ¥ TUCHYHKITUS TTOUYeK. AOpTaib-
Hasl PUTMIHOCTD IPEUMYIIECTBEHHO OIIpeleisieTCs
OajlaHCOM 0eJIKOB BHEKJIETOYHOIO MaTpUKCa, TaKUX
KaK KOJUIar€H U 3JIAaCTUH, HAXOASIIUXCS B apTepu-
anbHOM cTeHke [26]. KoytareH 1 Turma rpeacTasisieT
€c0001f KOJJTaTeHOBYIO M30(DOPMY, TOBBILIIEHHAST 9KC-
npeccusi KOTOPOro acCcoIUMpoBaHa C aopTaJIbHOM
puruaHocThio. HampoTuB, skcmpeccuss 3jacTUHA,
anpoTerHa, KOTOPhIli 0OecreuynuBaeT 3JaCTUYHOCTh
apTepusiM, OOpaTHO TPOIOPLMOHATbHA Pa3BUTHIO
aopTaJbHON pUTHAHOCTH. B mociemHmx padorax
€CTb TaHHBIE O TOM, YTO aOpTaIbHAS XKECTKOCTh IT0-
JOXUTeNbHO KoppenupyeT ¢ TojmnHou T1BXKT, He-
3aBMCHUMO OT MHJEeKca Macchl Tena [5].

B pabote Schnabel R. u coaBT. 66110 MOKa3aHo,
yro 1L-6, monyyenHnsiii u3 I1BXKT, cBs3aH ¢ yBenu-
YyeHneM aopTalibHOU XecTkoctu [43]. Du u coast.
ucclenoBaiu, cnocoocTByeT i aoptaibHbI [TBXKT
Yy TUIIePIUIUICMUYSCKUX MBIIICH Pa3sBUTUIO XKECT-
KOCTU aoOpThl M DPEMOMACIMPOBAHUIO ITOCPEICTBOM
cekpeunu 1L-6 u3 ITBXKT. B cBoeit pabote oHU oOlie-
HUBAJIM BHYTPEHHIOID MEXaHUYECKYIO >KECTKOCTb
B CETMEHTaX aOPTHI in Vivo TI0 CKOPOCTH ITyJIbCOBOM
BOJIHBI a0pTHI 1 B MeTodax ex vivo [13]. 1o cpaBHe-
HUIO C MBIIIIAaMU TUKOTO TUMA Y TUIePIUIUICMUYC-
CKUX MBIIIIe HaOoaa1ach MOBBILIEHHAsT CKOPOCTh
pacnpocTpaHEeHUsI MyJIbCOBOI BOJIHBI B A0PTE U BHY-
TPEHHSIST MeXaHU4YecKasl KeCTKOCTb, KOTopasi ObLia
cBsI3aHa ¢ 0oJee BBICOKOM 3KCIIpeccreil KoyutareHa
1-To THUITa M KOHEYHBIX IPOAYKTOB TNIMKMPOBAHMSI.
BaxkHO OTMETUTB, YTO y MBIIICH C ITOBBIIICHHBIM
ypoBHeM JmnuaoB cekpeuust 1L-6 nz ITBXKT 6buta
BBIIIE, YeM Yy MBIIICH ITMKOro TWIMa, a YCUJIeHHas
BHYTPEHHSISI MeXaHU4ecKas XXEeCTKOCTh aOpThl ObL1a
OTMEHEHA HeUTpaau3yllIuM aHTuTtesomM K IL-6
Yy TUIIEPIUNUACMUYCCKNX MBIIIeil. DTU HaHHBIS
CBHUICTEJIBCTBYIOT O TOM, YTO NTUCHOYHKIIMOHATbHBIN
TTBXKT moxeT crmoco6cTBOBaTh BHYTPEHHEN Mexa-
HUYECKOM KECTKOCTU U PeMOJSIUPOBAHUIO MTOCPEI-
cTBOM ycuieHwust npoaykuuu 1L-6. Chen J.Y. u co-
aBT. COOOIIWIN, YTO MEAMATOPEI, BEICBOOOXKIaeMbIC
u3 [1B2XT, ocnabasiior akTUBHOCTb JIM3UIOKCHUIA3bI,
TEM CaMbIM CITOCOOCTBYS (pparMeHTAllMM BJIacTUHA
U aopTanbHoii kectkocTu [10]. Takum obpa3om, Ha-
korieHue T1B2XKT moreHuuManibHO MOXKET yXyIIIUTh
YCTOMYMBOCTD 2JTACTUYHOTO BOJIOKHA U CIIOCOOCTBY-
€T pa3BUTUIO PUTUIHOCTHU aOPTHI.

YToOBI WcCIenoBaTh MOIYISIIMOHHYIO POJb
IIB2KXT B apTepualibHOM pPEeTMOHOCTU, TMEPUBACKY-
JIIPHYIO TKaHb TPaHCIUIAHTUPOBAJIM OT MOJIOJBIX
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Mblleit (4-6 MecslieB) cTapbiM MbiiaM (26-28 me-
CSITIEB) WJIN OT CTAPBIX MBIIICH (ITOTy4YaBIINX TEMIION
(MUMETUK CYNEPOKCUAAMCMYTa3bl)) Ha OPIOLIHYIO
aopTy MOJIONBIX MBbIlIel-peuunueHTo [16]. Bo-
CeMb HeJieIb CIyCTs mocJie TpaHcruianTauuu [TB2XKT
MOJIOAbIE MBIIIM-PELUIIMEHThl C MepecakeHHOoMn
JKMPOBOI TKaHBIO OT CTapbIX MBIIIel UMeIn OOJIb-
IIIYIO a0pTaJIbHYIO aKTUBHOCTD in vivo (yBeJIMIeHHAasI
CKOPOCTh MYJIbCOBOM BOJIHBI AOPThI) U ex vivo (BHY-
TPEHHSSI MeXaHUYecKasi )KeCTKOCTh) 0 CPaBHEHUIO
C TeMH, KOTOPHIM ObLIa TpPaHCIUIAHTUPOBAHA KU-
poBasi TKaHb OT MOJIOABIX TOHOPOB. DTU pe3yJibTa-
Thl CBUAECTEIBCTBYIOT O TOM, YTO OKUCIUTEIbHBIN
ctpecc B I1B2KT moxeT crmocoOCTBOBaTh BO3pacCT-
3aBUCUMOM AOPTAJIbHOM XKECTKOCTU IOCPEACTBOM
YBEJIMYEHUS 3KCIIPECCUM KojulareHa 1-ro tumna, Ko-
TOPBIM ITOTEHIIMAJIBPHO MOXET OBITh aHHYJIMPOBAH
LICJICHAIPABJICHHOM AHTUOKCUIAHTHOM Tepanuen
TTBXT.

IIB2KT u cuHapoOM BacKyJIuTa

Backynutr mnpencrtaBiisieT coboif TeTepOreHHYIOo
Tpynmny KOMIUIEKCHBIX PAacCTPOMCTB, XapaKTepusy-
FOIIMMXCSI OCTPHIM ¥ XPOHUYECKUM BOCIIATIUTEIbHBIM
MOPaXXEeHNUEM COCYIUCTON CTeHKM. KiTtoueBbIM KOM-
TMOHEHTOM BAaCKYJIMTOB SIBJISIETCS WHUIBTpaLIUs
MakpodaroB, Kotopasi 0COOCHHO 3aMeTHa B aJIBEeH-
TULMU cocynoB [24]. UHdunabTpaliyst BocIaauTelb-
HbIX KjieToK B [TBZXKT Takske ObLTa MTPpOJEMOHCTPU-
pOBaHa B BaCKYJMTHBIX CUHApoMax [39].

Aptepuut Takasicy (AT) sBiusieTcss nmepBUYHON
BOCHAJIUTEIbHONH OOJE3HBIO KPYMHBIX 3JIACTUYHBIX
apTepuii, TaKMx KaK aopTa M €€ OCHOBHBIC BCTBH,
C 3aMETHBbIM HaKOIUIEHHEM IpaHyjeM. bose3Hp xa-
pakTepu3dyeTcsi OocTpoit (pa3oil KOHCTUTYLIMOHAJIb-
HBIX CHUMIITOMOB, 3a KOTOPOI CJIeayeT COCYIHCTasi
daza, Beaylias K apTepuaIbHOMY CTEHO3Y, OKKJIIO-
3Ud U UHOTJA OOpa30BaHUIO aHEBPU3MBbI. ApTepu-
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uT Takasicy IMarHOoCTUPYETCS MO TUITUYHBIM KIU-
HUYECKUM IpU3HAKaM, BU3YaIM3UPYETCSl CyKEHUE
aopThl WJIM €€ BEeTBeil BOJIM3M WX IIPOMCXOKICHUS
C TTOMOILbIO OOBIYHOI KOMMBIOTEPHOI TOMOTpaduu,
MarHUTHO-PE30HAHCHOU aHTMorpaduu UM yabTpa-
coHorpacuu [22]. MHTEpEeCHO OTMETUTD, UTO Yy TMa-
EHTOB C apTepuMTOM Takascy HaOIomanach
OoJblIasi PacHpoOCTPAaHEHHOCTh METabOJIMYECKOro
cuHApoMa U 6oJiee BBICOKHE YPOBHMU JIETITUHA U pe-
3UCTMHA, HU3KME YPOBHU aAUITOHEKTHUHA IT0 CpaBHE-
HMIO C COTIOCTAaBUMBIM I10 BO3pacTy KOHTpoJieM [57].
B 1o BpeMst Kak B HECKOJBKUX MCCEIOBAHUSIX Oblia
npoaeMoHcTpupoBaHa cBs3b Mexay I[TBXKT u pas-
JIMYHBIMU BacCKyJIWTaMH, ONHAKO MPSMBIX JOKa3a-
TenbeTB naroreHHoi ponu [IBXKT Ha HacTosiuee
BpeMsI HE HallIeHO.

3aKnoyeHne

Baxnocts [1BXKT kak napakpuHHOIO MOIY/ISITO-
pa cocyaucToi (pyHKIIMKU CTAaHOBUTCS BCe OoJjiee oue-
BunHOI. CrnoxHble MexaHW3MBbI aelictBusa [1BXKT
Ha COCYIMCTBbIE COKpAalllCHUSI, BEPOSITHO, CBS3aHbI
C TTATOTCHE30M COCYIUCTON TUCGHYHKIIMHI IIPU OXKU-
pEeHNN/METAa00IMISCKOM CHHIPOME, TUIIEPTOHUN
U aTePOCKJIEPOTUUYECKUX U HEATEPOCKIEPOTUYECKUX
3aboJieBaHUSIX. [UIOKCHS, BOCITaJieHUE M OKHUCIM-
TenbHbIN cTpecc B I1B2XKT nmpuBoasiT K HapylIeHUIO
BBICBOOOXIEHUSI Ba30aKTHUBHBIX (PAKTOPOB U3 XKU-
pOBOIif TKAaHU U HapYILLIEHUIO HOPMaJbHOM (hYyHKIIUU
IIBXKT. Jo cux mop ocTaeTcsi HESICHBIM, KaK OUC-
¢GyHKIIMOHAJIbHASA, BOCITAJICHHAsI TICPUBACKYIsIpHAs
XKWpoBasi TKaHb BJMSIET Ha COCYIMCTYIO IUCPHYHK-
nuto. OmTHaKO KaKuM Obl HA ObLT KOHKPETHBIN MeXa-
HM3M BOCIIAJICHUSI, KOTOPbIA BO3HMKAECT HA paHHEU
CTaIuM TATOTEeHEe3a COCYIWCTOro 3aboJieBaHMsI, OH
MOXET 1aTh HampaBJIEHUE JIJIs1 TIOMCKa HOBBIX METO-
JIOB IMarHOCTUKU U JICYCHUSI.
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MOP®OPYHKLUNOHAJIbHbIE UBMEHEHUA TUMYCA

U COAEPXXAHUE CYBNONyagauun iMMoOoLUTOB B KPOBU
Y CAMOK KPbIC BUCTAP C PASBHOM YCTON4YUBOCTbIO
Krmnokcmu np CACTEMHOM BOCIAJIUTEJIbHOM

OTBETE
Roceipea A.M., :xamniaosa /LI, Makapora O.B., Ciagkonesnes A.C.

DIBHY «Hayuno-uccaedosamenvckuil uncmumym mopgoaoeuu yeaoseka», Mockea, Poccus

Pe3tome. Tunokcusi ¥ UMMYHHBIE peaKlIMM TECHO B3aMMOCBSI3aHbl MEXIY COOO Ha MOJIEKYJISIPHOM,
KJIETOYHOM M OPTaHM3MEHHOM YPOBHSIX, a OCOOM OTIMYAIOTCS MO YCTOMUYMBOCTH K HEIOCTATKY KMCIIOPOIA.
ZKuBOTHBIE C BBICOKOM M HU3KOM YCTOMIMBOCTBIO K TUITOKCUY MUMEIOT pa3IMYHbIC aIallTalliOHHBIC BO3MOX-
HOCTHU U TIPEAPACHOJOXEHHOCTh K Pa3BUTUIO BOCIAIMUTENbHbBIX 3a00JieBaHUli. JlaHHbIe 00 WHAWBUAYab-
HBIX OCOOCHHOCTSIX YCTOMUYMBOCTH CAMOK JIA00OPAaTOPHBIX JKUBOTHBIX U JIMII XXEHCKOTO I10J1a K TUIIOKCHU U €€
B3aMMOCBSI3M C peaKIIUSIMU UMMYHHOI CHCTeMBI KaK B HOpMeE, TaK W IIPY BOCITAJIMTEIILHBIX 3a00J1eBaHUSIX
B JIMTepaType OTCYTCTBYIOT. OMHAKO M3BECTHO, YTO 110 CPAaBHEHUIO ¢ MY:KUMHAMU Y XXCHIIWH 1 CaMOK J1abo-
PATOPHBIX JKMBOTHBIX PEXe Pa3BUBAIOTCS U1 JIETUE ITPOTEKAIOT OCTPhie MH(PEKIITMOHHO-BOCITAIMTEILHBIE 3a-
0oJIeBaHUSI, YTO MOKET OIIPEACIISITECS 00JIee BBICOKOM YCTOMYMBOCTBIO CAMOK K TUITOKCHH. Lleab — BEISIBUTH
ocobeHHOCTH MOPGODYHKIIMOHATBHBIX N3MEHEHUI TUMYyCca U CYOITOMYJISIITMOHHOTO COCTaBa JTUMQOIIMTOB
nepudepruIecKoil KpOBH IMPH CUCTEMHOM BOCHAJIUTEIBHOM OTBeTe, MHOyIMpoBaHHOM BBemeHueMm JITIC,
Y caMOK KpbIC BucTtap ¢ pa3Hoit yCTOMYNBOCTHIO K TUTIOKCHUH.

YCTOMYMBOCTH K TUIIOKCUM TTOJIOBO3PEIBIX CAaMOK KpbIC BucTap onpenesisiiig 110 BpeMeHM KMU3HU B BEH-
THIAPYeMoii 6apokamMepe «Ha BbicoTe» 11 500 M. K BEICOKOYCTOMYMBBIM K TUITIOKCHY OTHOCHIIN KPBIC, BpeMs
KM3HU KOTOPBIX cocTaBisuio 6onee 180 ¢, K HM3KoycToMInBEIM — MeHee 20 ¢. Yepes MecsIII TTocie onpeae-
JICHUSI YCTOMYMBOCTU K TUTIOKCUH caMKaM B (pa3y IU3CTpyca BHYTPUOPIOIMIMHHO BBOIVMIN JIUITOIIOJIMCAaXa-
pun E. coli O26:B6 B no3e 1,5 mr/kr. 2KMUBOTHBIX BbIBOAMIN M3 SKCIIEPUMEHTA Yepe3 CYTKM I10C/Ie BBEAEHUS
JITIC myTteM BHYTPUMBIIIIEUHOTO BBEICHMS 30JIeTIIIa B Ho3¢ 15 mr/Kr. Ha mpemapaTtax TmMyca OIeHUBaIA
00BEMHYIO JTOJII0 KOPKOBOTO M MO3TOBOIO BEIIECTBA, B IIEUCHU OIIPEAC/ISUIN TUIOIIAIh HEKPO30B, B JIETKUX
TMOACYMTHIBAIIN YHUCIIO HEUTPODMIIOB B MeXaIbBEOJISIPHBIX Meperopoakax. Onpenessiiin comaepXaHue B ChI-
BOPOTKE KPOBM KOpTUKOCTepoHa, TectoctepoHa, TGF-f. [MpoBonnnm nutodiryopuMeTpruiecKyo OLIEHKY
OTHOCUTEIILHOTO U a0COTIOTHOTO KOJMISCTBA OCHOBHBIX CyOITONYJISIIUiT TUMGOIINTOB B IeprpepruIecKom
KpoBu. OIEHWBAINU YMCJIO AIIONTOTUYECKA THMOHYIIMX KJICTOK THMMyca. JIsT cTaTUCTUYECKOr 00paboTKM
TTOJIyYCeHHBIX TaHHBIX MCITOJIb30BAIM ITporpamMmy Statistica 8.0, MCITOIb30BaI KPUTSPUU MHOXKECTBEHHOTO
cpaBHeHUs Kpackena—Yoyuica, Jlanna. Pa3nmuuns cautaam cTaTUCTUYECKU 3Ha9MMBbIMU ipu p < 0,05.

Kaxk y BBICOKO-, TaK ¥ Y HU3KOYCTOMYHNBBIX K TUITOKCUY CAMOK Pa3BUTHE CUCTEMHOTO BOCIIAJIUTEIBHOTO
OTBETAa COIPOBOXIAETCS YMEPEHHO BEIpaXKeHHOM aKIIUICHTAIbHOM MHBOJIIOLIEH TUMYCa, alTOITTO30M TUMO-
OUTOB, YBeINIeHEM abcomoTHOTO uncia NK, moBeIIIIeHreM coaepsKaHms TECTOCTEpOHA M KOPTUKOCTEPO-
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Ha. [To cpaBHEHUIO C BEICOKOYCTOMUYMBBIMUI Y HU3KOYCTOMYMBEIX K THIIOKCUH caMoK BBeaeHne JITIC mpuBo-
IUT K OoJiee TSDKEIbIM MPOSIBJICHUSIM CHUCTEMHOIO BOCHAIEHUsI — BBIPaXXE€HHOI BOCITAJIUTEIbHOM peaKiuu
B JIETKMX U BBICOKMM ITO0Ka3aTeJIeM IUIOIIAaAN HEKPO30B B IIEYSHU, YTO COIIPOBOXKIACTCS YBEIUYCHEM Y1 CIa
perynsiTopHbIX T-mmMmdonuToB u T-xenrepoB Ha oHe OoJiee BEIpaXKeHHOM aKIIMACHTAIBHON NHBOIIOIINN
THUMYCa ¥ allOIITOTUYECKOM TNOEI TUMOIIUTOB. Y BHICOKOYCTOMYMBEIX K THIIOKCHU CAaMOK CUCTEMHEIE ITPO-
SIBJIGHUSI BOCITAJIEHUSI MEHEE BbIPaXKEHbI, UTO, MMO-BUAMMOMY, CBSI3aHO C aKTUBAallMe MUTpaLlUX JUMOOILI-
TOB 13 TUMYyCa 1 KPOBU B OYar BOCIIJICHUS U pa3BUTHEM OoJiee 3¢h(eKTUBHOIO MMMYHHOI'O OTBETA.

BuiBonm: mMMyHHBIE peaKIIMU IPU CUCTEMHOM BOCHAJIMTEIIBHOM OTBeTe, mHAynupoBaHHoM JITIC, y ca-
MOK KpbIC BucTap 3aBUCAT OT YCTOMIMBOCTU MX K TUITOKCHUM, YTO HEOOXOIMMO HMCITOJIL30BaTh ST pa3pa-
OOTKM IIOJIXOM0B K IEPCOHATIM3UPOBAHHON Tepanuu UH(MEKIIMOHHO-BOCIIAIMTEIbHbBIX 3a00JI€BaHUN Y JIULL
>KEHCKOTO II0JIa.

Knrouesvie caosa: mumyc, pecyasmopnote T-aumepoyumot, T-xeanepoi, ycmouuueocmo K 2UNOKCUU, CAMKU, CUCTIEMHbIL
socnaaumenvuolii omeem, JITIC

MORPHO-FUNCTIONAL CHANGES OF THYMUS AND
CONTENTS OF BLOOD LYMPHOCYTE SUBPOPULATIONS IN
FEMALE WISTAR RATS WITH DIFFERENT RESISTANCE TO
HYPOXIA IN SYSTEMIC INFLAMMATORY RESPONSE
Kosyreva A.M., Dzhalilova D.Sh.,, Makarova 0.V, Sladkopevtsev A.S.

Research Institute of Human Morphology, Moscow, Russian Federation

Abstract. Hypoxia and immune reactions are closely interrelated at molecular, cellular and organism
levels, and the individuals differ in resistance to oxygen deficiency. Animals with high and low resistance to
hypoxia have different adaptive capabilities and predisposition to the development of inflammatory diseases.
Data on the individual characteristics of hypoxia resistance in female laboratory animals and humans, and its
relationship to immune system reactions in both normal conditions and inflammatory diseases are not available
in the literature. It is known, however, that acute infectious and inflammatory diseases develop at lesser rates
and are less severe in women and female laboratory animals than in males, which can be explained by higher
resistance of females to hypoxia. The aim of our study is to reveal the features of morpho-functional thymus
changes, and subpopulation of peripheral blood lymphocytes in systemic inflammatory response induced by
LPS administration to female Wistar rats with different resistance to hypoxia.

Resistance of mature female Wistar rats to hypoxia was determined as a survival period in a ventilated low-
pressure chamber simulating high altitude condition (11 500 m). The rats with a lifetime “at high altitude”
of > 180 s have been classified as highly resistant to hypoxia, and the animals surviving for < 20 seconds were
designated low-resistant. One month after determining the hypoxia resistance, the females were injected
intraperitoneally with E. coli 026:B6 lipopolysaccharide (LPS) at a dose of 1.5 mg/kg during the dioestrus
phase. The animals were withdrawn from the experiment by i/m Zoletyl injection (15 mg/kg) one day after
LPS administration. The relative volume fractions of thymic cortex and medulla were evaluated; the areas of
necrosis were determined in the liver, and the number of neutrophils in the interalveolar septa was counted
in the lungs. The serum contents of corticosterone, testosterone, TGF-f3 were determined. A flow cytometry
evaluation of the relative and absolute numbers was performed for major subpopulations of lymphocytes in
peripheral blood. The number of apoptotically dying cells of the thymus was assessed. For statistical processing
of the obtained data, the Statistica 8.0 software was applied, using criteria of multiple comparisons by Kruskal—
Wallis and Dann. The differences were considered statistically significant at p < 0.05.

In both high- and low-resistant to hypoxia females, the development of a systemic inflammatory response
was accompanied by a moderately severe thymic involution, apoptosis of thymocytes, an increase in the absolute
number of NK, and rise of testosterone and corticosterone contents. LPS injection into low-resistant rats, if
compared to females highly resistant to hypoxia, led to more severe manifestations of systemic inflammation,
i.e., a pronounced inflammatory reaction in the lungs and a more extensive liver necrotic area accompanied
by increased absolute numbers of regulatory T lymphocytes and T helper cells, and more pronounced thymic
accidental involution with apoptotic death of thymocytes. Systemic manifestations of inflammation were less
pronounced in hypoxia-resistant female rats, which was apparently associated with activation of lymphocyte
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migration from the thymus and blood to the inflammation focus, and development of more effective immune

response.

Conclusion: immune reactions in the systemic inflammatory response induced by LPS in female Wistar rats
depend on individual resistance to hypoxia. These data should be used to develop approaches to personalized
therapy of infectious and inflammatory diseases in women.

Keywords: thymus, T regulatory lymphocytes, T helpers, resistance to hypoxia, females, systemic inflammatory response,

lipopolysaccharide

BBeneHue

B pa3BuTHUM CMCTEMHBIX BOCHAIUTEIbHBIX peaK-
OUi 1 ceTicrca KIIIOUEeBYIO POJIb UTPAET TUITOKCHS,
BO3HMKAIOIIAs B pe3yjbraTe MUKPOLUMPKYISITOPHBIX
HapylleHUi, OOYCIOBIEHHBIX JUCCEMUHUPOBAH-
HBIM BHYTPUCOCYIUCTBIM cBepThiBaHueM [11]. BuI-
PaXX€HHOCTh TMITIOKCUYECKUX MMOBPEXKICHUN TKAaHEU
M OpPraHOB 3aBHUCUT HE TOJIBKO OT MHKPOIIMPKYJISI-
TOPHBIX HAPYIICHUI, HO I BO MHOTOM OITPEACISICTCS
WHIWBUIYAJTbHON YCTOMYMBOCTRIO K TUTIOKCUHY, YTO
HE YYUTBHIBAaeTCS IIPU Tepanuyd M B 3KCIIEPUMEH-
TaJIbHBIX HMCCIAeOOBAaHUSAX. M3BECTHO, YTO THUIIOK-
CUsS 1 UMMYHHBIC peaKIIUM TECHO B3aMMOCBSI3aHBI
MEXTy co00li Ha MOJIEKYJISIPHOM, KJIETOYHOM U Op-
raHM3MeHHOM YpOBHSX [14], a ocoOu oTIMYalOTCS
MO YCTOMYMBOCTU K HEOOCTATKy Kuciaopona [4, 13],
B TOM YHCJIe IO COAepKaHUIO (haKTopa, MHIYIIHPY-
emoro rumnokcueid, — HIF-1a. 2KuBoTHBIE C BbICO-
KOW M HU3KON YCTOWYMBOCTBIO K TUITOKCUU MMEIOT
pa3JMyHbIe aJalTallMOHHbIE BO3BMOXHOCTU U Tpe.-
PacmoI0KEeHHOCTD K Pa3BUTHUIO BOCHATUTEIbHBIX 3a-
0oJIeBaHUI: ¥ HU3KOYCTOMUMBBIX XKUBOTHBIX ITOCIIE
TUITOKCUYECKOI Harpy3KH MOBHIIIIAETCS COIepKaHNIE
MapkKepa OKUCIUTEIbHOrO cTpecca 8-M30IMpoCcTaHa,
YTO COIPSIKEHO C MOBPEXKISHUEM KJIETOUYHBIX MAaKpPO-
mouniekyn u yBenudeHuem ypoBHsi TGF- [3]. Ipu
BBeneHuM JITIC B Ki1eTKax ne4eHN Y HU3KOYCTOMI M-
BBIX K TUTIOKCHUY caM1IOB KpbIC Brctap HaGogaeTcs
0oJiee BbIpa>K€HHOE ITOBBILLIEHUE YPOBHSI 3KCIIPEC-
cun HIF-10, yeM y BEICOKOYCTOMUYMBBIX KUBOTHBIX,
YTO MOXKET OIIPENC/ISAITh WHIANBUIYaJIbHBIE OCOOCH-
HOCTH TCUSHUS BOCHAJIMTEIFHBIX 3a001eBaHUit. Tak,
MOKAa3aHO, YTO TPU CEMNCUCE YPOBEHb DKCIPECCUU
HIF-1o B MOHOLIMTaX MOJIOXKUTEJIbHO KOPPEJIUpyeT
C BbIpaxkeHHOCThIO UMMyHocyrpeccun: HIF-1a ak-
TuBupyetr IRAK-M — HeratuBHBII perynsatop Toll-
nogo6HbIX penentopoB — TLR [21]. HIF-1a Takke
MoxeT akTtuBupoBaTb NF-«B (simepHbiii dakTop,
ONpeAeSIOIIUIi  pa3BUTUE MPOBOCHAIUTEIBHOTO
MMMYHHOTO OTBETa), MOCKOJIbKY UHTUOUTOPHI, CITO-
coOCTByWOILINE YOUKBUTUH-3aBUCUMOMY pa3pylile-
Huo HIF-lo, KOHTponupyloT TakxKe aKTUBHOCTb
kuHazHoro komiuiekca IKK, orBeuaroiiero 3a pe-
ryassuuio NF-kB [12, 17]. TTo nanHbIM Peyssonnaux
u coaBT. [18], Ipu cucTeMHBIX MHPEKLMIX, TaKUX
Kak cencuc, Bbicokuii yposeHb HIF-1a koppenupy-
eT ¢ HeOJarONpHUSITHBIM IPOTHO30M U aKTUBallMei
NPOBOCHAIMTENbHBIX peakluii, 0 YeM CBUIETEJb-

CTBYET MOBBILIIEHNE B CBIBOPOTKE KPOBU CONEPKAHUST
npoBocnanuTenbHblX UUTOKMHOB IL-1f u TNFa
U CHUXEHHUE TMpoTuBOoBocnamutesbHoro — IL-10.
Wcxons 13 3TOro, MOXHO TIPEAIOJ0XUTh, YTO Y BbI-
COKOYCTOMYUBBIX U HU3KOYCTOMYUBBIX K TUTTOKCUU
>KMBOTHBIX BBIPaXKEHHOCTh BOCHAJIUTEILHOTO OTBETA
MOXET pa3ndaThCsl, TaK e Kak 1 MOpPOoDYHKIIH-
OHAJILHOE COCTOSTHME UMMYHHOM CHCTEMbI B HOpME
¥ TP CUCTEMHOM BOCTIAJIUTEILHOM OTBETE.

HeMHOrouncieHHbIMU  HUCCAEAOBAHUSIMHU  T10-
Ka3aHo, YTO, MOMUMO WHAWBUIYATHHBIX PA3TUINi
YCTOMYMBOCTU K TMIIOKCHU, CYIIIECTBYIOT M ITIOJIO-
BbI€ pa3INyUs. YCTAaHOBJIEHO, YTO MOCE€ OCTAHOBKU
cep/ilia ONIMHAKOBOU JJIUTEIbHOCTU Y CAMOK B IMOCT-
peaHUMallMOHHOM TIEpUOJie TIOBBIIIIEHUE YPOBHS
9KCIIPECCUU HelpoTpodruueckoro akropa Mo3ra —
BDNF u rubesnb HeiipOHOB BbIPAXX€HBI MEHBIIIE, YEM
y CaMIIOB, YTO KOCBEHHO OTpaxaeT 0oJiee BBICOKYIO
ycToiuuBOCTh HepBHbIX KjieTok ILIHC k runokcum
y camok [1]. JaHHbIe 00 MHAUBUAYAJILHBIX OCOOEH-
HOCTSIX YCTOMYMBOCTH CaMOK JIAOOPATOPHBIX KUBOT-
HBIX M JIUIL XKEHCKOTO IT10JIa K TUIIOKCUM U €€ B3au-
MOCBSI3U C peakiusIMU UMMYHHOU CHUCTEMBI KaK B
HOpMe, TaK M MPH BOCTAIUTEIBLHBIX 3a00JeBaHUSIX
B JIUTEpaType OTCYTCTBYIOT. OJHAKO U3BECTHO, YTO
0 CPaBHEHUIO ¢ MYXYMHAMHU y KEHIIUH U CaMOK
JTaGOPATOPHBIX JKUBOTHBIX PEXKe Pa3BUBAIOTCS U JIET-
Yye TIPOTEKAIT OCTpPble WMHOEKIIMOHHO-BOCIIAIM-
TeJbHbIEe 3a00JieBaHus [2, 5, 24], 4YTO MOXET oIlpe-
IenIThbcsl 0ojiee BBICOKOIM YCTOMUYMBOCTBIO CaMOK
K TUTIOKCUH.

IHen» wuccienoBanMsi — BBISIBUTH OCOOCHHOCTH
MOpPGhODYHKIIMOHATBHBIX U3MEHEHUN TUMYyCa U CyO-
MOITYJISILIMOHHOTO COCTaBa JMMGOIIUTOB nepudepu-
YeCKOl KPOBU MPU CUCTEMHOM BOCTIAJTUTEILHOM OT-
BeTe, nHayHupoBaHHoM BBeneHuem JIIIC, y camok
Kpbic Bucrtap ¢ pa3Holi yCTOMYMBOCTBIO K TUTTOKCUU.

MaTepmanbl N METObI

HMcciienoBanusi TIpoBeAeHBI Ha TOJOBO3PEbIX
camkax (n = 60) kpwic Bucrap, maccoii tera 200-250 1.,
C YCTOMYMBBIM 4-THEBHBIM 3CTPAJbHBIM IIMKIIOM.
dazy scTpajbHOTO LIMKJIA ONpeAe/siM IO Bia-
raquiHbiM Ma3kaMm. Ilpu paboTte ¢ 3KCriepUuMeH-
TaIbHBIMUA >KMBOTHBIMH PYKOBOICTBOBAJIUCH ITPH-
kazoM Muwun3zapaBa CCCP Ne 755 ot 12.08.1977 1.
Ha npoBeneHue skcneprMeHTa OBbLIO MOJYYEHO
paspeienre OmoaTmueckoil kKommccuu DOIBHY
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«HUW wmopdonornm venoBeka» (rmpoTtokon Ne 18a
or 22.12.2016 r). Kpnic coaepxand B IUIACTUKOBBIX
kieTkax (60 x 18,5 x 38 cM) couMabHBIMU IPYITIaMU
1o 6 roy1oB B Kaxnoii. Temneparypa B HOMEILICHUY BU-
Bapus TTOQIepXXUBaIach B Tpenenax 18-22 °C, Biaax-
HOCTb — 50-65%. JlocTym K Boze U Iuile ObUT CBOOOI -
HBIM.

C uenblo omnpeneacHUs] YCTOMIMBOCTA K THITOK-
cuu Kpbic Buctap momMeimiasim B BEHTWIMPYEMYIO
GapokaMmepy «Ha BbicoTy» 11 500 M [7]. TToamem
«Ha BBICOTY» OCYIIECTBIISIIN CO CKOpocThio 80 M/c.
B momemieHun, roe IIPOBOIMIOCH TECTHUPOBAHHUE,
noaaepxuBaiack temneparypa 20-22 °C. Ycroiuu-
BOCTb K THITOKCHUY OMPEACIISIIIA MO BpEeMEHU KU3HU
«Ha BBICOTE», COOTBETCTBYIOIIEMY BPEMEHHOMY MH-
TepBaJly OT MOMEHTA ITobeMa 10 TIPUHSITUS KUBOT-
HBIM OOKOBOTO MOJ0KeHMsI. K BBICOKOYCTOMYMBBEIM
K TUIOKCUM OTHOCWJIN KPBIC, BpeMs XU3HH KOTO-
PBIX «Ha BBICOTE» cocTaBiisiio 6osee 180 ¢ (n = 16),
K HU3KoycToinuuBbIM — MeHee 20 ¢ (n = 20). CpenHe-
YCTOMYMBBIX K TUTTOKCUM KpbIC (N = 24) B 3KCIIEpU-
MEHTaxX He MCHojb30Baju. C IIeJbI0 UCKIIOUECHUS
BIUSTHUST (DU3MOJIOTUIECKUX KOJICOAaHUI SKEHCKUX

220 oMedian [025%-75% I Non-Outlier Range
200 e ==
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PucyHok 1. Bpems xu3Hu B 6apokamepe «Ha BbICOTE»

11 500 m camok Kkpbic Buctap B cha3y npoactpyca (Mpo)

u puactpyca ([u)

Mpumeyanue. NMpoYcT — ycToMumMBbIE K FTMMOKCUU, OLIEHKA BPEMEHM
XWU3HW npoBoaunack B a3y npoactpyca; [inYcr - ycronunsbie

K FTMNOKCUK, OLIeHKa BPeMeHW XU3HN NpoBoaunack B a3y
amnactpyca; MpoHeycT - HeycTOWYMBBIE K TMMOKCUM, OLIEHKA
BPEMEHM XWU3HM NpoBoaunack B a3y npoactpyca; AuHeycr -
HeyCTONYMBbIE K TMNOKCUM, OLieHKa BPEMEHM XWU3HM NPOBOANNAch
B ¢ha3y AMacTpyca.

Figure 1. Life time in a pressure chamber “at an altitude” of

11 500 m of female Wistar rats in the phase of proestrus (Pro)
and dioestrus (Di)

Note. ProUst, resistant to hypoxia, life time evaluation was carried

out in the phase of proestrus; DiUst, resistant to hypoxia, life time
evaluation was carried out in the dioestrus phase; ProNeust, unstable
to hypoxia, the evaluation of the lifetime was carried out in the phase of
proestrus; DiNeust, unstable to hypoxia, an estimate of the lifetime was
carried out in the dioestrus phase.

TMOJIOBBIX TOPMOHOB B TE€UEHUE ICTPATBbHOTO IIMK-
Jla TECTUPOBAaHMWE CaMOK B Gapokamepe IPOBOIMIIN
B IIBe (ha3bl 3CTPAIbHOIO LIMKJIA — IUACTPYCE U MpPO-
acTpyce (puc. 1).

Yepes MecsIl mociie oIpeaeaeHUsT yCTORYMBOCTU
K TUIIOKCUM caMKaM B ¢a3y IU3CTpyca BHYTpHUOPIO-
IIMHHO BBOAMJIM Jurionoaucaxapun E. coli 026:B6
(Sigma, CIIIA) B no3e 1,5 MI/KT, BhI3bIBaIOIIICH pa3-
BUTHE BOCIIAJIUTEIbHOIO Mpolecca M IUCTpodu-
YEeCKUX M3MEHEHMU B OpraHax-MUIIECHSIX — Iede-
HU U Jerkux [8]. Beidbop (assl acTpaibHOro mUKiia
omnpenessics TeM, 9YTO, IO HAIlIUM JTaHHBIM, 10 CPaB-
HEHMIO C IPYTUMU (ha3zaMU 3CTPATIbHOIO 1IMKJIa BBE-
nenue JITIC B a3y muacTpyca NMpUBOIUT K OoJjiee
BBIPpaXKEHHBIM BOCITAIUTEIbHBIM U3MEHEHUSIM B Op-
raHax-MUILIEHSIX — IIeYeHU U Jerkux [6]. 2KUBOTHBIM
KOHTPOJILHOI T'PYMIThl BHYTPUOPIOIIMHHO BBOIMJIN
dusnonornyeckuii pactBop. st oliIeHKU CTPYKTYp-
HBIX U3MEHEHUI TUMYca 1 CYOHOITY/ISIIIMOHHOTIO CO-
cTaBa JUMMOIIUTOB MPU CUCTEMHOM BOCIIAIUTEIb-
HOM OTBETE KMBOTHBIX BBIBOJIWIN U3 SKCIIEPUMEHTA
yepe3 cyTku nocie BBeaeHus JITIC myrem BHyTpU-
MBIIIIEYHOTO BBEICHUS 30JeTwia B go3e 15 Mr/Kr
(Virbac Sante Animale, ®panus).

Jns Mop@doaorn4eckoro uccjaenoBaHUsI ITPOBO-
IWId 3a00p (DparMeHTOB TUMYca, IIEUCHHU U JIETKUX,
GbuKcUpoBaIiM UX B XuUaKoctu bysHa (jIerkme —
B Xunkoctu KapHya), M3roTOBJISIIM TUCTOJOTU-
YeCKHUe Cpe3bl, OKpalllMBaJM MX IeMaTOKCHJIMHOM
u s03uHoM. [lonyyanu uudpoBble M300paKeHUS
TUCTOJOTMYECKUX CPE30B TUMYCa U MEeYSHU, TIPOBO-
MWW UX KOMITBIOTEPHBIM MOpGhOMETpUUIESCKUI aHa-
U3 B IPOrpaMMHOM MakeTe AJisi o0paboTKu Ouo-
MeIuMIMHCKUX m3obpaxkenuit ImageJ (NIH) 1.51h
B BapuaHTe Fiji. Ha mpemaparax Tumyca ouieHuBanu
00BEMHYIO JOJII0 KOPKOBOTO 1 MO3TOBOTO BEIlleCTBa
MeToAOM TouyeuyHoro cuerta npu yB. 100. B meuenu
onpenessiyiv Iiolaab HeKpo3oB Ipu yB. 200. B ner-
KUX TTOJCUMTHIBAJIM YHUCJIO HEUTPODUIOB B MeXaJlb-
BEOJISIPHBIX TEperopoakax Ha CTaHOApTHOE II0Jie
3penus (25 000 mxm?) ipu yB. 400.

MeTtogoM UMMYHO(DEpPMEHTHOrO aHajau3a ompe-
NeJISTA coliepXXaHue B ChIBOPOTKE KPOBU CTEPOU/I-
HbIX TOpMOHOB — KoptukocTepoHa (Cloud-Clone
Corp., CIIA), TtecroctepoHa (Cusabio, KHP),
a Takke IPOTMBOBOCIHAIMTEBHOIO IIMTOKMHA —
TGF-B (eBioscience, CIIIA).

IMpoBoaunan HUTODIYOPUMETPUUECKYIO OILIEH-
KY OTHOCHUTEJIbHOIO M aOCOJIIOTHOIO KOJIWYeCTBa
OCHOBHBIX CYOMNOMYJISILIMI JUM@OLIMTOB B II€pU-
depuyeckoit kpoBu Ha nmpudope Cytomics FC 500
(Beckman Coulter) ¢ wucrmojb30BaHUEM CJIEIYIO-
mx aHtutena (eBioscience): anti-Rat CD3 (map-
kep T-numdpouutoB); anti-Rat CD4 (mapkep
T-xennepos); anti-Rat CD8a (Mapkep LUTOTOK-
cuueckux T-kmerok); anti-Rat CD45R  (mapkep
B-mamponuros); anti-Rat CD314 (Mapkep HaTy-
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TABJINLIA 1. KOHLIEHTPALIUA KOPTUKOCTEPOHA, TECTOCTEPOHA U TGF-3 B CbIBOPOTKE KPOBW Y CAMOK KPbIC
BUCTAP C PA3HOW YCTOMUYMBOCTbIO K FUNOKCUM A0 U NOCIE BBEAEHWSA NNC

TABLE 1. CONCENTRATION OF CORTICOSTERONE, TESTOSTERONE AND TGF-§ IN THE SERUM OF FEMALE WISTAR
RATS WITH DIFFERENT RESISTANCE TO HYPOXIA BEFORE AND AFTER LPS INJECTION

BbicokoycTon4mBble HuskoycTtonumBbie
Moka3aTenu High-resistant Low-resistant p
Indicators KoHTponbHas' nnes KoHTponbHas® nnc+
Control group'’ LPS? Control group?® LPS*
Corcostron 707 86,9 68,6 1003 0,03
ng/ml ’ (64,8-73,0) (75,6-105,4) (60,8-74,5) (93,9-129,7) 0,009%4
TectocTepoH, Hr/mn
’ 0,89 1,28 0,88 1,6 24
Testosterone, (0,6-1,0) (1,2-13) (0,6-1,1) (12-2.6) 0,049
ng/ml
TGF-B, Hr/mn 29,9 59,9 75,0 68,2 003"
TGF-B, ng/ml (27,6-43,0) (26,4-77,6) (74,7-85,5) (25,7-73,3) ’

TABINULA 2. COOEPXXAHUE OCHOBHbIX CYENOMYNALUA TUMOOLUTOB B NEPUGEPUYECKON KPOBU

1 OTHOCUTEJIbHOE YACNO ANONTOTUYECKU MMBHYLUMX TUMOLIMTOB Y CAMOK KPbIC BUCTAP C PA3HOW
YCTOWYMBOCTbIO K F’MNOKCUM 1O M NOCNE BBEAEHUA NNC

TABLE 2. CONTENT OF MAIN SUBPOPULATIONS OF LYMPHOCYTES IN PERIPHERAL BLOOD AND THE RELATIVE NUMBER
OF APOPTOTICALLY DYING THYMOCYTES IN FEMALE WISTAR RATS WITH DIFFERENT RESISTANCE TO HYPOXIA BEFORE

AND AFTER LPS INJECTION

BbicokoycTonumusble HuskoycTonumsbie
AGC. YMcno, MnH/Mn High-resistant Low-resistant p
Abs. number, 10¢/ml KoHTponkHas' nnc: KoHTponbHas' nncz
Control group'’ LPS? Control group' LPS?
CD3*T-No 4,3 2,6 6,3 4,7 0,032
CD3*T cells (3,4-6,1) (1,4-3,2) (3,8-7,4) (4,3-7,1) 0,034
CD3*CD4'Tx-N® 1,8 1,5 1,8 2,6 00424
CD3*CD4'Th cells (1,6-2,5) (0,8-1,6) (1,7-2,8) (2,4-2,6) ’
CD3*CD8'Tu-N® 2,1 1,0 3,56 2,0 0032
CD3*CD8'Tc cells (1,5-2,5) (0,5-1,5) (2,1-5,6) (1,8-2,9) ’
0,032
. 0,31 1,8 0,89 2,7 A
CD314'NK (0,25-0,31) (0,9-2,5) (0,85-0,94) (2,03-3,97) 060(?1?,3
+, + + 0’031-2
CD4*CD25'FoxP3*Treg-N® 0,006 0,003 0,006 0,01 0.03%4
CD4*CD25'FoxP3*Treg (0,005-0,01) (0,002-0,004) | (0,002-0,008) (0,009-0,03) 00124
o 0,022
AnonTo3 TumoumuToB, % 1,3 2,9 1,4 6,0 0.01%
Apoptosis of thymocytes, % (1,1-1,3) (2,5-3,5) (0,4-1,4) (4.8-6.5) 0,012

Mpumeuanune. T-JI® — T-numbpouunTtbl; TX-JIO — T-numdpouutsbl xennepsl; Tu-JIO® — yutorokcnyeckme T-nMMPoOLUTBI;
NK — HaTtypanbHbie kunnepsbl; Treg-JI® — perynatopHbie T-numdpoumnThl.

Note. T cells, T lymphocytes; Th cells, T helpers; Tc cells, cytotoxic T lymphocytes; NK, natural killers; Treg, regulatory

T lymphocytes.

pampHBIX KuiepoB — NK); anti-Rat CD25 (map-
Kep aKTUBUpOBaHHBbIX T-KjieTok); anti-Mouse/Rat
FoxP3 (Mapkep perynasaTopHbix T-kjetok). Jluzuc
SPUTPOLIMTOB B 0oOpasiax lieabHOM KpoBu ¢ DJATA
npoBoauIu ¢ TToMolbio pactBopa OptiLyse C Lysis

Solution (Beckman Coulter).

OlleHMBaJIM 4YHMCJIO AaIlONTOTUYCCKU THMOHYIINX
Ki1eTok trMmyca (Annexin*PIY) ¢ momomipio Habopa
Annexin V FITC Kit (Beckman Coulter , CIITIA) Harpu-
6ope Cytomics FC 500 (Beckman Coulter, CIIIA).

st craTucTUYecKoil oOpabOTKM MOJYyYeHHBIX

JaHHBIX HCHOJIb30BalM Mporpammy Statistica 8.0.
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XapakTep pacnpeaeaeHus: mokKa3aTeseil onpenesiu
no kputrepuio KonmoropoBa—CmupHoBa. [laHHBIE
BbIpaxkaJd B BUAEC MeAWaHbl U MHTEPKBAPTUIbHOTO
paszmaxa Me (Qy,5-Q s5). [lJIg ycTaHOBJIEHHS TOCTO-
BEPHOCTHU Pa3IMIUil MEXKIy MOKa3aTeIsIMMU, B 3aBU-
CMMOCTH OT XapaKTepa paclpenesIeHUsT MOJTyIeHHBIX
JaHHBIX, UCITOJIb30BaI KPUTEPUN MHOKECTBEHHOTO
cpaBHeHust Kpackena—Yomnuca, JlanHa. Paznuuus
CUMTAJIM CTAaTUCTUUECKU 3HaYUMbIMU 1ipu p < 0,05.

PesynbTartbl
I1pu TecTupoBaHuM caMOK Kpbic Bucrap B BeH-
TUINPYEMOM OapoKamepe TMOIYJISILUS  XUBOT-

HBIX pa3lenyiach Ha BBICOKO- (BpeMs KU3HU —
185,5 ¢ (180-220)) M HM3KOYCTOWUYMBBIX (BpeMms
xku3Hu — 20 ¢ (10-20); p = 0,006) K T'MIOKCHUM.
ITo cpaBHEHMIO C BBICOKOYCTOMYMBBIMU HU3KO-
YCTOMYMBEIE K TUTTOKCUM CAMKM XapaKTepU30BaJINCh
0ojiee BBICOKMM COIEepXXKaHWEM TPOTUBOBOCIIAIN -
tenpHOro uTokuHa TGF-3 B chiBOpOTKE, aOCOITIOT-
HbIM yncyioM NK-kiteTok B nepudeprnieckoit KpoBu
U HU3KOU OOBEMHOW HOoJeil KOPKOBOTO BelllecTBa
TuMmyca (tabi. 1, 2; puc. 2).

Yepes cytku mocie BBeaeHus JIIIC y Hu3Ko-
YCTOMYMBBIX K TUITOKCUY CAMOK BBIPa’K€HHOCTb BOC-
MaJIUTEIbHOMN peaKIIUuM B JICTKUX M MaTOJIOTUISCKUX
M3MEHCHUI B IICYeHN ObLIa BHIIIC: B JICTKUX OOHA-
pyXmBajach 0OoJjiee BBIpaXkeHHAsT WHQIBTPALIUS
MEXaTbBEOJISIPHBIX TIEperOpoIOK HelTpodmiiaMu
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PucyHok 2. O6eMHas fons KOPKOBOro BelecTBa TUMyca
CaMOK Kpbic Bucrtap ¢ pa3Hoii yCTOMYMBOCTLIO K TMNOKCUMU
KOHTPONbLHOW rpynnbl U Yepes3 cyTku nocne BBegeHus JMNC
Mpumeyanue. BYK — BbicokoycToNuMBbLIE, KOHTPONbHAsA rpynna;
BYJ1 - BbicokoycToiuuBblie, JINC; HYK - Hu3koycToiumnBbIe,
KoHTponbHas rpynna; HYI1 - Huskoycronumseie, JMC.

Figure 2. Volume fraction of the thymic cortex of female Wistar
rats with different resistance to hypoxia of the control group and
in a day after the LPS injection

Note. VUK, high-resistant, control group; VUL, high-resistant, LPS;
NUK, low-resistant, control group; NUL, low-resistant, LPS.

(puc. 3), a Ioaab HEKPO30B B MEUEHU OblIa cTa-
TUCTUYECKU 3HAUYMMO BhblIllIE (puc. 4).

Yepes cytku nocie BBeneHust JITIC B CBIBOPOT-
K€ KPOBM KakK Y BBICOKO-, TaK M Y HU3KOYCTOMYMBBIX
K TUITOKCHY CaMOK YBEJIWYMIIOCH COAepKaHUE ITPO-
THUBOBOCITATUTEIBHBIX TOPMOHOB — KOPTUKOCTEPOHA
U TecTOoCTepoHa, Torna kKak kKoHueHTtpauus TGF-3
He u3MeHuach (Tadiu. 1).

B TMyce BEICOKO- ¥ HU3KOYCTOMYNBBIX K TUTTOK-
CHHU CaMOK C CMCTEMHBIM BOCITAJIUTSIBHBIM OTBETOM
HabJirogajach YMEPEHHO BbIpaxkeHHasi WHBOJIIO-
OUST C Cy>KeHNEeM KOPKOBOI'O BelllecTBa M KapTUHOMN
«3BE3MHOTO Heba», IIPEACTaBICHHOW THMOHYIIMMK
TUMOLIMTaMH, (parMeHTaMM MOTHUOIINX KIIETOK
U (arouTupyromux ux Makpodaramu. [Mpu mMop-
(oMeTpuueckoM wucCCIIeTOBAaHUM OBIJIO TTOKa3aHo,
YTO Y BBICOKOYCTOMYMBEIX K TUTIOKCUM CAMOK BBEJIC-
Hue JITIC npuBoauno K CTaTUCTUUECKN 3HAUMMOMY
CHIDKEHMIO TToKa3aTessi 00beMHOM T0JIM KOPKOBOTO
BeIlleCTBA TUMYycCa, TOINMAa KaK Y HU3KOYCTOMYMBBIX
CaMOK 3TOT TToKa3aTesib He n3MeHsuics (puc. 2). On-
HAaKoO II0 JTaHHBIM NPOTOYHON IUTODIYOPUMETPUN
yepe3 cyTku mnociae BBeaeHus JIIIC conmepkaHue
aroTNTOTUYECKM THOHYIIMX Annexint KJIETOK, BbIae-
JICHHBIX U3 TUMYca, OBIJIO BEIIIE Y CAMOK C HU3KOM
YCTOMYIMBOCTBIO K TUITIOKCHU (TabI. 2).

B nepudepuueckoii KpoBU Yy BBICOKOYCTOM-
YUBBIX K THUIOKCcHMHM caMmok BBeneHwme JITIC mpu-
BOOMJIO K CHIDKEHHUIO aOCOJIIOTHOTO KOJIMYeCTBa

:232 oMedian [025%-75% I Non-Outlier Range

26 p=0,0007
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=0,01
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o
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PucyHok 3. Yucno HeUTpodhmnoB B MexanbBeonsipHbIX
neperopoakax nerkux y Boicoko- (BY) n Hu3koycToiumBbIx
(HY) k runokcum camok Kpbic Buctap KOHTpONbHOM rpynnbl
(BYK, HYK) n Ha 1-e cyT. nocne BBegenus JINC (BYN, HYN)

Figure 3. The number of neutrophils in the interalveolar septa of
the lungs in high (VU) and low-resistant (NU) to hypoxia female
Wistar rats of the control group (VUK, NUK) and on the 1¢ day
after the LPS injection (VLD, NUL)
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PucyHok 4. Mnowaab Hekpo30B (MKM?) B NeYEHM Y BbICOKO-
(BY) n HuskoycToiumBbIx (HY) K runokcum camok KpbIc
Bucrap Ha 1-e cyT. nocne BBeaeHus JMC

Figure 4. The area of necrosis (um?) in the liver in high (VU) and
low-resistant (NU) to the hypoxia female Wistar rats on the 1¢
day after the LPS injection

T-numdonuToB, B ToM uuciie T-xeamepoB U pery-
JATOpHBIX, Ha (poHe moBhieHUss NK-kimeTtok. Ha-
IPOTUB, ¥ HU3KOYCTOMYMBBIX K TUIOKCHUM CaMOK
pa3BUTUE CUCTEMHOTO BOCTIAJIMTEILHOTO OTBETA Xa-
pPaKTepu30BaIOCh MOBBIIIEHUEM B KPOBU ColepxkKa-
Husg T-xeamnepoB U PeryasTOpHBIX T-TUM@OINTOB,
YTO TaKXKe COIPOBOXIAIOCH YBCIWMYCHUEM YHCIIA
NK-knertok (Tab6J. 2).

Takum o6Gpaszom, mHayuupoBaHHbI JITIC cu-
CTEeMHBI1 BOCTIAJINTEJIFHBINA OTBET Y BEICOKO- 1 HU3-
KOYCTOMYMBBIX K TUTIOKCUY CAMOK XapaKTepU3YyeTCs
WUMMYHHBIMU U3MEHEHUSIMU Pa3HOU BBIpaXKEHHOCTU
¥ HarpaBJIeHHOCTH. KakK y BBICOKO-, TaK U y HU3-
KOYCTOMYUBEIX K TUIIOKCUM CAaMOK pa3BUTHE CHU-
CTEMHOTO BOCITAJIMTEJIGHOTO OTBETa COIPOBOXKIA-
€TCS YMEPEHHO BBIPAXECHHOM aKLUICHTAIbHOM
WHBOJIIOINECH TUMYyca, alloIITO30M TUMOIIMTOB, YBE-
JIMYEHEeM abCOJTIOTHOTO YMCia KJIETOK BPOXKIEHHO-
ro ummyHuteta — NK, MoBbILLIEHUEM cOIepKaHUS
MMMYHOCYIIPECCOPHBIX CTEPOUIHBIX TOPMOHOB — T€-
CTOCTEpOHA U KOpTUKOCTepoHa. OTHAKO y BBICOKO-
YCTOMYMBBIX CaMOK aKIUICHTaJbHAsl WHBOJIIOLIUS
TUMyca MEHee BhIpaxkeHa, O YeM CBUICTEILCTBYET
MoKa3aTedb allONTOTHYSCKOM THOEIU THUMOIIMTOB.
B nepudepuueckoil KpoBM y HUX HaOIIOAAETCS
CHIDKEHME KoaudecTBa T-XeIrnepoB U PeryssiTop-
HBIX T-mmMdoIUTOB, YTO CoUeTaeTCsI ¢ MEHEEe BBI-
PaXEHHBIMU BOCIAIMTEIBHBIMU U TTaTOJIOTUYECKU -
MU U3MEHEHUSIMU B OpraHax-MUIIEHSX, TOraa Kak y
HU3KOYCTOMYMBBIX K THUIOKCHUM CaMOK pa3BUTHE
0oJiee BBIPAKEHHOTO CHUCTEMHOTO BOCITAJICHUSI CO-
MPOBOXIAETCS YBEJIUUYCHUEM YMCIIa PETYJISITOPHBIX
T-numponumrtos u T-xeanepos.

ObcyxaeHve

Takum ob6GpaszoM, B (PU3MOJIOTUUYECKUX YCITOBU-
SIX TI0 CPaBHEHUIO C BBICOKOYCTOWYMBBHIMU HU3KO-
YCTOMUYMBBIE K TMITOKCUU CaMKM KpbICc BucTap xapak-
TepusyloTcs O6osiee BhicOkuM conepxxannem TGF-f3
B CBIBOPOTKE KpoBHU, yucjioM NK-k1eTok U y3Kum
KOPKOBBIM BEIIIECTBOM TUMYCA.

TGF-pB — cemeiicTBO 6eTKOB, KOTOPHIE PETYJIH-
PYIOT pa3iMyHble OMOJOTHMYECKUE MPOILIECChI, TaKUe
KaK POCT U pa3BUTHUE, TKAHEBOI roMeocTa3 U peak-
O UMMYHHOI CHCTEMBI, B TOM YHCJIe Tpojmde-
pauuio, auddepeHIUPOBKY, (YHKIMOHUPOBaHUE
Bcex cyomomynsauuii JTuM@OLMTOB, MakKkpodaron
W IeHIPUTHBIX KJIETOK, TAKMM OOpa3oM, MOIYIM-
Pys BpOXIEHHbIN, aHTUTeH-HEe3aBUCUMBII, 1 agamn-
TUBHBIN, aHTUT€H-3aBUCUMbBINA UMMYyHUTET [16, 26].
N3BectHO, uTO B ycioBusix runokcuun TGF-f uH-
nyuupyet cBsazbiBaHue HIF-1a ¢ mpoMoTepoM reHa
FoxP3 CD4* T-numM@poLUTOB, B pe3yabTaTe yero ak-
TUBUpPYeTCST muddepeHIUpoBKa T-peryasaTopHBIX
kinetok [10]. ITo HalIMM JaHHBIM, B KPOBU CaMOK
C pPa3HOM YCTOMYMBOCTBIO K TUIIOKCUM pPa3IU-
quii B comepXaHuud T-TuM@MOIIMTOB, B TOM YHCIIE
T-peryasaTopHbIX KJIETOK, BBISIBJIEHO He ObLIO, OA-
Hako BbIcokoe conepxaHue TGF-f B cblBopoTKe
KPOBH Y HU3KOYCTOMYUBBIX K TUTIOKCUN CaMOK, IT0-
BUAMMOMY, CBSI3aHO C OoJibliieil (DyHKIMOHAIbHOM
aKTUBHOCTBIO T-peryisiTOpHBIX KJIETOK, YeM Y BbI-
COKOYCTOMYNBBIX K TUTTIOKCHHU KPBIC.

NK-kJIeTKU MOAYIUPYIOT BPOXKIEHHBIA HUMMY-
HUTET MyTeM aKTHUBallM{ alloIiTo3a B MHMUIIMPO-
BaHHBIX WIN TpaHC(HOPMHPOBAHHEIX KJIETKaX, a MUX
¢yHKLIMOHUpPOBaHUE U AUdepeHIupoBKa MOJIO-
JKUTEJIBHO KOPPEIUPYIOT C YPOBHEM BKCIPECCUU
HIF-1la [15]. ApyrumMu uccieqoBaHUSIMU BbISIBIIE-
HO HEraTMBHOE BJIMSIHME TMITOKCUM Ha KOJWYECTBO
U LUATOIUTHYECKYIo akTuBHOCThL NK-knerok [20].
JlaHHble O paznauuusax B copepxkaHuu NK-kiaetok
B KPOBU Yy CaMOK KpbIC C pa3HON YCTOWYMBOCTHIO
K TMITOKCUM B JIUTEpaType He TpeacTaBICHBI.

ITo HamMM TaHHBIM, KOPKOBOE BEIIECTBO TUMY-
ca, KOTOpOe€ TIPeACTaBICHO IyOJb-TIO3UTUBHBIMU
T-numponmnTamu, yKe y caMOK ¢ HU3KOI yCTONYU-
BOCTBIO K THIIOKCHH, YeM C BBICOKOI. B mmreparty-
pe MoKa3aHo, YTO y AETeil C BPOXKIEHHBIM MOPOKOM
CEpIa, Y KOTOPbIX HACBILIEHUE KHUCIOPOAOM OBbLIO
HuKe 85% (yclnoBUSI TMIIOKCHMM), B THMYCE IIpe-
o0JlaaeT MO3roBO€ BEIIECTBO, TOTAA KakK y JAeTeit
C HachIllleHMeM Kuciaopona 6oiee 95%, HanpoTuB,
KOPKOBO€ BelllecTBO ObLIO mmpe [9]. BoissBiieHHEBIE
MOpPGhOMDYHKIIMOHATBHBIE OCOOEHHOCTU  TUMYycCa
Y )XKMBOTHBIX C PA3HOM YCTOMYMUBOCTBHIO K TUIIOKCUU,
OUYEeBHIHO, 3aBUCAT OT MHOTUX (DAKTOPOB, Ompelne-
JISIONIUX TIpoliecchl mpoiaudepaumu, nuddepeHu-
POBKM 1 MUTPALIMA TUMOLIUTOB.

ITomyyeHHBIE HaHHBIC CBUICTEILCTBYIOT O He-
MOCPEICTBEHHOU B3aUMOCBSI3U  YCTOMUYUBOCTU
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K TUITOKCUM U OCOOCHHOCTE MMMYHHBIX peaKIInii
B HOpPME, YTO MpPpU Pa3BUTUM HHOEKIIMOHHO-BOC-
NaJUTEbHBIX 3a00JIeBaHUI Yy JIMI] C pa3HOI YCTOM-
YMBOCTBIO K TUIIOKCHY MOKET OIIPEIEIISITh TCUCHUS
n ucxon 3aboneBaHus. [TosTOMYy MBI MCCIIEIOBAIN
WMMYHHBIE€ PeaKlUU IPU CUCTEMHOM BOCITAIUTEb-
HOM oTBeTe, nHaynuposaHHoM JITTIC, y camok KpbiC
Bucrap ¢ pa3Hoi1 yCTOMIMBOCTBIO K TUIIOKCHH.

Hammn moka3aHo, 4TO KaK y BEICOKO-, TaK My HU3-
KOYCTOMYMBBIX K TUIIOKCUM CAMOK pa3BUTUE CUCTEM-
HOI0 BOCHAJMTEBHOTO OTBETa COIIPOBOXKIAECTCS
YMEPEHHO BBIPAXEHHON aKIIUIAEHTAIbHON UHBOJIIO-
e TUMyCa, allOIITO30M TUMOIINTOB, YBETMUeHUEM
abCOTIIOTHOTO YKMCJia KJIETOK BPOXIEHHOIO UMMYHMU -
teta — NK, moBbllIeHUEM CcOAepKaHUS UMMYHOCY-
TIIPECCOPHBIX CTEPOMTHBIX TOPMOHOB — TECTOCTEPO-
Ha ¥ KOPTUKOCTEPOHaA.

Pa3zButue 6osee TS2KeJIoro CUCTEMHOTO BOCITIaIv -
TEJILHOTO OTBeTa Y HU3KOYCTOMYMBBIX K THIIOKCUM
CaMOK XapaKTepu3yeTcsl 00oJiee BEIpaKeHHBIM aIlol-
To30M TuMolUTOB. ITo nanHbIM A.B. Ceyran u co-
aBT. [9], B YCJTOBUSIX TUTTOKCUU B KOPKOBOM BEIIECTBE
THUMYyCa yBeJIU4YUBaeTCs Yncyio Bel2-nmomoxXuTeabHbBIX
KJIETOK, YTO CBHUIETCIBCTBYET 00 MHIYLIPOBAHHOMN
TUITOKCUEN KJIeToOYHOW rubenu. B Haueilr paborte
MoKa3aHo, 4To B oTBeT Ha BBeaeHue JIIIC B Tumyce
Y HU3KOYCTOMUYMBBIX KPBIC HE MPOUCXOIUT U3MEHEe-
HUSI 00BEMHOM HOIU KOPKOBOTO BEIIECTBA, OTHAKO
BEIPaXKEHHOCTH aITOITIOTOTUYECKOUM TMOSIN TUMOILIV-
TOB BBIIIIE, YEM Yy CAMOK C BBICOKOU YCTOHUYMBOCTbIO
K Tunokcuu. BeposiTHO, 3TO CBSI3aHO ¢ KOMIIEHCA-
TOPHOI aKTWBaLMed IIpoaudepanuil TUMOIUTOB
Y HU3KOYCTOMUMBBIX K TUTIOKCUH CaMOK, TOTHa KaK y
BbICOKOYCTOMYMBBIX KPbIC CY*k€HHE KOPKOBOIO Be-
IIIECTBAa TUMYCA MOXET OBITh OIIOCPEIOBAHO aKTHUBa-
nouei mmpoiieccoB muddepeHIMPOBKN U MUTPALIUN
T-nmumdonuros.

Ha 1-e cyTku pa3BUTHS CUCTEMHOIO BOCIAJU-
TEJILHOTO OTBETa IO CPaBHEHUIO C HU3KOYCTOMYM-
BBIMA K TUITOKCUM caMKaMHM B TmepudepruIecKoit
KPOBH Y BBICOKOYCTOMYMBEIX JKUBOTHBIX HAOJTIOHACT-
Cs1 CHUXKeHME KojimyecTBa T-XemnepoB U perysiTop-
HbIX T-nmumdonutos. T-muMbOIUTH U3 KPOBU MU-
TPUPYIOT B OoYar BOCITAJICHUS, TI€, B3aUMOICICTBYSI
C 3aNUTETUATBHBIMA, ACHAPUTHBIMU KJIETKAMU, Pery-

Cncok nutepatypbl / References

JIMPYIOT Pa3BUTHUE BOCTIAJTUTEIHLHBIX peakinii. OyHK-
HUOHUpOBaHUE T-XeImepoB M ITUTOTOKCUYECKUX
T-nmumbornuToB cynpeccupyetcs: T-peryJasiTOpHbIMU
JTuMbOoIUTaMU, MpPU HEJOCTATOYHOCTU KOTOPBIX
BOCITJIMTENIbHBIE PEAKIIUU MOTYT OBITh YPE3MEPHO
BbIpaxXeHHbIMHU [19]. Torma kak y HU3KOYCTOWYUBBIX
K TUIIOKCUM CaMOK pa3BUTHE CUCTEMHOTO BOcCHa-
JINTETPHOTO OTBETAa COMPOBOXIAETCSI YBEIMYCHUEM
B nepudepudeckoil KpoBu T-XearnepoB U peryss-
TopHBIX T-mumdonuTos. [1o TaHHBIM JTUTEPATYpHI,
y OOJIBHBIX CEINCUCOM HaOIIoNaeTCsl YBEJIUUYECHUE
peryasTopHbIX T-TMM@OUMTOB B IepudeprudecKoit
KpPOBU, YTO, 110 MHEHUIO aBTOPOB, SIBJISIETCS HeOIa-
TOMPUSATHBIM IMIPOTHOCTUYECKUM KpuTepuem [22, 23,
25]. Tlokazano, yto HIF-1a, ypoBeHb 3KCIIpeccuu
KOTOPOTO YBEJIMYMBAETCS] Y HU3KOYCTOMUYMBBIX K TU-
TMOKCUU CaMIIOB B paHHUE CPOKU TOCJIE BBEICHUS
JITIC, aktuBupyet nud @ epeHIMPOBKY PErysiTop-
HbIX T-knetox [15].

Takum 006pa3oM, UMMyHHBIE peaklUUU TIPU CU-
CTEMHOM BOCHAJIUTEILHOM OTBETE, WHIYIIUPOBAH-
HoMm JITIC, y camok kpbic BrucTtap 3aBUCST OT yCcTOM-
YUBOCTHU UX K TMITOKCUU. HaMu BriepBbIe MOKa3aHO,
4YTO pa3BUTHE 0o0see TSIXKENIOTOo BOCHAIUTEIBHOTO
OTBETa Y HU3KOYCTOWYUBBIX K TUIIOKCUU CAMOK CO-
TMPOBOXAAETCS BBIPAXKEHHOM alTONTOTUYECKOI Tnde-
JIbIO TUMOIIMTOB U yBEJIMUEHUEM Yucia T-xearnepon
u peryaaropHbeix T-numdponuToB B mnepudepuye-
CKOI KPOBHU, UTO SIBJISIETCSI HEOJIATOIPUSITHBIM PO~
THOCTUYECKUM (akTOopoM. Torma Kak y BBICOKO-
YCTOMYMBBIX K TUIIOKCUM CaMOK aKIIWIEeHTaJIbHas
WHBOJIONUST TUMYyCa XapaKTepuU3yeTcsl MEHee BbIpa-
JKEHHOU TUOeNbio TUMGOIIUTOB U CYKEHUEM KOp-
KOBOTO BEIIECTBA 3a CYET aKTUBALlUM MUTPALIUU
T-nmumdonToB B OoYar BoCIajJeHUsI, O YeM CBUIE-
TEJIbCTBYET CHUXXEHUE abOCOJIIOTHOTO KOJIMYEeCTBa
T-xenmnepoB u peryasaTopHbIX T-TUM@OIUTOB B Te-
pudepurdeckoil Kposu. TpedyeTcsl najabHeliee uc-
cliefOBaHUWE MEXaHW3MOB pPa3BUTUS WMMYHHOTO
OTBETa y BBICOKO- U HU3KOYCTOMYMBBIX CaMOK TpU
CUCTEMHOM BOCTIAJIUTEJILHOM OTBETE, OMHAKO TO-
JIydeHHbIE NaHHbIE SIBISIOTCS 0a30BbIMU JUISI pa3-
pabOTKM MOAXOA0B K MEPCOHATM3UPOBAHHON Tepa-
N1 MHGEKIIMOHHO-BOCTAIUTENbHBIX 3200JI€eBaHUN
y JIUIL )XEHCKOTO ToJIa.
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CUTHAJIUHI HEPE3 PELLENTOP K PAKTOPY POCTA
SHOOTENINSA COCYAOB 1-I0 TUMA KAK HOBbIN
MEXAHU3M NOAABJIEHUA T-KJIETOK NMPU OMNMYXOJIEBOM

HEOAHI'MOIEHE3E

Yepubix E.P., Jlenaunaa O.10., Tuxonora M.A., Batopos E.B.,
Octannu A.A.

@IBHY «HayuHo-uccaedogamenvckuii uHcmumym @QyHOameHmanbHol U KAUHUMECKOU UMMYHOA02UU»,
2. Hoeocubupck, Poccus

Pesome. BrissBieHre MMMYyHOMOIYJIHMPYIOIIEH aKTUBHOCTU (PAKTOPOB pPOCTA DHIOOTEIUS COCYIOB
(VEGFs) packpbIBaeT HOBYIO pOJIb HEOAHTHOTE€HE3a B OMYX0JIEeBOI mporpeccuu. bonblMHCTBO 3 (heKToB
VEGF Hna T-knerku omnocpenyercst yepe3 perentopbl VEGF-R2. @akrop pocta miateHtsl (PIGF) npu-
Hamnexut K ceMeiictBy VEGFs u aBnsercsa cenektuBHbIM aurangoM VEGF-RI1. C uenbio ndydeHust poan
VEGF-R1-curnanunra B peryiasuuu T-kjieTouHbIX hyHKUIMN uccienoBanu sausiHue PIGF na nponudepa-
o T-ximetok moHopoB. IlokazaHo, yto PIGF B 1mMpokoMm auanasoHe O03 MHTMOMpPYET Npoudepaliio
T-mamdonuToB B Kynsrypax aHTH-CD3-cTUMyIHpOBaHHBIX MOHOHYKJICAPHBIX KJIETOK, MOMABISS IIPOJIM-
depatuBHbIil oTBeT Kak CD4", tak u CD8*T-knetok. Ilpu 3tom cymnpeccopHbiii apdexkt PIGF o6ycios-
JieH npsMbIM B3auMoaeictBueM ¢akrtopa ¢ VEGFR-1 Ha T-kieTkax, 4To NOATBEp>KAAETCSl dKCIpeccueil
VEGFR-1 T-mumdonuramu (0coOO6HHO MOC/Ie UX aKTUBALIMKM) M OJIOKUPOBaHMEM CYIIpecCOpHOro 3¢ dek-
Tta PIGF neilitpanusyrommmmu antu-VEGFR-1-anturenamu. YuurtsiBast nosbliieHHbIA ypoBeHb PIGF nipu
MHOTHMX OITyXOJISIX, JaHHBIA (pakTOp MOXET UIpaTh BaKHYIO POJb B UMMYHOMOMIYJ/ISILIMM MPU OITyXOJIEBOM
pocte, onocpenys cBoi apdekT uepe3 VEGFR-1 curHanbHBIN Ty Th.

Knrouesvie cnosa: VEGF, VEGF-R1, PIGF, T-kaemku, ummyrocynpeccus

VASCULAR ENDOTHELIAL GROWTH FACTOR RECEPTOR-1
SIGNALING AS A NOVEL MECHANISM OF T CELL
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Abstract. The immunomodulatory activity of vascular endothelial growth factors (VEGFs) reveals a new
role of neoangiogenesis in tumor development. Most of VEGF effects on T cells are mediated through the
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VEGF-R2 receptors. Placental growth factor (PIGF) belongs to the VEGFs family and is a selective ligand
for VEGF-RI1. In order to study the role of VEGF-RI1-signaling in the regulation of T cell functions, the
effect of PIGF on the proliferation of donor T cell has been investigated. PIGF has been shown to inhibit the
proliferation of T lymphocytes in cultures of anti-CD3-stimulated mononuclear cells in a wide dose range,
suppressing the proliferative response of both CD4* and CDS8*T cells. The suppressive effect of PIGF was
mediated through the direct interaction with VEGFR-1 on T cells that was evidenced by the expression of
VEGFR-1 by T lymphocytes (especially after their activation) and by blocking the suppressive effect of PIGF
with neutralizing anti-VEGFR-1 antibodies. Given the increased levels of PIGF in many tumors, this factor
may play an important role in immunomodulation during tumor growth, mediating its effect through the

VEGFR-1 signaling pathway.

Keywords: VEGF, VEGF-R1, PIGF, T cells, inmunosupression

BeeneHue

HeoanruoreHnes sBISIETCSI HEOTHEMJIEMBIM YC-
JIOBEM pOCTa OIMyYXOJii, €€ MHBA3UU U MeTacTa3u-
pOBaHUsI U OTOCPEIyeTCs] ¢ yJacTUEeM IPOaHTHO-
TeHHBIX (PAKTOPOB, CPEIM KOTOPBIX KJIloueBasi poib
OTBOJUTCSI CEMEHCTBY (haKTOPOB POCTAa SHIOTEIUS
cocynoB (VEGFs) [2, 7]. BzaumogeiictBue VEGFs
co csoumu peuentopamu (VEGFR) aktuBupyer
npoaudepanuo, MUrpaiunio U auddepeHInPOBKY
SHIOOTEIUAIBLHBIX KJIETOK, a TaKXe PeKpyTHPOBa-
HHE KOCTHOMO3TOBBIX JSHIOOTCIHAIBHBIX IIPEIIe-
CTBEHHUKOB B 30HBI BAacCKYJIOT€HE3a, CITOCOOCTBYS
00pa30BaHMUIO HOBBIX COCYIOB. JIjI1 MHOTMX TUIIOB
onyxouneii, 3kcnpeccupyromnx VEGF u VEGFR,
VEGF/VEGFR curHaibHBII TTyTh BBICTYNAET B Ka-
YecTBe ayTOKPMHHOTO MeXaHW3Ma IToJAepKaHUs
pocTa omyXxoJjeBbIX KieTokK [9, 12]. Anpobanus aH-
THAHTMOTEHHBIX MpPeIapaToB B Ka4eCTBE TapreTHOM
Tepalvu nmokasaja, YTO MX IIPOTUBOOITYXOJIEBbIH 3¢h-
¢deKT BO MHOTOM OOYCJIOBJICH YMEHbBIIIECHUEM UMMY-
Hocympeccuu [14, 19, 23], cBUOETENLCTBYS, TAKUM
obpazoM, 00 MMMYHOMOAYIUPYIOLIE aKTUBHOCTH
VEGFs.

CemetictBo VEGFs BkimioyaeT HeCKONIbKO (Pak-
TopoB — VEGF-A, VEGF-B, VEGF-C, VEGF-D
u ¢akrop pocta twtaneHtsl (PIGF). LlentpanbHas
poab cpenu 3Tux ¢aktopoB oTBoAUTCI VEGF-A,
KOTOpBIN B JuTepaType obo3Hadaercs Kak VEGE
NmmyHomonynupytonme >ddektsl VEGFs pea-
JIM3YIOTCSI Yyepe3 CBA3bIBAHWE C ABYMs pelienTopa-
mu — VEGFR-1 (Flt-1) u VEGFR-2 (Flk-1, KDR)
Ha reMOII03TUYECKUX MPEeAIIeCTBEHHUKAX U UMMYH-
HbIX KJeTtkax [23]. ITokazano, ytro VEGF criocoben
MOHAaBISATh CO3pPEeBaHUE MEHIPUTHBIX KIIETOK, WH-
IYyLIMPOBATh HAKOIUICHUE MHEJIOMIHBIX CYIIPEeCccop-
HBIX KJIETOK W PETYISITOPHBIX T-KJIETOK, BBI3BIBATH
aTpodrIo TMMYyca, a TaKKe OKa3bIBATh IIPSIMEBIC (-
dexTol Ha T-knetku [21]. MHrubupyomuii apdexr
VEGF-A Ha T-num@ouuThl orocpeayeTcs 4epes
VEGFR-2 curHanbHbI#i nyTh [6, 22], TOrIa Kak poib
VEGFR-1-curHaiuHra B MOAYJSLUU (DYHKIIMO-
HaJIbHOM aKTUBHOCTU T-KJIETOK OCTaeTCsl HESICHOMA.

Mexny Ttem, nurangoMm mnsa VEGFR-1, kotopsrit
B3aNMMOJICHICTBYET TOJIBKO C 3TUM PEHEHTOPOM, SIB-
astetca PIGE takske mpurHamiexaliyii K CeMeucTBy
VEGFs. Tloatomy wuccnemoBaHue Biausinus PIGF
Ha (GyHKUMM T-KJIETOK MpeacTaBiisieT coO0oil YHU-
KaJIbHYIO0 BO3MOXKXHOCTh n3ydeHust poiu VEGFR-1-
CUTHAJIWHTA B peryistunu T-1uM@OonnuToB.

PIGF mnponyuupyeTcss OmyXoJeBbIMM WM CTPO-
MaJIbHBIMU  KJIETKAaMU OOJBIIMHCTBA COJMIHBIX
OITYXOJIEH M €T0 YPOBEHb IPSIMO KOPPEIUPYET C OITy-
XO0JIEBOH cTaguell, MeTacTaTU4eCKOI MHBa31en 1 00-
paTHO — C BBDKMBaeMOCThIO OonbHBIX [3, 4]. PIGF
aHasiormyHo VEGF crnocobeH ycunuBaTh OITyXoO-
JIEBBIA POCT 3a CYET CTUMYJISIIUM HEOAHTHMOTeHe-
3a U Tpojudepallii OITyXOJeBbIX KiIeToK. OmHaKo
PIGF/VEGFR-1-onocpenoBaHHbIE HMMYHOMOIY-
Jupymoiye 3p¢eKThl OCTAIOTCSI MeHee U3y4eHHBIMU
U B OCHOBHOM KacatTcsl BiusiHust PIGF Ha kiet-
KU MUEJIOUTHOIO psifa — MOHOLMTHI, JeHAPUTHBIE
xietku (JAK), makpodaru [5, 11]. B To ke Bpems
s¢pdpexkter PIGF B oTHomeHnn GyHKIMM T-KIIETOK
NPaKTUYECKU HE UCCIIEAOBAHHBI.

Hcxond u3 3TOro, ¢ LEJbIO W3Y4EHUS POJIU
VEGF-RI1-curHanunra B peryasuuu T-KJIeTOYHBIX
¢GYHKILIMI B HACTOSIIEH paboTe MCCIICIOBAIN BIISI-
aue PIGF Ha nmpommdepanmio T-1nMpo1mToB.

Matepuans! v MeToapb!

B uccnenoBaHue ObLIM BKIIIOYEHBI 42 310POBBIX
JIOHOpa KpoBH. 3a00p KPOBU U BCE UMMYHOJIOTHUYE-
CKHME MCCICAOBAaHUSI MPOBOMMIIM IIOCJEC TTOIYICHUS
NHUCBMEHHOTO MH(GOPMHPOBAHHOTO corjlacusi. Mo-
HoHykJieapHble kinetku (MHK) nepudepuueckoi
KPOBU BBIACSUIM LIEHTPUMYTMpOBaHUEM ILIEJbHOM,
reNapuHU3UPOBAHHON BEHO3HOM KPOBU B IpaaucH-
Te IUIOTHOCTH (hUKoJUTa-BeporpacdpuHa (p = 1,078).
MHK KkynbTuBHpOBaii B 96-JIyHOUHBIX KPYIJIO-
MOHHBIX TUTAHINETaX JISI UMMYHOJIOTMYECKMX MC-
ciaenoBanuit nipu temreparype 37 °C u 5% CO,.
IMonHas KyabTypajlibHasl cpeia COCTOsiia U3 CPEIbl
RPMI-1640, mononHeHHoi 10% uWHaKTUBUPOBAH-
HOM CBIBOpOTKM moHOpoB AB (IV) rpymmer, 2 MM
HEPES-6ydepa, 0,3 Mr/mi1 miroraMrHa (Bce peakTH -
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BBl pupMBI Sigma) u reHTaMuitmHoM (100 MKT/MJT).
KomyectsBo MHK, BHOCUMBIX B TYHKY, COCTaBJISLIIO
0,1 x 10° xyreTok B 0,15 MJI KyJIbTypaJIbHOM CpeXbI.
JJ1st CTUMYJISIIIMY KJIETOK MCITOJIb30BaIM PACTBOPH-
Mble MOHOKJIOHaNTbHBIE aHTU-CD3-anturtena (ICO-
90, TOO «MenbuocnekTp», MockBa) B KOHLICHTpa-
uuu 1 mxr/mia. PIGF ucnosb3oBaiu B auara3oHe
no3 ot 0,01 mo 100 ur/min (R&D System). MHTeH-
CHUBHOCTH TIpoJjimcepalliy OLICHMBAJIM Ha 5 CYTKH
MO0 BKJIIOUCHUIO B HYKJICONpPOTEeUAHBIE (paKIIuu
SH-tuMuauHa, BHOCUMOTO 3a 18 4acoB 10 OKOHYa-
HUSI KYJBTUBUPOBaHUS B mo3e 1 MKr/mir. Ilomcuer
PaITMOAKTUBHOCTH ITPOU3BOINIIN C UCIIOIb30BaHUEM
KUIKOCTHOIO CHUHIMISIIMOHHOrO cueTyrka SL-30
(Intertechnic, ®Ppanuus). Pesynsrarel (MMIT/MUH)
MIPEICTABIISIIN B BUIE CPEIHETO 3HAYCHMS TPUILIeTa
(TpeX UACHTUYHBIX KYyJIETYD).

IIponudepauno CD4- u CDS8-cyornonyasiiuii
T-1uM@ouMnTOB OlLlEeHUBAIU LUTOGIYyOpUMETPUYE-
CKM 1o pa3BegeHunio (giyopecuieHTHO MeTkn CFSE
[5(6)-carboxyfLuoresceindiacetate N-succinimidyL
Ester]. Hung storo MHK mnepen KyasTMBUpOBaHU-
eM MeTWIH (IIyOPOXpPOMOM (BUTAJIBHBIM KpacHuTe-
nem) CFSE (Molecular probes, CIIIA) B koHe4HOI1
KoHLEeHTpauuu 2 MKM B RPMI-1640 B Teuenue 15
MUHYT, 3aTeM 3-KpaTHo oTMbIBaJii B RPMI ¢ 10%
FCS (buonoT, Caunxkr-Ilerepoypr). MHK, meueH-
Hele CFSE, KyJabTUBUpPOBaJIM B KOHLEHTpaLUU
1 x 10%/Ma B 96-1TyHOUHBIX TJIAHILIETAX B OTCYTCTBUE
win ipucytcTBuM anTu-CD3 (1 MKT/MJ1) B TeueHUe
5 CYTOK M IO 3aBEepIICHUM KYJIBTUBUPOBAHMS KIICT-
ku okpammBanu PE-meuenbimMu antu-CD3, APC-
MedeHbIMU aHTU-CD4 u PerCP-meueHbIMU aHTU-
CD8 MoHokJIoHaNbHBIMU aHTUTEeAamMu (BD, CIIIA).
AHaiM3 KOJIMYeCcTBa NEJICHUI ITPOBOIMIN Ha IIPO-
TouHOM umMTodayopumerpe FACS Calibur (Becton
Dickinson, CHIA) B reiftax CD4* u CD8" numdo-
LIUTOB, OMpPENessisi MPOLEHT KJIETOK, COAepXKAaIIUX,
KaK MUHUMYM, B 2 pa3a MeHbIlle (Iyopoxpoma, 4yeM
MCXOMHO MeEUeHble KJeTKU. Pe3ynabraT BbIpaxaiu
B BUJIE TPOIEHTHOTO COAECPXaHUsI NEJISIIINXCS Ke-
TOK K OOIIeMYy KOJIWYECTBY KJICTOK B HMCCIIETyeMOM
o0J1acTu.

Okcnpeccuro  VEGFR-1 Ha T-numdonurax
OLICHWBAJIM METOAOM IIPOTOYHOI IIMTODIyOpHUME-
Tpum ¢ ucnojbloBanuemM FITC-(CDS8), PE-(CD4)
u APC-(VEGFR-1) MeueHBIX MOHOKJIOHAJbHBIX
antuten (BD, CIIA).

B otmenpHOIT cepny 3KCIIEPUMEHTOB HCCIICIO-
BaJiM BausiHUE HelTpanusyomux aHTu-VEGFR-
l-antutren (aHtu-VEGFR-1) Ha cynpeccopHbIid
apdext PIGE [lns sToro B kynerypsl MHK, ctumy-
JupoBaHHbIe aHTU-CD3, no6asinsuiu PIGF (5 vr/mmn)
M KYJIBTUBUPOBAIU B OTCYTCTBHUE U HPUCYTCTBUM
HeuTpanusywoiux aHtu-VEGFR-1-anturen (VEGF
R1/Fit-1-antutema; 2,5 mkr/mi; R&D System),

BHOCUMBIX coBMecTHO ¢ PIGF nu6o uepes 24 4 mno-
cJie Havyasla KyJIbTUBUPOBAHUS.

CratucTuyeckyo 00paboOTKy MAaHHBIX ITPOBO-
JIVIM TIPY TTIOMOILM T1aKeTa IporpaMm Statistica 6.0
nss Windows. JlaHHBIE TIpEeICTaBJIEHBI B BUIE Me-
nuaHbel (Me) M HMHTepKBapTUJIBHOIO JMaria3oHa
(Qo.25-Qg75). A BBIABICHUS 3HAYMMBIX Pa3IMIUit
CpaBHMBaEMbIX OKa3aTeJel UCTIOIb30BaAIN Hellapa-
meTpuueckuii W-kpurtepuit Buikokcona (st cBs-
3aHHBIX BbIOOPOK) M U-kputepuit MaHHa—YUTHU
(11 HeCcBsI3aHHBIX BHIOOPOK). Pasnmmuus cuuraaun
JMIOCTOBEPHBIMU MPU ypoBHE 3HauMmMocTu p < 0,05.

PesynbTartsl

Bnusinue PIGF na npomudepamnuio T-kaeTok
uccaenoBaau B kyabrypax MHK, ctumynupoBaH-
HBIX 4Yepe3 T-kimerouHsli peuernTop aHtu-CD3-
aHTureslamMmu. Ilo cpaBHEHUIO C KOHTPOJBHBIMU
antn-CD3-ctumynmpoBaHHBIMU KyJbTypamu PIGF
B 103e 10 nr/MJT JOCTOBEPHO ITOIABIISII IIpoarudepa-
o MHK ¢ HanGonbimm cynpeccopHbIM 3P dek-
TOM B AuarazoHe 103 ot 1 1o 5 ur/ma (puc. 1A). [pu
aHanmuse PIGF B goze 5 Hr/ma (n = 22) cymnpeccop-
HbI 3(pdexT Bapbuposai ot 25 10 76%, cocTaBisist
Ha ypoBHe MenuaHbl 45 % (puc. 1B).

YtoOBl  BBISICHUTH, KaKue  CYONOIyJsILUUA
T-kneTok nmoaBep>KeHbI MHIMOUPYIOLIEMY OeHACTBUIO
PIGE wuccnemoBanmu BaussHUE (akTopa Ha IPOITU-
depatuBHbIii oTBeT CD4* u CD8*T-numdouutoB
B aHTH-CD3-cTUMyIMpOBaHHBIX Kyabrypax. s
atoro MHK Metunu ButanbHbiM Kpacutenaem CFSE
W OLEHWBAIM Tpoaudepalnio MeTOJOM IPOTOY-
Hoil nuTodayopumerpun B retitax CD4* u CD8*T-
KJeToK B orcyrcTtBue M npucyrctBum PIGE OtHo-
CUTeJIbHOE coaepxKaHue Iposudepupyommux CD4*
n CDS8*T-muM@poLUTOB B MHTAKTHBIX KYJIBTypax
MHK He nipesbiiaiio 1%, a mpu CTUMYJISILIMA aHTH -
CD3-anrurtenamu Bospacraio 10 70,6 u 59,9% co-
otBeTcTBeHHO. B mpucyrctBun PLGF konuuectBo
npoiudpepupyommx CD4* u CD8*T-kneTok 1ocTo-
BepHO CHUXKajoch (puc. 2). CynpeccopHblit 3¢ deKkT
PIGF B otHomieHnu CDS8*T-nuMdonmnToB cocTaB-
Js11 B cpenHeM 28% (IQR 8-39%) u 6bLT conocTaBUM
¢ addekToM dakTopa Ha npoaudepanuio CD4T-
kietok (30%; IQR 25-40%; p, = 0,3). Takum o6pa-
30M, 00e cyononyasiuuu T-TuM@OLUUTOB XapakTe-
PHU30BAIMCH YYBCTBUTEIFHOCTBIO K CYIIPECCOPHOMY
nevicrBuio PIGFE

YuuThIBasi, 9TO HEIIPEMEHHBIM YCJIOBUEM IIPSI-
moro BausiHus PIGF Ha T-kjieTKu J0JKHO ObITh Ha-
mmure Ha T-mumdoumnrax VEGFR-1, uccienoBanu
9KCIpecculo JaHHOro penentopa. IlpoBeneHHas
cepusl IKCIIEPUMEHTOB IIpeLycMaTpUBajla OLEHKY
CD4* u CD8*T-1umdponnToB, 3KCIPECCUPYIOIINX
VEGFR-1, cpenu cBexxeBbiaeneHHbIx MHK, a Takske
cpeau WHTAKTHbIX U aHTU-CD3-aKTUBUPOBAHHBIX
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PucyHok 1. Bnusinme PIGF Ha nponudpepaTtuBHbIii 0TBET
aHTU-CD3-cTumynupoBaHHbix MHK

Mpumeyanue. A — no3ozaBucumbin adhekt PIGF; naHHble
npeAcTaBneHbl B BUAe MeAUaHHbIX 3Ha4YeHun (n = 6); b -
cynpeccopHbli adpekt PIGF B gose 5 Hr/mn (n = 22); gaHHbIe
npeacTaBneHbl B BUAE MeanaHbl U MHAMBMAYaNbLHbIX 3HAYEHUHA.
Figure 1. The effect of PIGF on the proliferative response of
anti-CD3-stimulated MNCs

Note. A, dose-dependent effect of PIGF; data are presented as median
values (n = 6); B, suppressive effect of PIGF (5 ng/ml; n = 22); data are
presented as median and individual values.

MHK B nuHamMmKke 3-CyTOYHOTO KYJIBTHBUPOBAHMSI.
B cBexxeBbinenenHbix MHK oTHocuTenbHOE coaep-
xaHue CD4"VEGFR-1*" u CD8*VEGFR-1" xi1eTok
ObLIO HU3KUM U cocTasisiio 1,29 (0,2-4,4) u 0,51
(0,2-2,2)% cooTBeTCTBeHHO. B HecTuMynmpoBaH-
HbIX KyJasrypax MHK oTHocuTenbHOE KOIUYECTBO
CD4*VEGFR-1" u CD8*VEGFR-1" xitetok nocro-
BEPHO Bo3pacTtaiio (puc. 3), 1ocTuras MaKCuMyma ye-
pe3 48 ygacoB. Tak, gona CD4*VEGFR-1*T-kieTok
yepes 24 9 ysenmmuuBanack 1o 2,7% (IQR 1,0-7,5%;
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PucyHok 2. CynpeccopHblit acpdekt PIGF (5 Hr/mn)
Ha nponudepatuBHbin otBeT CD4 n CD8 T-kneTok
B KynbTypax aHTn-CD3-ctumynupoBaHHbix MHK

Mpumeyanue. [laHHble npeacTaBneHsbl B Buae Meauansl, IQR
M Anana3oHa MUHUManNbHbIX U MaKCUManbHbIX 3Ha4YeHun (n = 6).
*—p < 0,05 (W-kputepuin BunkokcoHa).

Figure 2. The suppressive effect of PIGF (5 ng/ml) on the
proliferative response of CD4 and CD8 T cells in anti-CD3-
stimulated MNC cultures

Note. Data are presented as median, IQR and range of minimum and
maximum values (n = 6). *, p < 0.05 (Wilcoxon W-test).

py =0,017), uepe3 48 u — 10 6,15% (IQR 2,0-11,0%;
py = 0,017) u K 72 4 HE3HAUYUTEJILHO CHUXAaJach.
OtHocurenbHOe comepxanue CD8*VEGFR-1T-
KJIETOK 4epe3 24 9 mosbeimainoch 10 3% (IQR 0,54-
8,5%; py = 0,027), uepe3 48 u nocturano 7,8% (IQR
2,5-11,5%; py, = 0,027), a k 72 4 cHuKaJoch 10 2,1%
(2,5-11,5%; py = 0,058). Ctumyasuusgs MHK antu-
CD3-aHnTuTeaMu MNpPUBOAWIA K YCUJEHUIO 3KC-
npeccun VEGFR-1 na CD4 u CD8 T-kierkax.
OtHocutenbHoe coaepxxaHue CD4*VEGFR-1*

656



2019, T. 21, No 4
2019, Vol. 21, No 4

VEGF-RI-cuenanune 6 cynpeccuu T-kaemok
VEGF-R1-signaling in T cell suppression

CD4*VEGFR-1*T cell
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CD4'VEGFR-1"T cell
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Pucynok 3. 3kcnpeccus VEGFR-1 Ha CD4* n CD8*T-kneTkax
B HeCTUMYnMpoBaHHbIX (0) u aHTU-CD3-cTUMynMpoBaHHbIX
(aCD3) kynbTypax MHK (n = 8)

Mpumeyanue. * p < 0,05 — [OCTOBEPHOCTb pasnNnUyUi

Nno cpaBHEHUIO ¢ HecTUMynupoBaHHbIMK MHK; #

p < 0,05 — BOCTOBEPHOCTL Pa3NMumii N0 CPaBHEHMIO

co ceexeBblaeneHHbIMU MHK (U-kputepuii MaHHa-YutHum).

Figure 3. Expression of VEGFR-1 on CD4* and CD8" T cells in
unstimulated (0) and anti-CD3-stimulated (aCD3) cultures of
MNC (n = 8)

Note. * p < 0.05, the significance of differences compared with
unstimulated MNCs; # p < 0.05, significance of differences compared
with freshly isolated MNCs (Mann-Whitney U-test).

nu CDS8*VEGFR-1"T-kJIeTOK JOCTOBEpPHO BO3pac-
Tayio yepe3 24 4, TOCTUTaJI0 MaKCUMAaJIbHBIX 3Have-
HU1 yepe3 48 4 KyJIETUBUPOBAHUS U K 72 4 yMepeH-
Ho cHuxaynoch. Ilpu stom nonss CD4*VEGFR-1*
n CD8*VEGFR-1*T-kieTok Ha BceX MCCIEIyeMBbIX
BPEMEHHBIX TOUYKaX Oblla JTOCTOBEPHO BBIIIE, YeM
B HECTUMYJIMPOBAHHBIX KyJIbTypax MHK.

Yt10661 moareepauTh mpuyactHocTb VEGFR-1
CUTHAJIbHOTO MYTU K MOAABJICHUIO Tpojudepaliun
T-xieTok, B 3aKIOYEHUM wuccaenoBaiu 3¢hdeKT

— p=0,013
50000 pP=uule 0= 0,011
40000 — —|_ —‘7
I
£E 3000 1L
ES T
=
20000 — J_
10000 — —— J—
0 T T T T
1 2 3 4
cD3 ¥ ¥ : ;
PIGF - + + +
Anti-VEGFR (0h) - — + _
Anti-VEGFR (24h) - — _ ¥

PucyHok 4. Bnusinue HenTpanusytowux aHTn-VEGFR-1-
aHTUTEN Ha CYNpeccopHyto akTUBHOCTb PIGF

Mpumeyanue. [laHHble npeAcTaBneHbl B BUAe MeanaHsl, IQR

¥ AMana3oHa MUHUManNbHbIX U MaKCUManbHbIX 3Ha4YeHui (n = 8).
MHK ctumynupoBanu aHtu-CD3-anutenamu B otcytctaue (1)

v npucytcteum (2) PIGF (5 Hr/mn). HerTpanusytowme aHTu-
VEGFR-1 (2,5 mkr/mn) aHTuTena go6aBnsanu nu6o COBMeCTHO

¢ PIGF (3), nu60 yepes 24 4 kynbTuBupoBaHus (4). p — U-kputepui
MaHHa-YuTHum.

Figure 4. The effect of neutralizing anti-VEGFR-1 antibodies on
the PIGF suppressive activity

Note. Data are presented as median, IQR and range of minimum

and maximum values (n = 8). MNCs were stimulated with anti-CD3
antibodies in the absence (1) and the presence of (2) PIGF (5 ng/ml).
Neutralizing anti-VEGFR-1 (2.5 ug/ml) antibodies were added together
with PIGF (3), or after 24 hours of cultivation (4). p, Mann-Whitney
U-test.

onmokupoBaHuss VEGFR-1 Ha cnocooHocts PIGF
MHTUOMPOBaTh TNpoJMdepalliio aKTUBUPOBAHHBIX
T-xnetok. st aToro cymnpeccopHbiii apdpekt PIGF
B Kynbrypax aHTu-CD3-ctumynupoBanabix MHK
WICCIICIOBAIM B OTCYTCTBHE W IIPUCYTCTBUU HeEli-
Tpanmsytonux antuten npotuB VEGFR-1 (puc. 4).
BunnHo, uto B mpucyrctBuu PIGF MHTEHCUBHOCTH
aHTU-CD3-uHAYLIMPOBAaHHOTO TPOJUdepaTUBHOTO
OTBeTa 3HAYMMO CHMXXaJlach B cpeaHeM Ha 31% (IQR
26-38%, py = 0,013). B mpucyrcTBUM HEHTpaIU3Y-
rouux aHtTu- VEGFR-1-anturen cynpeccopHbliii o3¢ -
dekr PIGF ymenbmancs no 9% (IQR 3-25%) nipu
J00aBJIEHUN HEUTPaIU3YIOLIMX aHTUTEJ COBMECT-
Ho ¢ dakropom u 10 3% (IQR 0-16%) — npu no-
OaBJieHUM 4Yepe3 24 94 oT Havaja KyJbTUBUPOBAHMS.
bonee BbIpakeHHOE IIONABJICHUE CYIPECCOPHOM
aktuBHocTu PIGF B mociemHeM ciaydae OOBSICHSI-
eTcs, TIO-BUAMMOMY, OoJiee BBICOKOW IKCIpeccuei
VEGFR-1 nHa T-knetrkax depe3 24 4 mocje aHTU-
CD3-cTumynsiuuu.

