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NONAPUIALNA MAKPO®DAIOB NPU CAPKOMAO3E

MaasiueBa VILE.!, TuxonoBu4 J.J1.%, Oneitank E.R.}, Tomunesa JI.B.},
Bajaan O.B.!

I Unemumym 6uonoeuu — ob6ocobnennoe noopazdenernue @I'bYH Dedepanvhoeo uccaedosamenbcko2o ueHmpa
«Kapenvckuii nayunwiit yenmp Poccuiickoii akademuu nayk», e. I[lempozasodck, Poccus
2 Pecnybaukanckas 6onvhuya umenu B.A. Bapanosa, 2. [lemposasodck, Poccus

Pesrome. Capkounao3 mpeacTaBisieT co00i CMCTEMHOE BOCHAIUTEIbHOE 3a00JIeBaHIUE HEU3BECTHOI ATHO-
JIOTUM, XapaKTepu3ylolleecs 00pa3oBaHUEM SIUTEIMONIHO-KIETOYHBIX TPAHYJIEM, MYJIBTUCUCTEMHBIM T10-
paXXeHWeM C OIpeNeICHHOW YacTOTOUW BOBJICUEHUST PA3TMUYHBIX OPTaHOB, TPEUMYIIECTBEHHO JIETKUX (110
90% nHabmoaeHuit). 3a IocjieaHee AeCATUICTUE ObLI JOCTUIHYT 3HAYMTEIbHBINA MPOTrpecc B MOHMMaHUU
naToreHesa capkouao3a, YCTaHOBJIEHA BaxkKHasi poJib UMMYHOJIOTMYECKUX, TEHETUYECKUX U CPEeNOBbIX (haK-
TOPOB B Pa3BUTUU ITAaHHOU Tartojioruu. [lojaratoT, 4To BEIyIIUM MEXaHW3MOM B MaTOTeHe3e capKouao3a
SIBJISICTCSI adeppaHTHASI aKTUBAIINS BPOXKICHHOTO W afallTUBHOTO MMMYHHOTO OTBETa Ha HEYCTAHOBIICHHBIN
aHTUTEH(BI), YTO TIPUBOAUT K Pa3BUTUIO TPaHYJIEMaTO3HOIO BOCHAJCHUS U OOpa3oBaHMIO rpaHyaem. Om-
HaKO, HECMOTPSI Ha OTPOMHOE KOJIMYECTBO MPOBEACHHBIX MCCIIEIOBAHUM, 10 KOHIIA HE OTpeaeIeHbl MeXa-
HU3MBI M CUTHAJIBHBIC ITYyTH, KOHTPOJMPYIOIINE Pa3BUTHE BOCITAJIUTEIBHOIO IIpoliecca IIpu 00pa3oBaHUM
TpaHyJIEMBbI M TIPOTPECCUPOBAHUM ITATOJIOTHH.

B npencrasieHHOM 0030pe TUTEpaTypbl pacCMaTPUBAETCS BaXkKHasi poJib Pa3JIMUYHbBIX IIUTOKWUHOB U Cy0-
nonysisiiii T-xenmepoB npu capkouaode. Ocoboe BHUMaHUE yIeasaeTcsl KJIeTKaM BPOXICHHOTO UMMYHU-
TeTa — MakpodaraM B IaToreHe3e JaHHOTO 3a00jieBaHMsS. YKa3aHHbBIC KIIETKU UTPAIOT KIIOYEBYIO POJIb B
npoliecce OPMUPOBAHUSI CAaPKOUIHBIX TPaHyJIieM U B IaToreHesde capkoumosa. Ilomynsius makpodaros
XapaKTepU3yeTcs TUIaCTUYHOCThIO M (DYHKIIMOHAIBHOI TeTepOreHHOCThIO. B OTBET Ha pa3IMYHbIe CUTHAJIBI
MUKPOOKPYXEHUsI, MaKpodaru CrnocoOHbI TpuodpeTaTh onpeaeaeHHble ¢peHotunsl. B 0630pe paccmoTpe-
HBI BOIIPOCHI TTOJISIpU3alMi Makpodaros, naMeHeHe (PEHOTUITA 3TUX KJIETOK A0 cyoronyasauuii M1 (M1-
(EHOTUI; KJIaCCUUEeCKM aKTUBUPOBAHHbIE, TIPOBOCHAUTEbHBIE) 1 M2 (M2-(heHOTUIT; albTepHAaTUBHO aK-
TUBUPOBAHHBIE, TIPOTUBOBOCITAIMTEIbHBIE). DTU JIBE TOMYJISIIINN KJIETOK XapaKTepu3yloTCsl dKCIIpeccueit
Pa3HBIX MapKEpPOB Ha CBOCH ITOBEPXHOCTH, KOTOPHIE MO3BOJISIIOT AUM(EepeHIINPOBATh 3TU KJICTKH APYT OT
npyra. [1poBeneH aHaIM3 JaHHBIX JIUTEPATyphbl 00 YPOBHSIX KIIOUEBBIX MOISIPU3ALIMOHHBIX IJIs1 MaKpodaron
IIUTOKMHOB 1 KJIETKAX-MPOAYLIEHTAaX 3TUX [IUTOKUHOB Y OOJIbHBIX CAapKOWUI030M, TIPU OCTPOM M XpOHUYE-
CKOM T€UCHUM 3a00JIeBaHMUSI.

OTMeueHbI BasKHbIE aCTIEKThI aJIbTepHATUBHOM aKTUBallM1 Makpodaron (peHoTuria M2 1 noapasueaeHue
ux Ha nmoaTunel: M2a, M2b, M2c, M2d. PaccMoTpeHbl 0COOEHHOCTU aKTUBALIMU PA3IUYHBIX TTOJITUIIOB Ma-
KpodaroB TIpu JaHHOM TpaHyJIeMaTo3e W WX BaXKHOE 3HAYEeHUE TIPU Pa3BUTUU U TIPOTPECCUPOBAHUY TIATO-
norun. M3ydyenue poan peHOTUITOB MakpodaroB, TIOHUMaHNE MEXaHU3MOB, IIOCPEICTBOM KOTOPBIX ITPOKIC-
XOAWT aKTUBALMS U MOIYJISILIMS (DEHOTUIIOB 3TUX KJIETOK B Pa3IUUYHbBIX YCIOBUSIX MUKPOOKPYKEHUST, MOXKET
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CITOCOOCTBOBATh pa3pa60TKe 1N BHCAPCHUIO B KIIMHNYCCKYIO ITPAKTHUKY HOBBIX TCPAIICBTUYCCKUX TTOAXOO0B
U1 JICYCHUA CapKoua03a 1 MHOTUX IPYTUX (1)OpM MaTOJIOTU.

Karouesnie cnosa: capkoudos, eocnanenue, epanyrema, makpogaeu, peHomunsl MaKpopazos, noAApU3aAUUsL

MACROPHAGE POLARIZATION IN SARCOIDOSIS

Malysheva LE.2 Tikhonovich E.L.*, Oleinik EK.? Topchieva L.V.2,
Balan O.V.2

“ Institute of Biology, Karelian Research Centre of the Russian Academy of Sciences, Petrozavodsk, Russian Federation
b V. Baranov Republican Hospital, Petrozavodsk, Russian Federation

Abstract. Sarcoidosis is a systemic inflammatory disease of unknown etiology, characterized by the formation
of epithelioid cell granulomas, multisystem lesions with a certain frequency of involvement of various organs,
mainly the lungs (up to 90% of cases). Over the past decade, significant progress has been made in understanding
the pathogenesis of sarcoidosis, the important role of immunological, genetic and environmental factors in the
development of this pathology has been established. It is believed that the leading mechanism in the pathogenesis
of sarcoidosis is the aberrant activation of the innate and adaptive immune response to unidentified antigen(s),
which leads to the development of granulomatous inflammation and the formation of granulomas. However,
despite the huge number of studies that has been carried out, the mechanisms and signaling pathways that
control the development of the inflammatory process during the formation of granulomas and the progression
of pathology have not been fully determined.

This literature review examines the important role of various cytokines and T helper subpopulations in
sarcoidosis. Particular attention is paid to the cells of innate immunity — macrophages in the pathogenesis
of this disease. These cells play a key role in the formation of sarcoid granulomas and in the pathogenesis of
sarcoidosis. The macrophage population is characterized by plasticity and functional heterogeneity. In response
to various signals from the microenvironment, macrophages are able to acquire certain phenotypes. The review
considers the issues of polarization of macrophages, changes in the phenotype of these cells to subpopulations
M1 (M1 phenotype; classically activated; pro-inflammatory) and M2 (M2 phenotype; alternatively activated,
anti-inflammatory). These two cell populations are characterized by the expression of different markers on
their surface, which allow these cells to differentiate from each other. The analysis of literature data on the
levels of key polarizing cytokines for macrophages and cells-producers of these cytokines that patients with
sarcoidosis have, in acute and chronic course of the disease, was carried out.

Important aspects of the alternative activation of macrophages of the M2 phenotype and their division into
subtypes: M2a, M2b, M2c, M2d are noted. The features of various subtypes’ activation of macrophages in this
granulomatosis and their importance in the development and progression of pathology are considered. Studying
the role of macrophages’ phenotypes, understanding the mechanisms by which the phenotypes of these cells
are activated and modulated in various microenvironmental conditions, can contribute to the development and
implementation into clinical practice of new therapeutic approaches for the treatment of sarcoidosis and many
other forms of pathologies.

Keywords: sarcoidosis, inflammation, granuloma, macrophages, macrophage phenotypes, polarization

duHaHcoBoe obecrneYeHre MCCIeIOBAaHUM OCy-
LIECTBIISIIIOCh U3 CPEeACTB (henepasbHOrO OIomKeTa
Ha BBIMOJHEHUE TocydapcTBeHHOro 3anaHus Ka-
pebCcKOoro HaydyHoro 1eHTpa Pocculickoit akaneMumn
Hayk (tema Ne 0218-2019-0077).

PesynbraThl uccienoBaHus MOCAEAHUX JIET CBU-
JIIETEIbCTBYIOT O BaXKHOI PO Makpodaros B maTo-
TeHe3¢ pa3INYHBIX MHOTO(MAKTOPHBIX 3a00JICBAHU,
TaKMX KaK OHKOJOTMYecKue 3a00JieBaHWUSsI, aTepo-

CKJIEpO3, OXUPEHUE, CAPKOUI03 U MHOTUX APYTHUX.
Capkoumo3 (6bomne3sur benbe—beka—IllaymanHa)
MIpPEACTaBIsIeT COOOM CHUCTEMHOE BOCIAIMUTEILHOE
rpaHyJieMaTo3Hoe 3a00JIeBaHNE, XapaKTEePHBIM TIPU -
3HAKOM KOTOPOTO SIBJISIETCSI 00pa3oBaHUE SIUTEIIH -
OMIHO-KJIETOYHBIX TpaHysieM [63]. Hanbonee yacto
nopaxatorcst ierkue (mo 90% caydaeB). Takxke Ha-
OonaeTcsl MOpaXeHue CepAla, MEeYeHU U IAPYTUX
opraHoB [28].
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B HacTosiiee BpeMsi 3TUOJIOrUs 3a00J1€BaHUS He
ycTaHOBJIcHAa. Hu omHa M3 CYIIECTBYIOIINUX TEOPUI
O TIPUPOJZIC MPOUCXOXICHUS TAaHHOTO 3a00JIeBaHUs
He gajla yoenuTelbHOro ToartBepxiaeHus. Ilomara-
IOT, YTO OOpa30BaHUE rpaHyJieM U pa3BUTHE BOCMa-
JICHUSI BO3HUKAET y TEHETUYECKN BOCIIPUUMYUBBIX
JII0JIell B OTBET Ha BO3[eHCTBUE HEYCTAaHOBJIEHHOIO
aTuonorudyeckoro axkropa [19]. B kauectBe mipu-
YMH pa3BUTUSI CapKOMIIO3a MOTYT BBICTYIIAaTh OaK-
TepuajabHbIe aHTUTEHBI (HampuMep, IMPUCYTCTBUE
MMKOOAKTEpUii, TIpornoHobakTepuii u ap.). Cpeau
dakTOpoB HEMHMEKIIMOHHON TIPUPOIbI BBIICISIOT
acbect, OepuLInii, TTapbl METAJIOB, a TakKXKe ApyTrue
(daKTOpBI, KOTOPBHIE pacCMATPUBAIOTCS KaK ITOTCH-
IMaJIbHBbIE MPUYUHBI pa3BUTH 3a00neBanud [13, 18,
38,43, 71].

PasBuTtre u mporpeccupoBaHuE I1aTOJOrHAYE-
CKOIo TIipollecca MNpU JaHHOM 3a00JIeBAaHUM CO-
NpoBOXAaeTCsl ab0epaHTHBIMU WMMYHHBIMU peak-
OUSIMA CO CTOPOHBI UMMYHHOM CHUCTeMEI. B ouare
TMOPaXXEHUST TPOUCXOIUT CKOIUICHIE aKTUBUPOBAaH-
HBIX TIpoaudepupyommnx T-TuM@GOLUTOB, MOHO-
HYKJIEapHbIX (DarounToB, KOTOPbIE MNPOAYLUPYIOT
MPOBOCHATIUTENIbHbIE ITUTOKUHBI M KOCTUMYJIUPY-
IOIIIME MOJIEKYJIbI, YTO MPUBOAUT K Pa3BUTUIO Ipa-
HYJIEMaTO3HOTO BOCITAJIMTEIbHOTO oTBeTa [12, 39,
51]. Y OonbHBIX CapKOWUIO30M, Ha MOBEPXHOCTU
T-nuMdonnTOB B JIETKUX ITOBBILIEHA 3KCIIPECCUST
MapKepoB akKTUBALIMU, HATpuMep, Takux Kkak [L-2R
(CD25), CD69, CD26 [33, 73]. AktuBauust 1uM@po-
LIUTOB COMPOBOXKAAETCS UX MOJsIpU3alueit 1o peHo-
tumna T-mumdbonutos xenrnepos | tuna (Thl). Akru-
BUpOBaHHBIC T-TMM@OIUTH MPOAYHUPYIOT LBl
psio IPOBOCHAIUTEIbHBIX IIUTOKUHOB, CPEIN KOTO-
poix IL-2, IFNy, TNFa, 1L-12, IL-18 u apyrue, a
TaKKe XeMOTaKcuyeckue GpakTopsl 11sI MOHOILIMTOB,
4YTO CHOCOOCTBYET MUTPALIMU 3TUX KJIETOK U3 KPOBU
B JIETOYHYIO TKaHb [23, 47]. MoHoHyK/eapHbie da-
TOLIMTBI, B YACTHOCTA MOHOLUTHI U OOpa3yloliecs
M3 HUX Makpodaru, urpaioT BaKHYIO POJIb B pa3BU-
TUM Y IOAEPKaHUU BOCTIAJIMTEIbHOI peaKIiu Mpu
capKouao3e. DTU KJIETKW MHUIIMUPYIOT aKTUBAIIMIO
T-nmuMpounToB, BbipadaTbiBasi IUTOKMHBI U XEMO-
KUHBL. Ha akTMBHpOBaHHOE COCTOSTHUE KJIETOK MO-
HOIIUTAapHO-MaKpoaraibHOTO psiga yKa3bIBaeT UX
CIIOCOOHOCTB K CTIOHTAaHHOMY eX Vivo OCBOOOXKICHUIO
IL-1B, TNFa, IL-6, MIP-1, MCP-1, RANTESS [3].
BoinensieMble akTUBUPOBAaHHBIMU T-KIIETKAMM 1M~
TOKWHBI, B CBOIO OYepeab, aKTUBUPYIOT MOHOIIMTHI
u Mmakpodaru [69]. YkazaHHbIe MOHOHYKJICApHBIC
arouMTHl BHOCST 3HAYMMBIA BKJIag B 0Opa3oBa-
HHe capKOMAHbIX rpaHysieM [36]. Hakorienue Thl-
KJIETOK B JIETKUX XapaKTepHO Mpu capkoumose. Ha-
OmromaeTcsl MOBBIIIEHHAsT MPoayKius T-KieTKaMu
U anbBeossspHbiMU Makpodaramu TNFa. Dkcnpec-
cusg MPHK TNFo nosbsiinena B kietkax 2KBAJT y
OOJILHBIX capKonao30M [25]. BeicBOOOXAEHME 3TOTO

OUTOKMHA 3HAYUTEIBHO BBIIIC MPU aKTUBHOM Cap-
Kouno3se (cuHapom JledrpeHa, ocTpoe TeueHue cap-
KOouao3a), 4eM Npu XPpOHUYECKOM TeYEHUU 3a0o0Jie-
BaHus [76]. JlaHHBII LIMTOKWH UTPAET BaKHYIO POJIb
B ITaTOT€HE3e CapKOWI03a, YYacTBYS B pPa3BUTUU U
IPOrPeCCUPOBAHNH BOCHAJIUTEIBHOTO IpoIiecca, a
TakKe B (popMUPOBAHUM CAPKOUIHBIX TpaHyieM [54,
62]. Kpome Toro, Thl-kjieTkn BbIpabaThIBaIOT MO-
BelieHHOe KojundectBo [FNy u IL-2, uto ObUIO
YCTAHOBJIEHO TIPU MCCIEIOBAaHUM MOHOHYKJI€apHBIX
KJIETOK OpOHXOAJIbBEOJIIpHOro JaBaxa [48, 56].
DyHKIIMOHABHASI 3HAYMMOCTb MPOLYIIUPYEMOIO
T-xnerkamu [FNy npu capkongose rmokasaHa B 9KC-
MEePpUMEHTATbHON MOJENU TUMEePUYYyBCTBUTEIBHO-
ro IMHEBMOHUTA. BbUIO YCTaHOBJIEHO, UTO Y MBI
¢ HokaytoM reHa IFNy mocne cooTBeTcTBylolEei
AHTUTEHHOU CTUMYJISILIMU HE HaOJI01aJIoCh 00pa30-
BaHWE TpaHyJIeM IIpU Pa3BUTUH TUIICPUYBCTBUTECIIb-
Horo mHeBMoHUTa [24]. IFNy coBmectHo ¢ TNFa
WTPaIOT BaXXHYIO POJb B IIPOIIeCCEe BOCHAJCHMS, a
TakKe B Ipoliecce (hoOpMUPOBAHUS U TTOIIEPXKAHUS
capKouAHbIX TpaHyseM [54]. CnoHTaHHO BbIpabaThl-
BaeMblil T-nmumdouuramu 1L-2 nogaepxuBaeT pas-
Butue Thl-onmocpenoBaHHOr0O MMMYHHOTO OTBETA.
VYKazaHHBIM IIMTOKWH CIIOCOOCTBYET IIpoiudepa-
nuu T-knetok, nuddepeHIpoBKe B 3(hHEeKTOPHEBIE
kietku [54, 61]. Passutue dpenoruna Thl-kieTok
3aBUCHUT OT OUTOKMHOB IL-12 u IL-18, moBbIIeH-
Hasl KOHIIEHTpalUsl KOTOPbIX HAOMIOJaeTCs B XU~
KOCTU OpoHxoaibBeossgpHoro jaabBaxa (2KBAJI) y
O0oJILHBIX capkongo3om [14]. IL-12 wuHgyuupyert
I hepeHIIMPOBKY MPEaIIeCTBEeHHUKOB T-KIEeTOK
(ThO) B aktuBHbIe KJIeTku Thl [76]. IL-18 ycu-
nuBaeT nevictBue IL-12 Ha pasButue Thl-KieTok.
TToBblieHHBIN ypoBeHb IL-18 BbIpabaTbiBaeTCs B
kitetkax 2KBAJI npu aktuBHOM capkougose. Konu-
yectBO CD4*T-nuMdonnToB, 3KCHPECCUPYIOLINX
anbda-1enb peuentopa IL-18 (IL-18ra) B 2KBAJI
U B nepudepuyeckoil KpoBU TOBbIIIEHA Yy 0OJb-
HbIX capkouao3oM [31]. Januble nuTOKUHBI (1L-12
u IL-18) ctumynupytor Beipabotky [FNy, a Takxke
TNFa, IL-1B, IL-2 uutokunoB T-numdbonuramu
u NK-knetkamu [9, 61]. Y GOJbHBIX ¢ IIpU3HaKa-
MU aKTMBHOTO TeuyeHUsl 3abosieBaHUSI HabJ0aaeTCs
MOBBILIEHWE B KpoBU ypoBHS IL-12, a mpu xpoHu-
3allM BOCHAJIMTEJBHOIO TMpoliecca yBEIUYUBACTCS
koHueHTpauus [FNy [7]. ¥ G0abpHBIX cCapKOUI030M
B kietkax KBAJI u neiikouurax nepudepudecKoit
KpOBHU 3HAYUTEJIbHO TMOBbIIIeHa 3Kcnpeccuss MPHK
IL-13. JaHHbIA LUTOKMH, Tpoayuupyembiii Th2-
KJIeTKaMu, rnoaaisieT BoipadboTKy TNFo MoHo1u-
TaMU KPOBU, OKa3biBasi MNPOTUBOBOCIAIUTEIBHOE
metictBue [25]. IL-13 cmmocoOCTBYeT ITOJISIpM3aldi
makpodaroB 1o M2-dpenoruna [40]. ABTopaMu Mc-
cJIeIOBaHUS HE BBISIBJICHO Pa3jinyvii B ypOBHE DKC-
npeccun MPHK 1L-4 u IL-10, mo cpaBHeHUIO C
KOHTpoJieM (310poBkie aoau) [25]. B To xe BpeMs
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B CBIBOPOTKE KPOBU OOJBHBIX PETUCTPUPYETCS ITO-
BBIIIEHHBIN ypoBeHb 1L-4 1 IL-13 [10]. ITpomykimust
IL-4 BausieT Ha pa3BUTHE OTBETa KJIOHA KJIETOK C (he-
HotunoM Th2 [26]. ¥ GOJIbHBIX C CAPKOUIO30M JIET-
KUX, MpU OCTpOoM pa3Butuu 3adoneBaHust B 2KBAJI
MOBBILIEHO KOJWYECTBO KJIETOK, KCIIPECCUPYIOIINX
MPHK IL-2, IL-12, IL-10, IFNy, o cpaBHEHUIO C
HEaKTUBHBIM capKonmo3oM. Kpome Toro, He BBISIB-
JICHO 3HAYMMBIX PA3IMIMU B IPOLICHTHOM COMIECpKa-
Hun MPHK-tnonoxurenbHbix kierok I1L-3, 1L-4 u
IL-5 y OOJIbHBIX C aKTUBHBIM U HEAKTUBHBIM CapKO-
na030M [46].

BaxHyio poJib B ITaTOreHe3e CapKOWa03a UrpaeT
HeIaBHO MAcHTUUIIMpoBaHHas Tommyysuus CD4*
appexkropHbix T-kierok Thl7 [21]. JaHHas cyO-
nonyJasiiuys JUMGOLMTOB XapaKTepU3yeTcsl Bbl-
pPaXEHHOW TPOBOCIAIMTENILHOI aKTUBHOCTBIO U
accollMMpPOBaHa C Pa3BUTUEM psiia ayTOUMMYHHBIX
M BOCTHAJIMTENILHBIX 3a00JIeBaHUI, TaKUX KaK CH-
CTeMHasI KpacHasl BOJYaHKAa, BOCITAJIUTEIbHBIC 3a-
OoJieBaHUSI KMUIIEYHUKA, W APYrux natojoruid [17,
32, 35, 68]. Kiretku Th17 n niponyuupyeMbie UMU
NpPOBOCHAIUTEIbHbBIE LMTOKMHBI, B YacCTHOCTU
IFNy, IL-17 (IL-17A), MoryT coaeiicTBOBaTh pas-
BUTUIO U MOAACPKAHUIO BOCITAJIMTEIILHOTO MPOIIEC-
ca [15]. JTumdoumtel Thl7 xapakTepu3yloTcs 1jia-
CTUYHOCTBIO U CITOCOOHBI TP (epeHINPOBATLCS B
Thl-knerku, npoayuupyst IFNy [16]. Kpome Toro,
guMmdornutel Th17 skcnpeccupyoT TpaHCKPUMILIM-
OHHBbIN (paKTOP, U3BECTHBIN KaK oppaHHbI peler-
TOp, CBSI3aHHBIN ¢ peTnHOeBol Kucyiotoil (ROR)yt
¥ BBICBOOOXKIAIOT PSII MUTOKMHOB, TaKMX KakK (pak-
top TNFa, IL-6 [45]. ¥ O0JIBHBIX CApKOUI030M, B
KUJIKOCTU OPOHXO0AJIbBEOJSIPHOIO JlaBaXka, a TakKe
B TiepudepruIecKoil KpoBU, MOBBIIIIEHO KOJIUYECTBO
kiaetok Thl17 [72]. IIpu cunapome JlepreHa oTMme-
yeHo cHuxeHue skcrpeccun MPHK 1L-17 B neii-
KouuTax nepudepudeckoii kposu [1, 22]. Henas-
HUE HCCeIoBaHMS IToKaszaiu ydacTue T-XeameposB
17 B mporiecce popmupoBaHus rpanHyiem [16, 40].
Kiietku Th17 yyacTBYyIOT B pa3BUTUU aJbBEOJUTA C
MOCJIeAyIOIUM OOpa30BaHUEM TpaHyJIeM, a Takxke
B mipouecce ¢pubposupoBanus. Jlumbouutsr Thl7
ObLIM OOHaApyXXeHbI B rpaHyjeMax y O0JbHBIX KaK C
aKTUBHBIM, TaK U C XPOHUYECKUM TEUYEHUEM CapKoO-
uno3a [21]. Ha ocHoBe NMpoBeAeHHBIX MCCJeIoBa-
HMI BbIcKa3aHo npeamnoaoxeHue (Moller u coaBT.) o
kioueBoil ponu IFNy, Thl- u Thl7-kneTok B uM-
MyHomnaroreHese capkouno3sa [1]. Kpome toro, mpu
capkouyio3e Habmonaercsa aucobamanc Thl7 u pery-
nsaTopHbIX T-knetok (Tregs) [50]. YMeHbIIeHME KO-
guuectBa Treg-kaeTok M yBenudyeHue Thl7-kneTok
peructpupyetcs B nnepudepudeckoii Kposu 1 2KbAJI
NanureHToB ¢ capkoumo3oMm [27, 52]. Treg-kJieTKu B
MeCTe JIOKaIM3allMd BOCIHAJIUTEIBHOIO Ipolecca
CEKPETUPYIOT LIMTOKMHBI, BKIto4uast 1L-4, KoTophIid
noaaepKUBaeT OOpa3oBaHUE TpaHYJIEeMbl 3a CYET

npomudepa GUOPOOIACTOB U aKTUBALIUM TYY-
HBIX KJIETOK [60].

Y GONbHBIX CApKOUJI030M ITOBBILIEHUE KOJIUYE-
ctBa T-muMmdormTos ¢ heHoruiom CD4" ortmeueHO
B JIETKMX, JUMMaTUUEeCKUX y3j71ax, KOHbIOHKTUBE U
npyrux TkaHsix [11]. Tlpu capkoumose Habirona-
ercsl cHuxXeHue T-kneTok (ium@oneHus) B nepu-
depnueckoit kpou [30]. B To Bpems kak B 2KBAJI
y OOJIBHBIX CapKOMIO30M JIETKMX PETrUCTPUPYETCS
noBbIlIeHHOEe comepkanue CD3"CD4T-kieTok
C TMOBBIIIEHHBIM cooTHoleHuemM CD4"/CD8*T-
guMmpornuto [29, 30]. BosaeueHHble CD4*T-
KJIeTKN BBIICISIOT ILUATOKWHBI, CTUMYJHPYIOIIE
CKOIUIEHHE MaKpodaroB, KOTOpPBIC OPraHU3YIOTCS
c oOpaszoBaHueM rpanyieMm [5, 76]. CapkoumHas
rpaHyjieMa IpeacTaBisgeT co00if KOMMAaKTHOE CKO-
IUIeHWEe MakpodaroB, a TakxkKe MPOU3BOIHBIX ITUX
KJIETOK — TUTAHTCKUX MHOTOSIIEPHBIX KJIETOK, STTH -
TeJIMOMOHBIX KJIETOK, OKPYXXCHHBIX IUMQPOIIMTA-
Mmu [39, 49, 64]. CiienyeT OTMETUTD, YTO MEXaHU3MbI
(opMupoBaHUsI capKOUAHOM rpaHyIeMbl JOCTATOY-
HO CJIOXKHBI M B HACTOSIIIIEE BPEMSI OCTAIOTCS TLIOXO
n3ydeHHbIMU. B (hopMupoBaHUM rpaHyIeMbl U pa3-
BUTHUU TPaHYJIEMaTO3HOTO BOCTIAJICHUST BaXKHAST POJTh
MIPUHAIIEXXNUT MakKpodaraMm, KOTOpbIe 00pa3yloT
sIpo rpaHyJieMsl [67]. Makpodaru, BCieacTBIE Bbl-
COKOT0 MOPGhOJIOTUYECKOTO CXOACTBA, 10 HEAaBHETO
BpPEMEHU pacCMaTpUBAJIMCh KaK €IuMHasl KJIeTO4YHasi
nonyasauus [53]. OmHako ObLIO YCTaHOBJEHO, YTO
TOTTYJISIIIAST MaKpodaroB HEOTHOPOIHA. DTH KIIETKHN
XapaKTePU3YIOTCS TJIACTUIHOCTHIO M PYHKIIMOHAJTb-
HOU moJsIpu3alineit B cyorionysinnuu ¢ ¢GeHOTUTIOM
M1 (kjlaccuyecku aKTUBUPOBAHHBIC, ITPOBOCIIATIN-
TenabHbIe) 1 M2 (albTepHATUBHO aKTUBUPOBaHHBIE
WIW MPOTUBOBOCIAIUTENbHBIE) [74, 75]. DT nBe
MOMYJISIIIMN KJIETOK XapaKTepU3yloTCs IKCIIpeccueit
pa3HBIX MapKepOB Ha CBOEI MOBEPXHOCTU, KOTOPHIC
MMO3BOJIIIOT OTU(dGepeHIMPOBaTh 3THU KIIETKU IPYT
ot apyra [5]. AxktuBaiuss MakpodaroB ¢GeHOTHIa
M1 nadmonaercs B npucyrcrBumn [IFNy, TNFa, Mu-
KPOOHBIX MPOAYKTOB (HampuMep, JUIloIoJucaxapa
(LPS)) u compoBoxnaeTcss MNpOAYKIMUEN IPOBOC-
MaJIUTSIbHBIX IMTOKMHOB, TaknxX Kak IL-12, IL-18,
TNFo n xemokuHoOB [8, 41, 44]. [Ipu B3anMomeii-
CTBUU yKa3aHHBIX HIUTOKMHOB ¢ NK-KkieTkamu yBe-
Ju4uBaeTcs npoaykuusi atumu kierkamu [FNy, a
npoBocnanuTeabHble TMTOKUHBI [L-12 1 1L-18 ob6e-
CTIEYMBAIOT ayTOKPUHHYIO CTUMYJISIIIAIO TTPOLYKIINN
makpodaramu [FNy [4]. Makpodaru peHoTrnna M1
00J1amal0T IUTOTOKCUYECKUMM cBoiictBaMu. Oc-
HOBHBIMU (DYHKIIMSIM 3TUX KJICTOK SIBJISICTCSI TakKxKe
YHUUYTOXEHNE MaTOTeHHbIX MUKPOOPraHU3MOB, UH-
JIYKIKST BOCHATUTENIbHBIX pPeakivii, MOCPEeICTBOM
BBIPAOOTKN Pa3IMYHBIX TTPOBOCITAIMTEIbHBIX 1IUTO-
KMHOB, XeMOKMHOB U Ipyrux (pakTopos. OTOT (e-
HOTUIT XapaKTEepU3yeTCsI BBICOKOI CITOCOOHOCTBIO
Mpe3eHTUPOBATh AaHTUTEHBI U MpOAyLIpoBaTh 1L-12
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(ctumynupyromuii otBetsl Thl) u IL-23 (yckopeH-
HOE co3peBaHMe U BbKMBaHME T-KJIETOK, IIPOMYLIT-
pytomux IL-17), a Takske peaKTUBHBIE (DOPMBI KMCITO-
pona, okcua azoTa [74]. AnbrepHaTUBHAS aKTUBALIAST
MmakpodaroB (peHoTun M2) MoXeT ObITb MHAYLIU-
poBaHa IL-13, IL-4, IL-10, rmoKOKOPTUKOUAHBIMU
ropMoHaMu, UMMYHHbIMU KoMruiekcamu [70, 75].
Hnss M2-makpogaroB xapakTepHa BbIcOKas a-
rouvTapHasi aKTMBHOCTb. DTHUM KJIETKaM IIPUHAI-
JICKUT MMMYHOpPETYJISITOpHasA (YHKIIMSI, OHU y4a-
CTBYIOT B Th2-UMMYHHBIX peakUUsIX, CTUMYJIUPYIOT
npolecchl poaudepalnu U aHruoreHesa [75]. 3rot
deHoTun MakpodaroB XapakTepU3yeTCs BbIpaOOT-
KO TTOBBIIIIEHHOTO KoandecTBa 1L-10, cHIKeHHOM
nponykumeit 1L-12 u 1L-23, a TakKe 3Kcnpeccueit
HEOIICOHNYECKUX PELEeNTOPOB (pPeLenTOpbl MaKpo-
¢aroB, ydacTBywlile B (arouurTose), K KOTOPbIM
OTHOCSITCS JIEKTUHBI, pEeLenNTOpbl B-IItoKaHa (OeK-
THUH-1), ceMeNCTBO MaTTEPH-PACHO3HAIOIIMX PELIE-
TOopoB (pattern recognition receptors, PRR) u mopy-
rue [6, 74]. Kak ObUI0 OTMEYEHO paHee, CApKOMI03
aBisieTcsl 3a0oyeBaHueM ¢ Thl-omocpemoBaHHBIM
UMMYHHBIM OTBETOM [24]. AKTUBUPOBaHHbIE MaKpO-
daru M1, sakcnpeccupyrouiue MoJiekyasl HLA knac-
ca II, crocoGcTBytOT akTUBaUUU T-TUMOOLIMTOB
XearnepoB | Tuma, 94To MPUBOIMT K Pa3BUTHIO WH-
TepdhepOoH-0MOCPETOBAHHOTO MPOBOCHAIUTEIBHO-
ro rpanyjiemMarto3Horo orBera [40]. KnuHuueckum
JI0Ka3aTeJIbCTBOM TOTIO, YTO CapKOMIO03 SIBJSICTCS
nartojiorneii ¢ Thl-omocpenoBaHHBIM HMMMYHHBIM
OTBETOM, SIBJISIETCS pa3BUTUE y OOJIbHBIX, HaIpU-
Mep C TaKOM MAaTOJIOTHEH KaK TeTaTUT, CapKOMITHBIX
peakuit u capkoumo3a Ha ¢oHe neyeHUsT INFa [2,
59]. KpomMe Toro, mcciienoBaHus TaHCKPUIITOMA Yy
OOJIbHBIX CAapPKOMIO30M ITOATBEPXKIAIOT KIIOUEBYIO
poiab Thl-uMMyHHOro oTBeTa B MaToreHe3e JaHHOIO
3aboseBanus [49, 65]. B To Xe BpeMsl yCTaHOBJIEHO,
91O Makpodarn capKOWITHON TKaHU SKCIIPECCHPY-
10T Mapkepbl, Takue kak CD163 (transmembrane
scavenger receptor, Cluster of Differentiation 163) n
MMP-12 (matrix metallopeptidase 12), yka3biBaio-
11[1e Ha HAJTM4ue aJbTepHaTUBHO aKTUBUPOBAHHOTO,
UMMYyHOCyTipeccuBHOTO M2-deHoTumna. [leiicTBu-
TEeBbHO, CIMSITHUE MaKpodaros ¢ 00pa30BaHNEM MHO-
TOSIICPHBIX TUTAHTCKUX KJICTOK, TMCTOJIOTMYCCKUIA
NpU3HAK TpaHyJIeM CapKOMA03a, OMOCPEIyeTCs, MO
KpaitHeli Mepe 4yacTuyHoO, Makpogaramu M2 [40].
CaBur noaspusaluu MakpodaroB B HalpaBIeHUU
or M1- k M2-deHOoTUNy U CHUKEHUE aKTUBALIUU
T-nmumdounToB HabMOAAIOTCS MOCJe 00pa3oBaHUS
capkougHoW rpanyieMsl [47]. Tak, B uccienoBaHUN
Prasse 1 coaBT. TOKa3aHO MOBBIIICHUE IKCIIPECCUU
xemoknHa CCL18 (Chemokine (C-C motif) ligand
18) B KJIeTKaX ajbBeOJISIPHBIX MaKpodaroB npu cap-
KOUI03€ JEerKuX. ABTOPOM BBICKAa3aHO MPEANOI0Ke-
HUE O TOM, UTO ITOBBIIIICHNE YPOBHS 3TOTO XeMOKHMHA
MOXKET IIpUBJIeKaTh T-KJIEeTKM B JICTKWE HA PaHHUX

cTamusx 3a0oJieBaHUsI U IIPOSBIISITh MPOGUOPOTH-
YECKYIO POJIb IIPpU 00jiee MO3MHUX CTATUSIX Pa3BUTHS
natonoruu [57]. B ucciaenoBanuu Shamaei u coaBT.
MoKa3aHo, YTO Mojsipru3anus Makpodaros 10 peHo-
Tura M2 0Gosee xapakTepHa IpU capKouaose, YeM
npu Tybepkysesde. Kpome Toro, mocyie od0pa3zoBaHUs
rpaHyJIeMbl HaOIOJAaeTCS YBEJIMYCHUE 3KCIIPECCUM
unTokHOB IL-4 n IL-10, koTopkle, B CBOIO O4Yepeb,
MOTYT MHAYLIMPOBaTh 3Kcrpeccrio xemokruHa CCL18
B KJIeTKaxX rpanyJjieMbl [67]. U3BeCTHO, YTO XeMOKUH
CCLI18 peiicTByeT Kak XeMOaTTpakTaHT T-KJIETOK U
MOXKET TaKKe MHAYINPOBATh BHIPAOOTKY KoJUIareHa
B (pnbpobaacrax [66]. B pabore Prokop u coaBrT. 1mo-
Ka3aHO, YTO y OOJbHBIX HEHPOMBIIICYHBIM CapKOU-
JIO30M B KJIETKax MbIIICUHON TKaHW HaOJII0maeTCs
aktuBaluss CCL18 u pazButue pudpo3sa. [pu atom
Makpodaru B CapKOUIHBIX TpaHyJieMaX CKEJIETHBIX
MBI JeMOHCTPUPYIOT (DEHOTUIT aIbTePHATUBHOMN
aktTuBanuu (M2) Ha OCHOBaHUM SKCIIPECCHMU Ha
TMOBEPXHOCTU KJIETOK TaKMxX MapkepoB, kak CD301
(human glycoreceptor C-type lectin domain 10,
member A (CLEC10A)), CD206 (mannose receptor
C-type 1 (MRC1)), aprunasbi-1 [58].

IMongpusanus ¢peHoruna makpodaros B HaIrpaB-
JeHun oT M1 K M2 He sIBIsSIeTCSI OKOHYATEIbHBIM
npoleccoM. B 3aBUCHMMOCTH OT CTaauu BOCIIAIM-
TEJIbHOWM pPEaKIUU, OT YCIOBUN MUKPOOKPYKEHUH,
MOXKET U3MEHSIThCSI MPOMUIb SKCIPECCUN MOJIEKY-
JIIPHBIX MapKepoB Ha MOBEPXHOCTU MakKpodaros.
HuddepeHimpoBaHHasE 3KCOpeccUusi TEHOB MO3BO-
JIsIeT MakpodaraM MHepeKIodaTbes ¢ OTHOM ITOMy-
JISIMUY Ha APYTYIO, B OTBET HA U3MEHEHUST B MUKPO-
OKPYXXEHUM. XEeMOKUHBI IMPUBJIEKAIOT MaKpodaru,
KOTOpPbIE B3aUMOJIEACTBYIOT C APYTUMU KJIETKaMU, B
yacTHOCTH ¢ T-kneTkamu. CekpeTupyeMble KJIeTKa-
MU MUKPOOKPYXCHUS IIMTOKWHBI U IPYTHE CUTHATb-
HBIE MOJIEKYJIBI MOTYT CIIOCOOCTBOBaTh TpaHCHOpP-
Mauuu Makpogaros or M1- k M2-dpeHoruny [75].
Kpome Toro, mokazaHo, yto Makpodaru ¢peHoTuna
M2, B 3aBUCUMOCTU OT (DYHKIIMOHATBHOIO COCTO-
SIHUSI M1 WHIYKTOPOB aJIbTePHATUBHOW aKTUBAIM,
MOTYT OBITh OOITOJTHUTEILHO ToApa3acaecHBI Ha Cy0-
nonynssuun M2a, M2b, M2c u M2d. Makpodaru
M2a u M2b BBITTOJHSIIOT UMMYHHBIE PETYISITOPHBIE
(YHKILIMU, a TAKXKE CTUMYAUPYIOT Th2-UMyHHBIi1 OT-
BeT. Cyononyasiuus MmakpodaroB M2a MoxeT ObITh
uHaylnvpoBaHa B otBeT Ha IL-4 u IL-13. lanHas
CYOIOITY/ISIIMS KJIETOK XapaKTECPHU3YeTCSI BHICOKUM
ypoBHeM skcripeccun CD206, cekpenyeil mpodu-
OpoTudecKkux (pakTopoB, TAKMX KaK: (PUOPOHEKTHUH,
TpaHchopmupytoimii gaxkrop pocra B (TGF-B) u
npyrux [20]. Makpodaru M2b mMoryt ObITb UHIY-
LIUPOBAaHbBI TIPU OJHOBPEMEHHOU cTuMyassuuu Toll-
nono6HbIx perentopoB (TLRS) 1 UMMYyHHBIX KOM-
MJIEKCOB, a TakXke KopTtukocrepougamu, 1L-10 nin
TGF-p [44, 53, 70]. I1peobnanatomiasi pojib MaKpo-
¢daroB M2c 3akiioyaeTcss B CTUMYJIUPOBAHUM pe-
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MOACINPOBAaHUS TKaAaHEU M MOAABICHUN WMMYHHBIX
peakuuit. Makpodaru M2¢ MHAYLUPYIOTCS B OTBET
Ha TIPOTMBOBOCHAIUTEbHBIC (DaKTOPbI, HAIIPUMEDP
IL-10, a Takke aKTUBUPYIOTCS TIIIOKOKOPTUKOUIA-
mu. Bmecte ¢ Makpodaramu M2b, makpodaru M2c
Ha3bIBAIOT «PEryJSITOPHBIMU Makpodaramu» [20, 37,
43, 44]. Cyononynsauus MmakpogaroB M2d, Tak Ha-
3BIBAEMBIE OITyXOJIb-aCCOLIMMPOBAHHBIE Makpodarn
(tumor associated macrophages, TAM), UHAYLUPY-
IOTCS TIPU KOCTUMYJISILIMM C aTOHUCTaMU peliernTopa
A2A TLR n aneHo3nHa. DTN Makpodaru xapakrepu-
3yeTcsl BHICOKMM ypoBHeM cekpeumu IL-10 u dak-
Topa pocta sHaoreaus cocynoB (VEGF—Vascular
Endothelial Growth Factor), a Tak:ke HU3KUM ypPOB-
HeM IL-12 1 TNF. Dkcrnipeccuss MaHHO3HOTO pelie-
Topa, HaOmomaeMasl B IPyTUX ITOATUIIAX MaKpodaros
M2, He oOHapyxeHa B makpodarax M2d [20, 37].
B HacTtosiiee BpeMsi akTUBHO OOCYXKIalOTCsl BOIIPO-
ChI O (baKTOpaxX, OTBETCTBEHHBIX 32 XOMUHT MaKpO-
daroB, mexaHusmax npeobpaszoBaHuss TAMs M1 B
M2, a Takke BO3MOXHBIX CITOCO0axX aKTHUBHOTO BO3-
nericrBus Ha pyHKUUKM M2 TAMs [42]. Tak, Hampu-
Mep, cyoronynsaiun Makpogaros M2a u M2c obuiu
TUCTOJIOTUYECKM OITPEeACICHBI B 00JIACTH Pa3BUTHS
MUo(pUOpPo3a MpU HEPBHO-MBILIIEYHOM CAapPKOUA03E.
3HaueHue peHoTUNA M2a-Makpodaros rnpu aKTUB-
HOM CapKOWII03€, KOTOPBINi pa3BUBAETCS IO THITY
Thl-onocpenoBaHHOrO BOCHAIUTEIbHOTO WMMYH-
HOTro oTBeTa, HesicHa. B wuccienoBanum Patterson
M COAaBT. mpearojaraioTr, 4yto peHoTun M2c, uHay-
uupoBaHHbIi [L-10, MoXeT ydyacTBOBaTh B peMO-
IeIMpoBaHNU U (UOpO3e TKaHEH, ITOCKOJIBKY JaH-

Crncok nutepaTtypsbl / References

HbIe Makpodaru 3KCIPecCUpyOT BBICOKME YPOBHU
xemoknHa CCLI18, MHAYLUPYIOIIETO 3KCIIPECCUIO
KoJyutareHa B (pubpobaacTax jgerkux [55]. ABTopamu
OTMEUYEHO, UTO Y OOJIbLHBIX ¢ GUOPO3HBIMU 3a0071eBa-
HUSIMU JIETKUX, BKJIIOYAsl CapKOWI03 JIETKUX, PETH-
ctpupyeTtcst Bbicokuit yposenb CCLI18.

TakmMm oOpa3zoM, TIOmsIpu3anusi Makpodaron
WTpaeT Pellarollylo POab MPU XPOHUIECKUX BOCTIA-
JIMTEJIbHBIX 3a0oJjieBaHUsIX. B pa3zBuTHe rpaHyiema-
TO3HOIO BOCHAJIMTEILHOTO OTBETa MPU CapKOUI03e
U B IaTOreHe3 JaHHOIo 3a00JieBaHMSI BOBJIEUEHBI
Kak M1-, tak u M2-¢peHorunsl Mmakpodaros. IToxa-
JIep>XaHue OajlaHca MEXTy Ppas3IMIHBIMUA PETyJIsi-
TOPHBIMH, BOCHAJIMTEIIBHBIMU CTUMYJIAaMU W I10-
JIsIpu3anueii  MakpodaroB HUIpacT BaXXHYIO pPOJb
JIJISI CIIOHTAHHOIO pas3pelleHust 3adoaeBaHusl, JT1bo
JMaTbHEMIIIeTO MPOrpecCUPOBAHMS MATOJOTUIECKOTO
mpoliecca, MpU KOTOPOM CapKOUIHbIE T'paHyJIEeMbI
npereprneBaroT (GUOpPoO3HbIe U3MEHEHUSI, YTO B KO-
HEYHOM UTOTE MOXKET IIPUBOINTH K PA3BUTHIO JTbIXa-
TeJIbHOU HegocTtatouyHocTu [34, 67]. UcciaenoBanue
MJIACTUYHOCTU MaKpodaros, IIOHMMaHNE MEXaHU3-
MOB, TTOCPEACTBOM KOTOPBIX IPONCXOIUT aKTUBALIS
3TUX KJIETOK, MOXKET CIIOCOOCTBOBAaTh pa3paboOTKe u
BHEAPEHUIO B KIMHUYECKYIO TPAKTUKY HOBBIX TE€-
pareBTUYECKUX TMOAXOAO0B ISl JEUESHUs Pa3IMIHbBIX
MaTOJOTUiA, B TOM UMCJIe CapKOUI03a.

KonduKT uHTEpECcoB

ABTOpBI CTaTbU HE UMEIOT (PMHAHCOBEIX WIH IPY-
TMX B3aMMOOTHOIICHH, KOTOPBIC MOTYT IIPUBECTU K
KOH(JIMKTY MHTEPECOB.
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MEXXIPYNMNOBOW ABO-KOH®JIMKT MATEPU U NNIOA:
POJib AHTUTNTUKAHOBbBIX AJ1J10-AHTUTEJ1 B PASBUTUU

FrEMOJIUTUMECKOW BOJIESHU HOBOPO)XAEHHbIX
Oobyxosa I1.C.''%, Kaguanos A.B.2, Ilozguaxkosa H.A.2, Suranmmuaa M.M.!

'@I'BY «Hauuonanvholit meouyuHckuil uccaedoeamenvCkuli UeHmp aKyulepcmeda, 2UHeKoA02Ul U NepuHamonocuu
umenu axademurxa B.U. Kyraxosea» Munucmepcmea 30pasooxpanenusi PO, Mockea, Poccus

2@I'bYH «Hncmumym 6uoopeanuueckoil xumuu umenu akademuxoe M.M. llemaxuna u F0.A. Osuunnurxosa»
Poccuiickoii akademuu nayx, Mockea, Poccus

S DIAOY BO «Ilepswiit Mockosckuit eocydapcmeennbiii meduyunckuil ynueepcumem umenu M. M. Ceuenosa»
Munucmepcmea 30pasooxparnerus PO (Ceuenosckuii ynusepcumem), Mockea, Poccus

Pe3iome. HecoBmecTuMoCTh MaTepu U TI0Aa 110 pe3yc-(hakTopy, Tpyrie KPOBU WU ApYruM (hakTopam
KPOBU MOXKET MPUBOAUTH K FreMOJUTUUYECKOU Oosie3HU 11ojaa u HoBopoxaeHHoro (I'bH). T'BH — aTo knu-
HUYecKoe 00JIE3BHEHHOE COCTOSIHUE TIJI0a U HOBOPOXKAEHHOTO B pe3y/ibTaTe TeMoin3a, Koriaa MaTepuHCKUe
aymmo-anTtutena [gG kiacca mpoxomsT yepes MialeHTy U pa3pylialoT 3PUTPOLIMTHI TIOAA Y HOBOPOXKIEHHO-
ro. OHO BO3HUKAET y II0/1a BHYTPUYTPOOHO U MOXKET PE3KO YCUIIUMThCS cpasy nmocje poxaeHus. B pe3yabrate
pa3BUBaETCS TUNEPOMITMPYOUHEMUST U aHEMUSI, UTO, B OTCYTCTBUU JAOJDKHOU Teparuu, MOXET TIPUBECTU K
BBIKUBIILY, CEPbE3HBIM OCTOXXHEHUSIM WJIM CMEPTU HOBOPOXIEHHOT0. CIIeKTp reMOJTUTUYECKUX OOJe3Hen
HOBOPOXKJEHHBIX B HACTOSIIIEE BPEMSI CUJIbHO MU3MEHUJICSI MO CPABHEHUIO C MPOULIBIMU AECITUICTUSIMU.
ITonBeka Hazan 'BH paccmaTpuBanm Kak modTH NOJHBIN cMHOHUM RhD amnonMMyHM3anmm, u 310 Oblia
yacTtasl nmpobsieMa HOBOpPOXIeHHbIX. Ha cerogHsumHuii geHb, 6jarogapsi BbICOKOH 2M(MeKTUBHOCTU MPO-
bunakTuKu pe3yc-KoH(MIUKTA, MEXTPYINOBbIe UMMYHOJOTMYeCK1e KOH(MIUKTBI MO CUCTEME IPpyMIl Kpo-
Bu ABO crasim Haubosee pacripoctpaHeHHol npuunHoit ['BH. JlaHHbIN uTepaTypHbIil 0030p TTOCBSIIEH
OJTHOM M3 TJIaBHBIX MPUYMH KEJTYXU U aHEMUU HOBOPOXKIAEHHBIX B HacTosee BpeMsi — [ bBH B pe3ynbrate
ABO-xoHdaukTa (ABO-I'BH). B cTtathe paccMOTpeHBI TJIaBHBIC YIACTHUKU HECOBMECTUMOCTHU TPYIII KPOBU
martepu U pedeHka no cucreme ABO, a iMeHHO A- U B-riMKaHbl, a TAKXKe COOTBETCTBYIOIIME AaHTUTJIUKAHO-
Bble ajuio-aHTUTeNa. [IpucrasibHOE BHUMaHUE yIeJIeHO OCOOEHHOCTSIM CTPYKTYPbI IJTMKAHOBBIX aJlJIO-aHTH -
reHoB cucteMbl ABO Ha spuTponUTax 1aoaa u B3pociaoro yesoBeka. PaccMoTpeHa BO3MOXKHask B3aUMOCBS3b
4acToThl U TsxkecTu pazButus ['BH ¢ rpynmnoit kpoBu Matepu u pebeHKa, a TAaKKe ¢ BEJIMYUMHON TUTpa Ma-
TEePUHCKUX aJUI0-aHTUTEN, MPOBEAeHAa OLIEHKA BIUSIHUS MOAKJIACCOB MMMYHOIIOOYIMHOB G Ha pa3BUTHUE
ABO-TBH. B 6onbimmnacTBe ciryuaeB npuzHaku ABO-TI'BH nosiBnsitorest, korna mats numeet niepsyto (0) rpyri-
My KpPOBH, a IUIOA — BTOPYIO rpymmy (ITOArpymHIy A,;) Wi TpeThio Tpymmry (B). beiBatoT u nmpyrue penkue
koMOuHaiu ABO-koH®auKTOB. B Takux cirydasix pa3BuBalOTCs MPEeUMYIIeCTBEHHO Tsixkesibie hopmbl ' BH.
B nenom, atnonoruss ABO-I'BH cinoxxuHas n Ha TsoKecTh pa3Butust ' BH Biuser MmHoro paktopoB. ABTOpamMu
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MPOBEAEH aHAJIU3 CTATUCTUYECKUX TAaHHBIX, a TakxKe pacrpocTpaHeHHOCTH ABO-koHdbnvkTa u ABO-I'GH B
pasnuuyHbIX pailoHax Mupa. KpoMe Toro, oocykaarTcsi CoBpeMeHHbIe Moaxoabl K auarHoctuke ABO-I'BH.
B HacTosIiee BpeMsl ocTaeTcsl akTyalbHOU TpobJjieMa BO3HUKHOBEHUS U pa3paboTKa IyTeil MpeoaoeHus
ABO-TBH.

Karouesnie cnosa: eemonumuueckas 601e31b n10oa, eemoarumuteckas 601e31b H0opocdenHoeo, cucmema ABO, epynna kposu,
medxcepynnosoil ABO-kongaukm, enukansl, GHMUAUKAHOBbIE ANN0-AHMUMENA

ABO-INCOMPATIBILITY OF MOTHER AND FETUS: THE ROLE
OF ANTI-GLYCAN ALLOANTIBODIES IN THE HEMOLYTIC
DISEASE OF NEWBORNS

Obukhova P.S.»*, Kachanov A.V.5, Pozdnyakova N.A.¢,
Ziganshina M.M.?

@ V. Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russian
Federation

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

¢ First Moscow State 1. Sechenov Medical University (Sechenov University), Moscow, Russian Federation

Abstract. The mother and fetus incompatibility due to Rh-factor, blood group or other blood factors can
lead to hemolytic disease of the fetus and newborn (HDN). HDN is a clinical disease condition of the fetus
and newborn as a result of hemolysis, when maternal IgG alloantibodies cross the placenta and destroy the
red blood cells of the fetus and newborn. The child disease begins in utero and can dramatically increase
immediately after birth. As a result, hyperbilirubinemia and anemia develop, that can lead to abortions, serious
complications, or death of the neonates in the absence of proper therapy. The range of HDN has changed
significantly now compared to previous decades. Half a century ago, HDN was considered an almost complete
synonym of RhD-alloimmunization, and this was a frequent problem for newborns. By now due to the high
effective of Rh-conflict prevention, immunological ABO-conflicts have become the most common cause of
HDN.

The review aimes to one of the main causes of jaundice and anemia in neonates at present, i.e. HDN
due to immunological ABO-conflict of mother and newborn (ABO-HDN). The main participants of the
ABO-incompatibility mother and child are considered, namely A- and B-glycans, as well as the corresponding
anti-glycan alloantibodies. Close attention is paid to the structure features of glycan alloantigens on the red
blood cells of the fetus and adult. The possible correlation of the frequency and severity of HDN with the
blood group of mother and child, as well as with the titer of maternal alloantibodies, has been considered.
The influence of immunoglobulin G subclasses on the ABO-HDN development has been evaluated. In most
cases, ABO-HDN appear when the mother has the blood group 0, and the fetus has the group A (subgroup
Al) or the group B. Other rare incidences of ABO-incompatibility with severe course are occurred. As a whole
the etiology of ABO-HDN is complex and the HDN severity is influenced by many factors. The authors have
analyzed statistical data, as well as the prevalence of ABO-incompatibility and ABO-HDN in various regions of
the world. Current approaches to the diagnosis of ABO-HDN are discussed in addition. By now the problems
of ABO-HDN occurrence and developing of ways to overcome this disease remain relevant.

Keywords: hemolytic disease of fetus, hemolytic disease newborn, ABO system, blood group, ABO-incompatibility, glycans, anti-glycan
alloantibodies

BBe,D,eHVle 4yecKoi 0oyie3HU Ijioda U HoBopoxaeHHoro, 'bH
(nmat. morbus haemolyticus neonatorum; rped. haima

HecoBMecTMMOCTh KpOBU MaTepyd M IUIoda MO KpoBb + lysis paspyllieHue, pacTBOPEHME, CHHO-
pe3yc-gakTopy, ApYyroil rpymnmne KpoBM MJIM WHBIM HUMBI: icterus neonatorum gravis, erythroblastosis
(hakTOopaM KpoBM MOXET MPUBOAUTH K reMoyuTu- fetalis, apuTpoOacTo3 mioma 1 HOBOPOKIEHHOTO).
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I'BH — 3T0 KJIMHUYecKoe OOJIE3HEHHOE COCTOSIHUE
102 ¥ HOBOPOXKXIECHHOTO B Pe3yJIbTaTe TeMOJIn3a,
Korjma matepuHckue ajjo-aHtutena IgG kiacca
MPOXOMST Yepe3 INIALICHTY U pa3pyIIaroT SPUTPOIIN-
THI TIJIOAA WJIM HOBOPOXKIEHHOTO. OHO BO3HUKACT y
1002 U MOXKET Pe3KO YCUJIUTHCS cpasy Mocie POXK-
meHus. B pesyibrate, pa3BUBaeTCS THIICPOMINPY-
OMHEMUSI U aHEMHs, YTO, B OTCYTCTBHE ITOJKHOM
Tepanuu, MOXKET MPUBECTU K BBIKUILILIY [55], ce-
PBE3HBIM OCJIOXHEHUSIM WA CMEPTU HOBOPOXKICH-
Horo [38, 70, 82].

IlepBoe omnucaHue TEeMOJIUTUYECKON OO0JIe3HU
I04a ¥ HOBOPOXKIEHHOTO cleliaia akyluepka Jlyu-
3a bypxya B 1609 romy. OHa HaGJrogana MjiaaeHLa
C BOISIHKOW M XKEJITYXOM, KOTOPBIA BCKOpPE I1OCIIE
poxneHnust ymep [1, 8, 24]. M1 tonbko B 1932 rony
L.K. Diamond npearionoXuii, 4To aHeEMUS, JKeITyXa
M OTeK SIBJISIIOTCS CJIEICTBMEM OJHOIO 3a00eBaHUsI,
CBSI3aHHOTO C pa3pylleHUEeM 3PUTPOLIMTOB IUIONA,
M Ha3BaJl ero «3puTpodaactozom» [31]. B 1941 romy
P. Levine u coaBT. BnepBbie ONpeaeauau, 4To B na-
TOTeHe3e AJTTOMMMYHU3AIINU U TTOCIEAYIONIETo pas3-
Butusi 'bH urpatot ponb paznuuust KpoBU MaTepu U
pedenka [1, 71]. TBH BcieacTBue HECOBMECTUMOCTU
no cucreme ABO (ABO-I'bH) BriepBbie ObL1a OTME-
gyeHa Anpopextom (Halbrecht) B 1944 romy [51].

CrieKTp TeMOJUTUYECKUX OO0JIe3HE HOBOPOX-
JIEHHBIX B HACTOSIIIEe BPEMsI CUJIBHO U3MEHUJICS IO
CPaBHECHUIO C MPOILIBIMH AecATuieTussMu. Ilomse-
ka Hazan 'BH paccmaTpuBanu Kak MOYTU MOJIHBINA
cuHoHuM RhD-amioummyHuzauum, u 310 ObLIA
yacTas 1pobiemMa HOBOPOXIEHHBIX [82]. BombHBIE
HOBOPOXKJIEHHBIE ObLJIM OYeHb cladble, U UM Tpebo-
BaJIOCh JIeJIaTh HECKOJbKO OOMEHHBIX TpaHCPy3Uii,
HaOJIIogagach 3HAYUTEIbHASI HEOHATaJIbHAsI CMEpT-
HocTh. OnHako B 1970-X romax pyTUHHasl Iocje-
ponoBasi mpoduiakTUKa 3a00JIeBaHUSI BBEIACHUEM
anTu-D-nMmMmyHoTIIo0yIMHa RhD-oTpnnarebHbIM
JKEHIIMHAM DPE3KO COoKpaTuia pe3yc-KOHMIUKT U
pa3Butue cooTBeTcTByIOlIel dopmbl 'BH [82, §9].
Ha ceromuammauii neib ABO-I'BH craima naunbdosee
BCTpeYaeMoii (OpMOil MEXIPYyINnmnoBOro MMMYHO-
JIOTUYECKOro KoH(MIMKTa MaTepu 1 pedeHka. B He-
KOTOPBIX pernoHax Poccum gacTtora BCTpedaeMOCTH
koH(paukTa o ABO-cucreme y nereit ¢ 'BH no-
cToBepHO BhIIIE (89,6%), yeM 1O pe3yc-KOHMIUKTY
(10,4%) [5]. O6bluHO ABO-KOHMIMKT gaeT MeHee
TSDKEJIble OCJIOKHEHMsI, HO OHU MOTYT Pa3BUTHCS
y3Ke TIpH IIepBOIi OEpeMEHHOCTH, B OTJIUNYME OT TsIKe-
abeix dopm Rh-I'BH, KoTopble BO3HMKAIOT MCKITIO-
YUTEIbHO MPY BTOPOU U MOCIEAYIONINX OepeMeHHO-
ctsax [8, 30]. B cmyuae ABO-I'BH math, kak mpaBuio,
nMeeT niepByo (0) rpyrary KpoBH, a IUION — YalIe
BTOpPYIO rpynimy (MOArpymnIty A,), pexe TpeThblo IpyIi-
ny (B) [5, 10, 30]. OueHb peako, HO ObIBAET, UTO y

pebeHKa c rpyrnmnoii KpoBu B, poxkmeHHOTo OoT MaTe-
pHU ¢ TPyIImoi KpoBH A,, passuBaetcs 'BH [18, 30].
Bcerpeuatorest u apyrue penkue komoumHamu ABO-
HECOBMECTUMOCTU MaTepu U TUIONA, B PE3yJIbrare
KOTOPBIX y JETe pa3BHBAIOTCS TSDKEable (POpPMBI
I'BH [34, 53].

ABO-mIMKaHBI: CTPYKTYpa, OMOCHHTE3 M IJIOTHOCTD
pacnpenejieHis aJUI0-aHTHTeHOB cuctemMbl ABO Ha
SPUTPOIUTAX TJIOA M B3POCIBIX

Euie B Hauane 20 Beka Bpa4y, UMMYHOJIOT U HO-
oenmeBckuit smaypear Kapn JlanmmraitHep ormmcan
TpU U3 YeTbipex rpynn cucteMbl ABO [68, 69]. B ce-
peauHe 20 BeKa OBLIO YCTAHOBJIEHO, UTO TPYIMIIO-
cnenudUIecKrue aHTUTEHBI 3TOM CHUCTEMBI MMEIOT
VIJIeBOAHYIO Mpupoay. MUHUMaIbHBIMU JIE€TEPMU-
HaHTaMU MPUHSATO CYUTATh CIEAYIOIINE Tprcaxapy-
npl: GalNAcol-3(Fucal-2)GalB- (A-tpucaxapun)
n Galal-3(Fucal-2)Galp- (B-tpucaxapunm) [81].
VYraeBomgHble 1IenM (TJIMKAHBI) C TePMHWHAJTBHBIMU
aHtureHamu A u B cunte3upytorcs u3z H-anturena-
npeninecrBeHHUKa (Fucal-2GalB-) ¢ nomoiipo
ruKo3wiITpaHcdepas (puc. 1). Otu hepMeHTsI, o-3-
rajakTo3miTpaHcdepasa u  o-3-N-ameTwiaraiak-
To3uJATpaHC(hepa3a, COOTBETCTBEHHO, IIEPEHOCST
octatok Gala win ocratok GalNAco Ha ocraTok
Galp H-anTurena, o6pasys cBsizb al-3 [109]. Ho-
CUTEJM TpyIlmnbl KpOoBM A HMEIOT Ha KJIeTKaX u
TKaHSIX A-TJIMKaHbI, HOCUTEIM TPYyHIbl KpoBu B
uMerT B-rjamkaHbl, HOCUTEIU TpymIbl KpoBu AB
CUHTE3UPYIOT 00a rimkaHa A u B, Tk. A u B an-
JIeTU  SBJISTIOTCS KONOMWHAHTHBIMU, B TO BpEMS
KaK MHIWBUIYYMBI Tpyniibl 0 He UMEIOT HU A-, HUA
B-rnukaHoB, MO3TOMY MOJHOCTBIO «OTKPbIBAIOTCSI»
H-anTturensl. [eHeTMuecKkue WcCcaeqOBaHUST TPYMIT
kpoBu AB0 moka3sanu, uro reH 0, cKopee BCcero, Ipo-
M3011IeJ OT IreHa A B pe3yJibTaTe MyTallMid, BCeI-
CTBUE YETO TepecTayia 9KCIIPeCcCUpoOBaThCS aKTUBHAST
A-rnuko3mirrpaHcdepasza. BmociemcTBum  rpyIina
KpoBHU 0 pacrpocTpaHuIach IUPE, YEM I'PYMITHI KPO-
Bu A, Bu AB [30, 92].

Jnst antureHoB B u ocobeHHO A XxapakTepeH
CTPYKTYPHBIII MOauMopdr3M, a UMEHHO Tpucaxa-
PUIOHBIC TeTePMUHAHTHI IIPEACTAaBICHBI Ha Pa3HBIX
VIJICBOOHBIX KopaX. PasnnyaloT ImISITh OCHOBHBIX
TUMOB TNPUPOAHBIX YIJIeBOAHBIX KopoB [33, 79].
BoJbIIMHCTBO  YIJIEBOAHBIX IeNeid TITMKONpOoTe-
WHOB U IJIMKOJUMNUIOB MEeMOpaHBbI 3PUTPOIIMTOB
OTHOCHUTCSI K CTpyKTypam (kopam) tuna 2 (-Galp1-
4GIcNAcB-) [41], a TakKe K CTpyKTypaM Tumna 3 Ha
rmukonununax (-GalBl-3GalNAca-) [101]. Okono
1,5-2 MJIH aHTUTEHHBIX AeTePMUHAHT cucTeMbl ABO
pacriojlaraeTcs Ha MeMOpaHe KaKIoTo 3pUTPOLIUTA Y
B3POCJIOr0 YeJ0OBeKa KaK B COCTaBE TIIUKOJIUITUIOB,
TaK M INIMKOIIpOTenHOB [29]. B ciaydae rpynmsl Kpo-
BU A Takoe e pacripe/ieJieHue aHTUTeHHBIX JeTep-
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PucyHok 1. CtpoeHue rpynnocneuuduyeckmx aHtureHoB cuctembi ABO

Mpumeyanue. CTpykTypbI rpynnocneumduyeckmx aHTureHoB cuctembl ABO npepctaBneHbI cneBa, CTPYKTypa aHTUreHa-
npepwecTBeHHUKa H npepcraBneHa cnpaea [44, 109]. YepHbiMu cTpenkamu ykasaHbl caiTbl oTnnuus A- u B-aHTureHoB. R - kopoBas

4acTb OJIMrocaxapuaHbIx Lenen.
Figure 1. Structures of the AB0 system group-specific antigens

Note. The structures of the ABO system group-specific antigens are shown on the left, the structure of the precursor antigen H is shown on the
right [44, 109]. The black arrows indicate the different sites of A- and B-antigens. R is the core part of oligosaccharide chains.

MUHAHT XapaKTepHO UISI 3PUTPOLIMTOB OCHOBHOI
MOATPYIIIbI A, B TO BpeMs KakK JJIsi MEHee pacrpo-
CTpaHCHHON MOATPYMITHI A, TNIOTHOCTh AaHTUTCHOB B
~ 4-10 pa3 meHnblie [36, 98, 110].

Kpome ctpyktypHoro monumopduzma ABO-
AHTUICHOB, CYIIECTBYET M CEpPOJOTMYECKMIA, T.€.
HaJIuyve pasHbix (DEeHOTUNOB (MOATPYIN) B CHU-
ctemMe ABO, koTopble BBISIBASIIOTCSI B pe3yjibraTe
MPOBEACHUSI CEPOJIOTMYECKUX peaKluil (peakiuit
MEXIy aHTUTeHaMHN W CBIBOPOTOUYHBIMM aHTHUTEJIA-
MU in vitro). Ilpu onpeneneHUU aHTUTEHOB CUCTE-
Mbl ABO cTaHgapTHBIMU CHIBOPOTKAMM CYILIECTBYIOT
TPYIHOCTHU, CBSI3aHHBIC ¢ MOAU(UKALIMSIMU TaHHBIX
JNIeTEPMUHAHT Ha MeMOpaHe 3pUTPOLUTOB. B 11e10M,
COXpaHsIeTCS AeJICHNE Ha OCHOBHBIC UEThIPE TPYIIITHI
kposu (0, A, B u AB), HO, KpoMe TOro, BBIACSIOT
MOATPYIIIBI BHYTpU 3TuX rpynm. [loarpynmsl He-
00XOIMMO OMpeaesaTh I MpaBUJILHONM OLICHKU
crerieHu Tskectu 'BH. B yacTHOCTH, Y 310pOBBIX
JIIOZIeii OTMeYaeTcsl BbIpaXkeHHasl TeTepPOreHHOCTh
aHTureHa A, B oTauuuve oT aHTtureHa B. Coorser-

CTBEHHO, aHTUTCH A MeeT BBIPaXKEHHBIN CePOIOTH-
YyecKUii moanumMopdu3M (ceposiornueckue BapuaHThl:
A, — 88% BcTpeuaemocTu, A, — okono 12%, A;, A,,
A, — xaxngas 1o 0,001%, A, 1 np. — KpaiiHe pef-
Kue), a antureH B 6osee omHoponeH: B — Hanboiee
yacThIlll (heHOTHUI, BapuaHThl B;, B,, B,, u B, — «cna-
Oble» U oueHb penkue deHoturnsl [49, 113]. «Cna-
Oble» TTOATPYIITLI KJIAaCCU(PUIIUPYIOT Ha OCHOBAaHUU
cienyrolux Kkpurtepuen: (1) cTerneHb arriloTUHALIAN
SPUTPOILIMTOB MTAHHOTO MOHOpa; (2) HaIWdue WIn
OTCYTCTBUE alJIO-aHTUTEST B KpOoBU U (3) Hanuuue
WIA OTCYTCTBHE MMMYHOIOMMHAHTHOTO aHTUICHA
B CJIIoHe. MOoJeKyasIpHO-TeHeTUUEeCKUE aHaIU3bl
noKa3ajin, 4To «cjabbie» (PeHOTUI bl GOpMUPYIOTCS
B pe3yJIbTaTe TOYCUHBIX MyTalluii B reHax A wind B.
ITpu 3TOM 3amMeuyeHa reHeTu4YecKasi FeTePOreHHOCTh
Y WHOUBUAYYMOB B OOHUX M TeX K€ MOATPYIIIaX.
C 1oMOllbl0 KWHETUYECKMX aHaJM30B ObLIO IT10-
Ka3aHO, 4YTO aKTUBHOCTb A-TJIMKO3WJITpaHcdepas
CJIa0BIX TTOATPYIIN BCErla CHMXKEHA IO CPaBHECHMIO
¢ A-Tuko3mnTpaHcdepazaMu OCHOBHBIX MOATPYMIT
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A, 1 A, [26, 116]. CnoxuocTb cuctembl ABO yBenu-
YUBAIOT MpoMexXyTouHble (peHoTurbl: B(A) [30, 113,
117], uuc-AB, BcTpeuaroluiics yaiie B BOCTOYHOA-
3MaTCKOM pEeruoHe, yeM B ocTajibHOM Mupe [27, 30,
114], u A(B) [30]. B aTux ciyyasix B pe3yjbraTe MyTa-
Uit (OT OgHOM 10 TpeX) reHa A miu B akcmipeccupy-
IOTCS TIIMKO3WITpaHCGepa3bl ¢ MPOMEXKYTOUHBIMU
(MexXay <«KIacCUYECKMMU» TIIMKO3UITpaHcdepasa-
mu A u B) cBolicTBaMU, KOTOpPbIE CIIOCOOHBI Mepe-
HocuTh Kak GalNAca, Tak u Galo Ha H-aHTuUreH-
npenuecTBeHHUK [27, 30, 114, 115].

OCHOBHBIC CEepPOJIOTNUECKHE TMOATrPYIIITBL
A-aHTUTreHa U3BECTHBI KaKk A, U A,. YCTaHOBJIEHO,
YTO pa3jiMdusl MEXAY 3TUMU (DEHOTUIIAaMU SIBJISI-
IOTCS KavyeCTBEHHBIMU U KoaudyecTBeHHbIMU [30].
KauectBeHHbIE paznnyusi OOYCJIOBJIEHbI OCOOEH-
HOCTSIMM B CTPYKTYpe TIJIMKAHOB. A,-3PUTPOLIUTHI
HECYT HEKOTOpOe KOJMYECTBO YIJIEBOMAHBIX Iemneit
A tun 4 (puc. 2), a Ha A,-3pUTpOLUTAX X HET CO-
BceM [101]. dnst A,-2pUTPOLIUTOB XapaKTEPHBI IO-
BTOPSIIOIIMECS] CTPYKTYphl A-aHTUTeHa TUIa 3, KO-
TOpBIE MOTYT pacIiojaraThCs Ha YIJMHECHHBIX W/ IN
Pa3BETBJIEHHBIX YIJIEBOAHBIX LETSIX TJIMKOJIUITUIOB;
Ha A,-3pUTPOLIMTAX TaKWE CTPYKTYpbl OOHAPYyXKH-
BalOTCS B CJICHOBBIX KOJIWYECTBAX M XapaKTCPHBI
nenu A tun 2 (puc. 2) [28]. KonuuecTBeHHBIE pa3-
JIMYUST CBSI3aHbl C TIOHVKEHHBIM COAEp>KaHUEM
AHTUTCHHBIX JIETCPMUHAHT Ha A,-3PUTPOILIMTAX IO
CPaBHEHUIO C A,-3pUTPOLIUTAMU, U3-3a TOTO, UYTO
A-rnuko3uiatpaHcgepasa B 3-5 pa3 MeHee aKTHBHA B
A,-sputpouurax, yeM B A, [26, 98, 110]. 13-3a atux
paznuuuii, 11 GeHoTUuroB A, u A, HaOJTIOAAIOTCS
pa3Hble CEepoJIOTMYECKHE CBOWCTBA. DPUTPOLIUTHI
deHoTUNa A, aKTMBHEC arTJIOTUHUPYIOTCS aHTHU-
TejnaMyu U O0ojiee UMMYHOTEHHBI, 4yeM A,. [Toatomy

GaINAca1—3Ga2|[31-4GIcNAcBl-3GaIBl-46IcBl-R

|
Fucal

GaINAcal-3GeiIB1-3GaINAccx1-3GgIB1-4GIcNAcBl-3GaIBl-4GIcB1-1Cer

| |
Fucal Fucal

GalNAcal-3GgIB1—3GaINAcB1—1Cer

TMOATUIT A, Ha3bIBAIOT CWJIBHBIM, a IMOATUIT A, — CJia-
obiM [20, 30]. I'non ¢ heHoTUIIOM A, HO He A,, yalie
IoABEPKEH NMMYHOJIOTHIECKOMY KOHMIJIMKTY C Ma-
Tepbio, MMemIIeil rpynmny Kposu 0 mim B, n pucky
pazButusi ABO-T'BH.

BaxHo, yro gerepmuHaHThl A- U B-aHTureHos
Ha 3PUTPOIUTAX B3POCJIOTO YeJIOBeKa IpEeJCTaB-
JIeHbl Ha pa3BeTBJIEHHBIX OMBAJIEHTHBIX (opmax
neneil tura 2 (puc. 3) U OHU O0JAZAIOT CUJIbHOM
aHTUTEHHOCTHIO, T.€. CIIOCOOHOCTBIO aKTUBHO CBSI-
3bIBaTh ajno-aHTuTena [39]. Ha spurpouurax am-
OpuoHOB A- u B-aHTUreHBl mpeAacTaBJCHBI Ha
Hepas3BeTBJIEHHbIX (popMax 1ierei (puc. 3, i-aHTUTeH-
MpeallecTBEHHUK), OHU MeHee aHTUTeHHBI [90]; He-
pa3BeTBJICHHBIC LI OOHApYXUBaroTcs mocie 8-10
HeJeJIU BHYTPUYTPOOHOTO pa3Butus [49], mo npyrum
NaHHBIM — ¢ 5-6 Hexenu 6epemeHHoctH [11]. buo-
cuHTe3 I-11eTIeil HaYMHAaeTCsT TOpa3Io IO3XKe, B Mep-
Bble TONBI XXKU3HU pebeHka [39]. A/B aHTureHHbIC
JNeTepMUHAHTBI, HaXOIsII1Mecs] Ha Hepa3BEeTBICHHbBIX
(TMHEMHBIX) i-IeNsIX TJI0X0 Y3HAITCS COOTBETCTBY-
OIIMMA aHTUTEJIaMH, YeM TaKhe XKe TJIMKaHBI Ha
pa3BeTBiieHHOM I-BapuanTe [50, 61, 98]. M3-3a aTOTO
Tsekenast ¢popma 'BH B pesynbsrate ABO-kKoHMmKTa
SIBJsIeTCsl peakocThio, 1 caydaii Ha 3000 ponoB, He-
CMOTpSI Ha HaJlMuMe ajao-aHTuTesl cucteMbl ABO
IgG ximacca B KpoBU OOJILIIMHCTBA XXEHIIIUH C TPYII-
noit kposu 0 [1]. ¥ mnanenues ¢ 'bH, Tpedyroeit
Teparuu, TIOTHOCTh aHTUTeHOB A u B 0Gosee BbI-
CoKasl, TI0 CPaBHCHMIO C JIETbMU, ¥ KOTOPBIX CJIab0
BeIpaxkeHHast popma I'BH [22, 30, 61]. Kpome Toro,
Yy HOBOPOXKIEHHBIX 4YacTo HaOJrogaeTcsi aHTUTEeH-
Hasl HE3peJIOCTh 3PUTPOLIMTOB, T.€. HEAOCTaTOYHAasI
9KCIIpeccust Tpynnocreuuduyeckux aHTUTeHOB |2,
30, 98]. IlomyasiuMyd 3PUTPOLIMTOB C AHTUTCHHOM

Atin 2 (A,-3pumpoyumoi) /
Atype 2 (A,-erythrocytes)

A tun 3 (A;-3pumpoyumei) [
Atype 3 (A,-erythrocytes)

A tin 4 (A;-3pumpoyumei) [
Atype 4 (A,-erythrocytes)

Fucal

PucyHok 2. KayecTBeHHbIe pa3nuums rmMkaHoB Ha A,- n A,-aputpouuTax

Mpumeyanue. R - chparmeHT rnukonpoTtenHa unu rmukonunuaa, Cer — uepamug, Fuc - L-pykosa, Gal — D-ranakro3a, Glc - D-rnioko3a,
GalNAc - D-N-auetunranakrosamut, GIcNAc — D-N-aueTunrniokosammH.

Figure 2. Qualitative differences of the glycans on A,- and A,-erythrocytes

Note. R, glycoprotein or glycolipid fragment; Cer, ceramide; Fuc, L-fucose; Gal, D-galactose; Glc, D-glucose; GalNAc, D-N-acetylgalactosamine;

GlcNAc - D-N-acetylglucosamine.
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HE3peJIOCThIO TPEeodaagaloT y NEeTei, POAUBIIMXCS
HEJOHOIIIEHHBIMU WJIU C 3aAeP>XKKOW BHYTPUYTPOO-
HOTO pa3BUTUSA [2]. YMeHbIIeHUEe BbIPAXKEHHOCTU
cumntomMoB 'BH MoxeT npoucxoauTh U U3-3a LUP-
Kyaupyasuuu A- u B-aHTUreHoB B cBOOOJHOM BU/IE
B KPOBHM IUIOAA, KOTOPBIC HENTPAIM3YIOT MaTePUH-
ckue anturena IgG kmacca [15, 30, 98]. Puck oc-
noxHeHuit B pesynsrate ABO-I'BH, Hanpumep, pas-
BUTHUE SIACPHOM KEITYXM, MEHBIIIE TI0 CPABHEHUIO C
I'BH no pesyc-daktopy. DTO 00BSICHSAETCS TEM, YTO
aJuto-aHTUreHbl cucteMbl ABO skcrnpeccupyrorcs
MHOTMMHU KJIETKaMU OpraHMW3Ma, a He TOJIbKO BPU-
TPOLUMTAMU, U 3HAYUTEJIbHOE KOJUYECTBO aJUIO-aH-
TUTEJT CBSI3bIBAETCSI C HEKPOBETBOPHBIMU TKAaHSIMU,
YTO TIPEIISITCTBYET UX CUJIBHOMY T'€MOJIUTHYCCKOMY
BosaeiicTBuio [6, 54, 102].

Ipynnocnenuduyeckue aanio-aHTATENA

WN3BectHo, yto B ABO-KOH(MpIMKTE MaTepu u
mofga y4JacTBYIOT MaTepuHckue aHtutena IgG-
KJlacca, KakK IIPeACyIIeCTBYIOIINE €CTeCTBEHHBIE,
TaK ¥ BHOBB oOpa3zyoiinecss nMMyHHBIe [87]. [pyrr-
nocriennduueckre aHTUTeIa HaIpaBlIeHbl K yrje-
BOJHBIM aHTUreHam A wiu B. YcraHoBieHo, yTO
aHTH-A/B ajno-aHTHUTEIa HAIIPaBJICHBI K BHEITHUM
TepMUHAJBbHBIM (2 HE KOpPOBBIM) ydacTKaM A/B-
ravukaHoB [83]. B mazme KpoBu O6epeMeHHbIX 1 Ma-
Tepel ¢ TpyrIioit KpoBu O IIPUCYTCTBYIOT HE TOJIBKO
y3kocneuuduieckue aHTU-A 1 aHTU-B amio-aHTU-
Tena, HO M aHTUTeNa ¢ <«AB»-crieludUIHOCTHIO,
OOWHAKOBO WJIM Ha OJIM3KOM ypOBHE y3HaroIIue oda
ITMKaHa (OTMETUM, YTO OHU Y3HAIOT MMEHHO CTPYK-
TYPHBIIA MOTUB, OOIIMI WIsT TpUucaxapuaoB A u B, a
He BHyTpeHHMIT H-mucaxapuaHbiii yyacTok) [64].
B kxpoBu saun rpynmnel B, a Takke moarpynn A, u
A,B BcTpeuarorcst aHTH-A, aHTHTeNna [94]. OHU ar-
MIIOTUHUPYIOT TOJBKO A,-3PUTPOLIUTHI U HE arrjio-
TUHUPYIOT A,-3putpouuthl [30]. ¥V momeit ¢ mpo-
MexyTouHbIMU deHoTurnamu A(B), mmic-AB u B(A)
SKCIIPEeCCUsT aJlJIO-aHTUTEST PEryIupyeTcss MMMYH-
HOM CHUCTEMOM HM3-3a NPUCYTCTBUS <«IOMNOJTHUTEIb-
HBIX» aHTUTCHOB, T.e. TUTPHI aHTU-B mim aHTH-A

Galp1-4GlcNAcB1-3Galp1-4GIcNAcp1~

Galp1-4GIcNACR1

6 Galp1-4GIcNAcp1~

Galp1-4GIcNACB1”

PucyHok 3. CTpyKkTypbl aHTUreHOB i U |

Mpumeyanue. Gal — D-ranakro3a, GIcNAc — D-N-aueTunrniokozammH.
Figure 3. Structures of the antigens i and |

Note. Gal, D-galactose; GlcNAc, D-N-acetylglucosamine.

aHTUTEJI, ¥ TaKUX WHIWBUAYYMOB CHWXXEHBI, IIO
CPaBHEHMIO C OCHOBHBIMM (heHOTUTIaMU A, U B, co-
oTBeTCTBeHHO [27]. MHTepecHbIe 0COOEHHOCTU eCTh
y «Cj1a0bix» (DEHOTUITOB. AHTU-A aHTUTEJA TJI0XO
arIIOTUHUPYIOT A,-3PUTPOLIUMTHI, & CMECh aHTU-A
U aHTU-B aHTWUTEN XOpOouUlo arrIoTUHUPYET A, -
apuTpoumTsl [115]. AHTU-A ano-aHTUTENIa CBI3bI-
BalOTCS C A, -2PUTPOLIUTAMU, HO TeMarrIloTUHALUU
He mpoucxoaut [49].

Auno-antutena cucreMbl ABO — 3To moaukio-
HaJIbHbIE AaHTUTEJIA C KOJJMYECTBOM KJIOHOB HECKOJIb-
KO necsaTKoB Wi Kaxaoro kinacca (IgG, IgM, 1gA) y
Kaxaoro nHausuayyma [88], pasHbix no cnenuduy-
HocTu U adduHHOCTU. B mormosiHeHUEe K MHOXe-
CTBEHHOCTU (DEHOTHUIIOB 3PUTPOLIUTOB, 3TOT (PaKTOp
BHOCUT JIOTIOJTHUTEIbHBIN BKJIAJlT B HEOTHO3HAYHBII
ucxon nmpu ABO-HecoBMecTUMOI OEpeMEeHHOCTH.

Bbuonornyeckmii CMBICT CYIIIECTBOBAaHMUS Ce-
POJIOTMYECKOTO M CTPYKTYPHOTO mMoJMMopdu3Ma
cuctembl ABO — 3TO mIMpOKUI 3alIUMTHBINA Oapbep
yeJioBeKa (KakK BUIa) OT MaTOTeHHBIX BUPYCOB, OaK-
Tepuii 1 BBDKMBAEMOCTh Ha ypoBHe Buaa. JlokasaHo,
YTO JIIOJM ¢ rpyrIoi kposu 0 (B OTJIMYME OT APYTrUX
rpyran cuctembl ABQ) smydiie 3amuiineHbl OT Majls-
puiitHoro masmonust P. falciparum [80]. Ho oHwu,
HaoOopoT, 6ojiee BOCIIPUUMYMBBI K BO30OYIUTETIO
xoJiepsl Vibrio cholerae n yymMHOI majiouke Yersinia
pestis [42]. HepaBHOMepHOe pacripefie]ieHrue TPYII
KpoBu cucteMbl ABO B Mupe MOXKHO OOBSICHUTH BIU-
STHUEM 3MIUJICMU/TTaHIeMU, YHUYTOXKABIIINIX B KO-
pOTKOE BpeMsI 10 ABYX TPETeil HAaceJeHUsT B TaHHOM
yactu mupa. [Iposisnenue ABO-koHdarkTa MaTepu
M TUTOMA, a TaKKe KOHMIUKTHI MO APYTUM CHUCTeMaM
TPYIIIT KPOBU — 3TO OTPUIIATEJIbHBIE TTOOOUYHBIEC CH-
creMHbIe 3(p(heKThHl BHYTPH BUIa, CBOETO POJa «Ilia-
Ta» 32 BUIOBYIO COXPAaHHOCTb.

Ipyunasl u Mexanusm passutusi ABO-I'BH npn
0epeMeHHOCTH

Atuonorust ABO-I'BH cnoxknas, T.K. MHOTO (hak-
TOpOB BiUseT Ha TskecTb pa3Butusd ['BH. K Hum
OTHOCSTCSI KaUeCTBEHHbIE U KOJIMYECTBEHHbIE MO-

~aHmueeH-npeduwecmeeHHUK /
[-antigen-precursor

[-aHMmuezeH /
l-antigen
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ABO-incompatibility of mother and fetus

KazareJiM MaTepUHCKMX aHTU-A/B ammo-aHTuTen,
a TakXe YpOBEeHb M IUIOTHOCTh ABO-aHTUTEHOB Ha
SPUTPOLIMTAX TJI0Ja U HOBOpPOXAEHHBIX [34]. Bce
3TU (aKTOPbI IPUBOIIT K Pa3pyIlIeHUIO 3PUTPOLIN-
TOB B TOW UJIM UHOM CTETICHMU.

Marepunckue IgG nomamaloT B KpoOBb IL10Ja
Onaromapsi HeoHaTaJbHOMY pelentopy FcRn mna-
HEeHTHI, HAYMHAas yXe ¢ 13-i1 Hemen 0epeMeHHOCTH
HauOOoJbllIee KOJIUUYECTBO — B TEUEHUE IMOCISTHUX
4-x Henesb 0epeMeHHoctu [63, 70]. CTpykTypa 3TO-
ro pelenTopa He Ioxoxa Ha aApyrue Fc-petientopsr,
y Hero HabjrogaeTcsi TeHETUYECKU IMOoJIMMOp-
dusm [63, 75, 112]. a2 u P2 MHUKPONIOOYIUHO-
BbIe JOMEHBI pelienitopa FcRn B3amMmomeiicTByrOT
¢ nomeHamu Cy2 u Cy3 monekynnl IgG [63]. FcRn
9KCITPECCUPYETCSI CUHIIUTUOTPO(OOIacTOM, TIie pe-
nenTop TpaHcnoptupyet IgG n3 MaTepMHCKOTO Kpo-
BOOOpaIeHus1 B (eTabHbIe KanWUISIPhl BOPCUHOK
MJIALEHTBl Yepe3 MOJSIPU3OBAHHBIA CJION KJIETOK.
CuHLUTHOTPOMOOIACT MHTEPHATU3YeT MAaTepUH-
ckue IgG B 3HIOCOMBI, KOTOPbIE TTOAKUCIISIIOTCS, U
910 no3BoJjisieT IgG ObITh cBsI3aHHBIM ¢ FCRn, T.K.
Fc-dparment IgG B3aumoneiictByer ¢ FcRn ¢ BbI-
COKUM cpoacTBoM Iipu kuciaom pH (< 6,5). 3atem
9HJI0COMa, coaepKaiias marepuHckue IgG, ciuBa-
eTcsa ¢ MeMOpaHoil Ha (heTaJbHOI CTOPOHE CUHIIM-
THoTpodobaacTa, rae dusnonorndyeckuii pH cro-
cooctyeT auccouuanuu IgG or FcRn. Tlocie atoro
peuenrrop FcRn BosBpamaercsi Ha MaTEpUHCKYIO
CTOPOHY CHMHLIUTUOTpodoOIacTa 11 BBIMOJHEHUS
CJIETYIOIINX IIUKJIOB TpaHCIIUTO3a. TakuM oO6pa3om,
pH-3aBucumoe cBsaswiBanne IgG ¢ FcRn nmo3Bomger
nepeHocuTh IgG 4yepe3 KJIETOUYHBIN CJIOM BHU3 IO
rpaaueHTy kKoHueHTpauuu IgG. OgHako mocieny-
[OIIME MOJICKYISIpHbIE MEXaHM3MBI TpaHCIUIAlleH-
TapHOTO mnepeHoca MmatepuHckoro IgG ocrarorcs
MaJIOu3y4YeHHBIMHA. UYTOOBI TOCTUYL CHUCTEMBI KpO-
BOOOpaIieHus1 IUioga, MarepuHckue IgG momKHBI
MpPeooeTh KpOMe KJIETOYHOIo Oapbepa CUHIIUTHU-
otpodobiacTa elle M JaBa AONOJHUTEIbHBIX ILia-
HEeHTapHBIX aHATOMUUYECKHNX Oapbepa: BOPCUHUATYIO
CTpOMY, coAepKalllylo njaalueHTapHbie (pruOpooIacThl
U Ki1eTku Xod0oayspa, a TakKe SHIAOTEJIUN KanuLIsi-
poB moga [75]. Kakum ob6pazom IgG mepecekaior
nocjienylonue IulalieHTapHble Oapbepbl, KOTOpPbIE
He 3KkcnpeccupytoT FcRn, 1o KoH11a He MOHATHO [75,
97].

¥ peuentopa FcRn ectb nonoaHutenbHast pyHK-
uus. OH 3amuminaet IgG oT BHYTPUKIETOYHOrO Ka-
TaboaM3Ma, TEM CaMbIM YBEJIWYMBAsl €ro IIePUO]I
noaypacnaga B KpoBu MuaaeHua [91, 108]. Ilpu-
OOpeTeHHBbIE BHYTPUYTPOOHO MAaTEepUHCKUE aHTU-
Tena KaTaboNMM3UPYIOTCS Y peOcHKa B TEUCHUE He-
CKOJILKMX HEAEJIb U JaxXKe MecsLeB rmociye poaos [40,
58, 70]. MarepuHckue IgG pa3HbIX IOJKIACCOB U

cnielinUIHOCTEd MMEIOT CUJIBHO pas3jinJaroline-
ca nepuoabl nonypacnana [40]. Ecniu maTtepuHcKue
aJlJIo-aHTUTEe/Ia HaXOASIT aHTUTEHHYIO MUIIEHb Ha
3PUTPOLIMTAX HOBOPOXAEHHOTO, TO mpu3Haku 'bBH
OOBIYHO TIPOSIBIISIIOTCS B TEUCHME IIEPBBIX 7 THEU
JKM3HU HOBOPOXIEHHOTO B BUIE PaHHEN aHEeMMU,
OOYCJIOBJICHHOW aHTUTEI0-3aBUCUMBIM pa3pylie-
HHUEM DBPUTPOILNTOB pebeHKa. OmHAKO IIpU3HAKMN
I'BH moryT ycunuThbCcs U B TeYE€HME IBYX Helesb T0-
cJie poxXneHUsT (MO3MHSIST TeMOJIMTUYeCKasi aHEeMUS
VI TIO3OHSIST TUIIOpereHepatuBHass aHemus) [70].
XapakTep U TsKecThb noBpexneHuii nmpu 'bBH cBs-
3bIBAIOT CO CPOKOM Hayajaa OOJe3HU U IJIUTEIb-
HOCTBIO TPAHCIIOPTAa aHTUTE OT MaTepu K ILIOLIY.
MaccuBHOE TIOCTYIUIEHUE MAaTepUHCKUX aHTUTEN
B KpPOBb MJIAJIcHIIa TTPOUCXOAWUT B TEYEHUE POJIOB.
Konuenrpauum IgG B KpoB1 HOBOPOXKIASHHBIX MO-
ryT OBITH BbIlIE, YeM y matepeii [75]. OgHako mo-
Ka3aHo, YTO YpOBHM aHTU-A aHTUTen Kiacca IgG
y ABO-HeCOBMECTMMBIX MJIAJICHIICB CYIIECTBEH-
HO Hmxke, 4yemM y ABO-coBMecTUMBIX MaaeHIIEB
u3-3a aAcopOlUu aHTU-A aHTUTea GdeTaTbHbIMU
A-3puTpoliTaMH, TKAHSIMU W CEKPETHUPYeMBIMU
CBIBOPOTOYHBIMUM A-aHTureHamu [54]. Hekotopoe
KOJIMYECTBO aHTUTE MOXKET MOCTyNaTh peOeHKY C
MOJIOKOM MaTepu. Eciam MitameHel HaXxoawuTCs Ha
rpyaHoM BckapMimBanuu, To IgG rpymnHOro mMoJo-
Ka MOXeT ObITh pacrno3dHaH Fc-pernenropamu sHTe-
POLIUTOB TOHKO# M IBEHAAIATUIICPCTHON KUIIKU U
TpaHCJAOLIMPOBAH B KPOBb MaJeHla. Takum oOpa-
30M, €CTh pUCK mpojoHrupoBanus 'bH B TeueHue
nepuoaa rpyaIHoro BckapMumBanus [70].
Cyl11ecTByeT ABa OCHOBHBIX MEXaHU3Ma UMMYH-
HOTO pa3pyIlIeHUs 3PUTPOLIMTOB C yIaCTUEM aHTUTEN
IgG-ximacca: (1) mm3uc ¢ ydacTMEeM CHUCTEMBI KOM-
njaeMeHTa U (2) paspylieHue (parouuMTaMu, B 4acT-
HOCTU Makpodaramu B cejieseHke [23]. YcraHoBie-
Ho, uto ABO-I'BH pa3BuBaeTcst n3-3a pa3pylieHust
SPUTPOLIMTOB UCKIIOUUTEIbHO MakpodaraMmu, a He
3a CYET KOMIUJIEMEHTa, T.K. B KPOBU HOBOPOXIEH-
HBIX HM3KWI ypPOBEHBb OCIKOB HE3PEIOM CHUCTESMBI
KOMIUIEMEHTa M HeAOoCTaTO4YHas MJIOTHOCTh A- U
B-anturenos [23, 63]. Makpodaru TmocpeiacTBOM
daroTo3a TM3UPYIOT SPUTPOLIUTHI 1Toaa [9]. AK-
TUBHOCTh (DEPMEHTOB II€YEHU y HOBOPOXKIACHHBIX
HU3KasA, U Jaxke (hU3NOJOTMIECKUN TeMOJIU3 TIpH-
BOOUT K HAKOIUICHWIO B KPOBU TOBBIIICHHOTO KO-
JInJyecTBa CBOOOMHOIO OunnpyorHa ((pusmonoruye-
cKas XenTyxa HoBopoxkaeHHbIx). [Ipu 'BH neuens
MJIaIeHIla COBCEM HE CIIPABIISICTCS ¢ YCKOPEHHBIM
paspyllieHUeM 3PUTPOLIMTOB, U IMPOUCXOAUT MaTO-
JIOTUYECKOe HaKOIJIEHWEe B KPOBU HOBOPOXKIEHHOTO
CBOOOTHOIO (HEeNpsSMOro) ominpyonHa. B ornmune
OT CBsI3aHHOTO (TPSIMOTO) OMAMPYOMHA, T.€. IJIIO-
KypoHHuJIa OWIupyOouHa, CBOOOJHBIN OWIUPYOUH
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SIBJISIETCSI BOJIOHEPAcTBOPUMBIM. OH TOKCUYEH, pac-
TBOPUM B JIMITMIAX W TIO3TOMY JIETKO IIPOHUKACT U3
COCYIMCTOro pycja B KJIETKM, moBpexaast ux. B ts-
JKEJTBIX CITydasix OMIupyOrH MPOSIBIISIET TOKCUIECKOE
JIefiCTBUE TI0 OTHOIICHHUIO K KJICTKaM HEPBHOI CH-
CTeMbI, Hapylluasi MpoLECChl KJIETOYHOIO IbIXaHMUSI.
BosHukaet pacctporictBo dyHkiuit IHC u pa3Bu-
THE CHUMITOMOB OMJIMPYOMHOBOI 3HIIChAIONATUN
(I AepHOM XKEATyXu), B pe3yJibTaTe 4ero MOXET Ha-
CTYITUTh CMEPTh peOcHKA, NI HEN3JICUNMbIe HEBPO-
Jlorndeckue HapyueHus [7, 14].

MHTepecHO, 4TO HECOBMECTUMOCTb MaTepu U
moga no cucreme ABO obecrieurBaeT B onpeaeieH-
HOM CTeNeHW 3alllUuTy OT auIoMMMyHmu3anmuu Rh--
matepu Rh*-sputpouuramu mnoga. HecoBmecTu-
MOCTB I10 TPYIITIe KPOBU A MEXIY MaTephIo U TIOIOM
coszgaeT 90%-Hyi0 3alIUTy OT aJUIOMMMYHM3aLUUd K
RhD, a HecoBMecTUMOCTH IO Tpyrnrne KpoBu B naer
TOJBKO 55%-Hy10 3auTy. [1peanonoxureabHo, Ta-
KO 3aIIUTHBIN 3(pheKT 00yCITIOBICH CIIOCOOHOCTHIO
aHTU-A U aHTU-B aHTUTEN K CBOEBPEMEHHOMY pa3-
pyurenuto, coorBercTBeHHO, A/RhD- m B/RhD-
SPUTPOLIMTOB IJIOAA B cocyaax marepu [47].

Posb noakiaccos IgG B passutuu ABO-I'BH

Antutena IgG kimacca yenoBeka JeJISTCS Ha 4e-
TBIPE OCHOBHBIX MMOAKJIACCA, M X KOJIMYECTBO B KPO-
BU pazandyHoe. AHTUTena noakiaaccos IgGl, IgG3,
1g(G4 GecripensATCTBEHHO MPOHUKAIOT Yepe3 MIaleH-
Ty. C yBeIMUYeHNEM MX KOHIICHTPAIIMM B KPOBU Ma-
Tepu U peOeHKa MOBBIIIAETCS BEPOSITHOCTh Pa3BUTUS
I'BH [4]. OTHOCUTEeNnbHO aHTUTEN noaknaacca IgG2 B
JMTepaType €CTh IIPOTUBOpPEUMBas WHMOPMAIIKSI.
CorjlacHoO AHTOHOBY M COaBT. aHTUTENa MOAKJIAac-
ca 1gG2 oGnanaroT OorpaHUYEHHOI CIOCOOHOCTbHIO
TpaHCIUTAlLICHTApHOTO TPaHCIIOpPTa W HE BIMSIOT Ha
pasButue ABO-I'BH [4]. OnHako ecTb MHEHME O TOM,
yto [gG2 xopo11o npoxoadaT yepe3 miateHty [9, 100,
103]. Panm muccrmemoBarteneii yrBepXmaloT, YTO aHTH-
tena IgG knacca cucremsbl rpynn kpoBu ABO oTHO-
caTcs B ocHOBHOM K moakiaccaM IgGl u 1gG2 [54,
87]. dpyrue aBTOpHI CYUTAIOT, YTO aHTU-A U aHTU-B
aHTUTEJIa OTHOCSTCS MPEUMYIIIECTBEHHO K TTOKJIac-
cam IgG2 u 1gG4, u oHU CIOCOOHBI TPOXOAUTH Yepe3
TJIalleHTY, BeI3bIBas Msirkoe TeueHrue ABO-I'BH [14,
99]. Wu u coaBrt. (2009) He corjiacHbI C TUM YTBEPXK-
JIEeHEeM, OHU CUMTAIOT, YTO, HECMOTPS Ha MOBBITIICH-
Hble KoHueHTpauuu IgG2 n IgG4 B KpoBU Martepeid,
y KOTOpbIX MyaaeH1bl 60abHbl BH, aT1 moaknaccel
IgG He Bnusior Ha paszsutue ABO-I'BH [112], T.k.
OHU He CBsI3BIBaIOTCS ¢ Fe-pentenropamu harommru-
pytoiux kjaetok [103].

Heob6xoaumMo oTMeTuTh, 4TO remoiaus rnpu ABO-
I'BH nipoucxoaut B pe3yJibTaTe aHTUTEI0-3aBUCUMO-
I0 KJIETOYHO-0IOCPEeIOBAHHOTO UMMYHHOTI'O OTBETA,
IpU KOTOPOM 3(PPEKTOPHBIMU KICTKAMU SIBJISTIOTCSI

KJIETKA BPOXIEHHOTO uMMmyHuteTta [23]. WHTEeH-
CUBHOCTh TEMOJIMTUYECKOIO TpOoIlecca 3aBUCUT OT
noaknacca IgG. B kposu miona IgG1l u IgG3 Ha-
MHOTO Jierdye B3anmMOoAeUcCTBYIOT ¢ Fc-penenrropamm
kieTok, yeM IgG2 u IgG4. IMosTtoMy AMarHoCcTH-
yecKkoe 3HauyeHMe HMeEIOT, Tpexnae Bcero, IgGl u
I1gG3 [9]. 1gG3 obmanmarot Gosbleli adhOUHHOCTHIO
K peuentopaM Makpodaron, 4TO OObSICHSIET UX 0O-
Jiee BBICOKYIO TeMOJUTUYECKYI0 aKTUBHOCTH [21].
B Hebonbloil HccliefoBaHHOW BBIOOpKE MJIaAeH-
1IeB, HECOBMECTUMBIX C MaTephbio 1o cucteme ABO
M TIOJ0XUTEIbHOI npoboii KymOca, B IMynmoBUHHOM
KpoBu ObLIM oOHapyxeHbl IgG1, a y moJIOBUHBI U3
Hux — eme u [gG2, Ho IgG3 He oOHapyXeHBI [74].
B 1989 romy Ukita u coaBT. mpoBeU UCCIeO0BaHNE
Ha koropte u3 138 mnageHueB. ¥ 43 HOBOPOXIEH-
HbIX npsimast 1pod6a KymOca Oblia 1moiaoxuTenabHa.
VY ocranbHbIX 95 HoOBOpoOXkAeHHBIX mpoba Kymbca
ObLT1a OTpUIIaTeIbHA, a aHTUTE A ONPEACIISIIU ITyTeEM
Ter10Boro ajoupoBanus. Tonabko y 12,3% mianeH-
ueB BbIsiBJIeHbI npu3Haku ABO-I'BH. ¥ HoBopox-
neHHblx ¢ 'BH u nonoxurenbHoit mpodoit Kymoca
ypoBeHb IgG1 OBIT JOCTATOYHBIM IJISI TIPOSIBJICHUS
remouin3za. Y HoBopoxkaeHHbIX ¢ ' BH u orpuniatens-
Holt ipo6oit Kymo6ca yposeHb IgG3 Obl1 CIMIIKOM
HM30K AJ1s1 AeTeKuu 1mpoosl Kymoca, HO OH ObLI 10-
CTAaTOUYHBLIM 17151 pa3BuTus remonusa [103]. Hpyroe
HCcieIoBaHue, TAKKe HAlIpaBJIEHHOE Ha BBISIBJICHUE
posii noakiiaccoB IgG B passutuu ABO-T'BH, mpo-
Boauioch mpu nomoiu tecta ADCC (Antibody-
Dependent Cell-mediated Cytotoxicity), B KOTOpoM
3D PEeKTOPHBIMI KJICTKAMM SIBJISUTUCH MOHOIIUTHI.
B cnydae HeratuBHoro ADCC (pa3pyliianoch MeHee
10% xJIeToK, CBSI3aHHBIX C aHTUTEJIAMU) Y HOBO-
POXIECHHBIX HE HAOII0MAI0Ch HUKAKMX MPU3HAKOB
I'BH. B cinyuae nmonoxurenbHoro pedyasrata ADCC
(mu3upoBaHbl Oosiee 45% KIIETOK) Y HOBOPOXKICH-
HbIX HaOmwopanack octpasi 'BH. ABropamu ObLIO
MOKa3aHO, YTO €CTb SIBHAsl CBSI3b MEXIY YPOBHEM
I1gG3 u nonmoxutesbHbIM pe3ysisraroM ADCC u pa3s-
ButueM I'BH [21]. C 3TtuM BeIBOIOM corjiacHbl Wu
u coaBT. (2009). OHu ornpeaeaIuIn, 4To e€CTh aCCOLIM-
anuu Beicokux koHueHTpauuii IgG1 u IgG3 B kpoBU
Marepeil 1 HOBOpOXAeHHBIX ¢ pa3ButuemM ABO-I'bBH
y MJAIEHIIEB, KOTOphble 00JanarT OMnpeaeeHHbIM
reHoturnioM FcRn-penenropa, a UMEHHO reTepo3U-
TOTHBIM TeHoTurtom 131H¥/Ae 1k aMuHOKMCIIOTa B
no3unuu 131 peuenropa urpaeT KJIIOUYEBYIO POJib B
cBsa3biBaHUM noakiaccoB IgG [112]. OagHako B apy-
roii myoaukaiu Toro ke 2009 roga 6pU10 MOKa3aHO,
YTO B pe3yJibTaTe MCCJIeNOBaHMsI, TTPOBEICHHOrO Ha
KOropTe 13 82 HOBOPOXIEHHBIX aHTUTEJIA MOAKIAC-
ca IgG1 B myrmoBUHHOI KPOBU HE SIBJISIIOTCS ITPOTHO-
CTUYECKUM (haKTOPOM IeMOoJIr3a WU TUIEepOUIUpY-
ounemuu nipu ABO-I'BH [59].
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Takum o6pa3oM, Ha TaHHBIA MOMEHT HEJIb3$I ClIe-
JIaTh OKOHYATEIbHOTO BBIBOAA O 3HAYMMOCTH BJIMSI-
HMsI TOTO MJM MHOro noxakiacca IgG Ha pa3BuTue
ABO-T'BH.

Imko3unmpoBanue marepunckux IgG

NmMmyHornooyanH G coaepXUT ABe OoJMrocaxa-
punnsble 1enu B Fc-o61actu MosiekyJibl (puc. 4). Tun
rnmuko3uiimpoBaHusa IgG y 6epeMeHHBIX 1 Hebepe-
MEHHBIX XXEHIIUH oTauvaeTcs. B TeyeHue 6epemMeH-
HOCTHU TIPOMCXOIUT CYIIIECTBEHHOE CHIDKEHUE YPOB-
Hs araakTo3mwinpoBaHHBIX hopM IgG (IgG-GO, 6e3
TEPMUHAJIBHBIX OCTAaTKOB TajlakKTO3bl W CHaJI0BOM
KHMCJIOTHI) B MATEPUHCKON KPOBU, OCOOCHHO HUBKUIA
ypOBEHb HAOIIOZAETCS B TPETbeEM TpumecTpe [56].
HanpotusB, B MaTepuUHCKOW KpOBU OOHapy>KMBa-
eTcs 0oJjiee BBICOKUI YPOBEHb TaJIaKTO3WJIMPOBAH-
HbIX popM IgG (MOHOTATaKTO3MIILHBIX TJIIMKO(GOPM
1gG-G1 u guranakto3uabHbIX rTukodopm IgG-G2),
gyeM Yy HeOepeMEeHHBIX 3M0POBEIX XKeHIIMH. [Tpn aToM
conepxxanne IgG-G0 B mynmoBMHHOM KpoBU Ha 25%
HUXe, YeM B MaTepMHCKOW KpOBU, M, HAO0OOPOT,
ypoBeHb rajakto3upoBaHHbIX popMm IgG (IgG-G1 u
IgG-G2) B mynoOBMHHOI KPOBU JTOCTOBEPHO BBIIIIC,

gyeM B KpoBU MaTepu [56, 62]. Takum obpa3oM, BO
BpeMmst OepeMeHHOCTU IgG 3HAUYUTENBHO CUJIbHEE
MOoJABEP>KEHbBI raJlakTo3mipoBannio, n IgG-G2 myg-
11Ie MPOXOST Yepes IIalleHTY, YeM HeTaJlaKTO3UIr-
poBanHbie popmbl IgG-GO [62, 111]. YBenuueHHOe
rajakTo3mmpoBanue IgG y 6epeMeHHBIX XXSeHIITNH 1
y Iu1o1a, To-BUIMMOMY, BbI3bIBAeT U3MEHEHUE KOH-
dopmauun Fc-obnactu IgG, a aT0 BauseT Ha 3¢-
dexropHble hyHKIMU [gG, B YaCTHOCTH Ha B3aUMO-
neticteue ¢ kietouyHbiMu Fc-penenTopamu. Kibe u
COAaBT. BbICKa3au MPEAIoJIoXKeHNE, YTO U3MEHEHUS
npoduns ranakrodbopm IgG Bo BpemMss GepeMeHHO-
CTU TIOABJISIIOT MaTePUHCKNE MMMYHHBIE PCAKIINNU,
KOTOpbIE MOTYT BBI3bIBATh OTTOPXKEHME T1oaa [62].

3aMeueHO HEeKOTOPOE MOBBIIIEHUE COMEPKAHUS
CHAJIOBBIX KHUCJIOT B YIJIEBOIHBIX LICTISIX MaTepPUH-
ckux IgG 1o cpaBHEHHMIO CO 3T0POBLIMU Hebepe-
MeHHbIMU XeHlnrHaMmu [105]. IIpu a3ToM HUKaKOI
CEJICKTUBHOCTHU B TpaHCIOpTe cuaanpoBaHHbIX 1gG
yepes IJIaleHTy He ObLIO OOHapyKeHo [62].

HoBble uccienoBaHusl MoKasajlu, YTO CpPeaHUE
YPOBHU rajakKTO3WJINPOBAHUS U CUAJIMPOBAHMS pa3-
HbIX nojakaaccoB IgG ObLIM OUEHb CXOXKM Y II0Ja U
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PucyHok 4. CxemaTtuyeckoe npeacrtaBreHue obuien apxutektypsbi IgG1

Mpumeyanue. IgG1 - aTo romoaumep, coctoswmin U3 aByx nerkux (L) ueneit n ayx Tsxenbix (H) uenei. 0603HauYeHbI canThbl
npukpenneHus N-rnmkaHoBbIX Lieneli (YepHble 3Be3404KK). YrneBogHan Lenb MOXET He CopepXaTb OCTaTKM ranakTo3bl UM BKMOYaTb
1 unu 2 octaTtka ranakTo3bl, NpuBoAs k obpasoBanuto rmukocopm GO, G1 n G2 cootBeTcTBEHHO [19]. V, - BapuabenbHbIN JOMEH
nerkoi uenu, V,, — BapumadenbHblii OMeH Tsxkenou uenu, C, — nocTosHHbIA gomeH nerkoi uenu, C,1, C,,2 n C,3 — nocTosiHHbIE AOMEHDI
TAXenbIx Uenew; Asn — acnaparuH, Fuc - L-cbyko3a, Gal - D-ranakto3a, GIcNAc — D-N-aueTtunrniokosamu, Man — D-maHHo3a, Sia -

cuanoBas Kucnorta.

Figure 4. Schematic representation of the common IgG1 architecture

Note. IgG1 are homodimer composed of two light (L) chains and two heavy (H) chains. The sites of N-glycan chains attachment (black stars)
are shown. The carbohydrate chain can be free of galactose residues or include 1 or 2 galactose residues, resulting in the formation of G0, G1
and G2 glycoforms, correspondingly [19]. V,, variable domain of the light chain; V,,, variable domain of the heavy chain; C,, constant domain
of the light chain; C,1, C,2 n C,,3, three constant domains of the heavy chain; Asn, asparagine; Fuc, L-fucose; Gal, D-galactose; GIcNAc, D-N-

acetylglucosamine; Man, D-mannose; Sia, sialic acid.
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maTtepu. CorjlacHO HOBBIM JaHHBIM, TUIAlIEHTapPHBI
TpaHcopT IgG He ABIISIeTCS CEASKTUBHBIM IO OTHO-
meHuio K rmukogopmam Fc-obnactu [37]. B cBs3u
C 9TUM HaJiuuue usdbupatesibHOro TpaHcropta IgG,
3aBUCSIIETO OT THUIIA TJIMKO3WIMPOBAaHMS, BCE eIle
OCTaeTCs CIIOPHBIM BOIIPOCOM.