657



Yepuwvix E.P. u dp.
Chernykh E.R. et al.

Meduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

ObcyxaeHue

HeoaHnruoreHe3, Tak Xe KakK M CHOCOOHOCTb
«M30eraHusl» UMMYHHOIO Han3opa, SIBISIOTCS Xa-
pakTepHbIMU aTpPUOYyTaMU OIMYXOJIEBBIX KJIETOK [8].
C 3TOi TOYKM 3pEHUSI UCCICIOBAaHNE MMMYHOMO-
IYyIAPYIOIINX CBOMCTB IMPOAHTHMOTEHHBIX (PAKTOPOB
MIPEACTaBIIsSIeT UCKIIOUUTEIbHBIM WUHTEpEC B ILIaHE
PaCKPBITHSI HOBBIX MEXaHU3MOB OITYyX0JIEBOTO POCTa.

Padotel o onenke BausHusi VEGF Ha dyHK-
1 T-KJI€TOK HEMHOTOUYMCIIEHHBI U TPOBEIECHBI
B OCHOBHOM Ha 3KCIIEPUMCHTAIBHBIX KMBOTHBIX.
Tak, numerorcst coobieHus1 06 arpoduu Tumyca [17]
M CHWXXEHUM KoJimyecTBa U (yHKuuU T-KJIeTokK
B ceJie3eHKe Ha (DoHE MPOAOIKUTEIbHOIO BBEICHUS
VEGF [10], a Takxkxe criocooHoctu VEGF ycunm-
BaTh BKCIIPECCUI0 KOMHTUOUTOPHBIX (UEK-ITIOMHT)
monekyn (PD-1, Tim-3, CTLA-4) na CDS8'T-
kietkax [22]. WMmMmyHocymnpeccuBHbI 3¢ deKT
VEGF Bo Bcex 3THUX UCCIEA0BAHUSIX OIMOCpeI0Ba-
ca yepe3 VEGFR-2 curHanbHbiil IyTh. Y 4eloBeKa
B HMCCIICOIOBAHUSIX M Vitro TaKXe IIPOAEMOHCTPU-
poBaH TpssMoil uHrnoupylommii apdpekt VEGF-A
Ha nOpoiaudepalvio U LUUTOTOKCUYECKYIO AKTUB-
HOCTb aHTU-CD3-akTuBUpPOBaHHBIX T-KJIETOK, KO-
TOpbIli OTMeHsiicsl npu OjokupoBaHuun VEGFR-2
[6, 24]. Yuactue VEGFR-1 curHajbsHOro nyTu B o-
naBieHUn (GyHKIMH T-KIeTOK oOCyxXmaeTcsl B JIM-
TepaType B KOHTeKcTe Henpsimoro 3ddekra VEGE,
OIOCPENOBAHHOTO JACHIPUTHBIMU KJIETKaMU. Tak,
noka3zaHo, 4yto JK »skcnpeccupyior VEGFR-1,
n VEGF/VEGFR-1 curHaavHr 6J10KUpYyeT aKTHUBa-
LU0 TpaHCKpUILMoHHoro ¢akropa NF-kB, unru-
oupysa co3peBanue K [5, 18].

IMomygeHHble HaMU pPe3YyJIBTAaThl BIEPBHIC IE-
MoHcTpupytotT, uto PIGF unrubupyer nponudepa-
nuto T-xierok B Kyaerypax MHK, ctumynupoBaH-
HbIX aHTU-CD3-aHTutenamu, noaamiisisi (GyHKLIUU
kKak CD4*, tak u CD8*T-kuerok. I1pu aToM cynpec-
copHebIit a3ddexkT PIGF o0ycioBiieH npsMbIM B3au-
moneiictBueM (akropa ¢ VEGFR-1 na T-xierkax,
yto TmioaTBepxmaercsa 3kcrnpeccueit VEGFR-1
T-nuMmpounTaMm M HUBEJIUPOBAHUEM CYMIPECCOp-
Horo a¢dpekra PIGF npu 61okupoBanuu VEGFR-1
HEUTPAIU3YIOLIMMU aHTUTEIAMU.

CBeneHUs 00 9KCIIPECCUN VEGFR-1
Ha T-xieTkax HeomHO3HAYHEL. PaHHmMe ucciaeno-
BaHUs Ha T-KJIETOYHBIX JIMHUSX TPHI3YHOB HE BHI-
gy skcnpeccnit MPHK VEGFR-1 [16], xorsa
Brnociaenctsuu Voron T. M coaBT. mokasajii, 4TO
anTu-CD3-aktuBupoBanHbie CD8*T-kjieTKM MbI-
mei-omyxoysieHocuteseit akcrpeccupyior VEGFR-1
u VEGFR-2 Ha BbicOKOM ypoBHe [22]. OTHOCHU-
TeAbHO JaHHBIX y 4yejoBeka, Ziogas A.C. 1 coaBrT.,
uccnenysa T-xinetku noHopoB U T-nuMdoLUTHl ac-
LUTHON XWUIKOCTU MAIllMEHTOK C PaKOM SIMYHHMKA,
He BeigBrIM Ha HUX VEGFR-1 [24]. B 10 Xe BpeMs
Basu A. u coaBt. moka3anu, uro T-kieTtku nepude-
pUYECKOI KPOBU TMOCJIE aKTUBALIUU SKCIPECCUPYIOT

kak VEGFR-2, tak u VEGFR-1 [1], uTo cornacyer-
Cs ¢ HAIIMMU JaHHBIMU.

VEGFR-1 paHee paccmaTpuBajcs UCKITIOUUTEIb-
HO KaK pelenTop-JIOBYIIKa, MOCKOJIbKY IO CpaBHE-
Huo ¢ VEGFR-2 umeer 6onee BbIcOKyIO adduH-
HOCTb B COYETAaHUU C HMU3KOU TUPO3UHKUHA3ZHOMN
aKTUBHOCTHIO. OQHAKO BIOCJEACTBUU OBLIO MO-
kazaHo, 4to PIGF mpu cBaswiBanuu ¢ VEGFR-1
MOXeT o0pa3oBbiBaTh rerepoaumep ¢ VEGFR-2,
W WCIOJIb30BaTh Pa3JIMYHbIE CUTHAJIbHBIE MYTH 4Ye-
pe3 aktuBanuio Erk/MAPkuna3, PI3K/Akt, PLCy,
u p38/MAPkuHa3s [20, 21]. TlonydyeHHbIe HaMU JaH-
HbIe BIepBble NeMOHCTpUpYIoT 3HaueHue VEGFR-1
B TmogaBieHUU npoiudpepauun T-TMM@POLIUTOB.
Hamu Takske mokazaHo, UTO MHTHUOUpYyollee Aeii-
crBue PIGF Ha nponudepanuto T-kieTok ocyliect-
BJsieTcsd ImyTeM mnpsiMoro cBsi3biBaHus ¢ VEGFR-1,
MOCKOJIbKY HelTpanusytolue anturesa K VEGFR-1
OJIOKUPYIOT €r0 CyNpecCOPHbIit 3(heKT.

CormacHo maHHbIM Jutepatypbl, PIGE anaio-
rudHo VEGE, cnocobeH ycuimBaTh OMNyXOJIEBBIN
POCT 3a CUeT CTUMYJISIIIMA HeOoaHTUOoreHe3a U TIpo-
Judepalan OMyxoyeBeIX KieToK. OmHako PIGF/
VEGFRI1-omnocpenoBaHHble ~MMMYHOMOIYJIUPYIO-
e 3 GeKThl OCTAIOTCS MAIOU3YYEeHHBIMU U B OC-
HOBHOM Kacatotrcs BmusiHusa PIGF Ha xietku Mme-
JougHoro psna [4]. B yacTHOCTH, B UcCAeIOBaHUSIX
in vitro moka3zaHa criocooHocts PIGF unrubuponatb
muddepeHIUPOBKY U co3peBanue K Mmbireit u ge-
JoBeka [5, 15], a Takxke MHAYLIUPOBATb PEKPYyTHUPO-
BaHUe U M2-deHotun makpodaroB B OITyXOJIEBOM
MUKpookpyxeHnu [11]. C 3T0i i TOUKU 3peHUs I10-
JIydeHHbIE B HacTosleil paboTe pe3ybTaThl CBUIC-
TEJIbCTBYIOT, UTO cUrHauHT yepe3 VEGFR-1 MmoxeTt
OOyCJIOBJIMBATh MPSIMOIl MHTUOUPYIOINN 3P deKT
Ha T-xkieTku.

Tunepakcnpeccus PIGEF a takxke ero B3aumo-
CBSI3b C OIIYXOJIEBOM IIPOrpPECCUEN ITPOAECMOHCTPU-
POBaHBbI ITPU MHOTMX OHKOJOTMUYECKUX 3a00JieBaH-
SIX U OOBSICHSIIOTCSI TTPOAHTUOTEHHON aKTUBHOCTBHIO
M CIIOCOOHOCTBIO (PaKTOpa CTUMYJIMPOBATH POCT
onyxoJieBbIx KjaeTok [15]. Kpome Toro, HegaBHUE
uccienoBaHus nokazaiu, 4to PIGE ycunuBas anu-
TeJIMAIbHO-ME3CHXUMAIbHBIN TPAaH3UT, UTPaeT BaxK-
HYI0 poJib B GOPMUPOBAHUU CTBOJIOBBIX OITYyXOJIEBBIX
kietok [13]. BbIsIBI€HHBIII B HACTOSIIEM HCCIIE-
JoBaHUU TpsiMoit mHruompylomuii adpdexkr PIGF
Ha T-xkjieTkM SBIsSETCs elle OJHUM MEXaHU3MOM,
nocpenctBoM kotoporo PIGF moxer cnocodcTBo-
BaTh OITyXOJEBOMY POCTY.

bnarogapHocTu

Pa6ora momumepkaHa rpaHtomMm PODOU 18-44-
540005 «Bnusiaue dakropa pocta rmiamneHTs (PIGF)
Ha pyHKuuu T-kiaetok yeynoBeka u pojib VEGF-RI1-
CUTHaJIbHOTO NyTu B peanusanuu 3¢dexkroB PIGF
KaK HOBBI MEXaHU3M MMMYHOCYIIPECCHU TIPU HEO-
aHTUOTEeHE3e».
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Pesiome. KonnuecTBeHHas olieHKa MpoJindepaTUBHON aKTUBHOCTU TMMMOIIMTOB — BaXKHbBIN U €/1Ba JIU HE
€IMHCTBEHHBII MOKa3aTeab YpOBHS (DYHKIIMOHATBHOU aKTUBHOCTU HE TOJIBKO 3TUX KJIETOK, HO U UMMYHHOM
CUCTEMBI B 1LIEJIOM.

Llenpto HacTOSIIEro WCCIENOBAHUS SBWJIOCH pa3padoTKa aneKBaTHOrO (U3MOJOTMYECKOrO TecTa
JUTSL OTIPEeeICHUS] CTENEeHU (PYyHKIIMOHAIbHONW aKTUBHOCTU JTUMGOUIHBIX KieToK. Beioop IL-1 B kauecTBe
aKTHUBaTopa Ipoarudepanni CBSI3aH C HAJIMIUEM PELCIITOPOB K HEMY Y TUMMOUITHEBIX KJICTOK, KITIOUECBOM
POJIBIO 3TOTO IIMTOKMHA B MHUIINAIIYN IIIMPOKOTO CIIEKTPa OMOJIOTHISCKUX 3(DHEKTOB MMMYHHOMN CHUCTEMBI
Ha aHTUTEH, B TOM YHCJIC YJacTHUE B MEXKIIETOYHOM KOOIIepalluy MpY UMMYHHOM OTBETE W AUCTAHTHBIM
JIefiCTBUEM B OTHOIICHUH PA3IMYHBIX MePpUGEPUIECKUX KJIIETOYHBIX CUCTEM. YCTaHOBJICHO, YTO JIUTAHI-Pe-
nenropHoe B3auMoaeiicreue IL-1 petnentopoM 1 TMNa akKTUBUPYET HENTpanbHYIO C(PUHTOMUETNHA3Y, WHU-
LUUPYS TEM CaMbIM COMHIOMUEIMHOBBIN MyTh CUTHAJILHOM TPaHCAYKIIMU B JuMbonuTax. CTerneHb aKTU-
BalliM 3TOro pepMeHTa pa3jiMyaeTcsl B 3aBUCMMOCTU OT BUJa CTPECCOPHOIO BO3MEHCTBUS U KOPPEIUPYET
C U3MEHEHUSIMU BEKTOpa T'yMOPaJIbHOIO UMMYHHOTIO OTBEeTa U MpoarudepaTuBHON aKTUBHOCTU JUMGOIU-
ToB. [Ipu cTpeccax, BhI3bIBAIONIMX PA3BUTHE UMMYHOCYIIPECCUM KaK y MbIIIEH, TaK U Y KpbIC, ypoBeHb r1L-1
TMOBBILIAETCS, HO AKTUBHOCTh HEUTpaibHON C(UHTOMUEIUHA3bl U Mponarudepanni TUMAOOUTHBIX KJIETOK
CYILIIECTBEHHO CHUXaeTcs. MI3MeHeHue crereHu Tposundepannu JUMQGOLIUTOB CTaI0 MapKEPOM TSKECTU
TMATOJIOTMISCKOTO TIpoliecca B KIIMHUKE. YCTaHOBJIEHA BBICOKAS CTEIIEHb KOPPEISIIIUN HU3KO MHTEHCUBHO-
¢ty Tponnudepanny TMMOOINTOB TeprudeprudecKoil KpoBU B OTBeT Ha neiicTBue 1L-1 1 HeOG1arompusTHOTO
ncxoma 3a00JIeBaHIS Y TTAIIMEHTOB, TIEPECHECIITNX TSDKEIYIO COYSTAaHHYIO TPaBMY, M IeTel ¢ THOMHOM (hopMoit
MeHuHTUTa. TaknuM 00pa3oM, cTelleHb IIpoardepanui JUMAOIIMTOB B OTBET HA AENCTBHUE PEryISITOPHOTO
curHana IL-1 MoxeT OBITh MCITOIb30BaHa KakK sl aHaiu3a 3(P(GeKTUBHOCTHU ITpenapaToB-MMMYHOMOIYJISI-
TOPOB, TaK U B KIMHUYECKON M HAyYHOW MpaKTHUKE KaK MoKa3aTedb, UMEIOLIMI TUarHOCTUYECKOe U TPO-
THOCTUYECKOe 3HaYCHUE.

Karoueswie crosa: nposugepayus aumgpoyumos, IL-1, cmpecc, mpasma, menuneum

RESPONSE OF LYMPHOID CELLS TO REGULATORY SIGNAL
OF INTERLEUKIN 1 AS AN INDEX OF LYMPHOCYTE ACTIVITY
Shanin S.N., Korneva E.A.

Institute of Experimental Medicine, St. Petersburg, Russian Federation

Abstract. Intensity of lymphocyte proliferative activity is an important and almost the only index of their
functional activity levels, and of immune system in general. The aim of this study was to develop an adequate
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physiological test to determine the degree of functional activity for lymphoid cells. The choice of IL-1 as an
activator of proliferation is justified by the presence of IL-1 receptors on lymphoid cell membranes, as well as
the key role of this cytokine for initiation of a wide range of biological effects of antigens upon immune system,
including participation in intercellular cooperation and distant actions upon different cell populations. It was
found that the ligand-receptor interaction of IL-1 with type I receptor activates neutral sphingomyelinase,
and the sphingomyelin pathway of signal transduction in lymphocytes. The degree of this enzyme activation
depends on the type of stress and correlates with changes of humoral immune response vector and proliferative
activity of lymphocytes. The level of IL-1 increases, but the activity of neutral sphingomyelinase and lymphoid
cell proliferation is significantly reduced after application of immunosuppressive stress factors in murine and
rat models. Variable degree of lymphocyte proliferation has become a severity marker of pathological process
in clinical settings. High degree of correlation between the low intensity of peripheral blood lymphocyte
proliferation in response to IL-1 action, and unfavorable disease outcome was revealed in the patients with
severe combined trauma and children with purulent meningitis. Thus, the degree of lymphocyte proliferation
in response to regulatory signal of IL-1 may be used both for analysis of immune modulator efficiency, as well
as diagnostic and prognostic indicators in clinical practice.

Keywords: lymphocyte proliferation, IL- 1, stress, injury, meningitis

BeeneHue

JIuM®doUUTH — €MMHCTBEHHBIN TUIT KJIETOK KPO-
BU, UJISI KOTOPBIX Mpojudepalvs B nepudepuye-
CKUX TKaHSIX SIBJISIETCSI (PU3MOJOTMYECKO HOpMOIi
¥ 00s13aTCIBHBIM 3TAIIOM Pa3BUTHSI UMMYHHOTIO OT-
BeTa. KonnyecTBeHHas OlleHKa CTEIeHU MpoJiude-
palMy 3TUX KIJIETOK IIPU NEHACTBUM PETYISTOPHBIX
LIMTOKMHOB XapaKTepU3yeT YpPOBE€Hb UX (PYHKIIUO-
HaJIbHOUW aKTUBALIUU.

Kak wusBectHO, mnponaudepauusa IUMAOOLUTOB
MPOMCXOIUT IPU AEUCTBUU aHTUTEHOB, 3TOT ITPOIIECC
OMoCpeIoBaH IIMTOKMHAMHU, IIPOIYKIUS KOTOPBIX
CTUMYJUPYETCS, U OHU BAUSIOT HA PELIeTITOPHBI arl-
napat TMM@OoLMTapHBIX KJIeTOK. BaxkHem cBoii-
ctBoM IL-1 gaBaserca ctumynsiuus npoJudepannun
aumdpornuToB. Xotsa IL-1 He cuuTaeTcsa ¢pakTopom
pocta T- 1 B-mumMponnuToB, HO UHIYLMPYET CUHTE3
IL-2 u IL-4 v ycunuBaeT 3KCIPECCUIo UX peLieNTOPOB
Ha MeMOpaHax aKTMBMPOBAHHBIX JUM@POLIMTOB [6,
12]. BmecTe ¢ TeM Ha MeMOpaHax JUM@MOLIUTOB IKC-
npeccupyroTcs perenTopsl K I1L-1, K KOTOpbIM OTHO-
carcs peuenTtopsl I u Il Tuna, a Takke akiieCCOpHbIi
0eJIOK, SIBSIIOLIUIACS BTOPOM CyObeAUMHULIEH KOM-
miekca peuenrtopa I tumna o I1L-1 [5, 17]. Konuye-
ctBO peuentopoB I Tuna mist IL-1 Ha ogHOM KieTKe
OYeHb HEBEJMKO, MPU 3TOM OMOJIOTUYECKUI OTBET
KJIETKUA Ha NEWCTBUE LIUTOKWHA MPOSBISIETCS Jaxe
npu cBsizbiBaHuu IL-1B ¢ 2-3 % skcnpeccupoBaH-
HBIX peuteritopoB I Tumna [14].

IL-1 aBaseTcs KiI04YeBbIM LIMTOKMHOM, UWHULIU-
WPYIOIIMM Pa3BUTHE IIMPOKOIO CIIEKTpa OMOIOTHM-
yeckux 3((HEKTOB Ha MTOBpEXIAIOIIEe BO3ACUCTBUE.
B npucyrctBun IL-1 ycumnauBaeTcss aKTHMBHOCTH
ecrectBeHHBbIX KmuiepoB (EKK) — cyoronmymnsimm
JUM@OIIUTOB KOCTHOMO3IOBOTO ITPOUCXOXKIECHMUS,
YYacTBYIOIINX B IIPOTHUBOOITYXOJIEBOM WMMMYHHTEC-
Te. BnusiHue IL-1 Ha OMTOJIUTUUECKYIO aKTUBHOCTh
NK u npoaykiuio umu y-uHTepdepoHa yBeIUIU-

BaeTcs MpU ero ogHOBpeMeHHOM aeiicTtBuu ¢ 11.-2,
IL-12 u TNFa. [13]. TTox netictBuem IL-1 npodec-
CHUOHAJIbHBIC (DarolMTBl — MakKpodaru — BEIOEIISI-
IOT MPOCTATrJIaHAWHBI, JICHKOTPUEHBI U peaKTUBHbBIC
npou3BoAHbIe Kucaopoga. HelitpoduibHble rpa-
HYJIOLUTHI OTBevaloT Ha AeiictBue IL-1 MeTtabonu-
YeCKMM B3PBIBOM U AerpaHyisimueii. OH BEI3BIBACT
XE€MOTAKCHUC JTUMMOIIMTOB, MOHOHYKJICAPHBIX (haro-
LIMTOB U HeiTpodunoB. B To ke camoe Bpems 1L-1
YCUWJIMBAET aiare3vio HEUTPOMUIOB K 3HAOTEIUATb-
HBIM KJIETKaM, CITOCOOCTBYsI, TAKUM 00pa3oM, UX BbI-
XOOy U3 KOCTHOTO MO3Ta B LIMPKY/ISIINIO 1 BOZHUK-
HOBEHUIO JIeMKOLMTapHBIX MHPMIbTpaToB [20, 21,
24]. K knetkam, B KoTophix IL-1 mHunmupyer npo-
Judepalio U CUHTE3 MPpOCTarjlaHAMHOB, OTHOCST-
cs (hudpoObIacThl, KJIETKNU ME30IIUU KIIyOOUYKOBOIO
amnrmapara IOo4YeK, CHHOBUAIbHBIE KJIETKH OOJBHBIX
peBMaTOUAHBIM apTPUTOM, KJIETKM snutenus [18].
NurtepneiikuH-1, Oyay4u IMpOBOCHATUTEIbHBIM 1LIM-
TOKMHOM, UHAYLIUPYET CUHTE3 OSJIKOB OCTPO (ha3bl
renaTolUTaMu, a TakKxKe DKCIPECCUIO0 TeHOB Meve-
HOYHEIX OEJIKOB, MPOAYHUPYEMBIX B OTBET Ha ITO-
BpeXIeHNe, MHMPEKIINIO, U APYTUX ITaTOJIOTNIECKUX
npoueccoB — C-peakKTUBHOro 0ejiKa U ChIBOPOTOY-
HOro aMmiaonna A, CUHTE3 KOTOPBIX MPU JTEUCTBUMN
IL-1 yBenu4uBaeTcs B COTHU pa3 [25].

Axcnpeccus IL-1 B TKaHSIX 3IOPOBOro opraHU3Ma
OYeHb HE3HauMTeJbHA. TeM He MeHee ITOBBIIICHUE
npoaykuuu IL-1 HabarogaeTcss mpu oBYJISILMU U (pU-
3U4ecKoi Harpyske [6]. W, xorsg skcmpeccust mpo-
BOCITAJIMTEJIbHBIX LIMTOKMHOB, B TOM uucie u I1L-1,
B MO3T¢ B HOpME OYeHb HM3Ka (HO BO3pacTaeT Ipu
cTpecce, MHGMEKIIMU U MOBPEXICHUN ), YKe CHOpMU-
poBaJIoCh MpeacTaBieHue o ToM, 4yto IL-1 Heobxo-
UM JIJISI HOpMaJIbHOM AesITeIbHOCTU Mo3ra [4, 26].

IlomMmuMoO yuyacTMss B MECTHOM MEXKIETOUHOM
Koomnepaluy Mpyu UMMYHHOM OTBETE U JUCTAHTHBIX
addekTax B OTHOLIEHUU Pa3IMYHbIX Nepudepude-
CKUX KJIETOUHBbIX cucTeM, I1L-1 obyiagaeT eliie u LeH-
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Response of lymphocytes to IL-1

TpaJbHBIM JEUCTBUEM Ha CTPYKTYPbl TOJOBHOTO
moazra. IL-1 skcrnpeccupyeTcsl Ha KJIETKaxX pas3iny-
HBIX CTPYKTYP TOJIOBHOTO MO3Tra, BKJIIOUasi HEHPOHBI,
Ha MeMOpaHaxX KOTOPBIX IIPEICTaBICHBI U PEIeIITO-
pBI K 3TOMy LUTOKMHY [15, 16, 19]. IL-1 — sH#;O-
TeHHBIM MMAPOTEeH, OCYIICCTBIISIONIN 3ayCcK U IIOI-
NIep>XXaHUE JTMXOPATOYHON peaKIMU ITyTeM TPSIMOTO
BO3ICUCTBUSI HAa TEPMOPETYIUPYIOIINE KIIETKA Me-
JuanbHOI MpeonTtuyeckoit odnactu (MITO) nepen-
Hero runotanamyca [13]. AKTuBuUpylollee BIUSHUE
IL-1 Ha rmokokoptukouaHyio ¢yHkuuio [TAKC,
BbIpaxarolleecsi B UHULIMALMU TOBBIIIEHUS YPOB-
Hg AKTT 1 KopTuKOCTEepOoUI0B B Ij1a3Me KpoBHU |8,
11], oOycimoBiAEHO €ro IEeHTpPaJbHBIM JEUCTBUEM
Ha TUNOTAJIAMUYECKHUE CTPYKTYPBI MO3ra. BaxkHBIM
B Ouosnoruyeckoil xapakrepuctuke IL-1 sBiser-
CsI €TO BOBJICUCHME B Pa3BUTHUE CTPECCOPHOM peak-
U [8] KaKk 3HAYMMOIO KOMIIOHEHTa peaau3aliuu
B3aMMOIEUCTBUS HEMPOIHAOKPUHHON 1 UMMYHHOM
cucrteM. B yactHocTn, mmeHHO 1L-1 — oguH U3 ne-
penaTynukoB WHGOPMALMA OT UMMYHHOW CHUCTEMBI
K HepBHoOIi [3, 8, 10].

Ienbio HACTOSAIIETO UCCAEIOBAHUSA SIBUJIOCH pa3-
paboTKa (YHKIIMOHAIILHOI'O TECTa IJIsI OTIpeIeICHUS
CTENEeHU aKTUBHOCTU JIUMMOUIHBIX KJIETOK, KOTO-
pasi B OOJIBILION Mepe XapaKTepu3yeT U YPOBEHb aK-
TUBHOCTU MUMMYHHOU cUCTeMBI B LiejaoM. [IpuHIn-
OUAIbHBIM OTJIMYKMEM OT OOIIEHPUHSTHIX METOIOB
onpeaesieHus UHTEHCUBHOCTU Tposrdepanuu JuM-
doumnToB SBJsIeTCs ucnoyib3oBanue I1L-1 kak pusu-
OJIOTUYECKM aJIeKBaTHOIO aKTHMBaTopa 3TOTO Ipo-
mecca.

Matepuans! n MeTogbl

B pabote wucmnonb30BaHbl JTUMMOLUTHI, TOJY-
YeHHbIE M3 CEJIE3EHKU M KPOBHM CTPECCHUPOBAHHBIX
KMBOTHEIX, a TaKXXKe BCHO3HOI KPOBM IAIlEHTOB
kmuauku HUW nerckux nagexuuii 1 HUM ckopoii
TIOMOIIIU.

BbiznesieHre CIjIEHOIMTOB U3 CeJie3eHKN KPbIC

KprIc neKanmmTupoBain, B CTEPHIBHEBIX YCIOBUSIX
BCKPBIBIM OPIOITHYIO ITOJIOCTh Y YAAJISUIN CeJIe3eH-
Ky. Y13 moJiydeHHBIX Cele3eHOK BBIIESUIN CIIEHO-
OUTHI ITyTEM MSTKOTO Pa3IaBINBaHUs B CTCKIISTHHOM
romoreHusarope ¢ 2 mia cpeabl RPMI-1640, conep-
XKarei 2 MM TIioTaMrHA, B aCETITUYECKUX YCIIOBUSIX,
Ha xosope. ITolyyeHHy0 cycnieH3u0 (pUABTpOBaIU
gyepe3 CTepUIIbHBIN MapJieBBIM (PUIBTP, OTMEIBAJIN,
neHTpudyrupysa 10 mun npu 2000 o6/muH u 4 °C.
OpUTPOLUTHI, TPUCYTCTBYIOIIME B CYCIIEH3UU KJie-
TOK, JIM3UPOBaIy nobasiieHueM crepribHoro 0,83%
pactBopa NH,CI. ITonyyeHHbIe CIIJIEHOLIUTHI ABAX-
OBl OTMBIBAJI OT JM3aTa HeHTpUGYTUPOBAHUEM
no 10 muH nipu 2000 06/MuH B 20 MJI CBEXel cpe-
el RPMI-1640. ITocne moacyera KoOJIM4ecTBa Kile-
TOK B Kamepe lopsieBa (mpou3BoACTBEHHas upMa
«JIunza», Poccust) Ha WHBEPTUPOBAHHOM MUKPO-

ckone MUB-P (OAO «JIOMO», Poccust), cruieHOLU -
ThI pa3Bonuan B cpeae RPMI-1640 ¢ noGaBieHeM
10% WHaKTUBUPOBAHHOW (eTanbHOM CBHIBOPOTKU
(«buonor», Caukr-IleTepOypr) u3 pacuera 1 x 107
KJIETOK/MJI.

Boinenenue mumgonuToB U3 KpoBU

B renapuHU3MpOBaHHYIO KPOBb J00ABIISIIU Cpe-
Iy XeHKCa W BBIICJISUIM KJIIETKA B TpaIuEHTE IIOT-
Hoctu (1,090 r/Kky0.cM) cMmecu (DUKOJLUI-BEeporpa-
¢uHa ueHtpudyrupoBaHuem B TedeHue 40 MUH
npu 700 g u 18 °C. TlonydyeHHBIE KJICTKA OTMbIBa-
M B cpele XeHKca TPeXpa3oBbIM HEHTPpUGYTupo-
BaHueM no 10 muH mipu 500 g 1 4 °C. BrigelieHHBIE
MOHOHYKJIeapbl (MOHOLIUTHI U JTUMGOLMTHI) pecyc-
TMEHINPOBAIN B Cpele ISl KyJIbTUBUPOBAHUS Kile-
TOK Ha ocHoBe RPMI-1640 (Sigma), comepxKariei
10% deTtanbHOI chIBOPOTKHU (Sigma), NeHULWLINH
(100 EA/ma), 2 MM rnyramMmuHa, B KOHIIEHTpallMU
1 MJTH KJI€TOK/MJT ¥ TIpPEMHKYOUpOBaIu 2 Jaca Mpu
37 °C B atmMocdepe 5% yrieKucioro rasza iisl OTIe-
JICHUS IPUJTATIAIOIINX KJIETOK (MOHOIIMTOB).

ITonyyeHHBIe JMMQOLIUTHI CeNe3eHKU U Kpo-
BU KYJIBTUBUPOBAIM B 96-JTYHOUHBIX TUTaHIIIETaX.
B xaxmyto yHKy BHOCHIM 100 MKJI CYCIIEH3UU JIMM-
douutoB (Mpubau3uTebHO 0,3 MJTH KJIETOK) B cpele
IUTSE KyJABTUBUpPOBaHUS, S0 MKJI MUTOT¢Ha KOHKaHA-
BaimvHa A (ConA, 0,625 Mkr/mia) u 50 MKJI HaTUB-
Horo nipenapata IL-1p kpommka (HUMOM PAMH)
B mo3e 0,06 Mkr/mMa win 50 MKJI peKOMOUHAHTHO-
ro mpenapara IL-1B8 (pIL-1B, Institute for Drug
Research, Budapest, Hungary) B mo3ze 250 Hr/mu.
KoHTponeM ciiyXunu KyabsTypbl JTUMGOIMTOB 0€3
IL-1B3 u 6e3 mutoreHa. KieTtku KyabTUBHMpPOBAIU
B uHKyOaTope npu 37 °C, B aTMocdepe, comepxka-
meit 5% CO,u 100% BnaaxHoctu. Yepes 56 yacos
B KYJIBTYPY BHOCWJIM MEUEHHBI TPUTUEM TUMUIUH
u3 pacuera 5 MkKM/mn («M3otom», PD). Uepes 16
YacoB KJIETKM IEPEeHOCUJIM Ha (QUIBTPHI C IOMO-
b0 ITOJTyaBTOMAaTUYECKOTO XapBecTepa (Scatron,
CIIIA). BxiroyeHHe MEUYEHOro TUMMAWHA OLIEHU-
BaJIV C TIOMOIIBIO CIIUHTWIISIIIMOHHOTO [3-cUeTynKa
(Beckman, CIIA). Peakuuio y4yuTbIBanu Koaude-
CTBEHHO Mo BKIo4YeHuo metku B JTHK numdponum-
TOB C MCHOJb30BAHUEM TOJYOJIOBOI CIIMHTUJLISIIIV-
OHHOI1 cMecu [22].

Takum o06pa3oM, OCOOEHHOCTbIO MPUMEHEHHO-
ro meroja craja oileHka addekra aevictBus 1L-1
Ha IIpo1iecc npoiaudepanu TMMEAOIIMTOB, ITOCKOIb-
Ky U3MEHEHUE CTeleHU MpojudepaTUBHON aKTUB-
HOCTH JIMM(ONIHBIX KIETOK SIBISCTCS Hamboliee
MH(GOPMATUBHBIM MoKa3atejaeM (QYHKUIMOHAIbHON
AKTUBHOCTH UMMYHHOM CHUCTEMEI B IIEJIOM B HOpME
M TIpU pa3InIHBIX (popMax MaTOJOTUH.

PesynbTartbl

I[TpuMeHeHre pa3IMYHBIX MOAEIeH SKCIIEPUMEH-
TaJIBHOTO CTPEeCcCa MO3BOJIMIO OLIEHUTh BIUSHUE UH-
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TEHCUBHOCTU CTpecca Ha aKTUBHOCTb Mpoaudepa-
oy TMMQPOLUTOB, UHAYLIMpoBaHHOM IL-1.

NHTeHcuBHOE KOMOMHUpPOBaHHOE (MMMOOUIN-
3alis M OXJIAXICHUE) CTPECCOPHOE BO3ICHCTBHE
OPUBOIUT K Pa3BUTUIO Y KMBOTHBIX BBIpa:KeHHOI
CYNpecCumr TyMOpaJbHOTO UMMYHHOTO OTBeTa 1 CO-
TIPOBOXIACTCS Pa3BUTHEM KIIACCUYECKUX IIPOSIB-
JICHUI cTpecca — TIIOBBIIICHWEM YPOBHS TIJIFOKO-
KOPTUKOUJAHBIX TOPMOHOB B KpPOBHU, OCTPbIMU
U3BI3BIACHUSMU  KEJYyIOYHO-KMUILIEYHOTO TpaKTa
U CHIDKEHMEM MacChl TUMYyca.

KpaTkoBpeMeHHBIN  pPOTAIIMOHHBIA  CTpecc,
HE BBI3BIBAIOIIMI Pa3BUTUSI MMMYHOCYIIPECCHUU,
TakKe TPUBOIUT K IIOBBILIEHUIO KOHLEHTpaLUUu
KOPTUKOCTEpOHA B KPOBU B TEUCHHUE 2-X YACOB ITOCIIC
OKOHYAaHMsI BO3JAECHCTBUS — COMOCTaBUMOE I10 HH-
TEHCUBHOCTU, HO MeHEee JJIMTEAbHOE, YeM TIPU KOM-
OuHupoBaHHOM cTpecce. OgHAKO TPU 3TOM HE OT-
MeydaeTcs IMOSIBJICHUs] OeCTPYKLUNA CeKpeTOPHOIo
OTHeJla CIM3UCTON KellyoKa, He M3MEHSCeTCSI Macca
TUMYCa KMBOTHBIX.

M B TOM U B ApyroM ciydasx HaOJIoAaayd mo-
BbIIIEHWEe KoHOeHTpauuu IL-1 B KpoBu. IOTu
IaHHbIE MO3BOJISIIOT paccMaTpuBaTh CTpecc-
WHAYUUpPOBaHHYO Tpoaykiuto IL-1 kak omHoO
M3 XapaKTePHBIX IPOSIBJICHUI cTpecca HapsIay C Ta-
KMMM KJIACCUYECKMMMU €0 MPOSIBJICHUSIMU, KaK Mo~
BHIIICHWE KOHIICHTPAIUN TIIOKOKOPTUKOMIHBIX
TOPMOHOB 1 KaTeX0JaMWHOB B KPOBU, MOSIBJICHUE
OCTPBIX HU3DBI3BICHUN  KETyIOYHO-KUILIEUHOTO
TpakKTa, WHBOJIOUMUS THUMHUKO-INMPATUIECKOTO
armapara u HeliTpoduaes [2].

IIpu cTpeccopHBIX BO3AEUCTBUSIX, BBI3BIBAIOIIIX
pa3BUTHE MUMMYHOCYIIPECCUM, HECMOTPSI Ha ITOBEI-
meHue ypoBHsI IL-1 B chIBOpoTKe, HaOJmomaeTcs
BBIPaXXEHHOE YTHETeHUE peakUuuu JTUMOOUIHBIX
KJIeTOK-MUllleHeW Ha aevictBue IL-1[ in vitro [23].
IMponudeparuBHass aKTUBHOCTH JUMQPOLMTOB IO
nerictBueM cybontumanbHoul 1036l ConA (BbI3bIBa-
IOIICH YBeIUYCHME BKIIFOUYCHMS METKH B JIEJISIIITACCS
kieTku Ha 50-70%), B yCIIOBUSIX CTpecca, He U3Me-
HsUIach MO CPAaBHEHUIO C KJIETKAMM MHTAKTHBIX K1-
BOTHBIX (puc. 1).

IMockonbky peuentopel K IL-1 mnpencrasie-
HBI Ha MeMOpaHax JUMGOUIHBIX KIIETOK, M3ydeHa
TpaHCOYKIIMs eTo CUTHaja B IuM@ouuTax 1 apdex-
TBI IefcTBUS Ha (QYHKUIUHM JTUMGOUTHBIX KIIETOK.
Tak, uccnenoBaHusl TpaHcaykuuu curHaia IL-1(3
1o c¢UHIOMMEIMHOBOMY MYTU B HEPBHBIX U HUM-
MYHOKOMIIETEHTHBIX KJIETKaX SKMBOTHBIX TTO3BOJIM-
JIM 3aKJII0OYUTh, 4TO AerictBue IL-1 Ha TMMOUMTHI
onocpenosaHo peuentopoMm IL-1 I Tuna, a TpaHc-
IYKIWSI CUTHAJIA IIMTOKWHA B KJIETKY OCYIIIECTBIISICT-
cq U 110 COUHTOMUEIMHOBOMY ITyTH (Ta0. 1).

DTH JaHHBIE CBUICTEILCTBYIOT O IIPSIMOM JIEii-
ctBuu IL-1 Ha MemOpaHbl JTUM(POUTHBIX KJIETOK,
a BEKTOp H3MEHEHMsT MHTEHCHBHOCTU Ilepedayud
cUrHajga 1mo chUHIOMMUETMHOBOMY ITYyTU COBITaaeT
C XapaKTepoM M3MEHEHHII MMMYHOJOTMYECKHX pe-
aKIIWA.

VYrHereHUEe peakuuy JIUMQAOUIHBIX KJIIETOK
Ha peryJsaTopHbIii curHan IL-1 MoxXHO KynupoBaTh
C MOMOIIBI0 UMMYHOMOYJIITOPOB, HAIlpUMEp Jie-
pHHaTa.

TABJALIA 1. U3SMEHEHMWE NOKA3ATENEW F'YMOPAIIbHOTO UMMYHHOIO OTBETA U BIIUAHME riL-18 HA AKTUBHOCTb
HEWTPANBHOW COUHTOMUENUHA3DI (H-CMasbi) B MEMEPAHHOW ®PAKLIMM TUMOLIMTOB MHTAKTHbIX MbILLEN
W MbILIEW, NOABEPTHYTbIX POTALIMOHHOMY U KOMBMHUPOBAHHOMY CTPECCY

TABLE 1. CHANGES IN HUMORAL IMMUNE RESPONSE INTENSITY AND THE EFFECT OF rIL-13 ON NEUTRAL
SPHINGOMYELINASE ACTIVITY (N-SMase) IN THE MEMBRANE FRACTION OF LYMPHOCYTES OF INTACT MICE AND MICE

SUBJECTED TO ROTATIONAL AND COMBINED STRESS

AHTuTenO- TuTpel KoHueHTpauws riL-1 (Mons)
o6pasytowye anTuren Concentration of rlL-1 (M)
AkcnepuMeHTanbHbIe | KNeTKu ceneseHkU | B CbIBOpPOTKe
rpynnbl (%) kpoBu (%) 107 10 10° 10-1°
Experimental groups Antibody-forming Antibody titers
cells of the spleen | in blood serum AktuBHocTb H-CMasbi (%)

(%) (%) Neutral sphingomyelinase activity (%)
|Vrl1't-I;:tKTHble 100 100 97:0,5 | 28,9+8,8" | 40,2+11,5* | 30,0£12,4*
PoTauvonHLIM cTpece 1412147 157421 - - 45,046,6* -
Rotational stress
KomMGuHMpoBaHHbIN
cTpecc 49+15* 22+6* - - 22,1+4,2 -
Combined stress

MpumeuaHme. * — p < 0,05 no cpaBHeHUIO ¢ 6asanbHbIM ypoBHeM; # — p < 0,05 N0 cpaBHEHUIO C UHTAKTHLIMM XUBOTHBLIMM.

Note. *, p < 0,05 as compared with the basal level; #, p < 0,05 as compared with the intact animals.
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PucyHok 1. Mpouecc nponudepaumm numcouutoB
nepudepuyeckoin KpOBU KpbIC, UHAYLIMPOBAHHbIN
BBeAeHWeM B KynbTypy knetok ConA u riL-1f3 npu
KOMOWHMPOBAHHOM (MIMMYHOCYNpeCcCUpYHLLeM) cTpecce
Mpumeyanue. Mo ocu abeumce — Bpems nocne CTPeCCOPHOro
BO3AeNCTBMA (B Yacax); No 0CH OPAMHAT — KONMYECTBO pacnagoB
*H-TMMMAUHA, 3aXBaYEHHOrO AENAWMMUCA NMMEOLUTaMK
(c.p.m. — count per minute).

] numdoumTbl, cTUMYynupoBaHHbie ConA (0,75 Mkr/mn);

[] numdoumThl, cTuMynupoBaHHble ConA (0,75 mkr/mn) +
riL-18 (6 Hr/mn).

* - p < 0,05 no cpaBHeHMIO ¢ GasanbHbIM YPOBHEM.

Figure 1. The process of peripheral blood lymphocyte
proliferation in rats induced by the introduction of ConA and
rIL-1p into the cells culture in combined (immunosuppressive)
stress

Note. Abscissa, time after stress (in hours). Ordinate, number of
decays of ®H-thymidine captured by dividing lymphocytes (c.p.m. —
count per minute).

[ lymphocytes, stimulated by ConA (0.75 mkg/ml);

[] lymphocytes, stimulated by ConA (0.75 mkg/ml) + rIL-13 (6 ng/ml).
*, p < 0.05 as compared with the basal level.

IIpuMeHeHne 3TOro mnpenapara HeMOCPEICTBEH-
HO MOCJIE€ CTPECCOPHOTO BO3AEUCTBUS BEleT K BOC-
CTAaHOBJICHMIO HMHTECHCHUBHOCTH  IIpojuepaliuu
anMdonnToB Ha AeiictBue IL-1, He M3MeHSS TIpU
3TOM peaKIUIO0 KJIETOK Ha CyOONTHUMAIBHYIO HO3Y
ConA (puc. 2).

N3meHenne mnponardepaTUBHONW aKTUBHOCTHU
TMMAOOLUUTOB UMEET OUArHOCTUYECKOE U TIPOTHO-
CTUYECKOe 3HaueHMe B KIWMHUKE. Kak BBISICHWIOCH,
peakimss JIUMGOIMTOB IepudepUIeCKOil KpOBU
Ha peryiasaTopHblid curHan IL-1 y nereid, OOJbHBIX
OPBMU u cepo3HbIM MEHUHTUTOM, B OTBET Ha KOMU-
ToreHHoe Aevicteue IL-1p B mepBble AHU 3abo0JeBa-
HUS TIOJaBJieHa MO CPaBHEHMIO C peakliveil KJIETOK
3I0POBBIX AETE U HOpManIu3yeTcs: K 5-14-My mHIO
3abosieBaHusd [1].

OTimune MHTEHCUBHOCTU MNpOJIUdepaliny JINM-
(OLIMTOB KPOBU JIeTEN, OOTBHBIX THOMHBIM MEHWUH-
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PucyHok 2. Mponudepauumn cnneHoumtoB Kpbic Wistar

in vitro nocne 30-MMHYTHOrO OXNaXAEHUA U BBEAEHUA
pepuHara (10 mr/kr maccbl Tena)

Mpumeyanue. Mo ocu abecumuce — rpynnbl XXMBOTHbIX; NO OCH
OpAVHaT — Konu4ecTBO pacnaaos *H-TMMMANHA, 3axBa4eHHOrO
aenawumucs numdoumtamu (c.p.m. — count per minute)

] HecTMMynupoBaHHbIEe MMMEOLUTLI;

[l numdoumTbl, cTUMynupoBaHHble ConA (0,75 mkr/mn);

[] numdboumTbl, cTumynuposaHHble ConA (0,75 mkr/mn) + riL-1B
(6 Hr/mn).

*~p <0,05 - no cpaBHEHMIO C MOKa3aTeNsAIMM y KOHTPOMNbHbIX
XMBOTHbIX;

#-p < 0,05 - no cpaBHEHUIO C NOKa3aTENsAMU Y CTPECCMPOBaHHbIX
KMBOTHBIX.

Figure 2. Proliferation of Wistar rat splenocytes in vitro after
30-min of cooling stress and the introduction of Derinat

(10 mg/kg body weight)

Note. Abscissa, groups of animals. Ordinate, number of decays of
*H-thymidine captured by dividing lymphocytes (c.p.m. — count per
minute).

[ unstimulated lymphocytes;

[l 'ymphocytes, stimulated by ConA (0.75 mkg/ml);

[] lymphocytes, stimulated by ConA (0.75 mkg/ml) + riL-18 (6 ng/ml).
*, p < 0.05 as compared with control animals;

#, p < 0.05 as compared with stressed animals.

TUTOM, OT 3TOU peakiMu y 3M0POBBLIX AETEeU, Mpu
OPBU u cepo3HOM MEHUHTUTE, 3aKJItoyaeTcs B 60-
Jiee BhIpaxkeHHOI aKTUBAILIMK ITposinhepalini KIETOK
nopa BiusiHueM ConA B nepBble JHU 3a00JieBaHUSI,
a Takxe B TEHASHUUHU K CIIOHTaHHO! nposndepanun
mumdonnToB (6e3 ConA u IL-1B), craHoBuBIIEHCS
JIOCTOBEPHOI MO OTHOILICHWIO K Mposaudepanumn
JUMMOIIUTOB JeTell, OOJbHBIX CEPO3HBIM MEHWH-
TATOM, K 12-14-M cyTKaMm HaOJIIOACHUS U JECYCHUS.
[MonyyeHHBIE pe3ynbTaThl TaKXe CBUIETEIbCTBYIOT
00 OMHOTUITHOM XapaKTepe U3MEHEHUsI 3TOU aKTHB-
HOCTHU KJIETOK y neteit, 60abHbIXx OPBU 1 cepo3HBIM
MEHWHTUTOM, U €€ OTJINYUN OT U3MEHEHUST aKTHB-
HocTu mposmdepallui TpPU THOWHOM MEHUHTUTE

(puc. 3).
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PucyHok 3. UHTeHCMBHOCTL NponudepaTUBHON peakuun
nuMQoOLMTOB KPOBM Ha perynsATopHbIn curHan riL-1p

in vitro y petent ¢ OPBW, cepo3Hoii U rHoiHON hopmamm
MEHUWHruTa

Mpumeyanue. Mo ocu abeumee — rpynnbi NauUeHToB; NO OCK
OpAMHaT - KonMYecTBo pacnafoBs *H-TuMuaAUHa, 3aXBa4eHHOro
pensawummncs numdouutamu (c.p.m. — count per minute).

[C] HecTUMynMpoBaHHbIE NMMGOLUTLI;

[l numdoumTbl, cTUMynupoBaHHblie ConA (0,75 mkr/mn);

[] numdoumTbl, cTumynupoBaHHblie ConA (0,75 mkr/mn) + riL-1B
(6 Hr/mn).

*—p < 0,05 no cpaBHeHMIO CO 3A0POBLIMN AETbMMU;

+ - p < 0,05 no cpaBHeHuIo ¢ AeTbMHU, 6onbHEIMM OPBHU (5-14 cyT.)
1 CepO3HbIM MeHWHrMTOM (12-14 cyT.);

#-p < 0,05 no cpaBHeHUto ¢ aeTbMU, GonbHbIMM OPBHU (1-2 cyT.)
1 CepO3HbIM MEHVHIUTOM (1-2 cyT.).

Figure 3. Intensity of proliferative reaction of blood lymphocytes to
regulatory signal riL-1p in vitro in children with ARVI, serous and
purulent forms of meningitis

Note. Abscissa, groups of patients. Ordinate, number of decays of
*H-thymidine captured by dividing lymphocytes (c.p.m. — count per
minute).

O] unstimulated lymphocytes;

[l lymphocytes, stimulated by ConA (0.75 mkg/ml);

[] lymphocytes, stimulated by ConA (0.75 mkg/ml) + riL-1 (6 ng/ml).
*, p < 0.05 as compared with healthy children;

+,p < 0.05 as compared with children of ARVI group (5-14 days) and
serous meningitis group (12-14 days);

#, p <0.05 as compared with children of ARVI group (1-2 days) and
serous meningitis group (1-2 days).

Y maumeHTOB ¢ OCTpOii KpOBOMNOTepeil KOHCTa-
TUpPOBaHA aKTUBAIIMS IIPOIIECCOB TpaHCHOpPMAIIUH
" TIponudepann TUMOOILIMTOB KPOBU, Oojiee BBI-
PakeHHBIX, YeM y OOJbHbBIX C TSKEON COYeTaHHOM
TpaBMOW. DTU pe3yabTaThl, MOJyYeHHbIE COBMECTHO
C coTpynHukaMu MHCTUTYTa CKOpOI MOMOIIU, CO-
IJIACYIOTCS C JAHHBIMUY O CHUKEHUU MpoiudepaTuB-
HOU akTUBHOCTU T-muMdbounToB niepudepnieckom
KPOBU Y MAILIMEHTOB TMOCJE TSIKEIBIX XUPYPTUUECKUX
BMeILLIaTeabCTB [7].
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PucyHok 4. U3meHeHmne nponundepaTUBHOIO OTBETA
numdoumnToB nepudepuyeckon KpoBU Ha AeNcCTBME
riL-1B y nauueHTOB nocne TAXENoN coueTaHHON TPaBMbl
M OCTpOW KpoBONoTEPYU

Mpumeyanue. Mo ocu abecumece — rpynnbi NaLUEHTOB; N0 OCH
OpAMHAT — KONKUYecTBO pacnagos *H-TuMMANHA, 3aXBaYeHHOTO
pensawumucs numdouutamu (c.p.m. — count per minute).

O] numdboumTel, cTumynupoBaHHblie ConA (0,75 mkr/mn);

[l numdoumTbl, cTUMynupoBaHHble ConA (0,75 mkr/mn) +
rIL-1B (6 Hr/mn).

*—p < 0,05 no cpaBHEHMIO C TeMU e NoKa3aTeNAiMU Y 3A0POBbIX
[OHOPOB;

+-p < 0,05 no cpaBHEHUIO C TEMM e NoKa3aTensaMu y 60nbHbIX
C TAKENON COYETaHHO TPaBMOWA.

Figure 4. Changes in the proliferative response of peripheral
blood lymphocytes to the action of rlL-1p in patients after
severe combined trauma and acute blood loss

Note. Abscissa, groups of patients. Ordinate, number of decays of
*H-thymidine captured by dividing lymphocytes (c.p.m. — count per
minute).

[ lymphocytes, stimulated by ConA (0.75 mkg/ml);

[l lymphocytes, stimulated by ConA (0.75 mkg/ml) + rIL-1( (6ng/ml).
*, p < 0.05 as compared with the same indicators in healthy donors;
+, p < 0.05 as compared with the same indicators in patients with
severe combined trauma.

AHayIu3 U3MEHEHUsI OTBETHOM peakuuu JuMdo-
LIUTOB Ha PETYJISITOPHOE BAWsIHUE UUTOKUHA [L-1(3
MO3BOJIUJI BBISIBUTh BBICOKYIO CTE€TIEHb KOPpEIsLun
HU3KOM MHTEHCUBHOCTH IIposndepaui JTuMpoI-
TOB TlepUdpeprUIeCcKOil KpOBM B OTBET Ha AEUCTBUE
IL-1 u HeOmarompusiTHOro ucxojaa 3a0ojeBaHUS
(puc. 4).

ObcyxneHune

TakuM o00pa3oM, cTeneHb aKTUBALlUM IIPOIeC-
ca mpommdepaluy JTUMQMOIMTOB, WHUIIMHAPOBAH-
Hasl IefiCTBUEM PETYJSITOPHOIO CUTHaja — LIMTOKU-
Ha IL-1, aBnsieTcs mH@OpPMATUBHBIM ITOKa3aTejieM
(GYHKIMOHAJILHOI aKTUBHOCTU KJIETOK WMMYHHOI
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CUCTEMBI U, BEPOSITHO, YPOBHS aKTUBHOCTU UMMYH-
HOU cuctembl B 1ieyioMm. IL-1 saBnsercss paHHenei-
CTBYIOIIIMM MEIUAaTOPOM HMMMYHHOTO OTBETa, WHU-
LUUPYIOIIUM UMMYHHYIO PEaKIIUIO, PETYJIUPYIOIIUM
dyakuuu T- 1 B-muMbouunToB, yCUIUBAIOIIUM ITPO-
1IeCC aHTUTEI000pa30BaHUS — YBEJIUYEHUE KOJM-
YyecTBa aHTUTENOO00Pa3yIOIIUX KJIETOK B CEJIE3EHKE
U TOBBIILIEHNE TUTPOB aHTUTEN B CHIBOPOTKE KPOBH,
a TaKXKe CTUMYJIUPYIOIINM MTPOAYKIIUIO IPYTUX dak-
TOPOB pocTa U AUDHEepEeHIUPOBKHU, BAUSIOMMX Ha T-
u B-knerku, npexae Bcero I1L-2 u 1L-4 [6, 12].

I1pu 5ToM 3(pheKTUBHOCTD Mpoliecca aKTUBALIUU
3alIUTHBIX QYHKIIUNA 3aBUCUT HE TOJBKO OT CKOPO-
CTU mpoayKuuu U ypoBHs IL-1, HO 1 OT 4yBCTBU-
TEJIBHOCTHU KJIETOK-MUIIIEHEN K ero NeicTBUIo. Tak,
adpdextnl peiictBus IL-1 Ha JuM@POUTHBIE KIETKU
pasnuyaroTcsl TPU pa3MYHbIX BapuaHTax CTpec-
COPHOTI'O BO3JEUCTBUS, YTO KOPPEIUPYET C U3MEHE-
HUSIMU BEKTOpa TYyMOpPaJbHOTO UMMYHHOTO OTBETa
Ha T-3aBUCUMBIA aHTUTEH (IPUTPOLIUTHI OapaHa)
y kpoic. Ilpu cTpeccax, BBI3BIBAIOIIMX DPa3BUTHUE
UMMYHOCyTIpeccuu, npoaykuus IL-1 moBeilaeTcs,
HO KJIETKM-MUIIEHN HE PearupyroT Ha 3TO COObITHE
aleKBaTHO: aKTWBAIMM TIpoiiecca Tpoiudepanmn
JTUM@OUIHBIX KJIETOK B OTBET Ha J€UCTBUE LIUTOKU-
Ha He MPOUCXOMIUT, MO-BUANMOMY, B pe3yJibTaTe Ha-

Cnmcok nutepatypbl / References

PYLIEHUS JIMTaHA-PELETTTOPHBIX OTHOIICHWI Ha WX
MeMOpaHe.

N3MmeHeHns 3Toro GyHKIMOHAIBHOTO TTOKa3aTe-
JIST SIBJISIIOTCST MapKEPOM TSIKECTU ITaTOJIOTMYECKO-
ro mpoliecca, O 4YeM CBUIETCIBCTBYIOT PE3YJIBTaThI
KJIMHUYECKUX UCCIEIOBAHUM IETEN C pasIuyHbIMU
¢dopMaMM MEHMHTUTA M TallMEHTOB, I€PEeHECIINX
TSDKEIYI0 COYCTAaHHYIO TPaBMY WJIM OCTPYIO KPOBO-
MOTepIO.

IIpuBeneHHbICE BKCIEepUMEHTalbHbIE M KJIH-
HU4YEeCKMEe HaHHbIC ITO3BOJISIIOT 3aKJIIOYUTh, 4TO
CTelleHb mnpojudepanu JTUM@POUTHBIX KJIeTOK
B OTBET Ha [EHCTBHE PEeryasiTOpHOrO CUTHAaJia
IL-1 gaBasgieTrcsl AMAarHOCTUYECKM 3HAUYMMBIM Te-
CTOM IJII OLIeHKM (PYHKIMOHAJIbHOW aKTUBHO-
CTH MMMYHHOU cucteMbl. CiaemyeT MOOTUYCPKHYTH
(GU3UOITOTUIECKYIO aJIcKBAaTHOCTh 3TOT0 METOHA,
MOCKOJbKY peub uaeT o0 addekTax aeicTBUs
IL-1 — npouecce, mMpoucXoasllieM B 1LIEJIOCTHOM
OpTaHU3ME B YCIOBUSIX ITATOJOTUU. DTOT METOI
MOXKET OBbITh MCIIOJIb30BaH sl aHalu3a 3P deK-
TUBHOCTM HOBBIX IpenapaToB, 00JaJalolUX UM-
MYHOMOIYIUPYIOLIUM OEMCTBUEM, a TAKXKe B KIJIN-
HUYECKON M HAyIHO IpaKTHUKE KaK WHONKATOP
CTeTICHW aKTUBaNM JUMGOIIUTOB B OTBET Ha pe-
TYJSITOPHBIN CUTHAI, YTO UMEET AMAarHOCTUUYECKOe
U TIPOTHOCTUYECKOE 3HAYEeHHE.
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PEHOTUNNYHECKUE N DYHKLNOHAJIbHBIE
XAPAKTEPUCTUKN MUKPOBE3UKYI, NPOAYUUPYEMbIX

NK-KJIETKAMU

Coxoaos JI.J1.'% Maprosa K.J1.}, Muxaiinosa B.A.'%, Bazevuna JLIL!,
Mumroruna FO.IL!, Koseipesa A.P., iIKnanosa A.A.l, Maasirnua JI.A.L
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Tlemepbypeckuii eocydapcmeennniii ynusepcumems, Cankm-Ilemepoype, Poccus

Pe3iome. Cpenu MHOXKeCTBA KJIETOK, SIBJISTIOIIMXCS UICTOUYHMKAMU MUKpoBe3uKya (MB), ocoObliit nHTepec

NpeNCcTaBIISIIOT ecTecTBeHHbIe Kuiaepbl (NK-knetku) — cyoronyiasuust TMM@OLIMTOB, OCYILIECTBIISIONAs
KOHTAaKTHBIN LIUTOJIN3 BUPYC-UHOUIIMPOBAHHBIX U OITyXOJeBbIX KieToK. Kaxnas uz nomynsuuit NK-kietok
o0JTalaeT YHUKaJIbHBIM pETepTyapoM PELIENTOPOB Ha CBOEI MOBEPXHOCTU, a, CJIeNOBATEIbHO, U (DYHKIIUSI -
mu. OyHkimonnpoBaHre NK-KJIETOK peryampyercsl IMPOKUM IUAna30HOM aKTUBUPYIOIINX U WHTUOUPY-
IOIIUX PELIENTOPOB, KOTOPbIE SKCIPECCUPYIOTCS Ha UX TIOBEPXHOCTU. DK30ILIUTO3 COAEPKUMOTO JTUTUUECKUX
TpaHyJl MIPU KOHTAKTe C KJIIETKOM-MUILIEHBIO — CaMbIil pacpOCTPaHEHHbI MEXaHWU3M IIMTOJIM3a MUILIEHU
NK-kietkamu. B HacTosIiee BpemMss UMEIOTCS KOCBEHHBIE TaHHbIE 0 cmocobHocTu NK-KJteTok mpoayuupo-
BaTh MB ¢ peHoTunnom CD56. B mazme nepudeprnyeckoil KpoBu oOHapyxeHbl M B j1eiiKouTapHOro IIpo-
UCXOXAEHUS C pa3IudHbIM heHOTUIoM. ClienyeT OTMETUTB, UTO IO CUX IOP OCTAIOTCSI HEpa3pelleHHbIMU BO-
npockl 0 cocTaBe U pyHKIMAIX Takux MB. Llenbio HacTos11Iero ucciefoBaHUS IBUWIOCh U3yYeHUe (heHOTHUMNa,
cocTaBa U (byHKIIMOHAJIbHOW aKTUBHOCTU MUKPOBE3UKYJ, 00pa3yeMbIX eCTECTBEHHBIMU Kuyuiepamu. CpaBs-
HUTEbHBII aHaAJIM3 CIOHTAHHOU 3KCIPECCUU PELIENTOPOB MPU MOMOIIUA MPOTOYHOU HUTODIYOPUMETPUUN
nokasai, yto MB, kak u kinetku-uctouHuku (NK-kimetku tunuu NK-92), obnagaroT cXomHbIM npoduieM
akcnpeccuu mosiekysr CD56 u CD16, Ho oTinyaloTcs 6osee BeIpakeHHOoM skcnpeccueit CD119 u CD11b
U MeHee BbIpaxkeHHOU 3kcmipeccueit CD18. KynstuBupoBaHue kieTok JuHuu NK-92 B mpucyTcTBUM WH-
nyktopoB (TNFa, IL-13, IFNy, PMA) npuBoanio K U3MeHEeHUIO PeHOTUIa KaK CaMUX KJIETOK, TaKk U M B,
obpa3zyeMbix UMHU. 1o maHHBIM MpoBeneHHOTo Western Blot analisis B MpUCyTCTBUM yKa3aHHBIX WHIYKTOPOB
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TaK>Ke U3MEHSIJIOCh coiepxkaHue nepdopuHa u rpaHumMa B (GrB) B cocrae MB. AHanu3 LuToToKCcuve-
CKOI1 aKTMBHOCTH KJIeTOK JInHUU NK-92 B oTHO1IeHMU KJIeTOK tnHuKu K562 rmokasain, uro MB, nmojiyyeHHbIE
ot aktuBupoBaHHbIX TNFa kiieTok TnHun NK-92, moBbIlIalOT HUTOTOKCUYHOCTh akTUBUpoBaHHBIX TNFa
kieToK JIMHUU NK-92 1Mo cpaBHeHUIO C YPOBHEM UX IIUTOTOKCUYHOCTU B OTHOIIIEHUM KJIETOK JuHUM K562
6e3 MB, uyTo coBnagaeT ¢ oOHapy>k€HHbIM HaMU TMOBbILLIEHHBIM coAepxxaHueM GrB B M B, noaydyeHHBIX OT
aktuBupoBaHHbIX TNFo kinerok nmuauu NK-92. Cymmupys nojiydeHHbIe JaHHbIE, CJI€AyeT OTMETUTh, YTO
B 3aBUCUMOCTHU OT TuIa nHaykropa NK-kimerku auHuu NK-92 npoayliupyroT MUKpPOYACTHUIIBI, pa3HbIe MO
deHotuny u cocrary. M3ameHeHue coctaBa MB MoxXeT NpUBOAUTh K U3MEHEHUIO UX QYHKIIMOHATIBHOU aK-
TUBHOCTHU, B YACTHOCTU K YCUJICHUIO IIMTOTOKCUYECKON aKTUBHOCTU N K-KIeTOK.

Knroueswvie cnosa: NK-kaemiu, mukpogesukynot, epanzum B, nepgpopun, yumomokcuunocms, yumoxKuHot

PHENOTYPIC AND FUNCTIONAL CHARACTERISTICS OF
MICROVESICLES PRODUCED BY NATURAL KILLER CELLS

Sokolov D.I.**, Markova K.L.?, Mikhailova V.A.»*, Vyazmina L.P.2,
Milyutina Yu.P.?, Kozyreva A.R.?, Zhdanova A.A.?, Malygina D.A.?,
Onokhin K.V.5, Ivanova A.N.Y, Korenevsky A.V.% Selkov S.A.*P

@ D. Oftt Research Institute of Obstetrics, Gynecology and Reproductology, St. Petersburg, Russian Federation

b First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation

¢ St. Petersburg State University, St. Petersburg, Russian Federation

4 Research and Resource Center for Development of Molecular and Cell Technologies, St. Petersburg State University,
St. Petersburg, Russian Federation

Abstract. Natural killer (NK) cells are of special interest among a multitude of microvesicle (MV) source
cells. NK cells are a lymphocyte subpopulation performing contact cytolysis of virus-infected cells and tumor
cells. Each of the NK cell populations has a unique receptor repertoire on its surface and, thus, unique
functions. During their contact with a target cell, the most common mechanism of cytolysis is an exocytosis
of Iytic granules. However, some indirect evidence suggests that MV with CD56 phenotype and leukocyte-
derived MV with various phenotypes are present in the peripheral blood plasma. This research is aimed to study
the phenotype, composition and cytotoxic activity of microvesicles produced by NK cells. The analysis of
receptor expression showed that MV, as well as source cells of the NK-92 cell line, had a similar CD56 molecule
expression profile. The expression profile in MV differs from the same in source cells by higher CD119 and
CD11b expression and by lower CD18 expression. Culturing of NK-92 cells in the presence of PMA, IL-1,
TNFa, IFNy resulted in alterations of cell phenotypes and MV. Immunoblots revealed a change of perforin
and granzyme B (GrB) in MV. The analysis of the cytotoxic activity of NK-92 cells in a natural killer in vitro
assay employing K562 target cells demonstrated that MV obtained from TNFa.-activated cells of the NK-92
cell line increased the cytotoxicity of the same TN Fa-activated NK-92 cells regarding cytotoxicity levels. This
coincides with the previously revealed increased content of GrB in MV obtained from TNFa-activated cells
of the NK-92 cell line. To sum up depending on the cytokine NK-92 cells produce MV that differ in their
phenotype, composition and activity. Any changes in MV composition can result in changes in their functional
activity: in particular, changes can increase the cytotoxic activity of NK cells of the NK-92 cell line. Thus,
besides a well-known and proved way for GrB delivery to a target cell, we can suggest an additional way — the
transportation of GrB within MV.

Keywords: NK cells, microvesicles, granzyme B, perforin, cytotoxic activity, cytokine
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Introduction

K cells are a lymphocyte subpopulation performing
contact cytolysis of virus-infected cells and tumor
cells. This subpopulation is the source of cytokines,
stimulates other cells and participates in the immune
response implementation [13, 52, 81]. As specific
markers of human NK cell differentiation, CD56,
KIR [76], and CD16 [38] have been identified. .
Currently, literature data describe over 48 NK cell
populations. However, only two populations are
traditionally distinguished that differ in the ratio
of CD56 and CD16 membrane molecules on their
surfaces: CD56e/CD16%- and CD56d%m/lew/
CD16brient[12, 38, 66]. Each ofthe NK cell populations
has a unique receptor repertoire on its surface and,
thus, unique functions. During their contact with a
target cell, the most common mechanism of cytolysisis
an exocytosis of Iytic granules [23, 31]. These granules
include amines, proteoglycans, catecholamines,
enzymes, and hormones, but the main components
are perforin, granzyme and granulysin [31, 55, 61].

Perforin and GrB are proteins included in lytic
granules also called “secretory lysosomes”. These
granules are localized in the NK cell cytoplasm, are
covered with a bilayered membrane, contain enzymes
typical for lysosomes, as well as perforin, granzymes,
Fasligand (FasL; CD178) [5], TNF-related apoptosis-
inducing ligand (TRAIL; CD253) [42], granulysin,
and small anti-microbial peptides [31]. These granules
are divided into three types: type I granules (50-700
nm) are mostly lled with a dense core surrounded by
a thin layer of vesicles, while type II granules (200-
1000 nm) are characterized by multiple vesicles and
membrane whorls. The intermediate granules have
a dense core, although smaller than that in type I
granules, and multiple vesicles that are not as abundant
as those in type II granules [31, 46]. The exocytosis of
lytic granules upon their contact with a target cell is
the most common mechanism of target cell cytolysis
by NK cells. Perforin is localized in secretory granules

in the inactivated state at pH < 5. Perforin subunits
assemble into a membrane-attacking complex at
pH =7 inthe presence of Ca’" ions in the immunologic
synapse zone between a cytotoxic lymphocyte and a
target cell [72]. As a result, perforin creates pores in
the target cell membrane [47, 55]. Granzymes and
granulysins are injected into the target cell cytoplasm
through the perforin pores. Granzyme initiates
the apoptosis of the target cell. After the contents
of natural killer granules gets into the target cell,
apoptosis and phosphatidylserine on the cell surface
as a signal for phagocytes are induced [7, 31, 47].
Granzyme B (GrB) is a serine proteinase initiating
the apoptosis in the target cell due to the activation of
the mitochondrial pathway, the activation of effector
caspases (the most common pathway for a mouse cell),
or the splitting of intracellular substrates (ROCKI,
o-tubulin, filamin, etc.) [22, 24, 61]. (Patho)
physiological properties of GrB were also described:
extracellular matrix breakdown (activity toward
vitronectin, fibronectin, and laminin), participation
in the proinflammatory reaction induction through
IL-1ac breakdown [24], splitting of C3 and C5
components of a complement [49], and modulation
of coagulation processes due to the effect of the von
Willebrand factor on the expression [24]. GrB can be
stimulated by IL-1p, IL-18, TNFa, IFNa, [FNy,
PMA, and LPS. The irreversible interaction between
Gr1B and PI-9, a proteinase inhibitor, forms a stable
inactive serpin-proteinase complex [55]. Thus, just
like perforin, GrB in NK cells is located only within
secretory granules comparable to MV by their sizes
(50-1000 nm) and cannot be located in the cytoplasm
as an active enzyme.

Cell-derived microvesicles (MV) are a relatively
new object of research that represents vesicular
fragments of a plasma membrane 100 (150)-1000 nm
in diameter, while exosomes are less than 100 (150)
nm in size [20, 21, 69, 70]. It was demonstrated that
MYV are produced by cells both in an unstimulated
state and as a result of activation; both at physiological
processes and at pathologies [43, 44, 48, 54, 57, 64,
69]. It has been established that MV contain both
membrane molecules expressed by a source cell and
cytoplasmic molecules: lipids, class I and 11 MHC
molecules, chemokines, cytokines, growth factors,
transcription factors, microRNA [8, 14, 21, 63], and
messenger RNA [1, 68, 75]. It was demonstrated
that MV participate in the regulation of target cell
function. Moreover, they are involved in clotting [64,
69], inflammatory [2, 67], immune response [63],
neogenesis [8, 32, 45], and carcinogenesis [3, 11, 50]
processes. Among numerous cells being the source of
MYV, leukocytes are of particular interest due to the
diversity of their receptor and effector functions. With
our study, we provide the evidence of the capacity
of NK cells to produce MV. However, some indirect
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evidence suggests that MV with CD56 phenotype [40]
and leukocyte-derived MV with various phenotypes
are present in the peripheral blood plasma [9, 33, 40,
41]. This research is aimed to study the phenotype,
composition and functional activity of MV produced
by NK cells.

Materials and methods

Cells

NK cells of the NK-92 cell line (ATCC, USA)
obtained from large granular lymphocytes of the
peripheral blood of a 50-year-old man with a galloping
non-Hodgkin’s lymphoma were the object of this
research [19]. Cells of the NK-92 cell line display
the main phenotype and functional characteristics
of activated NK cells [19, 28]. To culture them, we
used the complete cell culture medium based on
the a-modification of the Eagle’s minimal essential
medium (a-MEME) containing 12.5% inactivated
fetal calf serum (FCS), 12.5% inactivated donor
horse serum, depleted of MV, 0.2 mM myoinositol,
0.02 mM folic acid, 2 mM L-glutamine, 100 ug/ml
streptomycin, 100 U/ml penicillin, 10 mM HEPES
buffer solution, 0.1 mM 2- mercaptoethanol
(Sigma-Aldrich Chem. Co., USA), and 500 U/ml
recombinant IL-2 (Roncoleukinum, Biotech LLC,

Russia). Cells of the NK-92 cell line are a suspension
cell culture requiring the subcultivation once every 2
days. The cells were cultured in humid environment at
37°C, and 5% CO,. Cells of the K-562 cell line were
cultured in RPMI 1640, the complete cell culture
medium containing 10% FCS, 2 mM L-glutamine,
100 pg/ml streptomycin, 100 U/ml penicillin, and
10 mM HEPES buffer solution (Sigma-Aldrich
Chem. Co., USA). Cells of the K562 cell line are a
suspension cell culture requiring the subcultivation
once every 3 days. The cells were cultured in humid
environment at 37°C, and 5% CO,. Using the trypan
blue solution, the cell vitality was evaluated. It was not
less than 96%.

Cytokines and inducers

TNFoa (10 U/ml, 50 U/ml, 400 U/ml), IFNy
(40 U/ml, 400 U/ml, 1000 U/ml), IL-1p (10 ng/ml,
100 ng/ml, 1000 ng/ml), and phorbol 12-myristate
13-acetate (PMA) (Sigma-Aldrich Chem. Co., USA)
(10 ng/ml) were used as inducers. Culturing in the
complete cell culture medium without inducers served
as controls.

Phenotypic characteristics of NK cells of the NK-92
cell line including microvesicles

NK cells phenotype was evaluated after culturing
cells in presence of inducers in humid environment
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Figure 1. Distribution graphs for NK cells of the NK-92 cell line, unstained and stained with antibodies to CD11a, CD11b,

CD11c, CD18, CD119, CD95, CD54, CD56, receptors

Note. For all graphs: isotype controls (BD, USA) were used as negative controls; stained NK cells are NK cells treated with antibodies.

A) Distribution diagram for NK cells of the NK-92 cell line in FSC — SSC coordinates; B) Distribution histogram for NK cells of the NK-92 cell line

by the CD11a receptor expression; C) Distribution histogram for NK cells of the NK-92 cell line by the CD11b receptor expression; D) Distribution
histogram for NK cells of the NK-92 cell line by the CD11c receptor expression; E) Distribution histogram for NK cells of the NK-92 cell line by the
CD18 receptor expression; F) Distribution histogram for NK cells of the NK-92 cell line by the CD119 receptor expression; G) Distribution histogram
for NK cells of the NK-92 cell line by the CD95 receptor expression; H) Distribution histogram for NK cells of the NK-92 cell line by the CD54
receptor expression; 1) Distribution histogram for NK cells of the NK-92 cell line by the CD56 receptor expression. The compensation matrices
were adjusted using BD CompBeads and procedure recommended by the manufacturer of the Cytoflex flow cytometer (Beckman Coulter).

The experiment was repeated twice, using triplicates.
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at 37 °C and 5% CO, for 24 hours as we described
before [39].There is no single standard for the isolation
and characterization of MV, so various methodological
approaches are currently used. They allow obtaining
microparticle fractions that differ in their purity
degree and enrichment level [74]. To isolate MV, we
used the differential centrifugation method [58, 60]
using Hanks’ solution without Ca?* and Mg?* (Sigma-
Aldrich Chem Co., USA). The obtained supernatants
were consecutively centrifuged as we described
before [39]. After the second centrifugation, the pellet
was washed twice with PBS and centrifuged again at
20 000 g 10° C for 20 minutes. The supernatant was
then discarded and the pellet was resuspended in
Hank’s solution without Ca?* and Mg?* similarly to
the method we described before [29]. This procedure
allows separating MV from coarse particles of cellular
debris and large apoptotic bodies, as well as from
exosomes [15, 30]. After that, the obtained cells of
the NK-92 cell line and their MV were treated with
monoclonal antibodies to CD11a, CD11b, CDlIc,
CDI18, CD119, CD54, CD95, CD56 (BD, USA) in
accordance with the instructions of the manufacturer.

We analyzed the intensity of expression of phenotypic
marker CD56 by NK cells, as well as the intensity
of expression of leukocyte adhesion molecules
CDl1la, CDl11b, CDllc, CDI18 typical for all
leukocytes. These adhesion molecules can participate
in the formation of the immunologic synapse. To
evaluate the expression, we chose CD119 and CD95
receptors, and adhesion molecule CD54 as markers of
intercellular communication and activation. Isotype
controls (BD, USA) were used as negative controls.
The receptor expression was assessed using a Cytoflex
flow cytometer (Beckman Coulter, USA) as shown
before [39]. Working with MV, we filtered all solutions
through filters with 0.2 um pore diameter (Sigma-
Aldrich Chem. Co., USA) [70]. The information on
the gating strategy for the cells and MV produced
by them are specified in Figure 1 and Figure 2. The
experiments were repeated twice, using triplicates for
each cytokine and control.

Granulometric analysis of microvesicles

The granulometric analysis of microvesicles
produced by NK cells of the NK-92 cell line was
carried out by the dynamic light scattering method
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Figure 2. Distribution graphs for microvesicles of NK Cells of the NK-92 cell line, unstained and stained with antibodies to
CD11a, CD11b, CD11c, CD18, CD119, CD95, CD54, CD56, receptors

Note. For all graphs: isotype controls (BD, USA) were used as negative controls; negative control (microvesicles untreated with antibodies);
stained MV are microvesicles treated with antibodies. A) Distribution diagram for microvesicles produced by NK cells of the NK-92 cell line in

FSC - Violet SSC coordinates. The parameter of lateral light scattering (SSC) was detected using 405 nm laser radiation in order to facilitate the
determination of small particle sizes; B) Distribution histogram for microvesicles produced by NK cells of the NK-92 cell line by the CD11a receptor
expression; C) Distribution histogram for microvesicles produced by NK cells of the NK-92 cell line by the CD11b receptor expression;

D) Distribution histogram for microvesicles produced by NK cells of the NK-92 cell line by the CD11c receptor expression; E) Distribution histogram
for microvesicles produced by NK cells of the NK-92 cell line by the CD18 receptor expression; F) Distribution histogram for microvesicles
produced by NK cells of the NK-92 cell line by the CD119 receptor expression; G) Distribution histogram for microvesicles produced by NK cells of
the NK-92 cell line by the CD95 receptor expression; H) Distribution histogram for microvesicles produced by NK cells of the NK-92 cell line by the
CD54 receptor expression; |) Distribution histogram for microvesicles produced by NK cells of the NK-92 cell line by the CD56 receptor expression.
The compensation matrices were adjusted using BD CompBeads and standard protocol recommended by the manufacturer of the Cytoflex flow
cytometer (Beckman Coulter). The experiment was repeated twice, using triplicates.
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using Zetasizer NanoZS, the laser correlation
spectrometer (Malvern Instruments, UK). MV were
isolated as described above.

Atomic force microscopy of microvesicles

Morphometric analysis of MV produced by the
NK-92 cell line was carried out by atomic force
microscopy method. The suspension of isolated MV
in Hanks’ solution without Ca?* and Mg?>" was spread
on grease-free cover glasses covered with polylysine
(Sigma-Aldrich Chem. Co., USA) with addition of
an equal volume of 10% formalin and dried at 37 °C.
Next, the samples were rinsed in distilled water
and dried at room temperature. The Integra Aura
scanning probe microscope (NT-MDT, Russia) was
used to scan the surface of samples in tapping mode
in air. The scanning was performed with NSGO01-A
proximity silicon high-resolution probes (NT-MDT,
Russia) with hardness of 5.1 N/m and an average
resonating frequency of 150 kHz. The images were
processed using Nova software (NT-MDT, Russia).

Transmission electron microscopy (TEM)

10 pl portions of suspension of MV of the NK-92
cell line in Hanks’ solution without Ca** and Mg>*
obtained by means of centrifugation at 20 000 g
were mixed with 5% glutaraldehyde of an equal
volume. 300 mesh copper grids (Electron Microscopy
Sciences, USA) with a formvar carbon-shadowed
coating were superimposed on the resulting drop and
incubated for 5 minutes. The grids were then washed
by transferring them to the surface of deionized water
drops. After that, the samples were contrasted for 1
minute in the 2% uranium acetate solution. The
excess of the contrastor was removed with blotting
paper. The images were registered with the Jeol JEM -
1400 transmission electron microscope (Japan) at an
accelerating voltage of 90 kV and a beam current of 50
mA using the Olympus Veleta siding camera (Japan)
with a 100 000-250 000x zoom.

Analysis of protein content in microvesicles

The analysis of protein content in microvesicles
was conducted through Bradford protein assay using
the Qubit fluorometer (Life technologies, USA) [6].

Western Blot analysis

The cells of the NK-92 cell line were cultured
in flasks in the complete cell culture medium at
a concentration of 400 000 c/ml at 37 °C in the
humid environment with 5% CO, for 24 hours in the
presence of inducers (50 U/ml TNFa, 400 U/ml
IFNy, 100 ng/ml IL-1B, 10 ng/ml PMA). Culturing
in the complete cell culture medium without inducers
served as controls. After 24 hours, the cell suspension
was centrifuged at 200 g, 22 °C for 10 minutes and
washed twice with PBS (pH = 7.4). MV were obtained
from supernatant by method specified above and
washed twice with cold PBS solution at 20,000g.
The obtained cells and MV were lysed in the RIPA
buffer (10 mM Tris-HCI pH 7.5, 150 mM NacCl, 1%

Triton X-100, 0.1% SDS, 1% sodium deoxycholate,
and 1 mM EDTA (Sigma-Aldrich Chem. Co., USA))
with addition of Complete protease inhibitor mixture
(Roche Diagnostic GmbH, Germany) for 30 minutes
with intermittent shaking. The cell lysates were
centrifuged at 16 000 g for 10 minutes. Supernatants
were stored at -80 °C before the assay. The cell lysate
samples with equal protein content were divided
using electrophoresis in 10% polyacrylamide gel
under denaturing conditions by Laemmli method and
were transferred onto PVDF membranes (BioRad,
USA). The membranes were blocked with 2%
albumin solution (Sigma-Aldrich Chem. Co., USA)
in TBST solution (50 mM Tris-HCI; 150 mM NacCl;
0,1% Tween20), and then incubated with primary
monoclonal antibodies to granzyme B (GrB) (Purified
anti-Granzyme B, mouse Ab, 1:1000, Biolegend,
USA) or to perforin (Anti-Human Perforin Purified,
mouse Ab, 1:1000, eBioscience Inc., CA) at 4 °C
for one night in a shaker. Actin (B-actin rabbit Ab,
1:1000, Cell Signaling Technology, USA) was used as
a load control. After the reaction with corresponding
HRP conjugated secondary antibodies (1:1000,
Cell Signaling Technology, USA), the signals were
visualized by the enhanced chemiluminescence
method (ECL, GE Healthcare, Uppsala, Sweden).
The intensity of bands obtained by Western blotting
method was determined using the ImagelLab software.
The data obtained on cell lysates were normalized using
B-actin. When studying MV, the samples containing
equal volume of total protein were also approved for
analysis. All experiments were independently carried
out five times. The experimental data were represented
as M*m ratios between the induced samples and
corresponding controls.

Sorting

Microvesicles were sorted using a flow cytometer
sorter BD FACS Aria IIT (BD, USA). The sensitivity
of the sorter was increased due to a 405 nm laser
and 450/10 filter for the side scatter analysis [70] in
compliance withthe manufacturer’srecommendations
(BD, USA). The unit was adjusted as described above
using standard gauge particles of 200 nm and 1000
nm in size (Invitrogen, USA) in accordance with the
instructions of the unit manufacturer (BD, USA). To
start working with MV, all the solutions were filtered
through filters with 0.2 um pore diameter (Sigma-
Aldrich Chem. Co., USA). The information on the
unit adjustment with gauge particles is specified in
Figure 3. Microvesicles obtained from the cells of
the NK-92 cell line by the differential centrifugation
method described above were treated with antibodies
to CD119 and CD11b marked with PE (BD, USA).
Positively stained microvesicles were sorted in
the Purity protocol (70um nozzle) with the aim
of subsequent analysis of the granzyme B (GrB)
concentration in the pool of microvesicles expressing
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the stated receptors by Western blotting method.
Isotype controls (BD, USA) were used as negative
controls.

Assessment of cytotoxicity in cells of the NK-92
cell line and microvesicles produced by them in towards
cells of the K562 cell line

Cells of the NK-92 cell line were cultured in 75
cm? flasks (BD Falcon, USA) in a volume of 40 ml.
The cell concentration was 4 x 10° per 1 ml. We added
IL-1p at a concentration of 1000 U/ml or TNFa at a
concentration of 400 U/ml to some flasks with cells of
the NK-92 cell line and incubated them for 22 hours
at 37 °C and 5% CO,. Then, both activated and non-
activated cells of the NK-92 cell line were centrifuged
at 200 g 22 °C for 10 minutes at 22 °C in order to
separate the cells from the medium containing MV.
After that, the cells were washed with Hanks’ solution.
As the result, we obtained a sediment containing
the cells and supernatant containing MV. MV were
obtained from this supernatant by the abovementioned
method. We resuspended the sediment containing

MYV in 700 mcl of cold a-MEME and measured the
protein concentration.

To analyze the cytotoxic activity, the sediment
containing cells of the NK-92 cell line, which was
obtained after the first centrifugation at 200 g, was
washed twice with Hank’s solution and resuspended in
a-MEME containing 10% FCS, 0.2 mM myoinositol,
0.02 mM folic acid, 2 mM L-glutamine, 100 pug/ml
streptomycin, 100 U/ml penicillin, 10 mM HEPES
buffer solution, and 0.1 mM 2-mercaptoethanol
(Sigma-Aldrich Chem. Co., USA). Cells of the K562
cell line were stained with CFSE green fluorescent
dye (Sigma-Aldrich Chem. Co., USA) as described
earlier [78]. The dyed cells of the K562 cell line were
added at a concentration of 3 x 10* in 25 mcl per one
well of a round-bottom 96-well plate (BD, USA).
Some wells containing the cells of the K562 cell line
were supplemented with cells of the NK-92 cell line at
a concentration of 3 x 10° cells in 25 mcl per one well
of a round-bottom 96-well plate. Some wells with cells
of both NK-92 and K562 cell lines were supplemented
with prepared microvesicles so that the total protein
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Figure 3. Distribution graphs for gauge particles and microvesicles produced by cells of the NK-92 cell line with the use of

the BD FACS Aria lll Flow cytometer sorter (BD, USA)

Note. The parameter of lateral light scattering (SSC) was detected using 405 nm laser radiation in order to facilitate the determination of small
particle sizes. A) Distribution graph for gauge particles 200 nm in size (PE — SSC); C) Distribution graph for gauge particles 1000 nm in

size (PE - SSC); C) Hanks’ solution; D) Distribution graph for microvesicles produced by cells of the NK-92 cell line treated with isotype control
antibodies (PE — SSC); E) Distribution graph for microvesicles produced by cells of the NK-92 cell line treated with antibodies to CD119 and

CD11b, PE-marked, in PE — SSC coordinates.
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concentration in them amounted to 400 ug/ml, 200
ug/ml, and 100 pg/ml. Cells of the K562 cell line
served as controls (constitutive death). Then, the cells
were cultured for 22 hours at 37 °C and 5% CO,. After
that, the cell suspension was treated with Propidium
iodide (Sigma-Aldrich Chem. Co., USA) and
antibodies to CD45 (FITC) (BD, USA). The level of
the K562 cell line death was assessed using the FACS
Canto II flow cytometer (BD, USA) by Propidium
iodide inclusion, as described above [10, 73, 78]. The
experiments were repeated three times with six wells
per each combination of cells and MV (n = 3).

Statistical analysis

Statistical analysis was performed using the
Statistica 10 software (Russia). We tested the data
distribution for normality using the Shapiro-Wilk’s
test and then the parametric Student’s t-test. The
differences under p < 0.05 were considered to
be significant. For the Western Blot analysis, we
conducted a paired comparison of band intensity
values in constitutive culture and in the presence of an
inducer that were obtained from each sedimentation
using the Wilcoxon method.

Results

Granulometric analysis

The granulometric analysis showed that sizes of
MYV produced by NK cells of the NK-92 cell line lay
in the range of 192-458 nm. The peak of MV quantity
distribution fell at 297 nm that was in accordance
with our previously published data [29]. The analysis
of particles in the supernatant obtained after MV
sedimentation at 20 000g demonstrated that their
sizes lay in the range of 20-184 nm. The peak of the
distribution of particle quantity fell at 37 nm that also
corresponds to our previously published data [29].

Atomic force microscopy of microvesicles produced
by the NK-92 cell line

The population of spherical objects with the height
of 39-588 nm and with the mode in the area of 314 nm
(Figure 4) was determined on the surface relief and
its height distribution histogram within a 10 x 10 um
visual field. The height of the major population of
microvesicles lay in the range of 196-392 nm. The
sample containing only the Hanks’ solution without
Ca’" was used as a control. The average size of particles
in the control sample was about 22 nm with the mode
in the area of 8 nm. Atomic force microscopy was
done using MV only from intact cells.

Transmission electron microscopy

Transmission electron microscopy (TEM) of the
MYV sediment fraction obtained after centrifugation at
20 000 g allowed to reveal the spherical objects 150-
500 nm in diameter (Figure 5), which corresponds to
the data obtained by other methods described in the
article. TEM was done using MV only from intact
cells.

Analysis of protein content in microvesicles and in
cells in separate experiments with different inducers

In the experiment with PMA as an inducer, the
total protein content in unstimulated cells of the
NK-92 cell line (constitutive level) amounted to
60.2£6.1 ng/10? cells. In the presence of PMA, this
content amounted to 91.3%40.0 ng/10° cells. At
that, the total protein content in MV obtained from
unstimulated cells of the NK-92 cell line (constitutive
level) amounted to 2.5+0.3 ng per 103 source cells,
while in the presence of PMA, this content amounted
to 5.0£0.7 ng per 10° source cells.

In the experiment with TNFa as an inducer, the
total protein content in unstimulated cells of the
NK-92 cell line (constitutive level) amounted to
94.0% 0.9 ng per 103 cells. In the presence of TNFa,
this content amounted to 191.0£18.1 ng/103 cells. At
that, the total protein content in MV obtained from
unstimulated cells of the NK-92 cell line (constitutive
level) amounted to 5.0£0.8 ng per 103 cells, while
in the presence of TNFa, this content amounted to
19.61+3.7 ng per 103 cells.

In the experiment with IL-1f as an inducer, the
total protein content in unstimulated cells of the
NK-92 cell line (constitutive level) amounted to
61.2+6.3 per 10° cells. In the presence of IL-1B,
this content amounted to 66.3+ 6.0 ng/10° cells. At
that, the total protein content in MV obtained from
unstimulated cells of the NK-92 cell line (constitutive
level) amounted to 4.6£0.6 ng per 103 cells, and with
IL-1p it amounted to 2.6+ 0.4 ng per 103 cells.

Phenotypic characteristics of NK cells of the NK-92
cell line including microvesicles

Almost all NK cells in the NK-92 cell line (96-
99%) expressed CDlla, CDIl1b, CDllc, CDIS,
CDI119, CD54, CD95, CD56 on their surface. The
activation of the NK-92 cell line by specific cytokines
at different concentrations resulted in a change in the
expression of only certain molecules (Figure 6). Thus,
the introduction of TNFa resulted in dose-dependent
increase in the CD54 and CD95 expression level. The
incubation of the NK-92 cell line in the presence of
different IL-1p concentrations increased the CD54
and CD95 expression level. However, IL-13 at a
concentration of 1000 U/ml decreased the CDI18
expression level. The incubation of the NK-92 cell
line in the presence of IFNy decreased the CD11b
expression level. The incubation of the NK-92 cell line
in the presence of PMA increased the CD11c, CD54,
CD95, and CD119 expression level, but decreased the
CD56 expression level.

The relative number of MV produced by NK cells
of the NK-92 cell line and expressing the analyzed
receptors was significantly lower compared to the
number of source cells: only 2% of MV expressed
CD95 molecule; only 10-20% of MV expressed
CDl1a, CDllc, and CD18 molecules; only 20-39%
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Figure 4. Atomic force microscopy of samples of MV produced by NK-92 cells (n = 5)
Note. Visualization of MV (A) and height distribution histogram (B) within a 10 x 10 um field of a sample of MV produced by NK-92 cells. lImage of
a control sample in Hanks’ solution (C) and respective height distribution histogram e (D).

Figure 5. Transmission electron microscopy (TEM) of MV produced by NK-92 cells

of MV expressed CD11b, CD119, CD54, and CD56
molecules. The intensity of the analyzed receptor
expression by MV was also lower than the intensity
of the expression on the surface of source cells
(Supplementary data Figure 6). The activation of
the NK-92 cell line by specific cytokines resulted in
a change in the expression of only certain molecules
by MV produced by the cells of the NK-92 cell
line (Supplementary data Figure 7). With that, the

activation of cells of the NK-92 cell line by cytokines
had no effect on the relative quantity of MV expressing
the analyzed receptors. The comparative profile of
the constitutive intensity of the surface molecule
expression on both cells of the NK-92 cell line and
the MV produced by them is given in the Figure 3.
The Figure shows that MV, as well as source cells,
have a similar profile of CD56 molecule expression.
However, the expression profile in MV differs from
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the same in source cells by higher CD119 and CD11b analysis by Western blot method, we used the
expression and by lower CD18 expression. inducers, which showed the prominent influence
Western Blot analysis on MV phenotype (PMA, TNFa u IL-1pB). It has
Figure 9 shows the change in levels of GrB and been established that when cultured in the presence
perforin in lysates of cells of the NK-92 cell line in of PMA, the expression of GrB and perforin in NK
the presence of different inducers. For MV content cells of the NK-92 cell line increases (1.97-fold
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Figure 6. Intensity of surface receptor expression by NK cells of the NK-92 cell line, unstained and stained with antibodies
to CD11a, CD11b, CD11¢, CD18, CD119, CD95, CD54, CD56 receptors

Note. The data are presented as Mean+SD. For all graphs: unstimulated cells - the basic level of surface receptor expression by NK cells; TNF
(10 1U/ml; 50 IU/ml; 400 1U/ml) — the level of surface receptor expression by NK cells in the presence of TNFa as an inducer at an appropriate
concentration; IFN (40 [U/ml; 400 1U/ml; 1000 IU/ml) — the level of surface receptor expression by NK cells in the presence of IFNy as an inducer at
an appropriate concentration; IL-1 (10 1U/ml; 100 IU/ml; 1000 IU/ml) - the level of surface receptor expression by NK cells in the presence of IL-13
as an inducer at an appropriate concentration; PMA (10 ng/ml) — the level of surface receptor expression by NK cells in the presence of PMA as an
inducer at an appropriate concentration. The significance of differences: the expression of surface receptors by cells in all groups differs from the
constitutive expression ***, p < 0.001; **, p < 0.01; *, p < 0.05. The expression of surface receptors in the presence of cytokines differs from that
one in the presence of the same cytokines at a lower concentration 00, p <0.01; ¢, p < 0.05.
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Figure 7. Intensity of surface receptor expression on microvesicles produced by NK cells, unstained and stained with
antibodies to CD11a, CD11b, CD11c, CD18, CD119, CD95, CD54, CD56 receptors

Note. The data are presented as MeanzSD. For all graphs: MV obtained from unstimulated cells — the basic level of surface receptor expression
on MV produced by NK cells; TNF (10 1U/ml; 50 IU/ml; 400 1U/ml) — the level of surface receptor expression on MV produced by NK cells in the
presence of TNFa as an inducer at an appropriate concentration; IFN (40 1U/ml; 400 IU/ml; 1000 IU/ml) — the level of surface receptor expression
on MV produced by NK cells in the presence of IFNy as an inducer at an appropriate concentration; IL-1 (10 |U/ml; 100 I1U/ml; 1000 1U/ml) - the
level of surface receptor expression on MV produced by NK cells in the presence of IL-1 as an inducer at an appropriate concentration; PMA
(10 ng/ml) — the level of surface receptor expression on MV produced by NK cells in the presence of PMA as an inducer at an appropriate
concentration. The significance of differences: the expression of surface receptors by cells in all groups differs from the constitutive expression *,

p <0.05.
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Figure 8. Comparative profile of the constitutive intensity of the surface molecule expression in cells of the NK-92 cell line

and in microvesicles produced by them

and 9.7-fold, correspondingly) compared to their
constitutive expression level. In addition, the pair-
wise comparison revealed that the expression of GrB
increased (1.53-fold), and the expression of perforin
decreased (1.23-fold), when NK cells were cultured
in the presence of IL-13. When TNFa was added to
the culture of NK cells of the NK-92 cell line, no

significant changes in the expression of GrB and
perforin were revealed.

Figure 9 shows the change in the expression of
GrB and perforin in MV obtained from NK cells
of the NK-92 cell line cultured in the presence of
various inducers. It has been established that when
cultured in the presence of TNFa, the expression

679



Cokonose /1. Y. u dp.
Sokolov D.I. et al.

Meduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

Perforin

Granzyme B

- + = + - +

A IL-1B TNFa PMA

140 9 C: Perforin in cell

Tk F ¥ ¥ Ew

. S RN s @ 30 kDa

12,0 - .
§ % 10,0 - \‘.\\: .,
S35 8,0 -
o .= "
°3 6,0 -
S E
CE 40 -
20 - '
0,0 i T I - 1

PMA TNFo IL-1B
25 7 E: Granzyme B in cell

Fold of controls
(without inducers)
S o

PMA
0,5 1

0,0 -

Perforin M A S S 55 Da
Granzyme B M s weo -—— 30 kDa

- + - + - +

B PMA TNFo IL-1B

40 - D: Perforin in MV

2@ 30 1
g
8% 201
o =S
=2
£E 10 : ; .
00 - .
PMA TNFo IL-1B

257 F: Granzyme B in MV

2,0 -
88 15 )
£3
[S =]
Ao R=] 1,0 T T 1
2 s
=2 05 - =

0,0 -

PMA TNFa IL-1B

Figure 9. Analysis of perforin and GrB content: Western blotting in lysates of cells of the NK-92 cell line (A) and their
microvesicles (B) obtained upon the constitutive cell culturing (-) or in the presence of various inducers (+)

Note. The ratio of Western blotting results by GrB and perforin expression in cells of the NK-92 cell line (C, E) or their microvesicles (D, F) in the
presence of inducers to the results of corresponding controls (without inducers). *, p < 0.05 - difference from controls (culturing in the presence of

the complete cell culture medium only).
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Figure 10. Qualitative analysis of GrB content in lysates
from the pool of microvesicles expressing CD119, or
CD11b obtained by sorting using the BD FACS Aria lll
flow cytometer sorter (BD, USA) from the Initial mixture of
microvesicles produced by the unstimulated cells of the
NK-92 cell line

Note. 1, NK-92 cell line (positive controls); 2, lysing buffer solution
(negative controls); 3, pool of microvesicles expressing CD119 or
CD11b.

of GrB increased (1.34-fold), and the expression
of perforin decreased (2.54-fold) (compared to the
constitutive level) in MV obtained from the cultured
NK cells of the NK-92 cell line. In addition, the pair-
wise comparison revealed that the expression of GrB
decreased (1.76-fold), and the expression of perforin
increased (2.60-fold), when NK cells were cultured in
the presence of IL-1B. When cultured in the presence
of PMA, the expression of perforin increased (3.00-
fold) (compared to the constitutive level) in MV
obtained from the cultured NK cells of the NK-92
cell line.

Western Blot analysis of the pool of microvesicles
expressing CD119 or CDI11b (obtained by sorting
with the BD FACS Aria III flow cytometer sorter
(BD, USA) from the initial mixture of MV produced
by unstimulated cells of the NK-92 cell line) showed
the presence of GrB in them (Figure 10).
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Figure 11. Cytotoxic activity of NK cells of the NK-92 cell line towards cells of the K562 cell line in the presence

of microvesicles and TNFa.

Note. Legend: K562 (constitutive level) — the quantity of dead K562 cells after the incubation without inductors; K562 + NK-92 - co-culturing of
the K562 Cell Line and NK-92 Cell Line; MV - culturing in the presence of MV produced constitutively by cells of the NK-92 cell line; MV/TNF o —
culturing in the presence of MV produced by cells of the NK-92 cell line as a result of the TNFo activation; NK-92/TNFo. — TNFo-activated cells of
the NK-92 cell line. The differences in the figure are shown as follows: a, difference (p < 0.001) from the constitutive death of K562; b, difference
(p < 0.001) from the death while culturing K-562 + MV (400 pg/ml); c, difference (p < 0.001) from the death while culturing K-562 + NK-92;

d, difference (p < 0.001) from the death while culturing K-562 + MV (400 ug/ml)/TNF; e, difference (p < 0.01) from the death while culturing

K-562 + NK-92/TNF.
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Figure 12. Cytotoxic activity of NK Cells of the NK-92 cell line towards cells of the K562 cell line in the presence of
microvesicles and IL-13

Note. Legend: K562 (constitutive level) — the quantity of dead K562 cells after the incubation without inductors; K562 + NK-92 - co-culturing of
the K562 Cell Line and NK-92 Cell Line; MV - culturing in the presence of MV produced constitutively by cells of the NK-92 cell line; MV/IL-1p -
culturing in the presence of MV produced by cells of the NK-92 cell line as a result of the IL-1p activation; NK-92/ IL-1f3 — IL-1B-activated cells of
the NK-92 cell line. The differences in the figure are shown as follows: a, difference (p < 0.001) from the constitutive death of K562; b, difference
(p < 0.001) from the death while culturing K-562 + MV (400 ug/ml); c, difference (p < 0.001) from the death while culturing K-562 + NK-92;

d, difference (p < 0.001) from the death while culturing K-562 + MV (400 pg/ml)/IL-1B.
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Analysis of cytotoxicity in both cells of the NK-92
cell line and microvesicles produced by them towards
cells of the K562 cell line

It has been established that TNFa and IL-1fB
cytokines amplified the cytotoxic activity in NK cells
of the NK-92 cell line towards cells of the K562 cell
line. This coincides with the literature data [18, 26,
27, 53, 62]. MV obtained from unstimulated cells or
activated cells of the NK-92 cell line had no effect
on the K562 cell line death. MV obtained from
unstimulated cells of the NK-92 cell line had no effect
on the cytotoxicity of unstimulated cells of the NK-92
cell line. On the contrary, the cytotoxicity of TNFa-
activated cells of the NK-92 cell line in the presence of
MYV obtained from the same TNFa-activated cells of
the NK-92 cell line was higher than their cytotoxicity
without MV (Figure 11). The analysis of the NK-92
cell line cytotoxic activity towards the K562 cell line
showed that MV obtained from unstimulated cells
or IL-1pB-activated cells of the NK-92 cell line had
no effect on the NK-92 cell line cytotoxic activity
(Figure 12).

Discussion

To study the MV produced by NK cells, we used
the NK-92 cell line (ATCC, USA). The NK-92 cell
line represented the main phenotype and functional
characteristics of activated NK cells [19, 28]. The
use of the cell line introduced specific restrictions
in the extrapolation of the results obtained in the in
vivo situation. However, due to the inability to extract
enough NK cells from the peripheral blood using a
cell sorter, we had to use the NK-92 cell line in order
to obtain a large number of MV for the study. The
granulometric analysis of MV produced by NK cells of
the NK-92 cell line showed that their sizes varied from
190.1 nm to 458.7 nm, while most of MV were 295.3
nm in size. These data complied with the information
on sizes of MV produced by various cells [17, 60,
70]. The data obtained by atomic force microscopy
method indicated that the major population of
microvesicles lay in the range of 196-392 nm in
size. The transmission electron microscopy of MV
produced by the NK-92 cell line allowed to identify
the spherical objects with a diameter of 150-500 nm,
which corresponded to the data obtained during the
granulometric analysis and atomic force microscopy.
It is worth noting that the images obtained using TEM
coincided with those presented in the world scientific
literature [51, 71]. For example, the Figure 5C shows
a typical cup-shaped structure. It was considered
a native one for the extracellular vesicles for a long
time, but cryoelectron microscopy data showed that
this form is a consequence of sample preparation for
TEM [71].

The analysis of phenotype of NK cells ofthe NK-92
cell line in unstimulated state demonstrated that

almost all cells expressed CDI11a, CDI11b, CDlIc,
CD18, CD119, CD54, CD95, CD56 with different
levels of intensity. These data coincide with the
literature data [19, 36, 56, 77, 79, 80]. The activation
of NK cells of the NK-92 cell line by inducers resulted
in their phenotype alteration: TNFo and IL-1fB
stimulated the CD54 and CD95 expression, IL-1f
decreased the CDI18 expression, IFNy decreased
the CD11b expression, PMA increased the CDllc,
CD54, CD95, and CD119 expression and decreased
the CD56 expression. At that, most of the specified
data on constitutive and induced expression of
receptors by NK cells coincide with the literature
data [16, 36, 59].

It should be noted that changes in the phenotype
of NK cells of the NK-92 cell line in the presence
of inducers had little effect on the phenotype of MV
produced by these cells. NK cells differed from MV
in the number of CD54, CD18 and CD11b receptors.
The analysis of MV phenotype showed that, unlike the
source cells, 33% of MV carried the CD119 marker.
Other markers were expressed on less than 30%
of MV. The abovementioned analysis also showed
that, unlike the source cells, the number of double-
positive MV was always about two times less than
the number of mono-positive MV. Despite the fact
that MV formation is an energy-dependent process
accompanied by the mobilization of intracellular Ca*
and the activation of proteins of the Rho/ROCK-
dependent signal pathway regulating the dynamics of
actin microfilaments in a cell, our findings concerning
the phenotype of cells of the NK-92 cell line and MV
produced by them provide evidence of the accidental
inclusion of the analyzed surface proteins into a MV
membrane. At the same time, small changes in the
phenotype of MV produced by NK cells of the NK-92
cell line in the presence of inducers were accompanied
by a rapid change in the amount of proteins contained
in both the cells and MV produced by them. Thus, it
has been established that the amount of proteins in
cells increased in the presence of the inducers used by
us. The analysis of protein content in MV showed that
the protein content in MV doubled, when cells of the
NK-92 cell line were cultured in the presence of PMA;
that the protein content in MV increased fourfold,
when cells of the NK-92 cell line were cultured in the
presence of TNFa; and that the protein content in
MYV decreased 1.5-fold, when cells of the NK-92 cell
line were cultured in the presence of IL-1[3 (compared
to constitutive levels). This can be connected with
changes in the protein amount and composition in
MYV and with changes in the expression level of some
other non-analyzed receptors on the surface of MV.
Previously, it was demonstrated that the cell culturing
in the presence of inducers could not only increase
the number of MV produced by a cell [35], but also
alter the MV composition depending on the inducer

type [4].
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We analyzed changes in perforin and GrB content
in cells of the NK-92 cell line and MV produced by
them in the presence of PMA and proinflammatory
cytokines TNFa and IL-1B. Western Blot analysis
requires a large amount of proteins for detection,
which, in turn, requires the accumulation of
source cells when working with MYV. Therefore,
considering that IFNy, as well as TNFa and IL-18,
refers to proinflammatory cytokines, we decided
not to evaluate the effect of [FNy on the content of
perforin and GrB in cells of the NK-92 line and in
MYV produced by them by Western blotting method.
We established that, depending on the inducer type
(PMA, TNFa, IL-1B), the content of perforin
and GrB changed in cells and in MV produced by
them. Thus, despite the fact that the content of GrB
and perforin in cells of the NK-92 cell line did not
change in the presence of TNFa, their content in MV
changed variously: the expression of GrB increased,
but the expression of perforin decreased. In the
presence of IL-1f3, the expression of GrB increased
and the expression of perforin decreased in cells of
the NK-92 cell line. However, the expression of GrB
decreased and the expression of perforin increased in
MYV produced by cells of the NK-92 cell line. In the
presence of PMA used as an inducer, the expression
of GrB and perforin increased in cells of the NK-92
cell line, and only perforin content increased in MV.
Our findings concerning the production of MV with
various GrB and perforin content by NK-92 cells in
the presence of different types of inducers (PMA,
TNFa, IL-1B) provide evidence of the existence of
specific mechanisms in a cell that regulate the MV
contents. This enables further discussions of the issues
related to the regulation of such processes.

We used the procedure of MV isolation from the
supernatant of cultured cells through differential
centrifugation. The death rate of unstimulated cells
and activated NK cells of the NK-92 cell line in
the culture not did not exceed 6-8%. This cuts the
likelihood of the contamination of our MV sample
with cytoplasmic secretory granules. To confirm
this suggestion, we used the BD FACS Aria III
flow cytometer sorter and isolated a fraction of MV
carrying CD119 and/or CD11b from the MV sample
obtained by differential centrifugation. Thus, we
obtained a sample containing a pool of MV expressing
any of these markers on their surface. This approach
was required to increase an output of MV positively
expressing a surface marker to perform the further
analysis by Western blotting method that confirmed
the GrB presence in the obtained fraction of MV.
However, the question concerning the state, in which
Gr1B is included in these MV, remains open: within a
secretory granule in its active state, within MV as an
inactive serpin-proteinase complex, or as an active free
protein? Previously, it was demonstrated that large MV
could include both mitochondria and granules [65],

which supported the first suggestion. Currently, the
question concerning the way of GrB delivery into
the target cell cytoplasm remains open. Besides the
classical theory of cell cytolysis considered to be
proved and stating that perforin creates a pore in the
cytoplasmic membrane and GrB enters the cytoplasm
through this pore [34, 72], there was another theory
stating that perforin and GrB were endocytosized by
the cell, then perforin created a pore in the endosome
membrane, and GrB entered the cytoplasm through
this pore and initiated the apoptosis [22, 37, 55]. We
carried out the analysis of cytotoxic activity of cells
of the NK-92 cell line towards cells of the K562 cell
line. The results revealed that MV obtained from
unstimulated or IL-1B-activated cells of the NK-92
cell line had no effect on the cytotoxic activity of cells
of the NK-92 cell line. This fact coincides with our
findings concerning the decreased GrB contentin MV
obtained from IL-1pB-activated cells of the NK-92 cell
line. However, MV obtained from TNFa-activated
cells of the NK-92 cell line increase the cytotoxicity
of TNFa-activated cells of the NK-92 cell line
compared to their cytotoxic activity towards cells of
the K562 cell line without MV. This coincides with
our findings concerning the increased GrB content
in MV obtained from TNFa-activated cells of the
NK-92 cell line. This fact proves that NK cells have
an additional pathway to deliver a cytotoxic signal to a
target cell through MV containing GrB. Our findings
concerning the increase of the cytotoxic activity of
activated NK cells by microvesicles obtained from
activated cells of the NK-92 cell line coincide with
the data on the cytotoxicity of extracellular vesicles
derived from activated human natural killer cells
published by Jong A.Y. et al. [25] in 2017.

Conclusion

To sum up the obtained information, it should be
noted that MV produced by NK cells of the NK-92
cell line contain perforin and GrB. Depending on the
inducer type, NK cells of the NK-92 cell line produce
microvesicles that differ in their composition, but
hardly differ in their phenotype. Any changes in MV
composition can result in changes in their functional
activity: in particular, changes can increase the
cytotoxic activity of NK cells of the NK-92 cell line.
Thus, besides a well-known and proved way for GrB
delivery to a target cell, we can suggest an additional
way — the transportation of GrB within MV.
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3ABUCUMOCTb ®EHOTUNA OEHAPUTHbBIX KJIETOK
OT COAEP>XAHUYA NPOBOCMAJIUTEJIbHbIX MOHOLIUTOB

KPOBW Y BOJIbHbIX PAKOM NOYKH
Casuenrxo A.A.l, Bopucos AT, RKyapsasues J1.B.% 3, Momies A.B.!
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Poccuiickoii akademuu nayk “», o6ocobaenroe nodpazdenenue « Hayuno-uccaedogamenvckuii uHcmumym
Mmeduyunckux npoonrem Cegepa», e. Kpacnospck, Poccus

2@I'BHY «Hncmumym skcnepumenmanvioll meouyunvy», Canxkm-Ilemepbype, Poccus
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Pesiome. llenbio nccnenoBaHms IBUJIOCH U3YUYeHUE 3aBUCUMOCTH (peHOTUTIa TeHAPUTHBIX KiieToK (1K),
b depeHIUPOBAHHBIX 3 MOHOILIMTOB, OT KOJIMYECTBA IIPOBOCITAIUTEIBHBIX MOHOIIUTOB B KPOBU Y OOJIBHBIX
pakoM 1mouku (PIT). O6cnenoBano 28 60mpHBIX PIT (T3NOMO, cBeTIOKIIETOYHBINM THIT) B Bo3pacTte 40-55 et
JIO XUPYPruIecKoro jJedeHus. Jlnarno3 BepuduiimpoBaH r’McToJIOTUUeCKU. B KauecTBe KOHTPOJIBLHOM TPYyII-
MBI TIPOBeieHO o0cienoBaHue 31 TIpakKTUYeCKH 3MOPOBBIX JIIOJAEH aHAIOTUYHOTO BO3PACTHOTO JMara3oHa.
MoHoHyKJIeapHbIe KJIETKM BBIACISIM U3 TelapiHU3UPOBAHHONW BEHO3HOM KPOBM IIEHTPUMYTrMpOBaHUEM
B rpaaueHTe miotHocty Histopaque®-1077 ¢ mocieayoneit ancopOiyeii Ha rutactuke B cpene RPMI-1640
B ipucytctBuM 10% ayronoruyHoii ceiBopotku. Hespenbie K (H/1K) reHeprupoBany u3 MOHOLIUTOB KPOBU
nyTeM KyJabTuBupoBaHUs B TedeHune 5 cyTok ¢ GM-CSF u IFNa. AktuBanuio K (a/lK) naaymupoBaiu BHe-
CEeHHEM B cpely MHKYOalInM JIn3aTa oItyxojeBbIX KiieToK 1 TN Fa ¢ rmocienyronieit MHKyOalreii B TeueHue 48
qacoB. 11 IIPUTOTOBICHUS JIN3aTa ayTOJOTMIHBIX OITYyXOJIEBBIX KIIETOK HUCITOIB30BaINd (DparMeHT OITYXOJIH.
DdeHoTUTMPpOBaHNE MOHOIIMTOB KpoBU 1 IK pa3mnyHOl CTENeHN 3peIOCTU TTPOBOAUIN METOIOM TTPOTOY-
Ho#t tmToMeTpuu. Y 60abHBIX PIT B iepudepudeckoit KpoBu cHukaeTcst KoandectBo CD147CD16" MoHO-
UTOB (10 42% OT ypOBHSI OOIIMX MOHOIIUTOB) OTHOCUTEIbHO KOHTPOJIBLHOTO NMana3oHa. B ¢Bs3u ¢ aTuM
aHanu3 3aBucuMoctu deHorumna JAK, nuddepeHIMpoBaHHBIX U3 MOHOLIMTOB, OT KOJIMYECTBa MpOBOCHA-
JIUTEIbHBIX MOHOILIMTOB B KPOBM OBbLT MPOBEACH MyTeM CPpaBHEHMS MoOKa3aTesieil ¢ BBICOKUM COAep>KaHUeM
MIPOBOCHAIUTEILHBIX MOHOLIMTOB B KpoBU Y 00JIbHBIX PIT (> 42%, npubnmkaeTcst K ypOBHIO KOHTPOJbHOIO
nuana3oHa) ¥ HU3kuM (< 42%). YcTaHOBJIEHO, YTO y 60ibHbIX PIT ¢ HU3KMM KOJIMYECTBOM B KPOBH IIPOBOC-
HaIUTeIbHBIX MOHOLIMTOB (< 42%) moBbIIIAETCS comepKaHue TojeporeHHbIX HK B KJI€TOYHOI KyJIbTypeE.
OcobenHoctsio eHotuma HJK y MarmeHToB ¢ BBICOKMM COMIep>KaHUEM TTPOBOCTATUTEIBHBIX MOHOILIUTOB
B KpoBU (> 42%) sIBJIsIETCS OTHOCUTENIBHOE YBETMUEHNUE IKCITPECCUU MOJIEKYJT, OCYIIIECTBIISIIONINX aHTUTEH -
MPEe3eHTAINIO U KOoCcTUMYyJsiuuio. IIpu co3peBaHuM/aKTUBALIMKU (DEHOTHUIT JEHAPUTHBIX KJIETOK Y OOJIBHBIX
PII ¢ paznuyHbIM cofepKaHMEeM ITPOBOCITAIMTEIbHBIX MOHOLIMTOB pa3jiMyaeTcs CUyibHee. Y 00JbHBIX C HU3-
KMM YPOBHEM MPOBOCHAIUTEIbHBIX MOHOIIUTOB B KPOBU B KJIETOYHOI KYJIBTYpe (DOPMUPYETCS MY/l 3pEJIbIX
JK ¢ Huskum ypoBHeM skcripeccun CD86- 1 HLA-DR-pelrienTopoB, 4To, COOTBETCTBEHHO, XapaKTepu3y-
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€T cJ1a0yI0 KOCTUMYJIMPYIOITYIO U aHTUTEHIIPE3EHTUPYIONTYI0 aKTUBHOCTD. Y OOJIHBIX C BBICOKMM YPOBHEM
TIPOBOCHAJINTEIIFHBIX MOHOILIUTOB B KJICTOYHOU KyJIBTYpe (DopMUpyeTCcs IMyJI aKTUBUpOoBaHHBIX JIK ¢ BBICO-
KM ypoBHeM (YHKIIMOHAJIbHON aKTUBHOCTH. BuigBieHHBIe paszmmums deHoTruira JK ot cyoromysmm-
OHHOI'O0 COCTaBa MOHOLIMTOB KpoBU y 00JibHBIX PII xapakrepu3syloT MexaHU3MBbI IIpOrpaMMUPOBAHUS KIle-
TOYHOI TUdpdHepeHIUPOBKU B 3aBUCUMOCTA OT MUKPOOKPYXKEHMSI, B TOM YUCJIe U IATOT€HHOIO XapakTepa
(Ha (boHE OITyX0JIEBOTO POCTA).

Kurouesnie crosa: denOpummuble Kaemku, MOHOUUMbL, PAK NOYKU, (PeHOMUR, KOCIUMYAUDYIOULUE MOACKYAbL, NPE3eHMAUUs
anmueena

INTERDEPENDENCE BETWEEN THE PHENOTYPE

OF DENDRITIC CELLS AND AMOUNTS OF BLOOD
PROINFLAMMATORY MONOCYTES IN PATIENTS WITH
KIDNEY CANCER

Savchenko A.A.%, Borisov A.G.2, Kudryavtsev L.V.>< Moshev A.V.?

¢ Research Institute of Medical Problems of the North, Krasnoyarsk Science Center, Siberian Branch, Russian Academy
of Sciences, Krasnoyarsk, Russian Federation

b Institute of Experimental Medicine, St. Petersburg, Russian Federation

¢ First St. Petersburg State 1. Pavlov Medical University, St. Petersburg, Russian Federation

Abstract. The aim of the study was to investigate an interdependence between the phenotype of dendritic
cells (DC) differentiated from monocytes and the number of pro-inflammatory monocytes in peripheral blood
of patients with kidney cancer (KC). The study involved 28 patients at the age of 40-55 years suffering with KC
(T3NOMO, clear cell type) before surgical treatment. The diagnosis was verified histologically. 31 healthy age-
matched persons were examined as a control group. Mononuclear cells were isolated from heparinized venous
blood by centrifugation in a Histopaque®-1077 density gradient followed by plastic adsorption in RPMI 1640
medium supplied with 10% autologous serum. Immature DCs (iDCs) were generated from blood monocytes
by culturing for 5 days with GM-CSF and IFNa. Activation of DCs (mDCs) was induced by incubation with
the tumor cell lysate and TNFa, followed by incubation for 48 hours. A tumor fragment was used to prepare
the lysate of autologous tumor cells. Phenotyping of blood monocytes and DC at various maturation stages was
performed by flow cytometry. The numbers of CD14*CD16" monocytes in peripheral blood of KC patients were
decreased (up to 42% of the total monocyte level) against the control ranges. In this regard, the analysis of the
dependence between the phenotype of DCs differentiated from monocytes and the number of pro-inflammatory
blood monocytes was carried out by comparing the groups with a high content of pro-inflammatory monocytes
in the blood in KC patients (> 42%, near-control range) and low content (resp., < 42%). We have found that the
contents of tolerogenic iDC in cell culture are increased in KC patients with low amounts of pro-inflammatory
monocytes in blood (< 42%). A relatively increased expression of antigen-presenting and co-stimulatory
molecules proved to be the specific feature of iDC phenotype in patients with high contents (> 42%) of pro-
inflammatory monocytes in blood. The phenotype of dendritic cells in KC patients with different content of
proinflammatory monocytes during maturation/activation showed more differences. In the patients with low
levels of pro-inflammatory monocytes, the cell pool of in vifro maturing DCs was characterized by low level of
CD86 and HLA-DR receptor expression, thus reflecting a weak co-stimulating and antigen-presenting activity.
In the patients with high levels of pro-inflammatory monocytes in blood, the in vitro activated DCs showed
higher level of functional activity using the above markers. The revealed differences in the DC phenotype and
interrelations with amounts of blood monocyte subpopulations in KC patients may presume the programmed
cell differentiation mechanisms depending on the microenvironment, under pathogenic conditions (i.e., in
presence of malignant tumor growth).

Keywords: dendritic cells, monocyftes, kidney cancer, phenotype, costimulatory molecules, antigen presentation
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BBeneHue

HennputHble Kietku (JK) sBrstiorcst mpodeccu-
OHAJIbHBIMU aHTUTECHIIPE3SHTUPYIOIIUMHU KIJIETKAMU,
KOTOpPbIE MHULIMUPYIOT U PEryIUpYIOT T-KIeTOUYHBII
VMMMYHHBII OTBET, a TAKXKC OTBCYAIOT 3a Pa3BUTHEC
UMMYHHOI TosiepaHTHoctu [11, 21, 23]. daHHbIe
MEXaHU3MBbl PeaIM3yITCS 3a CUET DKCIPECCUU aH-
TUTEHOB TJIaBHOTO KOMIUIEKCA THMCTOCOBMECTUMO-
ctu I u Il knacca (MHC I u MHC II), kommuiekca
KOCTUMYJISITOPDHBIX MOJEKya (B NEepByIO ouyepenb
antureHoB CD80 1 CD86), a TakKe CUHTe3a U Ce-
Kpeluu ITUTOKMHOB ¥ XEMOKWHOB. YCTaHOBJIEH-
Hble MeXaHU3Mbl (YHKLMOHAJIBHON aKTUBHOCTHU
JK ompenennnm pa3BUTHE TEXHOJOTHUIA ITOIYICHUS
JNEHIPUTHOKJIETOYHBIX BaKIIMH Ha OCHOBe audde-
PEHLIMPOBKU MOHOUMTOB KpoBu B JIK B ycioBusx
in vitro. B Hacrosimee BpeMs BaKIIMHBI Ha OCHOBE
JK rcrnonp3yroTcs npu JieYeHU M IUPOKOTO CIIEKTpa
OHKOJIOTMYECKUX U WHQPEKIMOHHBIX 3a00JIeBaHUI.
Tak, B padore Wang u coanT. (2017) mpemcTaBiIcHBI
pe3yJIbTaThl TIPUMEHEHUSI JIeHAPUTHOKIETOYHOM
BaKIIMHBI TP JICYEHUU pakKa MUIIEeBOJa. YCTaHOB-
JICHO, 4YTO akKTWBHpoBaHHBIe K wWHIynmpoBaan
cnenUIeCcKUil MMPOTUBOOITYXOJIEBBII MMMYHUTET
U CTUMYIUpoBaiu cekperuio Thl-umTokuHoB [29].
IToyryaeHBI TIOJIOXKUTENbHBIC pPe3yJIBTaThl IIpUME-
HEeHUs BaKUMHBI Ha ocHoBe 1K mpu jeyeHUM pe-
LHUAUBUPYIOLIEH TeprneTudeckKoii wuHpekuuum [2].
B uccnenoBanun Hsu u coast. (2018) moka3zana ad-
(EKTUBHOCTh MMPUMEHEHUsI BaKLIMHBI Ha ocHOBe JIK
B TOCTMXXKEHUU IJIMTEJIbHON PEMMCCUM MPU OCTPOM
MUeIOUITHOM Jieiiko3e [14]. Ilpu umcroirp3oBaHUM
NEeHIPUTHOKJIETOYHOM BaKIIMHBI B COYETAHUU C XU-
MHUOTepanueit Takke BoisiBJieHa 3(hPEKTUBHOCTD ITPU
JICYCHNU paKa ITOIKEITYIOUYHOM Xene3sl [31].

OpHako @yHKUMOHaNbHasE akTUuBHOCTL JIK
B MPOTHUBOOITYXOJEBBIX BAaKLIMHAX HE BCETIA OKa-
3BIBACTCSA HAa BHICOKOM ypoBHe. OmHOI M3 MPUYNH
JaHHOU TPOOJIEMBbI ONpeaesieTCs OTCYyTCTBUE eau-
HBIX CTAHAAPTOB ITOJIYYEHHUS U CITOCOOOB aKTUBALIUMU
JIK B ycnoBusx in vitro. JlokazaHo, YTO IpUMEHEHUE
Pa3IMYHBIX KOMITJIEKCOB IUTOKMHOB TP MHIYKIIUN
nuddepeHIMPOBKM MOHOLMTOB B JIK, cpokut MHKY-
0ann U CIIOCOOBI AaHTUTEHHOW HArpy3KHW IIPUBOLST
K cospeBanuio JIK ¢ pa3sHbIM ypoBHEM GYyHKIIMO-
HaJlbHO# aKTUBHOCTH [3]. ¥ GONBbHBIX 3JI0KAYECTBEH-
HBIMA TIMOMaMM TojioBHoro mo3sra K xapakre-
PU3YIOTCSI HapyllleHUWeM 3KCIpPecCuu MeMOpaHHOM
dopmbl TNFo, 4TO NpUBOAUT K CHMXKEHUIO MX
GYHKIMOHAIBHOM akTUBHOCTHU [6]. C Apyroii cto-
POHBI, caMa OMYXOJb TaKXke BbI3bIBACT IOJABICHUE
crieMpUIECKOro IMpPOTUBOONYX0JIEBOIO UMMYHUTE-
Ta. YCTAHOBJICHO, YTO PsI CUHTE3UPYEMBIX OITYXO-
JIBIO TYMOpPAaJIbHBIX (DAKTOPOB CIMOCOOEH HapyllaTh
nuddepeHIUPOBKY, co3peBaHrMe U (PYHKIIMOHATb-
Hyto aktuBHOCTh JIK. MccinenoBanuem Ning 1 co-
aBT. (2018) mokazaHoO, YTO 93K30COMBI U3 KaplLIMHOMbI

nerkoro LLC Lewis, a Takxke KJIETKM paka MOJIOY-
Hoit xene3bl 4T1 mHrMbupoBanu co3peBaHUe U MU-
rpauuio K [20]. Bai u coaBt. (2018) oTmMeuanu, 4To
y OOJIBHBIX paKOM IpeIACTaTeJIBHOM XKeae3bl J4acTo
BBISIBJISIIOTCST J1e(DeKThl (DYHKIIMOHAIBHOM aKTUBHO-
ctu K. UHrubupoBaHue co3peBaHUSI U aKTUBHO-
ctu JIK ocyliecTBasieTcst OMyXoJiblo 3a CYST CUHTE3a
dakTopa pocta saHgoreausi cocynioB (VEGF), npu-
YyeM I10 Mepe YBEJIMYCHMs 0O0beMa OITYyXOJIM ITOBBI-
maetcs koHueHTpauust VEGE, uto, B cBolo ouepenb,
CTUMYIMUpPYET noaasieHue aktuBHocTu K [7].

dyHKIIMoOHATbHAasT aKTUBHOCTH JIK Takke 3aBU-
CUT OT MCXOIHOTO COCTOSIHMS MOHOIIUTOB KPOBH,
GYHKIVOHAIbHAS aKTUBHOCTh KOTOPBIX MOXET Ha-
pymiaThCs NpU KaHIEepoTreHe3e. B mcciemoBaHMU
Song u coasT. (2016) BBIIBJIICHO, YTO MeMOpaHbI
9K30COM OITYXOJIEBBIX KJIETOK MOKPBITHI (hochopu-
JIMPOBAHHBIM 3MUIEPMATbHBIM peLeNTopoM (ak-
Topa pocta (EGFR) u peuentopoM 2 snuaepmaib-
Horo ¢akrtopa pocta uyeaoBeka (HER-2), kotoprsie
MOBBINIAIOT BBDKMBAEMOCTbH MOHOIIMTOB (3a CYET
MHTUOMPOBAHUS aloITo3a) M CTUMYIUPYIOT Mpe-
VMYIIECTBEHHYI0O UX IUPDEepeHINPOBKY B CBSI-
3aHHBIC C OITYXOJIbIO Makpodaru (tumor-associated
macrophages, TAM), cnocoOHble CTUMYJIMPOBATH
poct omyxonm [24]. AK, muddepeHumpoBaHHbIE
U3 MOHOLIMTOB KpOBU 00JbHBIX pakoM mouku (PIT),
XapaKTepU30BAINCh CHIDKCHHOM KOCTUMYJISITOP-
HOM ¥ AaHTUIECHIIPE3CHTUPYIOILIEH aKTUBHOCTBHIO
3a CUET MOHWXEHHOTOo YpoBHsI skcnpeccun CD83
n CD86 [4]. ¥V 6oapHbIXx PIT1 B XpoBU HapymiaeTcs
COOTHOIIIEHWE MOHOIIUTAPHBIX CyOTOIMyIsIInii, Ha-
OromaeTcs nucbagaHC SKCIPECCUM aKTUBALIMOHHBIX
MOJIEKYJI M CHUKAeTCSI aKTUBHOCTh PECTTUPATOPHOTO
B3pbIBa MOHOLIMTOB [5]. bonee Ttoro, B psine padbot
MOBBIIIIEHNE YPOBHS TIPOBOCIAIUTEIBHBIX MOHO-
mutoB (CD147CD16") B UMPKY/ISILMU CBSI3bIBAIOT
c yBeanuyeHueM coaepxkanust TAM u ycujieHueM po-
crta omyxonu [16, 30].

TakuMm o0pa3oM, LeNbl0 MCCAEeNOBAHMSA SIBUIOCH
usyueHue 3aBucumoctu denoruna K, audde-
PEHLVPOBAaHHbBIX U3 MOHOLIMTOB B YCIIOBUSX in Vitro,
M  KOJIMYECTBA ITPOBOCITAIMTEIbHBIX MOHOIIMTOB
B KpoBHU y 601bHbIX PII.

Matepuans! n MeTogbl

Ha 6a3e KI'bBY3 «KpacHosipckmii KpaeBoit K-
HUYECKUIT OHKOJOTMYECKMU OHCIAaHCep WMEHU
A.W. KpbskaHoBcKoro» oociaemoBaHbl 6obHBIe PIT
(T3NOMO, cBeTIOKIETOUHBIN TUI) B Bo3pacTe 40-55
JIET IO XUPYyprudeckoro yedeHus (n = 28). Jilmarnos
BepH(MUILIMPOBAH I'MCTOJIOTUYECKHU. B KauecTBe KOH-
TPOJIBHOWM TIPYIIIbLI ObLIO MPOBEAECHO OOCIEA0BaHMUE
31 mpakTU4YeCKH 310POBOro YeJI0BeKa aHAJIOTMYHOTO
BO3PACTHOTO IMara3oHa.

MoHOHYKJIeapHble KJIETKM BBIACISUIM U3 Tella-
PUHU3NPOBAHHON BEHO3HOI KPOBU LIEHTPU(PYTUPO-
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BaHMeM B IpagueHTe rutotHocth Histopaque®-1077
(Sigma-Aldrich, CHIA) (p = 1,077). MoHOUUTHI
BbiAesid Ha yamkax Ilerpu (3AO «Onpance», Poc-
cus) myTeM NPUJINIaHU K IIAaCTUKY B cpene RPMI-
1640 B pucyrctBun 10% ayTOJOTMYHOM CHIBOPOT-
ku. JuddepeHIMpoBKa MOHOLIMTOB B HeE3peJibie
AK (51K) ocymecTBiasuiach B TEYEHUE 5 CYTOK IIPHU
37 °C B CO,-unky6arope (Sanyo, SmoHus) Bo ¢ia-
KoHax misa KyiasruBupoBaHms (Greiner Bio One,
Iepmanwst), B cpene RPMI-1640, conepxkarueit 10%
ayTOJIOTMYHOI CHIBOPOTKM M 100 MKT/MJI TeHTaMMU-
nuHa, B nipucyrctBun GM-CSF (50 vr/mi, Sigma-
Aldrich, CIHA) u IFNa (100 Ex/mi, Sigma-Aldrich,
CIIA). AxtuBaumio (cospeBanHue) AK (aJlK) mH-
IyLUPOBaJM BHECEHMEM B Cpely WHKyOalluMu JIv-
3ara omyxoyieBbiX KieTok (100 mkr/min) u TNFa
(25 vr/min, Sigma-Aldrich, CIIIA) ¢ mociienyrolei
uHKyOaluelt B TeueHue 48 4acos.

JJTsl IPUTOTOBJIEHWSI JTU3aTa OITyXOJIEBBIX KIETOK
WCITOJIb30BaIu parMeHT orryxosn (1 cMm?), KOTophIii
MeXaHWYeCKN TOMOTe€HU3UPOBaJIu B 3a0yepeHHOM
(bu3nonornueckoM pacTBOpe W TPWKIABI ILEHTPU-
dyrupoBanu npu +4 °C n 400 g B TeueHne 2 MUHYT
(Eppendorf Centrifuge 5804R, Iepmanus) mis yma-
JICHUsI KOHTJIoMepaToB TKaHu. CyliepHaTaHT 3aMO-
paxuBajiics 1pu Temnepatype -80 °C 6e3 Kpuornpo-
TEKTOPOB U IIPOBOIMIICS depe3 3 IMKIIa OBICTPOTO
3aMOpaXXUBaHUSI—OTTauBaHUA. IlodydeHHBII TO-
MoreHaT HeHTpudyruposanu mpu 2000 g 15 MUHYT.
B cymepnaranTe mo merony bpandopna namepsin
KOHIICHTpAlIMIO OelKa W 3aMOpaXUBaJIM ST ACb-
Helinmrero ucnojb3oBaHus npu -80 °C. B Kynbry-
panbHyI0 cpeny Wi aktuBauuu JAK y 6ombHbIx PIT
BHOCMJICSI ayTOJIOTUYHBINA JIM3aT OMYXOJIEBBIX KJle-
TOK, Y JIML[ KOHTPOJbHOM I'PYIIbl — CAMBHOM JIU3aT
OITYXOJIEBBIX KJIETOK.

HccnenoBaHue ¢deHOTUIIa MOHOIIUTOB KpO-
BU IPOBOAMWIM METOIOM MPOTOYHOU ILIMTOMETPUU
C MCIMOJIb30BaHUEM MPSIMOM MMMYHOMITyOpeCIeH-
UM HEeTbHON TepudepruecKoil KpOBU C UCIONb-
30BaHMEM MOHOKJIOHaAJbHBIX aHTuTend (Beckman
Coulter, CIIIA), wmeuenHbix FITC (fluorescein
isothiocyanate), PE unu RD1 (phycoerythrin), ECD
(phycoerythrin-Texas Red-X), PC5 (phycoerythrin-
cyanin 5) u PC7 (phycoerythrin-cyanin 7) B cieny-
romeit manenn: HLA-DR-FITC/CD14-PE/CDA45-
ECD/CD64-PC5/CD16-PC7. ®eHoTunupoBaHue
AK pa3nmnaHOI CTeIIeHN 3PEIOCTH TaKKe MPOBOIM-
JI METOJIOM TIPOTOYHOM IUTOMETPHUM C UCTIOJIB30Ba-
HHEM MOHOKJIIOHAJIBHBIX aHTUTeN (Beckman Coulter,
CIIA) B crnenytomieit manenu: CD80-FITC/CD86-
PE/HLA-DR-ECD/CD83-PC5/CD14-PC7. Pac-
npenejieHrue aHTUTEN IT0 KaHaimaM (hJIyopeCHeHIINT
TMPOBOIMJIM B COOTBETCTBUHM C IIPUHIIATIAMH (DOPMU-
poBaHUs MaHe el 1JIsI MHOTOLIBETHBIX IUTOMIyOopU-
MeTpudecKux ucciaemoBanuii [1]. ITpodormoaroToBky
OCYILIECTBJISIM 11O CTaHAApTHOM MeToauKe [12]. AHa-
JIU3 OKpallleHHBIX KJIETOK IIPOBOIMIM Ha IMPOTOY-

HoM 1tuToduyopumerpe Navios (Beckman Coulter,
CIIIA) LlenTpa KOJUIEKTUBHOTO TT0JIb30BaHus KHII
CO PAH [28]. B kaxnoil mpobe aHaIU3UPOBAIU
He meHee 50 000 monouuToB unu AK. Onpenensnu
K ¢ dpenoruniom CD14-CD83*, nanbHeiilliee «rei-
TUPOBAHUE» U IOACYET KJIETOK IPOXOAWJ OTHOCH-
TeJIbHO maHHOTO eHOoTHUIA. [10 cpemHeit MHTEHCUB-
Hoctu duyopectieHuuu (MFI — Mean Fluorescence
Intensity) oLieHMBaJUCh YPOBHU BKCIPECCUU TIO-
BEPXHOCTHBIX PELICIITOPOB.

Bce uccimemoBaHMsa BBEIMOJTHEHBI ¢ MHMOPMUPO-
BaHHOTO COTJIacUsl MCIBITYEMBIX U B COOTBETCTBUM
¢ XenTbCUHKCKOM eKmapauueit BceMupHoii accolu-
Ay «ATUYeCKUE MPUHIINITEI ITPOBEICHMS HAyIHBIX
MEIUIIMHCKUX UCCIIETOBAHUM C yYaCTUEM YeIOBEeKa»
¢ nmorpaBkamMu 2000 1. u «IIpaBuiamMu KJIMHUYECKOM
npakTuku B Poccuiickoit @eaepalivin», yTBEpKIAEH-
HbiMu [Ipukazom MwunsnpaBa P® ot 19.06.2003 t.
Ne 266.

OmnucaHue BBIOOPKM IIPOU3BOIAMIMN C TTOMOIIBIO
noacyera MenraHbl (Me) 1 THTEpKBapTUIIBHOTO pa3-
Maxa B Buze 1 n 3 kaptuieil (Q,s-Q, ;5). JocToBep-
HOCTh Pa3IMIrii MeXIy MoKa3aTeJsIMH He3aBUCH-
MBbIX BbIOOPOK OLIEHUBAJIU T10 HellapaMeTPUYECKOMY
kputepuio ManHa—Yutau (Mann—Whitney U test).
JloCTOBEpHOCTh pa3IM4Mii TMoKa3aTeleil B CBsI3aH-
HBIX BBIOOPKaXx OIpeaessuin 1o KpuTepuio Buikok-
coHa (Wilcoxon matched pairs test). CraTuctude-
CKUI1 aHAJIN3 OCYIISCTBIISIIN B TAaKeTe ITPUKJITAIHBIX
nporpamm Statistica 8.0 (StatSoft Inc., 2007).

PesynbTartbl

Ilpu ob6cnenoBanuu OoabHbIX PIT oOHapyke-
HO, YTO OTHOcHUTeJIbHOe KommdectBo CD14"CD16*
MOHOLIMTOB B KpOBU y HUX cocTaBisieT 41,2% (29,3;
54,8), 4To IBUJIOCH 3HaYUTeabHO HUKe (p < 0,001),
YeM y JIMII KOHTpOJIbHOW Tpymmnbl — 73,7% (62,3;
81,3). Mcxonst U3 maHHBIX pe3yJIBTaTOB, BCE OOJIbHBIC
OBLIM pa3fesieHbl Ha IBe TPYINbl MO MeAuaHe KOJIU-
yectBa CD147"CD16" MOHOLIUTOB. YCTAaHOBJICHO, YTO
y 60abHBIX PI1 ¢ BLICOKMM IMPOLIEHTHBIM COIEPKaAHU -
em CD14*CD16* MmoHOLIUTOB (> 41,2%) HaGmionaeT-
¢4 IoHMXkeHHoe Konndectso CD14*CD16- MoHOLIM-
ToB (24,4% (16,9; 38,1)) B cpaBHEHHUH C ITAllUEHTAMU
¢ HU3KUM ypoBHeM (< 41,2%) CD14*CD16" moHoO-
uutoB (68,0% (51,3; 75,0), p < 0,001). B obGeux
c(OPMHUPOBAHHEBIX TPYMHIIaX OOJBHBIX OTHOCHUTEIb-
Hoe KoymmdectBo CD14"CD16" MOHOLIMTOB OBLIO
3HAYUTEIBHO HILKE, YeM Y JIUI KOHTPOJIBLHOM IpyII-
el p = 0,044 — Tipu BBICOKOM TIPOIIEHTHOM YPOBHE
CD14"CD16" xierok, p < 0,001 — 1py1 HU3KOM CO-
JIepXaHnu. Pa3manii Mo mpoOLIeHTHOMY KOJTMYECTBY
CDI14%mCD16" MOHOLIUTOB MEXAY AAHHBIMU TPYII-
namu 6oabHbIX PI1 He oOHapyxeHo. He BhIsIBIIEHO
pa3IMYMil MEXIy I'pyIIiaMu OOJIbHBIX IO IPOIEHT-
HoMmy conepkaHuto HLA-DR* u CD64* kneTok.
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Kak ormedanoch paHee, B3KCIpeccusl aHTHUTe-
Ha CD80 Ha AeHAPUTHBIX KJIEeTKax y oO0cJieloBaH-
HBIX JIML pacrpenensierca Ha 2 nuka [3]. B cBa3u
C 3TUM IpPU UCCICIOBAHUU OCOOCHHOCTU (peHOTHIIA
IEHAPUTHBIX KJIETOK OT KoymdectBa CD147CD16*
MOHOIIMTOB B KPOBU OBIJIO TIPOBEICHO C BBIIEICHI-
eM JIEHIPUTHBIX KJIeTOK ¢ Hu3Koi (CD83*CD80"™)
n BbIcOKOU (CD83*CD80Meh) skcmipeccueit CDS8O.
IIpu wuccnepoBanuu ¢deHorurna HIAK obOHapyxke-
HO, 4TO He3aBucUMO OT KoimdectBa CD14*CDI16*
MOHOLIMTOB B KpoBU y 60abHbIX PII oTHOCUTENBbHO
KOHTPOJILHBIX TIOKa3aTeJieid CHUXKAeTCsl OTHOCH-
TEJIbHOE KOJMYECTBO KJIETOK, BKCIPECCHUPYIOIINX
CD80"%, 1 moBbILIAETCS J0JIS KJIETOK C 3KCITPECCU-
eit CD80Meh (ta6. 1). ETMHCTBEHHBIM ITOKAa3aTeseM,

pa3iuyaronuMcs B 3aBUCUMOCTU OT COJEPXKaHUS
MPOBOCHAIUTEBHBIX MOHOIIMTOB, SIBJISIETCS YpO-
BeHb CD83*CD80Me"HLA-DR™: nmpu HU3KOM KOJIU-
yectBe CD147"CD16" MmoHOoLIMTOB coaepxaHue HK
C JaHHBIM (PEHOTUIIOM CHUKAETCS.

YpOBHU 3KCIPECCUM HUCCIEeIyeMbIX aHTUTE-
HoB (Mo MFI) Ha nmoBepxHocTn CD83" 1 CD80PY
vJIK He 3aBucar or kommyectBa CDI14*CDI16*
MOHOLIUTOB B KpoBU y 001bHBIX PII, HO oTinua-
IOTCSI OT KOHTPOJIbHBIX 3HadyeHuil (Tadin. 2). B To
XK€ BpeMsl BKcrpeccusi psima MapkepoB Ha CD80Meh
u CD80Me"CD86"e y/IK y maunenToB ¢ PIT 3Haum-
TEJIbHO Pa3jInyaeTcsl B 3aBUCUMOCTHU OT COACPXKAHUS
TMIPOBOCTIATIUTEIHHBIX MOHOITUTOB (TabJI. 3).

TABMULIA 1. ®EHOTUM HE3PENbIX AEHAPUTHBIX KNETOK (B %), AM®OEPEHLMPOBAHHBIX IN VITRO U3 MOHOLIUTOB
KPOBH, Y BOMNbHbIX P C PA3NUYHBIM KONMYECTBOM CD14°CD16* MOHOLIMTOB, Me (Qq 55-Qy 75

TABLE 1. PHENOTYPE OF IMMATURE DENDRITIC CELLS (IN %) DIFFERENTIATED /N VITRO FROM BLOOD MONOCYTES IN
PATIENTS WITH KC WITH DIFFERENT AMOUNTS OF CD14‘CD16* MONOCYTES, Me (Qq Qs 75)

BonbHbie Pl

KoHTponb Patients with KC
flokazarenu Control CD14*CD16* CD14*CD16*
Parameters _
n=31 > 41,2% <41,2%
n=14 n=14
CD83*CD80* 95,3 (93,8-98,2) 95,9 (91,7-98,1) 97,5 (94,8-99,3)
27,5 (18,6-57,2) 19,0 (7,3-42,0)
+ low -
CD83*CD80 73,2 (62,2-76,7) 0. < 0,001 b < 0,001
_ 47,2 (27,3-55,2) 52,2 (45,7-63,4)
+ high -
CD83*CD80" 20,0 (13,1-22,1) o = 0,009 0, < 0,001
. . i 100,0 (99,9-100,0) 100,0 (99,9-100,0)
CD83*CD86 99,6 (98,5-99,9) 0. < 0,001 0. < 0,001
CD83*CD8(rish ) 20,9 (12,1-27,9) 17,6 (17,1-27,4)
CD8g"sh 6.8 (58-10,1) b, < 0,001 b, < 0,001

CD83*HLA-DR* 99,5 (99,4-99,9)

99,8 (98,1-99,9)

99,9 (99,6-100,0)

CD83"CD80" 27,5 (18,6-57.2) 19,0 (7,3-42,0)
HLA-DR" 72,9 (61.8-76,7) b, < 0,001 b, < 0,001
CD83*CD80"" 174 (434-22.1 46,4 (27,2-53 4) 52*; (:150,%(()5?,2)
_ " s , 1=44, 1 ,
HLA-DR p; < 0,001 p, = 0,032
CD83'CD80""CD86"" ] 20,9 (12,1-27.9) 17.6 (17.1-27.4)
HLA-DR* 6.8 (58-10,1) b, < 0,001 b, < 0,001
27,5 (18,6-57.2) 19,0 (7,3-42,0)
+ low + _
CD83°CD80°*CD86 73,0 (62,2-76.2) o oo o0
| 47,2 (27,3-55,2) 52,2 (45,7-63.4)
+ high, + _
CD83'CD80""CD86 20,0 (13,1-22,1) o o o e

MpumeyaHue. p, — CTaTUCTUUHECKMU 3HAYUMbIE Pa3NIUYUA C NoKasaTensimMu KOHTpOﬂbHOl‘"I rpynnbl; p, — CTaTUCTUYECKN 3HAYUMbIe

pasnuuus mexay rpynnamu 60MbHbIX C BLICOKUM (> 42%, NpubnmkaeTcsl K yPOBHIO KOHTPOMBLHOIO AMana3oHa) U HU3KUM
(< 42%) copepxaHueM NnpoBocnanuTenbHbIX MOHOLMTOB B NepudepryecKoil KpoBMU.

Note. p;, statistically significant differences versus controls; p,, statistically significant differences between two groups of KC
patients with high (> 42%, approaching the control range) and low (< 42%) content of pro-inflammatory monocytes in peripheral

blood.
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TABINLIA 2. YPOBEHb 3KCMPECCUU AHTUIEHOB HA HE3PEJIbIX CD83* U CD80™ [K (B o. €.),
AUOOEPEHLMPOBAHHbIX IN VITRO U3 MOHOLINTOB KPOBW, B 3ABUCUMOCTHU OT KONNYECTBA CD14*CD16*

MOHOLIMTOB Y BOJIbHbIX PI1, Me (Q; 55-Q; 75)

TABLE 2. EXPRESSION LEVELS OF ANTIGENS ON IMMATURE CD83* AND CD80 DC (in r.u.) DIFFERENTIATED IN VITRO

FROM BLOOD MONOCYTES IN DEPENDING ON THE AMOUNT OF CD14*CD16* MONOCYTES IN PATIENTS WITH KC, Me

(Q0.25-Q0.75)

BonbHbie Pl
KoHTponb Patients with KC
MokasaTtenu Control " " " "
Parameters r CD14*CD16 CD14*CD16
n=31 >41,2% <41,2%
n=14 n=14
Ha CD83* kneTkax
on CD83* cells
) 5,39 (4,75-8,28) 5,99 (5,39-6,59)
CD80 4,26 (2,22-4,56) p, = 0,003 p1=0,017
CD83 8,64 (6,94-10,60) 10,32 (8,56-10,90) 8,76 (7,05-10,70)
CD86 17,90 (15,80-19,90) 17,00 (16,35-33,10) 15,30 (12,00-17,50)
) . 33,10 (27,15-38,30) 26,50 (19,30-29,20)
HLA-DR 21,00 (14,20-22,40) b, < 0,001 o1 = 0,045
Ha CD80"" kneTkax
on CD80"" cells
i 1,90 (1,85-2,16) 1,94 (1,90-1,96)
CD80 1,54 (1,20-2,23) p, = 0,002 p, = 0,004
CD83 5,71 (4,65-9,21) 8,82 (7,70-11,00) 7,18 (6,99-8,37)
] 9,61 (7,04-11,60) 6,70 (6,01-7,73)
CD86 6,58 (3,75-9,96) b, = 0,044 b, = 0,037
i ) 27,85 (20,45-35,90) 23,70 (20,50-26,80)
HLA-DR 13,30 (7,68-15,50) 0, = 0,008 0, = 0,017

MpumeyaHune. CM. npumeyaHue kK Tabnuue 1.

Note. As for Table. 1.

B 3aBUCHMMOCTU OT colepXaHUsI B KPOBU OOJb-
Heix PIT CD14"CD16" MOHOLMTOB 3HAYUTENIb-
HO paziandaetcs ¢eHoTun a/lK B KyiIBType KIETOK
(tadm. 4). [IprmyeM Ipu pa3IUIHOM YPOBHE IIPOBOC-
HaJINTEJIFHBIX MOHOIIMTOB B KPOBH IMalieHTOB ¢ PI1
comepxanne aJlK ¢ denormmamum CD83"CDS80eY,
CD837CD80"eh y CD83*CD80*HLA-DR™" B KyJb-
Type KJIETOK U3MEHSIETCSI B IPOTUBOIIOJIOXKHOM Ha-
TpaBJIeHUN OTHOCUTEIBHO KOHTPOJIBHBIX 3HAYCHUIA.
IIpn 3TOM OGHaApPyXKEHO, YTO YPOBHU 3IKCIIPECCUU
OOJBIIMHCTBA HCCICAYeMBIX PELEIITOPOB HAa MEM-
O6panHe a/[K y OOJBHBIX C HU3KUM COIEPXKAHUEM
CD14"CD16* MOHOLMTOB B KPOBU CHMXEHBI OT-
HOCUTEJILHO TIOKa3aTeJieil KOHTPOJbHBIX 3HAYEHUI
W YPOBHEH, BEISIBJICHHBIX Y ITAlIMEHTOB C BHICOKUM
KOJIMYECTBOM  TPOBOCHAJIMTEIIBHBIX MOHOIIMTOB
(Tabu. 5u 6).

B nipouiecce cozpeBanus allK in vitro y aui KoH-
TPOJILHOIM TPyINbl CHUXKAETCS MPOLIEHTHOE COAEp-

xkanue CD83*CD80 knetok (p = 0,043) u mo-
BhIlIaeTcs  KojqudectBo CD837CD80OMeh  kjeTok
(p=0,046) (cm. Ta6a. 1 u4). Kpome TOro, y Ini KOH-
TPOJILHOU TPYIIHI B KyabType a/lK moHmxkaeTcst ot-
HocuTeabHoe KoamdectBo CD83*CD80*HLA-DR*
(p = 0,017), CD83*CD80"e"HLA-DR* (p = 0,009)
u CD83*CD80°*CD86" xierok (p = 0,010), HO
npu nosbiieHun ypoBHst CD83*CDS80"e"CD86*
kinetok (p = 0,039). ¥ o6onpHbix PIT ¢ BbICO-
KM ypoBHeM B KpoBu CDI14*CD16" MOHOLMTOB
npu co3peBaHuu aJIK B KyiabType yBeJIWYUBacT-
¢  oTHOocuTelabHOe coaepxanue CD83TCD80Nv
(p = 0,042), CD83*CD80**HLA-DR* (p = 0,044)
u CD83*CD80°*CD86* kierok (p = 0,046), HO
npu ToHWKeHnn ypopHeit CD837CD80MNehCD86Me
(p=0,013)uCD83*CD80"enCD86Me"H LA-DR™" kite-
ToK (p=0,012). ¥ 06ciIenoBaHHBIX IMTAIIUEHTOB C HA3-
KHMM KomdecTBoM BKpoBr CD147"CD16* MOHOIIMTOB
B KyJibType aJlK yBenmnumBaeTcs IpOLIEHTHOE COAEP-
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TABIULIA 3. YPOBEHb 9KCTIPECCHM AHTUIEHOB HA HE3PEMbIX CD80"s" | CD80"+"CD86"s" [IK (8 o. e.),
[NOOEPEHLIMPOBAHHBIX IN VITRO U3 MOHOLIMTOB KPOBM, B 3ABUCHMOCTM OT KONWYECTBA CD14*CD16*
MOHOLIUTOB Y BONBHBIX P, Me (Q;,6-Qy.7¢)

TABLE 3. EXPRESSION LEVELS OF ANTIGENS ON IMMATURE CD80"" AND CD80"s"CD86/" DC (in r. u.) DIFFERENTIATED IN
VITRO FROM BLOOD MONOCYTES IN DEPENDING ON THE AMOUNT OF CD14*CD16* MONOCYTES
IN PATIENTS WITH KC, Me (Qg-Qy )

BonbHbie Pl
KoHTponb Patients with KC
MokasaTtenu Control " " " "
Parameters o CD14*CD16 CD14*CD16
n=31 > 41,2% <41,2%
n=14 n=14
Ha CD80"s" kneTkax
on CD80"is" cells
) 7,06 (5,78-8,74) 6,18 (5,18-7,75)
CD80 4,75 (3,80-6,60) b, = 0,003 p1=0,028
CD83 6,44 (5,01-10,30) 7,62 (6,17-10,06) 7,23 (6,47-8,15)
i 10,57 (7,66-12,90) 8,01 (7,88-8,40)
CD86 6,04 (4,78-7,38) b, = 0,039 b, = 0,004
16,00 (14,30-22,50)
HLA-DR 9,79 (5,23-14,50) 22,60 (176686%9'40) p, = 0,027
Pe=5 p, = 0,041
Ha CD80"s"CD86"" kneTkax
on CD80"s"CD86"a" cells
CD80 7,62 (3,34-8,29) 7,01 (6,57-9,50) 8,91 (7,86-9,80)
46,60 (40,20-55,00)
CD83 78,40 (70,20-115,0) 70,40 (53,90-95,65) p, = 0,045
p, = 0,048
CD86 12,10 (5,55-19,50) 11,70 (9,11-13,25) 9,76 (9,17-11,20)
35,20 (33,40-44,20)
HLA-DR 126,0 (125,0-221,0) 98,55 (41 61851303'0) b, = 0,004
Pi=b p, = 0,039

MpumeyaHue. Cm. npumeyaHue K Tabnuue 1.
Note. As for Table. 1.

xxanne CD83*CD80"eh knetok (p = 0,048) u MoHU-
KaeTcs ypoBeHb CD837CD80MehCD86Me"HLA-DR*
kietok (p = 0,026).

IIpu co3peBaHuM (aKTUBALIMM) ASHAPUTHBIX KJIE-
TOK y JIUIL KOHTPOJIBHOM TPYMITHI yPOBHU 3KCIIPECCUM
ucciaenyeMbix perentopos Ha CD83* u CD80P a/IK
He MeHsTcs (cM. Tabit. 2 u 5). V 6onbHbIx PIT ipu
BBICOKOM ypoBHe B KpoBu CD14*CD16" MOHOLIMTOB
yBeJIIrBaeTcst akcnpeccust Mmosekyn CD83 u CD86
Ha CD80 aJIK (p < 0,001 B o6oux caydasix). Y 06-
CJIEMOBAaHHBIX MAllMEHTOB C HU3KUM COJEepXaHUEM
CD14*CD16" MOHOLIUTOB B KpOBU IIPU CO3pEBAHUN
NEHAPUTHBIX KJIETOK Ha ToBepxHocTu CD83* aJIK
cHmxaetcs akcnpeccuss CD83 (p = 0,028), CD86
(p = 0,041) u HLA-DR (p < 0,001). Kpome Toro,
y JINLI JAHHO TPYTIITHI TAKXKe TMTOHMKAETCS IKCIIpec-

cust antureHos CD83 (p = 0,011), CD86 (p = 0,030)
n HLA-DR (p <0,001) nHa CD80" a/IK.

Y ML KOHTPOJIBHOM TPYIIBI MIPU CO3PEBaHUU
JEHAPUTHBIX KJIETOK Ha moBepxHoctu CD80Mer aTK
noBeiaeTest 3Kkcnpeccuss HLA-DR (p < 0,001)
M MoHMXaeTcs skcnpeccusds CD83 mo nmoBepXHOCTU
CD80MerCD86Mer aIK (p = 0,039) (cm. Tab. 3 u 6).
Y 6oabHbiX PII ¢ BhICOKMM ypOBHEM coaepzKaHUSI
B KpoBu CD14*CD16" MOHOILIMTOB IIPU CO3pEeBAaHUU
JIEHIPUTHBIX KJIETOK Ha moBepxHocTr CD80Mer aJTK
noseiraeTcs ypoeHb CD80 (p < 0,001) u CD86
(p < 0,001), a Ha moBepxHocTu CD80Me"CD86Me
aJIK — yBeanmuuBaetrcsa mioTHoctb HLA-DR
(p = 0,048). ¥ mauMeHTOB C HU3KWAM YPOBHEM
CD14*CD16" MOHOLIUTOB B KPOBHU IIPU CO3PEBAHUN
JEHAPUTHBIX KJIETOK Ha moBepxHoct CD80Mer aTK
cHmxkaeTcs akcrpeccust CD83 (p = 0,035), CD86
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TABINLA 4. ®EHOTUN AKTUBUPOBAHHBIX AEHAPUTHBIX KNETOK (B %), AN®®EPEHLIMPOBAHHbBIX IN VITRO
13 MOHOLIMTOB KPOBMW, Y BOJIbHbIX P C PA3NINYHbIM KOTMYECTBOM CD14*CD16* MOHOLIUTOB, Me (Q,25-Q; 75)

TABLE 4. PHENOTYPE OF ACTIVATED DENDRITIC CELLS (IN %) DIFFERENTIATED N VITRO FROM BLOOD MONOCYTES IN
PATIENTS WITH KC WITH DIFFERENT AMOUNTS OF CD14‘CD16* MONOCYTES, Me (Qq Qs 75)

BonbHbie PN

n KOHTpO.l'Ib Patients with KC
Ny Control cD14*CD16* CD14*CD16*
Parameters _
n=231 >41,2% <41,2%
n=14 n=14
CD83*CD80* 99,5 (98,7-99,7) 96’;1(216%'377 8) 98,2 (93,7-99,2)
12,1 (10,6-43,3)
CD83*CD80°" 31,8 (16,3-40,7) 604 (f%"ggg’?’) b, = 0.009
P =5 p, < 0,001
73,7 (48,6-81,9)
CD83*CD8"isn 45,3 (26,5-55,9) 305 (370'%132’5) p; =0,017
P =" p, < 0,001
CD83*CD86* 99,9 (99,7-100,0) 99,7 (99,6-99,9) 99,9 (99,3-99,9)
. 8,3 (7,7-11,0)
CD83*CD8(Qen 5,2 (3,2-6,9)
. 13,8 (6,6-35,0) h p, = 0,004
high =
CD86"s Py = 0,014 p, < 0,001

CD83*HLA-DR*

99,8 (99,2-99,9)

99,7 (99,6-99,7)

99,6 (98,8-99,7)

12,0 (10,5-23,3)

CD83°CD80 60,3 (56,4-62,3)

C 31,6 (16,2-40,3) b, = 0,009
HLA-DR P < 0,001 p, < 0,001
CD83"CD80™" ] 30,4 (26,4-36,2) 70,8 (48,2-81,5)
HLA-DR* 6.4(52-7.9) b, < 0,001 b1, < 0,001
CD83*CD80"s" 137 (6.7-35.0) 5,3 (3,41-6,8) 8’5 (Z’g'ggf)

high _ + i = s - 1= VY,
CD86""HLA-DR b, = 0,011 P o001
CD83CD0"" 1 60.4 (56.4-62.3) 12,0 (10,6-23.4)
el 31,7 (14,9-40,6) o b, = 0,009
1<0, b, < 0,001
| 73.7 (48,5-81.9)
+ high
ggggcoso ? 44,9 (26,5-55,9) 39,5 (35,9-417) b, = 0,017
b, < 0,001

MpumeyaHue. CM. npuMevaHue K Tabnuue 1.

Note. As for Table. 1.

(p = 0,047) m HLA-DR (p = 0,019), a Ha mToBepx-
Hoctu CD80"e"CD86Meh a/IK yMeHbIIaeTCsl ypOBEHD
CD83 (p=10,012).

ObcyxaeHue

(DYHKLII/IOHaJ'H:HaH AKTMBHOCTb JCHAPUTHLIX KJIC-
TOK OIIPpEACIACTCA HCJIbIM KOMIIICKCOM MOJICKYI,
IIPEACTAaBJICHHbLIX HAa MX ITOBECPXHOCTHU M OCYHICCT-
BJIAIOIUX KOCTUMYJIALINIO N MPE3CHTALUIO aHTUTI'C-
HOB. HpI/I OTOM AaKTHUBHOCTDH ,E[eH,Z[pI/ITHOKIIeTO‘{HOfI
BaKIIMHbI MOXKET OMNpCACTIATbCA HC TOJIBKO 3(1)(1)6K—
TUBHOCTHIO IITMTOKHMHOBOI'O «KOKTCI7U[$I», nHAyH-

pymoliero and@epeHMPOBKY MOHOLIUTOB B JI€H-
IPUTHBIEC KJIETKU B YCJIOBUSIX in Vitro, HO U PSIIOM
naToreHeTUYeCcKnX (hakTopoB in vivo. B acTHOCTH,
HaKOIUIEHHME B OKpYyXalollleil OIMyXOoJb Cpele ane-
HO3WHA MPUBOIUT K CHIDKEHUIO (DYHKIIMOHAJIBHOMN
aktuBHoctu JIK [25]. Hanpumep, B ucciaeaoBaHUMU
Bennaceur u coapt. (2009) moka3zaHO, YTO TaHIJIU-
O3UIbI, BEIOEISIEMBIE KJIeTKAMU MEJIAaHOMBI, WHIY-
LMPYIOT aIloITo3 AEHAPUTHBIX KiIeToK [8]. OmHako
M3BECTHBIC MEXaHU3MBI U (paKTOPHI 3aIUTHI OIy-
XOJI OT BO3IEMCTBUS MMMYHHOUW CHCTEMBI MOTYT
BO3ICHCTBOBATh HE TOJIBKO Ha IEHIAPUTHBIC KIIETKU,
HO ¥ HAa MOHOIIUTHI KPOBH, OCYIIIECTBIISIST UX «TIepe-
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TABJINLIA 5. YPOBEHb 3KCMPECCUU AHTUIEHOB HA 3PENbIX CD83* N CD80" [IK (B 0. e.), ANDPOEPEHLIMPOBAHHBIX
IN VITRO N3 MOHOLIUTOB KPOBW, B 3ABUCUMOCTW OT KONIMYECTBA CD14*CD16* MOHOLIUTOB Y BONbHBIX PI,

Me (Qy25-Qq 75)

TABLE 5. EXPRESSION LEVELS OF ANTIGENS ON MATURE CD83* AND CD80™ DC (inr. u.) DIFFERENTIATED IN VITRO
FROM BLOOD MONOCYTES IN DEPENDING ON THE AMOUNT OF CD14*CD16* MONOCYTES IN PATIENTS WITH KC,

Me (Qq25-Qo 75)
BonbHble Pl
KoHTponb Patients with KC
MokasaTtenu Control " " " "
Parameters r CD14'CD16 CD14°CD16
n=31 > 41,2% <41,2%
n=14 n=14
Ha CD83* kneTtkax
on CD83* cells
CD80 5,77 (4,94-7,29) 4,15 (4,06-4,99) 5,86 (3,80-7,15)
4,12 (3,28-4,97)
CD83 8,00 (6,95-10,65) 7,09 (6,84-7,41) p, =0,014
b, = 0,028
8,76 (7,85-8,82)
CD86 20,65 (13,70-41,80) 12,40 (2*870'2320) b, < 0,001
Pi=0 p, = 0,009
9,62 (8,52-10,60)
HLA-DR 15,15 (9,67-22,80) 21,50 (1_76785273’80) b, < 0,001
Pi=b p, = 0,008
Ha CD80"" kneTtkax
on CD80"v cells
CD80 1,52 (1,41-1,87) 2’43 (j’g%ffg) 1,83 (1,81-1,97)
1= Y
3,23 (2,84-3,36)
cD83 5,71(4,87-6,33) 39,14 (15645(_)11 -68) p,=0,016
Pi=b, p, < 0,001
3,30 (3,00-3,39)
CD86 5,71 (3,97-6,77) 38,78 (14693611 -63) b, = 0,007
Pi=b, p, < 0,001
7,99 (6,90-9,01)
HLA-DR 10,50 (7,61-11,90) 18,40 (13668]i1 50) p; =0,039
P =0 p, = 0,030

MpumeyaHue. Cm. npumeyaHme K Tabnuue 1.

Note. As for Table. 1.

MpOrpaMMUPOBaHUE» U CHIXAsT (PYHKIIMOHATBHYIO
aKTUBHOCTDb JEHIPUTHBIX KJIETOK, KOTOpPbIE M3 HUX
nuddepenupyotcs. Han u coast. (2014) nokasa-
i, uto 1L-10, mpomyKiinss KOTOPOTro MHIYIIMPYETCS
renaToKJIETOYHOM KaplLIMHOMOM, BBI3BIBACT HAPYIIIE-
HUe co3peBaHusd U audbepeHMpoBky K, nmpoBo-
OUpys IIPEeuMyIIeCTBEeHHOEe (hOPMHUPOBAHUE KIIETOK
C ToleporeHHbIM (peHOoTUIIOM [13].

I[lpn mpoBemeHWM HACTOSIIIETO WCCIETOBAHUS
obHapyxeHo, uTo y 6onbHBIX PII B mepudepuue-
CKO#l KpPOBU CHMXKAETCSI COIEpKaHWe ITPOBOCITAIM-
TelbHbIX MoHoLUTOB (CD14*CD16%). Ilpu stom
B oOuIei rpymnrne o0cjiefOBaHHBIX OOJBHBIX ObLIU
BBIIEJIEHBI (pas3fesieHbl 10 MenuaHe) Julla C BbI-

cokuM (> 41,2%, 4ro mpUOIMXKAIOCh K 3HAYEHM-
sIM, BBISIBICHHBIM Yy JIWII KOHTPOJbHOM T'PYIIIIbI)
U HU3KUM KojimdyecTtBoM (< 41,2%, B 2 u Gosee pa3
OTHOCHUTEILHO KOHTPOJBHBIX 3HA4eHUIT) MOHO-
LUTOB C yKa3aHHBIM (peHoTurioM. Y O6onabHbIX PII
C BBICOKMM YPOBHEM ITPOBOCITAJIMTEIIBHBIX MOHO-
LIMTOB B KPOBM HAOIIONAIOCH COOTBETCTBYIOLLIEE
KOHTPOJILHOMY AWalia3oHy colepkaHWe KJlaccuye-
cknx MoHorutoB (CD147CD167). CooTBeTCTBeH-
HO, y 00CJIeIOBaHHBIX MAIlUEHTOB C HU3KUM ypPOB-
HEM NPOBOCHAJINTEIIBHBIX MOHOILIMTOB BEISIBIISIETCS
BBICOKOE COIEpKaHUE «KIACCUYECKMX» MOHOLIM-
TOB. Paznuuuii y nByx rpynn 6oabHbiX PIT B oTHO-
CUTEJTbHOM KOJIMYECTBE MOHOIIMTOB C (heHOTUITOM
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TABINLIA 6. YPOBEHb 3KCMPECCUU AHTUIEHOB HA 3PENbIX CD80"¢" U CD80""CD86"<" K (B 0. e.),
JUOOEPEHLMPOBAHHbIX IN VITRO U3 MOHOLITOB KPOBW, B 3ABUCUMOCTHU OT KONNYECTBA CD14*CD16*

MOHOLIMTOB Y BOJIbHbIX PI1, Me (Q; 55-Q; 75)

TABLE 6. EXPRESSION LEVELS OF ANTIGENS ON MATURE CD80"" AND CD80""CD86"" DC (in r. u.) DIFFERENTIATED
IN VITRO FROM BLOOD MONOCYTES IN DEPENDING ON THE AMOUNT OF CD14*CD16* MONOCYTES IN PATIENTS WITH

KC, Me (Qq25-Qq75)

BonbHbie Pl
KoHTponb Patients with KC
MokasaTtenu Control " " " "
Parameters r CD14*CD16 CD14*CD16
n=31 > 41,2% <41,2%
n=14 n=14
Ha CD80"s" kneTkax
on CD80"is" cells

} 39,33 (35,67-41,70) 6,01 (4,65-6,79)

CD80 5,35 (4,89-8,81) b, < 0,001 b, < 0,001
3,99 (3,33-4,48)

CD83 6,41 (5,36- 7,15) 6,53 (5,72-6,74) p; =0,014

p, = 0,025
: 39,69 (36,15-41,75) 6,44 (5,30-6,63)

CD86 6,44 (5,22-8,10) b, < 0,001 b, < 0,001
) : 15,10 (14,50-17,10) 8,25 (7,03-8,51)

HLA-DR 44,47 (25,07-55,33) 0, = 0,014 b1 5 < 0,001

Ha CD80"s"CD86"e" kneTkax
on CD80"e"CD86"9" cells
CD80 6,25 (4,63-8,42) 6,96 (6,89-9,33) 7,03 (6,76-7,44)
26,30 (23,50-29,40)

CD83 46,85 (30,05-59,15) 85,20 (7_66686%1 70) p, =0,019

P =0, p, = 0,008
9,92 (8,81-10,40)

CD86 14,35 (9,19-19,25) 13,50 (13,20-22,70) p,; =0,015

p, = 0,032

HLA-DR 101,8 (76,40-116,5) 118,0 (105,0-148,0) 34,10(32,90-34,10)
p;.. < 0,001

MpumeyaHue. CM. npuMeyaHue K Tabnuue 1.

Note. As for Table. 1.

CDI149mCD16" He o6HapyxkeHO. Takxke He BbISIBIIE-
HO pasMmIuii MexXIy c(pOpMUPOBAHHBIMH TPYITITAMU
OOJIbHBIX 110 MPOLIEHTHOMY KOJIMYECTBY MOHOILIUTOB,
skcrpeccupylomux HLA-DR u CD64.
UccnenoBanue ocobeHHocTeit ¢deHotumna K,
MOJIYYeHHBIX TNpU IuddepeHInpOBKE U3 MOHO-
LUTOB KPOBU B YCJIOBMSIX in Vitro, B 3aBUCUMOCTH
OT KOJIMYECTBA B KPOBH ITPOBOCITAIUTETLHEIX MOHO-
LUTOB, Y 00JIbHBIX PIT mo3Boaniao oOHapyXUTh clie-
IYIONINEe 3aKOHOMEPHOCTH. Tak, (DeHOTHITMYCCKUIA
coctaB HIK cnabo paznuuaercs y 6ojbHbIX PIT B 3a-
BUCUMOCTH OT KOJIMYECTBA IIPOBOCHAIUTEIbHBIX
MOHOIIUTOB B KPOBU. Y 00CJIeIOBaHHBIX ITAIIMCHTOB
C HU3KUM KOJIMYESCTBOM MPOBOCHAINTEIIHHBIX MOHO-
LIMTOB YCTAHOBJICHO TOJIbKO MOBBIIIEHUE COAEpXKa-
oua K ¢ penornmom CD83*CD80"e"HLA-DR*
MO0 CpaBHEHUIO C TTOKAa3aTesisiMU OOJIbHBIX C BBICO-

KMM YypPOBHEM MIPOBOCHAJINUTEIBHBIX MOHOIIMTOB.
B uenom y 6onbHbix PIT kKonmnuecTBo HAK ¢ ykazaH-
HbIM (DEHOTUIIOM 3HAYMTEJIbHO BBIIIC, YeM Y JIMIL
KOHTpOJIbHOW Tpyrmbl. Monekyna CD83 saBusercs
OCHOBHBbIM Mapkepom JIK, oTHocuTcs K cymnepce-
MelicTBy Ig u mpencraBisieT co0Oi MIMKO3UIMPO-
BaHHbBIN TpaHCMEMOpPaHHbIN 0€J10K C MOJEKYJISIPHOM
Maccoii okosio 45 k/la, IpuHUMAaET yyacTue B ITIpe-
3¢HTAllMM aHTUT€HOB W WHMIIMALIMM adallTUBHOTO
UMMyHHOTO oTBeTa [9, 26]. CD80 (wum B7.1) saB-
JISIeTCI  IMKO3WJIMPOBAaHHBIM  OJHOLIETIOYEYHBIM
0GeJIKOM C MOJEKyIsIpHOi Maccoit 60 k/la, koro-
pblii, coBMecTHO ¢ CD86 (mm B7.2), onpenensieTcs
Kak juraHn g CD28 u CD152 Ha moBepXHOCTU
T-numpounrton[15,27]. Cuurtaercs, uro CD80 obna-
IaeT 60abpIIM cpoacTBoM K CD152 T-1umMbo1nToB,
B3aMMOJENCTBUE C KOTOPHIM MPUBOJAUT K Pa3BUTUIO
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ToJieporeHHoro addekra, Toraa kak CD86 B3aumo-
nevictByeT ¢ CD28 M, COOTBETCTBEHHO, BBLI3BIBAET
aktuBanuio T-xietok [22]. HLA-DR ortHocuTcst
K MHC II knacca 1 ydyacTByeT B Ipolieccax Npe3eH-
taru antureHos [10, 19]. OcobeHHOCTHIO (hbeHOTH -
na HJAK y 6onbHbix PII ¢ BBICOKMM coaepKaHUEeM
MPOBOCHAIUTEIbHBIX MOHOIIMTOB B KPOBM TakKXKe
saBIsieTcst yBenuueHue ypoBHeir CD86 Ha CD80Y,
HLA-DR nHa CD80Meh kieTkax, a TakKe MOJICKYJI
CD83 u HLA-DR na CD80MehCD86Meh uJ1K.

HezaBrucumMo oT conep:kaHus TPOBOCTIATUTETbHBIX
MOHOLIMTOB B KpoBU y 60abHbIX PIT oTHOCUTENbHO
KOHTPOJIbHBIX 3HAYCHUI TOBBIIIACTCS KOJIUICCTBO
vJIK ¢ deHoruniom CD83*CD80"e" CD83*CD86",
CD83*CD80MehCD86Meh CD83*CD8OMehCD8GMieh
HLA-DR*uCD83*CD80"e"CD86", Ho Tpy MOHMXKe -
Huu ypoBHeir CD83*CD80"*, CD83*CDS80°YHLA-
DR* u CDS83*CD80**CD86" nJK. CD83* nJAK
B 00l1eil rpyrnne o0cien0oBaHHBIX MAlUEHTOB CUJIb-
Hee aKcrpeccupyoT Moaekynsl CDS80 m HLA-DR,
CD80" xnetku — HLA-DR u CD80"e" kjneTku —
CD80. CnenoBatenbHo, y 6oabHbIX PIT mpu nudde-
PEeHUMPOBKE MOHOLUTOB (opmupyercsa mya HIAK,
00JTaTaloNINX BHICOKOI CITOCOOHOCTBIO K IIPe3eHTa-
1IUY 1 OMHOBPEMEHHO K TOJIEPOTreHHOM KOCTUMYJISI-
WU,

IIpn cospeBanmu/aktuBauun K y 3mopo-
BBIX JIIOAeii B KIIETOUYHOI KyJIbType HaOJona-
eTCsl  TIOBBIIIEHWE IPOIEHTHOTO  CONIEpPXKaHUS
CD83*CD80"eh  y CD83*CD80"e"CD86* aJIK,
HO TIpM CHWXeHun KommdectBa CD83*CD80YY,
CD83*CD80**HLA-DR"*, CD83*CD80Me"HLA-
DR*"u CD83*CD80"°*CD86* a/IK. ITpu 3TOM (beHO-
Tun a/IK y 6onbHbix PIT 3HaunTeIbHO pasinyaercs
B 3aBUCHUMOCTH OT KOJWYECTBA ITPOBOCIIATIUTEIIb-
HBIX MOHOLIMTOB B mepudepuyeckoii kpoBu. Tak,
B MPOTUBOITOJIOKHOM HAaIlpaBJIEHUM OTHOCHUTEIBHO
KOHTpPOJIbHBIX 3HaueHui y O6osibHbIX PIT mM3MeHs-
erca koiqudyectso CD83*CD80PY, CD83"CD80her,
CD83*CD80"e"CD86"er, CD83*CD80°"HLA-DR",
CD83*CD80"enCD86Me"HLA-DR*™ u CD83*CD80%
CD86" a/IK B kyiabType. [IpuyeM y MalMeHTOB C BbI-
COKHMM YPOBHEM ITPOBOCIAIUTEIbHBIX MOHOIIMTOB
usmeHeHue ¢eHorumna K B mpolecce ux cospe-
BaHUS OTIpENENIsSIeTCsS TOBBIIIIEHUEM JOJIM KJIETOK
C HU3KUM ypoBHeM 3Kkcripeccun CD80 1 cHIKeHU -
€M OTHOCUTEJIbHOTO COJIepKaHUsI C BBICOKUM YPOB-
HEM S5KCIPEecCCUU AAHHOW MOJIEKYJIbl. Y OOJbHBIX
C HU3KUM KOJIUIECTBOM KPOBH IPOBOCHAINTEIFHBIX
MOHOILIMTOB HaOJomaeTcss obpaTHasi 3aBUCHMOCTD
MO0 WM3MEHEHUIO KOJIMYECTBA KIIETOK C BBICOKUM
M HU3KUM YPOBHEM 3KCIIPECCHUH ITOBEPXHOCTHOTO
CDS80. BrissBnieHHbBIe ocobeHHOcTH peHoTHa alK
OTpaXarT TEeHACHIINIO (pOPMUPOBAHUS KIETOK C TO-
JIepOreHHOI KocTumyJsiueid y 6oabHbix PIT ¢ HU3-
KNM YPOBHEM IPOBOCHAJIUTEIIBHBIX MOHOIIUTOB.

B 3aBmcmMoCTH OT comep:KaHUSI ITPOBOCITAJIM-
TEJIbHBIX MOHOIIUTOB B KPOBUM 3HAYMUTEIBHO pa3iiv-
YJalOTCSl YPOBHU DKCIPECCUU UCCIEAYEMbIX MapKe-
poB Ha noBepxHocTu allK. ¥ 6oabHbIX PIT ¢ HU3KUM
kommyectBoM CD14*CD16" MOHOLIMTOB B KPOBM
Ha noBepxHocTu CD83" aJ/IK ypoBeHb 3KcIpeccuu
CD86 mmoutu B 1,5 paza HIXe, YeM IIPU BLICOKOM CO-
Iep>XaHUM MPOBOCHAJINTEIFHBIX MOHOIIMTOB, a YpO-
BeHb akcripeccun HLA-DR — B 2 paza Huxke. Crieno-
BaTejbHO, Y 60JbHBIX PIT mpyu HU3KOM KoJiMuecTBe
MPOBOCHAIUTEbHBIX MOHOLIUTOB B KPOBU (DOpMU-
pyetcs perHorun CD83* aJIK ¢ HU3KUMHU CITOCOOHO-
CTSIMM K TIPE3CHTAlUM aHTUTCHA W KOCTUMYJISIIUH
T-nmumponnTos.

B nByx rpynnax 6oabHbiX PI1 3HaunTenbHO pas-
JIM4aeTcs pacapeneseHue 3KCIIPECCUU UCCIETYEMBbIX
MapKepoB Ha nmoBepxHoct CD80 u CD80Mem aJTIK.
OOHapyKeHO, UYTO IIPU BEICOKOM YPOBHE ITPOBOCIIA-
JIUTETLHBIX MOHOILIUTOB B ITepu(epUIECKOl KpOBU
skcnpeccuss CD86 na CD80° a/IK Gosee yem B 11
pa3, a akcrnipeccuss HLA-DR — Goiee yeM B 2 pa3za
10 CPaBHEHUIO C BBISIBJIEHHBIM Y JIUIL C HU3KUM CO-
JepKaHWeM VyKa3aHHBIX MOHOUMTOB. IlomoOHast
TEHICHIINMS B pacIIpeleJICHUM YPOBHEM BKCIIpec-
cun CD86 m HLA-DR coxpansiercss u Ha CD8(Qhish
aJ/IK, 4TO, COOTBETCTBEHHO, OIIpelesIsieT Cciaadyio
(PYHKUIMOHaIbHYIO aKTUBHOCTh a/IK y 6onbHbIX PIIT
C HU3KHUM COJEpKaHUEM IPOBOCIAIUTEIBHBIX MO-
HOIIUTOB.

Cuuraercst, yto 3penble K ¢ deHoTunom
CD80MehCD86Me" 061anal0T MAKCUMAaIbHBIM (DYHK-
nMoHanbHBIM ToTeHuManom [17, 18]. Ha aJK c
yKazaHHbIM ¢eHoTurnoM y OoabHbIX PII ¢ BbICO-
KM coAepXaHUEM IPOBOCITAJIUTEIBHBIX MOHO-
LMTOB B KpOBM ypoBeHb 3Kcnpeccuu CD83 B 3,2
pas3a TIpeBBIIIAcT TAKOBOK Yy IMAIIIEHTOB C HU3KHM
kommuectBomM CDI14"CD16" MoHOUMTOB, TOrAa
kak CD86 — B 1,4 paza u HLA-DR — B 3,5 pasza.
Takoe pacrnpeneneHne 3KCIIPECCU TaHHbBIX pelen-
TopoB Ha CD80"e"CD86"e" a/IK cBUIETEILCTBYET
O TOBBIIIEHHOM CITOCOOHOCTU K Mpe3eHTAluM aH-
TUTeHAa U (POopMHUPOBAHUIO IPPEKTUBHOIO KOCTHU-
MYJISIHMOHHOTO CUTHasa IS T-KIJIIETOK y OOJbHBIX
C BBICOKMM COAep>KaHUEM TMPOBOCIIAIUTEIbHBIX
MOHOIIATOB.

Takum obpaszom, y 6oabHbIX PIT B nepudepuue-
CKOWM KpOBM CHUXKaeTcst koamyectBo CD147CD16*
MOHOLUTOB (10 42% OT ypOBHS OOIIUX MOHOLIUTOB)
OTHOCHUTEJIbHO KOHTPOJIBHOTO Auaria3oHa. B cBs3m
C 3TUM aHaIu3 3aBUCUMOCTU (peHoTtuna JAK, momy-
YEHHBIX U3 MOHOLIMTOB B YCIOBMSX in Vitro, OT KO-
JIMYEeCTBAa TPOBOCHAINTEIBHBIX MOHOIIMTOB B KPOBU
OB IIPOBEICH ITyTeM CPaBHEHUS ITOKA3aTesICH C BbI-
COKUM COAep>KaHMEeM IIPOBOCIIAIMTEILHBIX MOHO-
LUATOB B KpoBU y 60nbHBIX PIT (> 42%, npnbnnxkaer-
Cs1 K YPOBHIO KOHTPOJILHOTO JMana3oHa) U HU3KUM
(<42%). YcTtaHOBJIEHO, 4TO y 60bHBIX PIT ¢ HU3KUM
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KOJIMYECTBOM B KPOBH ITPOBOCITAIMTEILHBIX MOHO-
muToB (< 42%) TOBBIIIACTCSI COACPXKAHUE TOJIEPO-
reHHbIX H K B Kj1ieTouHOI KynbType. OCOOeHHOCTBIO
¢denoruna HIAK y mamuMeHTOB C BBICOKUM COAEP-
XaHWEeM IIPOBOCITAIUTEILHEIX MOHOIIMTOB B KPOBU
(> 42%) s1BASIETCS OTHOCUTEIbHOE YBEIUYECHUE DKC-
IpecCH MOJICKYJI, OTBEYAIOIIMX 3a IIPE3CHTALINIO
aHTUTeHa W (QOPMUPOBAHUE KOCTUMYJISITMOHHOTO
curHaia. Ilpu co3peBaHuM/aKTUBaLUM (PEHOTUIT
JAK 'y 6onbHbix PII ¢ pa3nyHbIM coaepKaHueM Mpo-
BOCITAJTMTETbHBIX MOHOIIMTOB pa3InyaeTcs CUJIbHee.
Y GONBHBIX ¢ HU3KUM YPOBHEM MPOBOCTAJINTEIIBHBIX
MOHOILIMTOB B KPOBM B KJIETOUHOI KYJBType (op-
MUpyeTcs myit 3penblx JIK ¢ HU3KuM ypoBHEM 2KC-
npeccun CD86 u HLA-DR, 4TO, COOTBETCTBEHHO,
yKa3bIBaeT Ha HU3KUU 3(PEOEKTOPHBIN MOTEHUIMAT
stux HAK ¢ TOYKM 3peHMs] Mpe3¢HTAllMW aHTUTCHa
U KOCTUMYASILUU T-KAeTOK. Y GOJIbHBIX C BLICOKUM
YPOBHEM MNPOBOCHAIMUTEIbHBIX MOHOLIMTOB B KJle-

TOYHOI KyJbType (pOopMUPYETCS ITyJI aKTUBUPOBAaH-
HbiX JIK ¢ BBICOKMM YypoBHeM (PYHKUMOHAJbHON
akTUBHOCTH. BrisiBIeHHBIEe pasnmuunsg ¢peHotuna K
OT CyONOMYJISIIIMOHHOIO COCTaBa MOHOIIMTOB KPOBU
y OoonbHBIX PIT xapakTtepusyloT MeXaHu3MBI IIPO-
TpPaMMHUPOBAHUS KIIETOYHON mmddepeHINPOBKN
B 3aBUCUMOCTU OT MUKPOOKPYXKEHUSI, B TOM 4HCIe
M TIaTOTeHHOro XapakTepa (Ha (poHE OITyXOJIeBOTO
pocTta).

bnarogapHocTu

HdaHHasg paboTa BbIMTOJIHEHA NpU (HUHAHCOBOM
noaaepxke KpaeBoro rocynapcTBEHHOro aBTOHOM-
Horo yupexneHusi «KpacHospckuii kpaeBoir (hoH
NOAAEPKKU HAaydHOU W HAyYHO-TEXHUYECKON Jesi-
TeJILHOCTU» (TIPOEKT «MeXaHU3MBblI METa0OINIECKO-
ro pernporpaMMUPOBAHUS KJIETOK BPOXIEHHOTO UM-
MYHUTETA MPU OITyXOJEBOM POCTE»).
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B3AUMOCBA3b OAHOHYKJIEOTUOHOIO
NoJIMMOP®U3MA rEHOB UUTOKUHOB U KITIMHUKO-
NABOPATOPHbIX MOKA3ATENEN Y BOJIbHbIX
MHO)XECTBEHHON MUEJIOMOM

ITasaosa A.A.l% ITaBaosa VILE.!, Byonosa JIL.H." 3, Beccmeannies C.C.L
Kapsaruna E.B.*

'@I'BY «Poccuiickuii Hayuno-uccaedosamenvckuii UHCMumym 2emamono2uu u mpancgysuonoeuu PedepanvHo2o
Meduko-buonoeuueckoeo azenmemea», Cankm-Ilemep6ype, Poccus

2 Knunuka evicokux meduyunckux mexronoeuil umenu H.U. ITupocosa (noauxaunuka, cmayuonap) @I60Y BO
«Cankm-Ilemepbypeckuii eocydapcmeennulii ynugepcumem», Cankm-Ilemep6ype, Poccus

S @I'BOY BO «lIlepsviii Cankm-Ilemepbypeckuii 20cydapcmeenbiii MeOUYUHCKUL VHUGEDCUMEmM UMEHU aKaoeMuKa
U II. ITasrosa» Munucmepcmea 30pasooxparnenus PO, Cankm-Ilemepbype, Poccus

4 CII6 I'BY3 «Iopodckas 6oavhuya Ne 15», Cankm-Ilemepbype, Poccus

Pe3tome. MHOXeCTBEHHAsT MAEJIOMa — 3TO HauboJiee yacTo BeTpevatouiasicst popmMa rmapanporeMHeEMHUYe-
CKHX TeMO00JIaCTO30B, KOTOpasi OTJIMYAETCS BapraOeIbHOCThIO KIMHWYECKUX TTPOSIBJICHU I, (POpM 1 BapUaH-
TOB TeueHUs1. B pa3BUTHM JaHHOTO 3a00JI€BaHUS CYLLIECTBEHHYIO POJIb UTpaeT HeaocTaTouHast 3((HEKTUBHOCTh
MPOTUBOOITYXOJIEBOM MMMYHHOI 3allIMTHl OpraHnW3Ma, a BbDKMBAaHWE MMUEJIOMHBIX KJIETOK yBEJIWYMBAECTCS
MpU AEUCTBUU POCTOBBIX (DAKTOPOB, K KOTOPBIM OTHOCHUTCSI B TOM YHUCJE LEbIA psia UHTepJekKuHoB. [{u-
TOKWHbBI U XEMOKUHBI CEKPETUPYIOTCS B OTBET HA MEXKJIETOUHbIE B3aUMOIECHCTBUS, CTUMYJIUPYS POCT OMy-
XOJIM, UTHTUOUPOBaHME OCTEO0JaCTOB U MOBBIIIEHWE aKTUBHOCTU OCTEOKIAacTOB. [eHbI HIUTOKWUHOB obsaaa-
IOT YpEe3BbIYAiHO BBICOKOW CTENEHbIO ajlieJbHOro noauMopdusma. KoamyectBo BapradebHbIX y4acCTKOB
B OJTHOM IeéHe MOXET IOCTUTaTh HECKOJbKUX JECATKOB, U pacriojlaraTbCsi OHU MOTYT B 3K30HaX, MHTPOHAaX
U MIPOMOTOPHBIX PETrYISITOPHBIX 30HaX. M3BECTHO, YTO OAWMHOYHbIE HYKJIIEOTUIHbIE 3aMEHbI B ITPOMOTOP-
HOI 0071aCTU T€HOB IMTOKWHOB B HAMOOJIbIIEH CTETIEHU BIMSIOT HA CKOPOCTh CEKPELIMU U OHMOJIOTUYECKYIO
aKTUBHOCTb 3TUX (hakTOopoB. [T03TOMY M3yuyeHUE aJUIebHBIX BApMAHTOB T'€HOB, OMNPEACISIONUX 0a30BbIit
YPOBEHb MPOAYKIIMU IUTOKUHOB, MO3BOJUT YCTAHOBUTH HOBbIE UMMYHOT€HETUYECKHE (DAKTOPhI, aCCOLIUM-
pPOBaHHBbIE C BEBICOKMM PUCKOM pa3BUTHUS 3a00ieBaHUI, B MaTOT€HE3€ KOTOPBIX LIMTOKWHBI UTPAIOT BaXKHYIO
poJib, B TOM YUCJIE U MHOXECTBEHHOU MueJoMbl. [IpoBeneHO u3yuyeHue B3aMMOCBSI3U OJHOHYKJIEOTUTHO-
ro nojaumopdusma reHoB TMTOKUMHOB (IL-1a -889 TT, IL-1B +3962 TT, 1L-6 -174 GG u IL-6 nt565 GG)
U KJIIMHUKO-J1a00paTOPHBIX MoKa3aTeseil (coaep:KaHue ChIBOPOTOYHOTO ajibOyMUHa, [32-MUKPOIIO0yIMHA
U reMorIo0rHa), ONpeAesSIOIINX CTeTIeHb TSKECTU TedeHUs 3a0oaeBaHus y 80 OOJIbHBIX MHOXECTBEHHOMN
MuejgoMoi, mpoxuBatwiiux B CeBepo-3anagHoM pernoHe Poccuu. Ha ocHoBaHUM MOJTydYeHHBIX pe3ysbTa-
TOB YCTAHOBJIEHO, YTO HaJM4YM€ B T€HOTUIE MPOBOCHAIUTEIbHBIX HUTOKWUHOB TMpeapacnoaraloiimx uMMy-
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HoreHeTn4eckux dakTopos: IL-1a -889 TT, IL-13 +3962 TT, IL-6 -174 GG, IL-6 nt565 GG wnu IL-10 -889
TT, IL-1B +3962 TT wnm I1L-6 -174 GG, IL-6 nt565 GG — accoUMUPOBaHO C HU3KUM YPOBHEM albOyMUHA
(< 3,5 1/m1) 1 BBICOKAM YpOBHEM [2-MuUKporiooyauHa (> 5,5 mr/m). CoueTaHne BCeX YEThIpEX «HETaTHB-
HbIx» romo3urotr (IL-1a -889 TT, IL-1B +3962 TT, 1L-6 -174 GG u IL-6 nt565 GG) yBenu4mMBaeT IIaHC
CHUKEHUs1 YpOBHST anbbymMuHa B 6 pa3 (p < 0,05), couetanus romo3urot IL-1a -889 TT, IL-1B +3962 TT,
1L-6174 GG u IL-6 nt565 GG yBeanuuBaeT IIAHC MOBBIIICHUST YPOBHS 32-MUKporiooyiauHa (> 5,5 Mr/m)
GoJiee yeM B 2 pa3a, 4TO MO3BoJIsIeT paccMarpuBaTh reHoTUnbl IL-10 -889 TT, IL-1p +3962 TT, 1L-6 -174 GG
u IL-6 nt565 GG Kak OOIMOJHUTEIbHBIE HETATUBHBIE UMMYHOTeHETHUYECKHE (aKTOPhl TPOTHO3a TEYSHMUST
MHOXECTBEHHOI MUEJIOMBI.

Karouesnle cro06a: MHONCECMBEHHAS MUCAOMA, YUMOKUHbL, 0OHOHYKACOMUOHBLU NOAUMOPDUIM, 2eHbl, UHMEPACIKUHbL, AAbOYMUH,
bema-2-mMuxpoesodyaun

RELATIONSHIP BETWEEN SINGLE NUCLEOTIDE
POLYMORPHISMS IN CYTOKINE GENES AND CLINICAL
LABORATORY PARAMETERS IN PATIENTS WITH MULTIPLE
MYELOMA

Pavlova A.A»*, Pavlova LE.2, Bubnova L.N.>¢, Bessmeltsev S.S.2,
Karyagina E.V.©

@ Russian Research Institute of Hematology and Transfusiology, St. Petersburg, Russian Federation

b N. Pirogov Clinic of High Medical Technologies, St. Petersburg State University, St. Petersburg, Russian Federation
¢ First St. Petersburg State 1. Pavlov Medical University, St. Petersburg, Russian Federation

4 Municipal Hospital No. 15, St. Petersburg, Russian Frederation

Abstract. Multiple myeloma is the most common form of paraproteinemic hemoblastosis, which is
characterized by variability of clinical manifestations, forms, and variants. Limited efficiency of antitumor
immune protection in the patient plays an important role in progression of this disease. Survival of myeloma
cells is promoted by some growth factors, including a number of interleukins. Cytokines and chemokines are
secreted in response to intercellular interactions and stimulate tumor growth, inhibition of osteoblasts and
increase of the osteoclastic activity. Cytokine genes show a significant allelic polymorphism. A single gene may
exhibit numerous polymorphic sites located in exons, introns and promoter regulatory areas. Single nucleotide
substitutions in the promoter region of cytokine genes are known to have a huge impact upon secretion
and biological activity of these factors. Therefore, a study of allelic gene variants determining the levels of
cytokine production will allow of establishing new immunogenetic factors associated with a high risk of disease
development, including multiple myeloma. We have studied single nucleotide polymorphism in cytokine genes
(IL-1a -889 TT, IL-1B +3962 TT, IL-6 -174 GG, and IL-6 nt565 GG), and clinical laboratory parameters
(serum levels of albumin, f2-microglobulin, and hemoglobin) determining severity grade of multiple myeloma
in 80 patients living in the North-Western region of Russia. It was found that the presence of certain cytokine
gene variants, i.e., IL-1a -889 TT, IL-13 +3962 TT, IL-6 -174 GG, IL-6 nt565 GG or IL-1a -889 TT, IL-13
+3962TT orIL-6-174 GG, IL-6 nt565 GG was associated with low albumin levels (< 3.5 g/DL), and high levels
of B2-microglobulin (> 5.5 mg/1). A combination of all the four negative variants in homozygous state (IL-1a
TT -889, IL-1B +3962 TT, IL-6 -174 GG and IL-6 nt565 GG) increases the chance of six-fold reduction of
albumin levels (p < 0.05); combinations of homozygous IL-1a TT -889, IL-1p +3962 TT, IL-6-174 GG. and
IL-6 nt565 GG are associated with increased chance of high-level 32-microglobulin (> 5.5 mg/1) by more than
two times. This data allow to consider IL-1a -889 TT, IL-1p +3962 TT, IL-6 -174 GG, and IL-6 nt565 GG
genotypes additional negative immunogenetic factors in the prognosis of multiple myeloma.

Keywords: multiple myeloma, single nucleotide polymorphism, genes, interleukins, albumin, beta 2-microglobulin

BBeﬂeHme Ccs BapMaOeJIbHOCTBIO KIMHUYECKUX IIPOSIBICHUM,
¢dopM M BapuaHTOB TEYEHMSI, UYTO OOYCIOBJIIEHO
KaK OCOOEHHOCTSIMHU KJIETOK OITyXOJI€BOIO KJIOHA,
4acTo BCTpevarouiascsi hpopma naparnporeMHEMUYe-  Tak UM CTENEHbBIO Pe3UCTEHTHOCTU OpPraHU3Ma WHIM-
CKUX reMo0yacTo30B. DToO 3a00jeBaHUE OTJIMYAeT- BHUAyyMa K pa3BUTUIO Heoruia3uu [9].

MHoxectBeHHast mueioma (MM) — Haubosee
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st MM xapakTepHbl HEKOHTPOJUpYeMasi Mpo-
Judepalisl KIOHAJIbHBIX KJIETOK, OOYCJIOBJICHHAas
XPOMOCOMHBIMHM HAapYIICHUSIMUA, MATOJIOTHS CTPO-
MaJIbHOTO MUKPOOKPYXEHHUSI U MIPUCYTCTBUE MOHO-
KJIOHAJILHOTO TIPOTEMHA B KpOBU 1/miau Moue [1, 2].
OTanbl pa3BUTUS KJIOHA MaTOJOTMYECKUX MUETIOM-
HBIX KJIETOK W3 KIJIETKU-TIPEIIISCTBEHHUIILI IIpelI-
cTaByieHbI Ha pucyHke 1 [11].