CratucTuyeckue JTaHHbIE W PACIPOCTPAHEHHOCTb
ABO-kondumkra u ABO-I'BH B pa3imynbix paiionax
MHpa

B Mmupe yactora BCTpeyaeMOCTU TI'e€MOJIUTHYEC-
CKOIf 00JIe3HM HOBOPOXIEHHbBIX cOCTaBiseT 3-5
cirygaeB Ha 1000 pomos [5]. 1o mociegHM gaHHBIM
pacrpocTpaHEeHHOCTh 3Tol 6oJie3Hu B Poccuiickoii
Deneparmm KosiedsieTcst B pa3HbIX permoHax ot 0,1
10 2,5% OT BceX HOBOPOXIEHHBIX M COCTaBIISICT
2-7% OT BceX MPUYMH Inbesu AeTeil B mepruHaTalb-
HoM niepuoge [5, 12]. HecoBMecTUMOCTb IO crucTeMe
ABO BcTpeuaetcst B cpeqHeM B 15-20% ciydaeB oT
Bcex OepemeHHocTeld B Mupe [93]. IIpu 3ToM B He-
KOTOpBIX perrnoHax Poccum oTrmeuaeTcss 3HaUMMoOe
yBeJIMYEHUE YMCIIa HOBOPOXIECHHBIX, Yy KOTOPBIX
paszBuBaetcs ABO-I'BH [12]. YBenuueHHyI0 4yacToTy
Bctpedaemoct ABO-I'BH B HacTosiee Bpemst cBs-
3bIBAIOT C aJlJIepru3alieil opraHn3Ma XXeHIIUHBI O]
JIeICTBUEM pa3IMYHBIX BHEITHUX (PaKTOpoB (TIpo-
IYKTBI, BUPYCHBIE M OaKTepuaJibHbie WHMEKIINN,
a Takke BakuMHBI) [3]. B cocTaB MHOTMX BaklIMH
MOXET TTonafaaTh A-TIOA00HbBI aHTUTEH, B YACTHO-
CTH OH OOHAPYKMBACTCS B BaKIIMHAX IIPOTUB ITHEB-
MOKOKKOBOM wuHpekuun (Pneumovax), MEHMHTO-
KOKKOB, BCTpeyaeTcsl B AUMPTEpUHOM aHaTOKCUHE.
B naHHBbIX BaklMHax A-aKTHUBHOCTb, CKOpee BCETo,
BbI3BaHAa KOHTaAaMMWHAIIMEH BeIIeCTBAMU, MOTyYCH-
HBIMU M3 TIMTATEeJbHBIX Cpel, a He aHTUTeHHBIM
CXOJICTBOM MEXIy MUKPOOPraHM3MaMU 1 BellleCTBa-
MU TPYNOIBI KPOBU. A-TIOTOOHBIN aHTUTECH B BaKIIM-
HaX MOXET BbI3BaTh CEHCHOWIM3AIIMIO OpraHu3Ma
MaTepu U, KakK CJIeCTBHE, HECOBMECTUMOCTD TPYIII
KpoBM MaTepu U rutoa |3, 11, 96].

ABO-MexXxrpynnoBble KOH(MIUKTHI HAOJIOIAI0TCS
B 11-25% cnyvaeB 6epemenHoctu — B EBpone [30,
76, 98], B cpenrem 17-25% — B Asunm [18, 104], ~7%
oT Bcex HoBopoxaeHHBIX — B CIIIA [34]. He Bcerna
MEXTPYINMnoBoit KOHGIUKT 1o cucteme ABO nmpuBo-
AT K pa3BUTHIO 3a00JieBaHUs. ECTh mopa3uTeabHOe
paznmuune no 4actore BcTpeyaemoctd ABO-I'BH
Mexxay nonynsuusamu [32]. B peTrpocnieKTMBHOM HC-
cJIeIoBaHUU, MPOBEACHHOM YUY€HBIMU U3 FOCHUTAIS
Can Kamwino ®@opmannnau (Pum, Utanus), ObL1O
npoaHanmm3nupoBaHo 28 089 pomopaspeleHuUit, BbI-
MOJIHEHHBIX B UX FOCIIUTajle B TeueHue 6 jieT. Mcce-
JIOBaTeJISIMU ObLIO BbISIBJIEHO, 4YTO ABO-KOHMIUKT
Ha6monancs B 11% cinydaes, mpu 3tom, octpasi 'BH
pasBuBanach B 0,1% ciydaeB OT Bceil BRIOOpKU [76].
KpynHoe ucciaenoBaHue o0pa3iioB CbIBOPOTOK KPO-
BU OT 9138 mOHOPOB HErpouaHON pachl MokKasaso,

yto B 14,3% ciiydaeB OT BCeil BBIOOPKU UMEJI MECTO
ABO-xoudnukr. INpn stom y 4,3% ot Bceii BBIOOP-
K1 MitageHueB paspuiiack TBH, a 'y 2,7% ot obuieit
BBIOOPKM pa3BUJIaCh OCTpasi THUIepOMIMpYyOUHE-
mus [15]. Takum obpa3om, B cpenHeM 3abosieBae-
moctb 'BH y eBporeiitieB cocrapisieT 10 1% ot Bcex
OepeMEeHHOCTE! U B OCHOBHOM pa3BUBaeTCS XKeJ-
tyiiHas jgerkast popma I'BH [5, 76, 98], B 0,05-0,1%
cllydaeB Y HOBOPOXICHHBIX pa3BUBACTCS OCTpas
T'BH [77], B otiiuune oT 3-5% — B HETPOUIHOM WU
a3uaTCKOM HaceJIeHWU, 4acTo ¢ 0oJjiee TSKEJbIMU
ximmHnaeckuMu nipogiaenusgayvu 'BH [15, 18, 32, 34,
104]. MccnemnoBaTesi CBI3bIBAIOT TaKWE TTOITYISILIN-
OHHBbIE Pa3JINYMsI C BBICOKOM YaCTOTOI BCTpEYaeMo-
CTU TpyIbl KpoBu () cpeay HErpOUIHOTO HaCeJIeHUS
U C OOJIbIIIEl PacIIPOCTPAHEHHOCTHIO BBICOKUX TH-
TPOB UMMYHHBIX aHTU-A U aHTU-B aHTUTEN ¥ TIpen-
cTaBUTeJIell HErpOUIHOM pachl [15].

Acconuanusi 9acToThl u TszkecTu pa3sutusa IBH ¢
TPYNIOi KPOBU MaTepH M pedeHKa

B EBpomnie okosio 11-15% ot Bcex GepeMeHHO-
creii cnyyaetcs ABO-HecoBMECTUMOCTb y Matepen
¢ rpymIioit KpoBu 0, y KOTOPBIX 10O UMEET TPYITITY
A umu B [30], npu 3ToM 0/A-KOHOIUKT MPOUCXO-
IWT 4Jaiie B 2,5 pasa, yem 0/B-kKoHdauKT, coriac-
HO JTaHHBIM OOJIBIIOTO WCCJIEIOBAHMS B TOCITMTAJIC
Can Kamunno ®opnanunu (Pum, Wranus) [76].
B Asuun, B pasHbix paitoHax MHaum, pacrnpocTpa-
Henue 0/A- u 0/B-KOHMDIUKTOB WIM MPUMEPHO
oauHakoBoe (50,4 u 49,6% coorBeTcTBeHHO) [18,
104] unu 0/A-KoHGMIUKTH HabaogaroTcs B 2 pasa
MeHbire, yeM 0/B-koHdauktel [61]. B 1emom B
Wuanny n3-3a peakoit 4acToThl BcTpedaeMocTu Rh-
orpuuatesbHbIX moaeii ABO-I'BH umeer Ooublioe
3HaueHue [52, 104].

B pesynerate ABO-KOH(IMKTa MOYTH Bceraa B
TOW WJIM MHOM CTENEHMU IPOUCXOAUT pPa3pyILUCHUE
sputpoumntos roaa [18, 30, 34]. Ognako I'BH B pe-
synbsrate ABO-KoHbIMKTa, Tpedyollel TepaneBTr-
YeCKOro BMeIIaTeJIbCTBa, BCTPEUASTCST PEIKO, U CO-
BCEM peAKO BCTpedvaeTcs BpoxkaeHHas BoasHka [30].
TeM He MeHee Bce 0OJIbIIIe COOOIIEHU MOSBIISIETCS O
0oJ1ee TSKeJIbIX (hopMaxX M 3aTSKHBIX KEJITyXaxX IpU
ABO-T'BH. B EBpone omnucaHbl TsiKenable (GHOpPMBI
ABO-T'BH y mnageHueB, poxXIeHHbBIX MaTepsiMu (e-
HoTHUMNa A, 13-3a BbICOKOro Tutpa anti-B IgG. Mua-
JIeHILIaM T10TpeboBajach MHOTOKpaTHasi oOMeHHas
TpaHchysus [46, 67]. B nuteparype 3apuKCHUPOBaHbI
pelnKure, HO TsKeJIble CIydar aHTCHATaJIbHOIO pa3-
Butusg ABO-I'BH, mpuBenmue K BpoOXAeHHON BO-
JISTHKE WJIM K BPOXIEHHOU 3KCTpeMaJbHO CUJIbHOM
runepounupyoeHun HOBOpPOXIAeHHoro. Kaxabii
cJIyJaii ToapoOHO OIMMCaH, M BCe MaTepyu UMeIH de-
Hotun 0/Rh*, a HOBopoxXaeHHbIe — 4alle (heHOTHUI
B/Rh*, pexxe A/Rh*, HeKoTOpbIe U3 HUX HE BBIKU-
au [5,43,45,77,95,99]. Onnako B MHauu onucaHbl
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cirygan 0,Rh*/A,Rh*-koHdiukTa, Korma Takxke mo-
TpeboBajach 0OMeHHas1 TpaHC(hY3UsT 11T HOBOPOXK-
neHHbIx [57, 104]. Haque and Rahman coo61iunm 06
OIHOM M3 CaMbIX PEIKUX CIIyYaeB B MUPE TSIKEJIOMU
dopmer ABO-TBH y HOBOpokmeHHOro ¢ (heHOTHU-
noMm A,B/Rh*, poxxneHHOro Mmarepbro ¢ (heHOTUIIOM
B/Rh+, koTopoMy moTrpeboBasioch ABE MPOLEAYPhI
obMmeHHBbIX TpaHcdhy3uit [53]. Tsaxenas dopma ABO-
I'bH naGnwopanace y pebeHka ¢ penkum uuc-AB
deHoTunom, ponusiierocss y matepu ¢ 0/Rh* de-
HotumnoM. PebeHky Oblia mpoBeneHa (oToTeparnus,
BHYTPUBEHHOE BBeleHUe UMMYHoriooyauHa (IVIg)
W PEKOMOMHAHTHOTO YEJIOBEUYECKOTO 3PUTPOIOITU-
Ha. DTOT NpuUMep aKTyajleH 1Jist MoHuTopuHra ABO-
KoH}paukToB B AAnoHun u Kopee, T.K. B 3TUX CTpaHax
pacnpocTtpaHeH 1uc-AB denorur [34].

3aBucumocTs TszkecTd Tedennss 'BH ot turpa an-
JIO-aHTHUTEJ

Y OepeMeHHBIX XEHIIWH XapaKTep W3MEHEHUS
TUTPOB aJUIO-aHTUTEJ II0 CPaBHECHHMIO C HebOepe-
MEHHBIMU XEHIIIMHAMM M B AUHAMUYECKOM Ha-
OJIIOJIEHUM MOXET OBITh Pa3INYHBIM: TTOCTOSIHHBIM,
CHIKAIOIINIACSI, BO3PACTAOIINIA M «CKAdyILIWii».
EcTb MHEeHMe, 4TO yacTasi CMeHa MOABbEMOB U CIa-
JIOB TUTpa ajlJIo-aHTUTE] B TIEPBOM ITOJIOBUHE Oe-
PEMEHHOCTU SIBJISICTCSI XapaKTSPHBIM IIPU3HAKOM
MUMMYHOKOH(MINKTHBIX peakIMii MEXIy MaTepbio
u mogom [11]. Ho HaCKOAbKO KPpUTUYEH TOPOro-
BBIIf YpPOBEHb aHTUTEJ, MPU KOTOPOM MOXET pas-
Buthbcss 'BH? DToT Bompoc ocrtaeTcss cmopHbIM. B
ucciaenoBaHuu Cariani ¥ COaBT. MOKa3aHO, UTO HET
OMpeNeICHHBIX acCOLMAaIii MEXIy TUTpaMu MaTe-
puHckux aHTu-A/B anTurtena IgG kiacca u puckom
ABO-T'BH [25]. OgHako B OOJBIIMHCTBE pabOT MO
uzydyeHuio ABO-I'BH BoisiBIeHa KOppeasLust MeKIy
BBICOKUMU TUTPAMM aJJIO-aHTUTEJT Y MaTepu U CTe-
nenbio Tsokect ABO-I'BH. Oxnu ucciaenosarenu
CUMTAIOT, YTO TUTPHI OoJiee 1:64 yxKe SIBISIOTCS KPH-
TUYHBIMU [85], Npyrue — TOJAbKO TUTPHI Oosiee 1:128
unn 1:512 gaensiorcst omacHbIMU [57, 72, 104, 107,
118]. AHanu3upyst KOPPEISILUIO MEXKITY TUTPAMU aJI-
Jno-aHTutea Matepu u TedeHueM I'BH y pebGenka, Ye
U coaBT. (2007) pa3genviv MOJydYeHHbIE PE3YJIbTaThl
3HAYEHUI TUTPOB Ha msATh rpyI: < 1:64, 1:64, 1:128,
1:256, > 1:512. CpaBHeHMe TpyIIibl ¢ TUTpoM < 1:64
C TpynIiaMu ¢ TUTPOM > 1:64 mokasajo, 4To pacrpo-
ctpaneHHocTh ABO-I'BH B 1iepBoii Tpymnme Hike,
yeM BO BTOpbIX. Puck Bo3HukHoBeHuss 'BH B ue-
TBIPEX MOATPYMIIaX ¢ TUTpoM > 1:64 cocraBmi 28,8,
63,7,79,6 1 96,9%, COOTBETCTBEHHO C YBEJIUUYEHUEM
TUTpaA aJUTO-aHTUTEN. BB caiesiaH BEIBO O HATMYUU
KOPPEISLIMU MEXIY TUTPOM aHTUTEA U pPa3BUTUEM
I'BH [118]. Psan npyrux nmyOoauKauii MoaATBEPKIaeT
KOPPESIINIO MEXIY BBICOKMUMU TUTPAMU aJIO-aH-
Tuten y matepu (1:512-1:2048) u tsxenoit popmoit
I'BH y pebenka [10, 17, 57, 78, 104]. B kpaiiHe pena-

KMX U TSDKEJIBIX CTydasix aHTeHaTaJTbHOTO Pa3BUTHS
ABO-TBH y marepeii HaOm0qaMUCh DKCTPEMATbHO
BBICOKME TUTPHI aHTU-A unu aHTu-B anturen IgG
kiacca (1:4000, 1:32000; 1:32728; 1:65536, 1:132200)
[43, 95, 99, 119, 120].

IToporoBbie MOBBIIIIEHHBIC TUTPHI AaHTU-A U/WIN
aHTU-B aHTUTEN y 6epeMEHHBIX Ha TMO3THUX CPOKaxX
CTAaHOBSITCSI OITACHBIMU IS TIOAA, TTIORTOMY Bpadynd
OPUHUMAIOT PEellIcHUE B T0JIb3Y IPEeXIeBPEMEHHBIX
pPOMIOB, YTOOBI COCTOSIHWME IUIOAA HE YXYIIIUIOCH.
W B cambic TiepBBIe Yachl MOCJIE POJOB peOCHKY Ha-
YUHAIOT IIPOBOAUTH KOMIUIEKCHOE JICUCHUE.

Cospemennble moaxoabl K auarnoctuke 'BH mno
cucreme ABO

OOHOBJICHHBIC KIMHUYECKHUE PEKOMEHIAIIUU T10
JNUArHOCTUKE U JICYSHUIO TeMOJIMTUYECKOI O0Ie3HU
HOBOPOXKIECHHBIX IPUBEICHBI B CICAYIONINX ITyOI-
Kalusax: AHTOHOB U coaBT., 2018; JlertsipeB 1 COaBT.,
2019 [4, 6]. Cpeaun MeTOIOB IUATHOCTUKU PEKOMEH-
IYVIOT CIIEAYIOIINe:

1. 2KanoObl m aHamHe3. AKyIIepCKO-TMHEKO-
JoTu4ecKuii aHamHe3 Matepu, Haauuue ['BH mnipu
OPEOBIIYIINX 0epPeMEHHOCTSIX, HaJIN4re YIETPa3By-
KOBBIX IPU3HAKOB TeMOJIMTUYECKOI OOIe3HU TUIOA,
recTallMOHHBIN BO3PACT U aHTPOIIOMETPUYECKUE TTO-
KazaTeJIn HOBOpOXIeHHOoro. OIpenecHre TPYIIIbI
KpOBU MaTepu U pedeHKa.

2. ®usukambHOe obOcienoBaHue. Ompenele-
Hue ¢opmbl u crerieHu Tskectu [ BH.
3. UWHcTpyMmeHTanbHasg auarHoctuka. Ilpu

cpenHeTskenblx U Tskeabix dopmax I'BH peko-
meHnytorest Y3U OpiolirHoit MoJIocTH 1 HelPOCOHO-
rpacgus HoBopoxaeHHOTO [4]. B aTux ciayyasx mpu
aHTeHatadbHOM Y3M y mona ornpenesisieTcsl mosa
Bynnel, T.e. ToJ10Ba BBEpXY, HUIXKHUE KOHEUHOCTH U3-
3a 0OYKOOOPA3HOTO YBEIUYCHUS KUBOTA COTHYTHI B
KOJICHHBIX CycTaBax W HaXOASTCS HEOOBIUHO Aajie-
KO OT TYJIOBUIIA; OTMEUYAETCSI «OPEeOoI» BOKPYT CBO-
Jla yeperna M yBeJIMYCHMEe MAcCChl IJIAIeHTHI 32 CUET
oteka [13].

4. JlabopaTopHas TMarHOCTUKA. B3sgTne ob1e-
ro aHaju3a KPOBU U OIIpencjeHUE MPUCYTCTBUS
xapaktepHbIx 111 'BH nmpusHakoB: aHemusi, yBe-
JIMYeHue saepHbIX (DOPM PETUKYJIOIUTOB, TMOJINX-
poMa3sus, cpepoliuTo3, aHU30LUTO3. B Ma3ke KpoBu
cepolThl TOpa3ao yaille BhISIBAsSIOTCS Tpu ABO-
I'BH, a nipu TsxenoM TeyeHUU 60J1€3HU OOHAPYKU-
BalOTCS IIMCTOLUTHI U 9XMHOLIMTHI [10]. Baxken 6uo-
XUMUYECKUI aHaIu3 KPOBU Ha OOIIMIA OMIUPYOUH,
ero (ppakuuu, anpoymuH, rmoko3sy. s FBH xapak-
TEPHO YBEJIMYECHUE YPOBHS 0O0IlIero OuinpyouHa.
Sarici ¥ COaBT. TPUIIUIU K BBIBOMY, YTO UMEHHO YPOB-
HM OOILIET0 CHIBOPOTOYHOTO OMIMPYOMHA HA IIIECTOM
yacy XXW3HU HOBOPOXIEHHBIX, NOocTuraroiue 4 u
6 Mr/mi, mpeacKasblBalOT pa3sBUTHE 3HAUYMTEIbHOM
TUTIEPOMITUPYOUHEMUY U TSKEIOM reMOIUTUYECKOMN
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00JIe3H HOBOPOXKIEHHOIO, COOTBETCTBEHHO [93].
OmpeneneHre ypoBHsS OMIMpPyOMHA, MO MHEHMIO
psila aBTOPOB, SIBJISIETCSI CAMbIM YacThbIM U MHGOP-
MAaTUBHBIM METOIOM B OMArHOCTHKE TeMOJUTHYC-
CKOM 00J1€3H1 HOBOpOXAeHHOTO [10].

Cpenu pa6ot no usyyeHuto 'bH oyeHb MHOrHM-
MU UCCEI0BATENISIMUA UCIIOJb3YeTCs MpsiMas Mmpooda
KymGca B KadyecTBe AMAarHOCTUYECKOTO MeTonaa [66,
65, 73]. Ilpsimast nmpoba KymOca misi 1MarHOCTUKA
ABO-I'BH nmMmeet orpaHnyeHHoe 3HaueHue. Kak mo-
JIOXKUTEIBbHBIN, TaK U OTPULIATEIIFHBINA pe3yJIbTaT He
MMeEeT OIpeAessIoneil pojd B YCTAHOBJICHUM JaH-
Horo auarHosa [4, 10, 16, 103]. 1o 90% nereii ¢ no-
JIOXKUTEJIbHOU mpsiMoii Tpobdoii KymOca He mmeroT
MPU3HAKOB T'€MOJIMTUYECKOW OO0Je3HU, U Haobo-
pOT — ObLIU COOOIIEHUS 00 OTpULIATEIbHOMN MPSIMOI
npobe Kymb6ca y mmanennes ¢ ABO-I'bBH [35, 103].
B cnyuyae momospenusi Ha I'BH HesicHoro renesa
DPEKOMEHIIYeTCSl HCIOJb30BaTh HEMPSIMYIO IPooy
Kym6ca, Tak Kak JaHHbIA TECT SIBJseTCs 60s1ee yyB-
CTBUTEJbHBIM K MAaTEPUHCKUM ajllo-aHTUTEJIaM B
KpoBHu 1101a [4, 6]. Takke B KauecTBe J1aDOpaTOPHO-
IO IMAarHOCTUYECKOTIO METOMA IIpeaiaracTcs aHaIn3
AHTUTEJI, DJIIIOUPOBAHHBIX C PUTPOLIUTOB U3 MYIMO-
BUHHOU KpOBU. JIaHHBI METOIl COCTOUT B DJIIOLIUU
AHTHUTEJI C TOBEPXHOCTU 3PUTPOIUTOB C ITOMOIIBIO
HU3KUX TeMmIiepatyp wiu usMeHeHusi pH, u nmocie-
IYyIOIIEM MpPOBEACHUU peaKlUy arrjJioTUHALIMW.
AHam3 3110aTOB BO MHOTOM 00JIee YYBCTBUTEJICH K
onpeneaeHno aHTU-A u aHTU-B aHTUTEN Mo cpaB-
HEHMUIO ¢ TIpsiMoii mpoboit Kymbca, 1 ero MoxHO uc-
TOJIb30BAaTh JOITOJTHUTEIIFHO IIPY OTIPEIeICHUM TUTIA
I'bH [106]. ITo nanHbiM Procianoy u coaBt. (1987),
COBOKYITHbIE pe3yabTaThl MpsiMoil mpodbl KymoOca
NYIOBUHHOW KPOBU, 3IIOMPYIOIIETO TeCTa M CBU-
JIeTeIbCTBa remMosiu3a (MOBbIIIEHUE KOHILIEHTpaluu
OwinMpyOuHa, aHEMUS U P.) CYLIIECTBEHHO MTOMOra-
10T B panHeit nuarnoctuke ABO-I'BH [57, 86].

Iyt NpeoI0JIeHUus nocJieACTBHIA
HECOBMECTHMOCTH MaTePH U pedeHKa

K coxanenuto, mpernapaTtoB sl crieliuuyeckoit
npopunaktuku I'BH mo cucreme ABO u npyrum
cucteMaM KpOBU Ha CErogHsIIIHUN JeHb HE pas-
paboTaHO, B OTJIMYMUE OT MpHUMeHeHUsT aHTH-RhD
UMMYHOTJIOOYJIMHOB, KOTOpPBIE YCIIELIHO IpHUMe-
HSIOTCS 11 IPOMIIAKTUKY M30MMMYHM3ALUU 110
RhD-dakropy. [ToaToMy paHHee BBISIBICHHE HOBO-
POXIEHHBIX BHICOKOIO PUCKa C HECOBMECTUMOCTbIO
ABO, nnarHocTuka M paHHee BMelIaTeIbCTBO MOTYT
CHM3UTH 3a00J1€BaeMOCTb U CMEPTHOCTh, WJIM 3Ha-
YUTEJIbHO CMSTYUTH TeUueHue 3aboseBaHuUsl. Bwico-
K€ W 9KCTPEeMaJIbHO BBICOKME TUTPHI aHTU-A /YN
aHTU-B aHTUTENl Yy OepeMeHHBIX SIBJISIIOTCSI TTOKa3a-
HUEM IJIs1 IPEXKIEeBPEMEHHBIX POJIOB JJIsl TOTO, UTO-
OBl COCTOSIHME TIIoJa He yXyauuiaock. M1 B cambie

ABO-

MepBble Yachl MOCJE POIOB PEOEHKY HEOOXOIUMO
NpOBOAUTH JiedueHue. OHO HaMpaBJICHO HAa YMEHb-
lieHue TunepounupyouHun (dororeparnusi), Bbi-
BeIeHUE aJlIo-aHTUTEea (JIeYeHHEe BHYTPUBEHHBIM
MMMYHOTJIOOYTMHOM), YCTpaHEHNE aHEMUH Y HOBO-
pOXIeHHOTO (0OOMeHHas TpaHC(HY3UST).

Kpome Toro, HecMoOTpsi Ha TO, UTO TPYIHOE MO-
JIOKO COAEPKUT MaTEPUHCKUE aHTUTENA, 3alUIIaI0-
1IMe MJIAAEHLIA 10 9Tarna Co3peBaHusl €r0 UMMYHHOM
CUCTEMBI, 1IeJeCO00pa3HO OTKA3aTbCsl OT TPYIHOIO
BCKapMJIMBaHUS, eciiu ecTb ABO-KoHMAUKT MaTepu
1 HOBOPOXXICHHOTO, U Y MJIaJieHIIa TMarHOCTUPOBa-
Ha I'BH, 1.x. IgG rpyaHoro Mojaoka MOXeT IomnajaaTh
B KPOBb MJIaJieH1Ia U eCTh puck nompaepxxanusi 'bH B
TNepruoa rpyIHOTO BCKapMJIMBAaHMSI.

3aKknyeHne

Hecmotps Ha To, uto I'BH B pe3ynsratre uMMyHO-
Jornyeckoro KoHduukra no cucreme ABO n3yuyator
YK€ TpHU YEeTBEPTHU BeKa, BCE €IIe OCTAIOTCSI HEeBBISIC-
HEHHBIMUA ¥ COPHBIMUA MHOTHE acCHeKThl MEXaHU3-
Ma 3Toro 3abojieBaHUs, a TakKXe He pa3paboTaHbI
U HE BHEIPEHbl B MPAKTUKY METOAbI lieJeHamnpaB-
nenHoro neueHuss ABO-I'BH. B moagxomax k tipe-
onosieHuio ABO-6apsepa nmpu ABO-HeCOBMECTUMBIX
aJUTO-TPaHCIUIAHTALIASIX TKaHEHl 1 OpraHOB UCITOIb-
3y10T A- 1 B-afgcopOeHThl A5 crielu@uyeckoro, He
3aTparvuBalollero Ipyrue MMMYHOIJIOOYJIMHBI, yaa-
JICHUSI HUPKYJIUPYIOIIUX aHTU-A Wi aHTU-B aHTuH-
TeJI, KOTOpPhIE SIBJISIIOTCS yYaCTHUKAMU OCTPOTO OT-
TopxkeHus [48]. ITokazaHo, 4TO agCOPOEHTHI ¢ A- U
B-TtpucaxapumHpIMU JIMTaHIAMU CIIOCOOHBI CBSI3aTh
BCE WMMMYHOJIOTMYECKN 3HAYMMBIC aJTO-aHTUTE-
naa [83]. B cnyuae ABO-I'BH TepaneBTuyeckuii nomi-
XO0J1, OCHOBaHHBII Ha TOM Xe MPUHILIMIIE, 10 CUX [TOP
He ucnoJibdyercs. Heo6xonMmMo oTMETUTh U Ipyrue,
He TpeOylollne CIIOXHOM armapaTypbl CTpaTeTuu
cennpUIECcKOTO yIaJeHUSI aHTUTEN M3 KPOBU, B
YaCTHOCTU C TIOMOIIBIO TaK Ha3bIBA€MBIX KOOCIIM-
ToB [84], a Takke mMyTeM HeWTpaau3alluv aHTUTEN
MOJIMMEP-CBI3aHHBIM aHTUreHoMm [60]. danabHeii-
men 3amayeid pasBUTUA KIMHUYECKOW TIPaKTUKU
SIBJISICTCS TIEPEXO/I OT IMOIICePXKMUBAIOIICH M KOPPEK-
TUPYIOIIEN Tepanuu K crenuduiyeckoil 1eaeHa-
npaBjieHHOU nmpodmiakTuke u JiedeHuo ABO-I'bBH.
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BUPYC JIACCA: XAPAKTEPUCTUKA UHPEKLIMOHHOI'O
AreHTA, BUOJIOr'MMECKUE MOLENU AN UCCIIEAOBAHUSA
NATONEHE3A, BAPUAHTbI BAKLUVHHbIX NMPEMAPATOB

KRazaunnckas EJI.' 2 Apunos B.C.2 3aiikoBckasa A.B.%,
IlecTonanos A.M.!

'®@IBHY «Dedepanvhblii uccaedogamenvckuil yenmp GyHOamMenmanbHoi U MpaHCASUUOHHOU MEOULUHBL
Munucmepcmea Hayku u évicueeo obpazosanusi PO, e. Hosocubupck, Poccus

2@BYH «locydapcmeentblii HayuHblil UeHmp supycoio2uu u duomextonoeuu “Bexmop”» Pocnompebnadsopa,
p. n. Koavyoso, Hosocubupckas ooa., Poccus

Pesiome. Bupyc Jlacca (Lassa virus, LASV), oTHeceHHbII K pony Mammarenavirus cemeiictsa Arenaviridae,
SIBJIICTCSI STUOJIOTMYECKUM areHToMm Juxopanku Jlacca (JIJI) — 3abosieBaHusI, IIMPOKO PaCIIPOCTPAHEHHOTO
B AdpuKe M KOTOpoe MpoTeKaeT 0€3 CUMITOMOB B CPEIHEM Y UeThIpeX M3 MSATH MH(UIIMpoBaHHBIX. Exe-
rogHas 3abojieBaeMoCTh Koseoiercst oT 100 mo 500 TeIC. 3apeTMCTpUPOBAaHHBIX KIMHUYECKUX CIIydaeB C Jie-
TabHOCTBIO 1-2% OT 3TOTO YKcia, HO Cperd FTOCTUTATU3UPOBAHHBIX MALIMEHTOB C TSKEIBIMUA CUMIITOMAaMU
reMOpparu4ecKoi JUXOpaaKyd 3TOT OKa3aTeb MOXKET ObITh OT 14 1o 89,5%. OTKpbITOE KPOBOTEYEHUE U
HapyweHus: LIHC (cynoporu, TpemMop, Ae30pUeHTaLIMsI U KOMa) SIBASIIOTCS MpU3HaAKaMU HeOJ1aronpusiTHO-
ro ucxona. CMepTh HacTymaeT OT MOJMOPTaHHOW HETOCTATOYHOCTHU. Y TSKEJIO TTepeOOoJIeBIINX JIIoe TTpu
MeIJIEHHO MPOoTeKaloleil peKOHBAJIECLICHIIMM BO3MOXKHBI PELIMANBBI 3a0071€BaHUS U OCIOXHEHUST — ITHEB-
MOHUWU, MUOKAPAUTHI, TICUXO3bI, TIOTEPSI CITyXa.

Ha sHaeMUYHBIX TeppUTOPUSIX Mepenadya BUPYyca MPOUCXOMIUT aIMMEHTApPHBIM, BO3MYIITHO-ITBUICBBIM U
BO3MYITHO-KAaMeIbHBIM ITyTEM OT 300HO3HOTO MCTOUYHNKA — IPHI3YHOB BUA «apUKaHCKasT MHOTOCOCKOBAsI
Kpwica» (Mastomys natalensis), Ipu cilydaifHOM KOHTaKTe JIIOACH C BBIICACHUSIMH (MOYOM, KaJIOM, CJTFOHO )
JKMBOTHBIX, a TaKKe MPU pa3aesIbIBAaHUM TYIIEK W yIOTpeOJIeHUN B TIUIY. J1s1 3TUX TPBI3YHOB XapaKTepHO
0eCCUMIITOMHOE HOCHUTEJIBCTBO, COIIPOBOXKIAEMOE TTOXKM3HEHHOU ITepcUcTeHIMei Bupyca. OmmucaHbl CITy-
yau nepeaayy BUpyca OT YeJIoOBeKa K YeJI0BeKY Yepe3 KPOBb WIIM APYyryie OMOJOrn4ecKue XKMAKOCTH OpraHu3-
Ma 3a00ieBIINX. BOJIBHOIT YeToBeK SIBISIETCS NCTOUYHUKOM MH(MEKIINU B TSUCHHUE IBYX MECSIICB, T.K. BUPYC
LUPKYJIUPYET B KPOBU Ha (pOHE BHICOKOrO YpOBHsS aHTUTEN. MHMULIMpoBaHWE MEIUIIMHCKUX PAaOOTHUKOB
TIPOUCXOIUT TIPU SKCTPEHHBIX XUPYPIrUUECKUX OIepallMsIX WJIM IIPU HECOOIIOMCHNN MPaBWI KOHTAKTHBIX
Mep TpeIoCTOPOKHOCTU. B HacTosIiiee Bpems, ripu npogosrkatomeics ¢ 2016 . serwike JIJI B Hurepuu,
B OOJIbHUIIAX 3aperucTpUpOBaHbl 22 U 8%-Hble YPOBHU JIETATLHOCTH TAIIMEHTOB U MEAWUIIMHCKUX paboT-
HUKOB COOTBETCTBeHHO. B TeueHue 1969-2016 rr. onucaHo 33 MMOOPTUPOBAHHBIX Cilydasl 3TOM 00JIe3HU U3
3ananHoit Adpuku Ha He sHAeMuuyHble Tepputopuu (B CIIA, Kanany, Benrukooputanuto, Hunepiaanasl,
Iepmanuio, M3pauib u SAnoHuio). JleTaJbHOCTh Cpeay 3TUX 3a00JIeBIIMX cocTaBuia 39%.
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OtcyrcTBUE TIPOPMITAKTUIECKUX BaKIIMH M CHEHU(PUICCKUX TEPANIeBTUICCKUX IIPEITapaToB SBIISIETCS
OCHOBHOI Mpobiemoit ais npodunaktuku JIJI, B CBSI3M ¢ 3TUM B JaHHOM 0030pe paccCMaTpuBalOTCsI OMO-
JIOTMYeCKUe MOJeNn (KYJIbTYpPhl KJIETOK M JKUBOTHBIE ), TTOAXOISIINE IJIST M3YYSeHUS TTaToreHe3a 3Toi 00Jie3-
HU, TOKJIMHUYECKOTO UCCIeN0OBaHUS Crieln(UIECKOM aKTUBHOCTU M O€3BPEeIHOCT KaHIAMIATHBIX BaKIIUH,
a TakXKe BapUaHTBhI 3TUX pa3pabOTOK Ha OCHOBE TakKuXx ILIaTOpM, KaK: MHAKTUBUpOBaHHBI LASV u ero
HHK, peaccopranT apeHaBupyca Mormes, aTTeHyMpOBaHHBIC IITAMMBI BUPYCOB 3KEJITOM TUXOPAIKN U KOPU,
PEKOMOMHAHTHBIC 1 PEIJIMKATUBHO-Ie(MEKTHBIC BUPYCHI (OCITOBAKIIMHBI, BEHECYAJILCKOTO SHIIedaanTa Jo-
LIageii, Be3NKYJISIPHOTO CTOMAaTUTa KPYITHOTO POTraToOro CKOTa, afeHOBHPYCa IIIMMITIaH3¢) U BUPYCOITOTOOHBIE
YaCTULIbI.

Knroueswie cnosa: eupyc Jlacca (Lassa virus, LASV), auxopadxa Jlacca (JIJ1), 6uosoeuueckue mooeau, 6aKyuHb!

LASSA VIRUS: CHARACTERIZATION OF INFECTIOUS AGENT,
BIOLOGICAL MODELS FOR PATHOGENESIS STUDIES AND
VARIANTS OF VACCINE

Kazachinskaya E.I>*, Aripov V.S, Zaikovskaya A.V.},
Shestopalov A.M.2

@ Federal Research Center for Fundamental and Translational Medicine, Novosibirsk, Russian Federation
b Vector State Research Centre of Virology and Biotechnology, Koltsovo, Novosibirsk Region, Russian Federation

Abstract. Lassa virus (LASV) is classified into genus Mammarenavirus of Arenaviridae family. This virus
is etiological agent of Lassa fever (LF) which is widespread in Africa. On average, in four out of five infected
people, LF occurs without symptoms. The annual incidence ranges from 100,000 to 500,000 registered clinical
cases, at a mortality rate of 1-2%. Among hospitalized patients with severe symptoms of hemorrhagic fever,
this figure may be from 14 to 89.5%. Signs of an adverse outcome in LF are open bleeding and disorders of
CNS (convulsions, tremor, disorientation and coma). Death occurs from multiple organ failure. Severely ill
people recover slowly and may have relapses and complications such as pneumonia, myocarditis, psychosis,
and hearing loss.

Transmission of the virus in endemic territories occurs by alimentary way, air-dust and airborne droplets
from a zoonotic source — rodents of the species African multimammate rat (Mastomys natalensis), by accidental
contacts of people with their secretions (urine, feces, saliva) as well as when butchering carcasses and eating
rodents. These animals are characterized by asymptomatic carrier and life-long persistence of the virus.
Cases of transmission of the virus from person to person through the blood or other body fluids of patients are
described. A sick person is contagious for two months, because the virus circulates in the blood despite high
levels of antibodies. Infection of medical staff occurs during emergency surgical operations, or when the rules of
contact precautions are not observed. Currently, with the ongoing LF outbreak in Nigeria, since 2016, hospitals
have registered mortality rates of 22 and 8% for patients and health workers, respectively. During 1969-2016,
33 imported cases of this disease were described from West Africa to non-endemic territories (in the USA,
Canada, Great Britain, the Netherlands, Germany, Israel and Japan). The mortality rate among these patients
was 39%.

The lack of prophylactic vaccines and specific therapeutic drugs is the major challenge for the prevention
of LE Thus, this review considers biological models (cell cultures and animals) that are suitable for studying
the pathogenesis of this disease, preclinical studies of the specific activity and harmlessness of candidate
vaccines, as well as options for these developments based on the platforms such as inactivated LASV and its
DNA, the reassortant of Mopeia arenavirus, and measles virus attenuated strains, recombinant and replication-
defective viruses (smallpox vaccine, Venezuelan equine encephalitis, bovine vesicular stomatitis, adenovirus of
chimpanzee) and virus-like particles.

Keywords: Lassa virus (LASV), Lassa fever (LF), biological models, vaccines
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BeegeHue

Bupyc Jlacca (Lassa virus, LASV) aBnsieTcs aTu-
OJIOTUYECKUM areHToM Juxopaaku Jlacca (JIJI) — aH-
TPOMO300HO3HOTO 3a00IeBaHUS, IIMPOKO PACIIPO-
CTpaHeHHOTO B AdpuKe, Ha TEPPUTOPUSIX TaKUX
cTtpaH, kak Hwurepus, Cweppe-Jleone, Jlubepus,
Kor-n’Usyap, IsBunesi, Manu, CeHeran, bypku-
Ho-Maco, LlenTpanbHoadpukanckas Pecrybika
u Mo3aMOMK, rae oOMTalT TPBI3YHBI BUaa «ad-
pUKaHCKasi MHOTOCOCKOBasi Kpbica» (Mastomys
natalensis) — ocHoBHbIe nepeHocuuku LASV. Jlnsa
3THUX XMBOTHBIX XapaKTepHO OCCCUMIITOMHOE HO-
CUTEIILCTBO M MMOXW3HEHHASI IEPCUCTCHIINS BUPY-
ca, KOTOPBIM BBIAEIISETCS C MOYOM, KaJIOM, CJTIOHOM
M COXpaHSIET CBOM CBOICTBA IIPU BBICYIIWMBAHWM.
3apaxkeHue Jwoaeit, MpoXUBaOIINX Ha dHACMUY-
HBIX TCPPUTOPUSIX, ITPOUCXOIUT aJTUMEHTAPHBIM,
BO3AYILIHO-TIBIJIEBBIM, BO3AYIIHO-KAIEeAbHbBIM ITy-
TEeM B TEUCHME BCETO Toja, a IMMK 3a00JIeBAaeMOCTH
NPUXOAUTCS Ha CE30H AOXAel (sSTHBapb-IeKaldph),
KOT/Ia TPBIZYHBI ITOCEISIOTCS B YEJIOBEYECKUX K-
auiax. Benpliku 60€3HU Yallle BCero BO3HUKA-
0T B O€IHBIX CEJIbCKUX palioHaX U3-3a CIAy4auHOro
KOHTAaKTa JIIOJIEU C BBIACIICHUSIMU, OCTaBIICHHBIMU
>KUBOTHBIMM Ha TIPOAYKTaX MUTAHUS B pe3yabTaTe
HEIOCTATOYHO HAAeXKHOM IMPAKTUKUA UX XPaHCHMUS.
Hanpumep, ¢ MO4YOIi TphI3yHOB BBIACISIETCS OT O -
Hoii 10 10 ThIC. MH(MEKIIMOHHBIX YaCTUL B MUJLJIU -
gutpe. KpomMe Toro, u3aBecTHO, UTO MPU CKYIHOM
paroHe MECTHBIC XKMTEIU YHOTPEOJSIIOT TPBI3Y-
HOB B IUIIy. 3apakeHue Takke MOXET IIPOU30UTU
¥ IIpU pas3nesibiIBaHuU Tylek [1, 4, 47].

JUJI oTnuyaeTcst oT Apyrux apeHaBUPYCHBIX UH-
dekumii (HarpuMep, apreHTUHCKOM 1M OOJIUBUI-
CKOW JIMXOpadoK, BbI3BAaHHBIX BUpycaMW XYHUH W
Mauymo cOOTBETCTBEHHO) TeM, UTO Iiepenada BU-
pyca MOXET MPOMCXOAUTh U OT YeJloBeKa K Yeso-
BeKy 4yepe3 MHMUIMPOBAHHYIO KPOBb WJIU APyrue
KUIAKOCTU opraHusma [56]. Exxeronnas 3a6oJieBae-
mocTh JIJI B Adppuke koneobsercs ot 100 mo 500 Toic.
KJIMHUYECKUX CJydyaeB TIpU OOIleM MoKa3aTelie
netalibHOCTU 1-2% ot atoro uuciaa. Ho cpenu ro-
CITUTAJIM3UPOBAHHBIX TAlIMEHTOB C TSKEIBIMU
CUMIITOMaMM TeMOpparn4eckKoi Juxopaaku mokKa-
3aTejlb MOXeT ObITh OT 14 10 89,5% [56]. JaHHble
MO JIeTaJIbHOCTU B pPa3HbIX MCTOYHHKAX CUJbHO
BapbUPYIOT, OTMEYAcTCsS CBSI3b TreorpaduIecKoro
pPacIioJIOXEeHUsI BCIBILIEK C CUMMIOTOMaMu 0oje3-
HH, BEPOSTHO, M3-3a Pa3jIMYHON BUPYJICHTHOCTH
nUpKyaupyomux reHotunos LASV. OgHako poJib
KOHKPETHOTO TEHOTHINA B TSIKECTH 3a00JieBaHUS
noka HeudBecTHa [1]. M3oasatel LASV renHorumnu-
YyecKHU paszfiesieHbl Ha 1ecTb JuHuii (I-VI). 3 Hux
I-1IT nunuu noxkanusyotcsa B Hurepuu, 1V mup-
KymupyioT B Ceeppe-Jleone, IBunee, JInbepuu u
Kot-n’UByape, V — B Manu u Kor-n’WByape [38]
u quHusg VI, B koTopyio BkIouniau musonsat Kako,
HeIaBHO BBIICICHHBINM B Hurepuu ot Buaa aecHoit

mbiin (Hylomyscus pamfi) [43]. Pe3koe yBenuue-
Hue ciaydaeB JIJI 8 Hurepuu B 2018 r. akTuBu3n-
pOBaJI0 MCCJICMOBAaHMS BO3MOXHOTO TIOSIBICHUS
HOBOTO TE€HOTHIIA C 0o0Jice BBICOKON CKOPOCTBHIO
nepenadun oT YeJloBeKa K 4eJIoBeKy [32].

B cpenHeM, y 4eTBIpeX U3 OSITH MHOUIIMPOBAH-
Heix JIJI mporekaer 6e3 cumnromoB. [lpumepHoO
15-20% cnydyaeB MHpEKLUU OPUBOISAT K 3abolie-
BAHUSIM CPEOHEU M TSXKEJIOW CTEIMEHU TIXKECTHU.
bosie3aHb OOBIYHO HAYMHAETCS C JUXOPAAKU U
MHOXeCTBa JAPYrux Hecrneuuuyeckux MposiB-
JIEHUH, TaKMX KaK HeaoMoraHue, 00Jjib B Ipyau U
B ropJie, ToJoBHasl 00Jb, KallleJib, MUAJITUS U Xe-
JIYIOUHO-KMIIIEYHbIE CUMIITOMBI (TOILIHOTaA, pBOTa
u auapes). [1pu Tsokenom tedeHuu JIJI mpumepHo
B 30% BO3HWKAET OTKPBITOE KPOBOTEUYECHME, UTO
SIBJISIETCST TIPU3HAKOM HeOJIarOTPUSITHOTO MCXOa.
Ha nocneaHux cTraausix TsSKesol OO0Je3HU TaKKe
HaOJiroaaroTcss npu3Haku HapyimeHus IHHC — cy-
JIOPOTH, TPEMOPp, Ae30pueHTalus u Kkoma. CMepTh
HAcTymaeT OT TOJIMOPTraHHOW HEeI0CTaTOYHOCTU
mexnay 10-14-mu cyTkamMu mocje NOSIBJACHUSI CUM-
OTOMOB. Y TsDKEJIO TepeOOJICBIIMX PEKOHBaJlec-
OeHIINS IIPOTeKaeT MEIJICHHO, BO3MOXHEBI PeIlr-
IUBBI 320071eBaHUS M OCJIOXKHEHUSI — ITHEBMOHUMU,
MUOKAPIUTHI, TICUXO03BI. [ToTepst ciryxa MOXeT ITpo-
M30MTHU KaK MPU TSIXKEJIOo, TaK U JeTKoi dopmax
JIJI. Cnyx 4acTUYHO BOCCTaHaBIMBaeTcsa yepe3 1-3
Mecslia TOJbKO Y MOJOBUHBI U3 TepeboieBIInX [4,
47, 49]. Tsxxenoe TeueHre 00JIE3HU Y OEpeMEHHBIX
OPUBOAUT K TMOeNr MaTepeil, SMOPUOHOB, IJIO-
JIOB 1 HOBOPOXIEHHBIX AeTeii [42]. MHbumpona-
HME MEIUILMHCKUX PAaOOTHUKOB MPOUCXOAUT MPU
OKCTPEHHBIX XUPYPTUUYECKUX OIepalusaX WU IpU
HecOOJII0ONEHUM MpPaBUJI KOHTAKTHBIX MEp Ipeno-
CTOPOXHOCTU. B HacTtoslee BpeMsi, Ipyu MPOAOJI-
xKatomeiicst ¢ 2016 . BCIBIIIKE 3TOM OOJE3HU B
Hurepuu, B 601bHUIIAX 3apETUCTPUPOBAHBI 22 U
8%-Hble YPOBHU JIETAJIbHOCTU MALIUEHTOB U MEIM-
LMHCKNUX paOOTHUKOB COOTBETCTBEHHO [17].

Omnucano 33 umnoptupoBaHHbIX ciaydas JUJI u3
SanamHoit AGPUKHM Ha HE DHIACMUYHBIC TCPPUTO-
pun (B8 CIIIA, Kanany, Bemukoopuranuio, Humep-
nauael, [epmanuio, M3pannb u SI1ToHNUI0) B TeUeHNE
1969-2016 rr. JleranpHOCTH cpean 3TUX 3a00JIEB-
mux coctaBuia 39% [33]. 1o mociesHUM JaHHBIM,
B KoHI1Ie Hos10ps 2019 r. nBa Bpaua n3 HugepianmoB
3apa3smInCh IIPU OTIEPUPOBAHUU OEPEMEHHOM XeH-
muHbBI B Topoge Macanra B Coeppa-Jleone. OnuH
M3 HUX CKOHYAJICS B TOCIIMTAJe IOcCJie PBaKyalluu
Ha poauHy. Takke n3 Coeppa-JleoHe ¢ momo3pe-
HusgMu Ha JIJI OblIM 3BaKyuMpoOBaHBI TpOe TpaxkaaH
BenukoOGpuTaHuu, KOHTaKTUPOBaBIIME C TOJIJIAH/I-
CKUMU Bpauamu [7].

1. XapakrepucTuka HH(PEKIMMOHHOrO areHTa

LASYV, Bnepsble BblaeaeHHBIA B 1969 1. u3 Ouo-
JIOTMYECKOro MaTepuaja 3a00JeBLIMX W TMOTrhOIINnX
nalnueHToB B rocnutane ropona Jlacca (B Hure-
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pun) [10], ¢ 2014 ., mo JaHHBIM MeXa1yHapOIHOTO
KOMUTETA Mo TakCOHOMUU BUpycoB (International
Committee on Taxonomy of Viruses, ICTV), ort-
HeceH K pomy Mammarenavirus (comepxaiieMy B
HacTosIee BpeMs 35 OTHeIbHBIX BUIOB) ceMelicTBa
Arenaviridae [37]. Ha3Banue cemelicTBa ImpomU30-
LIUIO OT JIATMHCKOTO CJI0Ba «areno» (IecoK) M3-3a
0o0111eit MOpGhOTOTUUECKON XapaKTePUCTUKM, BBI-
SBJIIEMON IIpU DSJIEKTPOHHOW MUMKPOCKOIIUU —
9TO KPYMHBIE OMHOPOAHBIC TpPaHYJIBl pPa3MepPOM
20-25 HM B cocTaBe BUPUOHOB, ITPEACTABIISIOLINE
co00ii He(YHKIMOHAJIbHBIE KJIETOUHBbIe PUOOCO-
MBI, POJIb KOTOPBIX IMOKa He SICHA. ApeHaBUPYChI
umerT chepuueckyro GopMy BUpPHMOHA C JUaMe-
TpoM OT 70 mo 150 HM, OBOMHYIO JUIMIUMIHYIO 000-
JIOYKY U TJIaJKYI TOBEPXHOCTb ¢ T-00pa3HbIMU
IIUTIaMU, COCTOSIIMMU U3 TpeX MOJEKYyJ TJHu-
komporenHa (glycoprotein, GP) [40, 60]. Tenom
LASV, kak u apyrux npeactaBuTeseil ceMeicTna,
npeactapiaseT coboit monexkyny PHK u coctout us
JIBYX cerMeHTOB — OoJibinoro L (large) u manoro S
(small) pazamepom 7 u 3,4 kb COOTBETCTBEHHO, CO-
eIWHEHHBIX KOHCEpBAaTUBHBIMU KOMIIJIEMEHTAp-
HBIMH TTOCJIEIOBATEIbHOCTIMM Ha 3’ M 5’ KOHIAX.
L-cermeHT oOJlamaeT aMOMCEHTHOM cTpaTeruei
KOOUPOBAHUS, T.€. UMEET YJYaCTK! KaK HETaTUBHO,
Tak 1 no3utTuBHo-HUTeBOo PHK 1 xogupyer PHK -
3aBucuMyo PHK monnmepa3sy (6emok L) m mmHK-
cBsa3bIBaonnii Z 6enok. Cumnraercs, 4Tto Z-0eJI0K
(GYHKIIMOHUPYET KaK MaTPUUYHBINA OEJIOK U OTBe-
YyaeT 3a 00pa3oBaHME BUPYCHBIX YaCTHUII. S-CErMEHT
KoaupyeT HykJieornpoTeuH (nucleoprotein, NP) u
NpealecTBEHHUK TIIuKonporenHa (glycoprotein
precursor, GPC). benku L u NP accouunpoBaHbl
¢ reHomHoii PHK B puboHykJieonpoTeuaHbIC U HY-
KJeoKancuaHble KoMmiuiekebl. B coctaB GPC Bxo-
T CTAOMJIBLHBINM CUTHAJIBHBIN enTu (stable signal
peptide, SSP), umerommii GyHKLUU LIariepoHa JIJIst
oenka GP u HeoOXOAMMBI i1 ero MpolecCruHra
B GP1 (sktomomeH), u GP2 (TpaHcMeMOpaHHBII
JIOMEH), TP THUINPOBAHUY CBI3bIBAIOIINE KIIe-
TOYHBII PEeLEenTOp U ONOCPEAYIOIIE CIUSIHUE CO-
oTBeTCTBeHHO [47]. ECTb maHHbIE, YTO HYKJIEOIMPO-
teuH (NP) u 0ermok Z HapylIaroT IPOTUBOBUPYCHBIN
KJICTOYHBIN OTBET, MHTUOUPYS CMHTE3 MHTepGhepoHa
tuna [ (IFN-I) [19].

LASYV nmMmeeTt mMpoKUii TPONMU3M K KJIETKaM Te-
YEeHU, CEJIe3CHKM, HAAINMOYESUHUKOB, MMOYEK U JIPY-
rux opraHoB. /[l peuenTtopo-ornocperoBaHHO-
ro 3HIOLMTO3a OCHOBHBLIM pelenTopom st GP1
LASV cayxut a-guctpornukaH (o-dystroglycan,
a-DG) [47]. TIpodeccuoHanbHble aHTUTEH-TIpE-
3eHTUpYyloue kieTku (AITK), Takue kak Makpo-
dary M OSHOPUTHBIC, SBISIOTCS TEPBUYHBIMU
KieTKaMmu-MuineHssMu aiast LASV u noaaepxuBaoT
ero peruiMkamnuio. B pesyibrate vHOUIIMPOBAHHBIE
AITK He mpoXoasT cTaiuu aKTUBAllUU U CO3pEBa-
HUS, YTO TIPUBOIUT K Hea(DHEeKTUBHOU 00padboTKe

U TIPENCTaBJICHUIO aHTUIeHa ClelraJinu3upoBaH-
HbIM JuMdonuutam. T-kinetku cyononyasuuit CD4*
n CD8*, cnenuduynble KaKk K TJIUKOIPOTEUHOBOMY
komruiekey (GP1, GP2), tak u K HYKJIEOTpOTeUHY
(NP) LASV, aktuBUpyIOTCSI B paHHHE CPOKHA MHDEK-
U U COXPAHSIIOTCS Y BBDKUBIINX B TeUYeHE MHOTHUX
JIeT, HapylIeHWe e KJIeTOYHOTO MMMYHUTETa IpU-
BOIMT K BHpeMuu. MMmmyHodepMeHTHasl OIleHKa
AHTUTEHEMMHU B CBIBOPOTKAX KPOBM IMAIIEHTOB I10-
Kasaja, 4TO 3TO MapKep HeO1arormoayqYHOro ucxoma
3aboieBaHud [55].

Ponap rymopanbHOro MMMYHHOTO OTBETa MpU
3apaxkeHun LASV meHee sacHa. MHayKuus aHTU-
tes kaaccoB IgM u IgG oObyHO cnabasi, ocobeH-
HO HU3KUU YPOBEHb HEUTPATUIYIOIIUX AHTUTEI.
BOTO MOXET ObITh CBSI3aHO CO CTPYKTYPHBIMU OCO-
OEHHOCTSIMU TJMKOIPOTEUHOBOTO KOMILIEKCa, CO-
JepXaliero TIMKaHbl, 3aKpbIBalOIINe/OrpaHUYNBa-
OIIME TOCTYIl aHTUTEI K BUPYCHBIM amuTonam [31].
ITpoxyKius aHTUTEN U UX KOHLeHTpamus mpu JIJI He
KoppeJaupyeT ¢ ucxoaoM 3aboneBaHus [4]. Heii-
TpTU3YIOIINEe aHTUTEeJIa OOHApPYXXWBAIOTCS B ChI-
BOPOTKE KPOBHU TOJIBKO Uepe3 HECKOIBKO MECSIICB
IOCJIe pa3pelIcHUs OT OCTpOM MHGPEKINU M X
TUTP TIPOIOJIKACT pacTU, BOZMOXHO, M3-3a HaJM-
YU TIEPCUCTUPYIOIIET0 BUPyca, CTUMYJINPYIOIICTO
B-kuietku. Y nepe6oJieBIIUX U BIXKMBILIMUX JIULL AH-
TUTEJA CIIeMUMUIHEBI, B IIEPBYIO OUepelib, K OeIKaMm
GP u NP. UccrnenoBanust aHTUTEHHOI CTPYKTYPBI
LASV ¢ moMmomipio 4ejiIoBe4eCKMX PEeKOMOMHAHT-
HBIX MOHOKJIOHaIbHBIX aHTUTesl (MKA) mo3Bon-
JIX BBISIBUTH I€TEePMUHAHTHI, BHI3bIBAIOIIINE CUHTE3
HeUTpaau3yolIuX aHTUTE] — 3TO SMUTONBI B I1O-
cjlegoBaTeJbHOCTH aMUHOKucaoT OenkoB GPI,
GP2 u NP coorBerctBenHo [50]. ITokazaHo, 4To
MPUMEHEHHNE YEeJOBEUYECKUX PEKOMOUHAHTHBIX
MKA, cneuuduuHbIx K anmuTornam oenka GP, crio-
COOCTBOBAJIO 3alIUTE MOPCKUX CBUHOK U TPUMAaTOB
oT neTajibHOU nHekuuu [40].

2. Buosiornueckue Moae U

2.1. Kyavmypot kaemoxk

BriepBeie LASV 0BT BBIIEICH Ha JUHUHM Vero
(KynmpType KIETOK MOYKM a(ppUKAHCKOW 3eJIeHOM
MapTHIIIKW), OKa3aBIIeiCs JYBCTBUTCIBHOM IS
HEro KyJabTypoil. ApOOBUPYCHOE IIPOUCXOKIACHUE
BHOBb OTKPBITOIO BHpYyCa OBUIO MCKIIOUEHO, T.K.
KYJBTYPBI KJIETOK KOMapoB Buma Aedes aegypty n
A. albopictus He CIIOCOOCTBOBAJM €T0 perJiuKa-
uuu [10]. Ypoxaii nzonara LASV u3 Ceeppa-JleoHe
OBLI ITOJyYeH B BBICOKUX TUTpax — 10°-10° BOE /M
(OAIKOOOpa3yoIIMX SAUHULL Ha MJ) TIPU KYJIb-
TUBUPOBAaHUM Ha Vero, a Takxke Ha KJETOYHBIX
JIMHUSX TIOYeK CBUHbU, OUIIOUAHBIX U MEpPBUY-
HBIX KJIETKaX IMO4YeK 9MOPUOHOB YejioBeKa. MeTo-
JIOM UMMYHOMJIYOPECIeHIIUN, C UCITOIb30BaHUEM
crieliMdUIEeCKUX aHTUTEJT, OBLITO TTOKa3aHo, YTO 10
80% MOHOCIOSI 3TUX KJIETOK MHGUIIMPOBaHbI. Bu-
pyc BocmnpousBoauicsa B tutpax 104-10° BOE/mna
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Ha KJIETOYHBIX JIMHUSX: IMOYKA HOBOPOXIEHHOTO
cupurickoro xomMmsiuka (BHK-21), mouku appukan-
ckoii 3esieHoit MmapThiluku (CV-1), pakoBoil onmyxo-
qu meviku matku (Hela), amanona yenosexka (FL),
SMHUACPMOUITHON KaplIMHOMBEI TOPTaHM 4YeJOBeKa
(hep-2) u mouku codaku. PopmMupoBaHHUE OISIICK
MOoJ, cJIoeM arapa HaOII01aau TOTbKO HA MOHOCIOE
kineTtok CV-1 u Vero, a B TiepBUYHBIX (UOpoOIa-
cTtax KypuHoro smbpuona LASV He permimmupo-
Bascs [35].

In vitro ycraHoBieHo, 4To AuddepeHIInpOBKa
MEePBUYHBIX MOHOIIUTOB YeJIOBeKa B NEHIAPUTHBIC
KJIETKH YCWJIMBAeT MPUKpPEIUIEHUWEe U MPOHUKHO-
BeHue LASV uepes MosieKyabl MAHHO3bI, pacIiojio-
JKeHHble Ha N-KOHIIEBOI YaCTU €ro CyobeIuHULIbI
GP1 [25]. deHapuTHbIe KJIeTKU yejoBeKa obecrie-
YUBAIOT BBICOKUI ypoBeHb peruiukanuu LASV 6e3
uuTonatudeckoro addexkra. BaaumMoaeincTBylo-
e ¢ HuMu T-KJIeTKU He aKTUBUPYIOTCS M HE TIPO-
JUhEPUPYIOT M, COOTBETCTBEHHO, HE TIPOSIBIISIIOT
IUTOTOKCUYHOCTU. Makpodaru IomaepKnuBaoT
BUPYCHYIO PEIUIMKAILMIO TakXe 0e3 IuTonaTude-
ckoro a(gdexra, HO IIPU 3TOM NPOUCXOJIUT aKTUBA-
ust/mposimcdepainst HopMaTbHbIX KyuiepoB (NK)
U YyCWJIEHWE UX UUTOTOKCUYECKUX PyHKIumi [51].

Ha kynprypax KJIeTOK MBIIIMHBIX U KypHU-
HBIX (puOPOOIACTOB, a TaKXKEe Ha KYJBType KJIETOK
HEK?293T (xyieTkax moYyku 3MOpHOHa 4YesoBeKa),
HeJaBHO ObIJIO TTOKa3aHO, YTO yCIIeIIHas MHQPEK-
uuss LASV Tpebyer pH-3aBucuMoro rmepekxitoue-
HMsI KOH(OopMaIluU ero TIMKOIIPOTEeHa C IepBUY-
Horo o-DG peuenTopa Ha OCHOBHOM KOMIIOHEHT
MeMOpaHbl TUM30COMbI — JIM30COM-aCCOLIMMPOBAH-
HbI MeMOpaHHBbIN Oesiok 1 (lysosome-associated
membrane protein 1, LAMPI1) [29]. KyabTypy Kie-
Tok HEK293T Tak:xe Mcrofb3oBaiu IJIs UCCIENO-
BaHUSI aJbTEPHATUBHBIX KJIETOYHBIX PELIETITOPOB
st Bxoga LASV, a KynbeTypy KiIeToK Vero B Kade-
CTBE KOHTpoJd 3Kkcnpeccuu o-DG. bbruio o6Hapy-
JKEHO, 4TO T-KJIeTOYHBIA UMMYHOIJIOOYJIUHO-MY-
uuHoBbIN perenitop TIM-1 (T cell immunoglobulin
mucin domen) u 6e3 HaajexXallero TIIMKO3UIUPO-
BaHUS OIMOCPeNyeT MH(PUIIMPOBAHUE KJIETOK 3TUM
BHUpycoM [9].

2.2. 2ZKueomnote 0451 modeauposanus JIJI

MonenupoBanue JIJI Ha >KMBOTHBIX MMEET
OOJIBIIIOE 3HAYCHHWE IS IIOTYyICHHMS HTAaHHBIX O
MapKkepaxX HMMMYHHUTETa TIpU 3apakeHUU HHOEK-
LIMOHHBIM TIperapatoM LASYV, a Takxke 00 UMMYHO-
TeHHOCTU M 3(P@GEKTUBHOCTU KaHAMJATHBIX BakK-
uuH [47]. B npupone LASV umeer orpaHuyeHHOE
YHUCJI0 BUIOB-X0351eB. KpoMe oCHOBHOro pesepBya-
pa (M. natalensis), moka 4To OoOHapy>XXeHO TOJbLKO
JBa BUAa rpbi3yHOB (M. erythroleucus u Hylomyscus
pamfi), KOTOpbIe TaKxKe MOTYT Y4aCTBOBaTh B IIUP-
Kyasguuu Bupyca [43]. st oTUX TPbI3YHOB Xapak-
TEPHO OECCUMIITOMHOE HOCHUTEJIBCTBO, COMPOBO-
XIaeMoe TMOXW3HEHHOW TIepCUCTeHLMEN BUpyca,

KOTOPBIA BBIACISIETCS C MOYOI, KajloM, CJIIOHOW
M COXpaHSETCS B 3TUX BBIACIICHUSX ITPU BBICYIIN-
BaHuu [l]. ¥V mopeit JIJI Moxetr pa3BuUBaTbCSI OO
reMopparuueckoi (Gopmbl, ¢ MHOTOUYHMCICHHBIMU
OCJIOXKHEHUSIMU U JIETAIbHBIM McxomoM. Ho Ha oc-
HOBaHMU TOro ¢akTa, 4To IpudIu3uTeabHo y 80%
WHGUIIMPOBAHHBIX 0OJIE3Hb MPOTEKAaeT B JIETKOM
dopme mim 6eccumnToMHO [49], a GONBHOU Ue-
JIOBEK SIBIISIETCSI UCTOYHUKOM MHMEKIIMH B Tede-
HHE IBYX MECSIIEeB M BUPYC LIMPKYIUPYEeT B KPOBU
Ha (oHe BBICOKOrO ypoBHSI aHTUTEeNn [4], MOXHO
clenaTrb TPEANOoXEeHUEe, YTO MMMYHHBI OTBET
TPBI3YHOB U YeJoBeKa Npu nHpuuuposanuu LASV
MMeeT HEKOTOPOe CXOJICTBO.

MBIIIU MOTYT OBITh 9KOHOMUYHOM MOAEJIbIO OIS
Mccieg0BaHus, HO nmaToreHHocTh LASV 3aBucur ot
BUAa WM JIMHUW XO3siMHA, €ro BO3pacTa M criocoba
uHbunuposaHus [47]. 3a UCKIIOYEHUEM MOJIOJbIX
B3pociibix Mbltreit tuHun CBA/J, nadunmupoBaH-
HBIX HEIIOCPEACTBEHHO B MO3I, YTO IIPUBOIUT K
daTaaIbHOMY CYIOPOXHOMY HMMYHOIIATOJIOTHYE-
ckoMy 3aboJieBaHUI0 [59], nHOpeaHbIe TabopaTop-
HBIC XKWBOTHBIE O0JIaZalOT BBICOKOM YCTOMUYMBO-
CThbIO K 3KcnepuMeHTanbHOU JIJI, ocobeHHO mpu
WCIIOJIb30BAaHUN MapeHTEPaTbHBIX ITyTEH 3apaxke-
HUs (ITOOKOXHO WM BHYTPpHOpIOMMNHHO). ToabKO
MBI ¢ UMMYHHOIC(PUIINTHON CHUCTEMOM, T.€. C
OTCYTCTBMEM Ha KJIeTKaX pelenTopa IJIst nHTepde-
poHOB, MOryT ObITh BocnpuumMuuBbel K LASV. Ha-
npuMep, Ha MbltuHou tuHun C57BL/6 (Ifnar/°) —
Monaenu JetaiabHoit st LASY, Oblio mokasaHo,
YyTO KOMOWHUpOBaHHAas Teparnusi pubaBUpUHA C
(daBUIMMMpaBUPOM MPUBOAMUIA K CHUHEPruuecKou
aKTUBHOCTMU 3THUX IperapaToB U CIOCOOCTBOBa-
sna 100%-My BbDKMBaHUIO XKMBOTHBIX [45]. TpaHc-
MJIaHTalUs KJIETOK-IIPEeAIIeCTBEHHUKOB KOCTHO-
ro Mo3ra 4YejloBeKa OOJydeHHBIM MbIIIaM JIMHUU
C57BL/6 (Ifnar/®%), mpuBomuiaa K CMepTEIbHOM
MHGEKINH, CBI3aHHOM C OTEKOM, BUPEeMUEH 1 MO~
BpeXaeHneM MedeHHW. Takasg WMMYHONATOJOTHS
SBIISIETCSI KJTIOYEBBIM KOMITOHEHTOM ITaTOTEHE-
3a LASYV, zaBucur ot monyisuuun CD8*T-xkietok
W HaIpsIMyI0 KOpPpPEIHpYyeT ¢ TeMOpparmdyecKuMH
nposiBiicHuIMU. HecMOTpsT Ha MPUMEHUMOCTD Ta-
KU1X XKUBOTHBIX JJISI TECTUPOBAHUS i1 Vivo TIPOTUBO-
BUPYCHOTO JICYCHUSI, UMMYHOIC(HUIIUTHBIC MBIIIHN
HE MOTYT OBITh MCIIOJIb30BAaHBI IS aHaIM3a MeXa-
HU3MOB ITOJIHOLIEHHOTO UMMYHUTeTa [44].

JIMHUM MOPCKUX CBUHOK: MHOpEeAHBIX (IITaMM
13) u ayropennbix (Hartley) siBnsitorcst HamboJsee
IIUPOKO MPUHATON Moaenbio a1 usydenus JIJI u
MCIIBITAHUSI KaHAWAATHBIX BaKIMHHBIX IIpernapa-
TOoB. Heob6xonumo ydyuTweIiBaTh, YTO MAaTOT€HHOCTb
BUPYCHBIX ITAMMOB TakXXKe 3aBUCUT OT JIMHUU 3TO-
ro xoszsguHa. Hampumep, BHYTpUOpIOLIMHHOE 3a-
paxkeHre MHOPETHBIX MOPCKUX CBUHOK BUPYCHBIM
mrtamMmmoM Josiah IpUBOAUT K Pa3BUTHUIO JIUXOPa-
KM, Totepu Beca U K 100%-Hoii tTubeu B TeUeHUE
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IBYX Hemeab. B To ke Bpemsi y ayTOpeaHBIX MOp-
CKUX CBUHOK IIPU MHMUIIMPOBAHUMN STUM BHPYC-
HBIM IIITAMMOM JIETaJIbHOCTH cocTaBisIeT oT 30 mo
60%. Y 3a00JIeBIIMX XXMBOTHBIX HAOJII0AACTCS JIUM -
doneHuss, HeUTpoUIUsI U CHUKEHUE YPOBHS Chl-
BOPOTOYHOTO aJibOymMmnHa. BupemMusi BbISIBIsSIETCS
Ha 4-e CYTKM TOcCJIe 3apaXkeHUsI U ee YpOBEeHb JIO-
cruraeT nuka Ha 10-12-e cytku. Bricokue TUTpBI
BHUpYyca OOHAPYXMBAIOTCS TaKKe B IMM@MaTHICCKIX
y3J1ax, CJIIOHHBIX XKeJe3aX U BHYTPEHHUX OpraHax —
ceJe3eHKe, MOIXKEeNyI0UYHO Xeje3e, Jerkux, Ie-
YeHU, Cepjlle, MO3re, MoYyKax M HaAlloYeYHUKaXx.
IIpu »TOM, BUpPYCHBIC TUTPHl Y CBUHOK JIMHHUU
Hartley o6b14yHO HUXE, 4eM y UHOpeaHbIX. TakKe
noka3zaHo, uto nHdekuusg LASV y MOpcKUxX CBU-
HOK MOXKET OBITh 0016 MUOKAPAMOTPOIIHON U Me-
Hee reraToTPOITHOM, YeM y monei [46]. Anantauus
mramma Josiah Kk Mopckum cBUHKaMm TuHuU Hartley
B TeueHME 4 BHYTPUOPIOMIMHHBIX ITacCaXeil B 03¢
10* TCID50/ma (tissue cytopathic infectious doses,
50%-HbIX TKaHEBBIX ILIMTONATUYECKUX WHOULIMPY-
IOLIUX J03/MJI) IPUBOJUT K pas3BUTUIO OOJE3HU U
paBHOMepHOI rndenu XuBoTHbIX [53]. Ha uno6pen-
HBIX MOPCKHUX CBUHKax (mramma 13) mporectu-
pPOBaHO HeCKOJbKO M30a9TOB LASYV, oTHeceHHBIX
K pa3HbM JuHUSIM. M30mater: GA391 (BbloeneH B
Hurepuu, renorun III), Josiah (Hurepus, 1V) u
Z-132 (Liberia, IV) okazanucek Ha 100% cMmepTelb-
HBI IJIST BCeX MH(MUIIMPOBAHHBIX KMBOTHBIX B Te-
yeHue 10-18 cyTok mocie 3apaxeHus. 3apaxeHue
n3oiisitamMmu Soromba-R (Mali, V) u Pinneo (Hwure-
pus, 1) He TpUBOAMIIO K pa3BUTUIO JIETAILHON MH-
ek, Ho HaOMIOAaIUCh TaKUe CUMIITOMBI, KaK
BSUJIOCTh U MoTepsl Beca Mexay 10-12-mMu cyrkamu
nocJjie UHQUuUUupoBaHus [52].

Kponmkm He 4YyBCTBUTEIBHBI K 3apakeHUIO
LASV. HatuBHblii MHGEKIIMOHHBIH W WHAKTUBU-
POBaHHBI aHTUIEeHbl OAMHAKOBO MHIYLMPOBAIU
CUHTE3 cIeM(pUIeCKUX aHTUTEJ], YPOBEHb KOTO-
pPBIX OBLI TIPOTIOPIIMOHAJIEH /03¢ aHTUTEHOB MPU
WHOKYJISIIINY U TIPOOOJKATSIIBHOCTA BpEMEeHU MPU
nHuuuposanuu [3]. Y nouraneit He pa3BuUBaJiach
nepcucTupylomass MH@eKuuss npu ux HHOULU-
poBanun LASV [2]. Mopgenb pa3Butusi 00Je3HU
W/WIN JIeTaJbHOCTU Ha OCHOBE CUPHMIUCKOTO XO-
MSIYKa, UCTTOIb3yeMast B HACTOSIIIIee BPeMSI TSI U3-
YUYEeHUS MaToreHe3a MHOTUX BUPYCcOB, misa JIJI moka
HE OITMCaHa B JIUTepaType.

B nurtepatype Takke HeT JaHHBIX 00 MHGPULIM-
pOBaHUU 4YeJOBeKa OT 00e3bssH B €CTECTBEHHBIX
YCJIOBUSIX, TEM HEe MeHee HauboJjiee uHGhOpPMaTUB-
HOU OTMBITHOW MOJEJbIO JJIsSI U3YYEeHUs MaToTeHe-
3a JIJI aBnsworcsa npumarthl [1]. Bupemus y makak
BUAa «pe3yc» (Macaca mulatta) mosiBisizach yepes
5-10 cyToK mocJe MoAKOXHOTO 3apakeHus IITaMMOM
Josiah LASV (B no3e 10%' BOE/Mi1) u ee TUTp yBEIu-
YyuBaJjcsd B TeUeHUU OoJie3HU. Bupyc Obl1 0OHapyKeH

B [JIa3HOW U CIMHHOMO3TOBOM XUJIKOCTH, TUM®baTh-
YeCKHUX y3J1aX M BO MHOTHMX BHYTPEHHUX OpTaHax —
TMoYKax, HaAMOYeIHNKAX, CeJIe3eHKe, TIEUeHM, Cepli-
e, JIeTKMX, KHUIIeUYHMKE, TMOIXKETYIOUHOM XKenese,
KOCTHOM U TOJIOBHOM MO3Te, THUMYCE, CKEeJeTHBIX
MBILIIAX, SUYHUKAX, MOUYEBOM ITy3bIpe, UYTO TOBOPUT
0 €ro aKTMBHOM periuKalluy B KJIeTKaxX 9TUX TKaHEe.
Kax mpaBuiio, HauOoJbIIIee KOJUYECTBO BHUpyca Ha-
XOIWJIOCHh B CeJie3eHKe, IeYCHHU, HaAIlOYeYHUKAX,
KOCTHOM MO3T¢ M KUIIIEYHUKE. BBLI MOBBIIIEH U ypo-
BEHb CBIBOPOTOYHBLIX TpaHcamuHa3s. [TogooHo JIJI y
4yesoBeKa, TsKellas MaTojaorus Hadaoaasrach B me-
YEeHOYHOI, TOYeYHOI U ceie3eHOUHOI TKaHu. Jle-
YeHHE XMBOTHBIX PHMOaBUPUHOM, HAadyaToe B IEeHb
BUPYCHOM MPUBUBKU WJIN Yepe3 MsITh CYTOK IMOCIE
3apaxkeHusl, CIOCOOCTBOBAJIO PAa3BUTUIO JIETKOTIO
KJIMHUYECKOro 3aboieBaHus U 0oJiee TSXKEJOoro 3a-
0oJieBaHUSI COOTBETCTBEHHO. TeM He MeHee, He3a-
BHCUMO OT BpEMEHM Hayajia JICUCHUS B 3TOM DKC-
nepruMeHTe, HU OJHO KMBOTHOE He rmorubso [57].

KinuHaunueckue mposBiaeHUs NMpu MHOUIIMPOBa-
Huu wrtamMmmoM Josiah LASV y 00e3bsH Buga «ma-
Kaka-kpaboea» (Macaca fascicularis) — nuxopanka,
noTeps Beca, AeMPECCUs U OCTPbIN peCITUpaTOPHBII
cunapoM. Kpome toro, HaGIogaTCs TPOMOOLIM-
TOTICHUSI, TUMGOIICHUSI, YBEJIMUCHUE CEJIC3CHKU U
JUM@MOTUYECKHUX Y3JI0B, a TaKXKe IMaTOJOTrnYeCKUe
U3MEHEHUsI B IEeYeHU, JIETKUMX U dHAOTeauu (Ta-
KM€ € CUMITOMbI OOBIYHO MPOSIBJSIIOTCS U Yy 3a-
OoJieBIIMX JOoAei). Bupemus y Makak MOXET ObITh
obHapyxeHa uyepe3 5-10 cyTok mocJie 3apaxkeHus 1
€e TUTP YBEJIMYMBAETCS IO MOMEHTa THOECIMN KM-
BOTHOTO. Bhicokue ypoBHU BUpeMUU U (pepMeH-
TOB I€YeHU, HU3KKE YPOBHU aKTUBALUU T-KIeTOK
U TIPOBOCMANUTEIbHBIX UMTOKUHOB (IL-1f, TL-8§,
TNFo u IP-10), BeIpaxkeHHAasI MaTOJIOTHUS B KJICT-
Kax Ie4yeHu M BbIcoKas mnpoaykuus [L-6 aBusior-
cs1 MporHo3zamMu ¢aTajbHOTO MCXoJa 3a00JaeBaHUS
WHGUIIMPOBAHHBIX KUBOTHBIX, KaK U Y JIIOJEU C
Tskenonn popmoit JIJI. Hanuuue mynbsTudokaib-
HbIX TsKeablx mopaxenuit LIHC gaBnsgercs nonoJ-
HUTEJIbHOU XapaKTePUCTUKOM TepMUHAIBHOTO 3a-
OosieBaHMS y MaKaK-KpaboenoB [27]. UcTomeHue
nonyiasauud T-KJIeTOK TPOUCXOAUT IIPU TKEIoi
UHMEKIUN Y 3TUX XKMBOTHBIX, B TO BpeMsI KaK HOP-
MaJibHble T-KJIeTOYHbIEe peaklMu KOHTPOJIUPYIOT
BUPYCHYIO peTiuKanuio. ITokazaHo, 94To y 9KCIIepu-
MEHTaJbHO MH(MUIIMPOBAHHBIX MaKaK OTCYTCTBHUE
T-KJIeTOUHOTO OTBETa KOPPEIUPYET C JieTallbHO-
cThiO [6].

Y OOBIKHOBEHHBIX UTPYHKOB (MapMO3ETOK)
(Callithrix jacchus), MHOUIIMPOBAHHBIX IITAMMOM
Josiah LASYV, pa3BuBaeTcs1 cMCTEMHOE 3a00jIeBaHUE
C IMXOPaAKOM 1 IMOTepel Beca, BBICOKMM YPOBEHEM
Bupemuu u BupycHoit PHK B TkaHsX, ToBBIIIE-
HUEM aKTUBHOCTU (depMeHTOB medyeHU. [ucrtoma-
TOJIOTUYECKUE WCCIEIOBAHUST BBISIBJASIIOT MYJIbTU-
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doKanbHBIE HEKPO3 MEYeHW W HAAMNOYEUHUKOB,
MHTEPCTULIMAIbHBIN HePPUT U TUMGOUTHOE HC-
ToOllleHUE. DTa MOJIEJIb YK€ ObljIa YCIIELTHO UCTIOb-
30BaHa JIJIs1 XapaKTEPUCTUKU psiila BUPYCHBIX 3200~
JICBaHU, B TOM YHCJIC apeHABUPYCHBIX MH(MEKIINIA,
BbI3BaHHBIX BUpycoM XyHUH (Junin virus, JUNV) u
aumdonuTapHoro xopuomeHuHruta (lymphocytic
choriomeningitis virus, LCMV). Hebompmue pas-
Mepbl MapMo3eToK (o1 320 mo 450 r, Korga oHU cO-
JNIEPXKUTCS B HEBOJIE) MO CPaBHEHUIO C MaKaKaMu
MOTYT TIO3BOJIMTh COKPATUTh PACXOMAbI, CBSI3aHHBIC
¢ ucciaenoBaHnueM 5(@MEKTUBHOCTU BaKIMHHBIX
npenapatoB npotuB LASV [11].

OTCYTCTBYIOT JaHHBbIE MO 3apakeHUI0 Mpuma-
TOB BUPYCHBIMU IIITAMMAaMHM Pa3HBIX TCHETUICCKUX
TunoB. Kpome ncciaenoBaHuii co mrammoM Josiah
LASYV, nng netanbHOro 3apa’keHMUsl Makak-Kpabo-
€lI0B ONMHMCAHO TOJIbKO WCITOJb30BaHUE IIITaMMa
Z-132 [52].

3. BapuaHThl KOHCTPYHPOBAHUS BAKIMHHBIX Mpe-
naparos

HeobxonuMocTh pa3paboTKM BaKLMH ITIPOTUB
HOBBIX BMPYCHBIX IMaTOFEHOB CTajla OYEBUIHOMN
BO BpeMs 2IMUIAEeMHUU 0OJIE3HU, BBI3BAHHOU BUPY-
com Doona (BBBD) B 3amamgHoit Adpuke B 2014-
2016 rr. HeoT/IO3KHOCTh 1 BasKHOCTH IPEBEHTUBHBIX
Mep npoTuB 3apaxeHus LASV Takxke oudeBuaHA,
T.K. B HacTosiiee BpeMss B Hurepuu mpoucxoaut
OecripelleIeHTHO KPYIHbIM Bcrieck ciaydaeB JIJI
C BBICOKMM YypoBHeM JietajgbHocTU [37]. LASV xa-
paKTepu3yeTcs 3HAUUTEIbHBIM TeHETUIECKUM Pa3HO-
o0pasueM, 4To 3aTPyAHSET pa3paboTKy BaKUMHBI [1].
BrioeneHO HECKOJBKO TEHOTHIIOB 3TOTO BHpYCa,
LIMPKYJUPYIOIIUX B pa3HbIX perrnoHax Adpuku [32,
38, 43]. Dnuaemuosiornueckue HadaoaeHus 3a JIJI
B 3amagHoi AprKe MOKa3bIBAIOT, YTO BELKMBAHIE
OT BIIEPBbIE BCTpPEUYEHHON MHEPEKIUU obecredu-
BaeT JOJITOCPOYHYIO 3alIUTy OT CMEPTEJIbHOTO 3a-
OoJsieBaHUd B OynyiieM. EcTb mpeanonoxeHue, 4To
MOBTOPHOE 3apa)KeHue APYTrUM BUPYCHBIM T'€HOTHU-
MOM JOMOJIHUTEJIbHO CITOCOOCTBYET ITOBBILLIEHUIO
uMMmyHuTeTa [34]. Tak Kak MOJIEKYJISIpDHBIN MaTo-
rene3 LASV 1 "MMyHHBIE MEXaHU3MBI 3alIATHI HE
MOJIHOCTBIO MOHATHBI, LIEHHOCTb XXMBOTHBIX MO-
JleJieid B TIPOTHO3UPOBAHUM MCXOJO0B BaKIIMHAIIUU
MOXET OBITh oTpaHMYeHa. [1o 3TUM IIpUIMHaM, 10
MHeHMI0 uccienonsarteieii u3 CIIA u Beankoopu-
TaHuu, 3¢ (HEKTUBHOE MPOABUXKEHNE TTEPCIEKTUB-
HBIX KaHOAWAATHBIX BAKIIWH IJIST KIMHUIECKUX WC-
OBITAHUUW OyIeT MMETh pellallee 3HAaYCHUE s
XapaKTepUCTUKU MMMYHMUTETa, OMOCPEIOBAHHOTO
BakIMHOU [47]. YuuTbiBasg exeromHyro 3abose-
BaemocTb JIJI, BakmHauusi, CKopee Bcero, Oynuer
NPOXOAUTH B DSHIEMMUYHBLIX paiioHax 3armagHoii
Adpuku yepes MyTb OJ0OPEeHUS U UCIBITAHUS (-
(eKTUBHOCTHU cpa3y Ha JIIOIIX, a He yepe3 "Animal

Rule", kak 0OBIYHO MPUHSTO IS TAKUX MCCIIENO0-
BaHuit [39].

3.1. HnakxmueupoeéanHnas 6aKuuna

BaknunHa Ha ocHoBe mnpenaparta LASV, oGpa-
0OTaHHOTO Y-paaualveil, WHAyLIMpOBaja CUHTE3
aHTUTEJI, CIeUM(MUIHBIX K CTPYKTYPHBIM OejlKam
LASYV, Ho He TipenoTBpaliajia BUpyCHON pernnKaiuu
U TMOeIM MaKaK-pe3yc B pe3yabTaTe MHOUIMpOBa-
HUS Aaxe Ha ¢oHe BBICOKOIo ypoBHsI aHTUTed. Ha
MOMEHT THOeJM MMMYHU3UPOBAHHBIX M KOHTPOJIb-
HBIX XMBOTHBIX YPOBEHb TUTPOB BUPYCa B CHIBOPOT-
KaX KpOBU U OpTraHax He OTJIMYaauch [39].

3.2. THK-eéarxuuna

JHK-KOHCTpYKIIMSI ONTUMU3MPOBAHA KOMO-
HaMH IS TOBBIIICHUST SKCIIPECCUM HYKJICOTHUI-
Ho#t mociemoBareapHOocT GPC mramMma Josiah
Y BHUAOB-PELUIIHNCHTOB (MOPCKUX CBUHOK WA
Makak). Mopckme CBUHKHM (JIMHHUS ImTamMMm 13),
BaKIIMHMPOBAHHBIC TPUKABI ITyTEM JIepMaJibHOM
anekTpornopauuu B go3e mo 100 mxr JHK, Ob1u
MOJIHOCTBhIO 3allUIleHbl MPU BHYTPUMBIIIEYHOM
3apaxeHuu JetaibHoil no3oit 10° BOE/Mn mramMmma
Josiah LASV. CBuHku ocrtaBanuch apeOpubHbI-
MU, 0e3 MpU3HAKOB 3a00JieBaHUS U BUpeMUU (IO
CpaBHEHUIO C KOHTPOJIbHBIMU MHMUIIMPOBAHHBIMU
JKUBOTHBIMU) 1O KOHEYHOUW TOYKM DKCIEPUMEH-
Ta (00 28-MU CyTOK OT MHGbULMPOBaHUs). TUTPHI
HEeUTPpaTM3YIONINX aHTUTEJ JOCTUTAIM MaKCUMyMa
Ha 21-¢ CyTKM OT MH(MUIIMPOBAHUS U 3aTeM YOBI-
Bamu. TeM He MeHee MPH ITOBTOPHOM 3apakeHUU
gepe3 120 cyTok Imociie OKOHYaHUS TIEPBOrO 3KC-
neprMeHTa, MUMMYHU3UPOBAHHBIC >KMBOTHBIC HE
3abonenu [13]. BrmocaencTtBum Makaku-Kpaboeabl
noay4danu ase uau tpu mo3bl JHK (10 Mr ogHo-
KpaTHO MPU UHBEKUUU MYTeM NepMajibHOUN 3JeK-
TpoIlOpalMu 1O 2,5 MT' B YeThIpe pa3HbIX MecTa).
WMMyHM3ausT MHAYIWPOBajia CUHTE3 HeWTpan-
3ylomrx aHTuTes. Yepes msTh Heleab Mocjie OKOH-
YaTeJbHOW BaKIIMHAIIMU XUBOTHBIE TTOJBEPTaJnCh
3apaxeHuio B 1o3e 10° BOE/Mn mwramma Josiah, Ho
HUKAKWX CHUMIITOMOB OOJIE3HU, JIUXOPAIKU WU
BUPEMUM y BaKIIMHUPOBAHHBIX IIPUMATOB HE OBLIO
obHapyxeHo [14]. JHK-koHnctpykuus INO-4500
npotuB LASV B Hacroslee BpeMs SBISIETCS CaMbIM
MPOABUHYTHIM BaKIIMHHBIM TPENapaToM U TEPBbIM,
KOTOPHIN TIpeaIroaraeTcs ISl BBEACHUS TOOPOBOJIb-
maM IJIs OIleHKU 0e30MacHOCTH, IMEPEHOCUMOCTH U
a(pPeKTUBHOCTU. DTOT KAaHAMIAAT MMEeT JAOIOJIHU-
TeJIbHBIC TIPEUMYIIECTBA IO CPAaBHEHUIO C PEKOM-
OMHAHTHBIMU BUPYCHBIMU BEKTOPHBIMHU ILIaT(hOP-
MaMM IO OTHOCUTEJbHOU IPOCTOTE KOHCTPYKIIUM,
CKOPOCTHU WM3TrOTOBJIEHUS M yCJIOBUM xpaHeHus1. Ho
o6b1yHO JJHK-BakimHbl 06J1a1atoT HU3KOM UMMYHO-
T€HHOCTBIO, YTO TPeOYeT MHOTOKPATHBIX /103, TOCTaB-
JIIEMBIX C TIOMOIIBIO IEPMAIbHOM 3JIEKTPOTIOPAIINH.
B cenbckux sHAEMUYHBIX paiioHax Adpuku Oyaer
CJIOKHO BHEIPUTH B IIUPOKOE MMPUMEHEHHNE 3TOT Me-
TOI, 0OCOOEHHO BO BpeMs BCITBIIIECK. B ¢BSI3U ¢ 3TUM,
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HHK-Bak1uHa, ckopee Bcero, OyneT mMpuMeHSThCS K
JIOKAJTM30BaHHBIM T'PYIIIaM, T.€. CPEIU COTPYTHUKOB
6ompHUI [47].

3.3. Peaccopmanmuas naamghopma

Pa3paboTaH KaHIUIAT Ha OCHOBE HEITATOTCHHO-
ro mIs 4ejoBeka kitoHa ML29 peaccopraHTa ape-
HaBupyca Mores (Mopeia, MOPV) ¢ LASV npu
CMEIIIaHHOM WX KYyJIBTUBUPOBAaHUM Ha KYJIBType
kieTok Vero. [leHoM rubpugHoro kiioHa ML29 nme-
eT TEHOTUIMYECKHNE XapaKTepucTuKu L-cerMeHTa
PHK MOPYV (iutamm An20410) u S-cermenta PHK
LASV (mntamm Josiah), coxpaHsia HemaTOreHHBIN
npoduiab MOPV u kenaeMyio MHAYKIINIO CUIbHBIX
3alIUMTHBIX UMMYHOJOTMYECKUX PeaKIMUil MPOTUB
LASV. OnHokpaTHasi MOAKOXHAasi UHBEKIUSI B J03€
103 BOE/Mn moaHOCTBIO 3alluiiiaia MOPCKUX CBU-
HOK (mrramM 13) ot Tpex LD50 (50%-x neraabHbBIX
03), 0e3 BUpEeMUU, KIMHUYECKUX TIPOSIBICHUIN 1
OuoxuMuuyecKux HapyueHuit. Iucronornuyeckoe
HnccieqoBaHNe He BBISIBUJIO B TKAHSIX UMMYHU3UPO-
BaHHBIX KMBOTHBIX KaKUX-JTNOO TTOpaxkeHU, IMOo-
JMIOOHBIX Y KOHTPOJBHBIX WHOUIIMPOBAHHBIX MOP-
CKMX CBMHOK. AHTUTeJa Kiacca IgG, B oCHOBHOM
He HeWTpanusywliiue U crieiuduuynbie K 6enky NP,
OBUIM OOHApYKEHBI yXXe B KOHIIe IIEPBOIl HeIean
MUMMYHU3aIIUN U UX TUTPHI JOCTUTJIN MHUKa (BBIIIIE,
yem 10%/mMi1) Bckope mociie nuHpuuupoBanus [12].
OnHoKpaTHas MOAKOXHAs MHbeKIU KiioHa ML29 B
no3e 10° BOE/mn uHaynupoBajia yBeJIMYeHUE KOJIM-
yecTtBa T-kjerok (CD14* u CD3%), O6bi1a 6e3omacHa,
MMMYHOTeHHa U 3¢ (GeKTUBHA MPU MOAKOXKHOM XKe
MHGULUMPOBAHUY OOBIKHOBEHHBIX UT'PYHKOB IITaM-
moM Josiah LASV takke B no3e 103 BOE/mn. 13 1e-
CTH UMMYHU3UPOBAHHBIX XUBOTHBIX BUPEMUS Ha-
O1r01a1aCch y OAHOIO, HO TOXKUBIIIETO 10 KOHEYHOM
TOYKM UcClienoBaHust Ha 35-¢ cyTku [36]. B oTBeT
Ha OO0ECIOKOEHHOCTh II0 IOBOLY O€30MacHOCTH
MPUMEHEHUsI peacCopTaHTHOM BaKIIMHBI B Apprke
B MIOMYJISIIUY JTIO/Iel, WHOUIIMPOBAHHBIX BUPYCOM
UMMYyHOAehUIINTA, TPOBEACHO MCCIeAOBaHUE Ha
MaKaKax-pe3yc. DTU KXKUBOTHBIC Ha ITO3IHEI CTagun
nocjae MHOUIMPOBAHUS BUPYCOM MUMMYHOIE(MUIINTA
00¢3bsTH OBLIN TTapaJUIeIbHO UMMYHU3MPOBAaHBI peac-
copranToM ML29. B pesynbrate MakKaKu-pe3yc He
NPOSIBUIIN KJIIMHUUYEeCKUX mpu3HakoB JIJI mim xpo-
HUYECKOU MH(pEKINHU. Y BCEX BaKIIMHUPOBAHHBIX
KUBOTHBIX OOHapykeHbl MUL29-cnenmdpuaeckme
KJICTOYHBIC M TYMOpaJbHbIe UMMYHHBIC PECaKIIMH.
Ho, HecMoTpsi Ha TIPOAEMOHCTPUPOBAHHBIC IIpe-
uMmyiiecTBa 3toit miardopmel, ML29 nmoka Hemo-
CTaTOYHO MCCJIeIOBAH B IUIaHE pUCKa ero BO3Bpa-
LIeHUs K JuKoMy reHortuity LASV [61].

3.4. Ha ocnose ammeHyupoeanHo2o uumamma 6u-
pyca xyceamoui Auxopaoxu

ATTeHyupoBaHHBIA mTamMmm 17D Bupyca Xxei-
toii tuxopanaku (Yellow fever virus, YFV17D) Ob11
noJjiyyeH B 1948 1. nmpu cepuifHOM maccUpPOBaAHUU
mramMma Asibi nukoro tuna YFV B TkaHsx pa3s-

BUBaloOlErocsi KypuHoro amopuona [22]. Illtamm
YFV17D sdBasieTcsd eAUMHCTBEHHOI JMIEH3UPO-
BaHHOW MBOW BakKLMHOW MPOTUB (aaBUBUpPYyCaA
(Flavivirus) v UCTIONb3yeTCs i1 pa3pabOTKU IKC-
MepUMEHTAIBHBIX XUMEPHBIX BaKIWH, WHIYLIPY-
IOIIUX CUHTE3 aHTUTEJ, HeUTPaIN3YIOIINX IPYyTrue
aHTUTEHHO-POJICTBEHHBIC ITaTOoTeHBI. Hampumep,
miatdpopma YFV17D uMeer mpeBOCXOAHBIE I10-
KazaTeqn 0e30macHOCTH U 3(P(PEeKTUBHOCTU BaK-
OWH TIPOTUB (DIaBUBUPYCOB, BBI3BIBAIOIINX TaKUE
Oosie3Hn, Kak ATmoHCKUi sHIIEhATUT, JTUXOpaaKN
nenre, 3uka n 3anagHoro Huna [18]. OTtnenbHbBIE
BEKTODbI, CoJiepxKalliie HyKJIEOTUIHbIE OCIeI0Ba-
TeabHocTU TogHOro reHa GPC mramma AV LASV
ni Toabko ero yactu GP1+GP2 mramma Josiah,
BCTaBJIEHHbIE MEXIY IOCJIEI0OBaTEILHOCTSIMU T€HOB
E u NS1 renoma YFV17D, obecnieuuBaiu 3aiiuTy
MOPCKHUX CBUHOK (MuHMU mtamMM 13) Ha 80 u 83%
COOTBETCTBEHHO, OT WH(MUIIMPOBAHUSI TOMOJIO-
TMYHBIMU BUJaMUu BUpYcoB B mo3ax 10° BOE/mi u
5x 10 BOE/mn [8, 30].

3.5. Ha ocnoee supyca kopu

Bakuuna npotuB Bupyca kopu (Measles virus,
MV) Ha OCHOBe AaTTeHYMPOBAHHOTO IIITaMMa
Schwarz, mpoBepeHHas Ha 0e30IIaCHOCTb B MHpE
3a mepuona 40 et Ipu BBEACHUM 2 MIPI JICTEH,
oOecreunBaeT MOXM3HECHHYIO 3allIUTY OT OOJIE3HU
npyu OAHOKpATHOMU no3e. s uszydeHus 3allUThbl
OT APYrUX OIMACHBIX BUPYCOB, HAIlpUMep, UMMY-
HoJIedUILINTa U NalUIJIOMBl YejloBeKa, 3araJaHoro
Hwuna, nenre, rematura B, YUukyHrynss, Humax,
D06oJyia M Ap., aTTeHyupoBaHHBIII MV ObLT peo0d-
pa3oBaH B XUMEPHBIII PeKOMOMHAHTHBII BaKIIWH-
HBII BekTOp. Paspaboran Bekrop MV m misg LASV
(GPC+NP) u 6o7b11asi eMKOCTb BCTaBKU 4Y>KE€POJI-
HBIX TEHOB ITO3BOJINJIA TTOJTYYUTh CTAOMIBHBINA BBIXOI
LeJIeBBIX aHTUTEHOB B OpTaHM3Me MMMYHHU3UPOBaH-
HBIX >XMBOTHBIX. [TokazaHo, 4uTo pazoBas go3a MV-
LASV (GPC+NP) zamuiiaer Mmakak-pe3yc OT Je-
TasbHON MHPekuu [23]. OgHaKo TaKoW MOAXOJ B
KOHCTPYMPOBAHWU BaKIIMHBI UMEET MPAKTUUIECKYIO
po0JieMy, T.K. MHOTHE CEPOJIOTUUECCKNE ITUArHO-
ctuyeckue Habopbl Ha JIJI ocHoBaHbBI Ha oOHapy-
XKEeHUU aHTUTeN, cien@uuHbIX K 6enky NP LASV.
Ecnau stoT 6ej1oK OyaeT BKJIIOUEH B BaKILIMHY, TOraa
HEe OyIeT YeTKOro IMarHOCTUYECKOro MapKepa Ijst
OTJIMUMSI BAaKIIMHUPOBAHHBIX JIMIL OT MHMUIIMPO-
BaHHBIX [47].

3.6. Ha ocnoge peKomMOUHAHMHO20 8upyca ocno-
GAKUUHDL

B 1987 1. onucaHa nepBast BakiimHa poTus JIJI
Ha OCHOBE PEKOMOMHAHTHOIO BUpYyca OCIOBaKIIUHbI
mrTamMma Lister (vacccinia virus-vectored vaccines,
VVVV-NP), skcnipeccupytouiero reH 6eika NP LASV.
DTa BaKIMHA MPU MCCIETOBAaHUM Ha OECIOPOIHBIX
MOPCKMX CBUHKaxX JuHUM Hartley mpu mnx 3apaxe-
Huu B go3e 107 BOE/MI HUTepHiICKUM IIITAMMOM
GA391, 6buta adpdexktuBHa Ha 100%. ¥V BakuMHU-
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POBaHHBIX CBUHOK He OBIJIO TPU3HAKOB 3a00JIeBaHUS
U BUPYC He ObLT 0OHApYKeH B CHIBOPOTKAX KPOBU, B
TO BpeMsl KaK BCE KOHTPOJbHBIC XUBOTHBIC TTOTUOIN
Mexny 14-16-Mu cyTKaMu OT MHMEKIIUUA ¢ OOBIYHBIM
TedeHHeM 3a00JIeBaHUS, BKJIIOYAIOIIMM ITMPEKCHIO
(Mmxopanky), aHopeKcuio, Bupemuio [15]. Mcmoab3o-
BaHME MHOPETHON TUHUY MOPCKUX CBUHOK (IIITaMM
13), amanTUpoBaHHOI K BUpYCHOMY mTaMmy Josiah,
NOATBEPANIO 3aAIIUTHYIO 3(PhEeKTUBHOCTh Ha 94 u
97% paznuunbix VVVV (VVVV-NP unu VVVV-GP),
aKkcrnpeccupyromnux reHsl NP unu GP LASV coot-
BeTcTBeHHO [41]. IIpu MOAKOXHONW MMMYHU3ALIUU
MaKakK-KpaboeloB U uX WUHGUUUPOBAHUM (Tak-
Ke moakoxHo B go3e 103-10* BOE/mi mraMmmMom
Josiah) pesyabraTbl ObLIM MOPOTUBOPEYUBHIE, OT
HyJieBOil 3G @EeKTUBHOCTU (MPU HMCHOJb30BaHUU
VVVV-NP unu VVVV-GP) u g0 67% (nipu ucrnojb-
3oBaHuu VVVV-GPC) [21]. Y Buna «<makaka-pe3yc»
apPpexktuBHocTh VVVV-NP u VVVV-GPS 06bu1a Ha
43 u 100% cootBercTBeHHO [21, 20]. PekOoOMOMHAHT-
HbI BUpYC ocrioBakiMHbI (utammM NYBH), skcnipec-
cupytomuit komruieke GPC, 3amuian makak-pe3yc
Ha 100% ot unduumrposanus mraMmom Josiah B 103e
10° BOE/ma [20]. X oTOT Xe 0CrIOBaKILMHHbII BEKTOP
(mramm NYBH) VVVV-GPC i VVVV-GPC+NP
ObUI 3(p(heKTUBEH Ha MakKakax (BUIOB «pe3yc» U
«kpaboen») Ha 88 u 90% coorBeTcTBeHHO [21].

3.7. Ha ocroge supyca 6eHecy3abCK020 3Huepau-
ma aowadeil

PennukatuBHO-Ie(eKTHbIE BUPYCHBIE TLIaT-
GopMBI  BUpyCa BEHECY3JIbCKOTO OdHIledanuTa
nomaneit (Venezuelan equine encephalitis virus,
VEEV) ocyliecTBISIIOT TpaHCAYKIIMIO 1IeJIeBbIX I'e-
HOB, BBITNOJHSIS TOJbKO OIWH LUK PEIUIMKAIUU.
Takum o00pa3oM, OHM TOAAEPXKUBAIOT TIIPEANO-
YTUTEJbHBIM TpodUJib 6€30MacHOCTH WHAKTUBU-
pOBaHHBIX BaKIMH, 00jlamas MpU 3TOM OOJIbIIeH
MMMYHOT€HHOCTBI0. C UCITOJIb30BAaHUEM PETUINKO-
HoB VEEV (akcnpeccupytomux renbl NP wiu GPC
LASV) st uMMyHM3allMU MOPCKUX CBUHOK (JIMHUU
mTaMM 13, amanTUpOBAaHHOW K BUPYCHOMY ITaM-
My Josiah), mpomeMOHCTPUPOBAaHBI IPOTECKTUBHEIC
cBoiictBa (100%-Has 3aiuTa) Ipy UHGULIUPOBAHUN
3TUX KUBOTHBIX BUpycoM B go03e 10’ BOE/miu. On-
HaKO IJIsT 00eCIIeUYeHNsT TaKOro pe3yJibTrata Tpebo-
BaJIOCh TPM O3Bl MpelapaTa PeIIMKOHOB, YTO HE
MOAXOOUT MU TIPEANOoaraéMoro HMCITOJIb30BaHUS
BaKIIMHBI cpeau ahpUKaHCKOTO HaCEJICHUS, IPO-
JKMBAIOIIEro B AHAEMUYHBIX CEJIbCKMX palioHax ¢
OTCYTCTBMEM HaleXHOI MHGMPACTPYKTYPHI 31pPaBO-
oxpaHeHMs. Takue BaKLMHHBIE MperapaThl Lejiae-
CO00pa3HO MCMOJb30BATh IJISI MEAULIMHCKOI'O U BO-
€HHOI'0 TIepCcoHasia, KOTopbie 60ee OpraHu30BaHbI
U JOCTYITHBI JJISI TTOBTOPHOM MMMyHM3aLuu [48].
Pa3zpaboTraHa MHOroBajieHTHass peKOMOWHaHTHas
koHcTpykuuss VEEV, koaupyrias reH GPC or-
JNaJIeHHO-POJACTBEHHBIX TaMMOB JuHuil [ (LP) u IV
(Josiah) LASV u 3amuiaoomast ot rudenn nHOpen-

HBIX Mbrnei tuaun CBA/J mocpencTBoM MHIYIIUPO-
BaHHBIX MEPEKPECTHO-PEAKTUBHBIX MHOTOMYHKIINO-
HaJIbHBIX T-KJIETOYHBIX OTBETOB [58].

3.8. Ha ocnoee eupyca 6e3uxyisapHo2o crmomamu-
ma KpynHoz2o po2amozo ckoma

Bupyc BesukynsipHoro cromatuta (Vesicular
stomatitis virus, VSV) saBisgeTcss ecTeCTBEHHBIM
MaToreHoM JOMalllHEro CKOTa, BbI3bIBasi MOTEPIO
MOJIOKA, BE3UKYJSIpHBbIE MOPaKeHUsI BOKPYI CO-
CKOB, pTa M KOIBIT. JItOMM MOTYT 3apa3suThCsl MpU
KOHTaKTe C XMBOTHBIMU B CEIbCKON MECTHOCTH.
VSV-uHbekus y aoaeit o0bIYHO ITpOTeKaeT 0ec-
CUMIITOMHO, WHOTIAa pa3BHBAeTCS JIMXOpaaKa C
MUaJITUueii, TOJIOBHOM 00JibI0 U TOolIHOTOM. Ho 0e3-
0OMacHOCTh pekoMOuHaHTHOTO VSV (rVSV) mis mio-
neit B 3amagHoil Adpuke HenaBHO ObLIa TTOKa3aHa
B ¢aze IIl kTMHUYECKUX UCTIBITAHUI BaKIIMHBI Ha
miatdopMme rVSV npotus Bupyca D6oua [16]. Ipe-
MMYILIECTBa BaKLMHbI Ha ocHOBe rVSV cocTosdT B
BBICOKOM YPOBHE €€ UMMYHOT€HHOCTU U MpPaKTHU-
YEeCKOM OTCYTCTBUM B YEJOBEUECKOU MOMYISIILIUU
MUMMYHUTETa K BTOMY BEKTOpPY, KOTOPBI MOXKET
3HAYUTEJIbHO CHU3UTH 3(D(PEKTUBHOCTh BaKIIMHBI.
OrpanndeHus 3TOM TIATGOPMBI 3aKIIOYAIOTCS B
OTCYTCTBUHM TEPMOCTAOMIBbHON (DOPMBI M peakTO-
TeHHOCTH, IIPOSIBISIONMICIiCS B BUIC JIUXOPAIKU,
TOJIOBHOI 00JIM, YCTAJIOCTU U Muaiaruu [28].

B mepBoM uccienoBaHUU, XapaKTEPUIYIOIIUM
BakliMHy Ha ocHoBe 1rVSV-GPC mnpotuB LASV
wrtamMma Josiah, mMakaku-kpadoeabl ObLIM BaKLU-
HUPOBaHbl BHYTPMMBIIIEUHO C OJHOKPATHON 0301
2 x 107 BOE/mi. Ha MOMeHT MHGMIIMPOBAHUS Y BCEX
JKMBOTHBIX MHIUBUAYAJbHBIM YPOBEHb HEUTPATU3YIO-
mux antuTen kiacca IgG ob11 B Tutpe 1/320 1 Bce oHM
BBDKUJIU TTOCJIC BHYTPUMBIIIIEUHOTO 3apakeHUs B 103¢
10* BOE/mn BupycHbiM mTammoM Josiah, HecMOTpst
Ha KpaTKOBPEMEHHYIO BUPEMUIO Y ABYX MaKak, Y
KOTOPBIX, TEM HE MEHEeEe, HEe pa3BWJIacCh JUXOpaaKa
WJIM IPYyrve CUMIITOMBI, a TaKXKe He ObLIO U3MEHe-
HUI B OMOXUMUYECKUX MoKa3aTeeit KpOoBU. Y Tpex
M3 4YeThbIpeX BaKIIMHUPOBAHHBIX MaKaK IMoOcCJe 3a-
paxeHuss Oblia oOHapyxeHa mnpoaykuuss CDS8*
auMdonuTaMu ramMma uHTepdepoHa (interferon
gamma, [FNy) u dakropa Hekpo3sa onyxonu (tumor
necrosis factor alpha, TNFa). Takum o6pa3zom, mo-
Ka3aHo, 4TO 00a TMIa UMMYHHOI'O OTBETa UTPAIOT
BaXHYIO poJyib B 3ammute oT LASV [24]. YunTbiBas
3HAYUTEJIbHBIE TCHETUYECKUE PA3INIUSI MEKIY Te-
Hotunamu LASV, nanee Oblia rcciienoBaHa BO3MOX-
HOCTh MEPEKPECTHOW 3alllMThl, BBI3BIBAEMOU BTOM
koHcTpykuueir rVSV-GPC-LASV(Josiah), mpotus
pas3nuyHbIX reorpadpuueckux uszonsatoB LASV: uz
Chbeppe-Jleone (iutamm Josiah, nunus V), uz JIute-
puu (mwrtamMm Z-132, nunug 1V), n3 Manu (muramm
Soromba-R, nuaug V) u mu3 Hwurepum (1uramm
Pinneo, nunus I) Ha MOpPCKUX CBUHKax (JMHUSI
mramMM 13) Ipu UX BHYTPUOPIOIMIMHHON MMMYHU3a-
uvu B 1o3e 10° BOE /M u moceayiomeM 3apaxkeHun
WHOEKIMOHHBIM MaTepuaioM B mosze 104 BOE/mi.
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B pesynbrate 3apaxxenue mrammamu Josiah u Z-132
npuBoauiao K 100%-Hoit TmbOesIM KOHTPOJBHBIX
KUBOTHBIX, a UMMYHU3UPOBaHHbIC BBDKUBAIN 03
npu3HakoB 3aboseBaHusi. MHdexkuu, BbI3BaHHbIE
mramMaMu Soromba-R u Pinneo, He ObLIIM TTOJIHO-
CTBIO CMEPTEJbHBI JISI KOHTPOJIbHON TPYMIbI, O -
HaKO HaOJII0HaIMCh MpU3HAKM 00JIe3HU (JIeTapTus
U noteps Beca) B TedeHue 10 cyToK. Y BaKIIMHUPO-
BaHHBIX XXUBOTHBIX MPU3HAKOB 00JIe3HU 3a(pUKCHU-
poBaHo He Obut0 [60]. Ha Mmakakax-kpaboengax Tak-
JKe TT0Ka3aHOo, YTO BHYTPUMBIIIICYHAST UMMYHU3AIIMSI C
rVSV-GPC-LASV (Josiah) (B mo3e 7 x 107 BOE/mn)
3aluinaia ux oT 00Je3HU MPU BHYTPUMBIIIEYHOM
WHOUOUpOBAHUM TIperapaToM InTtamma Z-132 B
no3e 10* TCID50/mMa. Y KOHTPOJBHBIX MPUMATOB
NPOSIBJISLINCH CUMITITOMBI 3a00JieBaHUs K 13-M CcyT-
KaMm 1rocie 3apaxeHus [24]. Bcenbermka JIJI, npo-
JloJKaloIasicst B HacTosiiee BpeMs B Hurepumn, mo
JIaHHBIM CEKBEHUPOBaHUS, BbI3BaHA M30JSITAMU
LASYV, otHocsmumucs K auaugm 11 u 111 [32], mosTo-
My rVSV-GPC-LASV (Josiah) HeoOXxoamMo TIpoBe-
pATH Ha 3(PHEKTUBHOCTD U IIPOTUB 3TUX BUPYCHBIX
reHoTuIoB [47].

3.9. Ha ocnoee adenogupyca wumnarnse

PexoMOWMHAHTHBIE aJeHOBUPYCHBIE BEKTOpa
(Adeno-based vaccines, AdV) yxe naBHO uccaeny-
IOTCS B KauyecTBe BaKIIMHHBIX ITIaTHOpPM, OTHAKO
HaJIM9Ue B CBIBOPOTKAX KPOBM JIOAeit HeUTpam-
3YIOIIMX aHTUTEJI, CIIEHU(UUHBIX K YeJTOBEYECKUM
mrtamMmmaM AdV, MHrMOMpyeT MMMYHOTE€HHOCTb U
3aIIUTHYIO 3((EeKTUBHOCTh TaKMX IpeIapaToB.
O06oliTh 3Ty NMpobaeMy CTajlo BO3MOXHBIM C HC-
noab3oBaHueM AdV nmpumatoB. Bektop ChAdOx1
SBJISIETCSI MPOM3BOAHBIM OT ImTaMMmMa Y25 AdV
IIUMITaH3e ¢ yaaJeHHWeM IeHa, KOIMPYIOMIeTro Ha-
PYXHBI BHUPYCHBIN TimkonpoTenH El m, coor-
BETCTBEHHO, HEKOMIIETEHTHOTO K peIUIMKalluu.
HecMmoTpsa Ha OTCYyTCTBUE peIUIMKAILIMM, BEKTOP
ChAdOx1-GP-LASV npu pa3oBoil MUMMyHU3ALUU
MPOAEMOHCTPUPOBAT 3alUUTHYIO 3(DDOEKTUBHOCTD
GP-cneunduueckux aHTUTET Ha MOJCIU JIeTaIbHOM
JIUI (Ha mopckux cBuHkax jguHuu Hartley) mpotun
mramMma Josiah. JlonmoJiHUTENbHbBIE MCCJICIOBAHUS
Ha OecriopoAHbIX Mblax JuHuu CD1 ganu moka-
3aTeJIbCTBA MHIYKIIMHM IIEPEKPECTHO-PEaKTUBHBIX
T-xnerouHbix oTBeTOoB Ha 6e10ok GP LASV mrtam-
MOB, oTHocsuxcs K auHusm [-111 [47].

3.10. Bupyconodob6uste uacmuuol

HWcnonp3oBanne MOIMGUIIMPOBAHHOTO BEK-
topa VVVV miramm Ankara, nedekTHOro mo pemniu-
Kaluu, Ho 3Kcrpeccupyrolero reisl GPC u wma-
TPUKCHOIO Oenka Z, MPUBOIUT K (POPMHUPOBAHUIO
BUpyconoaoOHbIx yactull (virus-like particle, VLPs)
B KyJbType KjieToK. UMMyHOTeHHOCTh U 3 (peKTUB-
HocTh VLPs mucneiTana Ha Mbiinax auHuu CBA/J,
W TTOKa3aHO, YTO OOHOKpaTHas mo3a (HeT HaHHBIX
no KoHueHTpauuu) Ha 100% 3aluuinaeTr 3TUX KK-
BOTHBIX OT JeTaJbHOM M03bl peaccopTaHTa ML29
MOPV/LASYV, noctaBisieMOro HEMOCPEACTBEHHO B
mo3r. [1pu aTom VLPs nHaynupoBaiu HU3Kue ypoB-

HU aHTUTEJ, HO cTuMmyaupoBaiu CD4* u CD8*T-
KJIeTOYHBIe peakuuu [54].

3aknyeHme

LASV onaceH mjis 4ea0BEUYECKOU TIOIMYJISILUHU,
T.K. TIepelaya BUPYyca MOXET MMPOUCXOIUTH KaK OT
300HO3HOTO WCTOYHMKA B AdpukKe aamMeHTap-
HBIM, BO3IYIIHO-MBUIEBBIM, BO3AYIIHO-Kamelb-
HBIM MyTeM, TaK U OT YeJOoBeKa K YeJOBEeKYy uyepe3
WUHMUIUPOBAHHYIO KPOBb WJIM APYTUE XUIKOCTU
opraHuU3Ma 3a00JIeBIINX JIOAC Ha SHICMUYHBIX
TEPPUTOPUSIX WM MIPU UMIOPTUPOBAHHBIX CITyda-
ax. JlanHble mo yjetaabHOocTH OT JIJI B pa3HBIX uc-
TOYHUKAX CUJbHO BapbUPYIOT, OTMeYaeTcsl CBSI3b
reorpaduuecKoro pacIojokeHMsT BCTIBIIIEK ¢ KN -
HUYECKMMH CUMITOMaMHU, BEPOSTHO, M3-3a pas-
JIMYHOM BUPYJICHTHOCTH LIUPKYJIUPYIOIINX BUPYC-
HBIX TeHOTUIoB. KileTouHble MMMYHHBIC OTBETHI
WUTPalOT OCHOBHYIO POJib B 00ECHEYEeHUM 3alllUThI
npu 3apaxeHuu LASV. [TokazaHo, 4TO HapylleHUe
byHkuMu ki1etouyHoro umMmyHureta npu JIJI mpuso-
INT K BUPEMUH U SIBJISICTCS TJIOXUM IIPOTHOCTUYE-
cKkuM npusHakoMm. [Ipu GraronpusiTHOM TeUEeHUU
00JIE3HU B paHHHE CPOKM aKTUBUPYIOTCS T-KJIETKU
cyononynssumnii CD4* u CD8", cneunduuHble Kak
K rukomnporenHoBomy komruiekcy (GP1, GP2) tak
n K HykineonporenHy (NP) LASV. Ilponykumsa ke
aHTuTesn mocje uHbuuuposanus LASV He Koppe-
JIUPYET C UCXOA0M 3a00jieBaHUsI, U OOJIbHOU Ueso-
BEK SIBIISICTCS MCTOUYHWKOM WHMEKIIMN B TEUCHUEC
IBYX MeECSIIeB, T.K. BUPYC LUPKYIUPYET B KPOBU
Ha (oHE BBICOKOIro ypoBHS aHTHTed. Helitpanu-
3ylolllMe aHTUTeJIa OOHAPYKUBAIOTCS B CBIBOPOTKE
KPOBM 3a00JIEBIIMX TOJBKO Yyepe3 HECKOJIbKO Me-
CsIeB TIOCJie pa3pelieHusI OT OCTPOoil MHMEKIINU
U cneunUIHBI, B IIEPBYIO ouepenb, K oenkam GP
u NP. PazpabarbsiBaeMble BaKLIMHBI HalleJICHbI Ha
UHAYKIUIO aHTUTEN, CIICLU(PUUHBIX K 3TUM Oes-
kaM. HMcrosib3oBaHUE >KMBBIX aTTEHYMPOBAHHBIX
BUPYCOB WJIN PEKOMOWHAHTHBIX BEKTOPOB SIBJISI-
eTCs TIPUBJIEKATSIILHBIM ITOAXOIOM K pa3paboTKe
npoduiakTuiyeckux mpemnaparoB npotus JIJI, T.k.
obecnieunBaloT OoJsiee d(PEPEKTUBHBIN €CTECTBEH-
HBI TIYTh IUIST TIPEICTaBJICHUS BUPYCHBIX aHTH-
T€HOB KJIeTKaM WMMYHHOU cucteMbl. M3 Menkux
XKUBOTHBIX Mopeneit JIJI mist McoblTaHUS BaKIIMH
npotuB LASV moaxoasiT MbIIIA U MOPCKUE CBUH-
KU1, HO HEOOXOIMMO YYUTHIBATh, YTO MTATOT€HHOCTH
BHUPYCHBIX IITAMMOB 3aBUCUT BUPYCHOTO T'eHOTHTIA
W JINHUU XKUBOTHOTO-X035IMHA. XOTs B INTEpaType
HET JaHHBIX 00 MHPUIMpOoBaHUM YenoBeka LASV
OT 00€3bsIH B €CTECTBEHHBIX YCIIOBUSX, TEM HE Me-
Hee HambOojee MHMOPMATUBHON OMBITHOW Mome-
JIbIO 111 u3ydeHus naroreHesa JIJI u abdekTuBHO-
IO UCITBITAHUS BaKIIWH SIBIISTIOTCST TIPUMATEHI.

KondaukT narepecos

ABTOPBI MOJATBEPKIAIOT OTCYTCTBUE KOH(MINKTA
¢urHaHCOBBIX/HE(UHAHCOBBIX UHTEPECOB, CBSI3aH-
HBIX C HAITMCAHWEM CTaTbH.
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9KCMNEPUMEHTAJIbHOE NEPEOPUEHTUPOBAHUE
PEHOTUNA PYHKLUNOHAJIbHO 3HAHUMbIX
cysnonynauum n MUKPOBULIMAHOWN AKTUBHOCTU
HEUTPODUNbHbIX FPAHYJIOLIMTOB JETEWU C THOUHO-
BOCMNAJINTEJIbHbIMU 3ABOJIEBAHUAMMU NOA BJINAHUEM
MOKO3AMUHUIMYPAMUNOUNENTAOA B CUCTEME

INVITRO

Hecreposa VI.B.%, Yyanaosa I''A., Murponanosa M.H.!,
ITasaenxo B.H.,, JJomratuasze JI.B.!, Kosaxesa C.B.!, Tapakanos B.A.!,
Baposa H.R.

L@I'BOY BO «Kybanckuii eocydapcmeennniii meduyunckuil ynueepcumem» Munucmepcmea 30pasooxpanerus: PO,
e. Kpacnooap, Poccus

2@IAOY BO «Poccuiickuii ynusepcumem opyacovl Hapoooe» Munucmepcmea HayKku u evicuie2o 00pazosanus PP,
Mockea, Poccus

Pe3romMe. MHOTOUNMCIICHHBIMHM HUCCICIOBAHUSIMU MOCICIHETO ACCITUICTUS YOSAUTEIbHO J0Ka3aHO, YTO
MOJTHOLICHHOCTh PabOThl HEUTpOoMIBHBIX TpaHyaonuToB (HI') mIpenomnpenenseT TedeHUE M MUCXOI MHOTHX
3a0oJieBaHMii. BeIsgBIIeHMe BapmnaHTOB (peHOTUITA (DYHKIIMOHAIBHO 3HAYMMBIX cyonomyissuuit HI' — HoBEIit
TOAXOM, TTO3BOJISIONINIT Ha MOJICKYJISIPHOM YPOBHE OLICHUTh aAcKBAaTHOCTD WIN Oe(EKTHOCTh BKITIOUCHUS
HI B peanu3zanuio nmpoueccoB UH(MEKIIMOHHOTO BocnaneHusi. BO3MOXHOCTh MepeopueHTUPOBaHUS AeheKT-
Horo (peHotuna cyoronyasiunii HI' mpu rHoiiHO-BOCHaTUTEIbHBIX 3a0071€BaHUSIX 32 CUET MEPECTPONKU pe-
LENTOPHOU OCHAIIEHHOCTHU TOJ BAUSIHUEM PAa3JIUYHBIX UMMYHOTPOITHBIX CYOCTaHIUIA MOXET MOCIYXKUThb
KJIIOYOM K BOCCTaHOBJIEHUIO HOpMajibHOTO ¢dyHKIMoHupoBaHusi HI. Lenb — uzyuuts Baussnue T'MIIT B
CUCTEME in vitro Ha (PEHOTHIT 4YeThbIpeX (PYHKIMOHAJIBHO 3HAYMMBIX cyonomyiasuuii CD62L*CD63 HI,
CD62L"CD63"HI, CD64 CD32*CD16*CDI11b"HI, CD64"CD32*CD16"CDI11b"HI u ¢ olileHKOIi MHUKPO-

ounmmHoi aktuBHocT HI' y nereii ¢ rHofiHO-BOCHAIMTEIbHBIMU 3a0071€BAHUSIMU.
HccaenoBansl 190 obpasznios niepudepudeckoit kpou (I1K) mereit 2-4 jet: 12 ¢ Manoii THOMHO MH(DEK-
mueit (MI'N) u 7 yeiioBHo 3n0poBbix Aeteit. ITK neTeit nHKyoupoBaiu B redenue 60 mun. npu T 37 °C ¢ TMJIIT

Anpec 1Jig nepenucKu:

Hecmeposa HUpuna Badumosna

DI'BOY BO «Kybanckuit 2ocyoapcmeenHblil MeOUUUHCK UL
YHueepcumenr» Munucmepcmea 30pasooxpanerusi PO
117513, Poccusi, Mockea, Jlenunckuii np., 123-1.

Ten.: 8(916) 187-73-41.

E-mail: inesterova I @yandex.ru

Address for correspondence:

Nesterova Irina V.,

Kuban State Medical University

117513, Russian Federation, Moscow, Leninsky ave., 123-1.
Phone: 7 (916) 187-73-41.

FE-mail: inesterova 1 @yandex.ru

O06pa3sen IUTHPOBAHUS:

HU.B. Hecmeposa, I A. Yyounosa, M.H. Mumponanosa,
B.H. Ilasaenko, JI.B. Jlommamuose, C.B. Kosanesa,

B.A. Tapaxanos, H.K. Baposa «Dkcnepumenmanvroe
nepeopuenmuposatue heHomuna GYHKUUOHANbHO
SHAUUMbIX CYORONYAAYULL U MUKPOOUUUOHOT AKMUBHOCIU
HelmpopUAbHbIX ePAHYAOUUMO8 Demell ¢ SHOUHO-
8ocnanumenvHuIMu 3a604e8aHUAMU NOO 8AUHUEM
2AHOK03AMUHUAMYPAMUAOUNEenMUOA 8 cucmeme in vitro» //
Meouyurckas ummynonoeus, 2021. T. 23, No 1. C. 49-62.
doi: 10.15789/1563-0625-1VP-2136

© Hecmeposa U.B. u coasm., 2021

For citation:

L.V. Nesterova, G.A. Chudilova, M.N. Mitropanova,

V.N. Pavlenko, L.V. Lomtatidze, S.V. Kovaleva,

V.A. Tarakanov, N.K. Barova “In vitro phenotypic
re-orientation of functionally important neutrophil
subpopulations and their microbicidal activity in the children
with purulent inflammatory diseases influenced by glucosaminil
muramildipeptide”, Medical Immunology (Russia)/
Meditsinskaya Immunologiya, 2021, Vol. 23, no. 1, pp. 49-62.
doi: 10.15789/1563-0625-1VP-2136

DOI: 10.15789/1563-0625-1VP-2136

49



Hecmepoea U.B. u dp. Meoduyunckas Ummynonoeus
Nesterova 1.V. et al. Medical Immunology (Russia)/Meditsinskaya Immunologiya

(B xoHueHTpauuu 10 r/m). TIpoBoAMIN OLIEHKY OTHOCUTEIBLHOrO KojndyectBa cyornonyisiuii HI: CD64-
CD167CD32*CDI11b*HI, CD64*CD16*CD32*CD11b*HI, CD62L*CD63 HI, CD62L*CD63*HI ¢ oneH-
KOI MJIOTHOCTU 3Kcnpeccuu MoJiekys no MFI meTonom npotoyHoii uutomMeTpun. OMTHOBPEMEHHO MPOBOIU -
JIM TecTUpoBaHue (paroMtapHoii 1 MukpoounmaHo pyukumnu HI' B uccnenyempix rpymnmax. [TosxyyeHHbIe
pe3yabTaThl CBUAETEBCTBYIOT O HAUIMYMU YEThIpeX pa3anyHbIXx cyononynasauuii HI' kak y yc10BHO 310pOBBIX
neteii, Tak u 'y neteii ¢ MI'U. Tlpu aToM BeIsiBIIeHa TpaHchopMaliusd HeHOTUTTa U3yYaeMbIX CyOTTOnmyJISIuiA
HTI y naruentos ¢ MI'!, conpoBoxaatomasicss HapyleHUsIMU (harouMTapHO U MUKPOOULIMAHOM (PyHKIIUIA
KJIETOK. YCTAaHOBJIEHO B CUCTEME in Vitro, uTo noa BausHueM I M/ITT mpousoliuio nepeopueHTUPpOBaHUE TPAHC-
dopmupoBaHHOTO (peHoTura 4 GyHKIMOHAIbHO 3HaUMMBIX cyononyasuuit HI' nauuentos ¢ MI'NM. Tlpu
aTOM yBeandmioch Koaudectso HI cyoronymsunit CD62LTCD63"HI'u CD64-CD32"CD16"CD11b*HI, Ha
done cHmxenust koandectsa HI' cyononynsiuu CD647CD327"CD16"CD11b™HI u CD62L"CD63 HTI, uto
COMPOBOXKIAIOCHh BOCCTAHOBJIEHUEM MUKPOOUIIUIHOMN akTuBHOCTU HI.

IMonmyyeHHbIe TaHHBIE MO3BOJISIIOT MNOTIOJHUTH COBPEMEHHBIE TMPEACTAaBICHUSI O MeXaHU3MaX UMMYHO-
TponHbIX 3(pdexkToB T MIT 1 paciiupstoT 00JaCTh €ro SKCINEPUMEHTATBHOTO U KITMHUYECKOTO MMPUMEHEHUS.
BrisiBneHHble B cucteme in vitro addextsl BausHuil TMITI, 3akitoyaroliyecs: B peopraHusanuu ¢peHoTuna
byHKIIMOHATBHO 3HaUMMBIX cyononysiiii HI' CD64-CD167CD32*CD11b*,CD64*CD167CD32*CD11b*,
CDO62L"CD63-, CD62L*CD63" npu HETUITUYHO MPOTEKAIOIINX THORHO-BOCTATUTEIbHBIX 3a00JIEBAHUSX Y
JIeTel, MOTYT OBbITh UCTIOJB30BaHbI B TAJIBHEUIIIEM TS pa3pa00TKU HOBBIX UMMYHOTEPAINeBTUUECKUX CTpaTe-
Ui, HarpaBJIEHHbIX Ha Koppekuuto auchyHkuuit HI' mpu Maioli rHOHOU MHGbEKIIMY Y AeTe.

Karouesvie crosa: neiimpoghunvhole epanysoyumot, IKCnepumMmenm in vitro, cyononyasuuu, enioK03aMuHUAMYpamuiIounenmuo, Maias
2HOUHaA UHGeKyus, demu

IN VITRO PHENOTYPIC RE-ORIENTATION OF FUNCTIONALLY
IMPORTANT NEUTROPHIL SUBPOPULATIONS AND THEIR
MICROBICIDAL ACTIVITY IN THE CHILDREN WITH PURULENT
INFLAMMATORY DISEASES INFLUENCED BY GLUCOSAMINIL
MURAMILDIPEPTIDE

Nesterova L.V.2?, Chudilova G.A.?, Mitropanova M.N.?, Pavlenko V.N.2,
Lomtatidze L.V.2, Kovaleva S.V.2, Tarakanov V.A.2, Barova N.K.?

@ Kuban State Medical University, Krasnodar, Russian Federation
b Peoples’ Friendship University, Moscow, Russian Federation

Abstract. Numerous studies over last decade have shown that functional capacity of neutrophil granulocytes
(NG) determines the course and outcome of many diseases. Identification of phenotypic variants of
functionally significant NG subpopulations is a new approach allows us to assess the adequacy or deficiency
of NG involvement into infectious inflammation processes at molecular level. An opportunity of reorienting
a deficient NG subpopulational phenotype in purulent inflammatory diseases due to the rearrangement of
the receptor set induced by various immunotropic substances may serve as a key to recovery of normal NG
functioning.

Our aim was to study the effect of glucosaminylmuramyldipeptide (GMDP) under in vitro conditions
upon the phenotypic profile of four functionally significant subpopulations, i.e., CD62L*CD63 NG,
CDO62L"CD63*NG and CD64CD32*CDI6"CDI11b"NG, CD64"CD32*CDI16"CD11b"NG, along with
assessment of expression density of appropriate membrane molecules and NG microbicidal activity in
the children with purulent inflammatory diseases. 90 samples of peripheral blood (PC) were taken from
children 2 to 4 years old, including 12 children with minor purulent infection (MPI), and 7 children were
studied as conditionally healthy controls. Their peripheral blood was incubated for 60 minutes at 37 °C with
GMP (10°¢ g/1). Using flow cytometry technique, the relative numbers of some NG subpopulations, i.e.,
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CD64CD16"CD32*CD11b*NG, CD64"CD16*CD32"CD11b"™NG, CD62L*CD63 NG, CD62L*CD63*NG
were evaluated, and the phenotype features of each subpopulation were investigated according to the density
of appropriate membrane molecule expression (MFI). In parallel, phagocytic and microbicidal activity of NG
was tested in these study groups. The obtained data indicate for presence of for distinct NG subpopulations,
both in healthy children and in children with MPI. We have revealed phenotypic transformation of the four
studied NG subpopulations from MPI patients including disturbed phagocytic and microbicidal functions of
the cells. Using of this in vitro system, we have shown that the transformed phenotype of the four functionally
significant NG subpopulations of MPI patients was re-arranged under GMDP treatment. At the same time,
the number of CD62L*CD63*NG and CD64-CD32"CD16"CD11b* NG subpopulations was increased, along
with decreased amounts of CD64*CD32*CD16"CD11b*NG and CD62L"CD63 NG subpopulations, being
accompanied by restoration of microbicidal activity of NGs.

The obtained data allow us to accomplish current understanding of immunotropic effects of GMDP, and
to extend the potential scope of its experimental and clinical application. The new data on GMDP effects
revealed by in vitro system, i.e. phenotype rearrangement of functionally significant NG subpopulations
CD64CD16"CD32*CD11b*, CD64*CD16"CD32*CDI11b*, CD62L*CD63-, CD62L*CD63* in atypical
purulent inflammatory diseases in children, may be used in the future in order to develop innovative strategies

of immunotherapy aiming for correction of NG dysfunction in children with MPI.

Keywords: neutrophilic granulocytes, in vitro testing, subpopulations, glucosaminilmuramildipeptide, minor purulent infection,

children
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BeeneHune

Ha coBpemMeHHOM »3Tarne JOCTUTHYTHI 3HA4YU-
TeJIbHbIE YCIEXM B KIMHUYECKOM MEIUIIMHE I10
TepaIeBTUYECKOMY KOHTPOJIIO MHOTMX MHMEKIIM-
OHHO-BOCIAJIMTEIbHBIX 3a00JIeBaHUI, HO, TEM He
MeHee, OTMEUYEH HEYKJIOHHBI POCT HETUIIMYHO
MIpOTeKAIIUX MHGEKIUMOHHO-BOCHAIUTEIbHBIX, B
TOM YHCJIe THOMHO-BOCTIAJIMTEIIFHBIX 3a00JICBAHUI,
HE OTBCYAIOIINX HAa METOIBI CTAHIAPTHOM TepaITim.
be3ycioBHO, Takoil pOCT HETHITMYHO ITPOTEKaro-
X THOWHO-BOCITAJIMTEILHBIX 3a00JIeBAaHUMN CBSI-
3aH ¢ HECTTIOCOOHOCTHbIO MMMYHHOI CHCTEMBI CBOE-
BPEMEHHO Y aJeKBaTHO OTBeYaThb Ha MUKPOOHYIO
arpeccuto [8]. M3BecTHO, YTO pa3sBUTUE UMMYHHOI
CUCTEeMbl pebeHKa IepeXMBaeT Pl KPUTUYECKUX
3TAroB CTAHOBJIEHUSI, CpPeIM KOTOPBIX Bo3pacT 2-4
rojaa CYMTaeTcs OAHMUM 13 HauboJiee ysI3BUMbIX. DTO
MPOSIBJISIETCSI BBICOKOM IIOJABEPXEHHOCTbIO K IO-
BTOPHBIM OCTPbIM BUPYCHBIM PECIIMPATOPHBLIM MH-

GEKIMSIM B OCTPBIM U XPOHUYICCKUM PELIMIUBHUPY-
IOIIMM THOWHO-BOCHAJIUTEIBHBIM 3a00JICBAaHUSIM,
BKJIIOYasi Majible THoWHbIe nHbeku (MT W) koxu
M TTOJKOXXHO-XKUPOBOI KieTyaTku [2]. OcobeHHO-
ctamu atuoaorun MI'M gaBnsieTcst yBeJimueHUe Ko-
JIMYECTBA YCJIOBHO-TIATOT€HHBIX MUKPOOPTaHN3MOB,
YTO MUMEET B OCHOBE CHMIKCHHE MPOTUBOMH(MEKIIN-
OHHOIO MMMYHUTETAa W HEraTUBHBIC M3MCHCHUS B
MMUKPOOMOME KOXM KaK CJIEACTBUE YXYAIIalolIeincs
9KOJIOTUM U CEJICKTUBHOTO BO3MCHCTBUS aHTUOMO-
TUKOB [7].

He BbI3bIBa€T COMHEHUIA, YTO OAHOM M3 NPUYUH
NMMYHOKOMITPOMETUPOBAHHOCTH MOXKET OBITh Hea-
JIeKBaTHOE BKIIIOUECHME, TUIIO- WU TUIIePAKTUBALIMS
byHkuuit HehTtpodwibHbIX TpaHyigouuToB (HI),
JTOMUHAHTHBIX 3(P(heKTOPHBIX U PETYJISITOPHBIX KJIe-
TOK BPOXXICHHOTO 1 afallTUBHOIO UMMYHHTETA, UTO
IPUBOIMUT K Pa3BUTUIO 3a00JIEBaHUI C HEIOCTATOU-
HBIM TeparneBTUYECKUMM KOHTpoJjieM [15]. MHoro-
YUCJICHHBIMU UCCICTOBAHUSIMU MOCJICTHETO IeCITU-
JIeTus1 yOenuTeTbHO JOKa3aHOo, YTO MOJTHOIIEHHOCTh
pa6otsl HI' mpenonpenensier TeueHUEe U UCXOA MHO-
rux 3a00JIeBaHMI, TaK KaK JaHHbIC KJIETKA 00iama-
JOT BBICOKOI TIJIACTUYHOCTBIO M JICTKO ITpeTeprieBa-
IOT peapaHXMPOBKY PEIETITOPHOTO OCHAIIEHUS IO
e CTBUEM 3KCTpale/TIONSIPHOTO OKpyxXeHus [11,
20]. Urpag peuiaroliyio pojib B aHTUOAKTEpUaTbHOM’
samuTe, HI' peanusyior cBou dyHKIIUM myTeM da-
rolMTOo3a, TPAaHCMEMOpPAHHOI IerpaHyasLum, oopa-
30BaHUST HEUTPOMDUIBHBIX BHEKJICTOUHBIX JIOBYIIIEK
(NET) u aktocowm [17].

CriocooHoctu HI' K (harouumto3y u KUJUIMHTY TeC-
HO COIIPSDKEHBI ¢ UX (PeHOTUIUIECKUMU XapaKTe-
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PUCTUKAMM: KOJTMYECTBOM U YPOBEHEM DKCIIPECCUU
TakKnX MeMOpaHHBIX MapkepoB, Kak CD11b, CD16,
CD32, CD64, CD62L, CD63 [20].

HI' xoHctutyutuBHO »3Kcnpeccupytor CDI1b
(Mac-1, CR3A) u CDI16 (FcyRIIl) peuentopsr.
Bxatouenre HI' B UMMYHHBIN OTBET Ha IaTOreH CO-
MPOBOXKAAETCS TpaHCJIOKallMeld BHYTPUKJIETOYHBIX
pesepBHBIX nysioB CD16 1 CD11b Ha MmemOpany, 1 B
nepudepruyeckoil KpoBU MHOTOKPATHO YBEIUYMBa-
eTcsl KOJIMYeCcTBO akTuBUpoBaHHBIX HI' ¢ BbICOKOW
TIJIOTHOCTBIO MEMOpaHHOM aKcrpeccuu [3]. Mukpo-
onuuaHeii npodris HIT accouunnposan ¢ CD16 un
CD11b noBepXHOCTHBIMU MEMOpPAHHBIMU PELIETITO-
paMM, UTPAIOIIMMHU POJIb TPUITEPOB, 3aITyCKAIOIIINX
Kackaa aKTUBALIMOHHBIX U PETYJSITOPHBIX MpOILlec-
coB. IlokazaHo, yuto CD11b (B mNpUCyTCTBUU CYOb-
ennaunel CD18) m mumenomepokcunasza HIT wHu-
LUUPYIOT BHYTPUKJIETOYHBIE CUTHAJbHbIE ITYyTU C
nociienyroneit sk3onuro3om rpanya HI, aktuBaiu-
eti NADPH-okcuaas, ycujieHueM ITOBEpPXHOCTHOM
skcnpeccun CD11b u apyrux peuentopos CD64,
CD32, CDI16, CD40, CD80, CD86, HLA-DR u
TLR o MexaHU3My ayTOKPUHHOM perysamnu [6].

CD16 (FcyRIIT) — HuzkoadhGUHHBIN pelenTop,
OTBEYAIOIIMI 3a HUTOTOKCUYecKylo ¢yHkuuio HI.
CessbiBanne CD32 (FeyRII), CD16 ¢ I1gG nHumnu-
UPYIOT pa3HOOOpPa3HbIe OTBETHI, BKJIIOUYasi aHTUTEIO-
3aBUCUMYIO KJIETOUHYIO IUTOTOKCUYHOCTh (A3KII),
daronnTo3, meTpaHyIAIINI0, 0O0pa3oBaHUEC AaKTHUB-
HBIX GopM Kuciiopoma u mnpoaudepaunio [1, 16].
TToBbiieHUe DyHKIIMOHATBHOU akTUBHOCTU HI Ha-
XOJIUTCSI B TIPSIMOIA CBSI3U C BBICOKOW MeMOpaHHOM
skcnpeccuein CDI16-peuenropos. HuskoadduH-
Hblit CD32(FcyRII) yyacTByeT B akTUBall COOPKU
NADPH-okcumazHoro kKomiuiekca, o0ecreyurBacT
MpOLIeCChl 3axBaTa aHTUIEHA, PETryJIsSITOPHbIE U LU-
ToToKcudyeckue mexaHusmbl HI' [19]. Monekysbi
CD16(FcyRIIT) u CD32(FcyRII) onocpenytor B3au-
mozeiictBue HI' ¢ uMMyHHBIMM KoMILUiekcamu [12,
21]. BeicokoadduHnbil peuentop CD64 (FcyRI)
AKCIpeccupyeTcs Ha «He3penbix» HI m cBs3bIBaeT
nMmmyHorsooynunsl (IgG1, 3, 4). YBenuueHHast 3Kc-
npeccust CD64 Ha HI siBiisieTcst MapKepoM pa3BUTHST
OaKTepUaIbHBIX MH(MEKIINI B OTBET HA MHIYIINPYIO-
IIMe CTUMYJIbl: KOMIIOHEHTbl MUKPOOHOW CTEHKU
(munonnonucaxapup — JITIC), KOMITOHEHThI KOMILIE-
MEHTAa U TPOBOCHAINTEIbHBIE IUTOKUHEI [13, 14].

CD62L (LECAM-1) — peuenTtop anare3uu,/Xo-
MUWHTA, YIJaCTBYIOIIWUI B IBVKEHUU W TIPOHUKHOBE-
Huu HI' B 30HY BocmajieHUsI.

CD63 (LAMP-3) — TterpacriaHuH, OCHOBHOM
Mapkep azypodWIbHBIX TPpaHyd, IO KOTOPOMY KOC-
BCHHO MOXHO OIICHUTh aKTUBHOCTh MHUEIOIIEPOK-
cunasbl [4, 9]. Takke CD63 sBisitoTcst OeJIKaMu-
MOCPEIHUKAMU B CUTHAJWHIE, BIUSIOIIMMU Ha

aktuBauuio HI um perynsitopHoe Bo3neiicTBUE Ha
anre3uto yepes CD11/CDI18 [4].

[mokozamuuunmypamungunentun (CMIAIT) —
MOJYCUHTETUYECKUI aHaJIOr MEeNTUIOTINKaHa Kie-
TouHOIM cTeHKM 6akTepu. Kontakt 'M/III ¢ BHyTpu-
KJIeTOYHO pacnojoxkeHHbiIMu NOD2-penentopamu
MPUBOIUT K aKTUBAIIMU CUTHAJIBHBIX MyTeH C MHU-
aluue CHHTe3a HMTOKUHOB, YYaCTBYIOIIUX B BOC-
NaJUTEbHBIX PEaKIIUsIX, BbI3bIBASI CTUMYJISLINIO 3¢h-
dexTopHBIX pyHKIIMM parommTos [10, 18].

HecMoTpst Ha GosblIO MHTEpPEC, MPOSIBJIsIeMblid
B MOCJCIHUE TOAbl K OCOOCHHOCTSIM (DYHKIIMOHM-
poBanusg HI' mpu pasziuyHbIX MaTOJOTUSIX U OOIb-
IO 00beM HAKOIUIEHHOI MHGOpPMaLlUU, MaJlOU3-
YYEeHHBIM OCTaeTCsI BOIIPOC: KaK TPaHC(HOPMUPYETCS
denotun cyononyasuuii HI' npu dopmupoBanuun
otBeTa co cropoHbl HI' Ha GakTtepuajibHble aHTU-
TeHbI TIPU HETUIMMYHO MPOTEKAaIOIIUX THOWHO-BOC-
MaJUTSIbHBIX 3a00JICBaHUSIX Y JETeil, B TOM YMC-
Jie mpyu Majioii THouHoU uHbekuu. Kpome Toro,
NpPaKTUYECKU Majio U3ydyeHa pojb (MYHKIIMOHAIbHO
3HauMMbIXx cyononymsiuuii HI — CD62L*CD63-,
CD62L"CD63*, CD64CD16"CD32*CDI11b*, CD64*
CD16"CD32"CD11b" y ycI0BHO 3I0POBBIX JE€TEN 1
neTtell ¢ MHMEKIIMOHHO-BOCHATUTEIbHBIMU 3a00J1e-
BaHUsSIMU. BbIsIBIeHUe BapuaHTOB (eHOTUIa CyO-
nonynguuiit HI, ¢ y4yeToM TUIOTHOCTU 3KCHpPECcCUu
KaXXIol M3 MOJIeKYJ, MO3BOJISIET Ha MOJIEKYJISIPHOM
YPOBHE OIEHUTH aIcKBATHOCTb WU Oe(hEeKTHOCTh
BkitoueHuss HI' B peanusaiyio npoueccoB MHpeK-
LIMOHHOTO BocmaieHus [ 19, 22]. I1pu aToM paHee He
MpPOBOJAMIIACH OLIEHKA U3MeHeHUsI (heHOoTUNa cyorio-
nynsuuit HI' 3a cueT mepecTpoiiku pelienTOpHOM Oc-
HaIIeHHOCTU W BOCCTAHOBJICHMSA (PYHKIIMOHAJTIBHOMI
aktuBHoctTu HI' mon BiusiHueM cyOCTaHLUU TJIIO-
KozamuHmWIMypamwinunentuna (I'MJIIT) B skcme-
PUMEHTE in Vitro, 4TO TIPEACTaBISIET UCCIEA0BATEIb-
CKUI 1 TPAaKTUYECKUIA UHTEPEC.

Lens uccaenosanus — uzyyeHue piussausg [ MJIIIT
B CUCTeME in vitro Ha (EHOTUIT YeThbIpeX (PyHKIINO-
HaJIbHO 3HaYnMBbIX cyoronynsaunii CD62LTCD63 HI,
CD62L*CD63*HI,CD64-CD32*CD16*CD11b*
HI,CD64*CD32*CD16"CDI11b*HI’ u ¢ oueHKoit
MuUkpooumaHou aktusHocty HI'y nereii ¢ rHoliHO-
BOCHAJIUTEIbHBIMU 32a00JI€BaHUSIMU.

MaTeleanbl N MeTOobl

HccnenoBanbl 190 o0pa3oB mnepudeprudecKoit
kpoBu (ITK) 12 nereii (7 Maab4uMKOB U 5 NEeBOYEK)
2-4 ner ¢ Majsioil THoitHOW wHpekumeit (MIT'N) —
THOWHBIMU  BOCTIAJIUTEJIbHBIMU  3a00JIeBAHUSMU
KOXU M TIOIKOKHO-KMPOBOM KJIeTYaTKM (a0CIIeCCHhI,
(bIerMOHBI «MaJIbIX pa3MEpOB») 10 XUPYPTUUYECKOTO
BMeIIaTeIbCTBA U 7 YCJIOBHO 3MOPOBBIX meTeil 2-4
siet. [1pu ripoBeieHUN 9KCTIEPUMEHTAIBHOTO UCCIe-
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JIOBaHUS ObLTU c(DOPMUPOBAHBI 4 TPYIIIBI 0OPa3OB
IK nereit: rpynma ucciaenoBanust 1 (60 oGpasios
nHTakTHBRIX HI T1K mereit ¢ MI'M) u rpynma cpas-
HeHus 1 (35 oopasuos nHtakTHbix HIT 1K ycioBHO
300POBBIX JAeTeil), a TaKxKe IpyIlla ucciaeaoBaHus 2
(60 obpasuos HI IIK nereit ¢ MI'U miociie Bo3aeii-
cteusg ' MJIIT) u rpynna cpaBHeHus 2 (35 o6pa3uoB
HI' TIK ycinoBHO 310pOBBIX JAETE Tocje BO3aeii-
crBusg T MJIIT). O6pa3susr [1K mereit rpyIis! uccie-
JNOBaHMS 2 M TPYMIIbI CPaBHEHUS 2 NHKYOUPOBAJIU B
TeueHue 1 yaca nipu T 37 °C ¢ riaoKo3aMUHUIMYpa-
mununentuaom (FMJIIT) B konueHTparyu 107 /7.

O6paszner [1K gereit rpynmbsl uccieqoBaHus 1
W TPyNOIibl cpaBHeHUs 1, a Takke obpasirel [1K me-
Teii mocie BosaeiictBusa I'MJIIT — rpymma uccie-
JOBaHUs 2 U TpyIIa cpaBHEHUs 2, MCCIeAOBau C
MCMOJb30BaHUEM TIPOTOYHOTO ILUTOdIyopuMeTpa
FC 500 (Beckman Coulter, CIIIA) 1 coOTBEeTCTBY-
ommx MKAT (Beckman Coulter International S.A.,
®pannust). Onpenelsyin cofaep:KaHUe CyOMOIyJsi-
muit HI' CD62L*CD63-, CD62L*CD63*, CD64
CD16"CD32"CD11b*, CD64"CD16"CD32*CDI11b"
u ypoBeHb aKcrpeccun (middle fluorescence
intensity — MFI) kaxmoro MmeMOpaHHOIO pelernTo-
pa. IlapamrensHO M3y4yanum aronuTapHyio (YHK-
o HI' ¢ yyeToM cTerneHu 3aBepIlIEHHOCTH TI0 OT-
HollleHu1o K Staphylococcus aureus (1utamm 209), o
noka3zateinsasMm: %®DAH (ITpoleHT aKTUBHO-(aromm-
tupyommx HI); @Y u @U (daromurapHoe 4ucio

M WHAEKC) XapaKTepU3YyIOIIMe MpOolecChl 3axBaTa;
%I1, WUI1 (IpolleHT W WHIEKCY TepeBapvBaHUsI).
AxtnBHoctb NADPH-okcnmazer HIT  ouenusa-
JIaCh B CIIOHTAHHOM (CIT) M CTUMYJIMPOBAaHHOM (CT)
NBT-tecre: cpelHMi LUTOXMMMYECKUI WHAEKC
(CllUcn u ClHcT), K0oahPULMEeHT MOOMIM3aLn
(KM) — cooTHouieHue popMazaH-MO3UTUBHBIX KJIE-
ToK (% PIIK) B CTUMYITMPOBAHHOM U CITIOHTAHHOM
NBT-rtecrax (% PI1Kct/%PI1Kcen) [5].

I[IpoBeneHHOE  WMCClIEMOBaHWE  COOTBETCTBYET
cTaHgapTaM XeJlbCMHKCKoI aexkimapauuun (Decla-
ration Helsinki). ¥V Bcex pomuteneii, nepudepuue-
cKast KpOBb JIeTeil KOTOPBIX BOIILIA B MCCJIEIOBAHUE,
OBUIO TTOJIy4eHO TTMChbMEHHOE JTOOPOBOJILHOE COTJIa-
cHe Ha yJacTHe B UCCIICIOBaHUN.

O06paboOTKy pe3yabTaTOB IIPOBOAVIN C UCIIOJIbH30-
BaHMEM CTaTUCTHUUYeCKUX nmporpaMM Microsoft Excel
2007 u StatPlus 2010. Pe3ynbraThl NpeacTaBisiiv B
BUIe MearaHbl (Me) M1 UHTepKBapTUJILHOTO pa3Maxa
(Qo.25-Qp.75). g ycTaHOBJIEHUS 3HAYUMOCTH pa3yiu-
YUl MeXOy KOJMYECTBEHHBIMU MOKa3aTeasIMHu 3a-
BUCUMBIX IpYIN (D0 ¥ MOCje JeYeHHUsI, 10 U ToCie
KYJIFTUBUPOBAaHUSI OOpA3IOB C TIperaparaMu) WC-
MOJIb30BaJI HeTlapaMeTpudecKuii kputepuii Bu-
KokcoHa. CraTUCTUYeCcKasT 3HAYMMOCTh Pa3Indaunii
(p < 0,05) MexXxITy KOJTMYSCTBEHHBIMU TTOKa3aTeJISIMU
rpynn (ucciaeayeMble TPYINbl, KOHTPOJbHBIE TPYII-
Mbl) OIlEHMBAaJach HeEINapaMeTPUYECKUMHU KpUTE-
pueMm ManHa—YutHu (U).

TABNALA 1. BMUAHWUE FMAMN HA KONMYECTBO HEUTPO®UIbHBIX FPAHYNOLIMTOB CYBNONYNALMUA CD62L*CD63 U
CD62L*CD63* U YPOBEHb 3KCMPECCUU MEMBEPAHHbIX MOMNEKYJ1 CD62L W CD63 Y YCNIOBHO 3A0POBbIX AETEN B

AKCMEPUMEHTE IN VITRO, Me (Qq55-Qq 75)

TABLE 1. INFLUENCE OF GMDP ON THE NUMBER OF NEUTROPHILIC GRANULOCYTES OF CD62L*CD63- AND CD62L*CD63*
SUBPOPULATIONS AND THE LEVEL OF EXPRESSION OF CD62L AND CD63 MEMBRANE MOLECULES IN CONDITIONALLY
HEALTHY CHILDREN IN THE IN VITRO EXPERIMENT, Me (Qq 55y 75)

Mpynna cpaBHeHusi 1 (HI ycnoBHO 340pOBLIX AeTeNn)
Comparison group 1 (NG healthy children)
0, 0,
,:I(E’ ({/':) MFI ,:I(E’ ({/':) MFI MFI
CD62L"CD63" cbe2L CD62L'CD63" cbé2L CD63
89,46 7,08 7,55 4,55 2,19
(81,49-96,81) (5,44-11,30) (0,31-8,65) (3,54-8,85) (1,68-3,20)
Fpynna cpaBHeHus 2 (HI ycnoBHO 3a0poBbix aeten + FTMAM)
Comparison group 2 (NG healthy children + GMDP)
0, 0,
,:'g’ o//':) MFI ,:'(g’ o//':) MFI MFI
CD62L"CD63- cbe2L CD62L'CD63" cbe2L CD63
82,1 12,12 15,25* 10,14* 1,47*
(61,45-88,88) (5,80-17,45) (10,78-38,31) (9,27-14,85) (1,30-1,55)

I'Ipwmeqal-me. * — cTaTUCTUYECKU 3HAYUMbIe pa3nuyua Mexay nokasatensmMmu rpynnbl cpaBHeHUA 1nm rpynnbl cpaBHeHUsA 2,

p <0,05.

Note. *, statistically significant differences between the indicators of comparison group 1 and comparison group 2, p < 0.05.
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PesynbTaTthl 1 06CyXaeHMe

I[Ipu TecTMpoBaHWM 3SKCTPECCUM TMOBEPXHOCT-
HBIX MeMOpaHHBIX perenTtopoB HI' CD62L u CD63
ITK ycinoBHO 310pOBBIX AeTeil (rpyrina cpaBHeHus 1)
ObLJIO BBISIBJICHO HaJMYMe ABYX CYOITOITYJISILIMIA
CD62L*CD63 HI' u CD62L*CD63*HI. ¥V ycioBHO
3popoBbix Aeteii B I1K mpeoGnagana cyomormyss-
s CD62L"CD63- B 89,46 (81,49-96,81) %, nipu
3ToM KosimuecTBo HI' akTBUpOBaHHOI cyOmomyJisi-
muu CD62L*CD63" cocrasnsuio auwb 7,55 (0,31-
8,65) %. Cyononynssuus CD62L*CD63"HI' umena
CD63 peuentop ¢ MFI — 2,19 (1,68-3,20) u GoJjee
HU3KUI ypoBeHb skcnpeccnn CD62L (Tab6a. 1).

IMon Bnusnuem 'MJII1 B cucteme in vitro B o0pas-
1ax rpyrnnbl cpaBHeHUs 2, B oTinuure oT HI" oOpa3iioB
INK rpymnmer cpaBaenus | (uatakrabie HIT ycnoBHO
300POBBIX JIETEi), ObLIO OTMEUEHO CTaTUCTUYECKU
3HaYMMoOe yBeaudyeHue (B 2 pa3a) OTHOCUTEIbHO-
ro kommyecrsa HI' cyononynsauuun CD62LTCD63*
(p <0,05) c ycriieHMEM IUIOTHOCTU SKCIIpeccuu B 4,6
paza MmeMopanHoro CD62L peuerrropa (p < 0,05) Ha
¢one cHmkenus B 1,2 paza MFI monekynsr CD63.
OIHOBpEeMEHHO HaOJI0MAJIOCh CHUKEHUE KOJIMYe-
crBa cyononyiasauuu CD62L"CD63 %HI, ¢ 6onee
BBICOKMM ypoBHeM akcrpeccun CD62L mo MFI
(p <0,05) (tabn. 1, puc. 1).

Takum o6Gpazom, addexktet TMIIT B cucteme
in vitro na HI' CD62L*CD63 - u CD62L"CD63" cy6-
MOITYJISILAN Y TPYNIIbl CPaBHEHUs 2 TIPOSIBIISUINCH
CTaTUCTUYECKU 3HAYMMBIM IMPUPOCTOM KOJMYECTBA
akTUBUpoBaHHOI cyonomysiuuu CD62L"CD63 HIT
CO CHIDKEHHBIM I10 CpaBHEHUIO ¢ MHTaKTHbiMu HT

A (A) Tpynna cpasHenus 1
Comparison group 1

,-'/ 7,5%

89,4%

ypoBHeM akcrpeccun CD63 (p < 0,05) u TeHIeH-
Lyeil yBeJuM4yeHusl IUIoTHOCTU aKcrpeccun CD62L
peLenTopa, He0OOXOAMMOTO JIJISI ITOJIHOLIEHHOI'O OCY-
IIECTBJICHUSI MPOLIECCOB MUTPALIMK B O4ar BocIaje-
HUSL.

YcranoBieHo, uto B [1K y nereit c MI'U ypoBeHb
HT cyononynsiumn CD62L*CD63-, BBISIBIECHHBIN B
89,46 (81,49-96,81) % y yCIOBHO 3IOPOBBIX OETEA,
orpezensieTcst TOJabKo B 28,80 (6,63-32,75) %. Y ne-
teii ¢ MI' B T1K npeobGnamaer akTUBMpOBaHHAas
cyononynsuuss HI' CD62LT"CD63%%, KOJu4ecTBO
KoTtopoii gocturaet 63,95 (11,25-64,10) %, uro B 8,5
0oJIblIIe, YeM Y YCIOBHO 300poBhIX aeTeit (p < 0,05),
HO B TO € BpeMs €€ YPOBEHb, M0-BUIUMOMY, SIBJIsI-
€TCS HEIOCTATOYHO aJeKBaTHBIM ISl IIPeIoTBpa-
meHusT (GopMUpoOBaHUSI MaJioii THOMHONM WHpeK-
MM Ha (pOHE CTOIKHOBEHUSI C BBICOKONATOTEHHOM
rHoepoaHoit ¢uopoil. OTMeuyeHO, 4YTO TJIOTHOCTh
skcnpeccun CD62L, CD63, omnpenensiemMasi Kak B
cyornonynsiunn CD62LCD63-, Tak 1 B cyOnoIy-
g CD62LTCD63"HI, craTucTuyecku 3Ha4nuMO
HE OTJIMYajIach OT IPYIIILI cpaBHeHM 1 (p, , > 0,05)
(Tabm. 2).

IMon Bausnuem 'MIIIT y gereii ¢ MI' (rpynna
uccnenoBanus 2) konnuectBo HI' akTuBupoBaHHOM
cyornonynsiuun CD62L*CD63* craTucTUYECKH 3HA-
YUMO yBeJuuuBaeTcs 1o 73,5 (67,23-82,53) %, a Ko-
smuectBo HI cyononynsiun CD62L"CD63- cHuxka-
etcs ¢ 28,8 (6,63-32,75) % B TpyIine UcciaeaoBaHUS
1 no 18,89 (8,44-28,46) % (p < 0,05) (puc. 2), nipu
3TOM IUIOTHOCTH 3Kcnpeccuu CD62L u CD63 ocTa-
Bajlach Ha IIpexkHeM ypoBHe (p, > 0,05; p, > 0,05).
Bospacranue konnuectBa HI' akTuBUpoBaHHOI Cy0-

B (B) pynna cpasHeHws 2
(HI + rman)
Comparison group 2

(NG + GMDP) 15,25% *

82,1%

B %CD62L*CD63HI / %CD62L*CD63NG
%CD62L*CD63*HI" / %CD62L*CD63*NG

PucyHok 1. Bananue F'M[MN Ha konnyecTBO HEWTPOChMNbLHBIX rpaHynounToB cyononynsaumit CD62L*CD63 1 CD62L*CD63*

YCIOBHO 3[0POBbIX AeTelN B cUcTeMme in vitro

Mpumeyanue.* — 3HaYMMble pa3nuuus OT nokasaTenen yCNOBHO 3A0POBbLIX AeTel rpynnbl cpaBHeHus 1, p < 0,05.
Figure 1. Influence of GMDP on the number of neutrophilic granulocytes of CD62L*CD63- and CD62L*CD63* subpopulations of

conditionally healthy children in the experimental in vitro system

Note. ¥, significant differences from the indicators of healthy children of the comparison group 1, p < 0.05.
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TABNNALA 2. BMUAHWE MMAN HA KONMYECTBO HEUTPO®UNbHBIX FPAHYNIOLIMTOB CYBNONYNALUA CD62L*CD63:
W CD62L*CD63* U HA YPOBEHb 9KCMPECCUM MEMBEPAHHbIX MONEKYI CD62L W CD63 JETEW C MAJTIOWA THOWHOM

WHOEKLMEN B IKCMEPUMEHTE IN VITRO, Me (Qq,5-Q; 75)

TABLE 2. INFLUENCE OF GMDP ON THE NUMBER OF NEUTROPHILIC GRANULOCYTES OF CD62L*CD63- AND CD62L*CD63*
SUBPOPULATIONS AND ON THE LEVEL OF EXPRESSION OF CD62L AND CD63 MEMBRANE MOLECULES IN CHILDREN
WITH SMALL PURULENT INFECTION IN THE IN VITRO EXPERIMENT, Me (Qg 25-Qq75)

F'pynna cpaBHeHus 1 (HIN ycnosHo 380poBbIX AeTen)
Comparison group 1 (NG healthy children)
o, 0,
S(g’ {/°0 MFI ll\l-lg 0//: MFI MFI
CD62L*CD63" cbezL CD62L*CD63* CcbezL CcD63
89,46 7,08 7,55 4,55 2,19
(81,49-96,81) (5,44-11,30) (0,31-8,65) (3,54-8,85) (1,68-3,20)
Fpynna uccnepgoBanus 1 (HI geten ¢ MI'N)
Study group 1 (NG in children with SPI)
o, o,
ng"//: MFI rl\]lcl;’ 0/2 MFI MFI
CD62L*CD63" cbezL CD62L*CD63* CcbezL CcDb63
28,8* 5,72 63,95* 5,64 2,22
(6,63-32,75) (4,92-8,77) (11,25-64,10) (4,38-6,77) (1,83-2,63)
Fpynna uccnepoBanusa 2 (HI getent c MU + TMAMN)
Study group 2 (NG in children with SPI + GMDP)
o, 0,
“gég MFI ,:ICI;’ 0/2) MFI MFI
CD62L*CD63" cbezL CD62L*CD63* cbezL CcDb63
18,89* 6,73 73,5" 5,91 1,98
(8,44-28,46) (4,87-8,99) (67,23-82,53) (4,73-8,72) (1,86-2,54)

MNpuMeyaHue. * — cTaTUCTUHECKU 3HAYMMbIE Pa3nNMyusa Mexay nokasaTensiMm rpynnbl cpaBHeHus 1 v rpynnbl uccnegoBanus 1,
p < 0,05; * — cTaTUCTUYECKM 3HAYMMbIE PaA3NNYMA MeXAY NoKasaTensaMu rpynnbl uccrnegoBaHus 1 v rpynnbi uccrnegoBaHus 2,

p < 0,05.

Note. *, statistically significant differences between the indicators of comparison group 1 and study group 1, p < 0.05; *, statistically
significant differences between the indicators of study group 1 and study group 2, p < 0.05.

nonynsguun CD62LYCD63* nox Baustnuem I'MIIT,
MO-BUAUMOMY, CBUAETEJbLCTBYET O BOCCTAHOBJICHUU
aJeKkBaTHOro ypoBHs1 pearupoBaHust HIT Ha rHoii-
HbI OakTepualbHBIN MpOLECC 3a CYET YCUJIEHUS
MPOLIECCOB BHYTPUKJIETOYHON AErpaHy/siliiu, 4TO
aCCOLIMMPOBAHO C BOCCTAHOBJIEHHWEM, HapylIeHHOMN
npu MI'U, paroriurapHoOi aKTUBHOCTH KJIETOK.
OueHKa JaHHBIX CUHXPOHHOW 3KCHpeccuu
CD64, CDIl16, CD32, CDI11lb mo3Bomwia KOH-
crtatupoBaTh Hanuuue B [1K 2 cybnonynsuuii
maxopHoiit CD64 CD16"CD32*CDI11b* u  wMmwu-
HopHOii CD64"CDI16"CD32*CDI11b*. ¥V gereit
TPYIIIBl cpaBHeHUsI | MaxkopHasi CYOITOMyJIsSIIIUs
cocrtapisieT 97,99 (96,87-98,71) % wu xapakTepusy-
ercst BeicokuM ypoBHem MFI CDI16, cpenHum —
MFI CDI11b u MFI CD32. Cyb6nonyasiuus
CD64"CD16*CD32*CDI11b"HI, skcnpeccupyro-
mast CD64-penienitop, BbIssBAsgeTcsT Juinb B 0,35
(0,20-0,40) % B rpyrmmne cpaBHeHUs 1 1 MMeeT HU3-
KYyIO IUIOTHOCTh MeMOpaHHO# akcnpeccun CD16 u
MpakTUYEeCKN OAWHAKOBOE C MaKOpHOI cyOrmoIry-

nsumeit ocHaeHue CD11b- u CD32-penentopamu
(Tabm. 3).

IMpu uzyuenun snusuus 'MJIIT in vitro Ha peHo-
Tun cyononyasauuit HI' B rpymnne cpaBHeHUs 2 ObLIO
YCTAHOBJICHO, UTO TIPU HEMEHSIIOIIEMCST KOJTNYEeCTBE
cyornonynsiunu CD64-CD16"CD32*CD11b* HT Ha-
oaropaetrcs yeuseHue akcrpeccuu CD32 (p < 0,05),
TeHaeHMs K yBesndenuto CD16 (p > 0,05) u K cHu-
xkeHuto MFI CD11b (p > 0,05) (ta6. 3). B MmuHop-
Hoit cyononynsiunu CD647"CD16"CD32*CDI11b*HT
BBISIBJIEHO CTAaTMCTUYECKW 3HAYMMOE YCUJICHUE
ypoBHs 3Kctipeccun CD64 B 3,75 pasa (p < 0,05), B
1,68 paza — CD32 mo MFI (p <0,05) uB 1,72 paza —
CDI11b mo MFI (p < 0,05), mpu HeMeHSIOLIEMCS
MFI CD16 (tab6a. 3).

Y 6oabHbIX ¢ MI'M BBISIBIEHO CTAaTUCTUYECKU
3HaYMMOe yMeHblIeHue KoamdectBa HI' cybromy-
assuun CD64-CD167CD32*CD11b* Ha ¢doHe rpyr-
nbl cpaBHeHus 1 (p < 0,05). BoisiBIeHO CHUXEHUE
MFI CDI16 B 1,6 pa3a, He3HaYMTEIbHOE MOBbILLIEHUE
MFICDI11b (p > 0,05), mpu atoM MFI CD32 6611 Ha
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A (A) Tpynna cpasHenys 1
Comparison group 1

B (B) Tpynna uccrenosanus 1 (M)
Study group 1 (SPI)

B (C) 'pynna uccneposanus 2 (MI'A + TMAIM)
Study group 2 (SPI + GMDP)

7,5%

/“_

28,8%" 18.9%

89,4% 63,9%" 73,5%"* 9%

B %CD62L*CD63HI / %CD62L*CD63NG
%CD62L*CD63*HI" / %CD62L *CD63*'NG

PucyHok 2. Bnusime F'M[NM Ha konnyecTBO HEUTPOPUNBHBIX rpaHynouuToB cyononynauui CD62L*CD63 n CD62L'CD63*
[eTeil ¢ Manon rHoHoN UHekumen B cucteme in vitro

Mpumeyanue.” — 3HaUMMbIe Pa3nnunA OT NoKasaTtenen yCNoBHO 3A0POBLIX AeTeN rpynnbl cpaBHeHus 1, p < 0,05; A - 3Haunmble
pa3nuymusa oT nokasaTenen Npy Manoi rHOWHOW UH(eKLMM y aeTen rpynnbl uccnepgoBanus 1, p < 0,05.

Figure 2. Influence of GMDP on the number of neutrophil granulocytes of CD62L*CD63  and CD62L*CD63* subpopulations in
children with with small purulent infection in the experimental in vitro system

Note. *, significant differences from the indicators of healthy children of the comparison group 1, p < 0.05; #, significant differences from the
indicators in children with small purulent infection of the study group 1, p < 0.05.

TABNULIA 3. BMUSHWE TMAN HA KOJIMYECTBO HEATPO®UILHBIX FPAHYNIOLIMTOB CYBMONYNSLMIA CD64
CD16°CD32°CD11b* U CD64*CD16°CD32CD11b* U HA YPOBEHb 3KCMPECCUM CD64, CD16, CD32, CD11b YCNIOBHO
300POBbIX IETEN B 9KCMEPUMEHTE IN VITRO, Me (Qq 55-Qy )

TABLE 3. INFLUENCE OF GMDP ON THE NUMBER OF NEUTROPHILIC GRANULOCYTES OF CD64-CD16°CD32°CD11b*AND
CD64°CD16°CD32*CD11b* SUBPOPULATIONS AND ON THE LEVEL OF EXPRESSION CD64, CD16, CD32, CD11bIN HEALTHY
CHILDREN IN THE IN VITRO EXPERIMENT, Me (Qq 55-Qy-s)

CD64CD16*CD32*CD11b*HI
CD64-CD16*CD32*CD11b*NG
HI, %
NG, % MFI CD16 MFI CD32 MFI CD11b
Mpynna cpaBHeHus 1 97,99 129,50 5,73 16,40
Comparison group 1 (96,87-98,71) (115,70-131,75) (4,76-6,11) (9,66-20,93)
Mpynna cpaBHeHus 2 98,41 137,0* 8,29* 12,0
Comparison group 2 (98,12-98,70) (132,0-142,0) (6,84-9,74) (10,6-13,4)
CD64*CD16*CD32*CD11b*HI
CD64*CD16"CD32*CD11b*NG
0,
ll\l-lg 0/; MFI CD64 MFI CD16 MFI CD32 MFICD11b
, /0
Mpynna cpaBHeHus 1 0,35 7,92 9,43 5,50 15,39
Comparison group 1 (0,20-0,40) (5,25-12,20) (5,13-19,62) (5,20-6,31) (4,87-5,90)
Mpynna cpaBHeHus 2 0,28 29,75* 10,13 9,26* 26,5*
Comparison group 2 (0,20-0,30) (18,1-41,4) (5,86-14,40) (7,43-11,10) (23,2-29,8)

MpumeyaHue. CM. npumMeyaHue K Tabnuue 1.

Note. As for Table 1.
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TABNULA 4. BMUAHWE MMAMN HA KONMYECTBO HEMTPO®UINbHBIX FPAHYNIOLIMTOB CYBNONYNALUNA CD64
CD16*CD32'CD11b* U CD64*CD16*CD32*CD11b* U HA YPOBEHb 3KCMPECCUM CD64, CD16, CD32, CD11b AETEN C MATNOW
FHOMHOW UHOEKLMEW B SKCMEPUMEHTE IN VITRO, Me (Q;5-Q, 75)

TABLE 4. INFLUENCE OF GMDP ON THE NUMBER OF NEUTROPHILIC GRANULOCYTES OF CD64-CD16°CD32CD11b* AND
CD64°CD16°CD32*CD11b* SUBPOPULATIONS AND ON THE LEVEL OF EXPRESSION CD64, CD16, CD32, CD11bIN CHILDREN
WITH SMALL PURULENT INFECTION IN THE IN VITRO EXPERIMENT, Me (Q-Qy 75

CD64CD16*CD32*CD11b*HI"
CD64CD16*CD32*CD11b*NG
HI, %
NG, % MFI CD16 MFI CD32 MFI CD11b
Mpynna cpaBHeHus 1 97,99 129,50 5,73 16,40
Comparison group 1 (96,87-98,71) (115,70-131,75) (4,76-6,11) (9,66-20,93)
Mpynna uccnepoBaHus 1 86,45 81,5* 5,31 19,35
Study group 1 (80,49-96,38) (64,90-97,30) (3,95-5,95) (12,88-28,90)
Mpynna uccnepgoBaHus 2 93,08 78,6 5,19 12,5
Study group 2 (84,38-96,93) (60,9-83,7) (4,33-6,39) (9,99-14,30)
CD64*CD16*CD32*CD11b*HI
CD64*CD16*CD32*CD11b*NG
0,
,:ICI;’ {2 MFI CD64 MFI CD16 MFI CD32 MFI CD11b
Mpynna cpaBHeHus 1 0,35 7,92 9,43 5,50 15,39
Comparison group 1 (0,20-0,40) (5,25-12,20) (5,13-19,62) (5,20-6,31) (14,87-15,90)
Mpynna uccnepoBaHus 1 14,46* 3,36% 71,2* 6,06 24 .6*
Study group 1 (5,60-15,72) (2,19-4,72) (60,20-98,18) (5,02-7,56) (18,68-37,12)
Mpynna uccnegoBaHus 2 4,987 472 65,1 7,05 17,100
Study group 2 (4,45-5,20) (2,89-6,13) (41,55-86,20) (6,00-8,02) (15,05-18,60)

MpumeyaHue. Cm. npumeyaHue K Tabnuue 2.

Note. As for Table 2.

YPOBHeE ITOKa3aTeseii rpynirbl cpaBHeHUs 1 (p > 0,05)
(Tabm. 4.).

IIpu 3TOM yCTaHOBJICHO 3HAYMTEIILHOC YBEIMUE-
Hue cyononysisiiiun CD64*CD167*CD32*CD11b*HT
1o 14,46 (5,60-15,72) % nporus 0,35 (0,20-0,40) % B
rpyrie cpaHeHus 1 (p < 0,05). YctaHOBIEHO CHU-
xeHue B 2,4 pazsa MFI CD64, yseanuenue B 7,6
paza MFI CD16 u B 1,6 paza MFI CD11b (p, < 0,05;
p, < 0,05; p; < 0,05), ypoBenb CD32 He MeHsCH
(p > 0,05) (Tabu. 4). YBenudeHue 3TOM CyOIOITyJsi-
MU CBUAETEJIBbCTBYET O HETTOJHOLIEHHOCTU 3 deK-
TOpHBIX PyHKUMI HI 1 cy>kut mapkepom HebJiaro-
OPUSITHOTO TeUCHUsI 3a00IeBaHUSI.

Nukyoanusa I1K gereit ¢ MI'U (rpymnma wmccie-
nmoBaHus 2) B cucteme in vitro ¢ T'MJII1 mo3Bomita
BBISIBUTh Momyiaupyooinue 3¢GGeKTl BIUSTHUNA Ha
TpaHC(OPMUPOBAHHBIN (HEeHOTUIT CyONnmOMmyJIsauMniA
HI' mauuenToB ¢ MI'M, mposBisiiolinecss B CHU-
JKEHUM OTHOCUTEIBHOIO KOJIMYEeCTBA MUWHOPHOM
CD647CD32*CD16"CDI11b"™HI' B 2,9 paza (p < 0,05)
Ha (OHE TCHIACHIWM K YBEIWICHUIO MAasKOPHOM
CD64CD32"CDI16"CDI11b"HI (p > 0,05) (taba. 4).
OddeKThl KOJIUYECTBEHHOIO IMepepacnpeacaieHus

cyononynssuuii nox aeiicreuem I'MJIIT compoBo-
KIATUCh UMb CTATUCTUICCKN 3HAYNMBIM CHIKE-
HueMm MFI CD11b (p < 0,05) MuHOpHOI cybrony-
Jsauuu Ha ¢doHe HeusMmeHstoulerocst ypoBHsi MFI
CD32 u CD16 MeMOpaHHBIX pELIEITOPOB.

Uccnenposanue BausgHuss IMIAII B cucre-
Me in vitro Ha (arouuTapHyl0 U MUKPOOULIMIHYIO
NADPH-3aBucumyio dyakmuio HI mosBoauio
KOHCTaTHUPOBaTh 3((OEKTHI, ACCOINNPOBAHHBIE C TTC-
perporpaMMHUpPOBAaHUEM PEIIETITOPHOTO OCHAIIICHUS
TEeCTUPYEMBbIX cyoronyJisiuuii. Tak, pyu MHKyOauuu
HT nereii rpynnsl cpaBHenus 1 ¢ T'MJIT BoisiBie-
HO, uTO Tipu HemeHsonemess %®AH npoucxonut
ycuieHue darouurtapHoit peakuuu (@Y u ®U) n
nepeBapuBanus (MUI1), Ha ¢oHe ycuneHUs MUKPO-
OMILIMIHONM aKTMBHOCTH C COXPAaHEHHMEM PE3ePBHBIX
BO3MOXHOCTe (puc. 3).

Ananus cnocodoHoctu HI k ocyiecTeienuto da-
rouurto3a y neteii ¢ MI'U (rpynna uccnenoBanus 1)
BeIgBUIT cHmkeHne %®MAH no 48,91 (39,27-53,10)
npoTtuB 55,30 (53,90-57,60) B rpymme cpaBHeHuUs 1
(p < 0,05) Ha poHe yBeaUYEHUSI MTPOLIECCOB MOTJI0-
menuss (®Y — 5,2 (3,9-5,6) nporus 4,2 (3,7-5,8)

57



Hecmepoea U.B. u dp. Meoduyunckas Ummynonoeus
Nesterova 1.V. et al. Medical Immunology (Russia)/Meditsinskaya Immunologiya

%®AH / %PAN
200

T, OY*/PN

MR/KM <~ X

T i

N NPl

MClst/ CLter £ 7 %M %D
AN - P/ |/
%FPCst/ *%0MKer < B o o o

“CLM cn / MCl sp “%®IK cn* | %FPC sp

&= pynna cpasHeHus 1 / Comparison group 1

&= Tpynna cpasnerus 1+ TMIM / Comparison group 1 + GMDP

PucyHok 3. ekt Bnusinuin FTMAMN Ha dbaroumtapHyto u NADPH-3aBMCHMMYI0 aKTUBHOCTb HEUTPOMITbHBLIX
rpaHynoumTOB YCNOBHO 3A0p0BbIX AeTen (% oT nokasateneit HI rpynnbi cpaBHeHus 1)

Mpumeyanue. * - paznnumna nokasartenen noa BnusHuem MMM no cpaBHeHUO ¢ POHOBLIMU 3HAYEHUSIMU YCITIOBHO 3A0POBbLIX AETEN,
p < 0,05.

Figure 3. Effects of GMDP on phagocytic and NADPH-dependent activity of neutrophilic granulocytes in conditionally healthy
children (percentage from comparison group 1)

Note. *, significant differences from the indicators of healthy children of the comparison group 1, p < 0.05.
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== [pynna cpaeHeHus 1/ Comparison group 1
= Tpynna uccrneposanus 2 (MW + TMIM) / Study group 2 (PBI + GMDP)
~= Tpynna uccregosanmst 1 (MIW) / Study group 1 (PBI)

PucyHok 4. Bnusiiue F'MIMN Ha cbarouutapHyto 1 NADPH-3aBUCMMYI0 aKTUBHOCTb HEUTPOUITLHBIX FPaHyNoOLMUTOB AeTen ¢
Marnon rHoiHoi UHeKuMel B 3KCNepUMeHTe in vitro (NPOLEHT OT rpynnbi cpaBHeHus 1)

Mpumeyanue. * — paznnumsa nokasatenen No CpaBHEHNIO ¢ POHOBLIMU 3HAYEHUSIMM YCIIOBHO 3A40POBbLIX AeTen, p < 0,05; A - pasnuuns
nokasartenei No CpaBHEHMIO ¢ hOHOBLIMM 3HAYEHNAMM NPU Manoli rHOHON UHdeKumm y peTeil, p < 0,05.

Figure 4. Effects of GMDP on the phagocytic and NADPH-dependent activity of neutrophilic granulocytes in children with small
purulent infection in experiment in vitro system (percentage from comparison group 1)

Note. *, significant differences from the indicators of healthy children of the comparison group 1, p < 0.05; %, significant differences from the
indicators in children with small purulent infection of the study group 1, p < 0.05.

B rpymie cpaBHenus 1 (p > 0,05) u ®U 2,7 (1,8- cpaBuenus 1, UI1 — 1,3 (0,7-1,4) npotus 1,6 (1,4-
3,6) npotuB 2,5 (1,8-3,3) B rpynmie cpaBHenus 1 1,9) B rpynme cpaBHenus 1 (p, < 0,05; p, <0,05)).

(p > 0,05)) u cHukenus nepeBapuBanus (%I1 — 53,1 B rpynne ¢ MI'M Habatonanach akTUBaLMsI CIIOH-
(42,3-57,8) mporus 61,5 (57,8-62,8) % B rpymnme TaHHbIX W uHAyuupoBaHHbix NADPH-okcunas
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(p < 0,05) 6e3 coxpaneHus1 BoamoxkHocteit HI' K pe-
aTn3alil MUKPOOMIIMIHON aKTMBHOCTHM TIPU CTH-
myJsiiiu antureHoM (p < 0,05) (puc. 4).

AHaJIu3 3KCNEepUMEHTANbHbIX JAHHBIX IO HUC-
cnepoBaHuto BaussHust I'MJIIT B cucteme in vitro Ha
darouTapHyro U1 MUKpoOuuuaHyio dyHkuum HI
I1K B rpynne uccienoBanus 2 (mauueHTs ¢ MI'N)
TO3BOJIMJI BBISIBUTH BOCCTAaHOBJIEHHME (haroliMTapHOM
AKTUBHOCTH 10 YBEJIMICHUIO YPOBHS aKTUBHO (paro-
mutupyomux HI' (% ®AH) (p < 0,05) u yiaydiieHUIO
MIPOILIECCOB ITlepeBapuBaHUSI Ha (OHE CoOXpaHEHUS
HanpsikeHHocT NADPH -okcunas s peanuzauuu
apdexTopHbix pyHkuuii HI' nmpu Bocnianienuu. Cre-
JIyeT OTMETUTH ToBbllIeHUEe pe3epBHOI NADPH-
okcuaaszHoii aktuBHoctu HI' B 1,2 paza 1o cpaB-
HeHuto ¢ uHTakTHbiIMU HIT mpu MI'U (p < 0,05)
(puc. 4). B 1o ke Bpems nokazareau @U (p < 0,05),
UIT (p < 0,05) ocTaBanuch HUXKE 3HAYEHUI TPYNIIHI
cpaBHeHUs | (puc. 4).

3aKnyeHne
Takum obpaszom, TIOJIYyYEHHDbIE B Ha-
niem HCCJIEAOBAHUUN JaHHBbIC CBUIACTEI BCTBy—

OT 0 Hagumuuu MaxopHbeix CD62L"CD63-HI,
CD64CD32*CD16"CDI11b™HI’ mu  MWHOpPHBIX
CD62L"CD63"HI, CD64*CD32*CD16*CD11b*HI’
CyOmonynsIuii y yCIOBHO 3A0pOBBIX JeTeit. B To
Xe Bpemst y mauueHToB ¢ MI'M BbIsIBIIeHA KOJIU-
YyecTBEHHass TpaHcdopMaldsl KaK caMHUX CyOITo-
nyasuuin  CD62LTCD63*"HI, CD62L*CD63 HI,
CD647CD32"CD16"CD11b"HI’ u CD64
CD32*CDI16"CDI11b™HI, Takx M wu3MeHeHHe uX
(EHOTUTTMICCKIX XapaKTEPUCTUK. BEISIBICHHBIC
TpaHc(OpPMAIMOHHBIE OCOOEHHOCTU WCCIIeI0BaH-
HBIX CYOITOMyJISIIMIA, 1O HamleMy MHEHUIO, He-
JOCTATOYHBI [IJIST TIOTHOLIEHHOTO OCYIIECTBICHUS
adpdexkTopHbix pyHkuuii HI' 1 accoumupoBaHbl ¢
HapylIeHUSIMUA WX MUKPOOUIIUIHON aKTUBHOCTU,
YTO CHOCOOCTBYET BOBHUKHOBEHME HETUITUYHO MPO-
TEKAloLIMX THOMHO-BOCHAJIMTEIbHbBIX 32a00J1€BAHUMA.

B cucreme in vitro BbISIBJIEHbBI UMMYHOITPOTEK-
TuBHBIE 3P dexkTel [M/IIT Ha nccnemyemMble cyoIio-
nyasaur HIT 'y yeo1oBHO 3M0pOBBIX AeTeit:

—  KOJWYCCTBEHHBIN ITPUPOCT B 2 pa3a aKTUBU-
poBanHo# cyonomyssiiimn CD62LCD63*HI;

—  3HAYUTEIBHO N3MCHUJINCH deHOTH-
OUYECKUE XapaKTePUCTUKU MCCICAYEeMBIX CyO-
nonyusuuii - CD64CD32"CD16"CDI11b™HIT  u
CD64"CD32"CD16"CDI11b™HI.
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POJ1b ULUTOKUHOB B NATONEHE3E, ANATHOCTUKE
U OLLIEHKE 9P PEKTUBHOCTU UMMYHOTEPAINMWUN
PA3JIN4HbIX BAPUAHTOB TEHEHUSA CKJIEPOTUYECKOIO

JINXEHA Y )XEHLLUH
Roaecanrosa E.B., sRKapos A.B., Ilen:xosan I'.A.

@I'bOY BO «Kybanckuil eocydapcmeenbiii Meduyunckuil ynugepcumem» Munucmepcmea 30pagooxpanenus: PO,
e. Kpacrnooap, Poccus

Pe3iome. Llenbio ncciaenoBaHms sIBJIsSIETCS OlleHKA TMAarHOCTUYECKON 1 IMaTOTeHETUYEeCKO 3HAYMMOCTH
uuTOoKUHOB T1a3mbl (1L-20, 1L-23, IL-10, TNFa, IFNy) y naluueHToK ¢ pa3iuyHbIMU KIMHUKO-TUCTOJIO-
TMYECKUMU BapMaHTaMM TEYEHUST CKIEPOTUUYECKOIO JIMXEHA Y BO3MOXXHOCTU UX UCTIOJIb30BaHUS B KaUeCTBE
KpuTepueB 3OEKTUBHOCTU UMMYHOTEpAnuy JaHHOIO 3a00JieBaHMSI C IOMOIIBIO ITpernapaTa Ha OCHOBE Je-
30KCUPUOOHYKIIEMHOBOM KMCIOThI 3yKapuoT ([lepuHata). JIu3aiiH KIMHUYECKOTO MPOCIIEKTUBHOTO KOTOpPT-
HOTO MCCIeA0BaHUS IIPeAyCMaTPpUBaJ OLICHKY coaepKaHus HIMTOKMHOB KpoBu (1L-20, 1L-23, IL-10, TNFa,
IFNY) 1 BbIpa)k€eHHOCTU KJIMHUYECKUX MPOSIBIICHUI 3a0oeBaHus (3y[a U AUCIIApEYHUU) Y XEHIMH (n =
114) ¢ pa3nuuHBIMUA BapMaHTaMHM TEUCHUSI CKJICPOTHUICCKOTO JImxeHa (aTpodUUecKuii, CKICPOTUICCKII 1
CKJICPO-aTpOoDUIECKHIA) IO U TIOCTIC UMMYHOTEPAITuM IIpeIrrapaToM HyKJIeMHOBBIX KUCTIOT (depmHar). depu-
HaT ObLT BBIOPAH C YYETOM TOTO, UTO OH SBJISIETCS arOHUCTOM Toll-mogoOHBIX pelieNTOPOB U OOJIaIaET PSIIOM
MUMMYHOPETYJISITOPHBIX 3((MEKTOB, B TOM YMCJIE CIIOCOOHOCTBIO MOAYIMPOBATH MPOIYKIIMIO IIUTOKUHOB 1
OKa3bIBaTh MO3UTUBHOE BJIWSTHUE Ha TIPOIECChl pereHepau. Kpome Toro, Ha 0CHOBe TaHHBIX BU3YaJIbHO-
r0 OCMOTpa, BYJIbBOCKOITMU U Pe3yJIETaTOB MOPGOTMCTOXMMUYECKOTO MCCIe0BaHus (KPUTEPUU OLIEHKM:
TOJLIMHA KOXM, KOJMYECTBO KOJUIAr€eHOBBIX BOJIOKOH, BbIpa’keHHOCTb (pUOpo3a U ckiaeposa u T.11.) Bo 11
KIIMHUYECKOU TpyIine ObUIM BbIIEJIEHBI COOTBETCTBYIOIIME MOATPYNITbl — 2.1 (MUHUMAabHBIE CKIEPOTHUYE-
CKMe MpUu3Haku, n = 14) u 2.2 (BbIpaxkeHHbIE CKIepoTUdYecKue nmpusHaku, n = 20). KoHTpoabHYIO Tpynmny
COCTaBWJIN YCJIOBHO 3J0POBbIE XXEHIIIMHBI 0€3 MaTOJIOTUU BYJIbBBI Ha JaHHBIM MOMEHT U B aHaMHe3e (n = 30),
¢ Bo3pacTHBIM auara3zoHoM ot 20 no 50 jeT. Hapsiny ¢ olieHKOM HIMTOKMHOB METOAOM MMMYHO(MEPMEHTHOTO
aHa/IM3a B UCCJICIOBAaHNM NCIOIb30BaINCh PE3YJIBTaThl KIMHUYECKOIo 00cenoBaHms (cOOp aHaMHe3a, OC-
MOTp, HaJIbITAIINsI, BYJbBOCKOITHS) M KOMITJICKCHOM MOP(MOTUCTOXUMHUISCKOM OIIEHKH TKaHEe!l BYIbBHI.

[Ipm aTpodmuecKkoM BapraHTe HAOIIOATIOCHh YBEIMUCHME cofepKaHUs B tiadMe 1L-23 co cHmkeHneM
TNFa, npu ckiiepoarpodudeckom — yeeaumdenue 1L-20, IL-23 u I[FNy, npu ckiepoTuyecKkoM BapruaHTe
CKJIEPOTUYECKOTO JINXEHA C BBIPAXKEHHBIMHU CKJIIEPOTUYECKUMHM TTPU3HAKAMU — MAaKCUMaJIbHOE COJIep>KaHUe
1L-20, IL-23, TNFa, IFNy u MuHnumanbHbIii ypoBeHb IL-10 1Mo cpaBHeHUIO ¢ ApyruMu rpynnamu. Pesysra-
TOM UMMYHOTEpaIuu ¢ UCIIOIb30BaHUeM JleprHaTa SIBUJIOCh 3HAUYMMOE YMEHbIIIEHE KIIMHUYECKHUX TTPOSIB-
JICHUI CKJIEPOTUYECKOTO JIMXeHa (3y/a BYJbBbI U JUCTIApEYHUN) M HOpMaIu3alvs HIMTOKMHOBBIX TTOKa3aTe-

AJpec 115 NepenucKu: Address for correspondence:

Konecnuxosa Examepuna Bukmopoena Kolesnikova Fkaterina V.

DI'BOY BO «Kybanckuii 2ocyoapcmeenHblil MeOuyuHCK UL Kuban State Medical University

yHusepcumem» Munucmepcmeéa 30pasooxparenus PO 350065, Russian Federation, Krasnodar, Snesarev str., 8,
350065, Poccus, e. Kpacnooap, ya. Checapesa, 8, k6. 280. apt 280.

Ten.: 8 (964) 914-09-42. Phone: 7 (964) 914-09-42.

E-mail: jokagyno@rambler.ru E-mail: jokagyno@rambler.ru

O06pa3en IUTHPOBAHUS: For citation:

E.B. Koaecnukosa, A.B. 2Kapos, I A. [lenxcosn «Poab E.V. Kolesnikova, A.V. Zharov, G.A. Penzhoyan “Role of
YUMOKUHO8 8 namoeeHe3e, OUAZHOCMUKe U OUYeHKe cytokines in pathogenesis, diagnosis and efficiency evaluation
agghexmusHocmu umMMmyHomepanuu pazulHblx eapuanmos  of immunotherapy in various variants of sclerotic lichen in
meueHuUst CKAepOmU4ecK020 AUXeHa y HCeHuun» // women”, Medical Immunology (Russia)/Meditsinskaya
Meouyunckas ummynonoeus, 2021. T. 23, Ne 1. C. 63-72. Immunologiya, 2021, Vol. 23, no. 1, pp. 63-72.

doi: 10.15789/1563-0625-ROC-2085 doi: 10.15789/1563-0625-ROC-2085

© Kosecnukxosa E.B. u coaem., 2021 DOI: 10.15789/1563-0625-ROC-2085

63



Konecnuxosa E.B. u op.
Kolesnikova E.V. et al.

Meoduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

neil. McenenoBaHUSIMU MPOJIEMOHCTPUPOBAHA BO3MOXKHOCTD MCIOJb30BaHUS MJIa3MEHHON KOHLEHTpaLUuU
1L-20, IL-23, IL-10, TNFa, IFNy B kauecTBe 6MlOMapKepOB BAPUAHTOB TEYEHUSI CKJIEPOTUUECKOTO JTUXEHA
U1 1ab0opaTopHBIX KpUTepreB 3(HEKTUBHOCTU MPOBOAUMON UMMYHOTEpaNuu.

Knrouesuie crosa: 006p0/cawecmeeHHbze 3abonesanus 8)/1660bl, CK/I@[)OMH'{ECICHIZ JAUXEH, UUMOKUHbL, UMMYHOmMepanus, npenapamaol
HYKACUHOBbIX KUCA0M, KAUHUKO-UMMYHO/102U4ecKas 3qbd)elcmu3ﬂocmb, onmumusauus 0uaenocmuxu, onmumusauyus 1e4erusd

ROLE OF CYTOKINES IN PATHOGENESIS, DIAGNOSIS AND
EFFICIENCY EVALUATION OF IMMUNOTHERAPY IN VARIOUS
VARIANTS OF SCLEROTIC LICHEN IN WOMEN

Kolesnikova E.V.,, Zharov A.V,, Penzhoyan G.A.

Kuban State Medical University, Krasnodar, Russian Federation

Abstract. Our aim was to evaluate diagnostic and pathogenetic significance of plasma cytokines (IL-20,
IL-23, IL-10, TNFa, IFNy) in the patients with various clinical and histological variants of sclerotic lichen
and to assess opportunity for their use as effectiveness criteria of immunotherapy for this disease using a drug
based on eukaryotic deoxyribonucleic acid (Derinat). The prospective cohort study included assessment of the
clinical manifestations (itching and dyspareunia) and measurement of blood cytokine contents (IL-20, IL-23,
IL-10, TNFa, IFNy) in women (n = 114) with various clinical variants of sclerotic lichen (atrophic, sclerotic
and sclerotic-atrophic) before and after immunotherapy with a nucleic acid-based drug (Derinat). Derinat was
chosen due to the fact of being an agonist of Toll-like receptors, and a number of immunoregulatory effects,
including the ability to modulate cytokine production and to exert a positive influence upon regeneration
processes. In addition, based on visual inspection, vulvoscopy and morphohistochemical examination results
(evaluation criteria: skin thickness, number of collagen fibers, severity of fibrosis and sclerosis, etc.), the
corresponding subgroups were classified within the II group, i.e., 2.1 (minimal sclerotic signs, n = 14), and 2.2
(pronounced sclerotic signs, n = 20). The control group consisted of conditionally healthy women, without
history or presence of vulvar pathology (n = 30), with an age ranging from 20 to 50 years. Along with cytokine
assessment by enzyme immunoassay, the study used the data of clinical examination (anamnesis collection,
examination, palpation, vulvoscopy), as well as complex morphohistochemical evaluation of vulvar tissues. In
atrophic variant, we have observed an increase in plasma IL-23 content, along with decreased TNFa; in lichen
sclerosis, a maximal increase in IL-20, IL-23, and IFNy was revealed; in sclerotic form of sclerotic lichen
variant with severe sclerotic features, maximally enhanced 1L-20, IL-23, TNFa, IFNy, along with minimal
levels of IL-10 was registered, as compared with other groups. Immunotherapy using Derinate resulted into
significant reduction in the clinical manifestations in sclerotic lichen, i.e., itching of the vulva and dyspareunia,
as well as normalization of cytokine indexes. Our studies have demonstrated an opportunity of using plasma
concentrations of [L-20, IL-23, IL-10, TNFa, IFNy as biomarkers of sclerotic lichen variants, and as laboratory
criteria for efficiency of immunotherapy.

Keywords: benign vulvar diseases, sclerotic lichen, cytokines, immunotherapy, preparations of nucleic acids, clinical and
immunological efficiency, optimization of diagnosis, optimization of treatment

(National Organization for Rare Disorders, 2019)
MIPU3HAH peIKUM 3a00JIeBaHUEM, CJIEAYET YYUTHIBATh
HEOOOLICHEHHOCTh TaHHOI MaTOJIOTUHU U TIPOIOJIKA -
fo1ieecs ysenuueHue 3adoneBaemoctu CJI co 3HaUu-

BeegeHve

HecmoTtpsi Ha TO, YTO CKJIEPOTHMUYECKHUI JIUXEH
(CJI), oTHOCsSImMIiCS K TOOPOKAYeCTBEHHBIM 3a00-
JIeBaHUSIM BYJIbBbI, MH(MOpPMaLIMOHHBIM LIEHTPOM IO

TeHETUYECKMM U penkuMm 3adoseBaHusM (GARD)
HamuoHanpbHOro  MHCTUTYTa  3IPaBOOXPAHEHUS
(NIH) n HaumoHanbHOM opraHuU3aliein mo peaKkum
3aboneBanussM (NORD) (Lichen Sclerosus. NORD

TEeJILHBIM eTO «oMoJoxkeHueM» [20]. Mopdomorammu
He MpUHSTA earHas Kjiaccudukamnus, He orpeaesne-
Ha KOHKPETHasl KOHLETIIMSI STUOJOTUY U TTaTOTEHe -
3a TUCTpopuUyecKux 3a00JieBaHUI BYJbBbI, a Cpeau
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LlumokuHnbl 6 duacHocmuke u AeueHuU CKAepOMmu1ecK020 AuxeHd
Cytokines in the diagnosis and treatment of sclerotic lichen

KJIMHUIIMCTOB HET €AMHOrO MOoAXoaa K JeueHuto |9,
10, 18]. CornacHo COBpeMEHHbBIM MPEACTABICHUSIM,
CJI stBisieTcs XpOHUYECKIM 3a00JIeBaHUEM C TICPHO-
TUYECKUMHU OOOCTPEHUSIMU, COIPOBOXIAIOIIUMUCS
HEeCTepPNUMBbIM 3y10M, AUCIIapeyHuei, 00Je3HEHHbI-
MU OIIYIICHUSIMH Pa3TUIHON CTETIEHN BhIPasKeHHO-
CTU M YAaCTBIMU TSDKEIBIMU HEPBHO-IICUXUICCKUMU
paccTpoiicTBaMM1, 3HAYUTEIBHO CHIDKAIOIIUMU Ka-
YECTBO XKMU3HU KeHITUHBL. [1pr 3TOM B TKaHSIX BYJIb-
Bbl U OJM3JIEXKaIIUX OOJIACTSIX MOXKET Pa3BUBAThCS
aTpodusi, CKJIepo3, pyOlLieBaHMe TKaHell ¢ uX PyHK-
OUOHAJIBHBIM HapYIIEHUSIMA U, B HEKOTOPBIX CITyda-
sIX, CO 3JIOKAUYECTBEHHBIM TlepepoxkaeHueM [8].

IMpwunns! 1 matoreHe3 CJI 1o KOHIIA HE BBISICHE -
HBI, M Ha CCTOMHSIITHUI TeHb MPEIJTIOKEHO HECKOIb-
KO MAaTOTeHEeTUYEeCKUX TUIMOTEe3, IpeaycMaTpuBaio-
IIMX ayTOMMMYHHOE MPOMCXOXICHUE 3a00IeBaHUSI,
BO3MOXHYIO POJIb MH(MPEKIIMOHHBIX, SHIOKPUHHEBIX,
HEUPOTEeHHBIX W JPYTMX STHOJIOTUYECKUX (DaKTO-
poB [19, 24], cpenn KOTOpBIX HE BCErnaa TMpeacTaB-
JISIETCSI BO3MOXKHBIM YETKO BBIICJIUTh OCHOBHOI
dakTop BozHukHoBeHUs CJI. CoBpeMeHHbIe BecbMa
HEMHOI'OYHMCJIEHHbIE UCCIECA0BAHUS CUCTEMbI UMMY-
HUTETa y TMAalMeHTOK ¢ (DOHOBBIMU 3a00JICBaHUSIMU
BYJIBBBI B OCHOBHOM CBSI3aHbI C M3yUYeHUEM aKTHUB-
HOCTU UMMYHOKOMIIETCHTHBIX KJICTOK W CBUIIETCIIb-
CTBYIOT O BBIPaXKCHHO MMMYHOCYIIPECCUM Ha MO-
MeHT obocTpeHus CJI, mposBIsionIeiicst CHUKeHUEM
B KPOBU aOCOIOTHOTO U OTHOCUTEIbHOIO Coepka-
Hus CD3%, CD4*, CD16", CD21" tuMdouunToB, Ha-
pYIIEHHEM 3KCIIPECCUM MEeMOpaHHBIX PEILICIITOPOB,
njaa3MeHHbIM aeduimToMm IgM 1 yHKUIMOHATBHOM
HEIOCTATOYHOCTBIO BPOXKIAEHHOTO UMMyHUTeTa [15].
MexXIy TeM B psITy STHOJIOTHYECKUX (haKTOPOB BECh-
Ma BEPOSITHBIMU MOTYT OBITh U3MECHEHUSI B CUCTEME
OUTOKWHOB, UTPAIOIINX BAXKHYIO POJIb B PETYIISIINNA
(U3NOTOTNUECKUX ITPOIIECCOB M YIACTBYIOIINX B Ma-
TOreHe3e MHOTrMX 3aboneBaHuii. B mepByro ouepenb
LUTOKUHBI PETYJIUPYIOT pa3BUTUE MECTHBIX (JIOKATb-
HBIX) 3allIMTHBIX BOCITAJIMTEILHBIX peaKIuii, HO TIpu
MX HECOCTOSITEIbHOCTH, BOCITAJIEHUE TIPOTPECCUPYET
C HapacTaHWeM MPOMYKINU ITUTOKWHOB, MOTIAna0-
X B KPOBOTOK U PEaM3YIOIMINX CBOM 3(PHEKThI
C MOCJIEAYIOIIMMHU Ha CUCTEMHOM ypoBHe [13], 4yTOo
MO3BOJISIET MO COAEP>KAaHUIO IMTOKUHOB KPOBU KOC-
BEHHO CYIWTH O JIOKAJBHBIX IMAaTOJOTUYECKUX ITPO-
neccax [17].

IMpunumas Bo BHMMaHue ToT (pakT, yrto CJI pac-
CMATPUBAECTCS KaK XPOHMUYECKUI ayTOMMMYHHBIA
JepMaTo3, MpOTeKalolIuii ¢ o4aroBoil aTpodueit
KOXHW M MOpaXeHHWeM TKaHeil aHOreHUTaJbHOI 00-
aactu [7], uHTepec NMpeacTaBIsIIOT JaHHbIE O TaTO-
TeHETUYECKOM POJN IHMUTOKWUHOB B ayTOMMMYHHOM
BOCHAJICHUW M, B YAaCTHOCTHU, O KJIIOYCBOM pOJIH
unTtepneiikuia 1L-23 [1] u IL-20, yyacTByloliero B
perapanuy 3IUTENUs] MPU BOCITAIUTEIbHBIX TIPO-
neccax [2], o cynpecCUBHBIX U3MEHEHUSIX MPOBOC-

nanuteabHoro TNFa, accoumnpoBaHHBIX ¢ HEKO-
TOPBIMU ayTOMMMYHHBIMU 3abosieBaHusaMu [21], o
ponu [FNy kak ¢akropa, cmiocoOCTBYIOIIETO pa3Bu-
THUIO0 ayTOUMMYHHOTO Mpoliecca [22].

IIpoBemeHHBIMM HaMu paHee WCCACIOBaHUS-
MU [3] OpoaeMOHCTpUpOBaHaA 1eJeco0OPa3HOCTh
oneHku conepxkanus I1L-20 u IL-23 B razame KpoBu
Yy XEHIIWH C pa3IMYHBIMU KIIMHUKO-MOP(OIOri-
yeckuMu BapuaHTamu TeueHus: CJI, mo3BoJsronas
yTouHUTh raToreHe3 CJI, onpenessitb BApUAHThI €T0
TEYCHUSI U OLICHUBATh BBIPAXKECHHOCTH aTpodude-
CKUX U CKJIEPOTUYECKUX U3MEHEHUI B TKaHSIX BYJIb-
BBI, UTO OOYCJIOBJIMBAET BO3MOXHBIC TTEPCIECKTUBEI
MX UCIIOJb30BaHUSI B KayecTBe KpuTepueB 3Pdek-
TUBHOCTU UMMYHOTEPATTM TaHHOTO 3a00JIeBaHUSI.

IIpu BBIOOpe mpenapaTta Ajass UMMYHOOPUEHTHU-
POBAHHO TepaIruu NMaMeHTOK C Pa3TNIHBIMU KJTU-
HUKO-TUCTOJIOTMYEeCKUMU BapuaHTaMu TedeHus: CJI
CJIeyeT YYUTHIBATh HE TOJIBKO €r0 UMMYHOTPOITHBIE
3 PEKTHI, HO U CITOCOOHOCTH IMTO3UTUBHO BIIMATH Ha
perrapaTuBHbIC NPOILECCHl B OapbepHBIX TKAHSX, U
B 3TOM CBSI3M HAC 3aMHTEpecoBas mpenapat Hdepu-
HaT (Oe30KCUPUOOHYKJIeaT HATPUSsI, OTEYECTBEHHBII
npenapat JHK sykapuoT), SBASIOIINICS aTOHUCTOM
Toll-monooHbIx perienntopoB 9 (TLRY) [11] u o6na-
A0 UMMYHOPETYJISITOPHBIM neiicTBueM [12],
COYETAIOIIMMCSI CO CITOCOOHOCTBIO TMOBHIIIATL (-
(heKTUBHOCTD MpOLECCOB perapauuu |16, 23].

Ilems wucciaenoBaHus — OIICHUTb JTUArHOCTHYE-
CKYIO U TTaTOTEHETUYECKYI0 3HAYMMOCTh IIUTOKWHOB
(IL-20, IL-23, IL-10, TNFa, IFNy) nia3mbl namu-
€HTOK C Pa3JIMYHBIMUA KJIIMHUKO-THUCTOJIOTHICCKIMU
BapuanTaMu TedeHUsT CJI M BO3ZMOXKHOCTU WX MC-
MOJIb30BaHUSI B KauecTBe KpUTepueB 3(pHeKTUBHO-
CTH UMMYHOTEpAITMH JaHHOTO 3a00JIeBaHMSI C TIOMO-
1bto npernapata Ha ocHoBe JIHK aykapuort.

MaTepmanbl N METObI

JAu3aiiH KIMHUYECKOTO TIPOCIEKTUBHOTO KO-
TOPTHOTO WCCJIENOBAHUS MPEayCMaTPUBal OLICHKY
coaepxaHus B 1uiazme kposu 11L.-20, 1L-23, 1L-10,
TNFa, IFNy, a Takke KIMHUYECKUX MPOSBICHUN
3a00J1€BaHMSl Y )KEHIIWH C pa3IMYHbBIMU BapUaHTaMU
TEYCHUS CKIIEPOTUUECKOro uxeHa (n = 114): atpo-
duueckuM (1-g rpymnna) — 58 mauMeHTOK; CKJIepo-
TUYecKuM (2-s rpyrma) — 34 marreHTKN U CKIIepo-
atpopuueckuM (3-s rpyrrma) — 22 maumMeHTKU 10 U
nocjae UMMYHOTEPANUU MpernapaToM HYKJIEMHOBBIX
kucyot (depuHar).

BreineneHre maHHBIX BapuUaHTOB TEUYCHUsS CKIIE-
POTUYECKOTO JUXEHA Y KCHIIUH OBbLIO HAMU TIpe.i-
JIOXKEHO Ha OCHOBAaHUM KJIIMHUYECKOW KapTUHBI U
ByJIbBOocKONUHU (MpeobiamaHue aTpodun Wi CKIIe-
po3a BYJIbBbI), a TaKXKe ITOATBEPKIECHO pe3yJibTaTa-
MU MOP(MOTUCTOXUMHYECKOTO HccaeaoBaHus |[3].
Ilpu >TOM y manueHToK 1-i Tpymmnbl NaToJioTuye-
CKUI TIpollecc TIpoTeKaeT Ha (POHE BBIPAKECHHBIX
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arponIecKnX M3MEHEeHUI TKaHEel Hapy>XHBIX MO-
JIOBBIX OpPTaHOB, BKIIOYAas IEepMy U TOAKOXKHYIO
XKUPOBYIO KJIETUATKy; Yy NAIMEHTOK 2-ii TPYIIIBI
IepMa M TOAKOXKHAas XXWpoBas KjeTyaTKa WMEIOT
NpU3HAKU aTpoUU, CO CKIOHHOCTBIO K YTOJIIE-
HUIO ACPMBI M CKJIEPO3Y; y MAIMEHTOK 3-il TPYIIIThI
BBISIBJIEHO OTCYTCTBME MPU3HAKOB aTpoduu JepMbl
¥ TIOAKOXKHOM KMPOBOM KJIeTYaTKA Ha (OHE CKIIe-
POTHMYECKMX M3MEHEHMI TKaHEi, CO CKIIOHHOCTBIO
K YTOJIIIEHUIO AepMbl U (puodpo3y. Kpome Toro, Ha
OCHOBE JaHHBIX BU3YaJIbHOTO OCMOTpa, BYJbBOCKO-
MUU U Pe3yJITATOB MOP(MOTUCTOXMMHUYECKOTO WC-
cienoBaHusl (KpUTEPUU OLIEHKM: TOJIIIMHA KOXMU,
KOJIMYECTBO KOJUIATCHOBBIX BOJIOKOH, BBIPaXKeH-
HOCTb (D1bOpo3a M CKIepo3a W T.II.) BO 2-ii KIIMHU-
YECKOM TpyIire ObUIM BBIIECJICHBI COOTBETCTBYIOIINE
noarpymmbl — 2.1 (MUHUMaIbHbIE CKJIEPOTUYECKHE
npusHaku, n = 14) u 2.2 (BbIpakeHHbIE CKJIEPOTHU-
yeckue npuszHaku, n = 20). B KOHTpOJAbHYIO TpyII-
ny (n = 30) BOILIM YCJIOBHO 3/I0POBbBIE >KEHIIIUHBI
0e3 MmaToJIOTUM BYJIBBEI B Bo3pacTte oT 20 mo 50 ner.
Jannast kyaccudukauusa c¢ pasgencHuem CJI Ha
KJIIMHUYECKUEe MOArPYMITHI MPeaiokeHa HaMU B CBSI-
31 C TeM, UTO Ha CETrOAHSIIIHUI JAeHb OTCYTCTBYET
enuHas kiaccudukalroHHass tepmuHoaorus CJI,
OCHOBaHHAsI Ha OOBEKTUBHBIX MOP(POIOTNUECKUX,
MMMYHOJIOTUYECKUX U MOJCKYISIPHO-TEeHETUUCCKIX
Kputepusax. B knaccudukanmio maTojJloTuu BYJIbBHI,
npeacrasyieHHy10 B 1993 rogy MexxayHapoaHbIM 00-
IIECTBOM I10 M3Y4YEHUIO OOJIe3HEU BYJIHBBI U BJlara-
guma (ISSVD) u MexayHapoaHbIM OOILECTBOM IO
ruHekojyiornyeckoit naronoruu (ISGP), ocHoBaH-
HYIO TOJIBKO Ha ITaTOMOP(OIOrnIeCcKuX N3MEHEHI-
SIX TKAaHEUW HapYKHBIX >KEHCKUX ITOJOBBIX OPraHOB,
BKJIIOUEHBI CKJIEPOTUYECKMI AUILIai (MU JTUXEH) U
TUTOCKOKJIETOYHAs TUITepruia3us (ycrapeBIast Tpak-
TOBKA — «JICMKOIIJIAKUS» ) BYIbBEI M APYTHAC ASPMATO-
361 [26, 28]. OnHAKO 1 OHA He MOJHOCThIO OTpaXkaeT
Te KIMHUYECKHE U MOP(POJIOTHYEeCKHUEC BapHUaHTHI
TeUYEeHUS T0OPOKaUYeCTBEHHBIX 3a00JIeBaHU BYJIbBHI,
C KOTOPBIMU CTAJIKMBAETCSl MPAKTUKYIOIIUI Bpady B
cBoeli padote. Tak, KIMHUYECKUI TUArHO3 «IIJIOCKO-
KJIETOYHAsI TUIIePIUIa3usl» B HAIllEll CTpaHe MPaKTU-
YeCKM He BBICTaBIISIETCS. B TO XXe BpeMs K IMarHo3y
«CKJIEPOTUYECKUI JIMIIAl» OTHOCAT 3HAYUTEIHLHO
OTJIMYaIOIIMeCcsT KaK KIIMHUYECKH, TaK U1 MopdoJo-
TMYEeCcKU, BapuUaHTbl TEUYEHUSI JaHHOW MAaTOJIOTUU,
4TO, B CBOIO OYepellb, HEe mpeanosaraet auddepeH-
IIMPOBAHHOTO TOAXO/Aa K JICYEHUIO MAIlMeHTOK CO
CJI. B MexnyHapoaHOU KilaccupuKanuy 60ae3HEeH
10-ro mepecmotpa (BO3, 1995) ckiepoTudecKmii
JIMXEH KOOUPYETCSl TOJ Ha3BaHMEM <«JIMIIAi CKJe-
potuyeckuit u arpopudeckuii» (L90.0), u oTHeceH
B DPYOpUKY <«ATpodHUUYECKHE TMOPAXKEHUS KOXM».
B Poccuu xe CJI paccmaTtpuBaeTcst AepMaTojioraMu
KaK KJIMHU4YecKast (hopMa JTOKaJIM30BaHHOI CKIIepO-
nepvun (mmcp mo MKB10 — 1L.94.0), a ruHeKoJI0-

raMin — KaK HeBOCTIAJINTEJILHOE TOOPOKAYEeCTBEHHOE
3aboJieBaHue BYIbBHI [4, 6]. B m000M ciydae mipen-
JlaraeTcsl TOJIbKO €IMHBIM TepMUH, 0e3 yuyeTa maTo-
TEHETUYECKUX, KIIMHUYECKUX, MOP(OTOTMIECKUX U
VUMMYHOJIOTMYECKNX Pa3INdvii B TEYCHUU JTaHHOMN
MaTOJIOTUU.

Kpurepusimu BKITIOYSHUST TAITUEHTOK B MCCIIEIO-
BaHue ObuTH: Bo3pacT 20-60 Jet, Haymune CJI Byb-
Bbl, OTCYTCTBHUE JICUCHUS] MMMYHOTPOIHBIMU TMpe-
rmapaTamMu B aHaMHe3e B T€YeHUE IMOCJIeIHero rojia,
a KpUTEPUSIMU UCKITIOUYEHUST — BUPYCHBIE MH(MEKIINN
(BUpYyC MaIMJUIOMBI Y€JI0BeKa, BUPYC IMPOCTOTO Tep-
reca), MHMPEKIINU, IIepeaaBaeMble MOJIOBBIM MTyTEM,
HaJIMYME OCTPOTO BOCHAJIMTEJILHOTO TIIpolecca (B
TOM 4YHCJIe BYJIbBUTA U BaruHUTa), HAJIU4YME OHKO-
JIOTUYECKOTO TIpoliecca, HaJIMYre COMYTCTBYIOIINX
ayTOMMMYHHBIX 3a00JiIeBaHUi, OEepeMEHHOCTh, He-
JKeJIaHWe TIAllMeHTKY yJ9acTBOBATh B UCCIICIOBAHUM.
Bce ximmHMYecKe UcciemoBaHMs TPOBOIMIINCH I10-
cJie moaydyeHuss MHGOPMUPOBAHHOIO COTJIacUs Ia-
LIUEHTOK.

KoMmnnekcHyto MOp(OrucToXuMHUYecKyo OLeH-
Ky TKaHel BYJIbBBI (ITOCJIe HOXKEBOIW OMOIICUM) TIPO-
BOJIVJIV C WUCIIOJIb30BAHUEM OKPACKU TeMaTOKCUJIM -
HOMOM U1 3031MHOM (IS 0030pHOIT OIIEHKN CTPOSHUST
TUIOCKOTO SIIMTEJNIMsI, COOCTBEHHOW COCIAMHUTEIb-
HOM TKaHU, TTOACIN3UCTOM TKaHU, COCYI0B U BOJIOK-
HUCTBIX CTPYKTYp (KOJIJIar€HOBBIX, 3J1aCTUYECKUX)),
okpacku no Xoukuccy (LI K-peakius) ajist BbIsIB-
JICHUST TJIMKO3aMUHOTJINKAHOB, TUATyPOHOBOU KUC-
JIOTHI, TT0 Mamnopu ([U1sT BBISIBJICHUST KOJIJIATeHOBBIX
BOJIOKOH 1 OCOOEHHOCTEI CTPOCHUS COCYIOB MeJI-
KOro U cpeaHero KajauOpa, HEPBHBIX OKOHYaHMIA),
opceMHOM (Ha 3JIaCTUYECKUE BOJIOKHA), OKpPaCKU
nukpodykcuHoM o Ban-I130HY (BUIbI KOJJTAaT€HO-
BBIX BOJIOKOH — TOJICTBbIE U TOHKUE). McciaenoBanue
conepxanus 1L-20, IL-23, a Tak:ke OCHOBHBIX ITPO-
U TIPOTUBOBOCHAIUTEIbHBIX IUTOKMHOB (TNFa,
IFNy u IL-10), no3BojsIOlIMX OLEHUTh Haauyue
BOCITAJIMTEILHOIO TIpoliecca U CTENeHb ero BhbIpa-
JKEHHOCTH, B TlepudepruuecKoil KpoBM IMAllMEHTOK
TIPOBOAMIIOCH UMMYHO(GEPMEHTHBIM METOIOM C IT0-
Motpio (poromerpa Multiscan FC (Ounnsgaous) n
TecT-cucteM IipousBoacTBa R&D Systems (CILIA),
Bender Medsystems (ABcTpusi) — 10 UMMYHOTepa-
nuu lepuHatoMm 1 yepe3 1 Mec. mocJjie TakoBou. Jle-
30KCUpuOOHyKJieaT HaTpusl (depuHar), mpuMeHse-
MBIl o cxeme: 1 amr. (15 Mr/mMIiT) BHyTPUMBIIIIEYHO
1 pa3 B CyTKH, C MHTEpBaJIOM B 48 4acoB, Ha KypcC
10 mHBEKIUIA, codeTaan ¢ MECTHBIMU (Ha 00JacTh
BYJIbBBI, TIEpe] CHOM) alIUIMKALIMSIMU PACTUTEIbHO-
ro (JIbHSIHOTO) Macia.

KnnmHudeckast olieHKa 10 U 4epe3 1 Mecsir mo-
cJie OKOHYAHWUSI JIeYeHUsI OCHOBBIBAJIACH HA JTAHHBIX
omnpoca (HaJIm4ue Kajao0 Ha 3yI BYJbBBI, IUCTIAPELY-
HUIO), BU3YyaJIbHOTO OCMOTpa M BYJIbBOCKOITMM JIJIsI
OLICHKM PpacHpOCTPAaHEHHOCTU I1aTOJOTMYECKOIo
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TABMULIA 1. UMMYHOTPOMHBIE 3®®EKTHI JEPUHATA MPU IEYEHWM MALMEHTOK C PA3NUYHBIMA BAPUAHTAMM
TEYEHUS CI1, Me (Qq 55-Qy )

TABLE 1. IMMUNOTROPIC EFFECTS OF DERINATE IN THE TREATMENT OF PATIENTS WITH VARIOUS VARIANTS
OF SCLEROTIC LICHEN, Me (Q0_25'Q0_75)

2-a rpynna
MNokasaTenb K%Tﬂ':grb 1-a rpynna 2 group 3-a rpynna
Indicator n =30 1%t group noarpynna 2.1 noarpynna 2.2 3 group
subgroup 2.1 subgroup 2.2
Lo ne4yeHus / Before treatment
29,83 17,72
7,66 4,91 12,46 ’ ’
’ ’ ’ (26,68-55,43) (14,97-24,17)
IL-20, nkr/mn (1,71-20,60) (3,54-8,11) (10,86-12,91) b < 0,0001* b <0,015*
IL-20, pkg/ml Mocne neyeHus / After treatment
8,02 10,53 8,75
7,66 7,05 ’ ’ ’
’ ’ (5,43-10,65) (6,47-13,22) (7,71-12,43)
(1,71-20,60) (5,95-7,98) p<0,012 p < 0,0001 p < 0,0001**
Lo ne4yeHus / Before treatment
19,01 34,70 22,00
16,6 ’ 16,35 ’ ’
’ (18,0-38,5) ’ (27,0-58,4) (17,6-26,9)
IL-23, nkr/mn (12,98-20,71) p <0,012* (15,00-19,30) p <0,001* p <0,018*
IL-23, pkg/ml Mocne neveHus / After treatment
16,31 20,30 18,55
16,6 ’ 16,74 ’ ’
’ (12,03-21,51) ' (15,0-31,2) (14,71-23,80)
(12,98-20,71) 0 <0012 (12,00-19,70) 0<0012 0 <0012
Do neuyeHusn / Before treatment
0,66 2,65* 5,11
“ 6]15153;’5) (0,583-0,940) (2,22-3,15) (4,95-6,15) “ 511370 1
TNFa, nkr/mn T p < 0,03 p<0,03 p < 0,009* 14
TNFo, pkg/ml Mocne neveHus / After treatment
1,830 1,85 1,795 R 82-?3 06) 1,85
(1,61-1,95) (1,613-1,940) (1,478-2,060) b < 0.002°* (1,485-2,045)
Lo ne4yeHus / Before treatment
8,83 30,11~ 19,64
18,17 ’ 19,34 ’ ’
’ (8,258-9,300) ’ (29,85-31,75) (19,23-20,96)
IFNy, nkr/mn (17,71-19,00) p<0,03 (18,62-19.91) p<0,01 p < 0,03
IFNy, pkg/ml Mocne neyveHwus / After treatment
18,09 17,95
18,17 ’ 19,08 ’ 19,04
(17,71-19,00) (1p4'<8(7)'(1)§;z4) (17,66-19,24) (1p7'<08_(1)8’21*9) (17,40-21,08)
Do neuyeHnusn / Before treatment
3,41 34 2,875 R 2;:‘:060) 3,6
AT (3,03-3,65) (3,1-3,4) (2,28-2,99) b %001 (1,95-4,72)
IL-10, pkg/ml Mocne neyenus / After treatment
3,41 3,6 3,63 3 5213587) 3,15
(3,03-3,65) (3,35-3,72) (3,23-3,77) b < 0,002 (1,630-4,045)

lMpumeyaHue. * — ctaTUCTUYECKaA 3HAYUMOCTb Pa3nMymMii N0 CPaBHEHMUIO C KOHTPONEM; ** — Mo CpaBHEHUIO C UCXOOHbIM

YPOBHEM.

Note. *, statistical significance of differences compared to controls; **, compared to baseline.
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mpoliecca, BBIpaXkeHHOCTU aTpODUU KOXKU U CITU3U-
CTBIX, HAJIMYUST WA OTCYTCTBUE TUITOILIA3WU TOJIO-
BBIX T'yO, BBIPaXKEHHOCTH CKJICPOTUYECKUX M3MEHEe-
HUI BYJbBBI U JIp.

Cratuctuueckass 00paboTKa IOJyYEeHHBIX TaH-
HBIX BBHITIOJIHSIJIACH C TPUMEHEHUEM CTaTUCTUIECKOM
nporpammMmbl GraphPad Prism 6.0 ¢ oneHkoit Hena-
pametrpudeckoro U-kputepuss MaHHa—YutHu 06e3
OLIEHKM HOPMaJIbHOCTHU pacrpeneneHus. CTaTucTu-
YeCK! 3HAUMMBIM cUuTau paznuaus ripu p < 0,05.

PesynbTartbl

WUccnenoBanue conepxxanus 1L-20 B mia3zme Kpo-
BU ITAIIMCHTOK C Pa3IMIYHBIMI BapUaHTaAMM TCUCHUS
CJI mpoaeMOHCTpUPOBAJIIO 3HAYMMOE BO3pacTaHUE
€ro KOHIIEHTPAILIMM B TTOATrpyIIne 2.2, OTIMJYarolIeii-
Csl BRIpaXXEHHBIMU CKJIEPOTUUECKUMU U3MEHEHUSIMU
TKaHel ByabBbI (p < 0,0001), a Takke B 3-1i rpyrime
MHALMEHTOK CO CKJIepoaTpOUUYECKUM BapUaHTOM
TeueHnus: CJI (p < 0,0001), Toraa Kak y NallMeHTOK C
MUHUMAJIBHBIMU TIPOSIBJIEHUSIMU CKJIEPOTUYECKOTO
npoitiecca (nmoarpymnra 2.1) Habmomanach JUIb TEH-
JIeHLMST K yBeandeHuto coaepxanus IL-20, a nmpu
atrpodpuueckoM BapuaHTe CJI — TeHIEHLUSI K ero
CHIMXXeHMIo (Tabu. 1).

Conepxanue [L-23 Bo3pacTano B 11a3Me KpOBU
MHALMEHTOK BCEeX KIMHUYECKUX TPYIIH, 3a MCKIIIO-
YeHMeM NoArpynibl 2.1 ¢ MUHUMaJIbHBIMU CKJIe-
potnyeckumu npusHakamu CJI, omHako Haunbosee

BEIpaxkeHHOe (B 2,7 pa3a) yBeJIWUYCHUE COOACPKaAHUS
JIAaHHOTO LIMTOKWHA ObLIO OTMEUYEHO IPU BbIPaKeH-
HoMm CJI (p < 0,0001) y mariueHTOK MOATPYIIIBI 2.2
(Tabm. 1).

Ilpu aHanu3e ypoBHSI coAepKaHUs IpoBOCIA-
sutenapHbix 1UTOKMHOB TNFa u IFNy ormeuen
OOIIMI XapaKTep UBMEHEHUM B BUAE UX 3HAUMMOTO
BO3pacTaHusl, HanboJiee BIPaKEHHOTO B TIOATPYTITIE
2.2, a TakXe B BUIE CHUXXEHUS MPpU aTpopUIecKoM
BapuaHTe 3abosieBaHus. [lo-Bummmomy, pasHOHa-
IpaBJICHHBIM XapakTep W3MEHEHUSI COACPKaHUS
JIAaHHBIX MMPOBOCIIAIUTEIbHBIX IMTOKUHOB SIBISETCS
MPUYMHOMA OTCYTCTBUS JOCTOBEPHBIX M3MEHEHUU
MaHHBIX IToKa3aTelieil B 3-i1 rpymIie, codeTarolleit
CKJIEPOTHYCCKIE MPU3HAKA M aTPpO(UIESCKUEC U3Me-
HeHus CJI, 3a uckiI0UeHMEeM HEKOTOPOTO yBeJude-
Hus conepxanusi [IFNy (p < 0,03). KoHueHTpauus
npoTtuBoBocianuTesibHoro IL-10 cooTBeTcTBOBaO
BO3pacTHON HOpPMe Ipu aTpodUUECKOM, CKJIEpPO-
TUYECKOM (MUHUMAaJIbHON BBIPAXXEHHOCTH) U IIpU
ckiepoarpodudeckom BapuanTe TeueHus CJI, Torma
KaK TIPU BBIPaXKEHHBIX CKJICPOTHMYSCKUX ITPU3HAKAX
CJI (moarpymma 2.2) HaOJI0Jal0Ch €ro OTYETIUBOE
cHmxeHue B 2,4 pasza (p < 0,01; cm. Ta6a. 1).