OnHako B pa3BUTUU MHOXECTBEHHOU MUEJIOMBI,
HapsIoy ¢ TeHETUYECKMMU II0JIOMKaMU U Hapylle-
HUSIMU HOPMAJILHOTO (hyHKIIMOHUPOBAHUSI KOCTHO-
MO3TOBOI'0 MUKPOOKPYKEHHUSI, CYILIECTBEHHYIO POJIb
WUTpaeT u HeaocTaTouyHast 3(pheKTUBHOCTh MPOTUBO-
ONyXOJeBOM MMMYHHOM 3amuThl opraHusma [10].
BboKuBaHUE MUEJIOMHBIX KJIETOK YBEJIMYUBACTCS
MpU JEUCTBUU POCTOBBIX (PAKTOPOB, K KOTOPBIM OT-
HOCHUTCSI B TOM UYMCJIC LEJBIA Psii MHTEPICHKIHOB
(IL-6, IL-10, IL-1B, 1L-4, IL-5, IL-12) [1, 2, 6].
MuenoMHbBIE KJIETKM B3aUMOJIEHCTBYIOT CO MHOTH-
MU KJIETOYHBIMA KOMIIOHEHTaMU KOCTHOTO MO3Ta,
BKJIIOYasi OCTEOKJIaCThl, OCTEO0O0JIaCThbl, ME3ECHXM-
MaJIbHBIC CTBOJIOBBIC KJIETKU, CTPOMAJIbHBIC KICTKH
W SHIOTeIUaIbHbIe KJIETKU cOcyaoB. LIMTOKMHBI
M XEMOKWHBI CEKPETUPYIOTCS B OTBET Ha 3TH MeEX-
KJIETOYHbIE B3aMMOAEUCTBUS, YTO MPUBOAUT K PO-
CTy ONyXOJIM, UHTUOMPOBAHUIO OCTEO0JIaCTOB U T10-
BBHIIICHUIO aKTUBHOCTU OCTEOKJIACTOB, KPOME TOTO,
LUTOKWUHBI MOTYT WHIYyLUMPOBaTh JEKapCTBEHHYIO
YCTOMUMBOCTD (puc. 2, cM. 3-10 CTp. 00JI0XKKM) [15].
Wuaykuus pocta kjieTok MM mpoucxoauTt B mep-
BYIO ouepenb 3a CYET TaKMX LIMTOKMHOB, KaK WH-
TepiaeknH-6 (IL-6), MHCYTMHOIIOAOOHBIN (haKTOp

poctra-1 (IGF-1), dakrop pocra sHAOTENUs COCY-
noB (VEGF), dakrTop Hekposa omyxonu-o. (TNFao)
¥ CTPOMAJIBHBIN KJIeTOUHBIH (pakTop-1 (SDF-1).
YcuyieHue aKTUBHOCTU OCTEOKJIACTOB BBI3BAHO
pPa3IMYHBIMUA OCTEOKJIACTAKTUBUPYIOIIMMU (DaKTO-
pamMu — makpodarajJbHbIM O0€JIKOM BocHajieHUsI- 1o
(MIP-1a), ¢pakropom pocta renarouutoB (HGF),
WICHOM CyIepCceMEMCTBa JIMraHAmOB (pakTopa He-
kpo3a onyxoiu (RANKL), VEGE TNFa, IL-153
un IL-6, 91O BemeT K KJIETOYHOMY POCTY M BBIKMBa-
HUI0 KJIeTok MM. NMHrudupoBanue nuddepeHm-
POBKM OCTE00JIaCTOB BBI3BIBAIOT TaKue (DaKTOPBHI,
Kak IL-3, IL-7, Runx2/Cbfal u Wnt (B 4acTHOCTH,
y MalIMeHTOB C JUTUYECKUMU MOPaXKEHUSIMU KOCTEM
3HAYUTEJIFHO 3KCIPECCUPYETCS MHIuonUTOp audde-
peHuManuu octeobnactoB — mnpoTenH dickkopf-1
(DKK1) — anTaroHucr nepempauu wnt-cursaia) [15].
[eHBI MUTOKMHOB 001aAAI0T YpE3BBIYATHO BBICO-
KOW CTereHblo ajuiejibHOro noauMopdpusma. Konu-
YeCTBO BapraOCIbHBIX YYACTKOB B OTHOM I'e¢HE MOXKET
JMOCTUTAaTh HECKOJIBKUX MECSTKOB, W pacliojlaraTh-
Csl OHM MOTYT B KOOUPYIOIIMX 00JacTsIx (3K30HaX),
a Takke B MHTPOHAX M TIPOMOTOPHBIX PETYISITOPHBIX
30Hax. M3BeCTHO, YTO OJMHOYHbBIE HYKJICOTUIHBIC
3aMeHBbI (single nucleotide polymorphisms — SNP)
B IMIPOMOTOPHOI 00JIaCTU F€HOB LIMTOKMHOB B Hau-
OOJIBIICH CTEIEHW BIUSIIOT HA CKOPOCTh CEKPEIINU
U OMOJIOTUYECKYI0 aKTMBHOCTb 3THUX (PaKTOpoB |3,
4]. TlosToMy M3y4YyeHHUE aIeJIbHBIX BapUaHTOB Te-
HOB, OTIPEACSIONX 0a30BbIi YPOBEHDb MPOAYKIINN
LIUTOKWHOB, MO3BOJIUT YCTAHOBUTb HOBbIE UMMYHO-
reHeTn4YecKrue (hpakTOphI, acCOLIMMUPOBAaHHBIC C BBI-

MosbiwweHHbIn nHaeke AHK / Increased DNA labeling index

PaspyLweHue koctn / Bone destruction

3apogbiLuesbiit LieHTp B kneTku /
Germinal center B cell

AxrvoreHes / Angiogenesis

WHTpameaynnspHas OKcTpamenynnspHas MuenomHas knetoyHas
MEETJ?’S/ gjr-foi(l’(;g?i?\ Mmm; > Muenoma / | Mvenoma / | MHWS [
g my Intramedullary myeloma | | Extramedullary myeloma | | Myeloma cell line

Kapnotunuyeckas HectabunbHocTs / Karyotypic instability

S ——
MepBuyHble

translocations

AKTVUBaLMS MyTaLmit
N-RAS, K-RAS, FGFR3 /
Activating mutations
N-RAS, K-RAS, FGFR3

BropuiHbie (Ig) Tpacnokauwmm (c-MYC, ap.) / Secondary (lg) translocations (c-MYC, others)

13q14 aeneuun/moHocoMMM /
13914 deletion/monosomy

TP53 myTauum /
TP53 mutations

PucyHok 1. lMaToreHeTUYecKasi Nporpeccus MHOXECTBEHHON MMENOMbI (Ig-MMMYHOrNOOYNMHbI)

Figure 1. Pathogenetic progression of multiple myeloma (Ig-immunoglobulins)
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COKMM PMCKOM pa3BUTHs 3a00jieBaHUIi, B IaTore-
He3e KOTOPBIX IIMTOKWHBI UTPAIOT BaXXHYIO POJb,
B TOM 4YHCJIe 1 MHOXECTBEHHOI MHeIOMEI. PaHee
HaMM OBLIO MOKAa3aHO, YTO HAIMYHWE Y WHINBUIY-
yMOB, npoxuBatoiux B CeBepo-3anagHoM peruoHe
Poccun, renotunos IL-1a -889 TT, IL-1B +3962 TT,
I1L-6 -174 GG, 1L-6 nt565 GG saBuseTcs Ipeapac-
MOJIarajollliM  WMMYHOT€HETUYECKUM  (haKTOpOM
pazsutust MM, a TGF-B1 codon 25 GG u IL-4 -33
CC — npotekTuBHBIM [7, 18].

Knaccupukaumsas MM Bcerma  oTjiMyanach
oT KJaccupukauuii apyrux sadosjesaHuit. Hosroe
BpeMsI CTAaHIAPTOM SIBJISLIACh CUCTEMa CTadPOBaHUS
no B.G.M. Durie — S.E. Salmon (1975), ocHOBaH-
Has Ha MpeACcTaBIeHUU 00 OITyXOJEeBOU IMPOrpeccuu
¥ KOPPESIIIUU MEXIY MacCOM OITyXOJIW M KJIMHUYE-
CKUMM TIposiBJieHUsIMU. Ho B HacTosi1iee BpeMs yalie
HICTIOJIB3YeTCsI OOHOBJICHHASI MEXKIyHAPOTHAS CHCTE-
ma ctangupoBaHust MM (Revised international staging
system — R-ISS), nmpennoxeHHast rpymnIoi 1Mo u3-
yyeHuto muenoMnl (International myeloma working
group — IMWG) B 2014 . 1 nononHeHHass EBpo-
NEeNCKMM OOIIECTBOM MEINIIMHCKOW OHKOJIOTUH
(European society for medical oncology — ESMO)
B 2017 . OTta cucrema 6a3upyeTcst Ha OoINpeaeIeHUN
CBIBOPOTOYHBIX KOHIIEHTpAIIMi ABYX IMOKa3aTeseid:
aTpoyMuHa M [2-MukporiooyinuHa [16, 17]. Tak,
st ctaguu I MM xapakTepHbI clieaypoiine moxKasa-
TeJIN: YpOBEeHb reMorjioonHa > 10 r/mi1; ypoBeHbD ajib-
OymuHa > 3,5 1/m1; ypoBeHb [2-MUKPOTIO0YIUHA
< 3,5 mr/n. Ans ctaguu 11 MM — ypoBeHb reMorio-
OuHa, TToKa3aTesIM KOTOPOTO He YKJIaJAbIBaIOTCS HU B
I, am B 11l crammm; ypoBeHB ampoymuHa < 3,5 /101
ypoBeHb [32-mukpornobynuna < 3,5 mr/n wiu 3,5-
5,5mr/a. dnsgacranuu Il MM — ypoBeHbreMorjioonHa
< 8,5 r/mi; ypoBeHb 2-MUKpOIJIOOyIrHa > 5,5 MI/J1.

YpoBEeHb CBHIBOPOTOYHOTO [2-MUKPOIJIOOYyIrHA
KOCBEHHO OTpaxkaeT 00beM KIICTOUHO OITyXOJIEBOIt
maccol (> 1,2 kinetku  10'2/mM?) u HapylieHre QyHK-
1IUY TT0YeK. A HU3KUI YPOBEHb CBIBOPOTOYHOTO aJlb-
oymuHa ripu MM xapakTepusyeT HapyleHus QyHK-
IIMA TIEYeHU, CTEeTIeHb TSKeCTM KOCTHOU OO0JIe3HU
M 3a4aCTy10 OBIBAET OMTOCPEAOBAH BEICOKMM YPOBHEM
MMPOBOCIAINTEIBHBIX LIMTOKMHOB, Harmpumep 1L-6,
CEKpEeTUPYEeMbIM KaK MUEJIOMHBIMU KJIETKaMU, TaK U
MuUkpookpyxenuem [11, 14, 17]. NHbunsrpauus
MUEJIOMHBIMU KJIETKAMU KOCTHOTO MO3Ta BBI3bIBAET
MOBPEKICHNE SPUTPONITHOTO POCTKA KOCTHOTO MO3-
ra, YTo MPpUBOIUT K CHUKECHMIO YPOBHSI T€eMOIIO0N -
Ha U KOJIUYECTBA SPUTPOLIUTOB, BHI3bIBAasA pa3BUTHE
XPOHMYECKOI TKaHeBOI T'MITOKCUU, C1ab0CTH, TOJI0-
BOKPYXKEHUS 1 OJIETHOCTU KOXHBIX TOKPOBOB.

be3ycnoBHO, WMMyHOreHeTMYeCKUE (haKTOPHI
MPEeapacIioOXXEHHOCTH YeJI0BeKa K pa3BUTUIO TOTO
WM UHOIo 3a00jieBaHUSI HE SIBJISIIOTCSI pellaroliv-
MU, TTOCKOJIBKY JJIs peain3aliuu 00JIe3HU B pa3Bep-
HYTYI0 KJIMHUYECKYIO0 (OopMy HEOOXOIMMO Yy4JacTue

paspemaroiux gakTopoB [8]. OgHaKO yCTaHOBJIEHO,
YTO ecju 3a0ojieBaHUE, aCCOLIMMPOBAHHOE C TeMU
WIM WHBIMA WMMYHOTEHETUUYECKMMHM MapKepaMMu,
pa3BUBAaETCS Y UHIUBUAYYMOB, UMEIOLLIUX 3TU Map-
Kephl, TO TeUeHHe 3a00JeBaHUSI OTIMYAETCS OOJb-
el TSXKeCTbI0 M pa3BUTUEM OCJOXHeHU. Kpome
TOTO, IIOMCK JIOITOJITHUTEJIbHBIX MMMYHOTCHETHYE-
CKHMX MPOTHOCTUYCCKUX KPUTECPHUEB, MO3BOJISIOIINX
BBIACIUTDH cpenu 00JbHbIX MM rpynibl MOBBIIIEH-
HOTO pHCKa, HEOOXOOUM, ITOCKOJIBKY 3TO ITO3BOJIUT
¢ 0OJIBbIIEN TOYHOCTBIO CTPATU(DULIMPOBATH OOJIBHBIX
MM Ha TpyIITsl pUcKa U ONTUMHU3UPOBATh TEPAITUIO.

Ilenbio HACTOSAIIETO HCCJIEIOBAHUS SIBUJIOCH OIIpE-
JleJIeHWE B3aMMOCBSI3U TEHOTUTIOB TTIPOBOCITATUTETb-
HbIX TUTOKUHOB (IL-1a -889 TT, IL-13 +3962 TT,
IL-6 -174 GG u IL-6 nt565 GG) ¢ coaepXaHueM
anpOymMuHa, P2-MUKPOIJIOOYyJIMHA U TeMOIJIOOU-
Ha y OosbHbIXx MM CeBepo-3anmagHoro peruoHa
Poccun.

Matepuans! v MeToapb!

O6cnenoBano 80 60apHBIX MM, cpemHuii BO3-
pacT malueHToB coctaBmia 69,618,6 et (U3 HUX 54
JKEHILMHBI 1 26 My>XXYKMH), BCEe MAaLM€HThI ObLIN XU~
tenssmu CeBepo-3ananHoro peruoHa Poccuu u cum-
Tanu cedst pycckumu. IlanmeHtsl ¢ MM npoxoaunu
oOclyienoBaHue U JIeYCHHE B KJIMHUYECKOM OTIEJIe
XUMUOTEpAINM TeM00J1aCTO30B, AeTIPECCUil KPOBET-
BOPEHMS M TpaHCIIaHTaLUKU KocTHOoro Mmosra @I'BY
PocHUUTIT ®MBA Poccuu u B oTIEeI€eHUU reMa-
tonoruu CI16 I'BY3 «JTopoackas 6onbHUIIa No 15».
Hwuarno3 cumnromatuyeckoii MM ObL1 Bepubuiim-
pOBaH Ha OCHOBAaHUM KPUTEPUEB, pa3pabOTaHHBIX
EBMT/IBMTR/ABMTR [12, 13].

Hna nonyyenust JJHK Heobxoaumoro kadectBa
U B HYXHOM KOJMUYECTBE MPUMEHSUIM METOI BbI-
nenenust JIHK u3 sinpoconepkallivx KaeToOK Iepu-
depuyeckoit KpoBU Ha MUKPOLECHTPUDPYKHBIX KO-
JIOHKax ¢ cwiukarejieBoii MemOpaHoii. [eHoOMHOe
TUIIMPOBAHUE MPOBOAMJIM METOIOM, OCHOBAaHHOM
Ha MOJIMMEPa3HON LIEMHOW peakiuy C TPUMEHEHU-
eM ajuienecrenndundeckux npaiimepos (PCR-SSP).
Buzyanuzanuto pesyiasratoB PCR-SSP ocymect-
BJISUT TIOCPEICTBOM TOPU30HTAIIBHOTO 3JICKTPOdhOo-
pe3a B arapo3HoM rejie (puc. 3).

Ha Bcex 3Tamax MOJIEKYISIPHO-TEHETUIECKOTO
HCCJIeOBaHUS UCITOJb30BAIUCh CTAHAAPTHBIE KOM-
MepuyecKre HaOophl peareHTOB. CTaTUCTUYECCKYIO
00paboOTKy IOJIYyYeHHBIX PE3yJIbTaTOB IPOBOAWIIN
¢ nomoublo GraphPad QuickCalcs. OTkiioHEeHUS
OT pacripenesieHus1 3aKkoHa Xapau—BaiiH6epra pac-
CUMTBIBAJIM METOIOM XW-KBaapaT, 3HAUYeHUs IIpU
p < 0,05 cunTanu cTaTUCTUYECKU 3HAYUMBIMU.

JJTst CTaTUCTUYECKOM OLIEHKH CBSI3M MEXITY OTIpe-
neJeHHBbIM TeHOTUIIOM M 3ab0oJjieBaHueM MM wuc-
MOJIb30BaJIM MOKa3aTeJIb OTHOIIIEHUSI IITaHCOB 3a00-
sneBanust (OR) ¢ 95% noBepuTeIbHBIM WHTEPBAJIOM
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(CI). CratucTtuyecku 3HAUYMMBIMM CUHMTAJIU pas3-
JU4YMs cpaBHUBaeMbIx BennuuH npu p < 0,05, npu
ycioBuM, 4to 3HaueHUst 95% CI He mepecekatot 1.
OTHOIIEHUS IIAHCOB PAaCcCYUTHIBAIM IO (opmyie:
OR = (a*d)/(b*c), rne a — ecTb (hakTOp pUCKa U €CTh
ncxon, b — ectb pakTOp pHCKa, HO HET UcXoda, C —
HeT paKTopa pucKa, HO ecTb ucxol, d — HeT (pakTopa
puCKa, HEeT UcXoja.

PesynbTartbl

M1 npoaHanu3upoBaiu YpoBHU albOyMUHa, 32-
MUKPOIJIOOYJIMHA U TeMOIJIO0MHA y TTallMeHTOB C Ha-
JIMIeM UMMYHOTEHETHIeCKUX (DaKTOPOB, aCCOLNU-
poBaHHBIX ¢ pazButieM MM (IL-1a -889 TT, IL-1B
+3962 TT, 1L-6 -174 GG u IL-6 nt565 GG) u 6e3
TaKOBBIX B TCHOTHIIE.

bonbHbie MM, y KOTOPBIX BBISIBJIEHBI BHIIIEIIEPE-
YUCJICHHBIE TEHOTHUIIBI, OBLJIM pa3ae/ieHbl Ha YEThIpe
Tpynmsl: K 1-0¥ rpymnme oTHeCeHbl NallueHThl ¢ MM,
Y KOTODPBIX OIIpeNcacHBEl B TOMO3UTOTHOM COCTOSI-
Huu: IL-1a -889 TT, IL-1B +3962 TT, IL-6 -174 GG
u IL-6 nt565 GG (11% ot Bcex 06CIeI10BaHHBIX Ta-
nueHToB ¢ MM). Bropyto rpymnmny coctaBuin 00ab-
HbI€, Y KOTOPbIX B TEHOTUIIE TTpUCYTCTBOBAIM IL-1a
-889 TT u IL-1B +3962 TT (18%). B TpeTbio rpyrimy
BKJIIOYEHBI JIU11a, B TEHOTUIIE KOTOPBIX OTpeaeIeHbI
I1L-6 -174 GG u IL-6 nt565 GG (30%). K ugerBep-
TOI TpyIINe MBI OTHECIU TeX ITallMCHTOB, Y KOTOPBIX
He ObUIM BBISIBJEHBI KaKue-IU0O0 MMMYHOTCHETHU-
yeckue (akKTOpbl, aCCOLIMUPOBAHHBIE C Pa3BUTHUEM
MM (19%). BocemHaauath namueHToB ¢ MM u3 80
00cJIeNOBaHHBIX UMEJIM B TEHOTUIIE, HApsIAy C Mpel-
pacnonaraioiuMu  pakTopamMu — TOMO3UTOTaMU
mo IL-la, IL-1B, IL-6, w miporekTuBHBIE TI0 1L.-4
u TNFB1, mo3toMy oHU He ObLIU BKJIIOYEHbI HU B
OIHY U3 CpaBHUBAE€MBbIX I'PYIIII.

Kak BUIHO M3 MaHHBIX, TTPEACTABICHHBIX B Ta0-
nule 1, HamMeHblliee 3HaueHUe YPOBHSI aibOyMHHA
ObLIO BBISIBJICHO B 1-0ii Tpymnre maurMeHTOB U COCTa-
BUJIO 3,34 v/mi1. Y manmeHToB U3 2-0i 1 3-eii Tpynm
YPOBEHb aJIb-OyMUHA ObLI OTUHAKOB — 3,5 T/1J1, TOT-
na Kak B 4 rpynne — 3,9 r/mi. Takum o6pa3om, cpen-

N e S S ey e —

PucyHok 3. Anektpodope3 B arapo3HOM rene
¢ gobaBneHunem aTugusa Gpommaa

Figure 3. Agarose gel electrophoresis with ethidium bromide

HUE BEJIWYMHBI YPOBHSI anbbyMuHa B 1-3 rpymmax
OOJIBHBIX C PA3IMIHBIM COYCTAaHMEM <«HETaTUBHBIX»
TeHOTHUIIOB ObLIN JocToBepHO HIke (p < 0,05), uem
B 4-oif rpynmne (0€3 UMMYyHOT€HETUYECKUX (haKToO-
POB, aCCOIMMPOBAHHBIX C pa3BUTHEM MM).

Ha pucyHke 4 nmokazaHa J0Jis TTAlIUEHTOB C pa3-
HBIM yYpOBHEM aJIbOYyMWHA B KaXXOOW M3 BEIOEIICH-
HBIX TpyIn O0OJbHBIX. B Tpex rpymmax mamueHTOB,
C HaJU4YMeM <«HETaTUBHBIX» BapMaHTOB TI'€HOTUIIA
MPOBOCHAJIUTEIIPHBIX ITMTOKWHOB, IOJIST ITallMeH-
TOB C HU3BKMMM YPOBHSIMM aibOyMuHa (10 3,5 r/mm)
ObIIa CYIIECTBEHHO BBIIIIE, YeM B TPYIIIE, COCTOSI-
el M3 MalueHTOB, HE MMCIOIINX <«HETaTUBHBIX»
roMo3uroT. Yaire Bcero HU3KUN ypOBEHb aJlbOy-
MUHA PETUCTPUPOBAICS y TMALIMEHTOB 1-01l rpymnmbl
C HaJIW4yueM BCEX YeThIpeX BapUAHTOB T'OMO3UTOT
B reHotune (IL-1a -889 TT, IL-1p +3962 TT, IL-6
-174 GG, IL-6 nt565 GG), p < 0,01. Bosee yeM B 1Ba
pa3a yallie HU3KUil ypoBeHb alboymMuHa (> 3,5 r/m)
BBISIBJISICS KaKk BO BTopoi (Hamuuue IL-lo -889
TT, IL-1B +3962 TT), Tak u B 3-¢if rpymiie (HaIu-
yue 1L-6 -174 GG, IL-6 nt565 GG), mo cpaBHEHUIO
¢ naneHTamu 4-oii rpynmnsl, p < 0,05.

IIpn 5TOM BBICOKMI YpOBeHB ajabOyMmHa (00-
see 3,5 r/mi1) CyleCTBEHHO Yallle perucTpUpOBaJICS
y TIAIIUEHTOB C TEHOTUIIOM 0€3 «HEeTaTUBHBIX» TOMO-
3UTOT MPOBOCITAIUTENBHBIX HUTOKMHOB IL-1 u I1L-6
(p < 0,05). MeHbllIe Bcero NalMeHTOB C BHICOKUMU
YPOBHSIMU JTaHHOTO OeJiKa ObUTO OOHApyXeHO B -0

TABINALA 1. CPEQHUE 3HAYEHWS YPOBHS ANlbBYMUHA Y NALMEHTOB C MHOXECTBEHHOW MUESIOMOW
TABLE 1. MEDIAN ALBUMIN LEVELS IN PATIENTS WITH MULTIPLE MYELOMA

1 rp. naumMeHToOB
1st group of patients
n=9(11%)

2 rp. nayneHToB
2 group of patients
n=14 (18%)

4 rp. nauneHToOB
4™ group of patients
n=15(19%)

3 rp. naymneHToB
31 group of patients
n =24 (30%)

YpoBeHb anbGymMuHa,
rlgn
Albumin level, g/dl

3,34+0,08*

3,49+0,14*

3,53+0,07* 3,87+0,09

MpumeyaHue. * — gocToBepHble oTnnyus, p < 0,05.

Note. *, significant differences, p <0.05.
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rpynne nanueHToB (0,33) mo OTHOIIEHUIO K OCTallb-
HbIM 00JbHBIM ¢ MM (0,74), p < 0,05. Jons takux
MalMeHTOB BO 2-0M U 3-eil rpyrirax Oblaa MmpakTH-
yecku oguHakoBoili — 0,43 u 0,42 cOOTBETCTBEHHO
(p <0,05).

Hanee B paboTe 6bUT MpOAHATU3UPOBAH YPOBEHD
B2-MuKporao0yJnHa B T€X Xe YeThIpeX rpyrmnax Ia-
LIMEHTOB.

Kak BumHO ©3 JaHHBIX, IIPeICTaBICHHBIX
B Tabnuie 2, HauOoyiee BBICOKMU YpPOBEHb [32-

TABNNLA 2. CPEQHUE 3HAYEHMWS YPOBHS B2-MUKPONIOBYJIUHA Y MALIMEHTOB C MHOXECTBEHHOW MUENOMOMN
TABLE 2. MEDIAN B2-MICROGLOBULIN LEVELS IN PATIENTS WITH MULTIPLE MYELOMA

1 rp. nauneHTOB
1st group of patients,
n=9(11%)

2 rp. naymMeHToB
2" group of patients,
n =14 (18%)

3 rp. naumeHToB
31 group of patients,
n =24 (30%)

4 rp. nayneHToB
4™ group of patients,
n =15 (19%)

YpoBeHb 2-

MUKporno6ynuHa, mr/n
2-microglobulin level, mg/l

5,54 + 0,56

5,21+0,40

5,34+0,41

4,88+0,30

TABIALA 3. CPEQHUE 3HAYEHWS YPOBHS FTEMOINOBMHA Y NALUMEHTOB C MHOXECTBEHHOW MUENOMOW
TABLE 3. MEDIAN HEMOGLOBIN LEVELS IN PATIENTS WITH MULTIPLE MYELOMA

1 rp. naumeHTOB 2 rp. NnayneHToB 3 rp. naumeHToOB 4 rp. nayMeHToB
1st group of patients, | 2™ group of patients, | 3™ group of patients, | 4" group of patients,
n=9(11%) n=14 (18%) n =24 (30%) n =15 (19%)
YpoBeHb
remornoouHa, r/in 112+4,47 120+5,78 120+3,61 121+3,6
Hemoglobin level, g/l
s O1-arpynna W 2-arpynna [J3-arpynna M4-a rpynna Ly O1-arpynna W2-arpynna [3-arpynna M 4-1 rpynna
1%t group 2 group 3 group 4" group 1¢t group 2M group 3 group 4™ group
* 0,74
067 , .
0,57 0,58
051 ., 043 042 05-
0,33
0,26
0,13
0,04
0 o L
0 T

Bhicokuit ypoeHb
anbbymuHa, r/an
High albumin level, g/d|

Hu3kuit ypoeHb
anbbymuHa, r/an
Low albumin level, g/dI

PucyHok 4. YacToTa BCTpe4aeMOCTH NauneHToB

C Hu3kuM (< 3,5 ripn) u Bbicokum (> 3,5 rian) ypoBHem
anbbyMuHa B rpynnax ¢ onpegenieHHbIM reHOTUNOM
npoBocnanuTenbHbIX LUTOKUHOB

Mpumeyanue. * - gocToBepHble otnuuus, p < 0,05. 1 rp. — Hannume
IL-10. -889 TT, IL-1B +3962 TT, IL-6 -174 GG, IL-6 nt565 GG; 2 rp. -
Hanunuyme IL-1c -889 TT, IL-1p +3962 TT; 3 rp. — Hanuume IL-6

-174 GG, IL-6 nt565 GG; 4 rp. — 63 UMMYHOreHeTUYeCKNX
¢hakTopoB, accouunpoBaHHbIX ¢ MM.

Figure 4. Frequency of patients with low (< 3.5 g/dl) and high
(> 3.5 g/dl) albumin levels in groups with specific genotypes

of pro-inflammatory cytokines

Note. *, significant differences, p < 0.05. 1% gr., with IL-1c. -889 TT,
IL-1B +3962 TT, IL-6 -174 GG, IL-6 nt565 GG; 2™ gr., with IL-1a.

-889 TT, IL-1P +3962 TT; 3 gr., with IL-6 -174 GG, IL-6 nt565 GG; 4"
gr., without immunogenetic factors associated with MM.

Huakuii ypoBeHb CpepHuii ypoBeHb Bbicokuit ypoBeHb
B2-mukpornobyniHa, Mr/n - B2-mukpornobynuHa, mr/n- B2-mukpornobynuHa, mr/n
Low B2-microglobulin -~ Medium B2-microglobulin  High p2-microglobulin
level, mg/l level, mg/l level, mg/l

PucyHok 5. YacToTa BCTpe4aeMOCTH NaLMEHTOB C HU3KUM
(< 3,5 mr/n), cpegHum (3,5-5,5 mr/n) u Bbicokum (> 5,5 mr/n)
ypoBHeM B2-MuKporno6ynuHa B rpynnax ¢ onpeaeneHHbIM
reHoTUNoOM NpoBocCnanuTenbHbIX LUTOKUHOB

Mpumeyanue. * - goctoBepHble otnuyus, p < 0,05. 1 rp. — Hannume
IL-10. -889 TT, IL-1B +3962 TT, IL-6 -174 GG, IL-6 nt565 GG; 2 rp. -
Hanunyme IL-10. -889 TT, IL-1p +3962 TT; 3 rp. — Hanuume IL-6

-174 GG, IL-6 nt565 GG; 4 rp. — 63 UMMYHOreHeTUYeCKNX
¢hakTopoB, accouunpoBaHHbIX ¢ MM.

Figure 5. Frequency of patients with low (< 3.5 mg/l), medium
(3.5-5.5 mgl/l) and high (> 5.5 mg/l) B2-microglobulin levels in
groups with specific genotypes of pro-inflammatory cytokines
Note. *, significant differences, p < 0.05. 1% gr., with IL-1c. -889 TT,
IL-1B +3962 TT, IL-6 -174 GG, IL-6 nt565 GG; 2™ gr., with IL-1a.

-889 TT, IL-1P +3962 TT; 3 gr., with IL-6 -174 GG, IL-6 nt565 GG; 4"
gr., without immunogenetic factors associated with MM.
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MHUKpPOIJIOOYJIMHA OBUT B TIepBoii Tpyrme (5,5 Mr/m).
Bo 2-oit rpynme oH coctaBisil 5,2 MI/a, B Tpe-
Theit — 5,3 Mr/n, a B 4-oii cpenHUil ypoBeHb [2-
MUKpOTIo0ynuHa paBHsics 4,9 Mr/n (IOCTOBEpPHO
3HAYMMBIX Pa3INIdil MEXIy TpYIIaMy BBISIBJICHO
He 65110, p > 0,05).

Ha pucynke 5 mpencraBieHa IOOJIS IMAIIACHTOB
¢ HU3KkuM (< 3,5 Mr/i), cpeqaum (3,5-5,5 MT/71) 1 BBI-
cokuM (> 5,5 Mr/i1) ypoBHEM P2-MUKpPOIJIOOYJIMHA
B KaXJOW BbIACJIEHHON TIpyIIie OoabHbIX MM.
B mepBoit 1 BTOpOil Tpymmax He ObUIO MAIIMEHTOB
C HHU3KUM YpOBHEeM [2-MMKpOIrJI0o0yJuHa, Toraa
Kak B TpyIre 00abHbIX MM ¢ Halm4yueM TOMO3UTOT
1L-6 -174 GG u 1L-6 nt565 GG Hu3KUil ypoBEeHb
JaHHOTO Mapkepa BcTpevasicd B 0,13, a B 4-oi1 rpyn-
ne — B 0,04 ciyvaes (p < 0,05).

YacTtoTa BBISIBIECHUS MALIMEHTOB CO CPEIHUM
ypoBHeM [2-mukporiodynuHa (3,5-5,5 mr/n) Ba-
pbUpoBaza B 4YeThbIpeX TIpymnmnax OoJbHbBIX ¢ MM
ot 0,42 mo 0,70. Yame Bcero (0,70) cpemHunii ypoBeHb
B2-mukpornodynuHa (3,5-5,5 Mr/i) omnpenensics
B TpyIIIie OOJBHBIX, HE MMEIOINX MMMYHOTEHETH-
yeckux GakTopoB, aCCOLMUPOBAHHBIX C Pa3BUTUEM
MM, Torma Kak pexe BCEro OH OIpeAesuics B 3-eii
rpynmne nauueHToB (0,42; p < 0,05). Beicokuii ypo-
BEHb JAHHOTO OejIKa peXe BCEero BCTPeYasicsl B YeT-
BepToii rpyniie mauueHToB (0,26). A B IpyIine ¢ Ha-
smaurem romo3urot [L-1o -889 TT, IL-1p +3962 TT
(3 rpymnma) perucTpupoBajiCsl ¢ 4acTOTOI, paBHOI
0,50.

B nccnenoBanmm 6bU1a IIpoaHaTN3NPOBaHA B3an-
MOCBSI3b MEXIy YPOBHEM IeMOIJIOOMHA 1 HAJTUIUEM

TABJINLIA 4. OTHOLLEHUE LLAHCOB CPEW BOJIbHbIX MM C HU3KUM (< 3,5 r/an) U BbICOKWUM (> 3,5 rian) YPOBHAMMU

AlIbBYMUHA

TABLE 4. ODDS RATIO AMONG MM PATIENTS WITH LOW (< 3.5 g/dl) AND HIGH (> 3.5 g/dl) ALBUMIN LEVELS

AINbBYMWH (H13kuin ypoBeHb)

Albumin (low level)

95% poBepuUTenbHbIN
uHTepBan (Cl),

CraHpapTtHas

dTnonoruyeckasn

Mpeapacnonaratowue OTHOLWweHue HUXHAA/BepXHAA own6Ka (SE) nons (EF), %
, /0
_ reHotunbl taxcos (OR) orpaHM.U‘b' Standard error Etiologic fraction (EF),
Predisposing genotypes Odds ratio (OR) 95% confidence (SE) Y
interval (CI), °
lower/upper limits
IL-10.-889 TT
IL-1B +3962 TT *
IL-6 -174 GG 5,67 1,07/30,09 0,85 82
IL-6 nt565 GG
IL-10.-889 TT
IL-1p +3962 TT 3,78 0,92/15,47 0,72 74
IL-6 -174 GG .
IL-6 nt565 GG 3,97 1,15/13,64 0,63 75
AJIlbBYMWH (Bbicokui ypoBeHb)
Albumin (high level)
95% poBepuTenbHbIN
untepsan (Cl), CraHaapTHas dTnonoruyeckas
Mpeppacnonararowme OTHowWweHue HWXHAA/BEPXHASA ownbxa (SE) nonst (EF), %
reHoTUnbI waHcoB (OR) rpaHuubl . . L
Predisposing genotypes Odds ratio (OR) 95% confidence Stan(zggj)error Etiologic fr;ctlon (EF)
interval (CI), °
lower/upper limits
IL-10. -889 TT
IL-1B +3962 TT N
IL-6 -174 GG 0,18 0,03/0,94 0,85 -
IL-6 nt565 GG
IL-10.-889 TT
IL-1p +3962 TT 0,27 0,07/1,08 0,72 -
IL-6 -174 GG .
IL-6 nt565 GG 0,25 0,07/0,87 0,63 -

MpumeyaHue. * — gocToBepHble oTnuyus, p < 0,05.

Note. *, significant differences, p < 0.05.
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MMMYHOT€HETUYECKMX (DaKTOPOB, acCCOLMUPOBAH-
HbIX ¢ pazButueM MM. Iloka3zaTenu reMorioOuHa
B BbIIICJICHHBIX YEThIPEX Ipymax 00JIbHBIX TPeACTaB-
JieHbl B Tabiuiie 3. IloaydyeHHBIE HAMU Pe3yabTaThl
CBUIICTEIIBCTBYIOT O TOM, YTO JTOCTOBEPHBIX pa3JIM-
YU IO YPOBHIO TeMOTJIOOMHA MEXIY BbIIECICHHBIMU
rpynmnaMu OOJBHBIX HET, XOTS CIeAyeT OTMETUTD, YTO
HaMMEHBIIIMI YPOBEHb TI'eMOIIOOMHA YCTaHOBJIEH
B 1-0ii rpyrre o06cie1OBaHHbBIX MAllUEHTOB.

Kak BumHO U3 mTaHHBIX, IPEACTABICHHBIX HA PU-
CyHKe 6, pasjadyuusi 4aCTOTHI BBISIBICHUSI OOJBHBIX
C BBICOKMM WM HM3KHUM YpPOBHEM IeMOIIOOMHA B BHI-
JIeJICHHBIX TPYMIlIaX TMAaIAeHTOB CTaTUCTHYCCKU
He 3HauynMbl. Hu3kmit ypoBeHb TEMOTITIOOMHA BCTpE-
yaycs ¢ yactoroit 0,13-0,22 Bo Bcex rpynmnax 00Jib-
HbeIX MM, Torna Kak BBICOKUIT YpOBEHb T€MOIIO0U -
Ha BeIsBIIsIIICS B 0,78-0,87 ciry4yaes.

Hamm ObUIM paccuvMTaHBl OTHOIICHUS IIaH-
coB (OR) oOHapyxXeHUsI HapylleHUI coaepKaHUs
aTbOyMrHa, B2-MUKpPOIJIOOyIMHA W TeMOIIoOOMHA
y OOJIBHBIX C PAa3IMYHBIMU COUYETAHUSIMU «HEraTUB-
HBIX» TOMO3UTOT B reHoTuIie (tadi. 4-6).

Kak BUOHO M3 DaHHBIX, IIPEACTABICHHBIX B Ta-
6auile 4, IIaHC BBISIBJICHUST HU3KOTO YPOBHSI aJIb0y-
MUWHA YBEJIMYMBAETCS TTPU OOJIBIIIEM COUeTAaHUU «HE-
TaTUBHBIX» T€HOTUNOB. Tak, IIaHC, YTO aJbOyMUH
y mailuyeHTa OyneT Huke 3,5 r/mi1 nmpyu coyeTaHUM
romo3urot IL-6 -174 GG u IL-6 nt565 GG B onHOM

O1-arpynna W2-arpynna O 3-arpynna M 4-a rpynna

1 1t group 2 group 3 group 4™ group
0,86 087 0,84
0,78
0,5 -
0,22
\‘0,14 013 016
0

Hu3kuit ypoBeHb remornobuHa, r/an Bbicokuit ypoBeHb remornobuHa, r/on
Low hemoglobin level, g/di High hemoglobin level, g/dl

PucyHok 6. YacToTta BCTpe4aeMOCTH NaunueHToB

¢ Hu3kumM (< 100 r/n) n Bbicokum (> 100 r/n) ypoBHEM
remMornodmHa B rpynnax ¢ onpegeneHHbIM FeHOTUNOM
NPOBOCNANMTENbHbIX LIUTOKUHOB

Mpumeyanue. 1 rp. - Hanuuwe IL-10. -889 TT, IL-1P +3962 TT, IL-6
-174 GG, IL-6 nt565 GG; 2 rp. — Hannume IL-1c -889 TT, IL-18
+3962 TT; 3 rp. — Hanuume IL-6 -174 GG, IL-6 nt565 GG; 4 rp. — Ge3
MMMyHOTeHeTHYeCKNX (haKTOPOB, acCOLMUPOBaHHBIX ¢ MM.

Figure 6. Frequency of patients with low (< 100 g/l) and high
(> 100 g/l) hemoglobin levels in groups with specific genotypes
of pro-inflammatory cytokines

Note. 15t gr., with IL-10. -889 TT, IL-1B +3962 TT, IL-6 -174 GG, IL-6
nt565 GG; 2 gr., with IL-1a. -889 TT, IL-1B +3962 TT; 3" gr., with
IL-6 -174 GG, IL-6 nt565 GG; 4" gr., without immunogenetic factors
associated with MM.

TeHOTHIIC, YBEIMYNBACTCS IMTOYTH B 4 pa3a IT0 cpaB-
HEHUIO C MauueHTaMu 0e3 JaHHBIX UMMYHOTE€HETH-
yecKnX (haKTOpPOB, aCCOLMMPOBAHHBIX C PA3BUTUEM
MM (p < 0,05).

Ecim ke y marimeHTa 00Hapy>XKMBaeTCsl COUeTaHUE
BCEX YETBIPEX TOMO3UTOT, aCCOIUMPOBAHHBIX ¢ MM
(IL-1o -889 TT, IL-1p +3962 TT, IL-6 -174 GG
u IL-6 nt565 GG), ToO 1IaHC CHIXXEHUS aJIbOyMUHA
yBeJIMUYMBaeTCs MpakTuyecku B 6 pas (p < 0,05).

B Tabnuie 5 npencraBiieHbl JaHHbIE OTHOILIEHUS
IIIAHCOB B ABYX IpyIlNax ITallMeHTOB — CO CPEAHUM
(3,5-5,5 mr/n) u BeicOKUM (> 5,5 MT/JI) YPOBHSIMU
B2-mukpornodbynuHa. JlaHHbIE TIO TpyIie OOJbHBIX
C HU3KUM YPOBHEM [2-MUKPOIJIOOYIWHA HE Mpea-
CTaBJICHBI, ITOCKOJIBKY B TpyIIax C co4YeTaHWeM/
npucyrctBueM romo3urotr IL-la -889 TT, IL-1(3
+3962 TT, IL-6 -174 GG, 1L-6 nt565 GG moka3sare-
JIM He Mo3BoJIuu paccuutaTth OR.

Kak BUmHO M3 DAHHBIX, IIPEACTABICHHBIX B Ta-
Onuie 5, HAIMYKME B T€HOTUIIE COYETaHUSI TOMO3U-
rot IL-1a -889 TT, IL-1B +3962 TT, IL-6 174 GG
u IL-6 nt565 GG wm IL-10 -889 TT u IL-1 +3962
TT wnu 1L-6 174 GG u 1L-6 nt565 GG y nauueH-
TOB ¢ MM ykKaspIBaeT Ha TO, YTO IIAHC 3HAYUTEIIb-
HOTO TOBBIIIEHUS YPOBHS [32-MUKpPOIIO0yIMHA
(> 5,5 mr/n) yBenmumnBaeTcs 6osee yeM B 2 pas3a. On-
HAKO JJIsI TIOJIYYSHUST TOCTOBEPHBIX OTJINYUIT HEOO-
XOOWMO yBeJIMUSHNE BBIOOPKU MAIIUEHTOB.

B Tabmuue 6 mpeactaBiaeHbl gaHHble OR
B TpyIiax OOJBHBIX C ITOKAa3aTeJIsSIMH TeMOTJIOOM-
Ha < 100 r/mm > 100 r/71, CBUAETEILCTBYIOIINE O TOM,
YTO IIAHCHI CHIZKCHMSI YPOBHSI TeMOIIo0nHa (MeHee
100 r/n1) y 60JBHBIX, B TEHOTUIIE KOTOPBIX COUETAIOT-
ca IL-1a -889 TT, IL-1B +3962 TT, IL-6 -174 GG,
IL-6 nt565 GG, B 1,5 pasa BbIllIe, YEM Y OCTAITBLHBIX
nanueHToB. OgHAKO U1 TTOJYIeHUST JOCTOBEPHBIX
OTJIMYMI, KaK U B CIydae CPaBHEHUS COIEpPKaHUS
B2-MuKporio0yIMHA, HEOOXOIUMO YBEJIMUSHUE BbI-
OOpKU MaLUEeHTOB.

3aKnoyeHne

IMomygeHHbIe HAMU JaHHBIC TTO3BOJISIOT YTBEPK-
JlaTh, 4TO y 00JbHBIX MM C HajlMuyueM B T€HOTUIIe
TIPOBOCHAJIMTEIFHBIX IIMTOKMHOB IIpeapacitojiaraio-
IIIMX UMMYHOreHeTudeckux (axkrtopon: IL-1a -889
TT, IL-1B +3962 TT, IL-6 -174 GG, IL-6 nt565 GG
wim IL-1a -889 TT, IL-1p +3962 TT wim 1L-6 -174
GG, IL-6 nt565 GG mocToBepHO yallle, YeM y Ipy-
TUX IAlMeHTOB, OIIPEeACsIeTCSI HM3KUH YPOBEHbBb
ampoymuHa (< 3,5 r/mr). OTcyTcTBHE yKa3aHHBIX
T€HOTHIIOB Y TTAIIMEHTOB aCCOLIMMPOBAHO C YPOBHEM
anpoymuHa 6onee 3,5 r/mi. IllaHc TOro, 4YTO HU3KMIA
YPOBEHD AJILOYMUHA Y MALIMEHTOB ¢ coyeTanuem 1L-6
-174 GG u IL-6 nt565 GG B ogHOM TeHOTHUIE OYy-
IIeT TIOYTH B 4 pas3a BHIIIE, YeM y NAIIMCHTOB 0e3 HUX
(p < 0,05). Torma Kak couyeTaHue BCEX UEThIpEX «HEe-
ratuBHBIX» ToMo3uToT (IL-1a -889 TT, IL-1p +3962
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TABJINLA 5. OTHOLLEHUE LLAHCOB CPEQN BOJIbHbIX MM CO CPEHWUM (3,5-5,5 mr/n) U BbICOKUM (> 5,5 mr/n)
YPOBHAMW B2-MUKPOI NNOBYTIUHA

TABLE 5. ODDS RATIO AMONG MM PATIENTS WITH MEDIUM (3.5-5.5 mg/l) AND HIGH (> 5.5 mg/l) $2-MICROGLOBULIN

LEVELS
B2-MuKpornoGynuH (cpeaHUn YpoBeHb)
B2-microglobulin (medium level)
95% poBepuUTenbHbIN
utepsan (Cl), CraHpapTtHas 3tuonoruyeckas
Mpeapacnonaratowme OTHoLeHune HWXHAA/BepXHASA omugk:(SE) ons (EF), %
revorvnel wakcos (OR) FPaHnub! Standard error Etiolﬂ ic fractio,n EEF)
Predisposing genotypes Odds ratio (OR) 95% confidence (SE) 9 o ’
interval (Cl), °
lower/upper limits
IL-10.-889 TT
IL-1p +3962 TT
IL-6 -174 GG 0,55 0,11/2,67 0,81 -
IL-6 nt565 GG
IL-10. -889 TT
IL-1p +3962 TT 0,44 0,11/1,73 0,70 -
IL-6 -174 GG
IL-6 nt565 GG 0,31 0, 90/1,04 0,61 -
B2-MuKpornoGynuH (BbICOKNI YPOBEHb)
B2-microglobulin (high level)
95% poBepuTenbHbIN
utepsan (Cl), CraHpapTtHas ATmnonoruyeckas
Mpeapacnonaratowme OTHoLEeHue HWXHAA/BepXHASA omugk:(SE) ons (EF), %
renounb! wakcos (OR) rpahuub! Standard error Etiolﬂ ic fractio,n ‘EEF)
Predisposing genotypes Odds ratio (OR) 95% confidence (SE) 9 o ’
interval (CI), °
lower/upper limits
IL-10.-889 TT
IL-1p +3962 TT
IL-6 -174 GG 2,27 0,45/11,35 0,82 56
IL-6 nt565 GG
IL-10-889 TT
IL-1p +3962 TT 2,83 0,70/11,51 0,72 65
IL-6 -174 GG
IL-6 nt565 GG 2,40 0,70/8,20 0,63 58

TT, IL-6 -174 GG u IL-6 nt565 GG) yBenmunBacT
IIaHC CHIZKEHWS YPOBHSI aJIbOyMUHA TPaKTAYCCKHU
B 6 pa3 (p < 0,05).

Hajnuuue B reHoOTUIIE coYyeTaHUSI TOMO3UTOT
IL-10.-889 TT, IL-1B +3962 TT, 1L-6174 GG u IL-6
nt565 GG y nmanueHToB ¢ MM yKa3bIBaeT Ha TO, 4TO
IIAaHC TIOBBIIIEHUST YPOBHS [2-MUKPOTJIOOYJINHA
(> 5,5 mr/n) yBenuumBaeTcs 0oJiee 4eM B 2 pasa.

Hanuuue wnm OTCyTCTBME TE€X WJIM WHBIX TOMO-
3UTOT IMPOBOCITAIUTENbHBIX U PETYJISITOPHBIX 1IUTO-
KWHOB, SBIISIFOIIMXCSI UMMYHOTCHETHISCKIMH (DaK-
TOpaMu, acCOLMUPOBAaHHBIMU C pa3BuTUEM MM,
He BJMSET Ha YPOBEHb IreMOIJIOOMHA y IallMeHTOB
C MHOXECTBEHHOI Mmuesnomoii. Ho TteM He MeHee
IIaHCBhl CHIDKEHUS remomioomHa (MeHee 100 1/7)

y OOJIBHBIX, UMEIOIINX B cBoeM reHoturie IL-1o -889
TT, IL-1B +3962 TT, IL-6 -174 GG, IL-6 nt565 GG,
B 1,5 pa3a Bblllie, 4eM B IrpyImne 0e3 TaKuX BApUaHTOB.

IMockonbKy, cornacHo mkane 1SS, yposeHb [2-
MUKpOTIo0yuHa 6ojee 5,5 MT/1 1 ypOBEHb aJIb0y-
MUWHa MeHee 3,5 T/IJT ABJISTI0TCS HeOJIarompusiTHBIMUA
MPOTHOCTUYECKUMHU (haKTOpaMH Pa3BUTUS MHOXE-
CTBEHHOI MUEJIOMBI, ITOJy4YeHHBIE B HACTOSIIEM
WCCJICIOBAaHUM Pe3yJIbTaThl MO3BOJISIIOT OTHECTH Te-
Hotunbl IL-1a -889 TT, IL-1pB +3962 TT, IL-6 174
GG nu IL-6 nt565 GG He TOJIBKO K (pakTOpaM, ac-
COLIMMPOBAHHBIM C IIPEIPACIIOIOKEHHOCTHIO, HO U K
JIOTIOJTHUTEIFHBIM HETaTUBHBIM IT0KAa3aTeIsIM TeUue-
Huss MM.
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TABJIALA 6. OTHOLLEHUE LUAHCOB CPEQIX BOJIbHBIX MM C HU3KWUM (< 100 r/n) U BbICOKWM (> 100 r/n) YPOBHAMHU
FEMOINIOBUHA

TABLE 6. ODDS RATIO AMONG MM PATIENTS WITH LOW (< 100 g/f) AND HIGH (> 100 g/l) HEMOGLOBIN LEVELS

Femorno6wmH (< 100 r/n)
Hemoglobin (< 100 g/l)
95% poBepuTenbHbIN
untepsan (C), CraHpgapTHas dTnonoruyeckas
Mpeapacnonaratouine OTHOLWeHne HUXHARA/BEepXHAA ownbKa (SE) nons (EF), %
Predi reHoTune ulancos (OR) orpaH".”‘b' Standard error Etiologic fraction (EF),
redisposing genotypes Odds ratio (OR) 95% confidence (SE) %
interval (CI), °
lower/upper limits
IL-10 -889 TT
IL-1B +3962 TT
IL-6 -174 GG 1,5 0,22/10,04 0,97 33
IL-6 nt565 GG
IL-10-889 TT
IL-1B +3962 TT 0,88 0,14/5,51 0,94 _
IL-6 -174 GG
IL-6 nt565 GG 0,75 0,15/3,77 0,82 -
Femorno6uH (> 100 r/n)
Hemoglobin (> 100 g/l)
95% poBepUTENbHbIN
untepsan (C), CraHgapTHas dTnonoruyeckas
Mpeppacnonararowme OTHoLeHue HWXHAA/BePXHASA ownbKa (SE) nons (EF), %
y /0
__feHotvnel wancos (OR) orpauugbl Standard error Etiologic fraction (EF),
Predisposing genotypes Odds ratio (OR) 95% confidence (SE) %
interval (Cl), °
lower/upper limits
IL-10.-889 TT
IL-1B +3962 TT
IL-6 -174 GG 0,67 0,10/4,46 0,97 _
IL-6 nt565 GG
IL-10. -889 TT
IL-1p +3962 TT 114 0,18/7,19 0,94 12
IL-6 -174 GG
IL-6 nt565 GG 1,33 0,27/6,70 0,82 25

MpumeyaHue. * — nocTtoBepHble oTnuuums, p < 0,05.

Note. *, significant differences, p <0.05
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Pe3iome. BoJIbIIMHCTBO MallMEHTOB CTpaaaeT NoJuno3HbiM puHocuHycuToMm (ITPC) Bcio >Xu3Hb ¢ pe-

muauBoM 50-60% B TeyeHue 18 MecsileB mocie omnepauuu. SABIsSICh XPOHUYECKUM MEPCUCTUPYIOLINM
BOCHAJIMTEIBHBIM 3a0ojieBaHueM, ITPC BiuseT Ha COCTOSTHMM BCEro OpraHu3Ma, B TOM YHCJIe Ha CUCTEeM-
HbIA UMMYHUTET. PaHee MeTOIOM MPOTOYHOM LIMTOMETPUM HaMU ObLIO BhIsiBAeHO yBeandeHue NK (CD3-
CDI16"CD56%), aktuupoBaHHbIXx NK (CD8*CD3-), NKT-knerok (CD16"CD56"CD3"), T-peryIsiTopHbIX
(CD4+CD25YeCD 127w tereg) iy aktrBUpoBaHHBIX T-1uMborutoB (CD3*CD25%) y Bcex manmeHToB ¢ [TPC
IpU OTCYTCTBUM Pa3HUIIBI MEXIY pa3HbIMU ¢eHOoTUnamMu. BT mpoBeaeH aHAIM3 COCTOSHUS KJIETOUYHOTO
CHUCTEMHOTO UMMYHHMTETAa B 3aBUCMMOCTHU OT KIMHUYECKOro TeueHUsI U 3¢h(HEKTUBHOCTA KOHCEPBAaTUBHOMN
Tepanuu. [TauueHTsl ObLIM pasaeneHbl Ha 3 rpynnbl. Cpok HaOaogeHust — 1 roa. 1 rpynna — malueHThI
C TIOJIOKUTETbHOW TUHAMUKOM, TIpU peTrpecce U YMEHBIIEeHUN CTETIEeHW HOCOBBIX ITOJIMIIOB, 2 TpyIIa —
CTETICHb BEIPaXKCHHOCTH IMOJIUIIOB OCTABAJIACh Ha TOM Xe YPOBHE, 3 TpYyIIa — CTEIICHb pacIpOCTPaHCHHOCTH
MOJIUIIOB ObLjIa BBIIIIE, YeM IO Ha3al,.

B 3 rpytrie ¢ arpecCUBHBIM POCTOM ITOJIMITOB M HU3KUM 3 (EKTOM Tepanuu HabII0aaI0Ch CHIDKEHUE KO-
mmuectBa Treg, NKT-xietok, NK naktuBupoBanHbIx NK, tutorokcnuyeckux T-mumdornurtos (CD3*CD8Y),
aKTUBUPOBAHHBIX T-KJIETOK, UTO CBUACTEIBCTBOBAIO 00 UCTOIICHUU KJIETOYHOIO CUCTEMHOIO UMMYHUTETA
Ha (hOHE MOCTOSIHHOTO MIPUCYTCTBUS NEPCUCTUPYIOIIETO IMTPOAYKTUBHOTO BOCHAIEHUS CIIM3UCTOMA.

Bo 2 rpynne HaGaogaloch yBeIUYEHUE OOILEro KoJudyecTBa JUM@OLUTOB, OOIIMX, aKTUBUPOBAHHBIX
T-xnerok, T-xeanepos (CD3*CD4"), uutorokcuueckux T-mumbonutoB, NK- u NKT-kinetok. OnHoBpe-
MEHHO OTMEYaeTCsl CHIDKEHIE aOCOIIOTHOTO KOIMJecTBa aKTMBUpoBaHHBEIX NK, HecMoTpst Ha pocT NK,
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YTO MpeAIiojaraeT HapylIeHue MexXaHN3Ma X aKTUBAIIUN ¥ KOMITEHCAIIUIO 3TOTO COCTOSTHUST pocToM NKT-
M IIUTOTOKCHMIECKUX T-muMbornToB. OMHOBpEeMESHHO Ha0TI0MacTCs YBEIMUYeHNEe a0COTIOTHOTO uncia Treg,
YTO BBI3bIBAET CYIIPECCUIO NeCTBUEM (D (HEKTOPHBIX KJIETOK afallTUBHOIO MUMMYHHOTO OTBETa, CIIOCOOCTBY -
€T HEeMOJIHOM 3JIMMMHALN WHMEKIIMOHHBIX areHTOB U IIEPMaHEHTHOMY HEIIOJIHOILICHHOMY T€UYEHHIO BOC-
NaJIMTEJIFHOTO IIpoliecca.

XpoHnYyecKuit BOCITaIUTeabHEIN nponecc ripu [TPC BamseT Ha CUCTEMHBIN KJIETOYHBIIT UMMYHUTET B 3a-
BUCHUMOCTH OT TSKECTU TeUeHUS 3a00JIeBaHMUSI.

MakcuMalIbHOE HaIIpSDKEHME CMCTEMHOTO KJICTOYHOTO MMMYHUTETA BBISIBJICHO Y MAIlMEHTOB, HYKIAK0-
LIIUXCH B TIOCTOSTHHON MEIUKAMEHTO3HOU Teparmu.

I1pu arpeccuBHom teueHuu I1PC u orcyrcTBUM 3(pheKkTa KOHCEPBATUBHOIO JICUEHUSI YMEHbIIIAeTCs a0-
COJIFOTHOE YMCJIO 3((DEKTOPHBIX KIETOK M KOJIMUECTBO Treg, 4To 0OBSICHSIET HeA(D(PEKTUBHOCTh UMMYHHOM
PETYJISIIINY BOCTIAJIMTEJIFHOTO TIpoliecca 1 JIeUYeOHBIX MEPOIIPUITHI y 3TUX MAllMeHTOB.

Katouesnie cnosa: noaunosmsiii puHoCUHycum, cmaHoapmHas KOHCep8amueHas mepanusi, AUMGOYUmMsl, CUCEMHbLI UMMYHUmMem,
npomounas yumomempusi, CD-mapkepol

CHARACTERISTICS OF CELLULAR COMPARTMENT CHANGES
OF IMMUNE SYSTEM IN THE PATIENTS WITH CHRONIC
POLYPOUS RHINOSINUSITIS DEPEND ON EFFICIENCY

OF DRUG THERAPY

Savlevich E.L2, Zurochka A.V.»¢, Khaidukov S.V.¢

¢ Central State Medical Academy at the Department for Presidential Affairs, Moscow, Russian Federation

b Institute of Immunology and Physiology, Ural Branch, Russian Academy of Sciences, Ekaterinburg, Russian
Federation

¢ South Ural State University (National Research University), Chelyabinsk, Russian Federation

4 M. Shemyakin and Yu. Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences, Moscow,
Russian Federation

Abstract. Despite numerous attempts to control the course of chronic rhinosinusitis with nasal polyps
(CRSwNP) by means of pharmacological treatment and new surgical approaches, the majority of patients
experience lifelong persistence of this disorder, at recurrence rates of 50-60% within 18 months after surgical
treatment. Since CRSwWNP is a chronic persistent inflammatory process, it affects the entire body condition,
including the state of systemic immune response. An elevation of NK (CD3-CD16"CD56"), activated NK
(CD8*CD3"), NKT cells (CD16"CD56"CD3"), Treg (CD4+*CD25enCD127%" to reg) cells and activated
T-lymphocytes (CD3"CD25") was revealed elsewhere among all the patients with CRSwNP, using a flow
cytometry method. There was no difference between various disease phenotypes. We analyzed the status of
cellular component of systemic immunity, dependent on clinical course of the disease and efficiency of the
administered therapy of CRSwNP. The patients were divided into three subgroups. The follow-up period was 1
year. The first group comprised the patients who showed positive dynamics after conservative therapy, resulting
into regression of nasal polyps and their grade than a year ago. The second group included the patients in whom
the size of polyps remained the same. The third group included the patients with higher incidence of nasal
polyps than a year ago.

We have shown adecrease of Treg, NKT cells, NK and activated NK, cytotoxic T-lymphocytes (CD3*CD8"),
activated T-cell numbers in clinical group 3 with aggressive growth of polyps and low effect of standard
therapy, which may cause deterioration of the immune system cellular populations, accompanied by presence
of persistent productive inflammatory process of nasal cavity and paranasal sinuses. In the second group, a
significant elevation of total lymphocyte number, total and activated T cells, T helpers (CD3*CD4%), cytotoxic
T lymphocytes, NK and NKT cells was shown. Meanwhile, a decrease in absolute number of activated NK
was observed despite the NK growth. Therefore, we can assume that the mechanism of their activation was
disturbed and compensated by production of NKT cells and cytotoxic T lymphocytes. Moreover, we have shown
in this group that the absolute number of Treg cells is increased; and these cells had a suppressive influence on
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Immune cells in chronic polypous rhinosinusitis

effector cells of adaptive immune response, thus inducing incomplete elimination of infectious agents, which
contribute to permanent incomplete course of inflammatory process.

Chronic inflammatory process in CRSwNP affects systemic cellular immunity depending on the morbidity
characteristics in the course of pathological process. The maximal intensity of systemic cellular immunity is
observed in the group of patients that require permanent basic drug therapy. In case of aggressive CRSwWNP
and failure of standard drug therapy, we observed a decrease in absolute numbers of effector cells, along with
decreased Treg lymphocyte numbers which may explain inefficient immune regulation of inflammatory process

and medical interventions in this group of patients.

Keywords: chronic rhinosinusitis with nasal polyps (CRSwNP), standard drug therapy, lymphocytes, systemic immunity, flow

cytometry, CD cellular markers

BeeneHnve

TTonunosuseliit puHocunycut (ITPC) — xpoHunue-
CKMI BOCHAJIMTENbHbBINA MPOLIECC CIAU3UCTON 000-
goyku Hoca u OHII, KoTophlil XapakTepusyercs
arpecCUBHON KJICTOUHONM MHQUIILTpalUeil U peMo-
IEeIMPOBAHUEM CIIU3UCTON U B KOTOPHI BOBJICYCHO
0O0JIbIIIOe KOJMYECTBO Pa3HOOOPA3HBIX KJIETOUHBIX
2JIEMEHTOB, TaKWX KaK SIIMTEIMAJIbHBbIC KIIETKU,
JTUMGOINTEI, TYIHbIE KJIETKH, 203WHOMWIBI 1 HEM-
TPOMUIBI, KOTOPBIE COBMECTHO C IPYTMMU CTPYKTY-
paMU CIIM3KUCTON BEIpaOATHIBAIOT Pa3IMIHbIC MeIHA -
TOPHI BOCHAJICHUSI, BKITIOYAsT IIMTOKWHEI, XeMOKWHBI
u uMmMmyHornooynuHsl [13]. CoBpeMeHHBIE METO-
bl nedeHus ITPC, ¢ ogHOI CTOpOHBI, UMEIOT LIEJIb
CHU3UTh MHTEHCUBHOCTb KJIMHUYECKUX MPU3HAKOB
ITPC B Buae HapylleHMsS HOCOBOTO ABIXaHWs, 3a-
JIOKEHHOCTHU HOCa, BbIIEJIEHUN W3 HOCa WU CTe-
KaloIMX IO 3adHell CTeHKe IJIOTKM, YyBCTBa J1aB-
JICHUST WM OOJIM B JIMIIEBOI O0JIACTH M CHIDKCHUS
ob6oHsaHuUs1. C Apyroii CTOPOHBI, OHU HaIpaBIEHbI
Ha YBEJIWYEHHE BPEMEHHOIO OTpe3Ka MEXKIy XUPYyp-
TMYECKUMHU BMEIIATeJIbCTBAMU B CBSI3M C perpec-
CUpOBaHMEM WJIM CTadbWJIM3aluell Ipolecca pocTa
noaurioB. Ho HecMOTpsT HA MHOTOYMCIICHHBIC I10-
NBITKU KOHTPOJISI 3a0071eBaHMsI pa3IMYHBIMU METO-
JTaMU KOHCEPBAaTUBHOIO U ONEPaTHBHOIO JICUCHMS,
KOTOpBIE ITOCTOSTHHO YCOBEPIICHCTBYIOTCSI ITO Mepe
pa3paboTKM HOBBIX JIEKAPCTBEHHBIX IIperapaToB
(dapMalleBTUYECKOM IMPOMBIIIUIEHHOCTBIO U MOIEp-
HU3aLIUM TeXHUKU XUPYPTUIECKUX ITOIXO0I0B, OOIb-
IIIMHCTBO MallMeHTOB MPOA0JIXKaIOT cTpagath oT [TPC
BCIO CBOIO XU3Hb [16]. B Teuenune 18 mecsies mocie
orepatuBHOro BMellareabcTBa peuuaun [TPC, He-
CMOTPSI Ha IIPOBOIMMYIO CTAHAAPTHYIO MEIMKaMEH-
TO3HYIO Tepamnuio, cocrasiageT 50-60% [11]. Ilpu
aHaJM3e KOropThl MalLlMEHTOB, TMTOCTYMUBIIMX Ha T10-
BTOPHYIO oIlepanuio, OpoHxuaibHas actMa (BA)
6buta B 73,3%, a HENIEpEeHOCUMOCTh HECTEPOUTHBIX
npoTtuBoBocHanuTeNbHbIX mpemnapatoB (HITBC) —
B 53,5% [20].

ITo ypoBHio KauectBa >kusHu IIPC cpaBHUM
WJIM HUXKE MMoKasareJjie NMpu APYTAX XPOHUUYECKUX
W3HYPUTEIBHBIX 3a00JeBaHUSIX, BKIIIOYAasl 3aCTOl-
HYIO CEepAeYHYI0 HEIOCTAaTOYHOCTb, CTEHOKapIUIO,
XPOHUYECKYIO OOCTPYKTUBHYIO 00€3Hb Jierkux [17].

IIpn HaTMYUM KOMOPOUITHONM ITaTOJOTMHM B BHIE
BA, atonuu n HenepeHocuMoctu HIIBC oH oka-
3pIBaeT HEraTUBHOE BJIMSHUWE Ha TeYeHUE MaTOJIO-
TMYECKUX MPOLIECCOB PA3HBIX OTAEIOB IbIXaTeIbHBIX
nyTeit [18], aBiusgeTcsa (pakTopoM prcKa pa3BUTHUS dC-
CEeHILIMAJIbHON TUMEePTeH3UH [1], MO3TOMY HE BBI3bI-
BaeT COMHEHMII HEOOXOIUMOCTh M3YyYEeHUST BO3MOXK-
HBIX OMOMapKepoB C 1IEJIbI0 COCTaBJIEHUSI MTPOrHO3a
TeueHUs 3a00JeBaHUs 1 noadopa Haubonee a3 dek-
THUBHOTO CITOC00a JIeUYeHMS KaxKI0ro MalinueHTa.

B orHomrenum ITPC octaeTcs HepelmleHHBIM
MHOXeCTBO BonpocoB. HeT coBpeMeHHOI moapo6-
HOM KJTaccuuKaium, He orpeaesieHbl eIUHbIe Tha-
THOCTMYECKHE IapaMeTpbl IJisl pa3HbIX 3HAOTUIIOB
1 (peHOTUIIOB 3a00JIeBaHUSI M KOHKPETHBIX CXEM MX
KOHCEPBAaTUBHOTO JICUSHUSI, HE TTOHSITHA POJb MU-
KpoOroMa B €ro pa3BUTUM, HET ICHOTO MOHUMAaHUS
naroreHes3a pa3Hbix aHaotunos [TPC. Bce ato nipu-
BOJIUT K TOMY, YTO Y OOJIbHBIX CJIOKHO OIIPENETUTh
KJIIOUEBble MOJIEKYJIbl IS pa3pabOTKU TapreTHou
Tepanuu [14]. Takke ocTaloTcst HEM3BECTHBIMM (pak-
TOpBI, cBsI3aHHBIe ¢ puckoM peuuausa [TPC. Ko-
MOPOMIHBIC COCTOSIHUSI MOTYT B3aMMHO OTSITOIIATH
TeUYeHWE MaTOJOTMYECKMX TIpolleccoB. VIHTEHCHUB-
HOe 303WHOMWIBHOE BOCTaJieHe CIIM3UCTON BepX-
HUX JIbIXaTeJIbHBIX ITyTEe M MOBBIIIEHHBIN YPOBEHb
JIOKaJIbHBIX MapKepoB Th2-MMMyHHOIro OTBeTa CUM-
TalOTCS IIPeOUKTOpaMu OoJjice TSKEIOTO TEeYCHUS
TTPC [19]. B cOOTBETCTBUM C TEKYIIMMH PEKOMEH-
nmauusamu, s aeyenus [TPC xopouryto noka3aTtenb-
HyI0 0a3y MMEIOT TOJIbKO MHTpaHa3aIbHbIE KOPTH-
koctepounbl (MI'KC), kopoTkue Kypchl CUCTEMHBIX
ITIOKOKOPTUKOCTEPOUAOB M HWpPUTallMOHHAs Te-
parmus [13]. KoHTpoab MpoBOAUMOI Tepanuu IIpu
ITPC n3MepsieTcst CTenIeHbIO BRIPAXKCHHOCTU KITMHM -
YEeCKUX TIPOSIBIICHUI, YTO OTpaxkaeT CyObEeKTUBHYIO
XapaKTEePUCTUKY MallMeHTaMU CBOETO YPOBHSI Kayde-
CTBa XW3HU, U CTEIIEHbIO PACIIPOCTPAHEHHOCTH 10~
JIMIIO3HOTO Mpoliecca MPp1U S3HIOCKOIUIECKOM OCMO-
Tpe MOJIOCTU HOCA, KOTOPHIN MO3BOJISIET OOBEKTUBHO
OLICHUTb IWMHAMUKY IIAaTOJIOTMYECKOIO IIpollecca
Ha ¢doHe MeaukamMeHTo3Ho# Tepanuu [4]. Iloso-
JKUTEJBHBIN OTBET Ha TIIIOKOKOPTUKOCTEPOUIBI TIPH
ITPC Bapsupyert ot 50 no 80%, 3T1 ipenapatsl 6oJjiee
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3(ppeKTUBHBI MPU UHTEHCUBHOM 303UHOMUIbHOM
BocrnajeHnuu Th2-tuna [8,14].

KomMmOuHanmss Xupypruuyeckoro BMeIIaTeIbCTBa
u dapMakoTepalnu TakxKe He BCEraa B COCTOSHUM
KOHTPOJIMPOBATh NPOrpecCUpoBaHre 3a00JIeBaHUS
¥ €T0 CUMITOMEI B CBsi3U ¢ TeM, 9To [1PC mpencras-
JISIET COOOM 1IEJIBIIf KOMIUIEKC MATOJIOTMISCKHUX IIPO-
IeCCOB, OOBCTMHEHHBIX SAMHBIM CUMIITOMOM — Ha-
JIMYMEM ToauIIoB B nojioctu Hoca u OHII, moatomy
€IMHBIN ITOIX0 K KOHCEpPBAaTUBHOMY M OTIepaTUBHO-
My JIEYEHHIO 3TOTO 3a00JieBaHUsI HEBO3MOXeEH [15].
Tak kak 3HAOCKOMNUS MOJIOCTU HOCA, KOMITBIOTEP-
Hast Tomorpadusi okojoHocoBbix nasyx (KT OHIT)
U BbIsiBIeHUEe XanoO manueHta OHII mosBossior
JieqallieMy Bpady TOJbKO OIEHUTh CTEIEHb TsKe-
CTU 3a00JIeBaHMsI, 3TU METOIBI HE TTO3BOJIST CALIATh
BBIBOJIBI O MEXaHM3ME BOCHAJIMTEJIFHOTO IMpolecca
cim3ucToil o6onoukn Hoca 1 OHII y otmensHOTrO
nanreHTa, YToOBI caejlaTh BBIOOP B CTOPOHY CTaH-
TapTHOI (hapMaKoTepaltiy, XUPYPrudecKoro II0JI-
X0JIa YT BO3MOXKHOTO TIPUMEHEHMS OMOJIOTMICCKUX
npernaparoB B OyayuieM. OrnpenesieHUe dHIOTUIIOB
ITPC ontumusupyet 3pHeKTUBHOCTD JICUEHUSI, YTO
CHM3UT HEHYXHBEIC pacXOIbl, TTOMOXET M30eXKaTh
HEeoOXOAMMOCTHY TOBTOPHBIX BMEIIATEIbCTB U CHU-
3UTh PUCK PELUIMBOB, YTO COOTBETCTBYET KOH-
LEeNL1u TIepCOHATIM3UPOBaHHON MeauuuHbl [10].
Hna onpenenenus sHpoturioB INTPC B Hacrosiee
BpeMsI pacIpOCTpaHEHBl HECKOJIBKO pPa3HBIX II0JI-
xomoB: 1) ormpeneiacHUE YpOBHS LIUTOKWHOB B CBI-
BOPOTKE U B ITOJIMIIAX; 2) OIpeaesIcHIe COnCpKaHMsI
503MHOGUIOB B KPOBH UM MOJIHIIAX; 3) OIpeIesicHIe
IgE B xpoBu 1 nonunax [12]. [paBuibHOE BBISBIIE-
HHE TOTO WJIM WHOTO SHIOTHUIMA ITO3BOJUT MOHSTH
HarpaBJieHHe U3MEeHEHWI MECTHOTO M CUCTEMHOTO
MMMYHHOTO OTBETa OOJBHOI0, COCTABUTH KIWMHIYEC-
CKHUIl MPOTHO3 M, YUYUTHIBas aKTUBHOE MpPOBeAcHUE
KJIIMHUYECKUX WCITBITAHUN aHTULMTOKUHOBBIX Mpe-
napatoB ripu [1PC, cdhopmupoBaTh OCHOBY JJISI ITPU-
HSTUSI TepaneBTUUYECKUX PEIICHMUI, OCOOEHHO IIpU
HEBOCIIPUUMYMBOCTA TMAaIlMeHTa K IIPOBOAUMOI
cTaHgapTHoM Tepanuu [14]. buonornueckas Taprer-
Has Tepaltis 061amaeT ejieHaIIpaBICHHBIM BO3IeIi-
CTBHEM Ha KOHKPETHBIM OMOJIOTMYSCKUIT CyOcTpaT
(ompenesieHHBIE PEUENITOPEI I APYTHE KICTOUHBIC
MUIIIeHW, KOHKpPETHBIC IIMTOKWMHBEI U T.JO.). B oT-
JIMYKEe OT TPATWUIIMOHHBIX JIEKAPCTBEHHBIX CPEICTB
TapreTHasl Tepaltis, BBUAY CBOEU BBICOKOI CIICIIVI-
¢dbUYHOCTH, MO3BOJISIET 00Jiee TOYHO MOIYJIMPOBATh
BOCHAJIMTEJIbHBIA MPOIECC B KaXKIOM KOHKPETHOM
ciyvae [4]. [IpoGaema 3akio4yaeTcsi B TOM, 4TO 3THU
METOIBl TPEOYIOT IIeJeHANpaBIeHHOIO WHINBH-
IyaJbHOTO II000pa, OCHOBAaHHOIO Ha BBISIBICHUU
ManeHTOB C COOTBETCTBYIOIIMM 3HIOTHIIOM, 4TO
MOOBOIUT K HEOOXOMMMOCTH pPa3pabOTKM HUArHO-
CTUYECKNX MapKepoB MOCHTU(UKAIINU OIpeAcIcH-
HbIX 3HA0TUIIOB ITPC 1, B 3aBUCUMOCTU OT pe3yJib-
TaTa, COCTaBJICHUSI HOBBIX AJITOPUTMOB BeICHUS
MaIEeHTOB.

B nocnenHee BpeMs OKOHYATeIbHO chopMUpOBa-
Jlocb MHeHUe, uyto nipu [TPC opueHTHpaMu TeueHUs
MMaTOJIOTUYECKOTO IIpollecca B HACTOSIIEE BPEeMS
CIIyXXUT COCTOSTHME MMEHHO JIOKAJIbHOT0 MMMYHMU-
TeTa. [IpyuHMMas BO BHUMaHUE TOCTYITHOCTh pacIio-
JIOXKEHHUSI OPraHOB-MMUILIEHEH, 3TO TMPeACTaBISIeTCs
yIOOHBIM BO BceX oTHomeHUsIX. Tem He meHee I[TPC
SBJISICTCSI XPOHUYECKUM IIEPCUCTUPYIOIIAM BOC-
MaJuTeIbHBIM 3200JI€BAHUEM, UTO HE MOXET HE OT-
paXaTbCsd Ha COCTOSIHMM BCETrOo OpraHuM3ma, B TOM
4uCJie HA COCTOSSHUM CUCTEMHOTO MMMYHHUTeTa [2].
Taxkke cinemyeT UMeTh B BHUAY, YTO IIPUMEHEHHNE TO-
NUYECKUX KOPTUKOCTEPOUIOB Ha CIM3UCTYIO HOCO-
BOM MOJIOCTH MOXKET U3MEHSTh IapaMeTpbl UMMYH-
Holi cucteMbl KpoBu [8]. IlpoBenst coOCTBEHHbIE
WCCIeOBaHUS MoKa3aTeaeil paboTbl CUCTEMHOIO
KJIIETOYHOTO WMMYHHMTETa METOIOM IIPOTOYHOM
LIATOMETPUM, MBI BBISBUJIM yBEJIIMYCHHE aOCOJIIOT-
HOro U oTHocuTelbHoro kojudyectBa NK (CD3-
CD16"CD56") omHOBpeMEHHO C PE3KMM ITOBBILIE-
HueM uywuciia akTuBupoBaHHBIX NK (CD8TCD3-)
u NKT-xierok (CD16"CD56*CD3"). Hapsany
C OTUM Y NAIIMEHTOB HAOJIIOOAaeTCs POCT aOCOJIFOTHO-
IO 1 OTHOCUTEIBHOIO KOJINYECTBA aKTUBUPOBAHHBIX
T-numpountos (CD3*CD25"), uTo NO3BOJISIET Clie-
JIaTh MPEATOJOXEHUE O HaINPSKEHHOM COCTOSTHUM
VUMMYHHOTO OTBETa M3-3a MOCTOSTHHOTO pasapaxke-
HUSI CIM3UCTOM OOOJIOYKM HOCA M OKOJOHOCOBBIX
nasyx pa3jIdyHbIMM TPUITEPaMH, B TOM UHCJIE WH-
(eKIIMOHHOIO MPOUCXOXICHUSI, YTO JOTMYHO MPU
XPOHUYECKOM TUIEPILUIACTUYECKOM BOCHATUTENb-
HOM mpolrecce. A TIOBBIIIIEHNE aOCOTIOTHOTO M OT-
HOCHUTEJIFPHOTO KOJIMYecTBa T-peryisiTOpHBIX Kie-
ToK (CD4*CD25briehtCD127'% o neg) ' koTOpble CBOUM
CYIIPECCUBHBIM JielicTBUEM Ha 3 EKTOpHbIE KIET-
KM aJaliTUBHOTO UMMYHHOTO OTBETa CITOCOOCTBYIOT
HETIOJTHOM SIMMUHAIMKY WH(MEKIMOHHBIX arcHTOB,
YCyryoJisieT ux NMepCUCTSHIIMIO Ha CIM3KUCTON HOca
u okoJioHocoBbIX Ma3zyx (OHII) u copeiicTByeT He-
TMOJHOLIECHHOMY T€YEHUIO BOCTIAJICHUS TIPY 3TOM ma-
tojoruu [6]. IIpoBeaeHHBIA HAMU CpaBHUTEIbHBII
aHaJIM3 TI0Ka3aTejie KJICTOYHOIO CHCTEMHOIO MM-
MYHHUTETa MEXIY TPYIIIIaMU IallMeHTOB C pa3HBIMU
¢enorunamu I[TPC (c conmyrcrBytoweii BA, aronueii
1 6e3 KOMOPOMIHON MaTOJIOTMK) HE BBISIBAJI CTaTH-
CTUYECKU 3HAUYMMOM pa3HUIIbI MEXIy rpyrmnamu [7].
Taxcke MBI He TIOJIYYIIIN JOCTOBEPHBIX OTIIMYNHA TP
CpaBHEHMH I'PYIIII B 3aBUCHMOCTH OT CTEIIEHU OTKJIO-
HEHUS MoKa3aTesieil 3HaueHU HaTypaIbHbIX KUJLIe-
poB (CD3-CD16"CD56%), akTHBUPOBaHHBIX HaTy-
pasibHbIX KyuiepoB (CD3-CD8*) u T-peryasiTopHbIX
kietok (CD47"CD25 CD127) ot Hopwmsbl [5]. Tlo-
9TOMY B HACTOSIIEM WCCIENOBAHUM MBI pa3Neuin
BCEX MAIlMEHTOB Ha TPYIIIbBI, B 3aBUCUMOCTHU OT 3¢-
(eKTUBHOCTU MPOBOAUMOI CTaHIAPTHOW Tepamnuu,
U MPOAHATIM3UPOBAIN COCTOSIHUE KJIETOYHOIO UM-
MYHUTETa B KOXIIOU TpyTIIie.
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Ilesp ucciienoBaHusA — IIPOBECTU aHAN3 COCTOSI-
HUS KJIETOYHOTO CUCTEMHOTO MMMYHUTETA B 3aBUCH -
MOCTH OT KIIMHUYECKOTO TeUeHUS N 3PPEKTUBHOCTH
TIPOBOIMMOM TePAITUH ITOJIUITO3HOTO PUHOCUHYCHUTA.

Matepuans! u MeTogbl

3a nepuon 2016-2017 rr. B MOCKOBCKOM 00J1aCT-
HOM HayYHO-UMCCJIEMOBATEIbCKOM  KIIMHUYECKOM
uHCcTUTYTe M. M.®. Branumupckoro (MOHUKUN)
66110 obciiemoBaHo 60 mamyeHToB (31 XXeHIuH u 29
MYXYHWH) C IBYCTOPOHHHUM MOJUIIO3HBIM PUHOCH-
HYCUTOM B Iiepuoa pemuccuu. CpenHuil Bo3pacT
nauueHToB 46,9+14,1 ner. Hanuuue aByCTOPOHHETO
MOJUIIO3HOIO0 PUHOCUHYCUTA OBLIO MOATBEPXKACHO
SHIOCKONUYECKUM HCCICIOBAaHUEM ITOJIOCTA HOca
M JaHHBIMU KoMmmbloTepHoii ToMorpacduu OHII.
KputepusiMmu MCKIIIOYEHUS CITY>XKUIIA OITHOCTOPOH-
HUM IIPOLIECC, HAJIMYME€ OHKOJIOTMYECKOM, ayTo-
WUMMYHHO# T1aTOJIOTUM, TEHETUYECKUX CHUHIPOMOB
(MYKOBUCIUA03, aJJIEPTUYSCKUI TpaHyIeMaTO3HbIA
WIN 303MHOMDWIBHBIN aHTUMT, cUHApoM Yapra—
Crtpocca).

71t M3ydeHUsT CUCTEMHOTO KJIETOYHOTO MMMY-
HUTETAa B BEHO3HOUW KPOBHU IIPUMEHSIJICSI METOII TIPO-
TOYHOI IIMTOMETPUM Ha MPOTOYHOM LIUMTODIYOpH-
metpe Cytomics FC500 (BeckmanCoulter, CIIIA).
JUtst okpamnBaHusl TUMGOLIMTOB MCMOJIb30BATUCH
MoHOKJIOHanbHbIe aHTuTesna (MAT): CD3, CD4,
CD8,CD 16,CD19,CD 25, CD27,CD45, CD45R0,
CD45RA, CD56 u CD127. MAT ¢upmsr Beckman
Coulter (CIIA) 6putn MmeueHbl FITC (u3oTronimanar
¢ayopecueuna), PE (pukosputpun), PC5 (kom-
miekc PE ¢ numanunom-5) u ECD (kommekc PE
C TEXaCCKUM KpacHBbIM). Be30TMBIBOYHYIO TEXHOJIO-
TUIO JUTST YIAJACHUS 3PUTPOIIUTOB IIPOBOIINA C MC-
NoJIb30BaHUEM JIM3UPYIOLIMX pacTBopoB: Optilyse
C n ImmunoPrep (BeckmanCoulter, CIIIA). B kax-
JoM TIpobe aHanu3upoBaiu He MeHee 10 TuMmdonm-
TOB. AOCOJIIOTHOE KOJIMYECTBO KJIETOK OTIPENesIsLIN
Kak B ogHOIIaT(OpMEHHOM, TaK U B ABYXIIaTHOP-
MeHHoM (¢ ucnoab3oBaHueM FlowCount (Beckman
Coulter, CIIIA) 1 reMaTOJIOTMYECKOTO aHAJIM3aTopa
LHS500 (Beckman Coulter, CIIIA)) cuctemax [3, 9].

Bce ucciaemyemble ITallMeHTHI HAXOOWINUCH IO
HabJIroJeHUeEM B TeueHue 18 MecslieB, Kaxkabie 3 Me-
csIla TIPOBOAMJICSI PETYISPHBINA 3HIOCKOIMMYCCKUIA
ocMoTp nanueHToB. [locie onepaTMBHOTO JieUeHUs
BceM MalueHTaM Oblin HazHayeHbl ul'KC momera-
30Ha Qypoat B Bue cripes B 103e no 100 Mr B Kax-
JIyI0 TIOJIOBUHY HOca 2 pa3a B CYTKM (CyTOYHas 103a
400 MKr) M uppuUTaLlMOHHAs Tepanus CIU3UCTON
nojoctu Hoca. Ilpy HamuuuM KOMOPOUIHOU ma-
TOJIOTMM OJHOBPEMEHHO aJUICPIOJIOT OCYIIECTBIISLI
neyeHne BA u amneprudeckoro puaHNTa. Yepes 5-6
MecsilieB ObUI IIPOBEAEH DHIAOBUACOCKOIMMYECKUIA
OCMOTp MOJOCTU HOca, Iae ObLla 3aduKCUpoBaHa
CTEIICHb PacCIPOCTPAHECHHOCTU ITOJIUITO3HOTO ITPO-

mecca, YTo ObUIO MPUHSITO 3a Ha4aJIbHYIO TOYKY KOH-
TpoJist 93(PpPHEeKTUBHOCTA KOHCEPBATUBHOIO JCUEHUSI.
ITocne sToro B TeueHue 12 MecsieB Npu peryIsipHbIX
OCMOTpax MPOBOAMIACH KOPPEKIIMS 0a30BOM Tepa-
nuu [TPC. Ecnu yepe3 3 mecsia peuuauBa MoOJU-
NoB He Habmoganock, npekpainancsa npueM ul' KC.
Ecnau HaGarogalics arpecCUBHbBIN POCT MOJMUIIOB, CYy-
TouHyio no3y ul' KC ysenmmuuBamu no 800 mxr. Cu-
CTeMHasi KOPTUKOCTepOUAHAS Tepamnusl MalMmeHTaM
He TpoBommiack. Yepe3 12 MecsIlieB TakKe OIpe-
JIEeNWIM CTeleHb pPaclpOCTPaHEHHOCTU IIOJIMIIOB
MOJIOCTH HOCA, ITOCJIe YeTO Ha OCHOBAaHWU OLEHKM
3¢ PEKTUBHOCTU MPOBOJIMMOTO JICUSHUS TMallUEHThI
ObLTM pa3aesieHbl Ha 3 Tpymnibl. B mepBylo rpyriny
BOLLIM MALMEHTHI C TOJOXUTEIbHON HUHAMUKON
Ha (oHe KoHcepBaTUBHOI Tepanuu. [Ipu ocMmoTtpe
MOJIUIIOB MOJIOCTU HOCa He HaOJII0MaI0Ch WIN CTe-
MEHb WX BBIPAXXEHHOCTU ObLIa MEHbIIE, YeM TOJ
Haszan. Bo 2 rpymnmy BOILIM HAIMEHTHI, Y KOTOPBIX
roJl Ha3aJ MOJIMIIO3Hasl TKaHb B MOJIOCTH HOca ObLIa
B HUIMYKWH, U Ha (DOHE JICICHUST Yepe3 rod UX COCTO-
SIHME OCTaBaJIOCh Ha TOM € YPOBHE BbIPa’K€HHOCTH.
B TpeThio TpyImy BOIILIN ITAIIMEHTHI, Y KOTOPBIX CTE-
MeHb PacIpOCTPAaHEHHOCTH ITOJIMIIOB IMOJOCTU HOCa
OBLTa BEIIIIE, YeM TOJ Ha3aj.

CTaTUCTUYECKUE pacyeThl BBIMOJHEHBI MPU I10-
moruu nporpammbl IBM SPSS Statistics 23.0. Bce
nokasaTeaId HWMMYHOTpaMMbl MMEINW HEOOIbIIYIO
BeIMUMHY KO3 duUIMeHTa s3Kcliecca 1 aCuMMETpUH,
B CBSI3H C YeM LTSI MX aHAJIM3a UCIIOIb30BaI METOIbI
napaMeTpuyeckKoil cTaTUCTUKU. JlaHHbIE OMUCaHBI
B BHJIC CPEIHETO 3HAYCHUS M CTAHIAPTHOTO OTKJIIO-
HeHus (B ckobkax) (). 3naueHus p < 0,05 paccma-
TPUBAJINCh KaK CTATUCTUUECCKH 3HAUNMBIC.

PesynbTathl 1 06CYyXaeHWe

IMpu wuccnemoBaHWM mMOKa3zaTeaeil CUCTEMHOTO
KJIETOYHOTO MMMYHUTETa MEXIy TpynIiaMy C pas3-
HBIM 3(p(peKTOM KOHCEepBAaTUBHOM Teparvuy BBISIBIIC-
HBI CTATUCTUYECKU 3HAYUMBIC PA3IMIUS, IIPEACTaB-
JieHHble B Tabaule 1. [To abcomoTHOMY KOJTUYECTBY
JTUMGOIINTOB HabIIomadach IOCTOBEpHAsT pa3HU-
a MeXIy BCEMHU HCCIeAyeMbIMU HaMU TpyIIaMu,
C MaKCUMAJIbHBIM TTOBBIIIICHUEM BO 2 TPYIIIC U MU-
HUMaJIbHBIM KOJIMYECTBOM B TpeTheli IpyIire. Y na-
OUEHTOB | TPYIIBI ¢ MOJIOXUTEIBHON TUHAMHKOMN
Ha (oHe KOHCEpPBATUBHOI Teparuu HaOJI0JaluCh
HOpPMaJIbHBIE 3HAYEHUST aOCOIIOTHOTO KOJMYECTBA
nutorokcnueckux T-nmumeponuror (CD3*CDS8Y),
y 2 TpyHIibl, Tae Ha (hoHe JiedeHUs ITOJIMITO3HBIN TTPOo-
ecc He IIPOTpecCrpoBajl, HO BMECTE C TEM HE OTME-
YaJIOCh YMEHBIIIEHUSI pa3MepOB ITOJIUITO3HOM TKaHU,
9TOT MOKa3aTe b ObUT JOCTOBEPHO BHBIIIIE TI0 CPaBHE-
HUIO C IPYTMMMU rpynnamu. B Tperweit rpymre, ruoe
Ha (oHe cTaHZAPTHOM KOHCEPBAaTUBHOM Tepaltuu
MPOOOIKAJICS aKTUBHBIM POCT ITOJMIIOB, a0COJIIOT-
Hoe koJimduectBo CD3*CD8*T-n1umM@poLuToB OBLIO

719



Cagnesuu E.JI. u dp.
Savlevich E.L. et al.

Meduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

TABJALA 1. 3SHAYEHWUE NOKA3ATENEN KNETOYHOO UMMYHUTETA NEPUGEPUYECKON KPOBU Y BOJbHBbIX
MPC B 3ABUCUMOCTU OT IOOEKTUBHOCTU KOHCEPBATUBHOM TEPANUW, CPEAHEE 3HAYEHWE U CPEAHEE

KBAAPATUYHOE OTKNOHEHHUE (%)

TABLE 1. CHARACTERISTICS OF CELLULAR IMMUNE STATUS IN PERIPHERAL BLOOD OF THE PATIENTS WITH CHRONIC
RHINOSINUSITIS AND NASAL POLYPS DEPENDING ON THE EFFECTIVENESS OF DRUG THERAPY, MEAN AND STANDARD

DEVIATION (&)

MokasaTenu KNeTo4yHoro
MMMYyHUTETA
Characteristics of cellular
immune status

1 rpynna
Group 1

2 rpynna
Group 2

3 rpynna
Group 3

Bce
nauueHTbl
cnpPC
All patients
with CRSWNP

KoHTponbHas
rpynna
Control group

PerynsatopHble T-kneTku
Regulatory T cells
(CD4+CD25brightCD1 27|0w to neg)
x 109

0,14+0,01**

0,2+0,03***

0,1+0,05****

0,14+0,06*

0,009-0,078

PerynatopHble T-kneTku
Regulatory T cells
(CD4+CD25brightCD1 27 lowto neg) %

8,29+0,5**

9,66+0,47

8,98+1,38****

8,76+1,65*

2-6

T-kneTKkn akTUBUPOBaHHbIE
Activated T cells
(CD3*CD25%) x 10°

0,23+0,02**

0,32+0,08***

0,17+0,07****

0,26+0,13*

0,007-0,165

T-KNeTKkn akTUBUPOBaHHbIe
Activated T cells
(CD3*CD25") %

15,09+0,73

14,9+2,27***

16,1+2,83

16,05+4,55*

0,5-6,0

NKT-knetku
NKT cells
(CD16*CD56*CD3") x 10°

0,14+0,03**

0,28+0,08***

0,06+0,05****

0,16+0,13*

0,007-0,165

NKT-knetku
NKT cells
(CD16*CD56CD3*) %

9,41+£1,91*

13,02+3,49**

4,731,87**

9,2846,15

0,5-6,0

T-xennepsbl
T helper cells
(CD3*CD4*) x 10°

0,6+0,06**

0,87+0,19***

0,6+0,3

0,68+0,31

0,576-1,336

T-xennepbl
T helper cells
(CD3*CD4*) %

39,96+1,03

41,94,16*

47,03+1,57**

41,26%6,53

35-55

T-xennepbl HauBHbIE
Naive T helper
(CD4*CD45RA"), abc

0,3+0,6**

0,48+1,6

0,49+0,34****

0,27+0,13

0,272-1,123

T-xennepbl HaUBHbIE
Naive T helper
(CD4*CD45RA*) %

13,42+1,86**

20,93+3,71

21,17+2,07**

16,58+7,93

20-40

B-kneTku namaTtu
Memory B cells
(CD19*CD5CD27*) x 10°

0,07+0,01

0,07+0,01***

0,1+0,06****

0,07+0,04*

0,012-0,040

B-kneTku namaTtun
Memory B cells
(CD19*CD5CD27*) %

3,0+£0,43**

2,38+0,3***

4,171,056

2,95+1,23

1,8-6,8

T-untToTOKCHUUYECKME
Cytotoxic T lymphocytes
(CD3*CD8*) x 10°

0,39+0,05**

0,56+0,08***

0,33+0,16™***

0,45+0,19

0,372-0,974
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memory T cells
(CD4*CD45R0")

MokasaTenu kneTo4yHoro Bee
nauuneHTbl KoHTponbHas
MMMyHUTETa 1 rpynna 2 rpynna 3 rpynna ¢ MPC rovnna
Characteristics of cellular Group 1 Group 2 Group 3 . Py
immune status All patients Control group
with CRSWNP
T-umToTOKCMYECKME
Cytotoxic T lymphocytes 26,2242 57** 28,22+3,54*** | 23,87+3,55%*** 27,25+7,53 19-35
(CD3*CD8*) %
NK-akTuBupoBaHHble
Activated NK cells 0,32+0,06** 0,258+0,04*** | 0,13+0,05**** 0,25+0,14* 0,230-0,369
(CD3-CD8") x 10°
NK-akTuBupoBaHHbIe
Activated NK cells 13,45+2,08** 8,90+1,41*** | 10,97+3,88**** | 10,94+5,12* 1-3
(CD3-CD8") %
N (LGL) (CDICDTOCDY | g 50:0,08 | 0,62:0,08* | 0,2240,00™ | 04720.21% | 0,123-0,369
L\/LK (LGL) (CD3CD16°CDS6") 21,464£2,55** | 18,18+2,50*** 16,5+3,9**** 19,70+6,44* 8-17
B-kneTku obwume
B cells 0,26+0,05 0,28+0,03 0,20+0,12 0,25+0,12 0,111-0,376
(CD3-CD19*) x 10°
B-kneTkn obwme
B cells 10,65+1,08 10,06+1,34 9,90+2,05 10,11+2,79 7-17
(CD3-CD19*) %
T-kneTku o6wwme
T cells 1,50+0,14** 2,03+0,26*** 1,29+0,63**** 1,65+0,57 0,946-2,079
(CD3*CD19) x 10°
T-kneTtkn o6wme
T cells 65,90+2,64** 70,28+2,47 72,10+2,58**** | 68,43+6,22 61-85
(CD3*CD19) %
JinmdounTtbl
Lymphocytes 2,3+0,22** 2,87+0,30*** 1,74£0,85%** 2,40+0,78 1,0-4,8
x 10°
JNinmdouunTtbl
Lymphocytes 34,45+1,87** | 38,08+4,24*** | 23,17+1,05**** | 33,65+9,72 19-37
%
KoHTponbHasa cymma
(T-kneTku + B-knetky + NK) 98,01+0,34 98,72+0,45 98,5+0,61 98,29+0,88 10045
Check sum
(T cells + B-cells + NK)
MHaekc COOTHOLEHUA
ThT-uuToToKCU eckne 178£0,38" | 1532£025" | 199:038 | 1692085 15-2,6
Ratio index
Th/Cytotoxic T cells
T-xennepbl akTUBUPOBaHHbIe
n T-namatun
Activated T helpers and 28,51+1,58** | 24,24+1,15*** 27,0+2,8 0,18+0,09 0,068-0,702

MpumeuyaHune. * — gocToBepHasa pasHuLa MeXAy HopMmol un Bcemu nauueHtamm c MPC; ** — pocToBepHas pa3Huua
mexay 1 n 2 rpynnoit; *** — pocTtoBepHas pa3Huua Mmexay 2 u 3 rpynnoit; **** — poctoBepHas pa3sHuua mexay 1

n 3 rpynnoi.

Note. *, statistically proved difference between Control group 1 and all patients with CRSwNP; **, statistically proved difference
between Group 1 and Group 2; ***, statistically proved difference between Group 2 and Group 3; ****, statistically proved difference

between Group 1 and Group 3.
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JNOCTOBEPHO HU3KUM, KakK IO CPAaBHEHUIO C OAPYru-
MU TPYIIIIaMH, TaK M OTHOCUTEJIbHO KOHTPOJBHOMI
rpymnbl. AocomorHoe ymcio NK (LGL) (CD3-
CD16*CD56%) Bo Bcex rpynmnax I1PC 6buto Bbiiiie
HOPMEI, C IOCTOBCPHBEIM OTIMYMEM II0 TPYIIIaM.
CaMbIM BBICOKMM 3TOT MOKa3aTeldb ObLI BO BTOpOIi
IpyIire, a HU3KUM B TpeTheil rpymie. Takxke Bce
TPYNIbl pa3iMyajuch OTHOCUTEIBHO aOCOJIIOTHOTO
yrciaa aktuBupoBaHHBIX NK (CD3-CDS8*). B mep-
BOM TPYIIIC UX KOJMYECTBO OBUIO OYCHB BBICOKHM,
BO BTOPOU OBIJI CPABHUM CO CPEIHUM IOKa3aTejeM
npu I[TPC. B TpeTbeii rpyIiie 4ucjio aKTUBHUPOBaH-
HbIX NK Ob110 1OCTOBEpHO HUXKE HOpMBI. I1o ypoB-
HiI0 NKT-kietok (CD16"CD56"CD3*) Takxke GbLia
BEISIBJICHA JOCTOBEpPHASI pa3HUIIA ITO0 BCEM TpyIam
nauveHToB. Hanbonbiiune 3HaueHUs1 ObLIU BO BTO-
poii TpyIllle, HAaUMEHBIINE B TPETheil TPYIIIIE, TIe
OHU HE OTJIMYAJIUCh OT KOHTPOJIbHOM TPYIIITHI.
AOCOJIOTHOE KOJIMYECTBO OOHIMX T-KIJIIETOK
(CD3*CDI19) Bo Bcex rpymmax ObUIO B mpeaenax
HOPMEI, BHYTPHU TPYITIT CAMBIM BBICOKMM 3TOT ITOKa-
3aTesib ObLUT BO BTOPOI I'PYIINE, a HU3KUM B TPETheM
rpymrie. Yto KacaeTcsl aOCOJIOTHOTO KOJIMYECTBa
T-xenmnepoB (CD3*CD4%), oHm ObUIM HOCTOBEP-
HO BBIIIE BO 2 TPYIIIe, IPU OTCYTCTBUU OTINIMUIA
mexay 1 u 3 rpynnoii. AGCOJIOTHOE YMCJIO HauBHBIX
T-xennepoB (CD4"CD45RA*) B 1 mepBoii rpymme
ObLIO JOCTOBEPHO HMIKE, UYEM BO BTOPOIl U TpeTheit
rpynmnax, KOTopble He OTIMYaIMCh APYr OT ApYyra.
IMTokazaTenm abGCOJNIOTHOTO KOJIWYECTBA AKTUBUPO-
BaHHbIX T-kjetok (CD3*CD25%) u peryasiTOpHbIX
T-knetok (CD4*CD25EnNCD 127w o neg) po Beex
rpymnmnax ObIJIA BBILIE HOPMBI, BHYTPY TPYITIT CAMBIM
BBICOKMM 3TOT MOKa3aTedb ObLI BO BTOPOM TPYIIIIE,
a HU3KUM B TpeTbeit rpymme. [Ipu 3ToM ux oTHOCH-
TeJIbHOE KOJIMYECTBO, HAIIPOTUB, OBIJIO MaKCUMaJIb-
HBIM B TPEThEU TpyIINe, a MUHUMAJIBHBIM B ITepPBOit
rpynne. CooTHOIlIeHWEe a0COJIOTHOrO KOJIW4YecTBa
T-xennepbl akTUBUPOBAHHLIX K T-KJIeTKaM IaMsITH
(CD4"CD45R0%) 0OBUIO TOCTOBEpPHO HMKE BO BTO-
poii rpymme, IpU OTCYTCTBUM 3HAUYMMOI pa3sHUIIBI
3TOro Tokaszateiyisi Mmexay 1 u 3 rpymnmnoii. AGCOJIOT-
Hoe KoJimyecTBO obmmx B-knerok (CD3-CD19%)
ObLIO B Ipeaeax HOPMBbI M 0e3 JOCTOBEPHBIX pa3-
anuuid mexay rpynnamu. Yucino B-kineTok mamsitu
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(CD19*CD5-CD27*) pa3znuyaioch o TpeTheil rpyIi-
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KOHUEHTPALUA NPOTUBOBOCNAJIUTEJIbHbIX
LUTOKMHOB B CYNEPHATAHTAX KYJIbTYP LIE/IbHOM
KPOBW Y OETEW C OBEHWU/IbHbIM UAUONATUHECKUM
APTPUTOM

Kpusonanosa VI.M.'2 ITamnanua VLA %4 Yepemmues B.A.2

'T'BY3 CO «Obaacmuas demckas kaunuueckas 6oavruya Ne I», e. Examepunbype, Poccus
2@I'BYH «Hncmumym ummynonocuu u gusuosoeuu» Ypansckoeo omoenenusi Poccuiickoit akademuu Hayk,
2. Examepunbype, Poccus

Pesome. FOBeHMIBHBINT MAMOIMATUYECKUN apTPUT MPEACTABIISIET COOOI reTeporeHHYIO TPYIITY 3a0o0Jie-
BaHUM, IPEUMYIIIECTBEHHO ayTOMMMYHHOM WJIM ayTOBOCHAJIUTEIBHON IIPUPOIbI, OCHOBHBIM IIPOSIBICHHUEM
KOTOPBIX SIBJISIETCS XPOHNYECKOE TeUCHNE BOCITAIMTEIILHOTO IIPOIlecca CYCTaBOB Y AceTeit. B ocHOBe maTore-
He3a pa3HbIX (GOPM IOBEHUJIBHOTO apTpUTa, BEPOSITHO, JeKaT pa3Hble MexaHU3MEIL. OgHaKO IpU BCEX Bapu-
aHTaX IOBEHUJIBHOTO apTpUTa pa3BUBAaeTCS IIUTCIBHBIN TMUCOaTIaHC MEXIY MPOAYKIIMEH IIPO- W IIPOTUBO-
BOCHAJIMTEIIBHBIX IIMTOKMHOB B CTOPOHY Mpeo0IagaHUs TIEPBBIX.