TaknM 06pa3oM, CpaBHUTEIILHBIN MEXTPYITITOBOM
aHaJIM3 IMTOKUHOB MO3BOJIMJI ONPEACIUTh LIUTOKMU-
HOBBIE OMOMapKePhl Pa3TUYHBIX BADMAHTOB TCUCHUS
CJI. B wactHoctH, mjisi aTpoMUYecKOro BapuaHTa
CJI xapaKTepHBIM SIBJISIETCSI COUETaHUE YBEJIUYCHUS
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Figure 1. Clinical manifestations (itching of the vulva) of CL at different options for the course of CL before and after treatment (%)
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Figure 2. Clinical manifestations (dyspareunia) of CL at different options for the course of CL before and after treatment (%)

IL-23 co chuxkenuem TNFa, ast ckiaepoarpoduye-
ckoro — yBenuuenue [L-20, IL-23 u [IFNy, Torna kak
npu ckiaepornueckoM BapuaHTte CJI ¢ BbIpakeHHBI-
MU CKJIEPOTUUYECKUMU TPU3HAKAMU OTMEYEHO MaK-
cumanbHoe Bo3pactanue [L-20, IL-23, TNFa, IFNy
U MuHumaibHoe cHmxkeHue IL-10. TlomyuyeHHBIE
JTaHHbIE 000CHOBAJIN 11€J1€CO00Pa3HOCTh UX UCITOJb-
30BaHMSI HE TOJBKO B nuddepeHIIMalbHOM UarHo-
ctuke CJI, HO u B KauecTBe Kputepues 3hheKTUB-
HOCTHU JIeYEHUsI, B YACTHOCTU TIPU HCIIOJb30BAHUU
mperapara HyKJIEeMHOBBIX KUCJIOT.

Yepes 1 Mecsir mociie MpoBEAEHHOTO Kypca Jie-
YEeHMs Y 3HAUUTEJIbHON YacTU MallMeHTOK ObLIO OT-
MEYEHO OTCYTCTBUE KJIIMHUYECKUX MPOSIBJICHUN (3y]
ByJbBbl U aucnapeyHusi) CJI. I1lpu aToM HanbGoIb-
11ee KOJMYECTBO XEHIIWH C MOJHBIM OTCYTCTBUEM
Kayio0 Ha 3yJl OTMEYEHO B KITMHUYECKOW TTOATPYIITe
2.2 (c BBIpaXK€HHBIMU TIPOSIBJIECHUSIMU CKJIepO3a TKa-
Heit) (puc. 1), B To BpeMsl KaK HauOOJIbIIast KIIMHI-
yeckas 3(pPEeKTUBHOCTh B OTHOIIEHUM JUCTIapEYHU U
OoTMeyasiach y XEeHIIUH C aTpoUIEeCKUM BapUaHTOM
Teuenus: CJI (puc. 2).

BaxxHO OTMeTMTb, YTO YacToTa HAAHHBIX CYOb-
€KTUBHBIX CHUMIMTOMOB Y MAallMEHTOK [0 JICUCHUS
ObLTa TAKXKEe MAaKCUMaJIbHOW UMEHHO B 9TUX I'PYIITax
(3yn — y 100% nanueHTOK M3 IMOArPYIINbI 2.2; AucC-
napeyHusi —y 100% nauueHTOK 1-ii rpyIimb).

Hapsiay ¢ atum 1ociie npoBeAeHUs UMMYHOTEpa-
NUU OBIIM BBISIBJICHBI JOCTOBEPHBIC MMMYHOMOMY-
nupytomue 3P@eKThl ¢ BXOXKICHUEM OOJILIIMHCTBA
moKa3aTesieil B Ipeaesibl BO3PACTHO HOPMBI, YTO HE
MO3BOJIMJIO OOHAPYKUTh MEKTPYHITOBBIX Pa3IAdNi
U HOATBEPKAAET 11eJ1eCO00Pa3HOCTh UCIT0Ib30BaAHUS
noKa3aTejieil IMTOKMHOB B KAY€CTBE KPUTEPHUEB (-
(beKTMBHOCTU ITPOBOIMMOIA TepaIiuu.

ObcyxaeHve

HecMoTpsd Ha MHOXECTBO pPa3MUYHBIX ITOIXO-
OB, TIpoOJIeMa TUArHOCTUKU M Tepanuy CKICPOTU-
YeCKOTO JIMXeHa y XEHIIWH, Ha CETOMHSIITHUI IeHb
ocTtaeTcst HepeleHHoI [18]. Kpome Toro, Ha mpoTs-
KECHUM IJIUTSIBHOTO BPEMEHU MMEIIM MECTO CyIIe-
CTBEHHbIE TPOOJIEMBI, CBSI3aHHbBIE C TEPMUHOJIOTUEM
u kjaaccudpukanuein GopM CKIEpPOTUYECKOTO JIMXE-
Ha [5], HeoObxoaumoit misa nuddepeHIMPOBAHHOTO
nojaxoda K JUAarHOCTHUKE U BBIOOPY 3D (HEeKTUBHBIX
M ageKBaTHBIX METOHAOB Tepanmuu. B cBs3u ¢ aTuM
npeajnoxeHHass Hamu paHee kinaccudukanus CII ¢
YUYETOM pPa3JIMYHbIX KJIMHUKO-MOPDOIOrnYeCKUX
BapMaHTOB €Tr0 TEUCHUSI M COACPKAHMsS MaTOTeHe-
Tuuecku 3HauuMbix 1L-20, IL-23 [3], ObL1a momos-
HEHa ITOJIyYeHHbIMU B HCCJIENOBAaHUU JaHHBIMU O
wtazmeHHoMm conepxkauuu TNFo, IFNy u IL-10 y
NaleHTOK MpU aTpOoUIECKOM, CKIEPOTUYECKOM U
ckiepoarpoduueckoM BapuaHte TeueHus CJI.
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[MTonyyeHHBIE B HACTOSIIEM HMCCIETOBAaHUM pe-
3yJIbTaThl CPABHUTEJIBHOM OLEHKU JIMarHOCTHUYEe-
CKOM 3HauMMoOCTU mpoBocnaauTeabHbiXx TNFa,
IFNy, mporuBoBocnanutenbHoro IL-10, a Takxke
I1L-20 n 1L-23 mo3BOMMIIN OIPEneIUTh IUTOKIMHO-
BbIe OMOMapKephl Pas3IMIHBIX BapUAHTOB TCUCHUS
CJI B BuIe Bo3pacTtaHusl ypoBHs coaepxkaHust 11L.-23
u cHmxkeHuss TNFo (nmpu aTtpoduyeckom BapuaH-
te CJI); B Bune ysenuuenust 1L-20, 1L-23 u IFNy
(npu ckiiepoatpoduueckoMm Bapuante CJI); B Bume
MakKCUMaJIbHOTO Bo3pacTaHusi coaepxkaHus [1L-20,
IL-23, TNFa, IFNy 1 MUHUMaJILHOTO CHUXKEHUS
IL-10 (rmpu ckinepotuueckom BapuaHte CJI ¢ Bripa-
KEHHBIMU CKJIEPOTUYECKUMU MPU3HAKAMU).

IIpn aHamm3e BO3MOXHBIX MPUYMH HaOJIOHAC-
MBIX U3MEHEHMU M3y4aeMOro IHUTOKMHOBOTO ITPO-
dbwuaa ciaegyeT ydyuThbiBaTh W3BECTHbIE ITaHHbIE O
criocooHoctn IL-20 ycmnmBaTh TIPOAYKILIWIO TIPO-
BOCHaIMTeAbHbIX LHUTOKUHOB (IL-6, IL-8 u MCP)
M y9acTBOBAaTh B pelrapalliy 3MUTEIUS TIPU BOCTIA-
JIMTEJIbHBIX TIpolieccax [27], a mpu cBepXaKCHpeccuu
MPUBOIUTH K TOJABICHUIO aHTMOTeHe3a, TUIepIpo-
Judepalii KEpaTUHOLIMTOB, HAPYIICHUIO SITUICP-
MaJibHOM mMdGEepeHINPOBKU, YTO OOYCIOBIMBACT
€ro BaxXHYIO POJIb B TTATOTeHE3¢ ayTOMMMYHHBIX 3a-
oosieBaHuii (ricopuasa) [13]. Hapsay ¢ aTum us-
BecTHO, yTo IL-23, mpuHamiexaluii K ceMencTBy
IL-12, mosbnmaer cexkpeumio IL-17 u IL-22, 49Tto
MO3BOJISIET €My yJ4acTBOBaTh B ayTOMMMYHHOM BOC-
nageHuu [29]. M3BecTHO TakxKe, YTO CYITpeCcCUBHBIE
usMeHeHus1 TNFo accolimupoBaHbl ¢ HEKOTOPbIMU
ayToUMMYHHbIMU 3a0osieBaHusiMu [21], IFNy Mmoxert
CITOCOOCTBOBATh UX Pa3BUTUIO [22], a TIPOTUBOBOC-
nanuresbHbIN [L-10, Kak aHTarOHUCT psiia TIPOBOC-
nanutenabHblx UUTOKMHOB (IFNy, TNFa u 1L-6),
Cnoco0eH MHIUOMPOBaTh IKCHPECCUIO TEHIPUTHBI-
MU KJIeTKaMH1 MOJICKYJI IJITABHOTO KOMILJIEKCa TMCTO-
COBMECTUMOCTH KJlacca W KOCTUMYJISIITMOHHBIX
MOJICKYJ C TOCJICOYIOIINM OTpaHWYEeCHUEM aKTHUB-
Hoctu Th2 [13].

BaxkHO oOTMeTUTH 1LI€JIeCO00PA3ZHOCTh WCIOJb-
30BaHUSI YKa3aHHBIX IIMTOKMHOB B KayeCTBE OOb-
eKTUBHBIX HMMYHOJIOTUYECKUX KpHUTEepHEeB 3(P-
deKXTUBHOCTH TIpemjlaracMoii WMMMYHOTEpaIlti C
WCITOJIb30BaHMEM MperiapaTta JleprHat, HalpaBJieH-

Cncok nutepatypbl / References

HO Ha ONTUMM3ALUIO Tepanuu AUCTPODUYECKUX
3a00JIeBaHUI BYJIbBbI, MOCKOJBbKY CYIIECTBYIOIINE
TPAOUIMOHHbIE METOIbl UX JIeUeHUS (TOMUYECKUE
cTepouibl, hU3NOTEPANIeBTUYECCKE METOAbI, TOIU-
YeCcKue WHTUOUTOPHI KaJbLIMHEBPUHA U JIP.) B OC-
HOBHOM MMEIOT CUMIOTOMaTu4yecKuit xapakrep [18],
a Tepanus KOPTUKOCTEPOUIHBIMU TperapaTaMu
JIMIIIb B OTAEJBHBIX CIy4yasiX IO3BOJSET AOOUTHCS
OBICTPOTrO, HO TIPU 3TOM BeChbMa KPaTKOCPOYHOIO
apdekra [25].

B »Toil CcBSI3U ycTaHOBJIEHHAs B MCCIEAOBAaHUU
KJIIMHAYEeCKass W WMMYHojorudeckass 3¢hGdeKTuB-
HOCTb UMMYHOTPONHOIO mpenapata JepuHaT mpu
Tepanuu MallMeHTOK C pa3JIMYHbIMU BapUaHTaMU Te-
yeHus CJI mo3BoJisieT peKOMEHA0BaTh MPUMEHEHUE
ero Mmpu JaHHOW MaTOJIOTMU KaK B Ka4eCTBE MOHO-
Teparnuu, TaK U B COCTaBe KOMIUIEKCHOTO JICYCHUS.

BbiBOabI

1. Hua arpoduueckoro BapuanHta CJI xapak-
TEPHBIM SIBJISIETCSI COUETAaHUE YBEJIUYEHUS COIEp-
xanwus 1L-23 co cHuxenneM KoHueHTpaluu TNFa,
JUTSL CKITepoaTpo(UYeCKOro — yBEJTMYEHUE COepKa-
Hus B razme [L-20, IL-23 u [FNy, a npu cknepo-
tuueckoM BapuaHTe CJI ¢ BbIpak€HHBIMHU CKJIEPO-
TUYECKMMMU TPU3HAKAMU OTMEUYEHO MaKCUMaJIbHOE
Bo3zpactanue ypoBHs 1L-20, [L-23, TNFa, IFNy u
MMHUMaJIbHOE CHUXKeHUe KoHlleHTpauuu [L-10.

2. Tlocne uMMyHOTEpanuu € UCIOJIb30BaHUEM
npenapata Ha ocHoBe JIHK aykapuot HaGmopaeTcs
OTCYTCTBUE KIMHUYECKUX MPOSIBAEHUN (3y1 BYJIbBbI
u nucrnapeynus) CJI y 3HaUUTEIbHOU YacTu Ucclie-
JIYEMBIX XXEHIIWH: HauOOJIbIINUHA MPOLEHT XXEeHIIUH
C OTCYTCTBUEM KajioO Ha 3yd BYJbBbl OTMEYEH B
TpyIie C BbIpaXXEHHBIMU MPOSIBJCHUSIMU CKJIEPO3a
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Opucunaavnvie cmamou
Original articles

Pesome. Capkonao3 — 3TO MOJUCUCTEMHOE BOCHAIMTENbHOE 3a00JeBaHUE HEU3BECTHON STHUOJIOTUU,
OTHOCSIIEecsT TT0 CBOMM MOPGOJIOTHYECKUM OCOOEHHOCTSIM K TPYIITe TPaHyJIeMaTo30B, TETEPOreHHOE 10
KJIIMHUYECKUM MPOSIBJICHUSIM U UcxoaaM. KiaeTkn MMMYHHOI cucTeMbl, B yacTHocTU T-xenmnepsl (Th), o
XEMOKWHOBBIM T'paJiIM€HTaM TIPUBJIEKAIOTCS B JIESTOYHYIO TKaHb U/WIW JIPyTUE OPraHbl U UTPAIOT BAXKHYIO
poab B (popmMupoBaHuu rpanHysieM. M3 nepudepudeckoii KpoBu B TKaHU Th MUrpupyloT 6iarogapss Hajau-
YMI0 Ha UX TTIOBEPXHOCTU XeMOKMHOBOTO perientopa CXCR3, B3auMo1eiiCTBYIOIIETO C TAKUMHU JIUTAHIAMH,
kak CXCL9/MIG, CXCL10/1P-10, CXCLI11/I-TAC. Llenbto uccienoBaHus SIBUJIOCH OTIpeieIeHE YPOBHEM
xeMoknHoB CXCL9/MIG, CXCL10/IP-10, CXCL11/I-TAC B nnepucdepudeckoii KpoBU OOJBHBIX CapKOU-
JI030M B 3aBUCMMOCTH OT OCOOCHHOCTEI KIMHUYECKOTrO TeUeHUsI 3a00JieBaHUs 10 Ha3HAUYCHUSI UMMYHOCY-
MIPECCUBHOM Tepanuu. buutn ucciiegoBaHbl 00pa3Lbl M1a3Mbl KPOBHM OOIBHBIX capKouao3oM (n = 52). ¥V 37%
(19/52) ormeuanoch octpoe, a'y 63% (33/52) — xpoHudeckoe TedyeHue 3aboieBaHust. KOHTpoOJIeM CITyKUiIn
obpa3sibl nepudepuyeckoit KpoBu, MOJyYeHHbIE OT 22 MpaKTUYeCKU 310POBBIX J0OpOBOJbleB. KOHIEH-
Tpalli¥ XeMOKHWHOB (IIT/MJI) ONpPEeAesIuCh METOIOM MYJBTUILJIEKCHOIO aHajau3a Io TexHoiaoruu xMAP
(Luminex), Tect-cuctemsl Milliplex MAP (Millipore, CIIA). ¥ o6cinenoBaHHBIX 00JbHBIX OOHAPYXKEHO 10-
CTOBEPHO MOBBILIEHHOE COACPKAHNE XEeMOKMHOB OTHOCUTEbHO 300poBhix Jull: CXCL9 — 4013,00 nr/ma
npotus 1142,00 rir/mi, p < 0,001; CXCL10 — 565,90 rir/ma nipotus 196,60 ir/mi, p < 0,001; CXCL11 —
230,20 rir/mn nipotuB 121,10 nr/ma, p = 0,018. KonueHntpaiuu CXCL9 u CXCL10 nocToBepHO MOBBILIEHBI
KaK B 00pasmax KpOBH OOJBHBIX OCTPBIM, TaK U XPOHUYECKUM CapKOMI030M OTHOCUTEILHO YCIOBHO 300PO-
BbIX 100poBoJibLeB, pu p < 0,001. ¥YposeHb xeMoknHa CXCL11 ObLUT JOCTOBEPHO MOBbILIEH TOJIKO Y 00Jb-
HBIX C XPOHUYECKUM CAapKOUI030M, TI0 CPaBHEHUIO € Tpymmoii 3mopoBbix: 251,50 nir/mui u 121,10 iir/mo, ipu
p = 0,044, npuyeM ypoBeHb 3TOr0 XeMOKHMHAa KOPPEIUPOBAJI C aKTUBHOCTbIO aHTMOTEH3UH-TIPEBPAIlAIOIIEero
bepmenra (ATID) (r = 0,374; p = 0,042). Kak uzBectHo, ypoBeHb AITD 1ipu capkou103e CIYKUT KITMHUKO-
JJabopaTOpHbIM MOKa3aTejeM aKTUBHOCTH 3abosieBaHus. [1pu ocTpoM TeueHUM capKoMa03a yPOBEHb XeMO-
kuHa CXCL11 He OBUT JOCTOBEPHO BHIIIC, YeM Y 3AOPOBBIX JIMII, B TO XX¢ BpeMsl KOHIICHTPAIIMsS XeMOKMHA
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CXCL9 6bL1a 1OCTOBEPHO TTOBBIIIEHHON U KoppeanpoBaia ¢ aktuBHOCThio ATID (r = 0,762; p = 0,037).
YCcTaHOBJIEHO, YTO 10 Mepe MOSIBJACHUS IPU3HAKOB (MOPO3UPOBAHMSI JIETOYHO! TKAHU YPOBEHb XEMOKM-
Ha CXCL9 cHukaeTrcs: y O0JIbHBIX ¢ MpU3HaKaMu (puOpo3rMpoBaHMs MoKazaTeab coctaBui 1839,88 nir/mn
npotuB 4375,52 nr/ma — y OOJIBHBIX 03 IIpu3HaKoB ¢uodposa, p = 0,035. [Ipu cucTeMHBIX IIPOSIBICHUSX
capKou103a ONpeaesiics 10CTOBEpHO OoJiee BbICOKUI ypoBeHb CXCLY: y 00JIbHBIX C CUCTEMHBIMU MPOSIB-
nenusimu — 6036,84 nr/mut mpotus 1927,44 nir/min y 60/1bHBIX 0€3 IIpU3HaKOB cucTeMHocTH, p = 0,018. AHa-
JIN3 KJIMHUKO-J1a00paTOPHOI 3HAYMMOCTH YPOBHEI XeMOKHMHOB B IIJ1a3Me KPOBHM 0OCJIeI0BAHHBIX OOJIbHBIX
CapKOMUI030M BBISIBUJI IIAPAMETPhI MX YYBCTBUTEIBHOCTU U CIIELUMUUHOCTU. Y OOJIbHBIX C OCTPbIM TE€UEHM -
eM capkounno3a ouu coctaBmin: gyt CXCL9 — 84% mn 95%, CXCL10 — 84% n 95%, CXCL11 — 74% un 59%;
npu xpoHudeckoM: CXCL9 — 82% u 72%, CXCL10 —91% v 77%, CXCL11 — 79% v 55% cOOTBETCTBEHHO.
TakuMm obpazom, onpenesieHue xeMoknHoB CXCL9, CXCL10 u CXCL11 npu capkouao3e BHOCUT BKJIal B
MOHUMAaHWEe UX POJU B Pa3BUTHUM 3a00JeBaHUSI — TIpUBJIeUeHUU T-xeJlrnepoB u3 rnepudepruieckoil KpoBu
B JIETOYHYIO TKaHb M (DOPMUPOBAHUM TpaHysieM. KIIMHUKO-MMMYHOJIOTUYECKUE COMOCTABICHUS YPOBHSI
CXCL9 B nepudepryeckoil KpoBU OOJbHBIX U OCOOEHHOCTEN TEUeHUS CapKOUI03a YKa3bIBalOT HAa POJIb 9TO-
0 IMAarHOCTUYECKOTO MapaMeTpa s OLICHKY aKTUBHOCTH, TTPU3HAKOB (hMOPO3UPOBAHMS JISTOYHOM TKaHU
M CUCTEMHOCTH 3a00JIeBaHMSI.

Knroueswie cnosa: capkoudos, xemokunwvt, CXCL9, CXCL 10, CXCL 11, CXCR3 aueanoet, naazma kpogu

CXCR3 CHEMOKINE RECEPTOR LIGANDS IN SARCOIDOSIS

Lazareva N.M.2, Baranova O.P.2 Kudryavtsev LV.»", Arsentieva N.A.¢,
Lyubimova N.E.., Ses’ T.P.2, Ilkovich M.M.?, Totolian Areg A.»¢

“ First St. Petersburg State I. Pavlov Medical University, St. Petersburg, Russian Federation
b Institute of Experimental Medicine, St. Petersburg, Russian Federation
¢ St. Petersburg Pasteur Research Institute of Epidemiology and Microbiology, St. Petersburg, Russian Federation

Abstract. Sarcoidosis is a polysystemic inflammatory disease of unknown etiology, morphologically related
to the group of granulomatosis, with heterogeneous clinical manifestations and outcomes. Immune cells, in
particular T helper cells, are attracted to lung tissue and/or other organs by chemokine gradients and play an
important role in the granuloma formation. T helper cells migrate from peripheral blood to the tissues due to
expression of CXCR3 chemokine receptor on their surface. It interacts, e.g., with CXCL9/MIG, CXCL10/
IP-10, and CXCL11/I-TAC. Our study was aimed for determining the levels of CXCL9/MI1G, CXCL10/I1P-10,
CXCL11/I-TAC chemokines in peripheral blood of the patients with sarcoidosis, depending on the features of
their clinical course before administration of immunosuppressive therapy. We studied peripheral blood plasma
samples of the patients with sarcoidosis (n = 52). In 37% (19/52), they exhibited acute clinical manifestations,
and 63% (33/52) had chronic sarcoidosis. The control group included peripheral blood samples from healthy
volunteers (n = 22). The chemokine concentrations (pg/ml) were determined by multiplex analysis using xMAP
technology (Luminex), and Milliplex MAP test system (Millipore, USA). In the patients with sarcoidosis,
significantly higher levels of chemokines were shown relative to healthy volunteers: CXCL9, 4013.00 pg/ml
vs 1142.00 pg/ml (p < 0.001); CXCL10, 565.90 pg/ml vs 196.60 pg/ml (p < 0.001); CXCLI11, 230.20 pg/ml vs
121.10 pg/ml (p = 0.018). Plasma concentrations of CXCL9 and CXCL10 were significantly increased both in
blood samples from patients with acute and chronic sarcoidosis compared to healthy volunteers, p < 0.001. The
level of CXCL11 chemokine was significantly increased only in the patients with chronic sarcoidosis, compared
to the healthy volunteers: respectively, 251.50 pg/ml and 121.10 pg/ml (p = 0.044). The levels of this chemokine
correlated with the activity of angiotensin-converting enzyme (ACE), with r = 0.374; p = 0.042. The ACE
level in sarcoidosis is considered a clinical and laboratory index of the disease activity. In acute sarcoidosis,
the level of CXCL11 chemokine was not significantly higher than in healthy individuals, whereas the CXCL9
chemokine content was significantly increased and correlated with ACE activity (r = 0.762; p = 0.037). The
level of CXCL9 chemokine was significantly decreased in patients with signs of fibrosis as compared with
fibrosis-free patients (1839.88 pg/ml vs 4375.52 pg/ml, p = 0.035). Significantly higher levels of CXCL9 were
detected in cases of systemic sarcoidosis, i.e. 6036.84 pg/ml, as compared with 1927.44 pg/ml in the patients
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without these signs (p = 0.018). Evaluation of clinical and laboratory diagnostic characteristics for plasma
chemokine levels in sarcoidosis patients allowed to assess their sensitivity and specificity. The respective values
were as follows: in acute sarcoidosis: for CXCL9, 84% and 95%; for CXCL10, 84% and 95%; for CXCLI11,
74% and 59%. In chronic sarcoidosis, the respective values for CXCL9 were 82% and 72%; for CXCL10, 91%
and 77%; for CXCL11, 79% and 55%, respectively. Thus, the determination of plasma CXCL9, CXCL10, and
CXCLI11 chemokines in sarcoidosis allows of understanding their role in development of the disease, e.g.,
recruitment of T helper cells from peripheral blood to the lung tissue, and granuloma formation. Clinical and
immunological comparisons of CXCL9 levels in the peripheral blood of patients and characteristics of the
clinical course of sarcoidosis indicate to the role of this diagnostic parameter for assessing the disease activity,

signs of lung fibrosis, and systemic manifestations in this disease.

Keywords: sarcoidosis, chemokines, CXCL9, CXCL10, CXCL11, CXCR3 ligands, peripheral blood, plasma

BeeneHune

Capkonmos — 3TO MOJUCUCTEMHOE BOCTIAJIUTEITh-
HOe 3a00JIeBaHNE HEN3BECTHOM 3TUOJIOTUH, OTHOCS -
11eecs Mo CBOMM MOP(OIOrnyecKuM OCOOEHHOCTSIM
K TpyIIe TpaHyJIeMaTo30B, TeTePOreHHOE IO KJIH-
HUYCCKUM IIPOSIBJICHUSM M MCXOIaM. XapaKTepHO
OCOOCHHOCTBIO CapKOMI03a SIBISICTCS (DOPMUPOBaA-
HUE 3MUTEINOUIHO-KIETOUHBIX TpaHyJIeM 0e3 Mpu-
3HAKOB HEKpO3a, MPEUMYIIECTBEHHO B JIETOYHOM
TKaHW, BHYTPUTPYOHBIX JIUMGATAYECKUX Y3JaXx,
pexe B apyrux opraHax [3, 15, 23]. BaxHywo poib
B MMMYHOIIaTOIeHe3e capKouao3a, Kak U APYrux
rpaHyJjieMaToO3HbIX 3abosieBaHuil, urparot CD4T-
JTUMGOIINTHI, TIPOAYLIMPYIONIe MHTepdEepoH-TaMMa
(IFNy) [12, 31, 37].

Murpanusgs CD4*T-nmumbouuToB u3 nepudepu-
YEeCKOil KPOBU B ITOBPEKICHHBIC TKAHU MIPU CapKO-
MI03¢ BO3MOXHA OJlaromapst HaJTMIUIO Ha TOBEPXHO-
CTU KJIETOK XeMoKuHoBoro peuenrtopa CXCR3 [12,
16, 43, 49]. BkcnpeccupoBatb CXCR3 criocoOHBI
Takxe «1jactTudHbie» T-xennepsl 17-rotumna (Th17),
nurorokcuueckue CD8*T-muMdounTsl, psia cyorio-
nyasuuii T-peryasiTopHbIX KJeTOK, B-1umMpoLuThl,
HaTypaJibHbIC KWJIIEPHI, ACHAPUTHBIC KJIICTKH, a TaK-
Xe KIJIETKM snuteus u sHporenus [4, 20, 28, 32,
41, 42]. B psane Hammx nyoJauKanuii peacTaBiIeHbI
JMaHHbIE 00 OCOOEHHOCTSIX CYONOMYISIIIMOHHOTO CO-
craBa T-nmumdontos, B-mumdorutos u npobuis
OUTOKWHOB Y OOJBHBIX CAPKOWIO30M, B TOM YHCIIC
B COITOCTaBJICHUU ¢ KIMHUYECKUMHU OCOOCHHOCTSIMU
TeyeHUsT 3aboseBaHust [2, 5, 6, 7]. XeMOKMHOBBIN
peuentop CXCR3 B3auMoaeiCTBYeT C HECKOJIbKUMU
JIMTaHIAMU (XeMOKWHAMM), K YUCITy KOTOPBIX OTHO-
carcst CXCL9 unu MIG (ot anri. monokine induced
by gamma-interferon), CXCL10 wumu IP-10 (ot
aHTrI. interferon-induced protein of 10kDa), a Takke
CXCLI11 mwm I-TAC (ot anara. interferon inducible
T cell alpha chemoattractant).

Bce nepeunicieHHbIE XeMOKUHBI, CBSI3bIBAIOIIME
CXCR3, oOnagaroT LEIbIM PsSIIOM OCOOEHHOCTeH
(YHKIIMOHUPOBAHUS:

— CXCL9 u CXCL10 obnamaioT pas3IMYHbIM
cpoactBoM cBs3biBaHUsI ¢ CXCR3 1 cmocoOHOCTHIO

K Tepegadye CUrHajia yepe3 AaHHbIA peuentop [12,
16, 17];

— CXCLI1 obnagaetr HOMOJHUTEIbHOR CIIO-
coOHOCThIO K B3auMozeiicTBuio ¢ CXCR7, skcrpec-
CcUpYIOIIeMycs Ha KJIETKaX MMMYHHOM CUCTeMBI [48];

— OCHOBHBIM  aKTMBAaTOpPOM  3KCIIPECCHUU
CXCL9 sgasnsierca uHTepdhepoH-ramma. Iloa Bius-
HueM [FNy nuranner k CXCR3 nponyuupyoT Mma-
Kpodaru, KIeTK MHTePCTULIMSI, ITUTEINS U DHI0-
Tenus, a Takxke pudpoodnactel [11, 12, 48];

— cuHte3 CXCLI10, Hapsany c¢ IFNy, takxke
criocobeH BbI3bIBaTh MHTepdepoH-anbda (IFNa),
dakTop Hekposa omnyxonei-anbda (TNFo) u numno-
nonaucaxapuasl [12, 22, 30, 35, 38, 39, 49].

BzaumopeiictBue CXCR3 ¢ nuranmaMm urpaet
BaXKHYIO POJIb P MH(PEKIIMOHHBIX, ayTOUMMYHHBIX
M OHKOJIOTMYECKUX 3a00IeBaHUSIX, a TAaKXKe MPU psife
MaTOJIOTMYECKUX COCTOSTHUIM, CBSI3aHHBIX C HapyIle-
HHUEM peryiasuuu anruorenesa [1, 9, 10, 11, 12, 19,
41, 45].

Llenblii psin viccienoBaHU TTOCBSIIEH U3yYeHUIO
qurangos a1 CXCR3 nipu capkounose [11, 12, 21,
33, 36, 45, 46]. D10 onpenenaseTcss TEM, YTO, C OJ-
HOI CTOPOHBI, IMEHHO KJIETKU, SKCIIPECCUPYIOIINE
CXCR3, yyacTBylOT B (OPMUPOBAHUU TpPaHYyJIEM
IpYA CapKOMUIO03€, a C APYTroil CTOPOHbBI, OCHOBHBIM
MHIYKTOPOM CHHTE3a BCEX WU3YyUYEHHBIX JUTaHIOB
CXCR3 saBasiercs [FNy, urpamoimunii BaxHyro naTto-
TeHETUYECKYIO POJIb B Pa3BUTUN UMMYHHEBIX OTBETOB
pu 3a00JIeBaHUM.

IMokazano, uto npu capkougoze CXCL9-,
CXCLI10-, CXCLI1-XeMOKHHBI, B3aMMOJEHCTBY-
oume ¢ CXCR3-penentopamMm KIETOK KpOBH,
obecrreunBaoT XOoyMuHT CD4'T-mmMdboumToB u
MOHOILIMUTOB B O4Yar IOpakeHUS IS JAJTbHEHIIEero
dopMupoBaHus rpanyaeM [22, 25, 33, 34, 47]. Otu
XEMOKMHBI TAKXKE YJaCTBYIOT B IIpoleccax aHTruore-
He3a U Impoardepanu KJISTOK IIpy capkoumaose [8,
44].

B smmTepatype TipencTraBieHBI JAaHHBIE O BO3-
MOKHOM MCHOJIb30BaHUW OIpeAcIeHUsT ypOBHEM
CXCL9, CXCL10, CXCLI1 B nepudepuyeckoi
KPOBH OOJIBHBIX CAPKOMI030M IS IIPOBEICHUS KT~
HUKO-1a00paTOPHBIX HCclienoBaHuii. Psm aBTOpOB
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ykas3biBatoT Ha posib CXCL10 xeMOKMHA B MEXaHU3-
Max (popMUPOBaHUS TPaHYJIEM KaK TIPU OCTPOM, TaK
U IIPU XPOHUYECKOM capkounose [12, 42]. B apyrux
paboTax OMUCHIBAETCSI 3HAYMMOCTH OIPEIEICHUS
KoHueHTpauuii CXCL10 B KpoBU B KayecTBe I0-
TOJTHUTEIbHOTO  TMAarHOCTUYECKOTO  TOKa3aTess
TSDKECTU 3a00JIEBaHUST U MoKa3aTessl POrpeccupy-
forrero TedeHUs 3aboneBaHus [40, 45]. Arger m co-
aBT. YKa3bIBaloOT, YTO noBbilieHre ypoBHsI CXCLI11 B
nepudepruIeckoil KpoBU U B OPOHXOATBBEOISIPHOM
naBaxe (BAJI) y 001bHBIX CAapKOUI030M KOPpPEIUpPY-
€T CO CHUKEHUEM ToKa3aTteieil yHKIIMU BHEIITHETO
JIbIXaHUSI, IETOYHBIX 00BEMOB U, COOTBETCTBEHHO, C
YXyOlIeHUeM TedeHus 3adoeBanus [11, 12].

Bmecte ¢ Tem poJib OTAEIBHBIX XEMOKWHOB B
naToreHe3e CapkKouao3a U BO3MOXHOCTb IMPUMEHe-
HUST JAaHHBIX TTOKAa3aTesieil sl KIMHUYECKON 1a00-
PaTOPHOM NUArHOCTUKU C LIEJIbI0 OLIEHKU TeUYEHUSI
3a00JIeBaHUsI U €ro TMPOTrHO3a OCTAIOTCSI TTPOTHUBO-
peunBbIMU. B 3TOI CBsI3M 1ienbi0 Halleil paboThI
SIBUJIOCH OTpeniesieHne ypoBHelt xeMokuHoB CXCL9,
CXCL10, CXCL11 y 601bHBIX CAPKOUI030M B COIO-
CTaBJIECHUU C OCOOEHHOCTSIMU KJIMHWUYECKOTO Teye-
HUsI 3200JI€BaHUSI.

Matepuans! 1 MeTogbl

OOBEKTOM HCCACIOBaHUSI CIy>KUJa BEHO3Hasl
KpOBb, TTOJIydeHHAs ITyTeM NYHKIHWU Hepudepude-
CKOIf BeHBI 1 coOpaHHasI B BaKyyMHBIE ITPOOUPKU C
conepxanueMm K;O/1TA.

OCHOBHYIO TPYITTY COCTaBMJIM 52 OOJBHBIX cap-
KOMI030M B Bo3pacte 20-67 JIeT, He IOJydaBIINX
NMMYHOCYIIPECCUBHYIO TepaIliio, B TOM YHCJIE CH-
CTEeMHbIe KOPTUKOCTEpOUIbl, U Ia3madepes. B 3a-
BUCUMOCTHU OT KJIIMHUYECKOTO TCUYCHUS 3a00JIeBaHUS
OBbLIM BBIIEJICHBI BE OCHOBHBIE I'PYIIIbl. B mepByto
TPYIIy BOLLIM 19 TAlIMEeHTOB C OCTPBIM IEOIOTOM
(«cuHapom JIEdprpeHa»), Bo BTopyio — 33 nmauueHTa
C XPOHUYECKUM OeOITOM 3abojieBaHUS («HE CUH-
npom JI€dprpeHa»). Bce 60abHBIE CApKOUI030M TIPO-
xoauau obcenoBaHue Ha 6asze kKinHuku HUM nH-
TePCTULIMAILHBIX U Op(aHHBIX 3a00JIeBaHUI JTETKIX
npu @I'BOY BO «Ilepsriii CaHkr-IleTepOyprekuii
TOCYIapCTBEHHBIN MEIWIIMHCKUN YHUBEPCUTET WM.
akan. W.I1. IMasnoBa» Mwun3znpaBa Poccun, y 94%
OOJBHBIX OMArHO3 OBLI ITOATBEPKICH C ITOMOIIBIO
TUCTOJOTUYECKOTO UCCAeIOBaHMUSI.

B kxauecTBe TpyIIBI CpaBHEHUSI MCIIOJIB30BAIN
o0Opa3slbl nepudepruieckoi KpoBu 22 MpakKTUYeCKHU
300POBBIX JOOPOBOJIBIEB, COITOCTABUMBIX ITO TTOJTY U
BO3pacTy ¢ 00ciefOBaHHBIMU OOJIBHBIMU CapKOUI0-
30M.

Bce nccnemoBanus ObLIM MpoBeleHBI ¢ MHMOP-
MHUPOBAHHOTO COIJIACHsI TTAallM€HTOB M B COOTBET-
cTBUU ¢ XeJIbCUMHKCKOM Jekiiapauueili BcemupHoit
accolualy «DTUYECKUE TPUHIUIBI MTPOBEACHUS
HAyYHBIX MEOUIIMHCKUX HCCICIOBAHUU C YJacTHU-

eM JejoBeKa» ¢ morpaBkamMu 2000 . u «I[TpaBumamu
KJIIMHUYECKOM mpakTuku B Poccuiickoit PDenepa-
1uK», yrBepxkneHHbiMU [1prukazom MunsnpaBa P®
oT 19.06.2003 1. Ne 266.

AHanu3 ucclienyeMbIX XeMOKUHOB MPOBOJIWIN B
COTOCTaBJICHUU C PSIIOM KIIMHUYECKUX, UHCTPYMEH -
TaJIbHBIX 1 JIJAOOpAaTOPHBIX MOKa3aTesneit. [Tpu obcre-
JIOBAaHUU OOJIbHBIX YUUTHIBAIUCH TTOSIBJICHUE Xal00,
CUMITOMOB, HaJU4Yue€ WUJIU OTCYTCTBUE CUCTEMHBIX
(3KCTpaItyJIbMOHAJIbHBIX) TIPOSIBJICHU I, TOBBIIIICHUE
pacUYeTHOTO CHUCTOJIMYECKOTO TaBJIECHUS B JIETOUHOMN
aprepun (CIJIA, MM PT. CT.) MO JAaHHBIM 3XOIOTI-
iepkapauorpacdun (dxonontuiepKI'), yBennueHue
JM@OY3JI0B, HapacTaHUe M3MEHEHUI B JIETOYHOM
TKaHU ¥ PACIPOCTPAHEHHOCTH OYaroB MOPaKeHUM,
MOSIBJIECHUE UM TIPOTpecCUpOBaHUE TMPU3HAKOB (hU-
Opo3a U Jpyrue MNPOSIBJICHUS HeOIaronpusiTHOIO
TEUEeHUST CapKOUA03a MO MTaHHBIM MYJIBTUCTIUPAITh-
HOI KomItbloTepHOU ToMorpadpuu (MCKT) opra-
HoB rpyaHoi kjetku (OI'K). YuuteiBaau auHamMu-
Ky WM3MEHEHUS TMokaszarejeil (hyHKIMU BHEIIHEro
JIIBIXaHUsI, C OTpENeJICHUEM JICTOUHBIX OOBEMOB, B
TOM 4YHCJIe OLEHMBAJU CHIUXXKeHue auddy3noH-
Hoit crocobHocTu nerkux (DLCO, %) nmo naHHBIM
KOMIUIEKCHOTO (PYHKIITMOHATBHOTO WCCIIEIOBAHUS
BHelHero abixaHust (KOKWB/I).

B kauecTBe J1abOpaTOPHOIO TOKAa3aTesisi OLIEHKHU
aKTUBHOCTM 3a00JIeBaHUSI WCTIOIb30BAJIM AKTHB-
HOCTh aHTMOTEH3WH-TpeBpaliamiero ¢epMeHTa
(AI1®) B chiBopoTKe KpoBU (ACE Unit (=1 1U/ml)).
[MonoXunTEeNbHBIM CUMTAJICS PE3YIbTaT aKTUBHOCTHU
AIT® Goapiie 70 ACE Unit, pedepeHTHBIE 3HaUYe-
Hus s vl ctapiue 18 aet cocrasisiiu 20-70 ACE
Unit.

B ma3zme KpoBU U3MEpsUIM  KOHLEHTpAIUu
CXCL9/MIG, CXCL10/1P-10 u CXCLI11/I-TAC
XEMOKHMHOB (TIT/MJI) METOJIOM MYJIBTUIIJIEKCHOTO
aHanm3a 1o TexHonornu XMAP (Luminex). Mcrons-
30BaJIUCh KOMMepYeckue TecT-cucteMbl Milliplex
MAP (Millipore, CIIIA) ¢ mpuMeHEeHUEM MarHUT-
HbIX MuKpocdep Milliplex Mag (CIIIA), cormac-
HO WHCTPYKUMSIM TIpou3BoauTessi. Perucrpanuuio n
aHaJau3 JAaHHBIX MPOBOAWIN Ha mpuodope Luminex
MAGPIX (Luminex, CIILIA).

CraTuCcTUUeCcKyl0 00pabOTKY MOJTYYEHHBIX JaH-
HBIX MPOBOAWJU TMPU MOMOIIM MAKETOB MPOrpaMm
Statistica 8.0 (StatSoft, CIIIA) u GraphPad Prism
5.00 for Windows (GraphPad Prism Software Inc.,
CLIA).

IMony4yeHHbIe pe3yabTaThl MPEACTABICHBI B BUIE
MeauaHbl (Me) U MHTEepKBaAapTUJIBHOTO Auaria3oHa
(Q.25-Qg75). Ml cpaBHEHMS BBIOOPOK TOJYYEHHBIX
JMIAHHBIX WCIIOJIb30BAIM HEMapaMeTPUIeCKUl Kpu-
Tepuii MaHHa—YUTHHU, a TaKXKe KOPPEJSIIMOHHBIN
aHaJIM3 C MCIOJb30BaHUEM KoadduUiMeHTa paHro-
BOIT Koppesiiuu r-CrimpMeHa.
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PesynbTathl

Bcero 66110 00cIe10BaHO 52 O0JILHBIX CAPKOUI0-
30M, U3 HUX OCTPBIi Je0I0T 3a00IeBaHUSI OTMeUasCs
y 37% (19/52), xpouuueckuii —y 63% (33/52). Pac-
npenejieHne o0CIeOOBaHHBIX MAIIMEHTOB IIO CTa-
UM 3a00JIeBaHUSI HA OCHOBAaHUM JAHHBIX PEHTIE-
HOJIOTUYECKOTO OOCJIeMOBaHUS B MOMEHT IIEPBOTO
BU3UTA K Bpauy M IMOCTAaHOBKM AWAarHo3a IO Ha3Ha-
JeHUS TepaIriniy peACTaBIIeHO B Tabauie 1.

Takum obpa3om, cpeaud Bcex 00cjenOBaHHbIX
OOJBHBIX KaK ¢ ocTpbIM (n = 13/19), Tak 1 ¢ XpOoHU-
YecKMM JIeOloToM 3aboieBaHusI (n = 22/33), moma-
BJIsIIOLLIEE OOJIBILIMHCTBO COCTaBJISIM OoJibHBIE co 11
cTamuel capkouaosa.

B oOpa3uax mepudepryeckoil KpoBM BO Bcel
rpyrie OGOJIbHBIX CapKOWI030M OTHOCHUTEJBHO YC-
JIOBHO 3I0POBBIX TOOPOBOJIBIIEB OBLIO JOCTOBEPHO
TMOBBIIIIEHO COMIEP>KAHNE TPEX XeMOKITHOB:

— koHueHtpausi CXCL9 B oOpasiax rmias-
Mbl KpOBHU 00JbHBIX cocTtaBuia 4013,00 (1859,00-
7688,00) mnr/MJI OTHOCHUTEJIBLHO YCJIOBHO 310PO-
BbIX Jun — 1142,00 (584,70-1616,00) nr/mu mipu
p <0,001;

— CXCL10 xemokumHa — 565,90 (362,30-
771,70) rir/ma npotuB 196,60 (119,30-249,40) nr/mi
y 310poBbIX, TIpu p < 0,001;

— CXCL11 — 230,20 (149,20-469,10) nr/mi
npotus 121,10 (76,23-259,50) nr/miu, npu p = 0,018.

PesynbraThl comocTaBlIeHUST KOHIICHTPAIIMU XE-
MOKHMHOB B TpyIIIax OOJBHBIX C OCTPBIM (Tpyrmia 1)

M XpOHUYECKUM (TpyIIia 2) a1e0rToOM 3a00JIeBaHUs
B CPaBHEHUU C TPYINON KOHTPOJS MPeacTaBJeHbI B
TabauLe 2 U pucyHke 1.

Kak BuaHO 13 TaOMUIIBI 2, collep:KaHUe XeMOKU-
HOB CXCL9 u CXCLI10 mocToBepHO MOBBIIIEHO KaK
B 0Opasiiax 00JbHBIX C OCTPBIM, TaK U XPOHUYECKUM
CapKOUI030M I10 CPAaBHEHUIO C TPYIIIION IIpaKTUJe-
CKU 3IOPOBBIX JIUII.

VYpoBeHb xeMoknHa CXCLI11 moBbllIeH TOJIb-
KO y OOJIbHBIX C XPOHUYECKUM CapKOUIO30M IO
CPaBHCHMIO C IIPAKTUYECKHN 3IOPOBBIMH JIMIIAMU:
251,50 (149,20-417,10) nr/man u 121,10 (76,23-
259,50) nir/ma, ipu p = 0,044 cOOTBETCTBEHHO.

JOCTOBepHBIX pa3IN4uii 10 YPOBHIO BCEX TpeX
HUCCIelyeMbIX XEMOKMHOB MeXXay rpyrmnamMu 1 u 2
o0crenyeMbIX OOIbHbBIX BBISIBIEHO HE OBLIO.

st omeHKM WHMOPMATUBHOCTU ONpeaeICHUs
KOHLIEHTpallM1 JaHHBIX XEMOKMHOB B IlJla3Me KpPoO-
BU OBbUT INPOBEIEH aHaIMU3 KPHUBBIX OIepallMOHHOMI
XapakTepucTuku (receiver-operating-characteristic
curve-ROC) 1 BbIYMCIIEHBI TUIOIIAAN MO XapaKTe-
PUCTUYECKON KPUBOUW OINEPALIMOHHOW XapaKTepu-
ctuku (IT1K). OtnenbHO cpaBHUBAINUCh YPOBHU
XEMOKHHOB IIPM OCTPOM U XPOHHMYECKOM IIeOI0Tax
capkougosda. OcHoBHble xapaktepuctuku ROC-
KPUBBIX IPEACTABJICHbI HA PUCYHKE 2.

[Mpn aHanm3e THOOPMATUBHOCTU KOHIICHTPAIINIA
HUCCIelyeMbIX XeMOKMHOB B IJIadMe KPOBU OOJIbHBIX
CapKOMA030M ObLIM MOJYYEHBbI CleAylolliue 3Haye-
HUs, IpelicTaBlieHHbIe B Tabnaule 3. Hanbosee 3Ha-
YUMBIMUA U WHOOPMATUBHBIMHU MOKAa3aTCIIMU KaK

TABJINLA 1. XAPAKTEPUCTUKA IPYNN BONbHbIX CAPKONAO30M HA OCHOBAHUW PEHTTEHONOIMYECKOIo

OBCNEQOBAHUA
TABLE 1. CHARACTERISTICS OF PATIENTS GROUPS WITH SARCOIDOSIS BASED ON X-ray EXAMINATION
O6wee 4yncno 6onbHbIX | Yncno 6oNbHbLIX OCTPbLIM Hucno GonkHeix
XPOHUYECKUM
PeHTreHonoruyeckas capKonao3om capKkougo3om
. . . capKouao3om
cTagus Total number of patients Number of patients with N ) .
. . . e N umber of patients with
Radiographic (X-ray) stage with sarcoidosis acute sarcoidosis . o
chronic sarcoidosis
(%) (%) 0
(%)
Craaus 0 0/52 (0%) 0/19 (0%) 0/33 (0%)
Stage 0
Cragus |
Stage | 10/52 (19,2%) 6/19 (32%) 4/33 (12%)
Cragus ll
Stage Il 35/52 (67,3%) 13/19 (68%) 22/33 (67%)
Cragus lli
Stage I 7152 (13,5%) 0/19 (0%) 7133 (21%)
Cragusa IV o o o
Stage IV 0/52 (0%) 0/19 (0%) 0/33 (0%)
Bcero
Total 52 19 33

71



Jlazapesa H.M. u op.
Lazareva N.M. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

TABMULIA 2. KOHLEEHTPALIMW XEMOKVHOB B MNA3ME KPOBY (nr/mn) Y BOJIbHBIX C OCTPBIM (n = 19), XPOHUYECKUM
LEGIOTOM CAPKOMAO3A (n = 33) U YCTIOBHO 3[10POBbIX [IOEPOBOMBLEB (n = 22), Me (Qq,5-Qy.5)

TABLE 2. PERIPHERAL BLOOD PLASMA LEVELS OF CHEMOKINES (pg/ml) IN PATIENTS WITH ACUTE (n = 19), CHRONIC
SARCOIDOSIS (n = 33) AND HEALTHY VOLUNTEERS (n = 22), Me (Q 5-Qy 75)

KoHueHTpauus B nnasme KpoBwu, Nr/mn
Peripheral blood plasma level, pg/ml

Movnna 1 Mpynna 2 Mpynna 3 3Ha““MQ°T'=
XeMOKMHBbI ocr H%cha KOMEO3 XpoHuyeckui YcnoeHo 3aoposble | Pasnuuui (p)

Chemokines P oron p1 A capkouzos AO6GPOBONBLLbI .Sta.tllstlcally
Acute sarc‘:)oidosis Group 2 Group 3 significant (p)

(n=19) Chronic sarcoidosis Healthy volunteers
(n=33) (n=22)
p.,= 0,334
4698,00 3582,00 1142,00

CXCLI/MIG (2698,00-8816,00) (1581,00-6964,00) (584,70-1616,00) P15 < 0,001

Prs < 0,001

P, = 0,403

667,40 530,00 196,6

CXCL10/P-10 (459,20-777,50) (315,3-795,8) (119,30-249,40) P, < 0,001

P,.s < 0,001

p., = 0,689

209,90 251,50 121,10 _
CXCL11/I-TAC (166,10-481,50) (149,20-417,10) (76,23-259,50) 21-3 : g’gii
23~ Y

IPU OCTPOM, TaK U XPOHUYECKOM CAPKOUI03€E SIBJISI-
1o1cst ypoBHU CXCL9 u CXCL10, no cpaBHEHUIO C
xemoknHoM CXCLI11.

Jns 6oJiee aeTalbHOrO aHajlu3a KJIMHUKO-Auar-
HOCTHUYECKOU 3HAYMMOCTHU OITPEETSIEMBIX XEMOKM-
HOB, BBITTOJTHEH KOPPEISIIMOHHBIN aHaIN3 KOHIICH-
TpaLMii XeMOKMHOB B IJIa3Me KPOBM B 3aBUCUMOCTU
OT OCOOCHHOCTE! KIMHMYECKOIO0 TECUCHMS CapKo-
Wa03a Ha OCHOBAHMM JaHHBIX MHCTPYMEHTAJIBHOIO

o0cIIemoBaHUs MOPAaXXEHUIT OpTraHOB M J1abopaTop-
HOI'o IlOoKazaTeJsisl aKTUBHOCTU 3abosieBaHUs (Yypo-
BeHb AIID).

B oGuueii rpyrire Bcex o0cen0BaHHBIX OOJbHBIX
capkou1030M (n = 52) ycTaHOBJIEHA MOJOXUTEb-
Hasi B3aUMOCBSI3b MeX1Iy ypoBHeM xeMokrHa CXCL9
(rir/m) 1 ypoBHeM aktuBHOCcTU AIID (r = 0,345;
p =0,029).

- p < 0,001 5 p < 0,001 5 p = 0,044

= = = 2000 = = = 1600 - -

= E 30000 E)°= 0,334 p< 0]001 ; %1800 °p= 0,403 p< 0,001 ;%1400 op= 0,689 p= 0,059

O 27000 < 4600 = =3

= (5 24000 oo % o 1200 "

S 9 S T 1400 =

S} = 21000 =2 0 5 =5 1000

23 18000 o oS ” ST e
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PucyHok 1. KoHueHTpauum XxeMOKMHOB B nnasme KpoBu (nr/mn) 60nbHbIX ¢ XpoHu4eckum (n = 33), octpbim (n = 19)
[e0lTOM capkonpo3a U YCNOBHO 3A0POBbIX A0OPOBONbLLEB (N = 22)

Mpumeyanue. XC — 6onbHbIE XpoHUYeCckuM capkonpo3om (n = 33); OC — 6onbHbIe 0CTPLIM capkouao3oM (n = 19); Y3 - ycnoBHo
3p0poBble AobposonbLbl (n = 22). Pasnuuna mexay rpynnamu ykasabl cornacHo U-kputeputo MaHHa-YutHu.

Figure 1. Peripheral blood plasma levels of chemokines (pg/ml) in patients with acute (n = 19), chronic sarcoidosis (n = 33) and

healthy volunteers (n = 22)

Note. CS, patients with chronic sarcoidosis (n = 33); AS, patients with acute sarcoidosis (n = 19); H, healthy volunteers (n = 22). Differences

between groups are indicated according to the Mann-Whitney U-test.

78



2021, T. 23, Ne 1
2021, Vol. 23, No 1

Jueandet dnss CXCR3 npu capxoudose
CXCR3 ligands in sarcoidosis
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100% - specificity, %

PucyHok 2. ROC-kpuBble, XxapakTepusyroLime 3aBUCUMOCTb YyBCTBUTENBHOCTU U CNeLUUYHOCTU KOHLEHTPaLUIA
XeMOKWHOB B NJia3me KpoBM 60MbHBIX OCTPbIM (n = 19) 1 XxpoHnyeckum (n = 33) capkonao3om

MNpumeyanue. BepxHss cTpoka: ROC-kpuBbIe, XapakTepu3yHolume 3aBUCUMOCTb YYBCTBUTENBHOCTY U CNELMUYHOCTHU YPOBHEH
XEMOKMHOB B Nia3me KpoBW 60NbHbIX OCTPLIM capkonao3om (n = 19). HwkHss ctpoka: ROC-kpuBkIe, XapakTepusytolme 3aBUCUMOCTb
YyBCTBUTENBLHOCTH M CNELMEUYHOCTM YPOBHEN XEMOKUHOB B NMila3Me KpoBU 60MbHBLIX XpOHUYecKuM capkoupo3som (n = 33). MMNK -
BbIUMCTEHHas Nrowaab Noj XapakTepUcTUIecKon KPUBOI ONepaLnoHHON XapakTepUCTUKU.

Figure 2. ROC curves characterizing the dependence of sensitivity and specificity of chemokines plasma levels in patients with

acute (n =19) and chronic (n = 33) sarcoidosis

Note. Upper line: ROC curves characterizing the dependence of sensitivity and specificity of chemokines plasma levels in patients with acute
sarcoidosis (n = 19). Bottom line: ROC curves characterizing the dependence of sensitivity and specificity of chemokines plasma levels in patients
with chronic sarcoidosis (n = 33). AUC, area under the operating characteristic curve.

B rpymnrie 00JIbHBIX C XPOHUYECKUM CapKOMJIO-
30M BBISIBJICHA TTOJIOKUTEIbHAST KOPPEIISIINS MEXITY
koHueHTtpanueit CXCLI11 (nir/mn) u ypoBHeMm ATTD
(r=0,374; p = 0,042). Y OOJIBHBIX C OCTPHIM JIc0I0-
TOM CapKOWJJIO30M BBISIBJIEHA MpPsSIMasi TTOJIOKUTEb-
Has cBsI3b MexXay ypoBHeM AII® n KoHIIeHTpalmei
xemMokuHa (rir/mir) CXCL9 (r = 0,762; p = 0,037).
Takum oOpa3oM, HauboJiee CUIbHAST KOPPEASILIUOH-
Hasl CBSI3b MEXIY aHAJIM3UPYEMbIMU IOKa3aTeISIMU
ob11a monydeHa st CXCL9 xeMoKWHA IIpU OCTPOM
TeYeHUU capkouao3a (mpu cuHapome JIEprpeHa).

MeTton MyJIBTUCTIMPAIBHON KOMITBIOTEPHOI TO-
morpapuu (MCKT) serkux mo3BojsieT ¢ BbICOKOM
TOYHOCTBIO BU3YyaJIU3UPOBATh W3MCHEHUS B Jie-
TOYHOI TKaHW M pa3Mepbl PErMoOHapHBIX JMMda-
TUYECKNX y3JI0B. B HacTosIeM MCcieTOBaHUU MBI
CpaBHUMBAJIU M3MEHEHMs YPOBHEU XeMOKUHOB B 3a-
BUCUMOCTUA OT HAJWYUS WJIM OTCYTCTBUSI TeX WJIH

UHBIX Mpu3HakoB uameHeHuit Ha MCKT. pazamepoB
JTUMGaTAYECKHUX Y3JI0B; 0YaroBbIX U3MEHEHUN B Jie-
TOYHOI TKaHW; MPpOsIBJIEeHUN nmHeBMopuopo3a. Ilo-
CKOJIbKY UMMYHOPETYJISITOPHBIC TIPOIIECChI IIPU Cap-
KOMI03¢ MOTYT IIPUBOAUTH K CHOHTAHHOUW PEeMUCCUN
3a00JIeBaHMSI, a WCCIIEMyeMble XEMOKHWHBI HWTParOT
BaXXHYIO POJIb B MPUBJICUCHUH KJIETOK B JIETOUYHYIO
TKaHb U B QOPMUPOBAHUU TPaHyJIEM, ObUIH IIpOaHa-
Ju3upoBaHbl ypoBHU XeMoknHoB CXCL9, CXCLI10,
CXCLI11 y 60abHBIX C XpOHUYECKUM CAPKOUI030M C
HaJlu4yreM Tpu3HaKoB (pudpo3a 1 6€3 TaKOBBIX.
TakuM 006pa3oM, MOXHO KOCBEHHO YCTaHOBUTH
JIUAarHOCTUYECKHN 3HAYMMble YPOBHU XEMOKWHOB,
CBHUICTEIBCTBYIOIINE O Pa3BUTUN HEOOPATUMBIX 13-
MEHEeHMUI B JjeroyHoi TKkaHu. [TogobHoe rccienoBa-
HIE MOXET UMEThb ITPpaKTUIECKOe 3HAUCHME IIJTS KT~
HUYECKOI J1ab0opaTOPHOI AUATrHOCTUKU, TTOCKOJIbKY
obHapyXeHue MpU3HAKOB MHeBMOPUOpo3a Mo pe-
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TABJNALA 3. KPUTEPUN UHOOPMATUBHOCTU KOHLIEHTPALUIA UCCNEOYEMbIX XEMOKWUHOB B NNA3ME KPOBU
BONbHbIX C OCTPbIM (n = 19) W XPOHUYECKUM CAPKOMO30M (n = 33)

TABLE 3. CRITERIA FOR LABORATORY VALUE OF PLASMA CHEMOKINE CONCENTRATIONS IN PATIENTS WITH ACUTE

(n = 19) AND CHRONIC SARCOIDOSIS (n = 33)

Mpynna 6onbHLIX OcTpbin gebiot capkouposa Xpouuqecxuv! .qe6ro'r_ capkouposa
Patient arou Acute sarcoidosis Chronic sarcoidosis
group (n=19) (n=33)

XeMOKUH CXCL10/ CXCL11/ CXCL10/ CXCL11/
Chemokine CXCLOMIG IP-10 I-TAC CXCLIMIG IP-10 I-TAC
JyscraurentHocTe 84% 84% 74% 82% 91% 79%
Sensitivity
Creunduunocts 95% 95% 59% 72% 77% 55%
Specificity
Kputepun pasgenexusn
(nr/mn) > 2440,00 > 418,10 > 181,40 > 1423,00 > 227,90 > 136,80
Criterion of the separation nr/mn nr/mn nr/mn nr/mn nr/mn nr/mn
(pg/ml)
K 0,916 0,940 0,673 0,857 0,902 0,663
AUC* il il y ) il il
o] p < 0,001 p < 0,001 p = 0,058 p < 0,001 p < 0,001 p =0,043

Mpumeyvanume. * MMNK - BbluncneHHasa nnowanb Nof XxapakTepUCTUHECKOM KPMBOW ONepaLMoHHOW XapaKTepPUCTUKH.

Note. * AUC, area under the operating characteristic curve.

TABJTULA 4. KOHLEHTPALIUM XEMOKWUHOB B NIA3ME KPOBW (nr/mn) BONbHbIX XPOHUYECKUM CAPKOMOO30M
(n = 22) C NPU3HAKAMU ®UEPO3UPOBAHUA NEFOYHON TKAHMU (n = 9) U BE3 TAKOBbIX MPU3HAKOB (n = 13),

Me (Qo,zs'Qo,75)

TABLE 4. PERIPHERAL BLOOD PLASMA LEVELS OF CHEMOKINES (pg/ml) IN PATIENTS WITH CHRONIC SARCOIDOSIS
(n'=22) WITH SIGNS OF FIBROSIS OF THE LUNG TISSUE (n =9) AND WITHOUT SUCH SIGNS (n = 13), Me (Qq25-Qq75)

KoHueHTpauus B nnasme KpoBu, nr/mn
Peripheral blood plasma level, pg/ml
rg"::MGO;Z;%XG;(?_IOZZ::SLM Fpynna 60nbHbIX XPOHUYECKUM 3Ha‘|“M°vCTb
XeMOKMHbI pronA P CapKOMA030M C NpU3HaKaMu pasnuuun (p)
Chemokines nHeBMocubposa nHeBModMGpo3a Statistically
Chronic sarcoidosis patients . o . . ignificant
. . . Chronic sarcoidosis patients with significant (p)
without signs of fibrosis of the lung . y . .
. signs of fibrosis of the lung tissue
tissue (n=9)
(n=13)
4375,52 1839,88 _
CXCLIMIG (2306,14-6036,84) (1156,61-3582,48) p=0,035
429,31 625,39 _
CXCL10/P-10 (294,89-556,94) (353,09-1504,89) p=0133
171,57 149,24 _
CXCLNA-TAC (163,72-357,92) (89,10-343,57) p=0.229

synsrataMm MCKT saBisieTcsl KpUTUUYECKM BasKHBIM
IUTST Ha3HAYeHUSI U KOPPEKILMM N03bl CTEPOMIHOM
Teparnuu y OOJbHBIX capkougo3oM. Hamu ObLT BbI-
MOJIHEH aHaJIU3 YPOBHEU XEMOKMHOB B IJIa3Me KPO-
BU OOJILHBIX C XPOHUUYECKUM JI€0I0TOM 3a00J1eBaHUS

0e3 nmpu3HaKoOB (PUOPO3UPOBAHUS JIETOYHOM TKaHU
U C BBISIBJICHHBIMU TpU3HaAKamMu ITHeBMOGHOpo3a
(Tabm. 4).

ITocKOJIbKY TOCTOBEPHOCTb pa3IUUM  MEXITY
rpynIiaMy TMaldeHTOB OblIa YCTAHOBJICHA TOJBKO
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g CXCL9, mis 3Toro xeMOKMHa ObLI BBITIOJHEH
aHaJM3 TIoKasaTeJiell KIMHUKO-J1abopaTOpHOI MH-
(OopMaTUBHOCTH y OOJIBHBIX C XPOHUYECKUM J1e010-
TOM cCapKouao3a C IIpU3HAKaMU ITHeBMOMUOpo3a.
ITo pesynwratam mnpoBeaeHHoro ROC-aHanuza ajis
CXCL9 monydeHBI clemylollne IT0Ka3aTeln: JyB-
CTBUTEJILHOCTB — 89%; cnieniuuaHoCTh — 62%; KpH-
Tepuit > 3962,00 rir/mur; TITIK = 0,769; p = 0,035.

Takum oOpa3oM, JOCTOBEPHO CHUXKEHHBIE KOH-
nentpaunn CXCL9 B mia3zMe KpoBU XapaKTEPHBI
JUISI OOJIBHBIX C XPOHUYECKUM CapKOMI030M ITPU He-
071aronpusITHOM TEUEHUU 3a00JeBaHUsl (ITPOLIECCHI
(GUOPO3UPOBAHMS JIETOUHOM TKAHM).

J7s1 BBISIBJIEHUSI OCOOCHHOCTE XEMOKWHOBOM
PeTYJISIIMU TIPU CUCTEMHBIX IIPOSIBJICHUSIX CapKoO-
UI03a U OLIEHKM BO3MOXHOW JMarHOCTUYECKOMN
3HAYMMOCTH MCCIICAYEMbIX XeMOKHMHOB IIPU TeHEpa-
JIM3ALMK TIpoliecca ObLI BBIMIOJTHEH aHalU3 pe3yJib-
TaTOB KJIIMHUKO-MHCTPYMEHTAJIBHBIX MCCIICIOBAHMIA.

C 9Toli 11eIbI0 TPYIITY OOJBHBIX C XPOHUYECKUM
TeYCHUEM CapKOMI03a Pa3Ie/IIN Ha 2 TTOATPYIIIHL:
1 — OonbHBIE 06€3 HAIUYUSI IKCTPAITYJIbMOHATbHBIX
MPOSIBJICHNIT 3a00JieBaHUs, C JIOKaJIU3alMel Tpo-
1ecca TOJbKO B OpraHax JbIxaHusl; 2 — OOJIbHBIE C
BBIDAXKECHHBIMHM  SKCTPAITYJIbMOHAJIBHBIMHA  TIPOSIB-
JICHUSIMU capkougo3a (IpU3HaKU TeraTo-/CIUICHO-
Mmeraauu no pesyasrataM Y3W opraHoB OpIOLIHOMN
MOJIOCTH, HAJIMYME CYCTaBHOTO CUHIPOMa; YBEIIMYe-
HUE pa3MepoB JIMM(MaTUIECKUX y3J10B BHEJIETOUHOM
JIoKanu3anuu (HamaradparMaabHBIX, TIEPUTIOPTAITb-
HBIX, 3a0PIOIIMHHBIX, TAXOBbIX, IIEHHBIX 1 MHOMU JTO-
Kan3allnn); TTopakeHUS Ti1a3 (YBEUT CapKOUIHOMN
3TUOJIOTUN)).

Y 60abHBIX 00€uX MOArPYMIl ObUIM IpOaHaU-
3UpPOBaHbl YPOBHU BCEX MCCIIEAYEMbIX XeMOKMHOB B
ruta3me KpoBU. JlocToBepHbBIE pa3inyuust ObLIN MOJTY-
yeHbl ToabkKo a1t CXCL9. Okazanoch, 4TO YPOBHU
3TOTO XeMOKWHA IOCTOBEPHO BHIIIIE Y OOJIbHBIX C CH-
CTEMHBIMU TIPOSIBJICHUSIMU M cocTasisior 6036,84
(3582,48-12082,23) rir/mn npotus 1927,44 (954,02-
2523,81) iir/Mi y OOJIBHBIX 03 TTPU3HAKOB CUCTEM-
Hoctu, p = 0,018.

TakuM 00pa3oMm, COTJIaCHO pe3yiabTaTaM IIpo-
BEIEHHOIo aHaiau3a ypoBHell xeMokuHoB CXCL9,
CXCL10 u CXCL11 B rutaame KpoBU OOJBHBIX cap-
KOMJ030M, HaMWOOJIbIIEHd JIUAarHOCTUYECKO 3Ha-
YUMOCTBIO KaK MPU OCTPOM, TaK M XPOHUYECKOM
capkouao3e, MPpU TOSIBICHUU TIPU3HAKOB ITHEBMO-
Gubposa, a TakKe IMPU BbIPAKEHHBIX CUCTEMHBIX
MPOSIBJICHUSIX CAapKOUI03a SIBJISICTCS YPOBECHb XeMO-
knHa CXCL9.

ObcyxaeHve

N3yuyenue xeMokuHoB, B 4yacTHoctu CXCL9,
CXCL10, CXCLI11 gBnsieTcsl aKTyaJIbHbIM U CIO-
COOCTBYET 00Jiee TOHKOMY MOHUMAaHWIO MEXaHU3MOB
HaImpaBJIeHHON MUTpalU KIIETOK-3(h(OEKTOPOB UM-

MYHHOTO OTBeTa U3 repudepruiecKoil KpoBU B Iopa-
JKCHHBIC OpTaHbl M TKAHM.

B psine paGor oTeyecTBEHHBIX U 3apyOeXKHbIX
aBTOPOB IMOKAa3aHO TIOBBIIICHUE YPOBHS XEMOKWHA
CXCLY, Hapsiny ¢ ApYyTMMU JIMTAaHIaMU pELIENITOpa
CXCR3, B CbIBOPOTKE KPOBU OOJBHBIX IIPU ayTOUM-
MYHHOM Tupeounute [9, 10], peBMaTOMIHOM apTpu-
Te [29], cucTeMHOIT KpacHOM BomgaHke [27], capko-
nnose [11, 12, 40, 41, 45], renarure C [1, 19].

ITockoabKy TIpu capKOWIO3€ pa3BUBAETCS CHU-
CTEMHOE TpaHyJIeMaTO3HOe BOCHaJeHUe, ONOCPpeay-
eMoe TUTIEePaKTUBHOCTBIO KJIETOK UMMYHHOM CHUCTE-
MBI I CHHTE3UPYEMbIX UMU IUTOKUHOB, B YaCTHOCTH
IFNy [3, 12, 31], Ha Ha1 B3IJIs11, OTIpefie/ieHe KOH-
neHtpauuii [FNy-uHIyLHUPOBAaHHBIX XEMOKMHOB —
CXCL9, CXCL10, CXCL11 — B mna3me KpoBHU 00JIb-
HBIX CApKOUJI030M, B 3aBUCUMOCTU OT KIMHUYECKUX
ocoOeHHocCTel 3a00ieBaHUS, SIBJISIETCSI aKTyaJIbHbBIM.

OOBbEKTOM MCCAEAOBAHUS CIAYXUIU 00pas3lbl
TJ1a3MbI KpOBU OOJBHBIX CAPKOMUIO30M M IIPaKTHUIC-
CKM 3IOpOBBIX JuI. OmpenelieHNe KOHIICHTPAIIMU
CXCL9, CXCL10 u CXCLI1 XeMOKMHOB IpOBO-
JIUIA C TMOMOIIBIO COBPEMEHHOTO METOlIa MYJbTH-
TUIEKCHOTO aHaJIn3a.

st mpoBeaeHNST KIMHUKO-UMMYHOJIOTUUYECKIX
COITOCTaBJICHUI BCeX 00CIeI0BAaHHBIX OOJBHBIX Cap-
KOHMIO30M, B 3aBUCUMOCTH OT OCOOCHHOCTEU K-
HUYECKOTO TeYeHHUsl 3a0oyieBaHUS, pacIpeaeTnIn
no rpyrnmnam (taoJ. 1).

Ha Hamr B3, o4eHb BaXKHBIM IS M3YYEHUS
MMMYHOJIOTUYECKUX TIoKa3aTeseil SIBJISIETCS OTCYT-
CTBHE MMMYHOCYIIPECCUBHOM Tepalmu y 00CIIemo-
BaHHBIX OOJIBHBIX, TTOCKOJIBKY TUArHO3 «CapKOUI03»
MM OBLJT yCTAHOBJICH BIIEPBBIC, JICYUSHUE KOPTUKOCTE-
POUIHBIMU MpenapaTaMy He MIPOBOIUIOCH.

VY 52 o0cnenoBaHHbBIX OOJBHBIX C BIIEPBBIE yCTa-
HOBJICHHBIM JTUAarHO30M «CapKOWI03» OOHapYy>KEeHO
MIOCTOBEPHOE TIOBBILIIEHNE YPOBHSI BCEX TPEX XEMO-
kuHOB: CXCL9, CXCL10 u CXCL11 orHOCUTETHEHO
300POBBIX JUIL (TA0I. 2).

Kaxk BUgHO 13 TaBJULIBI 2, TOCTOBEPHOE IMOBbBIIIIE-
Hue KoHueHTpauuii CXCL9 u CXCL10 xeMOKUHOB
OTMEYaioCh B TPyMIiaXx OOJbHBIX KaK C OCTPBIM, TaK
¥ C XpPOHUYECKUM TeUCHUEM CapKOMI03a IT0 CpaBHE-
HUIO C TPYIIION MPaKTUICCKHU 3MOPOBHIX, a YPOBEHbD
CXCLI11 O6bLI NOBBIIIEH TOJILKO Y OOJIBHBIX C XPOHU-
YeCKMM TeYeHHEM CapKOMI03a.

TlosbiieHue yposHeit CXCLI1 B mepudepu-
YeCcKOl KpOBU M B OPOHXOATBBEOJISIDHOM JIaBaXe y
OOJBHBIX CApPKOMUIO30M, II0 TaHHBIM psia aBTOPOB,
KOPPEIUPYET CO CHIDKEHMEM TToKa3aTenaeii (hyHKIINN
BHEIIITHETO IbIXaHUS, JETOYHBIX OObEMOB U CBUIC-
TEJIBCTBYET O HEOJaronpUsITHOM TEUYEHUN CapKOUI0-
3a [11]. B Haiueit paboTe roka3zaHo, 4TO IPU OCTPOM
nedloTe 3a0o0JieBaHUsI, COMPOBOXAAIOIIUMCS, Kak
M3BECTHO, OojIee OJIaroIPUSITHBIM IIPOTHO30M U JTO-
CTaTOYHO BBICOKOI BEPOSITHOCTBHIO Pa3BUTHS CIIOH-
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TaHHOW peMuccuu 3aboJieBaHUS, KOHLEHTPALIUs
CXCLI11 xemoKkrHa B TIJ1a3Me KPOBU OOJIbHBIX HE OT-
Jin4anach OT HOPMaJIbHBIX 3HAUYCHUN.

B HacTosiiieM uccieqoBaHUM TOKa3aHO, YTO B
ria3mMe KpoBU OOJIBHBIX CapKOUA030M JOCTOBEP-
HO mnoBbiIeHbl KoHIeHTpauuu CXCL9 u CXCL10
XEeMOKHMHOB, YTO HE TTPOTUBOPEUYUT JaHHBIM Su R 1
coagsr. [45]. B paboTe aTrX aBTOPOB ObLj1a yCTAHOBJIE-
Ha o0paTHasi KOpPEJSIIMOHHAs 3aBUCUMOCTb MEXTy
YPOBHSIMU JAHHBIX XEMOKWHOB UM W3MEHEHUSIMU
napamMeTpoB (YHKLMU BHEIIHEro abixaHus (¢pop-
CMpOBaHHasl JKU3HEHHAasI EeMKOCTb JIETKUX U 1uhPy-
3UOHHAs CNOCOOHOCTH JieTkux). YpoBeHb CXCL10
JIOCTOBEPHO KOPPEINPOBaJl C TSKECThIO 3aboJie-
BaHUS;, OTMEUAJIOCh HapacTaHUE KOHIEHTpAIIUU
CXCL10 y 60abHBIX CApKOUA030M IIPU IIPOrpeccu-
poBaHMU 3a00JieBaHUSI 10 CPAaBHEHUIO C OOJLHBIMU
B COCTOSIHUM pemuccuu [45].

B pabortax npyrux aBTOPOB OOCYXJaeTcsl PoJib
CXCLI10 B MexaHmu3max (hOopMUPOBaHUs TpaHyJieM
B CBSI3U CO CITIOCOOHOCTBIO ITOTO XEMOKWHA TIpU-
BJIeKaTh U3 Tepu¢epuveckoil KpoBU B JIETOUYHYIO
TKaHb pa3andyHble cyornonyasuuu T-xennepon (Thl,
Thl7, perynsatopHbsie T-numbouuThl), a TaKxke
B-nmumbonunTsl, Kak Mpu OCTPOM, TaK U TIPU XPOHM -
yecKoM capkoumo3se [14, 42, 43]. Yposeur CXCL10
B niepudepruiuecKoil KpoBU ObUT MPEIJIOKEH B Kave-
CTBE AMAarHOCTUYECKOTO MOKa3aTesisl, OTPaXKaIoIIero
TSIKECTh TeueHUsl capkouao3a [40].

B HanieM rnccienoBaHUM TakKe ObLI TTOJIYYEH P
MPSIMBIX KOPPEISIIIMOHHBIX B3aMMOCBSI3Ell MEXIy
YPOBHSIMU HccienyeMbix XxeMokKuHoB — CXCLO9,
CXCL10u CXCL11 nypoBHeM AITM KaK OCHOBHOTO
KJIIMHUKO-J1a00paTOPHOTO MOKa3aTessi aKTUBHOCTU
capkougo3a. Hauboiiee BoicOKMe mokKasaTesn Koad-
durmenta Koppenasauuu mexay ypoHeM CXCL9 u
akTUBHOCTHIO ATT® oTMedeHbI y OOTBHBIX C OCTPHIM
TedeHrueM capkoumo3a (r 0,762; p = 0,037).
Y GOJIbHBIX C XPOHUYECKUM Je0I0TOM CapKOoMUa03a
TakXKe YCTAaHOBJIEHA JOCTOBEpPHAsl IMOJIOXKUTEIbHAS
Koppensiuus mexay ypoBHem CXCLI11 xemokuHa u
akTUBHOCTBIO ATTD (r = 0,374; p = 0,042).

ITonyyeHHBbIE [MaHHBIE TIOATBEPXKIAIOTCS — Psi-
noMm ucciienoBanuii. Tak, Geyer u COaBT. METOIOM
MYJIBTUTUIEKCHOTO aHalnu3a MPOBEJU UCCIECTOBAHUS
YPOBHEH psifia HUTOKMHOB B IJ1a3Me KPOBU OOJIbHBIX
CapKOMJ030M M YCTAaHOBWJIM MOBBIIIEHHOE COAEP-
kaHue CXCL10 u TNFao npu pa3Hoii cTeneHu ak-
TUBHOCTH JIETOYHOTO CapKOUI03a, TSIXKECTU TEUSHUS
¥ yXyAIIeHUs] TporHo3a 3aboneBanus [21]. B cbiBo-
POTKE KPOBU OOJIBHBIX C MTOPAXKEHUEM TJ1a3 TIpU cap-
KOoU103¢ OOHAPYKEHbI BBICOKKNE YPOBHU XEMOKUHOB
CXCL9 u CXCL10, yTo KOppeaupoBaao ¢ aKTUBHO-
CThIO 3a00yieBaHus 1 ypoBHeM ATTD [46].

Takum oOpa3oM, MOJyYEeHHbIE B HACTOSIIIIEM HC-
CJIEIOBAaHUN JTaHHBIE CBUJETEJIbCTBYIOT O BaKHOM
ponu xemokuHoB CXCL9, CXCL10 u CXCLI11, Bo

MHOTOM OTIPENIEIISTIOIINX aKTUBHOCTH ITpOIIecca rpa-
HyJaeMo00pa3oBaHUsI Mpu capkounose. M3mepeHue
WX KOHIIEHTpAIIW B IJIa3Me KPOBU OOJBHBIX CapKO-
MI030M B TMHAMUKE Pa3BUTHSI 3a00JIeBaHNS, HAPSILY
C IPYTUMU KJIMHUKO-JTAa00paTOPHBIM MOKa3aTeISIMU,
BKJTIo4Yass ypoBeHb AIT®, MoOXeT cnocoOCTBOBaTh
0oJiee TOJIHOM OLIEHKE aKTMBHOCTU 3abo0jieBaHUs U
CIIyXXUTb B KadeCTBE MOOIOJIHUTEIHLHOIO KPUTCPUS
IUISI CBOEBPEMEHHOI KOPPEKILIMU Tepaluu C LeJblo
YAYUIIICHUS IIPOTHO3A.

OcTtpoe Havajo capkoumo3a (cuHApoM JIEhrpe-
Ha), KakK IIpaBUJIO, XapaKTepU3yeTCs TOCTaTOYHO
OGaronpusITHBIM NporHozoM. Ilpm XpoHUYECKOM
TEUCHUM CapKOMI03a TakKKe BO3MOXKEH OJIarorpui-
SITHBIA TIPOTHO3, OMHAKO NpPH HEOJaronmpUsSITHOM
TEYEHUM aKTUBUPYIOTCS TIpoliecchl (ubdporeHesa
B MopaxkeHHbIX opraHax [3, 11, 12, 14, 18, 24]. Mbl
usydasn ypoBHu xemokmHoB CXCL9, CXCLI10,
CXCLI11 B mma3Me KpoBU OOJIbHBIX C XPOHUUYECKUM
TedyeHueM 3abosieBaHUsS 0e3 MpU3HAKOB (PUOPO3U-
pOBaHMS JIETOYHON TKAaHW M C ITHEBMO(MUOPO30M.
Oxka3zanoch, 4YTo KOHILeHTpauss xeMokuHa CXCL9
y TallMeHTOB 0e3 Mpu3HakoB (ubpo3a cocTaBuia
4375,52 (2306,14-6036,84) nir/ma u Gbula AOCTO-
BepHO (p = 0,035) BBIIIE, YeM y ITAlIMEHTOB C ITHEB-
mocpuoposom 1839,88 (1156,61-3582,48) mnr/mi.
B skcrniepruMeHTaIbHBIX paboTax Ha MOJEIU CapKo-
Wa03a MOKa3aHO, U4TO, B 3aBUCHUMOCTH OT PEXUMOB
CEHCUOMIM3ALMM KUBOTHBIX, BO3MOXKHBI pa3HbIC
MCXOMbl I'paHyJieMOooOpa30BaHUs: OT IIOJHOTO 00-
paTHOTO pa3BUTHS TPaHYJIEMATO3HBIX ITOpakeHUM
IO BBIPAXXEHHOTO ITHEBMOMUOpo3a, G(OPMUPYIO-
IIIErocsi BOKPYT TpaHyJieM, a TakxKe B MepUOPOHXU-
aJIbHBIX 30Hax [18, 24]. OcHOBHYIO poJib U151 GJ1aro-
TIPUSTHOTO TIPOTHO3a 3a00JIeBaHUSI, TTO-BUINMOMY,
WTpaeT TeHEeTUYeCKU OOYCJIOBJIEHHasl CITOCOOHOCTh
OpraHm3Ma K CBOEBPEMEHHOI aKTUBAallM WMMYHO-
PETYISITOPHBIX ITPOLICCCOB, MUHUMU3NPYIOIINX BO3-
MOXKHOCTb ASCTPYKIIMM M MOCJIemyloniero Guodpo-
3UpPOBaHUS TOpakeHHOUW TKaHW. OIHUM U3 TaKUX
MexaHu3MoB gBisieTcs aktuBauus CCR4 — 3aBucu-
MBIX T-peryaaTopHbIX TUMGOIIMTOB 1 IIMTOKMHOBASI
peryysiivs aKTUBHOCTU OPOHXOJIETOYHOTO SIIUTEe-
JIVST, BPOKIEHHBIX JTUM(MOUTHBIX KJIIETOK, MaKpoda-
roB, T-xenrepos B JierTouHOU TKaHu [13].

XemoknH CXCL9, kak M3BECTHO, CIIOCOOCTBYET
HamnpaBIeHHOMY IBMXKEHUIO KJIEeTOK-3(h(HEKTOPOB
TpaHyJIeMOOOpa3oBaHUSI B JIETKME W3 Tiepudepu-
yeckoi Kposu [25, 33, 36, 41, 45]. OGHapyxXeHHOE
B HacTosIeil paboTe MNOHMXKEHHOE CcolepXKaHue
CXCL9 B muazaMe mpu akTUBallMM TPOLIECCOB (u-
OpO3MPOBAHUS JICTOUHOI TKAHU, BEPOSITHO, MOXKET
CBUIICTEIBCTBOBATh O CHMKCHUU WHTSHCUBHOCTU
rpaHyJieMooOpa3oBaHUsl Ha dTalle BKIIOYEHUS Me-
XaHU3MOB PEeMOICINPOBAHUS TTOPAKEHHOU TKaHU U
dopMuUpoBaHUs ITHEBMOGUOpO3a.
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ITomumo ydyacTusi B peryjsiliud  IPOIEeC-
coB  (hudbpozoodOpaszoBaHUsl, UMMYHOPETYJISITOP-
HbIe MEXaHU3Mbl TaKXe BO MHOIOM ONpPENCISIOT
MHTCHCUBHOCTh OUCCEMHMHAILIMUA TPaHyJIeMaTO3HBIX
TMOPAXEHUMN.

U1t BBISIBIEHUSI OCOOEHHOCTE XEMOKWHOBOM
PeTYJISIIMU MPU CUCTEMHBIX IIPOSIBICHUSIX CapKOU-
J103a B HACTOSIIEI paboTe BBHIIIOJIHEHO COIOCTaBIIC-
HUE YPOBHE# MCCIeIOBAaHHBIX XEMOKMHOB B TIJIa3Me
KPOBHU y OOJILHBIX C XPOHUYECKHUM TE€UEHUEM CapKo-
nao03a 6e3 MpU3HAKOB CUCTEMHOCTH U C TAKOBBIMU.

K mpusHakaM, XxapaKTepu3yIOIIUM CUCTEMHOCTh
mpoliecca Mpu capKouao3e, ObLIM OTHECEHBI: rerna-
TO-/criJiIeHOMerajum mno pesyasratam Y3UM opraHoB
OPIOIIHON TIOJIOCTU, HAJIWYUE CYCTaBHOTO CHUHIPO-
Ma; yBeJIMUECHHE pa3MepoB JTUMGATUIECKUX Y3JIOB
BHEJIETOYHOI JIoKanu3auuu (HaanuadparMaibHbIX,
MEePUITOPTATIbHBIX, 3a0PIOIIMHHBIX, MaXOBbIX, IIeH-
HBIX U MHO JIOKaJIM3alluM); TTopaxkeHus a3 (yBeuT
capkongHoOi 3THonorum). OKa3ajloch, 9YTO U3 BCeEX
HUCCIIEyeMbIX XEMOKWHOB TOJIbLKO KOHIIEHTpAIIUs
CXCL9 nocToBepHO MOBBIIEHA Y OOJBHBIX C CHU-
CTEMHBIMMU TIPOSIBJICHUSIMMU.

ITo-Bumumomy, xeMokuuH CXCL9 siBIIsieTCsT KiTto-
yeBbIM B npolieccax npubiiedeHnsi CXCR3™ kineTok
HE TOJILKO B JIETOYHYIO TKaHb, HO TakKXe W B JIpYy-
rue opraHbl. IlojlydeHHbIe JaHHBIE COIJIACYIOTCSI C
pesyJabTaTaMy IPYyTUX aBTOPOB, YKAa3bIBAaIOIIMX Ha
KOPPEISIIIMOHHYIO 3aBUCUMOCTh MEXIy YpOBHEM
CXCL9 u cucTeMHBIMY MPOSIBJICHUSIMU CaAPKOUI03a
C BOBJIEUEHUEM HECKOJIbKUX OpraHoB [12].

ITo pesynbraTamM TaHHOTO MCCJIEIOBAHUS MOXHO
clienaTh CJICIYIOIINE BBIBOIBL:

Cnucok nutepatypbl / References
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BIIEPBBIC JTUATrHOCTUPOBAHHBIM CapKOMIO30M, HE
MOJyYaBITNX UMMYHOCYIIPECCUBHYIO TepaIliio, BHO-
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NOBbILUEHUE YPOBHY BSF-2 B CbIBOPOTKE KPOBU

BOJIbHbIX C BUPYCOM FrEMNATUTA B
Hasyn Aau A., AnbToom:xu Maxmyna A.A., Ap-Ppaccam 3eiisang T.

Meouyunckuii koanedxnc Mocyavckoeo ynusepcumema, Hpak

Pesome. CrpaBouHass nHpopmanus: [ematur B - ocHOBHasT MHGEKIIMS MOPaXKeHHON TTEUeHN YeJIOBe-
Ka. BocmmanieHue reueH, BRI3BAHHOE BUPYCAMU TeTIaTUTa, MOXET IIPUBECTU K IUPPO3Y U TeNaTOIeIUIIOJISIP-
HoIl KaprumHoMe. Pakrop ctumymssunu B-kimetok 2 (BSF-2) sBisercss omHUM M3 MATOKUHOB, BIUSIOIINX
Ha peTyJsIuio u nuddepeHInalno TMMYHHOTO OTBeTa YejoBeKa. Lleab: 3TOT oT4eT HammpaBjIecH Ha OLIEHKY
ypoBHeit BSF-2, GPT u GOT B chIBOpOTKE KPOBM IMALIMEHTOB C Pa3IUYHBIMU CTagusIMU renartura B 1o
CPaBHEHUIO CO 3I0OPOBBIM KOHTpoJieM. MeToabl. B 3ToM mcciaeqoBaHNM y4acTBOBAIO 52 marneHTa, Ipeamno-
JIOKUTENBHO C OCTPBIMU U XPOHUYECKUMU 3a00JIeBaHUSIMU, Y KOTOpbix ooHapykeH HBsAg. BSF-2 6b11 00-
HapyXeH ¢ nmoMoInpio aHanu3a ELISA. bruoxuMmyeckue rmokas3aTem Onpeaesisiiiv ¢ TTIOMOIIbI0 KOMIUICKTOB
aBTOMATHUYECKOTO aHaimm3aropa. [IJIsT CTaTUCTUUEeCKOro aHaIn3a UCIOIb30BaJIOCh MpOrpaMMHOE obecIiede-
Hue SPSS Bepcuu 16. Pe3yiabraThl. Y nalyeHTOB ¢ OCTPbIM reratutoM B ypoBenb BSF-2 noBbiiiieH Gosblie,
yeM nipu xpoHndeckom reratute B. Yposan GPT 1 GOT noBbIIIeHBI B TPYIIIE OCTPOro renaTuTa OoJIbIie,
YeM B TPYIIIEe XPOHUIECKOTO TeraTuTa. MBI COOOIIMIIN O 3HAYMTEIbHOM 3HAaYCHUH MexKTy ypoBHsIMU BSF-2,
GOT u GPT. M#I He olIeHMBAIU CBSI3b MEXKIY BO3PACTOM ITallMeHTAa U TPYIIIIaMM CIydaeB rermaTuTa. 3akiaio-
YeHMe: Hallli JaHHBIC TIOATBEPKIAIOT MoBbImeHe ypoBH BSF-2 npu moseimernu ypoBHst GOT Oourblire,
yeM ypoBeHb GPT mipu octpom rermatute B. Yposuu BSF-2, GPT u GOT BapbupyloTcs B 3aBUCUMOCTH OT
TeYeHUS OCTporo 1 xpoHnndeckoro HBV. Ml ripeanosioxunm, 9To roBsiieHre ypoBHs BSF-2 yka3bwiBaeT Ha
MOBpEeXASHUE MMeUYEHU Y TTallMeHTOB ¢ ocTpbiM HBV.

Karouesvie cnosa: ELISA, GPT, GOT, BSF-2, HBsAg

ELEVATION OF BSF-2 LEVEL IN SERUM OF PATIENTS WITH
HEPATITIS B VIRUS

Dawood Ali A, Altobje Mahmood A.A., Al-Rrassam Zeyad T.
College of Medicine, University of Mosul, Iraq

Abstract. Background: Hepatitis B is the main infection of the injured liver for humans. Inflammation of the
liver is caused by hepatitis viruses may lead to cirrhosis and hepatocellular carcinoma. The B-cell stimulatory
factor 2 (BSF-2) is one of the cytokines that affect the regulation and differentiation of the human immune
response. Objective: this report aims to estimate the BSF-2, GPT, and GOT levels in patients’ serum with
different stages of hepatitis B compared with healthy control. Methods: This study assessed 52 patients
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presumably with acute and chronic cases who have HBsAg positive. BSF-2 was detected using ELISA assay.
Biochemical parameters were determined using kits of an automated analyzer. SPSS version-16 software was
used for statistical analysis. Results: Acute hepatitis B patients had shown elevation in BSF-2 level more than
of chronic hepatitis B. GPT and GOT levels elevated in the acute hepatitis group more than of the chronic
hepatitis group. We reported a significant value between BSF-2, GOT, and GPT levels. We didn’t score an
association between patient’s age and cases groups of hepatitis. Conclusion: our data confirmed increasing of
BSF-2 levels with the increase of GOT level more than GPT level with acute hepatitis B. BSF-2, GPT and
GOT levels are varied in different courses of acute and chronic HBV. We surmised that the elevation of BSF-2
levels designates liver injury of patients with acute HBV.

Keywords: ELISA, GPT, GOT, BSF-2, HBsAg

Introduction

Infection of hepatitis B (HBV) is more infective
than the human immunodeficiency virus, a public
health criminal (HIV). About four hundred million
people are vulnerable to hepatitis disease annually [1].
The hepatocellular cells damaged by HBV are usually
targeted by the immune system. The T- and B-cell
immune response extracted. HBsAg is the primary
and the first marker for the identification of other
antibody HBYV infections (anti-HBc, anti-HBe, and
anti-HBs). These anticorps are aimed at their unique
antigens [2]. The synthesis and secretion of immune
cells, such as IL-6, IL-10, IL-13, IL-21, and Anti-
inflammatory chemical mediators such as cytokines.

One of the multifunctional cytokines that occur
in the differentiation, modulation, and maturation of
the immune response is the human B-cell stimulatory
factor 2 (BSF-2) [4, 5, 6]. The BSF-2 gene consists
of four introns and five exons on the 7" chromosome.
Serum BSF-2 levels are related to seriousness of ill-
ness. It may be useful for the medicinal success and
predictor of most diseases [5, 7]. Including the calcu-
lation of serum levels of alanine and aspartate amino-
transferases, biological tests for liver function enzymes
are used respectively to estimate initial liver damage.
Levels of AST and ALT are used mostly to help detect
hepatic conditions [8].

The present trial will use BSF-2 to discriminate
between specific acute and chronically recurring hep-
atitis B infections. In addition, in the last 3 decades in
our region, the number and request for early detection
and treatment of hepatitis infections has increased [9].

The aim of the present study was to demonstrate
the BSF-2, AST and ALT serum levels and assess the
correlation coefficient of these parameters with the
case groups under study.

Materials and methods

Study design: the number of HBV infected patients
gradually increased in the city of IN Mosul, so that
our study focussed its attention on the case with spe-
cific, more sensitive Kits, including selected interleu-
kins.

In the municipality of Mosul (Iraq), we conducted
our research among communities who were infected
or suspected of having HBV. From October 2019 to
January 2020, samples have been obtained. 43 sam-
ples were obtained at the Ibn-Alatheer Teaching Hos-
pital, Mosul City, Iraq by the central blood bank and
30 samples at the hemodialysis centre. They were aged
9 and 66 years of age, aged 33.4 years. Our research
aimed to quantify the magnitude of human cytokine
BSF-2 in patients with acute and chronic HBV.

Inclusion and Exclusion Criteria: according to Ta-
ble 1, for the high frequency of the tests, our analysis
only selected acute and chronic HBV. This research
includes: the vaccinated, non-infected, past-regis-
tered illnesses, treatment, and active carrier and in-
cubation patients. All categories of cases identified in
this study were omitted.

HBY assay: study samples were three: health con-
trol (HC), acute HBV (AHBV) and chronic HBV.
Samples (CHBV). The positive HBsAg findings have
been approved for all patients with HBV infection.
Five minutes of blood centrifuged. Multiple labelled
pure tubes at (-20 °C) store serum samples. One step
multi HBV test device is a rapid, qualitative immune
chromatography assay used to determine the HBV
markers HBsAg, HBeAg, anti-HBs, anti-HBc, and
anti-HBe in a covalent one-step test format in serum
(Plasmatek, UK). This rapid test is used to detect all
cases of hepatitis in 15 min (Figure 1). Because of the
rapid qualitative immune chromatography test, the
accuracy reaches 80%.

Enzyme-linked immunosorbent assay (ELISA)
was used to confirm the positive results of HBsAg
with the commercial kit from (DIALAB, Austria)
purchased and tested according to the manufacturer's
instruction. The specificity and sensitivity of the kit is
99%.

According to the manufacturer's guidance, the
AST and ALT biochemical hepatitis testing was evalu-
ated using an autonomous automated chemical analy-
ser package (BIOLABO, France). The velocity system
using the broad biochemistry automated analyzer cal-
culated the AST and ALT serum quantities (Olympus
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2700, Japan). Biochemical measurements have a pre-
cision and sensitivity of 99 percent.

ELISA with high sensitivity was used to determine
the concentration of BSF-2 (pg/ml) level in serum us-
ing (Awareness- USA) reader. The test was done dupli-
cate using a commercial kit from (Komabioteh) with
OD450 nm. Based on the manufacturer's informa-
tion, the sensitivity and specificity of the kit is 98.4%.

Ethics statement: collection of samples was carried
out in compliance with standards guidelines accepted
by the Medicine University Authority Committee,
Mosul University. According to ethical authorities,
approval forms is obtained from patients and health
inspectors.

Statistical Analysis

SPSS Inc. was used to evaluate results, quantify
mean values, SD defects and SE error for serology
and biochemistry parameters. Software version 16.0 is
available in Chicago, IL, USA. For homogeneity and
similarity between parameters with a relevant P value
of up to 0.05, one-way ANOVA test was used. The
graphical description of values was used for Microsoft
Office Excels version 2013.

Results

We evaluated 82 different cases of hepatitis include,
inactive carrier (n = 8), acute (n = 24), chronic (n =
28), incubation (n=4), recovery (n=15), none infected
(n = 6) and vaccinated (n = 7) (Table 1). We can guess
that most cases of hepatitis were acute and chronic
cases. According to the clinical manifestation of all
cases, acute and chronic cases are dominant so that we
have selected acute and chronic cases. We designated
acute and chronic samples for confirmation using the
ELISA assay.

The positive outcome for HBsAg with the ELISA
test was obtained in samples with acute and chronic
events. HBsAg has a negative effect on the balanced

test community. According to the case forms, all
parameters were revealed in Table 2 with mean,
standard deviations and standard errors.

According to the age groups, mean, slandered
deviations, and standard errors for all parameters were
analyzed in the Table 3. Depending on the case groups,
the current study showed a significant elevation of
AST in AHBV and CHBV compared with the health
control (HC). AHBV assortment is elevated more
than CHBV although some samples showed normal
range (Figure 2). On the other hand, according to age
groups, AST levels showed no significant value with
P > 0.05 (Figure 3).

Elevation of serum ALT level for most samples
depending on AHBV and CHBV samples were
more than that of the health control (HC) with no
significant value P < 0.05 (Figure 4). Moreover,
there is no significant value P > 0.05 according to
the age groups (Figure 5). AHBV and CHBV cases
demonstrated elevation of BSF-2 serum level though
some control samples exhibited elevation of BSF-2
with high significant value P < 0.05 (Figure 6). BSF-2
serum levels were presented with no significant value
at P > 0.05 according to the age groups (Figure 7).

The current study assumed most numbers of cases
scattered in all ages with different ranges of AHBV
cases recorded elevation in numbers with age between
25-44 years old. CHBV records different numbers
with all age groups. According to Pearson 1-tailed
correlation analysis, the present study was revealed no
significant value between age groups and case groups
with P = 0.425 (i.e.) here is no relative between age
groups and case groups (Figure 8). The current study
recorded a highly significant correlation coefficient
at Pearson 1-tailed analysis at P < 0.01 (Figure 9).
Moreover, our data doesn’t detect association between
age and any type of hepatitis B case.

TABLE 1. TYPES OF HEPATITIS B CASES ACCORDING TO THE POSITIVE AND NEGATIVE NBV IMMUNE PARAMETERS

Case group % Male | Female | HBsAg | Anti-HBs HBeAg Anti-HBe | Anti-HBc
Inactive Carrier 9.7 6 2 + - - + +
Acute 29.26 10 14 + - + - +
Chronic 34.14 15 13 + - - - +
Incubation 4.87 2 2 + - - - -
Past infection, 6.19 4 1 B - - - +
recovery j ] j + R
Non-infected 7.31 6 0 - - - - -
Vaccinated 8.53 3 4
Total 100% 46 36 ) ' ) ) )
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TABLE 2. NUMBER, MEAN, STANDARD DEVIATIONS, STANDARD ERRORSAND P VALUE FOR ALL PARAMETERS WITH
CASE GROUPS. HC: HEALTH CONTROL, AHBV: ACUTE HBV, CHBV: CHRONIC HBV. *: SIGNIFICANT VALUE AT P < 0.01

N Mean Std. Deviation Std. Error P value

HC 21 112.0924 152.67685 33.31682 023
BSF-2 AHBV 24 604.1833 122.93831 25.09468 212
pg/ml CHBV 28 279.1536 166.14833 31.39908 072

Total 73 337.9540 248.00120 29.02634

HC 21 26.7143 16.67976 3.63982 153

AHBV 24 63.7917 15.86897 3.23924 283
AST U/L

CHBV 28 43.9286 13.28025 2.50973 015

Total 73 45.5068 20.95904 2.45307

HC 21 23.0952 14.89263 3.24984 021

AHBV 24 50.8333 16.27125 3.32136 212
ALT U/L

CHBV 28 34.7857 14.11424 2.66734 071

Total 73 36.6986 18.51702 2.16725

HC 21 1.95 740 161 .091

AHBV 24 2.08 717 146 023
Age

CHBV 28 2.00 609 115 849

Total 73 2.01 677 079

TABLE 3. NUMBER, MEAN, STANDARD DEVIATIONS, STANDARD ERRORS AND P VALUE FOR ALL PARAMETERS WITH

AGE GROUPS
N Mean Std. Deviation Std. Error P value
9-24y 16 308.2437 238.52489 59.63122 030
BSF.2 | 2544y 40 352.7925 252.53443 39.92920 804
paiml | 45 66y 17 331.0024 257.87534 62.54396 102
Total 73 337.9540 248.00120 29.02634
9-24y 16 42.6250 16.41493 410373 067
25.44y 40 46.1000 21.39111 3.38223 573
AST UIL
45-66y 17 46.8235 24.44953 5.92988 221
Total 73 45.5068 20.95904 2.45307
9-24y 16 39.8125 17.08496 4.27124 -142
25-44y 40 37.4000 19.14292 3.02676 232
ALT U/L
45-66y 17 32.1176 18.51649 4.49091 065
Total 73 36.6986 18.51702 216725
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Figure 9. Correlation coefficient between GOT, GPT and
BSF-2 at p < 0.01

Discussion

The major injuries of the human liver are caused
by HBV and hepatitis C virus (HCV) worldwide
annually [10]. BSF-2 may be a marker for patients
with hepatitis virus and other viral infections. It
has been verified that BSF-2 blocks the replication
of the viral DNA through the reduction of viral
transcripts include TGF-1, IL-1, and IL-4. It is
important to take in mind that the neutralization of
BSF-2 may contemporary risks for patients with viral
infections [11, 12, 13, 14]. Most studies revealed that
cytokines such as (IL-1, IL-4, 1L-6, IL-10, IL-22,
and IL-32) grasped the highest expression in the acute
HBV group [15, 16]. Over activation of the BSF-2
gene effect trigger of initial immune cell that leads
to oncogenic transformation. It was stated that this

62 5068
.
&1

41.1645
A 19

HC AHBV CHBV
Figure 8. Correlation coefficient between age and cases
groups

activation may lead to chronic disease progression [17,
18, 19]. Several studies confirmed that elevated 1L-10
levels correlate with the increased level of the viral
DNA [20, 21]. Other studies exposed that IL-33
and ST2 serum levels elevated with the increase of
ALT levels in patients with chronic hepatitis B [22].
This verdict is consistent with our findings for liver
biochemical parameters.

The current study presented elevation of
biochemical parameters (AST and ALT) in the
AHBV group more than the CHBV group which
was closed with the health control (HC) group. The
coefficient significant value with the AST Ilevel was
P = 0.08 in Pearson analysis with case groups that
more significant than in ALT level P = 0036. By
the way, we found that the parameters assumed no
significant correlation with age groups P = 0.286 and
P = 0.116 respectively. On the contrary, we found a
high correlation coefficient between AST level and
ALT level P = 0.004 as well as with BSF-2 P = 0.006.
Our findings do not agree with a previous study that
enrolled the low concentration of serum BSF-2, lack
of association with histopathological and biochemical
strictures of the chronic hepatitis patients [23, 24].

Our findings enrolled elevation of BSF-2 serum
level with ACHBV more than the CHBV group
compared with the health control group in a high
concentration absorption. Statically, a positive
correlation between case groups and BSF-2 level was
shown P = 0.036. This result is settled with a previous
study established that the patients in different stages
of chronic HBV infections exhibited various levels of
BSF-2 in serum [25].

Our data analysis provided evidence that the
correlation coefficient between BSF-2 serum level and
biochemical parameters (AST and ALT) is disclosed
as an increase of acute hepatitis patients compared
with chronic cases.
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By contrast, our study publicized a negative
association between types of hepatitis infection and
the age with P = 0.425. A negative correlation was
found between BSF-2 level and age groups P = 0.402.

Conclusion

Our data confirmed that BSF-2 serum levels rise
with the elevation of GOT and GPT levels in patients
with acute hepatitis B more than with chronic cases.
BSF-2, GOT and GPT serum levels are varied in
different courses of acute and chronic hepatitis B
infections. We surmised that BSF-2 serum level may

indicate liver injury of hepatitis B patients’ specifically
acute cases. In addition to that, negative associations
emerged between chemical parameters (GOT and
GOT), BSF-2, and hepatitis cases according to age
serial groups.
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NPO®UJIb LUTOKUHOB BOOAHUCTON BJIATU U KYNBTYPbI
KJIETOK TPABEKYJIAPHOW CETWU Y NALMEHTOB C

NCEBOO3KCDOJIMATUBHOWN IMAYKOMOM

Paxmanos B.B.'% IOpreBa A.B.Z, Bapranosa T.C.%, Cokoaos JI.J1.3,
Yenanos C.B.2, Maprosa K.JI.3|Acraxos 10.C.!}, Acraxos C.10.},
CeankoB C.A2

'@I'BOY BO «Ilepsviii Cankm-Ilemepdypeckuii 20cyoapcmeenHblil MeOUUUHCKIUT YHUBEPCUMem UMEHU aKa0eMuKda
H.I1. Ilasnosa» Munucmepcmea 3dpasooxpanenus PO, Cankm-Ilemep6ype, Poccus

2CHoI'BY3 «lopodckas muoeconpoguavuas 6oavruya N 2», Canxm-Ilemep6ype, Poccus

3 Hayuno-uccaedosamenvckuil UHCMUmMym aKyuepcmaed, eunexonroeuu u penpooykmonoeuu umenu J1.0. Omma,
Canxkm-Ilemepbype, Poccus

Pesiome. [Ntaykoma, no nanHsiM BO3, gBisieTcss omHOW U3 BeaylIUX MPUYUH HEOOPAaTUMOM CIEMOTHI BO
BCEM MUPE U OTHOCHUTCSI K aCCOLMUPOBAHHBIM C BO3pacToM 3abosieBaHUsIM. BMmecTe ¢ TeM, ee maToreHes
OCTaeTcsl He 10 KOHILIa u3dydyeHHbIM. OrnpeneaeHre KOHIIEHTPallu IMTOKUHOB B KYJIBTYpe KJIE€TOK TpadeKy-
JIIPHOM ceTU U BoasiHUCTOM Biare (BB), B3TBIX OT OAHOTIO M TOTO XK€ MalMeHTa, UMEeT OCOObIi MHTEpeC, TaK
KaK IMoJIyueHHbIe JaHHbIE MO3BOJIST AaTh 00Jiee MOJHYIO XapaKTEPUCTUKY MPOUCXOSIIIUM B TPAOEKYISIPHOM
amrmapare mpolieccaMm 1 OyIyT CocOOCTBOBATh YTOUHEHUIO MEXaHU3MOB MEXKJIETOUHBIX B3aMMOJICHCTBUIA
npu ticeBnoakchonumaruHoit (I[19) rmaykome. Llenbio HacTosIETO MCCIENOBaHUS SIBUJIOCH TTPOBEICHUE
CPaBHUTEJILHOTO aHAJIU3a CONePXKaHUs LIMTOKUHOB B BB 1 B cynepHaTtanTax TpadexyisipHoii Tkanu (TT) na-
nueHToB ¢ [1D rnaykomoii. MccnenoBanue npoBeaeHo Ha 23 rina3ax 60abHbIX ¢ [1D rmaykomoii. MaTtepuanom
uccienoBaHus ciayxxuiau BB u cynepHaTaHT KyasTyphl KjieTok TT. U3MepeHue KOHLIEHTpallu LIUTOKWHOB
npoBoAMIM Ha NpoToyHOoM LuTodaoopumerpe FacsCantoll (BD, CIIIA) npu nomoiiu CBA-metona. s
CTAaTUCTUYECKON 00pabOTKM JaHHBIX McHojb3oBaiu nmporpamMmy IBM SPSS Statistics 19. KoHnueHrpaiuu
umtoknHoB (TNFa, IFNy, IL-13, IL-6, 1L-8, IL-10, VEGE, GM-CSF) 6butn onpeneneHsl B BB u B cynep-
Hatante TT mist kaxkgoro u3 nauueHToB mpu 19 rnaykome. Ho tonbko konuentpauuu 1L-6, VEGF B BB
ObUTM CTATUCTUYECKM 3HAYMMO BBIIIE KOHIIEHTPALIMI 3TUX [IUTOKWUHOB B cyrnepHatanTe T y ManuneHToB ¢
I19 rmaykomoii. A KoHueHTpanus 1L-6 nosoxkuteabHo KoppeanpoBaia ¢ KoHueHTpauusimu VEGF u [L-8 B
cynepHatante TT. Takxke ObLIU OTpenesieHbl U MPOAHATU3UPOBAHbBI KOPPEISILIMOHHBIE CBI3U MEXY IPYyTU-
mu nutokrHamMu B BB u cynepnatante TT. [TpoBeneHre MHOXECTBEHHOTO PerpeCCUOHHOIO aHa/Iu3a M03BO-
JIWJIO YCTAHOBUTB, UTO cTax rmaykoMmbl U KoHLleHTpauust IFNy, TNFo B BB y nmanuentos ¢ 19 rimaykomoii
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OKa3bIBaIOT 3HAUNMOE BIIMSIHIC Ha CHIDKEHHE TNIOTHOCTY SHAOTEIMAIBHBIX KJICTOK pOroBHULILL. [TpoBenecHIIe
KOPPEISILIMOHHOIO aHaJIu3a He BbISIBUJIO HAIMYMS CBSI3€H MEXIY APYTUMU KIMHUYECKUMU JaHHBIMU (TOJI-
IIITHOM pOTOBUIIBI B OIITUYECKOM LICHTpe, ypoBHeM BI'/I, Bo3pacToM) 1 KOHIICHTpAIIUEe IIMTOKNHOB B HC-
cienyeMbIX cpenax. IlorydeHHbIe pe3yIbTaThl TI03BOJISIIOT YTBEPKIATh, YTO 1aTh O0Jiee TTOJTHYIO XapaKTepH -
CTUKY AUCOalaHCy IMTOKMHOB U MTPOUCXOISIIIMM B TpaOSKYISIPHOM alrapare rpoiieccam 1pu I[19 rimaykome
TMO3BOJISIET TOJBKO OOTHOBPEMEHHBIN aHAJIN3 KOHICHTPAIIMU IIMTOKMHOB B cyriepHaTtanTe TT u BB, B3sTHIX
OT OJIHOTO U TOro e nauueHTa. [lokazaHo, UTO U3MEHEHNWE COOTHOIIEHUSI LIMTOKWMHOB, HaO 101aeMoe IpUu
I1D rmaykome, MOXeT OBITh aCCOLIMUPOBAHO C PA3BUTUEM CXOXUX CTPYKTYPHBIX Y (DYHKIIMOHATBLHBIX M3ME-
HEHMI BO BCeX TKAHSX IMEepeIHEeTO OTpe3Ka Ii1asa.

Knroueswie cnosa: yumokunot, VEGF, IL-6, mpabekyrsapuas cemov, nce6003Kc@oiuamuHas enayKkoma, 60CnaleHue

PROFILE OF CYTOKINES IN AQUEOUS HUMOR AND
TRABECULAR MESHWORK CELL CULTURE IN PATIENTS WITH
PSEUDOEXFOLIATION GLAUCOMA

Rakhmanov V.V®" Yuryeva A.V.>, Varganova T.S.", Sokolov D.L.,
Chepanov S.V.c, Markova K.L.5,|Astakhov Yu.S.?, Astakhov S.Yu.?,
Selkov S.A.:¢

@ First St. Petersburg State 1. Pavlov Medical University, St. Petersburg, Russian Federation
b City Hospital No. 2, St. Petersburg, Russian Federation
¢ D. Ott Research Institute of Obstetrics, Gynecology and Reproductology, St. Petersburg, Russian Federation

Abstract. Glaucoma is one of the leading causes of irreversible blindness worldwide, being an age-related
disease. Its pathogenesis still is not fully understood. A particular interest is attracted to evaluation of the
cytokine concentrations in the trabecular meshwork cell culture, and in the aqueous humor (AH) taken from
the same patient, since such data may allow to describe more completely the glaucomatous trabecular changes
and to clarify the mechanisms of intercellular interactions in pseudoexfoliative (PEX) glaucoma. The purpose
of this study was a comparative analysis of cytokine contents in AH and in trabecular tissue (TT) supernatants
in the patients with PEX glaucoma. The study included 23 eyes of patients with PEX glaucoma. The material
studied was AH and supernatant of TT cell culture. The cytokine concentration was measured using a flow
cytofluorimeter FacsCantoll (BD, USA) using the CBA method. SPSS version 19 software (IBM, USA)
was used for the statistical data processing. Concentrations of cytokines (TNFa, IFNy, IL-1B, IL-6, 1L-8,
IL-10, VEGE GM-CSF) were determined in AH and in the TT supernatant for each of the patients with PEX
glaucoma. Only IL-6 and VEGF concentrations in AH were higher than those in the TT supernatant in patients
with PEX glaucoma. The 1L-6 concentration positively correlated with the VEGF and IL-8 concentrations in
the TT supernatant. Correlations between other cytokines in the TT supernatant and AH were also identified
and analyzed. Multiple regression analysis revealed that the duration of glaucoma and the IFNy and TNFa
concentrations in AH may have a significant influence on the corneal endothelial cells, being associated with
density reduction in patients with PEX glaucoma. The correlation analysis did not reveal any links between
other clinical data (corneal thickness in the optical center, IOP level, age) and the cytokine concentrations in
the studied tissues. The obtained results suggest that only simultaneous analysis of the cytokine concentrations
in the TT supernatant and AH taken from the same patient may provide a more complete description of
the cytokine imbalance and pathological processes occurring in the trabecular meshwork in PEX glaucoma
patients. It has been shown that the changing cytokine ratios observed in PEX glaucoma may be associated with
development of uniform structural and functional changes in all tissues of the anterior eye segment.