Llenp ncclienoBaHus — OIIpeIesicHe YPOBHS CITOHTAHHON U CTUMYJIMPOBAHHOU MTPOAYKIINY ITPOTHUBOC-
NaJINTEJIbHBIX IUTOKWHOB B CyIIepHATAHTaX KyJbTYP LEJbHON KPOBM y IETeU ¢ FOBEHWILHBIM MINOMIAaTHIC-
CKHM apTPUTOM.

O0cnenoBaHbl AETU U TTOAPOCTKU 2-17 JIeT ¢ pa3IMYHbIMU BapMaHTaMU I0BEHWIbHOIO UAUOIIaTUYECKOTO
aptpura (n = 99) u ycJI0BHO 3M0pOBbIe AeTU (KOHTPOIb, N = 31). CnoHTaHHYIO U (pUTOreMarrjalOTUHUH-CTH -
MYJIMpoBaHHYIO KoHIleHTpauuio [L-1ra, IL-4, IL-10, TGF-B B cynepHaTtaHTax KJIETOUHBIX KYJIBTYp UCCIIe-
nosain MetonoMm MDA.

Pazuamit 1o CHOHTaHHOM ¥ MUTOT€H-CTUMYJIMPOBAHHOM CEKPEIIMU NCCIIETOBAHHBIX IUTOKITHOB MEXITY
HanueHTAaMU C Pa3IMIHBIMHM BapHaHTaMU IOBCHIUIBHOTO apTpUTa HE BBISIBJICHO. B 00beaMHEHHOI TpyIIIie
OOJILHBIX C IOBEHUJIBHBIM UIUOTIATUYECKUM apTPUTOM CITOHTaHHas Beipaborka IL-1ra, IL-4 u IL-10 knert-
KaMM KPOBHU OCTaBajlach Ha YPOBHE KOHTPOJIBHOM. Y MallMEHTOB MeAWAHHOE 3HAYEHME CITOHTAHHOI KOH-
neHTpauuu TGF-f ObU10 HyJIeBBIM, TOTIa KaK KJIETKU KPOBU 3IO0POBBIX AeTell obiananud 3HaYMMO OoJiee
BbICOKUM TToTeHIIMaoMm npoaykiuu TGF-f. TTocne nnkybalyu KiaeTok rnepudepuyeckoin KpoBU ¢ puTore-
MarraioTUHUHOM cuHTe3 [L-4 1 [L-10 y 00JbHBIX HEe OTJIMYAICSI OT KOHTPOJBHOTO YPOBHSI, 8 UHTEHCUBHOCTh
BbIpaboTKH 1L-1ra 1 TGF- Obu1a TOCTOBEPHO HUXKE, YEM Y 3MOPOBBIX JETEH.

Bosiee HU3Kas Mo CpaBHEHUIO C KOHTPOJIEM CIIOHTaHHAS U/WiIM CTUMYJIUpPOBaHHAasI MPOAYKIIUS KJIeTKaMu
kpoBu IL-1ra u TGF-f y nereii ¢ 0BeHWIbHBIM UANONATUYECKUM aPTPUTOM IO CPABHEHUIO C KOHTPOJBbHOM
TPYNIION OTpaXkaeT MaTOreHeTUISCKYI0 3HAUMMOCTh JAHHBIX IIUTOKWUHOB IIPU 3TOM 3a001eBaHUU. CTUMYJISI -
WS KJIETOK CIIOCOOHA BBISIBUTDH CKPBITHIN Je(UIIUT CUHTE3a IIMTOKMHOB, HE TIPOSIBIISIIOIINICS IIPU OIIpeac-
JICHNM €TO KOHIICHTPAIIMH B CBIBOPOTKE KPOBU WJIM CyIIepHAaTAHTAaX CIIOHTAHHBIX KJIETOUHBIX KYJIBTYP.

Knrouegwie crosa: CMUMYAAUUA in vitro, H0O6CHU/NIbHbIE apmpumebl, 0emu, KYAbmypbol KA1emokK, yumoKUuHbsl, 6ochaierue
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CONCENTRATION OF ANTI-INFLAMATORY CYTOKINES
IN CELL CULTURE SUPERNATANTS IN CHILDREN WITH
JUVENILE IDIOPATHIC ARTHRITIS

Krivolapova LM.*", Pashnina L.A.**, Chereshnev V.A.?

¢ Regional Children’s Clinical Hospital No. 1, Ekaterinburg, Russian Federation
b Institute of Immunology and Physiology, Ural Branch, Russian Academy of Sciences, Ekaterinburg, Russian
Federation

Abstract. Juvenile idiopathic arthritis is a chronic inflammatory disease of the joints in children, mainly of
autoimmune or auto-inflammatory nature. It is a heterogeneous group, which includes different subtypes of the
disease. Different mechanisms may play role in the pathogenesis of distinct subtypes of juvenile arthritis. However,
a long-term imbalance of pro- and anti-inflammatory cytokines is important for all subtypes of disease. The
aim of the present study was to determine spontaneous and stimulated anti-inflammatory cytokines production
by peripheral blood cells from the children with juvenile idiopathic arthritis. Patients of 2 to 17 years old with
different subtypes of juvenile idiopathic arthritis (n = 99) and healthy children without signs of autoimmune
diseases (control, n = 31) were examined. Spontaneous and phytohemagglutinin-stimulated concentrations of
IL-1ra, IL-4, IL-10, TGF-p in supernatants of whole-blood cultures were determined by ELISA. Differences
in the spontaneous and mitogen-stimulated secretion of the cytokines in patients with different subtypes of
juvenile arthritis have not been revealed. The spontaneous IL-1ra, IL-4 and IL-10 production by blood cells in
the common group of patients with juvenile idiopathic arthritis was similar to the controls. The median value of
spontaneous TGF-3 concentration in the patients was below the detection level, whereas blood cells of healthy
children had a higher potential of spontaneous TGF- production. IL-4 and IL-10 production after incubation
of peripheral blood cells with phytohemagglutinin in patients and in the control group did not differ from the
controls, while IL-1ra and TGF-f synthesis was significantly lower than in healthy children.

The spontaneous and/or stimulated production of IL-1ra, TGF-f by blood cells in children with juvenile
idiopathic arthritis reflects the pathogenic significance of these cytokines in disease. Stimulation of cells can
reveal a latent deficiency in the synthesis of cytokines, which is not evident when determining its concentration
in serum or supernatants of spontaneous whole-blood cultures.

Keywords: in vitro stimulation, juvenile arthritis, children, cells culture, cytokines, inflammation

Pa6ota BeITTOTHEHA B paMKax roc3amanus MO
YpO PAH (perucrpanunonnsiit Homep HUOKTP
Noe AAAA-A18-118020590108-7).

KoHbnuKT MHTEpECOB OTCYTCTBYET.

BeeneHue

XpoHUYECKHWEe BOCHAIUTEIbHBIE 3a00JeBaHUS
CYCTaBOB Yy JieTeli SIBJSIIOTCS BaxKHOI Mpo0ieMoit co-
BpPEMEHHOI MeauaTpuu B CUJIY TOTO, YTO 3THU 3a00-
JIEBaHUS CYIICCTBEHHO CHIDKAIOT KA4eCTBO KM3HU
nanreHTa U HepeaKo IMPUBONAT K MHBATMIN3ALINN
pebdenka. Haubosiee pacripocTpaHeHHbIM 3a0o0Je-
BaHWEM W3 3TOU TPYMIIBI SIBISCTCS IOBEHWJIBHBIN
uanonarudeckuii aptput (FOUA) [15, 17]. B ocHOBe
3a00JIEBaHUS JIEXKUT XPOHUYECKOE ITOpasKCHHE CY-
CTaBOB ayTOMMMYHHOM JIMOO ayTOBOCITAJIMTEIbHOM
OPUPOABI: pPa3BUBACTCS BOCIIAJICHUEC CUHOBUAJIb-
HOM 000JIOUKHU, HECTPYKLUS XPSIICBOM M KOCTHOM
tKaHu, npu FOMA Takke BO3MOKHBI BHECYCTaBHBIE
nposiBieHusg [8, 17].

FOBeHMIBHBIN UANOIIATUICCKUIN apTPUT SIBIISICT-
CSI TeTePOTeHHO TPYIIIOi, B COCTaB KOTOPOU BXOIST
pa3iaudHble BapuaHThl 3a00eBaHus. 1o kiaccudu-
Kauuu BceMUpHOM TUTU peBMaTOJIOTUYECKUX acCo-
ualuii Broporo nepecMmorpa (3aMoHToH, 2001) BbI-
NEJISIIOT CJIeAyIolue BapuaHThl: cucTeMHbIl JOUA,
noauapTukyasapHbiii JOMA, onuroapTuKyIsIpHbIN
IOUA, nicopnatudeckuii IOBEeHUJIbHBIN apTPUT, ap-
TPUT, aCCOLIMMPOBAHHBIN C DHTE3UTOM, Hemudde-
peHLIMPOBaHHEIN apTpuT [2, 17]. CneayeT OTMETUTD,
4Tto HU I ogHol u3 dopMm FOMA HeT mocTtaTtouyHo
YEeTKUX J1abOpaTOPHBIX MAapKEpPOB, TaKWUX, KaKUMU
SIBJISIIOTCS aHTUTeNAa K LIUTPYUIMHUPOBAHHBIM TIETI-
TUIAM TIpU PeBMATOMIHOM apTpUTe B3pOCHbIX [12,
44]. B ocHoBe maToreHe3a pasaudHbiX (popm FOUA,
BEPOSITHO, JIeXKaT pa3Hbie MeXaHU3Mbl. OTHAKO IIpU
BCEX BApUaHTaX Pa3BUBACTCS AUCOAIAHC MEXIY TTPO-
IYKIIEeH ITPpOBOCTIAIMTEIILHBIX M IPOTUBOBOCITAI-
TeJbHbIX TUTOKUHOB (LK) B cTopoHy npeobmaganus
nepBbix [18]. I[Ipy IOBEHUJIBHOM apTPUTE C CUCTEM-
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HbIM HayajloM yCUJIEHWE CUHTEe3a MPOBOCIIAINUTEb-
Heix LK, Ha ¢oHe HemocTaTOYHOCTH BHIPAOOTKU
MPOTUBOBOCIIAIMTEBHbBIX OEJIKOB 3TOWM TI'PYIIIbI,
MOXET UTpaTh BEAYILIYIO MATOreHeTUYECKYIO POJIb [2,
25]. O 3HAYMMOCTHU COCTOSTHMSI UTOKUHOBOI CETHU
npu napyrux BapuaHTax FOWA cBuaeTenbCTBYIOT
YCIIEIITHBIE TOIBITKY TIPUMEHEHUSI AHTHIIUTOKM-
HOBOI Tepalliy IIPU OJIUTO- W MOJUAPTUKYIISIPHOM
IOUA y nereii [6, 48].

HuTOKMHBI — CEeMEMCTBO MOJUMNENTUAHBIX MO-
JICKYJI, KOTOpPBIC CHHTE3UPYIOTCS KIIETKAaMU pa3-
JIMYHBIX TKaHeil opraHusMa, HauboJjiee aKTUBHBIMU
OpoayLieHTaMU 3TUX MOJEKYJ SIBJISIIOTCSI UMMYHO-
KoMmeTeHTHBIe KiIeTKu. LIK perynupyroT psiom HOp-
MaJIbHBIX (DU3MOJOTMYEeCKUX (DYHKIIUI, 3alUTHBIE
peakuyy OpU BHEIPEHUU Pa3IUYHBIX IaTOTeHOB,
a Takke pa3BUTHE OOJBIIMHCTBA ITATOJOTMYCCKUX
MPOILIECCOB, BKJIIOYasi KaHIIEPOreHe3, CEpAeYHO-CO-
CYIMCTbI€ HapylleHUsI, ayTOUMMMYHHYIO TTaTOJIOTUIO,
ajuiepruyeckue peakuuu u apyrue [4, 31, 40, 49].
B oTHolleHUN peryasiiuyd BOCHAJUTEBHOTO MpO-
necca LK paznensiroT Ha mpoBociaauTe/IbHble (MHU-
OUMPYIONINE 1 YCIJIMBAIOIIVE BOCHAUTEIBHYIO pe-
aKIUI0) U MTPOTUBOBOCIIAIUTEIbHBIE (TTOJaBISIIOINE
BocrajeHue). K OCHOBHBIM MNpPOBOCHAIMTEIbHBIM
LK, nppHMMaOmMIM yJacThe B ITaTOTeHe3¢ BOCIIa-
JIMTEJIbHBIX 3a00JieBaHUII CyCTaBOB, OTHOCSITCSI WH-
Tepaevikuubl IL-13, IL-6, IL-8, IL-17, a Takke ¢ak-
TOp Hekpo3a onyxonu aabda (TNFa) u uarepdepon
ramma (IFNy) [3, 19, 53].

Hapsiny ¢ cuHte3dom mpoBocnanutTeabHbix LK,
Ipu JI0O00M BOCHAJIMTEIFHOM IIPOIIECCe ITPOMCXO-
JIUT YCUJIEHUE TTPOIYKIIMU TPOTUBOBOCTIAIUTEIbHBIX
1K [13, 45]. HenocTatoyHast BbIpaboTKa 3TUX MOJie-
Kyl TIPUBOOUT K HEKOHTPOJIMPYEMOM IIPOrPECCUM
BOCHAJIEHUsI, OJHAKO, €CJAM IPOTHUBOBOCIAIUTEb-
Hble LIK cMHTe3upy1oTCsl CIUIIKOM paHO IS 3aBep-
IMIEHUSI UMMYHHOTO OTBETa WJIM B CIIMIIKOM BBICO-
KUX KOHIIEHTpAIIUIX, 3TO MOXET BbI3BaTh COCTOSIHUE
uMmMmyHocynipeccuu [14]. Haubosee 3HaAYUMBIMU
IPOTHUBOBOCITAIUTCIBHBIMA HUTOKWMHAMM TIPU 3a-
0O0JIeBaHUSIX CYCTaBOB SIBJISIOTCS: PELIENITOPHBINA aH-
taronuct IL-1 (IL-1ra), IL-4, IL-10, IL-13, TpaHc-
dopmupyrommii dakrop pocra oera (TGF-B) [7,
22]. IIporuBoBocnanutenbHble LIK ocyiiecTBisiior
KOHTpPOJIb 32 3¢pdekTamu npoBocnanuteabHbix LK,
OHU CITOCOOHBI ITOJABJISTH TPAHCKPUIIINIO TSHOB
MOCJIEIHUX B KJIETKaX-TPoaylieHTax, UHAYLIUPOBaTh
CHUHTE3 PEeLENTOPHbIX aHTAarOHUCTOB WHTEPJIEMKU-
HOB, YCWJIMBaTh 00pa3oBaHUE PAaCTBOPUMBIX pelIeII-
TOPOB U CHUXKATh INIOTHOCTb PELIENTOPOB MPOBOCTIA-
sutenbHbix LK Ha knetkax [7].

IL-10 gBasgeTcsd OgHUM U3 BaXKHEHIITNX TPOTUBO-
BOCHAJIIUTEbHBIX  IIUTOKWUHOB,  IPOAYLIMPYETCS
T-nmumdponmuramu, nperuMyllecTBeHHO T-xeanepaMu

2-1o TMNAa, MOHOLIMTaMU. [TpoTUBOBOCTIATUTEIbHBIH
addpexr I1L-10 peanusyercs depe3 IoaaBlIecHUE aK-
TUBHOCTU MakpodaroB u T-nuMdbouuToB, mnpexue
Bcero cuHTte3a aTuMM Kietkamu IL-1, 1L-6, IFNy,
TNFa. 9ror LIK criocobeH yrHeTaTh CEKpeLio Ma-
TPUKCHBIX METAIONPOTENHA3, UHTUOUPYET KOCTU-
MYJISSITOPHYIO aKTUBHOCTh MaKpoaroB, IMOIABISCT
JIECTPYKLMIO XpALIA U APYTUX COEANHUTEIBHOTKAH-
HBIX CTPYKTYp cycTaBa [7, 39].

Iponykims 1L-4 ocymectBusieTcs: T-xenmepaMu
2-TO TUMa, TY4HbIMU KJIeTKaMU U 0azoduiaMu, Io-
nobHo IL-10, oH crmocobeH MHTUOUPOBATH CUHTE3
IL-1, IL-6, TNFa u IFNy, ipu 3tom IL-4 akTuBu-
pyeT B-nmuMdonuTeI, CTUMYIUPYET BBIPAOOTKY UM-
MyHorao6yimHa Kitacca E [7, 22]. BaxXHO OTMETHUTb,
yto 310T LIK 0Gnamaer aHTMaHTMOTeHHBIM 3¢ deK-
TOM U CITOCOOEH TMOAABJISAThH NMpoandepanuio CUHO-
BruonuTOB [28]. OmHaKo MoNbITKA NpuMeHeHus 1L-4
Y B3POCJIBIX OOJIBHBIX C PEaKTUBHBIM apTPUTOM C Te-
pareBTUYECKOU LIEIbI0, B TOM YMCJIE JUISI CHUXKEHUS
KOCTHOM pe30pOLru, HE JaJIM OKUIAEMBbIX PEe3yJIbTa-
TOB [34].

IL-1ra gaBnsieTcsl €CTECTBEHHBIM aHTAarOHWCTOM
IL-1, on romonornueH IL-lo u IL-1B, B3aumo-
JNIECTBYET C TEMU XKe pelentopamu, uto u IL-1, Ho
HE BBI3BIBACT MAIBLHEHMIIIETO IIPOBEICHUS BHYTPHU-
kietouyHoro curHajia [37]. Takum o6paszom, IL-1ra
BBICTYIIa€T B KAUECTBE MHTMOUTOPA U SIBJISIETCST BaX-
HBIM (PU3NOJOTUYECKUM DPETYISITOPOM 3KCIIPECCUM
IL-1. IL-1ra mpoayiupyeTcss MOHOIIMTaMU U MaKpO-
¢daramu, T- u B-nmumdonuramu, HerTpoduiamu,
¢GubpodbIacTaMu U SHAOTEAUATBHBIMU KJIETKaAMU.
3HauuTelbHOe KoJimuecTBO IL-1ra cuHTe3upyloT
renaToUThI, 3TOT IUTOKWH BCerma MIPHUCYTCTBYET
B CbIBOPOTKE KPOBU IS IIPENOTBPALEHUS HETaTUB-
HBIX TIOCJICACTBUM cucTeMHOTO aeciictBus IL-1, BbI-
pabaThIBacMOro B 3HAYMTEJIbHBIX KOJIMYECTBAX IPHU
ocTpoM BocnajeHuu [7]. B skcriepuMeHTax Ha ja-
OopaTOpHBIX MbIlIaX HOKayThpoBaHMe reHa IL-1ra
OPUBOAWIO K HapylIeHUIO HOpMaJbHOro OajlaHca
LK cemeiicTBa IL-1 1, Kak ciaeacTtBue, CHOCOOCTBO-
BaJIO0 Pa3BUTHIO XPOHUIECKON BOCITATUTEIBHOMN IT0-
JIMapTPOIlaTUM C CYCTaBHBIMU 3po3usiMu [29].

IMponyuentamu TGF-f saBasioTCSI MOHOLUTHI
u Makpodarmu, a Takxke Gudpo6aacThl, SHIOTEINO-
LMUTbI, HEUTPOPUIBI, 03MHOPUIBI, TyUHbIE KJIET-
ku. 9ror LUK orpanmumBaeT BOCITaJICHHE 3a CYET
nodaBJCHUS MPOAYKIIUM ITPOBOCITAIMTEIbHBIX 111~
tokuHoB (IL-1, IL-6, TNFa), cynpeccupyeT oTBET
T-numdonnToB Ha pocToBbIe (akTophl, AUdOe-
PEHLMPOBKY IIUTOTOKCUYECKUX T-TUMGbOIIUTOB,
aKTUBHOCTb HaTypaibHbIX KuiepoB [52]. TGF-§
CITOCOOCTBYET Pa3BUTHUIO HE3PEJIBIX MOHOILIUTOB, MO-
OwIM3alMy HeUTPOo(UIIOB 1 MOHOIIMTOB B OYar BocC-
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najeHus, YCWINBAaeT CUHTE3 MEXKJIETOYHOrO Ma-
TPUKCa, YCKOPSET 3aKuBJIeHMe paH [37].

B nuTepatypHbIX UCTOUHMKAX MPEICTaBICH 3Ha-
YUTEJIBHBIE 00BbeM WH(GOPMAIIMK, TIOCBSIIIEHHBIN
COCTOSTHUIO IIMTOKMHOBOW PETYJISIIUU IIPXA BOCIIA-
JIUTEJIbHBIX 3a00JIeBaHUSIX CYCTAaBOB y B3pOCbIX [1,
32, 51]. OnHako nyOoAMKALMKU O MPOAYKLUWA U Ma-
TOTCHETUYECCKOM 3HAYMMOCTUA THPOTHBOBOCITAI-
TeIbHBIX LIMTOKUHOB y Aeteii ¢ FOMA BechMa maino-
YHMCJICHHBI U TIPOTUBOPEYUBEI. Pa3sHEIMU aBTOpaMu
ONMMcaHO TIOBBIIIEHWE KoHHeHTpanuu IL-10 [21,
23, 47], IL-1ra [34] u IL-4 [21] B CBIBOPOTKE KPOBU
npu FOHUA. B npyrux onmy6JMKOBaHHBIX pabOTax co-
00IIIAeTCsT O CHIKEHUH CHIBOPOTOYHOI KOHIIEHTpA-
uuu IL-10 y 6onbHbix ¢ FOMUA [35], a Takke 00 OT-
CYTCTBUM M3MeHeHUs ypoBHs IL-4 mo cpaBHEHUIO
CO 3IOPOBBIMHU IeThMU [33].

CrnenyeT OoTMETUTDh, YTO Hanbojiee YacTo B Hay4-
HOU Y KIIMHUYECKOM IIPaKTUKe, KaK 1 B BHILIIETIEPe-
YHUCJICHHBIX padoTaxX, KOHIECHTPAIIMIO IIUTOKIHOB
OnpenessiioT B ChIBOPOTKE WM I1a3Me KpoBu. Of-
Hako K saBiasitoTcst KOPOTKOXMBYIIMMU MOJIEKYyJ1a-
MU B OOBITHO COZIEP>KATCS B KPOBH B KpaliHE HU3KUX
KOHIIEHTpaLMsIX, KPOMe TOTO, MPUCYTCTBUE PACTBO-
puMbIx perenTopoB LK, aHTUIIMTOKMHOBBIX aHTH-
TeJI U PEHENTOPHBIX aHTarOHUCTOB BIIMSICT Ha pe-
3yJIbTaThl ONpeae/ieHUs] 3TUX OeJIKOB B ChIBOPOTKE
KpoBu [9, 21, 27]. Bce aTo MOXET MCKaXaTb UCTUH-
HYI0O KapTUHY COCTOSIHHMSI IIMTOKMHOBOIO IIPOMUIIS
npu TO WU UHOI maTojiorun. bosee uenecoodpas-
HO u3MepsATh KoHlLleHTpauuio 1K HermocpencTBeHHO
B odare BOCITJICHUS: B KCTPaKTaX COOTBETCTBYIO-
LIUX TKaHeu, B cje3€¢, CMHOBUAJIbHOM, aMHUOTHUYE-
CKOU M CIIMHHOMO3TOBOM XUAKOCTU U T.A. OaHaKO
MojydyeHue o0pa3loB TKaHW U OOJIBIIMHCTBA OMO-
JIOTMYECKUX KMAKOCTEeH (BK/IOYass CUHOBUAIBHYIO)
TIPOBOAUTCS BHICOKOMHBA3MBHEIMU METOHAMM, YTO
OrpaHMYMBACT MCIIOJIL30BAaHME 3TOr0 MaTepuaa
JUTSL UCCJIEAOBaHUSI LIMTOKMHOBOTO MpPoduiisi, 0Co-
OEHHO y MallMeHTOB AETCKOTO BO3pacrTa.

HM3MmepeHne KOHIEHTPpAN INTOKMHOB B CyTIep-
HaTaHTax KJeTOK nepudeprudeckoil KpoBU, KyJIbTH-
BUPYEMbIX KaK 0e3 CTUMYJSITOPOB, TaK U C pa3auy-
HBIMU CTUMYJITOPAMU, SIBJISICTCSI aJIbTepPHATUBHBIM
METOAMYECKMM IIPUEMOM OIIpeAeeHUus] ypPOBHS
1K [5, 9, 27]. Takoil moaxona IO3BOJSET OLIEHUTh
(GYHKIIMOHAJIPHOE COCTOSTHUE WMMYHOKOMIICTCHT-
HBIX KJIETOK, YPOBEHb WX HCXOJHOU aKTUBAalIUU
U MOTEeHLMAIbHYIO CIOCOOHOCTh OTBEYaTh HA CTU-
My [5]. B ycnoBusix in vitro ojst OLIeHKU ITPOAYKLIUN
LUTOKWMHOB B KayeCTBE CTUMYJISITOPOB Yallle BCEro
UCIIONB3YIOT pacTUTEbHbIE MUTOT€HHbIE JIEKTUHBDI:
¢uTOreMarrIIOTHHUH, KOHKAaHAaBaJIMH A, MHUTOICH
JIJAaKOHOCA, YTO ITO3BOJISIET OLIEHUTh OOIIYIO peaKTUB-
HOCTb KJIETOK UMMYHHO CUCTEeMBI [7].

Ilenslo Hameil padoTbl SIBWIOCH OTpeneeHUe
YPOBHS$I CIIOHTAHHOM M CTUMYJIMPOBAHHOM MPOIYK-
MU TIPOTUBOBOCIIAJIMTEIbHBIX IIMTOKWUHOB B CyTIEp-
HaTaHTax KJIETOYHBIX KYJIbTYp LIEJIbHOM KPOBU y J€-
TEH C IOBEHUJIbHBIM UANOMATUYECKUM apTPUTOM.

MaTtepuarsl n MeToabl

WUccnenoBanue mnpoBeaeHo B mepuod ¢ 2012
o 2016 rox Ha 6a3e 'BY3 CO «O0iacTHada gerckas
KIMHU4YecKast OonbHUIIA Ne 1». B coorBeTcTBUM
C 3TUYECKUMHM HOopMamu M IlpaBuwiaMu KIMHUYE-
ckoil ipakTiku P® TIporokosn ncciaeqoBaHUsT ObLT
0J00pEH JIOKAIbHBIM DTuyeckuMm KomutetroM I'bBY3
CO OIOKbB Ne 1.

IManmenTs ¢ FOMA cocTosiiu Ha yyeTe y J1eTCKUX
pesmaroiioroB OJIKB Ne 1 1 mpoxoannu obciiemoBa-
HUE Y JIeYeHUE B YCIIOBUSIX aMOyIaTOPHO-TIOTUKITH -
HMYECKOIo 3BeHa. B mcciienoBaHue MeTOIOM CIy-
YaifHOU BBEIOOPKM OBLIO BKIIIOUEHO 99 meteit u3 341,
COCTOSIBIIMX Ha y4yeTe Ha IIepuoJ MCCIedOBaHUs,
B Bo3pacTe oT 2 10 17 JeT ¢ pa3TuIHBIMHA BapraHTa-
mu FOUA: onuroaptukynsipasiii BapuaHT (0FOUA),
n = 53; monmapTuxkyisipHblii BapuaHT (TMHOUA),
n = 20; cuctemHsblil BapuaHT (CFONA), n =9; apTpur,
accouuupoBaHHBI ¢ 3HTe3uToM (FOAald), n = 17.
Bcero oocienoBandbl 61 neBodyka u 38 MaJIbYMKOB.
Cpennuii Bo3pact coctaBuia 10,0 net. AnuTeabHOCTD
0oJiIe3HM Ha MOMEHT oO0cCjeqoBaHUsI BapbHpoOBaia
oT 6 MecsilieB 10 13 JileT u B cpeaHeM coctaBuia 4,4
roma. CpenHU BO3pacT MAllMEHTOB HA MOMEHT He-
610Ta 3a00JIeBaHMSI COCTaBUI 5,8 JIeT.

HduarHo3 «lOMA» ycraHaBiauBajicsl Ha OCHOBa-
Huu kputepueB ILAR (MexnyHapogHoi IUTU peB-
MaTOJIOTUYECKUX acCOIMAllMii BTOPOTO TIepecMoTpa
B Edmonton, 2001). Kputepuu BKJItoueHUs B MCCJIE-
JTOBaHUWE: BO3pacCT TMalueHTa He MeHee 2 U He OoJee
17 net, Hadano 3a0ojieBaHus 10 16-JIeTHErO Bo3pac-
Ta, MOOTBEPKACHHBIN IUarHO3 I0BEHIIBHOTO MINO-
MaTUYECKOrO apTpUTa, WCKIIOYCHHWE IPYTHX PEB-
MaTUYeCKUX 3a00JIeBaHMI, OTCYTCTBME HA MOMEHT
00CIeq0BaHNST OCTPOTO MU XPOHUIECKOTO MH(PEK-
LIMOHHOTO TMpollecca, OTCYTCTBHME DPEBMAaTOWUIHOTIO
¢dakTOpa B CHIBOPOTKE KPOBM, OTCYTCTBME aHTUIIM-
TOKMHOBOM Teparuu.

CorjlacHO JaHHBIM aMOyJIaTOPHBIX Kapt, Yy 49%
nanreHToB Habmomanack I cTereHb aKTUBHOCTH 3a-
6oneBanwust, y 16% — 11 crenienb, y 9% — 111 creneHs,
26% GOMBHBIX HAXOAWINCH B COCTOSTHUM PEMUCCUU.
Ha ocHoBaHMU peHTreHOJOrMYECKMX JaHHBIX ¥ 36%
nereit c KOMA yctanosieHa I ctamyst aHaTOMU4ecKUX
U3MEHEHUI CycTaBOB (3MU(pU3APHBIN OCTEOIIOPO3),
y 36% nauueHToB HaGmoganach Il cramus (amnu-
(bu3apHBIil OCTEOIopo3, pa3BOJIOKHEHUE Xpsllia,
CyXXE€HUE CYCTaBHON Ileau, €AUHUYHBIC SPO3UM),
y 3% — Il cramust (mecTpyKuMs Xpsiiia U KOCTH,
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¢opMUpOBaHNE KOCTHO-XPSIIIEBBIX 3PO3Uid, TTOIBHI-
Buxu B cycTaBax). Ilo kputepusm LTeiiHOpokKepa
y 33% O60abHBIX yCcTaHOBJEH | (PyHKUMOHAIBHBIN
KJTacc (IMoTHasi COXpaHHOCTD BBITTOJTHEHUS €3KEeTHEB-
HOI Harpy3Kku 6e3 orpanudeHus), y 43% — 11 (anex-
BaTHasl COXPAHHOCTh BBIMMOJIHEHUSI HOPMaJbHOM
eXXeTHEBHOI HArpy3Ku, HECMOTPsI Ha ompeneieH-
Hble TpyaAHOCTH), ¥ 16% — Il (orpaHndeHHasT BO3-
MOXHOCTb BBITIOJITHEHUS HOPMAJIbHOU €XEIHEBHOM
Harpy3Ku).

bonbHble ¢ FOMA nonydanu natoreHeTUYeCcKyIo
M CUMIITOMAaTUYECKYIO Tepaluio B COOTBETCTBUU
C CYILIECTBYIOILIMMU CTaHAApTaMM JiedeHUs1. bomab-
IIAHCTBO MAIlMCHTOB B Ka4eCTBE 0a3MCHOI Tepaltnmn
MoJTyJaii METOTpEKCaT Wiu cyibdacana3uH, B pse
cllydaeB — B COYETaHUM C CAaHAMMMYHOM U METHU-
npenoM. HecTepommHbie ITPOTUBOBOCHAINTEIBHBIC
cpenctBa netu ¢ FOMA nmpuHuManu no noTpedHo-
ctu. [TalueHTsl ¢ IIUTEeJIbHONM CTONKON peMuccuei
(13 u3 26 geTeii ¢ peMHUCCHUE) He TTOydYain JieKap-
CTBEHHYIO TePaITHIO.

KoHTpoabHy10 rpyIiy coctaBui 31 yCiI0BHO 310-
POBBIN pedeHOoK: 17 meBoyeK U 14 MaJIbuMKOB, B BO3-
pacte or 2 mo 17 mer. CpegHuUit BO3pacT COCTaBUII
10,5 net. Kputepun BKIIIOUEHUS IeTeil B KOHTPOJIb-

HYIO TPYHITy ObUIM CJIEAYIOIMe: BO3pacT MaldeHTa
He MeHee 2 1 He Oojyiee 17 JieT, et Oe3 HaJIUYUS
MPU3HAKOB ayTOMMMYHHBIX W aJUICpTUYECKUX 3a-
0oJieBaHUIi, OTCYTCTBUE HA MOMEHT OOCJIeIOBaHUS
OCTPOTO WJIM XPOHUIECKOTO MH(MEKIIMOHHOTO IIPO-
ecca.

Jlns1 onpeneseHnsI YPOBHS [IUTOKWHOB B Cymnep-
HaTaHTaxX KJIETOYHBIX KYJBTYpP KpPOBb 3a0upajiach
B BaKyyMHBIC TeIIAapMHU3UPOBAHHBIC ITPOOMPKH
(Greiner, ABctpus). OO0pa3lbl KpPOBU Ppa3BOIAUIU
rnyraMuHcoaepxaiei cpemoit RPMI-1640 (ITan®-
Ko, Poccust), B cooTHOIIeHNU 1:9, TOTOBMIM CEpUIO
U3 2 06pa3loB ¢ KOHeYHbIM 00beMoM 500 MKJT: KOH-
TPOJIbHBIN 0Opa3zell 0e3 CTUMYJISITOpa; oopasell, CTU-
MYJMPOBAaHHBIN (UTOTeMarrIIOTUHUHOM (Sigma),
B KOHeUyHOU KoHleHTpanuun 20 Mxr/mi. Ilocie mo-
OGaBJICHUSI CTHUMYJSATOpa o0Opas3lbl pa3BeAcHHOU
KpOBU MHKYOUpoBaiu B TedeHue 24 yvacos (37 °C,
5% CO,). Ilocne nHKyOauMu pa3BeJeHHYIO KPOBb
neHtpudyruposaau 10 muayt npu 1500 06/MuH.
CyrniepHaTaHThl OTOMpPaJiM C ITIOMOIIBIO aBTOMa-
TUYECKOrOo O03aTopa M OMTHOKPAaTHO 3aMOpaXkuBa-
IV 1T XpaHCHUS U JAJIbHEHIIEro MCCIeAOBaHUS.
OnpeaeneHue KoHueHTpauuu IL-1ra, 1L-4, 1L-10
B CyIepHATaHTaX KJIETOYHBIX KYJIBTYpP IPOBOIMIIOCH

TABNNLA 1. KOHLEHTPALWSA LUTOKWUHOB (nr/mn) B CYNEPHATAHTAX KNETOYHbIX KYNbTYP Y AETEM

C PA3JTMYHBIMU BAPUAHTAMMW FOUA, Me (Q25-Q 75)

TABLE 1. CONCENTRATION OF CYTOKINES (pg/ml) IN SUPERNATANTS OF PERIPHERAL BLOOD CELLS IN CHILDREN WITH
DIFFERENT SUBTYPES JIA, Me (Qq 55-Qy 72)

LnToknH clOUA n olONA n nlOUA n I0Aad
Cytokine sdIA oJIA pJIA JArE
IL-1ra cNOHTaHHbIN 404,0 49 476,0 20 462,0 17 673,0
IL-1ra spontaneous (316,0-820,0) (247,0-959,0) (211,0-947,0) (324,0-1009,0)
IL-1ra + ®rA 2703,0 49 2568,0 20 2768,0 17 3257,0
IL-1ra + FGA (2481,0-3880,0) (1833,0-3444,0) (1712,0-3457,0) (2362,0-3891,0)
IL-4 cnoHTaHHbIN 4,0 42 4,0 20 4,0 17 1,0
IL-4 spontaneous (3,0-5,0) (2,0-5,0) (2,0-5,0) (0,0-2,0)
IL-4 + ®TA 7,0 42 12,0 20 11,0 17 11,0
IL-4 + FGA (7,0-10,0) (8,0-6,0) (9,0-14,0) (7,0-15,0)
IL-10 cnoHTaHHbIN 1,0 53 1,0 20 0,3 17 2,0
IL-10 spontaneous (0,0-2,0) (0,0-3,0) (0,0-4,0) (0,0-3,0)
IL-10 + ®TA 298,0 53 241,0 20 261,0 17 370,0
IL-10 + FGA (242,0-514,0) (149,0-357,0) (162,0-344,0) (197,0-488,0)
TGF-B cnoHTaHHbIN
TGF-B spontaneous - 13 0 (0-240) 10 0 (0-510) - -
TGF-f + ®TA
TGF-§ + FGA - 13 840 (0-2040) 10 | 690 (240-1590) - -
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TABJALIA 2. KOHLEHTPALWSA LMTOKWUHOB (nr/mn) B CYNEPHATAHTAX KNETOYHbIX KYNbTYP Y AETEN C IOMA U B

KOHTPOMNBHOM MPYNME, Me (Q5-Qy 75)

TABLE 2. CONCENTRATION OF CYTOKINES (pg/ml) IN SUPERNATANTS OF PERIPHERAL BLOOD CELLS IN CHILDREN WITH

JIAAND IN THE CONTROL GROUP, Me (Q 25-Qq.75)

IOUA KoHTponb
T o JIA Control
S <
o fé n KoHueHTpauus, KoHueHTpauus, n KoHueHTpauus, KoHueHTpauus,
s > CMOHTaHHas ctumynauua ®raA CNOHTaHHas ctumynauua ®raA
IO ) . : .
Concentration, Concentration, Concentration, Concentration,
spontaneous stimulation PHA spontaneous stimulation PHA
IL-1ra | 95 505 2637,0* 31 508,0 3363,0
(242,0-970,0) (1829,0-3475,0) (215,0-703,0) (2432,0-4280,0)
3,0 11,0 4,0 13,0
% @oso (8,0-15,0) 4 (2.0-50) (8,0-19.0)
1,0 255,0 1,5 276,0
IL-10 | 99 (0,0-3,0) (158,0-378,0) 31 (0,0-4,0) (174,0-341,0)
0* 840* 510 2070
TGF-p | 23 (0-420) (30-1890) 9 (300-660) (1530-2220)

MpumeyaHue. Pasnuuus ¢ kKoHTponem: * — p < 0,05.
Note. Differences with control: *, p < 0.05.

meronoM MDA ¢ ucrionb3oBaHWEM AUATHOCTUYE-
CcKux HabopoB ¢upMbl «Bektop-bect» (Poccus),
ypoBHs1 TGF-[3 — HabGopoB dupmebl eBioscience (AB-
CTpusl).

JJ1sT OlIEeHKY 3HAYUMOCTH Pa3IMINil MEeXITy TPyII-
MaMy MCHOJIb30BajIM HeIlapaMeTpUISCKUil KpUTe-
puii MaHHa—YuUTHU, O OLEHKMU B3aMMOCBS3eil
MEXIy MCCIeIOBaHHBIMU TTapaMeTpaMU — KOpPPeJIsi-
uMOHHBbIN aHanu3 CnupMmeHa. CtaTucTudeckast oo-
paboTKa BBITIOJIHEHA C WCIIOJIb30BAaHUEM ITpOTpaM-
MbI Statistica 6.0.

PesynbTartbl

B rpymnmie gereit ¢ FOMA He BbISIBIIEHO B3aIMO-
CBSI3M MEXIY CIIOHTAHHOW U MHAYLIMPOBAHHOM BbI-
paboTkoil mpoTtuBoBocHanuTeabHbIX LIK KieTka-
MU LIEJTbHOW KPOBU C OJTHOU CTOPOHBI U BO3PACTOM
OOJIBHBIX, BO3pacToM AebroTa 3a00eBaHUsI, TPOAOJI-
KUTEIBHOCTBIO OO0JIC3HM, AKTUBHOCTBIO BOCITAIM-
TEJILHOTO MPOLECCa, PEHTITEHOJOTNYECKON cTaauen
¥ GYHKIIMOHABHOU aKTUBHOCTBIO C APYTOMA.

VYauteiBas, uro FOMA sBisieTcsl reTeporeHHOMN
TPYMITON 3a00JIEBaHUI C PA3IMIHBIMU TTaTOTCHETH -
YeCKMMHM MeXaHW3MaMMU, MpOBeAcHa OIleHKa IIpo-
nykunu [L-1ra, IL-4, IL-10, TGF-p knerkamu ne-
pudeprueckoil KpoBU y OOJIbHBIX C pa3aIUYHBIMU
BapuanTamMu FOHMA. CyTrouHas MHKyOalusl KIJIETOK
KpPOBHU C (pUTOreMarrIOTHHUHOM NPUBOINIIA K CY-
LIeCTBEHHOMY ycuJieHU10 BbIpaboTku LIK B kaxkmoii
rpymIe, OAHAKO HU CIIOHTaHHasi, HU CTUMYJIMUPO-

BaHHas KoHueHTpauwms [L-1ra, IL-4, IL-10, TGF-3
B CyIlIEpHATaHTaxX KyJbTyp LIEJbHOW KPOBU Y HeTel
¢ paznuuHbiMu ¢dopmamu FOMA He pasnuuanach
(tabjs. 1). OTCyTCTBHE pa3IWUMi IO CHOHTAaHHOM
1 MUTOTCH-CTUMYJIMpOBaHHOMU cekpenuu LIK Mexmy
HanreHTAMHU C Pa3IMIHBIMU BaprHaHTaMH I0BEHUIIb-
HOTO apTpHTa MTOCTYKIJI0 OCHOBAaHUEM ISl OOBEIM -
HEHUsI BCeX OOJIbHBIX B OHY TPYIIITY.

I1pu olleHKE CITOHTAHHOM MPOAYKIINU ITPOTUBO-
BOCHAJIMTEIIPHBIX IIMTOKMHOB B CyIIepHATaHTaX
KYJIBTYp LeJbHOW KPOBU B OOBEIWHEHHOW TPYIIIIe
nauueHToB ¢ FOMA ycTaHOBJIeHO, YTO BbIpabOTKa
IL-1ra, IL-4 u IL-10 xneTkamMmu KpoBHU y OOJbHBIX
C IOBEHWIBHBIM apTPUTOM OCTaBajach Ha YpPOBHE
KOHTPOJIbHOM (Tabu. 2). Y nereii ¢ OMA menuanHoe
3HayeHue KoHueHTpanu TGF-f mocie nHKybaumun
KJIETOK KPOBM B OTCYTCTBUE CTUMYJISITOpPA OBLIO HY-
JIEBBIM, Y OOJBIIMHCTBA OOJNBHBIX (62%) ypOBEHD
storo IIK B KynabrypajibHOH XKUIKOCTU HE ompene-
suicst. KimeTku miepudepndecKoil KpoBU 300POBBIX
neteri obsaganu Oosiee BBICOKMM TMOTCHIIMAIOM
cnoHTtaHHoU nponykunu TGF-B, yeMm y maumeHToOB
¢ IOUA, yTO 00YCIOBMJIO CTATUCTUYECKM 3HAYU-
MBIC Pa3IMUMsI MEXIY WCCIIEMOBAHHBIMU TPYITITIAMU
(Tab6na. 2). CnenyeT TakxkKe OTMETUTD, UTO Y OOJIbHBIX
¢ pasnnuHbIiMU BapuaHntamu FOMA u'y neteii u3 KoH-
TPOJAbHOI Tpynmbl (Tadj. 1, 2) crioHTaHHAas MPOAYK-
uusa IL-1ra xapakTepu3oBajach 0oJjiee BBICOKMMU
YPOBHSIMH 3HAYCHUM, YeM IJIsI IPYTUX UCCIICTOBAH-
HBIX IINTOKIMHOB.

730



2019, T. 21, No 4
2019, Vol. 21, No 4

LlumokuHbl npu HO8EHUNbHBIX APMPUMAX
Cytokines in juvenile arthritis

TIponykuys npotuBoBocTiauTeabHbIX LIK Kyib-
TypaMH KJIETOK KpOBH IIpu ctuMyiassuun PIA B He-
CKOJIBKO pa3 IIPEBOCXOOMJIA MX CIIOHTAaHHYIO Ce-
KPELMIO KaK Yy 3M0POBBIX JeTel, TaK U Y MallueHTOB
¢ FOUA (tab6i. 2). B 00beqiHeHHO rpynIe 00JbHBIX
c aptputom cuHTe3 IL-4 u IL-10 B oTBeT Ha CTUMY-
JISIIUI0O MMTOT€HOM HE OTIMYaJICsl OT KOHTPOJb-
HOTO YpPOBHSI, UHTEHCUBHOCTb BbIpaboTKu IL-1ra
u TGF-B kileTkaMu KpoBU OblIa TOCTOBEPHO HUXE,
YeM y 3MOPOBHIX JeTeil (Tadi. 2).

ObcyxaeHve

B oObenuHeHHoll rpymre O6oabHbIX ¢ FOUA
KaK CIIOHTAaHHAsI, TaK M CTUMYJIMPOBAaHHASI CeKpe-
s [L-4 u 1L-10 KyneTypaMu KJIETOK KPOBU HE OT-
JIMJaiach OT KOHTPOJIBHBIX 3HaUYeHU (Tadi. 2). OT-
CYTCTBUE pa3inuuii 1o npoaykiuu 3tux LK Mexmy
nauueHTamu ¢ FOMA u 310poBbIMU A€ TBMU COOTHO-
CUTCS C JAaHHBIMU psifia pa3HbIX aBTOPOB [16, 36, 41].
OpHako gaHHBIE IPYIMX McCCIIeqOBaTesIeid POTUBO-
peyat >TUM HabmoaeHusM. Tak, Raziuddin u coaBT.
BBISIBUJIM YBEJIMUEHUE CIIOHTaHHOM nponykiuu 1L-4
u IL-10 xyeTkaMu 11eTbHO# KPOBHY Y OOJIBHBIX C pa3-
JauyHbIMU BapuaHTamu FOUA 110 cpaBHEHUIO C KOH-
TpojeMm [43]. CHuxeHue KoHUeHTpauuu 1L-4 B cy-
MepHAaTaHTaX KJICTOYHBIX KYJIBTYyp IIPU WHKYyOalluH
KJIETOK 0€3 CTUMYJSTOpa ObLIO BBISIBJICHO Y 0OJb-
HBIX TIPY CUCTEMHOM, TTOJIN- ¥ OJIMTOAPTUKYJISIPHOM
BapuaHTax FOMA 1o cpaBHEHUIO CO 310POBBIMU
noHopamu [30]. B cBoio ouepens, K. Miller u co-
aBT. BBISIBUJIN CHIDKeHIE KoHIeHTpauun 1L-10 B cy-
IepHaTaHTax KyJbTyp LIEJIbHOW KPOBU Y IMMALIMEHTOB
¢ FOMA npu ucIiojib30BaHMM B Ka4eCTBE MUTOTCHA
duToreMarrIIOTUHUHA M JIMIIononavcaxapuaa [36].
Opnako Raziuddin u coaBT. B cBoeii pabore c000-
IIAIOT, YTO CTUMYJIUpPOBaHHAas HOpPOOI-MUPUCTUIA-
HeTaToM M MoHOMULIMHOM Tpoaykuus 1L-10 u 1L-4
KJIETKaMU KpoBU 601bHBIX ¢ FOMA GBlTa BhINIIE, YEM
B KOHTPOJbHOI rpyrie [43].

PesymbraThl MCcClIeIOBaHWN pa3HBIX aBTOPOB,
MOCBAIIIEHHbIE OlleHKe conmepxaHusi 1L-4 u 1L-10
B CBHIBOPOTKE M IlJIa3Me KPOBHU Yy JeTell ¢ pas3iud-
HBIMA BapuaHTaMHM IOBEHWJIBHOTO apTpuWTa, TaK-
Ke MpoTuBopeuuBbl. Ilpu uMcciaenoBaHUN ITLTa3MBbl
kpoBu N. Kutukculer 1 coaBT. He BBISIBUJIU pa3Jiv-
yuii mo ypoBHio I1L-4 mexny namuentamu ¢ FOMA
u rpynnoit 3gopoBbix gereii [33]. L. Guo u coaBT.
OOHapyxwiu cHuxeHue ypoBHs IL-4 B chIBOpoTKe
KpOBH y MalIMEHTOB C CUCTEMHBIM BapuaHToM FOUA
MO CpaBHEHUIO C KOHTpoJjieM [24]. 3HaumTelbHOE
yBeqnueHue KoHueHTpaiuuu IL-10 B chIBopoTke
KpOBU ObLIIO OOHAPYXEHO y MallMEHTOB C MOJUAPTU-
KynsipHbIM U cucteMHbIM FOHUA [47], B TOM uucie
MpU CUCTEMHOM BapuaHTe C CUHAPOMOM aKTUBalIUU
makpodaroB [24]. OnHako IpyrumMu aBropamu [21]

y neteit ¢ cucteMHbIM Hadaimom FOMA, kak B cra-
UM aKTUBHOCTU 3a00JIeBaHUSI, TaK U B TIEPUOJ pe-
MUCCHM, OOHapyKeHa camasi HuU3Kasi KOHIIEHTpaLus
IL-10 mo cpaBHEHUIO C TpynnaMu OOJIbHBIX C OJIUTO-
M TIOJIMAPTUKYJISIPHOI (hopMaMu.

YpoBeHb crioHTaHHOU mponykiuu IL-1ra kiert-
KaMU IIeJIbHOW KpOBM Yy OOCJIEHOBaHHBIX HaMU
6osbHBIX ¢ FOMA He oTamyajcss OT KOHTPOJIbHBIX
3HAUE€HMA, Torga Kak CHOCOOHOCTb KJIETOK KpoO-
BU cuHTe3upoBaTh 3TOT IIK mocne ux mHKybammu
C MUTOTCHOM Y MAIlUEHTOB C IOBEHWIbBHBIM apTpH-
TOM ObLjIa CYIIECTBEHHO CHMXXEHa I10 CpPaBHEHUIO
C TPYNIIO¥ 3M0POBBIX AeTel (Tabma. 2). B nurepartype
MMEIOTCSI €AMHUYHBIE ITyOIUKaIlUuM, TOCBSIICHHBIC
CTUMYJUPOBAHHON BbIpaboTke IL-1ra y OGoOJbHBIX
c FOHA. K. Miller 1 coaBT. He BBISIBWIN pa3Inuduii
Mexnay O6onbHbIMM ¢ FOMA m 3m0poBBIMU AETHMU
no ypoBHIo IL-1ra mpu Mcnojib30BaHUMU B KauyecTBe
CTUMYJISITOPOB Jumononvcaxapuna Escherichia coli
n ¢uroremMarnmioTuHuHa [36]. OgHaKo 3T aBTOPHI
OOHapYXWIM yBEJIMYEHUE CHIBOPOTOUYHOIO COAEp-
xaHus IL-1ra y mallMeHTOB C CUCTEMHBIM BapuaH-
ToM FOUA 110 cCpaBHEHHIO CO 3MOPOBLIMU JIETbMM,
npudyeM 3HadyeHusi IL-1ra 3HauMMO KoOppeaupo-
BaJiM ¢ KoHIeHTpamuei 1L-6 [36]. B apyroii pa6o-
T€ YCTAaHOBJICHO, YTO ITOABEMBI TeMITepaTyphl Tejia
y ngeteii ¢ FOMA OblIM accoLMMpoOBaHbl C yBeJan4e-
HueM ypoBHelt IL-6 u IL-1ra B CBIBOPOTKE KPOBHU,
aBTOpaMM BBICKAa3aHO TMpearogoxeHue, dro IL-6
ctuMmyaupyet cuHte3 IL-1ra [42]. B Hamem npen-
BapUTEJIFHOM WCCIIEIOBAHUN CIIOHTAHHBIM YPOBEHbB
IL-6 B cynmepHaTraHTax KyJbTyp KJIE€TOK KPOBM Y Je-
Teil ¢ FOMA He oTiauyasics oT KOHTpoJbHOro. Ilpu
otieHke POIA-cTumynupoBaHHOU mpoaykuuu IL-6
BBISIBJICHO YBEJIMUYECHUE KOHIICHTPAIIMU 3TOr0 OeyKa
y OOJIBHBIX C IOBEHIJIbHBIM apTPUTOM IO CPABHEHUIO
CO 37I0POBBIMU AeTbMU. B HacTosIIel paboTte y 3ThX
e OOJbHBIX HE OOHApPYKEHO pa3IM4YMil MO CIOH-
TaHHOU mpoayKuuu IL-1ra, HO BBISIBJIEHO CHMXeE-
HHUC CTUMYIUPOBAHHON KOHIEHTpamuu 3Toro 1K
B CYIIEpHATAaHTaXx KyJBTYp LEJIbHOW KPOBU. YCTAHOB-
JileHa B3auMMOCBsI3b Mexay crnoHTaHHou (R = 0,39;
p < 0,001) u MutoreH-ctumynupoBaHHolt (R = 0,45;
p < 0,001) KoHIIEHTpaIIMEel 3TUX OCIKOB B CylIepHa-
TaHTax KJIETOK KPOBHU.

CHuxenue BbipadboTku 1L-1ra mpu ucrnosb3oBa-
HUJ MUTOTEHA Y MAIlEHTOB C IOBEHWIbHBIM apTpH-
TOM MOXET yKa3blBaThb Ha MCTOIIEHUE PEe3ePBHBIX
BO3MOXHOCTE# KJIETOK B YCIIOBHUSX MPOTOIKUTCIb-
HOTO TEUEHMSI BOCHAJIIMTENILHOTO Iipoliecca. Hemo-
ctatoyHas npoaykuus IL-1ra MoxKeT BHOCUTD Cyllie-
CTBEHHBIN BKjIan B naroreHe3d FOMA, Tak Kak 3TOT
LK mnopasisieT neiicTBUe NPOBOCIAIUTEIBLHOTO LI~
TokuHa IL-1 [14]. Bonee Toro, €CTh OIBIT YCIIELLIHOTO
npuMeHeHus pekoMObuHaHTHOro IL-1ra B kadyecTBe
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JIEKapCTBEHHOTO TIperiapaTa Mnpu Je4yeHuur 3adojieBa-
HMSI CYCTaBOB KaK y AeTel, Tak U 'y B3pocibix [10, 11,
17, 50].

HawuGompime pas3anaust MeXXOy MCCIIeTOBAHHBI-
MU rpymnnamMu ooHapyxKeHsl 1715 npoaykuuu TGF-f.
CroHTaHHBI{ U CTUMYJIUPOBaHHbIN ypoBeHb TGF-f3
B CyllepHATaHTaX KyJBTYpP KJIETOK KpPOBU Y ACTeit
¢ IOMA Obl1 HUXe, YeM B KOHTPOJBHOU TIpyIIe
(tab6:x. 2). [My6naukaunu o nponykunu TGF-f kier-
KaMMU KPOBU B YCJIOBUSX in Vitro W in vivo y OeTeu
C 9TUM 3a00JI€BaHUEM MNPAKTUYECKU OTCYTCTBYIOT.
S. Harsini u coaBT. pu ucCAeOOBaHUU IOJUMOP-
¢usma rena TGF-B y 6onpubix ¢ FOUA BbISIBUIN
pa3IM4us CO 3MOPOBEIMU IETHMU II0 9aCTOTE BCTPe-
YaeMOCTU HEKOTOPBIX aJlIeJIbHbIX BapUaHTOB, UYTO
MOXKeT yKa3blBaTh Ha BOBJIEUEHHOCTb AaHHoro 11K
B marorenes MOWA [26]. JluteparypHble IaHHBIE
O CBIBOPOTOYHON KOHIEHTPAUMA W TNPOLYKIINK
TGF-B in vitro y B3pocibIX TallUEHTOB U AETEU C Cy-
CTaBHOM MAaTOJIOTMEN TakxKe KpaiiHe CKyIHbI. B og-
HOU U3 e TMHUYIHBIX MyOJIMKAIIN COOOIIAeTCS O CHU-
xeHuu koHueHTpauuu TGF-3 B cbIBOpoTKE KpOBU
Y B3POCJIbIX MAllMEHTOB C PeBMAaTOUIHBIM apTPUTOM
o cpaBHeHUIO ¢ KoHTposieM [38]. B npyroit padote
BbIsIBJIEHO, 4TO ypoBeHb TGF-f B cuHOBHUaJIBbHON
KUJIKOCTU Y B3POCJIBIX C PEBMATOUIHBIM apTPpUTOM
OBLT BBIIIE, YEM Yy 3TOPOBBIX JOHOPOB, a TaKXKe Ma-
LEHTOB C PEaKTUBHBIM apTPUTOM M HemmudbdepeH-
LMPOBAaHHON crioHgmIoaprponarueii [46]. IToaHoe
OTCYTCTBME CITOHTAHHOTO CHMHTE3a KYyJIbTypaMu Kie-
ToK KpoBU TGF-f y GonbimHCTBA 00CIeTOBAHHBIX
Hamu nauueHToB ¢ FOMA u cylecTBeHHOE CHUXKE-
Hue ®TA-cTuMyIupoBaHHOM TTponyKuuu 3toro LK
CBUIIETEIIBCTBYIOT O BEICOKOI BaXKHOCTHU HapyIIICHUS
BbIpaboTkn TGF-f3 B matoreneze FOUA.

B Hammx npeaBapuTeIbHBIX MCCEIOBaHU-
ax y gereii ¢ FOMA OBUIO BBISIBJIEHO YBEJIMUYEHUE
CIIOHTAHHOM W/WJIHN CTUMYJINPOBAHHON MPOLYKIINK
kietkamu KpoBu ILIK, oGnamaroiiux mpoBocIaiu-
TeabHbIM aeiictBueM — IL-1(3, IL-6, IL-8, TNFa
u [FNy. B Hacrosieil pabote npoaeMOHCTpUPOBa-
HO CHUXKEHUME I OTCYTCTBUE Pa3HUILIBI MO KOHIIEH-
tpauuu IL-1ra, IL-4, IL-10 u TGF-$ B cynepHaTaH-
TaX CIIOHTAHHBIX 1/UJIU CTUMYJIUPOBAHHBIX KYJIBTYP
LEJIBHON KPOBM Y TeX XK€ caMbIX OOJbHBIX. Ciemo-
BateabHO, y neteit ¢ FOMA HabGmiomaeTcst AUCIIPO-
MOPLIMS BBIPAaOOTKM MPO- U MPOTUBOBOCIIAIUTEIb-
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HbIX 11K co cMellieHrneM B CTOpOHY MepBbIX. bajlaHc
MEKIy CHMHTE30M IIPO- U IIPOTUBOBOCHAINTEIBHBIX
LUTOKWHOB SIBJISICTCSI 3HAUMMBIM MOMEHTOM B pery-
JISIIUY BOCTIAIMTEILHOM peaKkIini, OT KOTOPOTO 3a-
BUCHUT XapaKTep TeUECHMs ITaTOJIOTMIEeCKOro Impoliec-
ca u ucxoj 3aboneBaHus [5].

3aKnyeHne

Takum oOpa3om, Oosiee HU3KAsI MO CPaBHEHUIO
C KOHTPOJIEM CIIOHTAHHASI MPOAYKIIMS KIEeTKaMU
kpoBu TGF-B u crumynupoBaHHasi BblpaboTKa
IL-1ra u TGF-B y mauuentoB ¢ IOHUA orpaxa-
€T 3HAaYMMOCTb JaHHBIX MPOTUBOBOCHAIUTEIbHBIX
IIUTOKWHOB B Pa3BUTUU XPOHUYECKOIO BoOCIaje-
HUS CycTaBoB y AeTell. Mcnoib30BaHHBIN B Halllei
paboTe MOAXOA OXHOBPEMEHHOIO WCCIECIOBAHUS
KaK CIIOHTAaHHOTO, TaK M WHAYINPOBAHHOTO CHH-
Te3a MUTOKMHOB KJIETKAaMU ILIEJIbHON KPOBU MOXET
OBITh IIPUMEHEH TSI XapaKTePUCTUKU (PYHKIIMOHU -
pOBaHUS UMMYHOKOMIIETEHTHBIX KJIETOK Y UMMYH-
HOI CUCTEMBI B 11€JI0M Y TTallM€HTOB C IOBEHUJIbHBIM
UAUOIATUYECKUM apTPUTOM M APYTUMU ayTOUM-
MYHHBIMU U ayTOBOCHAJUTEIbHBIMU 3a00JIEBAaHUS-
MU. CTUMYJISILIYS KJI€TOK CIIOCOOHA BbISIBUTH CKPbI-
Teit nedpuuut cuHte3a LIK, He mposBiasionIuiics
IpH ONpEeaeICHNN eTO KOHIICHTPAIIMU B CBIBOPOTKE
KPOBU WJIM CyIIepHATaHTaX CIIOHTAHHBIX KJIETOUHBIX
KYJBTYp, KaK 3TO IOKa3aHO Ha IIpUMepe UCCIea0-
BaHus npoaykuuu IL-1ra. JlaneHeiiliee usyyeHue
NPOAYKIIMK NpoTuBOBocnaiuTeabHbIX LK KieTka-
MU nepudepruIeckoil KpOBU MOXKET OBITh MOJE3HO
JUTST pa3paboTKU HOBBIX 3(P(HEKTUBHBIX CIOCOOOB
Tepanuy U IepCOHUMDUIIMPOBAHHOTO MOIX0ma K Jie-
YEHUIO pa3jMYHbIX 3a0oneBaHuii. IlpumeHeHMHe
PEKOMOMHAHTHBIX MOJIEKYJI B KaUueCTBE TepaIleBTU-
YEeCKOro CpelcTBa MOXET KOMIIEHCUPOBaTb HEHO-
craTok uinu orcyrctBue LUK in vivo u ckoppekTupo-
BaTh HMTOKWHOBBIN N1cOanaHC, BO3HUKAIOIIWA TpU
pPa3IUYHBIX (PYHKIIMOHAIBHBIX Ae(heKTaX UMMYHO-
KOMITETEHTHBIX KJIETOK.
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CPABHEHUE 3KCIMNMPECCUU MPHK LUUTOKUHOB C UX
KOHUEHTPALIMEN B CYNEPHATAHTE KNIETOYHOM
KYJbTYPbI U937 NPV BO3AEUCTBMU HA HEE
NOJIMKJTIOHAJIbHbIX AKTUBATOPOB

Ayrenuuroc AJJL.% Visanos VI.JI.2, 'orosanosa A.B..,
Crynenuknna A.A.l, Muxaiinosa E.C.'% Basnaun B.A.2,
Bapaxkcun H.A.2, JIaxosuuy B.B.2

T@IBOY BO «Hosocubupckuii 2ocydapcmeentblii MeOuyuHckuil ynueepcumem», 2. Hosocubupck, Poccus
2 Hayuno-uccaedoeamensckuti UHCIMUmMym MoAekyaaproil ouonoeuu u ouogusuxu @IbHY «DPedepanvhbiil
uccaedosamenvCkuil ueHmp yHOAMeHmanvHoU U MpaHCASUUOHHOU Meduyutsly, 2. Hosocubupck, Poccus
3 AO «Bekmop-becm», n. Koavyoso, Hosocubupckas o6a., Poccus

Pe3iome. MzyyeHne TMHAMUKH 9KCIIPECCUN IIMTOKMHOB, a TaK>Ke IIMTOKWTHIIPOIYIIMPYIOIIETO MOTeHITUA -
JlJa UMMYHOKOMIIETEHTHBIX KJIETOK ITO3BOJISIET PACIIMPUTh UCCIeA0BaHUS UX (PYHKIIMOHAJIBHBIX XapaKTepu-
ctuk. MarpuuHas PHK psiza reHoB HIUTOKMHOB OTHOCUTEJILHO CTa0OMJIbHA, [TIO3TOMY €€ YPOBEHb MOXET ObITh
HVICTIOJIB30BaH B KaU4eCTBE MapKepa IJIST OLICHKN CTCIICHN aKTUBALIM U TIPOIdepauii MMYHOKOMITCTCHT-
HEBIX KJIETOK, a TaK3Ke JUIST OIIEHKM IIMTOKMHIIPOAYUPYIOIIETO MOTeHIIaIa UMMYHOKOMIIETEHTHBIX KJIETOK.

B Haleii padboTe OBLIO MPOBEASHO CpaBHEHME ToKa3aTelieil akcnpeccun MatpuuHoii PHK nuTokuHoB
1L-10, TNFa, GM-CSF B nuddepeHinmpoBaHHoii B Makpodaru KieTouyHoi Kyasrype U937 ¢ KoHI1leHTpa-
ueil 0EJIKOB 3TUX XK€ IIMTOKMHOB B CyIlepHATaHTe KYJIBTyphl KiIeToK U937 6e3 Bo3meiCTBHS U II0C/IE BO3-
JIeiCTBUS TOJUKIJIOHATBHBIX akTuBaTOpoB. [Toka3zaTenu skcnpeccuu matpuyHoii PHK nutokunos 1L-10,
TNFa, GM-CSF onpenenstii MEeTOAOM KOJUMYECTBEHHON MOIUMEPA3HOI LIEMMHON peakKlMU B PEKUMe pe-
anbHOro BpeMeHU. KoHieHTpauuio 6e1koB 3Tux ke HUTOKUHOB IL-10, TNFo, GM-CSF B cynepHaTaHTe
KynbTypbl KieTok U937 uamepsyin MeTonoM MMMYHOMEPMEHTHOTO aHaiau3a. Vcrmonb3oBaHUEe B UCCAEIO0-
BaHUU MCXOIHO OTHOPOIHOM KYJIBTYPHI KJIETOK yIOOHO, BBUAY MACHTUIHOCTH YCJIIOBUI BO BCEX BapraHTaX
HMCCIICIOBAHMSI.

HawuGombiiee BIUsSTHUE ITOJUKIOHAJIBHBIE aKTUBATOPhl OKA3BIBAIOT Ha 3Kcrpeccruio mMarpmyHoil PHK
GM-CSF 1 Ha KOHIIEHTpaIIIO 3TOr0 IIUTOKWHA B CylIepHaTaHTe KJIETOYHOM KyJIbTYyphl. YPOBEHb MaTPUUHOM
PHK TNFa npu Bo3aeiiCTBUU NMOJUKIOHAJIILHBIX aKTUBAaTOPOB CHUKAJICS, B TO BpeMsI KaK KOHLIEHTpaLs
MAaHHOTO IIMTOKMHA B cyliepHaTaHTe Bo3pacTaia. beiaok TNFa B KileTouHOI cpelie He OTpaXkaeT BpeMEHHBIX
usMeHeHui B akcrnpeccuu kietouHoit MPHK TNFa, Tak kak ymMeHblieHre KietodHoiit MPHK Bo3aMokHO
W3-3a MHTMOMPOBaHUS 110 MEXaHU3My O0paTHO CBsI3U. B To BpeMs KaK IIMTOKWHBI MOTYT HaKaIUIMBAThCS
M OCTaBaTbCs B CyliepHaTaHTe, COOBITUS Ha ypoBHe MaTpuyHoii PHK, npuBonasiimme K nx oopazoBaHuO, MO-
TyT 3aBepuiaTthCs paHee. [loaToMy ITyTH Iepenayu CUTHAJIOB M KUHETUKY BBIICICHUS IIMTOKMHOB CIICHYET
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u3y4daThb IOCJIe ONUCAHUS BPpEMEHHOM 3aBUCUMOCTHU C KOPOTKMMU MHTEepBajaMU, KOTOpasi MOXeT ObITh UH-
IUBUIYaTbHOM JIST KaXKIOTO 1IIUTOKMHA.

TakuM 00pa3zoM, ITOJYIEeHHBIC PE3YJIBTaThl UCCIICAOBAHMS C UCITOIb30BAaHUEM MOJIUKIOHAIBHBIX aKTUBA-
TOPOB MO3BOJISTIOT CACJIATh BHIBOIBI O TOM, UTO ITOJIMKJIOHAJIbHBIC aKTUBATOPHI, SIBJISIICh MUTOTCHAMH, OKa-
3bIBAIOT CYIIIECTBEHHOE BIMsHUE Ha KOoHIeHTpaluio cekpetupyeMbix IL-10, TNFa u GM-CSEFE Ilpu stom
MMOJIMKJIOHAJIbHbIE aKTUBATOPHI OKa3bIBAIOT BiaUsiHUE Ha ypoBHUM MPHK reHoB 3TMX IUTOKMHOB, YTO yKa-
3pIBaeT Ha TPAHCKPUITIUOHHBIN MeXaHU3M ero neiictBus. Ho B ¢BsI3U ¢ TeM, 4TO MaHHBIC HEOMHO3HAYHEI,
JUISI JOCTUXKEHUS OOJIbIIETO COOTBETCTBUSI M3MEHEHU u3ydeHHbIX 0e1KoB 1 MPHK HeobOxoauMo moapo6-
HOE OIMCcaHue BpeMEHHOM 3aBUCMMOCTU u3MeHeHul cogepxanus MPHK.

Karouesvie croea: yumokumbl, KAemouHas Kyabmypa, UMMYHOGepMeHMHbIL AHAAU3, IKCHPeCCUs.

EXPRESSION OF mRNA FOR CYTOKINES COMPARED TO
THEIR CONCENTRATIONS IN CULTURE SUPERNATES OF
U937 CELLS EXPOSED TO POLYCLONAL ACTIVATORS

Autenshlyus A.L*®, Ivanov LD."?, Golovanova A.V2 Studenikina A.A.2,
Mikhaylova E.S.**, Vavilin V.A.">, Varaksin N.A.¢, Liakhovich V.V.’

@ Novosibirsk State Medical University, Novosibirsk, Russian Federation
b Research Institute of Molecular Biology and Biophysics, Novosibirsk, Russian Federation
¢ JSC “Vector-Best”, Novosibirsk, Russian Federation

Abstract. Investigation of the cytokine expression dynamics as well as the cytokine-producing potential
of immune-competent cells allows extensive studies of their functional characteristics. mRNAs encoding a
number of cytokine genes are relatively stable, thus their level may be used as a marker for assessing the levels
of activation and proliferation of immunocompetent cells as well as for evaluating the cytokine-producing
potential of immunocompetent cells.

In our work, we assessed correlations between the levels of mRNA expression specific for IL-10,
TNFa, GM-CSF cytokines determined in a culture of differentiated macrophage U937 cells, and protein
concentrations of the same cytokines as measured in supernates of U937 cell cultures, without and after
exposure to polyclonal activators. The IL-10, TNFa, GM-CSF mRNA expression was determined by real-
time quantitative polymerase chain reaction. Protein concentrations of IL-10, TNFa, GM-CSF cytokines
in the culture supernatant of U937 cells were measured by an enzyme immunoassay. The use of an initially
homogeneous cell culture in the study is convenient due to the identical conditions in all experimental variants.

The most pronounced effect of polyclonal activators is exerted upon production of GM-CSF mRNA, as
well as protein concentration of this cytokine in the cell culture supernatants, thus actually coinciding with
RT-qPCR results. The TNFa mRNA level decreased under the influence of polyclonal activators, whereas
concentration of this cytokine was decreased in the cell supernate. The TNFo protein in a culture medium
did not reflect temporal changes in the cellular TNFa mRNA expression, probably, due to potential decrease
of cellular mRNA occurring by the feedback inhibitory mechanism. While the cytokines can accumulate and
remain in the supernatant, the mRNA-related events leading to cytokine formation may be completed earlier.
Therefore, the signalling pathways and cytokine release kinetics should be studied after establishing the time
dependence at short time intervals, which may be individual for each cytokine.

Thus, the results of a study using polyclonal activators suggest that polyclonal activators applied as mitogens,
have a significant effect upon the concentration of secreted IL-10, TNFa and GM-CSF In this case, polyclonal
activators affect the levels of mRNA encoded by cytokine genes, thus indicating transcriptional mechanisms
of its action. But, in view of the fact that the data are ambiguous, in order to achieve greater correspondence
between the changes in the studied proteins and specific mRNAs, a detailed description of the time dependence
is required for the changes in mRNA contents.

Keywords: cytokines, cell culture, linked immunosorbent assay, expression
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Effects of polyclonal activators on cytokine expression

W3BecTHO, 4TO IJIST ONpemelieHUs aKTUBAIUN
KJIETOK UMMYHHOM CUCTEMBI UCITOIB3YIOT METOZ, ITO-
JIMMEPA3HON LIEMHOM PeaKIMU B PEAJIbBHOM BPEMEHU
(RT-gPCR), mozBoiysolivii OlleHUBaTh B OTHOM
npobe 0obIlIoe KOIUYECTBO TPAHCKPUIITOB T'€HOB
W TPOBOAWUTH OTHOBPEMEHHOE MCCJICIOBAaHUE M-
POKOI'0 CIIEKTpa IUTOKWMHOB B OIHOW BpPEeMEHHON
Touke [9, 12]. U3yueHune TMHaAMUKY 3KCTIPECCUH 11 -
TOKWHOB, a TakKe€ ILIMTOKWHIIPOLYIUPYIOIIETO IT0-
TeHIIMAJIa UMMYHOKOMIIETEHTHBIX KJI€TOK MO3BOJISI-
€T paclIuPpUTh UCCAeIOBaHUS UX (hyHKIIMOHATbHBIX
XapaKTePUCTHUK.

Tak Kak IIMTOKWHEI SBJISIOTCS OBICTPBIMU CUT-
HaJibHbIMU MoJiekydamu, MPHK MHormx us Hux
HeCcTaOWIbHA, ITOABEpPraeTcs OBICTPOM Ierpamalliu
M OOBIYHO CJTY>XKUT CyOCTpaTOM IUISI APYTUX CUTHAJIb-
HBIX MeXaHM3MOB B KjieTke. Tem He MeHee MPHK
psiia TEHOB IIMTOKWMHOB OTHOCHUTEIBHO CTaOWIIb-
Ha, TTO3TOMY €€ YPOBEHb MOXET OBITh MCITOJIb30BaH
B KadyecTBe MapKepa IJjId OLEeHKM CTCIICHU aKTUBa-
U1 1 TIposimdepaii UMMYHOKOMITICTEHTHBIX KJIe-
TOK [2, 7], a TaKkKe IJIST OLIEHKU IMTOKUHITPOAYLIUPY -
JOLLIETO MOTEeHIIMaJIa UMMYHOKOMITETEHTHBIX KJIETOK.

B uyactHOCTM, MOJIEKYJISIpHBIE WCCIEIOBaHUS
ILIUTOKWHOB MPOBONSAT Ha KyJabType KieTtok U937,
KOTopasi SBJISIETCSI TTPOMOHOLIUTAPHONM KJIETOUHOMN
JUHUEN MUEJIOMIHOTO JIeiiKo3a JenoBeka [11]. Dra
JUHMUS o0JIamaeT XapaKTepUCTUKaAaMU MOHOIIMTOB
M MPOCTa B UCIOJb30BaHUM, HAIIPUMEP B KauyecTBe
SKCIIEPUMEHTAJTBHON MOJIEIIN JJIST BRISICHEHMST MeXa-
HU3MOB nuddepeHrnalm MOHOLIMTOB U Makpoda-
TOB, KOTOPBIC BBIITOJTHSIOT TP OCHOBHEIC (DYHKIIUN:
(arounTo3, Ipe3eHTALIAS aHTUTeHA U TIPOU3BOACTBO
LUTOKUHOB [6].

Cyl1iecTByIOILINE TEXHOJOTUM aHajlu3a IO3BOJISI-
FOT TIPOBECTU MCCJIeIOBaHUE KYJBTYphl KJIETOK pa3-
JIMYHBIMA MeETOHaMU omHoOBpeMeHHo. Hampumep,
MOXKHO HCCJICIOBAaTh YPOBEHDb OCIKOBBIX IIPOIYKTOB
metonoM ELISA m mpoBoguth RT-qPCR B omHoit
BpeMeHHOI Touke. C MOMOIIBIO aHajiM3a IT0Kas3a-
Teneit akcnpeccun MPHK pasiudyHbIX TeHOB, B TOM
YHCIIe IMTOKWMHOB, MOXKHO CO3/1aBaTh KOMIUIEKCHBIE
MpodUIN CeNEKTUBHON MHIYKIIUU OOJIBIIIOTO KOJIH-
YeCTBa T€HOB BBICOKOCIICHM(MUYIHBIX IJIsI KOHKPET-
HOM MONYJISILUU UMMYHOKOMIIETEHTHBIX KJIETOK [1].

IHennio HacTOSAIIEr0 HCCIEIOBAHNSA SIBIJIOCH CPaB-
HeHue mokasateseil akcrnpeccun MPHK turokwm-
HOB B KJleTkax U937 ¢ KoHLIeHTpaliueit 0eJIKOB 3TUX
Ke IMTOKWHOB B CyIepHaTaHTe KYJIBTYPHI KJICTOK
U937, MOOBeprHYTHIX BO3IEHCTBUIO ITOJUKIOHAIb-
HBIX aKTUBAaTOPOB.

CycrnieH3noHHY0 Kyaerypy U937 BeIpaiuBaiu
B cpene RPMI, comepxaiteit 10% eranbHOI ChI-
BOpOTKM Tipu Temmnepartype 37 °C, B atmocdepe 5%
CO, 1o koHueHTpauuu 1,5 x 10° KjeTok Ha MII cpe-
nbl. Kimetkun ocaxnanu nipu 800 g B TeueHue 5 MUH
W PeCyCIIeHANPOBAIN B CBEXel MOPIIUU CPEAbI, CO-

Iepxalreil popooi-12-mupucrar-13 atretat (PMA)
B KoHLeHTpauuu 60 Hr/ma. Bo Bcex BapuaHTax MUC-
CJIeTOBAaHMS KOJTMICSCTBO KIJIETOK OBLIIO OMMHAKOBBIM.
Hcnonb3oBaHrEe B HCCIACAOBAHUU HMCXOIHO OIHO-
POIHOI KYJBTYPHI KJIETOK YIOOHO, BBUAY UIACHTUY-
HOCTHU YCJIOBUIA BO BCEX BapHaHTax MCCJIEIOBaHMSI.
TTocne Toro kak 4depe3 72 4 MOHOLIMTHI TpaHCdOp-
MUPOBAIMCH B MaKpodaru, ynaasuii KyJIbTypaabHYIO0
KUIKOCTh U BMECTE C HEll He OCEeBIINE KJICTKH. 3a-
TeM MHKyOMpoOBaau MaKpodaru B CBeXeil MOPIUHN
cpenbl 6e3 DMA B TeueHue 48 4 [5, 10].

JJ1st MTHAYKIIMY IUTOKWHOB B 3THX MTPEABAPUTEb-
HO nuddepeHIIMPOBAaHHbBIX KJeTKax (Makpodarax)
VICTIOJIB30BAJI KOMITJICKC MOIUKIOHAIBHBIX aKTUBA-
TopoB (ITA), cocTosmmii n3 puTOreMarrIIOTHHNHA
P (PHA-P; Sigma) — 2 MKTI, ¢uUTOreMarrioTUHU-
Ha M (PHA-M; Sigma) — 2 MKI, KOHKaHaBaJlMHa
A (ConA; Sigma) — 4 MxT, 1unonoaucaxapuaa (LPS;
Sigma) — 2 MKT (cTaHmapTHbI Habop «LITMTOKWH-
CTUMVI-BECT», mpousBoactBo AO «BekTop-
Bect». Ilocie 24 4acoB BO3OEHCTBUS U3 KYJIBTY-
pajibHOM KUAKOCTU YyAAJISUIM KJIETOUHBI Aedpuc
neHTpudyrupoBaHueM mpu 2000 g x 4 MuH, a cynep-
HaTaHT UCMOJb30BAJIM MJISI OMpeAeSieHUsT KOHIIEeH-
Tpayu MPOAYLIMPYEMBIX MaKpodaraMu IMTOKMHOB.
B cymepHaTaHTe ¢ TOMOIIBIO TMMYHOMDEPMEHTHOT'O
aHaimz3a (M®DA) ompenensuid KOHICHTPALIUK Clle-
nytomux uuTokuHoB: IL-10, TNFoa, GM-CSE Hc-
MOJIb30BaJIM HaOOpBI peareHToB MpousBoacTBa AO
«Bekrtop-bect».

N3 mnpeaBaputenbHo auddepeHIIMPOBaHHBIX
kietok (Makpodaros) Beiiensiiiu PHK ¢ ncnonbs3o-
BanneM TRI-REAGENT (MRC, CIIIA), coriracHO
MpOTOKOJIy TIpousBoauTess. Ha o6paboTKy omHOI
3-CaHTUMETPOBOI1 IYHKU C KjiaeTKamu opanu 200 MK
peareHTa, KJIEeTOYHBINA JIM3aT ABaXIbl 3KCTpParupo-
Bamu 100 Mk cMmecu XJI0pohOpM-U30aMUJIOBBII
ciupt (24:1), paspensist dha3sl HEeHTPUDYTUPOBAHU -
eM B TeueHue 5 MuH nipu 10 000 g. 3aTeM BHOCHIIN
200 MKJI M30IMpONUIOBOro crmpTa, ocaxkganu PHK
npu 12 000 g B TeyeHue 10 MUH, IBaXKIbI IIPOMBIBAJIN
ocanok 80% aTaHOJIOM, TTOACYIIMBAIN U PACTBOPSIIN
B OMIUCTUIIMPOBAHHOI Bode, coaepxkaiueit RNA-
secure peareHT (Ambion, CIIIA). INpemapatst PHK
xpanwi nipu -70 °C, Mcroab3oBaau Ajis1 00paTHOM
TPaHCKPUIILINU B TeueHue 24-48 4.

OOpaTHY10 TPaHCKPUIILIMIO IIPOBOJIMIMA C MC-
nonb3oBaHueM Habopa “High Capacity c¢DNA
Reverse Transcription Kit” (Applied Biosystems),
COTJIACHO MPOTOKOJIY IIpou3BoauTesa. Ha peakimio
opanu 2-5 Mxr cymmapHoit PHK, no6asisiim paH-
IOM-IIpaiiMephl, HarpeBaJii B TCUYEHUE 5 MHUH IIpHU
70 °C 1 mepeHOCUJIU B JIeAsIHY10 0aHIO Ha 2 MUH, 3a-
TeM BHOCUJIM CMeChb OCTajbHbIX peareHTOB (PHK-
3aBucuMyto JIHK-nonnmepasy, 1€30KCUHYKJIEOTHT-
Tpudocdarel), UHKYOUpOBaJIIM B TeyeHue 10 MUH
py KOMHATHOM TeMIlepaType, 3aTeM B TepMOCTaTe
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TABJALA 1. MOCNEQOBATENBHOCTU ONUrOHYKNEOTUAHBLIX NPAUMEPOB

TABLE 1. SEQUENCES OF OLIGONUCLEOTIDE PRIMERS

leH
Gene

MocnegoBaTtenbLHOCTH
Sequences

GAPDH

F:5-GGAGTCAACGGATTTGGTC-3’
R:5-TGGGTGGAATCATATTGGAACAT-3’

TNFA

F:5-GCTGAT CCGATTCCTGAAAC-3'
R: 5-CTCAGCTTGAGGGTTTGC-3’

GM-CSF

F:5-GCTGCTGAGATGAATGAAACAG-3’
R:5-CGGAAACTTCCTGTGCAAC-3’

IL10

F:5-CAAGGCGCATGTGAACTC-3
R:5-GCTTTGTAGATGCCTTTCTCTTG-3’

TABJALIA 2. YPOBEHb MPHK PA3JTUYHbIX LIUTOKUHOB B KNETKAX U937, BbISIBNEHHbIA NP NOMOLLM RT-qPCR
TABLE 2. LEVEL OF mRNA OF VARIOUS CYTOKINES IN U937 CELLS DETECTED BY RT-gPCR

Fen ct(cn) Ct(NA)
Gene Ct (SP) ACt Ct (PA) ACt
IL10 27.26 29.19
10,76 10,34
GAPDH 16,50 18,85
TNFA 25 44 28,65
9,20 10,33
GAPDH 16,24 18,32
GM-CSF 31.10 27.79
14,90 9,49
GAPDH 16,20 18,30

MpumeuaHue. ACt — pa3HOCTb MeXAy UMK/aMu BbiIXxoga uccneayemoro umtokmHa u GAPDH. Ct (CIM) — noporoBbii
LMK NPV CMOHTaHHOW NPOAYKUUU UMTOKMHA, Ct (MA) — NOporoebiii LUMKA NPpU BO3AEMACTBMU MONMNKIIOHANbHbIX

AKTUBATOPOB.

Note. ACt, difference between the yield cycles of the cytokine and GAPDH studied. Ct (SP), threshold cycle for spontaneous
cytokine production, Ct (PA), threshold cycle when exposed to polyclonal activators.

2 4 ipu 37 °C. I1o okOHYaHUM peaKlio OCTaHABIU-
BayiM nmporpeBaHuem 1pu 85 °C B reueHue 15 MUH.
RT-qPCR mpoBoamiau ¢ ucriois3oBaHmueM “buro-
Macrep HS-qPCR SYBR Blue (2x)” (OOO bwuo-
Jabmukc, . HoBocubupck). [TonobpaHHbie yCI0BUS
MO3BOJISUIM TIPOBOAUTH aMIUTM(MUKALIMIO KaXXI0ro
U3 BBIOpAHHBIX IJIsI MCCIeaoBaHUS reHoB: 95 °C —
3 MuH; 45 nmukiaoB (95°C—12¢,58°C—15¢,72°C —
20 c, usMepeHue QIOOPECHEHIIMH); TTOCTPOEHUE
KpuBoOil TUTaBieHus. Ha Kaxmyio Touyky Opaiu
no Tpu mnoBTopa. B kKauecTBe pedepeHCHOro reHa
ucrnionb3oBaniu GAPDH. JIuzaitH mpaiiMepoB ocy-
IIECTBIISUIN ¢ UCITOIb30BaHUEM OHJIAMH-TIPOTpaMMBbI
https://eu.idtdna.com/calc/analyzer.  IlocaemoBa-
TEJILHOCTH TpaiiMepoB ITpUBeIeHHI B TabuIie 1.
«[ToporoBbiii 1uki» Ct CTPOro KOppeaupy-
€T C HadaJdbHBIM KOJHMYSCTBOM KOMILIEMEHTAp-
voii JJHK (xIHK, cuHTe3mpoBaHHAsI Ha MaTpHIIC
MPHK B peakiinu o6paTHO TpaHCKPUIIIAN) B ITPO-
Oe. JIuHeliHO 3aBUCUT OT Jiorapudma KoJiMyecTBa
ucxogHoit k IHK (o6patHo mpormopioHaabHas 3a-
BUCUMOCTD). Kak BUIHO M3 JaHHBIX, IPEACTaBICH-
HBIX B TabnuIle 2, Haubosblree BaussHue [TA okazan
Ha ypoBeHb MPHK GM-CSF — dakTopa pocrta npo-
nyuupyemMoro nuddepeHIIMPpOBaHHBIMU B MaKpoda-

ru kierkamu U937. Yto kacaercst ypoBHeit MPHK
IL-10 m TNFa, To nx m3ameHeHUs 1101 BimssHueM T1A
ObLTM MeHee BbIpaxeHbl, Mo cpaBHeHUIO ¢ MPHK
GM-CSE

AHanu3upys JaHHbIE TaOIULIBI 3, MOXKHO MTPUNATH
K 3aKJII0YCHUIO, YTO Hanbojee BBIPAKCHHOE BIIMSI-
Hue [TA okasbiBaeT Ha MPOAYKIIUIO POCTOBOTO (hak-
Topa, BBIpabaTeiBaeMoro makpodaramu GM-CSE
YTO B IIPUHIUIIE COBIIamacT ¢ pe3yabraTamMu RT-
qPCR. CpaBHuBasg gaHHble Tabauil 2 U 3, HE0OXO-
JIUMO OTMeTuTh, 4To ypoBeHb MPHK TNFo npwu
BosaeiictBuu I1A cHuXancs, B To BpeMsl KaK KOH-
HeHTpallMs TAaHHOTO IIMTOKMHA B CyIepHATaHTE
Bo3pacTaia. [lonydyeHHBIE HAMM Pe3YJILTaThl COTJIa-
CYIOTCSI C JAHHBIMU JIMTEPATYPHl O TOM, UTO OEJIOK
TNFa B kJ1eTOUHOI1 cpelie He OTpaXkaeT BpeMEHHBIX
usMmeHeHui B akcrpeccun kiretouHoit MPHK TNFa,
TakK KakK yMeHbllieHue kietouyHoii MPHK Bo3mox-
HO M3-3a UHTUOMPOBAHUS 110 MEXaHU3MY OOpaTHOM
cBa3u [3, 8, 13].

B 1O BpeMs KaK LIUTOKUHBI MOT'YT HaKariuBaTb-
CsI M OCTaBaThCs B CyIIepHATaHTE, COOBITUS HA YPOB-
He MPHK, mpuBoasinue K ux o6pa3zoBaHUIO, MOTYT
3aBepiuartbes paHee [3, 4, 8, 13]. [ToaTtomy nyTu 1ie-
pellayy CUTHAJIOB M KMHETUKY BBIACITICHUS ITMTOKM-
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TABJINLA 3. KOHLIEHTPALIUA LUTOKUHOB B CYNEPHATAHTE KNETOK
TABLE 3. CONCENTRATION OF CYTOKINES IN THE CELL SUPERNATANT

LUMToKMHBI cn (nr/mn) MNA (nr/mn) UBMA (y. e.)

Cytokines SP (pg/ml) PA (pg/ml) IVPA (c. u.)
IL-10 40,4 250,6 6,2
TNFo 96,6 308,3 3,2
GM-CSF 9,5 452,5 47,6

Mpumeuyanue. CIM — cnoHTaHHas NPoOAYKUMSA UUTOKUHA; MA — Nnpu BO3AENCTBMU NOJIKJIOHAJNIbHbIX aKTUBaTOPOB.
UBIMA = A/B, roe A — ypoBeHb CTUMYNUpoOBaHHOMn MA npoaykuun UUTOKUHA, B — ypoBeHb CMOHTaHHOW NpoAYKLUUN

UMTOKUHA.

Note. SP, spontaneous production of cytokine; PA, when exposed to polyclonal activators. IVPA = A/B, where A is the level of
stimulated PA production of the cytokine, B is the level of spontaneous cytokine production.

HOB CJIeAyeT U3ydaTh I1OCJIe OIMCaHUs BPEeMEHHOM
3aBUCUMOCTHU C KOPOTKMMU MHTEPBajaMM, KOTopasi
MOXKET OBITh MHOIWBUIYAJIBHON IJIsI KaXXIOTO IIMTO-

Tpaumio cekpetupyembix 1L-10, TNFa u GM-CSF;
ITA oxkaspiBatoT BiusiHue Ha ypoBHM MPHK reHos
9TUX LIMTOKMHOB, YTO yKa3bIBaeT Ha TPAHCKPUIILIM-

KUHa. OHHBIM MEXaHWU3M ero NeMCTBUS, IJISI TOCTYKCHUS

TaknM 006pa3oM, ITOJIydeHHBIE PE3YyJAbTaThl MC- OOJBIIETO COOTBETCTBUS W3MEHEHM W3YYeHHBIX
cieaoBaHus ¢ ucnoiab3oBaHueM 1A mo3Bostior cne-  6enkoB 1 MPHK HeoOxoauMo rmoapoOHoe orrcaHue
JIaTb BBIBOIBI O TOM, 4TO: ITA, SIB/ISISCH MUTOT€HAMK, BpPEMEHHOI 3aBUCHMOCTU M3MEHEHUI COAepKAHUS
OKa3hIBalOT CYIIECTBEHHOE BIMSIHMUE Ha KoHIileH- MPHK.
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LIMTOKUHbI KAK MPEAUKTOPbI KUNLLEYHOU METAMJIA3UMA
XENYAKA
MaTtseeBa JI.B.

DI'EOY BO «Hayuonanvhutil uccaedosamensckuii Mopoosckuil eocydapcmeeHHblil yHugepcumem umenu
H.II. Ozapésa», e. Capanck, Pecnybauxa Mopodosus, Poccus

Pesiome. B ocHOBe 3a00J1eBaHUIA TaCTPOAYyONEHAIBLHOM 30HbI JIEXKUT BOCIAIUTENbHBIN Mpoliecc Ha (hoHe
U3MEHEeHUI MyKO3aJIbHO MUKPOOUOTHI. XpOHU3ALMsI BOCIIAJCeHUST CIM3UCTON 000JIOUKHM XKeJlydKa pa3BU-
BaeTCs U MojaepKuBaeTcs ImyreM UHAyKuuu Helicobacter pylori 1 ApyruMu MUKpPOOPraHU3MaMU CEKpELUU
BIUTEIUOLUTAMU U UMMYHOLIUTAMU KaK TPOBOCHATUTENbHBIX, TaK U MIPOTUBOBOCTIAIUTEbHBIX LIUTOKU-
HOB. B ycioBusix 1mc61o3a 1 UMMYHHOM AUCPETYJISILIUU KeJTYIOUHbINA 3MUTEINN MOXKET YITOA0OSITHCS TOH-
KOKUIIIEYHOMY WJIM TOJIcTOKUIIeYHOMY. Llenbio paboThl cTajio onpeaejieHue JUarHoCTUYECKONH U ITPOTHO-
CTUYECKOM LIEHHOCTU LIMTOKUHOB TIPY KMIIEYHON MeTarja3nuu KeJayJIouYHOIro SMUTeIHsI.

IIpu nHpopmMupoBaHHOM corjlacuu 204 G0JbHBIX C 00OCTPEHMEM XPOHUYECKOTO racTpuTa, SI3BEHHOI
00JIe3HU XKeayaKa, MoJUNOo30M Xeayaka U 40 310poBbIX JOOPOBOIbLEB MPOBOANIN 3a00p racTpOOUOIITATOB
npu 330 aroracCTpoayoAeHOCKOIMUHU (711 TUCTOJIOTMYECKOT0 U MUKPOOMOJIOTUYECKOTO UCCASIOBaHUS), S M
BE€HO3HOI1 KPOBU C OTJIeJI€HUEeM ChIBOPOTKU (/11 UMMYHOMEepMeHTHOro aHaau3a). CbIBOpOTOYHbIE YPOBHU
LUTOKWHOB UCCAEA0BaAIN TBepAoda3zHbIM UMMYHOPEPMEHTHBIM MeTogoM. [Ipu craTucTuueckoii oopadoT-
Ke pe3yJIbTaTOB BbIYUCISIJIM YYBCTBUTEIbHOCTh, CIEM(PUUHOCTh MOKa3aTeseit, ypaBHeHHUS JOTUCTUUECKO
perpeccuu, CTpOWIM XapaKTeprUCTUIYECKUE KPUBBIE C OTpeNieIeHMEeM MHIEKCa COMIACOBAHHOCTU MOAEHU IO
rioiany moa kpusbiMu (AUC).

IIpu rucTonornyeckom UcciaeaoBaHUM racTpoOMOINTAaTOB MPU3HAK TOHKOKUILIEUHOU MeTaria3uu ObLId
oGHapyxkeHbl Y 61 (29,90%) 6osibHOrO, TOJICTOKMIIEYHON — v 40 (19,61%), OTCYyTCTBOBAIN Y KIMHUYECKH
310pOBBIX 100poBoJIbLeB. Hanboabiass 4yBCTBUTEIBHOCTD MTPU TOHKOKUILIEYHOUN MeTarja3uu oTMevaaach
y unrepJieiikuna (IL)-6, IL-4, spurponnoatnna (EPO), TymopHekpoTusupytoiiero dakropa (TNF)a, IL-18,
¢akTopa pocta sHgorenaust cocynoB (VEGF), unrepdepona (IFN)o, mpu TOJCTOKUILIEYHON MeTaIria3uu —
y peuentopHoro aHtaronucta IL-13 (IL-1ra), 1L-8, EPO, IL-18, MOHOLIMTapHOTO XeMOATTpPaKTaHTHO-
ro nporeuna (MCP)-1, VEGEF, IFNa, IL-1p, IL-6, 1L-17. OGmuM Npu3HAKOM cTajio yBeindeHue 1L-6,
EPO, IL-18, VEGEFE, IFNa, KocBeHHO ¢ y4eToM (PpyHKLIMOHAJILHON aKTUBHOCTU LIMTOKMHOB yKa3bIBalolllee
Ha MUKPOOHYIO KOHTAMUHALIMIO XeJIyJAKa, TKAHEBYIO TUIIOKCHUIO C aKTUBALIME aHTMOTeHe3a, MOATBepKaas
ATANHOCTh KUIIIEUHOI MeTaIla3uu B KaHLeporeHese xeayaka. Hanbosblias crieliu@uuHOCTb MPU TOHKO-
KMIlleyHOoI MeTaruia3uu otMedanach y IL-103, IL-1ra, IL-8, IL-17, IL-2, IL-10, nmpu ToJICTOKMIIIEYHOI MeTa-
mnaszuu —y [L-18, IFNa, IL-4, MCP-1, VEGE Ilpu ToHkokuineuyHoii metaria3uu nHreppaj AUC 6osblie
0,7 onpenensuica y IL-2, 6ombiue 0,65 — y VEGF, nipu TosicTokuieyHoi MeTaruiazuu 6osbiie 0,91 —y I11L-18,
VEGE MCP-1, IFNa, 1 umen ypoBeHb 3HauuMocTH < 0,001. IToayyeHHBIE TPOrHOCTUUECKME MOIEU pa3-
BUTUSI KMILIEUHOI MeTaria3uu xenyaka, cyas no AUC, umenu ouyeHb xopoiuee (Tadia. 2, ¢opmyia 1) u or-
JUYHOE KauyecTBo (Tab. 2, 3, popMyJibl 2-11), 4To NOATBEPKAAJIOCH BBICOKMM MPOLIEHTOM BEpHO KjlacCuU-
LIMPOBAHHBIX MPU3HAKOB MeTarjaa3nuu.
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OmnpenesnieHre CbIBOPOTOYHBIX IIUTOKWHOB MPU KUIIEYHOU MeTaria3uu KeJIyTOYHOTO STIUTETUS SIBISIECT-
CSl TUAaTHOCTUYECKU U TMTPOTHOCTUYECKU LIEHHBIM, CJIEIYeT UCTIONb30BaTh IS pAHHEU TMarHOCTUKMU TIpepa-
KOBBIX COCTOSTHUH keJtynkKa Kak nzoaupoBaHHo (IL-2, VEGF), Tak u B KoMOMHa1IMU MOKa3aTesIei COrjiacCHO
paccCYUTaHHBIM YPaBHEHUSIM JIOTUCTUYECKOMN PErpecCcum.