Keywords: cytokines, VEGF, IL-6, trabecular meshwork, pseudoexfoliative glaucoma, inflammation
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BBeneHue

I[naykoma mpencraBisieT coOOil TpyTITy OITHYE-
CKUX HEUWpOITaThii, XapaKTePU3YIOIINXCS IIpOrpec-
CUBHOI TMOENbI0 TaHIJIMO3HBIX KJIETOK CEeTYaTKU C
pa3BUTHEM TUTIUYHOW TJIAyKOMHOUW aTtpoduu 3pu-
TEJILHOTO HEpBa U CY*KEHUEM TepudepruIecKux rpa-
HUIL TToJieit 3peHus1. [lepBUYHAsT OTKPBITOYTrOJbHAasK
rmaykoma (ITOVYT), mceBmoakchonmaruBHas (I1D)
riaaykoMa SIBJISIFOTCSI HauboJiee 4acThIMU (hopMaMu
riaaykoMmbl. HecmoTpst Ha psa oomx yept ¢ [TOVT,
st [1D rmaykoMbl XapakTepHa YCTOMUYMBOCTD K Me-
JNUKaMEHTO3HOI Tepaluu u Oojiee OBICTpOE IPO-
rpeccupoBanuve cumnToMoB [20]. Bospact ssiser-
cs1 OMHUM U3 (haKTOPOB pUCKa Pa3BUTUS TJIayKOMBIL.
Hecmotpst Ha GobllIoe KOJUYECTBO HayYHbIX padoT,
MOCBSIIIEHHBIX W3YYCHUIO I1aTOTeHe3a TIJIAyKOMBI,
MHOTHE €ro aCIeKThl OCTAIOTCSI HE 10 KOHIIA U3yUeH-
HbIMHU. MccieqoBaHusl TIOCIEIHUX JIET YOSIUTEhb-
HO CBUICTEILCTBYIOT O POJIM UMMYHHOI CHUCTEMBI B
pa3BUTUM I1ayKoMbl. HeoOXOOUMBIM yCIOBUEM IS
MoJepXKaHUsl TTOCTOSTHHOTO YPOBHSI BHYTPUTJIA3HO-
ro nasiaeHus (BI'l), moBeIIeHE KOTOPOTO SIBIASICTCS
OIHUM M3 OCHOBHBIX (haKTOPOB pUCKa MPOIrpeccuu
IJIayKOMBI, SIBJISICTCS YETKOE B3aMMOICHCTBUE MEXK-
Iy KJIeTKaMyd U 3KCTPAlC/UTIOISIPHBIM MaTPUKCOM
(BLIM) B TpabekyJisipHOM amrmnaparte. DTO B3auMO-
JIEHCTBHE OCYIIIECTBIISIETCST TOCPEICTBOM BBIPAOOTKI
Pa3JIMYHBIX LIMUTOKMHOB, XeMOKHWHOB, HEHpOTpodu-
yeckux (hakKTOpOB M JIPYTUX CUTHAIBHBIX MOJICKYII,
KOTOpBIC YYaCTBYIOT B CHMHTE3€, IeTpagalliid U MO-
audUKauuyu pas3anudHbIx KOMITOHeHTOB DIIM Tpa-
OekynsipHoii cetu [6]. B nurepatype TpuBeneHBI
MaHHbIE HMCCICAOBAaHMUI, B KOTOPBHIX OIIEHUBAJIUCH
KOHIIEHTpAlM IUTOKMHOB B OMOJIOTMYECKUX XKW/~
KOCTSIX M TKaHSIX Y OOJBHBIX C pas3sIMIHBIMHU (hOp-
MaMM TJIayKOMBI: ChIBOPOTKE KpoBu [23, 24, 25, 31],
BoastHucTou Biare (BB) [8, 9, 31, 36], cneze [9, 17],
Ju3aTe KJIETOK TpabekynspHoii cetu [27]. T1D cuH-
JpoM sIBJsieTcsl (haKTOPOM pucka pa3Butus [1D ria-
YKOMBI M TIPEACTABIISICT COOOI acCOLIMMPOBAHHOE C
BO3PacTOM CHUCTEMHOE HapyllleHue (hUOpULIOTeHEe-
3a, KOTOPOE BO3HMKAET B Pe3yJIbTaTe MOBBIIIIEHHOTO
00pa3oBaHUSI U HEMPaBUIIBHON COOPKU KOMITOHEH-
TOB 3JAaCTMHOBBIX MUKPOMDUOPUII, YTO MPUBOAUT
K OTJIOXKEHUIO B PAa3JIMYHBIX TKAHSIX aHOMaJIbHOTO
dubpmiuisipHoro matepuana [11]. T1D rmaykoma xa-
paKTepu3yeTcs] MOBBIIICHHBIMU KOHIIEHTPALUSIMU
TGF-B1, IL-6, a takxxe CTGF (dakTop pocta coeam-
HuTenbHOU TKaHn), bFGF (ocHOBHOIT hakTOp pocTa
bubpobdaactoB), VEGFA (aHmorenuaibHbill hakTOp
pocta cocynoB A) B BB. IIpuuem npu 1D rmaykome
koHueHTpauuu TGF-B1, IL-8, IL-6 Bbilie, yem mpu
T1OVYT [36], a konuenrpauus IL-6 npu [TOYT noHu-
JKeHa T10 CpaBHEHUIO C TPYIIITON KOHTpoJs. B To ke
BpeMs Takai Y. 1 coaBT. He OOHaPYKWJIU TTOBBILLIEHUS
koHuentpauuu VEGFA, a takcke TNFa, IL-13 B BB
namreHToB ¢ [1D rimaykomoli mo cpaBHEHUIO C Mallv-
eHTamu Tpyrnbl KOHTpoJst u [TOYT [36]. Zenkel M.
M COAaBT. MOKA3aJIM TOBBIIICHHBIC KOHIICHTTPALIUHN

IL-6 u 1L-8 B BB TOnBKO Ha paHHux cragusax I1D
cuHgpoMa. Ha no3gaux cragusax [1D cunapoma, mpu
I1D rnmaykome M B TpyIilie KOHTPOJSI COAep>KaHUe
TaHHBIX UTOKMHOB B BB craTtucTMYecKn 3HAYMMO
He paznuyajioch [39]. Takue mpoTUBOpeUYMBbIC TaH-
HBIC MOTYT OBITH CBSI3aHBI C TEM, YTO CIIEKTpP OIIe-
HUBaeMbIX OCJIKOBBIX MOJIEKYJI, METOMIbI, UCTIOIb3Y-
eMble B MCCJIEIOBaHUSIX, pa3Mep U COCTaB BHIOOPOK
MO0 HO30JOTMYECKUM (opMaM OTJIMYAIOTCS CBOEH
BapuabenbHOocThI0. Kpome atoro, BB conepxur mim-
POKMII CHEKTP IIMTOKMHOB, XeMOKHNHOB, (haKTOPOB
pocTa M Apyrux OEJIKOBbIE MOJIEKYJ, KOTOPBIE ITPO-
IYLIMPYIOTCS KaK KJIEeTKaMU TpaOeKyJsIpHOI ceTu U
IIUIEMMOBa KaHajla, TaK W IIAaJIbHBIMU KJIETKaMU
CeTYATKU, SMUTEIMATBHBIMHA KJIETKAMU IIMINApPHO-
ro Tejla, SHIOTEIMAIBHBIMHA KJIETKaMu, Makpodara-
MU U JIPYTUMHU KJIETKAMU UMMYHHOU CUCTeMBI [4].
KoHueHTpanust 3Tux OMOMOJIEKYJT aCCOLIMMpPOBaHa C
BBIPAXKEHHOCTBIO M3MEHEHUI TKaHEH, KaK IepeIHe-
ro, Tak M 3ajgHero otpe3ka rasa. Ha cocras BB oka-
3bIBaeT BIUSIHUE IIATEIBHOCTH, KOJMYECTBO U Xa-
pakTep MPUMEHSEMbIX JEeKapCTBEHHBIX IpernapaToB
IUTS JIeueHUs TJayKombl, ypoBeHb BIJI, a Takke Ha-
JINYe B aHaMHEe3¢ BHYTPUIJTIA3HBIX XUPYPTHUICCKUX
BMemIaTenbcTB. [1oaTOMY, HECMOTPST Ha TOCTATOYHO
0OJIBIIIOC KOJIMYECTBO WCCIACAOBAHUI, MEXaHU3MbI
MEXKJIETOUHBIX B3aUMOJEMCTBUIM B TpaOEeKyJASIpHOM
annapate npu 1D riiaykome He 10 KOHLIA SICHbI. MBI
HE HalUIM paboT, B KOTOPBIX MCCIEAOBAJICS COCTaB
cyliepHaTaHTa TpaOeKyIsIpHOU TKaHu Tipu [1D rmay-
Kome. B cBsI3u ¢ 3TUM, ompenesieHrue KOHIICHTpalu
LIUTOKMHOB B KYJBType KJIETOK TPaOEKyJISIPHON CeTU
1 BB, B3SITBIX OT OIHOTO ¥ TOTO K€ ITallieHTa, UMEET
0COOBIN MHTEpPEC, TaK KaK ITOJIydeHHBIC JaHHEIE IT0-
3BOJISIT TaTh OoJIee MOTHYIO XapaKTepUCTUKY IIPOVC-
XOOSIIUM B TpaOEKyJspHOM arapare IMpolieccam
U OyoyT CIOCOOCTBOBAaTh YTOYHEHUIO MEXaHU3MOB
MEKKJIETOUHBIX B3auMoaeicTBuit ripn [1D riaykome.

Ienbio HacToOsIEr0 HUCCAEIOBAHUSA  SIBUJIOCH
NpOBeACHNE CPABHUTEIBHOIO aHAIM3a COACPKaHUS
IUTOKMHOB B BB 1 B cynepHaTaHTax TpabeKyJIsIpHOI
TKaHU nauueHToB ¢ [1D rmaykoMoii.

MaTtepuarbl 1 MeToapl

B uccienoBanue ObLTO BKJIIOYEHO 23 TaliveHTa
(23 1nmaza), KOTOPBHIM BBIMTOJHSIJIOCH XUPYPruUecKoe
JieueHre no mnosoay IID rmaykoMbl B ropoackoit
MHoTroIpodmIbHOM 6oabHMIIE No 2. Bo3pacTt mamm-
€HTOB BapbupoBas oT 47 no 85 jeT. CTax TIIayKOMBI
BapbrpoBal oT 1 mecsma go 19 net (Tada. 1).

Cpenu o0OcjaeayeMblX COOTHOIIEHUE I10 MOy
obuto crenyrommnM: 9 xeHmmH (39,1%) n 14 mMyx-
yuH (60,9%). CTaTUCTUYECKU JOCTOBEPHOM pa3HU-
OBl TI0 BO3pAaCTy MEXIy ITallMeHTaMM Pa3HOro I1oja
He BbIsIBIIeHO (p = 0,924). O6s13aTeIbHBIM YCIIOBUEM
BKJIIOYEHUSI B MCCIEAOBaHUE SIBJISIOCH MOAMNCaHUe
nanueHToM MHMOpMUpoBaHHOTO comtacus. Kpure-
PUSIMUA VICKJTIOUCHUS SIBJISUIOCh HAJIWUME TSDKEITBIX
coMaTUMUYeCKUX 3a0ojieBaHUUM (caxapHbIii aua0eT,
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TABIULA 1. KNMMHWKO-BUOMETPUYECKUE JAHHBIE MALIMEHTOB C M3 MAYKOMOW, Me (Qg5-Q, 75)

TABLE 1. CLINICAL AND BIOMETRIC DATA OF PATIENTS WITH PEX GLAUCOMA, Me (Q,,:-Qq 75)

BozpacrT (neT)

IOP on the day of surgery (mm Hg)

Age (yoars) 69 (64-79)
CTtax rmaykombl (neT) 2 (0,25-4,5)
Duration of glaucoma (years) ’ ’
Br[ s neHs onepauun (Mm Hg) 23 (22-25)

MnoTHoCTb 3aHAOTeNManbHbIX KNeTok (kn/Mmm?)
Endothelial cell density (cells/mm?)

2263,0 (1950,5-2567,5)

TonwmHa poroBuLbl B ONTUYECKOM LIeHTPEe (MKM)
Central corneal thickness (um)

522,5 (491,75-535,5)

ayTOMMMYHHBIE 3a00JIeBaHMsI, OHKOJIOTMYCCKUE 3a-
OosieBaHMsI), TIpUEM TIIOKOKOPTUKOWIOB, WMMY-
HOCYTIPECCAaHTOB, HaJIMYMe B aHamMHe3e o(hTaTbMO-
JIOTUYECKHUX OIePaTUBHBIX BMEIIATEIILCTB, TPABM U
OXOTOB OpraHa 3peHHUsI, YBEUTOB pPa3IUYHON BTU-
OJIOTUM, OCTPBIX HapyIIeHUH KpPOBOOOpAIeHUS B
COCyIax CeTYaTKM M 3PUTEIbHOTO HEpBa, a TaKKe
nucTpoduueckrnx 3a00JieBaHUN CeTYATKU, JTUCTPO-
(v poroBUIIBI U aMETPOITMU BBICOKOW CTETICHU.
CoMaTuyecKuii cTaTyc MalMeHTOB OLEHUBAJICS Te-
parieBTOoM. Takke y4uThIBajach IJIUTEIbHOCTD IPH-
MEHEHMSsI, XapaKTep M KOJUYECTBO JICKAPCTBEHHBIX
IpenapaToB, MCIIOJNB3YeMbIX IUIST JICUYCHUS TJIayKo-
MBI, ypoBeHb BI'JI, a Takxke cTangus miaykoMmel. Bcem
nalMeHTaM Tiepell BKJIIOUYEHWEM B HCCIeI0BaHUE
MPOBOAMJIOCH CTaHAAPTHOE KOMILJIEKCHOE OpTalb-
MoJIoTMUecKoe o0cieloBaHUe C 1edblo Bepudu-
KalluM AuarHo3a: BU3OMETPUSI C aBTOpedpaKToMe-
Tpuei, KWHeTUYeCKass TEePpUMETPUSI, TOHOMETPHSI,
OMOMUKPOCKOITHSI, TOHUOCKOMUS, OMTaTbMOCKO-
nust. Takke BceM mMalMeHTaM BBITIOHSIACh DH-
noteauanbHass Mukpockonusi (Topcon SP-3000P,
SInoHusT), TO3BOJISTIONIAs OLIEHUBATH TOJIIIMHY PO-
TOBUIIBI B IEHTPAJILHON 30HE U TJIOTHOCTDb 3HIOTE-
JmanbHBIX Ki1eToK (DK) porosuirsr (puc. 1). Y Bcex
MallMeHTOB, BKIIIOYEHHBIX B UCCJIEIOBAaHNE, Ha OTle-
PUPOBaHHOM IIa3y HaOJIOAaIach MAJIeKO 3alile/aiast
cranus riaykoMbl. 3MeHeHUs B TIepelHEM OTpe3Ke
rjasa XapakTepu30BaIUCh NposiBieHUs MU [1D cuH-
JIpoMa pa3HOI CTENEHU BBIPAXKEHHOCTH B BUIC Ha-
CJIOCHHUI 3KC(HOIMATUBHOIO MaTeprasa Ha TIepei-
HEW Karicysie XpycTajinka, Ha 9HIOTEIUU POTOBUIILI
M TI0 3paYKOBOMY Kpato, aTpo(Gu CTPOMBI pamy>KK1
M MMUTMEHTHOI KaliMBbI IO Kparo 3payka v JUCIIepCUn
MUTMEHTa B UPUIOKOPHEAIbHOM YIJIy U IO MOBEPX-
HocTHu panyxku. 1o moBomy riaayKoMsl BceM Ialiv-
eHTaM ObLTa BBHITIOJTHEHA TUITOTEH3MBHAsI OTICpallys:
TpaOeKyIIKTOMMUS TIO CTAHIAPTHOU METOIUKE.
3ab6op BB u3 nepeaHeit kamephbl nalpeHTa Mpo-
M3BOJIUIU C MOMOIIbIO MHCYAUHOBOU urisl (27 G)
0e3 KOHTaKTa ¢ BHYTPMIJIa3HBIMU CTPYKTypaMU U 10
BBIIOJTHCHUST KAaKMX-JIMOO MaHUMYJSIIUIA Ha TJa3-
HOM s16;10Ke. OOpa3iIbl SKUIKOCTH TTOMEIIAId B CTe-

PUJbHBIN BTNmeHaopd, 3aMopakuBaad U XpaHWIU
npu -80 °C. TpabekynsgpHyio TKaHb (TT) momxyyanm
TIPU BEITIOTHCHUM TPaOeKyIdKTOMIUH. OOpa3Iibl TKa-
HU (BHYTPEHHsISI CTEHKA IIUIEMMOBA KaHajla C I0K-
CTaKaHAJIMKYJISIPHOW TKaHbIO) MOMEIIIaIi B PaCTBOP
Xenkca (200 MKJ1) AJ1sT TPAHCIIOPTUPOBKU (He 0osiee
nByx yacoB nipu +4 °C). Jlajiee B CTEpUIbHBIX YCIIO-
Busix oopasew; TT nepemMeliiaiy B IyHKY 96-JIyHOUHO-
ro (KpyrjIomoHHOTrO) TuraHiera (Sarstedt, ABcTpust)
B 100 mxu cpenst DMEM/F12 (Sigma, CIIIA) 6e3
nobaBjieHUs dMOPUOHATBbHOU TeasIubeil ChIBOPOT-
KU U KyJAbTUBUPOBaJIM cyTKU Tipu 37 °C BO BlIaxKHOI
atmocepe ¢ 5%-HbiM comepxanuem CO,. anee
ueHtpudyruponanu rianmer 200 g 10 MuHYT, cTe-
PWILHO OTOMpasu cyriepHataHT (70 MKJT) U3 TyHKU B
snneHaopd v 3amopaxubanu Ha -80 °C. OueHKy co-
Jep>KaHWsT 1 U3MEPeHNE KOHIICHTPAIIUH IIMTOKWUHOB:
TNFa, IL-6, IL-10, IL-8, IFNy, IL-18, GM-CSF,
VEGF npoBoauiy Ha IPOTOYHOM LIUTOMIIIOOpUME -
tpe FacsCantoll (BD, CILA) mpu momornm CBA-
MeTOoHa, WMCHOJb3ys CTaHAApTHBIM Habop Human
Soluble Protein Flex Set Assay BD (CIIIA) u HaGo-
pbI 071 onpeneneHus: HuToknuHoB: BD CBA human
TNFa, Flex Set, BD CBA human IL-6 Flex Set, BD
CBA human IL-10 Flex Set, BD CBA human IL-8
Flex Set, BD CBA human IFNy Flex Set, BD CBA
human IL-1B Flex Set, BD CBA human GM-CSF
Flex Set, BD CBA human VEGF Flex Set. /115 ana-
JIM3a cofepKaHUusl IUTOKMHOB MTPOBOIMIN U3MeEpe-
HUSI KOHLIEHTpalUii CTaHAapTOB, MPEAOCTABIEHHbBIX
B Habope. AHAJIU3 TTOJIYYeHHBIX pe3yJIbTaTOB IIPOBO-
IIVJIN, UCITOIB3Ys PEeTPeCCUOHHBIN aHaINU3 C TIOCTPO-
€HUEM KaTuOpPOBOYHOU KPUBOIA.

st cratucTuyeckoil oOpabOTKM HaHHBIX WC-
nonb3oBaau mnporpammy IBM SPSS Statistics 19.
JIIst BBIYMCIIEHUSI KOPPEISIUUN MEXIy NaHHBIMU
WMCIOJIb30BAJIM PAHTOBBIM KO3(MMUIIMEHT Koppe-
asauun p CriupMeHa, a il OLIEHKU BJIUSIHUSI He-
CKOJILKMX (PAaKTOpPOB Ha paccMaTpUBaeMBbI IIpU-
3HaK — MHOXECTBEHHBIII PEerpecCUMOHHBIN aHaIMn3.
JJTst BBIYUCIIEHUS TOCTOBEPHOCTU PA3TUUMIA MEXKITY
CpaBHMBaeMbIMU TpyMNIaMyd MCMHOJb30BaJIU KPUTE-
puit U MaHHa—YUTHU U1 HE3aBUCUMBIX BHIOOPOK
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U KpUTepuii 3HaKOBBIX paHTroB BujikokcoHa ajs 3a-
BUCUMBIX BLIOOPOK.

PesynbTathl

Ilpu uccnenoBanuu BB u cynepnatantoB TT y
nauueHToB ¢ [1D riaaykomoit oOHapy>KeHbl Ceay-
[OIMe KOHIEHTPAllMU WCCIIeTyeMbIX ITMTOKIHOB
(puc. 2). Ilpu cpaBHEHUM KOHLIEHTpALUiA LIUTOKMU-
HoB B cyrnepHartaHTax TT u BB, ucnonb3yst kpure-
pPUi1 3HAKOBBIX PAHTOB YWJIKOKCOHA, CTATUCTUYECKU
JIOCTOBEpHAasl pa3Hulla ObLIa MOJydeHa TOJIBKO IS
nByx nutoknHoB: VEGF u IL-6. KoHueHTpaunn
NaHHBIX TUTOKMHOB B BB ObITM cTaTMCTUYECKM TO-
CTOBEPHO BHIIIIE, YeM B cyriepHaTanTe TT (puc. 2).

Jlanee HaMU OBLTH IPOAHAIM3UPOBAHBI TOTYyUYCH-
HbIe TaHHBIE Ha HAaJTMUYWe KOPPEJSIIIUOHHBIX CBI3ei
MEXJy IMTOKMHaMU B cyniepHaTtaHTax TT (c ucnomnb-
30BaHUEM PAHTOBOTO KO UILIMEHTa KOPPEISLUU P
CnupMmeHna). Konuenrpauus [FNy momoxuTteabHO
koppenupoBana ¢ [L-13, TNFa, IL-10. Conepxa-
Hue 1L-10 nosoxurenbHo Koppeauponajo ¢ TNFa,
a [L-1pB monoxurensHO koppenaupoBaio c GM-CSE
Konuenrpanys 1L-6 10JI0OXKUTETBHO KOPPEIUPOBa-
nac VEGF u IL-8 (ta6m. 2).

IIpu aHanM3e KOPPEISILIMOHHBIX CBSI3CU MEXKIY
KOHILIEHTpalUMsIMM LUTOKMHOB B BB Hamu ObLia
BBHISIBJICHA 3HAYMMAasl MOJOXKHUTEIbHAST KOPPEIISIII-
OHHasl CBSI3b TOJIbKO Mexay 1L-8 u 1L-6 (r = 0,744;
p < 0,0001). Mexny KOHLUEHTpALUSIMU APYTUX LU~
TOKHHOB B BB y 00ciienyeMbix mallieHTOB JOCTOBEP-
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PucyHok 1. [laHHble 3HAOTENNaNbLHON MUKPOCKONUK
naumeHToB ¢ 13 rmaykomoii (nnowaab CbeMKu

0,25 mm x 0,5 mm, yBenuuenue 150%)

Mpumeyanue. A — konuuectBo K 2259 kn/Mm?; TonwmHA
poroBuubI B onTuyeckom LeHTpe 511 Mkm. b — konnuectBo K
1703 kn/MM?; TONLWMHA POrOBULIbI B ONTUYECKOM LieHTpe 499
MkM. Kpome ymeHblweHus nnotHocTv K poroBuubl, oTMeyaeTcs
HapacTaHue siBneHun nneomopdusma u nonumeratusma K.

Figure 1. Data from endothelial microscopy of patients with
PEX glaucoma (examination area 0.25 mm x 0.5 mm,
magnification 150x)

Note. A, endothelial cell density 2259 cells/mm?; central corneal
thickness 511 microns. B, endothelial cell density 1703 cells/mm?;
central corneal thickness 499 microns. In addition to reducing the
endothelial cell density, there is an increase in the phenomena of
pleomorphism and polymegathism of corneal endothelial cells.
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PucyHok 2. KoHueHTpaumm unTokuHoB B cynepHataHTe TT n BB y naunenToB c M3 rnaykomoi, Me (Q, ,5-Qy 75)
Mpumeyanue. A - koHueHTpauun TNFa, IL-10, IFNy, VEGF, IL-8, IL-1f, GM-CSF. B — koHueHTpaums IL-6. [locToBepHOCTbL pa3nuyuii: * —

p < 0,05; ** - p < 0,001.

Figure 2. Concentration of cytokines in the trabecular tissue (TT) supernatants and aqueous humor (AH) in patients with PEX

glaucoma, Me (Qq25-Qq75)

Note. A, concentrations of TNFa, IL-10, IFNy, VEGF, IL-8, IL-18, GM-CSF. B, concentration of IL-6. Significance of differences: *, p < 0.05; ***,

p < 0.001.
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TNFa | IL6 | IL-10 | IFNy | VEGF | L8 | IL-1p | GM-CSF
CynepHataHT TT Mepguana 6,11 4,87 2,60 3,74 8,68 4,40 5,08 6,18
(nr/un) Qo6 6,01 453 | 2,51 3,63 819 | 406 | 484 5,89
Qo5 656 | 2634 | 270 | 389 | 993 |4851 | 520 6,44
BB (M3 maykoma, | Meanara | 6,06 | 3347 | 2,60 | 3,63 | 2499 | 11,74 | 504 6,18
nr/mn) Qos 5,93 6,97 248 353 | 19,85 729 | 486 5,89
Qys 639 |15134 | 267 | 389 | 2088 | 2273 | 5,20 6,28

Ha cnenyroiieM stane Hamu ObUia MpoaHaIU3M-
poBaHa B3aMMOCBSI3b MEXKIY KOHIIEHTPALMSIMU W3-
y4JaeMBIX TUTOKUHOB B BB 1 cynepraranTe TT. O0-
HapyXeHa yMepeHHasl MOJIOXKUTETbHAsI CBSI3b MEXITY
koHueHTpauusimu I1L-8 B cynepnarante TT u IL-13
B BB u mexxny VEGF B cynepnarante TT u IFNy B
BB, a Ttakxxe ymMepeHHasi oTpulaTe/bHas KOppessi-
LMOHHAsl CBsI3b Mexay KoHueHTpauusmu IFNy B
cyniepHatante TT u VEGF B BB (1a6u. 3).

1T BBISIBIICHMSI BO3MOXKHOTO BJIMSTHUS M3ydac-
MBIX [IMTOKMHOB, BO3pacTa, JJIUTeJIbHOCTU aHaMHe-
3a IrJ1ayKOMbl Ha TNIOTHOCTH DK pOroBuUlIbl, a TakKKe
YTOYHEHUS CTCTICHU 3TOTO BIMSHUS HAMU OBLT TIPO-
BEJICH MHOXECTBEHHBINI PErpecCUOHHBIN aHan3.
Ilpy MmocTpoeHUM pEerpecCMOHHO MoIeau B Ka-

YecTBEe 3aBUCUMMOI IepeMEHHOI B3SIT IOKa3aTejb
rioTHoCcTU DK poroBuIlbl, B KaueCTBE HE3aBUCUMBIX:
KOHIIEHTPAIIUU IIUTOKWUHOB, JUTUTEIbHOCTh aHaMHE -
3a I1ayKoMbl. Pe3ysibraThl perpecCMOHHOTO aHan3a
OTpaXkeHbI B 9MOUPUYECKOUN Moieu (Tabi. 4).
IMpoBeneHNe MHOXKECTBEHHOTO PErpPeCCOHHOTO
aHaJIM3a IToKa3ajo, 9TO Ha IUIOTHOCTh DK poroBu-
1Bl 3HAYMMOC BIMSTHUE OKa3bIBAIOT 3 (paKkTOpa: cTaxk
rnaykombl 1 koHLUeHTpauuu IFNy, TNFa B BB na-
uueHToB ¢ [1D rmaykomoii. Otu pakTophl oTpUlia-
TEIbHO KOPPEIUPYIOT C TNIOTHOCTHI0 DK poroBUIIHI.
IMpoBeneHue KOppeasiliMOHHOTO aHaau3a He Bbl-
SIBUJIO CBSI3el MEXIy APYTMMU KJIMHUYECKUMU JaH-
HBIMU (TOJIIIIMHOM POTOBUIILI B OTITUYECKOM ILIEHTPE,

TABJTLA 2. B3AUMOCBA3b MEXAY KOHUEHTPALUUAMU LIMTOKWHOB, BbIABNEHHDBIX B CYNEPHATAHTAX TT

MALIMEHTOB C N3 MAYKOMOW

TABLE 2. CORRELATIONS BETWEEN CYTOKINE CONCENTRATIONS DETECTED IN TT SUPERNATANTS IN PATIENTS WITH

PEX GLAUCOMA
TNFo. (TT) IL-6 (TT) IFNy (TT) GM-CSF (TT)
IL-10 (TT) 0,490* 0,518*
IFNy (TT) 0,442
VEGF (TT) 0,478
IL-8 (TT) 0,784***
IL-1B (TT) 0,557* 0,508*

MpumeyaHue. B Tabnuue npuBeaeHbl KO3hPULNEHTLI paHroBor Koppensauny CnupMeHa. YpoBeHb 3Ha4MMocTu: * — p < 0,05;

* _p<0,01; ** —p < 0,001.

Note. The table shows Spearman’s rank correlation coefficients. Significance level: *, p < 0.05; **, p < 0.01; ***, p < 0.001.

TABJTULA 3. B3AUMOCBA3b MEXAY KOHLEHTPALUAMU LIMTOKWHOB, BbIABNEHHBIX B CYNEPHATAHTAX TT U BB
MALIMEHTOB C N3 MAYKOMOW

TABLE 3. CORRELATIONS BETWEEN CYTOKINE CONCENTRATIONS DETECTED IN TT SUPERNATANTS AND AH IN
PATIENTS WITH PEX GLAUCOMA

VEGF (BB) IL-1p (BB) IFNy (BB)
VEGF (AH) IL-1B (AH) IFNy (AH)

IL-8 (TT) 0,489

VEGF (TT) 0,483*

IFNy (TT) -0,605**

MpumeyaHue. B Tabnuue npuBeaeHbl ko3 hULMeHTbI paHroBou koppensiunm CnupmeHa. YpoBeHb 3HaYUMMocTu: * — p < 0,05;

*_p<0,01.

Note. The table shows Spearman’s rank correlation coefficients. Significance level: *, p < 0.05; **, p < 0.01.
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TABINLA 4. PETPECCMOHHAA MOJENb NPEAUKTOPOB MNOTHOCTHU 3K POrOBULIbI
TABLE 4. REGRESSION MODEL OF PREDICTORS OF CORNEAL ENDOTHELIAL CELL DENSITY

MpeaunkTopbI
Predictors B B (SE)

CTa)K. rnaykombl 0,553 35,17 (10,22)
Duration of glaucoma
IFNy (BB) "
IFNy (AH) -0,380 -649,45 (276,96)
TNFo (BB) *
TNFa (AH) -0,366 -68,89 (30,36)

MpumeyaHue. YpoBeHb 3Ha4YMMocTu: * — p < 0,05; ** — p < 0,01.
Note. Significance level: *, p < 0.05; **, p < 0.01.

ypoBHeM BI'JI, Bo3pacToM) U KOHLIEHTpalMell LIMTO-
KWHOB B UCCJIENYEMBIX CPEax.

ObcyxaeHve

B Hamreii pabote ObLIM onpeaeeHbl KOHLIEHTpa-
mu utokuHoB (TNFa, IFNy, IL-1B, 1L-6, 1L-8,
IL-10, VEGE GM-CSF) B BB u B cynepHaraHTe
TT mns Kaxxgoro M3 mamueHToB npu [1D riraykome.
Konuenrpauuu 1L-6, VEGF B BB ObL1u BbIllIe KOH-
HEeHTpalnii 3TUX IIMTOKMHOB B cyrepHaTanTe TT y
nanueHToB ¢ I1D rmaykomoii. A KoHueHTpauus 1L-6
MOJOXKUTEIBHO KOpPEeJMpOoBaja ¢ KOHIICHTPAIIUSIMU
VEGF u IL-8 B cynepuatante TT.

IMoBbiuenHoe coaepxanue 1L-6 B BB npu I19
rnaykome u I1D cuHapome paHee ObUIO MOKa3aHO B
psne uccnemoBaHuit [8, 36]. Llutokun 1L-6 camo-
CTOSITEJIbHO WM B KOMOMHALIMM C IPYTUMU MPOBOC-
nanurenbHbiMU uToKMHaMu (TNFa, IL-1p, IFNy)
WHIYLMPYET TaK Ha3bIBaeMbIM ITPOKOATYJISTHTHBIN
denoTun y DK, xapakTepu3yIOnIniicss MOBBIIIICHUEM
COCYIMCTOI TIPOHUIIAEMOCTH, DKCIIpeccueil asare-
3uoHHBIX MoJieKyn (VCAM-1, ICAM-1) [14]. Takas
aktuBauus DK compoBoXaaeTcsl yCUJIESHUEM ce-
kpeuuu umu xeMokuHoB (MCP-1, IL-8) [14], cmio-
COOCTBYIOIIIMX MPUBJICUCHUIO JEMKOIIUTOB, a TaKXKe
nponykuueir uuToknHoB (IL-6, IL-1), cnmocoGHbIX
ayTOKPUHHO W MapakKpUHHO YCWJIMBATh aKTUBAIIMIO
OK u neiikonuToB. I1L-6 nmpomyuupyeTcs B pa3ind-
HBIX TKaHSX B IJla3y, HO OCHOBHBIM €TI0 UCTOUHUKOM
B HOPME SIBJISIIOTCSI OTPOCTKHU LIMJIMAPHOTO TeJa, rie
9Kcmpeccuss JaHHoro nmuTtokwmHa B 100 pas BeIle,
YeM B IPYTUX TKaHSX IIepeaHero oTpe3ka. PamyskHast
obo10uKa, TpabeKyJssipHasl TKaHb, XOpUOU/IEs SIBJIsI-
FOTCSI CIESAYIOIIUMHU TI0 BBIPAa>KEHHOCTU TPOAYKIINKA
3TOro HUTOKMHA TKaHsIMU B HopMme [39]. Zenkel M.
M COAaBT. BBISIBMJIM IMOBBILIEHHYIO 9Kcnpeccuio 1L-6
B LIMWJIMAPHOM TeJIe U Pady>KHOI 00OJIOUKE Ha paH-
Helt ctaguu [1D cuEApOMa MO CpaBHEHUIO C TPYIIITOiN
KoHTposist. [To mTaHHBIM UMMYHOTMCTOXMMHUYECKOTO
HWCCIeNOBaHUsI HanboJiee BbIpaxkeHHasT 2KCITpec-
CHUsl DTOro LUTOKMHa Habmomaetcss B DK cocynoB
pasy>kKHOU 000JIOUKM M B KjeTKax OeCHUIrMEeHTHOTO
SIUTENIMS OTPOCTKOB IMIMapHOTo Teia. [lomydeH-
HBIE pe3yJbTaThl CBUIETCIBCTBYIOT 00 accOMalliy

MOBBIIEHHOW KOHLIeHTpauuu IL-6 B BB ¢ xpoHu-
YeCKUM HapylIeHHueM TIeMaToO(pTaIbMUYECKOTO
Oapbepa M BbIPAXKEHHOM BacKyJiomaTueil pamy>KHOWU
000JI0YKHM, 4TO XapakTepHo mis [1D cuaapoma u 1D
rinaykombl [39]. [ToaTomy BBISIBJIEHHAs B HallIeM MC-
cliefoBaHUU GoJiee BbICOKass KoHIeHTparus IL-6
B BB 1o cpaBHeHuio ¢ cynepHatantom TT Moxert
OBITb OOBSICHEHA TeM, YTO TpaOeKyIsSIpHbIl armapar
HE SIBJISICTCSI €IMHCTBEHHBIM M OCHOBHBIM MCTOYHU-
KOM 00pa3oBaHUsI 3TOrO IMTOKUHA.

[NoBbIlIcHE KOHIIEHTPALIUM OPYroro IIMTO-
kuHa — VEGF B BB y nmauueHTOB ¢ pa3Iu4yHBIMU
(dopmMamMu TJIayKOMbI, TakKe ObLIO TOKa3aHO B psijie
uccienoBaHuii [3]. DToT MeauaToOp BAUSIET HA COCY-
JTUCTYIO TIPOHUIIAEMOCTbh, YCUJIMBAET MUTPALIUIO MO-
HOIUTOB 1 (prOPOO6IACTOB, OKa3bIBaeT BO3ICICTBUC
Ha MUTOTUYECKYIO aKTUBHOCTh DK M 1X BoccTaHOB-
JICHUE TIOCJIe TTOBPEXICHUS (aAHTUAIIOIITO3HOE JIeii-
cTBUe). MOHOLUTHI B CBOIO O4Yepeab CaMU aKTUBHO
BeipabaThiBaioT VEGFE. Axktusauus peuenropa Flt-1
(VEGFR-1) mpuBomuT K TKaHecHeHU(DUIECKOMY
BBIJIEJICHUIO Tpo(ruueckux ¢pakTopos, [L-6 u apyrux
MEINATOpPOB, T.€. OKa3bIBaeT NCHCTBHE Ha IIPOJIU-
depalrio KJIeTOK TKaHell B OTBET Ha MOBPEXKIACHUE.
CekperupoBaHHblii VEGFA Haxonutca B OLIM B
CBSI3aHHOM C OeJIKaMM BUJ€, OTKYa BBICBOOOXIaeT-
¢S oA, ACMICTBUEM MATPUKCHBIX METAJIJIONPOTenHAa3
(MMP) u tutazmmHa. Takum o6pazom, MMP, Byact-
Hoctu MMP-9, obGecrieynBaroT OMOAOCTYITHOCTh
VEGF nnsg VEGFR-1, a Takke ydyacTByeT B peryJisi-
1y hyHkioHanbHOU aktTuBHOCTU VEGE, mocpen-
CTBOM €rO TIOCTTPAHCJSIIIMOHHON MoauduKaimnu.
VEGE, B cBoo oyepenb, BHI3BIBAET ITOBBLILICHHYIO
BbipaboTKy MMP-9. BozpgeiictBue IFNy u VEGF
Ha DK mpuBomutr K mpomykumu [P-10, KoTopsrit
aBisieTcsl (PaKTOpOM XeMoTakcuca aas T-KIIETOK.
Knerku TpabekysipHOro armapara noj JeicTBuem
pPa3IMYHBIX CTUMYJIOB (JIa3epHOE M3TyYCHUSI, MeXa-
HUYECKOE paCTSDKeHUE, OOYCIOBJIEHHOE ITOBbIIIE-
Huem BTJI, BosneiictBue nmutokuHos (IL-1B, 1L-6,
TNFa, TGF-B), okcunatTuBHBIN CcTpecc), BBIICISIS
paznuuHble Meauatopsl, B ToM yucie VEGE ynyu-
maroT oTToK BB, Bo3neiictBys Ha D1IM u nosbIlas
MPOHUIIAEMOCTh DHAOTENUS IIJIEMMOBA KaHaja.
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Taxxe, VEGE, kak 1 oKCUAaTUBHBIN CTpecc, MPUBO-
JINT K HAYaJIbHOI BpeMEHHOI aKTHBALIMK ayTo(arnu
B KJIETKax TpaOeKyJISIpHOTO arrapara, 4To SIBJISIETCS
GbU3MONIOTMYECKHM MPOLIECCOM, HaIlpaBJIEHHBIM Ha
BOCCTaHOBJIEHHME TroMeocTasza TkaHu. OmHako Tpu
MPOIOJIKAIOIIEMCS BO3ICHCTBUU 3TUX (DaKTOPOB Ha-
yaJibHasl aKTUBAlIMsI CMEHSIETCSI CTaaueil yTHeTeHUs
aytTodaruu. DTOT MPOLIECC COTIPOBOXKIAECTCS CHUKE-
HHUEM KOJIWYECTBa KJIETOK, Ae30praHu3allneit 1IIMTo-
CKeJeTa M HapacTaHUEeM IIPOSBIICHUM KJICTOYHOI'O
CTapeHUsI, BOCTIAJIMTEIIbHBIM CTPECCOM, YCUJICHUEM
OKCHIATUBHOTO cTpecca Ha (poHe CHUKEHUST aHTH-
okcuaaHTHo# 3amuThl [30]. Craperolie KJIeTKU B
TpabeKyJIsIpHOM amrapare, HECMOTPS Ha OCTAaHOBKY
KJIETOYHOTO IIMKJIa, BEIPAXKEHHYIO TUCHYHKIINIO M-
TOXOHMIPUi1, COXPAHSIIOT CEKPETOPHYIO aKTUBHOCTb U
NPOAYLUUPYIOT aKTUBHbIE (hOPMBI KUCIOPOAA, pa3-
HOOOpa3HbIe MPOBOCHATUTEIbHbBIC IIUTOKUHBI, B TOM
yuciie 1L-6, IL-8, KoTOopble COCTaBISIOT CEKPETOP-
HBIN (PEeHOTUIT, aCCOLIMUPOBAHHBINA CO CTapeHUEM
(SASP). Bt MeamaTopbl OKa3bIBAIOT BO3ACUCTBHEC
Ha cocemHME KIIeTKHM, BIUSIS Ha Mpoaudepaluio,
g depeHIMPOBKY 1 YCUJIMBasI IIPOIIECCHI CTape-
HUs B Hux [37]. CienctBuemM 3TOro SBJISIETCS MPO-
IrpecCUBHAsI MOCTEIIeHHAas yTpaTa (GPyHKIINMOHATBHBIX
KJIETOK B TPaOEKyJSIPHOM arrapare 3a C4eT Ux rude-
JIM, CTapeHUsI W SHAOTEIMATbHO-ME3eHXUMaTbHOMI
TpaHcauddepenuuposku (OMT). IlokazaHo, 4TO
IL-6, a Takxe aApyrve mpoBOCIaTUTENbHbIE [TUTOKM-
Hbl U poctoBble akropel (VEGE TGF-B1, 2), ru-
TMOKCHSsI, CITIOCOOHBI BbI3BIBATH MUO(MUOPOOIACTHYIO
TpaHCGhOpMAIINIO KJIETOK TpaOeKyJISIpHOTO arlma-
pata, B Tom umucie DK nmiemmoBa kanama [10, 35].
BTOT mpoliecc, Ha3zbiBaeMbIi DMT, saBisteTcsT OCHO-
BOU pa3BuTUS (PUOPO3HBIX U3MEHEHUU B TpabeKy-
JIIPHOM CETH BCJICACTBUE ITOBBIIIICHHON TTPOXYKIINHI
TKaHEBBIX MTHTUOUTOPOB MAaTPUKCHBIX METAJLIONPO-
teuHa3 (TIMP) u komnoneHToB D1IM. B ycioBusix
TUITOKCUU BTO CHOCOOCTBYET Meperpy3Ke aHAO0IIIa3-
MaTUYECKOM CeTHM U HaKOIUIEHUIO arperatoB He-
MPaBUJIBHO CJIOXEHHOTO OeJika B TKaHsX, a Takxke
MOBBIIIACT YYBCTBUTEJIBHOCTh KJIETOK K JEHCTBUIO
MPOBOCHAIUTEIbHBIX IIUTOKUHOB [19]. C Bo3pacTom
TMPOMCXOIUT CHIDKEHNE KOJIMUECTBa KJIIETOK B Tpabe-
KyssipHoii cetu (0,58% B rox), cMeHa ux (pbeHOTHUIIA,
a TakKe cyokymHu4Yeckoe BocnaneHue [33]. OnHa-
KO MpH TJIayKOMe 3TH M3MEHEHUST HOCST OoJiee BBI-
pakeHHBINU XapakTep. [103TOMy BBEISIBJICHHBIC B Ha-
IIeM KCCeq0oBaHUM 0oJiee HU3KME KOHIEHTpaAIluU
I1L-6, VEGF B cynepHatante TT MoryT ObITh TaKKe
OOBSICHEHBI YMEHBIICHNEM KOJINYeCTBA (HYHKIIM-
OHUPYIOLIMX KJIETOK TpabeKyJsipHoii ceTtu npu 1D
riaaykome. B Hamiem ucciaeqoBaHUM y Beex IMallMeH-
TOB Haboganack najnekosamenmmas (I111) cragus 1D
riaaykombl. OTMETUM, YTO Ha paHHUX cTagusax 1D
I71ayKOMBI HE OTMEYaeTCsT Pe3KOTro CHIDKEHUST KO-
YecTBa KJICTOK TPaOEKYJISIPHOM CETH.

Kpome uszMeHeHus: KiaetoyHoro cocrtaBa B TT
o IeMCTBUEM MUTOKWHOB, 3HAYUTEIbHBIC ITPe00-

pa3oBaHUs MpU [JIayKoMe MpoucxoasaT u B DLIM.
IMoka3aHo, uto y mauueHToB ¢ [1D rmaykomoii Ha-
Omonaercsl CHWXXEHUWE cooTHolleHusi MMP-2/
TIMP-2, a Takxke cHUXXeHUe aKTUBHOCTU MMP B
BB u TT no cpaBHEHMIO C TPYIIIOH KOHTPOJISI, UYTO
XapaKTePHO JUIST XPOHUYECKUX 3a00J1€BaHUIA, COMTPO-
BOKIAIOIIMXCS M30BITOYHBIM (UOpo3oM. JlaHHBI
nucbanaHc B TpaOEKyJISIPHON CeTU BhI3bIBAET paciiall
KoMIToHeHTOB D1IM Ha poHe X aKTMBHOTI'O CUHTE3a
aKTUBUPOBAaHHBIMU (ubpodiiactamu. PesyibraTom
3TOTO SBJISIeTCS HakorwieHne DM, nsmeHeHue ero
COCTaBa, YBEJIMYCHUE CITUBKHU MEXIY BOJIOKHAMMU,
YTO NPUBOIUT K MOBBILIEHUIO ycTounBocTr DM
K TMPOTEOJU3y U YBEJIUYEHUIO €ro MEeXaHUYECKOW
MPOYHOCTU. DTUM MOXKHO TakXXe OOBSICHUTH Ha-
OnromaemMoe CHUXXKeHue akTuBHOCTU MMP Ha doHe
MOBBILIEHHOTO CONIEpXKaHUsI HEeaKTUBHBIX (opM
MMP B TT npu rnaykome [32]. BeicBoOOK1aeMble B
pe3yJibTaTe MmpoTeoan3a KoMnoHeHThl DM Tpabe-
KYJISIDHOI CeTU, TaKWe KaK 2JIaCTUH, JIJAMUHUH, (hU-
OpOHEKTHUH U Ap., a TAaKXKe TIPOAYKTHI pactiaga DM,
00JIagaroT OMOIOTNYECKU aKTUBHBIMU (DYHKIIUSIMU.
OHU oIpeAesIioT He TOIbKO cBoiicTBa DIIM, HO
OKa3bIBAaIOT HEMOCPEICTBEHHOEC BINSTHIE Ha KJICTOY-
HYI0 MOP(dOIOruio, MHUTPALIMI0 U Mpoiaudepainu
¢ubpobaacrtos, DK, auddepeHUUpPOBKY KIETOK,
OMOCPeayIoT KOHTAaKThbl MeXAy KiaeTkamu u DM,
yyacTtBytoT B aktuBaumu TGF-B1 u apyrux pocrto-
BbIX (hakTOpoB. Takxke OHU 00Ja7al0T CBOMCTBAMU
XEMOATTPAKTAHTOB 11 UMMYHHBIX KJIETOK, CTUMY-
JIUPYsl MUTPALMIO JIEUKOLIMTOB UM MPOHUKHOBEHUE
LIUTOKMHOB 4Yepe3 OasanbHylo mMeMOpany. [Ipusie-
YeHHBIE UMMYHHBIC KJICTKM, BbIpadaThIBasi IIPOBOC-
NajJuTeJIbHBIC IIMTOKWHBI, IPUBOIIT K ele Oosee
BhIpaxkeHHOMY TToBbIIIIeHNI0 sKcrnipeccu VEGF u
MMP, 4To gBNISIETCSI OMHUM U3 KJTIOUE€BbIX MOMEHTOB
B MUOPUOPOOIACTHOM TpaHCGhOpMalUU, U OKa3bl-
BAaIOT BJUSIHUE HA aKTUBHOCTb BOCHAJICHUS U aHTU-
oreHes [18].

IToaTOMYy BBISIBIEHHBIE B HallleM MCCIEAOBaAaHUU
MOJIOXKUTEIbHbIE KOPPEJSIIMU MEXAYy KOHIIEHTpa-
musimu IL-6 1 VEGF [28] B cynepraTtanTe TT, a Tak-
2Ke MEXIY NIPYTMMU MTPOBOCTAIUMTEIbHBIMU LIUTOKM -
Hamu B cyriepHartanTe TT u BB (IL-8, IL-1p, TNFa,
IFNy, GM-CSF) siBisitoTcst 3aKOHOMEPHBIMU BBUY
TOTO, YTO IIPOMCXOAUT B3aMOCTUMYJIMPYIOIICE Ieii-
CTBUE JaHHBIX HMTOKMHOB [1, 7].

Taxke HamMM ObUIa BBISIBJICHA ITOJOXMWTEIbHAS
Koppensiuusg Mmexay KoHueHtpauusamu [L-10 u [FNy,
TNFa B cynepHartante TT, uto oObsICHSIETCS HAIU-
4yueM OTCPOYEHHOU akTuBauuu npomykumu I[L-10
nox aeiicteueM TNFo B ripoliecce BocnaJuTeabHOM’
peakuuu [21]. IFNy, saBasisicb UMMYyHOMOIYJIUPYIO-
1M IIMTOKWHOM, TIPUHUMAET HEMOCPEICTBEHHOE
yJyacTue B OrpaHUYEHUU TOBPEXICHUs TKaHE I10-
cne BocriasieHus. [log nefictBueM JaHHOTO LIUTOKU-
Ha aKTUBUPYIOTCS BbIpaborka Thl-nmumdonuramMmu
IL-10, a Takke NPOUCXOMUT TIOJISIPU3ALUS Ma-
KpodaroB 1mo M2-IyTH, KOTOpBIE OOCCIIEUYMBAIOT
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BOCCTAHOBJIEHME U pPEMOJEIMPOBAHUE TKaHEl B
ouare BocrniasieHus [22]. Micera A. U coaBT. mpef-
MOJIOXKWIN, 4TO yBeJaudeHue KoHueHTpauuu 1L-10,
HabJIrogaeMoe Mpu TJIayKoMe, MOXKET OIMOoCpenoBaTh
pa3BuTtre (PUOPO3HBIX IIPOIECCOB, ITOCPEACTBOM
MPOTUBOBOCIIAIMTEILHOTO ACUCTBUSL 4Yepe3 Mmoaa-
Baenue BoigeseHusa TNFao, IL-1, IL-6, IL-8, 11.-12,
MIP-1a 1 MIP-20. MoHOIIMTAMU U MakpodaraMu,
MOBBIIIEHUSI aKTUBHOCTU TKaHEBBIX MHTMOMTOPOB
MaTPUKCHBIX MPOTEMHA3 U CHUXEHUsI aKTUBHOCTU
MMP [27].

HabOmomaeMasa T1OJIOXUTENIbHAS —~ KOPPEIISIIIUS
mexny koHueHtpauusimu [FNy 8 BB u VEGF B TT
MOKET OBbITh OOYC/IOBJIEHA HAJTMYMEeM OKCUIATUBHO-
To cTpecca B MepeHEeM OTpe3Ke Iia3a, B TOM YHCIIC
B TpabeKyJIIpHOM armapare, U ero yCWJIeHUEM Ha
(oHe HU3KOYPOBHEBOT'O BOCITAJICHUSI, UTO XapaKTep-
Ho st ITOYT [15] u T1D rnaykomsl [13]. YcraHoB-
JICHO, YTO IIPOBOCITAJIUTEIbHBIC IIMTOKWHEBI, B TOM
qyucne IL-1B, IL-6, TNFo, BelaeasioTcst B IpolLecce
OKCHUJIATUBHOIO CTpecca, BOCHAJUTEIbHON peak-
LUu, yCWInBas nposisieHus runokcuu. [FNy, kak u
paHee yIOMSIHYTble LIUTOKWUHbI, MTPUBOJAUT K TTOBBI-
IIIECHHOMY 00pa30BaHUIO PEaKTUBHBIX (DOPM KMCJIO-
poa, 9TO CIOCOOCTBYET IMOBBIIIIEHHOMW 3KCITPECCUM
VEGF [38].

BrisiBIeHHYI0 B HallleM HMCCJIeIOBaHUU Ha Tiep-
BBIN B3IJISIA TTapagoKCaIbHYIO OTPULIATEIbHYIO KOP-
pensauuio Mexay KoHueHtpauueit IFNy B cynepHa-
tante TT u xkoHueHtpauueir VEGF B BB moxHO
00bsICHUTh HanuuyueM aucobanaHca Thl/Th2/Treg
OUTOKWHOB, MoJspu3alumeii Makpodaros 1mo M2
nytd B TT mpu rjlaykomMe, 4To MPUBOAUT K MpPeod-
nmamanuto 1L-6, 1L-10, TGF-B1 u oOycnaBiuBaer
peMoaenupoBaHue U ¢udbpo3upoBaHue TKaHu [16,
27]. Taxxe ObLTO TOKa3aHo, uto [FNy B mporecce
pa3BUTHUSI BOCHATUTEIbHON peaklli OKa3bIBaeT OT-
CpPOUYEHHOE MOAaBJSIONIee ACUCTBME Ha CEKPELUIo
VEGF MoHoumMTaMn Ha TPaHCISIIMOHHOM YPOBHE.
Kpome storo, IFNy cnocobeH yrHetatb BbIpaOOT-
Ky MMP-1, MMP-2, MMP-3, MMP-7, MMP-9 u
MMP-10, 4yTO NPpUBOAUT K YMEHBIIEHUIO MOOWIN-
3annu VEGF us3 pesepsyapa B D1LIM.

Taxkum o6pa3zoM, aHaJIM3 KOHLIEHTpALU1 LIUTOKU -
HOB B KYJIBTYpe KJIETOK TpabeKysipHoii cetu u BB,
B3SITBIX OT OTHOTI'O M TOTO K€ MalieHTa ITO3BOJISCT
JIaTh OoJiee MOJHYIO XapaKTePUCTUKY AUCOaIaHCy
LUTOKWUHOB Y TIPOUCXOASIIUM B TpaOeKyJSIpHOM
arrmaparte npoueccaMm npu [19 rimaykome. Mo KoH-
HeHTpallN MUTOKUHOB B BB Hemb3s neaTh BEIBOOBI
O TIPOMCXOASIIMX B TpaOEKyJIsIpHOM arrapare u3-
MeHeHUsIX. C Ipyroii CTOPOHBI, BXOASIINE B COCTaB
BB mMeamaTtopsl, mpoayLuupyeMblie KieTKaMu Tpabe-
KYJISIpHOI CeTH U LJIeMMOBa KaHalla, INIMajJbHbIMU
KJIETKaMU CEeTYaTKW, SMUTEIUATIbHBIMU KJIETKaMU
LUMJIMAPHOTO Tejaa, DHIAOTEIUATIbHBIMU KJIETKAMM,
MakpodaraMmu v IpyruMu KieTKaMu UMMYHHOI CU-
cTeMbl [4], ayTOKPUHHO M MapakKpMHHO OKa3bIBalOT
CBOE PETYJISITOPHOE BO3ASMCTBUE HAa KJIETKU pa3ind-
HBIX TKaHeH 171a3a. B ¢BsI31 ¢ 3TM oxkmmaeMo o0Ha-

PYXKEHHE CXOOHBIX MOP(OJOTUICCKUX M3MCHCHUM
BO BCEX CTPYKTypax IepeaHero oTpeska riaza Mpu
T1D rmaykome. PaHee ObLTO MOKa3aHO, UTO JUIST U3-
MEHEeHUI panyXxku npu [1D cuHapoMe XapakKTepHO
Cy)XeHME UM Iaxe 3arycTeBaHue COCYAOB, JereHepa-
TuBHbIe U3MeHeHuss DK cocynos. [1pu 1D keparto-
NaTuU TOoKa3aHO CHUXKEHME TUIOTHOCTU KJIETOK BO
BCEX CJIOSIX pOroBMliibl. DK 4YacTUYHO WU TIOJHO-
CTBIO OTCJIAaUBAIOTCSI OT JHAOTEIUATIBHOTO CJIOS.
KpoMe ymeHBIIEeHUST MX KOJWYECTBA, HAPYIICHUS
reKcaroHaJabHOUN (hOpPMBI XapaKTEepHO IIPOSIBICHUE
OMT c pasButueM pudbpodIacTonogooHoTro (heHo-
Tuna. TakKe HabJIogaeTCsI HEpaBHOMEPHOE YTOJIIIe-
HUE IeCLIEMETOBOI 00OJIOUKM, BCIEICTBUE OTIOXKE-
Hus 1D marepuana B ee ToJjile, U GOpMUPOBaAHUE
poixoro dubpuisipHoro cios [40].

[Tpu mpoBeneHMM MHOXKECTBEHHOTO PErPECCUOH-
HOTo aHajiu3a HaMU YCTaHOBJIEHO, UTO CTaX IJ1ayKo-
Mbl U koHUeHTpauust [FNy, TNFo B BB y nauuen-
TOB ¢ [1D rmaykomMmoii oka3bIBalOT 3HAUMMOE BIAUSTHUE
Ha CHIDKeHMe MoTHOocTu DK poroBulibl, 4TO CO-
rjacyercsl ¢ JaHHbIMU JAPYTUX uccienoBaHuit. [leii-
CTBUTEIBbHO, ToTepst DK poroBHIIbI 3HAYMTEIIHHO
YCKOpPSIETCS TI0C/Ie TIPOBEACHUS pa3IMIHBIX BHYTPHU-
IJIa3HBIX XUPYPIrUUeCKNX BMEIIATEIbLCTB, Ha (oHE
yBeuTa, TOcjie TTOBPEXISHUS Paay>KHOW O000JI0UKH,
4TO OOBSCHSIETCSI aBTOPAMU TIOBBIIIIEHUEM ITPOBOC-
NajJuTeNbHbIX UMTOKMHOB B BB [2, 12]. OnHako 10
KOHIIa MEXaHU3MbI HaOTI0/1aeMBbIX SIBICHUI HE SICHBI.
Tak, BbIsIBJIEHHAasl B Hallleli paboTe oTpullaTeJbHast
Koppessiuust mMexay koHueHtpanueit IFNy u niot-
HoCThI0 DK poroBuiibl MOXKET OBITH OOYCIOBJICHA
CHMXKEHMEM CIIOCOOHOCTM MOBPEXKICHHOIO SHIOTE-
nus noaasisath nponykuuio [FNy T-numdbountamu
M OTpaxkaeT, IO MHCHUIO Psiia aBTOPOB, HApYyIICHUE
cTaTyca UMMYHHOI MPUBUJICTUN B TIEPSOHEN KaMe-
pe [26]. Sugita S. u coaBT. mokaszanu, uro DK poro-
BUIIBI MOTYT MOAABIISITH aKTUBHOCTE CD4* T-KJ1eToK,
cekpetupytomux [FNy [34]. Kpome atoro, DK mpo-
TyIAPYIOT aKTUBHYIO MeMOpaH-acCOIMMPOBAHHYIO
dopmy TGF-B2, koTopast mO3BOJISIET UM MOAABISITH
CDS8*T-kieTku, a Takxke BbI3bIBaeT CMEHY MX (de-
HoTHMIla Ha Treg M CTUMYJHMpPYeT TPOAYKIUIO WMU
TGF-B1. UzBectHO, uTo aktuBauus TGF-B1 cur-
HaJbHOTO MYTU MPUBOAUT K rudesu DK poroBuiibl,
T.K. npoucxoaut axktuBauuu UPR curHaapHoro
MyTU, CBSI3aHHOTO C HAJIWYUEM HECBEPHYTOIO WJIU
HENpaBWIbHO CBEpHYTOro Oejka. JuTelbHOEe Cy-
IIECTBOBAHNUE TaKOM aKTUBAILIMU B YCIOBUSIX OKCH-
MaTUBHOIO CTpecca MPUBOAUT K HAPYIICHUIO OSJIKO-
BOI'O TOMEOCTa3a, BHIOPOCY CBOOOIHOTO KaJbIIMs B
OUATOIUIa3My U K THOENIN KJIETKU B pe3yiabTaTe aIroll-
To3a [29]. B ycinoBusix sHAOTEIUATBHON NUCHYHK-
MM TIPOBOCTIAJIMTEIbHBIE ITUTOKWHBI OKa3bIBAIOT
CBOE BO3JIEHCTBHE U Ha KJIEeTKHU cTpombl. Tak, IFNy
noseiraetT cekpeuuto TGF-B1 poroBuyHbiMu bu-
O6pobsiactamu 1 sKkcnpeccuto perentopoB K TGF-B1
Ha MX TOBEPXHOCTH, YTO MOXKET MMPUBOINUTH K MX T'M-
6enu 1 MuodubpobacTHOU TpaHCchOPMALIUU.
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3aKnoyeHne

Hamu mipoBeneHO CpaBHUTEJIbHOE U3YYEeHUE
KOHIIEHTPpallM1 IMTOKMHOB B Cpeliax Ijia3a, KOTopoe
MoKa3ajo, YTO YPOBEHb MPOBOCHAIUTEIbHBIX (hak-
topoB (IL-6, VEGF) B BB BbIllIe, yeM B cyriepHaTaH-
te TT. B cBsI3U ¢ 4eM 110 ypOBHSIM LIUTOKMHOB B BB
HeJIb3$1 Ae1aTh BBIBOAbI O TPOUCXOASIIINUX B TPaOEeKy-
JIIPHOM arnmnapaTte U3MeHeHUsIX. AHaJIU3 KOHILIEHTpa-
UM [IUTOKMHOB B KYJIBTYPe KJIETOK TPpaOeKyISIPHOM
cety 1 BB, B3SITBIX OT OJHOTO M TOTO K& IMallMeHTa,
MO3BOJISIET AaTh OoJjiee MOJHYIO XapaKTepUCTUKY
JnucbalaHCy HIMTOKWMHOB U MPOUCXOASIIUMM B Tpabde-
KyJISIpHOM amrmapare mnpoueccaMm npu [1D riaykome.
Cpenu ucciaeayeMblx B Halleil paboTe LIMTOKWHOB,
n3MeHeHue KoHueHTpauuu IL-6, VEGF umeer Hau-
OoJIbIlIce 3HAUYCHNE B HAOJIOOAeMBIX CTPYKTYPHBIX 1
(GYHKIIMOHAJIPHBIX HAPYIICHUSIX B TIEpEeTHEM OTpE3-
Ke mra3za npu 1D rmaykome. Hamm ObI1a mmoctpoe-
Ha perpecCMOHHasl MOIEiIb, BBISIBUBINAS, UTO TIpe-
IUKTOpaMM IUIOTHOCTA DK pOroBUIIBI BBICTYITAIOT
crax rinaykomMbl U KoHUeHTpauuu [FNy, TNFo B BB
y mauueHToB ¢ 1D rimaykomoii. B pesynbraTte 1po-
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QH3NMATUYECKAA XAPAKTEPUCTUKA TIUMPOLUTOB
KPOBMU NMPU PA3JINYHbIX KJINHUKO-NMATOFrEHETUYECKUX

BAPUAHTAX PECINUPATOPHOW ANNIEPTUN
JlazapeBa A.M., RoirengaykoBa O.A., Cmupnosa C.B.

Hayuno-uccredosamensckuii uncmumym meduyurckux npoosem Ceseepa — obocobnennoe noopazdenenue PI'6HY
«@Dedepanvrulii uccredosamenvckuil yenmp “Kpacnospcxuil nayunotiii yeump Cubupckoeo omdenenus Poccutickoti
akademuu Hayk”», e. Kpacnoapck, Poccus

Pesiome. Aieprusi — 3HauuMmMasi ColMaabHO-3KOHOMMYECKas mpobyieMa coBpeMeHHOCTU. OCHOBOM JJIsT
Pa3BUTHUSI AJUIEPTUYECKUX 3a00JIeBAHU SIBJISIFOTCS U3BMEHEHUSI MMMYHUTETA, CTPYKTYPHO-(YHKIIMOHAIBHOMN
eIMHULICI, KOTOPOro siBjisieTcst IMMMOIUT. OCOOEHHOCT UMMYHUTETA 3aBUCSIT HE TOJIBKO OT MOITYJISILIMOH-
HOIO U CyOIIOMY/ISIHIMOHHOIO COCTaBa KJIETOK MMMYHHOI CUCTEMbI, HO U OT MHTEHCUBHOCTU U CIIeLIU(MUKUI
MX BHYTPUKJIETOYHOro MeTabou3ma. MHTepec K UCCIeA0BaHUIO BHYTPUKIIETOYHOTO MeTabom3Ma JumMdo-
LIMTOB OOYCJIOBJICH MACIITAOHBIMM SHEPreTUYECKMMM U IJIAaCTUYECKME IIpolleccaMM, HalpaBJIeHHbBIMU Ha
noaaepKaHue UMMYHHOTO roMeocTtasa. Llefb HacTosIIero ncciaeaoBaHusI: OLIEHUTh COCTOSIHUE BHYTPUKIIC-
TOYHOro MeTaboJim3Ma JTMMQPOLIUTOB TepudepuIecKoil KpoBU OOJBHBIX PECUPATOPHON ajJIeprueii rmpu
pPa3IMYHOM IeHe3€e U YPOBHE MTOPAKeHUSI AbIXaTeIbHbBIX ITyTEHA.

B uccienoBaHuM MPUHSUIM y4acTUe 00JIbHBIE C Pa3IMYHbIMU KJIMHUKO-IIaTOr€ HETUYECKUMU BapuaHTaMuU
pecripaTopHoii ayjutepruu (n = 152) B Bo3pacte ot 21 10 63 1eT U MpaKTUYECKU 300POBbIe JTOHOPHI KPOBU
(n = 209), comocTaBUMBIE TI0 MOJY W BO3pacTy. B cTpyKkType maTojioruu BbIAEICHBI: pecIupaTOpHasl aTo-
nus (aTONMUYEeCKUi pPUHOCUHYCUT M aTOIMYecKasi OpOHXUaIbHAasl aCTMAa) M PeCIIMpaTOpHasl ICeBA0aTOIIMS
(TIOJIMITO3HBIIA PUHOCUHYCUT M acTMaTudecKasi Tpuaaa. J{uarHocTuka auiepru4eckux 3a001eBaHUi BEPXHUX
OTAEJI0B PEeCIIMPATOPHOrO TPaKTa OCYIIECTBIISUIACH IPU KOMILIEKCHOM COTPYIHUYECTBE aJJIeproiora-mum-
MYHOJIOTa U OTOPUHOJIapUHrojora. Bepudukanuss 6poHX1UaIbHOM aCTMbl OCYIIECTBIISIACH HA OCHOBAaHUU
kputepueB GINA (2014). Mcrmonb3oBaHbl CTaHIAPTHBIE OOLIEKIMHUYECKHE METOILI U crielnduriecKas a-
JIEProJIoruyecKasi IMarHoCTUKA: ajUIeprojlornyecKuii aHaMHe3, KOKHOe prick-TecTupoBaHue ¢ HeMHMEKII-
OHHBIMU ajlJIepreHaMu, orpeaeieHrue YpoBHel 00111ero u cneuuruiecKux UMMYHOTJIO0yIMHOB E MeTonom
UMMYHO(depMeHTHOro aHanau3a. IlokazaTtenu BHYTPUKIETOYHOTO MeTaboJiM3Ma JIMMQPOLIMTOB Tepudepu-
YEeCKOM KPOBHU OMpeae)IsiIM OMOJIOMUHECIIEHTHBIM METOIOM ¢ OaKTepualibHOM Jroudepasoit. M3amepsain
aktuBHocTh HAJI(®)- u HA(®)H-3H31MMOB. AKTUBHOCTD JCTMAPOTreHa3 B JIMM@MOLIUTaX KPOBU BbIpaxkaiu B
depmeHTaTuBHBIX eanHuiax (1 E = 1 mkmosab/MuH) Ha 10* KJ1eTOK. YCTaHOBJIEHBI U3MEHEHMSI aKTUBHOCTU
BHYTPUKJIETOYHBIX (PepMEHTOB B JMMdoLuTax nepudeprudeckoii KpoBU B 3aBUCMMOCTHU OT I'eHe3a aliep-
TMYECKOT0 BOCIIAJICHUSI M YPOBHSI IIOPAXXKEHMST peCIIMPaTOPHOro TpakTa. [1pu pecrnmpaTtopHoii atonuu (aTo-
MUYECKUI PUHOCUHYCUT M aTonuyeckass OpOHXMajbHasl acTMa), HE3aBUCUMO OT YPOBHS ajUIepPrU4YeCKOro
BOCITAJICHUSI PECIIUPATOPHOIO TPAKTa, aKTUBHOCTb BHYTPUKJIETOYHBIX (DEPMEHTOB JIUM(POLIMTOB CBUACTEIb-
CTBYET 00 YCHJICHMU IUIACTUYECKUX IIPOLIECCOB, KOTOPbIe Hanboiee BbhIPaXKEHbBI IIPU aTOIIMYECKOM OPOHXM-
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aibHoOI actMe. I1pu pecriupaTopHO riceBaoaTONUU (MOJUMO3HbI PUHOCUHYCUT M acTMaTuuecKasi Tpuajia)
MeTaboJIMYeCKe U3MEHEHUS JTUM@OLIMTOB CBUAETEIbCTBYIOT B MOJb3y aKTUBU3ALMU KaK IIACTUYECKUX,
TaK M S9HEPreTUYCCKUX IIPOLIECCOB, MHTEHCUBHOCTb KOTOPBIX CHUKAETCS MPU acTMaTU4ecKoii Tpuaae. He-
3aBHCHMO OT TeHe3a aJUICPIrTIeCKOro BOCIIAJICHUSI PECITMPATOPHOTO TpaKTa onpeaesieHa Hu3Kasi aKTUBHOCTD
depmenroB HAJID-3aBucumoii rryramaraeruaporeHassl 1 HAJIH-3aBrcuMoOit TakTaTaernaporeHas3sbl Ipu
aJJIepTMYEeCKOM BOCHAJIEHUM BEPXHUX OTAEIOB PECIUPATOPHOTrO TpakTa (aTOMUYECKUI PUHOCUHYCUT U IO~
JIMIIO3HBI PUHOCUHYCUT), aKTUBHOCTh KOTOPOI CTaTUCTUYECKU 3HAUYMMO BBIIIIE ITPU OPOHXMATBHOU acTMe
(arommmyeckast OpoHXUaIbHAS acCTMa M acTMaTHU4IecKast Tpraaa).

Karouesnie cnosa: amonuueckuii puHoCUHycum, HOAUNO3HbLH PUHOCUHYCUM, AMONUYeCKas OPOHXUANbHAS ACMMA, ACIMMAMU4ecKas
mpuaoa, AumMGouumol, GHYMPUKACIMOYHbLI Memadoau3m

ENZYMATIC CHARACTERIZATION OF BLOOD LYMPHOCYTES
IN VARIOUS CLINICAL AND PATHOGENETIC VARIANTS OF
RESPIRATORY ALLERGY

Lazareva A.M., Kolenchukova O.A., Smirnova S.V.

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

Abstract. Allergy is a sufficient social and economic issue of modern times. Altered immunity in allergic
disorders is based, mainly, on the lymphocyte disturbances.

Immune characteristics depend both on populations and subpopulational profile of immune cells, and
on intrinsic intensity and specific features of theirintracellular metabolism. Interest to studies of intracellular
metabolism of lymphocytes id determined by high-scale energetic and plastic processes aimed for support of
immune homeostasis. The aim of this study was to evaluate the state of intracellular metabolism in peripheral
blood lymphocytes from the patients with respiratory allergies of different genesis and respiratory affection.

The study included patients with various clinical variants of respiratory allergy (n = 152) at the age of
21 to 63 years old, and virtually healthy blood donors (n = 209), comparable for age and sex. Within these
cohorts, we have separately analyzed, e.g., respiratory atopy (atopic rhinosinusitis and atopic bronchial
asthma), as well as respiratory pseudoatopy (polypous rhinosinusitis and asthmatic triad). Allergic disorders of
upper respiratory ways were diagnosed in a complex clinical examination by allergologist/immunologist and
otorhinolaryngologists. Bronchial asthma verification was based on current GINA criteria (2014). We used
m standard common clinical methods and specific allergological diagnostics, e.g., allergological anamnesis,
skin prick tests, with different non-infectious allergens, measurement of total and specific IgE’s with ELISA
method. The parameters of intracellular metabolism of peripheral blood lymphocytes were determined with
bioluminescent technique with bacterial luciferase. Actifity of NAD(P) and NAD(P)H enzymes was measured.
Dehydrogenase activities in lymphocytes were expressed as enzyme un its (EU, 1 unit = 1 mcmol/min) per 10*
cells.

Certain changes of intracellular activities in peripheral lymphocytes are revealed, dependent on genesis
and origin of allergic inflammation, and affection level of respiratory ways. In respiratory atopy (atopic
rhinosinusitis and atopic bronchial asthma), irrelevant on the level of respiratory affection, the activities of
intracellular enzymes suggest increased plastic processes that are maximally pronounced in atopic bronchial
asthma. In respiratory pseudoatopy (polypous rhinosinusitis and asthmatic triad) the metabolic changes of
lymphocytes presume activation of both plastic and energetic processes, with decreased intensity in asthmatic
triad condition. Independent on genesis of respiratory allergic inflammation, we have determined low activity
of NAD(P)-dependent glutamate dehydrogenase, and NAD(H)-dependent lactate dehydrogenase in allergic
inflammation of upper respiratory ways (atopic rhinosinusitis and polypous). Its activity is statistically higher in
bronchial asthma (atopic bronchial asthma and asthmatic triad.

Keywords: atopic rhinosinusitis, polypous rhinosinusitis, atopic bronchial asthma, asthmatic triad, lymphocytes, intracellular
metabolism
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Memaboauszm aumgpoyumos npu pecnupamopHoil ariepeuu

Lymphocyte metabolism in respiratory allergies

BBeneHue

AJteprudyeckue 3a0oJieBaHUSI SIBIASIIOTCSI  3Ha-
YMMOI COLIMaTbHO-3KOHOMUYECKON TMPOOJEeMOIA.
bosblliolt yaeabHbIN BeC Cpelu HUX 3aHUMAIOT aj-
Jiepruyeckue 00Je3HU PeCrMpaTOPHOro TpakTa, Ta-
KM€ KaK PUHOCUHYCUT U OpoHxuayibHas actMa [1,
6, 9].

N3meHeHus1 B paboTe MMMYHHOI CUCTEMbI Op-
raHu3Ma SIBJISIIOTCSI OCHOBOW JUISI pa3BUTHS alliep-
rudeckux maronoruii [4, 5, 8]. U3BecTHO, 4TO peak-
TUBHOM KJIETKOI MMMYHUTETA SIBJISICTCST JIMMOILIUT.
WccnenoBaHusi BHYTPUKJIETOUHOTO MeTaboiu3Ma
JUMGOIIMTOB MHTEPECHBI TEM, YTO B 3TOU MOTTYJIsI-
MU KJIETOK MacIITaOHO WAYT KakK dHEpreTuiecKue,
TaK ¥ TJIACTUYECKUE TIPOLIECChI, B YACTHOCTU CUHTE3
antutea. OCOOEHHOCTU pearupoBaHUST MMMYHHOU
CUCTEMBI 3aBUCSIT HE TOJIBKO OT TOIMYJISILIUOHHOTO U
CyOnomyJISIIMOHHOTO COCTaBa KJIETOK CAMO UMMYH-
HOI CUCTEMbI, HO I OT MUHTEHCUBHOCTH M CHIEIMMUKN
UX BHYTPUKJIETOUHOTO MeTabonusma [2, 7, 15]. Ectb
JTAaHHBIE KaK 00 YBEJTMUYEHUU BHYTPUKIIETOUHOM SH3M-
MaTUYECKOW aKTUBHOCTU JIMMMOIIUTOB TIPU OCTPBIX
3a00JIEBAaHUSIX, TaAK U O CHWKEHUU €€ TPU XPOHU-
yeckMx mnpoueccax [4, 5, 13]. JIas cucteMbl BHYTpU-
KJIETOUHOTO MeTabon3Ma KJIeTKU XapaKTepHa YeTKO
clla’keHHast KOOpAWHALMS TTOCTYIUIEHUST CyOCTpaToB
U UHTEPMEINATOB C LIEJbI0 COXpaHEHUs HOPMaJIbHO-
ro hbyHKIIMOHUpOoBaHus opraHusma [10, 18].

OxkcuaopeayKra3bl MUrpalOT BaXHYK pOJb I
OLIEHKU BHYTPUKJIETOYHOTO MeTabojmn3Ma KIIETKU.
DTO MOXHO OOBSICHUTH T€M, YTO TJIABHBIMU Tiepe-
HOCYMKAMM DJIEKTPOHOB SIBJISIIOTCS MUPUAUHOBbBIC
HYKJIEOTUIIbI, COOTBETCTBEHHO, OHU MPUHUMAIOT
BaXKHOE YYacTWE€ BO BHYTPUKJIETOYHON OMO3HEp-
retuke [20, 27]. Eume ogHa BaxkHast (pyHKUMS Ie-
TUaporeHas — 93To obecneveHus aganTallMOHHBIX
MPOLIECCOB 3a CYET PEeryIsluuu KaTaboJUYeCKUX U
aHabonrM4yecKux TpolueccoB B kietke [3, 15, 17].
WM3yueHne BHYTPUKIIETOUHOTO METa0OJM3Ma TOITy-
SN TUMQOLIUTOB SIBJSIETCS TIEPCIIEKTUBHBIM C
MO3ULIMU MEPCOHUMDULIMPOBAHHOTO MOAXOAa K Me-
TabOJIMYECKO UMMYHOKOPPEKIIUH.

Iens» HACTOsIEro MCCAEAOBAHUS — OLICHUTH CO-
CTOSIHME BHYTPUKJIETOUYHOro Metabonusma Jumdo-
IIUTOB TIepupeprnIeckoil KpoBU OOJBHBIX pecrinpa-
TOPHOW aJIyIeprueil Mpu pa3IndHOM reHe3e U YPOBHE
TIOPaXKEHUS IBIXaTeTbHBIX Ty TE.

MaTepmanbl N METObI

B Haiiem ncciienoBaHUM MPUHSUIM y4acTre 00JIb-
Hbl€ C Pa3IUYHBIMU KJIMHUKO-IMATOTeHETUYECKUMU
BapMaHTaMM pecnupaTopHoil annepruu (n = 158) B
Bospacte oT 21 1o 63 yier (CcpeaHuii BO3pacT IMaLu-
eHToB cocTaBua 31,712,2 neT) u NpakTUYECKU 3/10-

POBbIE JOHOPHI KPOBU (rpymna KoHTposst, n = 209),
COIIOCTaBUMBIE II0 MOJy M Bo3pacTty. IIpoTokoir 00-
cleaoBaHMs ObLT YTBEPXKIAECH KOMUTETOM OMOMEIU-
nuHckoit atuku HUM MIIC. ITonydyeHo nucbMeH-
HOe MHOOPMUPOBAHHOE COTJIaCe Ha MIPOBEACHUE
MCCIIeOBaHUS OT BCeX YYaCTHUKOB. TUIl MccenoBa-
HUS — «CJIyYai-KOHTPOJIb».

B cTpykrype maTojorum BBIACICHBI KIMHUKO-
MaTOreHeTUYeCKUe BapMaHThl PECUpPATOPHOM ali-
JIEpTUM C Y4eTOM KiaccuduKaluy auiepTuy 10
natoreHe3y [13]: pecrimpaTropHas aTronus (aToIrmye-
CKMUI puHOCcUHYCcUT, AP, n = 28; atonuueckast OpoH-
xuajibHas actMa, ABA, n = 28) u pecniupaTopHas
nceBaoaronus (IMoJUNo3HbIN puHOocuHycHuT, [1PC,
n = 68; actrmatnyeckas tpuaga, AT, n = 28). dua-
THOCTHUKA aJlJIepPruIeckKux 3a00IeBaHU BEPXHUX OT-
JIEJIOB PECIIMPATOPHOTO TPaKTa OCYIIECTBIISIIACh IPU
KOMIUIEKCHOM COTPYIHMYECTBE ajljleprojora-uM-
MyHOJIOra M OTOpMHOJIapuHrosora. Bepudukaius
OPOHXMAJIIBHON aCTMBI OCYLIECTBIISJIACH HA OCHOBA-
Huu kputepueB GINA (2014). I1pu nocTaHOBKe AU-
arHO30B aJUIePIMYecKUX 3a00JieBaHUIT MPUMEHEHBI
OOIICTPUHSTHIC KIMHUYCCKNE METOAWKUA M CIIEIl-
udurueckas ajajieprojiornyeckasi IMarHocTuka: coop
aJIJIeproJIOoTMYeCKOro aHaMHe3a, KOXHBIE TIPUK-
TECTBHl C HeMH(EKIIMOHHBIMI aJUIepreHaMu, OIpe-
JeJeHe KOHIEHTPAalMU OOIIEero U creuuduyecKux
MMMYHOTJIOOY/TMHOB E B CBIBOPOTKE KPOBU METOJIOM
UMMYHO(EpMEHTHOIO aHaIN3a.

TTokazaTenu BHYTPUKJIETOYHOTO MeTaboJM3Ma
JIMM(OIIUTOB KPOBU OTIPEIE/ISUTN OMOTIOMUHECIIEHT-
HBIM METOJIOM C OaKTepualbHOM molmdepa3oit. s
BbIIEJEHUsS] MOHOHYKJIEApOB HCMOJb30BAIM 1IEJIbHYIO
rernapuHU3MPOBAHHYIO KPOBb B TPAJIMEHTE TIJIOTHOCTU
duxosi-BeporpaduHa (p = 1,077 r/cm?). st KOHTpO-
Jist MOPhOJIOTHUM B3BECU JICHKOLIMTOB U3MEPSIIIA UUCTO-
Ty Bbixona JInMdoruToB (He MeHee 97%). st Ouommo-
MUHECILIEHTHO METOIMKU MCITOJIb30BaI 1 MIWIITHOH
BBIIEJIEHHBIX TUM(OIIUTOB. DTUM METOAOM U3MEPSUTU
aktuBHOCTH HAJI(®D)- 1 HA(®P)H-3H31UMOB: TITI0KO30-
6-docdarneruaporerassr  (F6MDAI), muLepon-3-
docharmernaporeHassr (3D, wmammk-dep-
meHTa (HAA®M/TI), HAO- n HAJIH-3aBucumoit
peakuu makratameruaporeHassr (JIAIT m HAJIH-
JIAD), HAO- u HAJIH-3aBucuMoii peakiimu Majar-
mernaporeHassl (M 1 HAIH-MAT), HAO®- u
HAJI®H-3aBucumoit riyraMaTaeruaporeHas3bl
(HAO®TATI v HAA®H-IAI), HAIL- u HAOH-
3aBucuMoit rayramataeruaporeHassl (HAATAT u
HAOH-TAI), HAA- u HAJI®-3aBUCUMBIX H30-
nutpataeruaporenas (HAAWMIAT m HAAOULIAT
COOTBETCTBEHHO) U miyTatuoHpeaykrtassl (I'P).
BHyTpukieTouYHasT aKTMBHOCTh OKCHUIIOPEIYKTa3 B
JuMdonTax KpoBU U3MEPSIU B (hepMeHTaTUBHBIX
eauaunax (1 E =1 mkmoab/Mun) Ha 10* kietok [11].
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CraTucTuyeckyro 0OpadOTKYy pe3yJabTaTOB MC-
CJIeJOBaHUSI MTPOBOJUIIN C UCTIOJIb30BAaHUEM MaKeTa
MPUKJIaHBIX TTporpamm Statistica 7.0 (StatSoft, Inc.,
2004). OnucaHue BbIOOPKU MPOU3BEAEHO C TOACYE-
ToM MeauaHbl (Me) U MHTEpKBApPTUIBHOTO pa3Ma-
xa B Buze 25 u 75 nepuentuieit — Me (Qg,5-Qy75)-
HopmanbHOCTh pacnpenesnieHUsi MpOBEpeHa C HUC-
nonb3oBaHneM Metona KommaropoBa—CwMupHOBa.
J1oCTOBEPHOCTD pa3IUuMii MEXy TTOKa3aTesIsSIMU He-
3aBUCUMBIX BEIOOPOK OIIEHUBAJIMU T10 HEMapaMeTpu-
yeckoMy Kputepuio MaHHa—YutHu. B jaHHOM uc-
CJIeIOBAaHUY TTPU TIPOBEPKE CTATUCTUYECKUX TUTIOTE3
KPUTUYECKUI YpOBEHb 3HAUMMOCTHU paBeH 0,05.

PesynbTartbl

OmpenelieHbBl Kak oOlIve, TaKk W crnenuduye-
CKMEe W3MEHEHMSI ToKazaTejieil BHYTPUKIETOUHOTO
MeTabonr3Ma JUMGOIIUTOB KPOBU y TMALIMEHTOB C
pa3HBIMH TTATOTCHESTUISCKUMHU BapHUaHTaMU PECITH-
pPaTOPHOI ajlJIepruu C y4YeTOM I'eHe3a BOCTaJICHUs U
YPOBHSI TOPAXKEHUS TbIXaTeIbHBIX ITyTEH.

OO0IKMU OCOOEHHOCTSIMU WU3MEHEHUsI BHYTPU-
KJIETOYHOT0 MeTaboan3Ma TUM@OIIUTOB IIPU PUHO-
CUHYCUTaX, HE3aBUCUMO OT IreHe3a aJuIepruiecKoro
BOCHAJICHUSI, YCTAaHOBJIEHbI CTaTUCTUYECKU 3HAYM-
Mo BbIcokast aktuBHOcTb HAND®-MIT 1 HAI®D-
NI oTHOCUTENBHO IPyNbl KOHTPOJIS (Tab. 1).

I1pu OpoHxuaJIbHOI acTMe, HE3aBUCUMO OT Te-
He3a aJUIepTUYeCKOTrOo BOCITAJICHUSI, YCTAaHOBJIEHBI
Bbicokasg aktuBHocTth I['6MDJI, I'P, HAIH-JIIT,
HAIH-MAI, HAA®-MATI' u HAA®-TAT' oTtHO-
CUTEJIbHO TPyTNbl KOHTPOJIs. [1pu 3TOM aKTUBHOCTh
I'P u HAJAH-JIAI' cratucTUYyecKu 3HAYMMO BBIILIE
npu ABA otHocutenbHo AT (Tab6a. 1).

OO0111e11 0COOEHHOCTBHIO BHYTPUKJIETOYHOTO METa-
0onu3Ma TUMM@OLIUTOB MPU PECITUPATOPHON aTOTIUU
HE3aBUCUMO OT YPOBHS aJIJIEPTMYECKOI0 BOCTIAJICHUS
pecrmmpatopHoro Tpakta (AP 1 ABA) sBnsieTcs cTa-
TUCTUYECKH 3HAYMMO BbICOKast akTuBHOCTh HAJID-
MJII" oTHOCUTENIBLHO I'pyIIIbl KOHTpos. [1pu aTomnu-
YeCKOM PUHOCUHYCUTE YCTAaHOBJIEHA CTATUCTUIECKH
3HaYMMO BbIcOKas akTtuBHocTb HAJI-JIAT, HAJI-
nouar, HAA®-NIAT v HAJ®H-TAI' v Hu3kasg
aktuBHoctsb HAJAH-TAT' 1 HAJA®H-TATI' otHOCHU-
TEJILHO TPYIIIBI KOHTPOJISI. B TpyIiie 0OJIbHBIX aTo-
MUYECKO OpOHXMATBHOU acTMOI yCTaHOBJIEHA CTa-
TUCTUYECKU 3HAYMMO BbICOKast akTUBHOCTb ['6MD/IT,
HAOH-MAT v HAAH-TJII" oTHOCUTENbHO TPyNbl
KOHTPOJIS.

BrIstBIIeHBI 0COOCHHOCTH BHYTPHUKIICTOYHOTO ME-
Tabosr3Ma JTUMGOLUTOB C YYETOM YPOBHSI Mopaxke-
HUS peCIIMPaTOPHOTO TpakKTa Ipu aTormuu. Omnpene-
JIeHa CTaTUCTUYECKU 3HAYMMO BBICOKAsI aKTUBHOCTh
HAOH-JAT, HAAH-TATI u HAA®H-TAT npu ABA
OTHOCUTEIILHO TPYIIEI AP 1 TpyIIITel KOHTPOJIS.

IIpu pecnupaTopHOUl TMCEBAOATONWMU, HE3aBU-
CUMO OT YPOBH4 IIOPaXX€HUS AbIXaTEJIbHBIX ITyTEN
(ITPC mn AT), moka3aHa CTaTUCTAYECKH 3HAYMMO
BbICOKasi aKTUBHOCTb (DEpMEHTOB MeHTo30¢hocdar-
Horo iyt — 6T 1 HAJJH-MJ/TI, orHOCUTEIBHO
TPYIIIEI KOHTPOJIS.

I[Ipy T1OJMMIO3HOM PUHOCUHYCUTE OIpeaese-
Ha CTAaTUCTUYECKM 3HAUYMMO BBICOKAsI aKTUBHOCTH
re®dar, HAA-MAI, HAAH-MAT' u HAI-ULIAT
OTHOCUTEIJILHO TPYIIIBI KOHTPOJIS.

B rpymnme OOJbHBIX acTMAaTUUYECKOW Tpuaaou
omnpeneaeHa CTaTUCTUYECKM 3HAUYMMO BBICOKasl aK-
tuBHOCTE HANMD-MAT, I'P 1 HAAH-TJT otHOCH-
TEJILHO TPYIINbl KOHTPOJIS.

AxtuBHocth HAJIH-JIAT 1 HAO®-T'AT B rpyr-
ne AT ctaTucTuYecKr 3HAUYMMO BBIIIIE OTHOCUTEb-
Ho rpyriabl [TPC u rpynimsl KOHTPOIS.

OH3UMAaTUYECKUMU OCOOEHHOCTSIMU JUMPOLU-
TOB IIPU OPOHXUAIBLHOI aCTME C yYeTOM pas3aesIeHUs
pecCrMpaTOpHON aUIepTUM MO TeHEe3y ajuleprude-
CKOIO BOCHAJICHUs AbIXaTeJIbHBIX IMyTell cTaja BbI-
cokas aktuBHocTh I'P, HAOH-JIAI' 1 HAO®-TAT
npu ABA otHocutenbHo AT. T1pu 3TOM aKTUBHOCTh
obOparHoit smakrtatmeruaporeHassl (HAJH-JIIT)
CTaTUCTUYECKU 3HAYMMO BBIIIE MpU 0benx popmax
oponxuanbHoil actMbl (ABA u AT) oTHOCUTENBHO
PUHOCHHYCHUTA COOTBETCTBYIOIIETO TeHe3a 1 TPYIIIThI
KOHTPOJISI.

ObcyxaeHve

I[IpoBeneHHOE MCCIeNOBaHUE MOKA3IO Te WM
WHBIE U3MEHEHUSI MHTEHCUBHOCTH DHEPTeTUUCCKUX
M IJIaCTUYECKMX TTPOIIECCOB B IUMMOLIMTax nepude-
pUYECKOM KPOBU TP pa3HBIX MATOTCHETUUECKHUX Ba-
pUaHTax ajJiepruy IbIXaTeJbHbIX MyTei. OnucaHue
dakTa M3MEHEHHUSI aKTUBHOCTH BHYTPUKJICTOYHOI'O
MeTaboiu3Ma JUM@OLMTOB MPU BOCHAIUTEIBHBIX
3a00JIEBaHUSIX PECIUPATOPHOIO TpaKTa BCTpeUyaeTCs
u B qutepartype. [Ipu 3ToM pe3yabrarbl JOCTATOYHO
MMPOTUBOPEYMBBI, €CTh TaHHbIC KaK 00 yBEJIMYECHUMU,
TakK U 00 YMEHBIICHUN METa0OJIMIEeCKOl aKTUBHO-
cti TMMGOIUTOB KpoBu [16, 19, 24].

B HacrosiiieM ucciaenoBaHuy NMoKa3aHbl Kak 00-
1ue, Tak U cnetuuduieckre u3MeHeH1s MeTabo 13-
Ma JTMM@POLIUTOB TiepUdepUIECKOil KpOBU B 3aBUCU-
MOCTH OT KJIMHHWKO-TIATOTeHETUYECKOro BapuaHTa
pecrnupaTOpHOI aJJIEPrUu.

Tak, oOLIMMU OCOOEHHOCTSIMU 3H3MMATUUYECKOI
AKTUBHOCTU JIMM(OLUTOB MPU AJJIEPTUISCKUX PU-
HOCHHYCHUTaX, HE3aBUCUMO OT TeHe3a BOCHAJICHUS
(AP u ITPC), aBnseTcs BbICOKast MYHTEHCUBHOCTbD pa-
0o0ThI HMKJIIa TpuKapOooHOBLIX KHca0T (LITK), o yem
CBUIICTEIIBCTBYET MOBBIIIeHNe akKTuBHOCTH HAJID-
3aBUCUMBIX JIETMAPOreHas3: MajlaTAeruaporeHasbl 1
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TABIULA 1. AKTUBHOCTb HAJL(®)H-3ABUCUMbIX JErMAPOIEHAS B IUMOOLIMTAX NEPUOEPUYECKON KPOBU NMPU
PA3NTUYHbIX KNUHUKO-MATOMEHETUYECKUX BAPUAHTAX PECMIUPATOPHOWN ANNEPTUW, Me (Q, 55-Q; 75)

TABLE 1. CONCENTRATION OF NAD(P)H-DEPENDENT DEHYDROGENASES IN PERIPHERAL BLOOD LYMPHOCYTES N
VARIOUS CLINICAL AND PATHOGENETIC VARIANTS OF RESPIRATORY ALLERGY, Me (Qq Qs 75)

AKTMBHOCTb KoHTponb nePC AT AP ABA
chepmeHTa, Control PRS AT AR ABA
MKE
Activity of the 1 2 3 4 5
enzyme, mkE N =209 N =68 N =28 N =28 N =28
HA-3aBucumMble gerngporeHasbl
NAD-dependent dehydrogenases
reoar 4,60 (0,19-14,00) 3,66 (0,25-19,64) 10,30 (2,88-45,61)
G6FDG 0,96 (0,00-3.94) p, = 0,020 p, =0,014 (0,00-0,00) p, < 0,001
r3oar
G3FDG 0,74 (0,00-1,76) 0,05 (0,00-2,19) 0,17 (0,00-0,79) 0,09 (0,00-1,63) 2,45 (0,00-15,43)
nar ) R i 61,77 (22,64-98,37) i
LDH 13,19 (1,54-51,32) (14,60 (4,30-75,88) |16,15 (2,89-105,88) b, = 0,027 12,98 (1,04-92,60)
mar 14,31 (5,81-44,26)
MDH 1,26 (0,00-13,31) b, < 0,001 10,02 (0,22-20,66) |15,46 (0,27-96,63) 5,72 (0,34-19,61)
HAQ-rar
NAD-GDG 0,56 (0,01-3,82) 2,16 (0,00-34,48) 0,68 (0,19-1,87) 13,70 (1,23-59,60) 0,66 (0,07-16,19)
re 5,71 (1,82-16,95) 5,81 (2,81-28,09)
GR 1,02 (0,00-7,18) 1,49 (0,00-11,08) D, = 0,030 0,17 (0,00-3,63) D, 4 < 0,001
HAQUUAr
NADICDG 0,00 (0,00-6,85) 0,00 (0,00-2,15) 0,01 (0,00-1,05) 2,51 (0,00-32,24) 0,83 (0,00-8,38)
HA[OH-3aBucumbie gerngporeHasbl
NADH-dependent dehydrogenases
35,22 (14,14-116,20)
HAQOH-NAr ) . : 41,77 (14,67-103,08)
NADH-LDG 0,00 (0,00-11,15) | 5,89 (0,00-39,52) p, f 0,001 9,29 (0,00-37,42) D, 4 < 0,001
p, =0,018 :
HAOH-MAOr : 41,13 (11,73-106,92) |78,74 (2,80-156,94) ] 39,20 (21,57-124,68)
NADH-MDG 11,69 (3,67-44,62) b, = 0.011 b, < 0,05 27,16 (5,53-60,67) By 4 < 0,001
HAOH-IAr : ) i 0,1 (0,00-0,32) 7,67 (1,11-30,31)
NADH-GDG 5,21 (0,07-12,88) [12,06 (0,58-66,59) 5,47 (0,83-68,48) b, < 0,05 D, < 0,05
HAO®-3aBucumMble gerngporeHasbl
NADP-dependent dehydrogenases
HAQouuar ) ) ) 14,38 (1,26-33,42) )
NADP-ICDG 1,35 (0,00-4,98) 1,66 (0,27-6,07) 0,34 (0,00-1,61) b, = 0,019 0,73 (0,00-4,12)
HAO®-MAOr 0,21 (0,00-36,92) 7,94 (0,20-35,06) (14,32 (0,02-59,40)
NADP-MDG 0,04 (0,00-1,77) b, < 0,05 0,49 (0,00-64,22) b, < 0,001 b, < 0,001
} 0,97 (0,27-8,12) 1,96 (0,19-62,62)
zzggggg 0,13 (0,00-1,63) 0,00 (0,00-0,39) p, < 0,05 0,00 (0,00-9,90) p, < 0,001
) P, < 0,001 p, < 0,05
HAO®H-3aBucumbIie gerngporeHasbl
NADPH-dependent dehydrogenases
HAO®PH-rar : ) i 8,57 (0,98-14,98) i
NADPH-GDG 50,40 (2,07-90,69) | 7,77 (1,03-61,34) 9,38 (1,99-44,93) b, < 0,05 7,81 (1,52-43,21)

MpumeuyaHne. CtaTucTUYeckn 3HauMmMble pasnuuusa: P, — c rpynnoit koHTpons; P, — ¢ rpynnoii MPC; P, — ¢ rpynnoiu
AT; P, — c rpynnoi AP.

Note. Statistically significant differences: P,, with control group; P,, with a group of PRS; P, with a group of AT; P,, with AP group.
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M30LUTpATAETUAPOreHashl,
KOHTPOJIS.

AxtuBHocts HAAH-JIAT, HAAH-M/T, HAI®D-
MAI w HAI®-TAIT cratucTuyecKd 3HAYNMO
BBHIIIIC TIpW OPOHXMAJBHOW acTMe, HE3aBHCHUMO OT
reHe3a BocrajeHusi (ABA u AT), OTHOCUTEIbHO
rpynnbl KOHTpojsA. IToBBIIIIeHNEe aKTUBHOCTH TJIy-
TaTUOHPEIYKTa3bl CBUIACTEILCTBYET 00 YCHWJICHUM
AHTUMOKCHUIAHTHOM akTuBHOCTHU. ['P HaxonuTcs B Ko-
(akTopHoii B3aumocsszu ¢ F6DAT 1, moMumMo op-
TaHW3alM aHTUOKCUIAHTHON MPOTEKIIMHU KIIETOK,
OCYIIECTBJISIET IEpeHOC aMUHOKUCIIOT. [ToBblllIeHHE
aktuBHocT T'6MDJII" MOXeT OBITH CIEACTBUEM aK-
tuBauuun HAJIH-MJII. IloBbilieHUEe aKTUBHOCTU
KJItoueBOro ((epmMeHTa MajaT-acrapTaTHOIO IIyH-
ta HAIAH-M/I roBopuT 06 MHTEHCUBHOM OOMeEHe
KodepMeHTaAMH MEXIY Pa3IuIHBIMU KOMITAPTMEH-
TaMu JUMGPOLUTOB U 00 YCUJIEHUU DHEPreTUYECKUX
npoueccoB. AKTuBalus aH3uma HAJTH-MJIT umeet
IBOSIKOE 3HAYCHUE. DTOT H3UM YCUJIMBACT ITOCTY-
MJIeHUEe MeTab0JIUTOB OOMEeHa aMUHOKMCJIOT B peak-
Y LIAKJIAa TPUKAPOOHOBBIX KUCIOT Y HEUTPaIN3yeT
0OJIBIINEe KOJIMYECTBA OKcayjoalleTara, KOTOpPBIC, B
CBOIO ouepeib, MOTYT MHTMOMPOBATh (DEPMEHT CYK-
HuHaTaeruaporeHasy [17, 21, 26].

OCOOCHHOCTBIO JISI aTONWM, HE3aBUCHUMO OT
YPOBHS MOpPaKeHUsl peCIUpaTOpHOro TpakTa, crajia
BbIcoKasg akTuBHOCTE HA®D®-MJI oTHOCHUTEIb-
HO TpyImibel KOHTpoJs. [loBbIllIeHME aKTUBHOCTH
HAI®-MJT (Mmanmuk-¢hepMeHT), KaTaIM3UpPyIolLe-
ro npespallleHue MajlaTa B TMpyBaT ¢ o0pa3oBaHUEM
HAI®H, koTopblii MOXET BBIpaOATHIBATLCS U B XOE
OKMCJIMTEJIbHO-BOCCTAHOBUTEIbHBIX PEAKIIUSIX MEH-
To30gocdhaTHOro IMyTu KartaboJim3ma TIII0KO3bI, To-
BOPUT 00 YCWJICHUU THIACTUUYECKUX TIpolieccoB [28].
OneHka ypoBHeil aktuBHocTu HAJID-3aBUCHUMBIX
JIeruiporeHas JUM@POLMTOB KpOBM YCTaHOBMWJIA
BBICOKYIO aKTMBHOCTh HAYaJIbHOTO 2H3MMa IUKJIa
Kpebca — wusonurpataeruaporeHasbl U KOHEYHO-
ro — MajataeruaporeHasbl npu AP oTHOCUTEIbHO
TPyNIbl KOHTPOIsA. Takske TIpr aTOMUISCKOM PUHO-
CUHYCUTE Mbl HaOMOmaeM HMHTEeHCU(UKALMIO Tjia-
CTUYECKUX IMTPOLIECCOB 3a CYET BHICOKOI aKTUBHOCTU
depmenta HAJl-3aBrCMMOIT TaKTaTACTUAPOTCHA3HI,
MCTOYHMKA IMUpyBaTa (KOTOPBIN majee MOXET Mmpe-
BpaTUTbcs B alleTui-Koa — ocHOBHOI cyOcTpar ajist
nukia Kpeoca) u HAJIH, HeobxoaguMoro mis 0mo-
CUHTE3a pa3JWYHBbIX OpraHUYecKUX BelliecTB |[3].
IToBbilIeHWe akKTUBHOCTU TpsiMoid JIJIT, BeposiTHO,
TMOJTHOCTBIO KOMIICHCHPYET HEIOCTATOUHOCTH ITPO-
1eccoB rimKoau3a rpu AP, 4To moaTBep>KaeHO aKTU -
Balleii TJIABHBIX SH3MMOB B IIMKJIC TUMOHHOM KMC-
notel — MAT' u HAAMIAT. ITomoGHbIe pe3yabraThl
onucaHsbl U BuTeparype [21, 24]. O06 ycuneHuu njia-
CTUYECKUX MPOIECCOoB B IpyIrie AP cBumeTeIbCcTBYET

OTHOCHUTCIIbHO TIPYIIIbI

BbICOKAsl aKTMBHOCTb JUMUTHUpYIOIIEro ¢epMeHTa
Kpebca — HAAD-uzouuTpaTaeruaporeHasbl, TakK
Kak oOpa3oBaBIlIasl MpHU TJIMKOJU3E MOJIEKYJIa ale-
TuJI-KoA ¢ aHepreTU4eckoro myTu MOKeT MepenTu
Ha CHHTE3 JIMIUIOB U MX OTJIOXEHMs B mero [28].
Huskasi akTUBHOCTh IiIyTamMaTAeruaporeHasbl MpU
AP u ero BbICOKasi akTUBHOCTh B rpymnne ABA ot-
HOCHTEJIFHO I'PYMITHI KOHTPOJISI YKa3bIBaCT HA YCHIIC-
HUE TUIACTUYECKUX MPOLIECCOB MPU ATOINUU 10 MEPE
MpOoTrpecCUpoOBaHUS MATOJOTUU OT PUHOCUHYCUTA K
opouxmnanbHoit actMme [12]. TAI' katanu3upyetr 00-
paTUMYIO peakliMio mpeBpalieHus: L-riyraMuHOBOM
KHUCJOTHI B a.-KeToriyTtapoByto. ['JII' 3aHuMaeT Bax-
HOe 3HadyeHNE He TOJILKO B OCJIKOBOM OOMECHE, TIe
TIyTaMUHOBAsI KUCJIOTa B XO/I€ PeaKIIMU IIepeaMUH -
pOBaHUs UTpaeT LieHTPabHOE 3HAaUeHUE, HO TaKKe U
B MeTaboIM3Me XUPOB U yIiieBoaoB. [lmyramMmmHoBas
KHMCJIOTa yJacTBYeT B dTallaX KaTa- U aHaboju3ma
KUPOB U YIJIEBOAOB Uepe3 peaKliMio aMUHUPOBaAHUS
0,-KeTOTJIyTapoBOU KHUCIOTH [22]. TakmMm obOpazoMm,
OpU aTONMUYECKOM PUHOCUHYCUTE HabItoaaeTcs
YCUJIEHUE MJIACTUYEeCKUX TMPOLIECCOB B TUM@OLUTAX
nepudepudeckoii Kposu. B cBoro ouepens mpu ABA
UIET aKTUBalUsl OOMEHHBIX TPOLIECCOB B TUMMOLIU-
Tax Ha ¢oHe BoicoKo akTuBHOCTH 6D, HAJIH-
MJTI u HAAH-TJT. Beicokas aktuBHoCcTh ['6MD/IT
U MaJluK-(pepMeHTa roBOpUT 00 MHTEHCU(DUKALIUU
MJIaCTUYECKUX MpolieccoB [17].

I[lpn mnceBmoaTonmu, HE3aBUCUMO OT YpPOB-
Hg mopaxkeHust pecrnuparopHoro Tpakta (ITPC u
AT), obHapykeHa BbicoKasi akTUBHOCTb ['6MDI n
HAJIH-MJ/II" oTHocUTEeNnbHO TpPYIIIIbl KOHTPOJIS,
XapaKTEePpU3YIOLIMX WHTEHCUBHOCTb ILJIaCTUYECKO-
ro oomeHa. OTJIMYUTEIBHOI OCOOEHHOCTBHIO pe-
CIIUPATOPHON ITICEBIOATOIMM SIBJISIIOTCS BBIPaKEH-
HbI€ BCIIOMOTaTeJIbHbIE U LIYHTUPYIOIINE PEeaKIIu.
IMosbimenue akruBHoct 6D — OCHOBHOIO
depmeHTa TeHTO30(OCHATHOTO MNYTU OKUCICHUS
IJII0KO3bl — XapaKTepU3yeT MOBBILICHUE IIacTUYe-
CKMX MpoleccoB [3, 26]. YBeanueHUe aKTUBHOCTU
sH3umMa uukiaa Kpeoca — HAIH-M/II' — rosoput
O TOBBILIEHUU HEPreTMYECKUX MPOLIECCOB B JIMM-
douuTax, HMHTEHCU(PUKALIMM KOHEUHBIX 3TarloB
LIUKJIA, TIOCKOJIBKY 3TOT 3H3UM pPEryJnpyeT ITOTOK
cyoctparoB u coBMmectHo ¢ HAJIH-TJII" Bnusier Ha
okucnuresbHoe dochopunuposanue [16, 25]. Ma-
JIaTACTUAPOreHa3a IMIPUHUMACT yJacTHe B PEaKIIUIX
a30TUCTOTO OOMEHa, a TakKXKe ydacTBYeT B paboTe
MaJjlaT-acnapTaTHOTO BOAOPOJHOIO IIYHTAa MUTO-
xoHapuii, korga ot HAJ/IH Bomopon nepeHocuTcs B
IbIXaTeJIbHYIO 1IeMb Ha BHYTPeHHElN MeMOpaHe MU-
toxoHapuii [3]. [MoBblieHue akTuBHOCTH MJIT 1ipu
pPeCIIMpaTOPHOI TICEBIOATOIINH SIBJISICTCS HE TOJIBKO
MapKepoM ILIaCTUYECKOro OOMeHa, HO CJIeICTBUEM
MOBBILIEHUST SHEPIrUUECKOro MoTeHIIMana KjieTku. B
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auMdonuTax nepudeprudyeckom KpoBU NpU YCUIEH-
HOM BBIXO/E TJIIOKO3bl B MEHTO30(0ochaTHbIN MyTh
MHTCHCUBHOCTh PEAKIIMU TIMKOJIUTUYECCKOTO MYTH
MpeBpallleHUs [II0KO3bl OyeT CHUKeHa. B pesynbra-
Te TaKMX U3MEHEHUI CTAaHOBUTCSI HUKE aKTUBHOCTb
peakuuu aHaspoOHoi JIJII' mpu ycuiaeHuM akTUB-
HOCTHU MaJluK-(pepMeHTa, KOHTPOJIUPYIOIIETO JTUIU-
bl (TM1acTUYECKUii oOMeH) M YpOBEeHb aKTUBHOCTU
HAJIH-3aBucumoii peakumu MJI, otpaxarolieit
ycuyieHrue obbeMa MPOAYKTOB KaTaboju3Ma aMUHO-
KMCJIOT B peaklMM LUKJIa TPUKAPOOHOBBIX KUCIIOT.
B mumdonurax kposu ripu ITPC BeIsIBIIeHa BbICcOKas
AKTUBHOCTb U30LUTPATAECTUIPOTeHA3bl OTHOCUTEb-
HO I'pYIIbl KOHTpoJIsl. Kak M3BeCTHO, 3TO OCHOBHOM
W TIPU 3TOM JIMMUTHUPYIOMINN (DEPMEHT ILIMKJIa TPU-
KapOOHOBBIX KHUCJOT, MO3TOMY (haKT €ro BbICOKOM
KOHIIEHTPAllMX MOXHO paccMaTpuBaTh KaK MapKep
WHTCHCU(UKAIIMYA 3HEPTeTUISCKUX IIPOIIeCCOoB |3,
22]. Bricokas aktuBHocTh HAIIH-TJII" roBoput 00
MHTEHCUBHOM TPaHCIIOPTE aMUHOKMCJIOT MpU pas3-
BEPHYTOI acTMaTUYECKOI Tprame — MHTCHCU(pHUKaA-
UM DHEPreTUYEecKux mporeccoB. TakuMm obpa3om,
NpU PECcIMpaTOpHOI TICEBIOATONMMU HabJI0aaeTCs
M3MEHCHIE BHYTPUKIIETOYHOI METaAOOJTOMUKY JIUM-
(OLIMTOB KPOBU B CTOPOHY aKTMBAlIMM KaK IMJIacTU-
YeCKHUX, TaK U SHEPreTu4eCKuX MpoleccoB.
DH3UMAaTUYECKUMI OCOOCHHOCTSIMH  JTUMQO-
LIUTOB TpPU OPOHXMAJIBHOW acTMe cTaja BbICOKas
aktuBHocts I'P, HAIH-JIATI n HAO®-TAI npu
ADBA otHocutenbHo AT, oTpaxasi TOMUHUPOBAHUE
MIaCTUYECKUX MmpoleccoB npu aronuu [28]. [tas-
Hoilt 3apaueii sH3uMa JIJI saBasieTcs peryasiius Lu-
Torutazmarudeckoro ypoHss HAJI/HAJIH [28]. Ta-
KM 0o0pa3oM, HU3Kasi akKTUBHOCTb Hempsimoit JIJIT
TOBOPUT O BBICOKOM HACBILLEHUU SHEPIETUYECKOrO
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Takum o0Opa3oM, B pesyibraTe MCCICTOBAHUS
YCTAHOBJICHBI KaK CXOXWE, TaK W Pa3IMIHBIC XapaK-
TEPUCTUKUA SH3UMATUUECKON aKTUBHOCTU JMMGpO-
IUTOB TIepUdeprIeCcKOil KpOBU MPU Pa3HBIX MAaTOTe-
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N'YCTOMETPU4A NPU PA3JIN4HBIX BAPUAHTAX
BPOHXWAJIbHOMN ACTMbI (MOPOI' BKYCOBOM
YYBCTBUTEJIbHOCTU KTOPbKOMY U CZIAAKOMY

BKYCAM)

Munuuees B.H., Héma M.A., Copoxkuna JI.LH., bproxanosa II.B.,

Roxmiaposa JI.E.

@I'bOY BO «Ilepsuiii Cankm-IlemepbOypeckuii cocydapcmeentbiil MeOUUUHCKUD yHUSepcUmem umeHu aKkademuka
U.1I. Ilaenosa» Munucmepcmea 30pasooxpanenus P®, Cankm-Ilemep6ype, Poccus

Pestome. [TosiBunch nepBbie UCCAEAOBAaHMS O BO3MOXKHOM MMaTOreHETUYECKOM POJIM TIPU OPOHXUAIbHOM
acTMe, TaK Ha3bIBaeMBbIX SKTOIMYECKHU JTOKAIN30BaHHBIX BKYCOBBIX pelleITOpax K TOPbKOMY, CJIaIKOMY BKY-
caM, OCYIIECTB/SIIOIINX, MTO-BUAMMOMY, IPOTUBOIIOJIOXHBIE (DYHKIIUM, OJHAKO B JOCTYITHOI JUTepaType
JIlaHHbIE O OaJlaHCe YYBCTBUTEIbHOCTU K TOPHKOMY U CJIAIKOMY BKYCaM Yy OJHOTO M TOIO XKe O0JIbHOIO OpOH-

XHAJIbHOW aCTMOM OTCYTCTBYIOT.

Ilenb paboThl — OJHOBPEMEHHAS OLIEHKA YYBCTBUTEILHOCTY KAHOHUYECKMX JIMHTBAJIbHBIX PELIEITOPOB K
TOPBKOMY U CJIaIKOMY BKYCY Y OJHUX M Te€X Xe OOJIbHBIX C pa3IMYHBIMU BapuaHTaMU OPOHXUAIbHOM aCTMbI
C TIOMOIIbIO METOJ0OB, IPUMEHUMBIX B IIMPOKOM KJIMHUYECKOM MPaKTUKE.

O06cenoBaHo 16 MpakKTUYECKU 3I0POBBIX JIUII, 35 OOJIbHBIX OPOHXMATBHOM aCTMOI B KJIMHUKE TOCITM-
TajgbHOM Tepanuu uM. akaa. M.B. UepHopyiikoro Ilepsoro CII6I'MY um. akan. W.I1. ITaBnoBa. OueHKY

BKYCOBOI1 UYBCTBUTEJILHOCTU K TOPbKOMY BKYCY ITPOBOJAMIIU C IpUMEHeHeM Habopa TecT-11oocok The Frey
Scientific 569885 PTC Taste Paper, conepxaiiue pacTBOp (DeHUITUOMOYEBUHDI. J1J1s1 oIpenesieHUs MHAUBU -
JyaJIbHOI BEJIMYMHBI TIOPOrOB BKYCOBOI 4yBCTBUTEIbHOCTH MCIIOIb30BAJIM PACTBOPHI CaXapo3bl B KOHIICH-
tpauwmsix (%): 0,3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9. OueHky 6ajaHCa 4YyBCTBUTEIbHOCTU K TOPHKOMY U CJIAIKOMY
BKYCaM IIPOBOJIMJIM HAa OCHOBE pa3pab0OTaHHOIO HaMU MHAEKCA «4yBCTBUTEILHOCTb K TOPbKOMY/CIIaIKOMY»
(MHIEKC «TOPbKUI/CIaaKUI BKYC»).

Haubonbmnii MHAEKC «TOpbKUI/CIaaKUil BKYC» BBISIBJICH IMPU alIEpTMYecKoM BapuaHTe BA, mpuuem
€ro 3HaYeHUsI CTATUCTUYECKU CYIIECTBEHHO OTJIMYAIOTCSI OT 3HAaYCHUI aHAJIOTMYHOIO MHIeKCa Y ITPpaKTHYe-
CKU 3I0POBBIX JIMI TOJIBKO MPU HU3KUX KOHLIEHTpaLusx caxaposbl (0,3-0,4% pacTBopa caxapo3sbl).

C noMolubio (aKTOPHOIO aHaaK3a BhISIBJIeHA CBSI3b AMcOalaHCca BKYCOBBIX OILIYIIEHU (CIBUT BKYCOBOI
YYBCTBUTEIBHOCTU B CTOPOHY BBICOKOM YYBCTBUTEILHOCTH K CIAAKOMY BKYCY) C KJIIFOUEBbIMU XapaKTePUCTH -
KaMy OpOHXMaJIbHOI aCTMbI, KOTOPbIE BKJIIOYAIN TSKECTh T€YEHUsI OPOHXMAIBbHOM aCTMBI, JJIUTEILHOCTh
MPUMEHEHUST UHTATSIIIMOHHBIX TJTIOKOKOPTUKOCTEPOUIOB 1 HEA(h(HEKTUBHOCTh MTPUMEHEHUs [3,-aTOHUCTOB

Ha AO0TrOoCIIMTAaJIbHOM 39TaIlie.
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BrIsIBIIEHO ¢ TTOMOIIIBIO TYCTOMETPUM, UTO TIPU aJIJIEpTUICCKOM BapraHTe OpOHXMATBHOM acTMBI HAaOJTIO-
JTaeTCsI CHIDKCHUE YyBCTBUTEIIBHOCTH K TOPHKOMY BKYCY ((DEHMJITUOMOYEBUHBI) IIPU BEICOKOIM YYBCTBUTEIIb-
HOCTHM K CJIaIKOMY BKYCY (caxapo3se).

Karouesnie cnosa: 6ponxuanvhas acmma, 2ycmomempus, 6Kycoavle peuenmopsl, 20pbKull 8Kyc, cA1a0Kuil 8Kyc

GUSTOMETRY IN VARIOUS VARIANTS OF BRONCHIAL
ASTHMA: SENSITIVITY THRESHOLDS FOR BITTER AND
SWEET TASTE

Mineev V.N,, Bryukhanova P.V,, Koksharova D.E., Nyoma M.A,,
Sorokina L.N.

First St. Petersburg State 1. Paviov Medical University, St. Petersburg, Russian Federation

Abstract. The first studies were published on the possible pathogenetic role of so-called ectopically localized
taste receptors in bronchial asthma. The receptors for bitter and sweet taste, may, apparently, have opposite
functions, but in available literature there is no data on the balance of sensitivity for bitter and sweet tastes in
the same patients with bronchial asthma. The aim of the present work is to simultaneously assess the sensitivity
of canonical lingual receptors to bitter and sweet taste in the same patients with different clinical variants of
bronchial asthma by methods applicable in wide clinical practice. 16 healthy persons and 35 patients with
bronchial asthma were examined at the M.V. Chernorutsky Clinics of Hospital Therapy at First St. Petersburg
State 1. Pavlov Medical University. The sensitivity for bitter taste was assessed using The Frey Scientific 569885
PTC Taste Paper test strip kit containing phenylthiourea solution. Sucrose solutions at concentrations of
0.3; 0,4; 0,5; 0,6; 0,7; 0,8; 0,9 % for determination of individual value of taste thresholds to sweet taste were
used. The bitter-to-sweet taste sensitivity balance was assessed on the basis of an original “bitter/sweet taste
sensitivity” index. The highest values of index of bitter/sweet taste was found in the allergic variant of bronchial
asthma: its values are significantly different from those in healthy persons only at low sucrose concentrations
(0.3-0.4%). The factor analysis revealed an association between taste imbalance (a shift towards high sensitivity
to sweet taste) and key characteristics of bronchial asthma, including severity of bronchial asthma course,
duration of inhaled glucocorticosteroid use and inefficiency of 3,-agonists use at pre-clinical stage. It has been
revealed by gustometry that in the allergic variant of bronchial asthma there is a decreased sensitivity for bitter
test substance (phenylthiourea), along with higher sensitivity for sweet taste (sucrose).

Keywords: bronchial asthma, gustometry, taste receptors, bitter taste, sweet taste

«[OpbKUM Jleyar, a CJIaIKUM KajieyaT»
(pycckas nmocynosuua — B.M. Hanb [1])

CUTHAJIbHBIC CHUCTEMBI, ONOCPEAyOIIne Iepeaady
CUTHAJIOB OT TOPBKMX WM CJIAIKWX JIMTAHIOB, OCY-
LLIECTBJISTIOT TIpY BA TIpOTHBOMOI0XHBIE (DYHKIIVU.

Tak, HampuMep, eCIU aKTUBAIIMS SKTOITMISCKIUX
peLenTopoB, conpsikKeHHbIX ¢ G-0e/KaMU, K ropb-
KoMy BKycy (TAS2R) npuBoauT K 6poHXoauIaTallN
Y MTHTUOMPOBAHUIO TIPOAYKIINK KIIeTKAaMU MEINATO-
POB BOCIIAJICHUSI, TO aKTUBALIMs PELICTITOPOB K CJIajI-
komy BKycy (TAS1R2/TAS1R3) u ux runepakcripec-
cusl TIpUBOIUT, B YAaCTHOCTM K HWHTUOMPOBAHMIO
akTUBHOCTHU Tas2R-curHaauszauuu U CHUXKEHUIO ce-
KpelMU aHTUMMUKPOOHBIX TENTUI0B B pecrnupaTop-
HOM TpaKkTe.

IMpencraBnsiiu Ol MHTEpPEC NaHHbIE O OajlaH-

BeeneHue

Haim unrtepec, acTM0J10roB, MyJIbMOHOJIOTOB, aJI-
JIEPTOJIOTOB, K BKYCOBOI UyBCTBUTEJIBHOCTH K TOPb-
KOMY, CJIAIKOMY U JAPYIMM BKycaM IIpA OPOHXHAIb-
Hoit actMe (BA) cBsi3aH ¢ TeMU HOBBIMU (pakTaMu
O TaK Ha3bIBA€MbIX IKTOMMYECKU JTOKATU30BAHHBIX
(AKCTpaIMHTBAJIbHBIX) BKYCOBBIX PEIIENITOPAaX U MX
BO3MOXKHOI poJIv B ITaToreHe3e BA.

ITpoGaemMa BO3MOXHOI MAaTOT€eHETUYECKOW POJIU
9TUX OIKTOMUYECKUX BKYCOBBIX PEIENTOPOB MpHU

OpOHXMAJILHOM acTMe pacCMOTpeHa HaMu paHee B
psine 0630posB [2, 3].

OaHUMM M3 BaXXHbIX M HMHTEPECHBIX, Ha Halll
B3TJISIM, SIBJISICTCS BBIBOA O TOM, UTO 3KTOITMYECKIE

C€ IKCIIPECCUU CUTHAJIBHBIX CUCTEM (K TOPbKOMY U
CJTaIKOMY BKycaM) y OTHOTO U TOTO XK€ OOJBHOTO, B
TOM uucie y 6oibHOro BA, oqHaKO B AOCTYITHOM K-
TepaType MoJOOHBIX JTaHHBIX HE OOHAPYKEHO.
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B manHOIT paboTe IpearnpHuHsITa MOIBITKA Olle-
HUTh OaJlaHC KAHOHMYECKOW YYBCTBUTEJIBHOCTH K
TOPbKOMY U CJIAIKOMY BKycaM Ha OCHOBE pa3pabo-
TAaHHOI'0 HAMM MHAEKCA «4yBCTBUTEIHLHOCTD K TOPb-
KOMY/CJIaJKOMy» C TTOMOIIbIO METOJIOB, TIPUMEHM-
MbIX B IIUPOKOI KIMHUYECKOM IMPAKTUKE.

Ilesbio paGoThI SIBJISIETCSI OMTHOBPEMEHHAsT OLICH-
Ka 4yBCTBUTEJIbHOCTU KAHOHUYECKUX JIMHTBAIbHbBIX
peLenTopoB K rOPbKOMY M CJIaAKOMYy BKYCY y OfI-
HUX U TeX 3Ke OOJIbHBIX C Pa3IMYHBIMUA BapruaHTaMU
OpOHXUAJILHOM aCTMBI.

MaTepuans! u MeTogbl

O6cnenoBaHo 16 MpakTUYECKH 300POBBIX JIUIL, 35
OOJbHBIX OPOHXUATBHOUN acTMOM. JInarHo3 yctaHaB-
JIMBaJIU B COOTBETCTBMU C KPUTEPUSIMU W CTaHOAp-
TaMU MeXIyHapOJIHOr0 KOHCEHCyca IO BOTpocam
nuarHocTuku u jgedeHusi bA (GINA, 2019). Bee 06-
cieaoBaHHbIe 0oibHbIe BA HaXoaUIUCh B KIMHUKE
rocnuTajabHOU Tepanuu uMm. akaga. M.B. YUepHopyii-
koro IlepBoro CIIGI'MY um. akan. W.I1. I1aBnoBa.
IIpoBoanIM KOMITJIEKCHOE KJIIMHUKO-Ia00paTOpHOE
M MHCTPYMEHTaJIbHOE OOCJieloBaHNe, BKIIIOUABIIIEEe
OOIICKIIMHUYECKNE METOMBI, IIUTOJOTUYSCKUN U
0aKTepUOJOTMYECKUIN aHaIU3bl MOKPOTHI, a TakxKe
aJIEPTOJIOTMYSCKOE MCCIIeOBaHNE U MCCIeIOBaHNIE
GyHKLIMM BHelTHero apixanust (OPB/I).

O11eHKY BKYCOBOI UyBCTBUTEJILHOCTU K TOPHKO-
MYy BKYCY MPOBOIWIM C MIPUMEHEHEM Habopa TecT-
nosiocok The Frey Scientific 569885 PTC Taste Paper,
B KOTOPBIA BXOJISIT OMBITHBIC TECT-TIOJIOCKM C HaHEe-
CEHHBIM PacTBOPOM (DEHMJITUOMOYEBUHBI (TOPBKOE
BEIIIECTBO), comepkaiue 30 MKT BelllecTBa, M KOH-
TPOJIbHBIE TECT-MOJIOCKU, HE COoIepXKalllie pacTBopa
(EeHMIITUOMOYESBITHBI.

B ciyyae, ecau MCOBITYeMbIi OTMedaeT Il10-
SBJCHWEC BKyca IIpW KOHTAKTe C OITBITHOM TECT-
MOJIOCKOI, Ha sI3bIK HaKJaJIblBaeTCs KOHTPOJIbHAas
TEeCT-TIOJIOCKa 0e3 pacTBopa (PeHMITUOMOUYECBUHEL.
TecT cuuTaeTcss HOCTOBEPHBIM, €CIM MCHBITYeMBbIil
OTMEYaeT OTCYTCTBUE KAaKOro-Jnbo BKyca MpU KOH-
TaKTe C KOHTPOJbHOW TecT-Tionockoil. Ilpu sTtom
B aHanuTtuueckoil mporpamme SPSS mms Windows
nepeMeHHbIe 0003HavarTcs: 1 — YyBCTBYET rOpbKUIA
BKYC, 2 — HE 9YBCTBYET TOPHKHIA BKYC.

st ompenencHUST MHAWBUAYATILHOM BEJIMYMHBI
MOPOTOB BKYCOBOI YyBCTBUTEJIBHOCTH FOTOBSIT pac-
TBOPBI caxapo3bl B KoHuLeHTpauusx (%): 0,3; 0,4;
0,5;0,6;0,7;0,8;0,9.

CHavayna momaeTcs Boma (KOHTPOJBHEIN oOpa-
3el1), a 3aTeM PacTBOPHI caxapo3bl B Bo3pacTarolleit
KOHIIeHTpaumn. McrbITyeMble JTUIIA TOJKHBI OTIpe-
JEIUTH HAJIU4YMe BKYCOBOTO OIIYIIICHUST U OXapaKTe-
pU30BaTh €ro KauecTBO, OIpeelisis MHTEHCUBHOCTh
BKYCOBOT'O BO30YIMTENIsI 1 0003HaYasl TIepeMEHHbBIC B
nporpamme SPSS mis Windows: 1 — HeT BKYCOBBIX
OIIYILIEHUI, 2 — BKYC HeoIllpedeJIeHHbI, 3 — clia-

0ociaagkuii BKyc, 4 — cClaiKuii BKYC OJHO3HAYHO
OTO3HaH.

OueHKy OajlaHCa YyBCTBUTEJIBHOCTU K T'OPbKO-
MY Y CJIaIKOMY BKycaM IIPOBOIMWJIM Ha OCHOBE pas-
paboOTaHHOIO HAMU MHIEKCA «4yBCTBUTEILHOCTb K
TOpbKOMY/ClIafiIKoMy» (MHIOEKC <«TOPbKUi/clanKuii
BKYC» ), KOTOPBIN BEIYUCIISUTN KaK pe3yabTaT deJICHUS
nokKasaTeJsisi YyBCTBUTEJIbHOCTU K TOPbKOMY BKYCY Ha
MoKa3aTeJb YyBCTBUTEIILHOCTH K CJIAaAKOMY BKYCY
P Pa3IMYHbIX KOHLICHTPALIMSIX CaXapO3bl.

CTaTUCTUYECKUI aHAJIN3 Pe3yJIbTaTOB MCCIIENO-
BaHUWi1 BBIMTOJIHEH C IOMOIIBIO TIporpamMMmbl SPSS
mis1 Windows  (Statistical Package for the Social
Science) — (pycuduimpoBanHast Bepcus 21.0).

PesynbTathl 1 06CYyXaeHWe

PesynmbraThl OlIeHKU MHIEKCA «TOPbKUI/CIIaaKiA
BKYC» Y OOJIbHBIX OpOHXMaTbHOI aCTMOM IMPUBEASHbBI
B Tabauue 1.

IIpexne yem aHaJIM3MPOBATh JaHHbIE TAOIULBI 1,
OTMETUM, YTO CTAaTUCTUYECKH ITOCTOBEPHBIX KOp-
pessSIii MeXAy 3HAUYCHUSIMM WHIEKCA <«TOPBKUIi/
CcJIaAKUi BKYC» U TTOJIOM M BO3PacTOM B M3yyaeMbIX
HaMH TpyNax MalieHTOB U MIPAKTUIECKU 3T0POBBIX
JIVII HE BBISIBJICHO.

M3 tabnuupl 1 BUIHO, YTO HAUOOJBIINI UHIEKC
«TOPbKUI1/CTaiKuili BKYC» BBISIBJIICH IPU ajljiepruye-
cKoM BapuaHTe BA, mpnyeM ero 3Ha4YeHUs CTaTU-
CTUUYECKM CYIIECTBEHHO OTJIMYAIOTCS OT 3HAYCHUIt
AHAJIOTMIHOTO WHIEKCAa Yy TMPAKTUYECKH 3T0POBBIX
JIVIL TOBKO MPU HU3KUX KOHIICHTPALIMSIX Caxapo3bl
(0,3-0,4% pactBopa caxapo3sbl). MHBIMK cli0BaMH,
npu ajjieprudeckoM BapuaHTe BA npu BbICOKOI
YYBCTBUTEJIBbHOCTHU K CJIaAKOMY BKYCY (caxapo3e) Ha-
OII0maeTCsI CHIDKEHIE YYBCTBUTEIBHOCTHU K TOPHKO-
MY BKYCY ((peHUJITHOMOYEBUHBI).

OO0cyxXmast BBISIBJICHHBIN BBIIICYIIOMSIHYTBIN he-
HOMEH 0CO000Ii BKYCOBOII UYYyBCTBUTEJIBHOCTU IIPU
ajiepruyeckoM BapruaHTe bBA, He0OX0IMMO OCTaHO-
BUTBHCS Ha IBYX TTOJIOXKEHUSIX.

IlepBoe mosioxXeHWe — BTO BBISIBIEHHOE HaMU
paHee [4] cHUKeHUE YyBCTBUTEJILHOCTHA K TOPHKOMY
BKYCY Ha OCHOBE T'YCTOMETPUU MpU OPOHXUATBHOI
acTMeE C ITOMOIIIbIO MHOTO arOHMCTA C TOPHKUM BKY-
COM — XJTopua Kajus.

BTtopoe monoxeHne — 3TO TOT (DaKT, YTO BKyCOBast
YYBCTBUTEJLHOCTh K (heHUITUOMOYEBUHE SIBISETCS
HacJICACTBEHHBIM IMPU3HAKOM [5], 3a KOTOpPbIiA OTBE-
yaeT reH peuentopa TAS2R38, pacnosioxxeHHbI Ha
xpomocome 7q36.

Henb3st He ckaszaThb, YTO CHIDKEHHE BKYCOBOI
YyBCTBUTEJILHOCTH K TOPHKOMY BKYCY (K (DeHMITH-
OMOYEBUHE) Y OOJbHBIX OPOHXMAJIBHOW acTMON M
XODBJI mo cpaBHEHUIO CO 3I0POBBIMU JIULIAMU OBLIO
BBISIBJICHO U ApyruMHM aBTopamu [6]. [1pu aTOM aBTO-
pamu [6] oTMeYaeTcs1, YTO «CHUXKEHME YYBCTBUTE I b-
HOCTH K (eHMATHOMo4YeBUHE y 00JbHBIX XOBJI u
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TABJIMUA 1. UHOEKC «TOPbKUW/CNALKNIA BKYC» MPYU PA3JIMYHbIX KOHLIEHTPALIMAX CAXAPO3bI

Y OBCNEAOBAHHbBIX NUL, M£m

TABLE1. INDEX “BITTER/SWEET TASTE” IN PATIENTS WITH DIFFERENT SACCHAROSE CONCENTRATION SENSITIVITY, M+m

Annepruyeckun Heannepruyeckum
WHaekcsb! (1- BapuaHT BA BapuaHT BA
7) (ﬂo LKWt/ (nonoxwutenbHble (oTpMuaTenbHble
cna Kurt;l BKyC» annepronpooel, annepronpo6sl,
(KoHnLleHT a|_yl‘y|;| MpakTuyeckn OTArOLWEeHHbIN HEOTArOLWEeHHbIN
p-pa caxaF;)osu) 3 ,qopp oBble NMLA anneproniorM4yeckuin | anneprornornvyeckui
Indexes (1-7) Healthy persons aHamHes) aHamHe3) 3HauveHue p
“pitter/sweet taste” 1) Allergic bronchial Non-allergic bronchial p-value
(saccharose n=16 asthma (positive asthma (negative
solution allergen tests, allergen tests, not
concentration) burdened allergologic | burdened allergologic
(%) history) history)
()
(2) (3)
n=20 n=15
p:. = 0,003
mlgiﬁc(:) (30)’3) 0,77£0,17 1,49+0,14 1,18+0,16 p.s = 0,86
. p.3 > 0,05
P2 = 0,001
m‘e‘i“z"é 20)’4) 0,580,12 1,300,15 0,95:0,15 Pis>0,05
. p.; > 0,05
pi2>0,05
rrl';g:éc(g (50)’5) 1,04£0,16 1,03£0,14 0,82+0,13 P, > 0,05
. p.3 > 0,05
pi2>0,05
mﬂiﬁ‘?ﬁ (60)’6) 0,95£0,17 0,93£0,15 0,560,06 Py > 0,05
. p,; = 0,038
pi2>0,05
mﬂi?é (70)’7) 0,88:0,18 0,690, 11 0,55+0,06 Prs > 0,05
. p,; > 0,05
p;, > 0,05
m‘gi'g’(g (80)’8) 0,77+0,17 0,600,08 0,52+0,06 DL > 0.05
. p,; > 0,05
pi»>0,05
ﬂ'&ﬂi% (90)’9) 0,5820,12 0,50£0,04 0,47+0,05 Pia> 0,05
. P, > 0,05

OpOHXMAJILHOM aCTMOM MOXET MCITOJIb30BaThCs JJIs
BBISIBJICHUST HACJICACTBEHHOM IIPEIpacIiOIOKeHHO-
CTU K 3TUM 3a00JIeBaHUSIM 1 COCTaBJIEHUSI UHINBU-
JyaJbHBIX MPOMUIAKTAUYECKUX ITPOrpaMM B IEPBUY-
HOM 3BEHE 3IpaBOOXPaHEHUSI».

OnHako AyMaeTcs, YTO BBISIBJEHHbIN (heHOMEeH
CHMXKEHMSI BKYCOBOIWl YYBCTBUTEJIbHOCTU K TIOpPb-
KOMY BKYCY U, OCOOCHHO B COYETaHUM C BBICOKOI1
YYBCTBUTEJIPHOCTBIO K CJIAIKOMY BKYyCY (caxapo-
3e), UMeeT OoJiee MIMPOKOEe 3HAUEHUE B MaTOTeHe3e
OpOHXMAJILHOM aCTMBI.

YT100OBI OTBETUTH HA ATOT BOIIPOC, HAMMU ObLIO pe-
IIeHO MpOoBecTU (QaKTOPHBIN aHAJIN3, KOTOPbI, Kak

W3BECTHO, TMO3BOJISIET TIPU U3YYEHUM B3aWMOCBSI3SI-
MU TIEPEMEHHbBIX BBISIBISTh «CKPBIThIE», HO OOBEK-
TUBHO CYIIIECTBYIOIIE 3aKOHOMEPHOCTHU MCCIIeaye-
MoOTo mpoiiecca pakTopa, a TakKXkKe U3MEPSITh UX.

B daxkTopHBIli aHanmM3 BKIIIOYEHBI (TabJI. 2) Kak
WHTeTpaJbHbIN MOKa3aTeJb BKYCOBOUW YYBCTBUTEIb-
HOCTH K TOPLKOMY U CJIJIKOMY BKycaM, TakK U MoKa-
3aTeNM, OTpaXalolllne KIIOUeBble XapaKTepUCTUKU
OPOHXMAIBLHOU aCTMBI (TSDKECTh TeUEHUST; TTOJTUTIO3-
HBIi PUHOCUHYCHT, TTATOTEHETUYECKU CBSI3aHHBIN C
OpOHXMAJILHOM acTMOM; ObITOBasi CEHCUOMIM3aLIMs
KaK OCHOBHOI HauboJsiee 4acThlii BUA CEHCHOWIU-
3alMu; TIPUMEHEHNE JIEKapCcTB Oa3MCHOM Teparnnm).
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TABIULA 2. PE3YNIbTATbI ®AKTOPHOIO AHANWU3A NPU BPOHXWUATIbHOWU ACTME (OTCOPTUPOBAHbI N0
YBbIBAHUIO JONW AETEPMUHWUPYEMOW IMCNEPCUMN U YBBIBAHWIO 3HAYEHWUS U3BNEYEHHOW OBLLHOCTH)

TABLE 2. FACTOR ANALYSIS RESULTS IN PATIENTS WITH BRONCHIAL ASTHMA (SORTED IN DESCENDING ORDER
OF DETERMINED DISPERSION PART AND IN DESCENDING ORDER OF EXTRACTED SIMILARITY VALUE)

dakTop 1, dakTop 2, ®dakTop 3,
aucnepcus 48,8% aucnepcusa 12,4% aucnepcus 10,6%
Factor 1, Factor 2, Factor 3,
Dispersion 48.8% Dispersion 12.4% Dispersion 10.6%
BbiToBas
ceHcubununsaums
Wnnexe 5 0,957 Wknexe 1 0,735 (ecTb unu Her) 0,802
Index 5 Index 1 D IS
ust sensibilization
(present or not)
TeueHue
BpoHXManbHOM acTMblI
UHpekc 6 0,911 NHpekc 2 0,697 (nerkoe, cpenHemn 0.667
Index 6 Index 2 TAXKECTU U TaXenoe)
Bronchial asthma sevearity
(mild, moderate, seveare)
OnutenbHOCTb n
onunosHas
NPUMEHEeHA pUHOCUHYCconaTusA
Unpexe 7 0,881 MHranAUMoHHRIX 0,692 (ecTb Unu HeT) 0,448
Index 7 rMIOKOKOPTUKOMA0B L
. . Polypous rhinosinusopathy
Inhaled steroids taking
duration (present or not)
MpumeHeHne
B -aronucros OnuTensHoCTL
Ha gorocnuTanbHOM NOUMEHEHUS!
WHpekc 4 aTane (He nonyuanu, VIHrgnﬂ MOHHBIX
| A 0,840 no TpeGoBaHMIO UNn -0,629 u 0,283
ndex 4 rMIOKOKOPTUKOMA0B
perynsipHo) . .
) : Inhaled steroids taking
B,-agonists taking before .
AR duration
hospitalization (not taken,
as needed and regularly)
MonunosHasn
pPUHOCUHYcoNnaTusA YpoBeHb rMioKo3bl B
WHpekc 3 (ecTb unu HeT) ) KpoBu (MMonb/n)
Index 3 0,838 Polypous 0,544 Glucose blood level 0,268
rhinosinusopathy (mmol/L)
(present or not)
YpoBeHb FOKO3bl
B KpoBM (MMonb/n) UHpekc 3 Uupekc 1
Glucose blood level 0,645 Index 3 0,362 Index 1 0,176
(mmolll)
TeueHne 6poHxunanb-
HOM acTMblI
(nerkoe, cpegHen
”I';fj‘:;czz 0,591 | TsxecTn v Tkenoe) | 0285 ”;’3::22 0,136
Bronchial asthma
sevearity (mild,
moderate, seveare)
NHpekc 1 WHpekc 4 NHupekc 3
Index 1 0,567 Index 4 0,276 Index 3 0,106
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Tabnuua 2 (okoH4YaHue)
Table 2 (continued)

®dakTop 1, dakTop 2, dakTop 3,
aucnepcua 48,8% aucnepcuna 12,4% aucnepcusa 10,6%
Factor 1, Factor 2, Factor 3,
Dispersion 48.8% Dispersion 12.4% Dispersion 10.6%
BbiToBas
ceHcubunusaums
(ecTb vnm He) 0,256 ”I““e"c 7 0,261 WUnaexc 4 0,104
P ndex 7 Index 4
Dust sensibilization
(present or not)
MpumeHeHune
MonunosHas B,-aronncros
PMHOCHHYCONATHS Ha AOrocnuTanbHOM
(ecTb unu Her) UHpekc 6 aTane (He nonyuanu,
Polypous -0,216 Index 6 0,130 no Tpe6GoBaHuIO UNn 0,051
rhinosinusopathy pgrynﬂpuo)
(present or not) Bz-agomsts_ taking before
hospitalization (not taken,
as needed and regularly)
MpumeHeHne
B,-aroHucroB
Ha gorocnuTarbHOM Monuno3Has
aTane (He nony4anu, WHpekc 5 pPUHOCUHYcoNaTusA
no Tpe6oBaHuIO UNKn -0,215 Index 5 0,088 (ecTb unu HeT) 0,048
perynsipHo) Polypous rhinosinusopathy
B,-agonists taking before (present or not)
hospitalization (not taken,
as needed and regularly)
MonunosHas
pUHOCUHYconaTusa YpoBeHb rnoKo3bl
(ecTb unu HeT) -0.208 B KpoBM (MMonb/n) -0,078 Uupekc 5 0,044
Polypous Glucose blood level Index 5
rhinosinusopathy (mmolll)
(present or not)
TeueHue
OpOoHXManbLHOM acTMbI BbiToBas
(nerkoe, cpegHemn ceHcubunusauusa Wnpeke 7
TAXECTU U TAXenoe) 0,108 (ecTb unu HeT) -0,053 Index 7 0,011
Bronchial asthma Dust sensibilization
sevearity (mild, (present or not)
moderate, seveare)

HeobOxonuMo TIOMYEpKHYTh, YTO B XO#Ae IIPO-
BeleHMUsT (paKTOPHOTO aHaJM3a BBIMTOIHSIIACH ITPO-
BEpKa 11eJ1ecCO00pa3HOCTH MCTIOIb30BaHUsT (PaKToOp-
HOIl Mojenu: Kputepuit chepuuHoctu baprtierra
(p <0,0001); 3HAUeHNE KPUTEPUST aAeKBATHOCTU BBI-
oopku  Kaiizepa—Meliepa—OaKuHa  COCTaBUJIO
0,589, 4yTO CBUAETENBCTBYET O MMPHUEMJIEMOI aieKBaT-
HOCTU MPUMEHEHHOT0 HaM1 (haKTOPHOTO aHaIM3a.

Kak BugHO u3 Tabnuibl 2, GakTOpHBIN aHATU3
MO3BOJIUJI BBIASIUTD 3 hakTOpa.

®dakrop 1, oTpaxaloumii, Kak B3aMMOOTHOIIIE-
HUSI MeXIy co0Oil MOIajlbHOCTEW WHTEeTrpaJibHOI
BKYCOBOI1 YyBCTBUTEJIBHOCTHA K TOPHKOMY U CJIAaIKO-

My BKycaM, TaK U UX 3aBUCUMOCTb, B YaCTHOCTH, OT
YPOBHSI TTTUKEMUMN.

OTMEeTUM, UYTO paHee OCOOEHHOCTU BKYCOBOI
YYBCTBUTEJIBHOCTU K CIaAKOMy Y OOJIbBHBIX caxap-
HBIM AUa0eTOM OBLUIM M3Y4YCHBI B IIEJIOM pSIIe pa-
oor|[7,8,9,10, 11].

Tak, ObLJIO BBISIBJIEHO MOBBIIIIEHUE BKYCOBOTO I10-
pora K cjaagkoMy y OOJIBHBIX caxapHbIM JuUa0eTOM
KakK 2-TO THIIa, TaK U 1-TO THIIa, TIpUIeM ObLjIa IT0Ka-
3aHa CBSI3b BBICOKOTO BKYCOBOI'O MTOPOra K CJIaIKOMY
C YPOBHEM TJIMKEMUU.

JI1060mBITHO, UTO BIMTepartype [12] onmmcrhiBaeTcs
ciyyait, korga y 50-jieTHeil XeHIIUHBI TP MOJHOM
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€€ 310pOBbE U OTCYTCTBUU yKa3aHUI B aHAMHE3€ Ha
caxapHbII TMadeT Y POOCTBEHHUKOB OBLIO BBISIBIIC-
HO CHUXKEHME YYBCTBUTEJIBHOCTHU K CJIaIKOMY BKYCY,
KOTOpOE 0Ka3ajloCh MEPBbIM CUMIITOMOM 3TOTrO 3a-
OoJsieBaHMSI, UTO MTO3BOJIMIIO aBTOpaM [12] Bricka3aTh
MBICJIb O BO3MOXKHOCTHY paccMaTpUBaTh TaK Ha3bIBa-
eMbIil «IMa0eTUYECKUIl SI3bIK» B KauyeCcTBE AMAarHoO-
cTuueckoro kputepus: “Diabetic tongue — could it
be a diagnostic criterion?”.

Takke J1OOONBITHO M MHOIO3HAUYUTEJIBHO 3BY-
YUT Ha3BaHUeE ellle ogHOM cTaTbhu: «KakoB Ha “Bkyc”
mmadet? (What does diabetes “taste” like?)» [13], B
KOTOPOIi 00CYKIaeTcsl poJib peleIiTopa K CIaTKOMY
Bkycy TAS1R2/TASIR3 npu caxapHoM auabete u
TepaneBTUYECKUE MOAXOAbI, HATPaBJIEHHbIE Ha OJIO-
Kamy 3TOTO pelenTopa, B JICUEHUM 3TOTO 3abojieBa-
HUSI.

YTo KacaeTcsi B3aMMOOTHOILIEHUSI MEXIy cOOoit
MOIAJTBbHOCTEM MHTETPaJIbHOM BKYCOBOM YYBCTBU-
TEJIbHOCTU K TOPbKOMY M CJIaaKOMy BKycaM, TO TIpH
(aKTOpPHOM aHajM3e BBISIBIEHO, YTO BCE OHM, KakK
MOXXHO OBIIO TIpeamnojarath, B3aMMHO CBSI3aHBI C
BBICOKO ITO3UTUBHOM (paKTOpHOI HAarpy3koii (Pak-
TOD 1).

OpHako oOpallaeT BHUMaHME, 4YTO MHIAEKChI
«TOPBKUIA/CITaIKNiT BKYC» TpPU OOJIbIICH UyBCTBU-
TEJILHOCTH K clIagkoMy (MHAEKC 1 1 mHaeKC 2) uMme-
0T MaJTy10 (DaKTOPHYIO HArpy3KY.

B BechMa MHTEpECHOM U MOJIE3HOM U3naHuu [ 14],
MOCBSIIIEHHOM OIIEHKE CEHCOPHOI YyBCTBUTEIBHO-
CTU JerycTaTopoB (JitoJeit ¢ oueHb HU3KUM ITOPOTOM
YyBCTBUTEJIbHOCTH), TIOTYEPKUBACTCSI, YTO UCTIBITY-
€MBIil BBIIEPXKMUBAECT MPOBEPKY TOJIBKO TOTIA, CCIIH
€ro Mopor YyBCTBUTEJbHOCTU COCTAaBJISIET pacTBOpa
caxapo3ssl 0,4%.

IMTomuepkHeM, 9TO B HAIlleM HCCICOIOBAHUM BBI-
SIBJIGHBl CTAaTUCTUYECKU CYIIECTBEHHBIC pPa3IUndus
MEXJIy 3HaYeHUSIMU MHIEKCA <«TOPbKUIA/ClIankuii
BKYC» Yy OOJBHBIX C aJUIEPTUYECKUM BapUAHTOM
OpPOHXMAJILHOI acTMBI IO CPAaBHCHUIO C TAaKOBBIMU
3HAYCHUSIMU Y MPaAKTUUYECKU 3TOPOBBIX JIMI[ TOJIb-
KO TIpU CPaBHEHUW WHIEKCOB, XapaKTEePU3YIOIINX
CIIBUT BKYCOBOM YYBCTBUTEJIBHOCTA B CTOPOHY BBI-
COKOM YYBCTBUTEJIBHOCTH K CJIAAKOMY BKYCYy (caxa-
po3se) (MHaekc 1 u ungekc 2).

IMocnegnuit akT, KaK HaM KaXeTCsI, 3aCIIyKU-
BaeT CrenuaIbHOTO BHUMAHMS C TOUYKHU 3PEHUS BBI-
aBuHyToit B 2005 1. [15] KOHLENIMY MaToreHe3a ajl-
JIepruyeckoil (aTonnuueckoit) OpOHXUAIBLHONH aCTMbI
KaK <«aHTUauadeTa», YIUTHIBAasT aJlbTePHATUBHOCTH
XapaKTEPUCTUK OPOHXUATBHONW aCTMBbI M CaxapHOTO
nuadeTa 1o LeJIoOMY psiIy TTapaMeTpOB.

®dakTop 2 oTpaxkaeT, HECOMHEHHO, ITaTOTeHE-
TUYECKYIO CBSI3b IucOajaHca BKYCOBBIX OIIYIICHUM
C KJIIOYEBBIMU XapaKTEPUCTUKAMU OpOHXUATbHOMN
ACTMBI.

Tak, ¢ BbICOKOI (paKTOPHOI HArpy3KO UHAEKCHI
«TOPBKUI1/CITaIKNi1 BKYC» , KOTOPBIE OTPaXKalOT CABUT
BKYCOBOIl YyBCTBUTEJIBHOCTA B CTOPOHY BBICOKOI1
YYBCTBUTEJBHOCTU K CJIIAIKOMY BKYCY (MHIEKC 1 m
MHAEKC 2) CBSI3aHbI C AJUTEIbHOCTbIO MPUMEHEHUS
MHTAJISIIIMOHHBIX TITIOKOKOPTUKOCTEPOUIOB (ITO3M-
TUBHO) Y TIPUMEHEHUEM [3,-arOHUCTOB (HETATUBHO)
Ha gorocnuTaabHoM 3Ttarie. [lomo6Hast 3aBUCUMOCTD
MaHHBIX WHACKCOB C KOMITOHEHTaMMU Oa3MCHOM Te-
panueit OpoHXUaNIbHOW acTMbl Ha JOTOCIUTATIHLHOM
aTare, Kotopas, MoayepKHeM, He obecrneynaa KOH-
TpoJib HajJ 3aboJjieBaHUEM y OOCIeIOBAaHHBIX HaMU
OOJIbHBIX, XapaKTepU3yeT UX CBI3b C TEUCHUEM 3a-
0oJieBaHUsI.

JeiiCTBUTEILHO, Ha 3TO YKa3bIBAIOT M BBIPAXKEH-
Hble KOPPEISILIMOHHBIE CBSI3M yKa3aHHBIX MHIEKCOB
(uaaexkc 1 1 uHaeKc 2) ¢ COOCTBEHHO XapaKTepUCTU-
KO TsSKECTH TeUeHUsI 3a00JIeBaHUsI U C TTOJIMTTIO3HOM
PUHOCHHYCOMAaTHel, KOTopasi, KakK XOpOIIIO U3BECT-
HO, OTIpeIelIsIeT TSLKeCTh OpOHXMATIBHOM aCTMBI.

BrisiBieHrEe KOpPEJSIIIMOHHOUN CBSI3U C BBICO-
Kol (paKTOpPHOI Harpy3koit mHjaekca 1 u nHuekca 2
C MOJUITO3HOM PUHOCUHYCONaTueil BecbMa BaxKHO
M MHTEPECHO, YUYUTHIBAsl U3BECTHBIE TaHHbBIE O BO3-
MOXHOM pOJIA SKTOTTMYECKHU JTOKATN30BaHHBIX (9KC-
TpaopaJIbHbIX) BKYCOBBIX PEICITOPAax, B YaCTHOCTHU
pelienTopa K TOopbKoMy BKycy ((heHunTrnokapoamm-
ny) TAS2R38 Ha MOABMXKHBIX Ha3aJIbHBIX PECHUY-
Kax.

Tak, monmnmopdusm (AVI/AVI) rena peuenropa
T2R38 paccmaTrpuBaeTcs B KaueCTBe HE3aBUCHUMOTO
dakTopa pucka st GOpMUPOBAHUST PUHOCUHYCU-
Ta, JIJIsl JIeYeHUsI KOTOPOTO TpedyeTcsl onepaThuBHOE
BMelaTeabecTBO [16]. YKazaHHBIA TOAMMOpMhU3M
reHa peuentopa T2R38 BeIKTIOYaeT yyactue 3TOro pe-
LenTopa B MYKOIJIMAPHOM KJIUPEHCE, BHIPAOOTKE
okcuma azora (NO), mpsaMoM aHTHOAKTepUATbHOM
adPeKkTe, THAUBUAYATbLHOM MpeapacoaoXKeHHOCTH
K pecriupaTopHoii uHdexkmu [17].

H3BectHO [18], uTo hyHK1Msa TAS2R-penentopoB
(BKYCOBBIX PEIIETITOPOB K TOPHKOMY BKYCY) B JIETKHX
B 9BOJIIOIIMOHHOM acIeKTe — 3TO 3allluTa OPOHXOB
npu OpOHXUTE M MHEBMOHMU OT BO3ICUCTBUS MU-
KPOOPraHM3MoOB (B YaCTHOCTHU IpaMOTpUIIATEIbHBIX
OGakTepMii), CHHTE3UPYIOIIUX allMJINPOBaHHbBIC JIaK-
TOHBI TOMOCEpHHA (CUCTEMa KOMMYHMKAIIMU Oak-
Tepuil “quorum sensing”), KOTOpPbIE B CBOIO OYEPEND
akTuBupyioT TAS2R-perientopsl.

OTMeTHM, KCTaTH, YTO caM Io cebe (eHoMeH
“quorum sensing” («4yBCTBO KBOpyMa») TIpeACTaB-
JIS€T HECOMHEHHBIA HayYHbIM U MPaKTUUYECKUU UH-
Tepec, 0COOEHHO YYUThIBasi BO3MOXKHOCTh BO3IEH-
CTBUS Ha 3Ty CHUCTEMY KOMMYHMKAIIMU OaKTepuit
aHaJIoraMM alMJIMPOBAHHBIX JJAKTOHOB TOMOCEpHHA
M IpyruMu MoJieKynamu [19].

HeobOxoaguMo mogyepKHYTh, YTO 3KTOIMYECKUE
peuenTopkl K cinaakomy Bkycy (TaslR), skcnpeccu-
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poBaHHBbIe B AbIxaTeNbHbIX MyTsx (Tas1R3), omocpe-
JIYIOT MTPOTUBOIOJOXHYIO aKTUBHOCTh B OTHOIIIEHU U
npoTekTuBHOM (GyHKuUMM T2R38 mpu OakTepualb-
HOM KWUIMHTe B WHOUIIMPOBAHHBIX IBIXaTEJIHbHBIX
nytsax [20].

Panee Hamu [3] BbIcKazaHa MBICIb O TOM, YTO
BO3MOXHasI MOCJIENOBAaTEIbHOCTh MEXaHU3MOB Ta-
TOTeHEe3a B PeCIMPaTOPHOUM CHUCTEeMe, CBSI3aHHBIX
C DKCTPAOPaTbHBIMU BKYCOBBIMU pEIENTOPaMU K
TOPbKOMY U CJIaJIKOMY BKYCY, BeCbMa HarlOMUHAaeT
circulus vitiosus.

Yrto kacaercst Pakropa 3, TO OH OTpaxkaeT co0-
CTBEHHO KJTIOUEBbIE€ XapaKTEPUCTUKU OPOHXUATBHOM
aCTMbI, CBSI3aHHBIE C TSKECThIO TeUEHUsT 3a00seBa-
HUs 1 6a30Boii Tepanueit. OTMETUM BCe Xe, UTO C
CYILLIECTBEHHOI MO3UTUBHOM (PaKTOPHOI HATPy3KOit
C 9TUMU XapaKTepUCTUKaAMU OPOHXMATbHOW acCTMBbI
CBsI3aHa, MPeX/e BCero, KOMITOHEHTa IMTIUKEMUMU.

B oTOii CBSI3M HENb3sd HE YNOMSIHYTb HCCJIEIO-
BaHME, WMeEIOIIee OTHOIICHUWE K O0OCyXIaeMOMy
acCIieKTy, B Ha3BaHUE KOTOPOI BbIHECEHA MpaKTUye-
CKM JieueOHasl uiesi, Kacarollasicsi pecrnupaTOpHOU
cucteMbl: «MIcTolieHre 3a1acoB TJIFOKO3bI B SKMIKO-
CTH Ha TTOBEPXHOCTH IBbIXaTeIbHBIX ITyTeH SKU3HEHHO
BaXXHO UIsT UX ctepuwibHOocTU» (“Glucose depletion
in the airway surface liquid is essential for sterility of
the airways™) [21].

JleiicTBUTENBHO, TIOoNaraioT [22], 4TO peryasims
TOMeOocCTa3a IIIOKO3bl B IbIXaTeJIbHBIX MYTSIX MOXET
paccMaTpuBaTbCsl KaK HOBBIM MOAXOJ K Mpoduiak-
TUKE U JISYEHUIO JIETOYHOI MH(EKIIUU, YTO OCOOEH-
HO BaXKHO MPU KOMOPOUTHOM JIETOYHO MaTOJIOTUM,
BKJIIOUYAIOILIEN caXxapHbIi 1ualderT.

IMoapiTOXMBasI 0OCYXIEHUE, OTMETUM, YTO HAMU
Oblja TPEeAIpPUHSITA TIOTBITKA TPU Pa3JIWYHBIX Ba-
praHTax OpPOHXWAJTbHOM aCTMBI OICHUTH OajaHC
KaHOHUYECKOW YYBCTBUTEJIBHOCTU K TOPBKOMY U
cJIalkOMy BKycaM Ha OCHOBE pa3pa0OTaHHOr0 HaMU

Cncok nutepatypbl / References

MHAEKCA «YYBCTBUTEJBHOCTh K TOPbKOMY/CIaaKO-
My», TIpUYEM C TIOMOIIIbIO METOJ0B, IPUMEHUMBIX B
LIMPOKON KIIMHUYECKON IMPAKTUKE.

BoisiBIeHO, 4TO MpU a/VIEpruyecKoM BapuaHTe
OpPOHXMAILHOU aCTMBbI HAOIIOAAETCSI CHUKEHUE YyB-
CTBUTEJIBHOCTU K TOPHKOMY BKYCY ((heHUITUOMOYE-
BUHBI) ITPU BBICOKOU YYBCTBUTEIILHOCTH K CJIAIKOMY
BKycy (caxapo3se).

C nomolipio (GaKTOPHOrO aHaju3a BbISIBICHA
CBSI3b TMcOaiaHca BKYCOBBIX OIILYIIIEHU# (CIBUT BKY-
COBOI YYBCTBUTCIBHOCTU B CTOPOHY BBICOKOI UyB-
CTBUTEJBHOCTU K CJAaAKOMY BKYCY) C KJIIOUEBBIMU
XapaKTePUCTUKAMU OPOHXUATBHOU aCTMBI, KOTOPBIC
BKJTIOYAJIN TSDKECTh TEUCHMSI OpOHXUATBHOM aCTMBI,
JUTUTEJIBHOCTh PUMEHEHUST WHTAISIIIMOHHBIX TITIO-
KOKOPTUKOCTEPOUIOB U He3((DEKTUBHOCTD IIPHUME-
HEeHWUS 3,-~-arOHMCTOB Ha JOTOCMUTAIbHOM 3Tare.

ITIpoGnema BBISIBA€HUSI UYYBCTBUTEJIBHOCTU K
TOPHLKOMY U CJIJIKOMY BKycaM TIPEICTaBJISIeT MHTE-
pec He TOJIBKO KaK (DyHIaMeHTabHAasI MM TeOPETH-
yeckasi mpobsieMa, HO M, HECOMHEHHO, MpPUBJICYET
BHUMaHWE KIMHUIIUCTOB MHOTUX CIICIIMATBHOCTEH,
BKJIIOUasi, KOHEYHO, ITyJbMOHOJOIOB, OCOOCHHO B
CBSI3M C pa3pabOTKOI TTOTEHIIMAILHO HOBO TapreT-
HOU Tepalmy OpPOHXWATbHOUW aCTMBI, TI¢ MUIICHBIO
OYIyT CIYKUTh SKTOIIMYECKHE BKYCOBBIE PELIETITOPBI
K TOpbKOMY BKycy [23].

B manpHeiinieM TuUaHUPYETCsl COMOCTABUTDH MaH-
HBbIE [0 CEHCOPHOI BKYCOBOU CUTHAJIM3AlIMK B OTHO-
IIIEHUY OCHOBHBIX BKYCOB (K TOPBKOMY M CJIAAKOMY),
MOJTyYEeHHBIE C TOMOIIIBIO MCCIETOBAaHUS KAHOHUYE-
CKOI (JIMHTBaJIbHOM) 1 SKTOMMUYECKOU (IKCTPaTUHT-
BaJIbHOI) pellellIni, B YaCTHOCTU Ha KJICTOYHOU
JUM@OLIUTAPHONW MOJEJU MPU Pa3IMYHbIX BapuaH-
Tax OPOHXUAITLHOM aCTMBI.
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9DDEKT -ANTAHUHA HA T'YMOPAJIbHbIK UMMYHHbIN

OTBET B HU3KOA030BOW MOAESN AJITEPTUN

Yynakos /I.B.!, Konapesa O.]1.}, [laperopoarera JI.C.%, Kammpuua EJI.,
darraxosa I''B.!

'®@IBYH «Hucmumym 6uoopeanuueckoti xumuu umenu akademuxoe M.M. Hlemaxuna u F0.A. Osuunnurxosa»
Poccuiickoii akademuu nayx, Mockea, Poccus

2@IAOY BO «Ilepswiit Mockosckuii 2ocydapcmeennbiii meouyunckuil ynusepcumem umernu M. M. Ceuernosa»
Munucmepcmea 30pasooxparnenus PO (Ceuenosckuii ynusepcumem), Mockea, Poccus

Pesiome. B HacTos111e€ BpeMs1 yCUIMSI MHOTHUX HayYHBIX TPYIIT B MUPE HaITpaBJIeHbI Ha IIOMCK HOBBIX (ak-
TOPOB, 3aITyCKalOIIMUX IPOILIECC aJJIEPTUYEeCKOl CEHCUOMIM3alluu, CBI3aHHbIN ¢ cuHTe30M IgE B oTBeT Ha
0e3BpeaHble ajuiepreHbl. [1o coBpeMeHHBIM JaHHBIM, MPOAYKIIMS TKAaHEBbIX IIMTOKMHOB MHIYLIMPYETCS B
TKaHsX 4Yepes3 aJlapMUHBI, UTO, B CBOIO OYEPE/ib, BI3bIBACT MPOAIEPTUUSCKIIT UMMYHHBI OTBEeT. PaHee Mbl
MOKa3ajiu, 4YTO 3-aJlaHUH MOXKET ObITh MOTEHIIMAbHBIM aJIaDMUHOM, CITOCOOHBIM CTUMYJIUPOBATH MPOAYK-
LIMI0 TKAaHEBbIX IMTOKUHOB. Llefibio HacTosiIel paboThI ObLIO ONpeesieHre BKIIaaa 3-alaHuHa B TyMOpasib-
HbIII UMMYHHBII OTBET Ha MOJIeIM HU3KOI03HOU ajepruu. Meleir BALB/c uMMyHU3upoBaiu B 001acTh
XOJIKU PEKOMOMHAHTHBLIM 0esikoM Asp f 2 mian KomMepuyeckum oBanboymMuHoMm (OVA) Tpu pasa B HeIesIo C
no0aBKol B-ajlaHrHA Wiv 6e3 HeTo. YToObl yTouHUTh 2 hEKT B-ajlaHWHA, Ero CpaBHUBAJU C IeiicTBUEM o-L-
aJaHWHA — U30Mepa, KOTOPbI He sIBJIsieTcsl TuraHaoM perenropa MrgD, a Takke -aMuHOM300yTUpAaTa,
cxonHoro no adhduHHocTH K MrgD ¢ B-amannHom. CorjlacHO HalllUM JTaHHBIM, [3-aJlaHUH CTUMYJIUPOBAI
crietuguueckyto npoaykuuio IgE u IgG1 npu kparkoBpeMeHHOM Kypce (7 UMMYHU3a1Uii) U TTOBBILLIEHHOE
CPOJCTBO aHTUTEN MOCJIE JOJTOCPOUYHONM MMMYyHU3aUu (14 MHBEKLNI) MTPU UCTTOJIL30BAHUM MEHEE UMMY-
HoreHHoro Oesnka Asp f 2. B ciyyae nmpuMeHeHUs1 BBIcCOKOUMMYHHoro 6esika OVA, BkJiaa B-ajgaHuHA ObLT
3HAYMMBIM TOJIBKO B TU1aHe ah(UHHOCTU aHTUTEN. TakuM 00pa3oM, B-ajlaHUH YCKOPSIET MPOAYKIIMIO CIIell-
udunueckoro IgE B ciryyae npuMeHeHus1 6eyika ¢ HU3KOUM UMMYHOT€HHOCTbhIO. Bkiian B-aaHuHa B TPOAYK-
nuto creuurduyeckoro IgE He ObLT CBSI3aH ¢ aKTUBALMEN crielubuyeckoro perenropa MrgD, TOCKOIbKY
B-aMMHOM300yTUpPAT — APYTOil JIUTAH 3TOrO PElENnTopa — HE OKa3blBaJl CXOAHOTO 3(dekTa Ha ryMopalib-
HbIIi UMMYHHBII oTBeT. Bo3aeiicTBue B-aaHuHa Ha nipoaykiuio IgG1 Takxke mpenacraBisieTcsi HE3aBUCH-
MbIM OT perienTopa MrgD, ockoibKy o.-L-ajJlaHuH — M3BeCTHasl MPOTEMHOIeHHAasT aMUHOKUCJIOTa TakxKe
noBbllaia npoaykiuto cnenududeckoro IgGl. DddexT B-anaHnHa HA TYMOPaJIbHbIE UMMYHHBII OTBET
MOKET OBbITh CBSI3aH C €ro HecleIM(pUIECKUM IefiCTBUEM, HAalTpUMeED, C €ro CIIOCOOHOCTHIO BbI3bIBATH OKHC-
JIMTEJIbHBINA CTpecCc MmyTeM OJI0Kalbl TaypMHOBOIO TPaHCIOPTEpa, WM CO CIOCOOHOCThIO CTUMYIMPOBATH
KJIETOYHBIN METabOIU3M.

Knrouesvie cnosa: 6ema-ananun, IgE, nuskue 0o3vl, aghpunnocms anmumen, ummynoeenHocms, MrgD-peyenmop
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EFFECT OF 3-ALANINE ON HUMORAL IMMUNE RESPONSE IN
LOW-DOSE ALLERGY MODEL

Chudakov D.B.?, Kotsareva 0.D.?, Tsaregorotseva D.S.’, Kashirina E.L?,
Fattakhova G.V.?

@ M. Shemyakin and Yu. Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences, Moscow,
Russian Federation
b First Moscow State 1. Sechenov Medical University (Sechenov University), Moscow, Russian Federation

Abstract. At the present time, the efforts of many research groups around the world are aimed at finding new
factors triggering the allergic sensitization process linked with IgE synthesis to harmless allergens. According
to the recent data, production of tissue cytokines is induced in tissue cells by alarmins, thus, in turn, eliciting
pro-allergic immune response. Previously we have shown that 3-alanine could be a potential alarmin capable
to stimulate production of tissue cytokines. The aim of this work was to determine the impact of $-alanine on
humoral immune response in low-dose allergy model. BALB/c mice were immunized by recombinant Asp f 2
protein or commercial ovalbumin (OVA) in the withers 3 times a week with or without 3-alanine supplemen-
tation. To determine the mechanism of $-alanine effect, a-L-alanine, an isomer which is not MrgD receptor
ligand, and B-aminoisobutyrate with B-alanine-like affinity to MrgD ligand, were compared. According to
our data, B-alanine stimulated specific IgE and IgG1 production in a short-term course (7 immunizations)
and enhanced antibody affinity after long-term (14 immunizations) protocol in the case of low-immunogenic
protein Asp f 2. In the case of high-immunogenic OVA protein, the impact of B-alanine was significant only
upon antibody affinity. Hence, B-alanine accelerates specific IgE production in the case of low-immunogenic
protein. The impact of B-alanine on specific IgE production was not linked to specific MrgD receptor activa-
tion, because B-aminoisobutyrate, which is the other ligand of this receptor, did not have a similar effect upon
humoral immune response. The effect of 3-alanine on IgG1 production seems also independent of MrgD
receptor, since the common proteinogenic amino acid a.-L-alanine also enhanced specific IgG1 production.
The effect of B-alanine on humoral immune response could be linked to its non-specific action, e.g., due to its
ability to induce oxidative stress through blocking taurine transporter, or due to its ability to stimulate cellular
metabolism.

Keywords: 3-alanine, IgE, low doses, antibody affinity, immunogenicity, MrgD receptor

The reported study was founded by RFBR ac-
cording to the research projects Ne 19-015-00099 and
19-05-50064.

Introduction

Currently the hypothesis about the key role of
alarmins released from damaged tissue cells in trigger-
ing pro-allergic immune response is becoming more
widespread [12, 18]. Tissue cell damage may occur,
in particular, during parasitic invasion [1, 12] or in
response to protease allergens [12]. It is well known
that after the invasion of macroparasites (mainly hel-
minthes) into the organism, activation of IgE produc-
tion and type 2 immune response generally occurs. So
the concept according to which the main physiologic
function of specific IgE production and type I hyper-
sensitivity reaction is to triggering the mechanisms
that kills macroparasite in host organism appeared [1].
Alarmins could be either high-molecular substances
for example HMGBI proteins [5] or low-molecular

componentssuchas ATP [11] oruric acid [10]. Alarm-
ins stimulate tissue cytokines production interleukins
(IL) 25, 33 or thymic stromal lymphopoetin (TSLP)
in neighboring cells [10, 11, 12, 27, 34], which in turn
triggers IL-5 and IL-13 production [25, 29] and also
though more infrequent 1L-4 production [19] in type
2 lymphoid cells. The latter in turn activates specific
IgE production and type 2 immune response [2, 30].
According to Medzhitov’s hypothesis [20] much
more substances could act as alarmins or DAMPs
(Danger-associated molecular patterns). For ex-
ample, neurotransmitters, which are responsible for
itch sensing [20]. Among these substances -alanine
attracts special attention because it is not only an
itch neurotransmitter [9] via its specific MrgD recep-
tor [32] but also potential classic type alarmin because
it is present not only in specific nerve endings but also
in skeletal muscle fibres (in the form of easy hydro-
lysable dipeptides carnosine and anserine) [4]. It is
known that muscle fibers as often as epithelial cells
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are damaged upon helminthes migration through tis-
sues [1]. It should be mentioned also that 3-alanine
and B-aminoisobutyric acid are the end products of
pyrimidine nucleotides catabolism [16], intensifica-
tion of which is very likely occurs after necrotic tissue
cells damage and/or after DNA release in extracellu-
lar medium. According to the recent data the effect of
a widely used adjuvant Alum is based on the triggering
of DNA release from dying cells [15]. Though authors
consider extracellular DNA itself as an alarmin [15],
the effect of the products of its catabolites cannot be
entirely ruled out.

In our previous work we have shown that B-alanine
is capable to stimulate tissue cytokines production [8]
and so probably stimulates pro-allergic immune re-
sponse.

The aim of this work was to determine the impact
of B-alanine on allergen-specific immune response in
our recently developed low-dose allergy model [7].

Materials and methods

Materials

B-alanine, B-aminoisobutyric acid, a-L-alanine
and ovalbumin (grade V) were obtained from Sigma
Aldrich (Darmstadt, Germany). Tween-20 was ob-
tained from AppliChem (Darmstadt, Germany).
NaCl, Na,HPO,, NaH,PO,, KCI, used for wash-
ing buffer preparation were obtained from DiaM
(Moscow, Russia). Bovine serum albumin (BSA) for
ELISA blocking buffer preparation was obtained from
Serva (Heidelberg, Germany).

Animals

BALB/c mice were obtained from “Andreevka”
(Pushino, Russia) and were housed in conventional
conditions during 12-hour light-dark cycle and ad li-
bitum feeding. All manipulations were carried out ac-
cording to IBCh RAS TACUC protocol.

Recombinant Asp f 2

Recombinant Asp f 2 protein (from Aspergillus fu-
migatus) with C-terminal His-Tag was expressed in E.
coli M13 cells and was purified with Ni-NTA resin
based chromatography as described in [24]. The re-
sulting protein concentration was measured by Bread-
ford method (kit from ThermoScientific).

Immunization and sample collection

BALB/c mice were immunized 3 times a week
during 5 weeks with ovalbumin (OVA) or Asp f 2 in
different experiments with 100 ng/mice/injection
dose in withers site without any stimulus or with
B-alanine (0,26 or 2,6 mg), a-L-alanine (2,6 mg)
or B-aminoisobutyric acid (BAIBA) (2,6 mg) in to-
tal volume of 0,1 ml. Some animals were immunized
with physiological saline for control.

Blood was taken by retro-orbital bleeding under
isoflurane anesthesia 2 days after 7" (16" day) or 14"
(32" day) immunizations. Serum samples were ob-

tained by incubation of collected blood for 20 minutes
at +37 °C and subsequent centrifugation at 600 g for
fibrin cloths separation.

ELISA

Microtiter plates (Costar Maxisorb, USA) were
incubated with 50 pl/ well solution of OVA or Asp f 2
in PBS (pH = 7,2) 5 pg/ml for specific IgG,, IgG,, or
high affinity I[gE measurement or 20 pg/ml for low af-
finity IgE measurement overnight at +4 °C. Between
stages plates were washed with washing buffer (0,05%
Tween-20 in PBS). Serum samples were titrated in
blocking buffer (5% BSA in PBS for specific IgE
measurement or 1% BSA in all other cases). Biotin-
labeled anti-mouse IgEa (UH297, BioLegend), anti-
mouse IgG1 (RMGI1-1, BioLegend) and anti-mouse
IgG2a (RMG1-2a, BiolLegend) were used as primary
antibodies. Streptavidin-HRP conjugate (BioLegend)
was used in subsequent stage. 3,3’,5,5’-tetramethyl-
benzydine was used as a substrate. Optical density was
measured at 450 nm with substraction of 620 nm value
as background with MultiScan FC automatic reader
(ThermoScientific, USA). Serum titre was estimated
as serum dilution in which optical density was equiva-
lent to background optical density plus 3 its standard
deviations.

Statistics

Statistics data processing was performed with
Mann-Withney test. Mean and standard deviations
were calculated.

Results

Impact of 3-alanine on Asp f 2 specific humoral re-
sponse

The impact of B-alanine on Asp f 2 specific hu-
moral immune response was studied by administra-
tion of this substance in the withers. Allergen was
administrated in low dose because we have previously
shown that these doses induce more selective IgE pro-
duction [7]. Data from Figure 1 A-C indicates that
after short-term immunization protocol (7 immuni-
zations) B-alanine significantly and substantially en-
hances Asp f 2 specific IgE production. Production
of specific IgG1 but not [gG2a was also enhanced by
B-alanine. In the same time after long term immu-
nization protocol (14 immunizations) when specific
antibody titres reach a maximum values specific IgE
and IgG, production were not increased by [3-alanine
addition (Figure 1D-F). Therefore, B-alanine accel-
erates IgE production.

Impact of B-alanine on OVA specific humoral re-
sponse

To verify the above-described data the same exper-
iment with another antigen commercial OVA was per-
formed. The results indicate that B-alanine stimulated
only specific IgG1 but not IgE production. After 14"
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Figure 1. B-alanine accelerated formation of Asp f 2 specific IgE and IgG1 antibodies production but did not enhanced their
final production and did not influence specific IgG2a production

Note. Titres of Asp f 2 specific IgE (obtained with coating buffer concentration 20 ug/ml) (A, D), IgG1 (B, E) and IgG2a (C, F) in BALB/c mice after
7™ (16" day) and 14™ immunization (32 day) by recombinant protein in 100 ng dose with or without 3-alanine in comparison to control (physiologic
saline immunized) mice. Data obtained in two independent experiments, mean values and standard deviations are shown. *, p < 0.05; **, p < 0.01;

*** p<0.001.

immunization there was no effect on specific IgE and
IgG1 titers (data not shown).

Besides from relative quantity of specific antibod-
ies their affinity is also a very important parameter. It
is well known that the resulting affinity of antibod-
ies which bind antigen epitope or specific hapten on
ELISA microwell plate depend on a relative epitope
concentration per unit area and the method of high-
and low-affinity anti-hapten antibody measurement
is based on this fact [21]. Due to mostly conforma-
tional nature of IgE epitopes [13, 22] the use of hapte-
nilated protein in our case was outside of our purpose.
Therefore, for estimation of high-affinity IgE anti-
bodies fraction we carried out by ELISA method with
the relatively low antigen concentration in coating
buffer, exactly 5 ug/ml instead of 20 ug/ml for low af-
finity IgE. Indeed, in this case the effect of B-alanine

on OVA specific IgE production was significant
(Figure 2A). It is interesting that when the same coat-
ing buffer protein concentration was applied in the
case of Asp f 2 we could could detect specific IgE
binding only at the lowest serum dilution 1:10 in con-
trast to the situation with high coating buffer concen-
tration.

When titrating monoclonal antibodies tangents of
the slope of titrating curve are directly proportional to
antibody affinity and for the polyclonal sera they will
be directly proportional to the mean affinity of indi-
vidual clones [3]. Concerning this fact Asp f 2 affinity
was estimated as titration curve slopes in the coordi-
nates Ig(serum dilution coefficient)- optical density.
Results showed that -alanine increased mean Asp f 2
specific IgE antibody affinity (Figure 2B).
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Figure 2. B-alanine enhances high affinity IgE production
Note. Titres of OVA specific IgE in BALB/c mice after 14" imminizations with OVA in withers site in 100 ng dose with or without B-alanine obtained
in ELISA with coating buffer concentration 5 pug/ml (A) and slopes of Asp f 2 specific IgE titration curves in coordinates Ig(serum dilution) — optical
density, taken with the opposite sign, for serum samples of BALB/c mice after 14" immunizations with Asp f 2 without and with B-alanine (B). Data
obtained in two independent experiments, mean values and standard deviations are shown. *, p < 0.05; **, p < 0.01.
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Figure 3. Different rate of OVA and Asp f 2 specific antibody response formation in the same mice

Note. Titres of OVA specific (A, C) and Asp f 2 specific (B, D) IgE (A-B) and IgG1 (C-D) antibodies in intact BALB/c mice (0), after 7" (7) and
14" (14) immunizations in withers region with OVA + Asp f 2 antigen mixture in 100 ng dose each. Data obtained in two independent experiments,

mean values and standard deviations are shown. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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Figure 4. Impact of B-alanine on IgE and IgG1 production is not linked with MrgD receptor activation

Note. High affinity specific IgE (obtained in ELISA with coating buffer concentration 5 pg/ml) (A) and IgG1 (B) after 14" immunizations (32" day)
by OVAin 100 ng/dose in withers site in BALB/c mice with or without indicated stimulus. o-Ala, alpha-L-alanine; B-Ala, beta-alanine; BAIBA,

[-aminoisobutyrate. Data obtained in two independent experiments, mean values and standard deviations are shown.

p < 0.001.

Comparison between OVA and Asp f 2 specific hu-
moral immune response

The differences in the effect of B-alanine on the
humoral response could be explained by the different
immunogenicity of the two proteins for animals. To
verify this hypothesis we immunized mice with the
mixture of two proteins OVA and Asp f2 (100 ng dose
each). We have shown that OVA specific IgE produc-
tion appears earlier (after 7" immunizations) then Asp
f 2 specific IgE production (after 14" immunizations)
(Figure 3). Moreover, OVA specific IgE and IgG, pro-
duction did not change at two time points. And there-
by, the differences of the B-alanine impact on humor-
al immune response in the case of these two proteins
could be due to a combination of two facts: different
immunogenicity of these two proteins for animals and
the nature of this antigens, more precisely accelera-
tion but not increase in general allergen-specific im-
mune response during long-term immunization.

The impact of 3-alanine is manifested only at high
concentrations and is not associated with MrgD recep-
tor

Itiswell known that substances such asamino acids,
which could be easily included in metabolic pathways
and bind to specific transporters after administration
in high concentrations, could influence physiologi-
cal processes by this way and not through their spe-
cific receptors. To understand whethre the impact of
B-alanine could be due to the activation of its specific
MrgD receptors or by other non-specific ways we have
performed experiment with a-L-alanine (common
proteinogenic amino acid and -alanine isomer that
does not activate MrgD) and B-aminoisobutyric acid
(other non-proteinogenic amino acid that bind and

*, P < 005’ **’ p < 0017 ***’

activate the same receptor as B-alanine [32]). Also
in one additional group B-alanine was administrated
in a dose 10 times lower (0,26 mg) than in previously
experiments. If the impact of B-alanine is linked with
MrgD activation it must appear with much lower ad-
ministrating dose because of relatively high affinity
of MrgD to B-alanine (Kd = 10-*M) [9, 32] and also
with administration of B-amiboisobutyrate but not
a-L-alanine.

In fact, the increase of specific IgE production
was found only after administration of high dose of
B-alanine but not B-aminoisobutyrate. Low [3-alanine
dose did not show the same impact and in the case of
a-L-alanine it was a week non-significant tendency.
Moreover, both -alanine in both doses and o.-L-ala-
nine, but not B-aminoisobutyrate increased specific
IgG1 production (Figure 4). According to these data,
the effect of B-alanine on specific IgE production was
not linked to MrgD receptor activation.

Discussion

Alarmins like ATP or uric acid, which are released
from damaged epithelial cells or proteases, could be
the main stimulus of tissue cytokines production in
early phases of pro-allergic immune response [5, 10,
11, 12]. We have previously shown that 3-alanine, the
substance specific to muscle tissue [16] and released
from myocytes after their damage, could activate tis-
sue cytokines production [8]. It is also important that
B-alanine is an itch mediator [9] and the end-product
of DNA pyrimidine bases catabolism [16]. Itch often
accompany allergic inflammation [20, 31], and the
release of DNA from cells with its subsequent deg-
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radation is often occur after cell necrosis [15] which
may be linked to macroparasite invasion [1].

In these work we have shown that 3-alanine ap-
pears as an adjuvant of type 2 allergic immune re-
sponse due to its enhancing effect on specific IgE
and IgG1 but not IgG2a production. The impact of
this substance appears in different ways when using
proteins with different immunogenic potential for
experimental animals and is not linked with activa-
tion of its specific MrgD receptor. Nonetheless above
described phenomena may be of interest because its
allows to get close to the understanding of the mecha-
nisms which regulate specific IgE production. In the
case of low-immunogenic protein Asp f 2 the impact
of B-alanine appears on the levels of specific IgE pro-
duced after short-term immunization and affinity of
these antibodies after long-term immunization, but
in the case of high-immunogenicity protein OVA the
impact was significant only on the affinity of produc-
ing antibodies.

Literature data obtained in genetically engineered
mice where IgE production was coupled with fluo-
rescent protein expression showed that specific IgE
production in germinal centers occured during very
limited time and that IgE* B-cells in germinal centers
probably did not pass affinity selection to the same
extent as for IgG1* B-cells [28, 33]. It is interesting
that according to some recent results at least in some
cases Ig antibody class switching could occur outside
germinal centers during extrafollicular antibody re-
sponse [17, 23]. It is also known that in early stages
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BJINAHUE METABOJIUTOB MUKPOOPTAHU3MOB
MHOIOJIETHEMEP3J1bIX NOPOA4 HA CUHTE3 LUTOKUHOB
MOHOHYKJIEAPHbIMU KJIETKAMU NEPUDEPUYECKOW
KPOBU HEJIOBEKA IN VITRO

RKoasiBanoBa C.C,, Rasnenosa JI.MD.

DI'BYH OUI « Tromenckuil Hayunwtii yenmpy Cubupckoeo omoenenus: Poccuiickoii akademuu nayk, 2. Tiomens,
Poccusa
DIAOY BO «Tromenckuii eocydapcmeennuiii ynueepcumem», e. Tomens, Poccus

Pesiome. BeuHas mepsiioTa sIBJISIETCSI YHUKAJIbHOM 3KOCHUCTEMOI, XapaKTepU3ylolleicss cTaOUMIbHO OT-
pULIaTeIbHBIMU TeMIlepaTypaMi 1 B KOTOPOIT MUKPOOPTaHMU3MbI MOTYT HAaXOIMUThCS B COCTOSIHUN TUTIOME-
TaboaM3Ma WM aHabMo3a Ha MPOTSKEHUU TEeOJIOTMISCKOTO BpeMeHU. M3BeCTHO, UTO MUKPOOPTraHU3MBI
3aHUMAIOT IIMPOKUI apeaj OOMTaHUS Oiaromaps HaJIWMIWIO NOJU(PYHKIIMOHAIBHBIX CUCTEM aJalTallii 1
KOMMYHUKau. OMHUM U3 MPOSIBJICHUN TaHHBIX CUCTEM SIBJISIETCS BBIpAaOOTKAa BTOPUUYHBIX META0OIUTOB
(MB), B cocTaB KOTOPBIX BXOASIT CUTHAJbHbBIE MOJICKYJIbI, HE MMEIOIIME CTPOroil BUIOBOI CIIEHIU(UIHOCTH.
buonornyeckast akTUBHOCTh CUTHAJIbHBIX MOJIEKYJI B 3HAUUTEIbHOM CTEIIEHU 3aBUCUT OT KOJIMYECTBa OaKTe-
pPUAJIBHBIX KJIETOK M TeMITepaTyphl UX KyJIbTUBUPOBAHMSI.

B manHOIT paboTe MCIOIB30BaHBI BTOPUYHBIC MeTa0OMUTHI Bacillus sp. 13 BEUHOI MEP3JIOTHI, TIOIyICH-
HBIE TIPU Pa3INIHBIX TeMIlepaTypaxX KyJIETUBUPOBAHUSI MUKPOOPraHU3MOB (iph -5 °C — «xonomoBeie» Mb
u 1ipu 37 °C — «rermnoBblie» MB) B mo3ax 0,05 x 10° (Mayiast 103a) MUKPOOHBIX KJIETOK (M.KJ1.) B MJI (DU3HO-
Jiormyeckoro pactsopa uian 500 x 10° (Bbicokast 103a) M.KJI./MJ1. OuieHeHo BausiHue Mb Bacillus sp. Ha nipo-
nykuuio TNFa, IL-18, IL-8, IL-2, IFNy, IL-4, IL-10 MOHOHYKJIeapHbIMU KJIETKaMU Ttiepudepudeckoit Kpo-
Bu (MHK) yenoBeka B cynepHaTaHTax 24-4acoOBBIX KJIETOYHBIX KYJIBTYp MeTomoM MDA ¢ ucriob3oBaHuEeM
TecT-cucteMbl «BekTopbECT» (Poccust) Ha criektpodoTtomeTpe LUCY-2 (ANTHOS) (ABCcTpust) coriacHO
PEKOMEHIALMSIM IIPOU3BOIUTEIS.

YcTaHOBJIEHO, YTO MO CPaBHEHUIO C KOHTpoJIeM noj BausiHueM Mb Bacillus sp. BHe 3aBUCUMOCTH OT TEM-
nepaTypbl UX MOJYYEHUs U T03bl OaKTeprii akTUBHOCTBL ciHTe3a MHK 4enoBeka 0CHOBHOIO CITeKTpa ILIUTO-
KMHOB gocToBepHO Bo3pocaa (p < 0,01 ans Bcex mokazarteseit), 3a uckiarodeHueM IL-8, ypoBeHb KOTOPOTO
HEe OTJIMYAJICSI OT KOHTPOJILHOTO MO/ BIMSIHHEM BBICOKOM 03bl «TeluioBbix» MB. I1o cpaBHeHuio ¢ ®TA
cuHTe3 uuToknHoB MHK 3aBucesn ot mo3bl 1 Temneparypsl nojiydueHust Mb. Tak, 1o BAMSIHUEM <«TEII0-
Beix» MbB ypoBenb TNFo ObUT 1oCcTOBepHO HUXE ero ypoBHs 1o BausinHueM MIA He 3aBUCHMMO OT T03BI.
Vposenb 1L-8 61 cHMKEeH oTHOCUTEILHO PTA nox BausiHrueM MetadboauToB oT 500 x 10° M.KJI. BHE 3aBU-
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CUMOCTH OT TeMIICpaTyphl X MoxydeHnss. CpaBHEHUE MEXKIY COOOI BIUSTHUS «TCTUIOBBIX» M «XOJIOJOBBIX»
MB Bacillus sp. moKazaao, 9TO Majble TO3bI «XOJOIOBBIX» META0OJUTOB B OOIBIIICH CTETICHU CTUMYJIMPYIOT
cuHTe3 npoBocnanuTesbHbIX HUTOKMHOB (TNFa, IL-1f3, IL-8, IFNY). Beicokue 103bl «TeMI0BbIX» META00-
autoB Bacillus sp. B 6onbiueit cteneHu aktupupyror MHK denoBeka Ha CMHTE3 NMPOTUBOBOCIIAIUTEIbHBIX
uToKUHOB (IL-4 u IL-10). Yuuteisas, uto TNFa, IL-13 u IL-10 gBisitoTcs IMTOKMHAMYU CUCTEMHOTO JIei-
CTBUSI, OTBETCTBEHHBIMU HE TOJIbKO 32 aKTUBAIIMIO CHUCTEMbl UMMYHMUTETA, a TAKXKe MOOMIU3ALIMIO APYTUX
PETYJISITOPHBIX CUCTEM OpraHM3Ma, MOXKHO B MEPCIIEKTUBE paccMaTpUBaTh BO3MOXKHOCTE MCITOJIb30BaHUS
BTOPUYHbBIX META0OJUTOB MUKPOOPraHM3MOB MHOIOJIETHEMEP3JIbIX ITOPOJ B KadyecTBe cyOcTpaTa IJIsk pas-
pabOTKM HOBBIX UMMYHOMOIYJISITOPOB U aIalITOr¢HOB.

Knrouesnie cnosa: nposocnanrumensvhvie YUMOKUHbL, NPOMUBOEOCHANUMENbHbIE UUMOKUHbL, MOHOHYKACAPHbIe KACMKU KPOGU,
8MopuUHbIe Memaboaumvl OaKmepuii MHO20AeMHeMeP3AbIX NOPO0, AHMUEH-UHOYYUPOBAHHAS PeaKyus OAacmHOl mpaHchopmayuu
aumepoyumos

INFLUENCE OF METABOLITES OF MICROORGANISMS FROM
PERMAFROST ON THE SYNTHESIS CYTOKINES BY HUMAN

PERIPHERAL BLOOD MONONUCLEAR CELLS IN VITRO
Kolyvanova S.S., Kalenova L.F.

Tyumen Scientific Centre, Siberian Branch, Russian Academy of Sciences, Tyumen, Russian Federation
Tyumen State University, Tyumen, Russian Federation

Abstract. Permafrost is a unique ecosystem characterized by consistently negative temperatures. It has been
shown that microorganisms can be there in a state of hypometabolism or anabiosis during geological time. It is
known that microorganisms occupy a wide habitat due to the presence of multifunctional systems of adaptation
and communication. One of the manifestations of these systems is the production of secondary metabolites
(MBs), which include signaling molecules that do not have strict species specificity. The biological activity of
signaling molecules largely depends on the number of bacterial cells and the temperature of their cultivation.

In this work we used secondary MBs of Bacillus sp. from Permafrost obtained at different temperatures
of microorganism cultivation (at -5 °C — “cold” MBs and at 37 °C — “warm” MBs) in doses of 0,05 x 10°
(small dose) of microbial cells (m.cl.) in ml of saline or 500 x 10° (high dose) m.cl./ml. The influence of MB
of Bacillus sp. for the TNFa, 1L-13, IL-8, IL-2, IFNy, IL-4 and IL-10 production by human peripheral blood
mononuclear cells (MNC) in supernatants of 24-hour cell cultures was estimated by ELISA whith using the
“VectorBEST” test system (Russia) on a LUCY-2 (ANTHOS) spectrophotometer (Austria).

It was found that the activity of synthesis by human MNC of the main spectrum of cytokines significantly
increased (p < 0.01 for all indicators) under the influence of MB Bacillus sp. regardless of the temperature of
their cultivation and the dose of bacteria. The exception was IL-8, the level of which under the influence of a
high dose of “warm” MBs didn’t differ from the control. Compared to PHA the cytokines synthesis by MNC
depended on the dose and the temperature of obtaining of M Bs. Thus, under the influence of “warm” MBs the
level of TN Fa was significantly lower than its level under the influence of PHA regardless of the dose. Regardless
of the temperature of obtaining metabolites the level of IL-8 under the influence of metabolites from a dose
of 500 x 10°m.cl. was reduced relative to the PHA group. Comparison of the influence of “warm” and “cold”
MBs of Bacillus sp. showed that small doses of “cold” metabolites to a greater extent stimulate the synthesis of
pro-inflammatory cytokines (TNFa, IL-1B, IL-8, IFNy). High doses of “heat” metabolites of Bacillus sp. to a
greater extent they activate human MNC:s for the synthesis of anti-inflammatory cytokines (IL-4 and I1L-10).
Considering that TNFa, IL-153 and IL-10 are cytokines of systemic action and are responsible not only for the
activation of the immune system, but also for the mobilization of other regulatory systems of the organism,
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it can be assumed that the secondary metabolites of microorganisms from Permafrost will be efficient as a
substrate for the development of new immunomodulators and adaptogens in the future.

Keywords: pro-inflammatory cytokines, anti-inflammatory cytokines, blood mononuclear cells, secondary metabolites of bacteria
from permafrost, antigen-induced reaction of blast-cell transformation of lymphocytes

This work was supported by the Russian Federal
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Introduction

Permafrost is one of the unique ecosystems
characterized by negative temperatures over geological
time [13]. Viable microorganisms of various genera
and species were found in permafrost rocks. The
ones may be there in a state of hypometabolism or
suspended animation. [4, 9, 14]. It is known that
microorganisms occupy a fairly wide habitat due
to the presence of multifunctional adaptation and
communication systems. One of the manifestations
of the work of these systems is the production of
secondary metabolites (M B), which include signaling
molecules that don’t have strict species specificity [5,
11, 12]. The biological activity of signaling molecules
largely depend on the number of bacterial cells and the
temperature of their cultivation [12]. An experimental
study of microorganisms (MO) of strain M3 Bacillus
sp. isolated from permafrost of the late Neogene
showed that a change in the temperature conditions
of cultivation has a significant effect on the biological
properties of bacteria in vitro and in vivo, in particular,
it changes their enzymatic, immunotropic and
reparative activity [6, 7, 8, 10]. It seems relevant to
study the effect of MB of MO from Permafrost on the
functional activity of immunocompetent human cells
in vitro for development, in the future, immunotropic
drugs based on them. It is known that cytokines
as mediators of intercellular “communication”
provide the regulation of immune responses and
the coordinated interaction of cells of the immune
system [2].

Purpose of the study: to assess the effect of the
secondary metabolites of permafrost microorganisms
on the spectrum and level of cytokine secretion by
human peripheral blood mononuclear cells in vitro
depending on the temperature of cultivation and the
dose of bacterial cells.

Materials and methods

The object of study is Bacillus sp. M3 strain
isolated from Late Neogene permafrost (Mamontova

Mountain, Central Yakutia, age of permafrost 2.5-3
million years [1]. To obtain secondary MB, the MO
suspension was prepared in aliquots of 0.05 x 10° (low
dose) or 500 x 10° (high dose) microbial cells in 1 ml
(m.cl./ml) of physiological saline and incubated at
temperatures of -5 °C (“cold” metabolites — MB-C)
and 37 °C (“thermal” metabolites — MB-T) for 72
hours. Every 24 hours, the samples were kept for 30
minutes at 22 °C. The MBs was separated through
passing a suspension of MOs through bacterial filters
with a pore diameter of 0.22 um (Millipore, USA).
The purity of the MBs was confirmed by control
sowing on culture media.

The study was conducted on the culture of
peripheral blood mononuclear cells (PBMC) of
3 independent donors (men aged 24-26 vyears).
Mononuclear cells (MNC) were isolated on a Ficoll-
Paque density gradient ( = 1.077). The wells of 96-well
immunological plates were loaded with 0.2 x 10° MNC
in 180 ul of RPMI-1640 medium with the addition of
2 mmol glutamine and 80 pg/ml gentamicin. Several
options for the reaction of blast-cell transformation
of lymphocytes were posed. Negative control is the
addition of 20 ul of RPMI-1640 medium (control
group). A positive or mitogen-induced control is
the addition of 20 ul of the polyclonal T-mitogen
phytohemagglutinin (20 pg/ml, “Serva”) (PHA
group). And 4 variants of the experimental groups:
adding 20 pl of “cold” or “thermal” metabolites
obtained from0.05 x 10° m.cl./ml (groups MB-C/0.05;
MB-T/0.05) or 500 x 10° m.cl./ml (MB-C/500;
MB-T/500). The reaction was set up in triplets for
24 hours. The levels of pro-inflammatory (TNFa,
IL-1B, IL-8, IL-2, IFNy) and anti-inflammatory
(IL-4 and IL-10) cytokines were determined in cell
culture supernatants by ELISA (“VectorBEST”) on
a LUCY-2 spectrophotometer (ANTHOS) (Austria)
and expressed in pg/ml. The significance of differences
between the groups was assessed by Student’s t-test in
the SPSS “11.5 for Windows” program. Differences
were considered significant at p < 0.05.

Results

The results of the study are presented in the Table 1.
Minimal levels of cytokines without stimulation with
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TABLE 1. CYTOKINE LEVEL (pg/ml), Mm

Cytokines TNFo IL-18 IL-8 IL-2 IFNy IL-4 IL-10
Control group 4.4+0.6 24.9+3.3 25.4+4.6 0.2+0.1 1.4+0.1 1.1+£0.2 2.3x0.4
PHA group 264.0+6.0 157.2+10.3 | 249.0+11.3 0.940.2 17.3+1.6 1.8+0.1 5.2+0.5

Metabolites from 0.05 x 10¢ m.cl./ml
424.0+43.3 | 263.0+£31.0 | 287.0+34.0 3.8%1.6 26.3+3.2 2.7+0.3 8.4+0.3
MB'C *% AA *% AN *%* *% AA *% AN **k A *k A
63.5+4.3 261.0£33.0 | 355.0+42.1 1.8+0.1 13.6+2.4 3.810.5 9.2+0.7
MB'T *% AN *% AN *% AN *% AN *k *% A *% A
Metabolites from 500 x 106 m.cl./ml
285.1£15.3 | 270.5+21.2 | 78.5+6.1 11.2+3.9 21.8+3.1 2.4+0.3 8.7+2.9
MB'C *% *% AN *% AN *% AN *% * A *%k A
54.9+2.7 247.8+18.6 | 26.4+7.9 0.940.1 9.1+2.2 19.4+4.3 44.8+5.5
MB'T *% AN *% AN AA Hk *% AA *% AA *% AA

Note. The difference from the control: *, p < 0.05; **, p < 0.01; difference from the PHA: *, p < 0.05; **, p < 0.01.

antigens (control group) and their high indices under
the influence of a polyclonal T-mitogen (PHA group)
testify to the qualitative immunological reactivity of
PBMC of donors (Table 1).

The results of a study of the effect of MB of MO
from Permafrost on the synthesis of cytokines by
human peripheral blood mononuclear cells showed
the following. “Cold” metabolites obtained from
0.05 x 10° m.cl./ml at -5 °C (MB-C/0.05 group)
stimulated human PBMC:s to activate the synthesis of
pro-inflammatory (TNFa, IL-1B, IL-8 , IL-2, IFNYy)
and anti-inflammatory (IL-4 and IL-10) cytokines
compared with the control (p < 0.01 for all cytokines).
In this group the activity of the synthesis of cytokines
TNFa, IL-1B, IL-2 and IFNy was significantly
(p <0.01) higher, and the synthesis of IL-4 and I1L-10
was moderately higher (p < 0.05) than in PHA group.
There were no differences between these groups in
level of IL-8 (p > 0.05).

The synthesis activity of the entire studied cytokine
spectrum increased (p < 0.01 for all cytokines) under
the influence of “thermal” metabolites obtained from
0.05 x 10° m.cl./ml at 37 °C (MB-T/0.05 group)
compared with the control. In this experimental group
the level of TNFo was decreased (p < 0.01), the levels
of IL-1B, IL-8 and IL-2 were significantly increased
(p < 0.01 in all cases), the levels of IL-4 and IL-10
were moderately increased (p < 0.05 in both cases)

compared with the PHA group. The level of [IFNy was
at the level of IFNy in the PHA group (p > 0.05).

“Cold” metabolites obtained from 500 x
10° m.cl./ml at -5 °C (MB-C/500 group) significantly
increased the synthesis activity of the entire studied
spectrum of cytokines compared to the control. We
noted that the synthesis activity of IL-18 (p < 0.01)
and IL-2 (p < 0.01) increased significantly, the levels
of IL-4 (p < 0.05) and IL-10 (p < 0.05) increased
moderately compared with these indicators in the
PHA group. No differences were found in the levels of
TNFa and IFNy (p > 0.05).

Under the influence of “thermal” metabolites
obtained from 500 x 10°® m.cl./ml at 37 °C (MB-
T/500 group) the synthesis activity of the entire
studied spectrum of cytokines was significantly higher
(p < 0.01 for all cytokines) except for IL-8 (p > 0.05)
compared with the control group. The levels of TNFa,
IL-8 and IFNy were reduced (p < 0.01 in all cases) and
the secretion of IL-1f, IL-4 and IL-10 (p < 0.01 in all
cases) were significantly increased compared with the
PHA group. The level of anti-inflammatory IL-10 was
8.6 times higher than in the PHA group.

Thus, the analysis of the obtained data showed
that the effect of the secondary metabolites of
microorganisms from Permafrost on the cytokine
response of immunocompetent cells of human
peripheral blood in vitro to a certain extent depends
on both the dose and the temperature of bacterial
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cultivation at which these metabolites were obtained.
Moreover, the synthesis of TNFo was predominantly
stimulated by MB obtained from MO at a negative
temperature of cultivation (MB-C/0.05 and MB-
C/500 groups). The synthesis of IL-8 was largely
stimulated by low doses of MB (MB-C/0.05 and
MB-T/0.05 groups). The synthesis of IL-2 was largely
stimulated by high doses of MB obtained from MO at a
negative temperature of their cultivation (MB-C/500
group). The activity of the synthesis of IFNy was
maximum for MB obtained at a negative temperature
(groups MB-C/0.05 and MB-C/500). The maximum
levels of secretion of IL-4 and IL-10 were observed
under the influence of a high dose of MB obtained
from MO at a positive temperature of cultivation
(MB-C/500 group). The exception was IL-1p, its
level was significantly high in all experimental groups
(p < 0.01 compared with control and PHA groups).
Summarizing the foregoing it can be concluded
that low doses of “cold” metabolites of MOs from
Permafrost (obtained from 0.05 x 10° m.cl./ml at
-5 °C) show their immunobiological activity to a
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U3MEHEHUE 3KCNMPECCUN HLA-DR HA cybnonynqauuax
NIMMOOLIUTOB CYNPYIroB, UMEIOLLIUX AETEN CO
CNOPAANHECKNUMU BPOXXAEHHBIMU MOPOKAMU
CEPALUA BE3 XPOMOCOMHbIX 3ABOJIEBAHUN, NOJ,
BO3[EACTBMEM )XEHCKOMN AYTOCbIBOPOTKMH

IIa6anguu A.B."2 I'pusoa C.B., leesa H.C.!, llImyanesuu C.A.3,
IHenokuua A.B.!, Auunkeenko A.A3, lllabanaguua E.B.?, Basuu I'.B.*

'®@I'BHY «Hayuno-uccredosamenvckuil UHCMUMYm KOMIACKCHbIX NPOOAEM cepoeUHO-cocyOucmbix 3a001e6aHuUl»,

2. Kemepoeso, Poccus

2@I'bOY BO «Kemeposckuii eocydapcmeenmbiit meOuyunckuil ynusepcumem», 2. Kemeposo, Poccus

3 I'BY3 «Kemeposckuii odnacmuoil Kaunuueckui kapouonoeuueckuil ouchaucep umenu akademuxa J1.C. bapbapawa»,
2. Kemepoeso, Poccus

4 TAY3 «Kemepoesckas o6nacmuas kaunuueckas bonvhuya umenu C.B. Beasesa», e. Kemeposo, Poccus

Pe3iome. llenbio HACTOSILEro MCCAEOOBAHMSI ObUIO M3YyUYEeHUE BIIMSIHUS KEHCKOWM ayTOCBIBOPOTKM Ha
akcnpeccuio HLA-DR B pa3inuHbIX CyOnomyasiusax JUMMOLIMTOB CYyNPyroB, UMEIOIINX IeTell Co cropa-
IUYECKUMU BPOXIEHHBIMU MOPOKaMU cepila 06e3 XpoOMOCOMHBIX 3aboJieBaHUil. B rpynmy ucciaenoBaHust
BKJIIOYEHO 78 CeMEeiHBIX T1ap, UMEIOIIMX AeTel ¢ BPOXKISHHBIM MOPOK cepana. KoHTpobHast rpyriia BKIIO-
yaja B ce0s 35 ceMelHbIX TTap, UMEIOIIMX 310POBbIX AeTeil. UMMYHHBII OTBET B CMEIIaHHOM KYJIBType JIMM-
¢douuToB (CKJI) cynpyros oueHuBaau no ypeaudeHuio skcrpeccun HLA-DR B cMeliaHHO#M KyabType To
OTHOIIIEHUIO K CIOHTAaHHBIM KYJIbTypaM JMM@MouuToB. [lepBuyHasi oKpacka KeHCKUX U MYXCKUX JTUMGO-
LIMTOB MOHOKJIOHaIbHBIMU aHTUTeNIaMU K CD45, KOHBIOTMPOBAHHBIMU € Pa3IMYHBbIMU (DIYOPECLEHTHBIMU
kpacutessimu (PC-5 u PC-7), mo3BoJiuia olleHUTh UMMYHHBIN OTBET XXKEHCKUX JTMMMOIIMTOB HA My>KCKHUE U
Hao000pOT. AKTUBHUPYIOLIUI 3(PPEKT KEHCKOI ayTOCBIBOPOTKU Ha BCE CYOIOMYISLIUN KEHCKUX JTUMQPOLIM-
TOB OJIHOBPEMEHHO BCTPeYaJiCsl 3HAYMMO PEKe B OCHOBHOI TPyMIIe, 110 OTHOIIIEHHUIO K KOHTPOoJII0. B rpyrimne
KOHTPOJISI IOMUHUPOBaJ MOJOXKUTEIbHBIN 3DdEKT )KeHCKOI ayTOChIBOPOTKM Ha aKkcrnpeccuio HLA-DR s
BCEX XKEHCKUX CyONOITYJISILIUI TUMGOLIMTOB OMHOBPEMEHHO. J1J1sT BceX )KeHCKMX IMMGOLIUTOB, UMEIOIIMX Ha
cBoeil meMOpaHe Monekysly HLA-DR, B ocHOBHOI Ipyrnne 3HaYMMO 4allle BCTpevyaucsl OJOKUPYIOLINi 3¢ -
(eKT KEHCKOI ayTOCBIBOPOTKM, IO OTHOIIEHUIO K KOHTPOJII0. TakuM 00pa3oM, MOXKHO TOBOPUTH O TOM, YTO
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Abstract. This study is aimed to investigate the effect of female autoserum on the HLA-DR expression in
various subpopulations of lymphocytes obtained from spouses with children with sporadic congenital heart
defects without chromosomal diseases. 78 married couples with children with congenital heart disease were
included in the study group. The control group was formed from 35 married couples with healthy children.
The immune response in a mixed culture of lymphocytes of spouses was evaluated by an increased HLA-DR
expression in a mixed culture in relation to spontaneous cultures of lymphocytes. Primary staining of female
and male lymphocytes by monoclonal antibodies to CD45 conjugated with various fluorescent dyes (PC-5 and
PC-7) was performed to assess the immune response of female lymphocytes to male ones and vice versa. The
activating effect of female autoserum on all subpopulations of female lymphocytes simultaneously occurred
significantly less frequently in the study group compared to the control. The control group was characterized by
the domination of the positive effect of female autoserum on HLA-DR expression for all subpopulations of fe-
male lymphocyte. For all female lymphocytes having HLA-DR molecule on its membrane, the blocking effect
of female autoserum in the study group was significantly more expressed in relation to the control group. Thus,
the effect of female autoserum is manifested in relation to the HLA-DR expression on its own lymphocytes,

but not on the lymphocytes of the spouse.

Keywords. congenital heart defects, HLA-DR expression, lymphocytes, female autoserum

Introduction

Congenital heart defects (CHD) are one of the
most common fetal malformations worldwide. It is
occurring in 4-50 cases per 1000 newborns. CHD
etiology and pathogenesis are triggered by mutually
influencing exo- and endogenous factors. The forma-
tion of CHD starts in the embryonic period from the
second to the eighth week of gestation. During this
period of ontogenesis, the maternal immune micro-
environment interacting with a semi-allogeneic em-
bryo resulting in activation of various subpopulations
of female lymphocytes, which can activate or limit the
immune inflammation at the mother-embryo system.
Regulating humoral factors dissolved in the female’s
autoserum additionally affect cellular interactions.
Antibodies to native HLA-DR molecules presenting
embryo alloantigens to T-lymphocytes with regula-
tory potential can be important humoral factors in
female’s autoserum limiting immune inflammation
in the mother embryo-system. These antibodies affect
the limitation or activation of immune inflammation

in the mother-embryo system through this mecha-
nism. Accordingly, the synthesis of pro-inflammatory
cytokines by maternal immunocompetent cells will
increase during decompensation of inflammation in
the mother-embryo system. The proliferation and dif-
ferentiation of the cells of upcoming cardiovascular
system may be impaired by pro-inflammatory cyto-
kines-activated pyroptosis. Finally, defects and abnor-
malities of the cardiovascular system can be formed.
Since this stage of CHD pathogenesis is poorly stud-
ied, the aim of this research was to investigate the ef-
fect of female’s autoserum on HLA-DR expression
in various subpopulations of lymphocytes of spouses
having children with sporadic CHD without chromo-
somal diseases.

Materials and methods

In the main group parents (n = 78 married cou-
ples) who have children with sporadic CHD without
chromosomal diseases were included. All children
were treated in the Department of Pediatric Cardiol-
ogy, L. Barbarash Kemerovo Regional Clinical Car-
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diology Center (Kemerovo, Russia). The diagnosis of
CHD was confirmed by echocardiography and medi-
cal records. CHD in children was represented by the
following nosologies: atrial septal defect occurred (22
children), interventricular septal defect (34 children),
Fallot tetrad (6 children), pulmonary valve stenosis (5
children), partial abnormal pulmonary venous drain-
age (4 children), aortic coarctation (3 children), hy-
poplasia aortic arches (2 children) and defect in the
aorto-pulmonary septum (2 children). There was
no family history of CHD in the main group. In the
control group 35 married couples with two or more
healthy children, no reproductive loss and children
with CHD were included.

The influence of female’s autoserum on HLA-DR
expression in various subpopulations of spouses’ lym-
phocytes was studied on female and male monocul-
tures. Lymphocytes were isolated from peripheral
blood at a density gradient of 1.077 (Ficoll-1077, Dia-
M, Moscow, Russia). The obtained suspensions of fe-
male and male lymphocytes were washed twice with
Hanks solution (Dia-M, Moscow, Russia). 1000 uL of
Hanks solution was added to the tubes with female’s
and male’s lymphocytes and they were centrifuged for
10 min at 1500 rpm. Then supernatant was removed,
female’s lymphocytes were incubated with monoclo-
nal antibodies conjugated with peridinin-chlorophyll
7 (PC-7) fluorescent dye and male’s lymphocytes
were incubated with peridinin-chlorophyll 5 (PC-5)
(Biolegend, USA) for 15 min at room temperature
in the dark. After incubation, the lymphocytes were
washed from unbound antibodies with Hanks solu-
tion. The 2000 washed female’s and male’s lympho-
cytes were transferred into two plastic tubes for flow
cytofluorimetry (Beckman Coulter, USA) and 1 pl of
complete medium RPMI-1640 with 15% fetal calf se-
rum (ETS, Gibco, Thermo Fisher Scientific, USA),
2 mM of L-glutamine (Panreac, Spain), 10 mM of
Hepes buffer (Sigma, USA), 5 x 10> M of 2-mercap-
toethanol (Biochem, France) and 50 ug/mL genta-
micin solution sulfate (Vetinterpharm, Russia) were
added into each tube. The first tubes with female’s
and male’s lymphocytes were used as a control. In the
second tubes with female’s and male’s lymphocytes,
female autoserum was additionally added at the rate of
20% per suspension volume. All tubes were placed in a
CO2 incubator for 2 h at 37 °C. After the incubation,
lymphocytes from each tube was washed by Hanks so-
Iution according to the described above method fol-
lowed by staining of each monoculture both in com-
plete medium and in medium supplemented with 20%
female autoserum using conjugated monoclonal anti-
bodies (fluoriscein isothiocyanate (FITC) with CD3
and phycoerythrin (PE) with HLA-DR) (Biolegend,
USA). 5 uL of each monoclonal antibody was added
into all tubes. The volume of antibodies to the number
of lymphocytes, the time and temperature of incuba-
tion were in accordance with the attached instructions

for each conjugated monoclonal antibody. Incubation
was carried out for 15 min at room temperature in the
dark. Then, lymphocytes were washed with Hanks
solution according to the described above method.
300 uL per tube of OptiLyse solution (Beckman Coul-
ter, USA) was added to fix antibodies on lymphocytes
in monocultures. The HLA-DR expression on various
subpopulations of spouses lymphocytes and the effect
of female’s autoserum on this process were evaluated
using flow cytometry protocol. The protocol includ-
ed several sequential steps for each female and male
monoculture incubated in complete medium and in
medium supplemented with 20% female autoserum.
The first stage was associated with the selection of the
lymphocyte population in the first histogram accord-
ing to their size characteristics (forward (small angle)
light scattering — forward scatter — FSL) and intracel-
lular density (lateral light scattering — side scatter —
SSL). In the following stage, the lymphocyte pool was
additionally clustered by the total leukocyte marker
CD45 (for female monoculture — CD45-PC7; for
male monoculture — CD45-PC5) and intracellular
density (SSL). The third stage was the main one for
this study. It is presenting how the isolated lympho-
cytes were analyzed by phenotypes: CD3*/HLADR",
CD3-/JHLADR*, as well as CD45*/HLADR®*. The
analysis of these subpopulations was carried out in
female and male monocultures both in the complete
medium and in medium supplemented with 20% of
female autoserum. In case of differential expression
of HLA-DR on different subpopulations of female’s
and male’s lymphocytes in complete medium and in a
medium supplemented with female autoserum, its ef-
fect was determined. So, if the expression of HLA-DR
on the corresponding subpopulation of lymphocytes
in the environment with 20% female autoserum was
lower than in complete medium, the effect of female
autoserum was considered to be blocking. If the ex-
pression of HLA-DR on the corresponding subpopu-
lation of lymphocytes in an environment with 20% of
female autoserum was higher than in complete medi-
um, the effect of female autoserum was considered to
be activating. No differences in HLA-DR expression
on the corresponding subpopulation of lymphocytes
in the compared media was taken as the absent effect.
Accordingly to these estimates, couples with differ-
ent types and combinations of the effects of female
autoserum on the expression of HLA-DR in various
subpopulations of female and male lymphocytes were
identified in the main and control groups.

Statistical analysis of the obtained results was car-
ried out using the software package Statistica 10.0.
Pairwise comparing the frequency of occurrence of
various effects of female autoserum was performed
using the non-parametric chi-square test calculat-
ing which the Yeats correction for the continuity of
a small sample. For significant differences in indica-
tors when comparing them in pairs in the main and
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control groups, the odds ratio (OR) was calculated.
Results were considered significant with a confidence
error of less than 5%.

Results

The study showed that the blocking, activating
and absent effects on HLA-DR expression in various
subpopulations of lymphocytes did not significantly
differ between female and male monocultures. This
has been demonstrated both for individual subpopu-
lations and for their combinations.

A comparative analysis of the combined effects of
female autoserum with respect to HLA-DR expres-
sion for all subpopulations of female’s and male’s
lymphocytes (Table 1) showed the only significant dif-
ference between the main and control groups. Thus,
the activating effect of female autoserum on all sub-
populations of female’s lymphocytes was significantly
less in the main group compared to the control. The
control group was dominated by the positive effect of
female autoserum on HLA-DR expression for all fe-
male lymphocyte subpopulations simultaneously.

An analysis of the effects of female autoserum
on individual subpopulations of lymphocytes of fe-
male and male monocultures in the experimental
and control groups is presented in table 2. According
to Table 2, in the main group female autoserum sig-
nificantly more often exerted a blocking effect on the
expression of HLA-DR in a subpopulation of female
lymphocytes HLA-DR*/CD3- than in the control.
In the control group for this subpopulation of female
lymphocytes, the activating effect of female autose-
rum to HLA-DR expression was dominated.

Moreover, for all female’s lymphocytes that have
an HLA-DR molecule on their membrane, the block-
ing effect of the female autoserum in relation to the
control was significantly more common in the main
group. The direct opposite was the control group,
where the activating effect of female autoserum to
HLA-DR expression on female lymphocytes was sig-
nificantly dominated. According to Tables 1 and 2, the
main and control groups did not differ in the effect of
female autoserum on the expression of HLA-DR on
male lymphocytes.

Thus, we can say that the effect of female au-
toserum is manifested in relation to the expression
of HLA-DR on own lymphocytes, but not on the
spouse’s lymphocytes.

Discussion

The obtained effect of female autoserum on
HLA-DR expression in female and male lympho-
cyte subpopulations can be interpreted from several
positions. The blocking effect can be formed due to
female antibodies against their own HLA-DR mol-
ecules. And although the presented approach to study
the influence of female autoserum on HLA-DR ex-
pression is not a variant of the method for evaluating
antibodies to HLA-DR using the crossmatch meth-
odology, it is still likely to identify antibodies to the
HLA-DR molecule. Thus, antibodies dissolved in fe-
male autoserum could compete for HLA-DR with the
corresponding monoclonal antibodies. Through this
phenomenon a blocking effect could occur, because
the number of HLA-DR" cells in suspension with a
medium supplied with 20% female autoserum is de-

TABLE 1. COMPARATIVE ANALYSIS OF THE COMBINED EFFECTS OF FEMALE AUTOSERUM IN RELATION TO HLA-DR
EXPRESSION FOR ALL SUBPOPULATIONS OF FEMALE’S AND MALE’S LYMPHOCYTES IN THE COMPARED GROUPS

(DATA ARE PRESENTED IN ABSOLUTE VALUES)

Case Control
n=78 n =32 i
Effects Chi sq.uare
Presence of Lack of Presence of Lack of (OR; p)
effect effect effect effect
Blocking effect on all lymphocyte
subpopulations in female and male 5 73 4 28 p>0.05
monocultures
Activating effect on all lymphocyte
subpopulations in female and male 5 73 5 27 p>0.05
monocultures
Blocking effect on fema!e s 15 63 7 o5 b >0.05
lymphocyte subpopulations
Blocking ef_fect on male’s lymphocyte 23 55 8 24 o> 0.05
subpopulations
o , 10.05

e et : oo | 2t | or-02
ymphocy pop p <0.01)
Activating effect on mal_e S 23 55 10 29 0 >0.05
lymphocyte subpopulations
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TABLE 2. COMPARATIVE ANALYSIS OF THE EFFECTS OF FEMALE AUTOSERUM IN RELATION TO HLA-DR EXPRESSION
FOR INDIVIDUAL SUBPOPULATIONS OF FEMALE’S AND MALE’S LYMPHOCYTES IN THE COMPARED GROUPS (DATA ARE

PRESENTED IN ABSOLUTE VALUES)

Case Control
n=78 n=32 11 2.2 3.3
suLg;T)Zr:JT:t)i/:?\s Chi square Chi square Chi square
1. 2. 3. 1. 2. 3. (OR; p) (OR; p) (OR; p)
BE NE | AE BE NE | AE
HLA DR*/CD3*, female 34 3 41 14 2 16 p > 0.05 p > 0.05 p > 0.05
4.76 6.01
HLA DR*/CD3-, female 49 2 27 13 0 19 (OR =2.42; p>0.05 (OR =0.37;
p <0.05) p <0.05)
8.31 8.31
HLA DR*/CD45*, female 52 0 26 12 0 20 (OR = 3.25; p>0.05 (OR=0.31;
p <0.01) p <0.01)
HLA DR*/CD3*, male 35 2 41 14 0 18 p > 0.05 p > 0.05 p > 0.05
HLA DR*/CD3;, male 42 2 34 16 1 15 p>0.05 p>0.05 p>0.05
HLA DR*/CD45*, male 42 35 13 0 19 p>0.05 p > 0.05 p >0.05

Note. BE, blocking effect; NE, no effect; AE, activating effect.

creased. If'the alleged antibodies to HLA-DR were no
contained in the female autoserum, then we suppose
no effect on the subpopulations of lymphocytes. On
the other hand, further study of the positive effect of
female autoserum on the expression of HLA-DR on
female’s lymphocytes is needed. As can be seen from
the presented methodology, the activating effect of
female autoserum can be detected during 2 hours of
incubation at 37°C. In addition, this effect was domi-
nant for female’s lymphocytes in the control group.
Short-term changes in the expression of HLA-DR on
the membrane of lymphocytes can be attributed to
the known functional rearrangements of the receptor
apparatus under the influence of new environmental
factors resulting to the formation of small receptor
clusters. In female autoserum, there can be both dis-
solved ligands that induce cross-linking of receptors
and regulatory molecules that have an activating ef-
fect on the short-term reorganization of membrane
HLA-DR. It should be additionally noted that the
activating effect of female autoserum to HLA-DR ex-
pression on subpopulation lymphocytes was positively
associated only with lymphocytes of women who un-
derwent all pregnancies and gave birth to two or more
healthy children. This autocrine effect by female au-
toserum factors is aimed, on the one hand, to increase
the expression of the HLA-DR molecule on the main
subpopulation of HLA-DR" lymphocytes, and, on
the other, to effective early ontogenesis with inhibi-
tion of teratogenesis in the cardiovascular system.
Returning to the problem of positive association of
the blocking effect of female autoserum to HLA-DR
expression on subpopulations of female’s lympho-
cytes with the formation of sporadic CHD in children
without chromosomal diseases, one suggestion can be
made. We suggested that the blocking effect is asso-

ciated with antibodies in the blood serum of women
and directed against their own HLA-DR membrane
molecules. The fact that the detected blocking activity
was maximally manifested on the HLA-DR*/CD3-
subpopulation, but not on the HLA-DR*/CD3" sub-
population, only indicates that the last subpopulation
was insignificant and the level of HLA-DR expres-
sion on T-lymphocytes was initially low. Accepting
this position, we can talk that women having children
with sporadic CHD without chromosomal diseases
have increased autoimmune regulation of HLA-DR
restriction of alloantigens, including spousal origin.
This immune mechanism may limit the regulatory po-
tential of female T-lymphocytes during pregnancy. As
mentioned above, early pregnancy is associated with
immune interactions in the mother-embryo system
resulting in the balance between compensation and
decompensation of local immune inflammation with
a predominance of pro-inflammatory interleukins in
the blood serum of pregnant women. Female auto-
antibodies to HLA-DR may be additional humoral
factors, leading to a breakdown in local inflammation
compensation in the mother-embryo system. The in-
flammatory process is accompanied by a high level of
synthesis of pro-inflammatory cytokines. The action
of these molecules will also extend to the embryo with
the induction of pyroptosis in the dividing cells of the
forming cardiovascular system. It is mechanism that
can cause the formation of a malformation in the em-
bryo in the heart and/or in the great vessels.

Thus, the study showed a positive association of
the effect of the blocking of female autoserum factors
by the expression of HLA-DR on female lymphocytes
HLA-DR*/CD3- (OR =2.42) and HLA DR*/CD45*
(OR = 3.25) with a risk of sporadic CHD without
chromosomal diseases in the next generation.

147



Illabanroun A.B. u op.
Shabaldin A.V. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

Acknowledgments

This work was supported by a grant from the UM-
NIK 2019 Innovation Support Fund “Development
of a pregravid immunological prognosis program for
the risk of the formation of sporadic congenital heart

References

defects without chromosomal diseases in the next
generation”. Our gratitude to the staff of the immu-
nological laboratory of the Kemerovo S. Belyaev Re-
gional Clinical Hospital for help with flow cytometry
analysis.

1. Bokeriya L.A., Gudkova R.G. Cardiovascular Surgery - 2014. Diseases and congenital anomalies of the
circulatory system. Moscow: A. Bakulev National Medical Research Center for Cardiovascular Surgery, 2015. 226 p.

2. Eurocat [Electronic resource]. Available at: http: //www.eurocat/network.eu.

3. Garcia-Enguidanos A., Calle M.E,, Valero J., Luna S., Dominguez-Rojas V. Risk factors in miscarriage and
malformation: a review. Eur. J. Obstet. Gynecol. Reprod. Biol., 2002, Vol. 102, no. 2, pp. 111-119.

4.

Koichi I., Tadao T., Norio T. Possible mechanisms of immunotherapy for maintaining pregnancy in

recurrent spontaneous aborters: analysis of anti-idiotypic antibodies directed against autologous T-cell receptors.

Hum. Reprod., 1999, Vol. 14, no. 3, pp. 650-655.

5. Liddy K.A., White M.Y., Cordwell S.J. Functional decorations: post-translational modifications and heart

disease delineated by targeted proteomics. Genome Med.,

2013, Vol. 5, no. 2, 20. doi: 10.1186/gm424.

ABTOpbBI:

Illabaadun A.B.. — 0.m.H., doyenm, edyuiuii Hay4Hblil
compyOoHuk nabopamopuu nopokos cepoua PIbHY
«Hayuno-uccredosamenvckuii UHCMUmMym KOMNACKCHbIX
npobaem cepoeuHo-cocyoucmoix 3a0604e6anuit» ; npogeccop
KagheOpvl MUKPOOUOAOUU, UMMYHOA0LUU U BUPYCON0UU
DIbOY BO «Kemeposckuii cocydapcmeentbliii MeOUUUHCKUT
YHusepcumem», 2. Kemeposo, Poccus

Ipueuoea C.B. — rabopanm-uccaedosamensv rabopamopuu
KACMOUHBIX MEXHON02UI 0OMOena SKCnepUMeHmAanbHol
meduuyunvt PIEHY « Hayuno-uccaedosamenvckuil uncmumym
KOMNAEKCHbIX Npob.aem cepdeuHo-cocyoucmolx 3a001e6aHULL,
2. Kemeposo, Poccus

JMeesa H.C. — maadwuii hayunwiii compyoHuk aabopamopuu
KACMOUHBIX MEXHON02UI OMOena SKCNepUMeHMANbHOU
meduuyunvt PIEHY « Hayuno-uccaedosamenvckuil uHcmumym
KOMNAEKCHbIX npob.aem cepdeuHo-cocyoucmolx 3a001e6aHULL,
e. Kemeposo, Poccus

IlImyaeeuu C.A. — k. m.H., 3a6edyiouias omoeneHuem
demckoii kapouonoeuu I'BY3 «Kemeposckuii o6nacmuoli
KAUHUYECKUT KapOuoa0euueckull OUCnancep UmMeHu aKkalemurxa
JI.C. bapbapawa», e. Kemeposo, Poccus

Ilenoxuna A.B. — maaowuii HayumsLii compyoHUuK
21a060pamopuu 2eHOMHOL MeOuyuHbl omaoena
axcnepumenmanvhoi meduyunot OI'bHY « Hayuno-
uccnedo8amenbekuil UHCMUmym KOMHAEKCHbIX Npotaem
cepdeuno-cocyducmuix 3a601e6anuil», e. Kemeposo, Poccus

Anuxeenxo A.A. — epau-kapouonoe omoeneHust 0emcKkoil
xapouonoeuu I'bY3 «Kemeposckuii 061acmuoil KAuHuHecKuil
Kapouonoeuyeckuii ducnaumcep UmMeHu aKkademuxa

JI.C. bapbapauia», e. Kemeposo, Poccus

Ilabaaduna E.B. — 0.m.1., 3a6edyroujas kagedpoii
omopunonapuneonoeuu PI'bOY BO «Kemeposckuii
eocydapcmeeHHblil MeOUYUHCKUI yHueepcumemy», e. Kemepoeo,
Poccus

Baeun I'B.. — k.m.H., 3amecmumens 21a8H020 8pava no
KAUHUKO0-0uaeHocmuueckoil cayncoe IAY3 «Kemeposckas
obnacmuasn kaunuueckas bonvnuya umenu C.B. beasesa»,
2. Kemeposo, Poccus

Authors:

Shabaldin A.V., PhD, M D (Medicine), Associate Professor,
Leading Research Associate, Laboratory of Heart Defects,
Research Institute for Complex Issues of Cardiovascular Diseases;
Professor, Department of Microbiology, Immunology and
Virology, Kemerovo State Medical University, Kemerovo, Russian
Federation

Grivtsova S.V., Laboratory Assistant, Laboratory of Cell
Technologies, Department of Experimental Medicine,
Research Institute for Complex Issues of Cardiovascular Diseases,
Kemerovo, Russian Federation

Deeva N.S., Junior Research Associate, Laboratory of

Cell Technologies, Department of Experimental Medicine,
Research Institute for Complex Issues of Cardiovascular Diseases,
Kemerovo, Russian Federation

Shmulevich S.A., PhD (Medicine), Head, Pediatric Cardiology
Department, Kemerovo L. Barbarash Regional Clinical
Cardiology Dispensary, Kemerovo, Russian Federation

Tsepokina A.V., Junior Research Associate, Laboratory of
Genomic Medicine, Department of Experimental Medicine,
Research Institute for Complex Issues of Cardiovascular Diseases,
Kemerovo, Russian Federation

Anikeenko A.A., Cardiologist, Pediatric Cardiology
Department, Kemerovo L. Barbarash Regional Clinical
Cardiology Dispensary, Kemerovo, Russian Federation

Shabaldina E.V., PhD, MD (Medicine), Head, Department
of Otorhinolaryngology, Kemerovo State Medical University,
Kemerovo, Russian Federation

Vavin G.V., PhD (Medicine), Deputy Chief Physician for
Clinical and Diagnostic Service, Kemerovo S. Belyaev
Regional Clinical Hospital, Kemerovo, Russian Federation

Tlocmynuaa 14.04.2020
Omnpasaena na dopabomky 21.04.2020
Ilpunsma k newamu 11.05.2020

Received 14.04.2020
Revision received 21.04.2020
Accepted 11.05.2020

148



Meduyunckas ummynonroeus
2021, T. 23, Ne 1,

cmp. 149-156

© 2021, CII6 PO PAAKH

Medical Immunology (Russia)/
Meditsinskaya Immunologiya
2021, Vol. 23, No 1, pp. 149-156
© 2021, SPb RAACI

NonNyNALUOHHbIN COCTAB CD4'5RA/CD4'5R0
NOSUTUBHbIX T-JIMMDOLUTOB U LLUTOKUHOBbBIN
NPO®WIb Y BETEU C AJUTEPTUMECKUMM

PECINMPATOPHbIMU SABOJIEBAHUAMU
Typanackasa AJ., Ilnexosa H.I',, Cabbiabra B.A., IIpocekosa E.B.