Knrouesuie cnosa: unmepaeilkun, unmepgepoH, MOHOUUMapHslil xemomakcuueckuii npomeut, Helicobacter pylori, kuweunas
Memanaasus, Hceay00ouHbLi Snumenuil, OUaeHOCMU4ecKas UeHHOCMb

CYTOKINES AS PREDICTORS OF INTESTINAL METAPLASIA
OF STOMACH
Matveeva L.V.

National Research Mordovia State University, Saransk, Republic of Mordovia, Russian Federation

Abstract. An inflammatory process accompanied by the changes in mucosal microbiota is underlying the
gastroduodenal diseases. Chronic inflammation of gastric mucosa is developed and supported by secretion
of pro-inflammatory and anti-inflammatory cytokines by epithelial cells and immune cells induced by
Helicobacter pylori and other microorganisms. Under the conditions of dysbiosis and immune dysregulation,
gastric epithelial layer becomes like intestinal or colonic epithelium. The aim of this work was to determine
diagnostic and prognostic value of cytokines in intestinal metaplasia of gastric epithelium.

204 patients with exacerbation of chronic gastritis, gastric ulcer, gastric polyposis and 40 healthy volunteers
were included into the study, under their informed consent. The gastric biopsies were sampled by means of
esophagogastroduodenoscopy (for histological and microbiological examination), along with drawing 5 ml of
venous blood with serum separation (for enzyme immunoassay). Serum cytokine levels were studied by solid-
phase enzyme immunoassay. In statistical evaluation of the results, we have calculated sensitivity, specificity
of indexes, logistic regression equations, characteristic curves were built with the definition of the index of
consistency of the model by the area under the curves (AUC).

Histological examination of gastric biopsies showed features of intestinal metaplasia in 61 patients (29.90%),
colonic metaplasia was found in 40 cases (19.61%), being absent in healthy volunteers. The greatest sensitivity
of intestinal metaplasia was observed for plasma levels of interleukin (IL)-6, IL-4, erythropoietin (EPO),
tumor necrosis factor (TNF)a, IL-18, vascular endothelial growth factor (VEGF), interferon (IFN)a levels;
in colonic metaplasia, for receptor antagonist IL-1p (IL-1ra), IL-8, EPO, 1L-18, monocyte chemoattractant
protein (MCP)-1, VEGEF, IFNa, IL-1pB, IL-6, IL-17. An increase in IL-6, EPO, IL-18, VEGF, IFNa were
also common, thus indicative for changed functional activity of cytokines due to microbial contamination of
gastric mucosa, tissue hypoxia with activation of angiogenesis, confirming a transition of intestinal metaplasia
to gastric carcinogenesis. The greatest specificity in intestinal metaplasia was observed for IL-1p3, IL-1ra,
IL-8, IL-17, IL-2, IL-10; in colonic metaplasia, for IL-18, IFNa, I1L-4, MCP-1, VEGE In the intestinal
metaplasia, the AUC interval was higher than 0.7 for IL-2, higher than 0.65, in VEG; in colonic metaplasia
> 0.91, for IL-18, VEGE, MCP-1, IFNa, having a significance level of < 0.001. The obtained prognostic
models of intestinal metaplasia of gastric epithelium, according to the AUC index, had very good (Table 2,
formula 1) and excellent quality (Table 2, 3, formula 2-11), confirmed by a high percent of cases which were
correctly classified of metaplasia.

Determination of serum cytokines in intestinal metaplasia of gastric epithelium is of diagnostic and
prognostic value, and should be used for early diagnosis of precancerous conditions of the gastric mucosa,
both as single indexes (IL-2, VEGF), and combined indicators, according to the calculated logistic regression
equations.

Keywords: interleukin, interferon, monocyte chemotactic protein, Helicobacter pylori, intestinal metaplasia, gastric epithelium,
diagnostic value

Introduction developed and supported by induction of Helicobacter

At the heart of the diseases of the gastroduodenal pylori and other microorganisms of secretion of
zone there is an inflammatory process against the epithelial cells and immune cells as pro-inflammatory

background of changes in the mucosal microbiota [1, and anti-inflammatory cytokines [2-5]. In conditions
4]. The chronic inflammation of the gastric mucosa of dysbiosis and immune dysregulation gastric
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epithelium is like intestinal or colonic — metaplasia.
Given the high prevalence and mortality of gastric
cancer, the study of cytokine profile in intestinal
metaplasia of the gastric as a precancerous change in
the gastric mucosa is very relevant.

The aim of the work was to determine the
diagnostic and prognostic value of cytokines in
intestinal metaplasia of gastric epithelium.

Materials and methods

With the informed consent of 204 patients with
exacerbation of chronic gastritis, gastric ulcer,
gastric polyposis and 40 healthy volunteers, the
sampling of gastrobiopaths was carried out with
esophagogastroduodenoscopy (for histological and
microbiological examination), 5 ml of venous blood
with serum separation (for enzyme immunoassay).

Serum cytokine levels interleukin (IL)-1pB, IL-2,
1L-4, IL-6, IL-8, IL-10, IL-17, IL-18, receptor
antagonist IL-1B (IL-1ra), interferon (IFN)a,
IFNy, tumor necrosis factor (TNF)a, monocyte
chemoattractants protein (MCP)-1, granulocyte-
macrophage colony stimulating factor (GM-CSF),
erythropoietin (EPO), vascular endothelial growth
factor (VEGF) were studied by solid-phase enzyme
immunoassay with the use of reagent kits of CC
“Vector-Best” (Russia).

Statistical processing of the results was performed
on a computer using programs Microsoft Excel 7.0,
MedCalc Version 18.11. Calculate the arithmetic
mean, the error of the arithmetic average, the
significance of the differences in groups according
to Student’s criterion, sensitivity, specificity of
indicators, logistic regression equations, characteristic
curves were built with the definition of the index of
consistency of the model by the area under the curves
(AUC), use methods Backward and Stepwise. The
results were considered reliable at the significance
level (P) < 0.05.

Results and discussion

Changes in the gastric microbiota and serum
cytokine levelsin the examined patients were described
earlier [1-3].

Histological examination of gastrobiopsiej signs
of intestinal metaplasia was detected in 61 (29.90%)
patients, colonic — in 40 (19.61%), were absent in
healthy volunteers.

The diagnostic value of cytokine determination in
gastric metaplasia is presented in Table 1. Prognostic
value of cytokines in intestinal metaplasia of the
gastric described in Table 2, in the colonic metaplasia
of the gastric — in Table 3.

The greatest sensitivity in intestinal metaplasia
was observed in IL-6 (10 pg/ml), IL-4 (2-2.5 pg/ml),
EPO (> 8.8 mMe/ml), TNFa (> 6.2 pg/ml),
IL-18 (> 315 pg/ml), VEGF (> 246-260 pg/ml),

IFNo (> 8 pg/ml). In colonic metaplasia, greater
sensitivity was determined in IL-1ra (> 190 pg/ml),
IL-8 (> 10 pg/ml), EPO (> 12,8 mMe/ml), IL-18
(> 395 pg/ml), MCP-1 (> 238 pg/ml), VEGF
(> 350 pg/ml), IFNo (> 16 pg/ml), IL-1B (> 8 pg/ml),
IL-6 (> 6 pg/ml), IL-17 (> 8 pg/ml). Common signs
were an increase in IL-6, EPO, IL-18, VEGF, IFNa,
indirectly taking into account the functional activity
of cytokines indicating microbial contamination
of the gastric, tissue hypoxia with the activation of
angiogenesis, confirming the staging of intestinal
metaplasia in gastric carcinogenesis.

The greatest specificity in intestinal metaplasia was
observed in IL-1B (5 pg/ml), IL-1ra (126 pg/ml), IL-8
(7-10 pg/ml), IL-17 (> 14 pg/ml), IL-2 (> 15 pg/ml),
IL-10 (13-14 pg/ml), in colonic metaplasia — in
I1L-18, IFNa, IL-4 (> 5 pg/ml), MCP-1, VEGE

It should be noted that in case of intestinal
metaplasia, the significant level of IFNy (15-17 pg/ml)
exceeded the upper limit of normal values, as well as
the number of IFNa, TNFa, VEGE, IL-2, IL-17, in
case of colonic metaplasia was > 17 pg/ml.

In intestinal metaplasia, the AUC interval was
greater than 0.7 in 1L-2, greater than 0.65 in VEGE,
in colonic metaplasia greater than 0.91 in IL-18,
VEGE, MCP-1, IFNa, and had a significance level
of < 0.001.

The obtained prognostic models of intestinal
metaplasia of the gastric, according to AUC, had
very good (Table 2, formula 1) and excellent quality
(Table 2, 3, formula 2-11), which was confirmed by a
high percent of cases correctly classified of metaplasia.

Logistic regression equations for intestinal
metaplasia were successfully tested to predict colonic
metaplasia, with partial changes in the formulas
taking into account the sensitivity and specificity of
cytokines to improve the quality of prognostic models.

The diagnostic value of IL-8 (formulas 2-4, 6,
11) determines the contribution of neutrophilic
granulocytes to the development of intestinal
metaplasia of the gastric.

The combination of IL-2, IL-10 and IL-17 in
formulas 3, 4, 5 indirectly indicates the simultaneous
participation of different subpopulations of
T-lymphocytes-helpers in the pathomorphosis of
the gastric mucosa, which can be caused by dysbiosis
gastroduodenal zone, determined in patients [1].

Determination of serum cytokines in intestinal
metaplasia of the gastric epithelium is diagnostically
and prognostically valuable, should be used for early
diagnosis of precancerous conditions of the gastric
both in isolation (IL-2, VEGF), and in a combination
of indicators according to the calculated logistic
regression equations.
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Kpamxkue coobuienus
Short communications

Pesome. B HacTosiiee BpeMst MI3BECTHO, YTO UMMYHOJIOTMYECKUEe OMOMapKephl MOTYT CTaTh OoJiee UyB-
CTBUTEJIbHBIMIA METOAAaMU HEMHBA3UBHOM TMArHOCTUKM OTTOPXKEHMSI TpaHCIUJIaHTaTa, YeM HCITOJIb3yeMble
Ha CETOMHSIITHUMI IeHb. PacTymiuit o0beM McClIefOBAaHMI Ha MOMIEISIX JKUBOTHBIX ITOKA3bIBACT, YTO XEMOKM -
HbI, KaK aKTMBHbIE YYaCTHUKU MMMYHHOTO IIpoliecca, MOTYT OBbITh MCII0JIb30BaHbI B 3TOM KauecTBe. PaHee
B HaIllMX MCCAEIOBAaHUSX Obla ITOKa3aHa JOCTOBEpPHAasl MPOrHOCTUYECKAash 3HAYMMOCTh MOBbIeHus 1L-6,
1L-2, IL-17a u IL-1ra B IpenorepaliliOHHOM MEPHOAEL, KAK MAPKEPOB OCTPOTO OTTOPKCHMSI aJIJTOTPAHCILIAH-
TaTa MOYKM, a TaKKe Cpeau ucciaeayeMblx (aKTopoB pocTa nepudeprudyeckoil KpoBU HaMU ObLIO CAEIaHO
3aKIIIOUYEeHNE, YTO pe3Koe CHIKeHue comepxkannss BDNF gBnsieTcss mmarHOCTMYECKHA 3HAYUMBIM PaHHUM
MPU3HAKOM OTTOPKECHMS ajIoTpaHCIUIaHTaTa movYku. Llesbio maHHOTro McciienoBaHMs SIBISICTCS BBISIBICHUE
MIPOTHOCTUYECKOW POJIM CBIBOPOTOYHOTO COAEPKAaHUSI XeMOKMHOB Ha TIPeaoIIepallMiOHHOM 3Talle ¢ y4eTOM
BbIpa®oTK HLA-aHTHTET B IIEpHOI ITOC/IE TPAHCIUIAHTALIMM B PUCKE Pa3BUTHS OTTOPKEHUS aJUIOTPaHC-
riaHTara noyku. [IpoBeaeH cpaBHUTEIbHBIN aHAIU3 ChIBOPOTOYHOI KOHIIEHTPAIMM XeMOKHHOB Y MallMeH -
TOB ¢ XpOHUYeCKOi 60je3HbI0 mouek (XBIIT) B TepMuHanbHOMI cTaguu. IJist 3TOro y nalilueHTOB OCHOBHBIX
KJIMHUYECKMX IPYIII 3a 6 4acOB OO0 TPaHCIUIAHTALMM OLEHUBAIM comepxaHue B KpoBu Eotaxin (CCL11),
GRO-a (CXCL1), IL-8 (CXCLS), IP-10 (CXCL10), MCP-1 (CCL2), MIP-1a (CCL3), MIP-1p (CCL4),
SDF-1a (CXCL12), RANTES (CCL5), MIG (CXCL9) MeTonoM MyJIbTUTUIEKCHOTO UMMYHOJIOTUYECKOTO
aHaJIu3a, ¢ UCIOJb30BaHMEM COOTBETCTBYIOILIMX TECT-CHUCTEM. McciaemoBaHMAMU MOKa3aHbl JOCTOBEPHBIEC
W3MEHEHUs psiia XeMOKUHOB y TanimeHToB ¢ XbI1 oTHOCHTETbHO BO3paCTHOTO KOHTPOJISI, OTHAKO OCHOB-
HBIMU IMAaTHOCTUYECKU 3HAYMMBIMU OMOMapKepaMM, aCCOLIMIPOBAaHHBIMM ¢ PAHHUM OTTOPXXCHUEM TPaHC-
TUIAaHTUPYEMOM MOYKM, clienyeT cuuTaTh moBbieHue KoHleHTpauu CCL2 u CCL4 XxeMOKMHOB, a Takxke
pe3koe cHuwxkeHnue CCLI11. MapkepoM OaronpusiTHOTO T€UYEHUS MOCTTPAHCIUIAHTAIIMOHHOTO Mepuoaa
MOXKHO CUMUTATh JOCTOBEPHOE CHIDKEHHME B nepudepudeckoil KpoBu KoHieHTpamuu CXCL12. ITosBaeHne
HLA-aHTUTEN Y PELIUIIMEHTOB TakKKe acCOLIMMPOBAHO C MOBBIIIEHHBIM COIEPX)KaHUEM B CbIBOPOTKE KPOBU
CXCLS8, CXCL10, CCL4 u CCL5.

Karoueesvie cnosa: mpancnianmayus noMKu, XeMOKUHbL, OMMOPAICEHUE AAL0MPAHCHAAHMAMA, MPAHCNAGHMAYUOHHbIL
UMMyHUmem, ouomapkep
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CHEMOKINE MARKERS ASSOCIATED WITH EARLY
REJECTION OF KIDNEY ALLOGRAFT
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Abstract. It is known at the present time that immunological biomarkers may become more sensitive, non-
invasive methods of graft rejection diagnosis than those currently used. A growing amount of studies in animal
models shows that chemokines, as active participants in the immune process, may be used to this purpose. Our
earlier studies have shown an important prognostic significance of 1L-6, IL-2, IL.-17a and IL-1ra increase in
pre-operative period as markers of acute kidney allograft rejection. When assessing changes in studied peripheral
blood growth factors, we concluded that a sharp decrease in BDNF content is a diagnostically significant early
sign of kidney allograft rejection. The aim of this study was to identify the prognostic role of serum chemokine
levels at the preoperative stage, taking into account the production of anti-HLA antibodies during the post-
transplant period as a risk factor of kidney allograft rejection. A comparative analysis of chemokine serum
concentrations was performed in the patients with terminal-stage chronic kidney discase (CKD). In the
patients from main clinical groups, the blood cytokine levels were measured 6 hours before transplantation,
i.e., Eotaxin (CCL11), GRO-a (CXCL1), IL-8 (CXCLS8), IP-10 (CXCL10), MCP-1 (CCL2), MIP-1a
(CCL3), MIP-1p (CCL4), SDF-1a (CXCL12), RANTES (CCL5), MIG (CXCL9) by means of multiplex
immunological assays, using appropriate test systems. The studies have shown significant changes in several
chemokines in the CKD patients compared to age-matched controls. However, the following diagnostically
significant biomarkers associated with early rejection of transplanted kidney should be considered: increased
concentration of CCL2 and CCL4 chemokines, as well as an acute decrease in CCL11. Significantly decreased
CXCL12 concentration in peripheral blood could be considered a marker of favorable posttransplant clinical
course. Occurence of HLA antibodies in recipients is also associated with elevated serum levels of CXCLS,
CXCL10, CCLA4, and CCL5.

Keywords: kidney transplantation, chemokines, allograft rejection, transplantation immunity, biomarker

BeegeHnve

B Hacros1ee BpeMsi U3BECTHO, YTO UMMYHOJIO-
ruyeckue OrmomMapkKepbl MOTYT CTaTh 00Jiee YyBCTBU-
TEJIbHBIMU METOJaMU HEWHBA3UMBHOU NTUArHOCTUKU
OTTOPXXEHUS TpaHCIUIaHTaTa, 4YeM MCIOJIb3yeMble
Ha ceronHsIHui neHsb [1]. HenaBHUe nocTukeHUst
B METOMAaX aHain3a OMOMOJIEKYJ, TAKWX KaK TeHBI,
MPHK u 6e1ku, moMoriam onpeaenTb OMoMapKephl,
KOTOpbIE MOXHO HCITOJIb30BaTh IJisi MOHUTOPUHTA
OTTOPXEHUS TpPaHCIIAHTMPOBAaHHOro opraHa [11].
Pactymuii o0beM uccieqoBaHUIl HA MOJEJISIX KU-
BOTHBIX TTOKAa3bIBAET, UTO XEMOKWHBI, KaK aKTWB-
Hbl€ YYaCTHUKU UMMYHHOTO Tpoliecca, MOTyT ObITh

ku [3]. Hapsnoy ¢ uHTepJIeiKMHAMU, CPEIU UCCISoY-
eMbIX (pakTOpOB pocTa nepudepudecKoil KpoBU mna-
nueHToB ¢ XBI1 HaMu ObLIO cAEaHO 3aKJIIOYEHUE,
4To pe3koe cHkeHue coaepxxanuss BDNF aBnsgercs
IUAarHOCTUYECKU 3HAYMMBbIM pPaHHUM IIPU3HAKOM
OTTOPKEHUS aJIJIOTpaHCIUIAaHTaTa MOYKH [2].

Bce BbllIEN3I0XKEHHOE OOOCHOBBIBAET 1IEJIECO-
00pa3HOCTh MUCCIICMOBAHUS IIPOTHOCTUYECKOMN POJIH
CBIBOPOTOYHOI'O COAEPXKAHUSI XeMOKMHOB Ha Mpe.-
oIepallMOHHOM 3Tarie ¢ y4eToM BbIpaboTku HLA-
aHTUTEJ B MEPUOJ MOCJe TPaHCIUIAaHTAlIMU B PUCKE
pa3BUTHUS OTTOPXKEHUS AJUIOTPAHCIUIAHTATA TTOYKM.

HUCIOJb30BaHbl B 3TOM KauvecTBe [4, 9, 12]. Takxke
OBIJTO TIOKA3aHO, YTO KOHIIEHTpALsI XEMOKWHOB
YMEHBIIIAETCS B OTBET HA TEPaluiO0 OTTOPXKEHMSI,
U UX OLIEHKA Y MALeHTOB MOXET UMETh IPOTrHOCTU -
YEeCKYIO LIEHHOCTD 11 MOHUTOPUHIA B 10- U IOCT-
TpaHCIUIaHTaUMOHHOM niepuone [10].

B mpoBenecHHBIX HaMM paHee WCCIIeIOBAHMSX
OBIJIa TT0OKa3aHa JIOCTOBEPHAsi IPOTHOCTHYeCKasl 3Ha-
yuMocTh noBbiieHust 1L-6, 1L-2, 1L-17a u IL-1ra
B TIpeAOIepallMOHHOM Iepuoie, KaK MapKepoB
OCTPOrO OTTOPXKEHUS] aJUIOTpaHCIUIaHTaTa TI0Y-

MaTepmanbl U METObI

MartepuasioM WuCCIIeTOBaHUS TOCTYXWIN 00-
pa3ubl KpoBU 58 mnauueHTOB (CpemHHUil BO3pacT
43,240,82 net; 67,24% myxuuH u 32,76 % XKeHILYH),
kotopbiM B «HUUM-KKB Ne 1 um. nmpod. C.B. Oua-
noBckoro» (. KpacHomap) B mepuon ¢ ssaBapst 2015
rona 1o aBrycT 2016 I. 6bIJ1a BEITIOJTHEHA TPAHCIJIaH -
TalMs JOHOPCKO# MOYKHU II0 TTOBOAY TSPMHUHAJIBHOMI
cranuu XBII (xpoHuyeckasi 607€3Hb MOYEK). Y Bcex
peuunueHToB npenacyiectpytomme HLA-aHnTtutena
He OB BBISIBJICHBI, YTO CBUIETEILCTBOBAJIO 00 OT-
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XeMOKUHbI — MapKepbl OMmOopI*CceHUs NOYKU
Chemokines as markers of kidney rejection

CYTCTBUM HWMMYHM3AallMU aHTUTEHAaMW TJaBHOTO
KOMILIEKCa TUCTOCOBMECTUMOCTHU paHee.

B 3aBuCUMOCTM OT XxapakTepa TeYeHUs IIOCT-
TpaHCIUIaHTalMoHHOTO Tteproaa (180 mHeit) u dak-
Ta obHapyxeHusi HLA-aHTuTen, mauueHTbl ObLIU
pacripenesieHbl Ha 3 KIIMHUYECKWE TPYNOIbL: 1 rpym-
na — 43 (74,1%) nanuenrta 6e3 HLA-anTuten m c
HEOCJIOXXKHCHHBIM TEYCHUEM TIOCICOIepalliOHHOTO
nepuoaa (6e3 ocTporo oTrropxkeHus); 2 rpymnmna — 7
(12,1%) naumentoB ¢ HLA-anTuTenamu, HO Oe3
KIIMHUYECKUX TIPOSIBJICHUI OTTOPKEeHMSI; 3 TpyIIa —
8 (13,8%) malLuMeHTOB C OCJIOXHEHHBIM TEYECHUEM
MOCJIeOIepallMOHHOro Iepruoaa (C OCTPhIM OTTOP-
JKEHMEM), CPEeI KOTOPBIX TOJIBKO y 2-X TTallMEHTOB
(25%) 6bun BoIsiBIIeHBI HLA-aHTuTEeNna B 3TOT Tie-
puoa. KoHTponbHyt0 rpymnity (4 rpyrmmna) coOCTaBUIU
20 gen0BeK (3MO0pOBBIE JOHOPHI KPOBM) 000ET0 MoJIa,
C BO3pacTHBIM Auara3oHoM ot 18 1o 50 jeT.

3a 6 4yacoB [0 TpaHCIUIAHTALMK MOYKU B IIe-
pudepruIeCcKoil KpOBU Y PELMITMEHTOB BCEX TPYIIII
BBITIOTHSUIOCH  KOJIMISCTBEHHOE OIpeAeieHNEe ChI-
BOPOTOYHOI KOHILIEHTpallUU XeMOKMHOB — Eotaxin
(CCL11), GRO-a (CXCL1), IL-8 (CXCLS), 1P-10
(CXCL10), MCP-1 (CCL2), MIP-1a (CCL3), MIP-
1B (CCL4), SDF-1a (CXCL12), RANTES (CCLS5),
MIG (CXCL9). MccnenoBaHre BBITIOJHSIIU METO-
JIOM MYJIBTUTIJIEKCHOTO aHajin3a ¢ MCIT0JIb30BaHUEM
naHenn Simplex ProcartaPlex (eBioscience, CIIIA)
U TexHonorun xXMAP (mpuHUMIT MPOTOYHON 1IUTO-
metpun). Mnentudukaumo HLA-anTuTen rtakke
OCYIIECTB/ISUIM METOAOM MYJBTUIUIEKCHOTO UMMY-
HOJIOTUYECKOTO aHa/lIn3a, ¢ MCIOJIb30BAaHMEM CO-
oTBeTcTBYIOIIMX TecT-cucteM (Gen-Prob, CIIA),
Ha OpoToyHOM aHanu3atope Luminex 200 mo Tex-
HoJiorun xMap (6UMONEKYJISIpHbIE peaKIIMU Ha T10-
BEPXHOCTU MUKpoOcdep).

CraTuCTUYECKyI0 00pabOTKy MOJYYEeHHBIX TaH-
HBIX BBITIOJTHSIIA C TIPUMEHEHUEM CTaTUCTHUYECKOMN
nporpammbl GraphPad Prism 6.0 ¢ onieHkoii Hena-
pamerpudeckoro U-tecta ManHa—YutHu (Mann—
Whitney U). JIoCTOBEpHBIMH CUMTAJINCh Pa3TMIUS
npu p < 0,05 (£5%).

PesynbTathl 1 06CyXaeHue

IIpu ananu3e MeguaH BBIOOPOK KOHLIEHTpALUU
comepxaHuss XeMOKMHOB ceMerictBa CXC (aHrm.
CXC chemokine ligand) B CbIBOPOTKE KpPOBU y Mna-
uueHToB ¢ XBII nepen TpaHcruiaHTaluyel obopaiia-
€T Ha ce0s1 BHMMaHMUE JIOCTOBEPHOE TIOBBIIIEHUE
ypoBHs1 xeMoknHOoB CXCL8 u CXCL10 (B 3,04 u 1,6
pa3a COOTBETCTBEHHO) B IPYIIIE C HEOCTOXHEHHBIM
MOCTTPAaHCIUIAHTALIMOHHBIM MEPUOAOM, HO C BbI-
aBiaeHHbIMA HLA-aHTtuTemamMu (rpymia 2) 1o OT-
HOIIEHUIO K TPYMIle MPaKTUYECKU 3IO0POBBIX JIUIL,
a Tak>Ke MO OTHOILLEHUIO K IPYTUM rpyIram (taoa. 1).
B 10 ke Bpems ypoBeHbr CXCLI1 6b11 B 10,43 paza
BBILIIE B TOWU Xe rpyrre (2 rpynmna), B TO BpeMs Kak B

OCTJIBHBIX TPYTMIIaX KOHIEHTPAUS 3TOTO IIUTOKM-
Ha ObLIa HUXE YPOBHSI OOHapyxXeHus. UpesMepHoe
colepXaHWe 3TUX MATOKWHOB Mepel TpaHCIUIaHTa-
el TPUBOIUT K ITOCTOSIHHOMY PEKPYTUPOBAHUIO
M aKTUBalMU I'PaHYyJOLUTAPHBIX JEUKOILIUTOB, a TaK-
xe apuwxkeHutro CD4" u CD8*T-numdpouuroB, Ma-
KpodaroB, HaTypaJIbHBIX KJIETOK-KUJIJIEPOB U aHTH-
TeHIIPE3CHTUPYIOIINX KIIETOK K MECTY ITOBPEKICHUS
mocJie TpaHCIUIAaHTaIluM, TA¢ OHM OYIyT BOBJICYCHBI
B MOCTTpaHCIUIAHTAIlMOHHBIE MMMYHHbBIE MpPOILIEC-
Chbl, YTO, B CBOIO OUYepeIb, MOXKET MOBJIUSITh Ha aJlJTO-
TpaHCIUIaHTallMOHHYIO 6uojoruto [5, 7, 12].

IMpoBenenHass oneHka coaepxanuss CXCLI12
B chIBOpOTKe KpoBu mnainueHTOB ¢ XBII mokazana,
YTO TOJIBKO B CJIydae OJIaronpUsITHOTO TEYCHUSI TTOCT-
TPaHCIUIAaHTALIMOHHOTO IIep1oa UMEET MECTO ero 60-
Jiee HU3KUI UCXOIHBIN ypOBEHb COAEPKaHUS B IIPe.I-
OIepallMOHHBI MepPUOod, YeM y 3IOPOBBIX JIUIL U Y
MallMEHTOB C Pa3BUBIIMMCS BIOCJIEICTBUN OCTPHIM
OTTOPKCHHEM MOYKK. DTO IIO3BOJISIET YTBEPKIATh,
YTO MOHWXKEHHAs €r0 KOHLIEHTpaLus sBJIsIeTCs Oa-
TOIPUSITHBIM (DaKTOPOM TeYEHUS MOCTTPAHCIIJIaHTa-
UMOHHOTO repuona. C Apyroit CTOPOHBI, UCXOIHbIH
MOBBILIEHHBIN YPOBEHb XeMOKMHOB cemeiicTBa CXC
obecrieunBaeT HeOOXOIUMBIE YCJIOBUS [UTSI TYMOpPasib-
HOrO UMMYHHOTO OTBeTa U BbipaboTku HLA-aHTUTEN
ocje TpaHCIUIaHTaIlH.

CpaBHUTEJIbHBIM aHAIN3 JaHHBIX cemelicTBa CC-
xemokuHOB (aHry. CC chemokine ligand) moka3san,
YTO, HECMOTpPSI Ha OJHOHAIIPAaBJIEHHOE ITOBBIIIIE-
Hue CCL2 BO BceX KJIMHMYECKMX TpyIiax, J0CTO-
BEpHOE €ro moBhwIlIeHne (B 2,7 pa3a) HaOIOmaeTcs
TOJILKO B 3-i1 TpyMIIe, TO €CTh y NAlIMEHTOB C pa3BUB-
IIIUMCSI BITIOCJIENICTBMM OCTPHIM OTTOPXKEHHUEM ajllo-
TpaHciutaHTaTa (taba.1). Xemokun CCL2 gBnsieTcs
MOIITHBIM XEMOTaKCUYEeCKUM (haKTOPOM, KOTOPHIi
HampasJsieT THOUIBTPALIMIO MOHOIIUTOB U MaKpoO-
(aroB B TKaHEBBIC YUaCTKU BocIajeHus. B uccieno-
BaHUSIX Ha XUBOTHBIX IMoKa3aHo, yto CCL2 urpaer
BaXXKHYIO POJIb B TYMOPAJbHOM OTTOPXKEHUU TPaHC-
TUIaHTaTa MOYKUA W cepaua y mbimei [4]. Yto ka-
caeTcsl YpOBHSI COIEPXKaHUS XEMOKWHOB, KOTOPBIC
WHAYLMPYIOT XEMOTAaKCUC  KIJIETOK-3(PdheKTopoB
BocrajeHusi, To ypoBeHb CCL4 Obl1 DOCTOBEpHO
BBIIIE BO 2-i1 M 3-i1 rpyrmax (B 1,16 u 1,19 pa3sa co-
OTBETCTBEHHO), a 3HauuTeabHOe MoBbilneHue CCLS
(B 5,58 pa3a) HabmOOAIOCH TOJBKO B TPYMIIE C HE-
OCJIOXKHECHHBIM ITOCTTPAHCILUIAHTALIMOHHBIM ITePUO-
oM, HO ¢ BbIsgBIeHHBIMU HLA-antuTenamm (rpyri-
na 2). O6a sTtux Oenka CIOCOOHBI MHAYLMPOBATh
XEMOTAKCHUC JIEUKOILIMTOB U UX aAre3ulo K 3HIA0Te-
JIMAJIbHBIM KJIETKaM, BJIMSIOT Ha KJICTOYHBIM U Ty-
MOPAJIbHBIA UMMYHHBI OTBET, HO OCHOBHOU UX 3(-
GeKT — yCuJIeHre aHTUTEeJIOTeHe3a.

Ponb sortakcmna CCLI11 npu TpaHCIIaHTaLUA
MOYKM M3ydyeHa HEIOCTAaTOYHO, XOTS ero 3HaueHUe
OTYaCTU MPOAEMOHCTPUPOBAHO IPU TpaHCIUIaHTa-
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TABJIULA 1. KOHLEHTPALIMA XEMOKWHOB B CbIBOPOTKE KPOBU NALMEHTOB C XNB NEPEQA TPAHCMTAHTALMEN

I'IOLIKVI, Me (Qo,zs'QOJS)

TABLE 1. CONCENTRATION OF CHEMOKINES IN THE SERUM OF PATIENTS WITH CKD PRIOR TO KIDNEY
TRANSPLANTATION, Me (Qq5-Qy 75)

Mpynna 2 Mpynna 3
Mpynna 1 OTCcyTCTBUME OCTPOro OCTDO® OTTORKEHUE
OTcyTcTBME OCTPOrO OTTOpPXEHUA T aHpcnnaH'mp eMO
OTTOPXEHUSA TpaHcnnaHTUpyemon P NoYKM HI[_)X Movnna 4
TpaHcnnaHTupyemomn no4ku, HLA- aHTuzrena K;):Tponb
prnl:lal nouku u HLA- antirena BbISIBMEHbI TONbLKO | (3A0pOBbIe AOHOPbI)
NHTepnenikuHbl aHTuTenN BbISIBMNEHbI y 25% Group 4
Group/ Group 1 Group 2 Group 3 Control
Interleukin Lack of acute rejection Lack of acute Acute reiection of the (healthy donors)
of the transplanted rejection of the trans IaJnted Kidne n Z 20
kidney and HLA- transplanted kidney, HLA :ntibodies we?/é
antibodies HLA-antibodies were detected only in 25%
n=43 revealed = g °
n=7
GRO-o (CXCL1),
AKAMA 0 (0-0) 10,43 (2,52-45,37) 0 (0-0) 0 (0-0)
p > 0,05
pkg\ml
IL-8 (CXCLS8),
nkr\mn 0 (0-0) 3’04_(1 ’52'%37) 0 (0-0) 0 (0-0)
p =0,008
pkg\ml
MIG (CXCLD9), 94,61 92,72 84,23 63.85
nkr\mn (69,11-111,91) (71,88-151,30) (67,08-264,00) (19 08—,1 05,81)
pkg\ml p>0,05 p > 0,05 p>0,05 ’ ’
IP-10 (CXCL10), 128,21 209,20 141,84 132 39
nkr\mn (120,74-154,46) (179,53-276,69) (135,79-249,23) X
(80,68-166,14)
pkg\ml p > 0,05 p =0,015* p>0,05 ’ ’
(SCD)F(sz) 1219,04 1522,44 1640,97 1915.65
’ (1169,63-1316,75) (1495,42-1626,92) (1511,70-2612,19) !
nkrimn — N _ A (1741,34-2738,00)
p =0,03** p=0,03 p>0,05
pkg\ml
?2%7_21) 160,31 229,24 282,39 10103
I1KF\M]1’ (143,73-184,71) (215,56-263,57) (253,21-320,34) (72 43_2’43 71)
p > 0,05 p > 0,05 p = 0,007** ’ ’
pkg\ml
?’(';'2;_130)‘ 10,46 15,01 12,38 17 04
nKr\Mn’ (9,51-10,78) (13,54-17,82) (11,69-41,50) © 85—’21 23)
p > 0,05 p>0,05 p > 0,05 ’ ’
pkg\ml
:Vc':'zfﬁ 762,60 854,80 877,34 .

’ (725,71-795,44) (839,57-941,91) (847,38-909,68) .
nkr\mn - . - o (718,34-779,88)
p>0,05 p = 0,002 p = 0,002

pkg\ml

:‘é%h:_‘l;l)is 674,94 806,30 521,85 144 32

I1Kr\MJ1’ (536,66-882,88) (760,91-1084,98) (410,51-585,37) (134 76—535 18)
p > 0,05 p =0,007** p > 0,05 ’ ’

pkg\ml

(Egéal_’;';‘) 152,68 175,44 94,16 290,16

nkr\Mn ’ (148,57-157,49) (163,09-189,05) (88,84-113,63) (168 55_’331 20)

pkg\ml p>0,05 p>0,05 p =0,0002**** ’ ’

MpumeyaHume. *, **, *** — nOCTOBEPHOCTb OTNIMYMIA OT KOHTPONS; A — OCTOBEPHOCTbL MEXIPYNMOBbIX Pas3nuiui.

Note. *, * *,***  reliability of differences from control; *, reliability of intergroup differences.
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XeMOKUHbI — MapKepbl OMmOopI*CceHUs NOYKU
Chemokines as markers of kidney rejection

MM ¥ TIaTOJIOTUM JieTKuX. Tak, HarpuMmep, B pabo-
Te Dosanjh A. ycTaHOBJIEHO YCUJICHHE 3KCIIPECCUU
peuenitopa 303uHOMmIOB CCR3 (CC chemokine
receptor 3) K 20TaKCUHY Y MOBBIIIIEHWE KOHIIEHTpa-
uuu CCL11 (B 2,5 pa3za) 1pu XpOHUYECKOM OTTOP-
XeHuHU nerkoro [8]. Hapsany ¢ atum, nccienoBaHUsI -
MU Asosingh K. ¥ coaBT. mokazaHoO, YTO 30TaKCUHbI
(B ToMm uucie u CCL11) npeacraBisiioT cobOoii ce-
MEMCTBO ILIMTOKMHOB, CIIOCOOCTBYIOIINX aHOMAaJlb-
HOI HEOBaCKYJISIpU3AlIMY B BOCITAJICHHBIX JIBIXaTeTh-
HBIX yTgX [6]. B 3T0M cBSI3M MHTEpEC MPEACTABISIOT
MOJyYeHHBIC B HACTOSIIIIEM MCCJICIOBAHUM TaHHBIC
o0 noBosibHO HU3KoM ypoBHe CCLI11 B rpymnme na-
LIUEHTOB C Pa3BUBILIMMCS BITOCIEACTBUMA OCTPBIM
OTTOpPXCHUEM aJUIOTpaHCIUIAaHTaTa ITOYKHU (Tpymiia
3) 1o cpaBHEHUIO C HOPMOI, a TaKXKe TaKOBbIM MO-
KazarejeM y MaluueHTOB l-it u 2-fi KIIMHUYeCKOM
Tpynmbl. DTO MaeT OCHOBaHWE CUYMTATH ITOHMKCH-
HbI1 ypoBeHb xeMoKrHa CCL11 B CBIBOpOTKE KPOBU
JI0 TPaHCIJIAHTALIMKU HEOJaronpusiTHBIM KpUTEpUEM
BBIKMBAHUS TPAHCIUIAHTATA TTOYKU.

3aknoyeHne

Ananu3s ITOJIYYCHHbIX TaHHbIX B IICJIOM ITO3BOJIACT
3aKJIIOYNTb, YTO XapaKTEp USMCHCHUA pAaa XECMOKHN -
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YPOBHU ®AKTOPA HEKPO3A OMYXOJIEN o. Y BOJIbHbIX

NWWEMUWYECKUM UHCYJIbTOM
IHpunxynkas VLA, Kpok FO.{.

T'OO BIIO «/loneykuii HayuoHarvHbill meduyurckui ynugepcumem umernu M. Topvkoeos, e. loneyx, Joneuxas
Hapoonas Pecnybauxa

Pesiome. MinieMuyeckuii MHCYJBT SBIsIETCS Haubosiee yacToil GopMoii MHCYJIbTa U CBSI3aH C UBMEHEHUEM
(YHKIIMU Pa3InYHbIX KJIETOK KPOBHU, KJIETOK KOCTHOTO MO3Ta, BBICBOOOXAECHUSI UMM Pa3IUYHbIX IIMTOKU-
HOB, XeMOKMHOB U Jip. CyllleCTBYIOT IIPOTUBOPEUMBBIE NaHHbIe 00 ypoBHSIX TNFa B ChIBOpOTKE U Mia3Me
KPOBHM IIPU OCTPOM UIIIEMUYECKOM UHCYJIBTE.

MEI obcntenoBaiy 21 mamyeHTa ¢ TMarHO30M <«UIIEMUYECKUI WHCYIBT», IIPOXOINBIIIETO JICYSHNE B yC-
JIOBUSIX cTallMOHapa. TSKecTh UIIeMUYECKOTO MHCYJIbTa OlIEHMBAJIaCh BpayaMy HEBPOIIATOJIOraMu B COOT-
BETCTBUU C KpUTEePpUSIMHU Kbl HallMoOHaTbHOTO MHCTUTYTA 300POBbS MPU MOCTYIUIEHUW U MPU BBIMTUCKE.
Y naiueHToB ¢ UIIeMUYECKUM UHCYJIBTOM BbIsIBJIEHO JocToBepHOoe (p < 0,001) moBblllIeHEe KOHIIEHTPALIUU
TNFo B chIBOPOTKE B CpaBHEHUM CO 3M0pOoBbIMU JuilaMu. Haubosiee BhICOKKE 3HAUEHUSI KOHIIEHTPAlIUU
YKa3aHHOTO MapKepa perucTpupoBaiduch B 1-Ml u 3-ii mHU 3a0ojeBaHUs, JOCTOBEPHO CHUXASCh K 14-my
JIHIO, HO HEe JOCTUTAas MpU 3TOM YPOBHS KOHTPOJBHOU rpymiibl. CienyeT yKka3aTh, YTO Y MAIIMEHTOB C UIIe-
MMYECKUM UHCYJBTOM UMeJIo MecTo goctoBepHoe (p < 0,001) yBennueHue yaeJbHOro Beca JUll ¢ KOHLEeH-
TpaLUsIMU UCCIIEIYeMOro LIMTOKMHA Bbilie 10 rir/Mit B cbiBOpoTKe (76,2+9,3% B 1-ii neHb 3a001eBaHUsl).

C 1IeJIbI0 CTATUCTUYECKOU XapaKTEPUCTUKU pa3iuuyUil UHAMBUAYAJTbHONW AMHAMMWKU IallUEHTOB ObLIa
MpOBeAcHA Mpolieaypa ONTUMAILHOTO pa3aesieHUs] 00CIeTOBaHHbBIX Ha MOATPYIINbI B 3aBUCUMOCTHU OT YPOB-
Hg TNFa B 1-1i teHb rocmuTaiM3aliMy ¢ MOMOIIbIO UCITOJIb30BaHUS JUCKPUMUHAHTHOTO aHaIM3a C pacye-
TOM KJacCU(PUKAITMOHHON MaTPULIbI.

TIpoBeneHue KOppeaslIMOHHOTO aHaIMU3a M0Ka3aJlo MHOTOYMCIEHHbIE JTOCTOBEPHbBIE CUJIbHBIE TTOJIOXM-
TeJIbHbIE KOPPESIIIMOHHBIE CBSI3U MexXy ypoBHIMU TNFo B 1-11 1 3-1 AHU nocJie TOCMUTAIN3alluU, a TAaKXKe
MEXy aHaJOTUYHBIMM Moka3aTeasaMu B 1-il u 14-i1 nHu. KoppensinroHHas cBsi3b KoHIleHTpauuu TNFo
(t =0,711; p < 0,01) ObL1a OOHapyxXeHa TakKe Mexay 3-M 1 14-M nHeM. Takke MOJOXUTENbHbBIE KOppe-
JIIMOHHbBIE CBSI3U B pa3jiMYHbIC TTIEPUOIbl HAOIIONEHYS, B OCHOBHOM 3HAUMMBbIE U CUJIbHBIE, YCTAHOBJIEHBI
MeEXy aOCOMIOTHBIMU YPOBHSIMU JAHHOTO IIUTOKWHA U pa3HUIIAMU U3MEHEHMS €ro KOHLIEHTpaluu (1e/b-
Tta). Heobxoaumo ykazatb, 4To ypoBeHb TNFo B mepBbIii U TpeTUli AeHb TOCIUTAIN3ALNU TTOJ0XUTEIbHO
KoppenupoBas (coorBeTrctBeHHO T =0,503, p < 0,01; t =0,411, p < 0,01) c 06beMOM oOYara MUILIEMUU, BbI-
SIBJIEHHBIM C TIOMOIIbIO HEMPOBU3YATU3alIMOHHBIX METOJIOB HcciaenoBaHus. [1ooXuTeIbHO KOppeaupoBa
00beM ouara uiieMuu U ¢ padHuloi KoHueHTpauuu TNFao B 1-3 u 1-14 aHu (cootBeTcTBeHHO T =0,425,
p <0,01; t=0,507,p <0,01).

PesynbraThl HalllMX UCCIIENOBAHUI CBUIETEIBCTBYIOT O HeobxoaumMocTu ydyeta ypoBHs TNFa ripu mocty-
TUICHWUY U151 IJITaHUPOBAHUS TeparieBTUYECKUX MEPOTIPUSITUIA U MHTEHCU(DUKALIUU JICUEHUS B JaHHBIX TPYTI-
mnax IMalueHTOB, OCOOEHHO eCJIM Ha 3-1i IeHb Tepanuy 3aperucTpUpPOBaHO MOBBIIIEHNE WU HEAOCTAaTOYHOE
camxenue TNFa.

Karouegoie cnosa: pakmop Hekposa onyxoneii o., unleMu4ecKuii UHCYabm, YUMoKUH, mpomoos
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Abstract. Ischemic stroke is the most common form of brain stroke. It is associated with functional changes
of various blood and bone marrow cell populations, altered release of various cytokines, chemokines, etc. There
are conflicting data about serum and plasma TNFa levels in acute ischemic stroke.

We have examined 21 patients with a diagnosis of ischemic stroke treated at the hospital. The severity of
ischemic stroke was evaluated by neurologists, in accordance with NIHSS criteria at admission and at discharge.

In the patients with ischemic stroke, we have found a significantly increased serum concentration of tumor
necrosis factor-a (p < 0.001), as compared with healthy individuals. The highest concentrations of this marker
were recorded on days 1 and 3 of the disease, being significant at p < 0.001 and p= 0.003, respectively, then
decreasing by day 14, however, not reaching, the levels of control group. It should be noted that, among patients
with ischemic stroke, there is a significantly (p < 0.001) increased proportion of individuals with high serum
concentrations (>10 pg/ml) of this cytokine, i.e., 76.2+9.3% on day 1 of the disease.

To statistically evaluate the individual differences of the patients’ dynamics, they were divided into
subgroups, depending on the level of TNFa on the 1% day of hospitalization, using a discriminant analysis with
estimation of a classification matrix. The correlation analysis showed numerous strongly positive correlations
between TNFa levels on the 1% and 3™ days, as well as between similar indexes on the 1% and 14" days. A
correlation between TNFa concentrations on the 3™ and 14™ day was also found (r = 0.711; p < 0.01). Also,
positive correlation in various periods of observation was established between the absolute levels of cytokine
and differences in their concentration changes. The level of tumor necrosis factor-alpha on the first and third
day of hospitalization did positively correlate (respectively, r = 0.503, p < 0.01; r = 0.411, p < 0.01) with the
volume of the ischemic lesion according neuroimaging methods research. The volume of the ischemic focus
was positively correlated with the difference in the concentration of TNFa on days 1-3 and 1-14 (respectively,

r=0.425,p<0.01; r=0.507, p <0.01).

The results of our study show a necessity for measuring TN Fa levels at admission, in order to plan treatment
in these groups of patients, especially in cases of increase or insufficient decrease in TNFa recorded on the 3™

day of therapy.

Keywords: tumor necrosis factor o, ischemic stroke, cytokine, thrombosis

Benyiiye mo3aunuu B CTPYKType 3aboeBaeMo-
CTU, UHBAJUAU3ALUU U CMEPTHOCTU B3POCJIOro Ha-
cejJieHUsT OOJIBLIIMHCTBA CTpaH 3aHMMAlOT OCTpbIe
epeOpoBaCKyISIpHBIC 3a00JIeBaHMsI, B YaCTHOCTH
uieMuyeckue nHeyabTel (M), yTo mo3BonsieT cuu-
TaTh UX MpPoOJieMOIl Upe3BblYailHOW MeTUIIMHCKOMN
U couuranbHON 3HaumMmoctu [7, 23, 33]. Ilo mpo-
rHo3aM, K 2030 roay Kaxkablii rog OT MHCYJbTa OyaeT
ymupatb 6osiee 200 muioHoB yesoBek [7]. Tlpu
9TOM HIIEMUYECKMU WHCYJBT SIBJISIETCS HauoboJjee
4yacToil GOpMOIi MHCYJIBTA U COCTABIISIET 10 85% ciy-
YyaeB OT OOIIero KOJIMYecTBa 3aperucTpUpOBaHHBIX
ero ciydaeB [33]. B HacTosIee BpeMsl cuuTacTcs,
YTO OgHa M3 Hauboyiee pacHpOCTpPaHCHHBIX IIPU-
yuH UM — 3T0 TpoM0O03. [N1aBHBIMM y4aCTHUKaAMU
3amycka apTepHajbHOTO TpoM0Oo3a M MOMACPKKH
areporeHesa SIBJsSII0TCS TpoMOouuThl. C ApYyrou cTto-
POHBI, TaJIbHENIIEMY MOBPEXAEHUIO U BOCIIAJIEHUIO
MpY JAHHON MaTOJOTUU CHOCOOCTBYIOT J€MKOLIMTHIL.
Bo BpeMmsi nireMun rolioBHOTO MO3ra MMEEeT MECTO
YBeJIMYEHUE TPAHCOIHIOTEINATBHON MUTPpaLlUU JIeki-
KOIIMTOB C MOCJICHYIOIINM BBICBOOOXICHUEM IIPO-
BOCHATUTENbHBIX HUTOKUHOB U XEMOKUHOB.

Ha maHHBI MOMEHT OJHMMHU U3 HauboJiee U3y-
YEeHHBIX MAPKEPOB BOCITAJICHUS Y TTAIIEHTOB C HUIIIe-
MUWYECKUMU UHCYIbTaMU SBISAIOTCS C-peaKTUBHBIN
0eJIOK, MHTepJIEMKMH-1 1 nHTepaenkuH-6 [1, 5, 11,
31]. UccnenoBaHus (pakTopa HEeKpo3a OITyxojeu o
(TNFa) y 6onbHbIX U HEMHOTOUMCIEHHBI U He-
onHo3Ha4YHBI. CyIIeCTBYIOT paOOThI, YKa3bIBAIOIIIE
Ha HEMPOTOKCUUYECKOE IeHCTBUE BHICOKUX YPOBHEU
npoBocnaauTeabHbiX HUTOKMHOB TNFa, IL-1a,
IL-1pB, uTo ycyTyOssieT uieMnuyeckoe oBpexkaeHue
HEpBHOI TKaHU, BBI3BIBasI alIOIITO3 HEPBHBIX KJIICTOK,
yBeJIMUYeHUE TOKCUYHBIX (hOpM MOHOOKCHAA a30Ta
U TopMoOXKeHHre HeiporeHesa [8, 12, 38]. Ilpu stoMm
psSio aBTOPOB YKa3bIBaeT Ha HEHUPOIIPOTEKTUBHBIMN
addext TNFo, HanpaB/ieHHbIN Ha 3aIIUTy HEMpo-
HOB T'OJIOBHOT'O MO3Ta OT MIIEMUYECKOT0 1 3KCaTO-
TOoKcu4ecKoro nmoBpexnenus [17, 30, 40].

VYeemmuenne ypoBHeit TNFa, IL-1 n IL-6 npu
OCTPOM UIIIEMUYECKOM HHCYJIBTE OBLUIO OTMeYe-
HO KaK B KPOBH, TaK M B CHUHHOMO3TOBOM KMIKO-
ctu [27], a TakKe HENOCPEeACTBEHHO B T'OJIOBHOM
moasre [16, 35]. Beuio moka3zaHo, 4TO UITeMUYECKUI
WHCYJIBT CBSI3aH C M3MeHEeHHeM (PYHKIHMU pa3ind-

756



2019, T. 21, No 4
2019, Vol. 21, No 4

TNFa. y 60abHbIX UlleMUYeCKUM UHCYAbIMOM
TNFo. in patients with ischemic stroke

HBIX KJIETOK KpPOBU, B TOM 4YWCJIE TPOMOOIIUTOB,
a TakKe KJIEeTOK KOCTHOTO MO3ra, BBHICBOOOXKICHMS
MMU Pa3jIuYHbIX, B TOM YHMCJIE€ TPOBOCHATIUTEIbHBIX
IIUTOKWUHOB, XeMOKWHOB 1 ap. [13, 37]. ITonydeH-
HBIC ITaHHBIC OOYCIOBWIW NPHUCTAIBLHBIM HHTEpPEC
K U3YYEHUIO JAaHHBIX MapKepoB MHCYJBTA C 1IeJbI0
YJIy4IIeHUs] AUarHOCTUKMW, TIPOTHO3a W Teparnuu
y DamueHTOB, IlepeHectux ero [22, 37]. HdaHHbIA
MHTEepec ObLT YCWIEH AJaHHBIMU, TTOKa3bIBAIOLIUMU,
yto TNFa, IL-1 1 IL-6 MOryT MOayIMpoBaTh pa3Bu-
THE MOPAXEHUN IIPU SKCICPUMEHTAIbHOM MHCYIIb-
Te [18, 22].

bbu10 moka3aHo, YTO aHAJIM3 LIMTOKWHOB B MEPU-
(depruIecKoit KpOBU MOXET OTpaxKaTb UX LIEHTPaIb-
HYIO IIPOAYKIIMIO. BMecTe ¢ TeM CyIIeCTBYIOT IPOTHU-
BOpeuuBbie NaHHbIe 00 YpoBHSIX TNFo B ChIBOpOTKE
W IUIa3Me KPOBU TIPM OCTPOM HIIIEMUYECKOM WH-
cyabre. HekoTopble uccienoBaHus IoKas3aiu, 4YTO
ypoBHU TNFoa ocTraloTcsi HEM3MEHHBIMU TTOCJIe UH-
CyJbTa, B TO BpeMsI KaK IpyTue COOOIIAOT O IOBBI-
IIIEHHBIX YPOBHSX LIMTOKWHA, XOTS U C pa3HbIMU ITH-
KoBbIMU Tiepuogamu [10, 25, 41].

IIpoTuBOpeYMBHl M PE3yIbTaThl B OTHOIICHUM
KOppEeIsIUU MeXny TNepudepruyecKuMU YPOBHSIMU
TNFa 1 TXecTblo MHCYJIbTa, €r0 MPOTrHO30M U JIp.
[20, 30, 34, 39, 42]. Koppesims n3MeHCHUS BBIIIIC-
YKa3aHHOrO LUTOKMHA MexXny 1-M, 3-M u 14 gHewMm,
KaK MeXIy cO0O0il, TaKk U ¢ 0OBEMOM MOpPaKeHUS
TOJIOBHOTO MO3Tra M MoKazaTeJsIMU IKainbl Hairmo-
HajbHOTO MHCTUTYTA 300poBbs (NIHSS), kak B Mo-
MEHT TOCITMTAIN3allu1, TaK U MIPU BBITTUCKE, TAKXKE
IPOTUBOPEYNBA.

Ucxonsa u3 atoro, onpeneneHue ypoBHeit TNFa
B pa3jiMyHble CpoKU mocie Havama M u koppensi-
UM KaK MCXOTHOM KOHIIEHTPAIIMU €T0, TaK U KOH-

HeHTpalNii JTaHHOTO IIMTOKWHA TIPH MOCIETYIOIINX
uccaenoBaHusx (B 3, 14 neHb) B AMHAMUKE Tepariiu,
C TSIKECThIO MIIEMUYECKOr0 MHCYJIBTa KaK B Havaje
JICYSHUSI, TaK 1 B MOMEHT BBITIMCKN, UMEET BaXKHOE
HayJYHOE U MIpPaKTHYeCcKoe 3HAaUCHNE U TPeOYeT Jab-
HEMIIIeTo N3yJeHMUsI.

TakuM 00pazoMm, 1ejbl0 HUCCAeA0BAHUS SIBJISIACh
oueHka ypoBHsI TNFo u iuHaMuKu ero u3MeHeHU it
B CBIBOPOTKE KPOBH ITALIMEHTOB C HIIIEMHUICCKUM
WHCYJIETOM B Ha (pOHE Tepaltiy M HaJIM4IUSI KOppe-
JISIIMOHHBIX CBI3€i YPOBHS JaHHOIO IUTOKMHA B TS~
yeHue 2 Hedellb B pa3IMuHbIe CPOKM 00CIefOBaHUSI,
a Takke ¢ 00beMOM ITOPaKeHMs T'OJJOBHOTO MO3Ta,
TSDKECTBIO TCUCHMS 3a00JIeBaHMsI, OLICHCHHOM C IT0-
moiblo mkansl NIHSS.

MaTtepuars! 1 MeToabl

Oo6cnegoBaH 21 mauyMeHT ¢ AUArHO30M «MILIEMU-
YEeCKMU MHCYJIBT», IPOXOAUBIINI JIEUEHNE B YCIIOBHU -
SIX CTallMoHapa. TSKecTh MIeMUYECKOTO MHCYJIBTa
OIleHWBaJIaCh BpavyaMH-HEBPOIIATOJIOraMU B COOT-
BETCTBUU C KpUTepUSIMHU MKkl HammoHaiabHOTO
WHCTHUTYTA 3I0POBbs KaK MpPU IMOCTYIJICHUU, TaK U
npu Beinucke. Jlenbra nmokasareneit mkansl NIHSS,
BbIpaXK€HHasl B OaJjiax, ornpeaessuiach apudmernde-
CKMM BBIYMTaHUEM 3HadeHUs mKanbl NIHSS mipu
BBITTACKE M3 3HAYEHUS TP NOCTyIUIeHun. J1st pac-
yeTa IebTHI IToKasaTeieit mKaiasl NIHSS B % momny-
YEeHHYIO JeJbTy B Oajiax JAeJWId Ha 3HAaYeHUE IKa-
61 NIHSS nipu moctyruieHnu u ymHoxkanu Ha 100%.

Bcem manmeHTaM OBUIO BBIIOJHEHO BU3yaJld-
3upylollee ucciaeaoBaHue rogoBHoro Mosra (KT
unu MPT). Beruucisiinch Kak MakCUMaJbHbIN qra-
METp, TaK U 00beM 30HBI UIlleMUU. Bce marueHTh
MOJIyJaIn JIeYSHWE IO OCHOBHBIM HAaIIpaBJICHUSIM:

TABINULA 1. XAPAKTEPUCTUKA UMMYHO®EPMEHTHOW TECT-CUCTEMbI ANS ONPEQENEHWUS ®AKTOPA HEKPO3A

OMYXONEN a.
TABLE 1. CHARACTERISTIC OF ELISATEST-SYSTEM FOR TNFo DETERMINATION
MapameTpbl Xapaktepucrtuka
Parameters Characteristics
MpuHuMn metopa TBeppodasHbin, UDA
Method ELISA
OO6Lwwee Bpemsa aHanusa 4 yaca
Time of analysis 4 hours
[OnanasoH namepeHumn 0-500 nr/mn
Range of measuring 0-500 pg/ml
OnTuqecKag NNOTHOCTbL AMana3oHa 0,04-2,50
Opticaldensity
YyBCTBUTENBLHOCTb 2,0 nr/mn
Sensitivity 2.0 pg/ml
KoadcdpmumeHT Bapnaumm <59
Coefficient of variation =07
O6bem CLIBOPOTKM ANA UccrneaoBaHus B Ayo6nax 200 mkn
Serum volume for double investigation 200l
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TABJALIA 2. IMHAMUKA NMOKA3ATENEW CPEQHWUX YPOBHEN ®AKTOPA HEKPO3A ONYXONEW o B CbIBOPOTKE

BONbHbIX ULEMWYECKAM UHCYNbTOM, nr/mn

TABLE 2. LEVELS OF SERUM TNFa. IN PATIENTS WITH ISCHEMIC STROKE ON 157, 3% AND 14™ DAYS, pg/ml

KoHTponbHas MauneHTbI C MLLEMUYECKUM UHCYNLTOM
rpynna Patients with ischemic stroke (n = 21)
Control group 1-i geHb 3-i1 AeHb 14-1 peHb
(n=50) 1%t day 34 day 14t day
+
Me % owunodka 2,9i0,8 17,312,4*’** 16,212,2*,*** 9,211,0*
Me + error
95% CI 0,6-4,9 10,5-23,5 9,7-19,4 7,1-12,1
Mpumeuanue. * — p < 0,01 B cpaBHEeHMM C KOHTpoOnbHOMN rpynnon; ** — p < 0,001 B cpaBHEHUM CO 3HaYEeHUEeM

*k Kk

Ha 14-1 peHb;

— p = 0,003 B cpaBHEeHuUMn co 3Ha4YeHMeM Ha 14-i peHb.

Note. *, p < 0,01 vs control group; **, p < 0,001 vs 14" day data; ***, p = 0,003 vs 14" day data.

noaaepKaHue IMPOXOAMMOCTH IbIXaTeJIbHBIX ITyTeit
W caTypaluu, MOomIepXaHUe YPOBHS CHUCTEMHOI
nepdy3un (apTepuaJbHOTO IaBJICHMS), HEHPOIIPO-
TeKTOPHI, aHTHArperaHThl/aHTUKOATYISHTBI, aHTU-
TUITIOKCAHTBI, aHTUOIIPOTeKTOphl. HWKTO M3 mamm-
€HTOB He TIoJTydajl TPOMOOJIMTUYECKYIO Teparuio,
MEXaHMYEeCKYI0 TPOMOIKCTPAKIIUIO U SHIOBACKY-
JsipHoe JeyeHue. OnpenesieHue ypoBHsI TNFa B cbI-
BOPOTKE KPOBH MTPOBOAUIOCH TpYKAbl — B 1, 3 u 14
JIeHb 3a0oJjieBaHUS Ha ¢oHe Tepanuu. B kadecTBe
KOHTPOJILHOM Tpynmbl o6ciaemoBaHbl 50 3M0pPOBBIX
IOHOPOB.

Omnpenenenue coaepxanus TNFa npoBonuiiocs
¢ noMmolblo pazpadboraHHbix OO0 «Ykpmen-oH»
M COTPpYTHUKaMM Kadeapbl KITIMHUYECKON MMMYHO-
JIOTUHU, aJlJIeprojoruu U 3HIoKpuHojoruu JoHH-
MY umMm. M. Topekoro (1. JJoHe1K) UMMyHOMEPMEHT-
HBIX TECT-CUCTEM IJis OIIPeAcICHUS YKa3aHHOTIO
nuTokrHa. OCHOBHBIC XapaKTePUCTUKU HMCIIOJIb30-
BAaHHOM TECT-CHUCTEMBI TMpUBEICHBI B Tabmuie 1.
JlaHHasi TecT-cMCTeMa WMEET BBICOKYIO YYBCTBU-
TebHOCTh (2,0 TIT/MIT), OTIWYAeTCsT MOCTAaTOYHOMN
CTaOMJIBHOCTHIO (rogHa B TedyeHUe 12 MecsleB),
HU3KUM Ko3dbdUIlMeHTOM Bapuauuu (He Oosee
5%), KOMITJIEKTYETCSI TOTOBBIMHM K HMCIOJBb30BaHMIO
cTaHIapTaMU 1 KOHbBIoTaToM [6]. OHa OblIa 3aperu-
CTpUpOBaHa B YKpauHE IJisl MCIIOJIb30BaHUSI KakK B
Hay4YHBIX MCCJICAOBAHUSIX, TaK M B MPaAKTUIECCKOM
3apaBooxpaHeHUN. TecT-cucTeMa SIBJIsSIeTCsT BapruaH-
TOM TBepIoda3HOTO UMMYHOMEPMEHTHOTO aHAJIN3a.
st yBenTW4eHUsST YyBCTBUTEIBHOCTH €€ WCITOJIh30-
BaJIM BO BpeMsI MHKYOAIIMY CBIBOPOTKU W KOHTPOJTh-
HBIX 00pa31oB (2 yaca), Iocje OTMBIBKA U KOHbIO-
rata (1,5 yaca), MakCMMaJIbHbIii OObEM pearcHTOB
(200 mxun) mipu 37,2 °C 1 BCTpSIXUBAaHUU TIJTAHILIETHI
¢ yacTtoToii 250 BCTpSAXUBAaHU B MUHYTY.

Hensra ypoBHsT TNFa (A TNFa) mexny 1-m
n 3-M IHeM, BBEIpaXXeHHasl B IIT/MJI, ONpenessiiach
apuMeTUIeCKUM BBEMUMTAHWEM 3HAUCHUS YPOBHS
OUTOKWHA B 3-i IeHb M3 3HAYCHUS YPOBHS B 1-it
neHb. s pacuera nenbThl ypoBHSI TNFa B %, moiy-

YEeHHYIO JICJIBTY B IIT/MJI ASIVUIA Ha 3HAUSHUE YPOBHSI
Mapkepa B 1-it neHb 1 yMHOXanu Ha 100%. s pac-
yeTa AeJbThl ypoBHSI TNFo Mmexay 1-m u 14-M nHewMm,
a Takke 3-M 1 14-M IHEM WCITOJb30BaIM KOHIIEH-
Tpaliu (hakKTopa B COOTBETCTBYIOIIHNE ITHHU HAOJIO-
JIEHUS Y IPUBEICHHYIO BbIIIIE METOIUKY.

ITpoBoauMasi mpu oMol nporpammel MedStat
cTaTAUCTAYECKass 00paboTKa TMOJYYEHHOIO MaTepu-
aja BKJIIoYaJia aHaiu3 pacrpeneieHus. OnTuMalib-
HOE€ paslesicHue OOCJIEIOBaHHBIX B 3aBUCUMOCTU
ot ypoBHs TNFa B 1-ii neHb rocnuTanu3aliu npo-
BOAWJIM C MOMOIIbIO AUCKPUMUHAHTHOIO aHaIu3a
METOIOM pacdeTa KIacCU(MUKAIIMOHHON MaTpPHIIBI.
B cBs3u ¢ HemapaMeTpUMYeCcKHMM XapaKTepoM pac-
npeaeseHuss MaHHBIX PacCUMTHIBAINCh MeEIMaHa,
ommbKa MenuaHbl, 95% mMOBEpPUTENBHBIN WHTEP-
BaJl, MCHOJb30BaJINCh HEMapaMeTPUICCKNE KpHUTe-
puu cpaBHeHUs1 (KpuTepuii JJaHHaA TIpyU cpaBHEHUU
C KOHTpOJIbHOI rpymnmnoi, T-kputepuit Buikokco-
Ha TIpU CPaBHEHUM IEHTPAJTbHBIX TCHISHILIUU CBSI-
3aHHBIX BbIOOPOK, W-kpurtepuii BuiakokcoHa npu
CpaBHEHUM LIEHTPaJIbHBIX TEHACHIIMI He3aBUCHU-
MBIX BBIOOPOK, YIJIOBOE IpeoOpazoBaHue Duiirepa
C y4eToM nonpaBKu MeiiTca mpu cpaBHEHUY 0JEit).
st onpenesieHus CHUTBI CBSI3W MEXIY ITpHU3HAKaMU
paccuuThiBasiicss KoahduuueHT Koppeassuun KeH-
namna. KonnuecTBeHHy10 MHTEpHpeTanuio Koaddu-
neHToB KeHpamma olleHUBalIu UCXOIS U3 IIKAIbI
Yennoka [4].

Pe3ynbTathl 1 00CYyXaeHe

AHain3 pe3yJibTaTOB MCCJIENOBaHUS I1OKa3all,
YTO y 0OCJIeA0BaHHBIX MALIMEHTOB C MIIIEMUYECKUM
WHCYJIBTOM HMMEJIO MECTO IOCTOBEPHOE ITOBBIIIC-
HHUE CpeIHUX YPOBHEM (pakTOpa HEKPO3a OITyXOJIHU -0
B IlepBble 2 Hedeau 3abojieBaHUS B CpaBHEHUU
¢ KoHTposaeMm (tabu. 2). IIpu stom, ecau cpenHue
3HAYCHMSI YPOBHEN MCCIIEMyeMOTO IUTOKMHA B 1 1 3
JIeHb TOCTIMTAJIM3AIUM CYIIIECTBEHHO HE OTJINYAINCh
Mexay coboit (p = 0,257), To Ha 14 meHb HabIOOa-
JIOCh 1OCTOBEepHOE CHUXXKeHUe KoHleHTpaiuu TNFa
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B cbIBOpoTKe obcneayembix (p < 0,001 B cpaBHeHUM
C MIPeObIAYIIUMH UCCIeA0BaHUSIMU). BMmecte ¢ Tem
gepe3 14 mHelt ypoBHH (DaKTopa HEKPO3a OITyXOJIH-0L
HE DOCTUTaJIU MoKa3aTeseil 3M0POBBIX JIUII.

Kpome Toro, mjisi o0CieI0BaHHBIX C HIIIEMUYE-
CKMM MHCYJIBTOM OBLUIO XapaKTepHO YBEIWYEHUE
yIEJIBHOTO Beca JIMII C 0ojiee BHICOKMMM KOHIIEH-
tpauusimu TNFo B ceiBopotke. Tak, 76,2%9,3%
nanueHToB ¢ MU B 1-it genp 1 71,4+29,9% B 3-i1
IIeHb 3a00JIeBaHUSI XapaKTepU30BaJINUCh YPOBHEM
uccienyeMoro 1utokuHa Beiie 10 nr/mi. Yacrota
peructpaluu ykazaHHbiX 3HaueHU TNFo Ha 14-i1
neHb cocraBuia 38,1£10,6% (p = 0,031 u p = 0,066
B CpaBHEHWU C ITOKa3aTeJIsIMUA B 1-it u 3-i1 THU co-
OTBeTCTBeHHO). CliemyeT OTMETUTD, YTO B KOHTPOJIb-
HOM rpymre y Bcex oocinenoBaHHbIX 3HaueHUsI TN Fa
He npeBbianu 10 mr/mo.

WNupuBuayanbHass  OUHaAMUKa nokasaresjen
TNFo B cbIBOpOTKE KpOBM Ha 1-ii, 3-i1 u 14-i1 nHU
WIIEMUYECKOTO WMHCYJIBTA TIPeICcTaBiIeHa Ha PUCYH-
Ke 1. Heob6xomumMo yka3aTh Ha OOJIBIIYIO IeTepPOreH-
HOCTb KaK HCXOIHBIX ypOBHE# ¢akTropa HeKpo3sa
onyxonau-aiabda, TaK U IMHAMUKW €ro y Halllux 00-
CJIEMOBaHHBIX IMallMeHTOB. ClenyeT OTMETUTbh, YTO
OOJIBIITMHCTBO U3 HUX MMEN BHICOKHE YPOBHU (haK-
TOopa HEKpo3a OMyXOoJHr-alibda, OIU3KUE WIN TIpe-
poeimratore 20 ir/min. Heobxommumo ykazaTh, 9T0 8
u3 obcaenoBanHHbIX (38,1%+10,6%) nokaszaau yBe-
nuueHue ypoBHs: TNFo Ha 3-i1 IeHb 110 CpaBHEHUIO
¢ TIoKa3aTe/sIMUA Ha 1-e CyTKU, HO 3aTeM CHUKEHUeE
Ha 14-ii neHb HUXe MepBOHAYaAJIbHOTO YpoBH:. [Ipu
3TOM 2 M3 HUX UMEJIN TT0Ka3aTean (pakTopa HeKpo3a
onyxonu-ainbda B npenenax no 10 nor/mia. Cremyer
yKa3aTh, 4TO Bcero y 5 auil u3 21 obcieqoBaHHOTO
nanueHTa ObUTN 3aperuCTPpUPOBAHbI HU3KKME ITOKa3a-
tesm (ot 5,9 1o 9,4 nir/muir) TNFo mpu mocTyrnieHuH.
T1pu 5TOM y 0OAHOTO 13 HUX OBLIIO 3apPETUCTPHUPOBAHO
Hebosbinoe (Ha 3,3%) moBblllieHUEe YPOBHST (haKTO-
pa HeKpo3a Omyxoir-aibda B ChIBOPOTKE Ha 14-i1
JIEHb 110 CPaBHEHMIO C 1-M AHEM IIPU €ro CHUKCHUU
Ha 3-M CYTKM OT Hayajla 3a0ojieBaHUSI (COOTBET-
CTBEHHO, 5,9; 5,3 u 6,1 rir/mo).

C 11eJIbI0 CTATUCTUYECKON XapaKTEPUCTUKU pa3-
YU WHOWBUAYAIRHOM ITWHAMUKU MAINCHTOB
OBLJIO MPOBEACHA IpOoIeaypa ONTUMAILHOTO pa3ic-
JICHUST 00CJIeIOBaHHBIX Ha MOATPYMITLI B 3aBUCUMO-
ctu oT ypoBHsd TNFa B 1-ii ieHb rocnuTaau3aliuu
C TIOMOIIIBIO MCITOJIb30BaHUS NTUCKPUMHWHAHTHOTO
aHaaM3a ¢ pacyeToM KiaccuUKallMOHHOW MaTpH-
Obl. B KauecTBe TpymImpyloieil mepeMeHHON HC-
MOJIb30BAJINCh Pa3INYHbBIC TUAIIa30HBI COACPKAHMS
TNFoa, B kadyecTBe HE3aBUCHUMBIX TMEePEMEHHbBIX —
ypoBHU ¢akTopa Ha 3-U U 14-ii THU rocnuTaIn3a-
LMW, OeJbTHl YpOBHEN ero Ha 1-ii u 3-i1, 1-ii u 14-i
¥ 3-¥i 1 14-i1 1HU B TIT/MJT U B %, TIOKa3aTes Iy IIKaTbI
NIHSS mnipu mocTyruieHUr U BBITIUCKE, a TaKXKe WX
IIeJIBTHL B Oajuiax U B %, 3Ha4eHUsI MAKCUMAaJIbHOTO

JIMHEWHOTO pa3zMepa M 00beMa MIIEMHUIECKOTo OJa-
ra. MakcuMabHbIN KO3 GULUEHT pe3yJIbTaTUBHO-
ctu (o1 76 10 84%) UMeJI MECTO IPU paclpeacICHUN
obcienoBaHHbIX IO KoHUeHTpauuu TNFo B 1-i1
nIeHb Ha 3 rpyrmbl: Hiske 10 rir/mit, ot 10 go 20 rir/min
u BbIIe 20 1r/Mi.

IMpoBenenHbIll nmajiee aHaaM3 ypoBHST akTopa
HEKpo3a OITyXOoJH-ajbda B 3-X BBIICICHHBIX IMC-
KPUMUHAHTHBIM aHAJIM30M BBIIIICYKAa3aHHBIX TPYII-
nax Jull rokasain, uro cogepkanue TNFo B 3 u 14
JIEHb ITOCJIe TOCTIUTaIU3alu Ha (hOHE ITPOBOIUMOIO
JIeYeHUsI UMeo AocToBepHylo pasHuly (p < 0,01-
p < 0,001) B 3aBUCUMOCTH OT UCXOMHOI KOHIIEHTpa-
UM eTo B IeHb MOCTyIUIeHUs (TadJI. 3). YpOBeHB ero
ObLIT CYILIECTBEHHO BBIIIIE Y JINII, UMEIOIINX KOHIIEH-
TpallMio JaHHOTO IMTOKMHA B CBIBOPOTKE KPOBU TP
nocrtyruieHuu 10-20 rir/miu u > 20 nor/mi. I1pu aTom
JTaHHBIE pa3nuus (B CpaBHEHUY C TPYIIIION TTallueH-
ToB ¢ TNFa < 10 iir/mMi1) ObUIM 3aperucTpupoBaHbI
B 3THIX TPYyIIax, HECMOTPS Ha CYIIIEeCTBEHHO OOJIbIIIee
CHI:KeHHEe ypoBHsS maHHoro mmrokmHa (A TNFa,
B TOM 4ucie U B %) B mepuof ¢ 1-ro wiu ¢ 3-ro aHs
no 14 nens (ot p < 0,05 o p < 0,001). JocToBepHbIe
OTJIMYMSI MHTEHCUBHOCTU CHWXKEeHMs haKkTopa He-
Kpo3a onyxoJjiu-ajib¢a ycTaHoBJIeHbl Ha 3 1 14 AeHb
Tepanuy MeXIy TPyIIaMHu JIUIl, UMCBIINX B HaJaje
JeyeHus KoHueHTpauuio TNFa B cbIBOpOTKE KpOBU
B npenenax 10-20 nr/ma u > 20 Or/mMia B CpaBHEHUU
¢ MauueHTaMu ¢ KoHIeHTpauueil ero < 10 mr/mur.
IIpu 3TOM 0OHAPYKEHO, YTO M3MEHEHUS MHICKCOB
mkansl NIHSS B guHammke mpoBeneHHOTO Jiede-
Hus cyuiecTBeHHO otimuanuchk (p < 0,001) mexmy
rpynmnamMuy IalMeHTOB, UMEIOIUX YPOBHU (akTopa
HEKpo3a OMyxoJjn-aibda B MEPBBI IeHb MOCTYILIC-
Hus < 10 or/mut u > 20 rir/mo.

IIpoBeneHME KOPPEISIIIMOHHOTO aHaIm3a
(Tabj. 4) mokazajao MHOTOYHCJICHHBIC JOCTOBEPHBIC
CUJIBHBIC TOJOXMTEIbHBIC KOPPEISIIMOHHBIE CBSI-
3u Mexxay ypoBHsIMU TNFo B 1-ii u 3-1i 1HM 110CTIEe
TOCITUTAIN3AlINM, a TaKXKe MEXIy aHaJOTMYHBIMU
nokasatenasaMu B 1-ii u 14-ii nuu. KoppensiumoHnHas
CBSI3b KOHICHTpanuu ¢akTopa HEKpO3a OIYXOJM-
ambda (t = 0,711; p < 0,01) 6pUTa OOHApYXeHA TaK-
Ke Mexny 3-M u 14-m nHeM. Takke IOJIOXKUTETbHbIS
KOpPPEISLIMOHHbBIE CBSI3U B pasjiMYHble MEPUOAbI
HaOII0IeHNUSI, B OCHOBHOM 3HAUYUMbIC U CUJIBHEIE,
YCTAaHOBJIEHBI MEXTy aOCOJIIOTHBIMM YPOBHSIMU
MTaHHOTO IIMTOKWHA U pa3sHUIIAMU W3MEHEHMS eTo
KoHIleHTpaumu (aenbra). CiaegyeT OTMETHTh, 4TO
paznnuust TNFa, BelpaxkeHHbIE B MPOILIEHTaxX OT MC-
XOOHOTrO ypoBHA B 1-14 u 3-14 gHU, MOJOXUTEIBHO
KOppEeIUpoBajiv, COOTBETCTBEHHO, C KOHIICHTPAIIM-
eil ero B IeHb ITOCTYIIEHUSI U C YPOBHEM JaHHOTO
ouTOKMHA B 3, 14 meHb JedyeHus. Heobxommmo yka-
3aTh, 9YTO YPOBEHB (haKTOpa HEKPO3a OITyXOJIHM-ajibda
B IIEPBBII M TPETU I€Hb TOCITUTAIN3ALINU TTOJIOXK-
TEJIbHO KOppeaupoBajl (COoTBeTCTBeHHO, T = 0,503,
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TABJALIA 3. YPOBHU TNFo M MOKASATENEN NIHHS B 3ABUCUMOCTM OT KOHLEEHTPALIMW ETO B 1 AIEHb (Me+m)
TABLE 3. LEVELS OF TNFa AND NIHHS VALUES, DEPENDING ON THE CONCENTRATION OF HIM IN 157 DAY (Me+m)

AHanusupyemble nokasarenu
TNFu B 1 Analyzed indicators
AeHb, nr/mn TNFo, nr/mn A TNFo, nr/imn A TNFo. % A no wkane NIHSS
TNFa on the TNFa, pg/ml A TNFa, pg/ml % 7o A on the NIHSS scale
st
1< day, pg/ml 3 neHb 14 peHb 1-14 peHb 3-14 peHb 1-14 peHb 6annos o
31 day 14" day 114" day | 39-14 day | 114" day points °
< 10(n=5) 7,90+0,97 6,10£0,94 0,60£0,95 0,90+1,09 | 8,06+£11,23 | 2,00+1,80 33,30+9,43
15,80+1,45 | 8,40+0,89 7,60+0,86 6,80+1,04 | 47,62+3,70
10-20(n=9 ey T e N e Cernr Ay 1,00+0,91 10,00£10,09
(n=9) (1) (1) (1) (1) (1)
>20 (n=7) 23,50+3,51 | 13,401,111 | 11,50£2,98 | 9,10+3,11 48,73+5,79 0+1,25 0+11,88
*(1,2) *(1),7(2) “(1),7*(2) *(1) **(1) (1) **(1)

MpumeyaHue. * — p < 0,01; ** — p < 0,001; *** — p < 0,05. Npynnbl cpaBHeHus: (1) — < 10 nr/mn; (2) — 10-20 nr/mn.

Note. *, p < 0.01; **, p < 0.001; ***, p < 0.05. Comparison groups: (1) — < 10 pg/ml; (2) - 10-20 pg/ml.

p<0,01;t=0,411,p <0,01) c 0O6beMOM OUara Miie-
MUM, BBISBIICHHBIM C TIOMOIIBIO HEHPOBU3YyaIn3a-
IUOHHBIX METONOB MCCIeNoBaHU. [10I0XKUTETHEHO
KOppearpoBasl 00beM oyara MIeMUU U C pa3HULei
koHueHTpauuu TNFa B 1-3 u 1-14 ngHu (cootBeT-
crBeHHO, T = 0,425, p < 0,01; t = 0,507, p < 0,01).
HewmanoBaxxHbIM SB/IsIETCS TakXke (haKT 0OHaApyKEeH-
HoI1 0OpaTHOI CBSI3U U3MEHEeHUs 3a 14 nHelt HeBpoO-
JIOTMYECKNX HapYIICHMI, BBISBICHHBIX MO IIIKaje
NIHSS (kak aGCONMIOTHBIX, TAK U OTHOCUTEIBHBIX
WX 3HAYCHUIT) ¢ M3BMEHECHUSIMU, PETUCTPUPYEMBIMU
B KOHIIEHTpaluu (pakTopa HeKpo3a oImyXxoau-aaboha
¢ 1 o 3 ngeHp NeyeHus (CoOTBEeTCTBeHHO, 1-0,324,
p < 0,03; -0,363, p < 0,02). IIpu 3TOM MHIEKCHI
NIHSS npu noctyrieHuu u ripu Boeinucke (17+1,71
IHe) UMeI CUJIbHYIO ITOJIOXKUTEIbHYI KOppEesi-
HOHHYIO cBsI3b (1 0,779, p < 0,01), mpuueM cTeTrieHb
n3meHenuss NIHSS B mpoliecce neuyeHust nMmena no-
CTOBEPHYIO KOPPEJISIIIMOHHYIO CBSI3b C TTOKa3aTes-
mu ee ripu noctyruieHuu (t 0,411, p <0,01).

Takum obpa3oM, HaMU B IMHAMUKE oOcCjenoBa-
HHUS TAaOWCHTOB, CTPATAIONINX WIIEMHUYCCKUM WH-
CYJILTOM BBISIBJICHO ITOBBIIIICHUE YPOBHS (PaKTOpa
HEKpo3a OIMyxoJiu-ajibha MpU MOCTYIUIEHUU U J0-
CTOBEpPHBIC KOPPESILIMOHHBIC 3aBUCUMOCTH H3ME-
HEHMS €T0 YPOBHSI B IMHAMUKE TCpaliMd B TCUCHUC
14 nHeit HaOmomeHUs 3a mauumeHTamMu. HecmoTpst
Ha MPOTUBOPEYNBOCTD JaHHBIX JIMTEPATypPhl, HE Kax-
I U3 UICTOYHUKOB KOTOPOM CBUIETEILCTBYET O 10~
CTOBepHOM M3MeHeHuM KoHneHTtpanuu TNFa [29,
41], HalIM JaHHbIE CBUAETEIbCTBYIOT O CYILIECTBEH-
HOM YBEJIMYEHUM YPOBHS JaHHOTO IIUTOKMHA B ChI-
BOPOTKE KPOBU B CpeIHEM Yy HAOIIOJacMbIX HaMH
ymn. [IpaBga, mpu 3TOM TOBOJBHO CYIIIECTBEHHBIN
npoleHT Jul uMen nokasareau TNFa (okoso 20-
24%) B npeaenax < 10 nr/mit. IToaydyeHHBIC B HalIICi
paboTe pe3yJbTaThl COTJIACYIOTCS C pe3yabTaTaMH
psima aBTopoB [19, 32, 42], moKa3aBIINX ITOBBIIIICHNUE

CPEIHEero ypoBHS €ro B CBHIBOPOTKE Ilepudepuye-
cKkoit kpoBu. CienyeT OTMETUTh, YTO HAIIIM JTaHHBIC
TMOKAa3bIBAIOT ¥ Psia OOJIbHBIX BO3pacTaHe KOHIICH-
Tpauu pakTopa HeKpo3a OITyXoau-ajibda Ha 3 IeHb
JICYEHU ST, HECMOTPS Ha TO, YTO OTIIEeJIbHbIE UCTOYHM -
KM yKa3bIBaIOT Ha MK €T0 CUHTE3a B ITepBhie 24 Jyaca
nocJye pa3Butus uiemud |9, 42| wiu B npyroe 6osee
no3mHee BpeMsi. BMecTe ¢ TeM MbI cuUTaeM, 4TO 3TOT
pe3yabTaT He sBJisieTcs (hakTOM, CYIIECTBEHHO IpO-
THUBOPEYAIIM HAIIIUM Pe3yJIbTaTaM TaK KaK B HACTO-
AI1Iee BpeMsI ycTaHOBJIeHAa (pa3HOCTD U [NIMTEIIBHOCTh
NPOAYKIIMY JaHHOTO IIMTOKWHA Pa3IMIHBIMU KJIET-
Kamu B ouare uiemuu [35]. Kpome toro, cieayet
yKa3zaTb, 4TO HAHHBINA (akT yBenuueHUs dakrTopa
HEKpo3a onmyxoyin-ajibda Ha 3-1i JeHb MOXET CBUIE-
TeJIbCTBOBATh, 110 HAllleMy MHEHUIO, O HEeOJIarorpu-
SITHOM pa3BUTHU 3aboJieBaHus. Benb 3Ta nuHamMuka
ObL1a 3aperucTpupoBaHa cpeau OOJbIIMHCTBA JIULIL,
MMCIOIINX N3HAYaTbHO OOHU U3 HanOoJice BBICOKUX
nokazatesieii TNFo. B koHTekcTe K 3TOMY B pado-
Te MOKa3aHbl KOPPEJSIIIMOHHBIE CBSI3U (haKTopa He-
Kpo3a OIyXoJu-aiabda C BBISBISIEMBIM HEHPOBU3Y-
ATM3AaIIUOHHBIMA METOHAMU OOBEMOM ITOPAKECHUS
roJloBHOro Mmo3ra. Hamm paHHBIE COIJIacCylOTCS
C pe3yJbTaTaMU HUCCIeIOBaHUM, IOJYYMBIIMX aHa-
JIOTM4YHbBIe pe3yabratel [15, 22, 24, 29, 39]. Caeny-
€T OTMETHUTh, YTO MBI HE TOIYYMIN CYIIeCTBEHHBIX
KOPPEISILIMOHHBIX CBs3ell Mexny ypoBHIMU TNFa
u mHaekcamu mkansl NIHSS. Mmerorcsa paboThl,
MOKa3bIBAIOIINE, YTO YPOBeHb (aKTopa HEKPO-
3a OITyXOJIM-ajib(pa MOKET HE MMETh 3aBUCUMOCTH
CO CTEIIEHBIO TSXKECTH HEBPOJOTMYECKUX Hapyllle-
HWM, BBISBJISEMbIX C TIOMOILbIO JAHHOM LIKAaJIbl, UC-
X0OoM uieMudeckoro 1roka [14, 19]. Bmecre ¢ tem
NPpUMEHEHHBINI HaMM BIIEPBBIC B MHUpPE ITOIXOI IIpU
MaHHOM mMaToJioTuu (B MOCTYITHOM HaM JUTepaTy-
pe Takoro TuIla aHajiu3a AuHaMuKu ypoBHsSI TNFoa
n mkansl NIHSS He HaitmeHO), aHaiaM3a pa3HUIIBI
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TABIULIA 4. KOPPENALWA YPOBHEW TNFa, AENbThI NO WKANE NIHHS U OBLEMA OYATA ULLEMUYECKOIO

MHCYNBbTA
TABLE 4. CORRELATION OF TNFa LEVELS, DELTAS ON THE NIHHS SCALE AND VOLUME OF THE LESION OF ISCHEMIC
STROKE
A no wkane O6bLem
MokasaTtenb YpoBeHb TNFa, nr/mn A ypoBHsi TNFao, nr/mn NIHSS ovara
Indicator TNFa level, pg/mi A TNFa level, pg/ml A on the NIHSS Focal
scale volume
OeHb 1 3 14 1-3 1-14 314 6annoB o
Day 1st 3 14t 1st-3rd 1st-14th [ 3rd-14h points ¢
1131 - 0,782 0,75 - 0,766 0,558 - - 0,503
YpoBeHb
m’;zlg\z‘l"” ?f’jd < 0,01 — | o711 ~ | 0593 | 074 - - 0,411
pg/mi 14
1410 < 0,01 < 0,01 - - 0,504 0,45 - - -
1-3
1530 - - - - 0,382 - -0,324 | -0,363 | 0,425
A ypOBHS
R, e | <0.001 | <001 | <001 | 001 - | o504 - ~ | o507
pg/mi 3-14
3rd:14m <0,01 [ <0,01 | <0,01 - <0,01 - - - -
A No wWwKane Gannos _ _ _ 003 _ _ 0.767 _
NIHSS pomts ’ ’
A on the
NIHSS scale % - - - 0,02 - - <0,01 -
gfc‘;f'\‘/‘oﬁ:;r;‘ <001 | <0,01 - | <001 | <001 - - - -

MpumeuaHue. B BepxHeli NonoBuHe Tabnuubl NpeacTaBneHbl K03 PuumeHTol Koppenauun KeHpanna, B HUXHen

nosioBuHe — cTeneHb X AOCTOBEPHOCTU.

Note. Kendall correlation coefficients are presented in the upper half of the table, and the confidence degree in the lower half.

U3MEHEHUI NaHHBIX MOKa3aTejei, B TOM YUCJIe U B
MpPOIIEHTAaX OT WMCXOMHBIX, MOKa3aJl OOpaTHBIC MIO-
CTOBEpHbIE KOoppeaaTuBHbIe CBsI3u Mexny A TNFa
u A NIHSS. BaxxHocTb JaHHOTO Mojaxoaa Mpu aHa-
Jiuze MaTepuajia MOKa3bIBalOT TakKXKe BbISIBJEHHBIS
pa3IM4us B OTOOPaAHHBIX C ITOMOIIIBIO TUCKPUMHUHA-
MoHHoTOo ananu3a rpynmax A yposHss TNFa B 1-14
neHb HabmoaeHus u A no mkaine NIHSS (B Tom uuc-
Jie ¥ B MIPOLIEHTaxX OT UCXOAHBIX 3HaUeHui1). CrneayeT
OTMETUTh BaXXHBIN (DaKT CYIIECTBEHHBIX Pa3InInii
M3MEHCHUST YpPOBHS (hakTopa HEKpo3a OIIyXOJIM-
anbda B rpynmnax ¢ pasM4YHONA ero UCXOAHOU (mpu
MOCTYTUIEHUU) KOHLIEHTPAallUei U JOCTOBEPHBIX OT-
JIMYUIA B 3TUX rpyniax (00paTHOM TUHAMMKM) IITKa-
aet NIHSS. Bt1o cormacyercst ¢ dhaktaMu HaJIM4ust
B OCHOBHOM CWJIBHBIX KOPPEISILIMOHHBIX CBS3eit
koHueHTpauuu TNFa B paznuuHble 1HU HaOJIIOIE-
HUs U nedeHus u koppeassuuu A TNFo B imHamMuke.
KpoMme Toro, maHHBIE psiia aBTOPOB MOATBEPKIIOT
Hallld TaHHbIE U CBUAETEJBCTBYIOT O OoJjiee BBICO-

KMX €ro YpPOBHSIX NPHU KIMHMYECKOM YXYIIICHUU
TEYCHUST WIIEMUYECCKOTO WHCYJIBTa M KOPPEISIIUN
TNFoa ¢ ucxomom 3aboneBanus [15, 29, 39]. IToka-
3aHO, YTO KOHIIEHTPALMS eTo > 14 IIT/MJT aCCOLIMNPY-
eTcs C IUIOXUM ucxonaoM Oosie3Hu [39]. PesynbraThl
HaIlIUX HMCCIAEIOBAaHUI W PSO BBIIICIPUBEICHHBIX
MaHHBIX CBUIOCTEILCTBYIOT O HEOOXOIMMOCTH yde-
Ta ypOBHSI TAHHOTO TMOKa3aTessl MPU TTOCTYIIIEHUN
JIJIS TUTAHUPOBAHMS TEPAIEeBTUIECKUX MEPOTIPUSITHIA
M UHTEHCU(UKALIMU JICUSHUS B TaHHBIX TPYyIINax na-
IIUEHTOB, OCOOEHHO eCIU Ha 3-1 IeHb Tepamnuu 3a-
PETUCTPUPOBAHO IIOBBINICHNUE WM HEOOCTATOIHOE
cHuxeHue TNFa.

3aKnoyeHne

I[TonyyeHHble B paboTe JaHHBIE YKAa3bIBAIOT
Ha BaXXHOCTb MCCJIeIOBaHUsI (haKTopa HEKpo3a OIly-
XoJI-aibda — LIMTOKUHA, KOTOPbIi BMECTE C MHTEP-
JIEHKUHOM | CTUMYNMUpyeT TPOAYKIIMIO WHTEpJIe-
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kuHa 6 [36]. HecomHenHo, koHueHTpauuss TNFa
B nepupeprnyecKoit KpOBU MOXKET MOBBIIIATHCS U OT-
paxaTb TMHAMHMKY €ro CHUHTe3a B ouarax HIIeMUM.
TIpoBocniamnTeabHbIE IUTOKUHBI, B OCHOBHOM IL-6
u TNFa, cTUMynupyloT MPOAyKIIMIO MaTPUKCHBIX
MmetautonporenHas (MMP), ocobeHHo MMP-9,
KOTOpbBIC BHI3BIBAIOT pa3pylleHUe reMaTosHIIedann-
YeCKOro 0apbepa M OIMOCPEIYIOT MUTPALIUIO JICHKO-
UTOB [26, 28]. KoHEYHO Xe, ClieAyeT yYUThIBATh TOT
¢axT, yTo u3meHeHus1 ypoBHs TNFo MOTyT IBJISITBCS
HE TOJIBKO Pe3yJIbTaTOM CHHTE3a €ro B oJarax Mile-
mum. O4eHb BO3MOXHO, YTO 3TO BHOCHUT CYIIIECTBEH-
HBI BKJIaJ B Pa3HOPEUYUBOCTb JAHHBIX JIMTEPATYPhI
U O0ycJaBIMBaeT IMOMCK HOBBIX AUArHOCTUUYECKUX
MapKepoB MIIEMUYECKOro MHCYJIbTa U YTO Psii aB-
TOPOB CUMTAET POJIb OMOMApKepOB 1 TaHHOTO IIUTO-
KWHa B paboTax, MOCBSIIEHHbIX JAHHOW MaTOJOTUU
JUTSL OTIPpENIeJICHUS] TSDKECTU TeUYEHUS UILIEMUYECKOTo
WHCyJIbTa W PCLICHUsI APYrMX BONPOCOB HE OIIpe-
JleJleHHO oKoHuaTelbHo [21, 28]. M3BecTHO, 4TO
TNFo MOXeT CUHTEe3UpOBaTbCS U CEKPEeTUPOBATh-
Csl MHOTUMM KJIETKaMU, B TOM YMCJI€ U BHE TaHHBIX
ouaroB TopaxeHus [29]. HecomHeHHO, YTO TaHHBIN
¢dakT B KOMIUICKCe C APYTMMU BHOCHUT CBOI BKJIan
B T€TEPOrE€HHOCTb PE3YJIBTaTOB, IMOJYYEHHBIX HaAMU
KakK B IJIaHE MCXOOHBIX YPOBHEl (hakTopa HEeKpo3a
OIyXOJIM-ajibda, TaK U IIPU BBISIBJICHHBIX HAMU Pa3-
JIMYUii TMHAMUKU €ro M3MeHeHui. Bmecte ¢ Tem,
UCXOMSl U3 TIOJyYEHHBIX MAHHBIX W MPOBEICHHOTO

aHaJM3a JIMTepaTypbl, Mbl CYUTAEM, YTO €ro 3Haye-
HUST MOTYT U OTPaKaroT, XOTsI Obl YaCTUYHO, YPOBEHbD
U XapakTep PeaKTMBHOCTHU MALIMEHTOB, UX PEaKIINIO
MIpY UIIEeMUYECKOM HHCyabTe. Halmm maHHBIE 1TO-
Ka3blBalOT IMEPCIeKTUBHOCTL uccaenoBanus TNFa,
OCOOEHHO €ro U3MEHEHUI, B ONpeAcIeHUN TSKECTH
TEUCHUsI W TPOTHO3¢ TCUCHUSI WIIEMHUYECKOTO WMH-
cynbra. QueHb BaXXKHO, YTO IO MCXOMTHBIM IT0Ka3aTe-
JISIM TAHHOTO LIMTOKWHA U €70 U3MEHEHUIO B TeUeHUE
JTaxke TIePBBIX 3-X THEW MBI MOXEeM KOPPEKTHPOBATh
Teparnuio. B mpuHIMIE, MOTyYeHHBIE HAMU JaHHBIC
COIJIACyIOTCSI ¢ paboTaMU psiia aBTOPOB, BBISIBUBIIINX
CXOIIHbIE€ 3aKOHOMEPHOCTHM CHUHTEe3a ITPOBOCIIAIM-
TeJIbHBIX IIMTOKUHOB y MallMEHTOB C UIIEMUYECKUM
WHCYJIETOM, YTO YKa3bIBa€T Ha BO3MOXHOCTb UCTIOIb-
30BaHUS OIEHKMU IIMTOKMHOBOTO IMPOMUIsi, B TOM
ynciae 1 TNFa, mis onpeneneHns 3 OEeKTUBHOCTH
Tepalmu, ee KOPPEeKLNU, ITPOTHO3UPOBAHUS TCUCHUS
3abojreBaHms U ap. [2, 3, 28, 29]. KoneuHo ke, B pa3-
JIMYUST TOTYYaeMBIX JAaHHBIX PAa3INIHBIMU TPYIITHaMU
aBTOPOB BHOCST BKJIAJ M TCHETUISCKIE OCOOCHHOCTH
MaUEHTOB, Pa3IMIUS 3THUOJIOTUYECKNX (PAKTOPOB
WIIEMUYSCKOTO MHCYIETa, HAJIMIME COITYyTCTBYIOIIEH
MaTOJOTMU U MHOroe MHoroe npyroe. Hamu uccre-
JIOBaHUSI CBUAETEJBbCTBYIOT O BaXXKHOCTM M HEOOXO-
JIUMOCTU NaJbHEUIIero M3y4eHus1 TaHHOTO BOIIPO-
ca, B TOM YMCJIe C MCIOJb30BaHMEM COBPEMEHHBIX,
MHOTOTPAaHHBIX MAaTEeMaTUICCKHUX TTOIXOIO0B.
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CYBNonynauMOHHbIX COCTAB JIMM®OLIUTOB

NEPUDEPUYECKOIN KPOBU NMPU YBEAJIbHON METAHOME

Caakaun C.B, banankaa H.B., Rarapruna JL.A., Rysmkosa JL.T.,
Msaxkommaa E.B.