Kpamxkue coobuenus
Short communications

DI'BOY BO «Tuxooxeanckuii 20cyoapcmeerublil MeOuyuHcKuil yrueepcumem» Munucmepemea 30pasooxparerus PD,
2. Baadusocmok, Poccus

Pesome. M3meHeHNsT T-KICTOYHBIX MOMYJISIIIAN, OTBETCTBEHHBIX 32 XPOHUYECKOE TCUCHHUE aJIepruie-
CKOT'0 BOCITAJICHUS M 3a00JIEBaHMWI, B TOM YHCJIe OpPOHXMAIBLHON acTMBI, TTOKa eIle HeAOCTaTOYHO M3yde-
HEL [lenpio 3TOro MccaemoBaHus ObLUIO BEISIBIICHUE (DEHOTUITMYECKUX M3MeHeHHNH B TTomyrsiinsax CD45RA/
CD45RO no3utuBHbIX T-1uMdbolmTax U ypoBHen peryiasitopHbix TUTOKMHOB (TNFa, IFNy, 1L-4, 1L-6,
1L-8, IL-10, IL-13, IL-17A, IL-17F) nipu ayyteprudecKrX pecnupaTOpPHBIX 3a0oyeBaHUsSIX (A3) y meTeid.
B o6pa3suax kpoBu y 90 mereit B Bo3pacte ot 3 1o 11 et (60 60sbHBIX ¢ A3 1 30 310pOBBIX POBECHUKOB)
WCCIIeIOBaI UMMYHHBIE KJIETOYHBIE ITOIYJISIUN W TOKa3aTeJau HUTOKWHOB. YpoBHu IL-4, IL-8, 1L-10,
IL-13, IL-17A u IL-17F B chIBOpOTKE KPOBU JeTeil ¢ OPOHXMAJBLHOM aCTMOUM M aJljIepruuyecKuM PUHU-
TOM OTJIMYAJIMCh OT COOTBETCTBYIOIIMX ITOKa3aTejieit B KOHTpoJipHOI rpymme (p = 0,001). ConmepkaHme
CD3*"CD8"CD45RACD45RO" kiterok, T-xennepos (p < 0,05) u Th-a¢hdekTopoB, 0OAHOBPEMEHHO DKCIIPEC-
cupytoninx ooe n3opopmel CD45RAY m CD45R0O penentopa B riepudepndecKoii KpoBu aeteit ¢ A3, 3HAUM-
TEeJIBbHO MPEeBHIIIAI0 TAKOBBIC ITOKa3aTeIN B KOHTPOJbHOH rpytime (p < 0,001). ¥V 3mopoBBIX AeTeit MOMYISIIINS
Th17 (numdouutel penoruna CD3*CD47"CD196) cocrasisuia 9,49+1,6% CD3"CD4* K1eTOK; 4MCJIO TAKUX
JMM@OOLIMTOB 3HAYUTEILHO HOBbIIIANOCh (10 14,5+0,77%) y neteit ¢ A3 (p < 0,001). AGCOJIIOTHOE CoaepKa-
Hue Th17* xknetok cocraBistmo 93,0+9,30 1 127,0£72,0 xiieTok/MKI cooTBeTcTBeHHO (p = 0,002). [Tokaza-
Tenmu CD4CD45R0O mo3nuTUBHBIX KJIETOK MaMsITH y AeTeit ¢ A3 oka3ajioch 3HauuTeabHO HIke (p < 0,001),
Torma kak KommdectBo CD3"CD19* ki1eToK OBLI0 TTOBBIIIICHHBIM IO CPAaBHEHUIO CO 3I0POBBIMH POBECHU-
kKamu (p < 0,05). AGCOIIOTHOE comeprkKaHWe STUX KJIETOK HE pa3Indalioch MEXIY 3TUMU Tpyrmamu. Ymuc-
10 CD8*CD45RO*T-muMdOoInTOB OBIJIO 3HAYUTEIILHO BBINIE Y ASTE C ajljIepruuecKMU 3a001eBaHUSIMUA
(p <0,025). lanHOE McCIeoBaHMEe MOKA3bIBACT, YTO KoJnmdecTBeHHOe cooTHomIeHne CD3*CD8"CD45RA™
n CD3"CD8"CD45RO*T-KI1eTOYHBIX MOMYJISLWI, a TAKXKe MOBBIIIIEHUE YPOBHEN IIMTOKUHOB, CUHTE3UPYE-
MbIx 110 Th2-, Th17-tytu, B mepudeprdeckoit KpOBU MOXKET OBITH ITOJIC3HBIM TSI TIOHMMAaHUS TeHe3a pe-
CIIMPATOPHBIX AJUIEPTUA, M 3TH JaHHBIC PACIIUPSIOT Hallle 3HAaHMEe 00 MMMYHHBIX MEXaHU3Max ajijleprude-
CKHUX PacCTPOMCTB C MeJIbI0 MHANBUIYAIU3AlIMHA TEPANIeBTUICCKUX IIPOTPaAMM.
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POPULATIONAL COMPOSITION OF CD4'5RA/CD4'5R0
POSITIVE T LYMPHOCYTES AND CYTOKINE PROFILE IN
CHILDREN WITH ALLERGIC RESPIRATORY DISEASES
Turyanskaya A.L, Plekhova N.G., Sabynych V.A, Prosekova E.V.

Pacific State Medical University, Vladivostok, Russian Federation

Meoduyunckas Ummynonoeus
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Abstract. The changing states of T cell populations responsible for the chronic course of allergic inflam-
mation and diseases, including allergic bronchial asthma, are not yet sufficiently characterized. The aim of
this study was to detect phenotypic changes in the CD45RA/CD45RO0 positive T lymphocytes and the level of
regulatory cytokines (TNFa, IFNy, IL-4, IL-6, IL-8, 1L-10, IL-13, IL-17A, IL-17F) in allergic respiratory
diseases (ARD) in children. In blood of 90 children aged 3-11 (60 children with ARD and 30 healthy peers)
were studied of the immune cellular populations and cytokine indices.

The levels of 1L-4, 1L-8, IL-10, IL-13, IL-17A and IL-17F in blood serum of children with bronchial
asthma and allergic rhinitis differed from appropriate indices in control group (p = 0.001). The quantity of
CD3*CD8*CD45RACD45RO" cells, T helpers (p < 0.05) and Th effectors simultaneously expressing both iso-
forms of the CD45RA* and CD45RO receptor in peripheral blood of children with ARD significantly exceeded
those in control group (p < 0.001). In healthy children, Th17 population (CD3*CD4"CD196 lymphocytes)
comprised 9.49+1.6% of CD3"CD4" of cells, the number of such lymphocytes was significantly increased to
14.5+0.77 in children with allergic diseases (p < 0.001). Absolute numbers of Th17* cells were 93.0+9.30 and
127,0£72.0 cells/ul respectively (p = 0.002). Indicators of CD4CD45RO positive memory cells in children with
ARD was determined as significantly lower (p < 0.001), whereas quantity of CD3*CD19* proved to be higher
(p < 0.05) than in healthy peers. Absolute counts of these cells did not differ between the groups. The number
of CD8"CD45RO*T lymphocytes was significantly higher in children with allergic diseases (p < 0.025). This
research shows that the quantitative ratio of CD3*CD8*CD45RA" and CD3"CD8*CD45RO" populations of
T cells, and increased levels of cytokines, synthesizable via Th2 and Th17, in peripheral blood may be helpful
for understanding genesis of allergic respiratory diseases, and extends our knowledge on immune mechanisms
of allergic disorders for individualization of therapeutic programs.

Keywords: T lymphocytes, T helpers, cytokine, allergic rhinitis, atopic bronchial asthma, children

Introduction

In case of allergic diseases, imbalance in regula-
tion of immune response to antigen is accompa-
nied by decrease of suppressive activity of regulatory
T cells, production of specific immunoglobulin an-
tibodies IgE or implementation of delayed-type hy-
persensitivity reaction and allergic inflammation. The
role of activated CD4"T cells of memory as the main
producer of cytokines of activated T helpers of type 2
(Th2) in allergic bronchial asthma and a number of
other atopic diseases has been proven. Cytokines of
Th2 profile — IL-4 and IL-13 interact with resident
cells of pulmonary tract, including epithelium, myo-
fibroblasts and smooth muscle cells, as a consequence
affects pathophysiological features of implementation
of inflammation in bronchial asthma [3, 15]. Original-
ly was considered that the specified Th2 cytokine gen-
erally were produced by CD3*CD4"T cells, the ability
to synthesize them and CD3*CDS8*T cells is currently
shown, were found allergen — specific CD3*CD8*

of the T cell [7]. Suggested, that an increase in the
number of activated T cells of memory (CD54RO/
CD25) in the lungs or peripheral blood indicated
chronic inflammation in asthma. CD3*CD4* popu-
lations (Th1, Th2, Th9, Th17, Th22, Treg and Tfh),
CD3*CD8" of memory and effector subpopulations
differ on extracellular (CD25, CD45R0O, CD45RA,
CCR-7, L-Selectin [CD62L], etc.) and intracellular
to markers (FOXP3), epigenetic and genetic programs
and metabolic ways (catabolic or anabolic) that de-
fines their pathogenic value in development of allergic
inflammation.

Differentiation of naive T cells into functionally
complete effectors is accompanied by acquisition of
a characteristic cytokine profile, which, as a result,
determines their functional activity. Thus, subpopu-
lations CD4*T lymphocytes — T helpers (Th) are
responsible for the formation of cell-mediated and
acquired types of immune response and these cells
are phenotypically highly heterogenic. Under the
influence of the various cytokine produced by CD3*
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CD4* lymphocytes various subpopulations of T help-
ers (Th) are formed: Thl are the cells synthesizing in-
terferon — gamma (IFNy), Th2 — the producing [L-4,
IL-5 and I1L-13, regulatory T cells, Treg capable to
synthesis of TGF-3 and expression of a transcription
factor of FoxP3 [12, 15]. Antigen expressed T cells by
phenotypic characteristics are divided into popula-
tions of effector and T cells of memory, the latest are
divided into T cells with effector memory by expres-
sion of CCR7 receptor (Tem) and central memory of
CCRY7 (Tcm) [6]. It has been previously reported that
memory T cells are associated with chronic inflam-
matory diseases [8]. However, specific subpopulations
of human memory T cells, which are responsible for
the chronic course of allergic inflammation and dis-
eases, including allergic bronchial asthma, are not yet
sufficiently characterized.

Correlation of plasticity of T subpopulations and
possibility of cell transition from one population
to another depending on microenvironment, type
of obtained cytokine signals and other factors are
shown [9]. Development of inflammatory process in
respiratory tract in case of allergic diseases is accom-
panied by participation of different populations of
immunocompetent cells and mediators of inflamma-
tion. Among pathogenetic mechanisms of bronchial
hyperreactivity the dysregulation of the immune an-
swer with changes of activity and a ratio of subpopu-
lations of Thl, Th2, Th9 and Treg is noted. Locally,
numerous extracellular messengers are contained in
the focus of allergic inflammation in addition to ac-
tivated immune cells, which act as the main initiators
of T helper cell plasticity. Polarization of cells of Th2
in ThO is initiated by IL-4 and the main effector cyto-
kine of Th2 of cells IL-4, IL-5 and IL-13. Th17 after
stimulation of TGF, IL-6 and IL-21 produce IL-17A,
IL-17F, IL-22 and IL-26 and also IL-6 and IL-21 as
positive loopback cytokine with feedback [13, 15].

The aim of the study is to detect phenotypic changes
in the CD45RA/CD45RO of positive T lymphocytes
and the level of regulatory cytokines (TNFa, [FNy,
1L-4, I1L-6, IL-8, IL-10, IL-13, IL-17A, IL-17F) in
allergic respiratory diseases in children.

Materials and methods

The study included 90 children aged 3-11, among
them 60 children with a verified diagnosis of aller-
gen-induced bronchial asthma phenotype with mild
(11.67%) and moderate severity (88.33%) clinical
course of disease (44 (73.33%) bronchial asthma chil-
dren combined with allergic rhinitis) and 30 healthy
peers who made up the comparison (control) group.
All children were observed in RSBHI “Vladivostok
Clinical and Diagnostic Center”. Verification of the
disease phenotype was carried out in accordance

with the recommendations of the international con-
ciliation documents PRACTICAL (2008), European
Academy of Allergy and Clinical Immunology and
the American Academy of Allergy, Global Strategy
for Asthma Management and Prevention (2018) and
ARIA (2016). The criteria for exclusion from the
study were up to 3 years of age and older than 11 years,
virus-induced phenotype, severe course of bronchial
asthma and use of immunocorrective drugs in the
previous six months. The design of the study was ap-
proved by the Interdisciplinary Ethics Committee of
Pacific State Medical University 23.06.2014, Protocol
No. 7.

Immunophenotyping of the cells was carried out
using human-specific mouse monoclonal antibod-
ies conjugated with FITC, phycoerythrin (PE), al-
lophycocyanin (APC) and VioBlue (Miltenyi Biotec
GmbH, Germany). Immunological study included
determination of T lymphocyte (CD3*) popula-
tions, T helpers (CD3*CD4"), cytotoxic T cells
(CD3*CD8"), B lymphocytes (CD19%)As well as
determining the expression of the differentiation an-
tigen CD45 with the RA and RO isoforms (Clone
ToeDI11 and REAG611 respectively, Miltenyi Biotec
GmbH, Germany) on subpopulations of naive T lym-
phocytes (CD3*CD4*CD45RA"), “terminally dif-
ferentiated” CD45RO — positive Th-cells memories
(CD3*CD4"CD45RA CD45R0O") and also the bear-
ing two isoforms a double — positive transitional Th-
cells (CD3"CD4*CD45RA CD45RO"). Thl17 cells
were identified as CD3"CD4* positive events with
an additional signal for receptor expression to Th17
cell-specific chemokine CCR6 (CD196 (CCR6)
-APC clone REA277; Miltenyi Biotec GmbH, Ger-
many). For determination of intracellular content of
cytokine of IL-17 used monoclonal antibodies against
IL-17A (REA1063 clone), marked PE-Vio770, iso-
typic control of an antibody against REA (Miltenyi
Biotec GmbH, Germany). Lymphocyte subpopula-
tion was determined by multicolor flow cytometry
using MACSQuant TM Analyzer 10 (Miltenyi Biotec
GmbH, Germany). The data were analyzed by gain-
ing at least 30,000 leukocytes in the sample. The pop-
ulation of CD3* PE-labeled lymphocytes was gated
using fluorescent channel (FL3) and lateral light scat-
tering parameter (SSC). Respectively, two-parame-
ter a pillbox rafts CD3*CD4*CD45RA*CD4"5RO*
(Th eff), CD3*CD4*CD196* (Th17 CD196%) and
CD3*CD4"IL-17A* (Th IL-17A) were created for
assessment of percentage of CD3*CD4"CD45RA*
(Th naive), CD3"CD4*CD45RA CD45RO* (Th em,
effector T cells of memory) [5].

Concentration of interleukins (TNFa, IFNy,
1L-4, IL-6, IL-8, IL-10, IL-13, IL-17A, IL-17F) and
IgE in serum of blood determined by method of the

151



Typanckas A.U. u op.
Turyanskya A.1. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

solid-phase enzyme immunodetection with use of
sets of reactants according to the enclosed instruction
(interleukins in pg/ml, reactants of eBiociens, Bend-
er Medsystems GmbH, Austria, IgE in IU/ml, LLC
Alcor Company of Biot, St. Petersburg).

For statistical processing of digital data used meth-
ods parametrical (at normal distribution of indica-
tors and coefficient of a variation of CV < 30%) and
nonparametric (at distribution, other than normal,
and coefficient of a variation of CV > 30%) statistics
with use of the Statistica 10 program. The arithmetic
mean (M), median (Me), quadratic mean deviation
([alpha]), arithmetic mean error (x m), upper and
lower quartile (Q,,s-Q,+s), confidence interval (CI),
index validity factor (t) and differences (t and p) were
counted. Correlation analysis techniques were used in
calculating the Spirman rank correlation coefficient
with checking the normality of the characteristic value
distribution (Shapiro—Wilk). The scope of the studies
carried out and the use of the corresponding statistical
methods allowed to estimate the results with reliability
and critical level of significance p < 0.05.

Results and discussion

In children with allergic respiratory diseases com-
pared to healthy peers, there was an increase in the
specific weight and absolute amount of eosinophils in
peripheral blood (p < 0.01) and serum total IgE con-
tent (318, 20+25.23 IU/ml (CI 306.69-443.89 1U/ml
and 51, 80+14.19 TU/ml (CI 25.95-79.96 1U/ml re-
spectively p < 0.01). At bronchial asthma and allergic
rhinitis at children indicators of IL-4, IL-8, IL-10,
IL-13, IL-17A and IL-17F in serum of blood dif-
fered with indicators of group of control (Figure 1).
The serum IL-17A content of children with allergic
diseases ranged from 89.8 to 365.5 pg/ml (123.7 [107-
139]) and was significantly higher (p = 0.0001) in the
group of healthy children (from 23.8 to 97.9 pg/ml
(68.7 [47.4-83.3]), Figure 1G). Serum IL-17F levels
in children with allergic diseases ranged from 19.2 to
76.0 pg/ml (28.6 [25.2-36.5]) and did not differ signif-
icantly with those of healthy peers (21.6-76.0 pg/ml
(27.7 [25.3-35.0]). In the isolated course of bronchial
asthma and in combination with allergic rhinitis, an
increase in the concentration of interleukins 4,8,13
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Figure 1. Cytokine content in the blood serum of children with allergic respiratory diseases and healthy peers
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and 17A was detected with a decrease in the produc-
tion of interferon gamma without significant differ-
ences depending on the prevalence of allergic inflam-
mation. At healthy children indicators of interleukins
in serum of blood varied in the range from several units
of (IL-4, IL-8, IL-13) up to several tens (IL-17A,
IL-17F TIFNy) picograms in a milliliter with the con-
fidential intervals (CI) of IL-4 — 1.44-1.54 pg/ml;
IL-8 — 2.41-3.18 pg/ml; IL-13 — 4.34-5.78 pg/ml;
IL-17A — 21.78-25.69 pg/ml; IL-17F — 24.51-26.89
pg/ml; IFNy — 28.62-30.58 pg/ml. At children with
allergic diseases straight lines of weak force of cor-
relation between indicators of IL-17A and IL-17F
IL-13 and IL-4 and the return orientation of inter-
relation are noted 1L-8 with IL-17A and IFNy, IL-13
with IL-17F and IFNy are revealed between IL-4 with
IL-8 and IL-17F, at reliability of negative correlation
of indicators of IL-17F with IL-4 and IFNy.
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The primary contact of naive T cells with the anti-
gen is accompanied by their clonal expansion and dif-
ferentiation into different subpopulations of effector
cells. Phenotypical sign of a differentiation of naive
T lymphocytes is the expression on a CD45RO iso-
form surface instead of the CD45RA isoform [4, 11].
The cytometric analysis at healthy and children with
allergic diseases of respiratory organs did not reveal
statistically significant differences in the percentage
of populations of CD3*, CD8*, CD8*CD45RA and
CD4*CD45RA CD45RO- (Figure 2). The specific
gravity and absolute number of CD3*CD8*CD45RA-
CD45RO" cells in the peripheral blood of children
with allergic diseases significantly (p < 0.001) ex-
ceeded those in the control group (Figure 2B). De-
crease in percent of CD3CD45RA of positive cells
and CD3CD45R0O indicates increase in a pool of the
differentiated cells which are not bearing an isoforms
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Figure 2. Structural-quantitative characterization of lymphocyte and T cell subpopulations in peripheral blood of children
with allergic diseases of respiratory organs and healthy peers
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of a receptor of CD45R0O and CD45RA on the sur-
face. In children in allergic bronchial asthma, in com-
bination with allergic asthma, there was a tendency
to increase the differentiated population of CD3CD4
positive T helpers (p < 0.05) and to increase the
amount of Th effector type expressing both isoforms
of the CD4*5RA and CD45RO receptor at one time
(p <0.01). The specific weight in children with allergic
respiratory diseases CD4CD45RO positive memory
cells was determined significantly lower (p < 0.001)
and CD3"CD19" higher (p < 0.05) than in healthy
peers. The absolute number of these cells did not dif-
fer between groups. The number of CD8*CD45RO*T
lymphocytes was significantly higher in children with
allergic diseases (p < 0.025) (Figure 2B).

CD196 selectively binds chemokine MIP-3a/
CCL20, which is secreted by many cells and tissues
of the body. When interacting with chemokines, che-
motactic activity of immature memory T cells and
conversion to Th17 are induced [15]. The cytomet-
ric analysis showed that at healthy children Th17
population (CD3*CD4*CD196 lymphocytes) made
9.49£1.6% of CD3*CD4" of cells (Figure 2B), the
number of such lymphocytes was significantly in-
creased to 14,5+0.77 in children with allergic diseases
(p < 0.001). Absolute numbers of Th17 were 93,01+9.30
and 127, 0£72.0 kl/ul respectively (p = 0.002). Cor-
relation analysis showed no significant dependence on
age and period of disease (r, = 0.12, p = 0.21 control
group and r, = 0.06, p = 0.25 children with allergic
diseases). When the age adjustment was taken into ac-
count, the frequency of difference in Th17 between
the two groups was 0.013. Similar data were obtained
from the cell population of the production-positive
IL-17A Th17. In group of control the percent of pop-
ulation of IL-17A of positive cells made 0.53+0.08%
of CD3"CD4" of lymphocytes, at children with bron-
chial asthma and allergic renitis made 2.38+0.70%
(p <0.001).

The peripheral blood of patients with bronchial
asthma shows an imbalance in the quantitative ratio
of T cells, more pronounced when the disease is exac-
erbated by allergen exposure. In this study, in children
with allergic respiratory diseases compared to healthy
peers, there were no differences in the percentage and
quantity of CD3 and CD8 positive T cells, with an
increase in specific gravity and absolute number of T
helper population, which is consistent with the data of
other authors [3].

At patients with allergic diseases showed a change
in the subpopulations of memory T cells CD4* and
CDS8"* positive T lymphocytes, the percentage of
CD4*CD45RO* cells was significantly lower than
in healthy individuals, with no difference between
absolute values. The decrease in specific gravity

CD4*CD45RO"T cells is likely due to the withdrawal
of this population from peripheral blood to the site of
inflammation. This assumption is supported by evi-
dence of decreased CD45RO receptor expression on
sputum T cells in patients with bronchial asthma asso-
ciated with oral glucocorticoid administration [8, 10].
In the real research the correlation between weight of
a course of a disease and degree of an expression of a
marker of cells of memory (CD45R0O) on CD4*T cells
is not revealed, at higher percent of CD4*CD45RO*
of T cells of children with an allergopathology. The in-
crease in the number of CD8CD45RO positive T cells
found in allergic diseases illustrates the involvement of
these cells in immune mechanisms of allergic inflam-
mation. They are able to secrete profile Th2 cytokines,
including IL-4, IL-5 and IL-13. Indicate the relation-
ship of the number of CDS8*T cells in the bronchial
biopsy in asthma to the decrease in lung function [14].

Maturing T cells are known to change the set of
chemokine receptors and adhesion molecules de-
pending on extracellular signals, which determines
their movement to the zone of performance of spe-
cific effector functions. In allergic bronchial asthma,
CCRG6 expression plays an important role in regulat-
ing the recruitment of effector T cells in tissue [3]. In
bronchial tubes at bronchial asthma of Th17 lympho-
cytes influence products of a mucin and a hyperpla-
sia of goblet cell, by synthesis of cytokine of IL-17A.
IL-17F together with IL-17A causes chemokine
production, affects mRNA transcription and protein
translation [1, 2]. In the conducted research at chil-
dren with allergic diseases of respiratory organs the
imbalance in subpopulation structure T helper due
to prevalence of Th2 and Th17, activation of synthe-
sis of IL-17A, 1L-4, IL-8, IL-13, the low IFNy level,
changes of force and orientation of interrelations of
a cytokine profile and range T subpopulations is re-
vealed.

Conclusion

At allergic diseases of respiratory organs at chil-
dren tension of T cellular immunity, decrease in
maintenance of T cells of memory and increase in
quantity of Th2 and Thl17, reduction of long-living
population of CD3*CD4"CD45RA*CD45RO* (Th
eff) is defined. This research illustrates that the quan-
titative ratio of populations of CD3*CD8*CD45RA*
and CD3*CD8*CD45RO" of T cells and increase
in level of cytokine, synthesizable Th2 and Thl7, in
peripheral blood informatively at realization of al-
lergic diseases of respiratory organs and supplements
knowledge of immune mechanisms of pathogenesis of
allergic diseases for individualization of programs of
therapy.
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COCTAB NOJIMHEHACBILLEHHBIX Y)KUPHbIX KUCJ10T
MEMBPAH JIEAKOLIMTOB Y MNALUMEHTOB C XPOHUYECKOM

OBCTPYKTUBHOM BOJIE3HbIO JIEFTKUX
Henncenrxo I0.K., Hosropoanesna T.I1., Rusimosa B.B., Auronioxk M.B.

Hayuno-uccaedosamenvckuii uncmumym mMeOUYUHCKOU KAUMAMOAORUU U BOCCIAHOBUMENbHO20 NeUeHUs] —
Baaodusocmorxckuti gpusuans OIBHY «JlarvHesocmourbiil HayuHbLil yeHmp Qu3uos0euu U namoaoeuu ObIXaHUsL»,
2. Braousocmox, Poccus

Pesome. Llenp uccienoBaHus — aHaJIM3 cOCTaBa N-3 U N-6 MOJMHEHACBIIIEHHBIX JKUPHBIX KHUCJIOT
(ITH2XKK) uutoMeMOpaH JIEHKOLIUTOB KPOBU MPU XPOHUUECKON 0OCTPYKTUBHOI 0osie3HU jerkux (XOBJI)
JIETKOU U CpeHel CTEeNeH! TSKEeCTH; yCTaHOBJIeHUEe postn HapylneHust coctaBa [THKK B MemOpaHe kiteTok
UMMYHHOI cucteMmbl B nporpeccupoBaHnun XODBJI. B ucciengoBanuu npuHsiiv yyactue 110 maiMeHTOB C
nerkoii (60 desioBek) u cpeaHeii creneHblo Tskectu XOBJI (50 yenoBek) (cpenHuii Bo3pact 57,5+4,8 jer).
Hwarno3 XOBJI BeicTaBieH B COOTBETCTBUU € [J106anTbHON MHUIIMATUBOU MO XPOHUYECKON OOCTPYKTUBHOM
oosie3nu Jerkux (GOLD-2017). KoHTpoJIbHYIO TPYNITY COCTaBUIM 32 MPaAKTUYECKU 3M0POBBIX HEKYPSIIINX
JIOOPOBOJIBbIIA C HOPMATbHOM (hyHKIIMEH Jerkux (cpemHuii Bo3pact 42,0+3,4 net). UMMyHOJIOTMYECcKOe 1C-
cJiefoBaHMe BKII0YAJIO MPOTOYHO-IIMTOMETPUYECKOE OTIpeie/IeHrEe CyOnOIyIsIliuii UMMYHHBIX KJIETOK KpPO-
Bu (T-mumbormro (CD3"), T-xenmepHsix kiretok (CD4"), nmurorokcndeckux T-aumbonuroB (CD8Y) n
B-xnetok (CD19%) (Becton Dickinson, CIIIA). JlelikouuTsl niepudeprudeckoil KpOBU BbIIEISJIMCH Ha Tpa-
nueHTe pukosi-BeporpaduHa. JInnuasl 13 MeMOpaH JIEHKOIIMTOB 3KCTPAarupoBaIMCh CMEChIO XJ10pohopM—
MmeTaHoJ, 1:2 (mo oo6beMy). MeTtunoBbie 3(DUPHI KUPHBIX KUCIOT MEMOpaH JIEWKOLIMTOB aHAIU3UPOBAIU
C TIOMOIIIBIO Ta30KUAKOCTHOU xpomatorpaduu “Shimadzu GC-2010" (Anonus). [1pu aHanuze npobuss
TMOJIMHEHACHIIIIEHHBIX KUPHBIX KUCJIOT JICHKOIUTApHBIX MeMOpaH y 0oiabHbIX XOBJI BhIsIBIeHa HU3Kas
KOHLIEHTpALMS 3CCEHLIMAIbHOM JIMHOJIEBOM KUCIOTHI (18:2n-6) HE3aBUCHUMO OT TsixkecTH 3abosieBaHust. Co-
JepXkaHue JMHHoLenodyeyHbix n-6 [THXKK, Takux kak 1uromMo-y-JMHOJeHOBO# KuciaoThl (20:3n-6), apa-
XUAOHOBOM KUCTOTHI (20:4n-6) 1 10KO3aTeTpaeHOBOW KUCJIOTHI (22:41n-6) OBIIM MOBBIIIECHBI y MALIMEHTOB C
XOBJI o cpaBHeHMIO ¢ KOHTpOAbHOM rpymmoii. KonneHTpanms onrcanHbIx Boeire n-6 ITHXKK B neiiko-
UTapHBIX MeMOpaHax Obu1a yBeanueHa y anueHToB ¢ XOBJI cpeaHeit cTereHu TSKECTH MO CPaBHEHUIO C
nanueHTamu c Jierkoit ¢opmoit XOBJI. BeisiBiieH 3HaUUTENbHbBINA AeDUIIUT (DU3UOJTOTMUECKUA BaXKHOU n-3
ITH2KK — siiko3aneHTaeHOBOM KUCIOTHI (20:5n-3) B JeiikonmTapHoii MemOpaHe y manueHToB ¢ XOBJI.
B cBo0 ouepenb HU3KKUI YPOBEHB TOKO3areKCaeHOBOM KUCIOTHI (22:6n-3) SBJISICTCST pe3yJIBTaTOM AeduiuTa
ero npeamecrBeHHUKa — 20:5n-3. Pe3yabraThl MCCeA0OBaHMS YKa3bIBAIOT HA U3MEHEHME cocTaBa n-3 u n-6
ITH2KK neitkomutapHBIX MeMOpaH KpoBH y narneHToB ¢ XOBJI. ITokazaHo, 4TO HapyIIeHUE COCTaBa I10-
JIMHEHACHIILIEHHBIX XKUPHBIX KMCJIOT MEMOpPaH JIEHKOLIMTOB BOBHUKAET YK€ Ha paHHEel cTaauu 3aboJieBaHUSI.
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CrenoBaresibHO, AUCOAIAHC B COCTABE XKMPHBIX KUCJIOT JIEMKOIIUTOB BHOCUT 3HAYMTEJIbHBIN BKJIa B pa3BU-
Ttue u nporpeccuponanue XOBJI.

Knrouesvie crosa: scuphole KUCA0Mbl, NOAUHCHACHIUEHHbIE JICUPHBLE KUCA0MDbL, ACHKOUUMDbL, KACMOYHASL MEMOPAHA, XPOHUHECKOe
socnanenue, XObJI

POLYUNSATURATED FATTY ACID STATUS OF LEUKOCYTE
MEMBRANES IN COPD PATIENTS
Denisenko Yu.K, Novgorodtseva T.P., Knyshova V.V, Antonyuk M.V.

Institute of Medical Climatology and Rehabilitative Treatment, Viadivostok Branch of Far Eastern Scientific Center of
Physiology and Pathology of Respiration, Viadivostok, Russian Federation

Abstract. The aim of the study was to analyze n-3 and n-6 polyunsaturated fatty acid (PUFA) profile of
blood leukocyte cytomembranes in mild and moderate COPD), and to establish possible role of these fatty acids
in COPD progression. The study involved 110 patients with mild disease (n = 60) and moderate COPD (50 pa-
tients), at average age of 57.514.8 years old. The control group consisted of 32 practically healthy non-smoking
people with normal pulmonary function (average age 42.0+3.4 years). The immunological study included flow
cytometric determination of blood immune cell subpopulations, i.e., T lymphocytes (CD3"), T helper cells
(CD4%), cytotoxic T lymphocytes (CD8*), and B cells (CD19%) using Becton Dickinson machine (USA).
Fatty acid methyl esters redissolved in hexane were analyzed using “Shimadzu GC-2010" gas-liquid chromato-
graphic system (Japan). Analysis of the polyunsaturated fatty acid profile of leukocyte membranes in COPD
patients revealed a reduced concentration of essential linoleic acid (18:2n-6) regardless of the disease severity.
The leukocyte membrane levels of the long-chain n-6 PUFAs, such as dihomo-y-linolenic acid (20:3n-6), ara-
chidonic acid (20:4n-6), and docosatetraenoic acid (22:4n-6), were elevated in patients with COPD compared
with the control group. However, the concentration of the described above n-6 PUFAs in leukocyte membranes
was increased in patients with moderate COPD compared to the patients with mild COPD. The significant
deficiency of a physiologically important n-3 PUFA, eicosapentaenoic acid (20:5n-3), in leukocyte mem-
branes in the COPD patients was revealed. In turn, the low level of 20:5n-3 could result from the deficiency of
its precursor, docosahexaenoic acid (22:6n-3). The results of the study indicate the modification in the PUFA
composition of blood leukocyte membranes in the patients with COPD. It was shown that altered composition
of long-chain fatty acid of leukocyte membranes emerges already at the early stage of the disease. Therefore,
the imbalance in fatty acids composition of leukocytes makes a significant contribution to the development and
the progression of COPD.

Keywords: fatty acids, polyunsaturated fatty acids, leukocytes, cell membrane, chronic inflammation, COPD

Chronic obstructive pulmonary disease (COPD)
is a steadily progressive disease characterized by in-
flammation of the lower respiratory tract and bron-
chial obstruction (edema). COPD refers to a common
respiratory pathology that causes a disability [7]. The
chronic airway inflammatory process maintained by
systemic inflammation underlies COPD pathoge-
nesis [3]. The cellular and molecular mechanisms of
chronic systemic inflammation in COPD involve all
aspects of structural and functional state of immune
cells [3, 4].

According to modern studies, n-3 and n-6 poly-
unsaturated fatty acids (n-3 PUFAs and n-6 PUFAs)
play an important role in the functioning of immune
cells [5, 13]. It has been shown that PUFAs impact
on each type of immune cells in various ways, modu-

late all known macrophage-mediated defense mecha-
nisms, such as phagocytosis, respiratory burst, and cy-
tokine production [1, 12, 13]. Moreover, PUFAs has
been established to influence on the immune response
by several independent mechanisms. Firstly, fatty ac-
ids are essential components of membrane phospho-
lipids [11]. As a result, changes in the PUFA composi-
tion of cell membranes modulate the physicochemical
properties of them membranes (fluidity) and individ-
ual membrane domains (lipid rafts), which leads to
the modification of cell signal pathways and gene ex-
pression [12, 14]. Secondly, fatty acids serve as ligands
for receptors of immune cells, including peroxisome
proliferator-activated receptor gamma (PPARy) and
G-protein coupled receptor 120 (GPR120), thereby
directly affecting the activation and protein synthe-
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sis of the cells [8]. Thirdly, the oxidized derivatives of
n-3 and n-6 PUFAs (prostaglandins, prostacyclins,
thromboxanes, leukotrienes, lipoxins, resolvins, pro-
tectins, and marensins) are powerful immunoregula-
tors that have diverse effects on immune cells [9].

Despite the importance of PUFAs in the devel-
opment of many pathological conditions, the role of
modifying lipid composition of immune cell mem-
branes in COPD pathogenesis still remains to be in-
vestigated. We suggest that one of the mechanisms
of chronic inflammation in COPD is a violation of
PUFA composition of immune cell membranes.

The aim of the study was to analyze n-3 and n-6
PUFA composition of blood leukocyte cytomem-
branes in mild and moderate COPD and to establish
the role of these fatty acids in COPD progression.

Materials and methods

The study involved 110 patients with mild (60 peo-
ple) and moderate COPD (50 people) (average age
57.5%+4.8 years). The disease was diagnosed in ac-
cordance with the Global Initiative for Chronic Ob-
structive Pulmonary Disease (GOLD-2017) [7]. The
patients with acute infectious diseases, exacerbations
of chronic diseases, decompensated heart failure were
excluded from the examination. The control group
consisted of 32 practically healthy non-smoking
people with normal pulmonary function (average age
42.0£3.4 years). The study was approved by the local
Ethics Committee, all participants gave written in-
formed consent.

Spirometry, assessing dyspnea using Modified
British Medical Research Council (mMRC) scale,
assessing quality of life using COPD Assessment Test
(CAT), blood sampling for the isolation of leukocytes
and the determination of immunological status were
performed in patients with COPD in one visit.

The maximum expiratory volume was measured
three times by spirography (FUK.UDA, Japan)
with recording the highest value of forced expiratory
volume in 1 second (FEVI1) and forced vital capac-
ity (FVC). The examination was repeated 20 minutes
after inhaling 200 pg of salbutamol through a spacer
device.

Blood samples were collected in EDTA tubes (BD
Biosciences, USA) to the analysis of immune cell sub-
populations by flow cytometery (BD FACS Canto 11,
BD Biosciences, USA) and the isolation of leukocytes
to the subsequent assessment of fatty acid composi-
tion. The immunological study included the flow cy-
tometric determination of subpopulations of the blood
immune cells (T lymphocytes (CD3*), T helper cells
(CD4%), cytotoxic T lymphocytes (CD8*), and B cells
(CD19%) (Becton Dickinson, USA). Data processing
was carried out using the FCAP Array 3.0 software
(BD Biosciences, USA). The immunoregulatory in-
dex (CD4*/CD8%) was calculated.

Peripheral blood leukocytes were isolated by
the ficoll-verographin double density-gradient cen-
trifugation method. Lipids were extracted from leu-
kocyte membranes with chloroform/methanol (1:2 by
volume) solution. Methyl ethers were extracted with
hexane and purified by thin-layer chromatography in
benzene. Fatty acid methyl esters redissolved in hex-
ane were analyzed using gas-liquid chromatograph
“Shimadzu GC-2010” (Japan) equipped with a flame
ionization detector, a capillary column “Supelco-
wax 10” (0.25 mm 30 m) with a bonded phase. The
column temperature was 210 °C; the detector tem-
perature was 250 °C; the carrier gas was helium. Fatty
acids were identified by relative retention times and
calculated equivalent chain lengths. The data were ex-
pressed as a percentage of total fatty acids.

Statistical analysis was performed by Statistica 6.1
software (1203C series for Windows). Differences in
the studied parameters were evaluated using Mann—
Whitney and Kolmogorov—Smirnov tests and consid-
ered significant when p < 0.05.

Results

The obtained results are presented in the table 1.
The immune system status in the patients with COPD
was characterized by a decrease in the absolute num-
ber of lymphocytes, CD3* cells, CD4* cells, as well
as CD8" cells (only in patients with mild COPD).
Impaired differentiation of immune cells appears to
reduce an adequate response to the pathogen and lead
to the development of chronic inflammation.

The analysis of the polyunsaturated fatty acid
profile of leukocyte membranes in COPD patients
was found the low concentration of essential linoleic
acid (18:2n-6) regardless of the disease severity. The
leukocyte membrane levels of the long-chain n-6
PUFAs, such as dihomo-y-linolenic acid (20:3n-6),
arachidonic acid (20:4n-6), and docosatetraenoic acid
(22:4n-6), were elevated in patients with COPD com-
pared with the control group. However, the concen-
tration of the described above n-6 PUFAs in leukocyte
membranes were increased in patients with moderate
COPD compared with patients with mild COPD. The
significant deficiency of a physiologically important
n-3 PUFA, eicosapentaenoic acid (20:5n-3), in leu-
kocyte membrane in the COPD patients was revealed.
In turn, the low level of 20:5n-3 was resulted from
the deficiency of its precursor, docosahexaenoic acid
(22:6n-3).

The detected disorders of the composition of long-
chain n-3 and n-6 PUFAs in the COPD patients seem
to be associated with changed synthesis of eicosanoids,
main PUFA metabolites involving in the regulation of
inflammation and smooth muscle contraction.

The alteration in the composition of physiologi-
cally important FA causes the enhancement in the
ratio of 20:4n6,/20:5n3 in all studied groups of COPD
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TABLE 1. CLINICAL, IMMUNOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OF PATIENTS WITH COPD

Parameters Control group Mild COPD Moderate COPD
FEV1, % predicted 101.88+3.23 90.13+1.99 73.9+2.56
;r:;hgz(; apnea scale, 0 1 2
CAT, scores 0 4-6 7-9

Parameters of the immune system

Leukocytes, x 10° cells/I 5.51+0.91 5.69+0.21 5.91£0.11
Lymphocytes, % 34.9+0.9 27.34+0.81 29.24+1.02
Lymphocytes, cells/ul 1804.8+75.9 1532.70+52.25 *1696.531+47.21
CD3*, % 72.55+2.04 67.70+1.34* 70.41+0.82
CD3*, cells/ul 1252.87+86.12 1033.27+45.87*** **1185.17+27.91
CD4*, % 47.14+1.91 44.80+1.07 45.21+1.00
CD4*, cells/ul 818.22+67.97 684.77+29.50** *750.95+16.19*
CD8*, % 22.91+£1.95 20.1940.78* ***23.81+0.49
CD8*, cells/ul 391.19+38.6 304.59+16.78*** ***411.66+19.46
CD4*/CD8* 2.24+0.23 2.38+0.10 ***1.9740.07
CD19*, % 11.74+1.04 11.14+0,88 10.54+0.44
CD19*, cells/ul 201.02+20.86 163.48+11.69 178.6218.14

Blood leukocyte membrane PUFAs (% of total FAs)

18:2n-6 12.96+2.44 8.97+0.96™** 9.59+1.19***
20:3n-6 0.41+0.39 1.34£0.21*** 1.37£0.27***
20:4n-6 5.52+3.29 13.87+1.57** *14.03+1.4***
20:5n-3 0.86+0.3 0.47+0.05*** 0.49x0.12***
22:4n-6 0.41+0.25 1.46+0.15*** **1.59+0.17**
22:5n-3 0.53+0.2 1.14£0.08*** 1.07£0.27***
22:6n-3 1.24+0.44 0.35+0.12** 0.51+0.15**
20:4n6/20:5n3 6.41+0.21 29.5+£1.09"** 28.6+1.5™*

Note. Statistical significance in comparison with the control group (right) and the group of patients with mild COPD

(left): *, p < 0.05; **, p < 0.005; ***, p < 0.001.

patients. The identification of levels of 20:4n6 and
20:5n3 is indicative of eicosanoid cycle impairment
and, respectively, the risk for the development of in-
flammatory process. It is known that n-6 FAs are the
key substrate for the biosynthesis of pro-inflamma-
tory eicosanoids (leukotrienes, tromboxanes, pros-
taglandines) that initiate cascade of reactions result-
ing in the activation of immune and smooth muscles
cells [11]. The marked increase in n-6 PUFA level in
membranes of leukocytes indicates the ability of the
cells to product of lipid pro-inflammatory mediators.
While, anti-inflammatory (prostaglandines) and pro-

resolving (maresins, resolvins, protectins) oxylipins
are formed from eicosapentaenoic acid (20:5n-3) [9].
The imbalance between n-6 and n-3 PUFAs can be a
prognostically unfavorable sign of chronic inflamma-
tion and impaired resolution of inflammatory process.

Discussion

The results of the study indicate the modification
in the PUFA composition of blood leukocyte mem-
branes in patients with COPD. It was shown that the
violation of long-chain fatty acid composition of leu-
kocyte membranes emerges already at the early stage
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of the disease. The disorders of FA metabolism and
plasma membrane architectonics detected in patients
with mild COPD are aggravated as the disease pro-
gresses. The pathogenetic importance of the identi-
fied modification is due to the functional and struc-
tural role of lipids in immune cell function. The ratio
between n-6 and n-3 fatty acids esterified into phos-
pholipids determines the basic physical properties of
the cytomembrane, including fluidity, permeability,
viscosity, and elasticity [12, 13]. These properties are
essential to the ability of immune cells to phagocy-
tose and express receptors. /n vivo and in vitro stud-
ies relating to the effect of fatty acids on macrophage
phagocytosis have shown that an elevated unsaturated
fatty acid content in cytomembrane correlates with
an increased phagocytosis rate [1]. It is reasonable to
assume that the enhancement of membrane fluidity,
which is caused by fatty acid-mediated cytoskeleton
remodeling, improves the phagocytic function of the
cell. Another important aspect combining the im-
mune properties of the cell and the composition of its
cytomembrane is the formation of specialized mem-
brane microdomains called lipid rafts [10]. Various
membrane receptors of immune cells can be expressed
only in lipid rafts [12]. Thus, lipid rafts are primarily
considered as platforms for the accumulation of acti-
vated receptors.

Finally, the role of fatty acids is associated with
the fact that PUFAs are precursors for the synthesis
of biologically active substances, such as eicosanoids
and pro-resolving lipid mediators [2]. Metabolites of
FAs locally regulate the functions of the endothelium
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MMMYHOJIOM'MYECKUU KOHTEKCT JIEFTKOW TPABMbI
roJloBHOro MO3ra
IInexosa H.I'.' %, Pagskos J1.B., 3unosses C.B., IllymaTos B.B.!
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Pesrome. [TapaMeTpbl HECKOJIBKUX TTOIYJISIIINY MMMYHHBIX KJ1eToK (T-KiIeTku u MakpodarajabHbie Cy0O-
MOMYJISIIIMU) U3ydasiv B mepudepruyeckoil KpoBU U TOJJOBHOM MO3Te€ Ha KJIMHUYECKU peJIeBAHTHON MOIeIu
JIerko TpaBMbI rofioBHOTO Mo3ra (TT'M) y kpsic. [Tonynisnust pe3uaeHTHBIX KIETOK BPOXKIEHHOTO UMMYHU -
TeTa, COCTOSIIAsT U3 MUKPOTJIMU U aCTPOLIMTOB IIPU JIOKAJbHOM MOBPEKICHUN TKaHEl BOBJIEKAETCs B pea-
JIM3alMIO BOCIIAJIMUTEILHOTO OTBeTa. B cuTyanmu ¢ TpaBMOIi MOKa3aHO TaKXKe, YTO JEUKOLUTHI KPOBU MOTYT
peoa0JIeBaTh reMaTo-3HIleaTndecKrii 6apbep U IPOHUKATH B TAPEHXMMY TOJIOBHOTO Mo3ra. M crmonb30Ba-
JIM METOABI IPOTOYHOI LIMTOMETPUU U UMMYHOQJITyopeclieHIIMU. BblJTo OTMeYeHO MOBBIIIEHUE YMCIa MOHO-
OUTOB U HEUTPOGMIOB B CPOK 10 1 cyT. mocJe jerkoit TT'M, ¢ moceayoninM CHIDKEHIEM K KOHITY CPOKOB
HaOmoaeHus. bouto yctaHosieHo, yto ynuciao CD45" knetok u CD3*T-kneTok cHMKanoch yepe3 1 1eHb
nociae TT'M u nmocreneHHO pocio 10 14 cyT., a npoueHT CD4*T-K1eToK MOoCTOSTHHO CHUXKasics ¢ 7 10 14 cyT.,
Torma kak moiass CD8*T-kiieTok mosbiianachk ¢ 7 1o 14 cyt. Habmonenus. [1pu jgerkoit TT'M y XXUBOTHBIX
HabJII0JaToCh 3HaUUTeIbHOE CHIXKeHre (B 3-10 pa3) yrciaa MUKPOCOCYIOB C TO3UTUBHOM peakiueit Ha SMI
71 Ha 8-i1 m 14-i neHb TocJie TpaBMBI TOJIOBLI. MHTEHCUBHAs oKpackKa MuUKpococynoB Ha SMI 71 nHorna
coyeTajach ¢ paclIMpeHUEM 00JIaCTU MO3UTUBHOMN peakiMu. TOHKHE MO3UTHUBHBIE OTJOXEHUS MPOAYKTOB
HAOJIFOJAINCh B TOJIOBHOM MO3T€ 3I0POBBIX KMBOTHBIX BOKPYT CTEHOK MHMKPOCOCYIOB. B ImoBpexkmeHHOM
TKaHU TOJIOBHOTO MO3Ta BBISIBIISUIMCH Makpodaru, mo3uTuBHbie 1o CD45"e/CD11b* monyinsauuu M1 Ha
BTOpO AeHb nocyie TT'M u oTMevaiuch B 3HAUMTEIbHOM KOJUYECTBE Ha 8-14-i1 neHb. B Mo3osucToMm Tene
U UIICUJIaTepaJIbHOM ydacTKe CTpUaTyMa CoAepKaHue KJIeTOK, aKcipeccupytoiux CD16/11b*, nocturano
MakcuMyMa yepe3 8 CyT. Mocje TpaBMbl, UTO KOPPEIUPOBAIO CO CHUKEHUEM TTO3UTUBHOIO OTBETAa HA HAJIU -
yyie dHIo0TeIManbHoro antureHa SMI 71. Takum o6pa3zoM, B ocTpoM niepuoae nocie Jierkoit TI'M B ronoB-
HOM MO3re ONpeaessieTcs] HAJIMYKUEe MMMYHOMNATOJOTMYECKUX MTPOLECCOB, YTO MOXKET BITIOCIAEACTBUU BECTU K
TU3PETYJISIIIMA HEUPOUMMYHHBIX CBSI3€i.
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Abstract. The parameters of several populations of immune cells (T cell populations, macrophage subpopu-
lations) in peripheral blood and brain were studied in a clinically significant model of mild traumatic brain
injury among rats. The population of resident cells of innate immunity of microglia and brain astrocytes with
local tissue damage is involved in the implementation of the inflammatory response, it is also shown that in
case of trauma, blood leukocytes can overcome the blood-brain barrier and penetrate the brain parenchyma.
The methods of flow cytometry and immunofluorescence were used. An increase in the number of monocytes
and neutrophils up to 1 day, after a mild traumatic brain injury (TBI) with a subsequent decrease to the end of
the observation period was noticed. It was determined, that the number of CD45" cells, CD3*T cells decreased
at 1 days post-injury (dpi), and rose slightly by 14 dpi, the percentage of CD4*T cells continuously declined
from 7 to 14 dpi, while the percentage of CD8*T cells increased from 7 to 14 dpi. With mild traumatic brain
injury in animals, a significant (3-10 times) decrease in the number of microvessels with a positive reaction to
the presence of SMI 71 on the 8th and 14th day after head injury was observed. Intensive staining of SMI 71
microvessels was sometimes observed with an increase in the area of a positive reaction. Thin positive deposits
of the reaction product are observed in the brain of healthy animals around the wall of the microvessel. In the
damaged brain, CD45"¢"/CD11b" positive macrophages of the M1 subpopulation appeared in the brain tissue
on the 2™ day after TBI and a significant amount was observed on the 8-14" day. In the corpus callosum and
ipsilateral region of the striatum, the content of cells expressing CD16/11b* reached a maximum 8 days after
TBI, which correlated with a decrease in the positive response to the presence of endothelial antigen SMI 71.
Thus, in the acute period of mild TBI, the presence of neuroimmunopathological processes is determined in
the brain, which can subsequently result to the dysregulation of neuroimmune connections.

Keywords: neuroimmunology, microglia, innate and adaptive immunity, mild traumatic brain injury

better diagnostic and assessment criteria are needed in
the TBI field [12].

The central nervous system and cerebrospinal fluid
is delimited by the blood-brain barrier (BBB), where
a relatively autonomous immune barrier is function-
ing, being isolated from the general circulation. The
morphofunctional basis of BBB are protein-tolerant
neural tissue, commited progenitor stem cells, sub-

Introduction

A traumatic brain injury (TBI) is an injury that
disrupts the normal function of the brain and can be
caused by a bump, blow or jolt to the head, rapid ac-
celeration air a penetrating head injury. The leading
causes of TBI-related deaths are motor vehicle crash-
es, suicides and falls. The severity of TBIs is typically

categorized using the Glasgow Coma Scale and can
range from: (a) mild; (b) moderate; to (c) severe. The
structural and functional damage in TBI lead to defi-
cits resulting from both primary and secondary injury
mechanisms [3]. The primary injury is the result of the
immediate mechanical damage from direct contact
and/or inertial forces to the brain that occurs at the
moment of the traumatic impact. This damage can
include direct neuronal, glial and other cellular dam-
age, contusion, damage to blood vessels (hemorrhage)
and axonal shearing [4]. Secondary injury evolves over
minutes, to days, to months, to years after the primary
injury and is the result of cascades of metabolic, cel-
lular and molecular events. These occur concurrently
with, and contribute to, alterations of endogenous
neurochemical, inflammatory and neuroinflamma-
tory mechanisms. Recent research has indicated that

populations of T and B lymphocytes, monocytes,
macrophages and their products, microglia cells and
natural killer cells. However the immune and nervous
systems are intimately connected and each can direct-
ly influence the behavior of the other. In case of the
nervous tissue damage, most immune reactions have
functional, physiological, and sanogenic character,
directed at removing the “heterologous” protein [5].
In particular, the sensitization of leukocytes to the
brain antigen increases, the ratio of immunoregula-
tory cells changes, and circulating immune complexes
from antibodies are formed. It has been shown that,
with moderate and severe brain injuries, the forma-
tion of secondary immunodeficiency and a high level
of neurosensibilization are based on dysfunction of
regulatory subpopulations of cellular and humoral
immunity [10].
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Immunological context of brain injury

Currently, it is consided that the early neuro-in-
flammatory response in TBI is primarily due to the
activity of the components of the innate immune sys-
tem [9, 16]. The population of resident cells of innate
immunity of microglia and brain astrocytes with lo-
cal tissue damage is involved in the implementation
of the inflammatory response, it is also shown that in
case of trauma, blood leukocytes can overcome BBB
and penetrate the brain parenchyma [6]. Also, in case
of the nerve tissue damage, the active synthesis and
release of cytokines and chemokines, which activate
cell receptors, is triggered, which, in the future, leads
to local and systemic immune responses. The general
effect of inflammatory mediators of innate immunity
is aimed at limiting the spread of trauma and restoring
homeostatic balance [7]. It has been shown that with
neuroinflammation after a traumatic brain injury of
mild degree, localization of immune cells in the area
of peritrauma and beyond is noted [1]. The presence of
peripheral inflammation can also affect the outcome
of TBI and its immune components can penetrate the
central nervous system, bypassing the BBB [7]. How-
ever, the implementation of functional activity and
the role of innate immunity cells in the pathogenesis
of traumatic brain injury (TBI) is not fully clear.

The aim of this study is to establish the degree of
involvement of immune cells (macrophages, T cells,
and microglia) in the acute period of an experimental
mild traumatic brain injury.

Materials and methods

Young male Wistar rat (10 to 12-week-old)
were obtained from Laboratory of “National
Scientific Center of Marine Biology named after
A.V. Zhirmunsky” (Vladivostok, RF). All animal
experiments were approved by the Ethical Committee
of Pacific State Medical University and performed
in accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals.
All efforts were made to minimize animal suffering and
the number of animals killed. Animals were divided
into 3 groups: 1 — control, intact animals (10 pcs.);
2 — animals with modeling of a mild traumatic brain
injury (25 pcs) and 3 — with modeling of a medium
traumatic brain injury (25 pcs). All potentially painful
interventions in the experiments, as well as euthanasia
under combined injection anesthesia: zoletil
0.003 mg/g (Virbac, France), xylanite 0.008 mg/g
(NITA-PHARM, Russia, Saratov), a solution of
atropine sulfate 0.1% — 0.01 ml per 100 g.

A modified “weight-drop model” was used to re-
produce a mild TBI. An installation that included a
tripod, with a tube guiding the fall of the load, and a
plastic container, on the bottom of which soft mate-
rial was placed, was used to cause injury. To exclude
resistance from a hard surface, the upper part of the
container was covered with foil that can withstand the

weight of the animal at rest, but tearing when struck on
the head. A cargo weighing 200 g, with a cone height
of 1 cm, a striker area of 3.14 mm?, made of brass,
which falls from a height of one meter onto the oc-
cipital region of the rat’s head, was used. In this case,
simultaneously with the blow, the animal freely falls
into the container on the foam pillow from a height
of 30 cm.

Mononuclearcells were stained with Rat T lympho-
cyte Cocktail, anti-rat CD3-APC, anti-rat CD4-PE,
anti-rat CDS8-FITC, and anti-rat CD11b-FITC,
anti-rat CD45-PerCP, anti-rat CD86-PE, anti-rat
CD206-APC (BD Biosciences, USA) following
standard protocols and manufacturer’s instructions.
Data were obtained using a MACSQuant Analyzer 10
(MiltenyiBiotec, Germany), and analyzed Kaluza
Analysis 2.1 software (Beckman Coulter, USA).

For histological examination of brain tissue, the
samples were fixed in 4% neutral formalin, micro-
preparations were prepared according to the clas-
sical technology, followed by Nissl staining and
hematoxylin-eosin. Immunohistochemistry. Brain
sections were allowed to thaw and afterward incu-
bated with blocking buffer (13 PBS containing 0.5%
casein, Sigma-Aldrich) for 30 min. Primary antibody
staining with monoclonal anti-Rat Blood-Brain Bar-
rier Antibody, antiCD11b (Abcam, Cambridge, UK
1:100), polyclonal rabbit antiCD45 (Invitrogen, USA;
1:200), polyclonal rabbit antiCD 14 (Invitrogen, USA;
0.5-1 pg/mL), polyclonal rabbit antiCD16 (SP175,
Abcam, USA; 1:150), polyclonal rabbit antiF4/80
(Invitrogen, USA; 1:500) diluted in PBS/0.5% ca-
sein was performed for 2 hrs followed by two times
washing with the blocking solution. Then, sections
were treated with the secondary antibody Fluore 488-
and peroxidase conjugated anti-mouse IgG (Abcam,
USA; 1:200) for 1.5 hrs. Slides were washed two times
in PBS and two times in distilled water and finally
covered with DAPI-containing mounting medium
(Dianova, Hamburg, Germany). Images were ac-
quired in 320 magnification by the fluorescence
microscope Zeiss Axio Observer Z1 (Zeiss Micro-
Imaging GmbH, Jena, Germany). All images were
processed with NIS-Elements Imaging Software
(Nikon, Japan) for automated cell counting. Mean
cell counts were calculated from three random micro-
scopic fields at X 200 magnification in the cortex,
striatum, and corpus callosum (CC) of each section
respectively, and three consecutive sections were ana-
lyzed for each brain. Data from these nine images per
brain region are expressed as mean numbers of cells
per square millimeter. Counts were made by an inves-
tigator who was masked to experimental group assign-
ment (n = 4 to 5 animals per group).

Statistical analyses

All values are presented as mean=tstandard error of
the mean. Data with two groups were analyzed with
the Student’s t-test (non-directional), and data with
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repeated groups were analyzed with one-way analysis
of variance and the Student Newman—Keuls test for
post hoc comparisons. The Pearson product linear re-
gression analysis was used to correlate the M1 or M2
phenotype with SMI-32 intensity. Differences were
considered statistically significant at p > 0.05.

Results and discussion

Morphometric evaluation of the neocortex showed
that the day after the implemintation of mild TBI
there was a narrowing of the capillaries, a significant
increase in the content of hyperchromic neurons, in-
cluding those with the presence of 2 nucleoli, was de-
termined. After 7 days, there was a restoration of the
lumen of the capillaries, an increase in the number of
hypochromic neurons with an increase in the diam-
eter of their nucleoli. By 14 days, an increase in the
content of hyperchromic neurons with 2 nucleoli was
detected again. In our opinion, hyperchromia of neu-
rons on the first day of TBI is a sign of a decrease in
the osmolarity of the cytoplasm as a result of potassi-
um reduction, which is a consequence of narrowing of
capillaries and ischemia. Moreover, in this period no
obvious neurological disorders among animals were
observed. By the end of the second week under TBI,
the number of hyperchromic neurons sharply increas-
es and the number of cells with 2 nucleoli remains
high against the background of a high level of animal
anxiety. A positive process of intracellular regenera-
tion with activation of the processes in the nucleolar
organizer was indicated by an increase in the number
of intensively stained nucleoli in neurons in the recov-
ery of ammonia silver on the 8th day after mild TBI.
Thus, in experimental mild TBI signs a violation in
the brain structure, indicating hypoxia.

The indicators of the number of segmented leu-
kocytes — neutrophils and eosinophils in animals
blood smears, stained with alizarin red C, two hours
after TBI significantly increased. The indices for
healthy animals were 39.1+0.964 and 2.37+0.258,
and 2 hours after TBI — 59.2£1.024 and 3.9£0.214%
(p < 0.001), respectively. After 24 hours, the num-
ber of segmented white blood cells decreased, and,
against the background of leukopenia, remained a
high content of white blood cells with active nucleoli.
Determination of immune cell populations using flow
cytometry revealed an insignificant increase in CD45"
cells compared with healthy rats. T lymphocyte sub-
sets were characterized by the expression of cell sur-
face markers: all T cells (CD3"), CD4" or CD8'T
cells (CD3*CD4* or CD3*CD8"). Was determined,
that the number of T cells decreased at 1 days post-
injury (dpi), and rose slightly by 14 dpi. Quantitative
data for the percentage of T cells are shown in Table 1.
The percentage of CD4*T cells continuously declined
from 7 to 14 dpi, while the percentage of CD8*T cells
increased from 7 to 14 dpi (Table 1).

The BBB provides both passive and active protec-
tion to the brain, which can be significantly compro-
mised following TBI [8]. In the case of TBI, post-in-
jury BBB dysfunction can be biphasic [15] and occur
as a direct result of the primary injury or as a delayed
consequence of sustained inflammatory and cellular
responses associated with the primary injury [8, 13].
The result of mild or moderate TBI may in BBB dys-
function characterized by a transient opening of endo-
thelial tight junctions resulting in a temporary influx
of inflammatory molecules and immune cells from the
periphery [8, 13]. SMI 71 (anti-Rat Blood-Brain Bar-
rier Antibody) is specific for a rat endothelial protein

TABLE 1. INDICATORS OF CELLS IN THE PERIPHERAL BLOOD AFTER MILD TRAUMATIC BRAIN INJURY

Rats after Mild Traumatic Brain Injury
Indicat Intact rats
ndicators (n =10) 2 hours 1 days 2 days 7 days 14 days
(n=15) (n =5) (n=5) (n=15) (n =5)

Leukocyte, x 10%1 6.5+0.21 12.70£0.21 6.50+0.21 6.50+0.21 6.50+0.21 6.50+0.21
Neutrophils: 39.10+0.96 | 59.20+1.02 28.3+2.5 18.7+1.7 34.5+2.5 36.413.3
stab, % 1.9+0.07 1.80+0.09 0.90+0.03 | 0.090+0.007 | 0.90+0.03 0
segmented nucleus, % | 37.20+2.93 57.2+4.2 27.612.5 17.5+1.2 33.613.1 36.4+3.1
Eosinophils, % 2.370+£0.258 | 3.90+0.21 1.840.7 1.68+0.50 2.80+0.21 2.310.5
Monocytes, % 2.80+0.33 3.2¢0.4 2.840.3 1.940.3 2.10+0.04 2.64+0.5
CD45*, % 75.245.8 73.114.8 68.1+1.2 78.116.8 77.816.1 81.216.4
CD3%, % 44.3+1.9 41.1+£3.7 39.0+1.2 58.0+4.2* 62.0+4.9* 68.0+7.2*
CD3*CD4*, % 29.542.1 28.7+2.7 27.9+2.4 25.4+1.8 18.3+1.7* 16.7+1.9*
CD3*CD8", % 18.5+0.9 22.5+1.6 19.6+1.2 19.8+1.9 39.7£2.9* 41.3+1.9*
CD20*, % 12.6+1.8 11.8+1.5 14.7+1.2 16.2+1.4 26.5+1.7 32.5+1.6
CD16", % 8.310.8 19.3+1.8* 21.2+1.8* 18.2+1.3* 10.1+1.1 12.1+1.4
CD14%, % 6.7+0.7 4.9+0.4 2.8+0.5 2.8+0.3 4.2+0.3 5.1+0.6

Note. *, values are reliable in comparison with indicators of intact animals, p < 0.05.
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Immunological context of brain injury

found in areas with blood-brain or blood-nerve barri-
ers. It was shown, that its reactivity disappears in le-
sions of experimental allergic encephalomyelitis. With
mild traumatic brain injury in animals, a significant
(3-10 times) decrease in the number of microvessels
with a positive reaction to the presence of SMI 71 on
the 8th and 14th day after head injury was observed.
Intensive staining of SMI 71 microvessels was some-
times observed with an increase in the area of a posi-
tive reaction. Thin positive deposits of the reaction
product are observed in the brain of healthy animals
around the wall of the microvessel. In general, these
data indicate a slight violation of BBB permeability in
the later stages after injury

Two distinct populations of macrophages signature
genes are not only expressed in microglia/macro-
phages but also in other CNS cells or infiltrating [12].
A combination of CDI11b and CD45 labeling can be
used to distinguish microglia from macrophages: CD-
45hieh/CD11b* cells were considered macrophages
and CD45/CD11b* cells were considered microg-
lia. Cells of microglia have been classified into two
subsets: pro-infammatory M1 and anti-infammatory
M2. Expression of the marker CD16/11b macro-
phages M1 slightly increased in the incortex at day 1
after TBI and was significantly raised thereafter un-
til day 3. In the corpus callosum areas and ipsilateral
striatum, CD16/11b expression peaked bimodally at
3 days after TBI and was associated with microglia/
macrophages. During this period, the reactivity of
resident macrophages of neocotrex was mainly deter-
mined.

A comparative analysis of the number of cells ex-
pressing CD45 and F4/80 in the same areas of the
brain cortex makes it possible to distinguish resident
macrophages from cells of monocytic origin (pe-
ripheral). In the neocortex of control animals, mac-
rophages with low expression of CD45 prevailed,
whereas on the 8th day after TBI, an increased con-
tent of CD45"eh cells was observed, which indicated
an increase in the number of peripheral cells. It was
also found that CD45"e"/CDI11b* positive macro-
phages of the M1 subpopulation appeared in the brain
tissue on the 2" day after TBI and a significant num-
ber of them was observed on the 8-14th day. In the
corpus callosum and ipsilateral region of the striatum,
the content of cells expressing CD16/11b reached a
maximum 8 days after TBI, which correlated with a
decrease in the positive response to the presence of
endothelial antigen SMI171. It is known that, the de-
struction of neurons and astrocytes leads to a decrease
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OCOBEHHOCTU USBMEHEHUW B CUCTEME
MUKPOLIMPKYNALUWN Y OETEWN C AJUTEPTMYECKUM
PUHNTOM B SABUCUMOCTU OT BbIPAXXEHHOCTHU
ANCOYHKLMN BETETATUBHOW HEPBHOWU CUCTEMBbI

Taraypiukosa H.C.!, Bepe:xauncknii I1.B.2

T @PIAOY BO «Poccuiickuii yrusepcumem opyucool Hapodoe», Mockea, Poccus
2 I'BY3 MO «Odunyosckas obnacmuas 6oavruya», 2. O0unyoeo, Mockoeckas ooa., Poccus

Pesome. B mociienHue roabpl OTMEYaeTCsi pOCT PacIpOCTPAHEHHOCTH aJlIepTUYeCcKuX OOJIe3HEe y AeTeit.
ITo cTeneHM pacnpoCTpaHEHHOCTH 1 BIAUSHUIO Ha 3[I0POBhE U KAUSCTBO KM3HU MAIIMCHTOB aJUICPTAYeCKUIA
puHUT (AP) 3aHUMaeT mepBoe MECTO CPeau APYTUX ajuleprudeckux 3abosieBaHuil. B pa3iuyHbBIX cTpaHax
MMpa I10 pa3HbIM JaHHBIM cTpagaet oT 10 1o 40% HaceneHUs. AJIJIEprudeCcKuii pUHUT MPEACTABIISIET CEPhE3-
HYI0 MEIMKO-COLIMAJIbHYIO 1 SKOHOMMYECKYIO npobjiemy. KpoMe Toro ajaiepruyeckuii puHUT, OCOOEHHO C
MHOXECTBEHHOI CEHCUOMIM3alMeil 1 HEeIOCTaTOYHO KOHTPOJMPYEMBIM TEUCHMEM, SIBISICTCSI CaMOCTOSI-
TeTBbHBIM (DAKTOPOM pHCKA PELIMANBUPOBAHUS PECITUPATOPHBIX MHMEKIINIA 1 pa3BUTHSI OPOHXUATBHOM acT-
MBI, a TAKXKE CYLIECTBEHHO CHUXXAET KaUYeCTBO XKU3HU Mal[UeHTOB.

AP npencrasisieT coboit MHOrogakTopHoe 3a0oJjieBaHUE, B pa3BUTUM KOTOPOrO MUTpaloT pPojb MHOTHE
dakTopbl. OcHOBOIT nmaronorudyeckoro mpoiecca npu AP gasisercs IgE-3aBucuMoe MyKo3ajibHOE Bocma-
JICHHUE, peaanu3yloleecs Py BO3ASHCTBUM CIIEIM(UISCKIX U HeCIeIUMUISCKUX MEXaHU3MOB U NMEIOIIee
Th2-xapakTep. BoBiieueHHBIC B IpoIecC TKAHW M OPTaHBI OMPEASIISIOT (POPMUPOBAHME CIIOXKHBIX MEXaHN3-
MOB B3aUMOAEUCTBUS UMMYHHOMN, MUKPOLIUPKYJISITOPHOM U HEMPOBETETATUBHOM CUCTEM.

BocnanutenbHblil ipouiecc nipu AP xapakTepusyeTcsl pssaoM 0COOEHHOCTEe, HarpuMep HATUYUEM MU-
HUMaJIbHOTO MEePCECTUPYIOINIETO BocTiaieHUs U 3 dEKTOM MpaliMUHTa, UYTO B CBOIO OUEPeb SIBJISICTCS Mpe/-
pacrioyiararoiiuM (GakKTOpoM ISl KIMHUYECKOro JIebioTa 1 nporpeccupoBanusgs AP. MUKpoumnpKyaIsiTOpHbIe
MeXaHU3MBI UMEIOT BaXKHOE MAaTOTeHEeTUYECKOe 3HAYCHIE B Pa3BUTUM aJUICPTUYECKOTO BOCITAJICHUS, B TOM
yucie npu AP.

B 3aBrcuMOCTH OT BeayllIero maTorHOMOHUYHOTO MpU3HaKa, B HACTOsIIIee BpeMsI IIPUHSITO BbIAEISATh OT-
neJbHbIe (PEHOTUIBI U DHIOTUITBI AP,

@deHOTHUIT OXBATHIBACT KIIMHUYECKHU 3HAUMMBIe cBOlicTBa AP, HO He pacKpbhIBaeT ACTaIbHbBIC MEXaHU3MBI
€T0 Pa3BUTHsI, HA OCHOBE KOTOPBIX MOXKHO CO3[aTh IEPCOHNGMUIMPOBAHHBIN aJITOPUTM ITPODUIAKTUKHA, JIe-
YeHUs U MPOrHo3a.

BeretaTuBHas HepBHasI cUCTeMa O00ecIieurBaeT CBSI3b OpraHn3Ma ¢ OKpyxkarolileii 1 BHyTpeHHE cpenoit,
peryiIupysl 0OMeH BellleCTB M (DYHKIIMM OPTaHOB 1 TKaHEi B COOTBETCTBUM C UBMEHEHUSIMU 3TOU CPeIbl, OHA
TakKe 00€CIEeYnBAET UHTETPALIMIO BCEX OPTAHOB B €AUHOE 1I€JIOE, SIBJISISICh OAHOM U3 TJIABHBIX alalTalliOH-
HBIX CUCTEM OpTaHU3Ma.

Bo rmaBe peryasiuuu ¢yHKIIMOHUPOBAHUSI OpraHM3Ma M ToMeocTa3a CTOUT BereTaTUBHAasl HEpBHAasl CUC-
TeMa, 00beAUHSOIIAs] OTASAbHbIE MAaTOTEeHETUYECKUE 3BEHbsSI pa3BUTUS 3a00eBaHUI 1 00ycCaBIMBaloOIIast
CTPYKTYpHOE U DYHKIIMOHAIbHOE €NUHCTBO. B CBSI3U ¢ 9TUM, Cpeu MIPUYUH CUCTEeMHbIX UBMEHEHUI B MU-
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KPOLIMPKYJISITOPHOM pYyCJie, KOTOPbIE TaK XK€ OTpaxaroT oOI[1e MaTOreHeTUYeCKue MPOoLEecChl B OpraHu3me,
Beaylllee 3HAaUeHME MPUHAMJIEKUT HAPYILICHUIO HEUPOPETYJISTOPHBIX MEXaHU3MOB. MexXxaHUu3M peryJsiiuu
peanusyeTcsl HEpBHO-Pe(MIEKTOPHBIM MYTEM € TTOMOIIbBIO Pa3IUYHbIX HEHPOTYMOPaTbHbIX (DAKTOPOB, CYIII-
HOCTb KOTOPBIX M3yY€Ha B 9KCIIEPUMEHTAJbHBIX YCIOBUSX U HA CETOJAHSIIHUNA I€Hb HE TMOJIBEpPraeTcs co-
MHEHMUIO.

WccnenoBaHue OCHOBHBIX TMOKa3aTe/Ieii MUKPOLIMPKYJISILIMU U BEereTaTUBHOM HEPBHOI CUCTEMBI Y IeTEM
C aJIEpruyecKrMM PUHUTOM B Pa3JIMYHOM COYETAHWU C COITYTCTBYIOIIEH MATOJOTUEN MO3BOJUT BbIICIUTH
HoBbIe (heHOTUNBI AP 1 Tomo6paTh MHAMBUAYaIbHBIN IJIaH JEUYCHUS U peaduInuTalluy 3TUX IeTEeH.

Karouesvie crosa: arnepeuneckuii punum, oemu, MUKPOUUPKYAAUUS, KANUAAAPOCKONUS, 6e2eMamMUueHas Hep8Hasl cucmema,
¢henomun

CLINICAL FEATURES OF CHANGES IN THE
MICROCIRCULATION SYSTEM AMONG CHILDREN WITH
ALLERGIC RHINITIS, DEPENDING ON THE SEVERITY OF
DYSFUNCTION OF THE AUTONOMIC NERVOUS SYSTEM
Tataurschikova N.S.2 Berezhansky P.V.

@ Peoples’ Friendship University of Russia, Moscow, Russian Federation
b Odintsovo Regional Hospital, Odintsovo, Moscow Region, Russian Federation

Abstract. In recent years, there has been an increase in the prevalence of allergic diseases in children.
Allergic rhinitis (AR) ranks first among other allergic diseases in terms of prevalence and impact on the health
and quality of life patients. In various countries of the world, according to various sources, from 10 to 40% of
the population suffers. Allergic rhinitis is a serious medical, social and economic problem. In addition, allergic
rhinitis, especially with multiple sensitization and insufficiently controlled course, is an independent risk factor
for recurrence of respiratory infections and the development of bronchial asthma, and also significantly reduces
the quality of life patients.

AR is a multifactorial disease in the development of which many factors play a role. The basis of the path-
ological process in AR is IgE--dependent mucosal inflammation, which is realized under the influence of
specific and nonspecific mechanisms and has a Th2 character. The tissues and organs involved in the process
determine the formation of complex mechanisms of interaction between the immune, microcirculatory and
autonomic nervous systems.

The inflammatory process in AR is characterized by a number of features, for example, the presence of
minimal persistent inflammation and the priming effect, which in turn is a predisposing factor for the clinical
onset and progression of AR. Microcirculatory mechanisms are of great pathogenetic significance in the devel-
opment of allergic inflammation, including in AR.

Depending on the leading pathognomonic trait, it is now customary to distinguish individual phenotypes
and endotypes of AR.

The phenotype covers the clinically significant properties of AR, but does not reveal the detailed mecha-
nisms of its development, on the basis of which a personalized algorithm for prevention, treatment and prog-
nosis can be created.

And the autonomic nervous system is responsible for setting links between the body, ambient and internal
environment through the regulation of metabolism, functioning of organs and tissues based on changes in this
environment; it also provides the integration of all organs into a single whole acting as one of the main body’s
adaptive systems.

Since the autonomic nervous system governs the body and homeostasis uniting separate pathogenetic links
of disease progression and sets the basis for structural and functional unity. In light of this, the failure of neuro-
regulatory mechanisms takes the lead among the causes of systemic changes in the microvasculature, which, in
turn, reflects general pathogenetic processes in the body. The regulatory mechanism is implemented through
nerves and reflexes by different neurohumoral factors, their nature has been studied under experimental condi-
tions and is beyond doubt to date.

The study of the main indicators of microcirculation and the autonomic nervous system among children
with allergic rhinitis in various combinations with concomitant pathology will highlight new AR phenotypes
and select an individual treatment and rehabilitation plan for these children.

Keywords: allergic rhinitis, children, microcirculation, capillaroscopy, autonomic nervous system, phenotype
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Introduction

Allergic rhinitis (AR) is one of the most com-
mon diseases among children [1, 8, 9]. Studying
the features of the course, diagnosis and treatment
of AR among children in various phenotypic varia-
tions and in different age groups allow not only to
optimize approaches to treatment but also to prevent
AR [6, 10].

AR is a multifactorial disease in the development
of which many factors play a role. Microcirculatory
mechanisms have an important pathogenetic value in
the development of allergic inflammation [3, 5, 12].

At the top of the regulation of the functioning of
the body is the higher nervous system, combining in-
dividual pathogenetic links in the development of dis-
eases and causing structural and functional unity [2,
11]. Therefore, the study of the pathogenetic interac-
tion of the microvascular bed with an imbalance of
the autonomic nervous system is a promising direc-
tion in the formation of tactics for the management,
monitoring and early diagnosis of children with AR,
in various combinations with concomitant patho-
logy [4, 7]. In AR, it is the concomitant pathology
that determines the course of the inflammatory pro-
cess and forms individual phenotypes. An imbalance
in the microcirculation system and dysfunction of the
autonomic nervous system is also associated with the
comorbid pathology in AR, which can be used as di-
agnostic criteria for various forms of AR.

Materials and methods

In the clinic, 39 children with allergic rhinitis from
3 to 8 years old were examined. All children under-
went assessment of the state of the microvasculature
using computer capillaroscopy of the nail bed with the
determination of a number of indicators (length of the
arterial and venular parts of the capillaries; uneven
caliber of the arterial and venular parts of the capillar-
ies; diameter between the capillaries; diameter of the
arterial and venular parts of the capillaries; distance
between the arterial and venular parts of the capillar-
ies ; extent of the perivascular zone). The state of the
autonomic nervous system was assessed by the results
of conducting heart rate variability for 3 minutes us-
ing the Kardiovisor-6C hardware complex (Medical
Computer Systems LLC, Russia).

All children were divided into 2 groups: group 1 —
20 children with AR in combination with herpetic
infection and/or pathogenic microflora in nasopha-
ryngeal swabs exceeding 106 and group 2 — 19 chil-
dren with AR. Groups were comparable by age. The
control group (C gr.) Included 25 practically healthy
children assigned to I-II health groups and not hav-
ing a disease for 2 months before the study. The re-
sults were processed using the SPSS 14.0 software
(SPSS Lab., USA).

Results and discussion

When conducting capillaroscopy among children
with AR, morphological changes in the microvascu-
lature were revealed in the form of an increase in the
number of microvessels per unit of the observed area,
changes in the shape and presence of vascular micro-
complexes formed from several adjacent capillaries, in
contrast to children from C gr., where the vessels were
clearly oriented and ordered (p < 0.05). The revealed
changes were more pronounced among children of gr.
2 — Microaneurysms and extravasases were often de-
termined.

Among children with AR, in comparison with
C gr., changes in the parameters of the microvascu-
lature were determined, such as the expansion of
the venular part of the capillaries (49.3+2.7 um and
41.6+2.5 um, respectively; p < 0,05), a decrease in
the length of the arterial part of the capillary (children
with AR — 180.5+10.3 um, C gr. — 197.91£5.49 um;
p < 0.05), an increase in the length of the perivas-
cular zone less than 90 um, in C gr. — 99.6+£7.3 pum.
Moreover, among children with concomitant pathol-
ogy, these changes were less pronounced. Changes in
microcapillaries among children of gr. 2 are charac-
terized as uniform and smooth, as expressed through-
out the capillary, while among children gr. 1 changes
were intermittent and expressed in individual sections
of the capillaries. The tendency to homogeneous ex-
pansion and dilatation of the arterial section of the
capillary caused a decrease in the distance between
the adducting and outlet parts of the capillaries (chil-
dren with AR — 12.8+1.3 um, C gr — 15.945.0 um;
p > 0.05) Presumably, these changes are compensa-
tory in nature and may be associated with a violation
of the regulatory influence of the autonomic nervous
system.

When assessing the results of heart rate variability
among children with AR, significant changes were
revealed in comparison with healthy children, in
particular, the indicator reflecting long-term compo-
nents and circadian rhythms (SDNN) was the highest
(gr. 1 —43.5£2.5,gr.2 — 37.4+3.1, Cgr. — 31.2+2.7,
p < 0.05), the RMSSD indicator reflecting the ac-
tivity of the parasympathetic link was more elevated
among children from gr. 2 (45.3%+3.8), compared with
children from gr. 1 (38.2+2.5) and C gr. (28.8+4.5).
All children with AR showed a slight decrease in the
spectrum of low-frequency (LF) and increased high-
frequency (HF) components p > 0.05 but the ratio
of LF/HF had a clear tendency to decrease in both
groups of children with AR (children with AR —
3,11£0.82, healthy children — 4.03%£0.69). The de-
termination of the IS indicator (stress index), which
determines the degree of dominance of central regu-
lation mechanisms over autonomous ones, revealed
a sharp decrease in this indicator of gr. 1 190.5£20.7
than in gr. 2 and C gr., respectively 240.5t15.4 and
303.94+20.8, p < 0.05.
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Conclusion

As we see, all children with AR have changes in
the microvasculature, which vary depending on the
concomitant pathology. Among these children, reac-
tive changes in autonomic regulatory systems are ob-
served toward an increase in the dominance of cen-
tral regulation mechanisms and the predominance of

sympathetic effect, unlike children with AR and chil-
dren without concomitant pathology, which should be
taken into account when drawing up a plan for per-
sonalized treatment and rehabilitation. Evaluation of
the microcirculation system by direct capillaroscopy
is a non-invasive and effective diagnostic method, as
well as economically attractive, which is sufficient

reason to include it in the recommendations for the
diagnosis of AR phenotypes.

parasympathetic tone. Children with AR with con-
comitant pathology do not show a pronounced para-
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OCOBEHHOCTU ULUTOKUHOBOI'O NPOPUNY

>XEHLLUUH C PENPOAYKTUBHBIMU HAPYLLEHUAMMU

B YC/10BUAX U3BbITOYHOU KOHTAMWUHALIUM BUOCPE[
rMMAaPOKCUBEH30JIOM

Razakosa O.A., loarnx O.B.

DHYH «DedepanvHbiii HayuHbLI UEHMP MEOUKO-NPOPUAAKMUYECKUX MEXHOA02ULL YIPABACHUS PUCKAMU 300D08bI0
Hacenenus», e. Ilepmv, Poccus

Pesome. M306ITOK aKTUBHOCTH IUTOKWMHOB, KaK U UX ASUILINT, GOPMUPYIOT PETYISITOPHBIN nrucOataHe
WUMMYHHOI CHCTEMBI, UTO MOXET IPUBECTU K CTOMKOMY BOCTIAJICHUIO M, KaK CJICACTBHUE, IIOTepe OepeMeH-
HocTH. Llens nccnenoBaHmst — n3ydeHNUEe 0COOCHHOCTEM IKCIIPECCUN INTOKMHOB B Pa3BUTHUM SHAOMETPHUO3a
Yy XXCHIIWH B YCIIOBUSIX M30BITOYHON KOHTAMUHAILIMKM OMOCPEea TUAPOKCHUOCH30JIOM.

B uccnenoBanuy npuHuMaio ydactue 106 XeHIUH pernpoayKTUBHOIO BO3pacTa, pa3ae/ieHHbIe Ha 4 rpyII-
Tl 110 IBYM KPUTEPUSIM: HAJIMIUE JIMOO OTCYTCTBUE PEIIPOAYKTUBHBIX HAPyIIeHUI (3HIOMETPHO3), a TAKKE
CTETICHN KOHTAMWHAIIUM KPOBHU KEHIIINMH THIPOKCHUOSH30JI0M IO OTHOIICHHUIO K pepepeHTHOMY aHrana3o-
HY. Bce TpyIImel comocTaBUMEL IO BO3PaCTy, STHUYECKO IMIPUHAIJICXKHOCTH, COITMATbHOMY CTaTyCy. YPOBEHbD
(eHoIIa B KPOBH ONPEIEIISIIICS METOIOM Ta30BOi XpoMaTorpadun. YpOBHU IIMTOKMHOB ONPEACIISIIINCH METO-
IOM UMMYHO(EepMEeHTHOTO aHajn3a. M cItoib30BaHNe 3JIEMEHTOB ITapaMeTpUIeCKOU 1 HeTlapaMeTPUICCKOM
CTAaTUCTUKHU JUISI OLIEHKHN Pe3yJIbTaTOB MCCIICMOBAHMS, a TAaKKe TTOIPaBKM HA MHOXKECTBEHHBIC CpaBHECHUS
BondepoHr mMo3BoaMIIO YCTAHOBUTH 3HAYMMBbIE PAa3INUMsI MEeXTy TpyrinaMu no yposHsam [L-103, IL-8, TL-10.
YcraHoBIIeHO, 9TO 3KCIpeccust mHTepieiiknHa 8 (IL-8) y XKeHIIINMH ¢ SHIOMETPHUO30M JIOCTOBEPHO BBIIIIE,
geM y 300poBbIX (p < 0,05). B To ke BpeMsT HabIt0maeMble 0COOCHHOCTH 3KcIpeccun 1L-8, mHTEpIeiikmHa
1B (IL-1B) coueratorcs ¢ runepriponykiueit unrepiaetikuna 10 (IL-10), acconmmpoBaHHO ¢ N30BITOYHON
KOHTaMHWHAIINEH OMocpen TUAPOKCUOEH30JI0OM. Pe3ynbTaThel MCIOIb30BaHUS HEeIlapaMeTPUISCKOTO Koppe-
JITIIMOHHOTO aHaJIM3a TIOJIYYeHHBIX HaHHBIX 110 CIUpMEHY BBISIBUIN TTOJIOXKUTEIILHYIO KOPPEISIIIMOHHYIO
3aBUCUMOCTH TIponyKiuu IL-10 oT ypoBHSI THAPOKCHMOEH30JIa B KPOBH, a TaKxKe OOpPaTHYIO 3aBUCHUMOCTH
IL-10 ot skcmipeccuu 1L-8. Takum 06pa3oM, MOJTy4EeHO TTOATBEPKICHUE YIaCTUSI 9K30T€HHOTO 3CTPOTreHa
TUIPOKCUOSH30/Ia B pa3BUTUN PEIIPOAYKTUBHBIX HAPYIICHU, (DOPMUPYEMBIX TIPU aKTUBHOM YIACTHUH TH-
TMEePIKCIPECCUU TIPOTUBOBOCITAIUTEIbHOTO IIMTOKMHA IL-10, 3armyckaromiero yepe3 aHTaroHU3M IIPOBOCTIA-
mutenbHBIM MenuatopaM (IL-8) mmepexom octpoii ha3bl SHIOMETPHUO3a B XpPOHNYECKYIO, CHIZKAST TEM CaMbIM
PeNpONYKTUBHBIN IMTOTEHIINAI XXeHIINH. M3BecTHO, uTo a3Kcnpeccust I1L-8 mocToBepHO KOppeaunpyeT ¢ pa3BU-
THEM SHIOMETPHO3a, HO N30BITOK (peHOJIa YBEIMUYNBACT SKCIIPECCUIO IIPOTUBOBOCTIAIMTENILHOTO IL-10, Tem
caMbIM mogaBiIsist akTUBHOCTD 1L-8. IMomaBieHMe aKTUBHOCTH IIPOBOCITAIMTEILHBIX IIUTOKUHOB (PEHOJIOM
BeIeT K XpOHM3AIUHN BOCITAJICHNST M HAPYIICHUIO PeTIPOAYKTUBHBIX (DYHKIIHIIA.

Karouesvie crosa: yumokumbl, UuHmMepaeliKuHbl, 2Uu0poKcubeH301, penpooyKyus, SHOOMempuo3

Anpec 1Jig nepenucKu: Address for correspondence:

Kazakoea Onvea Anexceeéna Kazakova Olga A.

DBLYH «DedepanvHulil HayuHbLil YeHMP MeOUKO- Federal Scientific Center for Medical and Preventive Health Risk
npoguraKkmu4eckux mexHoa02uil ynpasieHusi pucKkamu Management Technologies

300p06bI0 HaACeNeHUS> 614012, Russian Federation, Perm, Vera Zasulich str., 42a,
614012, Poccus, e. [lepmo, ya. Bepot 3acyauu, 42a, ke. 74. apt 74.

Ten.: 8 (922) 646-56-87. Phone: 7 (922) 646-56-87.

E-mail: chakina2011@yandex.ru E-mail: chakina2011@yandex.ru

O0pasen NUTHPOBAHMS: For citation:

0.A. Kazakoea, O.B. /loaeux «OcobenHocmu 0.A. Kazakova, O.V. Dolgikh “Cytokine profile features
UYUMOKUHOB020 NPOPUAS HCEHUUH C PeNnPOOYKIMUBHbIMU in women with reproductive disorders exposed to excessive
HapyueHusImu 8 yca08UsX U30blmo4HOU KOHMAMUHAYUU environmental contamination with hydroxybenzene”, Medical
ouocped eudpokcubenzonom» // Meduyurnckas Immunology (Russia)/Meditsinskaya Immunologiya, 2021,
ummynonoeus, 2021. T. 23, No 1. C. 173-178. Vol. 23, no. 1, pp. 173-178.

doi: 10.15789/1563-0625-CPF-2054 doi: 10.15789/1563-0625-CPF-2054

© Kazakoea O.A., Jloareux O.B., 2021 DOI: 10.15789/1563-0625-CPF-2054

173



Kazakoea O.A., Hoseux O.B.
Kazakova O.A., Dolgikh O.V.

CYTOKINE PROFILE FEATURES IN WOMEN WITH
REPRODUCTIVE DISORDERS EXPOSED TO
EXCESSIVE ENVIRONMENTAL CONTAMINATION WITH
HYDROXYBENZENE

Kazakova O.A., Dolgikh O.V.
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Abstract. Excessive activity of cytokines, as well as their deficiency, promote a regulatory imbalance of
immune system, which may cause persistent inflammation and, as a consequence, loss of pregnancy. The
purpose of our work was to study the role of cytokine expression in the development of endometriosis in women
exposed to excessive environmental contamination with hydroxybenzene. The study involved 106 women
of reproductive age, divided into 4 groups according to two criteria: the presence or absence of reproductive
disorders (endometriosis), as well as levels of blood contamination with hydroxybenzene compared to the
reference ranges. The groups of women were comparable in age, ethnicity, and social status. The level of
phenol in blood was measured by gas chromatography, and the cytokine levels were determined by enzyme
immunoassay. The use of parametric and nonparametric statistical criteria as well as adjustments for multiple
Bonferoni comparisons, allowed us to establish significant differences between the groups, according to the
levels of IL-1B3, IL-8, IL-10. The expression of interleukin 8 (IL-8) in women with endometriosis was found
to be significantly higher than in healthy ones. At the same time, the observed features of IL-8, interleukin
1B (IL-1B) expression correlate with the overproduction of interleukin 10 (IL-10) associated with excessive
contamination of bio-environments with hydroxybenzene. The results of using non-parametric correlation
analysis of the Spearman data revealed a positive correlation between IL-10 production and hydroxybenzene
levels in the blood, as well as inverse relationship between IL-10 and IL-8 expression. Thus, evidence has
been obtained of the involvement of exogenous estrogen hydroxybenzene in development of reproductive
disorders, probably, formed under active participation of increased anti-inflammatory IL-10 cytokine, which,
by antagonism to proinflammatory mediators (e.g., IL-8), seems to promote apparent transition from acute
phase of endometriosis to chronic disorder, thus reducing the reproductive potential of women. It is known
that IL-8 expression significantly correlates with development of endometriosis, but excessive phenol exposure
may increase the anti-inflammatory IL-10 expression, thereby suppressing the activity of IL-8. Suppressed
activity of proinflammatory cytokines by phenol may lead to chronic inflammation and impaired reproductive
functions.

Keywords: cytokines, interleukins, hydroxybenzene, reproduction, endometriosis

ro Bo3gyxa ropoackoi cpenbl [1]. M3BecTtHO, 4TO
TUAPOKCUOEH30JIbI ((peHosbl), obnagass TOPMOHO-
MMOTOOHBIMHM CBOMCTBAMU, HE TOJIBKO 3aMeIIaloT
HaTypaJibHbI€ CTEPOUIHbIE TOPMOHBI, HO TaKXKe OKa-
3BIBAIOT pa3HOHAIIPABJICHHOE NECTBUE HA MMMYH-
HYIO CHCTEMY, KOTOPOE TIPOSIBIISICTCSI KaK B MMMY-

BeeneHue

PCHpOZ[YKTI/IBHOC 340POBLE — OAMNH U3 aCIICKTOB
6J'IaFOHOJ'[y‘IHOI‘/JI KM3HU B COBPEMCHHOM O6IIICCTBC,
a BJIMAHUE TaKMX KC6H06I/IOTI/IKOB, Kak apoMaTnuydc-
CKHME yIrjieBoaopoabl — FI/I,HpOKCI/I6CH3OIIbI 1 UX IIpo-

U3BOMHBIC, CITOCOOHBI OKa3aTh HEraTUBHOE BO3/ECii-
CTBUE Ha PENPOAYKTUBHBIN MOTEHUMAT KEHIIWH.
BiusiHue BpemHBIX XUMUYECKUX (PAKTOPOB SIBIISIET-
CSl DKOJIOTMYECKU MPUHYAUTEJIBbHOU COCTaBISIIEH,
CIOCOOHON paHO WX MO3AHO, HEB3UPAasi Ha CaMbIid
3[0POBBIN 00pa3 XKM3HU, MPUBECTU K HETATUBHBIM
nocaeAcTBUsAM [2], a B ciyyae C pernpoayKTUBHOMN
CUCTEMOU TaKUM IOCJIEICTBUEM SIBISIETCSI Pa3BUTHE
MaTOJIOTUI BEMYIIUX K OECIIONNIO.
TunpokcubeH3onbl — rpymnmna Haubojee pac-
MPOCTPAHEHHBIX 3K30T€HHBIX TallTeHOB, KOTOPbIE
dopmupyoT (poHOBOE 3arpsi3HeHUE aTMocdepHO-

HOCTUMYJIMPOBAaHUU, TaK U B UMMYHoOCYyIpeccuu [4,
18].

Hapyuienue UWMMYHHOTO OTBeTa OCJIOXHSET
IpoIecc UMIUIaHTAlIMU TpodoObiacTta B TKAHU DH-
JIOMETpUsI, YTO CBsI3aHO ¢ (popMUpPOBAHUEM BOCIIa-
JIUTEJBHBIX TTPOLIECCOB B ITOJIOCTU MAaTKU, TAKUX KaK
SHIOMETPUO3.

WUccnenoBanust Harada m coaBT. mokasajiu, 4TO
nepuToHeanbHasl XUAKOCTh XXEHIIUH C JUarHo30M
«9HAOMETPUO3» COJIEPKUT OOJIBIIIOE YHMCIIO MaKpO-
¢aroB, ceKpeTUpyrIlIux (pakTopbl pocTa U HUTOKHU-
Hbl. CynuTaeTcs, YTO LIUTOKUHBI UMEIOT OTIpeAcsIeH-
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Llumoxunbt dsceHwjun ¢ penpooyKmueHbIMU HAPYULeHUIMU

Cytokines of women with reproductive disorders

HYIO POJIb B pa3BUTUU JaHHOI MATOJOTUU, BeIyIei
K pa3BUTUIO KeHCKOTO Oecrutoaus [11]

Azizieh F u Raghupathy R. B cBoeM uccnenoBa-
HUU HOPMaJIBHBIX U OCJIOXKHEHHBIX OepeMeHHOCTEeMN
coob1aroT 06 W3MEHEHUW YPOBHSI LUTOKWUHOB B
KPOBU XEHIIIMH, KOTrJIa OepeMEeHHOCTh, OCJIOKHEH-
Hasl PEeNnpoayKTUBHOU MaTOJIOTUE, XapaKTepu3o-
BajlaCh TOHIDKCHHBIM ypoBHeM nuTokmHa I1L-10,
TOoraa Kak HopMajibHasi 06epeMEHHOCTh COMTPOBOXKIa-
etrcs BbIcOKUM ypoBHeM IL-10 [3], uTo paHee ObLIO
nokazaHo B uccienoBaHuu Denney M.J. u coaBT. o
TMOBBIIIEHUN YPOBHSI TPOTUBOBOCTIAJIUTEILHBIX 1M -
ToKHOB (IL-10) 1 cHI>XKeHUM TIPOBOCTIAIUTEILHBIX
nuTokrHOB (TNE IL-1B) y >keHIIMH npu HOpMasb-
HOM TedeHUM OepemMeHHOCTH [9]. B mccimenoBanum
JNPYryMxX aBTOPOB U3MeHeHue ypoBHs IL-10 6bu10 ac-
COIIMMPOBAHO C MATEPUHCKON MMMYHOTOJIEPAHTHO-
cThio [8], u3MeHeHue ypoBHs IL-8 u ero peentopoB
BOBJICYEHBI B MTaTOreHe3 aHAoMeTpuo3a [17], name-
HeHue ypoBH# 3Kcrnpeccuu TNF accouumupoBaHo ¢
HapyIlIeHNWEeM arionTo3a KJIETOK B 9HIOMETPUU, YTO
BEIET K UX UMIUIAHTALlMY B 9HIOMETPUIA U pa3pocTa-
HUM BHE MaTKW, YTO TPOBOIIUPYET PA3BUTHUE DHIO-
MmeTpuo3a [5].

Takum 00Gpazom, Borpoc 06 yyaCTUr LIUTOKUHOB,
KaK MeIuaTOpOB MUMMYHHOU CUCTEMbI B Pa3BUTUU
PEeTPOAYKTUBHOI ITaTOJIOTUU — SHIOMETPHUO3, SIBJISI-
eTCsl BeChbMa aKTyaJIbHbBIM.

BpemeHHbIe 1 TPOCTPaHCTBEHHbBIE aCTIEKThI (hOp-
MUPOBAHUSI BOCTIAJIUTEIbHBIX PEAKIINN PEeTrPOMyK-
TUBHBIX OPTAaHOB XXEHILIWHBI, KypUPYEMbIX UMMYHU-
TETOM, TIPEJCTABIISIOT CJIOXKHBIN IMPOIIECC, KOTOPIi
Mpyu HENpaBWIbHOM (YHKIIMOHUPOBAHUU MOXET
MPUBECTU K OCJIOKHEHUSIM JUISI HACTYTIJIEHUsT Oepe-
MEHHOCTH [7], a TaKxKe pa3BUTHUIO OECIUIOAUS.

Ha ceromnsmHMit 1eHb poIb THAPOKCHUOESH301a B
pPa3BUTUU PENTPOAYKTUBHBIX HAPYIIEHUN, TAKMUX KaK
SHIOMETPUO3, Y KEHIIUH HEAOCTAaTOYHO H3ydeHa.
Oco0bIit MHTEpEC MPEACTaBIISIET 0COOEHHOCTh MOT -
(ULIMPOBAHHOTO TUIPOKCUOEH30JIOM IIUTOKMHOBO-
ro TIpoUIs Y KeHIIWH PEMPOLyKTUBHOTO BO3pacTa
B YCJIOBUSIX 9K30TEHHOTO MOCTYTIJICHUSI.

Ilea» — mpoBecTM aHaIU3 OCOOEHHOCTEN ITUTO-
KMHOBOTO NpoduIsl KEHIIMH C PENPONLYKTUBHBIMU
HapylmIeHUSIMHU B YCIOBUSIX M30BITOYHON 2KCITO3M-
MU TUAPOKCUOEH301a.

Matepuans! 1 MeTogbl

UccnenoBanue mpeacrtaBieHo BbIoopkoit n3 200
XKEeHIIUH (epTuabHOro Bo3pacra 19-42 ropa, npo-
KMBAIOIIMX B YCIIOBUSX a3POreHHOTO BO3ICUCTBUS
TUJIPOKCUOEH30JIOM Ha YPOBHSIX, MPEBBIIIAIOINIAX
nonyctumeie > 1,0 ITIKc.c. Beibopka nmoaejieHa Ha
4 rpymel: «HaomrogeHne» — 60 JKEHIIWH B BO3pacTe
31,24+0,9 net, ¢ 3HAOMETPUO30M U YPOBHEM THIPOK-
cubeH30Jla B KPOBU BbIIIIE MaKCHMMaJbHOTO 3Haye-
Hus pedpepeHTHOTrO nrara3ona 0,016 mr/cm?; «Cpas-

HeHue 1» — 60 xeHuyH B Bo3pacte 31,2%0,8 e,
C JHIOMETPHO30M U YPOBHEM THIPOKCUOCH30a
B KpOBHM B TIpedeiiax pedepeHTHOro auaria3oHa
0-0,016 mr/cm®; «CpaBHeHue 2» — 39 yCIOBHO 310-
POBBIX XXEHIIUH B Bo3pacte 33,1£1,1 net, ¢ ypoBHEM
TUIPOKCHOEH30a B KPOBHU BBIIIE MaKCHUMaJIbHOTO
3HaYeHus pedepeHTHOro auanazoHa 0,016 mr/cm?;
«CpaBHeHue 3» — 41 ycIIOBHO 3I0pOBast XKCHIIIMHA B
Bospacte 34,1%0,9 net, ¢ ypoBHEM r'UIpOKCUOEH301a
B KpPOBU B TIpeAeiax pedepeHTHOro ypoBHs. KeH-
IIMHBI, (QOPMUPYIOIIUE aHAIU3UPyeMble T'PYIIIIBI,
COITOCTAaBUMBI II0 BO3PACTy, 3THUYECKOW IIPUHAI-
JICKHOCTH, COLIMAJIbHOMY CTaTycy.

YpoBeHb I'MAPOKCUOEH30J1a B KPOBU OITpeIesIsiiI-
CsI METOJIOM Ta30BOI XpomaTrorpacdu Ha mpudope
«Kpuctann 5000». Onpenenasyiuch cleayroiue uM-
MyHoJorndyeckue mokasarenu: IL-1B, 1L-6, 1L-8,
IL-10, TNF mMeTonoM UMMYHO(MEPMEHTHOTIO aHaIU-
3a C UCIIOJIb30BaHMEM TecT-cucTeM «Bektop-BecT»
Ha nipubope EIx8081U (CILIA).

Cratuctudeckass o0pabOTKa MaHHBIX ITPOM3BO-
nunachk B riporpamme Statistica 10.0 (StatSoft). s
BBIOOPOK OLleHUBaJIMCh: N — 4yucjio, X — cpelHee,
SD — crangaptHoe oTkJioHeHUe, SE — cranmapt-
Hag ommoka. JIj1sg cpaBHEHUS TPYITH UCITOIb30BaICs
napamMeTpudeckuii kpurepuii t-CThlogeHTa U He-
napametrpudeckuii kpurepuii U MaHHa—YuTHU, a
Takke HemapamMeTpuueckmii Kputepuit CrimpmeHa
JUIST OLICHKM 3aBUCUMOCTH Tokaszatejeit. I[lpu wc-
TMOJb30BAHUU CTATUCTUUCCKUX MOJCICH UCCIemoBa-
HUSI TPOU3BEICHO S5 MapHbIX CPABHEHUM JIS1 YPOBHS
9KCIPECCUU KaXKIOTO MCCICAYEMOI0 IIMTOKMHA, IO
3TOI MpPUUYMHE UCIOJb30BaHa norpaBka boHpepo-
HU JUTST TApHBIX CPaBHEHUI, YCTAHOBUBIIIAST KPUTE-
puii 3HauMMocTu MeHee 1%, T.e. p < 0,01 (1-95"1/n),
KOTOpasl MO3BOJIsIET u30eXaTb OLIMOKU MepBOro
pola «JIOXKHAasI TpeBOTa».

PesynbTartbl

B pesynbrarae ImpoBeneHHBIX HCCICIOBAHUIM, C
yyeToM nonpaBku boHdepoHu, ObUIU OmnpeaceHbl
cJIeIyIoIIre 3HAYMMBIC Pa3 NI B ITOKA3aTeIISIX 11~
TOKWHOBOTO MpoMuiIss MeXIy IpyniaMu >KEHIIWH,
MMCIOIINX PEIIPONYKTUBHYIO ITATOJIOTUIO M M30BI-
TOUYHYIO KOHTAMUHALIMIO TUIPOKCUOEH30JI0M BbIIIE
pedepeHTHOTO Trarra3oHa ¢ TPYIIIOoif:

—  XCHIIWH, WMCIIIUX PEeNPOIYKTUBHYIO
MaTOJIOTHIO, HE KOHTAMWHHMPOBAHHBIX THUIPOK-
cubensojiom («CpaBHeHHE 1»), B BUIIE CHUKCHUS
MPOBOCTIAIUTEIbHOTO IIuToKMHA 1L-6 B 3,6 pa3a u
IPOTUBOBOCIIAIMTEIbHOTO muToKnHa IL-10 B 5,9
pasa (corsmacHo U-kputepuio, Tpyu YpOBHE 3HAUU-
moctu p < 0,01);

—  3KEHIIMH YCJIOBHO 3[IOPOBBIX C M30BITOYHOI
KOHTaMHMHAINCH TuapokcudeH3oioMm («CpaBHEHUE
2»), B BUAE MOHWXXEHUST YPOBHSI IIPOBOCITAIUTEIBHO-
ro uutokuHa IL-6 B 3,4 pa3za u IOBBILLIEHUST YPOBHSI
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TABINLA 1. OCOBEHHOCTHU LUTOKMHOBOI'O NPO®UNA XEHLLWH C PENPOAYKTUBHBIMW HAPYLLEHUAMMW
TABLE 1. FEATURES OF CYTOKINES PROFILE OF WOMEN WITH REPRODUCTIVE DISORDERS

Mokasatenb | Hopma Ha6nioaeHue CpaBHeHue 1 CpaBHeHue 2 CpaBHeHue 3
Parameter Norm Observation Comparison 1 Comparison 2 Comparison 3
IL-1B 0-11 1,8459+0,4979* 1,4206+0,4811* 2,4734+0,8655* 4,7424+0,5712*
IL-6 0-10 0,8781+0,458* 3,1340+0,8229* 3,0142+0,3506* 1,720040,1670

IL-8 0-10 8,99+1,53 20,26+4,82*1** 5,73+0,68 3,31+0,33*
IL-10 0-20 4,3304+3,2502* 0,7450+0,5007* 1,9989+0,1311 1,6278+0,3338*
TNF 0-6 1,4209+0,4577* 2,9529+0,7851* 1,1399+0,0957* 1,0275+0,0773*

MpumeyaHue. * — HopmanbHoe pacnpegeneHue, T — 3HaueHMe Bblle BepXHel rpaHnLbl HOPMbI, ** — 3HaYMMble pa3nuyumus

C HOPMOM.

Note.*, normal distribution; T, value above the upper limit of the norm; **, significant deviation from the norm.

TABINLIA 2. NAPAMETPUYECKUE U HENAPAMETPUYECKWUE MOLENU UCCNELOBAHUA PA3NIUYUA MEXTY
FPYMNAMM XEHLUMH C PENPOAYKTUBHBIMU HAPYLLEHUAMU U U3BbITOYHON KOHTAMUHALIMEN BUOCPEL
r’MAPOKCUBEH30JIOM

TABLE 2. PARAMETRIC AND NON-PARAMETRIC MODELS OF STUDY OF DIFFERENCES IN GROUPS OF WOMEN WITH
REPRODUCTIVE DISORDERS AND EXTRA CONTAMINATION OF BIOLOGICAL MEDIA WITH HYDROXYBENZENE

Ha6nrogeHue / CpaBHeHue 1
Mokasarens Observation / Comparison 1
Parameter
t df p U z p
IL-1B 0,60 51 0,5513 257,0 1,51 0,1317
IL-6 -1,75 34 0,0884 47,5 -3,07 0,0021
IL-8 -2,03 45 0,0478 220,5 1,11 0,2658
IL-10 1,25 47 0,2168 155,0 2,80 0,0051
TNF -1,52 51 0,1357 311,0 -0,53 0,5944
Ha6nrogeHue / CpaBHeHue 2
Mokasatens Observation / Comparison 2
Parameter
t df P U 4 o)
IL-1B -0,64 40 0,5240 184,5 -0,88 0,3781
IL-6 -3,28 40 0,0021 53,0 -3,35 0,0008
IL-8 1,91 21 0,0625 157,5 -1,35 0,1750
IL-10 0,93 54 0,3566 202,5 -2,78 0,0054
TNF 0,59 41 0,5599 196,5 -0,83 0,4088
Ha6niopgeHue /| CpaBHeHue 3
Mokasatens Observation / Comparison 3
Parameter
t df p U 4 p
IL-1B -3,58 53 0,0008 151,00 -3,63 0,0003
IL-6 -2,15 45 0,0373 89,00 -2,73 0,0064
IL-8 4,43 21 0,0000 179,50 2,95 0,0031
IL-10 1,08 55 0,2853 344,50 -0,55 0,5851
TNF 0,97 49 0,3389 281,00 -0,71 0,4757

MpumeyaHue. 3HAYMMbIMU CUUTANUCh CPABHEHUS C y4eToM nonpaBku BoHdeppoHu, koraa p < 0,01 (meHee 1%).

Note. Comparisons were considered significant with the Bonferroni correction when p < 0.01 (less than 1%).
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CcoJlep>KaHUsT TIPOTUBOBOCIAIUTEBHOTO ITUTOKMHA
IL-10 B 2,2 pa3a (cornacHo U-kputeputo, p < 0,01);

—  KEHIIWH YCJIOBHO 370POBBIX, HE KOHTAMU-
HUPOBaHbIX TUAPOoKcrubeH30si0M («CpaBHeHUE 3»), B
BUJIE CHIDKCHUS YPOBHS IIPOBOCITATUTEIBHOTO IINTO-
kuHa [L-18 B 2,6 pa3a (corjlacHO t-KpUTEepUIO), CHU-
JKeHUs MPOBOCTIAIUTEIbHOTO 1IuToKMHA [L-6 B 2,0
pasa, a TakXKe IMOBBIIICHUEM ITPOBOCITAIMTEIIEHOTO
xemokuHa IL-8 B 2,7 pa3a (cornmacHo U-kpurtepuio
npu ypoBHe 3HaUnMocTH p < 0,01).

VYpoBens nutoknHa TNF He nMesr HU OJHOM 3a-
BUCHUMOM acCOLMAallMM IIPU CPABHUTEJIbLHOU OLIEHKE
HMCCIeIyeMbIX TPYII, corjlacHo nonpaske boHdepo-
Hu (Tabmn. 1, 2).

KoppensumuonHast Mmoaeib 3aBucumoctu Crup-
MeHa ObLlIa MCII0JIb30BaHa JJIs1 OLIEHKHU YCJIOBUI MO-
IUPULMPYIOIIETro BAUSHUS THUIPOKCUOEH30Jla Ha
AKCIPECCUIO IIMTOKMHOB, KOTOpas MO3BOJIMIA yCTa-
HOBUTb MPSIMYIO 3aBUCUMOCTb YPOBHSI DKCIIPECCUU
IL-10 oT ypoBHSI KOHTaMUWHALIMU TUAPOKCUOEH30-
JIOM KpoBHU y uccienyembix il (r = 0,37; p < 0,001),
T.€. POCT YPOBHSI KCITPECCUU NTPOTUBOBOCHATUTEb-
Horo nutokuHa IL-10 accouuupoBaH ¢ yBeIUYEHU-
eM KOHIIEHTpAlMM TUAPOKCUOeH30Ma (TUIAPOKCH-
OeH30Js1a) B buocpenax.

ObcyxaeHve

HacrtynneHue O0epeMeHHOCTU CJIOXKHBIM CKOOpP-
AUHUPOBAHHBIN TMPOLIECC, KOTOPbLIM TpedyeT clia-
JKEHHOI pabOThI BCEX CUCTEM OpraHn3Ma, OCOOCHHO
MeIUaTOPOB UMMYHHOM CUCTEMBI — IIMTOKMHOB.

JlucbajjaHC IIMTOKMHOBOM AaKTHUBHOCTU MOXET
CITOCOOCTBOBATh PA3BUTUIO XPOHUYECKOIO BOCHaje-
HWUSsI, TAKOTO KakK aHgomeTrpuos [3,5,6,7,8,9, 11, 13,
15, 16, 17].

Feghali CA u coaBr. eute B 1997 rony onpenenviu
IL-1pB, IL-6, IL-8 u TNF kak Meauatopsl, y4acTBYy-
[oLIMe TIPU OCTpOM BocnajieHuu, a IL-10 kak uuTto-
KWH XpoHMYecKoro BocrnajieHus [10].

BnusHre Ha YPOBHU B3KCHPECCHU peaanu3yeT-
cs yepe3 HapylleHWe TOPMOHAbHOTO OanaHca Kak
pe3yabTaT agguTUBHOTO 3(ddeKTa 3CTPOTeHOB U
IL-1B, xOTOpbIE CTUMYIUPYIOT SHIAOMETPUATIBHYIO
SKCIPECCHUI0 CUTHAIIBHBIX MOJIEKYJI MHTepP(PEepOHOB
IpU MX COBMECTHOM MpaiiMUHTE HAOMETPUATbHOMN
(GYHKLIMHT, MOTYIUPYST UMMYHHBII OTBET Y XXCHIINH
Ha paHHUX CPOKaxX 0epeMEHHOCTU, YTO BepUPUIIN-
POBaHO HACTOSIIINM MCCICIOBAaHNEM KaK YTHETCHUE
skcnpeccuu [L-1p B ycinoBUsX U30BITOYHON KOHTa-
MMHAIIMU TUAPOKCcHOeH3010M [12].

Cnmcok nutepatypbl / References

TexHOreHHBI 3CTPOreH (ruaAPOKCUOEH301), Aeii-
CTBYIOIIMI KaK CUMYJISITOPp HaTypaJIbHbIX 3CTpoOre-
HOB IO MPUHIMITY OOpaTHOI CBSI3U, MOMYJIUPYET
YPOBEeHb 3cTpaaroiia. Momudukanus HOPMaJIbHO-
IO YPOBHSI 3CTPaaMOja TaKKe BeIeT K M3MEHEHUIO
YPOBHSI MpOrecTepoHa, KOTOPBIN y4acTBYeT B WH-
rubupoBaHuu IL-8 u Apyrux XeMOKMHOB B 9HIOME-
Tpum [16].