DI'BY «MockosecKkuii Hay4HO-UCCA008AMENbCK UL UHCMUMYM 2AA3HbIX O0ae3Hell umenu leavmeonvya»
Munucmepcmea 30pasooxpanenusi PO, Mockea, Poccus

Pe3iome. YBearpbHast MeTaHOMA — 3JTOKAYeCTBEHHAS OITyX0JIb HEMPO3KTOASPMAITLHOTO IIpoNCcXoXaeHMs. He-
CMOTpsI Ha TIEpBUYHOE JISYCHHE C IPUMEHEHMEM SHYKJICAIIH TJ1a3a WK JIydeBoi Teparuu, oyt y 50% maru-
€HTOB pa3BMBACTCS MeTacTaTMIeCcKast 00JIe3Hb. DPDOEKTUBHOCTD Pa3IMIHBIX METOMOB JICUCHUS 3JTOKAYECTBCH-
HbBIX HOBOOOPAa30BaHMIA, MPOrHO3 3a00JIeBaHNS B 3HAUUTEIbHOM CTENIEH! 3aBUCST OT COCTOSIHUSI UMMYHHOM
CHCTEMHI ITallreHTa. JJlaHHbIe O COOTHOIICHUH JIMM(MOIINTOB Pa3HbIX MOITYJISIINI, NX B3ANMOCBSI3H CO CTaaVsI-
MU YBeaJIbHOI MeJIaHOMBI B HACTOsI1Iee BpeMsl OTCYTCTBYIOT. OOciiemoBaHO 84 maiyeHTa ¢ yBealbHOI MeJlaHO-
MO (44 >xeHIIMHBI 1 40 My>XKIUH; cpemHuii Bo3pacT 53,7+12,2 rona). B 1 rpynmy (Maible ormyXoJin) Bouiu 36
GOJILHBIX, BO 2-10 (OITyXOJIM CPEIHETO pa3Mepa) — 26 TallMeHTOB, 22 TallMeHTa COCTaBWIIN 3 TpyniTy (OOJIbIIe
omyxojin). B rpyrimy KoHTposist Bonuin 33 mpaKTUIeCKU 300POBEIX JOHOpa. MaTepraioM UCCIeTOBAHUS CITY K -
JIY TIPOOBI LIEJIBHOM KPOBU, B3SITOU M3 JIOKTEBOU BEHBI HATOIIAK B YTPEHHUE YaChI MPU ITOMOIIN BAaKYYMHBIX CU-
creM B npobupku Vacuette® ¢ antukoaryissHroM K3EDTA. UMMyHO(DEHOTUITMPOBaHUE IIPOBOAWIN METOIOM
TMIPOTOYHOM JIa3epHOU TUTOMIYOPUMETPUHN C UCITOJIb30BaHNEM CUCTEMbl MOHOKJIOHAJIBHBIX aHTUTeN Multitest
6-Color TBNK Reagent B mpooupkax BD TruCount (Becton Dickinson, CIIIA), mutomerpe BD FACSCanto 11
(Becton Dickinson, CHIA). JIuzuc a3puTpoLuToB U (pUKCALIMIO JIEHKOLMTOB IMTPOU3BOAUIIU C TOMOLIBIO JTU3U-
pyrorero pactsopa BD FACS TM Lysing Solution (Becton Dickinson, CIIIA). OTHOCUTEIFHOE U aOCOTIOTHOE
coJiep>KaHUe MOMYJISIUUIA U cyOnoImy sty JuMdoImnTOB orpeaessuiv B mporpamme Canto (Becton Dickinson,
CIIIA), ¢ BeIIEIICHHEM aHAIM3UPYEMOTO PETMOHA IO O0IIIei MOITyJISIM, SKcTipeccupyomeit CD45" anTureH,
M 110 TpaHyJisipHOCcTU KieToK (CD45"PerCP-Cy5,5*/SSC); ucnonab3oBajiuch MEUYEHHBIE (hTyopoXpoMaMU aH-
tutena Kk CD3* (FITC), CD4" (PE-Cy7*), CD8* (APC-CY7*), CD16"/CD56* (PE), CD19* (APC¥), no3Bo-
nsmome nuddepeHuupoBath: T-muMmdorutel (CD3%), T-xennepsl (CD3*CD4*CDS), T-uuToTOKCMYECKUE
(CD3*CD4CD8"), T-ny6nb no3utuBHble (CD37"CD4*CD8"), NK-knetku (CD16"CD56%), B-mumdouutsl
(CD19%), BeruncauTtb cooTHoleHue cyoronyssuuii CD3*CD4*/CD3*CD8* — nHaekc, oTpaxkarolumii bajaHe
T-xenmepoB 1 1mToToKcnmdeckux T-kietok (CD4*/CD8"). IlpoBeneHHBIN HAMU WHIWBUIYAJIbHBINA aHAIN3
cocTaBa JUMQMOIIUTOB MO3BOJISIET 3aKJIIOYUTh, UYTO POCT YBEaJbHOUM MeEJTaHOMbI COMPOBOXIAETCS CUCTEMHBbI-
MU pa3HOHAIMPaBJICHHBIMU COBUTAMH B KaYeCTBEHHOM M KOJWYECTBEHHOM COCTaBe MMMYHOKOMIICTEHTHBIX
KJIETOK, 3aTparuBasi Kak BpoxaeHHoe (NK-kimetku), Tak u agantuBHoe (T-1uM@pOLUTBI) 3BEHbsSI TPOTUBO-
OIIYXOJICBOI MMMYHHOI1 3aItnThI. [1oIyaeHHBIe pe3yIbTaThl IIPEACTABISIOTCS BaXKHBIMU JUIST pa3padOTKH Mep-
COHM(DUIIMPOBAHHBIX MOIXOIOB K IMTPOTHO3Y U JICUEHUIO MTAllMEHTOB C yBeaJlbHOI MeJaHOMOM. JluHaMuKa 13-
MCHCHUSI KOJIMIECTBEHHOTO COCTaBa CyOOITYIISIIINI TMM(MOIIUTOB IIPU OHKOJIOTMISCKIX 3200 IeBaHMSIX MOXKET
MPEACTaBJISITh LIEHHOCTh JJII MOHUTOPUHIa UMMYHOTEpPAIeBTUYECKUX BO3NEHCTBUI 1 AOMOJHUTh KJIMHUYE-
CKYIO OLICHKY TEeUCHMSI OCHOBHOTO 3a00JICBaHUSI.

Karouesbvie crosa: cybnonyasuus aumgoyumos nepugepuueckoil Kposu, y8eanbHasi MeAaHOMA
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SUBPOPULATION PROFILE OF PERIPHERAL BLOOD
LYMPHOCYTES IN UVEAL MELANOMA

Saakyan S.V., Balatskaya N.V.,, Katargina L.A., Kulikova I.G.,
Myakoshina E.B.

Moscow Helmholtz Research Institute of Eye Diseases, Moscow, Russian Federation

Abstract. Uveal melanoma is a malignant neuroectodermal tumor. Despite an existing radical primary
treatment, i.e., eye enucleation or radiation therapy, metastatic disease develops in almost 50% of the patients.
Meanwhile, the efficiency of various approaches to malignancy treatment, the prognosis of the disease largely
depends on immune system parameters in the patient. Distinct data on the ratio of different lymphocyte
subpopulations and their relationship with the stages of uveal melanoma are currently not available. Eighty-four
patients with uveal melanoma were examined including 44 women and 40 men at a mean age of 53.7+12.2 years.
Group 1 (small tumors) consisted of 36 patients, and the 2™ group (medium-sized tumors) included 26 cases;
22 patients comprised the 3 group (large tumors). The control group included 33 practically healthy donors.
Blood samples for this study were taken from the ulnar vein in the morning time, using vacuum tubes Vacuette®
with K3EDTA. Immune phenotyping was performed by means of flow laser cytofluorimetry with a monoclonal
antibody system (Multitest 6-Color TBNK Reagent) in BD TruCount test tubes (Becton Dickinson, USA).
The cell populations were discriminated by the BD FACSCanto II cytometer (Becton Dickinson, USA).
Erythrocyte lysis and leukocyte fixation were performed usinga BD FACS ™ Lysing Solution (Becton Dickinson,
USA). The relative and absolute levels of lymphocyte populations and subpopulations were determined by the
Canto program (Becton Dickinson, USA), with selection of the analyzed region in the general population
expressing CD45" antigen and cell granularity (CD45* PerCP-Cy5,5*/SSC); fluorochromes labeled antibodies
to CD3* (FITC), CD4* (PE-Cy7%), CD8* (APC-CY7%), CD16"/CD56" (PE), CD19* (APC*) were used
to differentiate: T lymphocytes (CD3*), T helper cells (CD3*CD4*CDS"), T cytotoxic (CD3*CD4-CD8"),
T-double positive (CD3*CD4*CD8"), NK cells (CD16"CD56"), B lymphocytes (CD19%). We have calculated
the ratio of CD3*CD4*/CD3*CD8* subpopulations, an index reflecting the balance of T-helper cells and
cytotoxic T-cells (CD4*/CD8"). Our individual analysis of the lymphocyte subpopulation profiles allowed
us to conclude that the growth of uveal melanoma is accompanied by systemic multidirectional changes in
the qualitative and quantitative composition of immunocompetent cells. This imbalance affects both innate
(NK cells) and adaptive (T lymphocytes) links of antitumor immune defense. The results are important for
the development of personalized approaches to prognosis and treatment of patients with uveal melanoma. The
dynamics of changed quantitative composition of lymphocyte subpopulations in oncological diseases may be
of value for monitoring immunotherapeutic effects and improves clinical assessment of the underlying disease
course.

Keywords: uveal melanoma, peripheral blood, lymphocyte subpopulations

IIPOTHO3 C MOMEHTAa TUAarHOCTUKUA METaCTaTUYECKO-
ro 3ab0JieBaHus SIBJISICTCSI HU3KUM, IIPM 3TOM 00111ast
BBIKMBAEMOCTh COCTaBJIsIeT OT 6 10 13 mecsiies [8].
DDHEeKTUBHOCTb Pa3IUYHBIX METOOOB JEUEHUS
3JI0Ka4YeCTBEHHBIX HOBOOOpa30BaHWi1, MPOrHO3 3a-
0oJIeBaHMS B 3HAYUTEILHOM CTETICHU 3aBHUCST OT CO-
CTOSTHMSI WMMYHHOM CHCTeMBI ITalimeHTa [6, 7].
PazBuBalomiasicss OmyxoJjib aKTUBHO 3alllMIIAETCS
OT MMMYHHOM aTaKW, MCIIOJIb3ysd pPa3sHOOOpa3HbIe

BeegeHve

VYBeanbHag MenaHoMa (YM) — 3j10kadyecTBEHHAsI
OITyXOJIb HEHPO3KTOAEPMATBLHOTO ITPOUCXOXKIECHNS,
3ab0JieBacMOCTh KOTOpoii B Poccmiickoit Denepa-
UM JOCTUTAET 6-8 ciiydaeB Ha 1 MJTH B3pOCJIOTO TPY-
JI0CIOCcOOHOro HacejieHus [3].

Ha nomro YM npuxomurcs ot 3 10 5% menaHom
Bcex Jjokanu3aumii [14, 15]. Oxono 90% omyxoneit

JIOKaIM3yeTcss B xopuouaee, 6% — B LUIMAPHOM
tene, 4% — B panyxke [ 14]. HecMoTpst Ha nepBUYHOE
JIeYeHUE ¢ IIpUMEHEeHNEM SHYKIIeallnHy IIa3a WJIH JTy-
YeBOW Tepanuu, modtH y 50% mnalneHTOB pa3BUBa-
eTcsi MeTactTaTudyeckas 0oJie3Hs [3, 15]. ButanbHbIin

MEXaHU3MBI CHUCTEMHON WMMYHOCYIIPECCUH, TIPU-
BOSIIINE K UCTOIICHUIO ITyJ1a ¥ ITOHKEHHNIO aKTHB-
HOCTU OCHOBHBIX 3(P(heKTOPHBIX KIECTOK — KOMIIO-
HEHTOB aJallTUBHOTO MMMYHHUTETAa W BPOXKICHHOMI
CHCTEMbI IPOTHUBOOITYX0JIEBOrO Haa3opa [5, 6].
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Hapymenust B MUMMYHHOM CUCTEME, B YaCTHOCTH
CyOTONyISILIMOHHOM CcOCTaBe JMM@OLIMTOB ITIEpU-
(depuuecKoit KpoBU, a TaKXKe OUCOATAaHC B CUCTEME
MMMYHOMEIUATOPOB ObILIU BBISIBJIEHBI Yy OOJBbHBIX
C pa3IMYHBIMMA HOBOOOPA30BaHUSIMH, B TOM YHCIIC
npu MejaHoMme koxu [10].

Tak, mpu mnporpeccupoBaHUM 3TOH OIMYyXOJIU
OTMEYaeTCsl yBEIWYECHUE KOJIWYECTBA PETYJISITOP-
HbiX T-knerok (Treg), B TOM uucie u ¢ peHOTUIIOM
CD3*CDS8" (peryasiTOpHBIX ITUTOTOKCUYECKUX),
CHIUXXeHUe MokKazarejeit npoaudepaTtuBHON U LU-
TOTOKCHYecKol aktuBHoctT CD3*CD8* aum-
(GOIIMTOB, TaKKe YMEHbBIIEHNE KOJIMJYEeCTBAa U ITO-
napjieHue  (GYHKLUMA  HaTypaJllbHbIX  KWJLJIEPOB
(NK-xierok) [12].

WccnenoBaHuss MMMYHOJIOTMYECKOIO — cTaTyca
C BBIACJICHUEM OCHOBHBIX CYOHOMyJIsSIuii JuM@po-
IIUTOB U MEIMAaTOPOB MPOBOIWIM TaKXKe Yy MallueH-
TOB ¢ YM, 0JIHAaKO B IUTEpAType OHU MPEACTABICHbBI
B HEMHOTOUYMCJICHHBIX MyOJMKAIIMSIX U JOCTATOYHO
HPOTUBOPEUYHUBHI.

JaHHBIC O COOTHOIICHUU JIMMMOIUTOB pPa3HBIX
MOMYJISINI, WX B3aUMOCBS3M CO cTamusMu YM
B HACTOSIIIIEE BPEMSI OTCYTCTBYIOT.

Iles» — viccaenoBaTh COCTAaB OCHOBHBIX CYOITOITY-
AUyt TMM@GOLIMTOB TepUdepUIeCcKOil KpOBU 00Tb-
HBIX YM B 3aBUCUMOCTH OT pa3zMepa OITyXOJIH.

Marepuans! v MeToapb!

Oo6cnenoBaHo 84 marueHTa ¢ YM (44 XeHIIUHBI
n 40 MyxX4yuH; cpegHuii Bo3pact 53,7112,2 rona).
BceM 0oabHBIM TIpOBEAEHBI  OOIIEOMTATBEMOJIO-
TUYECKNE WCCICIOBAaHMUS C BKIIOUCHUEM YJIBTpa-
3BYKOBEBIX.

B cootBeTcTBUM ¢ KilaccuduKaluei, pa3zpado-
TaHHoU B 1983 1. J. Shields [14], manneHTOB pacripe-
JNEJIUIN Ha 3 TPYIIIIHL.

B 1 rpymry (Majble OIyXOJIM — IIPOMHWHEHIIUS
1o 3 MM, nunametp no 10 Mm) Bomnuin 36 GOMBHEBIX,
BO 2-10 (OIyXOJIM CPEeOHEro pasmepa — IMPOMUHEH-
s 3-5 MM, guameTp 10-15 mm) — 26 narueHTOB, 22
nanueHTa COCTaBUIU 3 rpyIity (00abIINE OITYyXOJIHN —
NPOMUHEHIUA > 5 MM, AuaMeTp > 15 mm) (puc. 1A,
b, B, cM. 3-10 cTp. 00JIOXKKM).

B rpymity KoHTpoas Bonnn 33 MpakKTUIECKU 3110~
POBBIX IOHOPA, COMOCTABMMBIX ITO BO3PacTy U MOy
C marreHTaMU OCHOBHBIX TPYIII 0e3 IMIPU3HAKOB 0d-
TAJIbMOTIATOJIOTUU.

MarepuasioM WuCCIeNOBaHUS CIYXUIU HPOObI
LEJIbHOU KPOBM, B3STOU W3 JIOKTEBOW BEHBI HATO-
mak B yrpeHHue 4achl (9.00-10.00 4) mpu nmomoiuu
BaKyyMHBIX CHCTEM B IpoOMpPKM Vacuette® ¢ aHTH-
koaryasgsHtoM K3EDTA. HWMMmyHodbeHOTUTMPO-
BaHME NPOBOAWIM METOIOM IMPOTOYHOM JIa3epHOM
UTO(GIYyOPUMETPUM C UCTIOJIBb30BAHUEM CHUCTE-

Mbl MOHOKJIOHAJIbHBIX aHTuTesl Multitest 6-Color
TBNK Reagent B npooupkax BD TruCount (Becton
Dickinson, CIIIA), outometrpe BD FACSCanto 11
(Becton Dickinson, CIIIA).

JInzuc >puUTpOIIMTOB M (UKCAIUIO JICHKOIIM-
TOB TIPOM3BOAMIU C TIOMOIIBIO JIM3UPYIOILIETO
pactBopa BD FACS TM Lysing Solution (Becton
Dickinson, CIIIA). OTHOcuTenbHOE U abCOTIOTHOE
colepXaHue TIONMYJSIUMU W CyOonmomyJsiuidi JTuM-
domuToB ompenensum B rmporpamme Canto (Becton
Dickinson, CIIIA), c¢ BblAejieHUEM aHaJlu3Uupye-
MOTO pEeruoHa MO OOIIeil MOMmyasiuu, IKCIIpec-
cupytonieit CD45% aHTUTeH W MO TPaHYJISIPHOCTU
kietok (CD45"PerCP-Cy5,5*%/SSC); mcnoab3oBa-
JIMCh MedYeHHBIe (hiryopoxpoMaMu aHtuTena Kk CD3*
(FITC), CD4* (PE-Cy7*%), CD8* (APC-CY7%),
CDI167/CD56* (PE), CD19* (APC*), mo3sBossito-
mue auddepenumrpoBath: T-mumdbonuter (CD3F),
T-xenmmepsr (CD3*CD4*CDS8-), T-uuroTokcuuec-
kue (CD3*CD4-CD8*), T-aybab MNO3UTHUBHBIE
(CD3*CD4*CD8*), NK-knerku (CD16*CD56%),
B-mumdorute (CD19%), BBIMUCINTH COOTHOIIIEHUE
cyononynsauuii CD3*CD4*/CD3*CD8* — unzaekc,
oTpaxarwlui 6amaHc T-xeanepoB U LIUTOTOKCUYE-
ckux T-xinetok (CD4*/CDS8Y).

CraTtuctuyeckasi o0paboTKa JaHHBIX TPOBeAcHA
C TOMOIIBIO IPOrpaMMHOTO KoMIuiekca Professional
BioStat misg Windows Version 2009 (t — xputepuii
CreropeHTa, kputepuu Duiiepa u x2), ypoBeHb CTa-
TUCTUYeCcKoI 3HaunMocTu: p < 0,05.

PesynbTartbl

PesymbraThl UCcIemoBaHMs ITOKa3alHd, YTO abCco-
JIIoOTHOE KosimdecTBo Jumdorutos (CD45") kpoBu
y NauMeHTOB ¢ YM Haxoauaoch B Mpeaesiax HOpMbI
(B cpenneM 1,95%0,12 x 10°/n).

Ilpu aHanu3e cpegHUX 3HaAUYeHUI OOIIel momy-
s T-xknetok (CD3") oOHapyXuin CHUXEHUE
Kak oTHocuTeJibHoro 10 70,4+1,4%, Tak 1 aGCOTIOT-
Horo (1,45%0,1 x 10°/nu 1,33£0,07 x 10°/1 cooTBeT-
CTBEHHO) €€ collepXKaHUsl y 00JbHbBIX 1-11 u 2-1 rpymnn
NPOTUB TAaKOBOI Yy 3M0POBBIX JOHOPOB 03 oPTalb-
momarojorun (73,1+0,87% u 1,51+0,08 x 10°/x;
p > 0,05). DTta TeHaeHUMsT HAaOJIOaIaCh B OTHOILLIE-
Huu cyoromyysunun CD3*CD4* xenmepoB/WHOYK-
TOpOB (Tab6a. 1).

HMHTepecHass auHaMMKa OTMEYeHa IS IIMTO-
Tokcuueckux T-nmumpouunto (CD3*CDS8"): ecam
B KpoBM 00nbHBIX ¢ YM Majoro pasmepa (1 rpymn-
1a) UMeJI0 MECTO He3HAUYMTEIbHOe YBeJIMUeHNe a0-
COJIIOTHOTO KOJIMYECTBa 3THUX KJIETOK IO CpaBHE-
HUIO C HOPMOM, TO IJIs 2 TPYMITHI ITAlIMEHTOB OBLIO
XapaKTepPHO CHMXXEHUE KakK IPOIEHTHOTO, TaK U
aOCOIIOTHOTO COAepKaHMs HTaHHON CyOmomyJsi-
muu (¢ 0,52%0,03 x 10°/1 u 25,6%£1,04% B HOpME
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10 0,44+0,03 x 10°/m1 u 23,1£1,3% Bo 2 rpymiie co-
OTBETCTBEeHHO; p > 0,05).

IIpn omyxomnsax OobIIoro pasmMepa (3 Tpyrma),
oOpaliaeT BHMMaHME 3HAYMTEJIbHOE IOCTOBEPHOE
MOBBILLIEHUE a0COJIOTHOIO U OTHOCUTEIbHOTO KO-
yecTBa HupKyaupywoinux CD3*CD8* numdonuTon
(0,69%£0,06 x 10°/m u 27,6%£1,4% COOTBETCTBEHHO;
p < 0,05) mo cpaBHEHMIO C TAKOBBIMU ITOKA3aTEISIMU
00BbHBIX ¢ YM 2 cramnu. JlaHHOe 0OCTOSITEIBCTBO
CBUJICTEIIBCTBYET O pa30aIaHCUPOBKE B 3BEHE UMMY-
HOPETYJISITOPHBIX CYOMNOITYJISIIIMI — XeJnepoB-UH-
JYKTOPOB/LIUTOTOKCUYECKUX JIUM@POLIUTOB.
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PucyHok 2. YacToTa cnyyaeB CABMIOB OT HOPMblI
(3mopoBbIx AOHOPOB) B (Cy0)nonynALMOHHOM cocTaBe
nUMQOLMTOB KpPOBM (OTHOCUTENBHOE U aGCONKTHOE
KONMYECTBO) U KNETOYHOro cooTHoweHus CD4*/CD8*
Mpumeyanue. A - npu YM manoro pasmepa (1 cragus); b — npu
YM cpepHero pasmepa (2 ctagus); B - npu YM 6onbuoro pasmepa
(3 cTapma).

Figure 2. Incidence of shifts from the normal values (healthy
donors) for the blood lymphocyte population (sub) profile
(relative and absolute numbers), and the CD4*/CD8" cell ratios
Note. A, small uveal melanoma; B, medium uveal melanoma; C, large
uveal melanoma.

JeiCTBUTENIbHO, TP WHIWBUAYAITLHOM aHAJIM-
3¢ YaCTOThl CABUIOB OT HOPMBI COOTHOIIECHUS pe-
TyaaTOpHBIX cyomonynsiuii CD47/CD8* (xenme-
POB-UHIYKTOPOB,/ LIUTOTOKCUYECKUX JTUMMDOIIMTOB)
OOHApYXWIN, YTO IO Mepe YBEJIMYCHUS pPa3MEpOB
OIYXOJIM MOBBIIIAETCS YacTOTa CJIy4aeB BbISIBJICHUS
MMMYHOJIOTUYECKOTo ArcbaaaHca y MalleHTOB MC-
cliegyeMbIx rpytn. Tak, ecau B 1 rpynre ¢ YM capuru
B cooTHomeHnn CD4*/CD8* oTHOCUTETEHO HOPMBI
ornpenesieHbl B 12% ciydyaeB, To pu YM cpeaHux
1 OOJILIIMX pa3MepoOB OHU BBISIBIISIMCH B 2,3 pasa
yamie (B 27%) (puc. 2A, b, B).

Hapsimy ¢ «Ki1accuyeCKMMU» HMMYHOpPETYJISI-
TOPHBIMH CYOIIOITYJISIIUSIMM, OITMCAHHBLIMHU BHIIIIE,
B KPOBHU 4YeI0BeKa MOTYT OOHApYy>KUBATbCsI «IyOsb-
MO3UTHBHbBIE» T-KJIETKU, KOTOPbIe paHbIlle XapakK-
TEpU30BaJIMCh KakK HU3KoauddepeHIMpOBaHHBIE
suMbonutel ¢ peHoTunom CD3*CD4*CDS8*. B mo-
clieHee BpeMsl IOJIydeHbl JOoKa3aTeIbCTBa yJ4acTUs
ATUX KJIETOK B IPOTUBOOITYXOJIeBOi 3amuTe. [1oBbI-
meHHoe kojindyectBo CD3*CD4*CD8* ntumdouunton
00HaApyXeHO B KPOBH ITAIIMCHTOB CO 3JIOKAYCCTBCH-
HbIMHA  HOBOOOpa30BaHUSAMHU, WHGMEKIIMOHHBIMU
1 ayTOUMMYHHBIMHU 3a00JIeBaHUSIMU, C IUITATEIBHOMN
AQHTUTEHHOU CTUMYJISILIMEN, a TakkKe Mpu cTape-
Hum [2, 10].

B Hamux wucciaegoBaHMsIX yBeIWYeHHE abCo-
JIIOTHOTO KOJIMYECTBA ILUPKYIUPYIOLIUX TyOJIb-
no3uTUBHBIX T-KjeToK (TaGia. 1) BBISIBJIEHO Mpak-
TUUYECKHU y TpeTU OONBbHBIX ¢ ¥YM Majoro pasmepa,
y 38% 2 rpymniibl 6OJIbHBIX (OIyXOJIU CPEIHEro pas-
Mepa), B 50% cnydyaeB npyu YM GOJbLIMX pa3MEpOB
(p < 0,05 o cpaBHEHMIO ¢ | TpyMIIOif). AHaIOTUYHAST
TeHICHIIUSI OTMEUeHa U JUISI OTHOCUTEILHOIO (ITpo-
IEeHTHOTO0) COACPKAHUS 3TOM MUHOPHOI CyOITOmy-
JITAY B KPOBY MTALIMEHTOB BCEX MCCIEAYEMBIX TPYITIT
(28, 34 u 36% caydyaeB COOTBETCTBEHHO) (puc. 2A,
b, B).

OCHOBHBIMM  3(pPEKTOPHBIMU  TUM@POLUTAMU
BPOXIEHHOTO MMMyHUTeTa sBisiiorcss NK-kmetkm
(natural Kkiller cells) [1], urpaloiiiye KIr0o4eByIO pOJib
B CUCTEME MPOTUBOOITYX0JIEBOTO Haa3opa. Mx ToBbI-
IIIeHWe HaOJIoAaloch y OOCIeIOBaHHBIX HaMH Ma-
OUEHTOB ¢ YM MalbIX pa3MepoB, HO IT0 Mepe pocTa
OMyXO0JIM, BO 2 IpyIiIie, y 00JbHBIX OTMeUaeTcs Aepu-
OUTHOE COCTOSTHME TAHHOM CYOITOIYJISIIINU W JajTb-
Helilee ero yruetreHue (tabJ. 1).

ObcyxaeHue

YM — yacTo BcTpedyaeMas 3Jl0KauyeCTBeHHas OIly-
XOJIb TJIa3a, CKJIOHHas K MeTacTa3upoBaHuio [3, 4,
14, 15]. ITo Mepe HaKOTJIEHUS TaHHbBIX O MaTOTeHE3e
3TOro 3aboJieBaHUsI ObLIU BBIAENCHBI (haKTOPHl pU-
CKa pa3BUTHUS UM IIPOTPECCUPOBAHUS OITYXOJIN: KIIU-
HUYECKHUE, MOJEKYISIPHO-TEHETUUYECKUE U UMMYHO-
Joruueckue [8].
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JocToBepHO TTOKa3aHO, YTO MMMYHHasl CUCTeMa
CITOCOOHA PacIlO3HABATh 3JIOKAYECTBEHHBIC KJICTKM
M pearMpoBaTh Ha TaKo€ pacro3HaBaHMUE aKTHBa-
ouei ¢ BKIodeHueM 3(G@EKTUBHBIX MEXaHU3MOB
YHUUYTOXEHUST «<U3MEHEHHOI'O CBOEro» [5].

OIHUM U3 MOCAEACTBUI aKTUBALIUM CUTHATbHBIX
KacKaloB B JIMM@doLUTaX SBJISICTCS BhIPAOOTKA M-
TOKWHOB U IIPOSIBJICHUE IIUTOTOKCUISCKIX CBOMCTB,
HampaBJeHHbIX Ha B3JIMMUHALIMIO TpaHCHOPMUPO-
BaHHbIX KJIETOK [9].

B cBs131 ¢ 3THM CyOTTONYJISITUOHHBINA COCTAB JIMM -
GouUTOB, UX (PbyHKIIMOHATbHAS aKTUBHOCTb IIMPO-
KO M3y4YaroTcs TTpU pa3HbIX BUIAX OTTyXOJIeH.

BaxxaeimmMu 1“3 MMMYHOKOMIIETECHTHBIX KJIC-
ToK (MKK) nmpoTruBoonyxojieBoro aganTMuBHOTO UM-
MYHHTETA SIBJISTIOTCS IUTOTOKCUYECKUE JTUMQPOIIUTEI
(ITJ) ¢ denorunmom CD3*CD8*, BBICOKOCTIEIIH-
(UYHbIE B OTHOIIEHUHU TMPOTUBOOIYXOJEBBIX aHTHU-
TE€HOB, CITOCOOHBIE PaclO3HaBaTh M OCYIIECTBISITh
KWJTMHT MaJIUTHU3UPOBAHHBIX KJIECTOK.

B Hamem uccienoBaHuUM IO Mepe YBEIUYEHUS
pasmepa YM oTMedaeTcsl HapacTaHUe KaK abCOIIOT-
HOTO, TaK M OTHOCUTEILHOT'O KOJIMISCTBA IIMPKYI-
pytoutux LTI (Ta6n. 1).

DTOT, Ha TIEPBBII B3TJISIA, MapagoKCAITbHEIN (haKkT
comracyeTcsl ¢ JaHHBIMU LIEJIOTO Psifa paboT oTede-
CTBEHHBIX U 3apyOe>KHBIX UCcaeaoBaTeseii, ooHapy-
KWBIIMX YBEJITMUYECHUE CONECPKAHMS IINPKYTAPYIOIINX
CD3*CD8* ntuM@doLUTOB IIpU pa3BUTUU U TIPOTPeC-
CHUPOBaHMU pa3IMUYHBIX BUJIOB OIyXoJiei [5].

B HacTost1iee BpeMst U3BECTHO, YTO CYOTIOTYJISIIINS
CD3*CD8* saBnsieTcst MOp(doJIOTHUeCKY 1 (PYHKIINO-
HaJIbHO HEOAHOPOAHOI: MoMUMO 3Gh(hEKTOPHBIX,
CDS8* uutotokcuueckux T-1uM@OLIUTOB, SKCIIPEC-
CHUpPYIOIINX Ha CBOEH IMoBepXHOCTH aHTUTeH CD28*
(151 MoTydyeHUsT KOCTUMYJIUPYIOIIETO CUTHaIA K UX
akTuBauuu u npoiaudepannn) — CD3*CD8*CD28*
KJIETOK, OHa BKIo4aeT T-TMM@OIIUTHI C OTCYTCTBHU-
eM skcnpeccuur Moekyibsl CD28 (CD3*CD8*CD28-
KJIETKU), obJiafalolune peryasiTOpHbBIMU CBOMCT-
BaMMU.

TToBbIlIeHUE KoJiMuecTBa JUMQOLMTOB ¢ de-
HoturnoM CD3"CD87CD28- B 0onmyxojieBOM MHKPO-
OKPYKCHHU U B IepUdeprIecKoii KpOBH, IO JaH-
HBIM psiJila aBTOPOB, aCCOLIMUPYETCSI C OITyXOJIeBbIM
poctom [11].

B cBowo ouepenr CD8*CD28 T-kimeTkn Takke
SIBJISIIOTCSI TETEPOTeHHOM TMOMYJISIIMEe U BKIIIOYAIOT
B ce0s1 KaK KJIETKU-CYIIPEeCCOpPHI, TaK U KIETKU-I(P-
(dEeKTOpBI. DTO TOATBEPKIACTCS MPOAYKIMEH MMU
u cynpeccopHbix (IL-10, IL-4, TGF-B) u addek-
TopHbIX (IFNYy, TNFo) murokunos [11]. Bo MHOTMX
SKCHEePUMEHTAJIBHBIX Y KIMHUYECKHMX HCCIIeIOBa-
HUSIX 3Ta MOITYJISIMS XapaKTepu3yeTcsi B OCHOBHOM
Kak cynpeccopHas [11, 13].

ITokazaHo, 4to ToJbko CD8*CD28", Ho
He CD8*CD28* T-kjIeTKU, BBIICJICHHbIC U3 OITyXO-
JICBOI TKAHU U METACTAaTUIECKUX JIMM(POY3IJIOB 00JIh-
HBIX C pPa3UYHbIMM (OpMaMM 3JI0KaYE€CTBEHHBIX
OmyXxoJjiei, o0Jlamai CYIIPEeCCOPHOM aKTHUBHOCTHIO.
Knerku-cynpeccopsl ¢ ¢eHotunom CD8*CD28
ObIM OOHapyXeHbl M B TiepudepudIecKoil KpoBU
3TUX ITAIlEHTOB.

He uckiioyeHo, 4yTo B HallleM cilydyae IMOBbIIIIEHUE
KonuuecTBa HupKyaupyoimunx L TJI morio npoucxo-
JIIUTh 3a CUET NMPUPOCTa STON Majioil cyormonyIsiuu
CD8*CD28 T-nmumdporroB. OmHAKO 3TO MPEaro-
JIOKEHUE TPeOYeT M0Ka3aTeIbCTB U JaTbHEUIITNX UC-
CJI€IOBAaHUMN.

IToBEImIeHNE AOCONMIOTHOTO M OTHOCHTEJIBHOTO
yucia QyoIb-TIO3UTUBHBIX KJIETOK ITPpU HapacTaHWUU
pa3mepoB YM TakzKe coryiacyeTcs C IuTepaTypHbIMU
JIAaHHBIMU B OTHOLLIEHWU MeJJaHOMBbI Koxu [10].

Ocobas ponb orBoautcsas NK-kimetkam (natural
killer cells), koTopble SBIAIOTCS TIaBHBIMU 3D deK-
TOPHBIMU JUMGPOLIUTAMU BPOXIECHHOTO UMMYHU-
TeTa; 00JIamaloT MPSIMOM HECIIEIIM(UIESCKON aKTUB-
HOCTBIO: OHM O0€CIMeYnBaloT 3allUTy OT BUPYCHBIX
MHMEKIN 1 yIaCTBYIOT B KOHTPOJIE OITyXOJIEBOTO
pocTa u MetactazupoBanus [1].

PesynbraThl MccieqoBaHUl MoKa3aaud IOBbIIIE-
Hue kommdectBa NK-1uM@poInuToB B KPOBU Y OOJIb-
HBIX ¢ MajibiMU YM, ¢ HapacTaHUEeM e pa3Mepa
OIyXOJIU OTMEUYAIOCHh CHUKCHHME UX COOSPKaAHMSI.

ITo maHHBIM psiia aBTOPOB, IMPU Pa3TUIHBIX OH-
KOJIOTMYECKUX 3a00JIeBaHUSIX KOJMYECTBO U aK-
TUBHOCTh NK-KJIETOK MOTYT CIyKHUTh IIPOTHOCTHU-
YECKMM KpUTEpUEM MeETacTa3MpoOBaHUs, IJIOXOTO
OTBETa Ha JICUCHUE 1 YMCHBIIICHMSI IT0Ka3aTeieil 00-
et BbkuBaeMocTH [1].

3aKnoyeHne

IIpoBeneHHBII HaMU WHIWBUAYAJAbHBINM aHa-
JIN3 cocTaBa JIMM@POLUTOB MO3BOJISIET 3aKITIOYUTD,
yTo pocT YM compoBOXAaeTcs CUCTEMHBIMMU pa3-
HOHANpaBJIeHHBIMUA COBUTaMM B KadeCTBEHHOM
u koaundectBeHHoOM coctaBe WMKK, 3arparusas
Kak BpoxaeHHoe (NK-kneTku), Tak U aganTUBHOE
(T-mumbouuUThI) 3BEHBSI MPOTUBOOIYXOJIEBON WM-
MYHHOM 3allUTHhI.

ITomyyeHHBIE Pe3yJIBTaTHI IIPEICTABISIOTCS BaX-
HBIMU 11 Pa3pabOTKU MNepPCOHUPUUUPOBAHHBIX
MOJXOA0B K MPOTHO3Y U JICUEHUIO NAallUEHTOB ¢ YM.

JvHaMuka u3MeHeHUsl KOIUYEeCTBEHHOro cocTa-
Ba CYOIOIMYyJSUMN TUM@OLMTOB TIPU OHKOJIOTHUYE-
CKUX 3a00JIEBAaHUSIX MOXET IIPEICTABISATh IIEHHOCTD
JUISI MOHUTOPMHIa MMMYHOTEpaneBTUYECKUX BO3-
MEeHCTBUN M IOTIOJTHUTD KIMHNYCCKYIO OLICHKY TeUe-
HMSI OCHOBHOTO 3a00JIeBaHUSI.
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TABJALIA 1. CYBMONYNALUMOHHbIA COCTAB IUM®OLIUTOB NEPUGEPMYECKON KPOBU NMALUEHTOB C YM
1 300POBbIX IOEPOBOJLLEB (M£m)

TABLE 1. SUBPOPULATION COMPOSITION OF PERIPHERAL BLOOD LYMPHOCYTES IN PATIENTS WITH UVEAL MELANOMA

AND HEALTHY VOLUNTEERS (M+m)

T lymphocytes to cytotoxic-
suppressor T lymphocytes,
CD4*/CD8*

Mpynnbi
Groups
KoHTponbHas YM
Control UM
MokasaTtenu
Factors Paspnep onyxonu
Size of tumor
(n=233) Manbii cpenHuit GonbLuoi
small medium big
(n = 36) (n = 26) (n =22)

NMumdouunTtbl CD45* x 10°%/n
Lymphocytes CD45 x 1091 2,06+0,11 2,02+1,3 1,8+0,9 2,2+1,5
T-numcounTbl o6LWan x 10°/n
nonynsiums CD3* % 1091 1,50+0,08 1,4+0,1 1,3%0,7 1,6+0,1
T lymphocytes (bulk o
population) CD3* % 73,10+0,87 70,4x1,4 70,4+1,3 73,1£1,7
T-xennepsbl x 10°/n
CD3*CD4* x 109 0,97+0,06 0,90+0,04 0,86+0,05 0,96+0,07
T helphers % 45,70+1,19 44,3+1,6 45,8414 44,2414
CD3+*CD4* 0 01, 31, ,8%1, ,2%1,
T-unTorokeuyeckue % 10%n 0,52+0,03 0,53+0,04 0,44+0,03 0,60+0,06*
CD3'CD8* x 1091 VLD OVED A OUED,
Cytotoxic T lymphocytes o
cD3*CD8"* % 25,60+1,04 25,60+1,04 23,1%1,3 27,6+1,4*
T-«Ay6nb NO3UTUBHbLIE» x 10%/n
numMmdounTbl x 1091 0,009+0,007 0,030+0,004* 0,020+0,004 0,020+0,004
CD3*CD4*CD8*
“dubble positive” lymphocytes o .
CD3*CD4*CD8" % 0,54+0,31 1,10+0,15 1,30+0,25 1,10+0,15
B-numdouuTsl x 10%/n
cD19* x 109 0,24+0,02 0,23+0,02 0,23+0,02 0,28+0,03
B lymphocytes % 12,80+0,63 10,840,6 12,040,7 12,241
CD19
HarypankHbie kunnepe % 10%n 0,29:0,03 0,34+0,02 0,32+0,02 0,300,03
CD16*CD56* x 1091 I I e R
Natural killers 0 * *
CD16°CD56" % 14,00+0,87 18,3%1,5 17,03%1,15 14,1£1,5
CooTHOLWeHue
xennepbl-MHAYKTOPbI/
LMTOTOKCUYECKME paccu.en
numdpoumTLl CD4*/CD8” unit of 1,05£0,12 1,80,1 2.240,18 1,8£0,17
Ratio of helper-inducer account

MNpumeyaHue. n — konu4yecTBo ob6creayeMbIX B rpynne; * — AOCTOBEPHOCTb pa3nnyns napameTpoB y 60MbHbIX UccreayeMblX
rpynmn no cpaBHeHUIO ¢ rpynnoi koHTpons (p < 0,05); # — LOCTOBEPHOCTL pa3nMuuA NapaMeTpoB Yy GONbHbLIX C GoNbLWUM U
cpeaHuM pa3mepom onyxonu (p < 0,05).

Note. n, number of subjects in the group; *, reliability of the differences in the parameters of the patients of the studied groups
compared with the control group (p < 0.05); #, reliability of differences in parameters in patients with large and medium tumor size

(p <0.05).
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CUCTEMA KOMMJIEMEHTA KAK MAPKEP UMMYHHOW
AUCOYHKLUM NPU PACCTPOMCTBAX AYTUCTUHMECKOIO
CMNEKTPAY OETEN

Yepemunix E.I', IBanos ILA., ®akTop M.W., Yukuna E.JO.,
Huxnruna C.I'., Cumamkosa H.B., bpycos O.C.

Kpamxkue coobuienus
Short communications

OI'bHY «Hayunsiil yenmp ncuxuueckoeo 300poswvs» Poccuiickoii akademuu nayx, Mockea, Poccus

Pe3iome. M3BecTHO, 4TO ypOBeHb (PYHKIIMOHAIBLHOW AKTUBHOCTM CHUCTEMBI KOMILJIEMEHTa 3aBUCUT
HE TOJIbKO OT COOTHOIIEHMI M KOHIIEHTpalMii KOMIIOHEHTOB, YYaCTBYIOIIUX B 0Opa30BaHMU KOHEUHBIX
TIPOOYKTOB CUCTEMEI, HO ¥ OT YPOBHSI aKTUBHOCTUA MHTUOMTOPOB. TaK:Ke MHOTOUMCIICHHBIC B3aIMOCBSI3U
C TEMOCTAa30M BHOCST CYIIECTBEHHbBIN BKJIaJ B OOIIUI YPOBEHb aKTUBHOCTU CUCTEMbI KOMILIeMeHTa. [1pu
XPOHUYECKUX 3a00JIeBaHUSIX, COMPOBOXKIAIONINXCS AUCPETYISIIUeA UMMYHHOM CHUCTEMBbI, HEM30EXKHBI 13-
MeHeHUs B @QYHKIIMOHMPOBAaHNM CUCTEMBI KOMIUIEMeHTa. Bce Ticuxudyeckue 3a00jieBaHNST UMEIOT XPOHUYE-
CKUI1 XapakTep, a U3MEHEHUSI B UMMYHHOM CUCTEME y TaKMX OOJIbHBIX YCUJIMBAIOT UX TSKeCTh. PaccTpoiicTBa
ayTUCTUYECKOTO CITeKTpa y AeTeil SIBISIOTCS ICUXMUYeCKIMHU 3a0ojieBaHnusIMU. Kak mpaBmio, y TakKux geteit
BBISIBJISICTCS AUCPETYJISILUS 3allIMTHBIX MEXaHU3MOB, YTO MPOSIBISIETCS B Upe3MEPHON BOCIIPUMMYMBOCTHU
K BUPYCHBIM 1 0aKTepuaIbHBIM nHOeKIusIM. [ToaToMy ypoBeHb (DYHKITMOHATbHOM aKTUBHOCTH BCEM CUCTE-
MBI KOMIUIEMEHTA, KaK KJIF0YEBOTO 3JIeMEHTa UMMYHHOI CUCTEMBbI, UMEeT TUarHOCTUYECKYIO U IIPOTHOCTH-
YECKYI0 3HAYMMOCTb JIUISI 9TOM MaTOJOTHUH.

Hamu mpoBeneHbl ucciaenoBaHusl (yHKIIMOHAIBHON aKTUBHOCTU CHUCTEMBI KOMILIEMEHTa y OOJIbHBIX
paccTpoiicTBaMM ayTMCTMYECKOI'O CIIEKTpa ¢ IOMOIIbI0 paHee pa3paboTaHHOro mMeroma. MeTod oCHOBaH
Ha peaKIny IpocTermmx Tetrahymena pyriformis, KOTOPBIC SIBISIOTCS aKTUBATOPpaAMHU M MUIICHSIMM IJIsI CH-
CTeMBbI KOMITJIEMeHTa. B KauecTBe OCHOBHOIO ITapaMeTpa IpU OlIeHKe KOMILIEeMeHTa UCITOJIb30BaI MOTEH-
nuan komrmuieMeHTa — "CK. /st Kaxkmoro oopasna ChIBOPOTKU TIpU 4-X ee KOHLeHTpanusax (TUTpsl 1/20,
1/40, 1/80, 1/160) onpenensin BpeMst rTuGe Iy MOJOBUHBI TTpocTedmnx — Ts,, ¢ moMolbeo pubdopa «bro-
JgaT». [ToTeHIIMaa KOMILUIEMEHTa BBIYMCIISLIN KaK TUIOIIAIb, OTPaHUYESHHYIO KPMBOU 3aBUCUMOCTH BEJTMUYMHBI
obparHoii Ty, OT BeIUYMHBI 0OpaTHOU TUTPY CHIBOPOTKU. B cooTBeTcTBUM ¢ U-Kputepuem MaHHa—YUTHU
YCTaHOBJICHO pa3JInyre MEXIy TPYNIIOi 00JbHBIX M IPYIIITON 3M10pOBBIX o napaMmeTpy Ts, mpu Tutpe 1/160 —
Z=4,43,p<0,001 nmo mapametpy "CK — Z =5,8, p<0,001. ITapameTp "CK BBIYMCIICH C yIETOM pe3yIbTaTOB
MPY BCEX M3MEPEHHBIX KOHIIEHTPALIMAX CBIBOPOTKU, U Pa3inire MeXIy IBYyMs TpynramMu 1mo U-KpuTepuio
ManHa—YuUTHHU OOJIbIIIE, YeM Pa3IMIre MEXIY 3TUMHM TpyInamMu no mapametrpy Ts,. IToatomy nmapamerp "CK
TMPUHST HAMU B Ka4eCTBE OCHOBHOTO IToKa3aTeJst 001eit QyHKIIMoHaTbHOM xapaktepuctuku CK.

O1eHKY BKJIaJa Mja3MeHHOI COCTaBJISIIOIIEl TeMocTa3a B ypoBeHb (PyHKIIMOHAIbHO aKTUBHOCTH CUCTE-
MBI KOMIUIEMEHTA IIPOBOIMIIN C ITOMOIIBIO OIpeae/ICHUS ITOTCHIIMAIa KOMIIEMEHTA B CBIBOPOTKE U TLIa3Me
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JUIST KaXKI0ro obpasiia KpoBU y 6 GOJIbHBIX paCCTPOMCTBAMU ayTUCTHYECKOTO CITIEKTPa U 5 3M0POBBIX JOHO-
poB. J1J1s1 3MOpOBEIX pa3HUIIA TIOTCHIIMAJIOB KOMIUIEMEHTA B IJIa3Me U CHIBOPOTKE HEOOJbIIIAST 1 aKTUBHOCTH
KOMILJIEMEHTA Y BCeX BBIIIIE B Iia3Me, YeM B ChIBOPOTKe. 11 GOJIbHBIX YPOBHM MOTEHIIMAIA KOMILUIEMEHTA
B CBIBOPOTKE U IJIa3M€E OTIMYAIOTCS 3HAYUTEIbHO — Y 2-X OOJIbHBIX YPOBEHb BBIIIIE B CHIBOPOTKE, Y€M B ILJIa3-
Me, y 3-X GOJIbHBIX YPOBEHb B IIa3Me HAMHOIO BBIIIIE, YEM B CBIBOPOTKE. Pa3Hasi BOBJIEYEHHOCTh KOary-
nsauun B aktuBanuio CK MoXeT CBUAETEILCTBOBATh 00 OCOOEHHOCTSIX TUCGHYHKIUU UMMYHHOM CHUCTEMBI
y OOJILHEIX pacCTpONCTBAMH ayTUCTHISCKOTO CITEKTpa, MPUIMHBI 3a00JIeBAHII KOTOPBIX Pa3IMUHEL.

Karoueasnie cnosa: komnaemenm, ungysopuu Tetrahymena pyriformis, hoocuem kaemok, aymu3m, UMMYHHAS! OUCPYHKUUS,
Koazyaayus

COMPLEMENT SYSTEM AS A MARKER OF IMMUNE
DYSFUNCTION IN CHILDREN AUTISM SPECTRUM
DISORDERS

Cheremnykh E.G,, Ivanov P.A,, Factor M.I,, Chikina E.Yu,,
Nikitina S.G., Simashkova N.V., Brusov O.S.

Mental Health Research Center, Russian Academy of Sciences, Moscow, Russian Federation

Abstract. It is known that functional activity of complement system depends not only on balance and
concentration of components participating in formation of the system end products, but also on levels of
inhibitory activities. Numerous relations with hemostasis also substantially contribute to general level of
complement system activity. Changes in complement system functioning are inevitable during chronic diseases
accompanied with immune system dysregulation. All mental diseases tend to be chronic and are they aggravated
by patients’ immune system changes. Autism spectrum disorders in children is a group of mental disorders.
Immune system dysregulation is usually detected in such patients, manifesting as excessive susceptibility to
viral and bacterial infections. Therefore, the level of its functional activity is diagnostically and prognostically
significant in this pathology, since the complement system is a key element of immune system.

We have evaluated functional activity of complement system in patients with autistic spectrum disorders,
using the method which was developed earlier. It is based on the reaction of the protozoa (7Tetrahymena
pyriformis) which are both targets and activators for the complement system. The complement system capacity
(¢°SC) was used as the main parameter of complement evaluation. The half-time of protozoa survival (Ts,) was
defined using the BioLat device for each serum specimen added at four concentrations (1/20, 1/40, 1/80, 1/160
dilution). The complement capacity was calculated as the area enclosed by influence curve of the reciprocals of
T, and the serum dilution. According to Mann—Whitney U test, the difference between patients’ and healthy
volunteers’ groups was established as Z = 4.43 (by Ty at 1/160 dilution), p < 0.001 and by °SCas Z = 5.8,
p < 0.001. <SC was calculated from the results obtained at each serum concentration measured. The difference
between the two groups according to Mann—Whitney U test appeared to be more significant than the difference
according to Ts,. Therefore, °SC was taken as the main characteristic of complement system function.

The contribution of hemostasis plasma components to complement system functional activity level was
estimated by determination of complement capacity in plasma and serum of each blood sample from 6 patients
with autism spectrum disorders and 5 healthy donors. All healthy donors showed small difference between
plasma and serum complement capacity, and their complement activity was higher in plasma. In patients’
group, the complement capacity levels in plasma and serum differed significantly. The <SC levels of two patients
were higher in serum than in plasma, and the °SC levels of three other patients were significantly higher in
plasma than in serum. Differential involvement of coagulation into the complement system activation may be
indicative for the immune system dysfunction which is observed in patients with autistic spectrum disorders of
different etiology.

Keywords: complement, infusoria Tetrahymena pyriformis, cell counting, autism, immune dysfunction, coagulation
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BBeneHue

CoBpeMeHHBIE TIPEACTABICHUS O PO U (HyHK-
nusix cucrtembl komiuieMeHTa (CK) omnpenensior
ee Kak ObICTporo U 3(h¢heKTUBHOrO opraHu3atopa
UMMYHHBIX pPEaKLU1iA, BHOCIIUErO CYLIECTBEHHBIN
BKJIag B romeocta3 [10]. MHorouyucieHHble (PyHK-
our CK peanmsyiorcs ¢ y9eToM TOYHON HaCTpOMKM
TMOJIOKUTEIBHBIX U OTPULIATEIbHBIX OOPATHBIX CBSI-
3€ii, KaK B paMKaX CaMOIi CUCTEMBI, TaK U 3a CUET €€
BHEIIHUX B3aUMOIEVCTBUI C APYTUMU YYaCTHUKAMU
3alIUTHl BHYTPEHHEH CpeIbl OpraHmu3Ma.

CyI1iecTBOBaHNE B CIIOKHBIX CHCTeMaX ITOJIOXKM-
TEBLHBIX OOPATHBIX CBI3EH IMIOTEHIINAIBHO SIBIISICTCS
YIpo30ii TaK Ha3blBaeMOro TPUITEpHOTO 3(ddekTa,
Koraa HeOoJIbIlIoe U3MEHEeHMEe OajlaHca YYaCTHUKOB
CHCTEMBI BBI3BIBACT €€ MePECKOK Ha HOBBIN YPOBEHbD
GyHKUMOHMpOBaHUA. IJIsT TOCTIKEHMSI TOMeocTasa
M, COOTBETCTBEHHO, /IS BEKUBAEMOCTU B CJIIOXKHOM
CUCTEME OpraHu3My YyeioBeKa HeOOXOAMMBI peryJisi-
TOPHBI B Y3JIOBBIX TOUKAX, CHUKAIOIINE PUCK HEKOH-
TPOJIMPYEMOTO POCTa aKTUBHBIX KOMIIOHEHTOB. YpO-
BeHb (pyHKIMOHaNbHOW aktmBHOCTH CK 3aBHMCHT
HE TOJILKO OT COOTHOIINEHWIA I KOHLIEHTPALIiT KOM-
TMIOHEHTOB, YYaCTBYIOILIMX B 00pa30BaHUM KOHEUHBIX
MPOAYKTOB CUCTEMBI, HO U OT YPOBHSI aKTUBHOCTH
MHTHONTOPOB. Takske MHOTOUMCIICHHBIE B3aUMOCBSI-
31 ¢ TEMOCTa30M, KWHHWH-KAJJIMKPEMHOBOM CHUCTE-
MO ¥ UMMYHHBIMHM KJIETKAMH BHOCSIT BKJIad B 00-
it ypoBeHb akTuBHOCTHM CK. Ilpu XxpoHMYeCKUX
3a00JICBAaHUSIX, COIPOBOXIAIOIINXCS TUCPETYIISIIIN-
el UMMYHHOM CHUCTEeMBbl, HEM30eKHBI W3MCHCHMUS
B dyHkimonuposanuu CK.

Bce micuxuyeckue 3abojieBaHUS MUMEIOT XPOHU-
YEeCKMI XapaKTep, a UBMEHEHUS B UMMYHHOM CU-
cTeMe y TaKuX OOJIbHBIX YCHMJIMBAIOT WX TSDKECT.
CyIiecTBYIOT ~ MHOTOYHMCJICHHBIC  HCCJICIOBAHUS
C WCTOJIb30BaHUEM WMMYHOMOMYJISITOPOB MPpU Jie-
YeHWHU IN30(PPEHNMN, KOTOPBIE IIPUBOMIST K CTOMKOMN
pemuccum [2].

PaccrpoiictBa aytuctudeckoro cmekrpa (PAC)
y IeTel TakKe SIBJISIIOTCS IICUXUYEeCKMMU 3a00JIeBa-
HUSIMU, TSI KOTOPBIX XapaKTepHO aHOMAaJbHOE IT0-
BEIEHUE, TPYAHOCTb COLMAJIbHON KOMMYHMKALUU,
CyXXeHHEe MHTEPECOB M MHOTOKpPAaTHOE IOBTOPEHUE
noBeacHYECKMX aKToB. PAC 4acTo cormpoBoXmaloTCst
SIIUJICTICUEH, IeTIPECCUE, TPEBOKHBIM COCTOSTHUEM
W TUIICPAKTUBHBIM pPaCCTPOMCTBOM C Ie(PUIIMTOM
BHUMaHUs. Kak mpaBuio, y Takux IeTeil BhISIBIISICT-
CSl IUCPETYJISIIIUS UMMYHHOIM CUCTEMBI, IETU C 3TUM
3a00JIeBaHIEM YpEe3MEPHO BOCIPUMMYNBEI K BUPYC-
HBIM W OaKTepUaJbHBIM WH(MEKIUSIM, U4TO CBHUIC-
TEIBCTBYET O HAPYIICHUSX B 3alIIUTHBIX MeXaHN3MaX
OpraHu3Ma, B TOM YHMCJIE U B CUCTEME KOMILJIEMEHTA.
I[TosToMy ypoBeHb (PYHKIIMOHAJIBbHOI aKTHMBHOCTU
CK mMeeT AMarHOCTUYECKYIO M IPOTHOCTUIECKYIO
3HAYMMOCTb JIJIS1 3TO# naroaoruu [8, 12].

Kak mpaBuno, CK olieHUBaIOT MO KOJUYECTBY
OTAETbHBIX €€ KOMIIOHEHTOB — Hamnpumep, C3, C4,
C5, 4TO He MOXET CIyXUTh OOIlel XapaKTepu-
CTUKOU (PYHKIIMOHATBHON aKTUBHOCTU CHUCTEMBI.
B cBg3u ¢ atM HamMu ObL1 pa3paboTaH KoJjude-
CTBEHHBII METONlT U METOAMKA OTIpeAeIeHUs] O0IIei
dyHkuuoHanbHoI oleHku CK [3, 4]. Kpome Toro,
JUTS OompeaesieHus] BKJIaJa reMocra3a B YPOBEHb
dyHkuroHanbHOM akTuBHOCTU CK paspaboTtaH me-
TOoJ IJist olleHKu B3auMogeiictBust CK 1 remocrasa,
TepBbI€ PEe3YJILTAThI ITOTO MCCIETOBAHMS TTPEICTaAB-
JIEHBI B HACTOSIIIEN CTaThe.

Matepuans! u MeTogbl

Ouieaky CK B CHIBOPOTKE KPOBH IIPOBOIIIIN
aast rpynnbl 64 6oabHbIX aeteit ¢ PAC (merckuii
ayTu3M, nH}aHTWIbHBI nicuxo3 — F84.02) B Bo3-
pacte oT 3 H0 15 JIeT ¥ KOHTPOJBHOM I'PYMITHI B 28
COMAaTHMYEeCKM M IICUXWYECKH 3IOPOBBIX HETEH,
COITOCTAaBUMBIX IO Bo3pacTty. CpaBHEHHS MEXIY
rpynnamMm IIpoOBOIMJIM B IIporpaMme Statistica 7.0
C HCHOJBh30BaHWEM HeEIapaMeTPUICCKOro MeToma
MaHnHa—VYuTHU.

Yposenr B3aumoneiictBusg CK u koarymsmn
OolieHMBa/IX B Ipyiine 0onbHbIX aeteit ¢ PAC (6 ue-
JIOBEK) IIPY CPAaBHEHUM C TPYMIION 3MOPOBHIX B 5 Ue-
JoBeK. st 3Toro cpaBHUBAIM (PYHKIMOHATbHYIO

1/Tgy , MUK

1/Tgy , mint
0,1
0,09
0,08
0,07
0,06
0,05
0,04
0,03
0,02
0,01
0

0 20 40 60 80 100 120 140 160 180
(Tutp cbiBopoTKM) ™" / (The serum titer)!

PucyHok 1. Mpumep BbluncneHus noteHuuana CK

OaHHble Ana npymepa BbluMcreHns noteHumana CK
(TuTp cbiBOPOTKK)! 20 40 80 160
Tso, MUH 10,61 | 26,77 |49,86 |110,87
1/T 5o MUH! 0,094 0,037| 0,02 0,009

"CK =S1+S2+S3 = (a+b)/2*20+ (b+c)/2*40+ (c+d)/2*80 = 3,6
(MuH 'Y TTp )

Figure 1. Example of calculating the SC potential SK

Data for the example of calculating the potential of SC
(The serum titer) 20 40 80 160
Tso, Min 10.61 |26.77 |49.86 |110.87
1/T5, min 0.094( 0.037| 0.02 0.009

°SC = S1+S2+S3 = (a+b)/2*20+ (b+c)/2*40+ (c+d)/2*80 = 3,6
(min-" Y titer")

775



Yepemnvix E.I. u dp.
Cheremnykh E.G. et al.

Meduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

akTuBHOCTH CK B CBIBOPOTKE U IJ1a3Me JJIs1 KaxXA0ro
obOpasiia KpoBMU.

Merton oueHkn CK ocHoBaH Ha peakliu ruoeun
npocreimux — uHby3opuit Tetrahymena pyriformis
(mramm WH14 xonnekuusi Beepoccuiickoro HUN
BeTtepuHapHOIi cCaHUTApUU U PKOJIOTUHN) TIPU 10OaB-
JICHUM CBIBOPOTKU, pa3BeAeHHOI B OydepHOM pac-
TBOpe ¢ tutpom 1/20, 1/40, 1/80, 1/160. Hdug kax-
IOl KOHIICHTPAIINX CHIBOPOTKU OIIPEICIISIIN BpEeMsI
ru6enu nmogoBuHkbI (Ts,) OT HaYaJIbHOTO KOJIMYECTBA
KJIETOK.

B kxayecTBe OCHOBHOIO ITapaMeTpa MpU OLIEHKE
CK ucnonszoBanu noreHuuain CK (puc. 1). IToteH-
nuan CK ("CK) BEMHCIISIIN KaK IUIOIIAIb, OTpaH-
YEHHYIO KPMBOU 3aBUCUMOCTH BEJIMYMHBI 00paTHOM
BpeMeHM rubesu MooBUHBI pocreiimx 1/Ts, MuH"!
OT BEJIUYMHBI OOPATHON TUTPY CHIBOPOTKHM, T.€. KO-
appunumenra pasBeaeHus. Ha pucyHke 1 mokasaH
npuMep BerumciieHus moreHuuanma CK kak cymmbl
njolanen 3-x Tpaneuui.

Bce olieHKM mpom3BOAMIN Ha OCHOBAHUM IIOJI-
cyeTa KOJIMUeCcTBa MpocTeiriinx Ha npudope «buo-
Jat» [5] npu BO3AeHCTBUM HAa HUX PacTBOpa ChIBO-
POTKY VI TIa3MBl.

PaHee B kauecTBe OCHOBBI Oydepa ObLIT UCIIOJb-
30BaH TPHUATAHOJIAMWUH, HO, BBHUIOY HEBBICOKOI
CTaOMJILHOCTM 3TOrO0 peakTHBa, OH OBbLI 3aMEHEH
Ha TpuUcC-(ruapokcuMeTwi)-aMuHoMetran (Tpuc),
TUTPOBAHHBII KOHLIEHTpUpoBaHHOU Kuciaotoii HCI
no pH = 7,5. bybepHsiii pactBop BriItodan 0,03 M
Tpuc, 2,5 MM Ca**, 1,5 mMMg**, 0,05 MNa*. Bce
peakTuBbl (pupMbl Sigma.

Pe3ynbTathl 1 00CYyXaeHe

VY 43 6onpHBIX PAC 13 64 TIpy TUTPE CHIBOPOTKU
1/160 B GydepHoM pacTBOpe mapameTp Ts, yBeJH-

YeH M, COOTBETCTBEHHO, CHIDKeH moreHuman CK.
B rpymnmne 310poBbIX TONBKO Y 5 U3 28 4Yel0BEK 3TU
rnmapaMeTpbl OTJMYAIOTCS OT HOpMaJibHBIX. [lomy-
YeHHBIe pe3yabTaThl Ts, TPy TUTPe ChIBOPOTKHU 1/160
u BerurcieHHbie "CK 11t ABYyX TpyIIIT TTOCJIe CTaTH -
CTUYECKOU 0O6pabOTKM IpencTaBiIeHbI B Tabauile 1.

B cootBeTcTBUM ¢ U-KputepuemM MaHHa—YUTHU
YCTAaHOBJICHO pa3jInyve MEXIy TPYMIIoN OOJbHBIX
M TPYIIION 3M0POBBIX 10 nmapameTpy Ty, (0,625%) —
Z=4,43, p <0,001 u mo mapametpy "CK — Z = 5,8,
p <0,001.

IMTapameTp "CK BBIUKCIIEH C YUETOM PE3yJILTATOB
MIPpY BCEX U3MEPEHHBIX KOHIICHTPAIIUSIX ChIBOPOTKMU,
U pa3inuue Mexay AByMs rpynnamu rno U-Kpurepuio
ManHa—YuTtHu 6oJibliie, YeM pa3inyue MexXIy dTH-
MU I'pyIIiaMu 1o napametpy Ts,. [ToaToMmy napameTp
1CK npuHST HaMU B KauyeCTBE OCHOBHOTIO ITOKa3aTe-
JIs1 o011Iel PYHKIMOHAbHOU XapakTepucTuku CK.

AxtuBanusg CK B pacTBopax CBIBOPOTKM KpPOBH
TIPOMCXOIUT BCJIEICTBUE B3aMMOACUCTBUS ITYCKOBBIX
kommioHeHTOB CK ¢ nmentunorinkaHaMu KJIETOUHON
cteHku uHy3opuii. Koneunsie npoayktel CK —
MeMOpaHHO-aTaKylolle KOMIUIEKChI, 00pa3yIol-
ecsT Ha MeMOpaHe IIPOCTCHINMX, SBIISIFOTCS IIPUIN-
HoOI ux rudenu [1].

K cucreme xoMrmemMeHTa oTHOCST Oojiee 40 Oerr-
KOB — 3(P@EeKTOpOB, UHTUOUTOPOB U PELEIITOPOB,
pacTBOPUMBIX M JIOKAJM30BaHHBIX Ha MeMOpaHax
KJIETOK KPOBU. DTa KacKamHasl MPOTEOJIMTUYeCKast
cucTeMa, UMeeT 3 TTyTH aKTUBAIIMY — KJIACCUIECKUM,
JIEKTUHOBBIN U ajibTepHAaTUBHbINA. Kaxnblii mocie-
IyIOMW (DEPMEHT CUCTEMBI SIBJISIETCS CyOCTpaToM
MPEeAbIIYIIero, aKTUBUPOBAHHOTO ITPOTEOIU30M
VI KOMILUIEKCOBAaHUEM C IPYTMMU KOMIIOHEHTAMU.
Bce Tpu myTu NpuBOAAT K 00IIel Touke — (pepMeH-
TaTUBHOM peaklMy oOpa3oBaHUS U3 MpodepMeHTa

TABIULA 1. PE3YNbTATbI OLIEHKW ®YHKLMOHANIbHOW AKTUBHOCTU CUCTEMbI KOMMNNEMEHTA
TABLE 1. RESULTS OF THE EVALUATION OF THE COMPLEMENT SYSTEM FUNCTIONAL ACTIVITY

Mpynna 6onbHbIX PAC (64) KoHTponbHas rpynna (28)
Group of patients with RAS (64) Control group (28)
MNapameTp T,, Npn TUTpe T, Npyn TMTpe
Parameter cbiBopoTku 1/160 "CK cbiBOpPOTKM 1/160 "CK
Tso with a titer °SC Tsowith a titer °SC
sera 1/160 sera 1/160
Meaunana 91,4 5,45 56,6 7.8
Median
Qs 62,6 4,35 457 6.9
Q0.25
Q75 120 6,3 711 10,6
Q0.75
Makcumym 200 14,5 107,5 21,6
Maximum
MuHumMym 28.3 28 28,1 4,6
Minimum
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C3 y3noBoro komnoHeHta CK — C3b u aHapwuna-
TokcuHa C3a.

ITyckoBBIe KOMITOHEHTHI KaXXKIOr0 M3 IMyTel aK-
TUBaALlUM: B KJlaccuyeckoM nytu — Clq, B JIeKTuU-
HOBOM — MBL. AnkrepHaTUBHBINA IIyThb HAYMHAET-
csa ¢ B3aumogelicteus C3 ¢ aunornoaucaxapuaaMu
MeMOpaH maToreHoB. CyIlecTBYeT TakxKe CIIOHTaH-
Hbll ruaponus C3, mpoaykTt kotoporo C3b(H,0),
o0beauHssich ¢ pakrTopom B (pB), ruaponusyer C3
1o C3au C3b, a C3b coBmecTtHO ¢ Bb MoxeT ruapo-
au3oBath C3, TeM caMbIM peaaTu30BbIBasT MOJOXKU-
TeJbHYIO oOpaTHylo cBsA3b. benku C2b, C3a, C4a,
C5a — ocTaTku mocJie IpoTeon3a aKTUBHBIX KOMIIO-
HEHTOB, TaKXe SIBJISTIOTCS YYaCTHUKaMM OOILei Cu-
CTeMBbI roMeocTa3a B KpoBHr. O0s13aTeIBHBIM YCIOBH-
€M IS CUCTEM C MOJOXUTEIbHOI 00paTHON CBI3bIO
SIBJISICTCST HAJIMIe MHTUOMTOPOB B Y3JIOBBIX TOUKAX
cuctemsbl. Ing CK TakuMyd WHTMOUTOpaMU SIBJISI-
I0TCSl O€NKU CepIMHbl — MHTMOUTOPBI CEPUHOBBIX
npoteas: mist Cl — naruoutop CI1INC, mmg C3b —
dakTop I coBMectHO ¢ ¢aktopom H n C4BP. Ux
KOHIICHTpAIIMsI MOXKET CYIIIECTBEHHO M3MEHSTh pe-
3yJIBTUPYIOIIYIO (PyHKIIMOHAbHYI0 akTUBHOCTH CK.

Konuenrpanust B ceiBOpoTKe nmpodepmenTta C3
camast BeIcoKas cpenu Bcex KomroHeHToB CK, u ata
KOHILICHTpalys BhIlIe, yeM KoHleHTpauusa C4 B 2,4
pasa, a miusa C2 B 35 pas! [6]. [TockoIbKY MOJOXKU-
TeabHast obOpaTHast cBsi3b CK BKJIOYaeT y310BOM
KoMITOHEeHT — C3 ¢ ero yBeJIMYeHHOI KOHIIEHTpa-
e, HeoOXOIUM PEeryisiTop, He TMO3BOJSIOUINIA
CHUCTEME YPe3MEPHO YBEJIMYMBATh KOHEUYHBIN IpPO-
IYKT — MeMOpaHy aTakyomuii komruieke (MAK).
OcHOBHOI1 MHTMOUTOP 3TOro 3BeHa, pakTop 1 (Ppl),
B mpucyrctBun ¢akropa H (pH) m umarHOUTO-
pa C4BP pacuienisier aktuBHbIA depmeHT C3b
Ha ¢parmenTsl, iC3b, C3d, C3c, KkoTopble B3aMO-
JIECTBYIOT C pelenTopaMu KJIETOK KPOBU, BKITIOUA-
IOT UX BHYTPUKJIETOUHbBIC MTYTU CUHTE3a IIUTOKMHOB
W JIPYTUX CUTHAJIBHBIX MOJICKYJ. TaKmM 0Opa3oM,
OT 3TOr0 WHTMOMPOBAHUS 3aBUCAT MOTCHIUAIBI 2
nyTeit mocie tuaposm3a C3:

— oOpa3oBaHME MOJIEKYJ, 00eCIIeUnMBaIOINX B3a-
nmopeirictue CK ¢ HefiTpoduiaMu 1 MOHOLIUTAMM,

n n P P
CKB nnasve — CKB CbIBOPOTKE / SCm plasma SCm serum

Ne nauuenTa / Patient's number

a TakKe HaTypaIbHbIMU KWJIJIEpaMU, IeHIPUTHBIMUA
M Ty4HBIMU KieTKamu, B u T-numdonunramu;

— TEPMHUHAITLHBIN ITyTh CUHTE3a KOHEYHOTO TIPO-
nykTa komriemeHta — MAK.

Oxa3spIBaercs, uTo y Aereit ¢ PAC KoHIIEeHTpauun
oI, dH u Clq Beilre, 4yeM y NCUXUIECKU 3T0POBBIX
nereit [9], a, caemoBaTeIbHO, KOJTMISCTBO KOHEUHBIX
npoayktoB CK — MAK yMeHbII€HO, U TIpU 3TOM
yBeJINM4YeHO KoaudecTBo (pparmMeHToB C3b — iC3b,
C3c, C3d. CinenctBueM Takoit 0COOEHHOCTH JaHHOM
MaToOJIOTUH SIBJIsSIeTCSl nucbalaHC UMMYHHOI CHUCTe-
MBI, KOTOPBII IIPOSIBIISICTCS B YBEIMYCHHOMN UyB-
cTBUTENbHOCTU 60bHBIX PAC K BUpYCHBIM U 6aKTe-
pUaTbHBIM UHMEKIIUSIM.

Pe3ynbraThl HACTOSIIIETO UCCIEI0BaHUS MOKA3bI-
BalOT, YTO B IpyIIie OOJbHBIX AETEH CHMXKEHA (PyHK-
nuoHaiabHas akTUBHOCTE CK, T.e. KOJIMYeCcTBO KO-
HedHbIX TpoayKToB CK yMeHbIleHO ¥ 67 % GONBHBIX
0 CPAaBHEHMIO CO 3MOPOBBIMU. DTOT Pe3yJIBTaT 0CO-
GEHHO BBIPaXXeH MPU TUTPE ChIBOPOTKHU 1/160, a BbI-
YUCJCHHBIN MOKa3aTeIb — MOTEHIIMaI KOMIUIEMEHTa
TakKe ITOCTOBEPHO OTIMYAECTCS MEXOy TIpyHIIaMu
OOJIbHBIX M 3M0POBBLIX. M eciu y4yecThb UBIUIIHIOI
BOCIIPUUMYHMBOCTDh K BUPYCHBIM MHMEKIINSIM 00JIb-
HbiX PAC, To sl ycrienrHoro ¢arouTosa rnarore-
HOB Y 3THX OOJIBHBIX HET JOCTATOYHOTO KOJMYECTBA
CIJIbHBIX ONCOHMHOB C3b 1 JIUTUUECKUX KOMILJIEK-
coB MAK. ®parmenTsl iC3b, C3¢c 1 yBeIUdeHHbIE
KoymmyecTBa MojeKyn Clq IMpMBOIAT K M3IUIITHEN
HecOaJaHCUPOBAHHOW aKTUBAllMM WMMYHHOW CHU-
CTEeMbl. YMEHBIIIEHUE KOJUISCTBA KOHEUYHOTIO IIPO-
nykta CK (MAK), HemocpeACTBEHHO yOUBAIOIIIETO
Yy>XKepOIHbIe O0BEKTHI B KPOBHU, SIBJISICTCS (hDaKTOPOM
pHYCKa MO OTHOIICHUIO K 3alllMTe OT OaKTepUaTbHBIX
areHTOB.

Ho yBenmmueHHass akTWBHOCTH ¢l — mposBie-
HUE CUCTEMHOIrO peryJupoBaHUsI rOMeocTasa, TakK
KakK TIpY BBISIBIEHHOU y 00abHBIX PAC m3nuiHeit
aktTuBHoctu Clq, BO3MOXHO, OOYCJOBJIEHHOI Te-
HeTndyeckuMu (akropamu, CK MoXeT MmoBpexIaTh
COOCTBEHHBIC KIIETKM OpraHM3Ma. YCTaHOBJICHO
[11], yTO B MOCTHaTaIbHOM CO3pPE€BAaHUW CUHAIITU-
YEeCKUX CeTeil — «00pe3Ka CUHAIICOB» — IIPUHUMACT

! n P P
CKB nnasve — CKB CbIBOPOTKE / SCin plasma — SCin serum

5 B BN e
T2 3 4

Ne goHopa / Donor's number

-

PucyHok 2. PaszHocTb noteHuuanoB CK B nnasme u cbiBopoTke KpoBu: A — 6onbHbix PAC, B — 300poBbIX JOHOPOB
Figure 2. Difference in SC potentials in plasma and serum: A, patients with RAS; B, healthy donors
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HerocpeacTBeHHoe ydactue Clqg, u ero yBeJandyeH-
HBIe KOHIICHTpPAlliM MOTYT IIPUBOIUTH K HEBEPHOI
HacTpoiike HeWpOHHBIX cBsa3ei. Takum oOpazoMm,
TeHEeTUYECKHU IIPEeAOIIpeacIeHHOE YBEINUCHHOE KO-
JIMYECTBO MOJIEKYJI ImycKoBoro aneMeHTa CK sBisi-
eTCsI IpUIMHOM nrcbanaHca He TOJBKO B UMMYHHOM
CUCTEME TaKUX OOJIbHBIX, HO U IPUYMHOMN (DyHKIINO-
HaJIbHBIX U3MEHCHHI B MO3T¢.

J1s1 olieHKU ypOBHSI U CyMMapHOW HampaBJieH-
HOCTU (PyHKIIMOHaNbHBIX cBszelt mexnay CK u on-
HOW M3 COCTaBJIAIOIIMX TEMOCTa3a — KOaryJsauueu,
HMCTIOIb30BaJIA BEMUCIICHUS Pa3HOCTH MOTEHIINAIOB
CK B m1a3mMe ¥ CBIBOPOTKM OJHOTO U TOTO 3Ke 00pa3-
11a KPOBH.

VYposenb B3ammopeiictBusa CK u koarynsoun
J71sT 6 GOJIBHBIX U 5 310POBBIX TTOKA3aHbI HA AUarpaM-
Max pUCyHKa 2.

ToMeocTas opraHu3Ma 3aBUCUT OT MHOTUX B3au-
MOACHCTBYIOIINX (haKTOPOB, B TOM UMCJIE YPOBHE
aKTUBHOCTM TIyTel KOaryJasliMy, CBsI3b KOTOPBIX
¢ CK mHororoueuHa u aByHaripasieHa [7]. CBs3b
reMocTasa 1 KOMILJIEMEHTa HaCTOJIbKO IIOTHAsI, YTO
OHU pacCMaTpUBAIOTCS KaK eauHas CUCTeMa CepH-
HOBBIX IIpoTea3. DTa CHUCTeMa MMeeT BaKHeEMIee
3HavYeHue sl 3(pheKTUBHOI 3aIIUTHI OT TTATOTEHOB,
a TakxKe TIpU TpaBMax OT KPOBOTEUYCHUS M BHEAPESHUST
MHUKPOOPTraHW3MOB B paHy. Ho B CBsI3W ¢ Hajmuduem
M B KOMIUIEMEHTE, M B I'eMOCTa3¢ MOJOXUTEIHbHBIX
00paTHBIX CBS3EU IpU COOSIX B UMMYHHOM OTBETE
BO3MOXHA HEKOHTPOJIUPYeMasl aKTUBAIIMs HE TOJIb-
ko CK, HOo u koarymsiuuu. Tomeoctas BO MHOTOM
omnpenessieTcsT YCTOMYMBOCTBIO 3TUX CHCTEM, T.C.
OT cOaJlaHCUPOBAaHHOCTU aKTUBAaTOPOB W MHIUOU-
TOPOB, MHOTHE M3 KOTOPHIX yuyacTByIoT 1 B CK, n B
Koaryiasauuu. HapyiieHus OajaHca MOTYT ompene-
JIIThCS HACJIEACTBEHHBIMU NMPUIMHAMM VUTUA STIUATE-
HETUYECKUMM WU3MEHEHUSIMU SKCIIpeCCHU OEIKOB,
M3-3a HeOJIarorpusTHOTO BO3IEMCTBUSI Ha OPraHU3M
BHEITHUX (haKTOPOB. IJIST OLIEHKU pe3yJIbTUPYIOIIe-
ro ypoBHs B3anmopeiicteust CK u Koaryiasanmm HaMu
HaJvaThl MCCIeOOBaHUS (OYHKIIMOHAIBHOW aKTHUB-
HOCTH KOMILJIEMEHTA B CBIBOPOTKE M TLJIa3Me KPOBH,

Cnncok nutepaTtypsbl / References

rae, kpoMme KomrioHeHToB CK, mpucyTcTByoT (hep-
MEHTBHI ITyTeil KOaTyJISIINU.

IMpu akruBauuu CK B 11azme B 3Ty CUCTEMY BO-
BJICKAIOTCSI aKTUBHBIC KOMITOHEHTHI ITyTEH KOAaTyJIsi-
LM, U pa3Hulla B pe3yibrarax olieHku CK B mia3zme
¥ CBIBOPOTKE MOXET OTpakaTh YPOBSHb B3aMMOICIi-
ctBusg CK u koaryasinuu.
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HaIpuMep, 3TO MOTYT ObITb T€HETUYECKU OOYCI0B-
JICHHBIC WJIV TIOCTHATAILHO NEUCTBYIOIINE (haKTOPHI
Ha pa3BUBAIOIINIICS OpraHU3M peOeHKa.

BbiBOAb

Jns oueHKM (pyHKLMOHaAbHOI akTuBHOCTH CK
Hanboaee MHAMOPMATUBHBIM SBJISICTCSI PacCUMTAH-
HBIU 11O 4-M N3MepPEHHBIM TUTPaM CHIBOPOTKHU ITOTEH -
uaj cucteMbl KoMiuieMeHTa — "CK (MuH™! x TTp™).

Ipynma u3 64 neteii, 60abHBIX PAC, cTatucTuye-
CKHU JOCTOBEPHO OTJIMYAETCS OT IPYIINbI 3T0POBBIX,
a cHmxeHue "CK y 67% G0JIbHBIX MOXET CBUAETEb-
CTBOBATh O AMcOalaHCe B UMMYHHOM CUCTEME, KOTO-
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ce CJIeOyIoIIero 3Tala HallluX MCCIeAOBaHUI OymeT
oxapaKTepr30BaHa C 1eJIbI0 TTOJTyYeHUsT HOBBIX Map-
KepoB aucOajiaHca UMMYHHOM CUCTEMBI.
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Kpamxkue coobuienus
Short communications

Pesiome. [upKynupymoliue ayToaHTUTENa, Pacllo3HAIONIe PaKOBO-CETYaTOYHbBIN ayTOAHTUTEH PEKOBe-
puH (RCVRN-AyTOAT), IBASIIOTCSI BEICOKOCIIELIM(PUUHBIMU OIOMapKepaMi paKOBO-aCCOLIMMPOBAHHOM pe-
TUHOTIATUU; B TO K€ BPEMSI OHU TaKXKe MOTYT BBISIBJISITHCSI Y 3HAUMTEIbHOTO YKCJIa TAIUEHTOB C OMYXOJISIMU
HEKOTOPBIX JIOKAJIM3AIINii, HE COMPOBOXAAIONIMMUCS BO3SHMKHOBEHUEM PETUHOIATUU. B HacToseM uc-
CJIEIOBAaHUM MTPU ITOMOIIHU A0T-0JI0T UMMYHO(MEPMEHTHOTO aHaIu3a U BecTepH-0J10T aHaIU3a LIUPKYIUPYIO-
mue RCVRN-AyToAT 6butn BeisiBIIeHBL Y 4/7 (57 %) nallMeHTOB C OITyXOJISIMU IMUTOBUAHOM XeJie3bl (I112K),
MPUHAIIEXAIIUMU K HEJABHO BBINIECJICHHBIM B OTAEIbHYIO TUATHOCTUYECKYIO KAaTETOPUI0 HEMHBA3UBHBIM
dommukynsgpHeiM onyxossim 2K ¢ sapamu nanwuisipHoro tuna (NIFTP); npu aTom B apyrux uccieno-
BaHHbIX rpymnax onyxoJjei 2K yactora BctpeuaeMoct RCVRN-AyTOAT Obliia HU3KOM ((ONTUKYISIPHBIE
ageHoMbl — 0/15, k1accmyeckuii U (OUIMKYJISIPHBIA BapUaHThl HanuuisipHoro paka — 1/20 (5%) u 1/15
(7%) cOOTBETCTBEHHO) M 3HAYMMO He OTIMYaIach OT TAKOBOM B IpymITe 310poBbiX uHAMBUAOB (0/15). [Tomy-
4YeHHbIE HAMU JaHHBIE TTO3BOJISIOT paccMaTtpuBaTh HUpKyaupyoirue RCVRN-AyToAT kKak MOTeHIMATbHBIN
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ouomapkep NIFTP, no3zBosistomuit nuddepeHIIMpoBaTh 3TU OIMYXOJU OT APYTUX OMYXOJEBBIX MOPaKeHUN

XK.

Knrouegwie crosa: PEKoeepuH, aymoanmumena, pa/coeo—cemwmotmbtb? AHMUCEeH, HeUHBA3UBHble ¢0/I/IL{Ky/lﬂprl€ onyxoau
mumosudﬁo[l Jicenesnl c;zdpamu nanuaiiapHoeo muna, ugumoeuaﬁaﬂ Jeeaesa, paxk M{leOBLIaHOLlV Jcenesnl

DETECTION OF AUTOANTIBODIES RECOGNIZING CANCER-
RETINA ANTIGEN RECOVERIN IN BLOOD OF PATIENTS WITH
NON-INVASIVE FOLLICULAR THYROID NEOPLASMS WITH
PAPILLARY-LIKE NUCLEAR FEATURES (NIFTP)

Belousov P.V2 Bobrovskaya Ya.l.C, Bogolyubova A.V.*?, Sazykin A.Yu.¢,
Shebzukhov Yu.V.5, Schwartz A.M.?, Lanshchakov K.V .4,
Vanushko V.E., Kuprash D.V.2¢, Abrosimov A.Yu.>®

@ Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, Moscow, Russian Federation
b National University of Science and Technology “MI1SiS”, Moscow, Russian Federation

¢ Lomonosov Moscow State University, Moscow, Russian Federation

4 Central Clinical Hospital of the Russian Presidential Administration, Moscow, Russian Federation

¢ National Medical Research Center for Endocrinology, Moscow, Russian Federation

Abstract. Autoantibodies recognizing the cancer-retina autoantigen called recoverin (RCVRN-AutoAb)
may serve as a highly specific biomarker of cancer-associated retinopathy. However, they may also be found in
some cancer patients without clinical evidence of retinopathy. In the present study, dot-ELISA and Western
blot assays were used to demonstrate the presence of circulating RCVRN-AutoAb in 4/7 (57%) of patients with
recently recognized pathological entity, non-invasive follicular thyroid neoplasm with papillary-like nuclear
features (NIFTP); other thyroid tumors represented by follicular adenomas, and classical and follicular variants
of papillary thyroid carcinomas, demonstrated low frequencies of RCVRN-AutoAb (0/15, 1/20 (5%) and
1/15 (7%), respectively), with no significant differences from healthy individuals (0/15). Our data implicate
the circulating RCVRN-AutoAb as a potential biomarker of NIFTP capable of discrimination of this novel

pathological entity from other thyroid tumors.

Keywords: recoverin, autoantibodies, cancer-retina antigen, non-invasive follicular-patterned tumor with papillary-like nuclear

features, thyroid, thyroid cancer

Pa6ora mnomaepxxaHa PoccuiickuM HayYHbBIM
donmom (rpaHT 16-15-10423).

BeegeHve

Pekosepun (RCVRN) npencrabisieT coboit Ca’* -
CBSI3BIBAIOIIMI OEJIOK, B HOPME 3KCIPECCUPYIOLIUT-
¢Sl UCKITIOYHUTEIBHO (DOTOPELEITOPHBIMU KIIETKAMU
CeTyaTKu rjias3a u orBevaroiuii 3a Ca’"-3aBUCUMYIO
PETYIISIIINIO  IECEHCUTH3AUN  (hOTOAKTUBUPOBAH-
Horo ponoricuHa [5, 10]. AbeppaHTHas1 3KCHpeccus
pEeKOBEepHHA OITYXOJIEBBIMU KJIETKaMU 3a MpeaeaMu
reMaTOpEeTUHAIILHOTO Oapbepa SIBIISICTCS KIIIOUEeBBIM
COOBITHIEM B ITaTOTeHE3€E ITapaHEOIIACTUUECKOTO ay-
TOMMMYHHOTO CMHJIpOMa — PaKOBO-aCCOLIMUPOBAH-
Hoil peTumHonaTtuu (cancer-associated retinopathy,
CAR), vamie Bcero BBISIBISIEMON Yy NaIMEHTOB
C MEJIKOKJIETOYHBIM pakoM Jierkoro [3]. Lupkynu-
pyIOIINEe PEKOBEPUH-PACTIO3HAIOIINE ayTOAHTUTEIA

(RCVRN-AyT0AT) SBISIOTCSI BBICOKOCIICIIM(DII-
HBIM MapKepoM MapaHEeOIUIaCTUYECKOW 3TUOJIOTUU
NpU pPeTUHONATUU HEeICHOro reHe3a. Bmecte ¢ tem
Takye ayTOaHTUTeJa TaKXKe BBISIBISIOTCS y 3HA4u-
TEJIbHOTO YKCJIa TAlIMEHTOB C KAPLIMHOMAaMU JIETKUX
U HEKOTOPBIX APYIMX OIYyXOJeil, HE NEMOHCTPUPY-
IOIIUX KJIMHUYECKUX TIPU3HAKOB PETUHOIATUU, YTO
MMO3BOJISIET paCCMAaTPUBATh UX KaK OMOMapKep COOT-
BETCTBYIOIIIMX OITyXOJieli B OoJiee IITMPOKOM KOHTEK-
cte, Hexkenu peakue ciaydyan CAR [11].

B npencraBieHHOM MCCIEA0OBaHUM, C UCTIOIb30-
BaHUeM H0T-0J0T u BectepH-0710T rubpuauzanuu
CBIBOPOTOK TAIIUEHTOB C PEKOMOWHAHTHBIM DEKO-
BEPUHOM, MBI MIPOJIEMOHCTPUPOBAIN HAJIMYME LIUP-
kymupytoninx RCVRN-AyToAT B 3HaYUTEIbHOM
nipotieHTe (4/7, 57%) ManMeHTOB ¢ HEMHBa3UBHBIMU
(homUKyISIpHBIMU  OTTYXOJISIMU  IITUTOBUIHOW XKe-
Jie3bl ¢ SApaMy ManuUISpHOro Tuma (non-invasive
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follicular thyroid neoplasm with papillary-like nuclear
features, NIFTP) — HoBoro Kiracca orryxoJieit IuTo-
BunHoi xenesdbl (LK), 3aHuMamOmIUX MpoMexy-
TOYHOE ITOJIOXKEHHE MEXIY TOOpPOKadYeCTBEHHBIMU
dommkynsipabiMu ameHomamu (DAILK) n 310Ka-
yecTBeHHbIMU ormryxonssmu LK [1, 7, 9]. TIpu sTom
yacTtoThl BcTpedaeMocTu RCVRN-AyToAT nipu apy-
rux ornyxoJieBbix nopaxeHusx 2K (kimaccuueckuii
(1/20, 5%) v donnukynsapubiii (1/15, 7%) BapuaH-
Thl MANWUISIPHOTO pakKa, a TakXke (DOJUTUKYIISIpHBIS
anmeHoMbl (0/15)) 3HaAYUMMO HE OTJIUYAIUCH OT TaKO-
BOI B TpyIie 3m10poBbix nHAUBUAOB (0/15). ITomy-
YeHHbIC HaMHM MaHHbIC MO3BOJISIIOT paccMaTpUBaTh
RCVRN-AyTOAT Kak MepCrieKTUBHBII OMOMapkep
NIFTP, noreHLIManbHO NPUMEHUMBINA IJIsI Mpeao-
nepanrMoHHoN AuddepeHIrnaIbHO MTUarHOCTUKU
HoBooOpazoBaHuii 12K B ciayuyae «HeompenenaeH-
HBIX» 3aKJIIOUEHUI MO pe3ysibTaTaM TOHKOUTOJIbHOMN
MYHKIIMOHHOM OMOIICUM.

Marepuans! v MeToapb!

B wmccnenoBaHre OBUIM BKIIIOYEHBI HAIUCHTHI,
npoonepupoBaHHbie B 2008-2009 romax B DHOo-
KPUHOJIOTUYECKOM HAydYHOM IIeHTpe (B HacTOs-
mee BpeMss — PI'BY «HMMUII sHAOKPUHOIOIUN»
Mun3zapaBa Poccumn) o moBoay y370BbIX 00pazo-
BaHUI IIWTOBUOHOM KEJIE3bl, Y KOTOPHIX MO JaH-
HBIM TUCTOJIOTMYECKOTO MCCIEIOBAHUS T1OCJIE0-
MepallMOHHOIO MaTepMaja ObUI yYCTaHOBJCH OIWH
U3 CJIEAYIOLIMX JUATrHO30B: (hOTUKYJISIpHAs aaeHO-
Ma muToBUAHOM Xene3dbl (PAILK), k1accuaeckuit
BapMaHT NanuwiwuisipHoro paka 2K (xITPII2K)
1 QOJUIMKYISIPHBIA BapHMaHT IMANMJUISIPHOIO paka
HI2K (®B-TTPIIXK). B manbpHeiireM 4acTh OITy-
xoneit B rpymnmax DAIK u PB-TIPIIXK O6buta
pekiaccuduIMpoBaHa C y4eTOM HOBBIX JIUAarHoO-
CTUUECKHNX KPUTECPHUEB KaK «HEUMHBAa3UBHbBIC (DOJIII-
KYJISIpDHBIE OMYXOJIU C SIApaMu NManuJIIPHOTO TUTIa»
(NIFTP) [1, 7, 9]. Bce mauueHTBbl TOAIMCHIBAJIN
MH(OPMUPOBAHHOE COIIAaCHe HAa MCIIOJIb30BaHUE UX
OMOJIOTMYECKOr0 MaTepraja B HCCIeI0BaTeIbCKUX
HeTIsIX.

s mnonydyeHusi pekomMOuHaHTHoro RCVRN
TotasibHyl0 MPHK uyenoBeyeckux ceMEHHUKOB 00-
paTHO TpPaHCKPUOMPOBAIU C MCIIOJb30BaHUEM
omuro(dT)-mpaiiMmepa, W IIOJIHOpa3MEpPHYIO KOIM-
pytolyio mocienoBatesibHOCTh reHa RCVRN am-
mwindunmposanu npu nmomomu TP ¢ mpaiimepamu
5’-ATACAATTGCATGGGGAACAGCAAAAGT
GG-3’ (mpsaMoii nipaliMep, XUPHBIM IPUDTOM BBI-
neneH cant pectpukuun Mfel) u CTACTCGAGTCA
GGCGTTCTTCATCTTTTCCT (obpaTHBIl mpaii-
Mep, SKMPHBIM IIPUMTOM BBIICICH CAUT PECTPUKIINHI
Xhol). Kogupyroinyto nocienoBatebHOCT RCVRN
kionnpoBanu B Bektop pET-28b (Novagen) mo caii-
tam EcoRI/Xhol. PekoMOMHaHTHBII O€J10K moayda-
mu B muramme E. coli BL21(DE3) mocne 12-gacoBoit

WHIYKIIUU W30TMPOTNI-3-TUOTAJIaKTOMMPAHO3UIOM
(IPTG) B kOHeYHOI KoHIIeHTpauum 5 MM. Oun-
IIeHHBIN penapatr pekomouHaHTHoro RCVRN mo-
JIydajiy U3 TeJell BKIIOYEHUS MTPU MOMOIIU METaJLJIO-
xenaTHo adduHHON xpomatorpaduu (BioScale
Mini Profinity IMAC column (Bio-Rad)) B nenary-
PUPYIOIINX YCIOBUSIX COTJIACHO IIPOTOKOIY IIPOM3-
BOOUTEIS.

Jutst BeimomHeHust 1oT-6;10T DA nipemnapat 6e-
Ka B pacTtBope, comepxaiiem 100 MM NaH,PO,,
10 MM Tris-HCI; pH 8,0 1 8M MouyeBUHY, HAHOCU -
JIM Ha HUTpOLEJUTI0N03HYI0 MeMmOpaHy (0,5-1 Mkr
0Oeslka Ha TOYKY B oO0beMe | MKJI) U BBICYLIUBAJIU.
Mewmb6pans! ypaBHoBemnBaiu B 0ydpepe TBST (Tris-
HCI1 0,01M pH 8,0, NaCl 0,15M, Tween-20 0.05 %
(V/V)) M1 UHKyOUpPOBaJIU IIPU KOMHATHOI TeMIIepaTy-
pe Ha OpOUTAILHOM 1IeiKepe B OJIOKUPYIOLLIEM pac-
TBOpe 5% 00e3XKUpeHHOro cyxoro moyioka B TBST
B TeyeHue 1 yaca. Jlanee Kaxayro MeMOpaHy Ha ITpo-
TSDKEHUM HOUYM MHKyOupoBanu nipu +4 °C ¢ uHan-
BUAYadbHOI CBIBOPOTKOI, IIPEMHKYOUPOBAHHOM
C OCBETJICHHBIM KJIETOYHBIM JIU3aToOM luTamMMma E. coli
BL-21(DE3) (2 Mr/mi) u pa3BeeHHOI B OJIOKUPY-
omeM Oydpepe B oTtHomreHun 1/300. MeMOpaHBI
npomMbiBaiu B Tpex cmeHax TBST mo 15 MuH u uH-
KyOMpOBaJIM MIpWM KOMHATHOW TeMIlepaType Ha Op-
OUTAILHOM IIIeMKepe B TedyeHue | yaca co B3SITBIMU
B paszseneHuu 1/3000 BTOPUYHBIMU aHTUTEIaMU
K Fcy-dparmeHTaM 4enoBeYeCKUX WMMYHOIJIOOY-
JIMHOB, KOHBIOTMPOBAHHBIMU C IIEJOYHON (ocda-
Ttazoi (Jackson Immunoresearch). [Tocie KoHeuHOM
OTMBIBKM MeMOpaH 3 pa3a mo 15 munyt B TBST, BbI-
SIBJICHUE TUOPUIN3AIIMOHHOTO CUTHaJIa TPOBOIMIN
IpU MOMOIIM XPOMOT€HHON peaKIuy ¢ MCHOJIb30-
BaHUeM HUuTpocuHero tetpazonust (NBT) u 5-6pom-
4-xmop-3-uagonmngocdara (NBT/BCIP, Sigma-
Aldrich).

s BeinmonnHeHUsI BecTepH-010T aHaIM3a mpera-
paTt peKoMOMHaHTHOTO pekoBepuHa (500 Hr Ha mo-
POXKY) aJeKTpodopernyecku pasgeiasuii B 10%
MOJIMaKpWIAMUIHOM Tejie B JICHATYPUPYIOIIMX YC-
JIOBUSIX TIO0 cTaHmapTHo#t Mmeroauke. [locie okoH-
yaHus dieKTpodopesa rejib ypaBHOBEIIMBAIN B Oy-
depe mna nepeHoca (47,9 MM Tris-base, 38,6 MM
omnuHa, 0,04% (w/v) momenuiicyinbgara HaTpus,
20% (v/v) aTaHoja), MOC/e Yero BBIIMOJIHSIINA JICK-
TPOOJOTTUHT CTAaHAAPTHBIM IIOJYCYXUM METOIIOM.
BrnokupoBka, ruOpuamu3alsi ¢ CHIBOPOTKAMU Tia-
OUEHTOB ¥ BTOPUYHBEIMU aHTUTEJIAMU IIPOBOINIACH
O IIPOTOKOJIY, aHAJOTMYHOMY BHIIICOMCAHHOMY
st 1oT-010T MDA ¢ HUKeCHeayIoInMNA MOIUdU-
KallMsIMU: pa3BeneHue cbiBOpoTku 1/1200, BTOpru-
Hble aHTUTeda — aHTu-Fcy yenoBeka, KOHBIOTMPO-
BaHHbIE ¢ Tepokcuaasoit xpeHa (Thermo Scientific
Pierce), pazBenenue BropuaHbix anTutes — 1,/10 000.
JIeTeKIIMi0o TMMYHOXUMMYECKOT'O0 CUTHAJIa TIPOBOIN -
1 ¢ moMoIbio Habopa Pierce SuperSignal West Pico
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Chemiluminescent Substrate. XeMUWIIOMUHECLEH-
10 GUKCUPOBAIN HAa CUHEUYYBCTBUTEIbHO TJIEHKE
st obueit peHtreHonorun KODAK MXB Medical
X-Ray Film.

PesynbTathl 1 00CYyXaeHWe

Panee miIs BEISIBIICHUSI TOTCHIUAIBHBIX ayTOAH-
TUTEIbHBIX OMOMapKepoB misl auddepeHInaaIbHOi
JIVUArHOCTUKM BBICOKOIM(PEepeHIIMPOBAHHEBIX OITy-
xoneit 12K HamMu ObLT IIpUMEHEH IOAXOHd, OCHO-
BaHHBIMA HA OJJHOBPEMEHHOM AETEKIIMU AyTOAHTUTE
KO MHOXECTBY KaHIUIATHBIX ayTOAHTUTEHOB (B TOM
YHUCJIe PEKOBEPHHY) C IIOMOIIBIO THOPUIN3ALIIN
C PeKOMOMHAHTHBIMY aHTUT€HAMU B TOYKE Ha HOCU-
tene (mot-6soT MPA) [2]. B koropre u3 42 naimeH-
ToB RCVRN-AyTOAT B THTpe > 1/300 OBLIN BBISIBIC-
HBI 'y Tpex (7%) MaliMeHTOoB, OITyXOJI1 KOTOPBIX OBbLITN
M3HAYaJIbHO TrarHocTupoBaHbl Kak KITPIII2K (1/19,
5%) nu ®AILLK (2/14, 14%) (puc. 1), 4T0, OUEBUIHO,
HE YIOBJIETBOPSIIO KpuTepusiM nmuddepeHImantbHO-
IMAarHOCTUYECKOro Oromapkepa.

BMecTe ¢ TeM nepecMOTp U3HAYaIbHBIX JUATHO-
30B C MCIIOJIb30BAHUEM HEKOHCEPBATUBHBIX KPUTE-
pHUeB 3JI0KaYeCTBEHHOCTU [4] M HOBBIX AUArHOCTHU-
yeckux kputepue BO3 2017 rona [1, 7, 9] npusen
K pekiIaccupuKamum 3HAYUTSIIFHOTO YHCIIa OITyXO-
JIeii, U3HaYaIbHO AUarHOCTUPOBaHHBIX Kak PAIIK
nan OB-ITPIIXK, omHako B HacTosIIIee BpeMsl BbI-
IeJISIEMBIX B OTIEJBHYIO TPYIITY <«HEWHBa3MBHBIX

GOJTUKYJISIPHBIX OMYXOJEH ¢ SApaMy ManuUISIpHO-
ro tumna» (non-invasive follicular thyroid neoplasm
with papillary-like nuclear features, NIFTP) (cm.
HITKE); Cpenu peKaccuUIIMPOBaHHBIX TaKUM 00-
pa3oM OITyXOJIeli OKa3aIMCh OITYXOJIM NBYX M3 TPeX
MAaeHTOB, Y KOTOPBIX ObUTH BBISIBIICHBI RCVRN-
AyTOAT (puc. 1).

C y4eToM 3TUX JaHHBIX, MBI IIPEANOIOXKWIN, YTO
RCVRN-AyTOAT MOTYyT CIYyXWUTh CIEUU(PUYHBIM
OMoOMapKepoM OIyXoJieli HOBOM NMarHOCTUYECKOM
kateropuu NIFTP. /1151 mpoBepku JaHHOI TUIIOTE-
36l MBI UCCJIETIOBAIM CHIBOPOTOYHYIO PEaKTUBHOCTH
npotuB pekomMbuHaHTHoro RCVRN B pacumpeH-
HOM Koropre mamueHToB (n = 57, tabm. 1) ¢ pas-
JudyHbiMU  onyxojisimu 12K ¢ umcnonb3oBaHUEM
BecrepH-010T — aHanu3a (puc. 1 u tada. 1). B pe-
3yaerate npoBeneHHoro aHanu3a, RCVRN-AyToAT
B TuTpe > 1/1200 6buH BBIIBICHB! Y 1/20 (5%) na-
nueHToB ¢ KITPLIXK, 1/15 (7%) mauuentos ¢ ®B-
IMPIIK v o1 y omHoro u3 15 mammenToB ¢ DAIK
(tabn. 1). CienyeT OTMETUTb, UTO HM3Kas 4acTo-
Ta BcTpedacMocT RCVRN-AyToAT y mammMeHTOB
¢ kKITPHI2K cooTBeTCTBYeT OIyOJMKOBAaHHBIM JaH-
HbeIM Savchenko ¢ coaBrt. [11], He O0OHapyXMBILIUX
RCVRN-AyTOAT HU B om1HOM 13 12 mMpoaHaIu3upo-
BaHHbIX ciydaeB [TPII2K. B To ke Bpemsi B moarpymn-
ne n3 cemu nanueHToB ¢ NIFTP, RCVRN-AyToAT
OBbLTH BBISIBJIEHBI Y yeTbipeX (57%) (puc. 1 v tabm. 1);
pa3an4us B yacTtoTax BcTpeyaeMocTu aHTu-RCVRN
ayroanTturen mexay rpynmnoi NIFTP u npyrumu rc-

‘ .
. Ty I

KIPUPK/C-PTC | | ®B-MPUDK/FVPTC | | QALLDK / FATG |
[MepecmoTp AuarHosa
Dlagn08|s revision

KIPUPK/C-PTC_| [[®B-PIPK/FVPIC | | NIFTP [__QALDKTFATG ]

Mos |

)  HE B

PucyHok 1. Boisenenne RCVRN-AyToAT y naumerToB ¢ NIFTP

Mpumeyanue. CneBa - poT-6not UPA ¢ kaHaUAATHLIMU ONYXONEBbLIMU ayTOAHTUT€HaMU, MONOXMTENbHbIA rTMOPUAN3ALIMOHHBIA CUTHanN
RCVRN-AyToAT oTMeY€eH CTPesnKou; cnpaBa BBepXy — M3HauYalbHbIe U NepeCMOTPEHHbIE AUarHO3bl HEKOTOPbIX NALMEHTOB; cnpaBa
nocepeauHe U BHU3Y — penpe3eHTaTuBHbIE rMOpnan3aunoHHbie curHanbl RCVRN-AyToAT B got-6not UDA (pa3BeaeHmne CbIBOPOTKM
1/300) u BectepH-6noT aHanu3e (pa3BeaeHue cbiBopoTku 1/1200) COOTBETCTBEHHO.

Figure 1. Detection of RCVRN-AutoAb in NIFTP patients

Note. Left, dot-blot ELISA with candidate tumor autoantigens, the positive RCVRN-AutoAb hybridization signal is marked with arrow; upper right,
initial and revised diagnoses in some patients; middle and lower right, representative RCVRN-AutoAb hybridization signals in dot-blot ELISA
(serum dilution 1/300) and WB analysis (serum dilution 1/1200), respectively.
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CJIEMOBAaHHBIMU TPYIIaMU TIAlIMEHTOB OKa3auCh
cratuctTndecku 3HaunMbIMH (p < 0,05 Bo Bcex map-
HBIX CPAaBHEHUSX, Ta0J. 1).

Ha mpoTsckeHUM DIATEIBHOTO BpeMEHU OOHa-
PYXE€HME B THMCTOJOTMYECKOM MaTepualie ynajeH-
HOW OITyXOJIW XapaKTePHBIX SIEPHBIX W3MEHEHUWI
(mpomosibHBIE 0OPO3dbl, SIACPHBIC IICEBIOBKIIIOUE-
HUS, moMMopdu3M pazMepa u (OPMHI Saep U 1p.)
SIBJISUIOCh HEOOXOAWMBIM M JTOCTAaTOUYHBIM KpUTE-
pueM yctaHoBieHus: auarHosa ITPII2K, mpu sTtom
OIyXOJIU TIPEUMYIIIECTBEHHO MO0 MCKIIOYUTEITHEHO
GOJUTMKYJISIPHOTO CTPOEHUST TPAKTOBAJIMCH Kak D B-
MMPHI2K. daxkTuyecku IS WHKAIICYJIMPOBAHHBIX
onyxoaen (hoJTUKYJISIPHOTO CTPOSHUS 0€3 TUCTOJIO-
TMYECKUX MPU3HAKOB MHBAa3WBHOTO POCTa OOHApY-
JKEHHE COOTBETCTBYIOIIUX SIICPHBIX N3MCHCHUN SIB-
JISLIOCh €AWHCTBEHHBIM KPUTEpUEM, OTIMYAIOIIUM
nmobpokadecTBeHHYI0 DAIIIK OT 310KaueCTBEHHOTO
OB-ITPLIK.

BmecTe ¢ TeM ToCTereHHO HaKaIlJIMBaJIUCh TaH-
HBIE O TOM, YTO XHPYPTUIECKOE yaaJicHNEe HECMHBA-
3uBHBIX (popm DB-TIPIIK mpuBOoIUT K MOJTHOMY
M3JICYCHUIO JaXKe MPU MUHUMAJIBHOM ITOITYCTUMOM

o0beMe XUPYPru4yeckoro BMellaTesIbcTBa (JIOO2K-
TOMMSI/TEMUTUPEOUIRPKTOMMSI) M 0e3 IIPOBEICHUS
nocjieornepauMoHHoOl paguoionrepanuu [9]. B ko-
HEYHOM CYETEe 3TO IIPUBEJIO K MEPEBOLY ITUX OIY-
XOJIe U3 KaTerOpuM «KaTerOpu4YHO 3JIOKAYeCTBEH-
HBIX» B KaTETOPMIO «OIMYXOJM C HU3KOW CTEeTNeHBIO
3710KaYecTBeHHOCTH» (low-grade) ¢ BBemeHUEM HO-
BOIl MTMAarHOCTMYECKOM KaTeropyum «HEWHBA3WBHBIX
GOIMUKYIISIPHBIX OMYyXOJICH C sapaMy MaIIISIpHO-
ro tuna» (NIFTP) [1, 7, 9]. HecMoTpst Ha TO 4TO Te-
Kymue ctanaaptsl JieueHuss NIFTP cooTBeTCTBYIOT
TaKOBBIM IS TOOpoKayeCTBeHHbIX omyxoueit 112K,
OOJIBIITMHCTBO aBTOPOB pacCMaTPUBAET JaHHbBIE OITYy-
XOJIU KaK IOTrpaHUIHBIC MEXITYy T0OpOKaYeCTBEHHBI-
MM U 3JI0KauyecTBeHHbIMU nopaxkeHusimu LK [1].
TakuM 006pa3oM, ¢ y4eTOM HOBU3HBI HaHHOU
JMMUAarHOCTUYECKOM KaTeropuu, IMPUHIIMIIUAIBHO T10-
TPAaHWYHOU TIPUPOABI COOTBETCTBYIOIINUX OIyXOJIeH,
a TakKe TIpeIcKa3yeMo BBICOKOM CTEIIEHU IIepeceyde-
HUS TTaTOMOP(OIOTMIECKUX U MOJIEKYJISIPHBIX OCO-
o6ennocreit ALK, ®B-TTPII2K n NIFTP, 6uo-
Mapkephbl, cnocooHble nuddepeHuuponarb NIFTP
W POICTBCHHBIC €M OITyXOJIM, MPEACTABIISIIOT HECO-

TABJULA 1. PE3YNbTATbI AOT-BNOT U®A U BECTEPH-BNOT AHANIU3A HA HANUYKE LINPKYNUPYIOLLIUX RCVRN-
AyToAT Y MALMEHTOB C PA3NTUYHbIMK OMNYXOJIEBLIMUA MOPAXEHUAMU LLDK U 30OPOBbLIX NHAUBUAOB

TABLE 1. RESULTS OF DOT-BLOT ELISAAND WESTERN-BLOT ANALYSIS FOR THE PRESENCE OF CIRCULATING RCVRN-
AutoAb IN PATIENTS WITH VARIOUS THYROID NEOPLASMS AND HEALTHY VOLUNTEERS

YacTtoTtbl BcTpeyaemocT RCVRN-AyTOAT y nauueHToOB ¢ onyxoneBbiMy nopaxeHusamu LK
Frequencies of RCVRN-AutoAb in patients with thyroid neoplasms

KMPLLDK ®B-MPLDK NIFTP ALK KoHTponb
cPTC FVPTC FTA Control

RCVRN-AyToAT

RCVRN-AutoAb 1720 (5%) 115 (7%) 417 (57%) 0115 015

CtaTucTU4YecKur aHanu3 pasnuynmin B yactotax Bctpedaemoctu RCVRN-AyToAT mexay rpynnaMmm nauneHToB
¢ onyxoneBbiMU nopaxeHnamu LK (p-ypoBeHb N0 KpUTEPUIO TOYHON BeposATHOCTU Puiepa)
Statistical analysis of differences between frequencies of RCVRN-AutoAb between groups of patients with thyroid
neoplasms (p-value for Fisher’s exact test)

KMPLLK ®B-MPLPK NIFTP ALK KoHTponb

cPTC FVPTC FTA Control
kMPLLDK
cPTC 1 0,0089 0,44 1
®B-MPLXK
FVPTC 0,021 1 1
NIFTP 0,0048 0,0048
DALLK 1
FTA
KoHTponb
Control

Mpumeuanue. kMPLLK — knaccuyeckuit BapMaHT nanvMnnspHoro paka wmrtoBugHom xenesbl; ®B-MPLXK — dhonnukynsapHbIn
BapuaHT NanunnsapHoro paka wuroBuaHou xenesbl; NIFTP — HenHBa3MBHas honnukynspHasi onyxosb LWUTOBUAHOW Xerne3bl
c sppamu nanunnsipHoro Tuna; ®ALLDK — dhonnukynspHasa ageHomMa WMTOBUMAHOW Xene3bl.

Note. cPTC, classical papillary thyroid cancer; FVPTC, follicular variant of papillary thyroid cancer; NIFTP, non-invasive follicular
thyroid neoplasm with papillary-like nuclear features; FTA, follicular thyroid adenoma.
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MHEHHYIO IIEHHOCTb. B 3TOM KOHTEKCTe TToTydYeHHbIe
HaMU JaHHbIe TTO3BOJISTIOT paccMaTtpruBaTh RCVRN-
AyTOAT Kak nepCcneKTUBHBIN Kj1acC-CcIieMPUIHBII
ouomapkep NIFTP, moreHuuaibHO NTPUMEHUMBINA
JUIS1 TIpegonepaloHHoN auddepeHaabHONM 11ua-
THOCTUKM HoBooOpasoBaHuii II2K B ciyyae «Heo-
IpeaeSICHHBIX» 3aKIIOUCHUI TOHKOUTOJIBHOMN MyHK-
LIMOHHOI OMoNCcuu.

TpaaguIIMOHHO 3KCIIPECCUI0 PEeKOBEpPHMHA U BO3-
HUKHOBEHHE ayTOMMMYHHOTO OTBETa HA 3TOT ayTO-
AHTUTEH CBSI3BIBAIOT C OYEBUIHO 3JIOKAYECTBEHHBI-
MU OIyXOJISIMU, TIPEUMYIIIECTBEHHO PaKOM JIETKOTIO.
B 1O ke BpeMs1 omucaHbl eAIMHUYHBIE CIydau BO3-
HuKHOBeHUSI CAR ¢ RCVRN-AyT0AT 1 ipu 100po-
Ka4yeCTBEHHBIX HOBOOOPA30BaHMSIX Pa3IMYHBIX JIO-
Kanuzaumii [8, 12]. HemaBHuii aHaau3 3KCIIpPeCcCUn
PEKOBEepMHA B OITYXOJISIX ITOYKM HPOAESMOHCTPHPO-
BaJs ee Hanmmuue B 11/12 (92%) cnydaeB nobpokave-
CTBEHHBIX OHKOILIMTOM ITOYKH, OAHAKO CHIBOPOTOY-
Hble RCVRN-AyTOAT He OblIM OOHapyKeHbl HU B
OIHOM U3 MPOaHATU3UPOBAHHBIX cliydaeB [6]. B Ha-
meMm wucciaengoBaHuu Hamuuue RCVRN-AyToAT
cnenuduaHo MapkupoBasio NIFTP — rpynmy omy-
XOJIe ¢ IOTPAaHWYHOM CTEIIeHBIO 3JI0KAaYeCTBEHHO-
ctu [1]. Takum o6pa3oM, BhIllIEONUCAaHHbIE JaHHbIE
MO3BOJISIIOT CAEJIaTh BHIBOJ O TOM, UTO 3KCIIPECCUs
¥ UMMYHOT€HHOCTh PEKOBEpHHA HE SIBJISTFOTCST 9KC-
KITIO3UBHBIMHM  XapaKTEPUCTUKAMM 3JIOKAUeCTBEH-
HBIX OMYyXOJIeil 1 B 3aBUCMMOCTH OT TKAaHEBOTO KOH-
TeKCTa MOTYT MMETh MECTO B OITyXOJsIX, JeXKallluX
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BJINMAHUE TEPANMUU HA INC-UHAYUUPOBAHHYIO
CEKPELUMIO ULMUTOKUHOB KJIETKAMU BPOXXAEHHOIO
UMMYHUTETA KPOBU NALUMEHTOB C BPOHXUAJIbHOU
ACTMOM

Cepos JI.A.l, Rabanos JI.C.!, Kocakosa H.J1.% IIpoxopenko JIL.P.!

T@I'BYH « Uncmumym gynoamenmanvHuix npobaem ouonoeuu PAH», e. Ilywuno, Mockoeckas o6a., Poccus
2@IAY3 «boavhuya Hywunckoeo nayunozo yenmpa PAH», e. Iywuno, Mockosckas o6a., Poccus

Pesome. Cpenyt XpoOHUMYECKUX BOCHATMUTEIbHBIX 3a00JIeBAaHUI pecIMpaTOPHOro TpakTa OpoHXUaIbHas
actMma (BA) sgBisieTcs OMHUM U3 CaMBIX paclpOCTpaHEeHHBIX B MUpe. [TockonbKy BA MHayLIMpyeT CUCTEMHBII
BOCHAJIUTENBHBIN MPOLIECC, HEOOXOAUMO BCECTOPOHHEE UCCAEAOBAHUE BIUSTHUS 3TOTO 3a00JieBaHUS U €ro
Tepanur Ha (YHKIIMOHAIILHOES COCTOSTHME OpTaHM3Ma M MMMYHHOI CHMCTEeMBI KPOBU B YaCTHOCTH. B da3ze
obocTpeHUsT BA Ki1eTKr pecnipaTOpHOTO TpaKTa MAallMeHTOB MOTYT YCMJIMBATh CEKPEIINIO He TOJIBKO ITPOBOC-
HaJuTebHBIX, HO M TPOTUBOBOCITAIMTEILHBIX MEIUATOPOB, MOCIETHUE U3 KOTOPBIX CITOCOOHBI MOAABISITH
aKTUBHOCTb KJIETOK MMMYHHOI cucTeMbl KpoBU. B HacTosieit padote Oblia ITpoBeJeHa OlleHKa BIUSHUS
Tepanuu BA Ha BbIpaxkeHHOCTh BocnajieHUsI U (YHKIIMOHATIbHOE COCTOSIHME KJIETOK MMMYHUTETA Iepude-
puyeckoi KpoBu. TecToM (PYHKIUMOHAAbHON aKTUBHOCTU MMMYHHBIX KJIETOK KPOBM CIIY>KWJIa JUITOMOJIU-
caxapun (JITIC)-mHIynupoBaHHAS CEKpelrs MUTOKUHOB ex vivo. JITIC gBisteTcss KIIacCCUISCKUM IIPOBOC-
HaJUTeIFHBIM areHTOM OaKTepHUaIbHOM Ipupoabl. HaMu ncciiemoBaHbl OTBETHI KJIETOK KPOBH ITAlIMCHTOB
¢ BepuduLIMpoBaHHBIM AuarHo3oM BA mo Havyana jnedyeHUs U dyepe3 ABe HeAesM 0a3MCHOM MPOTUBOBOCHA-
JuTenbHOU Tepanuu. 1o KIIMHUYECKUM IMoKa3aTelsiM NalieHTaM Obljla Ha3HauyeHa Tepalivsi KoMOUHalen
VHTUTSIIIMOHHBIX TTTIOKOKOPTUKOCTEPOUIOB 1 aTOHUCTOB -aApeHOPEIIENTOPOB WJIN aHTUJICHKOTPUEHOBBIN
npernapat (MoHTesykacT). I[lapanienbHO OBLIM UCCeI0BaHbl OTBETHI KJIETOK KPOBU YCJIOBHO 310POBBIX
nobposoblieB Ha JITIC. Cekpeuunto TNFa, IL-6, 1L-8 K1eTKaMy KPOBHU OLIEHMBAJIM I1OCJE DKCIIO3ULINU
¢ JITIC (100 ur/mn) B Teyenme 6 4, IFNy, IL-17A, IL-1p — 24 4. [Tapayiie TbHO OLIeHUBAJIN CEKPEIIUIO IIUTO-
KMHOB KJIeTKaMU KpoBH, He ctuMyaupoBaHHbiMu JITIC. TTpoBeneH KOHTpoJib ypoBHeit 1L-4 B minazmMe KpoBu
MallMEeHTOB 1 YCJIOBHO 3I0POBBIX 1OOPOBOJIbIeB. KOHIIEHTpallMy IIMTOKUHOB oIpenesisuii MmetogoM MDA.
IMokazaHo, 4To yepe3 ABe HeAEM Tepaluu y MalleHTOB yMeHbIanach ¢poHoBast cekpelus 1L-6 kireTkamu
KPOBH, UTO MOXKET yKa3blBaTh HA CHMXKEHUE BbIPAXKEHHOCTU BocnaieHUs. Teparus He oKa3blBajla BAUSTHUS
Ha poHoByo u JITIC-unaaympoBannyio cekperuio [L-153, IL-1ra, IFNy u IL-8 knetkamu manimeHTOB ¢ BA.
B teueHue 2-HeneapbHOM Tepanun KoHIeHTpanus 1L-4 B mia3Me KpoBU MallMEeHTOB He U3MeHsIach. Kitetku
KpoBU mauureHToB ¢ BA cekperupoBanu 3HaunTeabHO MeHble TNFo 1 IL-8 B KoHTpoe 1 TTociie CTUMYJIsI-
uu JITIC, yeM KJIETKMU YCIOBHO 3A0POBBIX JOOPOBOJILIIEB, YTO MOATBEPKIAET MPEANOI0KEHUE O YaCTUY-
HOM YTHETEHUU aKTUBHOCTU MMMYHHBIX KJIETOK KpoBU Ipu BA. Uepes nBe Heleau Tepanuu HaOII04aI0Ch
yBesaunueHue JITIC-unayuupoBaHHoit cekpenu TN Fo, kieTkamMu KpoBu nauneHToB. C LeJIblo oTipeaesieHUs
mexanusma ycwieHus JITIC-uanynupoBanHoit cekpertun TNFo ObLta onteHeHa ¢hOHOBAsI CEKPEIIs pacTBO-
pumoii hopmel perierrropa CD14 (sCD14) B kpoBu maneHTOB ¢ BA Mo Tepanuu u 4epes3 aBe HeASIU ITOCIe
tepanuu. [loka3zaHo, yTo nmociyie Tepanuu BA B KpoBU MallMEHTOB HE MPOUCXOIUT YBEJINUCHUSI KOHIICHTpa-
nuu sCD14. ITonyyeHHBbIe pe3yabTaThl yKasdbiBaioT Ha SCD14-He3aBucuMbiii MexaHu3Mm ycuiieHust JITTC-
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uHayuupoBaHHoM cekpeunu TNFo. ba3ucHas mpoTruBoBocHaJIMTEIbHAs Tepanusl He TOAbKO CHUXKAET KOH-
ueHTpauuio IL-6 B KpoBM, HO YACTUYHO BOCCTAHABIMBAET aKTUBHOCTD KJIETOK BPOXIEHHOIO UMMYHUTETA
KpOBU MaleHTOB ¢ BA.

Karouesvie crosa: bponxuarvHas acmma, 6pojNcOeHHbLI UMMYHUMEM, AelKOYUmMbl KPO8U 4eA08eKad, AUNONOAUCAXAPUObL, NPOOYKUUSL
YUMOKUHO8
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Abstract. Bronchial asthma (BA) is the most widespread chronic inflammatory disease. Since BA is
associated with a systemic inflammation state, a comprehensive study of its effect in this disease, and influence
of pathogenetic therapy should be performed, by studying the whole blood cytokine status of the patients
suffering with BA. The cells from respiratory tract in acute-phase BA patients may produce pro-, as well
as anti-inflammatory mediators. The anti-inflammatory mediators are able to suppress activity of immune
cells in peripheral blood. Thus, the aim of present study was to evaluate eventual inflammation-associated
and functional activity of immune cells from the patients’ peripheral blood in BA and following appropriate
therapy. Bacterial lipopolysaccharide (LPS) a classical pro-inflammatory agent. We have studied an LPS-
induced cytokine-induced ex vivo secretion model by peripheral blood immune cells, as a relevant test for their
functional activity. The LPS-induced responses of whole blood cells from patients with proven BA diagnosis
have been studied at pre-treatment time points, and following two weeks of basic anti-inflammatory therapy.
According to clinical indications, the antagonists of CysL.TR1, or combinations of glucocorticosteroids and
B-adrenoreceptor agonists were administered by inhalation to BA patients. LPS-induced production of TNFa.,
IL-6, 1L-8 (at 6 h) and IFNy, IL-17A or IL-1p (at 24 h) by whole blood cells from BA patients or healthy
volunteers has been assessed by ELISA technique. The cytokine production from non-stimulated whole blood
cells from BA patients and healthy volunteers were used as the baseline control. IL-4 concentrations in plasma
of BA patients and healthy volunteers were also measured. We have shown a decrease of 1L-6 production in
control blood samples from BA patients after two weeks of therapy. This may indicate the attenuation of the
observed inflammatory process. The therapy applied did not influence the background levels and LPS-induced
secretion of IL-1B3, IL-1ra, IFNy, and IL-8 in whole blood samples from BA patients. IL-4 plasma levels
in BA patients were not changed after two weeks of therapy. It has been shown that whole blood from BA
patients produced less TNFa and IL-8, both in control samples, and during their response to LPS, than the
values obtained in healthy volunteers. These findings are in agreement with a notion that BA causes partial
depression of innate immune cells activity. The increased LPS-induced TNFa secretion by the whole blood
cells from BA patients has been observed following two weeks of basic anti-inflammatory therapy. We suggest
that the increased LPS-induced TNFa secretion could be explained by partial restoration of peripheral blood
immune cell activity associated with anti-inflammatory BA therapy. To elucidate the mechanism of increased
LPS-induced TNFa secretion, we have estimated whole blood concentration of soluble CD14 (sCD14) in BA
patients. No significant differences between sCD14 concentrations have been found. Obtained result presume
existence of sCD14-independent mechanism of TNFa regulation by whole blood cells in response on LPS
which may occur during anti-inflammatory therapy of BA. We suppose that basic anti-inflammatory therapy of
BA does not simply reduce 1L-6 concentration in peripheral blood, but may also partially restore the activity of
innate immune cells in BA patients.

Keywords: bronchial asthma, innate immunity, blood leukocyte, human, lipopolysaccharides, cytokine production

Pabora BEIMOTHEHA B paMKaX TOCYIapCTBEHHOTO
samanus Ne 0478-2017-006 «O061I1e MeXaHU3MBI OT-
BeTa BPOXIECHHOTO UMMYHHTETA MPU CETICUCE U ajl-
JIepruYecKuX 3a00J1eBaHUSIX>.

BeeneHue

bponxuanbHas actMa (BA) oTHOCUTCS K CaMbIM
pacpoCTpPaHEHHBIM XPOHUYECKUM 3a00JI€BaHUSIM

pecruMpaTOpHOIro TpakTa, BCTpeYyarolIUMCsl B KJIM-
Huyeckoir mnpaktuke. CymmapHo bBA crTpaparor
10 10-20% HaceneHus B pa3BUTHIX cTpaHax [30, 46].
B cBs3u ¢ 3TUM BCeCTOpOHHEE HCCAeAoBaHUEe JaH-
HOroO IaTOJOTMYECKOTO IIpolecca SBASETCS BaX-
HOW 3a/jauye€ii COBPEMEHHON KIIMHUYECKOU MEIUIIN-
Hbl [44]. CuuTaeTcsl, UYTO acTMa pa3BUBAETCS y JIUIL
C TEHETMYECKON TPEeApPACHOJOXEHHOCTbIO K 3TOMY
3a007eBaHUI0 Ha (OHE BO3AEUCTBUSI aJIePreHOB
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M UHQEKIIMOHHBIX areHTOB Ha KJIETKW pecrupa-
TopHOrO Tpakrta [14, 16, 25, 32]. PecrtuparopHbie
ajyIepreHbl, Tornangasi B opraHu3Mm OoyibHOro BA,
BBI3BIBAIOT aKTUBAIIAI0 CHUCTEMHOTO BOCTIAJIUTENThb-
Horo otBeTa 1o Th2- mym Th17-3aBucumomy (Th2-
He3aBUCUMOMY) MeXxaHu3my [23-25].

OO0OHapyxXeHo, 4To B ¢aze obocTpeHUst bA 1oBbI-
IaeTCsI CEKpelrs IIPOTUBOBOCHAIUTEIBHBIX ITUTO-
kuHoB IL-1ra m sTNFRII kinerkamu pecrnuparop-
HOTO TpaKTa MallueHTOB MO CPaBHEHMIO C KJIETKaMU
3I0POBBIX 10OpoBobleB [41, 43]. 306bITOYHAS Cce-
Kpelusi MPOTUBOBOCIIAIUTEIbHBIX IIUTOKUHOB MO-
JKEeT CHMXaTh CIIOCOOHOCTh KIIETOK WMMYHHOI
CHUCTEMBbl OTBe€YaTh Ha WHBAa3MIO WMH(MEKIIMOHHOTO
areHTta. B yacTHOCTU, MOBBILIEHUE KOHIIEHTPALIMU
IL-1ra B mia3Me KpOBU MAlIMEHTOB MOCJIE UHCYJIbTA
MOKET SIBJISITBCSI (DaKTOPOM pHCKa pa3BUTHUSI MH(MEK-
LIMOHHBIX 3200JIEBAHUI 1 00OCTPEHUST XPOHUYECKUX
ouaroB uHdekuu [9]. DTO MOXET yCyTyoIsITh TeUe-
Hue BA [7]. B ¢Bs131 ¢ 3TUM HEOOXOIUMO, UTOOBI TE-
paliusi He TOJIbKO KyIMpoBaja OCHOBHbIE CUMITTOMBI
BA, HO 1 He yrHetana 3¢ deKTopHble GYHKIIUN UM-
MYHHBIX KJIETOK KPOBH.

BoJabIIMHCTBO UcCCAeqOBaHUM, MOCBSIIIEHHBIX
Tepanuu BA, HampaBiaeHbl Ha H3y4yeHHUE Mpolec-
COB, IIPOMCXOMISIINX HEIOCPEIACTBEHHO B PECITH-
patopHoMm TpakTe [25, 30]. OagHako HEU3BECTHO,
Kak BocnajieHue, pa3BuBalolleecs npu bA, BiausieT
Ha (YHKIIMOHAJIIBHBIE OTBETHI MMMYHHBIX KIJIETOK
B CUCTEMHOM KPOBOTOKE.

B 60% ciydyaeB BO30yauUTEIIMU MHPEKLIMOHHBIX
3a00JIeBaHUI ObIXaTeJIbHbIX IyTer mpu BA saBisi-
IOTCSI TpaMOTpULIaTeJIbHble MUKpoopraHusmsbl [18].
OnuH 13 HanboJjiee CUWJIBHBIX ITPOBOCTIAIUTEIBHBIX
areHTOB, BBICBOOOXIACMBIX B KpPOBb IIPU TIpaMoO-
TpULlaTeJbHOU OaKkTepueMuu, — JIUIIOTOJIrcCaxapu/l
(JITIC), unu sHaoTtokKcuH [21, 22]. DHAOTOKCUHBI
aKTUBUPYIOT KacKald BOCITAJIMTEIIBHBIX PEaKIINA,
B YaCTHOCTHU CEKPEIMIO KJIeTKaMU BPOXKIEHHOIO UM~
myHuteTta riposocranuteabibix (TNFa, 1L-6, 1L-8,
IL-1B, IFNy) u npotuBoBocnianutenbHbix (IL-1ra)
nuTokuHOB [13, 23, 28]. JITIC B BBICOKMX KOHIIEH-
Tpauusix (100 Hr/mMJi1) BbI3bIBaET aKTUBALIMIO KJIETOK
amanTUBHOTO WMMyHMTeTa Mo Thl-3aBUucuMoMy
nytu [26, 39]. B ¢Bs131 ¢ BbIlIeCKa3aHHBIM MbI UCCJIE-
JIOBaJIM BIMSTHUE Tepanuu BA Ha peakTUBHOCTb KJIe-
TOK BPOXIEHHON UMMYHHOI CUCTEMBI KPOBU B OTBET
Ha JITIC kak pakTop MHOEKIIMOHHOrO reHe3a.

Marepuans! v MeToapb!

WccnenoBaHue TipoBeneHO Ha 0a3e OTOENCHUS
aJlJIeproJIoTuu U UMMYHOJIOTUU 0obHULIEI [TyimH-
ckoro HayyHoro ueHtpa (BITHL] PAH) u na6oparto-
puu MoJieKyJisipHoil ouoMenuiabl MHCTUTYTA hyH-
IaMeHTaJlbHbIX Mpobiiem 6uonoruun PAH (M®PIIb
PAH), ono6peHo JIoKaJlbHBIM 3TUYECKUM KOMUTE-
toMm BITHIL PAH (mmpotokon Ne 7 ot 17.10.2016 1.).
Bce manmeHTHl M YCIOBHO 3I0POBBIC TOOPOBOJILIIBI
Iaad THUCbMEHHOE WHGOPMUPOBAHHOE CoOrjacue
Ha yJyacTue B uccienoBaHuu. Bepudwukaius nua-
rHo3a BA mpoBoauiiach COTJIACHO PEKOMEHIAIMSIM
GINA-2017. B rpynimy ucciaenoBaHUs ObUTA BKJITIO-
4yeHbl nanueHTsl (n = 10), KOTOpbIM BIiepBbI€ ObLI

nocTaBlieH auariHo3 BbA (Bospact 18-48 met, M. — 3,
XK. — 7, kypsue — 4 namuenTta, UK < 10 ner).

Ha ocHoBaHMM KIMHUYECKUX MOKa3aTesei
(B 4aCTHOCTH, OIIEHKN (DYHKIIMM BHEIIHETO IbIXa-
HUSI) maleHTaM OblIa Ha3HaueHa Oa3ucHas Mpo-
TUBOBOCHAJIUTEIbHASL Tepamnusl Ha OCHOBE WMHTaJIsI-
OUOHHBIX TJIFOKOKOPTUKOCTEPOUIOB, aroHMCTOB
[-agpeHOpelenTOpOB WJIM MOHTEIYKAacTa COTJIaCHO
pekomeHaalsM GINA-17. KoHTpoab cUMITO-
MoB BA mpoBomwiau Imocie NBYyX HeIeNb Tepaltvu.
st omleHKM (MYHKIUOHAIBHOW aAKTUBHOCTH WM-
MYHHBIX KJIETOK KPOBHU Y TTallMeHTOB ¢ BA HaMu mc-
cieaoBaHbl OTBEThI KjeToK KpoBu Ha JITIC mo Ha-
Jajia Tepallii U 4epe3 ABe HeAeaU IT0Cie TepaIThim.
IMTapannensHo oueHuBanu JITIC-uHAyLIUpPOBaHHbBIE
OTBEThl KJIETOK KPOBU YCJIOBHO 3I0POBBIX J00OpPO-
BOJIBLIEB €x Vivo.

Kpurepuu Bkimtouenus naimeHTos (n = 10) B uc-
cieaoBaHue: BepU(UUUMPOBAHHBIN auarHo3 bBA,
OTCYTCTBUE NPYTUX TSKEIbIX XPOHUYECKUX 3a00-
JIeBaHUM, TEJIbBMUHTO30B, OTCYTCTBHE NMPUMEHCHUS
OPOHXOJIMTUKOB KOPOTKOTO JEUCTBUS U aHTUTHCTA-
MUHOBBIX MpenapaToB B TEUYEHUE Mecslia 10 Hadaia
nccienoBanus. Kpurepun BKIIOYEHUST B KOHTPOJIb-
HYIO TPYIIY JJII UMMYHOCEPOJIOTUIECKUX UCCIIEN0-
BaHUl (n = 9): OTCYTCTBUE KJIIMHUKO-1a00paTOPHBIX
MPU3HAKOB PECIIMPATOPHOI ITaTOJOTUM M TSKEJIBIX
XPOHUYECKUX 3a00JIeBaHUI, HEHCIIOJIb30BAHUE Me-
JMUKAaMEHTO3HOU Tepanuu B TeUEHUE MOCIESTHUX 3-X
MECSILEB.

3abop KpOBM y TAIMEHTOB U YCIOBHO 3I0pPO-
BBIX JOOPOBOJIBIIEB OCYIIECTBIISVICS IEPCOHAIOM
boapHuusr ITHII PAH B remapuHu3MpoOBaHHbIE
(5%) npobupku (Becton Dickinson International,
CIIA). Kposb pazsBoguiu cpenoit RPMI 1640 B co-
oTHolleHu! 1:9 B siueiikax 24-1yHOUYHOTIO TUIAHILIETa
(Greiner bioone, Iepmanus) u unkyouposanu c JITIC
n3 Escherichia coli mramMm O55:B5 (Sigma-Aldrich,
CIIA) B koHeuHol KoHIeHTpaumu 100 Hr/mM B Te-
yeHue 6 4 v 24 4. JITIC u3 E. coli O55:B5 GbL1 BbI-
OpaH B Ka4eCTBE aKTUBUPYIOIIEro areHTa, MOCKOJIb-
Ky OH oOJlamaeT BBIpaXK€HHOW ITPOBOCHATIUTEIBHOMN
akTuBHOCTbIO [Alexander and Rietschel, 2001;
Gaekwad et al., 2010].

KoHTtposem cayxuin o0pas3ibl KpOBU NALIUEHTOB
¢ BA 1 ycioBHO 310pOBBIX JOOPOBOJBIEB, HE CTU-
mynupoBaHHble JITIC. Bce mpoOGbl MHKYOMpoBaiu
B CO,-uHky6aTope (Jouan, ®panums) npu 37 °C,
100% snaxuoctu u atmocdepe 5% CO,. [Tocne uH-
KyOanuu o0pasibl ueHTpudyruposaiu 10 MuH npu
300 g, orObupanu cynepHaTaHTHI, 3aMOpa>KUBaJIU
u xpa"Hwim npu -20 °C go mpoueaypbl U3MEpEeHUsI.
B mpobax mocie 6 4 WHKYGAlIMW U3MEPSUTM KOH-
nenrpaun TNFa, I1L-6, IL-8, mocne 24 v — IL-1,
IL-1ra, IFNy, IL-17A, sCD14.

Konuentpauuio 1L-4 n3mepsiu B 1miazmMe Kpo-
BU TTALIMEHTOB A0 U 4Yepe3 2 HeAequ Teparuu U y
YCJIOBHO 3[I0POBBIX NOOPOBOJIbLIEB. [JIs1 MOydeHu s
IIa3Mbl  LEJAbHYIO TeMapUHU3NPOBAHHYIO KpPOBb
uentpudyruposanu 20 muH mipu 300 g u oTOUpanu
cynepHataHThl. [lonydeHHyI0 ma3mMy 3aMopaxkuBa-
J 1 XpaHunu 1pu -20 °C go npolieaypbl U3MEpeHUsI.

KoHIeHTpalinio HTUTOKWMHOB W3MEPSIIIM METO-
moM MDA ¢ ncrnonbp3oBaHEeM HAaOOpPOB pearceHTOB
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(000 <«lIutokun», Cankt-IleTepOypr) corjiacHo
MHCTPYKIINH, PeKOMEHIOBAHHOM ITPON3BOIUTEIICM.

PesynbraTel 3KCIEPMMEHTOB aHaJU3UPOBAIU
C MCIIOJIb30BaHHUEM METOJOB HellapaMeTpUUecKoi
cratucTuK. CTaTUCTUYECKYIO 3HAYMMOCTDH pa3Jiv-
YU BBIOOPOYHBIX MEIWAHHBIX 3HAYEHUI OLIEHU-
BaJin ¢ ucrnogb3oBaHueM U-tecra MaHHa—YuTHuUu
u W-kputepust BunkokcoHa.

PesynbTartsl

TNFa

CTaTUCTMYECKN 3HAUYMMBIX pPa3IUuMid  MEXIy
koHueHTpaussMu TNFa, cekpeTupyeMbIMU B KOH-
TpoJie KJIeTKaMM KPOBU ITalIMeHTOB ¢ BA m ycioBHO
3J0POBBIX JOOPOBOJBLIEB, He obOHapyxeHo. JITIC-
uHayuupoBaHHas cekpeuusi TNFo kieTkamu Kpo-
BU MaluMeHTOB ¢ BA 10 Tepanuu ObLia 3HAYUTEIBHO
Huxke, yeM JITIC-unnyuupoBanHas cekpeunss TNFo
KJIETKaMU YCJIOBHO 3I0OPOBBIX JOOPOBOJIBIIEB (puc. 1).
Yepes aBe HeaeIW Tepaltiy HAOJIIOOAIOCh YCUJICHHE
JINIC-unnpyuuposanHoii cekpeuun TNFa ex vivo.

IL-6

B o6pasnax kKi1eToK KpoBU MalUEHTOB ¢ bA, nH-
KyOMpOBaHHBIX B TeueHue 6 4 6e3 ctumyasuuu JITIC,
oOHapykeHbl ypoBHU IL-6, 3HAYUTEILHO ITPEBHI-
IMaIINe YPOBHU 3TOr0 MUTOKWHA B KOHTPOJBHBIX
0o0pasiax KJIETOK KPOBU YCIOBHO 3MOPOBBIX JOOPO-
BoJbleB. Yepe3 nBe Heaenu 0a3MCHON MPOTUBO-
BOCHAJIMTEJIFHON Tepalliy HaOIOOAIOCh CHIDKEHUE
cekperuun IL-6 xiieTkamMy KpoBM MHaleHTOB ¢ BA
(koHTpoOJb). [Tocne ctumynsiuuu JITIC, KonuyecTBo
IL-6, cekpeTMpOBaHHOIO KJIETKAMU KPOBU IalU-
€HTOB ¢ BA, 3HAYUTEIBbHO MPEBHIIIATIO KOJIMYECTBO
3TOrO IMTOKWHA B 00pa3iiaX KJIeTOK KPOBU YCIIOBHO
300POBBIX JTOOPOBOJIBIIEB. Tepamms HE oOKa3bIBajia
3HaYuMbIX 3¢pdekToB Ha JITIC-uHIYLUPOBAHHYIO
cekpenmio [L-6 KileTKaMu KpOBH TTAIIMEHTOB ex Vivo.

IL-8

CTaTUCTUUECKM 3HAYMMBIX pPa3IddYuil MEXIy
KoHUeHTpauusmu 1L-8, cekpeTupoBaHHBIMU KJIET-
KaMM KpOBHU TAIIMEeHTOB ¢ BA 1 yCIIOBHO 3M0pPOBBIX
JIOOPOBOJILLIEB, B KOHTPOJIE He 0OHapyxXeHo. /o 6a-
3WCHOI Tepanuu KJIETKU KPOBU ITAIIMEHTOB C DA,
crumynupoBaHHbIe JITIC, cekpeTMpoBaau MEHBIIE
IL-8, yeM KJIETKM KPOBH YCIOBHO 3MOPOBBIX JOOPO-
BosbleB. [locine nByx Hemenb Tepanuu BA He Ha-
oromanoch U3MeHeHn B mpoaykunu 1L-8, mHmytim-
poBanHoi1 JITIC.

IL-1p

Y manueHTOB IO U 4epe3 ABe HeAeaU IToCye Te-
parmuu BA B KOHTpOJILHBIX 00pa3iiax oOHapy>KeHbI
Hu3Kkue ypoBHU IL-1B3, comocTtaBuMble C YPOBHSIMU
IL-1B B mpobGax KpoOBU YCJIOBHO 3IOPOBBIX AOOPO-
BousblieB. [Tponykuus IL-1p kinerkamu KpoBU Manu-
eHToB ¢ BA, ctuMmynupoBaHHbIX JITIC no Tepanuu,
MIpeBhIIajaa IPOAYKIINIO 3TOT0 IUTOKMHA KJICTKaMM
KPOBM YCJIIOBHO 3HOPOBBIX TOOPOBOJIBIEB B OTBET
Ha JITIC. Yepes nBe Henenu tepanuu bA He Habmt0-
Jlasioch U3MeHeHuil B npoaykuuu IL-1B knetkamu
KpOBH MalMeHTOB, cTUMyIupoBaHHbIX JITIC.

IL-1ra

B KOHTpOJIbHBIX 00pa3lax KJIETOK KPOBU YCIOB-
HO 3J0pOBBIX JOOPOBOJILLEB He 0OHapyxkeHo IL-1ra,

TOTJa KaK 3HAYUTEIbHBIC KOHIIEHTPAIIMU 3TOTO M-
TOKWHA UACHTU(PUIIMPOBAHBEI HAMU B KOHTPOJIbHBIX
o0pasiax KJIETOK KPOBY MalUeHTOB ¢ BA.

B otBeT Ha JITIC kxneTKn KpOBU YCIOBHO 300pPO-
BBIX JOOpPOBOJIbLIEB HapabaThIBaJM 3HAYUTEbHbIEC
KonuyectBa IL-1ra. B ominMuue OT yCJIOBHO 310-
POBBIX IOOPOBOJIBIIEB, IIOCJIE CTUMYJISIIAM DHIO-
TOKCMHOM KJIETOK KpPOBU MalMeHTOB ¢ BA ypoBHU
IL-1ra B 06pa3iax 10CTOBEPHO CHUKAIUCh. Tepanust
He OKa3blBaJla CTaTUCTUYECKU 3HAUYUMBIX 3(P(HEKTOB
Ha ¢oHoBy10 U JITIC-MHIYLIUPOBAHHYIO CEKPELIUIO
IL-1ra kj1eTKaMu KpOBH MalLIMEHTOB ex Vivo.

IFNy

KiteTkut KpoBH YCIIOBHO 300POBBIX JOOPOBOJIBIICB
u naitueHToB ¢ BA He cexperupoBanu IFNy 6e3 ctu-
myssiuuu JITIC. B orBet Ha JITIC kjieTKu KpoBU yC-
JIOBHO 3[I0POBBIX JOOPOBOJIBIIEB CEKPETUPOBAIN 3HA-
yutenbHble konuuectBa [FNy. KommuectBa IFNy,
CEKPEeTUPOBAHHOIO KJIETKAMU KpPOBU MNallMEHTOB
¢ BA B otBet Ha JITIC n XOHTpOJIE, HE OTJIMYAIUChH.
Yepes nBe Heaeln 0a3MCHOM Tepallu He Habmona-
Jjock ycwieHus nponykuuu IFNy kimetkamMu KpoBu
nauueHToB ¢ BA, crumyimmpoBanubix JITIC ex vivo.

IL-4

Konuentpauuu 1L-4 B riasame KpoBu MallMEHTOB
¢ BA 3HaunTeNpHO BHIIIC, YeM B IIa3Me KPOBH YC-
JIOBHO 3J0pPOBBIX 10OpOBOJIbLIEB (puc. 2). YUepes aBe
Heaeau 0a3uCHOU Tepanmuu He HabOaogaiach cTa-
TUCTUYECKH 3HAYMMBIX M3McHeHUI ypoBHeit 1L-4
B IIa3Me KpPOBUY NanueHToB ¢ BA.

ObcyxaeHune

Y naumeHtoB ¢ BA mocie Tepanuu OoTMevaeT-
Cs TEHACHLIMS K CHUXKEHUIO BBIPAXXEHHOCTH CHUM-
NTOMOB 3a00JieBaHUs, TIOJIOXKUTEJIbHAS IWHAMUKa
B ctopoHy npupocta OD®BI1 u yrydieHne KadyecTsa
xu3Hu (ACT-TecT), 4TO yKa3bIBaeT Ha KyIIMpOBaHUE
cuMntoMoB BA mpu 6asvicHOW MPOTUBOBOCTIAIM-
TEeJILHOU TepaITim.

W3 nutepaTypHbIX JaHHBIX U3BECTHO, YTO B ajlb-
BEOJIIPHOM XXWAKOCTU M B KPOBU MallMEeHTOB ¢ BA
MOTYT OOHApYKMBAaTbCSI CYIIIECTBEHHBIC KOHIICH-
tpauuu TNFa [10, 11, 17, 43]. B HacTosiee Bpe-
Msl OoMucaHbl JIBa MexaHu3Mma pa3Butusi bA. Ilep-
BbIli, Th2-3aBuUCHMMBII MeXaHU3M, aKTUBUPYETCS
B OTBET Ha ajulepreHbl, Torga Kak BTopoii, Th2-
He3aBucuMbIli  (Thl7-3aBucuMsbliit), peanusyeTcs
npu nHpeknu [18].

VYpoBHu 1L-4 B mia3zMe KpoBU maumMeHTOB ¢ BA
MpeBbILIATN YPOBHU 3TOrO LIUTOKMHA B TJIa3Me KPo-
BU YCJIOBHO 3IOPOBBIX TOOPOBOJIBIIEB, YTO YKa3bIBa-
€T Ha pa3BuTue 3aboneBaHus no Th2-3aBUcuMoMy
MmexaHusmy [46]. Kpome toro, ypoBHu TNFa B KOH-
TPOJbHBIX 0Opa3lax malurMeHToB ¢ bA 1 ycJ10BHO 3110~
POBBIX 10OPOBOJIBLIEB ObLIM CPaBHUMBI, MOATBEPK-
nas passutue BA mo Th2-3aBucUMOMY MeXaHU3MY,
IUIST KOTOPOTO HE XapaKTEepHO YBEIIMYCHHE MPOAYK-
uuu TNFa [8]. [ToryyeHHBIe B XOlie HACTOSIIETO
ucceloBaHUs pe3yabTaThl, TTOATBEPKAAIOT, UTO BbI-
cokue ypoBHu TNFa xapaktepHb! 1151 BA, pa3BuBa-
toneiica o Th2-He3aBUcUMOMY MexaHu3My [8, 35].

OnHUM W3 MapkKepoB OcCabJieHUss WMMYHHOTO
oTBeTa sBiasieTcsl cHuKeHue cekpeuuu TNFo kiert-
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TNFa concentration, pg/ml
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1 Kowtpons (Control)
[ NNC E.coli (LPS E.coli)

PucyHok 1. Cekpeums LMTOKMHOB KNeTKaMy KpOBM YCNOBHO 3A0POBbLIX A0GPOBONbLEB, NauueHToB ¢ BA fo Tepanumn
1 Yepes ABe Hedenu Tepanuu
Mpumeyanue. KOHUEHTpaLMn LMTOKMHOB OLIEHMBANK B KOHTPOJbHLIX 06pa3sLax KpoBu (Genbie rTMCTOrpamMmMbl) U NocHe CTUMYTISALMK
NNC E. coli (100 Hr/mn) (cepbie ructorpammsi). Konuentpauun TNFa, IL-6, IL-8 onpegensnu nocne 6 4 uHky6aumm, IL-1B, IL-1ra

1 IFNy - nocne 24 4 nukybauun. OnpegeneHune KOHLEHTPALMIA LIMTOKMHOB npoBoannu metogom UDA. * — p < 0,05, U-tect MaHHa-YuTHu
n W-kputepuin BunkokcoHa.

Figure 1. Cytokines secretion by whole blood cells of healthy volunteers, patients with bronchial asthma (BA) before treatment or

after 2 weeks therapy

Note. Cytokine secretion was measured in control samples (white histograms) and after LPS (100 ng/ml) challenge (gray histograms). TNFa., IL-6
and IL-8 concentrations were measured after 6 h exposure, IL-1B, IL-1ra and IFNy concentrations were measured after 24 h exposure. Cytokine
concentrations were measured by ELISA. *, p < 0.05, Mann—-Whitney U test, Wilcoxon signed-rank test.

KaMM 1eJbHOM KpOBU, CTUMYJMPOBAHHBIMU DH-
NOTOKCUHOM ex vivo [31]. B Halem umccienoBaHumn
JINIC-namynmpoBanHas cekpenust TNFo kieTkamu
KpOBHM TallMeHTOB ¢ BA Obljia 3HAYUTEbHO HUXE,

yeMm JITIC-unayuupoBaHHas ceKpelusl 3TOro LUATO-
KWHA KJIETKAMU YCJIOBHO 3JI0POBBIX TOOPOBOJIBIIEB,
YTO MOXET YKa3bIBaTh HA CHUXKEHNE aKTUBHOCTH M-
MYHHBIX KJIETOK KpOBH y TaliieHTOB ¢ bA. CHukeHne
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PucyHok 2. KoHueHTpauum IL-4 B nna3me KpoBU YCNOBHO
300poBbIX JobpoBonbLeB, NauueHToB ¢ BA Ao Tepanuu
¥ Yepes ABe Hefenu Tepanumn

Mpumeyvanue. OnpeneneHne KOHLUEHTPALIMIA LUTOKUHOB
npoBoaunu metogom UPA. * — p < 0,05, U-tect MaHHa-YuTHK
n W-kputepuin BunkokcoHa.

Figure 2. IL-4 plasma levels of healthy volunteers, patients with
bronchial asthma (BA) before treatment or after 2 weeks therapy

Note. Cytokine concentrations were measured by ELISA. *, p < 0.05,
Mann-Whitney U test, Wilcoxon signed-rank test.

kommnuectB TNFa B 06pa3nax KpoBu maumeHToB ¢ BA
MOXET 0OBSICHIThCS MOBbIIIeHUEM YpoBHel STNFR
I1, cexperupyemMoro KjeTKamMyd KpPOBU M CBSI3bIBa-
romiero TNFa [43, 48]. Yepe3 nBe Heaeau Tepanuu
Haomonanock yeuseHue JINC-unayuupoBaHHOM ce-
kpeuuu TNFa ex vivo. JITIC-uHayunpoBaHHbBINM CUH-
Te3 TNFo xapakTepeH 1J1s1 MOHOLIMTOB, HO HE Xapak-
TepeH 1T TMM@POLIUTOB KpOBH UesioBeka [2]. B cBsa3mn
C 3TUM HaMU MOPEAINOoJIOXKEeHO, uTo ycuiueHue JITIC-
uHayiypoBaHHoi cekpeunu TNFo (6 4) yepe3 aBe
HeJeau Mocje Tepanyuu MOXKET OBbITh CBSI3aHO C ya-
CTUYHBIM BOCCTAaHOBJIEHUEM aKTUBHOCTU MOHOILIM-
TOB KPOBU MNallMeHTOB ¢ BA.

OmanmM w3 MexaHm3MoB ycwieHms JITIC-
uHaylpoBaHHou cekpeuuu TNFo knerkamu Kpo-
BU NaineHToB ¢ BA Ha ¢oHe Tepanuu MOXeT ObITh
MOBBILLIEHUE B KPOBU KOHIIEHTpallil pacTBOPUMOiL
dopmel peuentopa CD14 (sCD14), koTophlii crio-
cooctByeT nmocrtaBke JIIIC x penienTopHOMY KOM-
mwiekcy TLR4/MD-2 Ha ITOBEpXHOCTH KJIETOK-MU-
meHeid [27]. HamMu He oOHapy>XeHO JOCTOBEPHBIX
u3MeHeHuil KoHueHTpauuu sCD14 B oOpa3uax Kjie-
TOK KpOBU nauueHToB ¢ bA Ha (poHe Tepanuu B KOH-
Tpose u nocie ctumyisuuu JITIC (maHHbIe He TIpe-
craBiieHbl). IlomydeHHBIE pe3ylabTaThl yKa3bIBalOT
Ha 10, 9T ycmieHue JIITC-mHIyLmmpoBaHHOM ceKpe-
uuu TNFo kjieTkKaMy UMMYHHOI CUCTEMBI Ha (poHEe
tepanuu BA mnipoucxogut o sCD14-He3aBUCUMBIM
MexaHu3MaM.

Hemnonnoe Boccranosnenue JITIC-uHayumpo-
BaHHOI cekpeln TNFo kieTkamMu KpoBU MalM-
eHTOB ¢ BA 1m0 ypoBHel, XapaKTepHBIX IJIsSI KJIETOK
KPOBU YCJIOBHO 3IOPOBBIX NOOPOBOJIbLIEB, MOXET

OOBSICHITBCI CIOCOOHOCTBIO HCIIOJB3YyEMBIX B Te-
panmmy WHTAJISIHAOHHBIX TIIIOKOKOPTUKOCTEPOUIOB
(muI'KC) maaynupoBaTh pa3BUTHE MMMYHOJOTHAYEC-
ckoii TosepanTHocTH K JITIC [36].

HuTtoknu IL-6 cekpeTupyeTcsl albBEOJSIPHBIMU
MakpodaraMmy MalMeHTOB C aCTMOM ITocjie KOHTaK-
Ta ¢ ajuiepreHom [35, 45]. B KOHTpOJAbHBIX 00pa3-
ax KJIETOK KpPOBM manueHToB ¢ BA HamMu oOHapy-
XKeHbl ypoBHU [L-6, mpeBbIlIAIONIE YPOBHU 3TOTO
LUTOKMHA B KOHTPOJILHBIX 00pa3liax KJIEeTOK KPOBU
YCJIOBHO 3I0POBBIX T0OPOBOJIBLIEB, UTO XOPOIIIO CO-
racyeTcsl C JIMTepaTypHBIMU JaHHBIMUA O BIUSHUM
acTMBI Ha TpoAyKLuio 1L-6 MMMYHHBIMU KJI€TKaMU
kpoBu [37, 49]. Tepanus cHUKana (POHOBYIO CeKpe-
o 1L-6 kieTkaMu KpOBUY MALIMEHTOB 10 YPOBHE,
PEeTUCTPUPYEMBIX B IIPO0ax yCJIOBHO 3IOPOBBIX MIO-
OpOBOJIBIIEB, YTO MOXET yKa3blBaTb Ha CHIKEHUE
BbIPaXKEHHOCTU BOCITAJICHUS.

Hamu He ObUTO0 OOHApPYXKEHO CTaTUCTUYECKU 3HA-
YUMBIX pa3INIuii MeXAy KoHueHTpauusmu I1L-8
B KOHTPOJIBHBIX OOpa3llaX KJIETOK KpPOBH, IIOIY-
YEeHHBIX OT YCJIOBHO 3IOPOBBIX T10OPOBOJIBIIEB U Ia-
LIMeHTOB ¢ BA, 4To coryiacyercsi ¢ JIuTepaTypHbIMU
IaHHbIM [19, 29]. JITTC-uHayuupoBaHHasK CEKpeIrs
1L-8 kyieTkaMu KpOBU MALIMEHTOB ¢ A 3HaYUTEJILHO
Huxe JITIC-unaynmpoBanHoit cekperuu 1L-8 kier-
KaMH KPOBH YCJIOBHO 3IOPOBBIX TOOPOBOJIBIIECB, YTO
NOATBEPXKOAeT CHIDKEHHUE aKTUBHOCTHM MMMYHHBIX
KJIETOK KPOBH MalreHTOB ¢ BA.

M3 nurepaTypHbIX JaHHBIX U3BECTHO, YTO B T€Ue-
Hue pa3Buthusi BA moseimaercs skcrnpeccust [L-13
KJIeTKaMU1 3MUTEINS TbIXaTeIbHBIX ITyTeil W yBeIIN-
YMBAETCSI KOJMYSCTBO aJIbBECOJISIDHBIX MaKpo(daros,
cekperupywoiux [L-13 [41-43]. B otnudue ot anb-
BEOJISIPHBIX MakKpodaroB KJIeTKU TNepudepudeckoi
KpOBU NanueHToB ¢ BA (KOHTpOJIb) CEKpEeTUpOBaIU
KoHUeHTpauuu IL-1f3, comoctaBuMbIle C KOHIIEH-
Tpauusmu IL-1p B mpobax KJIETOK KPOBHU YCJIOBHO
300POBBIX TOOPOBOJIBIIECB. [1lonydyeHHBIC pe3yIbTaThl
MOTYT yKa3bIBaTh Ha Pa3jinyvus B PETYJSILIUUA CEKpe-
nuu 1L-1p *MMYHHBIMM KJI€TKaMU PECIUPATOPHOTO
TpakTa U nepudeprnieckKoi KpoBU.

B KoHTpoJbHBIX OOpa3uax naiuueHToB ¢ bA 006-
HapyXeHbl CyllleCTBeHHbIe KoindecTBa IL-1ra B oT-
JIMYKME OT KOHTPOJIbHBIX 00pa3IloB YCJIOBHO 310pPO-
BBIX JOOPOBOIBLIEB. DTU Pe3yJbTaThbl COTJIACYIOTCS
¢ auTepaTypHbIMU TaHHBIMU [43]. CTOUT OTMETUTD,
YTO BBICOKME KOHLIeHTpaluu IL-1ra B OpoHxoaibBe-
OJISIPHOM XXUIKOCTU NalreHTOB ¢ BA He 6JI0KUpYIOT
addexTrl IL-1p [43]. [Tocne aktuaum JITIC ypos-
Hu IL-1ra B mpo6ax KJIETOK KpOoBU MaleHTOB ¢ BA
CHUXKAJIUCh. DTO MOXET OOBSICHATHCS CBSI3BIBAHUEM
IL-1ra ¢ IL-1R, akcnpeccusi KOTOPOIo MOBHIIIAETCS
Ha MOBEPXHOCTM MOHOHYKJIEApHBIX KJIETOK, CTUMY-
smposanubix JITIC [3, 4, 5, 6, 38].

Knetrkn nmamueHToB ¢ BA TpakTuyecku He ce-
kpetupoBain IFNy, Kak B KOHTpoJjie, TaK U B OTBET
Ha JITIC. Huskue xonueHtpanuu [FNy moareepxk-
nmaioT passute BA mo Th2-3aBUcMMOMY MeXaHU3-
My [18, 33]. Yepe3 nBe Heaeau nocie Tepanuu BA
He oOHapyxeHo ycuneHus JITIC-uHayuupoBaHHONM
cekpeuun [FNy ex vivo, 4TO KOCBEHHO yKa3bIBacT
Ha pa3BUTHE BocmajeHUS mo Th2-3aBUCHUMOMY Me-
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xaHuaMy. Cekpenust Th2-kieTkamu HATOKUHOB 11.-4
u I1L-10 mogasnser nuddepeHInpoBKy HauBHBIX Th-
KJIeTOK B 3penble Thl-kieTku u, Kak CIeACTBUE, CUH-
te3 IFNy 3pensimu Thl-knetkamu [15]. Pesynsratsl,
MOJYYEHHbIE HAMM, TTOKA3bIBAIOT, YTO ypoBHU [FNy
HE MOTYT MCIOJb30BaThCI IJISI OLIEHKU 3(P(eKTUB-
HocTu Tepanuu BA. DT1o cornacyetcs co cnaboii Tepa-
neptuyeckoil adektruBHOCTHIO [FNY nipu neyeHun
BA [12].

W3 nutepaTypHBIX TaHHBIX U3BeCTHO, uTo UI'KC
SIBASIOTCS  He3((MEKTUBHBIMU  TEepareBTUYECKU-
MU areHTaMW TpH JiedeHMH DBA, pa3BuBaroIIeii-
csa no Th2-uezaBucumomy nytu [40]. Mapkepom
ul'’KC-pesucteHTHOI DA SBISIIOTCS MOBBILLIEHHbBIE
ypoBHHU IL-17A B KpoBU MaliMeHTOB. B CBsI3U ¢ 3TUM
Mbl oueHwIu mpoaykuuio IL-17A kierkamu Kpo-
BU MAIMEHTOB M YCJIOBHO 3I0POBBIX TOOPOBOJIb-
LIeB (maHHbIE He TpeacTaBieHbl). KoHleHTpaluuu
IL-17A BO Bcex nmpobax ObLIM HUKE KOHLIEHTpALIUU,
accouuurpoBaHHoil ¢ puckoM ul'’KC-pe3ucreHTHOI
acTMbl (20 tir/mi) [1], 4TO TTOATBEpPKIaeT pa3BUTHE
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BA no Th2-3aBucumomy mexaHusmy [18] 1 anexkBar-
HOCTB ITIOJOOpaHHOI TepaIlnu.

Ouenka npogykiuu [FNy u IL-17A, knetkamu
KpoBu, ctuMyaupoBaHHbiMU JITIC, Hapsoy ¢ ypoB-
Hamu IL-4, moxer OBbITH MCIIOJAb30BaHa AJISI MOJ-
TBepxIeHus pa3Butusi bA o Th2-3aBucumomy me-
XaHU3MY.

B HacToseM mcciaegoBaHUM TTOKA3aHo, 9TO Ye-
pe3 ABe HeIesn IMocjie 0a3nuCHOM ITPOTUBOBOCTIAIIN -
TEJBHOM Tepanuu y MmauueHToB ¢ bA Habmomaercs
cHMKeHue PoHOoBoM cekpennu 1L-6 kieTkaMu Kpo-
BU Y YACTUYHOE BOCCTAHOBJIEHUE YYBCTBUTEILHOCTU
MMMYHHBIX KJIETOK KPOBH, BEIpaXKEHHOE B YCUJICHUH
JITIC-unnyuupoBanHoii cekpeunu TNFa ex vivo.

bnarogapHocTu

ABTOpPHBI BRIpaXKaroT CBOIO 0JIaroJapHOCTb COTPYI-
Hukam BITHII PAH Axumosoii O.H. 3a 3a60p 6u1o-
MmaTepuana s oociaenoBaHusa U banHukoBon H.IT.
3a IOMOIIb B OPTraHU3al1 UCCIEIOBAHUS.

1. Agache I, Ciobanu C., Agache C., Anghel M. Increased serum IL-17 is an independent risk factor for severe asthma.

Respir. Med., 2010, Vol. 104, no. 8, pp. 1131-1137.

2. Andersson U., Matsuda T. Human interleukin 6 and tumor necrosis factor alpha production studied at a single-cell

level. Eur. J. Immunol., 1989. Vol. 19, no. 6, pp. 1157-1160.

3. Arend WP, Interleukin-1 receptor antagonist. Adv. Immunol., 1993, Vol. 54, pp. 167-227.
4. Arend W.P,, Malyak M., Guthridge C.J., Gabay C. Interleukin-1 receptor antagonist: role in biology. Annu. Rev. Immunol.,

1998, Vol. 16, pp. 27-55.

5. Arend W.P. The balance between IL-1 and IL-1Ra in disease. Cytokine Growth Factor Rev., 2002, Vol. 13, no. 4-5, pp. 323-340.

6. Arend W.P, Gaba C. Physiologic role of interleukin-1 receptor antagonist. Arthritis Res., 2000, Vol. 2, no. 4, pp. 245-248.

7.  Atkinson T.P.Is asthma an infectious disease? New evidence. Curr. Allergy. Asthma Rep., 2013, Vol. 13, no. 6, pp. 702-709.

8.  Baines K.J,, Simpson J.L., Wood L.G., Scott R.]J., Gibson P.G. Transcriptional phenotypes of asthma defined by gene
expression profiling of induced sputum samples. J. Allergy. Clin. Immunol., 2011, Vol. 127, no. 1, pp. 153-160.

9. Becker K], Dankwa D., Lee R., Schulze J., Zierath D., Tanzi P, Cain K., Dressel A., Shibata D., Weinstein J. Stroke,
IL-1ra, IL1RN, infection and outcome. Neurocrit. Care., 2014, Vol. 21, no. 1, pp. 140-146.

10. Berry M.A., Brightling C., Pavord I., Wardlaw A. TNF-alpha in asthma. Curr. Opin. Pharmacol., 2007, Vol. 7, no. 3, pp. 279-282.

11. Berry M.A,, Hargadon B., Shelley M., Parker D., Shaw D.E., Green R.H., Bradding P, Brightling C.E., Wardlaw A.],,
Pavord I.D. Evidence of a role of tumor necrosis factor alpha in refractory asthma. N. Engl. J. Med., 2006, Vol. 354, no. 7, pp. 697-708.

12. Boguniewicz M., Schneider L.C., Milgrom H., Newell D., Kelly N., Tam P, Izu A.E., Jaffe H.S., Bucalo L.R., Leung D.Y.
Treatment of steroid-dependent asthma with recombinant interferon-gamma. Clin. Exp. Allergy, 1993, Vol. 23, no. 9, pp. 785-790.

13. deBontN., Netea M.G., Rovers C., Smilde T., Hijmans A., Demacker P.N. LPS-induced release of IL-1 beta, IL-1Ra, IL-6,
and TNF-alpha in whole blood from patients with familial hypercholesterolemia: no effect of cholesterol-lowering treatment.

J. Interferon Cytokine Res., 2006, Vol. 26, no. 2, pp. 101-107.

14. Cookson B. The alliance of genes and environment in asthma and allergy. Nature, 1999, Vol. 402, B5-11.

15. Cunha EQ., Moncada S., Liew EY. Interleukin-10 (IL-10) inhibits the induction of nitric oxide synthase by interferon-
gamma in murine macrophages. Biochem. Biophys. Res. Commun., 1992, Vol. 182, no. 3, pp. 1155-1159.

16. Davies R.J., Wang J., Jiahua W,. Abdelaziz M., Calderon M.A., Khair O., Devalia J.L., Rusznak C. New insights into the

understanding of asthma. Chest, 1997, Vol. 111, pp. 2-10.

17. Desai D., Brightling C. TNF-alpha antagonism in severe asthma? Recent Pat. Inflamm. Allergy Drug Discov., 2010, Vol. 4,

no. 3, pp. 193-200.

18. Earl C.S., An S.Q., Ryan R.P. The changing face of asthma and its relation with microbes. Trends Microbiol., 2015,

Vol. 23, no. 7, pp. 408-418.

19. Ghaffari J., Rafiei A.R., Ajami A., Mahdavi M., Hoshiar D. Serum interleukins 6 and 8 in mild and severe asthmatic
patients, is it difference? Caspian J. Intern. Med., 2011, Vol. 2, no. 2, pp. 226-228.
20. Godwin M.S., Blackburn J., Steele C. IL-1R and IL-1RA differentially contribute to immunopathogenesis during fungal

asthma. J. Immunol., 2017, Vol. 198, pp. 53-54.

21. Gomes N.E., Brunialti M.K., Mendes M.E., Freudenberg M., Galanos C., Salomio R. Lipopolysaccharide-induced
expression of cell surface receptors and cell activation of neutrophils and monocytes in whole human blood. Braz. J. Med. Biol.

Res., 2010, Vol. 43, no. 9, pp. 853-858.

22. Jansky L., Reymanova P, Kopecky J. Dynamics of cytokine production in human peripheral blood mononuclear cells
stimulated by LPS or Infected by borrelia. Physiol. Res., 2003, Vol. 52, no. 6, pp. 593-598.
23. Holt P.G., Macaubas C., Stumbles P.A,, Sly P.D. The role of allergy in the development of asthma. Nature, 1999, Vol. 402,

B12-17.

24. Karjalainen J., Hulkkonen J., Nieminen M.M., Huhtala H., Aromaa A., Klaukka T., Hurme M. Interleukin-10 gene
promoter region polymorphism is associated with eosinophil count and circulating immunoglobulin E in adult asthma. Clin.

Exp. Allergy., 2003, Vol. 33, no. 1, pp. 78-83.

25. Holgate S.T., Davies D.E., Powell R.M., Howarth PH., Haitchi H.M., Holloway J.W. Local genetic and environmental
factors in asthma disease pathogenesis: chronicity and persistence mechanisms. Eur. Respir. J., 2007, Vol. 29, no. 4, pp. 793-803.

26. KimY, LeeS., Kim Y.S., Lawler S., Gho Y.S., Kim Y.K., Hwang H.J. Regulation of Th1/Th2 cells in asthma development:
a mathematical model. Math. Biosci. Eng., 2013, Vol. 10, no. 4, pp. 1095-1133.

795



Cepos /I.A. u op.
Serov D.A. et al.

Meduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

27. Kitchens R.L., Thompson P.A. Modulatory effects of sCD14 and LBP on LPS-host cell interactions. J. Endotoxin Res.,
2005, Vol. 11, no. 4, pp. 225-229.

28. Kumolosasi E., Salim E., Jantan I., Ahmad W. Kinetics of intracellular, extracellular and production of pro-inflammatory
cytokines in lipopolysaccharide stimulated human peripheral blood mononuclear cells. Trop. J. Pharm. Res., 2014, Vol. 13,

. 536-543.
PP 29. Liu G, Zhu R,, Li B. TNF-alpha and IL-8 of the patients with allergic asthma. J. Huazhong Univ. Sci. Technolog. Med.
Sci., 2005, Vol. 25, no. 3, pp. 274-275.

30. McCracken J.L., Veeranki S.P., Ameredes B.T., Calhoun W.J. Diagnosis and management of asthma in adults: a review.
JAMA, 2017, Vol. 318, no. 3, pp. 279-290.

31. Muszynski J.A., Nofziger R., Greathouse K., Nateri J., Hanson-Huber L., Steele L., Nicol K., Groner ].I., Besner G.E.,
Raffel C., Geyer S., El-Assal O., Hall M.W. Innate immune function predicts the development of nosocomial infection in critically
injured children. Shock, 2014, Vol. 42, no. 4, pp. 313-321.

32. Nelson H.S. The importance of allergens in the development of asthma and the persistence of symptoms. Dis. Mon.,
2001, Vol. 47, pp. 5-15.

33. Peters M.C. Measures of gene expression in sputum cells can identify T(H)2-high and T(H)2-low subtypes of asthma.
J. Allergy Clin. Immunol., 2014, Vo% 133, no. 2, pp. 388-394.

34. Poynter M.E,, Irvin C.G. Interleukin-6 as a biomarker for asthma: hype or is there something else? Eur. Respir. J., 2016,
Vol. 48, no. 4, pp. 979-981.

35. Ray A,, Oriss T.B., Wenzel S.E. Emerging molecular phenotypes of asthma. Am. J. Physiol. Lung Cell Mol. Physiol., 2015,
Vol. 308, no. 2, pp. L130-140.

36. Rearte B., Landoni V,, Laborde E., Fernandez G., Isturiz M. Differential effects of glucocorticoids in the establishment
and maintenance of endotoxin tolerance. Clin. Exp. Immunol., 2010, Vol. 159, no. 2, pp. 208-216.

37. Rincon M, Irvin C.G. Role of IL-6 in Asthma and other inflammatory pulmonary diseases. Int. J. Biol. Sci., 2012, Vol. 8,
no. 9, pp. 1281-1290.

38. Saccani S., Polentarutti N., Penton-Rol G., Sims J.E., Mantovani A. Divergent effects of LPS on expression of IL-1
receptor family members in mononuclear phagocytes in vitro and in vivo. Cytokine, 1998, Vol. 10, no. 10, pp. 773-780.

39. Schnare M., Barton G.M., Holt A.C., Takeda K., Akira S., Medzhitov R. Toll-like receptors control activation of adaptive
immune responses. Nat. Immunol., 2001, Vol. 2, no. 10, pp. 947-950.

40. Silva M.J., Santana M.B.R., Pitangueira H.M., Marques C.R., Carneiro V.L., Figueiredo C.A., Costa R.S. Glucocorticoid
resistant asthma: the potential contribution of IL-17. Biomark. J., 2016, Vol. 1, p. 6.

41. Sousa A.R., Lane S.J., Nakhosteen J.A., Lee T.H., Poston R.N. Expression of interleukin-1 beta (IL-1beta) and
interleukin-1 receptor antagonist (IL-1ra) on asthmatic bronchial epithelium. Am. J. Respir. Crit. Care Med., 1996, Vol. 154, no. 4,
Pt 1, pp. 1061-1066.

42. Thomas S.S., Chhabra S.K. A study on the serum levels of interleukin-1beta in bronchial asthma. J. Indian. Med. Assoc.,
2003, Vol. 101, no. 5, pp. 282-284.

43. Tillie-Leblond I., Pugin J., Marquette C.H., Lamblin C., Saulnier F, Brichet A., Wallaert B., Tonnel A.B., Gosset P.
Balance between proinflammatory cytokines and their inhibitors in bronchial lavage from patients with status asthmaticus. Am.
J. Resp. Crit. Care Med., 1999, Vol. 159, no. 2, pp. 487-494.

44. Uwaezuoke S.N., Ayuk A.C., Eze J.N. Severe bronchial asthma in children: a review of novel biomarkers used as
predictors of the disease. J. Asthma Allergy, 2018, Vol. 11, pp. 11-18.

45. Vercelli D., Jabara H.H., Arai K., Yokota T., Geha R.S. Endogenous interleukin 6 plays an obligatory role in interleukin
4-dependent human IgE synthesis. Eur. J. Immunol., 1989, Vol. 19, no. 8, pp. 1419-1424.

46. Wegmann M. Th2 cells as targets for therapeutic intervention in allergic bronchial asthma. Expert Rev. Mol. Diagn.,
2009, Vol. 9, no. 1, p. 85-100.

47. Wohlleben G., Erb K.J. Immune stimulatory strategies for the prevention and treatment of asthma. Curr. Pharm. Des.,
2006, Vol. 12, no. 25, pp. 3281-3292.

48. Zahorska-Markiewicz B., Janowska J., Olszanecka-Glinianowicz M., Zurakowski A. Serum concentrations
of TNF-o. and soluble TNF-o receptors in obesity. Int. J. Obes. Relat. Metab. Disord., 2000, Vol. 24, no. 11,
pp. 1392-1395.

49. ZhuZ.,Tang W, Ray A., Wu Y,, Einarsson O., Landry M.L., Gwaltney J., Elias ].A. Rhinovirus stimulation of interleukin-6 in
vivo and in vitro: Evicgence for nuclear factor-kB-dependent transcriptional activation. J. Clin. Invest., 1996, Vol. 97, no. 2, pp. 421-430.

ABTOpBI: Authors:

Cepos JI.A. — maadwiuii Hayunwiii compyoHuK aabopamopuu
monexyasiproi ouomeduyunvt PIbYH « Uncmumym
@dyrnoamenmanvrwvix npobaem ouosoeuu PAH», e. Ilywuno,
Mockoeckas o6a., Poccus

Kaobanoe JI.C. — k.6.H., cmapwiuii HayuHbvLil COMPYOHUK
nabopamopuu moaexyasaproll ouomeouyunvt PIbYH
«Hncmumym gpyndamenmanvroix npoosem ouonroeuu PAH»,
. Ilywuno, Mockoeckas o6a., Poccus

Kocarosea H.H. — 0.m.1., 3a6edyouuil omoeneHuem
ummyHonoauu-annepeonoeuu PIrAY3 «boavruya
Ilywunckoeo nayunoeo yenmpa PAH», e. Ilywuno,
Mockoeckas o6a., Poccus

Ilpoxopenxo U.P. — 0.0.H., 21a8HbLI HAYUHBLE COMPYOHUK
snabopamopuu moaexyasproil buomeduyunvt OIbYH
«HHcmumym gpyndamenmanvroix npoonsem ouonroeuu PAH»,
. Ilywuno, Mockoeckas 06a., Poccus

Serov D.A., Junior Research Associate, Laboratory

of Molecular Biomedicine, Institute of Fundamental Problems
of Biology, Russian Academy of Sciences, Pushchino, Moscow
Region, Russian Federation

Kabanov D.S., PhD (Biology), Senior Research Associate,
Laboratory of Molecular Biomedicine, Institute

of Fundamental Problems of Biology, Russian Academy

of Sciences, Pushchino, Moscow Region, Russian Federation

Kosyakova N.I., PhD, MD (Medicine), Head, Department

of Immunology/Allergology, Clinical Hospital at the Pushchino
Research Center, Pushchino, Moscow Region, Russian
Federation

Prokhorenko I.R., PhD, MD (Biology), Main Research

Associate, Laboratory of Molecular Biomedicine, Institute
of Fundamental Problems of Biology, Russian Academy of
Sciences, Pushchino, Moscow Region, Russian Federation

Ilocmynuna 18.07.2018
Omnpaenena Ha dopabomky 10.12.2018
Ilpunusma k newamu 14.12.2018

Received 18.07.2018
Revision received 10.12.2018
Accepted 14.12.2018

796



Meduyunckas ummyHonroeus
2019, T. 21, No 4,

cmp. 797-799

© 2019, CII6 PO PAAKH

Ilpasuaa 0as aemopos
Instructions to Authors

Medical Immunology (Russia)/
Meditsinskaya Immunologiya
2019, Vol. 21, No 4, pp. 797-799
© 2019, SPb RAACI

NMPABUJIA J19 ABTOPOB

CTaThy TIPEACTABIISIIOTCS B PENAKIINIO Yepe3 CHUCTe-
My DBJIeKTpoHHoOro uszaaresibctBa (http://mimmun.ru)
B COOTBETCTBMU C TpeOOBaHUSIMU XypHala «Menu-
UHCKas UMMYHOJIOTUST» U «HCTpyKLIMe Mo MoAro-
TOBKE U OTIIPABKE CTaTbU», IIPEACTABJICHHOM Ha CaiTe.

C anpes 2016 r. B KypHaJjie MyOJIMKYIOTCS CTATBY HA
PYCCKOM M HA aHIVIMIACKOM SI3bIKaX.

B xkypHan npuHUMAIOTCS CICAYIONINE BUMBI ITyOJI-
Kallui:

OpuruHanbHas cTatbs

CraThbsl 10KHA OMUCHIBATh PEe3YJIbTaThl 3aKOHUYEH -
Horo ucciaegoBanus. Jlomyckaercss oo0beM ctaTbu 10 20
MAaIIMHOTIMCHBIX CTPaHUII, BKJIIOUas pUCYHKH, TaOJIu-
upl. CTaThs TOJKHA CoAepsKaTh: 1) BBeneHMue; 2) Marte-
puajbl 1 MeTOIbI; 3) pe3yJibTaThl ucCiaenoBaHuii; 4) 00-
CYXIeHMe pe3yJIbTaToOB; 5) 61aronapHOCTH.

*  BBeaenue coaep>XUT 000OCHOBaHME LIEIU U 3a1a4
MPOBEIEHHOTO UCCIeI0BaHUSI.

*  Marepuajbl 1 METOAbI MOTYT U3JIaraTbCsl B BUJIE
OTHEIBbHBIX (DParMEHTOB C KOPOTKUMU TTOA3a-
roioBkamu. Bce HeTpamuiMoHHble MoaUdU-
KallM METOHOB MOJKHBI OBITH OMUCAHBI C HO-
CTaTOYHOM CTeIeHblo MoaApoOHOCTHU. [Is1 Bcex
HCIIO0JIb3YeMbIX B paO0OTE peaKTUBOB, XKUBOTHBIX,
KJIETOYHBIX KYJBTYP U T. 1. HEOOXOAUMO TOYHO
yKa3bIBaTb MPOU3BOAUTENEH U/UTU UCTOYHUKU
noydeHusi (C Ha3BaHUSIMHU CTpaHbI, (PUPMEI,
MHCTUTYTA).

* Pe3yasraTbl ONMMCHIBAIOTCS B JIOTMYECKOM ITOCIe-
JI0BaTEJIbHOCTU B BUJIE OTAEIbHbIX HParMeHTOB,
pazneseHHbIX M013aroJ0BKaMu, 6e3 3J1eMEeHTOB
obcyxaeHusi, 6e3 MOBTOPEHUSI METOANYECKUX
noapoOHocCTel, 6e3 ayoaupoBaHUs LIUEMPOBBIX
JMaHHBIX, TPUBEACHHBIX B TAOJIMIIAX M pUCYHKAX.

* B o0cykneHnn TTpOBOIMUTCS NeTaTbHBINA aHaJIN3
MOJYYEeHHBIX JTaHHBIX B COIOCTABJIEHUU C JaH-
HBIMU JIUTEPATYpPhI, YTO CIY>KUT 0OOCHOBAHUEM
BBIBOJIOB U 3aKJIIOYEHU I aBTOPOB.

* Paznen «baarogapHocTH» He sIBIsSeTCs 00s13a-
TeJIbHBIM, HO KpaliHe KejlatejeH. B aTom pas-
JieJie aBTOPbI MOTYT BBIPA3UTh ITPU3HATEILHOCTD
opraHmM3aluu, CcyOCUIMpOBaBIlIel TIpoBele-
HUE HCCJIeIoBaHM, KoJljleraM, KOHCYJIBTUPO-
BaBIIMM DPabOTy B MpOlIECCE €€ BbIMOJHEHUS
W/VUAA HalMCaHUsl, a TakKXe TeXHUYEeCKOMY
MepcoHay 3a MOMOIIb B BHITTOJHEHUU HCCIIe-
noBaHuii. biraromapHocTu 3a MpemocTaBlIeHHE
cnieUIECKUX pPEeakKTUBOB WM 0O0OpyIOBa-
HUSI, KaK MpaBWIO, MOMEIIAIOTCS B pasmielie
«Martepuaibl 1 METOIBI».

KpaTtkne coobeHus

KypHai myOoianKyeT HeOOJIbIIMe 110 O0ObEMY CTaTbU,
KOTOpbIE NMEIOT OE3yCTIOBHYIO HOBM3HY U 3HAYMMOCTb.
OTU cTaTbu TIPOXOMST YCKOPEHHOE pelieH3UpOBaHUE
U MyOJIUKYIOTCSI B KOpPOTKME CpokM. OOIIMii oObeM
KpaTKOro cooOIleHUsI OrpaHUYeH 8 MallWMHOMUCHBI-
MU CTpaHUIIAMU, KOJUYECTBO PUCYHKOB U/WIW TaOJMIL
He MOXeT OBbITh OoJiee 3, a CIIUMCOK MCIOJIb30BAaHHBIX
JIMTEPaTyPHBIX UCTOYHMKOB HE JOJKEH MpeBbIaTh 15.
TutynpHbIN TUCT OopMIIsIETCs, KaK OTMMCAHO BhIIIIE.

Paznensl KpaTKoro COOOIIEHUST aHAJOTMYHBI BBIIIEO-
ITMCaHHBIM pas3acjiaM OpHI‘PIHaI[LHOfI CTaTbM, HO HC BbI-
JCJIA0TCA 3aroJIoBKaMu M 11oa3arojioBKkaMm, pesyjibra-
ThI MOT'YT OBITh U3JI03KEHBLI BMECTE C O6CY}KJICHI/IGM.

O630pHbIe CTaTbX U NEeKUUn

OO630pHBIE CTAThbU U JIEKIIMM B OCHOBHOM 3aKa3bI-
BAIOTCS peIakiMed MU MOTYT OBITh PEKOMEHIOBAHBI
OTHMM W3 4WICHOB peakoyuiernu. boniee mompoOHYIO
WHOOpMAIUIO O TTpaBUiiaX 0(OPMIIEHUST STUX CTaTel
MOXHO y3HaTh B peaaKINU

Bubnuorpaduyeckne ctaHaapThbl ONUCaHUA
UMTUMpYeMbIX NyGnukaumm

OnucaHue cmambu u3 XKypHana:

Baprommna E.A., Aunekcanmpos [.B., CasoHo-
Ba T.A., CumbupueB A.C. U3ydyeHue BIUSIHUSI MeCT-
HOTO MPUMEHEHUS] PEKOMOMHAHTHOTO YEJIOBEYECKOTrO
WHTepeKnHa- 13 Ha perapaluio sI3BeHHBIX TOBPEX-
JNIeHUR CIU3UCTOU 000JIoukU XKeaynka // LIuToKuHbI
u BocnajieHue, 2012. T. 11, Nel. C. 64-69.

Varjushina E.A., Alexandrov G.V., Sazonova TA.,
Simbircev A.S. Study of the effect of local application
of recombinant human interleukin-13 in the repair
of ulcerative lesions of gastric mucosa. Cytokines and
Inflammation, 2012, Vol. 11, no.1, pp. 64-69.

OnucaHue cmambu U3 KHU2u (MoHozpadguu):

Cokonosa I'H., IMoranosa B.b. Kinunuko-naro-
TeHETUYECKHE aCIIeKThl SI3BEHHOI OOJIE3HM KeJIyaKa.
M.: Anaxapcuc, 2009. 328 c.

Sokolova G.N., Potapova V.B. Clinical and
pathogenetic aspects of gastric ulcer. Moscow:
Anacharsis, 2009. 328 p.

lMpumepbI NpasusibHO20 0hOPMITEHUS] aH2J10513bIYHbIX
CCbIJIOK:

Wells S.M., Kantor A.B., Stall A.M. CD43(S7)
expression identifies peripheral B-cell subsets.
J. Immunol., 1994, Vol. 153, no. 12, pp. 5503-5515.

Goodman J.W., Parslow T.G. Immunoglobulin
proteins. Basic and Clinical Immunology. Ed. Stites
D.P, Terr A.lL., Parslow T.G., Appletion and Lange,
1994, pp. 66-79.

CchUIKM Ha JIMTepaTypHblE MCTOYHUKU B TEKCTE
cTaTbU, B PUCYHKax U Tabyuliax 0603HavaroTcst apaod-
CKUMM LMppamMu B KBaapaTHBIX ckoOKax [1, 2, 3,...].
He JOITYCKaIOTCs CChUIKM Ha IMCCepTallui, aBTopede-
paTthl IUccepTaluii, MyoIuKaluu B COOPHUKAX, METO-
IJecKre JOKYMEHTBI MeCTHOTO ypoBHs. KonmaecTBo
MCTOYHUKOB HE OrpaHUYeHO. B Kax/o#l cchljike Mpu-
BOISITCSI BCce aBTOpbl paboThl. HeomyOiamKoBaHHBIE
CTaTbU B CITMCOK HE BKJIIOUAIOTCS.

O6Go3HauYeHUsA, COKpaLLEHNA U eAUHULIbI U3MEPEHUA

JI1s1 CNOXXHBIX TEPMUHOB WM Ha3BaHU, HanboJiee
YacTO MCITIOJIb3YEMbIX B TEKCTE CTaTbM, MOXHO BBECTHU
(B KpyIJIBIX CKOOKAX IIOCJIe TTIEPBOT0 YIIOMUHAHMS ITOJI-
HOTO Ha3BaHUS TepMUHA) He 00ojiee 3—5 HeTpaguIIMOH -
HBIX COKpallleHWIA. Y3aKOHEHHbIC MEXIYHAapOIHBIMU
HOMEHKJIaTypaMM COKpaIlleHUsI UCIIOJIb3YIOTCS B COOT-
BETCTBYIOIIEH TpaHCKpunuuu. Hanpumep, 1ist TepMu-
Ha «MHTEpJIeHKUH» UCMONb3yeTcs cokpaleHue «IL»,
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a He pYCCKOSI3bIYHEBIN BapuaHT «JI»; aHaIOrM4HO 3TO-
My ucnoab3ytloTcs cokpaieHusi: «TNF», a He «TH®»
i «®@HO»; «CD», a ne «CJI». Ha3zBaHust MUKpOOP-
TaHMW3MOB TIPUBOJISTCS B OPUTMHAJIBHOU TpaHCKpPUII-
IUY C UCTIoJIb30BaHUeM KypcuBa (E. coli, Streptococcus
pyogenes). ENUHULIBI U3MEPEeHUS] TPUBOIATCS O€3 TOU-
KU MOCJIe UX COKpallleHHOro obo3HadYeHwus (C, 4, CM,
M, mr, kDa u T.1.), perilaMeHTUPOBAaHHOI'O MeXAayHa-
DPOIHBIMM MpaBUJIAMU.

OdopmrnieHne UnncTpaTMBHOro MaTepuana

HMnmocTpaTuBHBINA MaTepua 10JKeH ObITb OpUTH-
HaJIbHBIM, TO €CTb paHee HUTLe He OMyOJIMKOBAaHHBIM.
OO6111ee KOIUYECTBO WLIIOCTpalUii (TabJull U PUCYH-
KOB) HE JIOJIKHO TIpPEBBIIIaTh BOCbMU. [Ipu GonbliieM
KOJIMYECTBE WJUTIOCTPALIMIA MX ITyOJIMKAIMs OTUIauMBa-
eTcss aBTopoM. IlyOaukanusl LIBETHBIX WJLUIIOCTPALIUA
(He3aBUCHMO OT MX KOJIMYECTBA) TakKe OriauynBaeTcs
aBTOpoM. Bech WITIOCTpaTUBHBIN MaTepuas mpuchbLia-
eTcsl B JBYX 9K3eMIUISIpax U Ha JUCKE B BUIE OTAE/b-
HBIX (paiiIioB.

Pa3mepbl nnniocrpauui:
* MakcumajibHas BbicoTa — 210 MM
*  MakcuMasibHas lupuHa 118 1 cronona — 82 MM,
JJIst 2 cToA610B — 170 MM

Tabmmmpl. Kaxknast Tabauiia reyaTaeTcsi Ha OTAEIb-
HOM JiucTe (B OTAeIbHOM (haiiie Ha ucKe) yepe3 2 MH-
tepBasia. HyMepanus tabauir gaetcs apabCKuMu -
paMu OTAECTBHO OT HyMepaluu PUCYHKOB (TpadUKOB
u (pororpaduit). HazpaHue neuyaraeTcss Haa TaOIULIECH.
Bech TeKCT Ha pycCKOM SI3BIKE, COMIEpKALIUIACS B Ta0-
JIvlie, BKJIIOYash eAUHULIBI U3MEPEHUsI, NOJKeH OBITh
nepeBeieH Ha aHTJIUMHACKUIA S3bIK; TP 3TOM TepeBOI
clieyeT MoMellaTh B STYEMKY C COOTBETCTBYIOLIUM PYC-
CKMM TEKCTOM OT/AeIbHOU cTpokoit. HazBaHnue Tabnu-
bl ¥ TEKCT TTpUMeYaHusI K Hell TaKKe JOJKHBI ObITh
TnepeBeeHbl Ha aHTVIMUCKUI SI3BIK Y MIPUBEACHBI IO
DPYCCKHM TEKCTOM C HOBOM CTpOKU. JIJ11 TOMETOK B Ta-
OonuvIax cienyeT MCIMOJb30BaTh OJHY WJIM HECKOJIbKO
(*). TTosicHeHUsI TIeUaTaloTCs MOCe COOTBETCTBYIOIIIE-
ro xkojuyectna (*) mon tabnuneit. EnuHuUibI n3mepe-
HUS, TIPU HEOOXOAMMOCTH, BKJIIOUAIOTCS B 3aTrOJIOBKU
CTPOK WJIN CTOJIOIIOB.

Pucynku (rpaduxu u dortorpacdun). B rexcre ctatbu
Ha3BaHUSI PUCYHKOB (rpacgukos, ¢ortorpaduii) u ta-
O pa3MellaloTcs cpasy Ilocje ab3ala, Iae Ha HUX
JlaeTcsl mepBasi ccblika. Bece pucyHku HyMepyroTcs To-
cjiefoBaTe/ibHO apaOCKUMM MdpaMu Mo Mepe MX UC-
MOJIb30BaHUSI B TEKCTe CTaTbW. Ha3BaHUsS PUCYHKOB
¥ TOANUCH K HUM BBIHOCSTCS B BUIE CITMCKA Ha OT-
IEeJbHYIO CTpaHMIly. B crmcke ykasbIBalOTCS: HOMEpP
pUCYHKa, Ha3BaHUe (C OOJIbIIOM OYKBBI), TEKCT IIPUME-
yaHuii (111 MUKpodoTorpaduii JOJKHO ObITh YKA3aHO
yBeauueHue). [Toanucu K pucyHkam JaloTcsl KpaTKue,
HO J0cTaToyHO MH(popMaTuBHble. HazBaHUsI puCyHKOB
W IIpUMeYaHU K HUM, HApUCYHOUHBIE TTOAITUCH, TEKCT
JIeTeHIbI JOJKHBI OBITH TIepeBeIeHbl Ha aHTIMUCKUIA
SI3bIK M pa3MelleHbl T10J COOTBETCTBYIOIIUM TEKCTOM
Cc HoBoi1 cTpoku. Ha obopoTe Kaxkmoil WLIoCTpaluni
noanvceiBaeTcsl aMuins MepBOro aBTopa, Ha3BaHUe
CTaThU U MOPSIAKOBBII HOMEp. [J1s MyOaIuKalu B Xyp-
Hajie MPUHUMAIOTCSI TOJIbKO OpUTHHaNbI oTorpaduii
(He KCEepOKOIMH) XOpPOIIero KadecTBa, MaKCUMallb-
HO TIpUOJIMDKEHHBIE K BBIIICYKa3aHHBIM pa3Mepam.

®dororpadun He TOJLKHBI UMETh OOJIBIINX MOJIEH, T. €.
¢ororpaduyeckuii Marepruan AOKEH 3aHMMaTh BCIO
miowanb Gororpadun. PUCyHKM MOryT OBITH Mpemd-
cTaBjieHbl B Tpaduueckux opmarax ¢ paciiupeHueM
iff (pasperrenne He meHee 300 dpi mpu 100% maciira-
6e), .eps wiu .ai. M300paxkeHusi, BCTPOEHHbIE B TOKY-
MeHThl Word, He mpuHuMaloTcs. [paduku u nuarpam-
MBI TIPEAOCTABIISIIOTCSI BMECTE € TaOJIMIIaMH, Ha OCHOBE
KOTOPBIX OHM ObLJIA CO3MaHbl, UJIU C YUCJIEHHBIMU 000-
3HAYCHUSIMU TOKazaTesiell, OToOpaXkaeMbIX COOTBET-
CTBYIOLIMMU rpacuyecKMMU 3jeMeHTaMu (CToJIOMKa-
MU, CEKTOpaMU U T.11.) B BUIe HaiijioB ¢ paCIIMPEHUSIMU
.doc wiu, npeamnoyrureabHee, .XIs.

Mnara 3a ny6nukauuio ctaten

Ilpu cobioaeHUn NpaBui IMyOJMKALUsl cTaTei
B XypHasie «MenuimHcKasi UMMYHOJIOTUST» SIBJISIETCS
OecIjiaTHOM IJISI aBTOPOB U YUPEXKISCHUM, B KOTOPHIX
OHM paboTaloT. Pemakiiyss MoxeT moTpedoBaTh orJjia-
Ty B CAeAYIOIIUX caydasx: 1) 3a myOauKaluio IBETHBIX
WUTIOCTpaluit; 2) Tpu OOJIbIIOM KOJIMYECTBE WILTIO-
CTpaTUBHOTO MaTepuajia (CBhIlIE § MILTIOCTpaLInit).

[logroToBka cTaTen

s ipeacTaBiaeHUST CTaThbM aBTOPBI JOJKHBI MO~
TBEPAUTh HUXeCHenyolme MyHKTB. CTaTbs MOXET
OBbITb OTKJIOHEHA, €CJIM OHAa UM HE COOTBETCTBYET.

A. Hamnpapisist cTaThio B XXypHaJl, aBTOPbI rapaHTU-
PYIOT, UTO MOAaHHbIE MaTepuajbl He OBLIN pa-
Hee oNyOJMKOBaHbI TOJHOCTBIO WM 110 YaCTsIM,
B JItoOo11 (hopme, B 110OOM MecTe WU Ha JTI000OM
s13bIke. TakoKke aBTOPbI FTapaHTUPYIOT, YTO CTAThs
He TIpelICTaB/eHa 1JIsI PACCMOTPEHUST U TTyOJIu-
Kaluu B OpyroM XypHaie. C MOMeHTa MpPUHSI-
THSI CTaThU K TeYaTH B XypHasie « MeauimHcKas
UMMYHOJIOTUSI» IPUBEACHHBINA B HEU MaTepuall
He MOXET ObITh ONTyOJMKOBAaH aBTOPAMU TTOJHO-
CTBIO WJIM IO YacCTsIM B JII000i opMe, B JIIOOOM
MeCTe W Ha JIIoOOOM sI3bIKe 0e3 corjlacoBaHUsl
C PYKOBOJICTBOM XypHaya. VIcKimoueHrueM Mo-
JKET SIBJISIThCS: 1) MpenBapuTeibHasl Wi Mmoce-
TTyIOIIast MyOJIMKAaIIUsI MaTEpUAIOB CTaThbU B BUJIE
TE3UCOB WJIM KOPOTKOTO pe3ioMe; 2) UCTOIb30-
BaHVE MaTepuajioB CTAaTbU KaK 4YacTH JICKIINU
win 0630pa; 3) UCIoJIb30BaHWE aBTOPOM Tpe/-
CTaBJICHHBIX B XKypHaJl MaTepHUaIOB TIpU HaIlH-
CaHUU AYcCcepTallii, KHUTHU WM MOHOTpabuu.
BocrnipousBeneHue Bcero M3IaHUsl WA 4YacTU
JIIOOBIM CITOCOOOM 3arpelaeTcsl 06e3 NUCbMeH-
HoOro paspeuieHusi uznaresneii. HapymeHue 3a-
KoHa OyHeT IIpecyiefoBaTbCcsl B CyIeOHOM II0-
psnke. Oxpanstercss 3akoHOM P® Ne 5351-1
«O0 aBTOPCKOM MpaBe M CMEXHEBIX IpaBax»
o1 09.07.93 .

B. ®aiin oTmpaBiseMoll CTaTbU TPENCTaBICH
B popmare .doc, .docx, .rtf.

B. Ilomumo aiina co craTbeit, MpemocTaBICHBI
cienaylole (aiiibl:

1) ®aiin ¢ MeTagaHHBIMA (TIPU 3arpy3Ke B CH-
cTeMy eMy MnpucBauBaeTcsl UMsl «MeTanaH-
HbIE»):

* @amMuus, UMsI, OTYECTBO, YUYeHasl CTETeHb,
y4eHOe 3BaHMue, TOJKHOCTb aBTOpa, OTBET-
CTBEHHOTO 3a JaJIbHEUIIYIO MEePEenucKy C pe-
Jnakuuen (Ha pycCKOM U aHTJIMICKOM $I3bIKax).

* Ha3zBaHue yupekaeHUsI, Tae paboTaeT OTBET-
CTBEHHBI aBTOp (B PYCCKOM M OMUIIMAIBHO
TMPUHSITOM aHTJIMCKOM BapraHTax).
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* [TouToBBIi afapec I MEePEenrucKU ¢ yKa3aHU-
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