Krasnyi A.M. u coaBT., KOTOpbI€ MCCJICIOBaIN
ypoBHM 1IMTOKUHOB (IL-6, 1L-8, IL-10, TNF u np.)
B CBIBOPOTKE KPOBU >KEHIIIUH C 9HIAOMETPUO30M, CO-
OOII[aI0T, YTO Ppa3BUTUE DHIAOMETPUO3a MOXKET ObITh
00OYCJIOBJICHO HEAOCTAaTOYHOCTBIO KaK IPOTUBOBOC-
HaJUTEJIFHOM, TaK 1 TIPOBOCTAJIMTEIILHON aKTUBHO-
cTbio Mmakpodarosn [13].

Hutoxkun 1L-6, kKak 1 apyrve nNpoBOCIHAIUTENb-
Hble MeAUaTOpPhbl, TAKXKe IMPUHUMAET yJyacTue B pas3-
BUTUM DHIOMETPHO3a, YTO OBLIO TTOKa3aHO B MCCIIe-
moBaHnU Li S 1 coaBTOPOB, Ilie aBTOPHI COOOIITAIOT
00 yBenuueHumn coaepxaHusi IL-6 B rmepuTOHea b-
HOM KMIKOCTH, YTO CIIOCOOCTBYET DPa3BUTHUIO 3H-
JIOMETpHO3a 3a CUET ITOBBIIICHUSI OMOAKTUBHOCTU
1L-6 [14]. JaHHbIE pe3yabTaThl KOPPECITOHAUPYIOT-
CsI ¢ pe3yiabTaTaMM HalllMX MCCJICAOBAHWI Kak IJIst
JKEHIIMH WCKIIOYUTEIbHO KOHTaMWHUPOBAHHBIX
TUIPOKCUOEH300M, TaK U IJIs >KEHIIWH, XapakKTe-
PU3YIOLIMXCH TOJBKO PEPIOLYKTUBHOM MATOJOTUECH.

Carmona F. 1 coaBT. B icclIeTOBaHNH CHIBOPOTOK
KEHIIWH Ha YPOBHU 3KCIIpeccMM IUTOKMHa IL-8,
COOOIIAIOT O €ro KOppeJsluu C pa3BUTUEM DHIO-
METPUO3a, YTO CBUIETEIbCTBYET B IMOJb3Y BBICOKO-
ro MpOrHocTUYecKoro 3HayeHus 1L-8 mis paspurus
IaHHOW MATOJIOTUU [6], YTO KOPPECIIOHAUPYETCSI C
pes3yJibTaTaMy HaIllero MCCJIeOBAaHUS — TUIIEPIIPO-
nykius [L-8 ¢ ipeBbilieHrueM pedhepeHTHBIX 3Haue-
HM 10 2 pas.

W3 nurepaTypHBIX MCTOYHHUKOB H3BECTHO, YTO
3CTPOTeHBI CIIOCOOHBI MHIYLIMPOBaTh B-KieTkm K
BbipaboTke IL-10, 4yTo OBLIO MOKa3aHO B 3KCMeE-
pUMEHTE HaJ J1a0opaTOPHBIMU KUBOTHBIMM B MC-
CJIEIOBAaHUMM KMTalcKuX ydeHbIX B 2016 romy [15].
HacrosiimuMm  mccienmoBaHueM  BepuGpUIIMpoBaHa
acconmanus N30BITOYHOTO YPOBHS B OMOCpenax I'i-
npokcrubeH3oa (peHosia), ¢ BRICOKMM YPOBHEM 3KC-
npeccuu 1L-10 (p < 0,001), BeIcTymaromero B poju
aHTaroOHUCTa MPOBOCTIAIMTEILHBIM IUTOKMHAM.

Takum o0Opa3oM, H30bITOYHASI KOHTaMWHALIMS
TUIPOKCUOCH30I0M Ha (DOHE IIMTOKMHOBOIO IIMC-
OajaHca BBICTyIaeT B KadyecTBe (pakTopa, KOTOPBIiA
CIIOCOOCTBYET Pa3BUTUIO W XPOHU3ALIMU MpPOLIEC-
ca 3HAOMETpPUO3a M HapyIIeHUS PEeIpOIyKTUBHOMN
GYHKIIMM XeHIINH (6ecIuioane).
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GArOTEPANUA AHTUBUOTUKOPE3UCTEHTHOW
NMHEBMOHUU: UMMYHOMO4YNALUNA UNA

NEPEPACNPEAEJIEHUE?

Boukrapesa C.C.}, ®egoposa VI.M.}, Epmosa O.H.%, Koreaesa C.J1.,
Ranycrun V1.B., Basaxep M.C.!, Hosukosa JLJL.!, Anemukun A.B.},
Bopoones A.M.!

"@BYH «Mockosckuil HAYYHO-UCCACO08AMENCKULL UHCMUMYM SNUOEMUOA0UU U MUKPOOUONOUU UMEHU
I H. Iabpuuesckoeo» Pocnompebuadsopa, Mockea, Poccus

2DIAY «Hayuonanbrwlii MEOUYUHCKULL UCCAe008AMEAbCKUL UEHMD HEUPOXUPYPSUU UMEHU AKAOeMUKA
H.H. bypderxo» Murucmepcmea 30pasooxpanenuss PO, Mockea, Poccus

Pestome. Haitie coobiieHre KacaeTcst HAOMIOASHUM, CIeITaHHBIX B XO/1€ JIeYSHUSI THEBMOHUM UHAUBUIY-
allbHO NMoJo0paHHbIMU OakTepuodaramu y 6oabHbIx ¢ MCMII, Haxonsiiuxcs Ha UBJI.

O6cnenoBaHo 19 nmanueHToB, Haxoasduuxcs Ha MBJI, cocTosiHMe KOTOPBIX OCI0KHUIOCH aHTUOUOTUKO-
YCTOMYMBOU MHEBMOHUEM.

JleueHue OOJILHBIX OBLIO JOTIOJMHEHO (paroTepanueii, bakTepuodaru ObLUIU NoJ00paHbl UHAWBUAYATHHO
JUTST KaXKA0To OOJIBHOTO ¢ YYETOM MUKPOOHOM aTHoJoruun 3adboneBanust (Pseudomonas aeruginosa, Klebsiella
pneumoniae, Acinetobacter baumanii).

NMMmyHopeHOTUTTMPOBaHME TUM(OILIMTOB KPOBU IIPOBEIEHO C ITIOMOIIBIO 2-3-MapaMeTPOBOI ITPOTOUHOM
mutoMeTpun. DyHKIIMOHAIbHAS aKTUBHOCTD JICMKOLIMTOB KPOBU OLIEHUBAJIACH IO MX CIIOCOOHOCTH IIPOIY-
nuposaTh npu KyabTuBupoBaHuu [FNo u IFNy. YpoBeHbs npoaykiunmu nHTepdepoHOB B COOpPaHHBIX TTOC/IE
KyJTbTUBUPOBAHUS CyIlIlepHaTaHTaX KOJMYSCTBEHHO OILIEHMBAJICS KakK ITo MX KoHIeHTpaunu (Meton MDA, pe-
areHTHI 3A0 «Bekrtop-becr-EBpora»), Tak 1 Mo nX 6MOJIOTUYECKOI aKTUBHOCTH.

CraTtuctrdeckast 00paboTKa pe3yJIibTaToB IpOBeIeHa ¢ UCIOJIb30BaHUEM MporpaMMbl Statistica 6 o He-
napametpuyeckomy U-kputeputo MaHHa—YUTHU.

B xome ycrienrHoit harorepanui THEBMOHWY MHAWBUIYAJIBHO TTOI00paHHBIMI OaKTepruodaraMu B KpOBU
NaeHTOB OTMeYaeTCs MpeoaoieHre TuM@oneHNH (B ClIydasix, €CJIM OHa ObLIa) U YBEIMUCHUE KaK KOJTMIe-
CTBa, TaK U (PyHKIIMOHAJIBHOU aKTUBHOCTH JITMMMOUUTOB Nepudeprieckoii KpoBU Y BceX OOJbHBIX.

3aBUCUMOCTb MEXIy MUKPOOHOI Harpy3koil (MOHO- Wiu MUKCT-UHDekIus1, kKoauyectBo KOE B0o30y-
IUTEeJIel ITHEBMOHUM, MTOTPEOHOCTh B IMTOBTOPHBIX Kypcax (paroTrepaliii) U CTEIIEHbIO Je(UIINTA B TEX WIN
WHBIX CYOITOITYJISIIMSIX TUM(MOIIMTOB He ObLIa BBISIBJICHA.

JocTurHyTasi rmocjie OIHOro Kypca darorepanuy akTUBaluss MMMYHHOM CUCTeMBbI COXpaHsIach MO Kpaii-
Hell Mepe B TeueHue 3 HellelIb Iocie MpeKpallleHrs BBeneHus (paros.

Karouesoie cnosa: pacomepanus, éausHue Ha UMMYHHYIO cucmemy, akmueuposarnsie T-aumepouyumot, NK-knemku, I[FNy, [FNa.,
aHmMuOUOMUKOPe3UCMEeHMHAs NHEBMOHUS
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PHAGE THERAPY IN ANTIBIOTIC RESISTANT PNEUMONIA:
IMMUNOMODULATION OR REDISTRIBUTION?
Bochkareva S.S.?, Fedorova LM%, Ershova O.N.”, Koteleva S.I.2,

Kapustin L.V.2 Blyakher M.S.2, Novikova L.I.?, Aleshkin A. V.2,
Vorobiev A.M.?

@ G.N. Gabrichevsky Research Institute for Epidemiology and Microbiology, Moscow, Russian Federation
b N. Burdenko National Medical Research Center for Neurosurgery, Moscow, Russian Federation

Abstract. Our report concerns the observations made during the treatment of pneumonia with individually
selected bacteriophages in HCALI patients on mechanical ventilation.

19 patients on mechanical ventilation whose condition was complicated by antibiotic-resistant pneumonia
were examined.

The treatment of patients was supplemented with phage therapy, bacteriophages were selected individually
for each patient, taking into account the microbial etiology of the disease (Pseudomonas aeruginosa, Klebsiella
pneumoniae, Acinetobacter baumanir).

Immunophenotyping of blood lymphocytes was carried out using 2-3-parameter flow cytometry. The func-
tional activity of blood leukocytes was assessed by their ability to produce IFNa and IFNy during cultivation.
The level of interferons production in supernatants collected after cultivation was quantitatively evaluated both
by their concentration (ELISA, reagents from “Vector-Best-Europe”, Russia) and by their biological activity.

Statistical processing of the results was carried out using the Statistica 6 program according to the nonpara-

metric Mann-Whitney U-test.

In the course of successful phage therapy with individually selected bacteriophages overcoming of lympho-
penia (if there was one) and an increase in both the number and functional activity of peripheral blood lympho-

cytes in all patients with pneumonia observed are noted.

The relationship between the microbial load (mono- or mixed infection, the number of CFU pathogens
of pneumonia, the need for repeated courses of phage therapy) and the degree of deficiency in one or another

subpopulation of lymphocytes was not detected.

Activation of the immune system achieved after one course of phage therapy was maintained for at least 3

weeks after phage administration was discontinued.

Keywords: phage therapy, effects on the immune system, activated T lymphocytes, NK cells, IFNy, [FNo., antibiotic-resistant

pneumonia

Introduction

The development of pneumonia as a complication
caused by health care associated infections (HCAI)
(the earlier term is “nosocomial infections”) in pa-
tients who have been on artificial lung ventilation
(ALV) for a long time (mechanical ventilation) is a
significant problem, especially in cases of antibiotic
resistance of pathogenic microflora.

The list of HCAI pathogens includes representa-
tives of various taxonomic groups of bacteria, viruses,
protozoa and fungi. More than 90% of all nosocomial
infections are of bacterial origin and, moreover, HCAI
are usually caused by hospital strains of microorgan-
isms. The incidence rate of HCALI in resuscitation de-
partments and intensive care units is 5-10 times higher
than in patients of other departments. HCAI patho-
gens are mostly antibiotic resistant and frequently
there are multidrug resistant microorganisms [1, 14].
ALV-associated pneumonia develops in 5% of inten-
sive care unit patients.

The use of bacteriophages is a modern approach to
the treatment of these types of complications caused
by HCAL. [2]. In addition to the known specific lytic
effect of phages against the corresponding target bac-
teria, there is literature evidence of other effects of
phages in the human body, the immunomodulating
effect in particular [5, 9, 10]. At the same time, the
effect of phage therapy on the immune system is not
well studied.

Our report concerns the observations made during
the treatment of pneumonia with individually selected
bacteriophages in HCAI patients on mechanical ven-
tilation.

Materials and methods

We examined 19 patients on mechanical ventila-
tion whose condition was complicated by antibiotic-
resistant pneumonia.

The treatment of patients was supplemented with
phage therapy, bacteriophages were selected individu-
ally for each patient, taking into account the micro-
bial etiology of the disease (Pseudomonas aeruginosa,
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Klebsiella pneumoniae, Acinetobacter baumanii) in full
accordance with the algorithm protected by the Rus-
sian Federation patent for an invention [13].

Phage therapy course duration was 5 days. In some
cases, it took more than one course of phage therapy
and/or the use of bacteriophages cocktail.

The patient’s immune system state was assessed
before the start of phage therapy and weekly after it
began (a total of 2-5 times).

Immunophenotyping of blood lymphocytes was
carried out using 2-3-parameter flow cytometry (re-
agents and equipment from “Beckman Coulter”,
USA). Serum concentration of IgG, IgA, IgM was
determined by turbidimetry (reagents from “Hu-
man”, Germany). The functional activity of blood
leukocytes was assessed by their ability to produce
IFNa and IFNy during cultivation (stimulants are
Newcastle disease virus and PHA, respectively; dos-
es and stimulation regimen were used in accordance
with [6]). The level of interferons production in su-
pernatants collected after cultivation was quantita-
tively evaluated both by their concentration (ELISA,
reagents from “Vector-Best-Europe”, Russia) and by
their biological activity, in accordance with [6]. The
biological activity of interferons was expressed in
U,/ml which corresponded to the 1/titer of the aboli-
tion of the cytopathic effect of the virus on the human
embryo lung fibroblasts after their incubation with
supernatants of stimulated blood cell culture. Statisti-
cal processing of the results was carried out using the
Statistica 6 program according to the nonparametric
Mann—Whitney U-test.

Results and discussion

Before the start of phage therapy, half of the exam-
ined patients showed lymphopenia, a reduced num-
ber of cytolytic T lymphocytes (CTL), and NK cells.
A decrease in the number of CTL in most patients was
combined with an increase in the percentage of ac-
tivated cells among them (CD3*CD8*CD38%). A de-
crease in the number of T helpers in the blood was
detected in 68.4% of patients, but no increase in the
number of activated ones was detected among them.

In comparison with the normal level, B lympho-
cyte deficiency was registered in less than half of the
patients, and a decrease in IgG concentration was de-
tected in the blood serum of 5 people (26.3%).

The decrease in the number of T helpers and CTL
was accompanied by a decrease in their ability to pro-
duce IFNy, which was discovered both by the con-
centration of IFNy in the culture supernatants and by
the biological activity of these supernatants, while the
production of IFNa practically did not decrease.

The average values of these parameters, as well as
their change immediately after the course of phage
therapy are shown in the Table 1.

In Table 1 you can see that at the end of the one
course of phage therapy, the average numbers and
functional activity of lymphocytes increase, but most
of the changes are not statistically significant. The

reason for this is the probable effect on the immune
system state of patients not only of pneumonia itself,
but of factors associated with the underlying disease
of the patients, which was the reason for their hospi-
talization.

There was also some heterogeneity of patients ac-
cording to the nature of the response to phage thera-
py. Thus, in 9 people out of 19, airway sanitation was
achieved after 1 course of treatment with one bacte-
riophage strain (group 1). However, the other 10 pa-
tients required 2-3 courses or a combination of several
phages and some patients, in addition to the respira-
tory tract, required sanitation for another 1-2 infec-
tion loci (group 2).

The state of the immune system in both groups
was similar: the proportion of patients with lympho-
penia and cell deficiency in individual subpopulations
of lymphocytes was almost the same. However, some
features can be noted.

The percentage of activated T  cells
CD3*CDS8"CD38" was increased initially in patients
of both groups, and the proportion of CD3*HLA-DR*
in group 2 was slightly lower than in group 1 (6.9 ver-
sus 10.9%), and after one course of phage therapy its
increase was significant (15.0%, p = 0.023).

The initial level of IFNy production in group 2 was
also lower than in group 1 (1849 versus 4130 pg/ml),
and after one course of phage therapy it increased sig-
nificantly (7688 pg/ml, p = 0.047), whereas in group
1 the ability of leukocytes to produce IFNy increased
to a lesser extent (from 4130 to 5253 pg/ml).

To statistically evaluate the results obtained and at
the same time take into account interindividual vari-
ability, the change in each parameter was analyzed by
us not only in units of laboratory analysis, but also as a
percentage of the initial state.

Table 2 in this aspect presents the dynamics of in-
dividual indicators for a period of 3 weeks after the
start of phage therapy. From 19 patients, 11 were ob-
served by us for 3 or more weeks, including 5 people
from group 1 and 6 people from group 2.

Table 2 demonstrates that immediately after the
completion of one course of phage therapy, the num-
ber of lymphocytes in such subpopulations as T help-
ers and NK cells significantly increases. Considering
whether there was a deficiency of these cells in each
patient before the start of phage therapy and its level,
the magnification rate was different, but on average
it was 1.5 for T helpers and 1.5-2 times for NK cells.

Functional activity of lymphocytes was also
registered at a higher level. The percentage of
CD3*"HLA-DR" increased immediately after 1 course
of phage therapy and remained at this and higher
level for 3 weeks of observation. The percentage of
CD3*CD8*CD38" increased to a lesser extent, but
this parameter was already initially increased in pa-
tients compared to parameters of healthy people (see
Table 1).

The ability of blood lymphocytes to produce IFNy
also increased after phage therapy and continued to

181



bouxapesa C.C. u op.
Bochkareva S.S. et al.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

TABLE 1. CHANGE IN THE IMMUNE SYSTEM STATE OF PATIENTS AT THE END OF ONE COURSE OF PHAGE THERAPY

Before phage After .
therapy 5-10 days Normal limits
Lymphocytes (10%/ml) 1407 1698 1500-2800
T cells (CD3*, 103/ml) 1075 1276 1100-2000
T helpers (CD3*CD4*, 10%/ml) 673 762 750-1200
CTL (CD3*CD8*, 10%/ml ) 370 470 300-700
CD4*/CD8* 212 1.83 1.6-3.00
B cells (CD3-CD19*, 10%/ml ) 138 159 100-500
NK cells (CD3-CD16*CD56*, 103/ml ) 161 227 150-550
CD3*CD69* (%) 3.2 3.3 <10
15.5*
+ - + (0,
Activated T cells CD3'HLA-DR" (%) 8.7 p=0.03 <10
27.1*
+ + + (0,
CD3*CD8*CD38* (%) 15.9 b = 0.04 <10
IgG, mg/ml 9.3 - 7.6-18.9
Concentration IgM, mg/ml 12 - 0534
in serum
IgA, mg/ml 2.4 - 0,8-3.5
. 6785*
. concentration, pg/ml 2990 _ 2000-25000
IFNy production p=0.04
biol. activity, U/ml 15 24 32-128
. concentration, pg/ml 231 260 100-500
IFNa production - —
biol. activity, U/ml 110 130 160-640

Note. *, significant difference from the level before phage therapy.

TABLE 2. DYNAMICS OF THE IMMUNE SYSTEM STATE OF PATIENTS WITHIN 3 WEEKS AFTER PHAGE THERAPY

Average value of changes in % of the initial state
Indicator
just after in 2 weeks in 3 weeks
. N . 188 206
NK cells (CD3-CD16*CD56*) b =001 b= 0.02 135
. . 149 126
T helpers (CD3*CD4*) b =003 142 b =001
. N 157 227 21
Activated T cells (CD3*HLA-DR) b =004 b =0.01 p=0.03
Activated T cells (CD3*CD8*CD38*) 110 120 180
. - 246 180
IFNy (biol. activity) 173 b = 0.04 b =003
. .. 108
IFNq (biol. activity) b =0.03 107 98

Note. As for Table 1.

increase or remained at the achieved level through-
out the observation period, and the change in IFNa
production did not occur in all patients and was not
statistically significant.

Although the stimulating effect of bacteriophages
on the immune system, shown in experiments in vivo
and in vitro is known from the literature [4, 8, 10, 15],
the changes that we observed in the immune status of

patients after phage therapy would probably be more
correctly regarded as not immunostimulation, but re-
distribution of lymphocytes between individual sites
of the immune system.

It is believed that immune protection in the lungs
is provided by both non-recirculating cells of innate
immunity [3] and T cells. The role of memory T cells
is to rapidly deploy a specific immune response, acti-
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vate the resident elements of the immune system, and
attract circulating immune cells to the lungs [7]. It was
shown that the outcome of a pulmonary infection as-
sociated with Pseudomonas aeruginosa depends on the
number of T helpers and the polarization of the im-
mune response at their level [12], and NK cells are the
main producers of IFNy in the lungs and are rapidly
activated for this purpose (within 1 day [11]).

It is possible that the decrease in antigenic load
in the respiratory tract, achieved immediately with
successful phage therapy, reduces the need for these
cellular elements, and an additional number of lym-
phocytes, including activated ones, appear in the pe-
ripheral blood. The question of whether the state of
the immune system after 3 weeks or more is associ-
ated with the immunomodulating effect of the bacte-
riophage remains open.

Conclusion

Thus, in the course of successful phage therapy
with individually selected bacteriophages overcoming
of lymphopenia (if there was one) and an increase in
both the number and functional activity of peripheral
blood lymphocytes in all patients with pneumonia.

The relationship between the microbial load
(mono- or mixed infection, the number of CFU
pathogens of pneumonia, the need for repeated
courses of phage therapy) and the degree of deficiency
in one or another subpopulation of lymphocytes was
not detected.

Activation of the immune system achieved after
one course of phage therapy was maintained for at
least 3 weeks after phage administration was discon-
tinued.
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OBLLUAA BAPUABEJIbHAA UMMYHHASA HEOQOCTATO4YHOCTbD:
KJINHUWYECKUW CNTYYAN

Cooxro E.A.'% lemko VI.B.} 2 ConobeBa VLA % Kpanommnaa A.JO."2,
I'opneesa H.B.'% Auukun JI.A.L, IIpouskuna H.C.2, Minenxo O.IL!2

Cayuaii uz npakmuxu
Clinical case

'®@I'BOY BO «Kpachospckuii 2ocydapcmeenHblii MeOuyuHCKUi yHuseepcumem umenu npogeccopa B.®. Boiino-
SAceneuykoeo» Munucmepcmea 30pasooxpanenus PO, e. Kpacrospck, Poccus
2 KI'BY3 «Kpaesas kaunuueckas boavhuuya», e. Kpacnosapcek, Poccus

Pesome. [TepBruaHbIle UMMYHOIE(OUIIUTHI SIBIISTFOTCST PEIKOI BPOKICHHOM ITaTOI0TMEeH, CBI3aHHOM C He-
COCTOSITeJIbHOCThI0O UMMYHHOI CHCTEMBI, IIPOSIBIISTIOIICIICS HapyIlIeHneM ee GYHKINU. DTU J1e(DEKTHI TTpU-
BOISIT K MOBBIIIIEHHON BOCIIPUMUMYMBOCTH ITAIIMCHTOB K Pa3IMYHBIM MH(MEKIIMOHHBIM arcHTaM, a TakKe
TOSIBJICHUIO ayTOUMMYHHBIX, OHKOJIOTHYECKUX U ApyTuX 3adosieBaHmii. [lepBnaHble UMMYHOIEDUIINTHI OT-
HOCST K peIKMM O0O0JIe3HSIM, 9YTO paHee aCCOIMUPOBAIIOCH C IJIOXUM IIPOTHO30M BBICOKOTO PHCKA JIETATBHO-
CTU B IETCKOM Bo3pacTte. Ha ceromHSIIHUN OeHb MOSIBJICHUE BBICOKO3(P(MEKTUBHBIX METOIOB JCUCHUS TO-
3BOJIMJIO U3MEHUTH TEUCHHUE U IIPOTHO3 TaHHBIX 3a00JIeBaHMi. Bece gallle Bpauu pa3InaIHbBIX CIIEIIMATBHOCTE
BCTpEYAIOTCs ¢ JAaHHOU MAaTOJIOTUEH B MTOBCEAHEBHON ITPaKTUKE, B TOM YHCJIC Y B3POCIBIX. B CBSI3M ¢ A3TUM
CTAaHOBUTCS aKTyaJbHOM paHHSISI TMAarHOCTUKA TTePBUIHBIX UMMYHOOC(UIIUTOB Y B3POCIBIX, YTO CBSI3aHO C
oA00POM ONITUMAILHOM Tepanuu, IPeayIPEKICHNEM TSDKEIBIX MOPaKeHI BHYTPEHHUX OPTaHOB, OIIpee-
JICHMEM TaKTUKH BeICHUS ITAllMeHTOB, a TAKXKe HEOOXOIUMOCTHIO BBISIBJICHUST HACJICICTBEHHBIX HAPYIIICHU I
¥ TIpeOOCTaBJICHUs MHMOPMAIIUM ceMbe MallMeHTa. 3a4acTylo HeCBOeBpeMeHHasd BepudUKaIMSI TMarHo3a
MOKET MIPUBECTU K MHBAIIMAU3AILIMY TTallMeHTa W Pa3BUTUIO HEOOPATUMBIX, YACTO CMEPTEIbHBIX OCIOXHE-
Huii. B maHHoO#t paboTe mpeacTraBiieH IIPUMEP COOCTBEHHOTO KIIMHMYECKOIO CTydasl TTallieHTa C BIIEPBBIC
YCTaHOBJICHHBIM JUAarHO30M: 00111ast BapruadeabHas UMMYHHasi HeTOCTaTOYHOCTh — Hanbosiee yactast popma
MEePBUIHOTO MMMYHOIeduTa y B3pocabix. CUMIITOMaThKa OO0IIei BapradeTbHOM MMMYHHOIM HEIOCTaTOY-
HOCTH TIPOSIBIISIETCS y IAIIUEHTOB B 3pEJIOM BO3pacTe, HO KAYeCTBEHHO COOpaHHBINM aHaMHEe3 ITO3BOJINT BBHI-
SIBUTb CUMITTOMEI y TTAIIMEHTOB eIll¢ B paHHEM IeTCTBe. OOBITHO MMEETCS 3aepKKa B HECKOJIBKO JIET MEXKITY
HavayioM 3a00JieBaHUSI M TIOCTAHOBKOI MMArHo3a, TaK KaK 9acTO CTaBUTCSI OITMOOYHBINA MMArHO3 B CBS3U
¢ HecTleM(PpUICCKUMU KIIMHUYECKUMI CUMITTOMaMH, HAaIIOMWHAIOIIMHU IpyTHe, 0ojiee YacThle 3a00eBa-
Hus. [IporHO3 y MaliieHTOB ¢ 00IIIeit BaprnadeTbHOM MMMYHHOM HEIOCTATOYHOCTBIO 3aBUCHUT OT HECKOJIBKIX
(haKTOPOB: YaCTOThl MHMEKIINMA, CTPYKTYPHBIX HapYIICHUI B JISTKUX, BOSHUKHOBEHUST ayTOMMMYHHBIX 3a-
0oJIeBaHUI U YCIICITHOCTH PO MIIaKTUKY MHMeKIuii. TakumM o6pa3omM, pa3zHO0Opasne KIMHNIESCKUX (DopM
TMEePBUIHBIX TMMYHOIE(PUIINTOB, HEIOCTATOUHASI OCBEIOMJICHHOCTh Bpadeil O MaHHOW IMAaTOJIOTHU, CIOXK-
HOCTB IIPOBEICHNS] UMMYHOJIOTUYECKOTO 00CIIeIOBaHMS B OOIIICH JIeUeOHOI CETU ITPUBOISIT K TOMY, YTO 00-
masi BaprabesbHass UMMYHHasI HEIOCTaTOYHOCTD JUTMTEIbHO HE TUAarHOCTUPYETCSI M OOJIbHBIE HE TTOIYJaroT
HEeOoOXOAMMOI MaTOreHeTUYeCKOU Tepanuu. HeobxonnMo TIpuBiIeYb BHUMaHME Bpadeli pa3IMIHBIX CITCIIH -
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AJIBHOCTEN K TOMY, 4TO ]'[pI/I‘H/IHOﬁ HacCTO pCIMIANBHUPYIOIIMX BOCHAJTIUTCIbHLIX ITPOLCCCOB paSJTH‘IHOﬁ JIOKa-
JIM3alru, IJI0X0 MMoaAJaroImXxXca aIeKBaTHOM Tpa[[HHPIOHHOﬁ Tepalimu, MOIryT ObITh UBMEHEHMUS B HMMYHHOfI
CHUCTEMC, BIUIOTHb JO BPOXKACHHDBIX, TCHCTUYCCKHN 06YCJ'[OBJ'[6HHI)IX I/IMMYHOZ[C(l)I/H_[I/ITOB.

Knrouesuie crosa: nepsuunblii ummyHoOeguyum, obuias 8apuadesbHas UMMYHHAS HeOOCMAMO4YHOCMb, eUN02AMMA2A00YyAUHEMUS,
UMMYHOPAMMA, HOPMAAbHbLI 4eA08eHeCKUL UMMYHOA00YAUH

COMMON VARIABLE IMMUNODEFICIENCY DISORDER:
A CLINICAL CASE

Sobko E.A.**, Demko L.V.2? Solovyeva I.LA.**, Kraposhina A.Yu.>",
Gordeeva N.V.2? Anikin D.A.2, Pronkina N.S.», Ischenko O.P.>"

¢ Krasnoyarsk State V. Voino- Yasenetsky Medical University, Krasnoyarsk, Russian Federation
b Regional Clinical Hospital, Krasnoyarsk, Russian Federation

Abstract. Primary immunodeficiency is a rare congenital pathology associated with failure of immune
system, manifested by disturbances of its functions. These defects lead to increased susceptibility of patients to
various infectious agents, as well as the development of autoimmune, malignant and other diseases. Primary
immunodeficiency is classified as a rare disecase, which was previously associated with a poor prognosis with a
high risk of mortality in childhood. To date, the emergence of highly effective treatment methods has changed
the course and prognosis of these diseases. Clinicians of various specialties increasingly meet with this pathology
in everyday practice, including adult age cohorts. In this regard, early diagnosis of primary immunodeficiency
in adults becomes relevant, being associated with choosing optimal therapy, prevention of severe internal
organ damage, determination of management strategy for the patient, as well as the need to identify inherited
disorders and provide information to the patient’s family. Delayed verification of the diagnosis may cause
disability of the patient and development of irreversible, often fatal complications. This article presents our
own clinical case with a newly diagnosed clinical condition: Common variable immunodeficiency disorder
(CVID), the most common form of primary immunodeficiency in adults. The symptoms of common variable
immunodeficiency disorder appear in these patients in adulthood, but a high-quality collected history of the
disease will allow you to trace symptoms in the patients even since early childhood. There is a common gap
for several years between the onset of the disease and clinical diagnosis, since erroneous diagnosis is often
made due to non-specific clinical symptoms that resemble other, more frequent diseases. The prognosis of
patients with CVID depends on several factors: frequency of infections, structural disorders in the lungs, the
occurrence of autoimmune diseases and the success of infection prevention. Thus, a variety of clinical forms
of primary immunodeficiency, lack of awareness of doctors about this pathology, complexity of immunological
examination in the general medical network lead to the fact that CVID is not diagnosed for long terms, and
patients do not receive the necessary pathogenetic therapy. There is a need for drawing attention of doctors
of various disciplines to the fact that the recurrent inflammatory processes of various localization, which are
difficult to respond to adequate traditional therapy, may be caused by changes in the immune system, including
congenital, genetically determined immunodeficiency.

Keywords: primary immunodeficiency, common variable immunodeficiency disorder, hypogammaglobulinemia, immunogram, normal
human immunoglobulin

B smoxy OypHoro pasButust (pyHIaMeHTaIbHON
U KJIMHUYEeCKOI MMMYHOJIOTMU, BCe OoJblle Talu-
€HTOB, CTPaJAIOIIMNX ITEPBUYHBIMU UMMYHOIE(PUIIU -
tamu (ITW/1), cBOeBpeMEHHO TOJIy4daloT JIeYeHue U
JIOXKUBAIOT A0 B3pocjoro Bo3pacta. OgHako Bce elle
OCTaeTCsI HU3Kask HACTOPOXKEHHOCTh Bpadeil 110 Mo-
BOJly TaHHOM TaTOJIOTMM, BCTPEUYalOTCsl MallMeHTHI,
KOTOpBIE TIPOXOASIT CJIOXHBIM MyTh, 3a4acTylo HU3-
MepSIIOLIUICS rogaMmu. DTO TIPUBOJIUT K HECBOEBpE-

MEHHOI TMarHOCTUKE W HEOOCTaTOYHOMY JICUYCHMIO
manueHToB, crpagatomux [T [2, 4, 5]. B mupe
3aperucTpupoBaHo okoio 27 teic. ciaydyaeB [TU]I o
JIaHHBIM peructpos [7, 8,9, 11].

TunuyaeiMu TiposiBneHussMu  [TU]Jl  gaBasitorcs
WHQPEKIMOHHBIA CUHAPOM: TPUOKOBBIC, BUPYCHBIE
n OakTepuaibHble WHMEKIINU TSKEJIOTO TeYeHUS;
MOBBILIEHHBIA PUCK Pa3BUTUS 3JT0KAYE€CTBEHHBIX
HOBOOOpPA30BaHWI, ayTOMMMYyHHBIC 3a00JICBaHUSI.
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Tlepeuunbtit ummyHnoodepuyum
Primary immunodeficiency: case report

Haubosiee yacto BctpeyaembiMu (popmamu TTUJ y
B3POCJIBIX SIBJISIFOTCSI «00111ast BapradebHast UMMYH-
Has HegocTtaTogyHOCTR» (OBUWH), cenekTuBHbBIN ne-
dunut ummyHoriooynrHa A (IgA) u arammarino0y-
nuHemus ¢ neduuurom B-kieroxk [12, 13].

Oco6enHoctbio OBUH saBnsieTcss mposiBaeHue
3aboJsieBaHUs B J11000M Bo3pacte. HecmoTpst Ha re-
HETUYECKYIO MPUPOAY JAHHOTO COCTOSHUS, OCOIOT
y OOJIBIIMHCTBA MAallMEHTOB MPUXOAUTCS Ha 3pesiblil
BospacT (30-40 JreT), Korma HaCTOPOXKEHHOCTh Bpa-
yeit B oTHowenuu [TMUJI camxaercd [1, 3, 6, 14].

TIpuBenem cobcTBeHHOE HaOIIOAEHMWE TallMeHTa
C BIepBbIe YCTaHOBJIEHHBIM nuarHozom OB H.

boabHoit H., 36 net, B mae 2018 roma y4acTko-
BBIM TepamneBTOM ObLI HAIIpaBJIEH K KIIMHUYCCKOMY
MMMYHOJIOTY B MOJUKIUMHUKY KpaeBoil KiIMHUYe-
CKOM OonpHHUIBI I. KpacHosipcka ST yTOYHCHUS
IMarHo3a.

IIpu oOpallieHUM y nauueHTa ObLIM KajloObl Ha
KallleJIb CO CIM3MUCTO-THOMHOM MOKpoToit 10 300 Mt
B CYTKHM, TIepHOIaMU TeMIlepaTypy Teaa mo 37,5, 3a-
JIOXKEHHOCTh HOCAa, 3eJICHOBATO-XKEJITHIC BBIICICHUS
M3 HOCA, 3aJI0KEHHOCTD B yIlIaXx, THOMHUYKOBBIC BbI-
CBHITTAaHUSI HAa JIMIE, OBICTPYIO YTOMIISIEMOCTh, CHU-
XXKeHue paboTOCIOCOOHOCTH, MOCTOSIHHOE YYBCTBO
cJ1abOCTH.

[MammeHT ¢ HeTCTBa CTpagaeT YaCTBIMU ITPOCTY I~
HBIMU 3200J1¢BaHUSIMH, OTHOCUJICS K KATETOPUH «4a-
CTO OoJIetoNIil peOeHOK», IETCKUIA cad He Tocelia.

C 2006 r. oTMeyaeT IOsIBJIeHUE 0O0JIee YacThIX MPO-
CTYIHBbIX 3a0oseBaHU 10 10 pa3 B roa ¢ 3aTS>KHBIM
TEYECHUEM, C Pa3BUTUEM IUTEJIbHOI CcyOdeOpunb-
HOM JUXOpaaKu, THOMHOro OpOHXUTA U/UJIU CUHY-
cuTa, TPeOYIOIINX Ha3HAUYCHUSI aHTUOAKTepUAITbHOMU
Tepauy BHYTPUBEHHO. PellMIVBEI KaHANIO03a CIIV-
3UCTON TIONOCTU pTa 4 pasa B roa. Iepneruyeckue
BBICBIITAaHMS Ha rybax g0 2 pa3 B rog. C 2006 roxa
JacTele OOpallleHUsT K OTOPWHOJAPWHTOJOTY, WH-
(bEKIIMOHUCTY, TeparieBTy C JMarHO3aMM: «BHEOOIb-
Hu4yHas nHeBMOHMs» 2013, 2015 rr., HEOQHOKpPATHO
«pommukynsipHas anruda» 2000, 2003, 2008, 2010,
2015 rr., «IBYyCTOPOHHUIA THOWHBINA CPEeIHUN OTUT»
2003, 2004, 2008, 2012 rr., «repriecBUpycHast MTHPEK-
mms» 2010, 2013, 2015 T, «XpOHUYECKUI IBYCTO-
POHHU PUHOCUHYCUT», «XPOHUICCKUI OPOHXUT».

B 2014 r. npu oGclieqoBaHUM MO MECTY XUTeJb-
CTBa BpayoM-TeparneBTOM Obla 3aromo3peHa «Mm-
MYHHAasl HEIOCTATOYHOCTb», ObLIO PEKOMEHIOBAHO
npoBecTu uccienoBaHue uMmmyHHoro cratyca (MC),
OJIHAKO TOJYYEeHHBbIC pe3yJIbTaTbl HUKEM He ObLIU
MHTepOpeTUPOBaHEL. [1allieHT mpeacTaBmiI 2 UMMY-
HoTrpaMMBbI (Tabu. 1).

M3 anamHe3a XU3HU oOpalllaeT BHUMaHUE, 4TO
nauueHT poc YJ1b pedbeHkoM, He nmocelal IeTCKU
cal B CBSI3W C YAaCTBIMU BHUPYCHBIMH MHMEKIIUSIMMU.
Bb1 BaKIIMHUPOBaH, COMIACHO KaJeHOAPIO MPUBU-
BOK, 0e3 ocyioxkHeHuit. B 2010 . — nsiM0JIM03, ObLI
IPOBEACH KypcC JICUCHUSI, HACTICACTBCHHBII aHAMHE3

TABITULA 1. PE3YNbTATbI UMMYHOJIOTMYECKOIO UCCNENOBAHUA B AUHAMUKE
TABLE 1. RESULTS OF IMMUNOLOGICAL RESEARCH IN DYNAMICS

MokasaTtenu 2014 ropg 2017 rop Hopma
Indicators 2014 year 2017 year Normal

CbIBOPOTOYHbIN IgA, mr/mn 05V 019V 0.8-4.,0
Serum IgA, mg/ml
CbIBOpPOTOYHbIN IgG, mr/mn 273V 183V 53165
Serum IgG, mg/ml
CbiBopoTouHbIn IgM, mr/mn 08 0.5 0.4-2,0
Serum IgM, mg/ml
CD3*CD19*, % 57v 60V 61-85
CD3*CD4*, % 30V 30V 35-55
CD3*CD8*, % 35 37 19-35
CD3*CD19, % 12,1 12 7-17
CD16 (NK-knetku), %
CD16 (NK cells), % 20,14 26,24 8-17
CD3*HLADR*, % 4,4 4,3 0,5-6,0
CD4*/CD8* 1,2V 1,2 1,5-2,6
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10 aTOIINU, UMMYHOITATOJIOTUH HE OTSATOIICH, BpeI-
HBIC IPUBBIYKU OTPUILIACT.

IIpy OOBEKTUBHOM OCMOTpE OOIEEe COCTOSIHUE
OTHOCUTEJILHO YIOBJIETBOPUTEJIbHOE. Teocimoxe-
Hue HopMmocTeHuueckoe. UMT = 24,93 kr/m?. Yu-
CThIe KOXXHBIC MOKPOBBI, HOPMAJIbHOIM BJIAXKHOCTH,
HOpPMAaJbHON OKpacKW. SI3bIK BIIaXKHBIN, OOJIOXKEH
0eJI0-3KEJITHIM HaJICTOM, 3¢B YUCTHII, MUHIATUHBI HE
yBesmueHbl. [lepudepudueckue auM@oy3ibl: B Tpa-
BOM MOJAMBIIIIEUHOI 00JIACTU TaJbITUPYIOTCS YBEIU-
YEeHHBbIEC 10 3 CM, 3J1aCTUYECKOl KOHCUCTEHLIMU, He
CIlassHHbIE C KOXKeli, MOJIBUXKHbIE, 0€30071e3HEHHbIE.
KocTHo-MbIlIeuHas1 cucteMa: 6e3 BUamuMoii aedop-
Mmannu. JpIxaHWe depe3 Hoc 3aTpymHeHo. Ilpu ay-
CKYJIBTalluM AbIXaHME KECTKOE, XPUIIOB HE CJIBIIITHO.
Y/ 18 B munyty. Carypauust 97%. Ipanulisl cepaiia
MEPKYTOPHO B HOPME, TOHBI CEPALIA SICHbIE, PUTMUY-
Hble. A/l Ha neBoit pyke 120/72 MM pT. CT., TIyjabe 72
yaapa B MUHYTY. 2KUBOT MsTKuii, 0€3001e3HeHHbIIt
BO Bcex otrmeiiaXx. OrekoB HeT. [Touku He maabImpy-
torcs1, cumiitom XII pebpa oTpuniaTenbHbI ¢ 00enx
CTOPOH.

B anamHe3e yacThle MH(MEKIIMOHHbIE BOCIAIM-
TeabHbIe 3a0oseBaHus 10 10 pa3 B roa, 6osee 2 cu-
HYCHUTOB B ToJI, (DOJUTUKYJSIpHAS aHTUHA, PCLIINBBI
KaHINI03a CIM3UCTOM ITOJIOCTU pTa IO 4 pa3 B Iof,
HEOOXOAMMOCTb 4YacTOro INMPUMEHEHUSI aHTUOaKTe-
pUAJIBHBIX TIperapaToB, a TakKXe pPe3yJbTaTOB MM-
MyHojiorudyeckoro oociegoBanus B 2014 u 2017 1.,
BBISBUBIIMX HU3KUI YPOBEHb MMMYHOTJIOOYIMTHOB
A, M u G, ObLJIO BbICKA3aHO TIPEANOJOXEHUE O Ha-
JIMYWY Yy TallUeHTA TIEPBUYHOTO UMMYHOOS(UIINTA.

JIJ1s1 ICKITIOYEHNST IPYTUX TIPUYUH TMITOMMMYHO-
MJIOOYJIMHEMUM MAalUEHTY IIPOBEIM IOMOTHUTEIb-
HbIe UCCIeTOBaHMSI.

OOmuii aHaaIu3  KPOBU:  DSPUTPOLIATHI  —
4,8 x 10'?/n, remorsioouH — 131 r/i, TpomMGOLIM-
Tel — 252 x 10°/n, neiikouutsl — 5,18 x 10°/1, na-
JIoOuKoOsiiepHble HeUTpodmIbl 4%, CErMEHTOSIIEpHbIE
HerTpoduiabl 46%, mumbouutsl 39%, 203MHOGUILI
2%, monouutel 8%, COD 7 mM/4. buoxumuueckue
moKa3aTe I KPOBH B IIpeieiax HopMbl. Pesynbrar Ha
aHTUMHYKJIeapHbIe aHTUTEJIa OTPUILIATSIbHBIN (CKpU-
HUHT K 26 aHThreHaM). B o01eM aHajim3e Kajia BbI-
SIBJICHBI LIMCTHI JITMOJTHIA.

MynbpTucnipaibHasi KOMITBIOTEPHAsT TOMOTpa-
¢us opraHoB rpynaHoil knetku: MHQUWIBTpaTUBHBIX
M 0YaroBbIX M3MEHEHMUI HET. JICTOYHBIN PUCYHOK
cTtpyktypeH. bponxu I-1II mopsinka mpoXoauMBbl.
KunkocTy B IJIeBpaJIbHBIX MOJOCTSIX HeT. Menua-
CTUHAJIbHBIC JIMM@AaTUIEeCKNE y3JIbl HE YBEJIUYEHBI.
Busyanusnpyercst ImakeT MOAMBIIIEYHBIX JTUMMaTH -
YeCKHUX y3JI0B cIipaBa pazmepoM 1,4 x 1,3 x 3,6 cm.
CpemocTeHUE CTPYKTYPHO, IOIIOJHUTEIBHBIX 00-
pa3oBaHUl He BBISIBICHO. KOCTHO-AECTPYKTUBHBIX
usmeHeHui HeT. [To naHHBIM peHTreHorpaduu Mpu-
JaTOYHBIX ITa3yX HOCAa W3MEHEHMI He BBISIBJICHO.

Cnuporpadpus: ODPB, 102-104%, ®XKEJ 102-107%,
O®DB,/DXKEJ 84-81%. 3akmoueHue: ocjie mpoobI:
nokazateau (yHKuuu BHemrHero mbixaHus (DPBJI)
B HOopMe. [Ipob6a ¢ canpbyramosom 400 Mr: oTpulia-
tenbHast. [Tpupoct ODPB, Ha 2%.

Pe3ynbraThl MMMYHOJIOTMYECKOIO 0OCIea0Ba-
Hua 2018 r.: CD37CD4" — 31,5%, abc. KOJIU4ECTBO
0,636 x 10°/n1, CD3"CD19- — 57%, abc. Koimye-
ctBo 1,15 x 10°/m, CD3*CD8") — 26%, abc. Komm-
yectBo 0,525 x 10°/1, CD16 — 25,1%, ab¢c. xonu-
gectBo 0,507 x 10°/m, CD3*CD19- — 12,1%, a6c.
koanuectBo 0,244 x 10°/1, CD3*HLADR"Y — 4,4%,
LMK 0,019 onT.en., *MMYHOPETYJISITOPHBII MHISKC
(CD4/CDS8) — 1,2; ceiBopoTouHbIii IgA 0,3 mr/mi,
ceiBopoTouHbIl I1gG 2,13 Mr/mi, CHIBOPOTOYHBIN
1gM 0,2 mMr/mi, (parotuTapHblii HHAEKC — 68%.

CorjlacHO JAaHHBLIM psiia aBTOpoB, ypoBeHb IgG
<450 mr/m, Ha hoHE TTOBBIIIEHHOW MOIBEPKEHHO-
CTU K MH(MDEKIMUIM, ayTOUMMYHHBIM TIPOSIBJICHUSIM,
SHTEpOIaTUsIM, JMMdopoaudepannu, IIpu yciao-
BUM WCKJIIOYEHMSI BTOPUYHOIO I'eHe3a rurioramma-
TI00YJIMHEMUM, SIBISICTCSI TUaTHOCTUYECKUM KPUTE-
puem OBUH mns B3pocabix [10, 13].

ITauuenty H. Ha ocHOBaHNM MOJIydEeHHBIX JaH-
HBIX OB YCTAHOBJIEH MpEeABapUTEIbHO JIUAarHO3
«IIePBUYHBI MMMYHOIE(MUIIUT: 00IIast Bapuadesb-
Hasi UMMYHHasl HeTOCTaTOYHOCTb».

J1st moaTBepXKACHUS AMarHo3a MalueHT ObLT Ha-
npasieH B Kinnuky mmmyHomarojiorun OI'BHY
«HayyHo-uccnenoBaTeIbcKMii  MHCTUTYT yHAa-
MCHTAJIbHON M KIIMHUYCCKONM MMMyHoJorum» CO
PAMH (. HoBocubupck). iluarHo3 ObLI MOATBEPK-
IIeH, M manueHTy H. Havamm 3aMeCcTUTEIbHYIO Tepa-
M1I0 HOPMAaJIbHbBIM YEJI0BEYECKUM UMMYHOTJI00YJIU -
HoM. [TepBoe BBezeHMe MpenapaTa NalueHT IIepeHec

YIOBJIETBOPUTEIBHO.
WM3BecTHO, YTO 3aMeCTUTEIbHAs Tepamusi HOp-
MaJbHBIM  4YEJOBEYESCKMM  MMMYHOIJIOOYJIMHOM

NPOBOAUTCS B OBYX pexumax. [lammeHTam, He IO-
JIy4aBIIMM paHee 3aMeCTUTCIBbHON Tepalluy, 103a
HachIILIeHUsT onpenessieTcs u3 pacuera 0,6-0,8 r/kr
Beca nauueHTa 1 pa3 B mecsil. Jlajee moaaepxxuBaro-
11as1 MOXKM3HEHHas Tepanus poBoauTcs B 1o3e 0,4-
0,6 T/kT Beca 6obHOTO 1 pa3 B Mecsil [14].

ObcyxaeHuve

B TedyeHue roma manyeHT MOTydal HOPMaJTbHBIN
YeJIOBeYeCKUI MMMYHOTJIO0Y/IMH, Ha (hOHe TprueMa
KOTOPOro ObLT OZHOKpPAaTHO 3a(UKCUPOBAH 3ITU-
3001 OPBU u obGocTpeHre XpOHUYECKOro OPOHXU-
Tta. B utone 2019 roga 661711 poBeIeHBI TTOBTOPHEIE
aHaJIU3bI KPOBU: 3pUTPOLIUTHI 4,9 x 10'2/1, remMoriio-
6uH 134 r/n, tpomGouutsl 220 x 10°/n, neiikonm-
ol 4,8 x 10°/1, COD 11 MM/4, CBIBOPOTOUHBII IgA
1,3 Mr/mi, ceiBopoTouHsiii IgG 7,11 mMr/mi, chIBO-
porouHnblit IgM 0,46 Mr/mi, 6e10K oo1uii 63,4 r/i.
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Tlepeuunbtit ummyHnoodepuyum
Primary immunodeficiency: case report

Ha ¢dboHe npumeHeHUs peKOMEHAOBAaHHON TO3bI
MMMYHOTJIOOY/IMHA TTOCTEIICHHO CTajld MEHee BBI-
pak€eHHbIMU CHMMIITOMBI 3a00JieBaHUSI, 4YacToTa
000CTpeHNST 3a00JIeBAaHUM BEpXHUX W HIDKHUX IBI-
XaTeJIbHBIX MyTell CHU3UJIAaCh, HAMETIJIACh TTOJIOXKM -
TeJibHasl AMHAMUKA JJaOOpaTOPHBIX MMOKa3aTesei.

OmHako MpH IIPOBEICHUM 330(paroracTpomyoie-
HocKoIuu B nekaope 2019 1. B HUzKHEN TpeTH XKeyi-
Ka T0 TpaHUle NepeaHell CTEHKU U OOJbIION Kpu-
BU3HBI BBISIBJICH YY4aCTOK 9pO3UPOBAHHON CIIN3UCTON
nuaMmeTpoM 10 3,0 cM, IPUIOAHSTHIN Hall TOBEPXHO-
CTBbIO Ha 3-4 MM, TUTOTHBII IIPY WHCTPYMEHTAJIBbHOMN
najbllalliid ¢ KOHTAaKTHOM KPOBOTOYMBOCTHIO. 3a-
kmoueHue: Auddy3Hblii MOBEpXHOCTHBI TacTPUT.
SI3Ba Tena sxemynka (Susp. Tumor) — B3siTa OMOTICHS.
HenocratouHocTh Kapauu.
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Cayuaii uz npakmuxu
Clinical case

KJIMHUYECKUW CJTYHAN OHATOBOWU AJTIONELUK

Y PEBEHKA C ATONMUEMN
Bapuio A.A.L, Cmupnosa C.B.}, Onstanna VI.V.>

I Hayuno-uccaedosamenvckuii uncmumym meouuunckux npoonem Ceeepa — obocobnennoe noopasoenerue @IEHY
«@Dedepanvrulii uccredosamenvckuil yenmp “Kpacnospcxuit nayunoiii yenmp Cubupcrkoeo omoenenus Poccutickoli
akademuu Hayk”», e. Kpacnospck, Poccus

2 KI'BY3 «Kpachospckuii kpaegoii KojcHo-eeneporocuveckuil oucnarcep No 1», e. Kpacnosapcek, Poccus

Pesome. OuaroBasi ajoIelus SIBJASICTCSI pacIpPOCTPaHEHHBIM BOCIHAIUTEIbHBIM MMMYHOONOCPEIOBaH-
HBIM 3a00JicBaHUEM, IIPY KOTOPOM 3allyCKaeTCsl ayTOMMMYHHBIN OTBET, HAIIpaBJIICHHBIA Ha BOJIOCSHBIC
(bOJUTMKYITBI, 9YTO IPUBOINUT K HEPYOIIOBOMY BBIMAICHHUIO BOJIOC Ha KOXE TOJIOBBI, JIMIE W IPYTUX ydacTKax
KOXHOTO IMoKpoBa. HecMoTps1 Ha MHOTrOYMCIEHHBIE UCCIeI0BaHMSI, TIOCBSIIIIEHHbIC U3YYSHUIO JaHHOM Mpo-
0JeMBbl, Ha CeTOTHSIITHUI IeHb HET SIMHOI0 MHEHMS 00 3TUOJIOTUH U ITaTOT¢He3¢ 0YaroBoi ajonenuu. B om-
TepaType 0ocoboe BHUMaHME YIeJIsIeTCsl aCCOLIMAllMM 0YaroBOi aJlonely ¢ ayTOMMMYHHBIMU 3a00JIeBaHU-
SIMU, TAKMMHU KaK peBMAaTOUIHBIN apTpUT, LieJMaKusl, nuadeT 1 Tuia, mcopuas, ayTOUMMYHHbBIN TUPEOUIUT,
putwnro. HemaBHue mccienoBaHMs BBISIBIJIN aCCOUAIIMIO OYaTrOBOU aJIONEIUM C aTONUIECKUMU 3a00I1e-
BaHUSIMM (aJUICPTUYECKUI PUHUT, OpOHXMaIbHAS acTMa, aTONTMYSCKUI TepMaTUT) U paHHUM ASOIOTOM TSI -
KeJbIX (hopM BbInageHus Bojioc. Lleapb HacTosiIero uccjienoBaHus — MpeacTaBIeHUE KIMHUUECKOTo cIyJast
0YaroBOM aJIOTTeINU y peOeHKa ¢ aronueii. [TalmmeHTKe mpoBeaeHO CrienpUIecKoe ajlIeprojornaeckoe 0o-
clieoBaHMe, BKIIIOYash KOXXHOE prick-TecTMpoBaHUE C LIEIbIO OIPEIe/IeHUST CEHCUOMIN3AallNY K ITUILEBBIM,
ObUIBLEBBIM U TPUOKOBBIM ajiiepreHaM. Ha ocHOBaHUM HaJIMYMsI B aHaAMHE3€ TUIMUYHBIX aJJIEPIrUYeCKUX
3a00JIEBaHNIT aTOIMMYECKOro TeHe3a, 303MHO(MIINT B TIepudeprnIecKoil KpOBU M BBICOKON KOHIICHTPAILIUHN
obmiero IgE B chIBOpOTKE KPOBU MOXKHO MPEAIIONIOXUTD, YTO TPUIMHON (POPMUPOBAHUS 0YaTrOB BhITAACHUS
BOJIOC y peOeHKa C aTOMUel sIBJIsIeTCsS aTonuyeckast ajorenus. B pe3yibsrate KOXKHOTO TECTUPOBAHUS BbI-
sIBJIEHA TUIIEpaprudyeckast peakius (> 15 MM) K IbLIbLE AEPEBLEB, MOJIOXUTEAbHAs (6-9 MM) — K OBCSIHOI
Kpyrne, cJ1adoroIoKUTeabHas peakius (3-5 MM) — K LIEJIbHOMY KYpUHOMY SIiilly, MOPKOBH, TOMATYy, sI0JIOKY,
rpyliie, IMbUTbLIE JTYTOBBIX, 3JTAKOBBIX, COPHBIX TpaB. C ydyeToM MPOBEACHHOIO CIIeM(UISCKOTO aaaeproo-
TUYECKOTO 00CIeMOBAaHMS peKOMEHI0OBaHA MHANBUIyaJIbHAS AUCETA C SJIMMUHAIINEH TPUIMHHO-3HAUYNMBIX
aJIJIEpPreHOoB (B TOM YMCJIE C YYETOM CJIa0O0TIONIOKUTEIbHBIX peaklinii), Hapy>KHOe JIeUeHUe: TOMMMISCKUEe UH-
TMOUTOPHI KablIMHEBpUHA B TeueHUe 1 mecsna. Yepes 1 Mecsil oT Hayajga Tepanuyd OTMEYEeHO U3MEHEHUe
CTaauu IaTOJOrMYECKOTOo Mpoliecca, a yepe3 6 MecsIleB — MOJIHOE BOCCTAHOBJIEHUE BOJIOCSHbBIX (DOJUIMKYJIOB
B ouare ajoneuuu. [lareHTKa HaxoAMIaCh MO/ HAOJIOICHUEM B TeUEHME To/a, XKajal00 Ha BhITTaIEHUE BOJIOC
He oTMevanoch. [TomoxXuTenbHbIi 3P GEeKT AMMUHALIMU Ha (DOHE SJIMMUHALIMOHHON IUETHI C YYETOM TIpHU-
YMHHO-3HAYMMBIX aJUIEPTEHOB OTMEUYCH U OTHOCUTEILHO PECIIMPATOPHON aJuIepTUM — B OYEPEIHOM IIePUO]T
MOJUTMHALIMY Y TTAIIMEHTKH He OBLIO CE30HHBIX MPOSBICHUN TTOJUTMHO3a. JIAaHHBIN KITMHWUYSCKWI cIyJaii ae-
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MOHCTPUPYETCSI C 1IeJIbI0 00paTUTh 0CO00e BHUMAHME JIEPMATOJIOTOB, aJlJIeproJIOTOB-UMMYHOJIOTOB, Bpavyei
00l11Ieli MpaKTUKKU Ha MpoOieMy O4aroBoit ajoneinuy aTolM4eckKoro reHesa.

Karouesnie crosa: ouaeosas aroneyus, amonus, amonu4ecKuil 0epmamum, NOAAUHO3, OPOHXUANbHAS ACMMA, UMMYHONAMO2eHe3

CLINICAL CASE OF FOCAL ALOPECIA IN A CHILD WITH ATOPY
Barilo A.A.%, Smirnova S.V.2, Olyanina .M.

@ Research Institute of Medical Problems of the North, Krasnoyarsk Science Center, Siberian Branch, Russian Academy
of Sciences, Krasnoyarsk, Russian Federation
b Krasnoyarsk Regional Dermatovenereologic Dispensary No. 1, Krasnoyarsk, Russian Federation

Abstract. Alopecia areata is a common inflammatory immune-mediated disorder in which autoimmune
response is triggered against hair follicles, thus leading to non-scarring hair loss on the scalp, face and other
parts of the skin. Despite numerous studies concerning this issue, today there is no consensus on the etiology
and pathogenesis of focal alopecia. In the literature, special attention is paid to association of focal alopecia
with autoimmune diseases, such as rheumatoid arthritis, celiac disease, type 1 diabetes, psoriasis, autoimmune
thyroiditis, vitiligo. Recent studies have identified the association of focal alopecia with atopic discases (allergic
rhinitis, bronchial asthma, atopic dermatitis) and the early debut of severe forms of hair loss. The aim of this
study was to present a clinical case of focal alopecia in an 8-year-old girl with atopic bronchial asthma and
seasonal allergic rhinitis. As based on detection of eosinophilia in peripheral blood and a high concentration of
total IgE in serum, one may assume that atopic alopecia is the cause of focal hair losses in a child with atopy.
The patient underwent skin prick testing, in order to determine sensitization for food components, pollen and
fungal allergens. As a result of skin testing, a hyperergic reaction (> 15 mm in diameter) to tree pollen was
revealed, a positive response (6-9 mm) to oatmeal, a weakly positive reaction (3-5 mm) to whole chicken egg,
carrots, tomato, apple, pear, pollen of meadow, cereal, weed grasses was also revealed. With regard of these
allergological data, an individual diet was recommended with the elimination of causally significant allergens
(including those eliciting weakly positive reactions), external treatment, i.e., topical calcineurin inhibitors
administered for 1 month. One month later, an improvement of the pathological process was registered, and
6 months from the start of therapy, complete restoration of hair follicles was noted in the focus of alopecia.
The patient was monitored for a year, no complaints of hair loss were noted. The positive effect of elimination
against the background of the appropriate elimination diet with respect to causally significant allergens, was
also noted when treating her for respiratory allergy, i.e., the patient did not have seasonal manifestations of hay
fever over the next pollination period. This clinical case is demonstrated in order to draw special attention of
dermatologists, allergologists, immunologists, general practitioners to the issues of focal alopecia in children
against the background of typical allergic diseases.

Keywords: Alopecia areata, atopy, atopic dermatitis, pollinosis, bronchial asthma, immunopathogenesis

BbIaenasior HeCKOJIbKO KIMHUYECKUX Pa3HOBMII-
HOCTEI aJIONEeIH: 0YaroBylo, JICHTOBUAHYIO (odhua-
31C), CYOTOTAIbHYIO, TOTAJIbHYIO I YHUBEPCAIbHYIO.
HecMoTpss Ha MHOTOYMCIIEHHBIE MCCIIEIOBAaHUS,
MOCBSIIIEHHbIE M3YyYEHUIO MaHHOW IMpPOOJIeMbI, Ha
CErOAHSILIHUI [IeHb HET €AMHOr0 MHEHUSI 00 DTU-

BeeneHue

OuaroBas anorieuusi (OA) sBiseTCsS pacnpo-
CTpaHEHHBIM BOCHAJIUTEIbHBIM MMMYHOOIOCPEI0-
BaHHBIM 3a00JIeBaHUEM, ITPU KOTOPOM 3aITyCKaeTCsl
ayTOMMMYHHBI OTBET, HAIpaBJICHHBII Ha BOJO-

CSHBbIe (POJUTUKYJIBI, YTO NPUBOIUT K HEPYOILIOBOMY
BBITTAJEHUIO BOJIOC Ha KOXE TOJIOBBI, JIMIIE U APYTUX
ydacTKax KOXHOro Mnmokposa. YacTtoTa BcTpeyaemo-
CTU OYaroOBOW aJONelUUd B MUPE COCTABISIET OKOJIO
2% cpeny Bcex KOXKHBIX 3aboeBanuii [11, 12].

OJIOTMM U TIaTOreHe3e O4aroBOil ajorenuu. 3Ha-
yuTeabHAsT posib B pa3BUTUU OA MIPUHAMIEKUT Ha-
CJIEICTBEHHBIM (haKTopaMm, IMPUUYEM OTSATOIICHHBIN
HACJIEICTBEHHBIN aHAMHE3, 110 JaHHBIM Pa3INnIHBIX
aBTOPOB, BapbupyeT oT 10 10 20% |5, 9]. Onpenene-
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Ho, uto HLA-AI, HLA-DQI1 u HLA-DQ3 BcTpe-
JaJIiCch 3HAYUTEIbHO 4ale y 60abHbIX OA B cpaB-
HEHUU C KOHTPOJIbHOMI rpyrmoii [5]. IToBbileHHAas
KOHIICHTpAaIIUs aIpeHOKOPTUKOTPOITHOIO TOPMOHA,
KOPTUKOCTEpOHA M 3CTpaauojia KOppeaupoBaaud C
MOBBIIIEHHBIM YPOBHEM ITPOBOCITAIUTEIBHBIX IV~
TOKWHOB B KO3K€, UTO YKa3bIBacT Ha MOTCHIIUATbHYIO
pOJIb TICUXOJOTUYECKUX M MNaTOMDU3MOJIOTMUYECKUX
dakTopoB, Bb3biBatonmx OA [11]. Kpome Toro,
Tpurrepamu OA MOryT OBITH TpaBMa, WH(MEKIINMH,
BaKIMHALIMs, U3MEHEHUE XapaKTepa MUTaHUsl, TUC-
OajtaHC KOHUEHTpauuu ButaMuHoB A u D [9]. Cne-
JOBaTeIbHO, (haKTOPHI OKPYKAIOIIEH Cpembl, Cpeau
KOTOPBIX OIpee/IEeHHYI0 HUIILY 3aHUMAalOT ajljiepre-
HBI, MOTYT OKa3bIBaTh BINSTHIE HA BOSHUKHOBESHUE U
TeyeHue 3a00ieBaHuS.

BosbIIMHCTBO — UccaeaoBaTesiell  CKIIOHSIOTCS
K ayTOMMMYHHOU mpupoae BO3HMKHOBeHUsT OA.
AyTOMMMYHHBII1 mpouecc onocpeasoBaH CD4* n
CDS8*T-numdpouuntamMu, BO3AECHCTBYIOIUMMU  Ha
0.-MEIaHOIUT-CTUMYJIHUPYIOIINI TOPMOH U TpaHC-
¢dopmupytommii ¢pakTop pocta-f§ BOJIOCSHBIX (o-
nukynoB [4, 10]. B maTtoreHe3e dopmupoBanusi OA
Tak:Ke IIPUHUMAIOT yJ4acTHEe KEPAaTUHOLIUTHI, (hHOpO-
0J1aCThl, TYYHbIE KJIETKW U IeHAPUTHBIE KiaeTku [13].
PazBuTue ajonenuu CBS3aHO C JIEWCTBUEM Meaua-
topoB BoctniasieHust: IFNy, TNFa, IL-2, IL-6 [12].
B ouarax mopaxeHust koxu npu OA naeHTUDULIU-
pPOBaHBI OTHEJBHBIC TIOIYSIINKA PE3UICHTHBIX U
LHUPKYIUPYIOMIMX T-KIETOK MaMsITU C pa3IudHbIMU
TEPPUTOPUSIMA MUTpPAlINU M (HYHKIIMOHAITBHBIMUI
aKTUBHOCTSIMH, KJICTOK JlaHTepraHca, YTO CBHUIC-
TEJAbCTBYeT 00 ayTOMMMYHHOU MpUPONE BOCIaIM-
TeJbHOTO Tpouecca [9, 11, 13].

IIpu OA otMmeuyeHo mnpeobGnamanue Thl-tuna
MUMMYHHOTO OTBETa TMPOTUB BOJIOCSHBIX (POJIITNKY-
0B B (pa3e aHareHa [9]. Hanuume HacnencTBeHHOM
MpPeapacIioJiOXXEHHOCTH, TMOBBIIIEHHON  YacTOThI
BCTPEYAEMOCTH ayTOAHTUTE] K BOJIOCSTHOMY (hoJI-
JIMKYAy B ¢pa3ze aHareHa, HapyleHUsT T-KIETOYHOTO
MMMYHHOTO OTBETa CBUAECTEIBbCTBYIOT O TOM, uTO OA
OTHOCHUTCSI K TPYIIIIE OpraHO-CIennu(pUIecKnx ay-
TOMMMYHHBIX 3a0ojieBaHuii. B nurepartype ocodoe
BHUMaHUE YACSIETCSI acCOLMAIlMM O4YaroBOM ajo-
Henur ¢ ayTOMMMYHHBIMU 3a00JICBAHUSIMM, TaKM-
MU KaK PEeBMaTOMIHBIN apTpUT, LieIdaKkus, AuadeT
1 Tuma, mcopmwas, ayTOMMMYHHBIA TUPEOUINT, BU-
Tuauro [7, 11]. HenaBHue uccienoBaHUs BbISIBUIU
accolMalio OYaroBOM ajomelyu ¢ aTONMUYEeCKUMU
3a007eBaHUSIMU (QIEPTUYECKUIT PUHUT, OPOHXMU-
aJlbHasl acTMa, aTOIMMYECKMI IepMaTUT) U paHHUM
JIe0I0TOM TsIKeIbIX (DOPM BbITagaeHus BoJioc [11, 12].
YacToTa BCTpedaeMOCTH aTOIIMYCCKUX 3a00JIeBaHUIA
npu OA nocturaer 40% [13]. Hekotopble uccieno-

BaTeJIM IIPEAIioJiaraloT, YTO TSLDKECTh aTOIMMYECKOTro
3a00J1eBaHMsl Y OOJIBHBIX KOPPEIUPYET CO CTeNIEHBIO
TSDKECTH 04aroBoit ajjorrenuu [12].

e HAcTOSAIIEr0 MCCIENOBAHUS — MpPEACTaBIIC-
HUE KJIWMHUYECKOTO CJiydyasi O4aroBOi ajiornenuu y
pebdeHKa ¢ aTOIMe.

Onucanye KIMHUYECKOTO CIydasi

IMaumenTka I1., 8 met.

Anamnesis vitae: pedbeHOK oT I OepemMeHHOCTH,
npoTekaBlIeil 6e3 ocodbeHHocTel. Poabl camocTosi-
TeabHBIC B cpokK (40 Hemenb). Macca mpu poxXaeHUN
3360 r, pinHa Teja 52 cMm. PaHHUil HeoHaTaJIbHBII
nepuop nportekain 6e3 ocodoeHHocTel. EcrecTBeHHOE
TpyaHOE BCKapMIMBaHME TTOJTyJasl 10 To/1a, IPUKOPM
BBeleH ¢ 6 MecsaneB. [IpUBUBKY 11O WHIWBUIYaAIb-
HOMY KaJICHAApIO B CBSI3W C YaCTBIMU MH(MEKIIMOH-
HbIMU 3a0oseBaHusIMU. C 3 JIeT XU3HU €XXEerogHo B
arpejie-Mae puHOpPESsI, 3AI0KEHHOCTh HOCA, YacThie
YUXaHUSI W OPUCTYIBI OPOHXUATBbHON OOCTPYKIIUM
(cyxoii MpUCTYyNoOOpa3HbIli Kallledb, CBUCTSIIEE
nbixaHue). [MaluyeHTKa HAXOAUTCS oA HAOMIOAEHU -
€M Bpada-aJuieproyjiora ¢ IMarHo30oM «0OpoHXHabHas
acTMa, aTonmJyeckass (popMa, WHTEPMHUTTHUPYIOLIAs.
AJtepruyeckKuii  puHUT, Ce30HHBIN». OO0OcTpeHUe
aJJIEPTUYECKOTO0 PUHUTA U aTOIMMYECKO OpOHXM-
aJIbHOW aCTMBI KYHMUPOBaIM IIPUMEHEHHEM aHTU-
TUCTAMUHHBIX TIpeliapaToB, MHTAISIUsIMU bepomy-
ana, Ilynemukoprta B TeueHue 10-14 gneit. TpaBm u
onepauuii He 6pUT0. CeMelHbI aHaMHE3: Y MaTepu
ayTOMMMYHHBII TUPEOUINT.

Anamnesis morbi: ¢ xoHua anpenst 2019 roga B
BO3pacTe 7 JIeT, Ha KOXE BOJIOCUCTOM YacTH TOJIO-
Bbl B 00J1aCTM MaKyIIIKM OOHApYXXWJM oyar ajiorne-
LU KPYITHBIX pa3MepoB. B TeueHne 6 mecsieB na-
OUEHTKA JIeunJiach y aepmaroiora. [IpoBeneH Kypc
BUTAMUHOTEpAIMu (BUTAMUHHBIN KoMIieke Amda-
BUT), HAPY>KHO MPUMEHSIJICSI KpeM DJIOKOM B TeUe-
Hue 1 mecsaua. Ha ¢oHe mpoBommMMoii Tepanuu U B
TedeHre 4 MecslieB Mocje JeYeHUsl odar rmopaxke-
HUS KOXU 0e3 BBIpaXKeHHON TUHAMHWKHN — perpecca
OA He mpowmsonnio. BecHoii 2019 roga cuMnTomMoB
MOJUIMHO3a (AJUIEPTUYECKOrO0 PUHUTA B COUETAHUU C
OPOHXOOOCTPYKTUBHBIM CUHIPOMOM) Y MaIlUCHTKN
He Ha0JI01a10Ch.

Status localis: Ha KOXe BOJOCUCTON YaCTU TOJIO-
BBl (B 00JIaCTM MaKYIIIKW) OITPEACIsICS oYar ajio-
nenur JTuaMeTpoM 12 CM ¢ YeTKMMH TpaHWULaMU
(puc. 1, cm. 3-10 cTp. obnoxku). [To mepudepun
oyara oOIIpelesisilach «30Ha pacllaTaHHBIX BOJIOC»
(MOJIOXKUTENbHBINA CUMITTOM «3MUASILAW» ). 115 moa-
TBEPKICHUS TMarH03a IIPOBeIcHA TPUXOCKOIIHS TT0-
paxkeHHOro oyara. B ouare BbISIBJIE€HBI XapaKTepHbIS
o1t OA  TPUXOCKOITMYECKNUE TIPU3HAKU: <«KEJIThIe
TOYKW», KagaBepU3UPOBAHHBIC (DOJUTUKYIBI («dep-
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HBIE TOYKW»), BOJIOCHI B BUIE <«BOCKJIMIIATCIBHOTO
3HaKa».

O0ocHOBaHNE KJIMHUYECKOTO IMATHO3A

JwvarHo3 BBEICTaBJICH Ha OCHOBAaHUM Xajlo0, JaH-
HbIX aHAMHE3a 1 XapaKTePHOU KIIMHUYECKOM KapTu-
HEBI 3a00JTeBaHMSI.

Kiunuyeckuii imarios

OCHOBHOI1: oyaroBasl ajonelus, IIPOrpecCcCupyro-
IIasi CTaaus.

CoTyTCTBYIOIIWI: MOJJIMHO3, TPOSIBIISIONINICS
OPOHXMAJILHOI aCTMOM, aJUIepruyecKUM PUHUTOM.
CeHcrOMIN3alMs K ITBLUIBIIC IEPCBHEB.

IIpoBeneHHoe o0cie10BaHIE

ITo pe3ynbraTaM MUKPOCKOITMYECKOTO MCCIIEIO-
BaHMS KOXM U BOJIOC Ha HAJIMYNE MATOTCHHBIX I'PU-
OOB — MUIIEJIMI1 HE BbISIBJICH.

B ximHMYeCKOM aHaiu3e KPOBU: 303MHODU-
s (8,7%; 0,52 x 10°/n1) n uenitponenus (35,9%;
2,14 x 10°/m).

OTKJIIOHEHUIT B OMOXMMWYECKMX II0Ka3aTesaX
kpoBu (AJIT, ACT, obmuit 6enoK, OMIMpyOrH, XO-
JIECTEpUH, caxap KpOBH, lleao4yHast ¢ocdartasa) He
BBISIBJICHO.

C menpi0 MCKIIIOUECHUS Mapa3uTapHO WHBa3UM
npoBeneHo MDA K onmcTopxaMm, TOKCOKapaM, acka-
puaaM M Kaj Ha sSifiia TmcToB 3-KpaTHo. [To pe3ynb-
TaTaM 00OCJIeIOBaHUS TeJIbLMUHTHI He OOHAPYKEHBbI.

AHaJIn3 KpOBW Ha TOPMOHEBI IIIMTOBUIHOM XKeJle-
36l (T3 cBoGomusIii, T4 cBoOomubIit, TTI') 1 anTH-
TeJla K TUpEOoIlepoKcuaa3e, aHTUTEea K TUPEOTrIo0y-
JIMHY) B TIpeneiax HOPMBI.

OmpeneneHa BBICOKAsI KOHIICHTpAIlMsS OOIIETo
IgE — 662 ME /M.

I[lpn aHamm3e DAHHBIX WMMYHOTPAMMEI BBISIB-
JICHO CHIDKEHHE OTHOCUTEJIBHOTO M aOCOJIIOTHOTO
konuuectBa CD3*CD8"-numdonntoB nepudepu-
yeckoil KpoBM: 23,4% (pedepeHCHBbIE 3HAYEHUS:
27,0-35,0%) un 589,0 xin/MK (peepeHCHbIE 3HAYE-
Hust: 600,0-900,0 xii/mMkiT). UMMyHOpPETyJISITOPHBIM
nHaekce (CD3*CD4"/CD3*CD8") mossimreH: 1,54
(pedbepencHble 3HadyeHus: 1,0-1,4). KoHueHTpauums
IgA, IgM, IgG B cBIBOpOTKE KPOBU B Ipeaeiax HOp-
MBI

VY3U OpIoIIHOI MOJOCTU U IIMTOBUIHOM KeJe-
3BI: TIATOJIOTUM HE BBISIBJICHO.

YauTeiBasi OTSATOIICHHBIM aJlIeproJIOTrMIeCKUA
aHaMHe3, 203MHOPUINI0 Mepudepudeckoii KpoBHU,
MOBBILIEHHYIO KOHIIEHTPAILINIO OOIIETO0 MMMYHOTJIO-
oynuHa E B chIBOpOTKE KpPOBM IallMEHTKE MTpOBeae-
HO KOXHoe prick-TecTUpoBaHUE C 1lieJbl0 Ompee-
JICHUSI CEHCUOMIM3alliM K TIUINEBBIM, ITbLIBLIEBBIM
U TPUOKOBBIM ajuiepreHaMm. B pesynbraTe KOXXKHOTO
TeCTUPOBaHUS Ha OCHOBAaHUM aHAJIM3a pa3Mepa BOJI-
IBIPHON peaKIIUM U TUIIEPEMUM BBISIBIICHBI CIICIYIO-

e CTCIICHU CEHCUOMIM3AllUM: TUIICPIPTHUUYecKast
peakuust (> 15 MM) — K TbUIbLIE AEPEBbEB, IOJIO-
KuTejabHas (6-9 MM) — K OBCSIHOM KpyIie, cjiabo-
noJoXUTebHas peakuus (3-5 MM) — K LIETBHOMY
KypUHOMY SIHIly, MOPKOBU, TOMATY, SI0J0KY, TpyIIe,
MTBLIBIIE JTYTOBBIX, 3JTAKOBBIX, COPHBIX TPaB.

C y4yeToM TNpPOBEIECHHOIO CIeLM(bUIECKOro aj-
JIEPTOJIOTMYECKOTO O0CIeH0BaHUSI PEeKOMEHIOBAaHA
WHIWBUIYyalbHasl AveTa C 3JUMUHALUEN MPUYUH-
HO-3HAYMMBIX aJUICPreHOB (B TOM 4YHCJE C YIETOM
CJIa0OTOJIOXKUTENBbHBIX PEaKIIUii), HaApy>XHOE Jieue-
HME: TONMYECKHEe WHIMOUTOPHI KaJblLIMHEBPpUHA B
teyeHue 1 Mmecsua. Yepes 1 Mecdir oT Havasa Tepa-
MW OTMEYEHO U3MEHEeHUE CTaIuU IaTOJI0rMYecKO-
ro Impoliecca: B o4are ajomnenuy IpH IIPOBEICHUM
TPUXOCKOMUY MPeodafaloT «MyCThbie (POTUKYIIBI»,
OTCYTCTBYIOT KaJaBepU3UPOBaHHBIC (DOJUTUKYIbI U
30Ha «paciiaTaHHbIX BOJIOC». Uepes 2 Mecs1ia B oyare
aJIoNenny HabJIIoAaCcs pocT BeUToca — MyIIKOBBIX
JIEeTMMTMEHTUPOBAHHBIX BOJIOC, a TaKXKEe YaCTUIHBIN
POCT TEePMUHAIbHBIX IMUTMEHTHUPOBAHHBIX BOJIOC
(puc. 1, cM. 3-10 CTp. OOJIOKKH).

Yepes 6 MecsilieB OT Havaja Teparnuu — MOJIHOE
BOCCTAHOBJICHHE BOJOCSHBIX (hOJUIMKYJOB B oyare
ajorrertnu (puc. 2, cM. 3-10 CTp. OOJIOXKKH) 1 HOpMa-
JIM3alusl KOHLEHTpalMu 203MHOMUIOB B nepude-
pHUYECKOM KPOBMU.

IManmneHTKa HaxoaWJIaCh MOA HAOIIOIEHUEM B Te-
YeHMe roaa, Xxajao0 Ha BbIMaJeHUE BOJOC HE OTMe-
yasioch. [TonoxuteabHblil 3MdEKT 2MMMUHALIAN HA
¢doHe PIMMUHALMOHHON AUEThl C YYETOM MPUUYUH-
HO-3HAYMMBIX aJIJICPTCHOB OTMEUYECH M OTHOCHUTEIb-
HO PECIMPaTOPHOI a/UIEpruu — B OUepeaHOM nmepu-
oI TOJUTMHAIIMU Y MAIlMEHTKU He OBbLIO CE30HHBIX
MPOSIBJICHU I MOJJIMHO3A.

3aKnoyeHne

B ocHoBe pa3BUTHS 0OYaroBOM aJOIELUU Jie-
JKUT TIOBpeXIeHne BosjocssHoro doukyina CD8'-
JguMmdonutamu. [1poBeneHHbIe paHee UcCcaea0BaHuUs
MoKa3aJin CKOIUIeHUe aKTUBUpOBAaHHBIX CD4*- u
CD8*T-1uM®dOLIMTOB BOKPYT BOJOCSHBIX (hOJIu-
KYJI0B, HAaXOASIIIMXCS B cTaguu aHareHa [4]. B nute-
paType TakxKe aKTUBHO OOCYXXHaeTcsl BOIIPOC Mepe-
KJIFOUCHMSI TUTIOB UMMYHHOTO OTBETa ¢ KJIETOUYHOTO
Ha TYMOpPAJIbHBIN IIPU TSKEJIOM TEYCHUM TaKUX 3a-
OoJieBaHMUII KaK aTOMWYECKMUI OepMaTuT, MCOpU-
a3, ncopuatudeckuii aptput [1, 3, 8]. Hecmorps
Ha TO, YTO oyaroBasli ajoIelusl paccMaTpUBaAETCs
kak Thl-omocpenoBaHHoe 3a0ojeBaHUE, MPU aToO-
Ny OTMeYaeTcsd AeBUAllMsl UMMYHHOIO OTBETa K
Th2-npodunio auM@oOUUTOB, 4YTO HAOJIOJACTCS
y 00CIeIOBaHHOIO HaMM pebeHKa. DTO OOBSICHS-

194



2021, T. 23, Ne 1
2021, Vol. 23, No 1

Ouaeosas anoneyus u amonus
Alopecia areata and atopy

eT CHMXeHue KoHueHTpauuu CDS8-numdouuTtoB
B TIepudeprIecKoil KPOBU W THUICPIIPOIYKIINIO
IgE mpu HemocTaTOYHOM CYNpPEeCCOPHOM BIUSTHUU
T-nmumdonutoB Ha B-mumdonutel. YuuTeiBas Ha-
JMYMe B aHaAMHE3¢ TUIMHMYHBIX aJUIepTUYSCKUX 3a-
0oJieBaHMIA aTOMMUYECKOIO TIeHe3a, 303MHOMUINIO
B TIeprupepUICCKOl KPOBH 1 BBEICOKYIO KOHIICHTpA-
uuio obuero IgE B chIBOpOoTKe KpOBU MOXKHO TIpe/-
MOJOXNUTh, YTO MPUINHON (POPMUPOBAHUS OUATOB
BBIMTAZACHUS BOJIOC B MIEPUO/ TTOJUIMHAIIUY Y peOeHKa
C aToIueil SIBJISIETCSI aTOIMYecKasl ajollelns, Kak
OIHO W3 HETUIINYHBIX IPOSIBJICHII CUCTEMHOTO aTO-
nuyeckoro mnpoiecca. CorjlacHO JTaHHBIM JIMTepaTy-
PBI COYCTAaHHME 09ATrOBO aJIOMICIIUM C aTOIMMYECKUMU
3a0071eBaHUSAMM (ATOMUYECKUI TepMaTUT, OPOHXU-
aJibHasl acTMa, ajlJIepruieCKuii pUHUT) BCTpEeYaeTCs
B KJIMHWYeCKOU npakTuke [12, 13]. B bonbmmnHCcTBe
cJiydaeB gaHHas (hopMa O4aroBOii ajloNeuu UMeeT
PE3UCTEHTHOCTH K MIPOBOAMMONM TepaIliy C YaCTHIM
MCXOIOM B TOTaJbHYIO M YHMBEpPCAJIbHYIO (DOpPMBI
anoneuuu [12, 13]. Bce 310 siBAsieTcs MOATBEPKIE-
HHUEM 3HAUMMOCTH aTOMUYECKUX MEXaHN3MOB B BO3-
HUKHOBEHUM OYaroBOTr0 BhIMAJeHMS BOJIOC.

B nuteparype mociemHUX JET aKTUBHO OOCYX-
JaeTCsl BOIIPOC O TMOJIOXKUTEIbHON POJIM KOPPEKIIMU
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NMPABUJIA J19 ABTOPOB

CraThy TIPEACTABIISIIOTCS B PENAKIINIO Yepe3 CHUCTe-
My BJieKTpoHHoro wusznaresibctBa (http://mimmun.ru)
B COOTBETCTBMU C TpeOOBaHUSIMU XypHala «Menu-
LUHCKasT UMMYHOJIOTUST» U « HCTpyKLIMEe Mo MmoAro-
TOBKE U OTIIPABKE CTaTbW», IIPEACTABJICHHOM Ha CaiTe.

C 2016 r. B XKypHaje mMyOJHMKYIOTCS CTATHH HA pycC-
CKOM H HA AHIIMICKOM SI3bIKAX.

B xkypHan npuHUMAIOTCS CIEAYIONIE BUMBI IO~
Kallui:

OpuruHanbHas cTaTtbs

CraThsl 10KHA OMUCHIBATh PEe3YJIbTaThl 3aKOHUYEH -
Horo ucciaegoBanus. Jlomyckaercss 0o0beM ctaTbu 10 20
MAaIIMHOTIMCHBIX CTPaHUII, BKJIIOUAs pUCYHKH, TaOJIM-
upl. CTaThs IOJKHA COAepKaTh: 1) BBeneHue; 2) MaTte-
puajbl 1 MeTOIbI; 3) pe3yJsibTaThl uccaenoBaHuii; 4) 00-
CYXKJIeHUE pe3yJIbTaToB; 5) 61aromapHOCTH.

*  BBeaenue coaep>XUT 0OOCHOBaHME LU U 33124
MPOBEIEHHOTO UCCAeI0BaHUS.

*  Marepuajbl 1 METOAbI MOTYT U3JIaraTbCsl B BUJIE
OTHEIBbHBIX (DparMEHTOB C KOPOTKUMU TTOA3a-
ronoBkamu. Bce HeTpamuiMmoHHble MoauduU-
KallM METOHOB JOJKHBI OBITH OMUCAHBI C H0-
CTaTOYHOM CTereHblo MoapoOHOoCcTU. JIs1 Bcex
HCII0JIb3YeMbIX B pab0OTe peaKTUBOB, )KUBOTHBIX,
KJI€TOYHBIX KYJBTYP U T. 1. HEOOXOAUMO TOYHO
yKa3bIBaTb MPOU3BOAUTENEH U/UTU UCTOYHUKUA
nosydyeHusi (C Ha3BaHUSIMU CTpaHbI, (PUPMHEI,
MHCTUTYTA).

*  Pe3yasrarhl OMCHIBAIOTCS B JIOTMYECKO ITOCIIE-
JI0BATEJIbHOCTU B BUJE OTAEIbHbIX (DParMeHTOB,
paznesieHHbIX M0/13aroJ0BKaMu, 0e3 2J1eMEeHTOB
obcyxaeHusi, 6e3 MOBTOPEHUSI METOANYECKUX
noapoOHoCTel, 6e3 ayoanupoBaHUs LUEAPOBBIX
JMIaHHBIX, MTPUBEACHHBIX B TAOJIMIIAX M pUCYHKAX.

* B oOcy:kaeHun TIpOBOIMTCS JeTaTbHBINA aHaIN3
MOJIYYEHHBIX JTaHHBIX B COIOCTABJIEHUU C JaH-
HBIMU JIUTEPATYPhI, YTO CIY>KUT 0OOCHOBAHUEM
BBIBOJIOB U 3aKJIIOYEHU 1 aBTOPOB.

* Paznen «baaromapHocTH» He sIBIseTCs 00s13a-
TeJIbHbIM, HO KpaliHe KejatejeH. B aTom pas-
JieJie aBTOPBI MOTYT BbIPA3UTh ITPU3HATEILHOCTD
opraHu3aluu, CyOCUIMpOBaBIIEl TIpoBele-
HUE WCCIIeNOBaHWI, KoJuleraM, KOHCYJIBTHPO-
BaBIIMM DPabOTy B Mpoliecce €€ BbIMOJHEHUsI
U/WUAW  HaluCaHUsl, a TakXe TeXHUYEeCKOMY
MepcoHay 3a MOMOIIb B BHITOJHEHUU HCCIIe-
noBaHuii. braromapHocTu 3a MpemocTaBlIeHHE
crieuupUuUIeCKNX peakTMBOB WM 0O0OpymoBa-
HUS, KaK TIpaBWJIO, TIOMEIIAIOTCS B pasaesie
«Martepuaibl 1 METOIbI».

KpaTtkne coobuieHus

KypHai myOoiamuKyeT HeOOoJIblIre 110 O0beMY CTAaTbU,
KOTOpbIE UMEIOT OE3YCIOBHYIO HOBU3HY U 3HAYMMOCTb.
OTU cTaTbu TIPOXOMST YCKOPEHHOE pelleH3UpOoBaHUE
U MYyOJUKYIOTCSI B KOpPOTKME Cpoku. OOIMii oobeM
KpaTKOro CoOOIIEHUsI OrpaHUYeH 8 MallWMHOMUCHBI-
MU CTpaHUILIaMU, KOJTUYECTBO PUCYHKOB U/WIW TaOJMIL
HE MOXET ObITb 0oJjiee 3, a CIIMCOK MCIOJIb30BaHHBIX
JIMTEPaTyPHBIX UCTOYHUKOB HE JOJKEH MPeBbIIaTh 15.
TutynbHBIN TUCT OOpMIISIETCS, KaK OTMMCAHO BhIIIIE.

Pasznenbl KpaTKoro COOOIIEHUSI aHAJOTMYHBI BBIIIEO-
ITMCaHHBIM pas3acjiaM OpHFHHaJIbHOﬁ CTaTbM, HO HE BbI-
JCJIAX0TCA 3aroJIoOBKaMuM M 1moasarojjoBKkaMm, pesyjibra-
TbI MOT'yT OBITh U3JI0KEHBI BMECTE C 06CY)K,Z[€HI/ICM.

O630pHbIe CTaTbU U NeKuun

0630p1—1ble CTaTbU U JICKIIMUM B OCHOBHOM 3aKa3bI-
BalOTCA pez[aKLmeﬁ NI MOTYyT OBITH PEKOMCHAOBAHbI
OJHMM M3 YICHOB PCAKOJIICTHUUA. boiee HOIIpO6Hy}O
vH(pOopMaLMIO O TpaBuiaax oQOPMIICHHUSI ITUX CTATel
MO2KHO y3HaTb B p€aaKIInun

Bubnuorpacuyeckme craHgapTbl ONUCaHUA
LUTUPYEeMbIX NyoGnukauum

OnucaHue cmambu U3 XXypHana:

Baprommina E.A., Auekcangpos [.B., CasoHo-
Ba T.A., CumbupueB A.C. M3ydyeHue BIUSIHUSI MECT-
HOTO TPUMEHEHMUsT PEKOMOMHAHTHOTO YeJloBeye-
CKOro MHTepJieiikuHa-13 Ha pemnapaiuio sI3BEHHBIX
MOBPEXICHUN CIIM3UCTON 000JI0uKM Kenyaka // Llu-
TOKMHBI 1 Bocmajmenue, 2012. T. 11, Ne 1. C. 64-69.
[Varyushina E.A., Alexandrov G.V., Sazonova TA.,
Simbirtsev A.S. Study of the effect of local application
of recombinant human interleukin-13 in the repair
of ulcerative lesions of gastric mucosa. Tsitokiny i
vospalenie = Cytokines and Inflammation, 2012, Vol. 11,
no. 1, pp. 64-69. (In Russ.)]

OnucaHue cmambu U3 KHu2u (MoHozpaguu):

Cokonosa IH., IMoranosa B.b. KinHnuko-narore-
HETUYECKUE aCMeKThl AI3BEHHOI 00JIe3HU XKeaynka. M.:
Amnaxapcuc, 2009. 328 c. [Sokolova G.N., Potapova V.B.
Clinical and pathogenetic aspects of gastric ulcer].
Moscow: Anacharsis, 2009. 328 p.

lMpumepbI NpasusIbHO20 0hOPMITEHUST 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.l., Parslow T.G., Appletion and
Lange, 1994, pp. 66-79.

CchUTKM Ha JINTepaTypHbIE MCTOYHUKU B TEKCTE
CTaTbM, B pUCYHKax 1 TabJimiax obo3HavaloTcs apad-
cKkuMu uudpaMmu B KBaapaTHbIX ckobOkax [1, 2, 3,...].
He JIOIMYCKAIOTCsI CChIJIKU Ha JuccepTaluu, aBropede-
pathbl auMccepTaluii, myoJIuKaluuy B COOpHUKaX, METO-
IYecKre TOKYMEHTBI MECTHOTO ypoBHs. KonmaectBo
MCTOYHUKOB HE OrpaHU4eHo. B Kaxoil cchuike mpu-
BOZSITCST BCE aBTOPBI paboThl. HeomybnukoBaHHBIE
CTaThU B CIIMCOK HE BKITIOUAIOTCSI.

0O0603Ha4YeHUs1, COKpaLLEeHUs1 U egUHULbI U3MepeHUs

JI1st CTOKHBIX TEPMUHOB WJIM Ha3BaHUI, Haubosee
YacTo UCMOJIb3YeMbIX B TEKCTE CTaThbH, MOXKHO BBECTHU
(B KpYIJIBIX CKOOKAX MOCJjie TIepBOTro YITOMUHAHMS ITOJI-
HOro Ha3BaHMsI TepPMUHA) He OoJiee 3—5 HeTpaaUIIMOH-
HbIX COKpallleHUI. Y3aKOHEHHbIE MeXIYHapOAHbIMU
HOMEHKJIATYpaMU COKpaIllleHUsI UCIOJIb3YIOTCSI B COOT-
BETCTBYIOIIEH TpaHCcKpuniu. Hanpumep, mist repmu-
Ha «MHTEpJIEHKMUH» UCMOJb3yeTcsl cokpalieHue «IL»,
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a He pyCCKOSI3bIYHbIN BapuaHT «JI»; aHaIOrM4HO 3TO-
My ucnosab3ytloTcs cokpaiieHus: «TNF», a He «TH®»
i «®HO»; «CD», a ne «CJI». Ha3zBaHust MUKpoOOp-
TaHW3MOB TIPUBOISTCS B OPUTMHAJIBHON TpaHCKPUII-
IUY C UCTIoJIb30BaHUeM KypcuBa (E. coli, Streptococcus
pyogenes). ENUHULIBI U3MEPEeHUSI TPUBOISATCS O€3 TOU-
KU MOCJe UX COKpallleHHOro obo3HadYeHwus (C, 4, CM,
M, mr, kDa u 1.1.), periaMeHTUPOBAaHHOIO MeXAayHa-
POIHBIMM MTPaBUJIAMU.

OdopmrieHne unncTpaTMBHOro Matepuana

HMnmocTpaTuBHBINA MaTepua 10JKeH ObITb OpUTH-
HaJIbHBIM, TO €CTb paHee HUTIe He OMyOJIMKOBAaHHbBIM.
OO0111ee KOIUYECTBO WIIOCTpAlUii (TabJIMIL U PUCYH-
KOB) HE JIOJDKHO TIpPEBBINIaTh BOCbMU. [Ipu GosbiiieMm
KOJIMYECTBE WJUTIOCTPALIMIA X ITyOJIMKaIMS OTUIaurBa-
eTcss aBpTopoM. IlyOaukanuysi LBETHBIX WJLUIIOCTPALIUA
(He3aBUCHMO OT MX KOJIMYECTBa) TakKe OriauynBaeTcs
aBTOpoM. Bech WIITIOCTpaTUBHBINM MaTepuas mpuchbLia-
eTcsl B ABYX 9K3eMIUISIpax U Ha JUCKE B BUIE OTAE/b-
HBIX (paiiIoB.

Pa3mepbl nnniocrpaumi:
* MakcumaJjibHas BbicoTa — 210 MM
* MakcuMmasibHas mupuHa 1Js 1 cronona — 82 MM,
It 2 ¢Toa610B — 170 MM

Ta6mmmpl. Kaxknas Tabauiia reyataeTcsi Ha OTAETb-
HOM JiucTe (B OTAeIbHOM (haiiie Ha T1ucKe) yepe3 2 MH-
tepBasia. Hymepanus tabaui gaetcs apabCKUMu -
paMu OTAECIBHO OT HyMepaluu PUCYHKOB (TpacdUKOB
u (pororpaduit). HazpaHue reuataercst Haa TaOIULICH.
Bech TeKCT Ha pycCKOM SI3BIKE, COMIEpKALUIACS B Ta0-
JIULie, BKJIIOYas eAWHULBI U3MEPEeHUs, NOJKeH OBITh
nepeBeieH Ha aHTJIMHACKUI S3bIK; P 9TOM TepeBOJ
clielyeT MoMellaTh B STYENKY C COOTBETCTBYIOLIUM PYC-
CKMM TEKCTOM OT/IeIbHOU cTpokoit. HazBaHue Tabnu-
bl ¥ TEKCT TIpUMeYaHusT K Hell TakKe JOJKHBI ObITh
TnepeBeeHbl Ha aHVIMUCKUI SI3BIK Y MIPUBEACHBI IO
DPYCCKHM TEKCTOM C HOBO CTPOKU. JIJ1s1 TOMETOK B Ta-
OnuIax cieayeT MCIOJb30BaTh OJHY WJIM HECKOJIbKO
(*). TTosicHeHUs TIeyaTaloTCs MOCIe COOTBETCTBYIOIIIE-
ro kojuyectna (*) moa tabiuneit. EnuHuiibl usamepe-
HUSI, TIPU HEOOXOAMMOCTH, BKJIIOUAIOTCS B 3arOJIOBKU
CTPOK WJIM CTOJIOIIOB.

Pucynku (rpaduxu u ¢otorpacdun). B rexcre ctatbu
Ha3BaHUSI PUCYHKOB (rpacgukos, ¢ortorpaduii) u ta-
OM1 pa3MellalTcs cpasy Iocje ab3ala, Tae Ha HUX
JlaeTcsl mepBasi ccblika. Bece pucyHkM HymMepyroTcs 1o-
cjieoBaTe/ibHO apabCKUMM LIMdpaMU 1o Mepe UX UC-
MOJIb30BaHUS B TeKCTe CTaTbh. Ha3BaHUsS PUCYHKOB
W TIOANMCH K HUM BBIHOCATCS B BUIE CITMCKA Ha OT-
NeJIbHYIO CTpaHMIly. B crmcke ykasbIBalOTCS: HOMEp
pUCyHKa, Ha3BaHUe (C OOJIbIION OYKBBI), TEKCT IIPUME-
yaHuii (a1t MUKpodoTorpaduii JOJKHO ObITh YKa3aHO
yBeauueHue). [loanucu K pucyHkam JaloTcsl KpaTKue,
HO J0CTaToyHO MH(popMaTuBHble. HazBaHUsI puCyHKOB
W IpUMeYaHU K HUM, HApUCYHOUHBIE TTOAITUCH, TEKCT
JIETeHIbI JOJKHBI OBITh TepeBeleHbl Ha aHTIMUCKUIA
SI3bIK M pa3MelleHbl T10J COOTBETCTBYIOIIUM TEKCTOM
Cc HoBoI1 cTpoku. Ha obopoTe Kaxkmoil WLIoCTpaluu
noanuceiBaeTcsl haMuins MepBOro aBTopa, Ha3BaHUe
CTaThU U MOPSIAKOBBII HOMEp. [J1s MyOJIuKaluu B Xyp-
Hajie MPUHUMAIOTCSI TOJILKO OpUTHMHANbI hoTorpaduii
(He KCepOKOTMHM) XOpOIIero KadecTBa, MaKCUMallb-
HO TIpUOJIMDKEHHBIE K BBIIIEYKa3aHHBIM pa3Mepam.

®dororpadun He IOJIKHBI UMETh OOJIbIINX MOJICH, T. €.
¢ororpaduueckuii Matepuan AOKEH 3aHMMaThb BCIO
miowanb Gororpadun. PUCyHKM MOryT OBITH Mped-
cTaBJieHbl B Tpaduueckux opmartax ¢ paciuimpeHueM
iff (pasperenne He meHee 300 dpi mpu 100% macira-
6e), .eps wiu .ai. MI300paxkeHns1, BCTPOEHHbIE B TOKY-
MeHThl Word, He mpuHuMaloTcs. [paduku u nuarpam-
MBI TIPEIOCTABIISIOTCSI BMECTE ¢ TaOJIMIIaMH, Ha OCHOBE
KOTOPBIX OHM OBbLIIM CO3aHbl, UJIU C YUCJIEHHBIMU 000-
3HAYEHUSIMU TOKazaTesieil, OToOpaXkaeMbIX COOTBET-
CTBYIOIIMMU rpacuyecKMMU 3JeMeHTaMu (CTOoJIOMKa-
MU, CEKTOpaMU U T.11.) B BUZIe (haiijioB ¢ paCIIMPEHUSIMU
.doc wnu, npeamnourureabHee, .XIs.

Mnara 3a ny6nukauuio ctaten

Ilpu cobiaoaeHUn NpaBuil IMyOJUKAlLUsl cTaTei
B XypHasie «MeauimHcKasi UMMYHOJIOTUST» SIBJISIETCSI
OecrjlaTHOM IJISI aBTOPOB U YUPEXKASCHUM, B KOTOPBIX
oHM paboTtaloT. Penakiiuss MoxeT moTpedoBaTh orJjia-
Ty B CAEAYIOIINX caydasx: 1) 3a myOauKaluio BETHBIX
WUTIOCTpaluit; 2) Tpu OOJILIIOM KOJMYECTBE WILTIO-
CTpaTUBHOTO MaTepuasia (CBhILIE § MILTIOCTpaLInii).

[logroToBka cTaTen

Jltst TipeacTaBIeHUsT CTaThbM aBTOPBI JTOJKHBI IO~
TBEPAUTh HUWXKeCTenyrolme MyHKTB. CTaTbs MOXET
OBITb OTKJIOHEHA, €CJIM OHa UM He COOTBETCTBYET.

A. Hamnpapisist cTaTblo B XKypHaJl, aBTOPbI rapaHTU-
PYIOT, UTO MOAaHHbIE MaTepuasbl He OBLIN pa-
Hee onyOJMKOBaHbI MTOJHOCTBIO WU T10 YaCTsIM,
B JIt0OO# (popme, B It0OOOM MeCTe I Ha JTI0OOM
s3bIKke. TakoKke aBTOPbI TapaHTUPYIOT, YTO CTAThs
He Tpe/CcTaB/eHa 1Sl PACCMOTPEHUST U TTy0JIu-
KalMu B Opyrom XypHaie. C MOMeHTa MPUHSI-
TUSI CTaThU K MeYaTH B XKypHasie « MeauimHcKas
UMMYHOJIOTUSI» IIPUBEACHHBIN B HEU MaTepuall
He MOXET ObITh ONTyOJMKOBAH aBTOPAMU MOJHO-
CTbIO WJIM IO YacCTsIM B JIt000I popMe, B IIOOOM
MecTe W Ha JIIoOOM $I3bIKe 0e3 corjlacoBaHUsl
C PYKOBOJICTBOM XypHasia. VIcKiioueHrueM Mo-
JKET SIBJISIThCSL: 1) MpenBapuTebHast WK Moce-
JTyIOIIast MyOJIMKAaIIUsSI MaTEPUAIOB CTaThbU B BUJIE
TE3UCOB WJIM KOPOTKOTO pe3ioMe; 2) UCTOIb30-
BaHUE MaTepuajioB CTAaTbU KaK YacTU JICKIIMU
win 0630pa; 3) UCMoJIb30BaHWE aBTOPOM Tpe/I-
CTaBJICHHBIX B XKypHaJl MaTepUaIOB TIPU HaITU-
CaHUU AWcCCepTallMi, KHUTHU WM MOHOTpachuu.
BocrnipousBseneHue Bcero M3AaHUsl WA 4YacTU
JIIOOBIM CITOCOOOM 3arpelaeTcs 6e3 MUCbMeH-
HOro paspeuieHusi uzaaresneii. Hapymenue 3a-
KoHa OymeT IpecyiefoBaTbCsl B CyIeOHOM I10-
psnke. Oxpanstercst 3akoHOM P® Noe 5351-1
«O0 aBTOPCKOM MpaBe M CMEXHBIX IIpaBax»
o1 09.07.93 .

B. ®aiin oTmpaBisseMoll CTaTbU TIPENCTaBICH
B (popmare .doc, .docx, .rtf.

B. Ilomumo aiina co craTbeit, mMpemocTaBiICHBI
ciaeaylouie (aiiibl:

1) ®aiin ¢ mMeTtagaHHBIMU (TTPU 3aTrpy3Ke B CU-
cTeMy eMy MpucBauBaeTcsl UMsl «MeTanaH-
HbIE»):

* @amMuIus, UMs, OTYECTBO, YUYeHas CTereHb,
y4yeHOe 3BaHue, TOJKHOCTb aBTOpa, OTBET-
CTBEHHOTO 3a JaJIbHEHIIYIO MEePenucKy ¢ pe-
Jnaxkuuein (Ha pycCKOM U aHTJIMIACKOM $I3bIKaXx).

* HazBaHue yupeskaeHUsl, Tae paboTaeT OTBET-
CTBEHHBI aBTOP (B PYCCKOM M OMUIIMAIBHO
TMPUHSITOM aHTJIMICKOM BapyUaHTax).
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Ilpasuna ons asmopoeé
Instructions to Authors

* [TouToBBIIT aapec IS MEePenrucKy ¢ yKa3aHu-
€M IIOYTOBOTO MHIeKca (Ha PyCCKOM U aHT-
JIUIACKOM SI3BIKAX).

» TenedoH, dakc (c ykazaHueM KoJa CTpaHBI
¥ ropoja), e-mail.

e @aMmwInsg M WHULMATBI OCTaJbHBIX COaBTO-
pPOB, UX y4yeHble CTeNeHU, ydyeHble 3BaHUs,
JIOJDKHOCTU.

e [TonrHoe Ha3BaHUE CTaTbU, HAIPaBIIEMOt
B pelaKIInIo.

» KonnyecTBO CTpaHUII TEKCTa, KOJTUIECTBO PU-
CYHKOB, KOJIMYECTBO TaOJIUII.

* YKazaTb, /ISl KAKOTO pazaesia XypHasa Ipe-
HaszHayeHa paboTa: OpUTWHAJbHBIE CTaThbH,
JIEKLIMU, 0030pBI, «TOYKa 3PEHUs», KpaTKue
COOOIIIeHUsI, HOBbIE UMMYHOJIOTUYECKUE Me-
TOJbI, CAyYau U3 MPAKTUKU, THEBHUK UMMY-
HoJIOTa, KHIDKHOE 0003peHUe.

« Jlata oTnpaBieHUs pabOTHI.

2) OTckaHupoBaHHast Konusl paitia ¢ MeTagaH-
HBIMM, TTOAITMCAaHHAsE BCEMU aBTOpaMu (TIpu
3arpy3ke B CUCTEMY eMy TIpUCBauBaeTCsT UMS
«ITognucu aBTOPOB»)

3) TuTyAbHBINA JUCT (MpU 3arpy3ke B CUCTEMY
eMy mpucBanBaeTcs UMsl « TUTYIbHBIN JIMCT»),
no ¢opme:

HazBaHUeE cTaTbU (0€3 UCIO0JIb30BaHUS KAaKUX-
b0 cokpallleHUuii) (Ha pycCKOM W aHTInM-
CKOM $I3bIKaXx);

damunusi, UMs1, OTYECTBO, YUeHasl CTEIeHb,
yJ4eHOe 3BaHWE, JOJDKHOCTh BCEX aBTOPOB
(TMoTHOCTBIO) (Ha PYCCKOM U aHTJIUHCKOM
SI3bIKAX);

noapasieyieHue U ydpexaeHue, B KOTOPOM
BBIMOJIHSUIACh paboTta (eciim B pabore yua-
CTBOBAJIM aBTOPHI M3 Pa3HbIX YYPEKIECHU,
9TO JOJDKHO OBbITh OTMEUEHO 3Be3104YKa-
MHU) (B PYCCKOM M O(DUIMATBHO TPUHITOM
AHTJIMIACKOM BapuaHTax);

COKpallleHHOE Ha3BaHUe CTaTbU JIJIsI BEPXHETO
KoJIOHTHUTYa (He OoJjiee 35 CMMBOJIOB, BKIIIO-
4yas TpoOesbl U 3HAKW MpenruHaHusI) (Ha pyc-
CKOM U aHTJIMHCKOM SI3bIKax);

He MeHee 6 KITFOUEBBIX CJIOB Ha pyCCKOM U aHT-
JIMCKOM SI3bIKax;

azipec sl TIepeTNMCKY ¢ yKa3aHueM TejaedoHa,
HoMepa dakca 1 agpeca e-mail.

4) Pestome (IIpu 3arpyske B CUCTEMY €My MpHU-
cBauBaeTcs ums «Pesiomer). [Ipenocrapisiercs
B BUJE OIHOro ab3aua 0e3 CChUIOK U CIeLH-
duueckux cokpaireHuii. O6beM — He MeHee
300 cnoB. Pe3siomMe B 1osiHOM oOBbeme Mpem-
CTaBJISIETCSI TAKXKE B MEPEBOAE HA AHTJIMUCKUA
sA3bIK. B OTAENBHBIX cIydasix, Mo pelleHuo pe-
JNaKIIMOHHOM KOJUIETMU, MOXKET ObITh 3aTpedo-
BaH pa3BepHYTHIN BapUAHT pe3lOMe Ha aHTIUI-
CKOM SI3BIKE.

5) PucyHkM, eciau OHM eCTh - KaXXIbIii OTIE/Ib-
HBIM (paitmom (TIpu 3arpy3Ke B CHUCTEMY KaxK-
JIOMY PUCYHKY IIpUCBauBaeTcst MMsi «PUCYHOK.
Haseanue pucynka (20e Hazéanue pucyHKa coom-
gemcemeyem codepicawemycs 6 ghatine pUcyHKY.
Ilopsdkosvtii Homep pucynka»)

.

.

6) Daiin B popmare .doc, .docx., rtf, ¢ Ha3BaHU-
SIMU PUCYHKOB

7) TabGnubl, €CIU OHU €CTh - KaxKaasi OTAEb-
HbIM aitnom (HasBaHue Kaxkgoil TaOJIMIIbI
JIOJIKHO OBITh MPUBEACHO 3aroJ0BKOM B (paiire
¢ camoii Tadauueit)

8) MDaiin ¢ nuTUpyeMoil TUTepaTypoii (Ipu 3a-
Tpy3Ke B CUCTEMY eMy TTprcBanBaeTcst UMsT «JIv-
TepaTypar»), IO cienymolleir ¢opme: Tabmuia
U3 YeThbIpeX CTOJOLOB (aIbOOMHAs OpHeHTa-

1usl), rae:

[MopsimkoBbIit ABTOpBI, Ha3Ba- ®UO, nassanue | [MoaHbIT MH-
HOMEp CCBUIKHI HUe MyOnMuKauuyu | MyoauKauuu TepHeT-aJpec
U UCTOYHMKA, TIE | YU UCTOYHMKA (URL) untupy-
OHa OIy0JIMKO- Ha aHIJIMICKOM | eMOii cTaTbi
BaHa, BBIXOJHbIE
TTaHHbBIE
Pasmeratorcst YkasbiBath OdurnmanbHoe B ToMm ciyuae,
B TabIu1Ie 110 6ubIMo- AHTJIOSI3bIY- eciu uHbop-
B aJihaBUTHOM rpacduyeckomy HOE Ha3BaHMe Malus O CTaThe
MOpsiZIKe, BHA- CTaHIapTy, Ipefi- | MyOauKauuu He pa3MellieHa
qajie pyccKo- CTaBJICHHOMY 1 UCTOYHMKA, Ha obuim-
SI3BIYHBIC, 3aTEM | BBIIIE TJIe OHa OITy- TBHOM caiiTe
Ha SI3bIKax OIMKOBaHA U3IaHMs,
C JIATUHCKOIA - U151 pyCCKO- JOMYCTUMO
rpadukoi SI3BIYHBIX CTa- HCTIOIb30BaTh
Teit. B penkux URL cratbu

ciyJasix, Koria
HE CYILIECTBYET
obuLMaTbHBIX
AHTJIOSI3BIYHBIX
Ha3BaHMii (3TO
BO3MOXHO

TUTSL TAKUX
TUTIOB MyOJIN-
Kauui, Kak Te-
3UChI, KHUTU

W JIp.) - penak-
1IUS IPOCUT
TIPENOCTaBUTh
UX MepeBoy,
UCTIONB3YS
KpacHBbIH

1IBET WpUdTa.
JIst aHI0A3b1Y -
HBIX MyOIMKALWil
W HCTOYHUKOB

B 9TOM CTOIONE
CTaBUTCA NPO-
4epK

CO CTOPOHHUX
CaiTOB, B TOM
YKCIIE CUCTEMBI
www.e-library.ru

TexkcT momkeH ObITH HAOpaH C OMMHAPHBIM MEXK-
CTPOYHBLIM MHTEPBAJIOM; MCITOJIb3YeTCsI KeIIb IIpudTa
B 14 mIyHKTOB; IS BBIACJICHUSI UCIIOJIb3yeTCsI KypCHUB,
a He MoJYepKMBaHME; BCE CChUIKMA Ha WJLTIOCTpPALIUHU,
rpaduKu 1 TaOJUIIBI PACHOJOXEHBI B COOTBETCTBYIO-
IIMX MECTaxX B TEKCTE, a He B KOHILIE JOKYMEHTA.

TeKCT COOTBETCTBYET CTMJIMCTUYECKMM U OMOJIMO-

rpadyecKuM TpeOOBaAHHUSIM.

Eciu BbI OTIIpaBiIsieTe CTaThi0 B PELIEH3UPYEMBIIA
paszes XKypHajia, TO Bbl COIIACHBI C TPeOOBaHUSIMU
CJIETIOT0 PELEH3MPOBAHMSI, ITOAPOOHEE O KOTOPOM
MOXHO y3HaTh Ha caiite xXypHaia (http://mimmun.ru)
u3 pyopuku PenensupoBanue, B pazneiie «O ZKypuaje».

Bbi MokeTe 0(pOPMHUTH MOANMMCKY HA 2KypHAJT «VIeTMIMHCKAS HUMMYHOJIOTHS» Yepe3 OTIeJIEHHs CBI3U:
Karagor «Pocneyars» — uanekce 83030; Karanor «IIpecca Poccun» — unaekc 42311.

IToanucka HA 3J1eKTPOHHYIO BepCHIO XKypHAaJa Ha caiite www.elibrary.ru
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